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Abstract
Non-alcoholic fatty liver disease (NAFLD) is a multi-systemic disease that is 
considered the hepatic manifestation of metabolic syndrome (MetS). Because 
alcohol consumption in NAFLD patients is common, there is a significant overlap 
in the pathogenesis of NAFLD and alcoholic liver disease (ALD). Indeed, MetS 
also significantly contributes to liver injury in ALD patients. This “syndrome of 
metabolic and alcoholic steatohepatitis” (SMASH) is thus expected to be a more 
prevalent presentation in liver patients, as the obesity epidemic continues. Several 
pre-clinical experimental models that couple alcohol consumption with NAFLD-
inducing diet or genetic obesity have been developed to better understand the 
pathogenic mechanisms of SMASH. These models indicate that concomitant MetS 
and alcohol contribute to lipid dysregulation, oxidative stress, and the induction 
of innate immune response. There are significant limitations in the applicability of 
these models to human disease, such as the ability to induce advanced liver injury 
or replicate patterns in human food/alcohol consumption. Thus, there remains a 
need to develop models that accurately replicate patterns of obesogenic diet and 
alcohol consumption in SMASH patients.

Key Words: Non-alcoholic fatty liver disease; Alcoholic liver disease; Non-alcoholic 
steatohepatitis; Animal models; Insulin resistance; Oxidative stress
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Core Tip: Experimental animal and cell culture models have been developed to study 
the “syndrome of metabolic and alcoholic steatohepatitis” (SMASH), in which 
concomitant non-alcoholic fatty liver disease and alcoholic liver disease risk factors 
play a role in liver injury. These models demonstrate that obesity, metabolic syndrome, 
and alcohol consumption synergistically contribute to lipid dysregulation, oxidative 
stress, inflammation, and fibrogenesis. The pathogenesis of SMASH in these 
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INTRODUCTION
The two most common causes of liver disease worldwide are non-alcoholic fatty liver 
disease (NAFLD) and alcoholic liver disease (ALD)[1]. NAFLD is a multi-system 
disease whose major risk factors are genetic susceptibility, obesity, insulin resistance, 
and metabolic syndrome (MetS). MetS is the constellation of obesity, insulin resistance, 
hypercholesterolemia, hypertriglyceridemia, and hypertension; and NAFLD is 
considered the hepatic manifestation of MetS[2-4]. ALD also has a multi-factorial 
etiology, including alcohol consumption quantity and pattern, environmental factors, 
and genetics. Alcohol consumption patterns can be described in terms of long-term 
(chronic) or acute (binge) drinking episodes.

Clinicians recognize the existence of an overlap condition between NAFLD and 
ALD, despite the absence of significant alcohol intake in NAFLD diagnostic criteria[5]. 
For example, among ALD patients, obesity increases the likelihood for the 
development of alcoholic cirrhosis[6], while both long-term alcohol consumption and 
obesity have been found to independently promote advanced fibrosis[7]. Obesity and 
MetS also increase mortality in ALD[8]. Obesity, insulin resistance, and MetS are the 
most significant contributors to ALD severity, with as many as 50% of ALD patients 
estimated to have liver disease as a consequence of both alcohol overconsumption and 
obesity[9,10]. Obese individuals who overconsume alcohol are more likely to develop 
hepatic steatosis and cirrhosis compared to normal weight individuals[7]. As the 
obesity epidemic persists, this “syndrome of metabolic and alcoholic steatohepatitis” 
or SMASH is expected to become a more common presentation in liver patients[11].

Several experimental models have been developed to understand the metabolic 
factors that exacerbate liver disease in patients with coexistent NAFLD and ALD risk 
factors. Studies that incorporated both obesogenic diet (e.g., high-fat, high-fructose) or 
genetic obesity and some form of alcohol consumption in a rodent model were 
included in this critical review, while human retrospective studies, human clinical 
trials, and in vitro models were excluded. While these models couple NAFLD risk 
factors with alcohol exposure, they differ in the animal genetic background, 
obesogenic diet composition, type and duration of alcohol consumption, and ability to 
induce significant liver injury. Here, we review the pre-clinical experimental models 
developed to study the interactive effects of NAFLD and ALD risk factors on hepatic 
injury, as well as limitations of the various models with regards to human disease.

PATHOLOGICAL OVERLAP BETWEEN NAFLD AND ALD
Lipid dysregulation
Lipid metabolism dysregulation is a key factor in the pathogenesis of NAFLD and 
ALD. De novo lipogenesis and fatty acid oxidation (FAO) are implicated in NAFLD 
pathogenesis, although lipid uptake, storage, and export also play a role[12]. 
Meanwhile, experimental models indicate that alcohol (EtOH) consumption further 
exacerbates lipid dysregulation in MetS. AMP-activated protein kinase (AMPK) is a 
key regulator of lipid metabolism, and its inhibition has been implicated in both 
NAFLD and ALD[13-15]. AMPK has reciprocal effects on de novo lipogenesis and fatty 
acid (FA) uptake through the regulation of the transcription factor sterol response 
element binding protein 1 (SREBP-1)[16]. SREBP-1 is upregulated in NAFLD patients 
and in high-fat diet (HFD)-induced NAFLD rodent models[17]. Pharmacological 
inhibition of SREBP-1 increases insulin sensitivity and suppresses FA synthesis[18]. 
AMPK also modulates FAO by regulating peroxisome proliferator-activated receptor 
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(PPAR) α and sirtuin 1 (SIRT-1), the latter of which is inhibited by EtOH con-
sumption[19-22]. FAO is induced in NAFLD as a compensatory effect of increased lipid 
uptake and de novo lipogenesis[23]. In obese patients, EtOH is also known to increase 
adiponectin levels, which induces AMPK activation[24].

Oxidative stress
NAFLD risk factors and EtOH consumption also contribute to oxidative stress in fatty 
liver disease by dysregulating oxidative biochemical processes and producing reactive 
oxygen species (ROS). Obesogenic diet contributes to the formation of ROS such as 
hydrogen peroxide (H2O2), superoxide (O2-), 4-hydroxynonenal (4-HNE), 
malondialdehyde (MDA), and oxysterols as byproducts of FAO[25]. EtOH metabolism 
by alcohol and acetaldehyde dehydrogenases, and cytochrome P450 2E1 (CYP2E1) also 
produces ROS[26]. CYP2E1, in particular, is implicated in the pathogenesis of both 
NAFLD and ALD in humans[5,27]. CYP2E1 metabolizes EtOH and other xenobiotics in a 
nicotinamide adenine dinucleotide phosphate (NADP+/NADPH)-mediated process 
and produces H2O2 and O2

–[28]. Mouse models also indicate that CYP2E1 plays a role in 
lipid dysregulation[29] and diabetes[30]. Inhibition of CYP2E1 has been found to be 
protective against lipid metabolism dysregulation and oxidative stress induced by 
combined FA and EtOH treatment in vitro[31].

Concomitant NAFLD risk factors and EtOH consumption also dysregulate the 
unfolded protein response (UPR), resulting in the production of ROS in the 
endoplasmic reticulum (ER)[32]. In the UPR, misfolded proteins sequester binding 
immunoglobulin protein (BIP), inducing the protein kinase R-like ER kinase (PERK), 
activating transcription factor 6 (ATF-6), and inositol-requiring kinase (IRE-1) 
transduction pathways. The UPR involves the formation of disulfide bonds, an 
oxidative process that produces H2O2 and other ROS[32]. Protein folding dysregulation 
is associated with oxidative stress in fatty liver disease[33]; saturated FA, oleic acid, and 
cholesterol interact with the UPR and induce ER stress[34]. Lipids and EtOH have a 
reciprocal relationship with the ER: PERK induces protein and lipid metabolism, and 
apoptosis, while ATF-6 and IRE-1 mediate protein trafficking and inflammation[35,36].

Three enzymes are key to the elimination of ROS: Superoxide dismutase (SOD) 
metabolizes O2- to O2 and H2O2; while catalase and glutathione peroxidase (GPx) 
metabolize H2O2 to O2 and H2O[37,38]. H2O2 oxidation by GPx is coupled to the 
metabolism of reduced glutathione (GSH) to oxidized glutathione disulfide (GSSG). 
GSSG is reduced back to GSH by glutathione reductase (GR), which requires 
NADPH[39,40]. Clinical observations indicate that patients with NAFLD have increased 
SOD, GPx, and GR activities, as well as elevated levels of GSH[41,42]. Similarly, patients 
with ALD have upregulated SOD activity[43], although GSH/GSSG ratio is 
decreased[44].

Immune response
Macrophage and neutrophil activation play important roles in liver injury in the 
context of MetS and EtOH consumption[45,46]. Macrophages adopt a number of 
functional states that are traditionally categorized into two groups. Pro-inflammatory 
M1 polarization is distinguished by the presence of cell surface marker CD68, and 
secretion of interleukin (IL) 6, tumor necrosis factor α (TNFα), and other cytokines. 
Conversely, anti-inflammatory M2 polarization is distinguished by CD163, 
transforming growth factor β (TGFβ), IL-10, and arginase 1 (ARG-1)[47]. Saturated FAs 
and cholesterol are known to induce a predominantly M1-like phenotype in Kupffer 
cells, liver-resident macrophages[48]. M1 polarization is associated with severity of 
disease, CD68+ Kupffer cells, and TNFα expression were both found to be 
significantly higher in non-alcoholic steatohepatitis (NASH) patients compared to 
patients with simple steatosis[49]. However, CD45+ leukocytes and CD163+ Kupffer 
cells are also increased in pediatric NAFLD patients[50]. Meanwhile, hepatocyte damage 
in ALD increases lipopolysaccharide (LPS) leakage into the liver by enhancing 
intestinal permeability, resulting in TNFα and IL-10 secretion by Kupffer cells[51,52]. The 
two-state model of macrophage polarization may thus be insufficient to describe 
immune response under concomitant NAFLD and ALD risk factors. Kupffer cells also 
release IL-1β in response to hepatic tissue damage and necrosis, which results in 
neutrophil recruitment from bone marrow to the liver[53]. Neutrophil infiltration, 
distinguished by upregulation in TNFα, IL-1, and osteopontin (OPN), contributes to 
hepatocyte death and correlates with ALD severity[54].

Apoptosis and fibrosis
NAFLD pathogenesis involves hepatocellular apoptosis, which occurs via the extrinsic 
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and intrinsic pathways. In the intrinsic pathway, apoptosis occurs as a result of 
cellular, ER, or mitochondrial stress[55]. In the extrinsic pathway, apoptosis arises as a 
response to extracellular signaling[56]. One particularly important extrinsic mechanism 
in NAFLD is the tumor necrosis factor α (TNFα) pathway. TNFα activates anti-
apoptotic NF-κB and apoptotic caspase-3[57,58].

Oxidative stress, inflammation, and hepatocyte apoptosis contribute to hepatic 
fibrosis in NAFLD and ALD, and these pathways are mediated by hepatic stellate cells 
(HSC)[59]. One important fibrogenic mechanism in NAFLD and ALD is the TGFβ 
pathway, which induces the expression of collagens, a component of extracellular 
matrix (ECM), via the signal transducer SMAD-3. Another important signaling 
pathway is that of toll-like receptor 4 (TLR-4), which responds to LPS, and produces 
pro-inflammatory cytokines[60,61]. TLR-4 is upregulated in obese patients with 
NAFLD[62]; and in patients with ALD, alcohol increases gut permeability and promotes 
LPS-producing Gram-negative bacteria[63]. However, in one study, mRNA expression 
of TLR-4 tended to decrease in biopsy-diagnosed NAFLD patients who drank at most 
20 g/kg/d EtOH compared to those who did not drink[64]. Activated HSCs also 
produce tissue inhibitor of metalloproteinases (TIMP), which inhibits ECM-degrading 
matrix metalloproteinases (MMPs)[65].

EXPERIMENTAL MODELS OF NAFLD AND ALD
Despite the pathological overlap between NAFLD and ALD, most studies model 
NAFLD risk factors and EtOH consumption independent of each other. Although 
individually these models are limited in their capacity to recapitulate SMASH 
pathogenesis, they form the foundation for many SMASH models.

NAFLD models
A variety of animal models have been proposed for studying NAFLD, which can be 
largely divided into three categories: dietary, genetic, and combined models. Dietary 
manipulations can induce NAFLD development by using obesogenic or nutrient-
deficient diets[66]. Obesogenic diets are typically rich in fat with additional sugar 
and/or cholesterol, representing metabolic and histological features of human 
NAFLD. There are a number of obesogenic diets, varying in the macronutrient 
composition, sources of fat, types of sugar, and cholesterol content. Nutrient-deficient 
diets, such as methionine- and choline-deficient, and choline-deficient L-amino acid-
defined (CDAA) diets, are also capable of inducing NAFLD[66-68]. Choline-deficient and 
CDAA diets are used because methionine and choline are required for 
phosphatidylcholine synthesis, and are thus intimately involved in lipoprotein 
synthesis, lipid storage, and lipid regulation[69]. Nutrient-deficient diets can rapidly 
induce NAFLD within a few weeks of feeding, but some metabolic features including 
body weight, hyperglycemia, and insulin sensitivity do not manifest as they do in 
human NAFLD.

Various genetic animal models have also been created to study NAFLD, and are 
especially valuable for studying the mechanisms of NAFLD pathogenesis[67,70]. Genetic 
mouse models of NAFLD include leptin-deficient (ob/ob), leptin receptor-deficient 
(db/db), insulin resistant (KK-Ay), SREBP-1c transgenic, PPARα null, phosphatase and 
tensin homolog (PTEN) null, and acyl-coenzyme A oxidase (ACOX) null mice. For 
rats, genetic models include leptin receptor-deficient (fa/fa) and cholecystokinin 
knockout (OLETF). Dietary and genetic models are also combined to replicate the 
multifactorial nature of human NAFLD. A detailed discussion of NAFLD animal 
models is beyond the scope of this review and described in other reviews[66-68,70].

ALD models
Pre-clinical models have also been developed to understand the pathogenesis of ALD. 
EtOH can be administered to animals either orally or intravenously. Four models have 
been developed for studying ALD: (1) Binge feeding, in which animals are acutely 
administered EtOH by gavage; (2) Chronic feeding, in which animals are given access 
to EtOH through diet or drinking water for a prolonged period of time (e.g., Lieber-
DeCarli diet model[71]); (3) Intragastric (iG) infusion feeding (e.g., Tsukamoto-French 
model[72-74]); and (4) Chronic-binge feeding, in which animals are given chronic EtOH 
for a certain period of time, then administered EtOH acutely (e.g., Gao model[75,76]). 
Variations in these models exist, such as multiple binge feeding and combined models. 
In addition, experimental models vary in EtOH concentration and feeding period. 
Animal models should thus be selected depending on the purpose of the study, as 
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there have been no animal models that fully recapitulate the full spectrum of ALD.

EXPERIMENTAL MODELS OF SMASH
Experimental rodent models (Table 1) of SMASH couple one of the dietary or genetic 
models of NAFLD described above with EtOH consumption models of ALD. While 
obesity and EtOH consumption models vary considerably, studies that combine the 
two generally indicate a synergistic increase in steatosis, inflammation, and fibrosis by 
obesity and EtOH.

Dietary models of SMASH
The most common type of dietary SMASH model couples HFD with either chronic or 
binge (acute) EtOH consumption. For example, Gäbele et al[77] gave Balb/c mice ad 
libitum access to either chow diet or HFD, along with water or 5% EtOH in drinking 
water. HFD-EtOH diet upregulated TNFα, TGFβ, collagen I, α smooth muscle actin 
(αSMA) expression, synergistically contributing to inflammation and fibrosis. HFD 
upregulated TLR-4 expression, but EtOH did not have an effect on TLR-4. However, 
combined HFD-EtOH increased serum LPS levels and had increased fibrosis 
compared to the other groups, suggesting that obesity increases LPS sensitivity by 
upregulating TLR-4, while EtOH promotes fibrosis by increasing intestinal 
permeability and LPS leakage.

Wang et al[78] used high-fat (HF) Lieber-DeCarli (LD) diet and observed increased 
inflammation and apoptosis in HF-EtOH treated rats. Sprague-Dawley rats were given 
ad libitum access to control LD or HF LD diet for 6 wk. The HF LD-fed rats were then 
given either HF LD and HF-EtOH LD for another 4 wk. HF-EtOH LD increased 
hepatic steatosis and number of inflammatory foci compared to controls. HF-EtOH LD 
also increased TUNEL+ apoptotic hepatocytes compared to control diet, but EtOH did 
not significantly affect TUNEL+ hepatocyte count, suggesting that obesogenic diet 
contributes more to apoptosis than EtOH in this model. There was no difference in B-
cell lymphoma (BCL) 2 or BCL-2-associated X protein (Bax) between the groups, while 
Fas death receptor and Fas ligand were upregulated in the HF-EtOH LD group, 
suggesting that hepatocyte apoptosis occurs via the extrinsic pathway in SMASH.

Similarly, Gopal et al[79] developed a model using both solid diet and LD to 
determine the effect of exogenous SOD-1 on inflammation and fibrosis in SMASH. 
C57BL/6 mice were fed either chow or HFD for 10 wk, then either control LD or 5% 
EtOH LD for an additional 4 wk. The HFD-fed mice were also administered SOD-1 for 
2 wk. HFD-EtOH upregulated CYP2E1, ADH, catalase, FA oxidizing ACOX-1, pro-
inflammatory CCL-2, and pro-fibrotic MMP-12 compared to controls. These results 
corroborate the findings in the other aforementioned HFD-EtOH models that dietary 
obesity and EtOH both contribute to lipid dysregulation, inflammation, and fibrosis. 
SOD-1 treatment attenuated the increases in CYP2E1, ADH, CCL-2, and MMP-12, but 
further upregulated catalase, PPARα, and ACOX-1. The effects of SOD indicate that 
dysregulation of antioxidant mechanisms plays a role in SMASH pathogenesis, but 
targeting these mechanisms pharmacologically may have adverse effects on lipid 
metabolism (Figure 1).

The aforementioned models used chronic EtOH feeding to induce liver injury, but 
Duly et al[80] took a different approach to modeling SMASH by coupling HFD to 
repeated binge EtOH consumption. C57BL/6 mice were fed chow or HFD for 12 wk, 
and administered saline or 2 g EtOH/kg BW twice per week. ALT/AST activity did 
not differ between experimental groups, but HFD-EtOH increased hepatic TG levels 
compared to controls. HFD-EtOH also upregulated SREBP-1 and stearoyl-CoA 
desaturase 1, a transcriptional target of SREBP-1 involved in FA synthesis[16], compared 
to controls. HFD-EtOH also increased vimentin+ cells in the hepatic parenchyma and 
collagen deposition compared to controls, but did not affect expression of pro-fibrotic 
collagen I, TGFβ, and plasminogen activator inhibitor (PAI-1). These results suggest 
that obesity and EtOH synergistically contribute to lipid dysregulation and fibrosis, 
although through a yet unknown mechanism. The application of this study to human 
disease is also limited because HFD alone did not promote TG accumulation, a 
diagnostic criterion for NAFLD.

HFD intragastric infusion is also used in overfeeding models of SMASH. For 
example, Lazaro et al[81] fed C57BL/6 mice high saturated fat, high cholesterol (HFHC) 
diet for 2 wk, then liquid HFD or HFD-EtOH by intragastric infusion for 8 wk, with 
some HFD-EtOH-fed mice also receiving additional EtOH by gavage. HFHC and 
chronic-binge EtOH upregulated myeloperoxidase, CXCL-1, and OPN, and increased 
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Table 1 Experimental studies modeling the effect of metabolic syndrome risk factors and alcohol consumption on liver injury outcomes 
in rodent and cell culture models

Ref. Experimental model 
details Biochemistry Anatomy and histology mRNA and protein 

expression

Alwahsh et al[84] (1) Animal: 10 wk male 
Sprague- Dawley rat; (2) 
Initial weight: 270-310 g; (3) 
Diet: LD control, LD with 
30% kcal from fructose, 30% 
kcal from EtOH, or LD with 
both fructose and EtOH; and 
(4) Duration: 28 d

(1) ↑ ALT; (2) ↑ liver and 
plasma TG; (3) ↑ plasma 
leptin; (4) ↓ plasma HDL; (5) 
↓ plasma albumin; and (6) 
No dif. in leptin or hepatic 
TG between LD-EtOH and 
LD- fructose-EtOH

(1) Portal inflammatory infiltration and 
stage 1 fibrosis (LD-EtOH); (2) 
Periportal macrosteatosis (LD- 
fructose); and (3) Portal inflammation, 
periportal macrosteatosis, fibrosis (LD- 
fructose-EtOH)

(1) ↑ leptin; (2) ↑ ACC-2; (3) ↑ 
lipase in LD-EtOH, but ↓ in LD-
fructose and LD-fructose-EtOH; 
(4) ↓ IRS-1, IRS-2 (fructose 
groups); and (5) ↑ CD36, CPT-1α, 
PPARα in LD- EtOH and LD-
fructose, but no change in LD-
fructose-EtOH

Bucher et al[112] (1) Animal: 7 wk male 
C57BL/6J Mouse; (2) Initial 
weight: 20-23 g; (3) Diet: 
Control (3 kcal/g food; 16% 
kcal protein) or HFD (5.5 
kcal/g; 60% kcal SFA); 10 
g/kg/d EtOH in drinking 
water; and (4) Duration: 4 
mo

(1) ↑ ALT, but ↓ ALT 
compared to EtOH-naïve 
HFD; (2) ↑ cholesterol, but ↓ 
cholesterol compared to 
EtOH-naïve HFD; (3) ↑ TG↑ 
serum glucose; (4) ↑ serum 
insulin; and (5) ↑ MUFA 
and ↓ SFA (compared to 
HFD)

(1) Mediovesicular and macrovacular 
steatosis and (2) No dif. in 
necroinflammation or perisinusoidal 
fibrosis between HFD and HFD-EtOH

(1) ↑ genes for apoptosis 
inhibition, acetyl-CoA synthesis, 
lipogenesis, mitochondrial 
functions (NADH 
dehydrogenase, COX, ATP 
synthase), and proteolysis; (2) ↓ 
genes for apoptosis (BCL-2 
homologs), fibrosis (collagen), 
chemotaxis, oxidative stress 
(GPx, HMOX-1, SOD); and (3) ↓ 
CYP2E1 protein levels

Carmiel-Haggai 
et al[94]

(1) Animal: 15 wk male fa/fa 
Zucker Rat; (2) Initial 
weight: 595 ± 35 g (obese), 
316 ± 32 g (lean controls); 
and (3) Diet: 35% v/v EtOH 
in saline every 12 h for 3 d; 
final dose was 4 g/kg EtOH

(1) ↑ ALT; (2) ↑ NEFA; (3) ↑ 
LPO by-products (4-HNE, 
MDA); and (4) ↓ CYP2E1 
activity

(1) Macrovesicular steatosis (EtOH- 
naïve fa/fa) and (2) Lobular 
microvesicular, central macrosteatosis, 
inflammation (EtOH-fed fa/fa)

(1) ↓ GSH, GPx, GR; (2) ↓ GSSG 
(EtOH-fed and EtOH-naïve 
fa/fa); (3) ↓ catalase, SOD; (4) ↑ 
iNOS; (5) ↑ caspase 3, caspase 8; 
(6) ↑ BCL-XL, FAS ligand; and 
(7) ↑ BCL-2, BAX (EtOH-fed and 
EtOH-naïve fa/fa)

Duly et al[80] (1) Animal: 6-8 wk male 
C57BL/6 Mouse; (2) Initial 
weight: 20 g; (3) Diet: chow 
(12% kcal fat) or HFD (45% 
kcal fat, 0.25% cholesterol); 2 
g/kg EtOH in saline twice 
per wk; and (4) Duration: 12 
wk

(1) ↑ TG (chow-EtOH, but 
not HFD or HFD-EtOH); (2) 
↑ cholesterol, HDL, LDL 
(but no difference between 
HFD and HFD- EtOH); and 
(3) ↑ serum insulin

(1) Steatosis and lipid accumulation; (2) 
Collagen deposition; (3) ↑ cellular 
infiltration; (4) ↑ CD45+ leukocytes; (5) 
↑ F4/80+ Kupffer cells; and (6) ↑ 
vimentin+ HSCs

(1) ↑ SREBP-1; (2) ↑ SCD-1; (3) ↑ 
PPARα; (4) ↓ ACOX-1; (5) No 
dif. in TGFβ or HSP90; and (6) ↑ 
collagen I, PAI-1 (EtOH-naïve 
HFD)

Everitt et al[87] (1) Animal: 12 wk male 
ob/ob C57BL/6-J/Rj-ob 
mouse; (2) Diet: PUFA-
enriched LD with 27.5% 
EtOH or isocaloric 
maltodextrin; and (3) 
Duration: 4 wk

(1) ↑ ALT/AST; (2) ↑ hepatic 
TG; (3) ↑ hepatic cholesterol; 
(4) ↑ hepatic lactate; (5) ↓ 
hepatic pyruvate; (6) No dif. 
in BAL between EtOH-fed; 
and (7) ob/ob and EtOH-
fed lean mice

Steatosis in EtOH-fed ob/ob (1) ↑ mTOR, PPARγ, FGF-21, 
FSP-27; (2) ↑ SIRT-1, pAMPKα, 
AMPKα, pACC (ob compared to 
lean; EtOH did not have an 
effect); (3) ↑ adipose TNFα, ↓ 
hepatic TNFα; (4) ↑ cytosolic 
lipin-1 protein levels; (5) ↓ 
nuclear lipin-1 protein levels; (6) 
↓ PGC-1α; and (7) ↓ ACOX-1

Gäbele et al[77] (1) Animal: 12 wk female 
Balb/c mouse; (2) Diet: 
Chow or HFD [17% fat (50% 
lard, 50% cacao-butter), 
1.25% cholesterol, 0.5% 
cholate]; 5% EtOH in ad 
libitum; and (3) Duration: 6 
wk

(1) ↑ hepatic TG; (2) ↑ portal 
blood LPS; and (3) ↓ BAL 
(not statistically significant)

(1) Steatosis in HFD-fed mice; (2) ↑ 4-
HNE; (3) ↑ αSMA+ cells; (4) ↑ collagen 
I; and (5) ↑ ECM deposition

(1) ↑ p47phox, TNF, TGFβ, 
collagen I; (2) ↑ TLR-4 in HFD 
mice, with no effect by EtOH; (3) 
↑ αSMA protein levels; and (4) ↓ 
CYP2E1 protein levels in HFD

Gopal et al[79] (1) Animal: 6-8 wk male 
C57BL/6 mouse; (2) Diet: 
Chow or HFD (45% kcal fat) 
for 10 wk, then LD control or 
5% v/v EtOH LD for 4 wk 
additionally; and (3) Drug: 
HFD mice also given 1000 
U/kg Cu/Zn SOD-1 with 
polylysine- PEG copolymer 
in 10 mM HEPES every 2 d 
for 2 wk

(1) ↑ ALT; (2) ↑ FFA; (3) ↓ 
leptin; (4) nanoSOD 
treatment counteracted the 
above effects; and (5) No 
dif. in MDA between 
groups

(1) ↑ adipose mass by HFD, but ↓ 
fat/body weight ratio by HFD- EtOH; 
(2) ↑ microvesicular steatosis (in all 
mice); (3) ↑ macrovesicular steatosis; (4) 
↑ inflammatory nodules; (5) ↑ 
hepatocyte ballooning; and (6) ↑ MCP-1 
protein levels, ↓ MCP-1 in HFD-EtOH 
mice treated with nanoSOD

(1) ↑ adipose CYP2E1 protein 
levels, ↓ CYP2E1 by nanoSOD; 
(2) ↑ hepatic CYP2E1, ADH, 
catalase, ↓ CYP2E1 and ADH, 
but ↑ catalase by nanoSOD; (3) ↑ 
PPARα, ACOX-1 in HFD, further 
↑ ACOX-1 by EtOH, further ↑ for 
both by nanoSOD; and (4) ↑ 
CCL-2, MMP-12; ↓ by nanoSOD

(1) Animal: Female 
C57BL/6J mouse; (2) Diet: 
Control (69% carbohydrates, 
12% fat, 19% protein) or FFC 
(60% carbohydrates, 25% fat, 
15% protein, 50% wt/wt 

(1) ↑ IR, IRS-2 in FFC-EtOH and 
FFC- beer compared to naïve; no 
dif. in IRS-1; (2) ↓ adiponectin in 
FFC and FFC- EtOH, but ↑ in 
FFC-beer; (3) ↑ hepatic AdipoR1 
and SIRT-1 in FFC-beer; and (4) 

Jung et al[108] (1) ↑ TG; ↓ in beer-treated 
FFC compared to EtOH-
treated or naïve and (2) ↓ 
glucose tolerance in all FFC-
fed groups

(1) ↑ neutrophil granulocytes; ↓ by beer 
in FFC-fed mice; (2) ↑ NAS; ↓ by beer in 
FFC-fed mice; (3) ↑ iNOS protein levels; 
↓ by beer and EtOH in FFC-fed mice; 
and (4) ↑ 4-HNE; ↓ by beer and EtOH 
in FFC-fed mice
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fructose, 0.16% wt/wt 
cholesterol); Diets enriched 
with 2.5 g/kg EtOH, 
isocaloric beer (4.9% v/v 
EtOH), or isocaloric diet; 
and (3) Duration: 7 wk

No dif. in PPARγ, AdipoR2, 
FASN, SREBP-1c, ACOX-1 
between groups

Kanuri et al[106] (1) Animal: 6 wk male ob/ob 
C57BL/6 mouse; (2) Diet: 2.5 
g/kg/d EtOH in drinking 
water; and (3) Duration: 6 
wk

(1) ↑ ALT/AST in ob/ob, 
but ↓ slightly by EtOH in 
ob/ob; (2) ↑ TG, cholesterol, 
HDL, LDL in ob/ob, but no 
effect by EtOH; and (3) No 
dif. in FFA

(1) Steatosis, hepatomegaly in ob/ob; 
(2) Macrovesicular steatosis in EtOH- 
naïve ob/ob; (3) Microvesicular 
steatosis in EtOH- fed ob/ob; and (4) ↓ 
hepatic neutrophils

(1) ↑ PLIN-2, PLIN-3, TNFα, 
PAI-1 in ob/ob, ↓ PAI-1, PLIN-2, 
PLIN-3 by EtOH; (2) ↓ IRS-1, 
IRS-2, adiponectin, SIRT- 1 in 
ob/ob; ↑ adiponectin, SIRT-1 by 
EtOH; (3) No effect by EtOH on 
PPARγ, ACOX-1, SREBP-1c, IRS-
1, IRS02, GLUT-4, glucokinase, 
PEPCK; and (4) No dif. in 
hepatic ACOX-1, PPARγ

Kitagawa 
et al[93]

(1) Animal: 8 wk female KK-
Ay mouse; (2) Diet: LD with 
5% EtOH or isocaloric 
maltodextrin; Single gavage 
of 4 g/kg EtOH or gavage 
on after 11 d; (3) Drug: 0.1 
g/L rifaximin (RFX); and (4) 
Duration: 10 d

(1) ↑ ALT; (2) ↑ serum and hepatic 
TG; (3) ↑ portal blood LPS; (4) ↑ 
CYP2E1 activity; and (5) ↓ ALT, 
TG, LPS (but not to basal levels) 
in EtOH-fed treated with RFX

(1) Lipid droplet accumulation in 
hepatic lobule; (2) Hepatomegaly; 
(3) ↑ 4-HNE; and (4) RFX 
counteractedthe aboveeffects

(1) ↑ ACCα, FASN; TNFα, IL-6, 
ILNγ; CCL-2; CD14, TLR-4, TLR-
2; HMOX- 1, NOX-1; (2) ↓ CPT-
1α; (3) ↑ CYP2E1 protein levels; 
no effect by RFX; and (4) RFX 
counteracted effects of EtOH on 
ACCα, FASN, TNFα, IFNγ, TLR-
4, HMOX-1, and NOX-2, CPT-1α

Lazaro et al[81] (1) Animal: Male WT and 
OPN- knockout C57BL/6 
mice and (2) Diet: High-fat, 
high-cholesterol diet for 2 
wk, then iG liquid HFD-
EtOH (36% kcal from corn 
oil; 27 g/kg/d EtOH) or 
isocaloric HFD for 8 wk; 
Some HFD-EtOH given 4-5 
g/kg/wk EtOH by gavage

(1) ↑ ALT, but ↓ with binge EtOH; 
↓ ALT in binge-treated OPN KO 
compared to binge-treated WT; 
(2) ↑ bilirubin, ↓ albumin; (3) ↑ 
TG; and (4) No dif. in BAL

(1) Steatosis, hepatomegaly, 
mononuclear cell inflammation, 
neutrophil infiltration, 
perisinusoidal and percellular 
fibrosis in HFD-EtOH and (2) 
Splenomegaly, ↑ TLR-4 in binge-
treated mice; effect of binge 
greater in OPN KO

(1) ↑ collagen I, αSMA, TIMP-1 
by EtOH; further ↑ by EtOH 
binge; (2) ↑ myeloperoxidase, 
CXCL-1, OPN in binge-treated; 
and (3) ↑ myeloperoxidase, IL-
17α in binge-treated OPN KO

Minato et al[96] (1) Animal: 30 wk male 
OLET and OLETF rat; (2) 
Initial weight: 620 ± 15 g 
(OLETF), 460 ± 10 g (OLET); 
(3) Diet: 10 mL 10% EtOH by 
gavage for 1-5 d/wk; and (4) 
Duration: 3 wk

(1) ↑ ALT/AST; (2) ↑ serum and 
hepatic TG; (3) ↑ serum glucose; 
(4) ↑ serum insulin in OLETF, 
with no effect from EtOH; and (5) 
↑ serum adiponectin in OLETF, ↓ 
by EtOH in OLETF

(1) Mild pericentral 
microvesicular steatosis in EtOH-
naïve OLETF; (2) Steatohepatitis, 
focal hepatic necrosis, and 
hepatocyte ballooning in EtOH-
treated OLETF; (3) ↑ hepatic 
CYP2E1; and (4) ↑ 4-ΗΝΕ

(1) ↑ PPARγ in OLETF, with no 
effect from EtOH and (2) ↑ TNFα

Nieto et al[85] (1) Animal: 12 wk male 
Lewis rat; (2) Initial weight: 
100 g; (3) Diet: Choline 
deficient (CD) diet; (4) 15 
mL/kg whiskey by gavage 3 
times per wk; and (5) 
Duration: 3 mo

(1) ↑ ALT/AST; (2) ↑ TG; (3) ↑ 
NEFA; (4) ↑ MDA, protein 
carbonyls; (5) ↑ serum TNFα, but 
↓ in CD- whiskey; (6) ↑ CYP2E1 
activity; (7) ↑ caspase-3, caspase-8 
activity

(1) Minimal steatosis in whiskey-
naïve CD rats and (2) Periportal 
and percentral microvesicular 
steatosis in CD-whiskey rats

(1) ↑ collagen 1, αSMA, 
cytochrome c, HSP47, CYP2E1; 
(2) ↑ leptin, TIMP-1, and BAX 
protein levels by CD, with no 
effect by whiskey; and (3) ↓ 
MMP-2, MMP-9, MMP-13, BCL-
2, BCL-XL by CD, with no effect 
by whiskey

Osaki et al[101] (1) Animal: Male Sprague-
Dawley rat; (2) Initial 
weight: 106 g; (3) Diet: HFD 
(30% beef tallow, 20% 
casein, 20% sucrose); 1%-2% 
v/v EtOH ad libitum; and (4) 
Duration: 12 wk

(1) ↓ ALT; no dif. in AST; (2) ↓ 
ammonia, urate; (3) No dif. in 
serum glucose, FFA, cholesterol, 
HDL, bilirubin, alkaline 
phosphatase levels, urea, 
creatinine, lactate, acetate; (4) No 
dif. in hepatic TG, MDA; (5) No 
dif. in hepatic, renal, or 
pulmonary thiobarbituric acid-
reactive substances

No dif. in hepatic TG, MDA No 
dif. in weight of liver, epididymal 
adipose tissue, perirenal adipose 
tissue, or gastrocnemius muscle

No dif. in TNFα, adiponectin, 
insulin-like growth factor 
binding protein 1, hemoglobin

Robin et al[86] (1) Animal: Male ob/ob 
C57BL/6J mouse; (2) Initial 
weight: 49-56 g (obese), 26- 
30 g (lean); (3) Diet: 2.5 
g/kg/d EtOH by gastric 
intubation; (4) Drug: 100 
mg/kg/d pentoxifylline 
(PTX) by iP; and (5) 
Duration: 4 d

(1) ↑ ALT in ob/ob; no effect by 
EtOH; (2) ↑ caspase-3,CYP2E1, 
SOD activities; ↓ caspase 3 by 
PTX; (3) ↓ GPx, cytosolic GT 
activity in ob/ob, but no effect by 
EtOH; (4) ↓ mitochondrial GT 
activity by EtOH; and (5) No dif. 
in GR activity

(1) Steatosis, caspase-3 activation 
in ob/ob; (2) TUNEL+ 
hepatocytes; and (3) Necrosis, 
inflammation in EtOH-naïve 
ob/ob

(1) ↑ TNFα protein levels; ↓ by 
PTX; (2) ↑ IκBα protein levels, ↓ 
NF-κB p65; ↓ NF-κB activity; (3) 
↓ iNOS, BCL-XL; (4) ↓ cytosolic 
GSH, mitochondrial GSSG; and 
(5) ↑ HSP70

(1) Animal: 6 wk male 
C57BL/6J mouse; (2) Diet: 
high-fructose diet (20.2% 
kcal protein, 66.96% kcal 
carbohydrates, 12.9% kcal 
fat); 10% v/v EtOH for 2 d, 

(1) ↑ ALT/AST; (2) ↑ plasma TG, 
NEFA, cholesterol by EtOH, but 
not fructose; (3) ↑ plasma glucose 
by fructose diet, ↓ glucose by 
EtOH; (4) ↑ insulin by fructose 
and EtOH, but not combined 

(1) ↑ hepatic CYP2E1 protein 
levels; (2) ↑ KHK in EtOH-naïve 
fructose; (3) ↑ F4/80, CD68, and 
TNFα, MyD88, IRF-3, and TRAF-
6; (4) ↑ CCL-2, TLR-4, and IRF-7 
only in fructose-EtOH; (5) ↑ 

Song et al[124] (1) ↑ microvesicular steatosis and 
(2) ↑ macrovesicular steatosis in 
EtOH-naïve fructose; ↓ by 
fructose-EtOH diet
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15% for 5 d, 20% for 17 wk; 
and (3) Duration: 18 wk

fructose-EtOH; (5) ↓ copper by 
fructose and EtOH, but not 
combined fructose-EtOH

CD163, IL-1β, or ARG-1 by 
EtOH, but no effect by fructose; 
and (6) No dif. in IL-6, IL-10

Sun et al[107] (1) Animal: Male Sprague-
Dawley rats; (2) Initial 
weight: 80-100 g; (3) Diet: 
HFD (38% fat, 2% 
cholesterol, 1% cholate) or 
control (38% kcal from fat); 4 
g/kg/d EtOH by gavage 
beginning after 3 wk; and (4) 
Duration: 12 wk

No dif. in plasma LPS levels (1) ↑ steatosis, fibrosis in HFD 
mice compared to HFD-EtOH 
and (2) ↑ Kupffer cell and HSC 
activation in HFD mice compared 
to HFD- EtOH

↑ inflammatory cytokines 
(TNFα, CXCL-1, CXCL-2, IL-1β, 
IL-6), pro- fibrotic markers 
(αSMA, collagen, TGF-β, TIMP-
1, MMP-2, MMP-9) in HFD 
compared to HFD-EtOH

Suzuki et al[92] (1) Animal: 8 wk male KK-A
y mouse; (2) Diet: LD 
containing 5% EtOH or 
isocaloric maltodextrin; 4 
g/kg EtOH or isocaloric 
maltodextrin by gavage on 
day 11; (3) Drug: 120 
mg/kg/d phenylbutyric 
acid (PBA); and (4) 
Duration: 10 d

(1) ↑ ALT/AST in chronic-binge 
mice; no dif. in ALT/AST 
between chronic-only and 
controls; (2) ↑ serum and hepatic 
TG; (3) No dif. in blood glucose; 
and (4) PBA ↓ ALT/AST, TG in 
EtOH-fed mice compared to PBA-
naïve

(1) ↑ steatosis, PMN infiltration, 
ccCK18+ hepatocytes, 4-HNE+ 
cells in chronic-binge mice and 
(2) PBA alleviated liver injury, 
but did not decrease 4-HNE+ cell 
count

(1) ↑ inflammatory cytokines 
(TNFα, IL-6), ER stress markers 
(BiP, uXBP-1, sXBP-1, IP3R1, 
CHOP), and HMOX-1 by 
chronic-binge; PBA ↓ 
aforementioned genes; (2) ↑ BiP, 
uXBP-1 in chronic, but not sXBP-
1, IP3R1, CHOP, HMOX-1; and 
(3) ↑ CYP2E1; PBA had no effect

Wang et al[78] (1) Animal: 8 wk male 
Sprague-Dawley rat; (2) 
Diet: LD control (35% kcal 
from fat) or LD HFD (71% 
kcal from fat) for 6 wk; then 
LD HFD were given either 
solid HFD (55% kcal fat) or 
HF-EtOH diet (55% kcal fat, 
16% kcal EtOH) for 4 wk; (3) 
Duration: 10 wk

(1) ↑ TUNEL+ hepatocytes; (2) ↑ 
cleaved caspase-3 levels; and (3) 
No dif. in 4-HNE or MDA levels 
between HFD and HFD-EtOH, 
but ↑ compared to controls

(1) Lipid droplet accumulation; 
(2) ↑ steatosis; and (3) ↑ number 
of inflammatory foci

(1) ↑ Fas death receptor and 
ligand; (2) No dif. in caspase-3 
expression; (3) No dif. in 
CYP2E1, TNFα, TNFR-1, IL-1β, 
IL-12 between HFD and HFD-
EtOH, but ↑ compared to 
controls

Xu et al[83] (1) Animal: 8 wk male 
C57BL/6J mouse; (2) Diet: 
580 kcal/kg/d (control) or 
986 kcal/kg/d (overfed) of 
liquid HFD (37% kcal corn 
oil) by iG infusion for 45 d; 
23 g/kg/d (low dose) or 32 
g/kg/d (high dose) via iG 
infusion added to diet after 
45; controls received 
isocaloric amount of diet; 
and (3) Duration: 10 wk

(1) ↑ hepatic TG, hepatic MDA, 
BAL in EtOH-treated overfed 
mice and (2) ↑ ALT in overfed 
mice; dose- dependent ↑ ALT by 
EtOH

(1) Steatosis, mononuclear cell 
infiltration in EtOH-treated (high 
dose) control mice; (2) 
Steatohepatitis and pericellular 
fibrosis in EtOH-treated (high 
dose) overfed mice; (3) ↑ 
macrophage infiltration in WAT 
in EtOH-treated overfed mice; 
and (4) No dif. in liver histology 
between EtOH-naïve overfed 
mice and controls

(1) ↑ M1 polarization markers 
(iNOS, TNFα) in liver and WAT 
for overfed-EtOH mice; (2) ↑ M2 
markers (IL-10, ARG-1) in WAT, 
but ↓in liver for overfed- EtOH 
mice; (3) ↓ AdipoR, 
mitochondrial function genes 
(PGC-1α, PPARα, COX, 
cytochrome c, ACOX-1), in 
overfed-EtOH; (4) ↑ SREBP-1, ↓ 
pACC in EtOH; and (5) No effect 
on AMPK, PPARδ by 
overfeeding or EtOH

Results listed refer to experimental groups with concomitant metabolic syndrome risk factor and alcohol consumption compared to healthy or EtOH-naïve 
controls, unless stated otherwise. ACC: Acetyl-CoA carboxylase; ACOX: Acyl-CoA oxidase; AdipoR: Adiponectin receptor; ALT: Alanine 
aminotransferase; αSMA: Alpha smooth muscle actin; AUC: Area under the curve; ARG: Arginase; AST: Aspartate aminotransferase; BCL: B-cell 
lymphoma; BAX: BCL-2-associated X protein; BiP: Binding immunoglobulin protein; BAL: Blood alcohol level; CPT: Carnitine palmitoyltransferase; CHOP: 
C/EBP homologous protein; DGAT-2: Diacylglycerol O-acyltransferase 1; ER: Endoplasmic reticulum; EtOH: Ethanol; FA: Fatty acid; FASN: Fatty acid 
synthase; FAO: Fatty acid oxidation; FGF: Fibroblast growth factor; GTT: Glucose tolerance test; GSSG: Glutathione, oxidized; GSH: Glutathione, reduced; 
GPx: Glutathione peroxidases; GR: Glutathione reductase; GT: Glutathione transferase; H&E: Hematoxylin and eosin stain; HMOX: Heme oxygenase; HSP: 
Heat shock protein; HSC: Hepatic stellate cells; HCC: Hepatocellular carcinoma; HDL: High density lipoprotein; HFD: High-fat diet; HFHC: High-fat, high 
cholesterol diet; FFC: High-fat, high-fructose, high-cholesterol diet; 4-HNE: 4-hydroxynonenal; iNOS: Inducible nitric oxide synthase; IP3R1: Inositol 
trisphosphate receptor type 1; IR: Insulin receptor; IRS: Insulin receptor substrate; IFN: Interferon; IRF: Interferon regulatory factor; IL: Interleukin; iG: 
Intragastric; iP: Intraperitoneal; JNK: c-Jun N-terminal kinase; KHK: Ketohexokinase; LD: Lieber- DeCarli; LDL: Low density lipoprotein; MDA: 
Malondialdehyde; MMP: Matrix metallopeptidase; MCP: Monocyte chemoattractant protein; MUFA: Monounsaturated fatty acids; MyD88: Myeloid 
differentiation primary response 88; NOX: NADPH oxidase; NOX: NAFLD activity score; OLET: Otsuka Long-Evans Tokushima; OLETF: Otsuka Long-
Evans Tokushima fatty; PLIN: Perilipin; PPAR: Peroxisome proliferator-activated receptor; PEPCK: Phosphoenolpyruvate carboxykinase; PAI-1: 
Plasminogen activator inhibitor 1; PUFA: Polyunsaturated fatty acids; PGC-1α: PPARγ coactivator 1 α; PHH: Primary human hepatocytes; Akt: Protein 
kinase B; SFA: Saturated fatty acids; SIRT-1: Sirtuin 1; SCD-1: Stearoyl-CoA desaturase 1; SREBP-1: Steroid response-element binding protein 1; SOD: 
Superoxide dismutase; TGFβ: Transforming growth factor β; TG: Triglycerides; TNFα: Tumor necrosis factor α; TRAF: TNF receptor associated factor; 
WAT: White adipose tissue; XBP-1: X-box binding protein 1.

the presence of necrotic hepatocytes, suggesting increased hepatic neutrophil 
infiltration. HFHC-EtOH with additional EtOH binge also upregulated collagen I, 
αSMA, and TIMP-1 compared to controls. Unlike the Gäbele study, EtOH also 
upregulated TLR-4 expression in HFHC-fed mice. Since OPN is associated with 
increased ALD severity[82], HFHC-EtOH diet was also given to OPN-knockout (KO) 
mice to determine the role of OPN in liver disease. HFHC-EtOH diet increased 
neutrophil infiltration, plasma ALT activity, and αSMA in OPN KO mice, suggesting 
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Figure 1 Pathogenesis and progression of the syndromes of metabolic and alcoholic steatohepatitis. Metabolic syndrome (MetS) is a cluster of 
factors–obesity, insulin resistance, hypertension, high triglyceride levels, and low high-density lipoproteins cholesterol levels–that arise from obesogenic diet and 
genetic factors. Coupled with heavy alcohol consumption, MetS promotes lipid dysregulation, oxidative stress, and endoplasmic reticulum stress. These biochemical 
processes reciprocally mediate each other and contribute to lipotoxic cellular dysfunction, immune response, inflammation, and fibrosis in syndromes of metabolic 
and alcoholic steatohepatitis.

that OPN plays a protective role in fatty liver disease. Similarly, Xu et al[83] overfed 
C57BL/6 mice HFD by iG infusion for 45 d, after which different dosages of EtOH was 
introduced for another 4 wk. Compared to controls, overfeeding and EtOH elevated 
hepatic TG levels, increased fibrosis, upregulated induced nitric oxide synthase (iNOS) 
activity, and induced the PERK and IRE-1 pathways. HFD and high-dose EtOH 
increased liver weight, hepatic TG levels, plasma adiponectin levels, ALT activity, and 
fibrosis compared to low-dose EtOH treatment. These results suggest that concomitant 
overfeeding and EtOH consumption induce fibrosis, oxidative stress, and ER stress. 
Furthermore, these results indicate that the effects of EtOH on NAFLD progression are 
dose-dependent, as evidenced by the differential effects on liver injury by low and 
high dose EtOH.

To recapitulate SMASH pathogenesis, EtOH is also coupled with other dietary 
models of NAFLD other than HFD. These other dietary models of SMASH are similar 
to the HFD-based models in that they induce lipid dysregulation, oxidative stress, 
apoptosis, and fibrosis. Alwahsh et al[84] fed Sprague-Dawley rats either control LD, 
fructose LD, EtOH LD, or combined fructose-EtOH LD diet for 28 d. EtOH and 
fructose independently elevated hepatic TG and cholesterol, and upregulated PPARα 
and carnitine palmitoyltransferase I (CPT-1) compared to controls. However, 
combined fructose-EtOH decreased cholesterol, and downregulated PPARα and CPT-
1 compared to controls. Combined treatment also upregulated leptin receptor and 
acetyl-CoA carboxylase (ACC). This study suggests that in either NAFLD or ALD, 
PPARα compensates for the increase in lipid accumulation, but FAO capacity is 
diminished under concomitant in SMASH. Nieto et al[85] developed a model in which 
Lewis rats were administered a choline-deficient (CD) diet and multiple whiskey 
gavages. Compared to controls, CD-whiskey treatment elevated MDA and protein 
carbonyl levels, upregulated TNFα, collagen I, αSMA, and β-tubulin, increased 
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collagen deposition, and increased caspase-3 and caspase-8 activity. These results 
suggest that CD-whiskey induces oxidative stress, inflammation, and fibrosis. CD diet 
also downregulated BCL-XL, suggesting greater susceptibility to apoptosis, although 
whiskey did not affect its expression.

Genetic models of SMASH
Experimental rodent models of SMASH also employ genetic models of NAFLD 
coupled with EtOH consumption. One commonly used genetic mouse model is ob/ob 
leptin deficiency. For example, Robin et al[86] developed a model in which ob/ob mice 
were administered EtOH daily by gavage for 4 d. EtOH upregulated TNFα and heat 
shock protein 70 (HSP70) expression, increased caspase-3 activity, and downregulated 
NF-κB expression and activity in obese mice compared to controls. Treatment with 
TNFα inhibitor pentoxifylline attenuated these effects in EtOH-treated obese mice. 
These results suggest that combined multiple binge EtOH dysregulates TNFα 
signaling and induces hepatocellular apoptosis in genetic obesity. However, EtOH did 
not increase serum ALT in either lean or obese mice, suggesting that it does not 
contribute to acute liver injury in this model.

Everitt et al[87] also used ob/ob mice to determine the effect of polyunsaturated fatty 
acids (PUFA) and chronic EtOH on obesity. EtOH increased ALT/AST, TG and 
cholesterol levels, and AMPK expression in obese mice compared to controls. EtOH 
also downregulated SIRT-1 and SFRS-10, a SIRT-1 target. SFRS-10 modulates splicing 
for the transcription factor lipin 1, which has two isoforms: FA oxidizing lipin 1α and 
TG synthetic lipin 1β[88]. The decrease in SFRS-10 resulted in an upregulation of the β 
isoform, which is also seen in human obesity and in vitro models[89]. In PUFA-fed 
ob/ob mice, EtOH also upregulated PPARγ which regulates adipocyte differentiation, 
glucose homeostasis, lipogenesis, and lipid droplet formation[90]. Although PPARγ is 
not upregulated in NASH patients[91], increased PPARγ and lipin-1β in the Everitt 
model underscores the potential synergistic effects of obesogenic factors and EtOH on 
AMPK-mediated de novo lipogenesis in human disease.

Another genetic mouse model is KK-Ay, which induces obesity and hyper-
insulinemia by dysregulating appetite suppression. Suzuki et al[92] fed KK-Ay mice 
control or 5% EtOH LD diet for 10 d, then administered a single 4 g/kg EtOH dose by 
gavage in a chronic-binge EtOH model. In obese mice, EtOH upregulated spliced and 
unspliced XBP-1, BIP, inositol trisphosphate receptor, and C/EBP homologous protein, 
and oxidative stress markers CYP2E1 and heme oxygenase 1 (HMOX-1). Treatment 
with the chemical chaperone 4-phenylbutyric acid decreased the aforementioned UPR 
genes, ALT/AST activity, and hepatic TG levels. These results suggest that EtOH 
induces the UPR, exacerbates ER stress, and promotes oxidative stress in genetic 
obesity. In another study from the same lab, Kitagawa et al[93] used a similar feeding 
regiment and found elevated serum LPS, and upregulated inflammatory cytokines 
TNFα, IL-1β, and interferon γ, and upregulated TLR-4. Furthermore, with regards to 
the small intestinal microbiota, EtOH decreased Lactobacillales and increased 
Erysipelotrichales in the KK-Ay mice. Treatment with rifaximin, an antibiotic, restored 
the Erysipelotrichales population and increased Bacteroidales, while restoring cytokine 
expression to basal levels.

In rat studies, one commonly used genetic model is the fa/fa Zucker rat. For 
example, Carmiel-Haggai et al[94] administered fa/fa Zucker rats multiple binges of 
35% EtOH or saline over 3 days to determine the effect of concomitant genetic obesity 
and EtOH consumption on oxidative stress. In obese fa/fa rats, EtOH decreased basal 
GSH levels, increased GSSG levels, and upregulated CYP2E1 and iNOS compared to 
controls. EtOH also decreased SOD, catalase, and GR activity in obese rats, suggesting 
that EtOH exacerbates oxidative stress in obesity by straining antioxidant mechanisms. 
Another genetic rat model is the Otsuka Long Evans Tokushima Fatty (OLETF) rat, 
which is a cholecystokinin KO model that dysregulates appetite suppression[95]. Minato 
et al[96] administered lean OLET and obese OLETF rats 10% EtOH gavage every few 
days for 3 wk in a multiple binge EtOH model of SMASH. In obese rats, EtOH 
increased inflammation, CYP2E1 protein levels, TNFα expression, 4-HNE levels 
compared to controls. However, EtOH did not affect PPARγ expression or steatosis in 
OLETF rats compared to EtOH-naïve OLETF rats. These results suggest that while this 
model recapitulates inflammation and oxidative stress in SMASH, it does not feature 
lipid metabolism dysregulation.

Apparent alleviation of NAFLD/NASH by ethanol
Some experimental models that couple obesity and EtOH consumption do not induce 
severe liver injury, and instead show evidence for a possible protective effect by 
moderate EtOH consumption in NAFLD. The amount of alcohol that constitutes “mild 
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or moderate” (referred to as “moderate” hereafter) consumption is difficult to define, 
and there are varied definitions of moderate alcohol consumption in both humans and 
rodent models. In retrospective studies of NAFLD, moderate alcohol consumption is 
less than 20-40 g EtOH daily[97-99], although other studies define it as less than 2 
alcoholic drinks per day[100]. Moderate alcohol consumption is associated with 
improved insulin sensitivity, decreased fibrosis, and improved cardiovascular 
outcomes in NAFLD/NASH patients[101-103], which is a significant finding because 
fibrosis is a major factor in NAFLD mortality[104]. However, the effects of BMI, insulin 
resistance, socioeconomic status, drinking pattern, or type of alcoholic beverage on 
human fatty liver disease have not been fully elucidated[103]. Nevertheless, there are 
rodent models that describe an apparent alleviation of NAFLD symptoms associated 
with moderate alcohol consumption. Moderate alcohol consumption is less rigorously 
defined for rodent models, although of the studies reviewed in this paper, those that 
model “moderate alcohol consumption” generally have less than a daily 5 g EtOH/kg 
body weight dosage for rodents[105-108].

Osaki et al[105] developed a model in which chronic consumption of 1%-2% v/v EtOH 
reduced blood markers for liver injury in HFD-fed Sprague-Dawley rats for 12 wk. 
EtOH did not affect body weight, liver mass, or adipose tissue mass, nor did it affect 
serum cholesterol, FFA, or TG levels. EtOH decreased serum ALT activity, lactate 
dehydrogenase, urate, and ammonia levels. In a similar study by Sun et al[107], a 4 g/kg 
EtOH binge by gavage downregulated expression of pro-inflammatory TNFα, CXCL-
1, CXCL-2, and IL-1β, and pro- fibrotic αSMA, collagen, TGFβ, TIMP1, MMP2, and 
MMP9 in Sprague-Dawley rats fed HFHC for 12 wk. Using a genetic obesity model, 
Kanuri et al[106] determined the effect of chronic EtOH consumption on lipid storage 
and thrombosis. Ad libitum access to 2.5 g/kg EtOH was not found to affect TNFα, 
insulin receptor substrate (IRS)-1, or IRS-2 expression in ob/ob C57BL/6 mice. EtOH 
downregulated the expression of lipid droplet-associated proteins perilipin (PLIN) 2 
and PLIN-3, suggesting decreased lipid accumulation due to EtOH. PLIN2 expression 
and lipid accumulation are known to be upregulated in ALD[109,110], but PLIN3 may 
instead play a protective role by facilitating lipid export from the ER[111]. Expression of 
pro-thrombotic PAI-1 was comparable between EtOH- treated ob/ob mice and control 
WT mice, despite upregulation of PAI-1 in EtOH-naïve ob/ob mice compared to WT.

Experimental animal studies have suggested the possible role of adiponectin 
signaling and sensitivity in apparent EtOH-mediated amelioration of NAFLD. For 
example, Bucher et al[112] found a decrease in serum adiponectin levels in C57BL/6 mice 
administered HFD and 10 g/kg/d EtOH in drinking water compared to mice fed HFD 
only. Decreased adiponectin in EtOH-treated mice accompanied lower serum TG and 
cholesterol levels, and downregulated collagen I, collagen III, and CYP2E1 expression. 
Similarly, Jung et al[108] found upregulated SIRT-1 and insulin receptor expression in 
high-fat, high-fructose, high-cholesterol-fed C57BL/6 mice administered pure EtOH or 
beer, compared to alcohol-naïve mice. Beer, but not pure EtOH, also upregulated 
adiponectin and adiponectin receptor 1 expression. In both of the aforementioned 
studies, AMPK activation by adiponectin suggests a possible compensatory effect in 
response to concomitant EtOH and lipid intake. However, the differential effects of 
beer and pure EtOH suggest that the alcohol-associated alleviation of fatty liver may 
instead be due to other components in alcoholic beverages. In an intervention study, 
serum adiponectin was elevated, although not significantly, in overweight (BMI ≥ 27 
kg/m2) adults who consumed 100 mL whiskey daily for 4 wk, compared to 
overweight adults who were asked to drink mineral water[24].

CONCLUSION
Various pre-clinical experimental models have been developed to study the interactive 
effects of NAFLD and ALD risk factors on hepatic injury resulting in SMASH. While 
each model differs in obesity etiology, as well as pattern and duration of alcohol 
consumption, they all demonstrate that obesity and heavy alcohol consumption 
synergistically contribute to hepatic injury. The models suggest that both sets of risk 
factors contribute to increased steatosis and fibrosis, as well as an M1-like phenotype 
in activated macrophages. There is also evidence that obesity and alcohol consumption 
synergistically interfere with antioxidant defense, but the effect of alcohol seems to be 
dose-dependent. Despite the advantages of these animal models, there are still 
limitations with regards to replicating what we understand from human disease.

New models should consider the effect of alcohol consumption patterns on fatty 
liver disease pathogenesis. For example, the highest risk group for ALD are 
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individuals who already drink heavily, then dramatically increase alcohol intake in a 
short period[113]. There are already models, such as the NIAAA model[75], that replicate 
chronic-binge alcohol consumption patterns in ALD. In the NIAAA model, mice are 
fed Lieber-DeCarli EtOH diet for 10 d and given EtOH gavage on the eleventh day, 
with a set of chronic-binge feedings that can repeated multiple times. However, 
repeated sets of chronic-binge feedings only slightly elevate ALT/AST levels 
compared to a single set, and does not result in liver fibrosis. Thus, future models 
should also induce advanced liver injury in the context of repeated chronic-binge 
alcohol consumption to fully recapitulate fatty liver disease in humans.

Furthermore, while most current experimental models use high-fat diets to induce 
obesity, future models should more closely replicate the diets that are composed of 
high-fat and high glycemic index foods that are commonly found in Western countries 
and have been identified as risk factors for NAFLD/NASH[114]. Fructose, in particular, 
is known to increase hepatic de novo lipogenesis and impair fatty acid oxidation in 
humans, and promote gut permeability in mice. Fructose also promotes insulin 
resistance in both the liver and skeletal muscle[115]. There are studies that model 
NAFLD progression that combine saturated fats, cholesterol, and fructose into a single 
diet[116,117], but the specific composition of fats and fructose source (e.g., sucrose or high 
fructose corn syrup) varies between studies. Future experimental models should thus 
also determine the effect of fructose on multi-system lipid dysregulation, insulin 
resistance, and inflammation.

Animal studies are also limited in replicating the genetic factors for NAFLD and 
ALD. For example, genetic models for obesity and insulin resistance in mice include 
ob/ob (leptin), db/db (leptin receptor), and foz/foz (ALMS-1)[118]. These do not 
parallel genetic polymorphisms known to predispose humans to NAFLD/NASH. 
Human genetic predispositions to fatty liver disease include polymorphisms in 
PNPLA3, TM6SF2, GCKR, MBOAT7, HSD17B3, PPARγ, IRS-1, PLIN2, and 
adiponectin, among others[119-121]. Furthermore, different rodent strains may also have 
an inherent bias towards certain disease states. For example, TNFα and iNOS are 
upregulated in C57BL/6 mice compared to Balb/c mice, despite being administered 
the same diet. Likewise, ARG-1 is increased in Balb/c compared to C57BL/6[122]. 
C57BL/6 mice may thus have a bias towards M1 polarization; and Balb/c, to M2 
polarization. Future studies should further compare the roles that different human 
polymorphisms play in fatty liver disease pathogenesis, while also controlling for 
possible bias in the animal model used.

Finally, further research is needed to determine the interaction between multiple 
factors in fatty liver disease pathogenesis. In the established “two-hit” model of 
NAFLD pathogenesis, lipid accumulation results in a cascade of other dysfunctions, 
such as inflammation and fibrogenesis. Meanwhile, in the competing “multi-hit” 
model, multiple factors, such as insulin resistance and gut microbiome dysregulation, 
along with lipid metabolism dysregulation, synergistically result in liver injury[123]. For 
example, approximately 70% of all patients with insulin resistance will develop 
NAFLD. To determine possible interactions or causal relationships between these 
factors and alcohol, future experimental models should monitor fatty liver disease 
progression over time.

The development of novel pre-clinical experimental models may help elucidate new 
mechanisms and the interactions between alcohol and metabolic abnormalities in fatty 
liver disease. Specifically, feeding regimens that better model food and alcohol 
consumption in patients with SMASH should be developed. These models should 
incorporate both chronic-binge alcohol consumption and Western diet and also 
consider how those dietary factors interact with human genetics.
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Abstract
Human hepatitis viruses (HHVs) include hepatitis A virus, hepatitis B virus 
(HBV), hepatitis C virus (HCV), hepatitis delta virus, and hepatitis E virus and 
can cause liver inflammation in their common human host. Usually, HHV is 
rapidly cleared by the immune system, following acute HHV invasion. The 
morbidities associated with hepatitis A virus and hepatitis E virus infection occur 
shortly after their intrusion, in the acute stage. Nevertheless, the viral infectious 
process can persist for a long period of time, especially in HBV and HCV 
infection, leading to chronic hepatitis and further progressing to hepatic cirrhosis 
and liver cancer. HHV infection brings about complications in other organs, and 
both acute and chronic hepatitis have been associated with clinical presentations 
outside the liver. Vascular involvement with cutaneous and systemic vasculitis is 
a well-known extrahepatic presentation; moreover, there is growing evidence for 
a possible causal relationship between viral pathogens and vasculitis. Except for 
hepatitis delta virus, other HHVs have participated in the etiopathogenesis of 
cutaneous and systemic vasculitis via different mechanisms, including direct viral 
invasion of vascular endothelial cells, immune complex-mediated vessel wall 
damage, and autoimmune responses with stimulation of autoreactive B-cells and 
impaired regulatory T-cells. Cryoglobulinemic vasculitis and polyarteritis nodosa 
are recognized for their association with chronic HHV infection. Although 
therapeutic guidelines for HHV-associated vasculitis have not yet been 
established, antiviral therapy should be initiated in HBV and HCV-related 
systemic vasculitis in addition to the use of corticosteroids. Plasma exchange 
and/or combined cyclophosphamide and corticosteroid therapy can be 
considered in patients with severe life-threatening vasculitis manifestations.
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Core Tip: The human hepatitis viruses (HHVs) hepatitis A virus, hepatitis B virus, 
hepatitis C virus, hepatitis delta virus, and hepatitis E virus can cause liver 
inflammation in their common human host. With the exception of hepatitis delta virus, 
all other HHVs can participate in the pathogenesis of cutaneous and systemic vasculitis 
via different mechanisms like direct viral invasion of vascular endothelial cells and 
immune complex-mediated vessel wall damage. Cryoglobulinemic vasculitis and 
polyarteritis nodosa are recognized for their association with chronic HHV infection. 
Antiviral therapy should be initiated in hepatitis B virus and hepatitis C virus-related 
systemic vasculitis.

Citation: Wang CR, Tsai HW. Human hepatitis viruses-associated cutaneous and systemic 
vasculitis. World J Gastroenterol 2021; 27(1): 19-36
URL: https://www.wjgnet.com/1007-9327/full/v27/i1/19.htm
DOI: https://dx.doi.org/10.3748/wjg.v27.i1.19

INTRODUCTION
Hepatocellular injury caused by acute or chronic inflammation of the liver is derived 
from adverse factors, including alcohol consumption, autoimmune response, drug use, 
steatosis, and viruses[1]. Hepatotropic viruses are known for their role in the etiology of 
viral hepatitis, and, from the public health perspective, the disease is associated with 
heavy health burden and higher annual mortality[2]. In addition to uncommon herpes 
viruses-related hepatitis due to Epstein-Barr virus, cytomegalovirus, and herpes 
simplex virus infection[3], human hepatitis viruses (HHVs) are the most common 
causes of acute and chronic hepatitis in their human host[4]. The discovery of HHV 
starts with clinical description of disease, antigen/antibody reaction establishment, 
virus-like particles visualization, and finally viral genomes sequencing[5]. Early 
experiments illustrated two types, infectious hepatitis and serum hepatitis[6]. Australia 
antigens in serum hepatitis yielded the detection of 42-nm Dane particles[7,8]. 
Subsequently, deoxyribonucleic acid (DNA) sequencing was performed and hepatitis 
B virus (HBV) was found[9]. Later, virus-like particles were observed in infectious 
hepatitis, and complementary DNA (cDNA) from hepatitis A virus (HAV) was 
sequenced[10,11]. Hepatitis C virus (HCV) was identified in non-A, non-B hepatitis 
patients receiving multiple transfusions[12], transmission to chimpanzees[13], and cDNA 
library screens[14]. Hepatitis delta virus (HDV), a HBV-associated virus[15], is a separate 
defective virus requiring the help of HBV for its infection[16]. After elucidating the 
hepatitis E virus (HEV) cDNA[17], an endemic non-A, non-B hepatitis[18], there are five 
members of HHVs[5].

Typically following HHV invasion into humans, there is rapid clearance of viruses 
by the host defense system, with a self-limiting disease course[4]. The morbidities 
associated with HAV and HEV infection, commonly transmitted via the fecal-oral 
route, occur shortly after their intrusion in the acute stage[19-21]. The infectious processes 
can persist for a long period of time in HBV, HCV, and HDV infection, progressing to 
chronic hepatitis and leading to liver fibrosis, irreversible cirrhosis, and hepatocellular 
carcinoma[22-24]. Table 1 summarizes and compares the common characteristics of the 
five HHV members[4,5,19-29].

EXTRAHEPATIC MANIFESTATIONS OF HUMAN HEPATITIS VIRUSES 
INFECTION
Although HHVs primarily affect hepatocytes, they can cause extrahepatic 
manifestations, with damage to other organs[30-34]. Both acute and chronic forms of viral 
hepatitis are associated with various clinical presentations outside of the liver, which 
may precede or follow hepatic dysfunction. The crucial pathogenic mechanism is 
caused by the immune responses against viral pathogens, with the deposition of 
immune complexes (IC) in targeted tissues.

https://www.wjgnet.com/1007-9327/full/v27/i1/19.htm
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Table 1 Common characteristics and comparative features in five members of human hepatitis viruses

HAV HBV HCV HDV1 HEV

Family; Genus Picornaviridae 
Hepatovirus

Hepadnavirida 
Orthohepadnavirus

Flaviviridae Hepacivirus Deltaviridae Deltavirus Hepeviridae 
Orthohepevirus

Discovery2; 
Frequency

1983 Highest in AH 1979 Highest in CH 1989 Second in CH 1986 Less in CH 1990 Less in AH

Genome3; Length; 
Diameter4; 
Envelope5; Receptor

Linear ssRNA; 7500 nt; 
27-32 nm; Quasi-
envelope; Unknown

Circular dsDNA; 3200 nt; 
42 nm; Envelope; NTCP, 
HSP

Linear ssRNA; 9600 nt; 
55-65 nm; Envelope; 
CD81, SR-BI

Circular ssRNA; 1700 
nt; 36-43 nm; Envelope; 
NTCP, HSP

Linear ssRNA; 7200 nt; 
30-34 nm; Quasi-
envelope; Unknown

Incubation; Age6; 
Course

14-30 d; Children; 
Acute

30-180 d; Any; 
Acute/chronic

14-180 d; Any; 
Acute/chronic

14-160 d; Any; 
Acute/chronic7

14-70 d; Adults; Acute

Route of spread Enteric, sexual Parental, sexual, vertical Parental, sexual Parental, sexual, vertical Enteric, vertical, 
parenteral

Hepatitis diagnosis Anti-HAV IgM Anti-HBc IgM, HBs 
antigen, DNA by PCR

Anti-HCV IgG, RNA by 
PCR

Anti-HDV IgM, RNA by 
PCR

Anti-HEV IgM, RNA by 
PCR

Vaccine; Post-exp; 
Av agent

Available; Ig/vaccine; 
Not available

Available; Ig/vaccine; NA, 
IFN-α

Not available; Not 
effective; DAA agent

HBV vaccine; Not 
available; IFN-α

Available in China; Not 
available; Not available

FH8; LC/HCC; 
Prognosis9

Very rare; Nil; Full 
recovery

Very rare; Yes; Chronic 
carrier

Extremely rare; Yes; 
High carrier rate

Yes; Yes; Chronic carrier Yes; Nil; Full recovery

1Co-infection/superinfection with hepatitis B virus.
2By cloning and sequencing.
3Partial dsRNA in hepatitis B virus.
4Diameter of virion.
5Quasi-envelop with internal protein rather than viral glycoprotein.
6Commonly affected age.
7Progress to chronicity in 80% superinfection/5% co-infection hepatitis B virus.
8Up to 20% in superinfection with hepatitis B virus and pregnant women.
9Poorer in hepatitis B virus superinfection with hepatitis delta virus and pregnant woman with hepatitis E virus. AH: Acute hepatitis; Av: Antiviral; CH: 
Chronic hepatitis; DAA: Direct-acting antiviral; DNA: Deoxyribonucleic acid; ds: Double-stranded; Post-exp: Post-exposure; FH: Fulminant hepatitis; HBc: 
Hepatitis B virus core antigen; HBs: Hepatitis B virus surface antigen; HCC: Hepatocellular carcinoma; HSP: Heparan sulfate proteoglycans; IFN: 
Interferon; Ig: Immunoglobulins; LC: Liver cirrhosis; NA: Nucleoside/nucleotide analogues; nt: Nucleotide; NTCP: Sodium taurocholate co-transporting 
polypeptide, PCR: Polymerase chain reaction; RNA: Ribonucleic acid; SR-BI: Scavenger receptor class B type I; ss: Single-stranded.

Extrahepatic manifestations with evanescent rash and transient arthralgia that 
develop in acute HAV infection are rare[35]. In the protracted clinical course with 
cholestasis or relapsing disease, cutaneous vasculitis and arthritis occur with a 
predilection for lower extremities[36-38], and usually there is spontaneous recovery after 
the clearance of HAV. Other infrequently observed presentations include glome-
rulonephritis, myocarditis, thrombocytopenia, and neurological complications like 
Guillain-Barre syndrome[20,32,39-41].

Acute HEV infection can be asymptomatic or manifest as fulminant hepatitis[21]. 
Neurological involvement is the most frequently encountered extrahepatic disorder, 
followed by hematological and gastrointestinal manifestations, possibly caused by 
autoimmune responses related to molecular mimicry[42,43]. Neuralgic amyotrophy and 
Guillain-Barre syndrome are two common neuromuscular disorders[44,45], and other 
uncommon presentations include mononeuritis multiplex, meningoradiculitis, and 
encephalitis[46-48]. Thrombocytopenia is a frequently identified hematological 
disorder[49,50], and pancreatitis is the most common gastrointestinal abnormality[51,52]. 
Myocarditis and glomerulonephritis are rarely observed complications[53,54]. Although 
there is evidence to support the treatment of HEV-related neurological manifestations 
with corticosteroids[42,55], the currently recommended therapy is plasma exchange and 
immune modulation with intravenous immunoglobulin[42,56].

Although extrahepatic manifestations exist with acute infection of all HHVs, such 
presentations are more commonly identified in HBV, with up to 20% occurrence[57]. 
Acute HBV infection is often subclinical and asymptomatic in around two-thirds of 
cases[58]. In the pre-icteric prodromal phase, there is serum sickness-like illness with 
arthritis and dermatitis due to the deposition of circulating IC composed of HBV 
surface (HBs) antigen and further activation of complements[59]. These manifestations 
are usually transient and are resolved after the onset of jaundice. Guillain-Barre 
syndrome has been reported to be associated with acute HBV infection, and both 
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plasma exchange and intravenous immunoglobulin are effective treatments[60], 
implying that there is autoimmune-mediated damage to the myelin sheath of 
peripheral nerves.

Owing to the availability of viral markers and our understanding of pathogenic 
pathways, extrahepatic manifestations of chronic HBV infection have been well-
elucidated for a while[33,57]. The etiopathogenesis outside the liver in the chronic phase 
involves the deposition of IC comprised of HBs and/or HBe antigens, followed by the 
local activation of complement cascades and the recruitment of inflammatory cells[61]. 
Notably, higher viral load or persistent infection can promote the production of IC, 
leading to deposition at small or medium-sized arteries[62]. In addition, viral replication 
has been demonstrated in the endothelium of targeted vessels[63]. Taken together, both 
mechanisms suggest that inhibition of viral replication, either spontaneously or under 
antiviral therapy, can reduce extrahepatic manifestations. Up to one-fifth of victims 
with chronic HBV infection have morbidities outside the liver[61], and these are 
comprised of arthritis, glomerulonephritis, uveitis, peripheral neuropathy, Raynaud 
phenomenon, Sjögren syndrome, cutaneous vasculitis, and systemic vasculitis, 
including polyarteritis nodosa and cryogobulinemic vasculitis[57,62,64,65]. Since the 
administration of immunosuppressive agents increases the risk of additional hepatic 
HBV replication with worsening liver disease[61], the treatment of HBV-associated 
glomerulonephritis and vasculitis is mainly based on antiviral agents, interferon (IFN)- 
α or nucleoside/nucleotide analogues (NAs)[66-70].

In most cases, symptomatic manifestations are uncommon during acute HCV 
infection[71]. Extrahepatic presentations include arthralgia, myalgia, and rash[72]. 
Patients with HCV infection usually progress to chronic stage without recovery[71,72]. 
Nevertheless, antiviral therapy is highly effective for the acute infection, resulting in 
the clearance of HCV with sustained virological response (SVR)[72,73].

Persistent HCV infection is a leading cause of chronic liver disease[74]. Although 
essentially curable with direct-acting antiviral (DAA) therapy, only a portion of 
patients are diagnosed. Notably, extrahepatic manifestations occur in up to three-
quarter of victims with chronic HCV infection[75], and cryoglobulinemia is the most 
frequently encountered presentation (in 40% to 60% of infected patients)[76]. Direct viral 
invasion and deposits of soluble IC are two pathogenic processes involved in the 
development of disease outside the liver[75,76]. The clinical presentations include 
arthralgia, myalgia, glomerulonephritis, Raynaud phenomenon, Sjögren’s syndrome, 
Hashimoto’s thyroiditis, Graves’ disease, ulcerative keratitis, peripheral neuropathy, 
and cryoglobulinemia vasculitis[74-78]. Occasionally, extrahepatic-related autoimmune 
comorbidities such as cryoglobulinemia vasculitis can lead to the diagnosis of HCV 
infection[76]. Sustained eradication of HCV by IFN-α or DAA agents has shown to be 
beneficial for outcomes following these manifestations[78,79]. Notably, a prospective 
study with 9895 HCV-infected cases receiving DAA medications revealed that viral 
clearance is responsible for a significant decrease in HCV extrahepatic mortality[80].

VASCULITIS MANIFESTATION IN HUMAN HEPATITIS VIRUSES 
INFECTION
There is growing evidence demonstrating a causal relationship between viral 
pathogens and vasculitis. Except for HDV[24,25], other HHVs have been shown to 
participate in the etiopathogenesis of cutaneous and systemic vasculitis via different 
mechanisms, including direct viral invasion of vascular endothelium, IC-mediated 
vessel wall damage, and autoimmune responses with stimulation of autoreactive B-
cells and impaired regulatory T cells[81-83].

Cutaneous leukocytoclastic vasculitis (CLV) rarely occurs during acute HAV 
infection, and it may resolve after the regression of hepatitis[36-38,84]. In chronic HBV 
infection, CLV is rarely observed, with an 1% incidence[62]. HBs antigen has been 
identified in affected skin lesions[85]. Notably, IFN-α therapy is effective against HBV-
associated CLV[86]. The histopathological picture of HHV-triggered CLV shows 
relatively less eosinophils and lymphocytes compared with those in drug-induced 
CLV[81].

Acute HAV or HEV infection can induce Henoch-Schönlein purpura (referred to as 
HSP)[87-89], a systemic vasculitis caused by the widespread deposition of circulating 
immunoglobulin (Ig)A IC in small-sized blood vessels of skin, joint, lung, kidney, 
testis, gastrointestinal tract, and nervous system[90]. HAV- and HEV-related HSP 
usually have a spontaneous recovery. Owing to the defective liver catabolism of IgA 
IC with further tissue deposits, HSP occurs in HBV or HCV chronic liver diseases, 
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usually requiring antiviral and corticosteroid therapy[91-94].
Vascular involvement with systemic vasculitis in HHV infection is a recognized 

extrahepatic morbidity with potential life-threatening organ dysfunction[31,95]. Among 
them, cryoglobulinemic vasculitis and polyarteritis nodosa are well-known vascular 
comorbidities in HHV infection[96,97].

HUMAN HEPATITIS VIRUSES-ASSOCIATED CRYOGLOBULINEMIC 
VASCULITIS
Cryoglobulinemic vasculitis is caused by IC-mediated inflammation of small-sized 
blood vessels and is accompanied by the activation of complements[96]. Cryoglobulins 
are circulating antibodies that precipitate in vitro at temperatures less than 37 °C and 
dissolve after rewarming, and these are either Ig or a mixture of Ig and complement 
components[98]. Individuals with cryoglobulinemia may remain asymptomatic without 
clinical abnormalities[96,98]. A typical triad of purpura, arthralgia, and weakness 
associated with organic dysfunction and elevated levels of rheumatoid factor (RF) was 
defined as cryoglobulinemic disease in 1966 by Meltzer et al[99]. Based on the 
composition of Ig, cryoglobulinemia can be classified into type I with monoclonal Ig 
(usually IgM), type II with polyclonal IgG and monoclonal IgM RF, and type III with 
polyclonal IgG and polyclonal IgM RF[100]. Type I is an infrequently encountered 
subgroup and is only found in hematological malignancies[101], whereas mixed types II 
and III can be associated with viral hepatitis caused by HBV, most commonly 
observed with HCV, and rarely identified with HAV infection[96,102-104]. Despite the 
presence of cryoglobulins in up to 60% of chronic HCV patients, cryoglobulinemic 
vasculitis only appears in around 10% of cases[76]. In chronic HHV infection, envelope 
glycoproteins can help the virus enter intrahepatic and circulating B lymphocytes to 
produce Ig with RF activity, resulting in the generation of cryoglobulins and formation 
of IC with vascular wall deposition[105,106].

Recurrent palpable purpura with the characteristic histopathological finding of 
leukocytoclastic vasculitis is the most common clinical manifestation[107]. Other 
cutaneous presentations are ischemic ulcers, digital gangrene, and Raynaud’s 
phenomenon. In Figure 1, the presence of leukocytoclastic vasculitis in biopsied skin 
lesions from a HCV-infected patient with cryoglobulinemia-associated purpura is 
shown. In addition, the presence of Meltzer triad was identified in most patients at the 
onset of disease[108], and skin, joint, kidney, and peripheral nerve are frequently 
affected organs in cryoglobulinemic vasculitis[96,108]. Renal involvement with 
membranoproliferative glomerulonephritis as the most common finding is associated 
with significant morbidity and even mortality[109]. HCV core protein and Ig are major 
components of IC and are distributed along the capillary walls of glomeruli[110]. 
Peripheral neuropathy with mononeuritis multiplex is commonly observed, which can 
be the rst clinical manifestation[111]. Other rarely involved organs include the central 
nervous system, gastrointestinal tract, myocardium, and lung, and their involvement 
leads to the clinical presentations of impaired cognitive function, intestinal ischemia, 
hypertrophic cardiomyopathy, and diffuse alveolar hemorrhage[96,108,112-115].

Sporadic cases with cryoglobulinemic vasculitis, either in adults or children, have 
been observed during acute HAV infection[36,84,104,116,117]. These patients had biopsy-
proven CLV plus arthritis or glomerulonephritis, and the use of corticosteroids were 
required to control these complications.

Based on clinical observations, the Meltzer triad had been regarded as an IC-
mediated disease secondary to the HBV infection[118]. Since then, HBs antigen in 
biopsied vessel wall and HBs antigen/anti-HBs in circulating cryoprecipitates have 
been identified in cryoglobulinemic vasculitis[119]. A retrospective study from 913 cases 
with cryoglobulinemia demonstrated a HBs antigen positivity of 5.8%[120], whereas 
analyzed data from 231 patients with mixed cryoglobulinemia only revealed an HBV 
infection rate of 1.8%[107]. Nevertheless, HBV is among three common infectious 
etiologies in patients with cryoglobulinemia[108]. This virus is predominantly associated 
with type II cryoglobulinemia, and its common extrahepatic manifestations are 
purpura, arthralgia, and neuropathy[121]. Furthermore, compared to adults, children 
with symptomatic cryogobulinemia have a lower occurrence of HBV infection but 
higher frequencies of articular and cutaneous involvement[122]. Notably, the presence of 
HBs antigen represents one of the main independent predictors of mortality in 
cryogobulinemic vasculitis[70].

Accumulated evidence indicates that the use of NAs for viral suppression in HBV-
related cryogobulinemic vasculitis can cause the disappearance of cryoglobulins, 
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Figure 1 Cryoglobulinemic vasculitis. The small vessels show neutrophilic inflammation, with fibrinoid necrosis and fragmented neutrophil nuclei (black 
arrows). Hematoxylin and eosin staining, 400 ×.

normalize liver function, and significantly clinically improve most patients with mild 
disease, indicating a role for HBV replication in the pathogenesis[70,123]. Antiviral 
therapy with NAs should be a life-long prescription, and discontinuation is considered 
only after persistent HBs antigen loss with the seroconversion and undetectable HBV 
DNA[70,124]. Despite an observation with ineffective responses[70], IFN-α can be an 
alternative therapeutic modality[123]. The use of corticosteroids without NA therapy is 
ineffective for suppression of HBV viremia, resulting in refractory or relapsing 
disease[121]. Nevertheless, only a portion of patients with severe disease, including 
peripheral neuropathy and renal involvement, can achieve clinical regression under 
NA therapy[70,123,125]. CD20-positive B-cells are expanded and activated in mixed 
cryogobulinemia, and they participate in the production of cryoglobulins[126]. Clinical 
remission has been reported in patients with glomerulonephritis treated with NA in 
combination with rituximab, a monoclonal antibody against CD20 on the surface of B-
cells[127,128]. Considering the risk of viral reactivation in patients with positive HBs or an 
occult infection with negative HBs and positive anti-HBc, prophylaxis with NAs 
should be initiated before the rituximab treatment[70,124,129]. Because of a potentially fatal 
complication, its use should be avoided during an active flare of HBV infection[70,130]. 
Prescription of this biologic as a second-line agent can be considered in patients with 
severe disease refractory to NA therapy[70,123].

Among the underlying diseases in cryoglobulinemia, HCV infection is the most 
common cause, with a 73% positive frequency of anti-HCV and a 86% occurrence of 
HCV ribonucleic acid[102,108,131]. Nevertheless, only a small portion of cryoglobulinemia 
with HCV infection develops significant vasculitis manifestations[96]. Similar to HBV 
infection, HCV is mainly associated with type II cryoglobulinemia[108]. The interaction 
of HCV envelope proteins with CD81 surface receptor can stimulate B-cells to expand 
clonally and produce monoclonal IgM RF that binds polyclonal anti-HCV core antigen, 
which suggests that cryoglobulinemia is due to host immune responses against HCV 
infection[132-134]. Although the HCV-related mixed cryoglobulinemia is a benign B-cell 
lymphoproliferative condition, chronic viral stimulation on the immune system leads 
to the selection of abnormal clones[135]. An epidemiological survey elucidated a link 
between HCV infection and B-cell non-Hodgkin’s lymphoma (NHL)[135]. A large-scale 
cohort with 146394 HCV-infected patients demonstrated a more than 20% increased 
risk of this malignancy[136]. Furthermore, the overall risk of B-cell NHL in mixed 
cryoglobulinemia patients was estimated to be 35 times higher than that in the general 
population[137]. Collectively, these observations have indicated a pathogenic role of 
HCV in B-cell NHL.

Since HCV-related cryoglobulinemic vasculitis is an antigen-driven process and its 
activity usually correlates with viremia, the most effective treatment is the eradication 
of underlying viral infection[96]. Anti-HCV therapy can follow the existing guideline as 
cryoglobulinemia does not specifically influence the choice of antiviral drug[138]. DAA 
agents alone induce SVR with less adverse events and are more effective than the 
combined IFN-α and ribavirin regimen in cryoglobulinemic vasculitis[79]. In a 
prospective multicenter study carried out in these patients, all achieved SVR with a 
90% complete clinical response after DAA therapy for 12 wk or more[139]. Altogether, 
patients with HCV-associated cryoglobulinemic vasculitis had higher SVR (74%-100%) 
and clinical remission (61%-100%) rates after receiving DAA medications[79]. Higher 
complete response rates (75%-100%) were observed in cutaneous and musculoskeletal 
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presentations, while lower responses (30%-70%) were identified in peripheral nerve 
and renal involvement[139]. In addition, DAA therapy is beneficial for HCV-associated 
B-cell malignancy, resulting in higher SVR and lymphoproliferative disease response 
rates in indolent NHL patients[140].

In addition to optimized DAA agents, corticosteroids in combination with 
cyclophosphamide are also considered as first-line therapy in severe fulminant 
manifestations, such as intestinal necrotizing vasculitis, rapid progressive 
glomerulonephritis, and diffuse alveolar hemorrhage[108,141]. Plasma exchange with 
warm apheresis solution to avoid cryoglobulin precipitation is an adjunct treatment 
that is useful in life-threatening disease by removing circulating cryoglobulins to 
interrupt the IC-mediated pathogenesis[141]. An earlier investigation showed that the 
addition of rituximab to the combined IFN-α and ribavirin regimen can enhance the 
clearance of cryoglobulins and shorten the time to clinical remission[142]. A subsequent 
randomized controlled trial in patients with severe disease revealed that rituximab 
monotherapy is as effective as conventional immunosuppressive treatment[143]. Despite 
the promise of rituximab as a therapeutic agent[144], there is a substantial risk for IC 
formation between this biologic and RF-positive IgM to exacerbate the vasculitis 
activity in HCV-associated type II cryoglobulinemic vasculitis[145].

HUMAN HEPATITIS VIRUSES-ASSOCIATED POLYARTERITIS NODOSA
Polyarteritis nodosa is a rare disease, with an annual incidence ranging from 0 to 2 
cases per million population[97]. It is a necrotizing vasculitis affecting small- and 
medium-sized arteries, with systemic involvement but usually sparing the lungs. A 
skin-restricted form involving the area below the knees can progress to the systemic 
form, suggesting the same entity for both forms[146,147]. Most patients with polyarteritis 
nodosa belong to the idiopathic type with autoimmune-mediated mechanisms[97,148]. 
The secondary type is often observed in viral diseases, like cytomegalovirus, human 
immunodeficiency virus, and HHV infections. The association between HBV and 
polyarteritis nodosa was first recognized in 1970[149,150], and since then a substantial 
portion of cases have been identified after HBV infection. Later on, owing to the 
introduction of the vaccination protocol, the occurrence of HBV-related polyarteritis 
nodosa has gradually disappeared from clinical practice[151]. Although HCV positivity 
has been observed in this disorder, it is not a dominant etiological factor[152]. The 
occlusion and rupture of inamed arteries can produce ischemia and hemorrhage in 
various organs and tissues, including skin, joint, kidney, testis, gastrointestinal tract, 
and peripheral nerve[97,148]. The most frequently involved organ system is the skin, 
presenting manifestations of palpable purpura, livedoid lesions, subcutaneous 
nodules, and necrotic ulcers[153]. Figure 2 demonstrates the histopathological findings 
of transmural necrotizing arteritis with neutrophilic infiltration and fibrinoid necrosis 
in a cutaneous biopsy specimen from a patient with polyarteritis nodosa-associated 
nodules (Case No. 2 in Table 2). Mononeuritis multiplex and symmetrical 
polyneuropathy are common neurological complications[154]. Gastrointestinal 
manifestations are usually associated with significant morbidity and can manifest as 
an acute surgical abdomen[155]. Renal involvement without glomerulonephritis is 
related to infarction or hemorrhage caused by the rupture of renal micro-
aneurysms[97]. Although rare as an initial presentation, orchitis due to testicular 
ischemia is a characteristic finding of polyarteritis nodosa[156].

As supported by clinical evidence, the idiopathic type benets from combined 
corticosteroids and cyclophosphamide therapy, which induce remission in severe 
disease with organ dysfunction; whereas, mild manifestations can be treated with 
corticosteroids alone[97,148]. After the completion of cyclophosphamide therapy, 
azathioprine or methotrexate can be prescribed as a remission-maintenance agent[97]. 
Currently, small-molecule targeted drugs and biologics have been used in refractory 
patients naïve to HBV infection with successful outcomes, including Janus kinase 
inhibitor, B-cell targeted agent, tumor necrosis factor blocker, and interleukin-6 
blockade[157-161]. The clinical data and medication profiles with biologics in polyarteritis 
nodosa patients recently diagnosed by authors are shown in Table 2. Although poor 
prognosis in earlier years is due to a delayed diagnosis[97], the overall outcome has 
improved to a 5-year survival rate of 80%. Outcomes are significantly worsened in 
association with HBV infection, age above 65 years, new-onset hypertension, renal 
impairment with high creatinine levels, gastrointestinal involvement requiring 
surgery, and peripheral nerve involvement[153].

There are no available reports related to the association of polyarteritis nodosa with 
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Table 2 Clinical and medication profiles in five polyarteritis nodosa patients naïve to human hepatitis virus infection1

No Age/sex Initial 
symptom Diagnosisperiod2 BVAS/FFS3

HHV 

status4

Follow-up 
manifestation Therapy Outcome

1 23/F Arthralgia, 
rash5

2 mo 6/0 Negative Joint, PN, skin Az, Cs Survival, 
remission

2 29/F Arthralgia, 
fever, rash5

1 yr 11/0 Negative FN, GI, joint, PN, 
skin 

Az, Cs Survival, 
remission

3 38/F Fever, rash5 1 yr 5 mo 14/0 Negative Joint, PN, skin Az, Cs, Cy Survival, 
remission

4 39/M Rash 3 yr 10 mo 18/1 Negative Kidney, skin Az, Cs, RTX Survival, chronic 
renal insufficiency

5 42/M Arthralgia, rash 6 mo 7/0 Negative Joint, PN, skin, 
kidney, testis

ADA, Az, Cs, 
Cy

Survival, 
remission

1Enrollment from 2012 to 2019.
2Time period from initial symptoms to the established diagnosis.
3Calculation at the disease diagnosis.
4Human hepatitis virus status, including examinations for hepatitis A virus, hepatitis B virus, hepatitis C virus, and hepatitis delta virus.
5Erythematous nodosum-like skin lesions. ADA: Adalimumab; Az: Azathioprine; BVAS: Birmingham vasculitis activity score; Cs: Corticosteroids, Cy: 
Cyclophosphamide; F: Female; FFS: Four-factor score, including age above 65 years, cardiac symptoms, gastrointestinal involvement, and renal 
insufciency; FN: Foot necrosis; GI: Gastrointestinal; HHV: Human hepatitis virus; M: Male; PAN: Polyarteritis nodosa; PN: Peripheral neuropathy; RTX: 
Rituximab.

Figure 2 Polyarteritis nodosa. The vascular wall shows transmural necrotizing inflammation, with intense neutrophilic infiltration and fibrinoid necrosis (black 
arrow). There is residual muscular wall of the vessel (orange arrow). Hematoxylin and eosin staining, 100 ×.

HAV. Nevertheless, published cases with cutaneous or renal manifestations have 
shown histopathological evidence of medium-sized blood vessels’ involvement 
compatible with the diagnosis of polyarteritis nodosa[162,163].

Simultaneous development of mixed cryoglobulinemia and polyarteritis nodosa has 
been documented in patients with coinfection of HCV and HBV[164,165]. In a clinical 
survey on polyarteritis nodosa, the positive frequency of anti-HCV was 20% (5% with 
detectable HCV ribonucleic acid and they were more likely to have cutaneous 
manifestation)[166]. In a large cohort with 161 cases of HCV-related vasculitis (19% 
polyarteritis nodosa and 81% cryoglobulinemic vasculitis), there were more acute and 
severe clinical presentations in the former group, including constitutional symptoms, 
new-onset hypertension, gastrointestinal tract involvement, and mononeuritis 
multiplex[167]. Despite no differences in the 5-year survival rates, there was a higher 
complete remission rate for polyarteritis nodosa than for cryoglobulinemic vasculitis. 
The therapeutic guidelines for HCV-related polyarteritis nodosa have not been 
established yet. Reported cases have received various combinations of corticosteroids, 
cyclophosphamide, and antiviral agents. B-cell targeted therapy has been applied to 
patients with HCV-related polyarteritis nodosa[167,168]. A higher clinical relapse rate was 
observed for rituximab treatment than for a combined regimen with IFN-α and 
ribavirin in this disease[167].

During the 1970s to 1980s, HBV was a major cause of polyarteritis nodosa, with 
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nearly half of cases having this infection, but the frequency has decreased due to 
improved blood safety and a viral vaccine campaign since early the 1990s, indicating 
HBV as a causal etiology[169]. Although histopathological studies have rarely confirmed 
the presence of HBV antigens in the vessel wall[151], the pathogenesis of HBV-related 
type is related to the deposits of IC, different from the idiopathic disease[169]. When 
comparing HBV- with HCV-associated polyarteritis nodosa[167,169], the former group has 
more general symptoms and orchitis, less cutaneous manifestation and new-onset 
hypertension, a lower survival rate, and a much shorter average period from viral 
infection to vasculitis development, 7 mo vs 20 years. In the HBV-related type, most 
cases have higher viral replication and HBV DNA levels, leading to the persistent 
presence of circulating IC[169].

The prevalence of HBs antigen in the general Taiwan population used to be near 
20%, but the HBV seropositive rate in children has decreased dramatically from 11% to 
less than 1% after the initiation of the national vaccination program in 1984[170]. Despite 
a high inpatient prevalence with more than 10 cases per 100000 discharges in the 
United States[171], polyarteritis nodosa has been very rarely encountered by practicing 
physicians in Taiwan. In particular, even with more than 2 million infected patients, 
there is no reported association between HBV and polyarteritis nodosa[159,172-177]. 
Perinatal mother-to-infant HBV transmission is the most important factor responsible 
for a high carriage rate of HBs antigen in Taiwan[178]. Vertical transmission in infants is 
asymptomatic until adulthood and associated with a greater risk of chronic infection, 
suggesting that HBV infection causes an immunotolerant status in children who are 
less prone to develop full immune responses[179]. Parenteral HBV infection during adult 
life can induce polyarteritis nodosa within 1 year after viral infection, indicating an 
early post-infectious disease via this transmission route[169]. In Table 3, polyarteritis 
nodosa from various larger-number case series with different HBV-associated 
frequencies is compared[153,172-177,180-184]. Patients reported from Taiwan have no HBV 
infection, younger female predominance, and more cutaneous or testicular 
manifestation than those from other series with a HBV association.

After initial therapy with corticosteroids to reduce acute vascular inflammation, the 
therapeutic approach in HBV-associated polyarteritis nodosa is to clear circulating IC 
and suppress HBV replication by plasma exchange and antiviral agents with NAs or 
IFN-α[169]. Since the addition of cyclophosphamide to corticosteroids has shown to 
benefit patients presenting with poor prognostic factors[185], this regimen can be 
considered in patients with severe disease. Notably, plasma exchange has not been 
shown to be beneficial in polyarteritis nodosa patients without HBV infection[186]. 
Furthermore, antiviral agents can be used concurrently with corticosteroids or 
combined cyclophosphamide and corticosteroids therapy[97,148]. Contradictory to the 
idiopathic disease, relapses have rarely been observed in HBV-related type, especially 
when viral replication has ceased and seroconversion from HBe antigen to antibody 
has been achieved after antiviral therapy[148,169].

CONCLUSION
Although HHVs primarily affect hepatocytes, they can also cause complications in 
other organs, and both acute and chronic viral hepatitis are associated with clinical 
presentations outside the liver. Vascular involvement with cutaneous and systemic 
vasculitis is a well-known extrahepatic morbidity. There is growing evidence 
suggesting a causal relationship between viral pathogens and vasculitis. Except for 
HDV, other HHVs have participated in the etiopathogenesis of cutaneous and 
systemic vasculitis via different mechanisms, including direct viral invasion of 
vascular endothelial cells, IC-mediated vessel wall damage, and autoimmune 
responses with stimulation of autoreactive B-cells and impaired regulatory T cells. 
Cryoglobulinemic vasculitis and polyarteritis nodosa are recognized for their 
association with chronic HHV infection. Therapeutic guidelines for HHV-associated 
vasculitis have not been established yet. Antiviral therapy should be initiated in HBV 
and HCV-related systemic vasculitis in addition to the use of corticosteroids. Plasma 
exchange and/or combined cyclophosphamide and corticosteroid therapy can be 
considered in patients with severe life-threatening vasculitis manifestations.
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Table 3 Comparisons of clinical and outcome profiles in polyarteritis nodosa from various case series with different hepatitis B virus-
infected frequencies

Source of 
cases No/age1 F% HBV 

status Fever AM Skin PN GI Renal TestisM% Therapy Death

Taiwan 12/31, 67% 0% 67% 58% 75% 42% 50% 75% 50% Az, Cs, Cy, 
Bio

33%

United 
Kingdom

17/49, 24% 31% 76% 77% 65% 59% 65% 77% NA Cs, Is 38%

United States 53/54, 34% 11% 31% 55% 58% 60% 25% 66% NA Cs, Cy 42%

Canada 45/54, 47% 19% 63% 51% 44% 51% 53% 44% 4% Cs, Cy 53%

South Korea 27/47, 37% 56% 52% 30% 44% 63% 48% 48% 24% Az, Cs, Cy, Is 15%

France 348/51,37% 35% 64% 59% 50% 74% 38% 51% 17% Av, Cs, Cy, Is 25%

India 27/38, 26% 26% 52% 37% 37% 82% 30% 59% 30% Av, Az, Cs, 
Cy

11%

1Mean age at disease diagnosis. AM: Articulomuscular; Az: Azathioprine; Av: Antiviral agent; Bio: Biologics; Cs: Corticosteroids; Cy: Cyclophosphamide; 
F: Female; GI: Gastrointestinal; Is: Immunosuppressive agent, M: Male; NA: Not available; PN: Peripheral neuropathy.
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Abstract
The term lipidome is mentioned to the total amount of the lipids inside the 
biological cells. The lipid enters the human gastrointestinal tract through external 
source and internal source. The absorption pathway of lipids in the 
gastrointestinal tract has many ways; the 1st way, the lipid molecules are digested 
in the lumen before go through the enterocytes, digested products are re-esterified 
into complex lipid molecules. The 2nd way, the intracellular lipids are accumulated 
into lipoproteins (chylomicrons) which transport lipids throughout the whole 
body. The lipids are re-synthesis again inside the human body where the 
gastrointestinal lipids are: (1) Transferred into the endoplasmic reticulum; (2) 
Collected as lipoproteins such as chylomicrons; or (3) Stored as lipid droplets in 
the cytosol. The lipids play an important role in many stages of the viral 
replication cycle. The specific lipid change occurs during viral infection in 
advanced viral replication cycle. There are 47 lipids within 11 lipid classes were 
significantly disturbed after viral infection. The virus connects with blood-borne 
lipoproteins and apolipoprotein E to change viral infectivity. The viral interest is 
cholesterol- and lipid raft-dependent molecules. In conclusion, lipidome is 
important in gastrointestinal fat absorption and coronavirus disease 2019 
(COVID-19) infection so lipidome is basic in gut metabolism and in COVID-19 
infection success.

Key Words: Lipidome; Gastrointestinal tract; Fat metabolism; COVID-19; Viral infection; 
Future therapy
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source and internal source. The tissue distribution of lipid is completely different 
among different species. The lipids play an important role in many stages of the viral 
replication cycle. The specific lipid change occurs during viral infection. The virus 
connects with blood-borne lipoproteins and apolipoprotein E. The viral interest is 
cholesterol- and lipid raft-dependent molecules. This review focuses on the important 
of lipidome in both gastrointestinal fat absorption and coronavirus disease 2019 
infection.

Citation: Koriem KMM. Lipidome is lipids regulator in gastrointestinal tract and it is a life 
collar in COVID-19: A review. World J Gastroenterol 2021; 27(1): 37-54
URL: https://www.wjgnet.com/1007-9327/full/v27/i1/37.htm
DOI: https://dx.doi.org/10.3748/wjg.v27.i1.37

INTRODUCTION
The term lipidome or lipidomic is mentioned to the total amount of the lipids inside 
the biological cells. There are 4 principal constituents occurs inside the biological cells 
or organs and these 4 constituents are lipids, proteins, sugars and nucleic acids. Lipids 
are the most important compounds in the living organisms, where they build blocks 
for cellular membranes, energy storage, and signaling molecules. The technique used 
in lipidome is generally mass spectrometry (MS)[1]. Lipid metabolism plays an 
important role in the regulation of cellular homeostasis. Lipid compositions are often 
used to evaluate lipid metabolism though the application of lipodome[2]. The lipidome 
or lipidomic is one of the omics science applies in modern biology[3]. There are a tight 
correlation between lipidomic, metabolomics, genomic and proteomic especially in 
protective and therapeutic studies[4-6]. Figure 1 explores different types of omics. The 
lipidome technique applies either by MS or by bioinformatics or ordinary lab-based 
methods[7,8]. The repeated doses of the drug to micro-tissues lead to collect lipid 
molecules for 5 time points (2, 4, 7, 9, and 11 d) and hepatotoxic effect occurs[9]. The 
absorption pathway of lipids in the gastrointestinal tract has many ways; the 1st way, 
the lipid molecules are digested in the lumen before go through the enterocytes (inside 
the enterocytes), digested products are re-esterified into complex lipid molecules. The 
2nd way, the intracellular lipids are accumulated into lipoproteins (chylomicrons) 
which transport lipids throughout the whole body[10]. The chylomicrons carrying most 
of lipids which secreted into the intercellular space, then into the lamina propria, then 
the lipids enter into the lacteals, and then into the lymphatic system. Thus, the 
gastrointestinal lymphatic system has a principal role in the absorption of lipids[11-13]. 
The gastrointestinal lipid metabolism is important to supply of energy (in the form of 
lipids) to the different organs in the body where the defects in the process of lipid 
absorption can lead to severe pathological diseases.

Coronavirus disease 2019 (COVID-19) is the last coronavirus outbreak. Coronavirus 
is derived its name from Latin corona word. Corona virus is first discovered in 1930, 
while first diagnostic in 1940 in animal models. The first human case of coronavirus is 
reported in China in 2003 but the COVID-19 was discovered in 2019. This is 3rd serious 
coronavirus outbreak during the last 20 years, after severe acute respiratory 
syndrome-related coronavirus (SARS-CoV) in 2002-2003 and Middle East respiratory 
syndrome-related coronavirus (MERS-CoV) in 2012[14]. There are 7 coronaviruses 
induce human infections (4 of which, cause cold symptoms in humans while the other 
3 coronaviruses called SARS-CoV, MERS-CoV, and COVID-19) cause severe 
respiratory illness[15]. The coronavirus RNA genome size = 27-34 kilo-bases and this 
size is the largest RNA genome size. The life cycle of coronavirus is summarized into 3 
successive steps: (1) Viral entry; (2) Viral replication; and (3) Viral release. The 
transmission of COVID-19 in human is occurred though a specific connection process 
between viral protein and host cell receptor. There are 4 types of coronavirus: (1) 
Alphacoronavirus; (2) Betacoronavirus; (3) Gammacoronavirus; and (4) Deltacoronavirus. 
Table 1 reveals different genus of coronaviruses. Betacoronavirus is the dangerous one 
because it contains Human coronavirus e.g.,., COVID-19, MERS, and severe acute 
respiratory syndrome-related coronavirus-2 (SARS-CoV-2, SARS-CoV-2). In COVID-19 
cases, the attention of blood safety is recommended where coronaviruses have globally 
arisen especially in endemic areas[16].

https://www.wjgnet.com/1007-9327/full/v27/i1/37.htm
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Table 1 Different genus of coronaviruses

Coronaviruses Genus Type species Species

Alphacoronavirus 1

Human coronavirus 229E

Human coronavirus NL63

Miniopterus bat coronavirus 1

Miniopterus bat coronavirus HKU8

Porcine epidemic diarrhea virus

Rhinolophus bat coronavirus HKU2

Alphacoronavirus Alphacoronavirus 1 

Scotophilus bat coronavirus 512

Betacoronavirus 1 (Bovine , Human coronavirus OC43)

Hedgehog coronavirus 1

Human coronavirus HKU1

MERS-CoV

Murine coronavirus

Pipistrellus bat coronavirus HKU5

Rousettus bat coronavirus HKU9

SARS-CoV, SARS-CoV-2

Betacoronavirus Murine coronavirus

Tylonycteris bat coronavirus HKU4

Avian coronavirusGammacoronavirus Avian coronavirus

Beluga whale coronavirus SW1

Bulbul coronavirus HKU11

Coronaviruses

Deltacoronavirus Bulbul coronavirus 

Porcine coronavirus HKU15

MERS-CoV: Middle East respiratory syndrome-related coronavirus; SARS-CoV: Severe acute respiratory syndrome-related coronavirus.

The aim of this review is to provide a link between the lipid important in both 
gastrointestinal fat absorption and COVID-19 infection success. So, this review deals 
with lipidome in gastrointestinal metabolism and in COVID-19 infection success.

GASTROINTESTINAL UPTAKE OF LIPIDS
The lipid enters the human gastrointestinal tract through 2 sources; external source 
such as dietary food and internal source such as enterocytes emerge from the 
gastrointestinal mucosa and from liver bile[17]. The dietary lipids include non-polar 
lipids, triacylglycerols, cholesterol esters, and polar phospholipids. The liver bile lipids 
are dissolved in bile acid (include cholesterols and phospholipids). In the gut, the 
external lipids in diet are hydrolysis by gut lipase to diacylglycerols and fatty acids. 
The gastrointestinal lipids such as high density lipoproteins, very low density 
lipoprotein excretion, cytosolic lipid drops and fatty acid oxidation are also included 
in gastrointestinal lipids[18]. The lipids, as well as, proteins and mucins adhere to plastic 
particles such as polyvinyl chloride, polyethylene, polyethylene terephthalate 
polypropylene, and polystyrene. The human gastrointestinal tract do not decays these 
particles[19]. The high lipid containing-diet for 1 d declined the number of small 
intestinal intraepithelial lymphocytes and lamina propria lymphocytes. The effect of 
high lipid containing-diet on the intestinal immune system was independent of the gut 
microbes. The oral intake of free fatty acids declined the number of small intestinal 
intraepithelial lymphocytes and lamina propria lymphocytes. So, free fatty acids 
damaged the intestines and intestinal lipotoxicity occurred as in the case of colorectal 
cancer or food allergy[20]. The deficiency of fatty acid lead to tissue-resident memory T 
(Trm) cells death. The gastric adenocarcinoma cells pushed Trm cells for lipid uptake 
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Figure 1  Different types of omics.

and caused Trm cell death[21]. The cancer-associated fibroblasts, through lipidomic 
technique, accumulate more fatty acids and phospholipids in colorectal cancer cells 
that plays a principal role in colorectal cancer progress. The fatty acids synthase 
enzyme, which increased fatty acids synthesis, is considerably increased in cancer-
associated fibroblasts[22]. The lipidomics technique in dextran sulfate sodium-induced 
intestinal barrier dysfunction inhibited the transport and uptake of most of bee pollen 
lipids such as glycerophospholipids, sphingomyelins, and glycosylsphingolipids. The 
administration with bee pollen lipids controlled glycerophospholipid and 
sphingolipid metabolisms that correlated with gastrointestinal permeability barriers 
and improving gastrointestinal oxidative stress[23]. The gastrointestinal-fatty acid 
binding protein connected with high-fat diet, leads to changes in gut motility and 
morphology which caused thinner phenotype occurring at the human whole body. So, 
gastrointestinal-fatty acid binding protein is incorporated in dietary lipid sensing and 
signaling which effecting gastrointestinal motility, intestinal configuration, and 
nutrient absorption and consequently effecting total energy metabolism[24].

GASTROINTESTINAL UPTAKE OF FATTY ACIDS
Fatty acids are uptake by the gastrointestinal tract through 2 ways; the 1st way, fatty 
acids transfer from the intestinal membrane from higher concentration to lower 
concentration inside the cell while the 2nd way occurs from the cell to the lumen when 
the fatty acids concentration inside the cell is higher than lumen fatty acids 
concentration. The gastrointestinal bile acids are essential for the conservation of their 
enterohepatic flow. Most of the bile acids are absorbed by gastrointestinal tract via 
certain carrier proteins. These proteins are up-regulate in the distal ileum. The bile 
acids uptake by gastrointestinal cells reduces the stimulation of cytosolic and 
membrane receptors (farnesoid X receptor and guanine nucleotide-binding proteins-
coupled bile acid receptor 1). These receptors effect on hepatic synthesis of bile acids, 
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glucose, and lipid metabolism. The increase in bile acid absorption leads to the 
pathophysiology of liver and metabolic disorders such as fatty liver diseases and type 
2 diabetes mellitus[25]. Short-chain fatty acids e.g.,. butyrates are bacterial metabolites 
formed in the gastrointestinal tract and these fatty acids are benefit for host cells. These 
short-chain fatty acids are stimulators of gastrointestinal cellular gene expression. The 
propionate and butyrate exert higher efficacy for controlling cell differentiation and 
gene expression[26]. The tumor necrosis factor-α (TNF-α) is an inflammatory agent 
associated with gastrointestinal inflammation while omega-3 polyunsaturated fatty 
acids exert anti-inflammatory activities and stop TNF-α inhibition of sugar uptake by 
gastrointestinal tract in the human colon cancer cell line (Caco-2). In Caco-2 cancer 
cells, TNF-α reduces glutamine uptake which counteracts by pro-resolving lipid 
mediators. So, pro-resolving lipid mediators are favorable biomolecules to restore 
intestinal nutrients transport during intestinal inflammation[27]. The long-chain fatty 
acids uptake is an essential physiological process that controls cellular energy 
homeostasis. The 5' adenosine monophosphate-activated protein kinase accelerates the 
gastrointestinal long-chain fatty acids uptake by up-regulating human protein is 
encoded by the CD36 gene (CD36 protein) and stimulating its membrane translocation 
in the same time[28]. The metabolite of intestinal microbes (TMAVA) level increased in 
plasma from subjects with liver steatosis compared with controls. The TMAVA 
declined synthesis of carnitine. The TMAVA changed fecal microbiomes and declined 
cold tolerance. The TMAVA decreased plasma and liver levels of carnitine and acyl-
carnitine. The hepatocytes possessed lower liver fatty acid oxidation. The high fat diet 
stimulated liver steatosis which declined by carnitine administration. The decrease 
levels of carnitine and fatty acid oxidation leads to the increase of uptake and liver 
accumulation of free fatty acids[29]. The colorectal cancer is correlated with the change 
of fatty acids level in serum and tumor tissues. The colorectal cancer tissues had higher 
levels of polyunsaturated fatty acids than normal large intestinal mucosa. The change 
in tumor and serum polyunsaturated fatty acids level is due to the uptake of these 
fatty acids by cancer cells. The polyunsaturated fatty acids are essential for formation 
of cell membrane phospholipids during rapid multiplying of cancer cells[30]. The fatty 
acid system possessed a memory. The memory of the fatty acid system consists of 
small intestine enterocytes [CD36, scavenger receptor class B type 1, long-chain fatty 
acid transport protein 4 (FATP4), fatty acid-binding protein 1 (FABP1), FABP2] and 
hepatocytes. In these cells, the short-term memory fatty acids are found. These short-
term fatty acids consist of cytoplasmic lipid droplet cycles. The short-term memory of 
enterocytes and hepatocytes are united together to form long-term fatty acids memory. 
These long-term fatty acids memory are found in the adipocyte and in cellular 
membranes. The formation of fatty acids memory depend on sensing environmental 
material, encoding, consolidation, long-term storage, retrieval, re-encoding, re-
consolidation, and renewed long-term storage[31]. The gastrointestinal microbiome 
controls many homeostatic processes in the healthy host such as immune function and 
gut barrier protection. Loss of normal gastrointestinal microbial configuration and 
function correlated with diseases such as clostridioides difficile infection, asthma, and 
epilepsy. The change of gastrointestinal microbiome stimulate sepsis by many 
processes such as: (1) Stimulates pathogenic intestinal bacteria; (2) Instructs the 
immune system for inflammatory response; and (3) Decreases section of beneficial 
microbial products such as short-chain fatty acids[32]. 2 meal/d against 12 meal/d 
declined peri-renal fat weight and serum triglyceride and liposaccharide levels in high 
fat diet-fed pigs. The decline of meal frequncy down-regulated mRNA expression of 
lipoprotein lipase, CD36 molecule, interleukin 1 beta, tumor necrosis factor alpha, toll-
like receptor 4, myeloid differentiation factor 88, and nuclear factor kappa beta 1 as 
well as protein expression of myeloid differentiation primary response 88 (MYD88) in 
perirenal fat of high fat diet-fed pigs. So, the 2 meal/d against the 12 meal/d enhanced 
high fat diet-induced fat deposition and inflammatory response by decreasing fatty 
acid uptake[33].

GASTROINTESTINAL UPTAKE OF CHOLESTEROL
The aryl hydrocarbon receptor (AHR) modifies hepatic expression of cholesterol 
synthesis. Niemann-Pick C1-like intracellular cholesterol transporter (NPC1L1) 
facilitates the intestinal absorption of dietary cholesterol. The transcription of NPC1L1 
involved in the cholesterol synthesis pathway is controlled by sterol-regulatory 
element-binding protein-2. So, the AHR possessed a role in the homeostatic regulation 
of cholesterol synthesis and absorption which referred to the application of this 
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receptor in the treatment of hyperlipidosis-associated metabolic diseases[34]. The 
decrease of gastrointestinal microbiota diminished albuminuria and tubulointerstitial 
damage. The serum acetate level was declined in antibiotics-treated diabetic rats and 
associated with the cholesterol level in the kidney. The acetate increased cholesterol 
increase in human kidney-2 (HK-2) cells which was induced by higher expression of 
proteins that reducing cholesterol synthesis and uptake. So, the acetate formed from 
gastrointestinal microbiota facilitated the imbalance of cholesterol homeostasis and 
consequently gastrointestinal microbiota reprogramming helping in diabetic 
nephropathy prevention and therapy[35]. Higher secretion of bile salts into the 
canalicular lumen increases bile formation and promotes biliary cholesterol and 
phospholipid output. Disturbing hepatic bile salt uptake was found to limit bile salt 
flux via the liver and consequently decrease biliary lipid excretion. Higher lysosomal 
discharge into bile increased biliary lipid secretion. The higher bile salts exposed to 
canalicular membrane leads to more cholesterol and phospholipid molecules to be 
excreted per bile salt. The increase of biliary lipid secretion is independent on 
variations in bile salt output, biliary bile salt hydrophobicity, or cholesterol and 
phospholipid transporters activities. Consequently, increase exposure of the 
canalicular membrane to bile salts associated with increased biliary cholesterol 
secretion and this process controls biliary cholesterol and phospholipid secretion[36]. 
The low-density lipoprotein, high-density lipoprotein and cholesterol levels in the 
blood become low in Plasmodium falciparum parasites infections in humans. These 
parasites import cholesterol from the surrounding environment. So, cholesterol import 
by Plasmodium falciparum includes hepatocytes and cholesterol uptake by the 
parasites[37]. Lipid structure of liposome alters the cell response for permeability, 
transport, and uptake in small intestine. The surface statuses of cholesterol-containing 
liposomes were smooth but they did not affect their transport and uptake through 
Caco-2 cell and microfold cells monolayers[38]. The sterols occur in the blood circulation 
either from cholesterol synthesis or gastrointestinal uptake. They are esterified or 
oxygenated. The cholesterol, cholesterol precursors, plant sterols and oxysterols 
accumulated in carotid artery plates. The circulating sterols were not reflected sterols 
levels. The normal cholesterol level occurs when plant sterol (but not oxysterol level) 
connected between plasma and plates. The oxysterols were lower in plates. Both 
cholesterol and plant sterols were lower esterified in plates than in plasma. The 
cholesterol, cholesterol precursors, plant sterols, and oxysterols were increased in 
symptomatic compared to asymptomatic patients[39]. The brown fat stimulation 
increases the uptake of cholesterol by the liver and so lowers plasma cholesterol and 
protects against atherosclerosis occurs. The hepatic cholesterol is converted into bile 
acids which secreted into the intestine. The bile acids seizure prevents the higher level 
of plasma bile acids which induced by brown fat activation. This process improves 
cholesterol metabolism and declines atherosclerosis occurs. Consequently, the 
collection of both brown fat activation and bile acids seizure is a favorable new 
therapeutic strategy to decline hyperlipidaemia and cardiovascular diseases[40]. The 
human Caco-2 cell line is well known in vitro model of the gastrointestinal epithelial 
barrier. The intestine is a major border in cholesterol uptaking and represents a non-
biliary way for cholesterol excretion. The Caco-2 cells are a valuable model for 
investigating cholesterol homeostasis such as cholesterol uptake and efflux[41]. The 
Caco-2 cells signify the structure and functional properties of small intestinal cells. It is 
able of expressing brush borders, tight junctions, intestinal efflux and uptake and this 
control infusion of drugs and food extracts from intestinal lumen to blood circulation. 
The functional foods and their constituents had anti-proliferative and anti-cancer 
effects through apoptosis, cell cycle halt and decrease of all signal paths include in 
Caco-2 cell lines. The transportation, bioavailability, metabolism, mechanisms of 
actions, cellular paths created by food stuffs in Caco-2 cell lines are affected by their 
molecular weight, structures and physicochemical properties[42]. The cholesterol 
homeostasis is controlled by external factors such as diet and internal factors such as 
certain receptors, enzymes and transcription factors. The receptor 36 (CD36) is a 
membrane receptor takes place in fatty acid uptake, lipid metabolism, athe-
rothrombosis and inflammation. The CD36 is vital molecule for cholesterol 
homeostasis in many processes such as absorption/reabsorption, synthesis, and 
transport of cholesterol and bile acids. The amount of fatty acids and fatty acid 
structure in the diet affects the CD36 Level and CD36 facilitated cholesterol 
metabolism in the liver, intestine and macrophages. The CD36 facilitated cholesterol 
and lipoprotein homeostasis counteracted by dietary saturated fatty acids and trans-
fatty acids in the diet[43].
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UPTAKE OF LYSOPHOSPHOLIPIDS
The bee venom caused skin inflammation which includes erythema, blisters, edemas, 
pain, and itching. The bee venom has an inhibitory effect on toll-like receptors. The 
toll-like receptors caused by secretory phospholipase A2. This secretory phospholipase 
A2 facilitates the hydrolysis of membrane phospholipids into lysophospholipids and 
free fatty acids[44]. The metabolic analysis in human cancers increased uptake of 
lysophospholipids and lipid storage, associated with increased fatty acid oxidation 
that maintains both adenosine triphosphate (ATP) levels and reactive oxygen species 
(ROS)-detoxifying reduced form of nicotinamide adenine dinucleotide phosphate 
(NADPH)[45]. The glycerol phosphate process creates higher than 90% of the hepatic 
triacylglycerol. The lysophosphatidic acid (an intermediate in this process) is created 
by glycerol-3-phosphate acyltransferase domain containing 3. The glyce-
rophosphodiester phosphodiesterase creates lysophosphatidic acid from lyso-
phospholipids. In human, liver glycerophosphodiester phosphodiesterase 
overexpression caused increased both lysophosphatidic acid and fatty acids uptake. 
The liver steatosis patients have increased glycerol-3-phosphate acyltransferase 
domain containing 3 mRNA levels compared with normal one. Consequently, the 
glycerol-3-phosphate acyltransferase domain containing 3 overexpression have a vital 
role in liver triacylglycerol increase and controls liver steatosis[46]. The microalga 
(Chlorella vulgaris) when exposed to the flame retardant triphenyl phosphate increase 
the synthesis of membrane lipids but decrease of lysoglycerolipids, fatty acids, and 
glyceryl-glucoside. On the other side, the microalga Scenedesmus obliquus when 
exposed to the flame retardant triphenyl phosphate increase lipolysis process such as 
accumulation of fatty acids, lysophospholipids, and glycerol phosphate[47]. The 
breathing of sphingosine increased the levels of sphingosine in the luminal membrane 
of bronchi and the trachea. The breathing of sphingosine without any side effects even 
with high doses[48]. The lysophosphatidic acid (LPA) is a bioactive lipid mediator 
which is incorporated in development, physiology, and pathological processes of the 
cardiovascular system. The LPA created both inside the cells and in the biological 
fluids. Most of the LPA is created by the secreted lysophospholipase D, autotaxin, via 
its binding to various β integrins or heparin sulfate on cell surface and hydrolyzing 
many lysophospholipids. The LPA possessed many effects on many blood cells and 
vascular cells that associated in the development of cardiovascular diseases such as 
atherosclerosis and aortic valve sclerosis. The LPA caused diversity of monocytes into 
macrophages and arouses oxidized low-density lipoproteins uptake by macrophages 
to form foam cells during atherosclerosis[49]. The docosahexaenoic acid-associated 
lysophosphatidyl choline declined triacylglycerol level due to the increase of carnitine 
palmitoyltransferase 2 and acyl-CoA oxidase levels and the decrease of acetyl-CoA 
carboxylase and glucose-6-phosphate dehydrogenase levels in the liver. So, the 
docosahexaenoic acid-associated lysophosphatidylcholine rich oil has hypolipidemic 
effect[50].

GASTROINTESTINAL METABOLISM OF ABSORBED LIPIDS
The tissue distribution of lipid is completely different among different species. Tiger 
puffer possesses lipid storage in the liver. There are 29 lipid metabolism-associated 
genes. These genes are included in lipogenesis, fatty acid oxidation, biosynthesis and 
hydrolysis of glycerides, lipid transport, and lipid transcription control. The intestine 
possesses the high transcription of lipogenic genes while the liver and muscle 
possesses low lipid gene expression. The intestine also has the highest transcription 
genes of most apolipoproteins and lipid metabolism-associated transcription factors. 
The fatty acid oxidation occurs in the mitochondrial β-oxidation in the liver and 
intestine. The re-acylation of absorbed lipids occurs in the intestine. In conclusion, the 
intestine is the center of lipid metabolism while the liver is the pure storage organ for 
lipid[51]. The highly lipophilic food stuffs are occurred in higher concentrations in the 
medium-chain triglycerides than the long-chain triglycerides. The 30% of the lipophilic 
food stuffs in medium-chain triglycerides are crossed the Caco-2 cells and 50% of the 
lipophilic food stuffs in medium-chain triglycerides were metabolized. The 60% of the 
lipophilic food stuffs in long-chain triglycerides were crossed the Caco-2 cells and 10% 
of the lipophilic food stuffs in long-chain triglycerides were metabolized. The higher 
lipid droplets and chylomicrons were formed for the long-chain triglycerides referring 
to of the lipophilic food stuffs transported through lymph. Although the medium-
chain triglycerides possesses the higher of the lipophilic food stuffs, the final amount 
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of the lipophilic food stuffs absorbed and transported to the lymph was lower to that 
of the long-chain triglycerides formulation[52]. Vitamin B6 is found in the diet in many 
forms but only pyridoxal 5'-phosphate (PLP) can serve as an enzymes cofactor. The 
intestine absorbs nonphosphorylated B6 vitamers, which are changed to the active PLP 
form. Many human processes dependent on PLP such as amino acid and 
neurotransmitter metabolism, folate metabolism, protein and polyamine synthesis, 
carbohydrate and lipid metabolism, mitochondrial function and erythropoiesis. There 
are many roles of PLP beside the role of PLP as a cofactor B6 vitamers and these roles 
are antioxidants, altering expression and action of steroid hormone receptors, affecting 
immune function, and antagonist of adenosine-5'-triphosphate (ATP)[53]. The oxysterols 
are oxidized forms of cholesterol which created by enzymes or by reactive oxygen 
species or both. The cholesterol or oxysterols are absorbed and stored in lipoproteins 
by hepatic cells. Inside the liver, additional cholesterol is metabolized to form bile 
acids. The endoplasmic reticulum is the main place for bile acid synthesis process. The 
metabolized sterols from this process are stored in the other places and in the cell 
membrane. The changes in membrane oxysterol: Sterol ratio affects the cell membrane 
stucture. The oxysterols changes membrane flexibility and receptor location. The 
hydroxylase enzymes in the mitochondria expedite oxysterol formation by an acidic 
process. In lysosomes, the oxysterols are also detected. The biochemical and 
physiological properties of oxysterols are many and important. Oxysterol levels are 
associated in many diseases such as chronic inflammatory diseases (Alzheimer's 
disease, atherosclerosis, and bowel disease), cancer and many neurodegenerative 
diseases[54]. The lipins possess vital roles in adipogenesis, insulin sensitivity, and gene 
regulation/mutation in these genes induces lipodystrophy, myoglobinuria, and 
inflammatory disorders. The lipids (lipid 1, 2, and 3) serve as phosphatidic acid 
phosphatase enzymes (need for triacylglycerol synthesis). The alteration of fatty acids 
in diet into triglycerides has been done by lipid 2 and 3. These 2 Lipids phosphatidic 
acid phosphatase enzymes activities have an important role in phospholipid 
homeostasis and chylomicron accumulation in enterocytes[55].

THE FINAL FORMS OF GASTROINTESTINAL LIPIDS
The lipids are re-synthesis again inside the human body where the gastrointestinal 
lipids are: (1) Transferred into the endoplasmic reticulum; (2) Collected as lipoproteins 
such as chylomicrons; or (3) Stored as lipid droplets in the cytosol. Both chylomicrons 
and cytosolic lipid droplets possess similar structure. The decrease of the microbiota 
which produces acetyl-CoA from acetate leads to suppress the change of fructose into 
hepatic acetyl-CoA and fatty acids. So, the higher fructose consumption facilitates 
fructose absorption in the small intestine and citrate breakdown in hepatocytes 
through lipogenesis process. But, the lipogenic transcriptional program stimulates by 
fructose that is independent of acetyl-CoA metabolism. Consequently, 2 mechanisms 
regulate hepatic lipogenesis by fructose inside the hepatocytes and these 2 
mechanisms are: (1) The expression of lipogenic genes; and (2) The generation of 
microbial acetate feeds lipogenic pools of acetyl-CoA[56]. There are lower small intestine 
muscle mass, increase Bacteroidetes, decrease Firmicutes in the large intestine, and 
decrease of circulating short-chain fatty acids (SCFA) values in non-obese diabetic 
animals. These changes are correlated with increase body weight, hyperlipidemia, and 
severe insulin and glucose intolerance. Also, insulin resistance disturbances which 
related to energy metabolism such as decrease overall respiratory exchange rates but 
increase liver oxidative activity. There are changes related to gut and microbiota 
structure which accompanied with decrease of circulating SCFA that leads to 
metabolic disorders occurs[57]. Vitamin E includes 8 compounds; α-, β-, γ-, and delta-
tocopherol and α-, β-, γ-, and delta-tocotrienol. α-tocopherol is found in the human 
diet. All the above forms of the vitamin E are absorbed in the small intestine, and then 
the liver metabolizes only α-tocopherol. The liver then removes and excretes the 
remaining vitamin E forms. Vitamin E deficiency is caused by a diet with low vitamin 
E or is caused by irregularities in dietary fat absorption or metabolism. Vitamin E is a 
lipid-soluble vitamin. Vitamin E reduces atherosclerosis and decrease rates of cardiac 
disease[58]. The different lipids during passage in gastrointestinal tract depend on lipid 
type and the microenvironment surrounding. The protein is the problem for pancreas 
lipase to catalyze lipid hydrolysis following gastric digestion. The higher free fatty 
acids secretion level and rate persistent in small intestine digestion in triacylglycerols 
(glycerol tripalmitate, glycerol tristearate, glycerol trioleate) in the order of glycerol 
tripalmitate > glycerol tristearate > glycerol trioleate, respectively[59]. The free fatty 
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acids secretion during 240 min in-vitro gastrointestinal digestion were measured, and 
the results proved that the release rate of short-chain saturated fatty acids were higher 
than the long-chain poly-unsaturated fatty acids. Also, the location of fatty acids inside 
triacylglycerols possesses an effect on the lipid hydrolysis process through pancreas 
lipase in gastrointestinal tract using in-vitro digestion model[60]. In the biological 
system, the gasotransmitters [nitric oxide (NO), hydrogen sulfide (H2S), and carbon 
monoxide (CO)] are molecules do neural purposes in the whole body. Also, the 
gasotransmitters are small and lipid molecules control the changes in lipids rates of 
production or consumption. Moreover, tissue levels of the gasotransmitters are 
controlled by the level of O2 and reactive oxygen species[61]. The changes in intestinal 
barrier permeability cause severe gastrointestinal disturbances. The leaky gut 
syndrome is caused by intestinal hyperpermeability due to changes in the expression 
levels and functioning of tight junctions. The diseases linked to intestinal 
hyperpermeability are found in Western countries, where a diet possesses higher fats. 
The fructose is a key that incorporated in the control of the intestinal permeability and 
induced harmful effects (such as tight junction protein dysfunction). The short chain 
fatty acids (such as butyrate) cause decrease of intestinal permeability but long chain 
fatty acids (such as n-3 and n-6 polyunsaturated fatty acids) have unknown effects[62]. 
The transepithelial transport rates in the Caco-2 cell were as follows: Scoparone > 
hydroxycinnamic acid > rutin > quercetin. The main metabolism of hydroxycinnamic 
acid (quercetin, and scoparone) in transepithelial transport was found to be 
methylation. Also, triglyceride, low-density lipoprotein cholesterol, total cholesterol, 
aspartate aminotransferase, and alanine aminotransferase levels in human liver cancer 
cell line (HepG2 cells) were suppressed by 53.64%, 23.44%, 36.49%, 27.98%, and 77.42% 
compared to the oleic acid-induced group[63].

COVID-19 AND LIPIDOME
The COVID-19 pandemic presents a global threat to global public health. The plasma 
lipidome is analyzed in mild, moderate, and severe COVID-19 patients and healthy 
subjects. Plasma lipidome of COVID-19 contains monosialodihexosyl ganglioside 
(GM3)-enriched exosomes, with sphingomyelins (SMs) and GM3s, and decrease 
diacylglycerols (DAGs). The COVID-19 patients with increase disease severity have an 
increase in GM3s. So, GM3-enriched exosomes participate in pathological cases of 
COVID-19 and presents the higher source on the plasma lipidome to COVID-19[64]. 
There is a change in lipid metabolism especially short and medium chain saturated 
fatty acids, acyl-carnitines, and sphingolipids in COVID-19 patients. But, there are no 
changes in hematological parameters (red blood cells, hematocrit, and mean 
corpuscular hemoglobin concentration, with slight increase in mean corpuscular 
volume) is observed[65,66]. MS-related methods such as lipidomics has been applied in 
COVID-19 disease outbreaks. Ultra-high-pressure liquid chromatographies with high-
resolution mass spectrometry (UHPLC-HRMS)-based lipidomics are used to identify 
infectious pathogens and biomarkers related in COVID-19. Polymerase chain reaction-
mass spectrometry (PCR-MS) is a new technology to determine known pathogens 
from the clinical specimens. Also, miniaturized MS provides an application with fast, 
high sensitive and easy way to analyze for COVID-19. Consequently, MS-related 
methods are an easy and sensitive way in studying corona outbreaks such as COVID-
19[67]. MS-related, lipidomics method provides a suitable way of virus-induced changes 
to the host after infection and can lead to the determination of new therapeutic agents 
for preventing disease spreading. The omics study with MERS-CoV is used lipid 
extraction to develop a single sample in lipids determination in COVID-19 infection[68]. 
The lipidomic changes such as structural-lipids, the eicosanoids, and docosanoids lipid 
mediators (LMs) are important for the diagnosis of COVID-19 disease severity. The 
progression from moderate to severe disease is accompanied with loss of specific 
immune regulatory LMs and increased pro-inflammatory cytokines[69,70]. COVID-19 
exerts higher effect on the metabolism. The lipidomic analysis showed pathogenic 
redistribution of the lipoprotein particle size and composition to increase the 
atherosclerotic danger. The metabolomic analysis showed abnormal high levels of 
ketone bodies such as acetoacetic acid, 3-hydroxybutyric acid, and acetone. Also, 
higher increase of 2-hydroxybutyric acid (an indication of hepatic glutathione 
synthesis and oxidative stress marker). So, SARS-CoV-2 infection caused liver damage 
correlated with dyslipidemia and oxidative stress[71]. The viral infection is depended on 
the lipid metabolism of the infected cells. From a lipidomics view, there are many 
mechanisms connecting to viral infection such as viral entry, the disorder of host cell 
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lipid metabolism, and the role related to different lipids in the infection efficiency. So, 
lipids play an important role in COVID-10 infection success especially the role of 
cholesterol in the success of viral infection[72]. Figure 2 exhibits lipidome and COVID-19 
in gastrointestinal tract.

LIPIDOME VIEW IN VIRAL REPLICATION CYCLES 
COVID-19 is a virus and this virus is dependent on its lipid cover which possesses 
high capability to detergent. The lipids play an important role in many stages of the 
virus replication cycle. The definite lipid change occurs during viral infection in higher 
viral replication cycle. There are 47 lipids within 11 lipid classes were significantly 
disturbed after viral infection. There are 4 polyunsaturated fatty acids (PUFAs): (1) 
Arachidonic acid (AA); (2) Docosahexaenoic acid (DHA); (3) Docosapentaenoic acid 
(DPA); and (4) Eicosapentaenoic acid (EPA) were upregulated during viral infection. 
The 3 of these 4 fatty acids (PUFAs; AA, DHA, and EPA) declined viral replication. 
Consequently, enteroviruses modify the host lipid pathways for higher virus 
replication. Higher exogenous lipids prevent effective viral replication. The control of 
the host lipid profile is a host-targeting antiviral strategy for enterovirus infection[73]. In 
hepatitis C virus (HCV) infection, the HCV reproduction depends on many lipid 
metabolic processes during viral life cycle. The HCV induces cells' lipidomic profile 
changes by controlling many key pathways of lipid synthesis, remodeling and 
utilization. So, the lipids play a significant role in HCV RNA replication, meeting and 
entrance. In viral process, there are many changes in the cell fatty acid content and 
variations of the membrane lipid composition during replication of the virus. In viral 
process, the lipids represent lipid provider during replication and as an essential hub 
for HCV meeting. The lipoproteins play an important role in HCV maturation and 
entrance[74]. There is an increase in the levels of many phosphatidylethanolamine (PE) 
lipids in the serum of Zika virus patients, most of them plasmenyl-phosphati-
dylethanolamine (pPE) (or plasmalogens) correlated with polyunsaturated fatty acids. 
The plasmalogens correlated with polyunsaturated fatty acids are abundant in neural 
membranes of the brain and these represent 20% of total phospholipids in humans. 
The biosynthesis of plasmalogens is necessary for efficient peroxisomes, which are 
important sites for Zika virus replication[75]. A stable benzoic derivative of retinoic acid 
(AM580) and retonic acid receptor-αagonist has greater effective in disturbing the life 
cycle of many viruses such as MERS-coronavirus and influenza A virus. The sterol 
regulatory element binding protein (SREBP) connect with AM580 and exerts antiviral 
effect. Consequently, lipidome technique plays a major role in human viral infections 
where SREBP is an effective agent in the antiviral strategies development[76]. The 
glycerophospholipids and fatty acids increased in human coronavirus 229E-infected 
cells and the linoleic acid (LA) to AA metabolism was disturbed in HCoV-229E 
infection by using high performance liquid chromatography-associated with lipidome 
technique. Supplementation with LA or AA in HCoV-229E-infected cells depressed 
HCoV-229E virus replication. The inhibition of LA and AA on virus replication can be 
seen in MERS-CoV. So, the host lipid metabolic processes correlated with human- 
coronavirus proliferation. Consequently, the control of lipid metabolism is the main 
goal for coronavirus infections[77]. The cell lipidome technique shows an increase in 
phospholipase A2 (PLA2) activity to produce lyso-phosphatidylcholine (lyso-PChol). 
The PLA2 enzyme family is activated in West Nile virus strain Kunjin virus-infected 
cells and produces lyso-PChol lipid molecules that need for viral reproduction. The 
production of lyso-PChol is increased by inhibition of PLA2 in West Nile virus strain 
Kunjin virus reproduction and production of infectious virus is occurred. The lyso-
PChol related to the formation of the West Nile virus strain Kunjin virus replication 
complex (RC). Consequently, lipid homeostasis enables the researchers to understand 
flaviviruses replication[78]. The HCV-infected cells contain higher amounts of 
phosphatidylcholines and triglycerides with longer fatty acyl chains and increased use 
of C18 fatty acids especially oleic acid. So, decrease of fatty acid elongases and 
desaturases reduces HCV reproduction. There is an increase in the levels of 
polyunsaturated fatty acids (PUFAs) in HCV infection. The decrease of the PUFA 
synthesis path damaged viral reproduction, indicating that higher PUFAs are needed 
for viral replication. Consequently, the control of the host cell lipid metabolism is 
needed and caused by HCV to increase viral replication[79].



Koriem KMM. Lipidome application in coronavirus

WJG https://www.wjgnet.com 47 January 7, 2021 Volume 27 Issue 1

Figure 2  Lipidome and COVID-19 in gastrointestinal tract.

THE ROLE OF LIPIDOME DURING THE HOST-VIRAL INTERACTIONS
In the recent century, researches using genetic, cell biological, and biochemical 
techniques has led to huge increase in molecular and biological insight into interaction 
of virus with their hosts. Cell biological studies depend on microscope as a principal 
technique, of basic microbiology methods so these researches added more data to host-
viral interactions. On the other hand, the biomedical researches, the main focus was on 
the determination of genes and proteins necessary for activity. Based on these findings 
there is now increased consciousness that lipids (both of host and of virus) play vital 
roles in regulating infection stability, entry into host cells, as well as, replication and 
persistence of the virus. There is a connection between the host protein disulfide 
isomerase (PDI) with dengue virus protein and role of lipid raft in viral infection. The 
PDI correlates with dengue virus nonstructural protein 1 (NS1) inside the biological 
cell as well as on the surface in the lipid raft molecule. Disturbance of this relation 
between PDI and NS1 is important in treatment strategy to stop dengue virus 
infection[80]. The virus connects with blood-borne lipoproteins and apolipoprotein E 
(apoE) to change viral infectivity. Viral interest is cholesterol- and lipid raft-dependent 
(24-dehydrocholesterol reductase, 3-hydroxy-3-methylglutaryl-CoA reductase, fibrin 
degradation products, raft-linking protein, Sterol regulatory element-binding 
transcription factor 1). The virus is gone to the nucleus through the dynein and kinesin 
motors. Amyloid precursor protein has a role nucleus invention by the virus. The viral 
protein removes mitochondrial DNA as in Alzheimer's disease case. The virus 
connects with the host transcription factors transcription factor CP2 and POU domain, 
class 2, transcription factor 1 that control many other genes. Viral inactivity is 
controlled by interleukin 6 (IL6) and IL1β. Viral avoidance occurs by inhibition of the 
antigen processor human gene that encodes the protein antigen peptide transporter 2, 
the production of an Fc immunoglobulin receptor mimic and inhibition of the viral-
activated kinase eukaryotic interferon-inducible factor 2 alpha kinase[81]. The role of 
lipidome during the host-viral interactions includes 2 main categories: (1) cell and 
chemical biology in the viral-host interaction; and (2) lipid profiling in the viral-host 
interaction.

Cell and chemical biology in the viral-host interaction
There is an important host factor (CPSF6) connects with nuclear protein (NP1). The 
CPSF6 increases the nuclear production of NP1 in the same time CPSF6 possesses an 
important role in progress of capsid mRNAs inside the nucleus. The connection 
between viral NP1 and host CPSF6 gives the scientist the mechanism enables viral 
protein increases the viral gene expression and replication as well as antiviral drug 
discovery[82]. The virus infection causes spreading of the distraction of transcription 
termination (DoTT) of RNA polymerase II (RNAPII) in host genes. The herpes simplex 
virus-1 (HSV-1) immediate early protein (ICP27) causes widespread DoTT through 
connection with essential mRNA 3' processing factor (CPSF). The ICP27 stimulates 
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mRNA 3' processing for viral and host transcription. So, ICP27 possesses an important 
role in HSV-1-causes viral infection while CPSF stimulates regulation of transcription 
end[83]. The RNA binding-deficient stores in nucleoprotein (NP) bodies and the nuclear 
RNA export factor 1 (NXF1) is necessary for viral protein expression but not for viral 
RNA synthesis. The NXF1 connects with viral mRNAs but not with viral RNAs. 
Consequently, the NXF1 promotes the export of viral mRNA:NXF1 complexes from 
inclusion bodies. This provides a basis for new therapeutic approaches for viruses[84]. 
The ribosomal proteins (RPs) contain 60S subunit control translation of specific 
mRNAs. The translation process of the RPs in this process controls in the catalyzing 
peptide bond formation. The ribosomal protein L13 (RPL13) is a regulator of viral 
translation and infection. Consequently, understanding this process gives rise to the 
effects for the translation of viral mRNA and thus for the development of viral 
prevention[85]. The influenza A viruses contain RNA genome include 8 segments. Each 
RNA segment correlated with the NP and viral RNA polymerase to and from a viral 
ribonucleoprotein (vRNP) molecule. The formation of viral mRNA is dependent on the 
host RNA transcription and for these processes to be occurred; the vRNPs must pass 
through the cell nuclear pore complex (NPC) to the nucleus. The influenza A virus 
NS2 protein, also called the nuclear export protein and this protein connects with the 
host cellular nucleoporins during the nuclear export of vRNPs. The human 
nucleoporin 214 (Nup214) is called NS2-binding protein and NS2 protein coonects 
with the amino terminal FG domain of the Nup214 protein. The influenza viral 
replication was decreased by the Nup214 protein. Consequently, the FG domains of 
nucleoporins have an important role in the connection of the influenza NS2 protein 
with host NPC for viral RNA (vRNA) spread[86]. The importin-α3 (one of the main 
nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB) transporters) is 
the expressed nuclear factor in the mammalian respiratory tract. Importin-α3 promoter 
effect is controlledby TNF-α-induced NF-κB. The increasing of TNF-α increasing 
pathogenic avian influenza A viruses (HPAIVs) in serious human cases protecting 
human polymerase signatures (PB2 627K, 701N) which downregulate importin-α3 
mRNA expression in the lung cells. The decrease of Importin-α3 is returned by the 
mutating of the HPAIV polymerase into an avian-type signature (PB2 627E, 701D) 
which suppresses the high TNF-α levels. The decrease of importin-α3 decreased the 
NF-κB antiviral gene expression and increased influenza dangerous. Consequently, 
importin-α3 possesses a role in antiviral immunity in influenza and so importin-α3 in 
the lung help in the strategy to fight respiratory virus infections[87]. During rotavirus 
infection, the small interfering RNA (siRNA) facilitates genetic exhaustion of ATP5B or 
other ATP synthase molecules (ATP5A1 and ATP5O) decreases the production of viral 
new generations without modification of viral RNA amounts and translation. The 
ATP5B controls the late-stage rotavirus growth in intestinal cells. Consequently, the 
role of host proteins in rotavirus RNA identifies ATP5B as a novel pro-rotavirus RNA-
binding protein that help scientists to understand virus growth and pathogenesis[88]. 
The host protein (hnRNP C1/C2) decreases viral RNA translation. The hnRNP C1/C2 
connects with stem-loop V in the Internal Ribosome Entry Site' (IRES) and transfers 
binding protein where this protein controls of viral translation. The hnRNP C1/C2 
causes changing of viral translation to replication. Consequently, the hnRNP C1/C2 
controls of viral RNA translation to replication by a specific mechanism[89]. The 
connection of glycyl-tRNA synthetase (GARS) increases the environmental of the 
initiation area of the internal IRES in the mRNA binding site of the ribosome that 
increasing IRES effect at the step of initiation formation[90].

Lipid profiling in the viral-host interaction
The studies of viral lipids are not new trends. The main developments in analytical 
biochemistry have added new information to these studies. The liquid chro-
matography and MS are the most important techniques applied in the field of 
lipidome. These techniques allow detection, characterization, and quantification of 
huge molecules of lipids (although it is currently not possible to determine the full 
“lipidome” of a cell or tissue in one study). The major biochemical information of lipid 
lists (e.g.,. of mycobacteria) is now applied to investigate the details of lipid 
biosynthesis and lipid transporters. Potato is a natural host of Potato spindle tuber 
viroid (PSTVd) which causes arresting phenotype and alteration of leaves and tubers. 
The PSTVd virus replicates in the nucleus and moves in the plant. The host possesses 
defense, stress and sugar metabolism correlated genes which alters expression levels 
in infection and the hormone-related genes showed up- or down-regulation. 
Consequently, gibberellin and brassinosteroid paths possess an important role in tuber 
development upon PSTVd infection[91]. In dengue virus infection, there is an increase in 
mRNA, myeloid differentiation 2-related lipid recognition protein (ML) and Niemann 
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Pick-type C1 (NPC1) genes. These 3 genes translate lipid-binding proteins which play 
an important role in host-viral connection. The RNA interference (RNAi)-mediated 
gene stops the ML and NPC1 genes. In viral infection, ML and NPC1 increase viral 
infection by reducing the host immune ability. Consequently, the dengue virus effects 
the expression of these genes to stimulate viral infection of the mosquito host[92].

FUTURE THERAPY OF CORONAVIRUS 
No vaccines or antiviral drug to prevent or treat human coronavirus infections is 
available. The coronavirus treatment is only caring. There are many antiviral agents 
used e.g., viral proteases, polymerases and entry proteins. Coronavirus is capable to 
replicate in invitro study such as human lung cancer cell line (Calu-3 cells) and causes 
lower transcriptomic variations before 12 h after viral infection. As infection progress, 
coronavirus causes a significant dysregulation of the host transcriptome greater than 
SARS virus. Both viruses induced a similar stimulation of host receptors and the 
interleukin 17 paths but coronavirus inhibits the expression of many genes such as 
type I and II major histocompatibility complex genes. This viral effect identifies the 
ability of the host response to viral infection. There are 207 genes was inhibited 
following coronavirus infection, and was used to detect the antiviral secretions such as 
kinase inhibitors and glucocorticoids. Consequently, coronavirus and SARS virus 
possesses host gene expression reactions that effect on in vivo pathogenesis and 
therapeutic strategies[93]. In coronavirus infection, the whole blood cytokine 
investigations increased the cytokine expression in the viral cell infected case. The 
inflammatory gene expression increased after dysfunction of respiratory function, 
except the expression in the IL1 path. The investigations of CD4 and CD8 expression 
showed that the pro-inflammatory factors increased with T cell initiation that leads to 
prolong the disease or prolong the infection. Consequently, the pro-inflammatory 
factors such as IL1 and related pro-inflammatory paths analyzes and uses as 
therapeutic agents for COVID-19[94].

CONCLUSION
The term lipidome is mentioned to the total amount of the lipids inside the biological 
cells. The lipid enters the human gastrointestinal tract through external source and 
internal source. The lipids are re-synthesis again inside the human body where the 
gastrointestinal lipids are: (1) Transferred into the endoplasmic reticulum; (2) 
Collected as lipoproteins such as chylomicrons; or (3) Stored as lipid droplets in the 
cytosol. The tissue distribution of lipid is completely different among different species. 
Fatty acids are uptake by the gastrointestinal tract through 2 ways; the 1st way, fatty 
acids transfer from the intestinal membrane from higher concentration to lower 
concentration inside the cell while the 2nd way occurs from the cell to the lumen when 
the fatty acids concentration inside the cell is higher than lumen fatty acids 
concentration. The lipids play an important role in many stages of the viral replication 
cycle. There are 47 Lipids within 11 Lipid classes were significantly disturbed after 
viral infection. The virus connects with blood-borne lipoproteins and apolipoprotein E 
to change viral infectivity. The viral interest is cholesterol- and lipid raft-dependent 
molecules. The future therapy of coronavirus includes the investigations of CD4 and 
CD8 expression where these pro-inflammatory factors increased with T cell initiation 
that leads to prolong the infection.
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Abstract
BACKGROUND 
Accumulating evidence has revealed that several long non-coding ribonucleic 
acids (lncRNAs) are crucial in the progress of hepatocellular carcinoma (HCC).

AIM 
To classify a long non-coding RNA, i.e., lncRNA W5, and to determine the clinical 
significance and potential roles of lncRNA W5 in HCC.

METHODS 
The results showed that lncRNA W5 expression was significantly downregulated 
in HCC cell lines and tissues. Analysis of the association between lncRNA W5 
expression levels and clinicopathological features suggested that low lncRNA W5 
expression was related to large tumor size (P < 0.01), poor histological grade (P < 
0.05) and serious portal vein tumor thrombosis (P < 0.05). Furthermore, Kaplan-
Meier survival analysis showed that low expression of lncRNA W5 predicts poor 
overall survival (P = 0.016).

RESULTS 
Gain-of-loss function experiments, including cell counting kit8 assays, colony 
formation assays, and transwell assays, were performed in vitro to investigate the 
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biological roles of lncRNA W5. In vitro experiments showed that ectopic 
overexpression of lncRNA W5 suppressed HCC cell proliferation, migration and 
invasion; conversely, silencing of lncRNA W5 promoted cell proliferation, 
migration and invasion. In addition, acting as a tumor suppressor gene in HCC, 
lncRNA W5 inhibited the growth of HCC xenograft tumors in vivo.

CONCLUSION 
These results showed that lncRNA W5 is down-regulated in HCC, and it may 
suppress HCC progression and predict poor clinical outcomes in patients with 
HCC. LncRNA W5 may serve as a potential HCC prognostic biomarker in 
addition to a therapeutic target.

Key Words: Hepatocellular carcinoma; Long non-coding ribonucleic acid; Long non-
coding ribonucleic acid W5

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Our results showed that the expression of long non-coding ribonucleic acid 
(lncRNA) W5 was considerably reduced in hepatocellular carcinoma (HCC) tissues, 
which suppressed proliferation, migration and invasion of tumor cells in vitro. It was 
also shown that low expression of lncRNA W5 correlated with tumor progression and 
poor prognosis. Furthermore, manipulation of lncRNA W5 expression affected the 
biological behavior of HCC. These results suggest that lncRNA W5 may serve as a 
tumor suppressor in the development and progression of HCC, and has the potential to 
be a diagnostic and therapeutic target in the clinical management of HCC.

Citation: Lei GL, Fan HX, Wang C, Niu Y, Li TL, Yu LX, Hong ZX, Yan J, Wang XL, Zhang 
SG, Ren MJ, Yang PH. Long non-coding ribonucleic acid W5 inhibits progression and predicts 
favorable prognosis in hepatocellular carcinoma. World J Gastroenterol 2021; 27(1): 55-68
URL: https://www.wjgnet.com/1007-9327/full/v27/i1/55.htm
DOI: https://dx.doi.org/10.3748/wjg.v27.i1.55

INTRODUCTION
Around 90% of primary liver cancer cases are hepatocellular carcinoma (HCC)[1], 
approximately 600000 deaths occur globally each year, and half of all deaths occur in 
China[2,3]. In addition to hepatic resection, liver transplantation, chemotherapy and 
molecular targeted therapy are often carried out to improve outcomes in patients with 
HCC; however, the 5-year survival rate of patients with HCC still remains poor[4,5]. The 
specific signaling mechanisms underlying the development and progression of HCC 
remain to be defined.

The long non-coding ribonucleic acids (lncRNAs) are a class of noncoding RNAs 
with more than 200 nucleotides which have no protein-coding potential. Several 
reports have shown that lncRNAs are critical in numerous biological processes, 
including tumor development, differentiation, and tumorigenesis[6-10]. The expression 
of lncRNAs is dysregulated in cancer. Of note, specific lncRNAs are related to cancer 
recurrence, metastasis and prognosis in various cancers, including HCC[11-14]. To date, 
several lncRNA have been reported to be associated with the growth and advance of 
HCC, such as HULC[15], H19[16], MEG3[17], ZFAS1[18], P7[19], ATB[20], GAS8-AS1[21], and so 
on. In our previous study, we profiled the the expression of lncRNAs in influenza 
virus infected patients and identified panels of uncharacterized lncRNAs. In the 
current study, we classified the lncRNA W5 (mitochondrial translation optimization 
1homologue; hsa_lncRNA_0007874/hsa_lncRNA_104135) which is notably down-
regulated in HCC tissues and strictly associated with the prognosis of HCC patients. 
Furthermore, we investigated its roles, underlying mechanisms and clinical 
significance in HCC progression.
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MATERIALS AND METHODS
Clinical samples
A total of 86 resected HCC tissues and matched tumor-adjacent tissues were kindly 
provided by the Department of Hepatobiliary Surgery of the Fifth Medical Center, 
Chinese PLA General Hospital between October 2013 and June 2018. Tumor tissues 
and adjacent non-tumor tissue specimens were obtained from the patients after 
informed consent in accordance with the institutional guidelines of the hospital’s 
Ethics Committee. Table 1 indicates the clinical and pathological characteristics of 
HCC patients obtained from clinical records.

Cell lines
All human cell lines were provided by the Experimental Center of the Fifth Medical 
Center, Chinese PLA General Hospital (Beijing, China), and included the normal non-
malignant liver cell line LO2 and HCC cell lines Huh7, MHCC-97L, MHCC-97H, PLC, 
Hep3B and HCCLM3. All cell lines were maintained in DMEM (Gibco, Beijing, China) 
and were supplemented with 10% fetal bovine serum (Gibco, Beijing, China) in an 
incubator at 37°C with 5% CO2.

RNA extraction and reverse transcription-polymerase chain reaction
TRIzol reagent (Invitrogen, United States) was used to isolate total RNA from HCC 
cells and tissues, and first strand complementary deoxyribonucleic acid (cDNA) was 
synthesized by the use of reverse transcriptase. Quantitative real-time polymerase 
chain reaction (PCR) was conducted using the SYBR Green PCR kit (Thermo Fisher 
Scientific, United States). All reactions were performed on the ABI 7500 system 
(Applied Biosystems). The lncRNA W5-specific reverse transcription-polymerase 
chain reaction (qRT-PCR) primers used were as follows: forward: 5'-
AAGGAGAACACAAAACAGGCAT-3 ' ,  reverse :  5 ' -TGTGAAGCCCTAG 
ATTTCCCAT-3'; GAPDH forward: 5'-AAG GAGAACACAAAACAG GCAT-3' 
reverse: 5'-TGTGAAGCCCTAGATTTCCCAT-3'. Human GAPDH gene was amplified 
as an internal control.

Vector construction
The lncRNA W5 vector was constructed and sub-cloned into the pcDNA3.1 (+) vector 
at the BamHI and EcoRI sites, which produced pcDNA3.1-lncRNA W5. The primers 
used were as follows: forward: 5’-GCGCGGATCCACTGACTCTTTTCGTTAAGC-3’, 
reverse: 5’-CGCGCGGAATTCATGTTGACTTAAGTTCAGG-3’. Empty vector 
pcDNA3.1 (+) was used as a negative control. The lncRNA W5 and control were 
transfected into HCC cells using Polyplus (Invitrogen) according to the manufacturer’s 
instructions and cultured on six-well plates, respectively.

Cell proliferation assay
Cell proliferation experiments were performed using the CCK-8 kit (Dojindo 
Laboratories) according to the manufacturer’s protocol. Briefly, a Huh7 or LM3 cell 
suspension was adjusted to a final cell concentration of 5 × 103/mL and then added to 
a 96-well plate. HCC cells were cultured for the indicated time points, and then 10 μL 
of CCK-8 (5 mg/mL) was added to each well. The cell culture plate was placed in the 
incubator for 1 h, and the absorbance was measured at 450 nm per well using a 
Thermomax plate reader (Thermo Fisher, China).

Colony formation assay
Huh7 or LM3 cells were completely dispersed into individual cells in 6-well plates and 
incubated at 37°C in DMEM with 10% fetal bovine serum, respectively. After 14 d, the 
cell colonies were washed with PBS, fixed in 4% paraformaldehyde for 20 min, and 
stained with crystal violet for 20 min. Photographs were subsequently taken and only 
colonies containing more than 50 cells were recorded.

Cell migration and invasion assays
A chamber assay with Matrigel (invasion) or without Matrigel (migration) was 
performed at least in triplicate. Twenty-four-well chambers with 8 μm pore size were 
used in this experiment. Briefly, cells were added to the top chamber without Matrigel 
(migration) or with Matrigel (invasion) in the 24-well plate (Corning). The medium 
with 15% forward-based system was added to the lower chambers. After incubator for 
48-72 h, the DMEM medium was removed and the cells were washed with PBS, and 
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Table 1 Association of long non-coding ribonucleic acid W5 expression with clinicopathologic features in hepatocellular carcinoma 
patients

W5 expression
Parameters Group Total

Low High
P value

Male 70 34 36 0.791Gender

Female 16 10 6

≤ 60 30 15 15 0.579Age (yr)

> 60 56 28 28

< 3 cm 21 6 15 0.007bTumor size (cm)

≥ 3 cm 65 38 27

AFP < 20 39 21 18 0.328

≥ 20 47 22 25

Histological grade Well/moderate-poor 52/34 5/28 47/6 0.046a

Clinical stage I/II 50 23 27 0.501

III 36 20 16Tumor number

Solitary 76 36 40 0.312

Multiple 10 7 3

Drinking status Yes 42 24 18 0.276

No 44 19 25

Smoking status Yes 36 18 18 0.584

No 50 24 26

PVTT Yes 32 22 10 0.024a

No 54 21 33

Microvascular invasion Yes 70 36 34 0.568

No 16 6 10

Liver cirrhosis Absence 59 30 29 0.489

HBV Yes 55 25 30 0.365

No 31 18 13

aP < 0.05.
bP < 0.01. PVTT: Portal vein tumor thrombosis; HBV: Hepatitis B virus.

carefully removed from the top chamber with a cotton swab. The cells were fixed with 
4% paraformaldehyde, stained with crystal violet, and then photographed in five 
randomly selected microscope fields.

In vivo tumor growth
Athymic BALB/C mice (4-6 wk old) were purchased from the Beijing Vital River 
Laboratory Animal Technology Co., Ltd (Beijing, China) and maintained in a SPF 
facility. Huh7 cells (5 × 106) over-expressing lncRNA W5 were subcutaneously injected 
into the flanks of nude mice. Tumor length (L) and width (W) were measured using 
calipers every 3 d up to 6 wk. Tumor volume was estimated using the formula: π × 
length × width 2/6. After 6 wk, the mice were sacrificed, and tumor volumes and 
weights were examined. Proliferation progression was examined and quantified using 
a noninvasive bioluminescence in vivo Imaging System (Xenogen Corporation, 
Alameda, CA, United States). All animal experiments were conducted with the 
approval of the Fifth Medical Center of Chinese PLA General Hospital’s Animal Care 
and Use Committee.
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Statistical analysis
All statistical analyses were performed using the SPSS 20.0 software package (Chicago, 
IL, United States). Data were expressed as the mean ± SD. Kaplan-Meier analysis was 
used to determine whether there was a correlation between the expression of lncRNA 
W5 and overall survival rate of HCC patients. P < 0.05 was considered significant.

RESULTS
HCC cancer tissues and cell lines have low expression of lncRNA W5
Initially, to investigate the potential role of lncRNA W5 in HCC tumorigenesis, we 
determined the expression of lncRNA W5 in 86 sets of HCC tissues and non-tumor 
tissues by qRT-PCR. As shown in Figure 1, the expression of lncRNA W5 was 
significantly reduced in HCC tissues compared with adjacent non-tumor tissues (P < 
0.001, Figure 1A and B). In addition, we determined the expression of lncRNA W5 in 
regular liver cells (LO2) and six HCC cancer cell lines (Huh7, MHCC-97L, MHCC-97H, 
PLC, Hep3B and HCCLM3). The results revealed that lncRNA W5 expression was 
significantly downregulated in the six HCC cancer cells compared with the regular 
liver cell line LO2 (Figure 1C). Levels of lncRNA W5 expression were relatively lower 
in the Huh7 and LM3 HCC cell lines, and were used in subsequent studies. More 
importantly, a Kaplan-Meier survival analysis indicated that HCC patients with low 
expression of lncRNA W5 had shorter overall survival than those patients with high 
expression of lncRNA W5 (P = 0.016) (Figure 1D). Cox survival analysis was then used 
to further confirm the prognostic value of lncRNA W5 in HCC. Univariate analysis 
showed that the analyzed variables (lncRNA W5 expression, Pathologic-stage and 
Pathologic-TMN) were markedly associated with the overall survival time of HCC 
patients. Furthermore, multivariate analysis revealed that lncRNA W5 expression (P = 
0.027), Pathologic-T (P = 0.014) and Pathologic-M (P = 0.005) were promising 
independent prognostic factors of HCC (Table 2). Thus, lncRNA W5 could be used as 
an independent prognostic factor. Finally, we also measured the expression of lncRNA 
W5 in nuclear and cytosolic fractions of Huh7 cells by qRT-PCR. The differential 
enrichments of GAPDH, β-actin and U1 RNA were used as fractionation indicators. 
Subcellular fractionation location results showed that lncRNA W5 was mainly located 
in the nucleus (Figure 1E), thus suggesting that lncRNA W5 might play an essential 
regulatory function at the transcriptional level.

To investigate the relationship between the expression of lncRNA W5 and 
clinicopathological characteristics, lncRNA W5 expression was detected in 86 HCC 
patients and distributed into two groups (high–high expression of lncRNA W5 and 
low–low expression of lncRNA W5) based on the median lncRNA W5 expression. The 
correlations between lncRNA W5 expression and clinical parameters were analyzed 
and it was found that low expression of lncRNA W5 was linked to large tumor size (P 
< 0.01), poor histological grade (P < 0.05) and serious portal vein tumor thrombosis (P 
< 0.05). Nevertheless, no significant correlation was observed between the expression 
of lncRNA W5 and other clinicopathological features, such as age, gender, AFP levels, 
tumor number and with/without HBV infection.

In vitro effects of lncRNA W5 on HCC cell proliferation
To assess the role of lncRNA W5 in regulating the biological behavior of HCC cells, we 
used the lncRNA W5 expression vector pcDNA3.1-lncRNA W5 and overexpressed 
lncRNA W5 in the HCC cell lines Huh7 and LM3. LncRNA W5 overexpression in the 
two cell lines was verified by RT-qPCR (Figure 2A). CCK-8 assays, which were used to 
show overexpression of lncRNA W5 in the HCC cell lines Huh7 and LM3, 
demonstrated a significant reduction in cell proliferation from 48 h to 96 h (Figure 2B). 
Accordingly, colony formation assays, which showed that Huh7 and LM3 cells 
transfected with lncRNA W5, resulted in significantly decreased clonogenic survival 
than empty vector control Huh7 and LM3 cell lines (Figure 2C). In addition, we 
constructed shRNA-1 and shRNA-2 containing the back-splicing region of lncRNA W5 
for silencing. The efficiency of lncRNA W5 silencing was confirmed by qPCR 
following transfection with lncRNA W5 shRNA-1 or-2 in Huh7 and LM3 cells 
(Figure 2D). As expected, we found that lncRNA W5 silencing significantly promoted 
cell proliferation of Huh7 and LM3 cells as indicated by MTS (Figure 2E). Furthermore, 
a clone formation assay verified that following lncRNA W5 knockdown, the HCC 
population dependence and proliferation ability were considerably increased 
(Figure 2F). Overall, these data demonstrated that lncRNA W5 may inhibit HCC cell 
proliferation in vitro.
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Table 2 Cox proportional hazards model analysis of clinicopathologic features related to overall survival in terms of long non-coding 
ribonucleic acid W5 expression in hepatocellular carcinoma patients

Univariate analysis Multivariate analysis
Variables

P value HR 95%CI P value HR 95%CI

Expression (high/low) 0.041a 1.672 1.032-2.159 0.027a 1.285 0.867-2.155

Pathologic-Stage (I + II/III + IV) 0.001a 2.584 1.934-4.162 0.159 2.436 0.715-7.667

Pathologic-T (T1 + T2/T3 + T4) 0.004a 4.068 1.573-8.869 0.014a 10.638 2.314-57.649

Pathologic-M (M0/M1) 0.007a 5.294 3.195-7.657 0.005a 3.082 1.726-5.342

Pathologic-N (N0/N1 + N2 + N3) 0.002a 2.413 1.519-3.969 0.246 0.719 0.312-1.911

Age (< 60/ ≥ 60 yrs) 0.342 1.402 0.914-2.357

Gender (female/male) 0.258 1.324 0.849-1.905

aP < 0.05. HR: Hazard ratio; CI: Confidence interval.

In vitro effects of lncRNA W5 on HCC cell migration and invasion
To evaluate the potential role of lncRNA W5 in HCC metastasis, and investigate the 
effect of lncRNA W5 on cell migration and invasion capacity, we performed transwell 
assays using Huh7 and LM3 cells. The results revealed that the migration and invasion 
ability of HCC cells that over-expressed lncRNA W5 was significantly decreased 
compared with the empty vector group (Figure 3A). On the contrary, lncRNA W5 
knockdown with shRNA-1 or-2 significantly promoted cell migration and enhanced 
cell invasion of Huh7 and LM3 cells, respectively (Figure 3B). These results strongly 
suggest that lncRNA W5 has a critical effect on the inhibition of HCC cell migration 
and invasion.

lncRNA W5 inhibits tumor growth in vivo
To elucidate the in vivo role of lncRNA W5 in tumorigenesis, we subcutaneously 
injected the flanks of nude mice with Huh7 cells over-expressing lncRNA W5 and 
stably expressing luciferase and monitored tumor growth every three days. As shown 
in Figure 4, mice injected with lncRNA W5 over-expressing cells had a significant 
decrease in tumor growth at 36 d post-injection as compared with mice injected with 
control cells. Six weeks after injection, the volumes and weights of tumors examined in 
mice injected with pcDNA3.1-lncRNA W5 were notably smaller than those in mice 
injected with the control. At 6 wk after injection, bioluminescent signals were weaker 
in mice with lncRNA W5 over-expression than in control mice, suggesting that 
lncRNA W5 may inhibit the growth of HCC xenograft tumors in vivo.

DISCUSSION
Increasing evidence has shown that aberrant expression of numerous lncRNAs has 
been discovered in HCC. Previous studies showed that amplification of lncRNA 
ZFAS1 promotes metastasis in HCC[18]. Sun SH’s group observed in HCC that the 
lncRNA-activated by TGF-β (lncRNA-ATB) promoted the invasion-metastasis 
cascade[20]. Hur K’s group also reported that lncRNA-ATB could have potential as a 
biomarker for the prognosis of HCC and as a targeted therapy for HCC patients[22]. 
Another study showed that the MBNL3 splicing factor promoted HCC by increasing 
the expression of PXN by the alternative splicing of lncRNA-PXN-AS1[23]. The lncRNA 
lncHDAC2 may drive the self-renewal of liver cancer stem cells through the activation 
of Hedgehog signaling[24]. Super-enhancer associated lncRNA HCCL5 is activated by 
ZEB1 and promotes the malignancy of HCC[25]. Recently, Huang et al[26] identified 
oncofetal lncRNA Ptn-dt which might promote HCC proliferation by regulating the 
Ptn receptor[26]. These results indicate that lncRNAs may have critical roles in HCC 
progression and development and can be used in clinical applications.

In this study, we reported an uncharacterized low expression of lncRNA W5 in 
HCC specimens and cell lines, suggesting that lncRNA W5 expression might be 
related to HCC carcinogenesis. Decreased expression of lncRNA W5 was associated 
with aggressive clinicopathological features of HCC tissues, including tumor size, 
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Figure 1  Expression of long non-coding ribonucleic acid W5 is downregulated in hepatocellular carcinoma tissues and cells. A: The 
expression of long non-coding ribonucleic acid (lncRNA) W5 was detected by reverse transcription-polymerase chain reaction (qRT-PCR) in tumor tissues and non-
adjacent normal tissues of hepatocellular carcinoma (HCC) patients (n = 86). LncRNA W5 expression was normalized to GAPDH expression; B: The expression of 
lncRNA W5 was detected by qRT-PCR in tumor tissues and non-adjacent normal tissues of 86 HCC patients; C: The expression levels of lncRNA W5 in a series of 
HCC cell lines were reduced compared to that in LO2 cells; D: Analysis of overall survival based on lncRNA W5 expression levels is shown in 86 HCC patients; and 
E: Subcellular localization of lncRNA W5 in Huh7 cells was examined by qRT-PCR. GAPDH, β-actin and U1 were considered as the control markers, respectively. aP 
< 0.05; bP < 0.01; cP < 0.001. HCC: Hepatocellular carcinoma; lncRNA: Long non-coding ribonucleic acid; qRT-PCR: Reverse transcription-polymerase chain 
reaction.

histological grade and the presence of portal vein tumor thrombosis. Gain-and loss 
function experiments showed that over-expression of lncRNA W5 in Huh7 and LM3 
cells decreased cell proliferation, and impaired cell migration and invasion. Moreover, 
lncRNA W5 over-expression inhibited tumor growth in HCC xenograft-bearing mice. 
These results demonstrated that lncRNA W5 is involved in the progression of HCC 
and may be a potential target for therapy. Furthermore, our studies showed that HCC 
patients with low expression of lncRNA W5 had shorter overall survival than patients 
with high expression of lncRNA W5, suggesting that lncRNA W5 might be a potential 
prognostic predictor. Of course, down-regulation of lncRNA W5 should be validated 
in more HCC cohorts. The interactions of this protein and downstream pathways also 
warrant further investigation in subsequent studies. In addition, whether lncRNA W5 
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Figure 2  In vitro suppression of long non-coding ribonucleic acid W5 in hepatocellular carcinoma proliferation. A: Increased long non-coding 
ribonucleic acid (lncRNA) W5 expression in Huh7 and LM3 cells was confirmed after over-expressed lncRNA W5 transfection by reverse transcription-polymerase 
chain reaction. LncRNA W5 expression was normalized to GAPDH. cP < 0.001; B: Cell viability of pCDNA-3.1 LncRNAW5-transfected Huh7 and LM3 cells were 
detected by CCK-8 assays. Cell number was determined every 24 h up to 96 h. The results are shown as the mean ± SE from three independent experiments. aP < 
0.05; bP < 0.01. cP < 0.001, compared with the control by two-sided t-test; C: Colony-forming assay was used to determine the effect of lncRNA W5 on the 
proliferation in Huh7 and LM3 cells; D: Decreased lncRNA W5 expression in Huh7 and LM3 cells was confirmed after sh-1 or sh-2 LncRNAW5 transfection by reverse 
transcription-polymerase chain reaction. LncRNA W5 expression was normalized to GAPDH. aP < 0.05; bP < 0.01. cP < 0.001; E: Cell viability of sh-1 or sh-2 
LncRNAW5-transfected Huh7 and LM3 cells were detected by CCK-8 assays. Cell number was determined every 24 h up to 96 h. The results are shown as the mean 
± SE from at least three independent experiments. aP < 0.05; bP < 0.01. cP < 0.001, compared with the control by two-sided t-test; and F: Colony-forming assay was 
used to determine the effect of sh-1 or sh-2 LncRNA W5 on the proliferation of Huh7 and LM3 cells.

exists in other solid tumors remains to be elucidated.

CONCLUSION
In conclusion, our results showed that the expression of lncRNA W5 was considerably 
reduced in HCC tissues, which suppressed proliferation, migration and invasion of 
tumor cells in vitro. The results also showed that low expression of lncRNA W5 
correlated with tumor progression and poor prognosis. Furthermore, manipulation of 
lncRNA W5 expression impacted the biological behavior of HCC. These results 
suggest that lncRNA W5 may serve as a tumor suppressor in the development and 
progression of HCC, and has potential as a diagnostic and therapeutic target in the 
clinical management of HCC.
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Figure 3  Effects of long non-coding ribonucleic acid W5 on hepatocellular carcinoma migration and invasion. A: Cell migration and invasion 
abilities were determined after transfection with pcDNA-3.1 and pcDNA-3.1 long non-coding ribonucleic acid W5 in Huh7 and LM3 cell lines, respectively; B: Cell 
migration and invasion abilities were determined after transfection with sh-1 or sh-2 LncRNA W5 in Huh7 and LM3 cell lines, respectively. All experiments were 
performed in triplicate. aP < 0.05; bP < 0.01; cP < 0.001.
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Figure 4  Long non-coding ribonucleic acid W5 inhibits tumor growth in vivo. A: Huh7 cells (5 × 106) stably expressed with long non-coding 
ribonucleic acid W5 (lncRNA W5) were subcutaneously injected into the left flank of nude mice, and the effect of lncRNA W5 on hepatocellular carcinoma tumor 
growth was examined every 3 d during the course of the experiment (n = 5); B: A representative image of the xenograft-bearing mice; C: Tumors were isolated from 
the nude mice after sacrifice. The effects of lncRNA W5 on hepatocellular carcinoma growth were determined by tumor volume and tumor weight; D: LncRNA W5-
overexpressing Huh7 cells which stably expressed luciferase were injected into nude mice (n = 5). The bioluminescence photographs of tumor were recorded with the 
in vivo 200 Imaging System. A representative luciferase signal was recorded from each group at 6 wk after injection. bP < 0.01.
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ARTICLE HIGHLIGHTS
Research background
Accumulating evidence has revealed that several long non-coding RNAs (lncRNAs) 
are crucial in the progress of hepatocellular carcinoma (HCC).

Research motivation
To determine the clinical significance and potential roles of lncRNA W5 in HCC.

Research objectives
We classified the long non-coding RNA, lncRNA W5, and examined its clinical 
significance and potential roles in HCC.

Research methods
Analysis of the association between lncRNA W5 expression levels and clinico-
pathological features was performed. In addition, overall survival was determined 
using Kaplan-Meier survival analysis.

Research results
The results showed that lncRNA W5 was down-regulated in HCC, and it may 
suppress HCC progression and predict a poor clinical outcome in patients with HCC.

Research conclusions
lncRNA W5 may serve as a potential prognostic biomarker and therapeutic target in 
HCC.

Research perspectives
lncRNA W5 may serve as a tumor suppressor in the development and progression of 
HCC, and have potential as a diagnostic and therapeutic target in the clinical 
management of HCC.
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Abstract
BACKGROUND 
Endoscopic ultrasound-guided celiac plexus neurolysis (EUS-CPN) has gained 
popularity as a minimally invasive approach and is currently widely used to treat 
pancreatic cancer-associated pain. However, response to treatment is variable.

AIM 
To identify the efficacy of EUS-CPN and explore determinants of pain response in 
EUS-CPN for pancreatic cancer-associated pain.

METHODS 
A retrospective study of 58 patients with abdominal pain due to inoperable 
pancreatic cancer who underwent EUS-CPN were included. The efficacy for 
palliation of pain was evaluated based on the visual analog scale pain score at 1 
wk and 4 wk after EUS-CPN. Univariable and multivariable logistic regression 
analyses were performed to explore predictors of pain response.

RESULTS 
A good pain response was obtained in 74.1% and 67.2% of patients at 1 wk and 4 
wk, respectively. Tumors located in the body/tail of the pancreas and patients 
receiving bilateral treatment were weakly associated with a good outcome. 
Multivariate analysis revealed patients with invisible ganglia and metastatic 
disease were significant factors for a negative response to EUS-CPN at 1 wk and 4 
wk, respectively, particularly for invasion of the celiac plexus (odds ratio (OR) = 
13.20, P = 0.003 for 1 wk and OR = 15.11, P = 0.001 for 4 wk). No severe adverse 
events were reported.

https://www.f6publishing.com
https://dx.doi.org/10.3748/wjg.v27.i1.69
http://orcid.org/0000-0003-1338-865X
http://orcid.org/0000-0003-1338-865X
http://orcid.org/0000-0002-1695-7371
http://orcid.org/0000-0002-1695-7371
http://orcid.org/0000-0001-9156-0772
http://orcid.org/0000-0001-9156-0772
http://orcid.org/0000-0001-6897-2138
http://orcid.org/0000-0001-6897-2138
http://orcid.org/0000-0003-4436-5729
http://orcid.org/0000-0003-4436-5729
http://orcid.org/0000-0003-4436-5729
http://orcid.org/0000-0001-8575-5282
http://orcid.org/0000-0001-8575-5282
http://orcid.org/0000-0001-8575-5282
mailto:2017xh0122@hust.edu.cn


Han CQ et al. Predictors of pain response by EUS-CPN

WJG https://www.wjgnet.com 70 January 7, 2021 Volume 27 Issue 1

Data sharing statement: Dataset 
available from the corresponding 
author at 271914799@qq.com.

Open-Access: This article is an 
open-access article that was 
selected by an in-house editor and 
fully peer-reviewed by external 
reviewers. It is distributed in 
accordance with the Creative 
Commons Attribution 
NonCommercial (CC BY-NC 4.0) 
license, which permits others to 
distribute, remix, adapt, build 
upon this work non-commercially, 
and license their derivative works 
on different terms, provided the 
original work is properly cited and 
the use is non-commercial. See: htt
p://creativecommons.org/License
s/by-nc/4.0/

Manuscript source: Unsolicited 
manuscript

Specialty type: Gastroenterology 
and Hepatology

Country/Territory of origin: China

Peer-review report’s scientific 
quality classification
Grade A (Excellent): 0 
Grade B (Very good): B 
Grade C (Good): C 
Grade D (Fair): D 
Grade E (Poor): 0

Received: July 4, 2020 
Peer-review started: July 4, 2020 
First decision: August 8, 2020 
Revised: August 15, 2020 
Accepted: November 12, 2020 
Article in press: November 12, 2020 
Published online: January 7, 2021

P-Reviewer: Kozarek RA, 
Thandassery RB 
S-Editor: Liu M (Part-Time Editor) 
L-Editor: Filipodia 
P-Editor: Ma YJ

CONCLUSION 
EUS-CPN is a safe and effective form of treatment for intractable pancreatic 
cancer-associated pain. Invisible ganglia, distant metastasis, and invasion of the 
celiac plexus were predictors of less effective response in EUS-CPN for pancreatic 
cancer-related pain. For these patients, efficacy warrants attention.

Key Words: Endoscopic ultrasound; Celiac plexus neurolysis; Pancreatic cancer; Pain; 
Predictor
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Core Tip: Endoscopic ultrasound-guided celiac plexus neurolysis (EUS-CPN) is widely 
used to treat pancreatic cancer-associated pain. However, response to treatment is 
variable. The procedure is not always effective, is often variable, and yields transient 
results. The data on determinants of pain relief response following EUS-CPN are 
limited and still need to undergo further exploration. Our study found that invisible 
ganglia, presence of distant metastases, and celiac plexus invasion were considered to 
be significantly negative variables. The strongest predictor of response was celiac 
plexus invasion. Moreover, tumors located at the body/tail predicted a better response 
than those with tumors at the pancreatic head/neck.

Citation: Han CQ, Tang XL, Zhang Q, Nie C, Liu J, Ding Z. Predictors of pain response after 
endoscopic ultrasound-guided celiac plexus neurolysis for abdominal pain caused by pancreatic 
malignancy. World J Gastroenterol 2021; 27(1): 69-79
URL: https://www.wjgnet.com/1007-9327/full/v27/i1/69.htm
DOI: https://dx.doi.org/10.3748/wjg.v27.i1.69

INTRODUCTION
Up to 90% advanced pancreatic cancer patients experience difficult-to-control pain 
syndromes[1]. Conventionally, pain is alleviated using a three-step analgesic ladder 
approach beginning with nonsteroidal anti-inflammatory agents followed by 
escalating doses of opiates[2]. However, pain is always refractory in some cases, posing 
a challenge to the physician. A high dose of such drugs still cannot provide adequate 
analgesia, especially for those patients experiencing intolerable drug-related side 
effects that can markedly reduce survival. In these patients, interventional pain 
techniques may be indicated.

In endoscopic ultrasound-guided celiac plexus neurolysis (EUS-CPN), a neurolytic 
agent disrupts the pain signal transductions from the afferent nerves to the spinal 
cord, and it has been widely applied as a minimally invasive approach. This procedure 
is able to decrease significantly the daily usage of morphine medications and relieve 
pain. The current National Comprehensive Cancer Network guidelines recommends 
EUS-CPN for treatment of severe cancer-associated pain[3]. Varied studies have 
reported that over 80% of patients achieved sustainable pain relief after treatment, and 
many even to the time of death[4,5].

However, the procedure is not always effective, is often variable, and has transient 
results. Subsequent studies showed the proportion of patients benefiting from pain 
amelioration is quite variable at 50% to 80%[6-8]. Optimization of treatment outcomes 
for the technique of neurolysis involves direct injection into the celiac ganglia, broad 
injection to involve the area around the superior mesenteric artery, and bilateral vs 
unilateral injection; lesion characteristics for optimization have been reported as well, 
but findings are controversial[7,9-12]. EUS-CPN is not recommended for patients 
suspected of having unfavorable outcomes. Moreover, the data on determinants of 
pain relief response following EUS-CPN are limited and still need to undergo further 
exploration. In this study, we attempt to summarize the predictive factors for response 
to EUS-CPN in pancreatic cancer with the goal of providing rational selection of the 
therapeutic strategies to alleviate pancreatic cancer-associated pain.
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MATERIALS AND METHODS
Study population
A total of 58 patients who were diagnosed with pancreatic cancer and underwent EUS-
CPN over a 4-year period (from January 2015 to December 2018) were included in this 
study. The inclusion criteria were as follows: (1) Patients over the age of 18 years; (2) 
Complete information; (3) Presence of unresectable or metastatic pancreatic cancer; (4) 
No receiving any palliative chemotherapy or radiation therapy; (5) No bleeding 
tendency (international normalized ratio ≤ 1.5 or platelet count ≥ 50,000 × 109/L); (6) 
No esophageal or gastric varices; and (7) Enduring abdominal or back pain due to 
confirmed pancreatic malignancy diagnosed by EUS guided fine-needle aspiration/ 
biopsy or percutaneous biopsy. The study was approved by the Ethics Committee of 
Tongji Medical College, Huazhong University of Science and Technology (IORG No: 
IORG0003571). All patients signed informed consent for EUS operation, and data were 
anonymized and de-identified.

Endoscopic procedure in EUS-CPN
Patients were hydrated with 500-1000 mL saline solution during the procedure to 
minimize the risk of hypotension. They were placed in the left lateral decubitus 
position, and propofol was administered for deep sedation. Vital signs were 
continuously monitored with an automated non-invasive blood pressure mea-
surement, electrocardiogram, and pulse oximetry.

EUS-CPN was performed by using the Olympus processor EU-ME2 with a linear 
array endoscopic ultrasonography (GF-UCT 260; Olympus, Tokyo, Japan). By tracing 
the aorta under real-time EUS guidance, the base of the celiac artery was identified. 
Celiac ganglia could be visualized between the celiac artery and the left adrenal gland. 
Typically for CPN unilateral injection, an Echo Tip 22-gauge needle (Cook Medical, 
Inc., Winston-Salem, NC, United States) primed with normal saline solution was 
inserted into the operating channel, affixed to the hub, and placed adjacent to the base 
of the celiac trunk at its origin from the aorta. In cases with bilateral injection, the same 
procedure was done, but injections were done at both sides of the celiac trunk with 
clockwise and counter-clockwise rotation (half of the dehydrated 98% absolute alcohol 
was injected in each side)[13,14]. After confirming no backflow of blood occurred, the 
celiac plexus injection by dehydrated 98% absolute alcohol was directly applied. A 
dense hyperechoic cloud was usually seen in the area of injection, and the injection 
was continued until spilling to the periganglionic space (Supplemental material). 
Whether a bilateral injection was carried out depended on the locations of intervening 
vessels, the tumor status, and invasion of the celiac plexus or not. Tumors extending to 
the para-aortic region from the level of the celiac axis to the origin of SMA were 
considered invasive of the celiac plexus. No antibiotics were administered before or 
post-CPN. All procedures were performed by a single endosonographer.

Pain scores
Pain intensity was evaluated by telephone interview and done objectively using a 
continuous visual analog scale (VAS), with 0 as no pain and 10 as worst possible pain. 
Detailed instructions explaining how to assess the VAS were read and the patients 
then informed the best VAS score that reflected their pain status. Good pain relief was 
defined as a decrease in the pain score by ≥ 3 or a ≥ 30% reduction in baseline pain 
without any increase in the narcotic daily dosing[15]. If the patients had no pain 
improvement or markedly increased pain or required additional doses of narcotic 
agents 1 wk after the procedure, the procedure was considered to be a failure.

Outcomes measures
Primary outcomes included the efficacy of EUS-CPN and the difference in pain control 
by VAS was compared. Pain management was evaluated at 1 wk and 4 wk after the 
CPN procedure. Secondary outcomes included analgesia requirement and adverse 
events. To minimize subjective variations in the evaluation of outcomes, the same 
authorized staff who was unaware of the detailed endoscopic procedures collected the 
outcomes of all patients.

Data collection
To analyze all possible factors that could affect the determinants of pain response in 
patients undergoing EUS-CPN for abdominal pain caused by pancreatic cancer, the 
following data were collected for each patient: Information regarding tumor 
characteristics (i.e. size, location, vascular invasion, and distant metastasis), procedure 
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details (including procedure method, dehydrated alcohol dose, visible or invisible 
ganglia, and intra-procedural heart rate change), the incidence of adverse events, and 
the dose of morphine medications administered before and after the assignment 
intervention. Heart rate change was defined as a decrease of ≥ 5 beats for ≥ 10 s during 
alcohol injection. Other covariates, including demographics (i.e. age, gender, initial 
VAS score), symptom (i.e. abdominal pain concomitant with jaundice and presence of 
ascites), were also collected.

Statistical analysis
Categorical data are presented as counts and percentages. Continuous variable results 
were presented as mean ± standard deviation. Associations among various categorical 
variables were constructed by Pearson’s chi-squared test, and non-categorical 
variables were analyzed by t tests. Subsequently, univariable and multivariable 
logistic regression analyses were carried out to examine potential predictors of pain 
response to the CPN procedure. All statistical analyses were performed using IBM 
SPSS software20.0 (SPSS, Armonk, NY, United States). Values were considered to be 
statistically significant if the P value was less than 0.05 (two-sided).

RESULTS
Patient demographic and clinical characteristics
A total of 58 patients with abdominal pain due to inoperable pancreatic cancer who 
underwent EUS-CPN were included. These cases consisted of 33 men and 25 women 
with a mean age of 67 years (range: 54-73 years). Predominant distribution of tumor 
location in pancreas was located in the body/tail (69.0%), and mean tumor diameter 
was 44.3 mm (range: 24-100 mm). Fifty-one patients were referred for initial evaluation 
of suspected pancreatic cancer and were first confirmed via EUS-fine needle aspiration 
(FNA) before undergoing EUS-CPN in the same session. The seven remaining patients 
had been previously diagnosed with pancreatic malignancy and were referred to our 
center for palliation with EUS-CPN only. The 51 patients had malignant tumors 
histologically confirmed by EUS-FNA of pancreas (n = 36), enlarged lymph nodes (n = 
8), and liver metastases (n = 3) or ascites cytology (n = 4). Of the entire group of 
patients, visible pre-procedural celiac ganglia were present in 42 patients (72.4%) 
during the EUS session. Direct invasion of the celiac plexus was detected in 16 (27.6%) 
patients, whereas 26 (44.8%) patients had distant metastasis. The patient clinical 
demographics, disease, and treatment characteristics are summarized in Table 1 and 
Figure 1.

Efficacy for palliation of pain after EUS-CPN
With regard to therapeutic effect, the mean dose of alcohol injection was 10 mL (range: 
5-20 mL). The mean initial VAS score was 8, and 51 patients (87.9%) were already 
taking narcotic analgesics prior to EUS-CPN. The tramadol dose used was 50 mg per 
time (range: 0–300). The rates of good pain response, defined as a drop of VAS score 
by ≥ 3 points in pain scale with subjective pain improvements without additional 
narcotics, were 74.1% and 67.2% of patients at 1 wk and 4 wk after EUS-guided 
neurolysis, respectively. The other patients were regarded as treatment failures, 
because either the pain was not better by ≥ 3 points from the baseline VAS score or 
they were feeling not better and increased their dose of tramadol medication after 
EUS-CPN. In the successful-treatment group, there was clearly a persistent treatment 
effect where pain relief lasted for 1–16 wk (until death in eight patients). Overall, there 
was a significant reduction in pain score from a mean of 8.2 at baseline to 4.4 at 1 wk (
P = 0.004) and to 4.9 at 4 wk (P = 0.012) in all patients.

Predictors associated with pain response after EUS-CPN
To assess the predictive factors for pain response at 1 wk and 4 wk in patients who 
underwent EUS-CPN, variable data between the successful-treatment and the 
insufficient groups were compared. At 1 wk, tumors located in the body/tail of the 
pancreas and patients receiving bilateral procedure were weakly associated with a 
good response, but this was not statistically significant (P = 0.094; P = 0.087, 
respectively) (Table 2). However, invisible ganglia and presence of distant metastasis 
were significant negative predictive factors in the univariable analysis [odds ratio (OR) 
= 3.574, 95% confidence interval (CI): 1.80-14.24, P = 0.003; OR = 5.940, 95%CI: 1.31-
11.82, P = 0.015]. Moreover, invasion of the celiac plexus was significantly associated 
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Table 1 Baseline characteristics of patients who underwent endoscopic ultrasound-guided celiac plexus neurolysis [n (%), n = 58]

Independent variables Total number

Age in yr, range (mean) 54–73 (67) 

Gender, female/male 25/33

Symptom

Abdominal pain concomitant with jaundice Tumor largest dimension in mm, range (mean) 6 (10.3)

Ascites, slight or mild 24–100 (44.3)

Tumor location 4 (6.9)

Pancreatic head/neck

Pancreatic body/tail 18 (31.0)

Initial VAS score, range (mean) 40 (69.0)

Tramadol use before EUS-CPN 6-10 (8)

Dose in mg, range (mean) 51 (87.9)

Ganglia visualized 0-240 (40)

Invasion of celiac plexus 42 (72.4)

Distant metastasis 16 (27.6)

Injected alcohol dose in mL, range (mean) 26 (44.8) 

Procedure method 5–20 (10)

Unilateral

Bilateral 33 (56.9)

Intra-procedural decrease in heart rate 25 (43.1)

decrease of ≥ 5 beats for ≥ 10 s 

48 (82.8) 

EUS-CPN: Endoscopic ultrasound-guided celiac plexus neurolysis; VAS: Visual analog scale.

with a poor pain response (OR = 7.922, P = 0.001). When these factors were subjected 
to multivariable logistic regression analysis, invisible ganglia, presence of distant 
metastases, and celiac plexus invasion were identified as significant negative 
independent pain response factors to EUS-CPN (Table 3). The other factors age, 
gender, symptom, tumor size, presence of ascites, and initial pain scores did not differ 
significantly between the two groups (Table 2). Furthermore, neither the pre-
intervention tramadol dose use nor injected alcohol dose correlated with the outcome 
of EUS-CPN. Finally, there was no statistical difference in response to diagnosis 
between patients who were presenting for initial evaluation by EUS-FNA and those 
who already had a biopsy-proven pancreatic cancer.

Similarly, at 4 wk, invisible ganglia, presence of distant metastases, and celiac 
plexus invasion were significant negative predictive factors in univariable analysis (P 
= 0.003, P = 0.009 and P = 0.001, respectively) (Table 4). At multivariate regression 
analysis of potential predictors, invisible ganglia, presence of distant metastases, and 
celiac plexus invasion were associated with a bad pain response (P = 0.037, P = 0.019 
and P = 0.001, respectively). The strongest predictor of response was celiac plexus 
invasion, which yielded a 15-fold higher chance of response for those patients 
compared with those without celiac plexus invasion (Table 5).

Complication after EUS-CPN
Complications occurred in 10.3% of enrolled patients. No serious adverse events 
including ischemic, inebriation, and acute paraplegia related to EUS-CPN occurred. 
Most of the complications were minor and transitory self-limited and included 
hypotension (1.7%), increase of pain (5.2%), and transient loose stools (3.4%).
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Table 2 Univariable analysis of variables associated with pain response after 1 wk in the enrolled cohort of 58 patients

Independent variables OR 95%CI P value

Age in yr 1.084 0.60-3.88 0.212

Gender, female/male 1.39 0.43-3.79 0.64

Symptom

Abdominal pain concomitant with jaundice 1.29 0.53–3.26 0.581

Tumor largest dimension 1.32 0.45-4.69 0.665

Ascites 1.772 0.59–6.84 0.437

Tumor location

Pancreatic head/neck 2.071 0.60-7.09 0.232

Pancreatic body/tail 0.617 0.65-10.40 0.094

Initial VAS score 2.231 0.76-5.41 0.132

Tramadol use before EUS-CPN 1.339 0.54-15.39 0.327

Invisible ganglia 3.574 1.80-14.24 0.003

Invasion of celiac plexus 7.922 2.24-25.93 0.001

Distant metastasis 5.94 1.31–11.82 0.015

Injected alcohol dose 3.825 1.12–13.42 0.437

Procedure method 

Unilateral 1.677 0.84–11.48 0.591

Bilateral 0.489 0.11–1.12 0.087

Intra-procedural decrease in heart rate 1.011 0.91–2.08 0.933

OR: Odds ratio; CI: Confidence interval; EUS-CPN: Endoscopic ultrasound-guided celiac plexus neurolysis; VAS: Visual analogue scale.

Table 3 Multivariate analysis for predictors affecting pain response after 1 wk by endoscopic ultrasound-guided celiac plexus 
neurolysis

Independent variables OR 95%CI P value

Ganglia invisible 4.9 2.25-17.91 0.011

Invasion of celiac plexus 13.2 3.02-46.27 0.003

Distant metastasis 6.84 2.34–19.15 0.022

Summarizes the results of the multivariate analyses of the predictive factors associated with pain relief by EUS-CPN. The only independent predictive 
factors that achieved statistical significance in the univariate analysis were included. CI: Confidence interval; EUS-CPN: Endoscopic ultrasound-guided 
celiac plexus neurolysis; OR: Odds ratio.

DISCUSSION
Pancreatic cancer is often associated with intense and refractory pain. EUS-CPN was 
demonstrated to be safe and significantly improved pain control in 88% of patients 
with pancreatic cancer[16]. However, subsequent studies showed substantial variation 
in the proportion of patients experiencing pain relief[17]. This wide range is mainly 
attributable to differences in the characteristics of patients and the lack of standardized 
operation. For these reasons, it is difficult to compare the efficacy rate of EUS-CPN. 
Therefore, the current study was designed to analyze potential factors influencing 
EUS-CPN efficacy in patients with pancreatic cancer. Our data revealed that patients 
with invisible ganglia, distant metastasis, and invasion of the celiac plexus were 
predictors of less effective response in EUS-guided neurolysis for pancreatic cancer-
related pain.

Our results demonstrated that invisible ganglia, presence of distant metastases, and 
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Table 4 Univariable analysis of variables associated with pain response after 4 wk in the enrolled cohort of 58 patients

Independent variables OR 95%CI P value

Age in yr 1.091 0.63-3.94 0.209

Gender, female/male 1.124 0.47-3.99 0.532

Symptom

Abdominal pain concomitant with 1.384 0.43–4.82 0.618

jaundice 1.496 0.32-5.92 0.701

Tumor largest dimension 1.921 0.79–9.34 0.408

Ascites

Tumor location 3.59 0.40-10.06 0.184

Pancreatic head/neck 0.42 0.15-12.77 0.082

Pancreatic body/tail 2.93 0.42-8.17 0.101

Initial VAS score 2.91 0.24-19.40 0.149

Tramadol use before EUS-CPN 4.02 1.62-13.27 0.003

Invisible ganglia 8.84 2.11-23.32 0.001

Invasion of celiac plexus 7.83 1.81–15.77 0.009

Distant metastasis 4.90 1.32–17.91 0.394

Injected alcohol dose

Procedure method 2.87 0.44–17.41 0.502

Unilateral 0.54 0.16–1.99 0.093

Bilateral 0.94 0.42–3.12 0.858

Intra-procedural decrease in heart rate

CI: Confidence interval; EUS-CPN: Endoscopic ultrasound-guided celiac plexus neurolysis; OR: Odds ratio; VAS: Visual analogue scale.

Table 5 Multivariate analysis for predictors affecting pain response after 4 wk by endoscopic ultrasound-guided celiac plexus 
neurolysis

Independent variables OR 95%CI P value

Invisible ganglia 5.85 2.66-22.73 0.037

Invasion of celiac plexus 15.11 4.01-51.22 0.001

Distant metastasis 8.59 2.16–27.02 0.019

Summarizes the results of the multivariate analyses of the predictive factors associated with pain relief by EUS-CPN. The only independent predictive 
factors that achieved statistical significance in the univariate analysis were included. CI: Confidence interval; EUS-CPN: Endoscopic ultrasound-guided 
celiac plexus neurolysis; OR: Odds ratio.

celiac plexus invasion were significant negative variables at 1 wk and 4 wk after EUS-
CPN by univariable analysis and multivariate regression analysis. The strongest 
predictor of response was celiac plexus invasion, which may be related to perineural 
invasion of pancreatic nerves by tumor cells. Direct invasion of the ganglia or plexus 
may result in patients with pain not mediated by the celiac plexus[1]. In fact, FNA of the 
celiac ganglia has confirmed invasion by malignant cells in some patients with 
pancreatic cancer[18]. The reason also may be that cancer invasion restricts the spread of 
neurolytic solution and limits the subsequent pain relief[19]. Iwata et al[20] also suggested 
that EUS-CPN seems to be less effective in patients with direct invasion of the celiac 
plexus.

There are mixed findings regarding bilateral or unilateral approach, and a recent 
meta-analysis showed that the short-term analgesic effect and general risk of bilateral 
EUS-CPN are comparable with those of unilateral EUS-CPN[9]. There were no 



Han CQ et al. Predictors of pain response by EUS-CPN

WJG https://www.wjgnet.com 76 January 7, 2021 Volume 27 Issue 1

Figure 1  Varied pancreatic lesions are shown by contrast-enhanced computed tomography image. A: The lesion was located in head/neck of 
pancreas; B: The lesion was located in body/tail of pancreas; C: Pancreatic head lesion was associated with celiac trunk and celiac plexus invasion; D: The image 
showed a pancreatic body/tail invading the celiac plexus; E: Pancreatic head/neck lesion was accompanied with hepatic metastasis; F: Pancreatic body/tail lesion 
was accompanied with hepatic metastasis.

differences in onset or duration of pain relief when either one or two injections were 
used[13,14,21]. In our cohort patients, the bilateral method was associated with a good 
pain response but no statistical significance (P = 0.087). With regard to the dose of 
alcohol used in EUS-CPN, the amount of alcohol used in EUS-CPN ranged from 2 mL 
to 20 mL[22-24]. Our results found that there was no difference in the dose of alcohol 
used in EUS-CPN, which is consistent with the results described by Leblanc et al[25]. 
Leblanc et al[25] indicated that similar clinical outcomes were seen in the 10 mL and 20 
mL alcohol groups with respect to overall pain relief, weekly pain scores, onset of pain 
relief, and proportion of complete responders.

However, according to our data, tumors located at the body/tail predicted a better 
response than those with tumors at the pancreatic head/neck after 1 wk or 4 wk, 
although there were no significant differences (P = 0.094 and P = 0.082 L, respectively). 
This is in contrast to previous literature reports[26]. Ascunce et al[1] reported that tumors 
located outside the head of the pancreas were weakly associated with a good response. 
Rykowski et al[27] also reported that the posterior transcutaneous CPN technique was 
more effective in tumors involving the pancreatic head than in those affecting the body 
and tail of the pancreas. On the other hand, our finding was inconsistent with a 
previous study on heart rate change. Recently, Bang et al[28] discussed a direct 
correlation between the increase in heart rate during alcohol injection and treatment 
outcomes. They found that during EUS-CPN, the heart rate change cohort had 
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significantly better adjusted scores for pain, financial difficulties, weight loss, and 
satisfaction with body image. Especially, a rise in heart rate during alcohol injection 
appeared to signal successful targeting of the celiac plexus and may be a simple 
predictor of treatment outcome. However, during alcohol injection in our cohort, the 
intra-procedural heart rate was decreased in ≥ 80% of patients. The heart rate always 
decreased when the alcohol was injected into the celiac plexus, and it returned to 
baseline level after several seconds.

Certainly, the present study has its inherent limitations that should be considered. 
First, the study is retrospective and the samples of patients are relatively small, 
suggesting restricted application of the results. A second limitation is the difficulty in 
measuring pain score, which was variable and a subjective measure. Finally, we failed 
to supply any results beyond 4 wk, because over time the efficacy of CPN decreased. 
Also, beyond 4 wk to 16 wk, there were fewer patients for analyzing these data. 
Therefore, we did not include these patients who received treatment more than 4 wk 
in the study (data not shown). We also could not compare the survival of patients who 
did CPN and those who did not. In order to evaluate objectively the significance of 
these parameters, a large group of multicenter, prospective, randomized trials are 
required.

CONCLUSION
Our study found that EUS-CPN is a safe and effective form of treatment for intractable 
pancreatic cancer-associated pain. EUS-CPN seems to be less effective in patients with 
invisible ganglia, distant metastasis, and direct invasion of the celiac plexus. For these 
patients, additional attention should be paid to efficacy.

ARTICLE HIGHLIGHTS
Research background
Endoscopic ultrasound-guided celiac plexus neurolysis (EUS-CPN) is widely used to 
treat pancreatic cancer-associated pain.

Research motivation
Response to the treatment of EUS-CPN is variable.

Research objectives
To explore determinants of pain response in EUS-CPN for pancreatic cancer-associated 
pain.

Research methods
Univariable and multivariable logistic regression analyses were performed to explore 
predictors of pain response.

Research results
Invisible ganglia, metastatic disease, and invasion of the celiac plexus were identified 
as significant factors for a negative response to EUS-CPN. No severe adverse events 
were reported.

Research conclusions
Invisible ganglia, distant metastasis, and invasion of the celiac plexus were predictors 
of less effective response in EUS-CPN for pancreatic cancer-related pain. For these 
patients, attention should be given regarding efficacy.

Research perspectives
These findings could be helpful to endoscopists or oncologists to develop an 
appropriate treatment scheme for pain management in pancreatic cancer patients.
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Abstract
BACKGROUND 
Hepatic steatosis commonly occurs in some chronic liver diseases and may affect 
disease progression.

AIM 
To investigate the performance of controlled attenuation parameter (CAP) for the 
diagnosis of hepatic steatosis in patients with autoimmune liver diseases (AILDs).

METHODS 
Patients who were suspected of having AILDs and underwent liver biopsy were 
consistently enrolled. Liver stiffness measurement (LSM) and CAP were 
performed by transient elastography. The area under the receiver operating 
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characteristic (AUROC) curve was used to evaluate the performance of CAP for 
diagnosing hepatic steatosis compared with biopsy.

RESULTS 
Among 190 patients with biopsy-proven hepatic steatosis, 69 were diagnosed with 
autoimmune hepatitis (AIH), 18 with primary biliary cholangitis (PBC), and 27 
with AIH-PBC overlap syndrome. The AUROCs of CAP for the diagnosis of 
steatosis in AILDS were 0.878 (0.791-0.965) for S1, 0.764 (0.676-0.853) for S2, and 
0.821 (0.716-0.926) for S3. The CAP value was significantly related to hepatic 
steatosis grade (P < 0.001). Among 69 patients with AIH, the median CAP score 
was 205.63 ± 47.36 dB/m for S0, 258.41 ± 42.83 dB/m for S1, 293.00 ± 37.18 dB/m 
for S2, and 313.60 ± 27.89 dB/m for S3. Compared with patients with nonalcoholic 
fatty liver disease (NAFLD) presenting with autoimmune markers, patients with 
AIH concomitant with NAFLD were much older and had higher serum IgG levels 
and LSM values.

CONCLUSION 
CAP can be used as a noninvasive diagnostic method to evaluate hepatic steatosis 
in patients with AILDs. Determination of LSM combined with CAP may help to 
identify patients with AIH concomitant with NAFLD from those with NAFLD 
with autoimmune phenomena.

Key Words: Controlled attenuation parameter; Hepatic steatosis; Autoimmune liver 
diseases; Nonalcoholic fatty liver disease; Liver stiffness measurement; Autoimmune 
hepatitis

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This retrospective study determined that controlled attenuation parameter 
(CAP) could be used as a noninvasive diagnostic tool to evaluate hepatic steatosis 
effectively and accurately in patients with autoimmune liver diseases. Patients with 
autoimmune hepatitis concomitant with nonalcoholic fatty liver disease (NAFLD) had 
higher IgG levels and liver stiffness measurement values, while patients with NAFLD 
with autoimmune phenomena had higher gamma-glutamyl transferase levels and CAP 
values, which benefits the identification of these two kinds of patients.

Citation: Ni XX, Lian M, Wu HM, Li XY, Sheng L, Bao H, Miao Q, Xiao X, Guo CJ, Li H, Ma 
X, Hua J. Evaluation of controlled attenuation parameter in assessing hepatic steatosis in 
patients with autoimmune liver diseases. World J Gastroenterol 2021; 27(1): 80-91
URL: https://www.wjgnet.com/1007-9327/full/v27/i1/80.htm
DOI: https://dx.doi.org/10.3748/wjg.v27.i1.80

INTRODUCTION
Hepatic steatosis is the accumulation of lipids within hepatocytes and is considered 
pathologic when it affects more than 5% of hepatocytes[1]. The most common cause of 
steatosis is insulin resistance associated with nonalcoholic fatty liver disease 
(NAFLD)[2]. It also occurs in alcoholic liver disease and chronic viral hepatitis, defined 
as a “cofactor” capable of affecting disease progression and treatment perspectives[3]. 
Autoimmune liver diseases (AILDs) are a group of autoimmune diseases associated 
with the liver and are characterized by dysregulation of immune cell homeostasis and 
inflammation, including autoimmune hepatitis (AIH), primary biliary cholangitis 
(PBC), primary sclerosing cholangitis, and their overlapping subtypes[4,5]. When 
hepatic steatosis is present in subjects with AILDs, this coexisting scenario may cause a 
synergistic combination of steatosis, cellular adaptation, and oxidative damage that 
aggravates liver injury and affects the treatment effect[6]. Moreover, the standard 
regimen for AIH involves glucocorticoids[7], the long-term administration of which will 
further aggravate hepatic steatosis. However, the incidence of AILDs combined with 
hepatic steatosis has not been reported. Therefore, the evaluation of hepatic steatosis is 
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a component that cannot be ignored in the management of patients with AILDs.
Liver biopsy is considered the standard method for staging hepatic inflammation, 

steatosis, and fibrosis. Thus, it plays a vital role in the diagnosis and follow-up of 
AILDs[7,8]. However, liver biopsy is an invasive procedure, which bears a potential risk 
of severe complications and is of limited acceptance among patients. Furthermore, the 
severity of hepatic steatosis may change within weeks after treatment that cannot be 
sufficiently monitored by repetitive invasive procedures. Accordingly, noninvasive 
assessments are urgently needed[9].

The controlled attenuation parameter (CAP) measured by transient elastography 
(TE) is an easy and rapid noninvasive examination method for the detection of hepatic 
steatosis. It is based on the physical phenomenon that the amplitude of ultrasound 
waves is attenuated more quickly when they traverse across a steatotic liver[10,11]. TE 
can also quantify the speed of a mechanically induced shear wave in liver tissue and 
hence generate a parameter called liver stiffness measurement (LSM) to estimate liver 
fibrosis[12]. CAP is measured simultaneously with LSM, making it possible to assess 
hepatic steatosis and fibrosis at the same time. Studies with CAP have been performed 
in NAFLD, alcoholic liver disease, and viral hepatitis, but very few data are available 
on AILDs[13-15]. It has been showed that in patients with chronic viral hepatitis and 
advanced liver fibrosis, CAP performed better than ultrasound for assessing liver 
steatosis[16]. Besides, a recent meta-analysis showed that CAP diagnosed moderate and 
severe hepatic steatosis with diagnostic accuracies above 0.85 in patients with liver 
disease of mixed etiology. However, the analysis did not include patients with 
AILDs[17].

In this study, we assessed the performance of CAP for evaluating hepatic steatosis 
in AILDs to determine whether it could be regarded as a reliable tool to monitor 
disease course.

MATERIALS AND METHODS
Patients
Patients who were suspected of having AILDs and eventually underwent liver biopsy 
at Shanghai Jiao Tong University Renji Hospital were consistently enrolled from 
January 2016 to November 2018. A total of 800 patients were analyzed for steatosis in 
liver histology.

Diagnostic criteria
Diagnosis was made according to the diagnostic criteria described in the clinical 
practice guidelines for AIH, PBC, AIH-PBC overlap syndrome, and NAFLD. AIH[18] 
was diagnosed according to a simple score based on four measurements: Liver 
histology, autoantibody titers, gamma-globulin/IgG levels, and the absence of viral 
hepatitis. The diagnosis of PBC[19] required fulfilment of two or more of the following 
criteria: (1) Biochemical evidence of cholestasis based mainly on alkaline phosphatase 
(AKP) elevation; (2) Detection of anti-mitochondrial autoantibodies (AMA); and (3) 
Typical histologic evidence of nonsuppurative destructive cholangitis and destruction 
of interlobular bile ducts. AIH-PBC overlap syndrome[20] was diagnosed based on 
clinical, biochemical, serological, and histological features overlapping those of PBC 
and AIH. The diagnosis of NAFLD[21] required imaging or histological evidence of 
diffuse hepatic steatosis and ruling out other causes of hepatic steatosis, such as 
excessive alcohol consumption.

Histological examination
Percutaneous liver biopsy guided by ultrasound was performed under local anesthesia 
using a 16G disposable needle. Liver specimens at least 1 cm in length with eight 
complete portal tracts were included. The specimens were immediately fixed in 10% 
neutral formalin and embedded in paraffin. Hematoxylin and eosin staining was used 
to observe the morphology of the liver, and Masson’s trichrome and reticulin staining 
was performed to detect fibrosis. One single experienced pathologist who was blinded 
to the patients’ clinical data assessed liver histology using a METAVIR-derived scoring 
system. Hepatic steatosis was scored as S0: < 5%, S1: 5%-33%, S2: > 33%-66%, and S3: > 
66%. Fibrosis was staged as follows: F0, no fibrosis; F1, portal fibrosis without septa; 
F2, portal and periportal fibrosis with few septa; F3, portal and periportal fibrosis with 
numerous septa without cirrhosis; and F4, cirrhosis. Hepatic inflammatory activity 
was graded as follows: A0, none; A1, mild; A2, moderate; and A3, severe.
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Clinical measurements
Medical records of the patients who were finally included were reviewed, and clinical 
data and laboratory findings were collected and analyzed. Body mass index (BMI) was 
calculated. Laboratory evaluations included liver biochemistry [i.e., alanine 
aminotransferase (ALT), aspartate aminotransferase, AKP, gamma-glutamyl 
transferase (GGT), total bilirubin, direct bilirubin, globulin, and albumin], serum 
immunoglobulins (IgG, IgM, and IgA), routine blood tests (white blood cell count and 
platelet count), and prothrombin time. Serum autoantibodies, including anti-nuclear 
antibody (ANA), AMA, and anti-smooth muscle actin antibody (ASMA), were 
detected by indirect immunofluorescence (Euroimmun AG, Hangzhou, China).

CAP and LSM by TE
TE measured with a FibroScan device and an M probe ultrasound transducer 
(Echosens, Paris, France) was performed in all patients who underwent liver biopsy on 
the same day. Subjects were placed in the supine position with the right arm in 
maximal abduction, and measurements were taken over the right hepatic lobe through 
an intercostal space. We obtained ten valid CAP and LSM measurements from each 
participant and considered LSM with an interquartile range ≤ 30% and a success rate ≥ 
60% as reliable. The median CAP and LSM were taken as the estimates for hepatic 
steatosis and fibrosis, expressed in dB/m and kilopascals (kPa), respectively.

Statistical analysis
Data were analyzed using SPSS software version 22.0 (SPSS Inc, Chicago, IL, United 
States). Summary data are reported as the mean ± SD or median (interquartile range) 
according to distribution. Quantitative variables were compared using independent 
samples Student’s t-test or one-way analysis of variance when appropriate. 
Spearman’s rank correlation test was used to explore the correlation between CAP and 
hepatic steatosis grade. The diagnostic accuracy of CAP for the prediction of hepatic 
steatosis grade was calculated using a receiver operator characteristic (ROC) curve. 
Optimal CAP cut-off values for each steatosis stage were determined based on the 
highest combined sensitivity and specificity (Youden index). The area under the ROC 
curve (AUROC), sensitivity, specificity, positive predictive value, and negative 
predictive value for the predefined cut-off values were calculated. A P value < 0.05 
was considered statistically significant.

RESULTS
Characteristics of the patients
In 800 patients with liver biopsy, a total of 190 patients were finally included in the 
study according to the existence of various grades of hepatic steatosis in liver 
histology, with a mean age of 46.36 ± 12.82 years, including 45 males (23.68%) and 145 
females (76.32%). Among these patients, 69 were diagnosed with AIH, 18 with PBC, 27 
with AIH-PBC overlap syndrome, 66 with NAFLD, and 10 with other liver diseases. In 
all patients, the prevalence of autoantibodies, including ANA, AMA, and ASMA, was 
70.53%. The average BMI was 23.97 ± 2.69 kg/m2.

Diagnostic accuracy of CAP to grade hepatic steatosis in patients with mixed 
etiology liver disease
In all 190 patients, the median CAP score was 270.17 ± 54.52 dB/m, and the median 
LSM score was 7.66 ± 5.57 kPa (Table 1). The distribution of the CAP value for each 
steatosis grade in all patients with mixed etiology liver disease is as follows. The 
median CAP score was 201.6 ± 46.78 dB/m for S0, 260.5 ± 47.92 dB/m for S1, 293.6 ± 
40.13 dB/m for S2, and 307.4 ± 45.31 dB/m for S3. The CAP value was significantly 
related to hepatic steatosis grade (ρ = 0.549, P < 0.001) (Figure 1A).

The AUROCs of CAP for the diagnosis of steatosis were 0.883 (0.807-0.958) for S1, 
0.772 (0.705-0.838) for S2, and 0.732 (0.640-0.824) for S3 (Figure 1B-D and Table 2). The 
optimal cut-off values of CAP for steatosis grades were 229 dB/m for S ≥ 1, 259 dB/m 
for S ≥ 2, and 283.5 dB/m for S3 with the highest combined sensitivity and specificity 
(Table 2).

Diagnostic accuracy of CAP for grading hepatic steatosis in AILDs
Next, we further assessed the performance of CAP for evaluating hepatic steatosis in 
AILDs. The median CAP score for each steatosis grade in AILDs was very similar to 
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Table 1 Baseline patient characteristics

Variable All (n = 190) AILDs (n = 114) NAFLD (n = 66)

Age, yr 46.36 ± 12.82 48.72 ± 11.57 42.15 ± 13.80

Male sex, n (%) 45 (23.68) 23 (20.18) 18 (27.27)

BMI, kg/m2 23.97 ± 2.69 24.33 ± 1.80 23.63 ± 2.34

Prevalence of autoantibodies, n (%) 134 (70.53) 89 (78.07) 37 (56.06)

Laboratory

AST, U/L 63.96 ± 86.42 72.54 ± 102.23 54.6 ± 59.10

ALT, U/L 83.86 ± 86.42 81.98 ± 92.78 92.81 ± 78.67

LDH, U/L 182.70 ± 35.43 183.02 ± 37.39 182.64 ± 32.86

AKP, U/L 80.00 (63.00, 108.50) 85.00 (62.25, 129.5) 75.00 (64.00, 94.00)

GGT, U/L 103.67 ± 126.83 126.00 ± 151.92 76.82 ± 73.15

Total bilirubin, mg/dL 10.90 (8.10, 15.30) 11.20 (8.30, 16.70) 9.80 (6.95, 14.15)

Direct bilirubin, mg/dL 3.60 (2.80, 4.90) 3.70 (2.90, 5.70) 3.45 (2.52, 4.50)

Histological steatosis stage, n (%)

S0 (< 5%) 22 (11.6) 20 (11.1) 0 (0.0)

S1 (5%-33%) 85 (44.7) 61 (33.9) 16 (24.2)

S2 (> 33%-66%) 55 (28.9) 28 (15.6) 27 (40.9)

S3 (> 66%) 28 (14.7) 5 (2.8) 23 (34.8)

Histological fibrosis stage, n (%)

F0 (no fibrosis) 12 (6.3) 1 (0.9) 10 (15.2)

F1 (portal fibrosis without septa) 70 (36.8) 38 (33.3) 30 (45.5)

F2 (portal and periportal fibrosis with few septa) 64 (33.7) 40 (35.1) 18 (27.3)

F3 (portal and periportal fibrosis with numerous 
septa without cirrhosis)

35 (18.4) 26 (22.8) 8 (12.1)

F4 (cirrhosis) 9 (4.7) 9 (7.9) 0 (0.0)

CAP, dB/m 270.17 ± 54.52 261.73 ± 53.80 290.97 ± 50.68

LSM, kPa 7.66 ± 5.57 8.48 ± 6.50 6.61 ± 3.66

Distributions are expressed as the mean ± SD or median (interquartile range) or number (percentage). AIH: Autoimmune hepatitis; NAFLD: Nonalcoholic 
fatty liver disease; BMI: Body mass index; AKP: Alkaline phosphatase; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; CAP: Controlled 
attenuation parameter; GGT: Gamma-glutamyl transferase; LDH: Lactate dehydrogenase; LSM: Liver stiffness measurement.

that in all patients. The CAP value was also significantly related to hepatic steatosis 
grade (ρ = 0.553, P < 0.001) (Figure 2A). The AUROCs of CAP for the diagnosis of 
steatosis in AILDs were 0.878 (0.791-0.965) for S1, 0.764 (0.676-0.853) for S2, and 0.821 
(0.716-0.926) for S3 (Figure 2D-F and Table 2). The optimal cut-off values of CAP for 
steatosis grades were 220.5 dB/m for S ≥ 1, 271.5 dB/m for S ≥ 2, and 283.5 dB/m for 
S3 (Table 2).

Considering the relatively high incidence and clinical significance of AIH, we 
focused on calculating the median CAP value for patients with AIH. Among 69 
patients with AIH, the median CAP score was 205.63 ± 47.36 dB/m for S0, 258.41 ± 
42.83 dB/m for S1, 293.00 ± 37.18 dB/m for S2, and 313.60 ± 27.89 dB/m for S3 
(Figure 2B). Furthermore, there was no significant difference in the median CAP value 
between patients with AIH and NAFLD in each hepatic steatosis grade (Figure 2C).

Factors affecting the performance of CAP
Univariate and multivariate analyses showed that the CAP value was significantly 
correlated with BMI and hepatic steatosis (P < 0.001, P < 0.001). When patients were 
divided into three subgroups according to BMI < 24 kg/m2, 24-27 kg/m2, and BMI ≥ 27 
kg/m2, patients with BMI ≥ 27 kg/m2 had a significantly higher CAP value than the 
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Table 2 Diagnostic performance of controlled attenuation parameter for assessment of hepatic steatosis in patients with mixed etiology 
liver disease and in patients with autoimmune liver diseases

Etiology Grade AUROC (95%CI) Cut-off, dB/m (kPa) Sensitivity Specificity PPV NPV

S ≥ 1 0.883 (0.807-0.958) 229 0.852 0.714 0.960 0.375

S ≥ 2 0.772 (0.705-0.838) 259 0.875 0.636 0.636 0.875

Mixed etiology

S = 3 0.732 (0.640-0.824) 283.5 0.750 0.654 0.273 0.938

S ≥ 1 0.878 (0.791-0.965) 220.5 0.874 0.737 0.937 0.538

S ≥ 2 0.764 (0.676-0.853) 271.5 0.818 0.704 0.510 0.937

AILDs

S = 3 0.821 (0.716-0.926) 283.5 1.000 0.688 0.128 1.000

AUROC: Area under receiver operating characteristic; CAP: Controlled attenuation parameter; NPV: Negative predictive value; PPV: Positive predictive 
value.

Figure 1 The receiver operator characteristic curve of controlled attenuation parameter for diagnosis of hepatic steatosis grade in 
patients with mixed etiology liver disease. A: Correlation between the controlled attenuation parameter (CAP) and the grade of hepatic steatosis (ρ = 0.549, 
P < 0.001); B-D: The receiver operator characteristic curve of CAP for diagnosis of (B) steatosis grade ≥ S1, (C) steatosis grade ≥ S2, and (D) steatosis grade ≥ S3 
in patients with mixed etiology liver disease. bP < 0.01 vs S0; dP < 0.01. CAP: Controlled attenuation parameter.

other two groups (Figure 3). The performance of CAP was stable across fibrosis stages. 
In addition, traditional factors affecting the performance of LSM, such as bilirubin and 
serum ALT level, did not affect the performance of CAP (data not shown).
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Figure 2 Controlled attenuation parameter value in different hepatic steatosis grades and etiologies and the receiver operator 
characteristic curve of controlled attenuation parameter for diagnosis of hepatic steatosis grade in patients with autoimmune liver 
diseases. A and B: Correlation between the controlled attenuation parameter (CAP) and the grade of hepatic steatosis in patients with (A) autoimmune liver 
diseases (AILDs) or (B) autoimmune hepatitis (AIH); C: Comparison of the CAP value in patients with AIH and nonalcoholic fatty liver disease in different hepatic 
steatosis grades; D-F: The receiver operator characteristic curve of CAP for diagnosis of (D) steatosis grade ≥ S1, (E) steatosis grade ≥ S2, and (F) steatosis grade 
≥ S3 in patients with AILDs. aP < 0.05; bP < 0.01 vs S0; cP < 0.05; dP < 0.01. CAP: Controlled attenuation parameter; AIH: Autoimmune hepatitis; NAFLD: 
Nonalcoholic fatty liver disease.
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Comparative analysis of patients with AIH concomitant with NAFLD and patients 
with NAFLD with autoimmune phenomena
In this study, we defined patients with histologic evidence of both AIH and NAFLD as 
patients with AIH concomitant with NAFLD and patients with histologic evidence of 
NAFLD and positive autoantibodies or elevated IgG or IgM as patients with NAFLD 
with autoimmune phenomena.

The results showed that patients with AIH concomitant with NAFLD were older 
and had higher IgG levels and LSM values than patients with NAFLD with 
autoimmune phenomena. In contrast, the GGT level and CAP value were higher in 
patients with NAFLD with autoimmune phenomena (Table 3). Interestingly, when we 
compared the LSM value in each steatosis grade of the two groups, patients with AIH 
concomitant with NAFLD were higher in both S1 and S3 grades, suggesting a potential 
diagnostic marker for patients with AIH concomitant with NAFLD.

DISCUSSION
The prevalence of hepatic steatosis is rising in association with the global increase in 
obesity. The overall prevalence of NAFLD over the past two decades is 29.6%, up to 
46.4% in heavy drinkers and 50%-80% in the obese population[22]. Close attention was 
paid to the potential interactions between chronic liver disease and hepatic steatosis 
with the growing NAFLD prevalence. However, the particular role of hepatic steatosis 
has been less of a focus of attention in AILDs than in other chronic liver diseases, 
partly due to the lack of proper evaluation tools. Herein, we demonstrated that CAP 
measured by TE could be used as a noninvasive diagnostic tool to evaluate hepatic 
steatosis effectively and accurately in patients with AILDs.

In this study, we confirmed that CAP correlated well with hepatic steatosis on 
histology, and we were able to establish cut-off values with high diagnostic accuracies. 
The cut-off values for each steatosis grade in patients with mixed etiology liver disease 
were similar to the previously proposed cut-off values in an individual patient data 
meta-analysis (229 dB/m for S ≥ 1, 258 dB/m for S ≥ 2)[17]. However, the accuracy of 
CAP in separating steatosis grades 2 and 3 was suboptimal, which was similar to prior 
reports[13]. Nevertheless, in clinical practice, the identification of moderate steatosis is 
of greater utility than distinctions between S2 and S3, and thus, the Youden cut-off for 
S2 of 258 dB/m is sufficient.

Given the high risk of glycolipid metabolism disorder and increased possibility of 
hepatic steatosis in patients with AIH due to the long-term administration of 
immunosuppressive drugs such as glucocorticoids, the noninvasive method may be 
particularly suited for monitoring current hepatic histological changes and therapeutic 
effects[7,23]. Here, we found that CAP was closely related to hepatic steatosis in patients 
with AILDs, as well as patients with AIH. Surprisingly, the performance of CAP for 
the diagnosis of hepatic steatosis grade in patients with AIH remained stable, which 
supported that CAP can be used as a noninvasive and reliable diagnostic method to 
monitor steatosis and disease course.

Notably, we found a strong correlation between CAP and BMI, in agreement with 
previous studies[24,25]. The skin capsular distance (SCD) has also been shown to be 
associated with increased CAP values[26]. Since BMI and SCD are both surrogate 
markers of adiposity, it is difficult to determine the mechanism underlying the 
association. However, we did not find a correlation between CAP and LSM as 
reported for patients with NAFLD[27].

It is found in the clinic that elevated immunoglobulin and/or positive 
autoantibodies may occur during the progression of NAFLD, which we defined as 
“patients with NAFLD with autoimmune phenomena” here. On the other hand, 
patients with AIH can also have NAFLD, thereby affecting the diagnosis and 
treatment. In this study, we found that patients with AIH concomitant with NAFLD 
were older and had higher IgG levels and LSM values than patients with NAFLD with 
autoimmune phenomena, which could be related to the repeated and long-term course 
of AILDs. In contrast, the GGT level was higher in patients with NAFLD with 
autoimmune phenomena. Therefore, serum IgG and GGT levels and the LSM value 
can benefit the identification of these two kinds of patients.

There are a few limitations in this study. First, our study is retrospective in nature 
due to the data collection despite the “blinded” analysis of histology. Second, the 
sample size is limited due to the low prevalence of AILDs, especially PBC and AIH-
PBC overlap syndrome. Third, for historical reasons, CAP was measured only using 
the M probe. However, a recent multicenter prospective study has shown that there 
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Table 3 Comparative analysis of patients with autoimmune hepatitis concomitant with nonalcoholic fatty liver disease and patients with 
nonalcoholic fatty liver disease with autoimmune phenomena

Variable Patients with AIH concomitant with 
NAFLD (n = 61)

Patients with NAFLD with autoimmune 
phenomena (n = 34) P value

Age, yr 52.05 ± 11.11 43.68 ± 13.71 < 0.001

Male sex, n (%) 13 (21.3) 6 (17.6)

BMI, kg/m2 24.21 ± 3.10 24.65 ± 2.02

Laboratory

AST, U/L 55.03 ± 47.31 50.03 ± 29.26

ALT, U/L 66.62 ± 74.94 86.01 ± 62.59

AKP, U/L 63.00 (45.00, 84.00) 75.00 (54.00, 87.00)

GGT, U/L 49.27 ± 32.24 69.26 ± 44.07 < 0.05

Total bilirubin, mg/dL 10.20 (8.60, 14.10) 10.25 (7.40, 13.67)

Direct bilirubin, mg/dL 4.20 (3.20, 5.00) 3.70 (2.92, 4.65)

IgG 15.60 ± 4.57 13.81 ± 2.67 < 0.05

IgM 1.18 ± 0.45 1.28 ± 0.57

Histological steatosis stage, n (%)

S1 39 (63.9) 8 (23.5)

S2 17 (27.9) 10 (29.4)

S3 5 (8.2) 16 (47.1)

Histological fibrosis stage, n (%)

F1 17 (27.9) 6 (17.6)

F2 22 (36.1) 14 (41.2)

F3 16 (26.2) 11 (32.4)

F4 6 (9.8) 3 (8.8)

CAP, dB/m 272.57 ± 44.39 293.41 ± 51.04 < 0.05

LSM in total, kPa 9.34 ± 7.14 6.49 ± 2.44 < 0.05

In steatosis S1 9.19 ± 8.11 5.28 ± 1.88 < 0.05

In steatosis S2 7.80 ± 3.47 6.31 ± 2.18

In steatosis S3 15.76 ± 6.25 7.20 ± 2.69 < 0.01

Distributions are expressed as the mean ± SD or median [interquartile range] or number (percentage). AKP: Alkaline phosphatase; ALT: Alanine 
aminotransferase; AST: Aspartate aminotransferase; BMI: Body mass index; CAP: Controlled attenuation parameter; GGT: Gamma-glutamyl transferase; 
LSM: Liver stiffness measurement; AIH: Autoimmune hepatitis; NAFLD: Nonalcoholic fatty liver.

was no significant difference in diagnostic accuracy between the two probes to 
diagnose liver fibrosis and steatosis in patients with NAFLD[28].

CONCLUSION
In summary, this study revealed that CAP could be used as a noninvasive diagnostic 
method to evaluate hepatic steatosis in patients with AILDs. Determination of LSM 
combined with CAP may help to identify patients with AIH concomitant with NAFLD 
from those with NAFLD with autoimmune phenomena.
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Figure 3 Controlled attenuation parameter in patients with different body mass indexes. aP < 0.05 vs S0; cP < 0.05. CAP: Controlled attenuation 
parameter; BMI: Body mass index.

ARTICLE HIGHLIGHTS
Research background
The controlled attenuation parameter (CAP) assesses hepatic steatosis with high 
diagnostic accuracies among several chronic liver diseases. However, it has not been 
studied in patients with autoimmune liver diseases (AILDs).

Research motivation
This study aimed to investigate the performance of CAP for the diagnosis of hepatic 
steatosis in patients with AILDs.

Research objectives
We evaluated the performance and usefulness of CAP for detection of hepatic steatosis 
in patients with AILDs.

Research methods
The area under the receiver operating characteristic curve was used to evaluate the 
performance of CAP for diagnosing hepatic steatosis compared with biopsy. Optimal 
CAP cut-off values were determined based on the highest combined sensitivity and 
specificity.

Research results
CAP can accurately detect hepatic steatosis as a noninvasive method in patients with 
AILDs. Compared with patients with nonalcoholic fatty liver disease (NAFLD) 
presenting with autoimmune markers, patients with autoimmune hepatitis (AIH) 
concomitant with NAFLD were much older and had higher serum IgG levels and liver 
stiffness measurement (LSM) values.

Research conclusions
CAP can be used as a noninvasive diagnostic method to evaluate hepatic steatosis in 
patients with AILDs. Determination of LSM combined with CAP may help to identify 
patients with AIH concomitant with NAFLD from patients with NAFLD with 
autoimmune phenomena.

Research perspectives
Larger multicenter studies using both M and XL probes are needed to confirm our 
results.
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Abstract
BACKGROUND 
Infantile-onset inflammatory bowel disease (IO-IBD) occurs in very young 
children and causes severe clinical manifestations, which has poor responses to 
traditional inflammatory bowel disease (IBD) treatments. At present, there are no 
simple and reliable laboratory indicators for early screening IO-IBD patients, 
especially those in whom the disease is caused by monogenic diseases.

AIM 
To search for valuable indicators for early identifying IO-IBD patients, especially 
those in whom the disease is caused by monogenic diseases.

METHODS 
A retrospective analysis was performed in 73 patients with IO-IBD admitted to 
our hospital in the past 5 years. Based on the next-generation sequencing results, 
they were divided into a monogenic IBD group (M-IBD) and a non-monogenic 
IBD group (NM-IBD). Forty age-matched patients with allergic proctocolitis (AP) 
were included in a control group. The clinical manifestations and the 
inflammatory factors in peripheral blood were evaluated. Logistic regression 
analysis and receiver operating characteristic (ROC) curve analysis were used to 
identify the screening factors and cut-off values of IO-IBD as well as monogenic 
IO-IBD, respectively.

RESULTS 
Among the 44 M-IBD patients, 35 carried IL-10RA mutations, and the most 
common mutations were c.301C>T (p.R101W, 30/70) and the c.537G>A (p.T179T, 
17/70). Patients with higher serum tumor necrosis factor (TNF)-α value were 
more likely to have IBD [odds ratio (OR) = 1.25, 95% confidence interval (CI): 1.05-
1.50, P = 0.013], while higher serum albumin level was associated with lower risk 
of IBD (OR = 0.86, 95%CI: 0.74-1.00, P = 0.048). The cut-off values of TNF-α and 
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albumin were 17.40 pg/mL (sensitivity: 0.78; specificity: 0.88) and 36.50 g/L 
(sensitivity: 0.80; specificity: 0.90), respectively. The increased ferritin level was 
indicative of a genetic mutation in IO-IBD patients. Its cut-off value was 28.20 
ng/mL (sensitivity: 0.93; specificity: 0.92). When interleukin (IL)-10 level was 
higher than 33.05 pg/mL (sensitivity: 1.00; specificity: 0.84), or the onset age was 
earlier than 0.21 mo (sensitivity: 0.82; specificity: 0.94), the presence of disease-
causing mutations in IL-10RA in IO-IBD patients was strongly suggested.

CONCLUSION 
Serum TNF-α and albumin level could differentiate IO-IBD patients from allergic 
proctocolitis patients, and serum ferritin and IL-10 levels are useful indicators for 
early diagnosing monogenic IO-IBD.

Key Words: Infantile-onset inflammatory bowel disease; Immunodeficiency; Clinical 
indicators; Interleukin 10; Ferritin; IL10RA
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Core Tip:  It is very important to identify infantile-onset inflammatory bowel disease 
(IO-IBD) patients, especially those in whom the disease is caused by monogenic 
diseases, as early as possible because these patients have poor responses to traditional 
inflammatory bowel disease treatments. However, there are no simple and reliable 
laboratory indicators for early differential diagnosis. This is the first study focusing on 
the laboratory indicators that could be used to distinguish O-IBD patients from allergic 
enteritis patients and screening IO-IBD patients with monogenic diseases. We believe 
that these results may be valuable in the initial investigations and diagnosis of IO-IBD.

Citation: Su W, Yu Y, Xu X, Wang XQ, Huang JB, Xu CD, Xiao Y. Valuable clinical 
indicators for identifying infantile-onset inflammatory bowel disease patients with monogenic 
diseases. World J Gastroenterol 2021; 27(1): 92-106
URL: https://www.wjgnet.com/1007-9327/full/v27/i1/92.htm
DOI: https://dx.doi.org/10.3748/wjg.v27.i1.92

INTRODUCTION
Inflammatory bowel disease (IBD) is a chronic recurrent gastrointestinal inflammatory 
disease, which could be classified into Crohn's disease (CD), ulcerative colitis (UC), 
and IBD-unclassified (IBD-U)[1]. Common clinical manifestations include diarrhea, 
hematochezia, abdominal pain, growth retardation, and weight loss. Many studies 
have reported that the phenotypic characteristics are different in very early onset-IBD 
(VEO-IBD, the onset age was younger than 6 years old) children from those in 
adolescent-onset or adult-onset IBD patients[2]. An increasing number of studies[3] have 
indicated the presence of monogenic defects in VEO-IBD children, especially in 
infantile patients (< 2 years old). Gene sequencing, especially next generation-
sequencing (NGS), could help to find the mutations to explain the cause of the disease; 
however, this method has high costs, and is time-consuming and not suitable for 
regular application at the early stage of the disease, particularly in economically 
underdeveloped areas. Besides, many variants of uncertain significance (VUS) after 
NGS was applied need laboratory indicators to verify their pathogenicity. However, 
there have been no reliable clinical indicators reported to identify pediatric IBD 
patients early, especially those who have potential gene mutations. In this 
retrospective study, we intended to search for early diagnostic indicators for IO-IBD 
children with or without the gene mutation, in order to shorten the diagnosis time, 
reduce medical costs, simplify the analysis of NGS, and administer targeted 
intervention as early as possible.
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P-Editor: Wang LL MATERIALS AND METHODS
Study participants and groups
This study was approved by the ethics committee of Ruijin Hospital, Shanghai 
Jiaotong University School of Medicine. All guardians of the enrolled pediatric 
patients who experienced the gene test signed an informed consent form. This study 
retrospectively analyzed 73 IO-IBD patients with a disease onset before 2 years of age 
who were admitted to the Department of Pediatrics, Ruijin Hospital, Shanghai 
Jiaotong University School of Medicine from January 2014 to February 2019. The 
diagnostic criteria were based on the Consensus on the Diagnosis and Management of 
Pediatric Inflammatory Bowel Disease[4] formulated by the Chinese Society of Pediatric 
Gastroenterology, the Chinese Medical Association. According to the NGS  results, the 
patients were divided into either a monogenic IBD (M-IBD) group, which comprised 
IO-IBD patients caused by Mendelian diseases, or a non-monogenic IBD (NM-IBD) 
group, which comprised IO-IBD patients without disease-causing gene mutations. 
Forty age-matched children who were hospitalized due to diarrhea and hematochezia 
during the same period and ultimately diagnosed with allergic proctocolitis (AP) were 
enrolled in the study as a control group.

Clinical data analysis
The clinical data of all patients were collected, including sex, age of onset, body weight 
and height on admission, average daily frequency of diarrhea, hematochezia, perianal 
lesions, recurrent fever, and treatment outcomes (remission, non-remission, and 
death). The results of complete blood count, C-reactive protein (CRP), erythrocyte 
sedimentation rate (ESR), serum albumin, and serum iron levels were collected and 
analyzed. Tumor necrosis factor (TNF)-α, interleukin (IL)-6, and IL-10 levels were 
determined using chemiluminescence immunoassays with a commercial kit (Siemens). 
The serum ferritin concentration was detected using a double-site enzyme 
immunoassay with a commercial ferritin kit (ACCES).

Next-generation sequencing and validation
Peripheral blood was collected from all IO-IBD patients for the genetic test. A 
FlexiGene DNA Kit (Qiagen GmbH, D-40724 Hilden) was used to extract DNA 
according to the manufacturer’s instructions. NGS of targeted genes including primary 
immunodeficiency diseases and congenital diarrheal diseases (20 cases) was 
performed by Beijing Mygeno Gene Technology Co., Ltd and whole-exome 
sequencing (53 cases) was performed by Beijing Berry Genomics Co., Ltd. For the 
mutations found via NGS, Sanger sequencing was used to retest the corresponding 
gene sequences of the patients and their parents to verify and confirm the genetic 
origin. The genetic variations were identified using online databases, such as the 
Single Nucleotide Polymorphism Database (dbSNP), Clinvar, the Human Gene 
Mutation Database (HGMD), the 1000 Genomes Project, and Online Mendelian 
Inheritance in Man (OMIM), to verify whether they were the known pathogenic 
mutations. For novel mutations not included in the databases, pathogenicity was 
further evaluated according to the American College of Medical Genetics and 
Genomics (ACMG) guidelines[5].

Statistical analysis
Z scores for height and weight were calculated using WHO Anthro V3.2.2 software. 
All data were statistically analyzed using IBM SPSS Statistics 25.0. Measurement data 
with a normal distribution are expressed as the mean ± standard deviation (SD), and 
nonnormally distributed data are expressed as the median and interquartile range 
(IQR). Data with a normal distribution and homogeneity of variance were analyzed 
using ANOVA analysis, and abnormally distributed data were analyzed by 
nonparametric Kruskal-Wallis analysis. Categorical data were analyzed using the chi-
square test, or Fisher's exact Chi-square test. Multivariate binary logistic regression 
analysis was performed to identify risk factors for IO-IBD and monogenic IO-IBD. 
Receiver operating characteristic (ROC) curve analysis was performed to assess the 
diagnostic value of the identified indicators. P values were adjusted using the 
Bonferroni method for pairwise comparison. P < 0.05 was considered statistically 
significant. The statistical methods of this study were reviewed by Li J from the 
Clinical Research Center, Ruijin Hospital, Shanghai Jiao Tong University School of 
Medicine.
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RESULTS
Genotypes of IO-IBD patients
Among the 73 IO-IBD patients, 24 did not carry any disease-causing mutations in IBD-
associated genes, and 49 had the gene mutations related to the disease. Among 49 
patients with mutations, 39 carried IL-10RA mutations, 2 carried CYBB mutations, and 
WAS, IKBKG, SLC37A4, CD40LG, LIG4, CARD11, PIK3CD, and CXCR4 mutations were 
observed in one patient each (Table 1). Four of them carried the IL-10RA heterozygous 
mutation which did not meet the criteria of Mendelian disease, and one of them had a 
heterozygous CXCR4 mutation which was inherited from his father with ankylosing 
spondylitis and recognized as a VUS according to the ACMG guidelines because of 
absence of typical manifestations of autosome dominant WHIM syndrome. Therefore, 
these five patients were included in the NM-IBD group. There were 14 different 
missense mutations found in IL-10RA among M-IBD patients. Two variations, the 
c.301C>T (p.R101W) and the c.537G>A (p.T179T), were considered hotspot mutations 
in the M-IBD patient cohort, the mutation frequencies were 42.86% (30/70) and 24.29% 
(17/70) respectively. We also found nine novel mutations: c.109G>T, c.302G>A, 
c.569T>G, and c.787C>T in IL-10RA gene; c.674+2T>C in CYBB gene; c.267delC in 
CD40LG gene; c.1144_1145delCT in LIG4 gene; c.155T>C in CARD11 gene; and 
c.1001G>A in CXCR4 gene. The amino acid substitutions and pathogenicity of these 
variations that were assessed according to the ACMG guidelines are summarized in 
Table 1.

Clinical characteristics
As shown in Table 2, the proportions of male patients in the AP group, the M-IBD 
group, and the NM-IBD group was higher than those of female patients; however, no 
significant difference was observed among the three groups. The median onset age of 
patients in the M-IBD group was 0.51 (0.04-1.79) mo, which was much younger than 
that in the AP group [4.44 (1.25-11.76) mo; P = 0.003] and the NM-IBD group [3.99 (3-9) 
mo; P = 0.001]. The proportions of all IO-IBD patients who had severe diarrhea (more 
than 8 times/d, 86.4% in the M-IBD group and 58.6% in the NM-IBD group) and 
recurrent fever (63.6% in the M-IBD group and 41.4% in the NM-IBD group) were 
significantly higher than those in AP patients (25% of patients had severe diarrhea [P < 
0.001] and 5% of patients had a recurrent fever [P = 0.01]). The percentages of the 
patients who had severe diarrhea and perianal lesions in the M-IBD group (86.4% and 
79.5%, respectively) were much higher than those in the NM-IBD group (58.6% [P = 
0.007] and 24.1% [P = 0.005]). The anthropometric results showed that the Z scores for 
body weight (-1.95 ± 0.26 for the M-IBD group and -1.15 ± 0.29 for the NM-IBD group) 
and body height (-1.95 ± 0.25 for the M-IBD group and -1.32 ± 0.31 for the NM-IBD 
group) of the IBD patients were all lower than those of the children in the AP group (-
0.05 ± 0.21 for weight [P < 0.001] and 0.17 ± 0.19 for height [P < 0.001]), while there was 
no significant difference between the M-IBD group and the NM-IBD group. Regarding 
the outcomes of treatment, mortality in the M-IBD group was significantly higher than 
that in the NM-IBD group (20.5% vs 3.4%, P = 0.001), whereas no death occurred in the 
AP group.

As shown in Table 3, the blood test results showed that peripheral white blood cell 
count (WBC), platelet count (PLT), CRP, ESR, TNF-α, and IL-6 levels in the IO-IBD 
group were significantly higher than those in the AP group (P < 0.01 for all), while 
serum albumin level was lower than that in the AP group (P < 0.001). Differences in 
serum iron levels were not significant among the three groups. Notably, serum IL-10 
[85.50 (42.75-127.25) pg/mL] and ferritin [55.90 (36.10-231.20) ng/mL] levels in the M-
IBD group were significantly higher than those in the AP group [IL-10: 5.00 (5.00-5.00) 
pg/mL, P < 0.001; ferritin: 22.90 (14.90-37.05) ng/mL, P = 0.002] and in the NM-IBD 
group [IL-10: 6.37 (5.00-14.80) pg/mL, P < 0.001; ferritin: 15.30 (9.40-27.60) ng/mL, P < 
0.001].

Binary logistic regression analysis and ROC curve analysis
Clinical indicators for risk of IO-IBD: Binary logistic regression analysis was 
performed for the parameters with significant differences between the AP group and 
the IO-IBD group [including diarrhea (> 8 times/d), recurrent fever, Z-scores for 
weight, Z-scores for height, WBC, hemoglobin (Hb), PLT, CRP, ESR, TNF-α, IL-6, and 
albumin levels]. The results showed that increased peripheral WBC (odds ratio [OR] = 
1.19, 95% confidence interval [CI]: 1.01-1.40, P = 0.040), ESR (OR = 1.10, 95%CI: 1.01-
1.20, P = 0.037) and levels of TNF-α (OR =1.25, 95%CI: 1.05-1.50, P =0.013), as well as 
reduced albumin levels were risk factors (OR = 0.86, 95%CI: 0.74-1.00, P = 0.048) for 
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Table 1 Genotypes of 49 infantile-onset inflammatory bowel disease patients

Patient Gene Variant 
(allele 1)

Amino 
acid ACMG (P/LP) Variant (allele 

2)
Amino 
acid ACMG (P/LP)

1 IL10RA c.301C>T R101W P (PS1+PS3+PM1+PM2+PP3+PP4) c.301C>T R101W P (PS1+PS3+PM1+PM2+PP3+PP4)

2 IL10RA c.299T>G V100G P (PS1+PS3+PM2+PP3+PP4) c.301C>T R101W P (PS1+PS3+PM1+PM2+PP3+PP4)

3 IL10RA c.191A>G Y64C LP (PM1+PM2+PM3+PP3+PP4) c.537G>A T179T P (PS1+PS3+PM2+PP3+PP4)

4 IL10RA c.301C>T R101W P (PS1+PS3+PM1+PM2+PP3+PP4) c.537G>A T179T P (PS1+PS3+PM2+PP3+PP4)

5 IL10RA c.301C>T R101W P (PS1+PS3+PM1+PM2+PP3+PP4) c.301C>T R101W P (PS1+PS3+PM1+PM2+PP3+PP4)

6 IL10RA c.493C>T R165X P (PVS1+PS1+PM2+PP4) c.301C>T R101W P (PS1+PS3+PM1+PM2+PP3+PP4)

7 IL10RA c.301C>T R101W P (PS1+PS3+PM1+PM2+PP3+PP4) c.537G>A T179T P (PS1+PS3+PM2+PP3+PP4)

8 IL10RA c.350G>A R117H P (PS1+PM1+PM2+PP3+PP4) c.493C>T R165X P (PVS1+PS1+PM2+PP4)

9 IL10RA c.301C>T R101W P (PS1+PS3+PM1+PM2+PP3+PP4) c.436delC P146fs P (PVS1+PS1+PM2+PP4)

10 IL10RA c.301C>T R101W P (PS1+PS3+PM1+PM2+PP3+PP4) c.537G>A T179T P (PS1+PS3+PM2+PP3+PP4)

11 IL10RA c.421G>A G141R P (PS1+PM2+PM3+PP3+PP4) c.537G>A T179T P (PS1+PS3+PM2+PP3+PP4)

12 IL10RA c.301C>T R101W P (PS1+PS3+PM1+PM2+PP3+PP4) c.301C>T R101W P (PS1+PS3+PM1+PM2+PP3+PP4)

13 IL10RA c.301C>T R101W P (PS1+PS3+PM1+PM2+PP3+PP4) c.350G>A R117H P (PS1+PM1+PM2+PP3+PP4)

14 IL10RA c.537G>A T179T P (PS1+PS3+PM2+PP3+PP4) c.537G>A T179T P (PS1+PS3+PM2+PP3+PP4)

15 IL10RA c.301C>T R101W P (PS1+PS3+PM1+PM2+PP3+PP4) c.537G>A T179T P (PS1+PS3+PM2+PP3+PP4)

16 IL10RA c.99G>A W33X P (PVS1+PS1+PM2+PP4) c.301C>T R101W P (PS1+PS3+PM1+PM2+PP3+PP4)

17 IL10RA c.493C>T R165X P (PVS1+PS1+PM2+PP4) c.493C>T R165X P (PVS1+PS1+PM2+PP4)

18 IL10RA c.109G>T E37X LP (PVS1+PM2+PM3+PP4) c.301C>T R101W P (PS1+PS3+PM1+PM2+PP3+PP4)

19 IL10RA c.301C>T R101W P (PS1+PS3+PM1+PM2+PP3+PP4) c.537G>A T179T P (PS1+PS3+PM2+PP3+PP4)

20 IL10RA c.301C>T R101W P (PS1+PS3+PM1+PM2+PP3+PP4) c.537G>A T179T P (PS1+PS3+PM2+PP3+PP4)

21 IL10RA c.301C>T R101W P (PS1+PS3+PM1+PM2+PP3+PP4) c.537G>A T179T P (PS1+PS3+PM2+PP3+PP4)

22 IL10RA c.301C>T R101W P (PS1+PS3+PM1+PM2+PP3+PP4) c.350G>A R117H P (PS1+PM1+PM2+PP3+PP4)

23 IL10RA c.99G>A W33X P (PVS1+PS1+PM2+PP4) c.299T>G V100G P (PS1+PS3+PM2+PP3+PP4)

24 IL10RA c.301C>T R101W P (PS1+PS3+PM1+PM2+PP3+PP4) c.537G>A T179T P (PS1+PS3+PM2+PP3+PP4)

25 IL10RA c.301C>T R101W P (PS1+PS3+PM1+PM2+PP3+PP4) c.537G>A T179T P (PS1+PS3+PM2+PP3+PP4)

26 IL10RA c.301C>T R101W P(PS1+PS3+PM1+PM2+PP3+PP4) c.493C>T R165X P (PVS1+PS1+PM2+PP4)

27 IL10RA c.301C>T R101W P (PS1+PS3+PM1+PM2+PP3+PP4) c.537G>A T179T P (PS1+PS3+PM2+PP3+PP4)

28 IL10RA c.493C>T R165X P (PVS1+PS1+PM2+PP4) c.537G>A T179T P (PS1+PS3+PM2+PP3+PP4)

29 IL10RA c.301C>T R101W P (PS1+PS3+PM1+PM2+PP3+PP4) c.301C>T R101W P (PS1+PS3+PM1+PM2+PP3+PP4)

30 IL10RA c.302G>A R101Q LP 
(PM1+PM2+PM3+PM5+PP3+PP4)

c.349C>T R117C P (PS1+PM1+PM2+PP3+PP4)

31 IL10RA c.301C>T R101W P (PS1+PS3+PM1+PM2+PP3+PP4) c.301C>T R101W P (PS1+PS3+PM1+PM2+PP3+PP4)

32 IL10RA c.301C>T R101W P (PS1+PS3+PM1+PM2+PP3+PP4) c.301C>T R101W P (PS1+PS3+PM1+PM2+PP3+PP4)

33 IL10RA c.299T>G V100G P (PS1+PS3+PM2+PP3+PP4) c.569T>G F190C LP 
(PS1+PM2+PM3_VeryStrong+PP3+PP4)

34 IL10RA c.537G>A T179T P (PS1+PS3+PM2+PP3+PP4) c.537G>A T179T P (PS1+PS3+PM2+PP3+PP4)

35 IL10RA c.299T>G V100G P (PS1+PS3+PM2+PP3+PP4) c.299T>G V100G P (PS1+PS3+PM2+PP3+PP4)

36 WAS IVS8: +3- +6 
GAGT del

LP (PS1+PM2+PP3+PP4)

37 IKBKG c.1217A>T D406V P (PS1+PM1+PM2+PP3+PP4)

38 SLC37A4 c.310 ins T P (PVS1+PM2+PP4) c.1014-1120 
del107

P (PVS1+PM2+PP4)
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39 CYBB c.674+2T>C P (PVS1+PM2+PP4)

40 CYBB c.1272G>A W424X P (PVS1+PS1+PM2+PP4)

41 CD40LG c.267delC Q90Sfs*6 LP (PVS1+PM2+PP4)

42 LIG4 c.833G>T R278L LP 
(PM1+PM2+PM3+PM5+PP3+PP4)

c.1144_1145delCT L382Efs*5 LP (PVS1+PS1+PM2+PP4)

43 CARD11 c.155T>C I52T LP (PS2+PM2+PP4)

44 PIK3CD c.3061G>A E1021K P (PS1+PS3+PM2+PP3+PP4)

45 IL10RA c.350G>A R117H P (PS1+PM1+PM2+PP3+PP4)

46 IL10RA c.537G>A T179T P (PS1+PS3+PM2+PP3+PP4)

47 IL10RA c.787C>T R263X LP (PVS1+PM2+PP4)

48 IL10RA c.301C>T R101W P (PS1+PS3+PM1+PM2+PP3+PP4)

49 CXCR4 c.1001G>A R334Q VUS (PM2+PP3+PP4:BS4)

ACMG: American College of Medical Genetics and Genomics; P/LP: Pathogenic/likely pathogenic; VUS: Variants of uncertain significance.

Table 2 Clinical features and growth parameters among three groups of patients

AP M-IBD NM-IBD P value

Total number 40 44 29

Male (%) 25 (62.50) 27 (61.36) 21 (72.41) 0.591

Median onset age (mo, IQR) 4.44 (1.25,11.76) 0.51 (0.04,1.79)1 3.99 (3.00,9.00) < 0.001

Diarrhea (≥ 8 times/d, %) 10 (25.00) 1 38 (86.40) 1 17 (58.60) < 0.001

Diarrhea with blood (%) 30 (75.00) 29 (65.90) 24 (82.80) 0.320

Perianal disease (%) 0 (0) 35 (79.54) 1 7 (24.14) 0.005

Fever (%) 2 (5.00)1 28 (63.63) 12 (41.38) < 0.001

Death (%) 0 (0.00) 9 (20.45) 1 (3.45)2 0.001

Z scores for weight (mean ± SD) -0.05 ± 0.211 -1.95 ± 0.26 -1.15 ± 0.29 < 0.001

Z scores for height (mean ± SD) 0.19 ± 0.191 -1.95 ± 0.25 -1.32 ± 0.31 < 0.001

Z scores for BMI (mean ± SD) -0.21 ± 0.242 -1.30 ± 0.28 -0.52 ± 0.27 0.026

1Compared with the other two groups, adjusted P value < 0.05.
2Compared with the monogenic inflammatory bowel disease (M-IBD) group, adjusted P value < 0.05. AP: Allergic proctocolitis; M-IBD: Monogenic 
inflammatory bowel disease; NM-IBD: Non-monogenic inflammatory bowel disease; IQR: Interquartile range; SD: Standard deviation; BMI: Body mass 
index.

the diagnosis of IO-IBD (Table 4). We further investigated these four indicators using 
ROC curve analysis to explore their diagnostic value. The areas under the curves 
(AUCs) and the cut-off values are shown in Figure 1A and B. For WBC, the AUC was 
0.78 (95%CI: 0.69-0.86, P < 0.001) and the cut-off value was 11.96 × 109/L (sensitivity: 
0.66; specificity: 0.88). For ESR, the AUC was 0.81 (95%CI: 0.73-0.89, P < 0.001), and the 
cut-off value was 12.50 mm/h (sensitivity: 0.70; specificity: 0.90). For TNF-α, the AUC 
was 0.80 (95%CI: 0.72-0.89, P < 0.001) and the cut-off value was 17.40 pg/mL 
(sensitivity: 0.78; specificity: 0.88). For albumin, the AUC was 0.88 (95%CI: 0.81-0.94, P 
< 0.001), and the cut-off value was 36.50 g/L (sensitivity: 0.80; specificity: 0.90). Based 
on the results, WBC and ESR had a low sensitivity for recognizing IO-IBD. While TNF-
α and albumin level had a higher sensitivity and specificity, and we speculated they 
may be used for early identifying IO-IBD patients.

Clinical indicators for risk of M-IBD: Binary logistic regression analysis was 
performed using the parameters with significant differences between the M-IBD group 
and the NM-IBD group [including median onset age, diarrhea (> 8 times/d), perianal 
disease, CRP, IL-10, and ferritin levels]. The results showed that very early onset age 
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Table 3 Results of blood test and inflammatory factors among three groups of patients (median, interquartile range)

AP M-IBD NM-IBD P value

WBC (× 109) 8.77 (6.78, 10.75)1 14.88 (9.84, 19.37) 13.77 (8.87,18.51) < 0.001

Hemoglobin (mg/L) 119 (115, 126)1 98 (90, 113) 100 (80.50,116) < 0.001

PLT (× 109) 304 (254, 383)1 447 (306.75, 591.50) 477 (323.50, 601.50) 0.002

CRP (mg/L) 1 (0.20, 1.00)1 48 (7.98, 75.23)1 21 (1.00, 44.35) < 0.001

ESR (mm/h) 6 (4, 8)1 18.50 (8, 39) 21 (6, 42) < 0.001

TNF-α (pg/mL) 14.60 (10.68, 17.03)1 21.50 (17.58, 27.88) 22.90 (14.48, 61.28) < 0.001

IL-6 (pg/mL) 2.85 (2.00, 3.35)1 21.00 (10.20, 50.30) 14.55 (6.81, 30.00) < 0.001

IL-10 (pg/mL) 500 (5, 5) 85.50 (42.75, 127.25)1 6.37 (5.00, 14.80) < 0.001

Ferritin (ng/mL) 22.90 (14.90, 37.05) 55.90 (36.10, 231.20)1 15.50 (10.60, 27.72) < 0.001

Albumin (g/L) 41 (38, 43)1 31 (27, 35) 33 (27.00, 36.50) < 0.001

Serum iron (μmol/L) 8.00 (5.90, 10.20) 3.90 (2.60, 6.88) 5.70 (4.35, 11.38) 0.069

1Compared with the other two groups, adjusted P value < 0.05. AP: Allergic proctocolitis; M-IBD: Monogenic inflammatory bowel disease; NM-IBD: Non-
monogenic inflammatory bowel disease; WBC: White blood cells; PLT: Platelets; CRP: C-reactive protein; ESR: Erythrocyte sedimentation rate; TNF: Tumor 
necrosis factor; IL: Interleukin.

Table 4 Binary logistic analysis for identifying risk factors for infantile-onset inflammatory bowel disease

AP (median, IQR) IO-IBD (median, IQR) Adjusted OR (95%CI) P value

WBC (× 109) 8.77 (6.78, 10.75) 14.12 (8.85, 18.27) 1.19 (1.01, 1.40) 0.040

ESR (mm/h) 6 (4, 8) 19.00 (8.00, 39.00) 1.10 (1.01, 1.20) 0.037

TNF-α (pg/mL) 14.60 (10.68, 17.03) 21.65 (17.33, 29.45) 1.25 (1.05, 1.50) 0.013

Albumin (g/L) 41 (38, 43) 32 (27, 36) 0.86 (0.74, 1.00) 0.048

Binary logistic analysis showed that white blood cell (WBC) count, erythrocyte sedimentation rate (ESR), tumor necrosis factor (TNF)-α, and albumin in 
peripheral blood could be used to identify the infantile-onset inflammatory bowel disease from AP if a child had diarrhea and hematochezia in early 
childhood. Higher WBC, ESR, and TNF-α, as well as lower level of albumin suggested a higher probability of inflammatory bowel disease. AP: Allergic 
proctocolitis; IO-IBD: Infantile-onset inflammatory bowel disease; IQR: Interquartile range; OR: Odds ratio; CI: Confidence interval; WBC: White blood 
cells; ESR: Erythrocyte sedimentation rate; TNF: Tumor necrosis factor.

(OR = 3.47, 95%CI: 1.29-9.29, P = 0.013], presence of perianal diseases (OR = 11.42, 
95%CI: 1.71-76.23, P = 0.012), and high levels of serum ferritin (OR = 1.14, 95%CI: 1.06-
1.24, P = 0.001) and IL-10 (OR = 1.04, 95%CI: 1.01-1.08, P = 0.005) were the main risk 
factors for M-IBD diagnosis (Table 5). Because the IL-10RA mutations in this study 
accounted for a dominant proportion (79.6%) in the M-IBD group, to avoid bias caused 
by sample selection, we further compared the above high-risk factors among patients 
with IL-10RA mutations or non-IL-10RA mutations in the M-IBD group, and those 
without any disease-causing mutations in the NM-IBD group. The results showed that 
only serum ferritin could discriminate M-IBD and NM-IBD regardless of genotypes. 
The level of serum ferritin was significantly lower in the NM-IBD group than in the 
other two groups (Table 6) and could be used as an indicator for recognizing IO-IBD 
children with genetic mutations. The ROC curve analysis was also performed to 
explore the indicators for the diagnosis of M-IBD. Using gene sequencing results as the 
gold standard, all IO-IBD patients were included in the analysis. The AUC of ferritin 
for diagnosing M-IBD was 0.94 (95%CI: 0.87-1.00, P < 0.001), with a cut-off value of 
28.20 ng/mL (sensitivity: 0.93; specificity: 0.92; Figure 1C), which showed high 
diagnostic value. Besides, we further analyzed the value of serum IL-10 level and onset 
age for early noticing IL-10RA mutation in M-IBD patients. The AUC for IL-10 was 
0.91 (95%CI: 0.86-0.99, P < 0.001), and the cut-off value was 33.05 pg/mL (sensitivity: 
1.00; specificity: 0.84); the AUC for onset age was 0.87 (95%CI: 0.78-0.96, P < 0.001), and 
the cut-off value was 0.21 mo (sensitivity: 0.82; specificity: 0.94; Figure 1D and E). 
These results indicated that the two indicators had high diagnostic value and may be 
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Table 5 Binary logistic analysis for identifying risk factors for monogenic inflammatory bowel disease

M-IBD (median, IQR) NM-IBD (median, IQR) Ajusted OR (95%CI) P value

Ferritin (ng/mL) 55.90 (36.10, 231.20) 15.30 (9.40, 27.60) 1.14 (1.06, 1.24) 0.001

IL-10 (pg/mL) 85.20 (43.30, 126.50) 5.00 (5.00, 9.11) 1.04 (1.01, 1.08) 0.005

Median onset age (mo) 0.51 (0.04, 1.79) 3.99 (3.00, 9.00) 3.47 (1.29, 9.29) 0.013

Perianal disease (%) 35 (79.50) 7 (24.10) 11.42 (1.71, 76.23) 0.012

Binary logistic analysis showed that higher levels of ferritin and interleukin (IL)-10 in peripheral blood, earlier onset age, and presence of perianal disease 
suggested that inflammatory bowel disease children may have the gene mutation. However, most of the mutations (79.6%) in this study occurred in 
IL-10RA, and in order to avoid the bias, we did further analyses as showed in Table 6. M-IBD: Monogenic inflammatory bowel disease; NM-IBD: Non-
monogenic inflammatory bowel disease; IL: Interleukin; IQR: Interquartile range; OR: Odds ratio; CI: Confidence interval.

Table 6 Comparison of risk factors among infantile-onset inflammatory bowel disease patients with or without IL-10RA mutation and 
non-monogenic inflammatory bowel disease (median, interquartile range)

IL-10RA M-IBD Non-IL-10RA M-IBD NM-IBD P value

Ferritin (ng/mL) 55.90 (53.12, 74.73) 45.25 (16.58, 68.70) 15.30 (14.55, 17.95)1 < 0.001

IL-10 (pg/mL) 85.20 (66.20, 125.00)1 8.90 (5.00, 85.20) 5.00 (5.00, 9.11) < 0.001

Median onset age (mo) 0.04 (0.00, 0.08)1 2 (0.41, 4.08) 3.99 (3, 9) < 0.001

Perianal disease (%) 32 (91.43)1 3 (33.33) 7 (24.14) 0.002

1Compared with the other two groups, adjusted P value < 0.01. M-IBD: Monogenic inflammatory bowel disease; NM-IBD: Non-monogenic inflammatory 
bowel disease; IL: Interleukin.

used in clinical practice. All above results suggested that, when serum ferritin levels 
were higher than 28.20 ng/mL, it might indicate the existence of pathogenic gene 
mutations in IO-IBD patients. If the infant got IO-IBD within 1 wk after the birth or 
their serum IL-10 levels were higher than 33.05 pg/mL, it might strongly suggest the 
presence of IL-10RA gene mutations.

DISCUSSION
Approximately 15% of pediatric patients were categorized as having VEO-IBD[2], and 
approximately 1% of pediatric patients developed symptoms during infancy (IO-IBD). 
Over the past decade, the prevalence of VEO-IBD had increased by more than 50%[6,7]. 
Increasing studies believed that genetic factors, such as monogenic diseases, play 
important roles in the development of VEO-IBD, especially IO-IBD. Currently, there is 
no epidemiological data for IO-IBD patients in China. However, in the past 5 years, 
more than 200 cases of VEO-IBD have been reported by our hospital and other 
hospitals in China[8-13], and more than half of the patients presented genetic defects. 
Among the 73 pediatric patients in this study, 49 (67.12%) carried disease-related gene 
mutations, which was much higher than the reported proportions in European and 
American countries[14,15] but similar to the proportion reported by Huang et al[10], 
suggesting that the presence of monogenic diseases is more common in Chinese VEO-
IBD patients.

A total of ten mutated genes were identified in this study, among which the IL-10RA 
mutation was the most common (39/49). This finding was similar to those reported by 
other researchers in China[8], while IL-10RB and IL-10 mutations were not observed. 
Among the 14 IL-10RA variants, ten have been reported previously, among which 
c.537G>A, c.493C>T, c.436delC, c.299T>G, and c.191A>G mutations were observed in 
children only in China or other Asian countries[11,16,17] but have not been reported in 
Western countries, suggesting a genetic founder effect in IL-10RA. The four identified 
novel variants were c.109G>T, c.302G>A, c.569T>G, and c.787C>T, which were likely 
pathogenic mutations according to the ACMG guidelines. In this study, the most 
common IL-10RA mutation locus was c.301C>T, followed by c.537G>A, which was 
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Figure 1 Receiver operating characteristic curve analysis for diagnostic indicators. A and B: Parameters that may be used to distinguish allergic 
proctocolitis from infantile-onset inflammatory bowel disease (IO-IBD). The increased peripheral white blood cell count, erythrocyte sedimentation, rate and tumor 
necrosis factor (TNF)-α, as well as the reduced albumin levels were risk factors for the diagnosis of IO-IBD, and TNF-α and albumin levels had higher sensitivity and 
specificity; C: Serum ferritin level has high diagnostic value in discriminating IO-IBD patients with gene mutation (M-IBD) or without (NM-IBD) when serum ferritin 
levels are above 28.20 ng/mL. It might indicate the existence of pathogenic gene mutations in IO-IBD patients; D and E: Serum interleukin (IL)-10 level and onset age 
can be used to screen IL-10RA mutation in M-IBD patients. If an infant got IO-IBD within a week in life or a patient’s serum IL-10 levels were higher than 33.05 pg/mL, 
the presence of IL-10RA gene mutations was strongly suggested. WBC: White blood cell; ESR: Erythrocyte sedimentation rate; TNF: Tumor necrosis factor; ALB: 
Albumin; IL: Interleukin; CI: Confidence interval.
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consistent with the previous reports in Asian children[8]. Notably, c.537G>A mutation 
was located in exon 4, which was always missed in the reports as it was mistaken for a 
synonymous mutation; however, it had been confirmed as a splicing mutation that has 
a deleterious effect on IL-10 receptor[11]. For IBD children who are highly suspected of 
having abnormal IL-10 signaling pathways, especially those who have a heterozygous 
IL-10RA mutation after gene sequencing, clinicians should be aware of the sequencing 
report and not to miss the c.537G>A mutation.

In addition to IL-10RA, the other eight genetic mutations that could cause 
immunodeficiency diseases were also observed in this study. These included CYBB 
mutation, which caused X-linked chronic granulomatous disease[18], IKBKG mutation, 
which caused ectodermal dysplasia and immunodeficiency[19,20], PIK3CD mutation, 
which caused activated phosphoinositide 3-kinase δ syndrome[21], CD40LG mutation, 
which caused X-linked hyper-IgM syndrome[22], SLC37A4 mutation, which caused 
glycogen storage disease type 1B[23], LIG4 mutation, which caused LIG4 syndrome[24], 
WAS mutation, which caused Wiskott-Aldrich syndrome[25], and CARD11 mutation, 
which caused immunodeficiency type 11B with atopic dermatitis[26]. These diseases 
have been confirmed to cause IBD-like colitis in infants, such as recurrent diarrhea, 
hematochezia, infections, perianal abscess, and growth retardation.

Because of an insufficient understanding of IO-IBD, especially that caused by 
monogenic diseases, most patients could not be diagnosed as early as possible. It has 
been reported that the median time from the occurrence of symptoms to disease 
diagnosis was approximately 6 mo[15]. The most common misdiagnosis was allergic 
diseases, therefore, this study included a group of age-matched patients who were 
admitted to the hospital due to diarrhea and hematochezia and were eventually 
diagnosed as allergic proctocolitis. Although the AP children had diarrhea, 
hematochezia, or other similar symptoms with the IBD children, there was less onset 
of failure to thrive, perianal lesions, and death in AP patients; meanwhile, the daily 
frequency of diarrhea was significantly higher in IO-IBD children than in AP children. 
Inflammatory markers in peripheral blood such as WBC, CRP, ESR, PLT, TNF-α, and 
IL-6 in IO-IBD children were significantly higher than those in AP children, while the 
nutritional indicators such as albumin and hemoglobin were lower in IBD patients 
than in AP patients. Logistic regression analysis further confirmed that increased 
levels of WBC, ESR, and TNF-α, as well as lower serum albumin level were associated 
with a higher likelihood of IBD. Although it has been reported that hematological 
examinations had little value in the differential diagnosis of food allergy and IBD[15],the 
ROC curve analysis in this study showed that TNF-α and serum albumin level had 
moderate value for differentiating IBD from allergic disease. Moreover, the high 
sensitivities and specificities of cut-off values for TNF-α and serum albumin may help 
clinicians, especially those in areas with limited medical resources, to identify IO-IBD 
patients earlier.

Genetic diagnosis is currently the gold standard for the diagnosis of IO-IBD caused 
by gene defects. However, the economic and time costs of this detection are relatively 
high in China. Most parents are not willing to choose this method at initial visits, and 
this would delay the diagnosis and treatment. The binary logistic regression analysis 
showed the serum ferritin (OR = 1.14) and IL-10 (OR = 1.04) may indicate the presence 
of gene defects in IO-IBD children; however, in view of the high proportion of IL-10RA 
mutations in our cohort, we further compared these factors among patients with IL-
10RA mutations, those with non-IL-10RA mutations, and those without any disease-
causing mutations. The final results showed that serum ferritin was abnormally 
elevated in IO-IBD patients with gene mutations and was not affected by the 
genotypes. Further ROC curve analysis showed that serum ferritin might be a valuable 
diagnostic indicator for monogenic IBD. Serum ferritin was acknowledged as an 
inflammatory marker, which would reflect the acute and chronic inflammatory state in 
infectious diseases, immunological diseases, hematological diseases, and malignant 
diseases[27]. A variety of cells could synthesize and secrete ferritin, of which 
macrophages were the main source and could induce diseases[27]. The role of ferritin in 
inflammatory responses is still unclear. It was hypothesized that in the inflammatory 
state, the Toll-like receptor (TLR) 9 signaling pathway is activated, IL-1β and IL-18 
levels increased, then macrophages were activated, and synthesized more ferritin, 
which could further amplify the inflammatory response through the TLR9 signaling 
pathway, thereby forming a positive feedback loop and resulting in continuous 
aggravation of inflammation[28-32]. Some researchers believed that serum ferritin could 
bind to T and B lymphocytes directly[32,33], then inhibit T cell proliferation, B cell 
maturation, and immunoglobulin synthesis[33-35]. In addition, serum ferritin could also 
promote regulatory T cell differentiation through the IL-10 signaling pathway and 
play an immunoregulatory role[36]. In our study, the serum ferritin level was 
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significantly elevated in M-IBD children, but whether it plays a pro-inflammatory or 
immunomodulatory role needs further study.

Both in our study and other studies in China, IL-10RA is the most common mutated 
gene in Chinese VEO-IBD patients. We also found that compared to the patients with 
other gene mutations, patients with the IL-10RA deficiency had unique features. First, 
the age of onset was particularly early. The median onset age was 0.04-mo-old, while it 
was 2-mo-old in patients with other gene mutations, indicating that diarrhea and 
hematochezia existed from birth in IL-10RA mutated children. Second, serum IL-10 
level in these patients was particularly high. IL-10 is an important anti-inflammatory 
factor secreted by a variety of immune cells. After binding to IL-10R, IL-10 can activate 
a series of cascade reactions to maintain immune homeostasis by inhibiting 
inflammatory factors such as TNF-α[37]. IL-10R is composed of two subunits, IL-10RA 
and IL-10RB, and IL-10RA only binds to IL-10[38]. It was previously believed that the 
increased expression of IL-10 in IBD patients indicated a good steroid response and 
prognosis[39]. However, when IL-10R is deficient, the anti-inflammatory function of IL-
10 could not be achieved. Glocker et al[40] confirmed that human peripheral blood 
mononuclear cells (PBMCs) could secrete large amounts of TNF-α after stimulation 
with lipopolysaccharide (LPS) in vitro, but its level decreased significantly when 
exogenous IL-10 was added into the culture medium, while this phenomenon could 
not be observed in the PBMC culture supernatant from IL-10RA deficient children, 
indicating the important role of the IL-10 signaling pathway in anti-inflammatory 
processes. In our study, both high IL-10 and TNF-α levels were observed in patients 
with IL-10RA mutation, which indicated that even such a high level of IL-10 could not 
inhibit TNF-α release and alleviate the inflammation in these children. These findings 
were similar to the in vitro research mentioned above. Therefore, we speculated that 
IL-10 level could be used as an in vivo detective indicator to verify the function of 
novel mutations of the IL-10RA gene. In this study, ROC curve analysis also confirmed 
that serum IL-10 level had a high sensitivity and specificity for identifying the 
presence of IL-10RA mutations, which suggested that if IO-IBD patients have a 
remarkably elevated IL-10 level, the gene sequencing is strongly recommended to 
identify the existence of IL-10RA deficiency. In fact, we did further investigation by 
whole-genome sequencing (WGS) in two patients of this cohort, whose clinical 
manifestations were similar to those of IL-10RA mutated patients, especially the 
increased significantly IL-10 level but whole-exsome sequencing only found 
heterozygous mutations in IL-10RA. However, the results of WGS showed that there 
was another heterozygous deletion of 333bp in IL-10RA which led to exon 1 absence. 
This result further supported that serum IL-10 level may help distinguish IL-10RA 
mutated patients.

IO-IBD patients, especially those caused by gene mutations, are rare. Although the 
cohort included in this study was larger than many published studies, the absolute 
number was not large, which may lead to statistical bias. Besides, we needed further 
prospective studies to evaluate the diagnostic value of the indicators identified in this 
study.

CONCLUSION
Children with IO-IBD have a higher proportion of Mendelian diseases. For Chinese 
Han pediatric patients, IL-10RA mutation is the most common pathogenic gene. A 
complete medical history and clinical evaluation are necessary to differentiate IBD and 
allergic proctocolitis earlier. Diarrhea frequency, body weight, height, serum albumin, 
and TNF-α level could help distinguish IO-IBD and allergy. Elevated serum ferritin 
level could be used for identifying IO-IBD caused by gene mutations, and the 
remarkably increased serum IL-10 level strongly suggests the presence of IL-10RA 
gene mutation. These clinical characteristics and hematological parameters would help 
to shorten the time of diagnosis so that the patients are able to receive timely and 
correct treatment and then reduce social and financial burdens.

ARTICLE HIGHLIGHTS
Research background
Infantile-onset inflammatory bowel disease (IO-IBD) causes severe clinical 
manifestations and responds poorly to traditional inflammatory bowel disease (IBD) 
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treatments. At present, there are no simple and reliable laboratory indicators for early 
screening IO-IBD patients, especially those in whom the disease is caused by 
monogenic diseases.

Research motivation
Because of an insufficient understanding of IO-IBD, especially that caused by 
monogenic diseases, most patients could not be diagnosed as early as possible. It is 
hard to persuade the parents to accept endoscopic examination or genetic diagnosis at 
initial visits, especially those in areas with limited medical resources.

Research objectives
We intended to search for early diagnostic indicators for IO-IBD children with or 
without gene mutations, in order to shorten the diagnosis time, reduce medical costs, 
simplify the analysis of next generation-sequencing, and administer targeted 
intervention as early as possible.

Research methods
A retrospective analysis was performed in 73 patients with IO-IBD admitted to our 
hospital in the past 5 years. Based on the next-generation sequencing results, they were 
divided into either a monogenic IBD group (M-IBD) or non-monogenic IBD group 
(NM-IBD). Forty age-matched patients with allergic proctocolitis (AP) were included 
as a control group. The clinical manifestations and the inflammatory factors in 
peripheral blood were evaluated. Logistic regression analysis and receiver operating 
characteristic (ROC) curve analysis were performed to find the screening factors and 
cut-off values of IO-IBD as well as monogenic IO-IBD.

Research results
Among the 44 M-IBD patients, 35 carried IL-10RA mutations, and the most common 
mutations were c.301C>T (p.R101W, 30/70) and c.537G>A (p.T179T, 17/70). Patients 
with higher serum tumor necrosis factor (TNF)-α value were more likely have IBD 
[odds ratio (OR) = 1.25, 95% confidence interval (CI): 1.05-1.50, P = 0.013), while higher 
serum albumin level was associated with lower risk of IBD (OR = 0.86, 95%CI: 0.74-
1.00, P = 0.048). The cut-off values of TNF-α and albumin were 17.40 pg/mL 
(sensitivity: 0.78; specificity: 0.88) and 36.50 g/L (sensitivity: 0.80; specificity: 0.90), 
respectively. The increased ferritin level was indicative of a genetic mutation in IO-IBD 
patients. Its cut-off value was 28.20 ng/mL (sensitivity: 0.93; specificity: 0.92). When 
interleukin (IL)-10 level was higher than 33.05 pg/mL (sensitivity: 1.00; specificity: 
0.84), or the onset age was earlier than 0.21 mo (sensitivity: 0.82; specificity: 0.94), the 
presence of disease-causing mutations in IL-10RA in IO-IBD patients was strongly 
suggested.

Research conclusions
Serum TNF-α and albumin level could differentiate IO-IBD patients from allergic 
proctocolitis patients, and serum ferritin and IL-10 level are useful indicators for early 
diagnosing monogenic IO-IBD.

Research perspectives
Using serum TNF-α and albumin level may contribute to distinguishing IO-IBD which 
needs further investigations, such as gastrointestinal endoscopy. High levels of serum 
ferritin and IL-10 can infer a monogenic disease in IO-IBD patients, especially the 
mutations in the IL-10RA gene. The diagnostic value of the indicators identified in this 
study should be evaluated by prospective studies.
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Abstract
BACKGROUND 
Shifting on lifestyle, diet, and physical activity contributed on increasing number 
of obese people around the world. Multiple factors influence the development of 
obesity. Some research suggested that gut microbiota (GM) plays an important 
role in nutrient absorption and energy regulation of individuals, thus affecting 
their nutritional status. Report of Indonesia Basic Health Research showed that 
the prevalence of obesity in every province tended to increase. Although the root 
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cause of obesity is excessive calorie intake compared with expenditure, the 
differences in gut microbial ecology between healthy and obese humans may 
affect energy homeostasis. GM affect body weight, especially obesity. Probiotics 
that are consumed while alive and able to colonize in the intestine are expected to 
increase the population of good bacteria, especially Bifidobacteria and Lactobacilli, 
and suppress pathogens such as Enterobacteriaceae and Staphylococcus. The strain of 
L. plantarum Dad-13 has been demonstrated to survive and colonize in the 
gastrointestinal tract of healthy Indonesian adults who consume fermented milk 
containing L. plantarum Dad-13. The consumption of probiotic L. plantarum Dad-13 
powder decreased E. coli and non-E. coli coliform bacteria in school-aged children 
in Indonesia. L. plantarum is a dominant bacterium in the average Indonesian’s 
GM. For this reason, this bacterium is probably a more suitable probiotic for 
Indonesians.

AIM 
To determine the effect of the consumption of indigenous probiotic Lactobacillus 
plantarum Dad-13 powder in overweight adults in Yogyakarta (Indonesia).

METHODS 
Sixty overweight volunteers with a body mass index (BMI) equal to or greater 
than 25 consume indigenous probiotic powder L. plantarum Dad-13 (2 × 109 
CFU/gram/sachet) for 90 d. The study was a randomized, double-blind, placebo-
controlled study. The volunteers filled in a diary on a daily basis, which consisted 
of questions on study product intake (only during ingestion period), other food 
intake, number of bowel movements, fecal quality (consistency and color), any 
medications received, and any symptom of discomfort, such as diarrhea, 
constipation, vomiting, gassing, sensation of illness, etc. Fecal samples and the 
subjects’ diaries were collected on the morning of day 10 + 1, which was marked 
as the end of the baseline period and the start of the ingestion period. During the 
ingestion period (from day 11 to day 101), several parameters to measure and 
analyze the results included body weight and height (once a month), the lipid 
profile, GM analysis using MiSeq, short-chain fatty acid (SCFA) analysis using gas 
chromatography, and the measurement of fecal pH using a pH meter.

RESULTS 
The consumption of indigenous probiotic powder L. plantarum Dad-13 caused the 
average body weight and BMI of the probiotic group to decrease from 84.54 ± 
17.64 kg to 83.14 ± 14.71 kg and 33.10 ± 6.15 kg/m2 to 32.57 ± 5.01 kg/m2, 
respectively. No significant reduction of body weight and BMI in the placebo 
group was observed. An analysis of the microbiota showed that the number of 
Bacteroidetes, specifically Prevotella, increased significantly, while that of Firmicutes 
significantly decreased. No significant change in lipid profile in both groups was 
found. Also, no significant change in SCFAs (e.g., butyrate, propionate, acetic 
acid) and pH level was found after the consumption of the probiotic.

CONCLUSION 
No significant differences in pH before and after ingestion were observed in both 
the probiotic and placebo groups as well as in the lipid profile of both cholesterol 
and triglyceride, high-density lipoprotein (HDL), low-density lipoprotein (LDL), 
and the LDL/HDL ratio. In addition, no significant changes in the concentration 
of SCFAs (e.g., acetic acid, propionate, and butyrate) were found after con-
sumption. Interestingly, a significant decrease in body weight and BMI (P < 0.05) 
was determined in the treatment group. An analysis of GM shows that L. 
plantarum Dad-13 caused the Firmicutes population to decrease and the 
Bacteroidetes population (especially Prevotella) to increase.

Key Words: Obesity; Body mass index; Lipid profile; Gut microbiota; Short chain fatty 
acid; Probiotic Lactobacillus plantarum Dad-13
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Core Tip: Obesity and overweight are corelated with unhealthy lifestyle that affect the 
health of intestine and affect the ecosystem of gut microbiota (GM). Consumption of 
probiotics help to maintain the ecosystem of GM to stay balance and healthy. L. 
plantarum Dad-13 is potential probiotics for Indonesians to maintain health of the 
gastrointestinal ecosystem. This research was conducted to investigate and determine 
the effect of consumption of indigenous probiotic L. plantarum Dad-13 powder in 
overweight adults in Yogyakarta (Indonesia). The results show decreasing body mass 
index and weight on overweight subject and increasing of Bacteroidetes specifically 
Prevotella.
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INTRODUCTION
Changes in lifestyle, diet, and physical activity have resulted in an exponential 
increase in the number of obese people around the world. Multiple factors influence 
the development of this disease, and gut microbiota (GM) have been suggested to play 
an important role in the nutrient absorption and energy regulation of individuals, thus 
affecting their nutritional status. Different levels of GM have been observed between 
individuals with normal nutritional status and those who are obese.

The World Health Organization defines obesity as an accumulation of abnormal or 
excessive fat that can interfere with health[1]. Body mass index (BMI) is the easiest way 
to identify whether someone is obese or not, namely, by calculating body weight (kg) 
divided by height squared (m²). A person is categorized as overweight if his/her BMI 
is greater than or equal to 25.0, while an obese person is someone with a BMI greater 
than or equal to 30.0[2]. A report from Indonesia Basic Health Research showed that the 
prevalence of obesity in every province tended to increase from 2007 to 2013 to 2018. 
In addition, it reported that adult women had higher obesity prevalence compared 
with adult men[3].

Although the root cause of obesity is excessive calorie intake compared with 
expenditure, the differences in gut microbial ecology between healthy and obese 
humans may affect energy homeostasis. In other words, individuals predisposed to 
obesity may have gut microbial communities that promote the more efficient 
extraction and/or storage of energy from a given diet compared with the communities 
in lean individuals[4].

GM affect body weight, especially obesity. A study showed that after the GM of fat 
mice were moved to thin mice, the latter gradually increased in weight and became 
fat[5]. A link is presumed to exist between GM and body weight. The biomarker of the 
GM of obesity is high-phylum Firmicutes bacteria[6]. Delzenne et al[7] found that the 
number of Bifidobacteria in obese individuals is lower than that in normal individuals. 
Other bacteria that were reported to consistently increase in obese individuals include 
Enterobacteriaceae, Escherichia coli, and Staphylococcus aureus[7].

Bifidobacteria are known as good bacteria as they produce short-chain fatty acids 
(SCFAs), such as acetate, propionate, butyrate, and lactate. This metabolite result has 
important effects on host metabolism. SCFAs can regulate (suppress or activate) the 
expression of specific genes associated with adiposity and inflammation that 
somewhat benefits the host. Given this description, we know that the population of 
Bifidobacteria is decreasing and that some pathogen bacteria, such as Enterobacteriaceae 
and Staphylococcus, are inclined to increase in obese individuals. Probiotics that are 
consumed while alive and able to colonize in the intestine are expected to increase the 
population of good bacteria, especially Bifidobacteria and Lactobacilli, and suppress 
pathogens such as Enterobacteriaceae and Staphylococcus. Kobyliak et al[8] proved that the 
consumption of probiotics, especially Lactobacilli, for nine weeks could suppress body 
weight gain and reduce adipose tissue in obese mice.
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The probiotic research team of Universitas Gadjah Mada (UGM) came up with an 
indigenous probiotic from Indonesia that was obtained from various sources, but it 
has not been thoroughly studied. A study by Rahayu et al[9] revealed that the 
Indonesian indigenous probiotic strains have been molecularly confirmed and could 
inhibit the growth of pathogenic bacteria. In addition, the indigenous probiotic strains 
were shown to be resistant to pH 2 and bile salt of 3% concentration. Some probiotic 
cultures owned by the UGM research team are Lactobacillus plantarum Dad-13 
(obtained from dadih, fermented buffalo milk), L. plantarum Mut-7 and Mut-13 (taken 
from gatot, fermented cassava), L. plantarum T3 (obtained from growol, fermented raw 
cassava), and Lactobacillus paracasei SNP-2 (taken from healthy baby feces).

The strain of L. plantarum Dad-13 has been demonstrated to survive and colonize in 
the gastrointestinal tract of healthy Indonesian adults who consume fermented milk 
containing L. plantarum Dad-13[10]. A safety assessment of L. plantarum Dad-13 on 
Sprague Dawley rats reported no adverse effects in general health, organ weight, 
leukocyte profiles, GOT activity, MDA concentration, and intestinal morphology after 
the consumption of the probiotic[11]. The indigenous probiotic L. plantarum Dad-13 also 
did not cause translocation in the organs and blood of the rats[11].

Apart from significantly increasing the population of L. plantarum and Lactobacillus, 
the consumption of probiotic L. plantarum Dad-13 powder decreased E. coli and non–E. 
coli coliform bacteria in school-aged children in Indonesia[12]. L. plantarum is a 
dominant bacterium in the average Indonesian’s GM[13]. For this reason, this bacterium 
is probably a more suitable probiotic for Indonesians. Thus, this study aimed to 
determine the effect of the consumption of indigenous probiotic L. plantarum Dad-13 
powder in overweight adults in Yogyakarta (Indonesia).

MATERIALS AND METHODS
Study subjects
This study involved 60 overweight volunteers, consisting of 24 males and 36 females. 
The age of the subjects ranged between 35 and 56 years old. The inclusion criteria of 
the subjects covered having a BMI equal to or greater than 25, no history of 
gastrointestinal disorder (such as constipation, diarrhea, abdominal pain, and irritable 
bowel syndrome), and no allergies to certain foods. The subjects had not taken 
antibiotics/antimycotics or any specific drugs and did not consume antidiarrheal or 
laxative medicine for 100 d during the study.

Ethical approval
This study was conducted in accordance with Good Clinical Practice (GCP) as defined 
by the International Conference of Harmonization (ICH) and in accordance with the 
Indonesian National Agency for Drug and Food Control Guidance. Approval by the 
Ethics Committee of the Faculty of Medicine, Public Health, and Nursing of UGM, 
Yogyakarta, was received on January 2, 2018, as stated in the committee’s letter, with 
reference number KE/FK/0002/2018.

Study products
The product of this study was 1 g of skimmed milk powder containing the probiotic L. 
plantarum Dad-13 of 2 × 109 CFU in sachet packing. The product was prepared using a 
halal medium by the Center for Food and Nutrition Studies, UGM. One gram of 
skimmed milk obtained from a local supermarket was used in the placebo group. The 
study products were stored in a refrigerator (< 4 °C) before being consumed. L. 
plantarum Dad-13, the indigenous probiotic strain, was deposited in ampoules at the 
Food and Nutrition Culture Collection (FNCC), Center for Food and Nutrition Studies, 
UGM. Labelling and product blinding were prepared by the Unit Production of 
Probiotics and Starter Cultures, Center for Food and Nutrition Studies, UGM.

Materials
DNA fecal extraction was performed using phenol–chloroform extraction. The 
SsoFast™ Evagreen® Supermix Kit from PT Sciencewerke (Indonesia) was used as a 
mixture of DNA extracts in super-mix real-time PCR. The primers for qPCR analysis 
consisted of Bifidobacteria[14], the L. plantarum subgroup[15], Clostridium coccoides[15], and 
Enterobacteriaceae[14]. The main instrument used for GM analysis was real-time PCR. 
Stool sampling equipment included stool tubes, sterile tissue paper, gloves, masks, ice 
gel, and cool boxes. DNA extraction equipment included a centrifuge, a vortex, 
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analytical scales, and other kinds of glassware. The equipment for the probiotic 
powder included freeze dryers and vacuum sealing.

Study design
The study was a randomized, placebo-controlled study; 60 volunteers were divided 
into an intervention group (probiotic) and a control group (placebo). All the subjects 
and the researcher were blinded to the treatment administrated (double-blind study). 
This study used simple randomization, performed in such a way that leaves no 
significant difference between the study groups (BMI, age, or sex). The placebo 
product used was skimmed milk without probiotics. The study consisted of 10 d 
without the consumption of the study product (baseline period) followed by 90 d of 
ingestion, as shown in Figure 1. During the baseline period, the volunteers consumed 
their normal dietaries with the exception of probiotic products. The baseline period 
was a “washout” period to eliminate the effect of previously used probiotics. The 
volunteers filled in a diary on a daily basis, which consisted of questions on study 
product intake (only during the ingestion period), other food intake, number of bowel 
movements, fecal quality (consistency and color), any medications received, and any 
symptom of discomfort, such as diarrhea, constipation, vomiting, gassing, sensation of 
illness, etc. Fecal samples and the subjects’ diaries were collected on the morning of 
day 10 ± 1, which was marked as the end of the baseline period and the start of the 
ingestion period. During the ingestion period (from day 11 to day 101), the volunteers 
consumed one sachet of the study product per day after having lunch for 90 
consecutive days. The volunteers were not allowed to consume any other probiotic 
products. They were requested to fill in a new diary on a daily basis. Upon the 
completion of the ingestion period, on the morning of day 100 ± 1, fecal samples and 
the subjects’ diaries were collected.

Fecal collection
A fecal sample was collected into a sterile tube with a kind of scoop built into the 
inside of the lid by the subjects at home, and the sample was immediately transported 
to the laboratory in a cold storage container (< 10 °C). Two tubes were used to collect 
the samples, containing buffer/stabilizer RNA later and glass beads, one tube for GM 
analysis and the other for SCFA analysis. The materials and instructions for fecal 
sample collection were provided to the subjects prior to the fecal collection schedule. 
The subjects were instructed to defecate on the trail paper (smooth side up) and were 
prevented from wetting the fecal paper with urine or water. Then they were required 
to immediately take a sample by scraping the feces with the scooper and capping the 
tube tightly.

Analysis
Several parameters to measure and analyze the results included: (1) The measurement 
of body weight and height once a month; (2) The lipid profile; (3) GM analysis; (4) 
SCFA analysis using gas chromatography; and (5) The measurement of fecal pH using 
a pH meter.

GM analysis using next-genome sequencing - MiSeq
A high-throughput analysis of 16 rRNA gene sequences was carried out according to 
the previous method. Areas V3-V4 of the sequences from the bacteria were amplified 
with the fecal DNA genome (approximately 1 ng) using TaKaRa Ex TaqTM HS 
(Takara Bio, Japan) and universal primer Bakt_341F (5’-CGCTCTTCCGATCTCTG 
CCTACGGGGGGGCWGCAG-355)GGCTATICCCACCATTCCCCATTCCACCA 
CCACCACCACCACCACCACCACCA UTAA. The amplification results were used as 
a template for the second PCR using barcode-tag primers. The second PCR results 
were purified using the FastGene Gel/PCR Extraction Kit (NIPPON Genetics, Japan) 
according to company protocol. The purified products were quantified using the 
PicoGreen® dsDNA Assay Kit (Life Technologies, United States) based on company 
protocol. All the PCR samples were of the same total amount (approximately 200 ng 
total), and they were purified using electrophoresis in 2% (w/v) agarose gel (classic-
type Agarose-LE: Nacalai Tesque, Japan), followed by extraction from the gel by the 
FastGene Gel/PCR Extraction Kit. The purified mixture was applied to the final-pair 
sequence of Illumina MiSeq v3 (Illumina, United States).

Statistical analysis
The data was displayed as mean ± standard deviation unless stated otherwise. IBM 
Statistic SPSS 20.0 with a 95% confidence interval (α = 5%) was used to perform 
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Figure 1  Study design.

statistical analysis. A chi-square test or independent t-test or Wilcoxon test was carried 
out to evaluate the significant differences of the observed parameters between the 
probiotic-treated group and the placebo group depending on the normality and 
equality of variance of the data. In addition, a paired t-test was used to analyze the 
observed parameters before and after the consumption of the indigenous probiotic 
powder or placebo powder.

RESULTS
Demographic data of study subjects
Sixty overweight subjects who participated in the research signed informed consent 
forms. The subjects were divided into two groups, namely, the probiotic-treated group 
and the placebo group. Neither the researcher nor the participants knew which subject 
entered the probiotic group or the placebo group. The research began on January 5, 
2019. Fifteen days were allotted for the prescreening period, and the baseline period 
started on January 21-30, 2019, the intervention period started on January 31 and 
ended on April 30, 2019. The research ended when all the subjects finished giving their 
fecal samples to the researcher. The demographic data of the subjects showed no 
significant differences in age, height, weight, and BMI, and the number of female 
participants was higher than that of male participants (Table 1).

Body weight, height, and BMI
The body weight, height, and BMI of the subjects were measured every 10 d. Table 2 
presents a significant decrease (P < 0.05) in the body weight and BMI of the subjects 
after 90 d of probiotic ingestion. Table 3 further shows the different effects of 
consuming probiotics between the female and male subjects.

Some studies also reported that probiotics could reduce body weight. Kadooka 
et al[16] found that the probiotic Lactobacillus gasseri SBT2055 (LG2055) caused 
abdominal adiposity, body weight, and other measures to decrease, suggesting its 
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Table 1 Demographic data of study subjects

Probiotic-treated group (n = 30) Placebo group (n = 30) P value

Age (yr) 44.07 ± 6.23 44.67 ± 5.66 0.421

Height (cm) 159.66 ± 8.27 157.92 ± 9.58 0.401

Weight (kg) 83.45 ± 14.61 79.58 ± 11.79 0.211

BMI (kg/m2) 32.69 ± 5.07 31.88 ± 3.77 0.181

Women, n (%) 18 (60) 18 (60) 0.002

Men, n (%) 12 (40) 12 (40) 0.002

1Independent sample t-test.
2Chi-square. BMI: Body mass index.

Table 2 Changes of body weight, height, and body mass index

Group Baseline period Ingestion period P value

Probiotic-treated 84.54 ± 17.62 83.14 ± 14.71 0.042aWeight

Placebo 79.37 ± 11.76 78.80 ± 11.77 0.121

Probiotic-treated 159.66 ± 8.27 159.66 ± 8.27 1.002Height

Placebo 157.92 ± 9.58 157.92 ± 9.58 1.002

Probiotic-treated 33.10 ± 6.15 32.57 ± 5.01 0.042aBMI

Placebo 31.80 ± 3.71 31.56 ± 3.67 0.181

1Independent sample t-test.
2Wilcoxon signed-rank test. A significantly different (aP < 0.05). BMI: Body mass index.

beneficial influence on metabolic disorders. According to Higashikawa et al[17], the 
heat-killed Pediococcus pentosaceus LP28 displayed an anti-obesity effect that reduced 
BMI, body fat, and waist circumference. Another study revealed that the mean of 
weight loss in female subjects consuming Lactobacillus rhamnosus CGMCC1.3724 (LPR) 
supplementation was significantly higher than that in women who belonged to the 
placebo group after the first 12 wk. The body weight and fat mass of the male subjects 
were not affected by the treatment[18].

Lipid profile
The lipid profile showed that in both groups, there was no significant difference in 
each parameter measured after consuming the study product. The results of the lipid 
profile are shown in Table 4.

Fecal characteristics and defecation frequency
Fecal characteristics indicate intestinal conditions in humans. These characteristics 
include volume, type, color, odor, and pH. The fecal volume of 1 is equal to the 
volume of a chicken egg. The color is indicated in four scales (1: yellow; 2: brownish 
yellow; 3: brown; 4: green). The Bristol stool chart was used to identify the type of 
feces. The aroma of the feces was expressed using a three-point scale (1: normal; 2: 
strong; 3: very strong). Table 5 shows the fecal characteristics and defecation 
frequency.

Table 5 indicates that in both the probiotic-treated group and the placebo group, the 
volume, type, color, odor, and pH of the feces during the baseline and ingestion 
periods were not significantly changed. The defecation frequency was expressed as the 
total number or frequency of defecation in 10 d. Overall, the fecal samples from both 
groups had the following characteristics: Banana-like shape, brownish yellow color, 
normal odor, and pH of 5.58-5.76.

SCFA
An analysis of SCFAs was performed using gas chromatography. The SCFAs analyzed 
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Table 3 Different changes of body weight, height, and body mass index in female and male subjects

Gender Group Baseline period Ingestion period P value

Weight Probiotic-treated 77.91 ± 14.16 77.08 ± 13.68 0.011a

Placebo 73.20 ± 9.93 72.69 ± 9.93 0.331

Height Probiotic-treated 153.82 ± 4.05 153.82 ± 4.05 1.002

Placebo 151.42 ± 5.92 151.42 ± 5.92 1.002

BMI Probiotic-treated 32.90 ± 5.73 32.58 ± 5.58 0.021a

Women

Placebo 31.96 ± 4.25 31.72 ± 4.14 0.311

Probiotic-treated 94.48 ± 18.11 92.22 ± 11.45 0.381Weight

Placebo 88.63 ± 7.51 87.97 ± 7.77 0.161

Probiotic-treated 168.42 ± 3.92 168.42 ± 3.92 1.002Height

Placebo 167.67 ± 3.87 167.67 ± 3.87 1.002

Probiotic-treated 33.39 ± 6.98 32.54 ± 4.25 0.371

Men

BMI

Placebo 31.56 ± 2.87 31.32 ± 2.96 0.151

1Independent sample t-test.
2Wilcoxon signed-rank test. A significantly different (aP < 0.05). BMI: Body mass index.

Table 4 Lipid profile

Lipid profile Group Baseline period Ingestion period P value

Probiotic-treated 194.93 ± 37.64 192.20 ± 36.55 0.462Cholesterol (mg/dL)

Placebo 193.70 ± 29.47 192.37 ± 29.75 0.412

Probiotic-treated 151.50 ± 63.92 166.83 ± 75.02 0.162Triglyceride (mg/dL)

Placebo 191.40 ± 133.60 187.73 ± 111.58 0.542

Probiotic-treated 40.33 ± 9.77 40.00 ± 9.28 0.691HDL (mg/dL)

Placebo 39.93 ± 7.29 40.60 ± 8.18 0.391

Probiotic-treated 141.43 ± 32.17 136.97 ± 33.12 0.182LDL (mg/dL)

Placebo 134.50 ± 24.84 133.50 ± 27.06 0.711

Probiotic-treated 3.63 ± 0.95 3.55 ± 0.87 0.381Ratio of LDL/HDL

Placebo 3.44 ± 0.70 3.39 ± 0.84 0.611

1Paired t-test.
2Wilcoxon signed-rank test. A significantly different (P < 0.05). LDL: Low-density lipoprotein; HDL: High-density lipoprotein.

in this study included acetic acid, propionate, and butyrate. Table 6 shows the SCFA 
concentration of the probiotic-treated and placebo groups. It also shows that the 
SCFAs did not significantly change (P > 0.05) in both groups after the ingestion period. 
The SCFAs function via diverse host molecular mechanisms to regulate host energy 
intake, energy expenditure, and storage[19]. The production of SCFAs by bacteria that 
ferment carbohydrates contribute 10% of the total energy to be absorbed in the colon, 
and the rest would be lost through the feces[20]. One study proved that the 
administration of L. salivarius Ls-33 to obese adolescent subjects did not have a 
significant effect[21]. Likewise, the administration of L. plantarum Dad-13 in this study 
did not affect the SCFA concentration of the overweight subjects. The pH value in the 
treatment group was 5.72 ± 0.31 before ingestion and 5.76 ± 0.28 after ingestion. The 
pH value in the placebo group was 5.58 ± 0.40 before ingestion and 5.75 ± 0.34 after 
ingestion. This insignificant change of fecal pH was attributed to insignificant SCFA 
concentration, so the intestines’ condition did not change.
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Table 5 Fecal characteristic (volume, type, color, odor, pH) and defecation frequency

Group Baseline period Ingestion period P value

Probiotic-treated 2.20 ± 0.79 2.23 ± 0.96 0.861Volume

Placebo 2.37 ± 0.95 2.29 ± 0.90 0.232

Probiotic-treated 3.59 ± 0.93 3.22 ± 1.17 0.081Type

Placebo 4.02 ± 1.14 3.89 ± 0.93 0.342

Probiotic-treated 1.86 ± 0.57 1.73 ± 0.55 0.201Color

Placebo 2.00 ± 0.59 1.95 ± 0.54 0.701

Probiotic-treated 1.11 ± 0.37 1.10 ± 0.28 0.932Odor

Placebo 1.26 ± 0.35 1.32 ± 0.41 0.572

pH Probiotic-treated 5.72 ± 0.31 5.76 ± 0.28 0.513

Placebo 5.58 ± 0.40 5.75 ± 0.34 0.073

Probiotic-treated 12.93 ± 3.61 13.40 ± 4.52 0.582Defecation frequency4

Placebo 14.67 ± 4.93 15.70 ± 7.57 0.512

1Independent sample t-test.
2Wilcoxon signed-rank test.
3Paired t-test.
4Every 10 d.

Table 6 Short-chain fatty acid (acetic acid, propionic acid, and butyrate acid) of feces

Group Baseline period Ingestion period P valuea

Probiotic-treated 63.19 ± 34.97 64.76 ± 17.61 0.89Acetic acid (mmol/kg)

Placebo 67.09 ± 19.56 63.76 ± 13.05 0.65

Probiotic-treated 22.02 ± 14.17 20.65 ± 9.76 0.67Propionic acid (mmol/kg)

Placebo 21.98 ± 10.44 17.16 ± 2.04 0.17

Probiotic-treated 14.78 ± 6.68 14.97 ± 7.24 0.95Butyrate acid (mmol/kg)

Placebo 19.45 ± 8.60 15.59 ± 9.40a 0.33

aPaired t-test with significance level of 5%.

Diet profile
Diet or food intake is associated with obesity. This study also recorded the daily diet of 
the subjects. The dietary records were analyzed using the NutriSurvey 2007 software. 
The household size based on the standard issued by the Republic of Indonesia 
Ministry of Health in 2014 was used to measure the amount of food intake. Table 7 
below summarizes the diet profile of the subjects.

Based on the analysis of the dietary patterns of the subjects, the standard deviation 
was high, which indicates that the nutrient intake of the subjects was very diverse. 
Compared to the intake during the baseline period, both the probiotic-treated group 
and the placebo group consumed less energy, protein, lipid, carbohydrate, and PUFA 
sources in the last month of the ingestion period. In addition, the average daily energy 
intake of the subjects was around 1518.17-1642.88 kcal/d, less than that of a normal 
adult (around 2000 kcal/d)[22]. The consumption of dietary fiber sources experienced a 
gradual drop from day 41 to the end of the study period. Meanwhile, no significant 
differences were observed in the intake of cholesterol between the baseline period and 
the end of the ingestion period in both the probiotic-treated group and the placebo 
group.
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Table 7 Diet profile of subjects

Group Baseline 
period

Ingestion day 
11-20

Ingestion day 
21-30

Ingestion day 
31-40

Ingestion day 
41-60

Ingestion day 
61-80

Ingestion day 
81-100

Probiotic-
treated

1518.17 ± 
484.46

1322.04 ± 431.90 1338.23 ± 376.17 1274.13 ± 390.37 1124.89 ± 378.82a 1060.65 ± 
286.86a

1103.54  ± 
311.74a

Energy 
(kcal)

Placebo 1642.88 ± 
599.33

1660.02 ± 611.62 1562.79 ± 
1144.53

1396.65 ± 
476.01a

1085.16 ± 346.08a 1047.90 ± 
313.37a

1105.73 ± 313.58a

Probiotic-
treated

744.06 ± 
526.92

633.17 ± 397.27 593.60 ± 377.72 691.70 ± 470.44 720.66 ± 551.62 656.24 ± 419.94 712.81 ± 438.11Water (g)

Placebo 1122.19 ± 
615.82

1016.66 ± 665.44 1041.80 ± 568.23 1100.16 ± 601.35 688.97 ± 533.39a 813.86 ± 565.46 841.27 ± 595.64

Probiotic-
treated

52.72 ± 19.49 44.69 ± 16.73 46.23 ± 14.61 46.81 ± 12.61 38.49 ± 14.10a 38.30 ± 10.23a 39.62 ± 11.30aProtein (g)

Placebo 53.92 ± 24.02 55.03 ± 25.52 47.12 ± 33.52 47.02 ± 18.70 38.38 ± 12.95a 35.67 ± 10.98a 39.09 ± 9.72a

Lipid (g) Probiotic-
treated

61.41 ± 30.24 47.15 ± 26.32 47.60 ± 21.41 49.86 ± 19.25 40.78±15.24a 39.63 ± 12.02a 40.78 ± 12.99a

Placebo 64.15 ± 34.36 63.17 ± 38.78 54.22 ± 36.98 52.15 ± 25.09a 36.99 ± 13.85a 36.88 ± 12.74a 37.68 ± 9.70a

Probiotic-
treated

190.85 ± 68.00 179.93 ± 57.44 180.95 ± 65.23 160.50 ± 59.23 150.80 ± 56.88 137.97 ± 43.53a 144.63 ± 46.33aCarbo-
hydrate (g)

Placebo 216.39 ± 88.21 221.71 ± 83.07 224.10 ± 190.74 186.27 ± 71.98 149.82 ± 48.91a 144.70 ± 49.45a 153.74 ± 60.37a

Fiber (g) Probiotic-
treated

10.96 ± 5.88 8.66 ± 3.04 8.71 ± 2.91 8.49 ± 2.63 7.08 ± 2.16a 6.24 ± 2.01a 6.61 ± 2.48a

Placebo 12.17 ± 7.15 13.34 ± 9.00 11.90 ± 8.61 10.20 ± 4.67 6.96 ± 2.99a 7.17 ± 2.30a 7.45 ± 2.30a

PUFA (g) Probiotic-
treated

16.87 ± 13.02 12.80 ± 7.73 12.17 ± 5.87 13.03 ± 7.64 12.17 ± 7.36 10.91 ± 4.50 10.86 ± 4.31

Placebo 18.20 ± 13.73 18.49 ± 15.71 15.70 ± 13.47 16.29 ± 13.52 10.50 ± 5.94a 10.03 ± 4.70a 9.73 ± 3.1a

Probiotic-
treated

191.39 ± 
163.58

163.28 ± 83.55 168.44 ± 92.31 182.29 ± 68.95 160.32 ± 84.56 172.70 ± 77.78 179.23 ± 57.13Choles-terol 
(mg)

Placebo 170.42 ± 
154.32

168.91 ± 169.50 142.45 ± 159.96 164.19 ± 124.86 173.22 ± 86.80 165.31 ± 85.03 182.64 ± 81.91

aP < 0.05 based on Independent sample t-test compared to the nutrient intake in baseline. PUFA: Polyunsaturated fatty acid.

Population of GM in overweight subjects
Based on the results of the 16 RNA sequences using MiSeq performed in both the 
probiotic-treated and placebo groups, the bacterial group was dominated by the phyla 
Firmicutes, Bacteroidetes, Actinobacteria, Proteobacteria, Fusobacteria, and Verrucomicrobia 
(Figure 2). A small portion of the phyla Cyanobacteria, Lentisphaerae, Elusimicrobia, and 
Synergistetes appeared in both the treatment and control groups (Table 8).

The phylum distribution composition of each subject from both the treatment and 
control groups can be seen in Figure 3. Three genera - Firmicutes, Bacteroidetes, and 
Actinobacteria - are the most dominant genera appearing on almost all the subjects, 
while some phyla, such as Proteobacteria and Fusobacteria, appear dominantly in only a 
few subjects.

Concerning the two dominant phyla, the number of Bacteroidetes significantly 
increased (P < 0.05) in both the treatment and placebo groups after the ingestion 
period (Table 9), and the number of Firmicutes significantly decreased (P < 0.05) in the 
treatment group (Figure 4). Meanwhile, the Fusobacteria population was only found in 
a few subjects. The Verrucomicrobia population significantly decreased in both the 
treatment and placebo groups after the ingestion period. Verrucomicrobia was often 
associated with gastrointestinal health and glucose homeostasis. No significant 
changes (P  > 0.05) were found in the phyla of Cyanobacteria, Elusimicrobia, 
Lentisphaerae, and Synergistetes in the treatment and placebo groups before and after 
the ingestion period. The changes in phylum of bacterial composition in both the 
probiotic-treated and placebo groups before and after the ingestion period are 
presented in Figure 4.

At the genus level (as shown in Table 8), some microbiota showed some changes in 
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Table 8 Gut microbiota composition based on genus

Probiotic-treated Placebo
Phylum Genus Baseline, mean (%) 

± SD
Ingestion, mean (%) 
± SD

P 
value

Baseline, mean (%) 
± SD

Ingestion, mean (%) 
± SD

P 
value

Faecalibacterium 11.43 ± 5.03 10.94 ± 4.21 0.614 15.30 ± 7.07 11.82 ± 5.50 0.01a

Coprococcus 7.53 ± 3.55 6.23 ± 1.85 0.037a 7.34 ± 3.71 5.82 ± 2.67 0.116

Other 7.63 ± 5.05 8.22 ± 4.15 0.491 6.03 ± 4.13 8.40 ± 4.56 0.012a

Ruminococcus 4.49 ± 4.06 3.69 ± 2.90 0.271 3.80 ± 3.84 3.70 ± 4.79 0.572

Roseburia 1.36 ± 1.31 1.54 ± 1.10 0.072b 1.49 ± 1.55 2.04 ± 1.28 0.037a

Clostridium 0.16 ± 0.22 0.16 ± 0.27 0.829 0.25 ± 0.53 0.35 ± 0.49 0.202

Firmicutes

Paenibacillus 0.01 ± 0.01 0.00 ± 0.01 0.1 0.03 ± 0.06 0.00 ± 0.01 0.002a

Prevotella 14.56 ± 11.57 19.25 ± 13.03 0.066b 14.15 ± 13.69 14.28 ± 14.13 0.75Bacteroidetes

Bacteroides 3.78 ± 5.43 5.57 ± 8.21 0.019a 5.59 ± 9.97 10.30 ± 13.83 0.04a

Bifidobacterium 3.38 ± 4.96 2.74 ± 4.01 0.6 3.07 ± 3.95 2.71 ± 2.91 0.957

Collinsella 2.02 ± 1.40 1.52 ± 0.94 0.069b 2.00 ± 1.80 1.51 ± 0.98 0.271

Actino-
bacteria

Brevibacterium 0.01 ± 0.01 0.00 ± 0.01 0.307 0.03 ± 0.07 0.01 ± 0.02 0.082b

Succinivibrio 2.19 ± 4.51 1.44 ± 3.37 0.548 2.06 ± 5.29 2.51 ± 6.89 0.534

Phyllobacterium 0.02 ± 0.04 0.02 ± 0.02 0.037a 0.01 ± 0.03 0.01 ± 0.03 0.167

Proteo-bacteria

Sphingomonas 0.02 ± 0.03 0.02 ± 0.02 0.75 0.01 ± 0.03 0.01 ± 0.03 0.833

Verrucomicrobia Akkermansia 0.13 ± 0.56 0.04 ± 0.18 0.028a 0.35 ± 1.64 0.02 ± 0.07 0.024a

aPaired t-test with significance level of 5% (P < 0.05).
bSignificance level 10% (P < 0.1).

composition. However, not all genera of the whole phylum experienced some changes. 
In the phylum Firmicutes, Faecalibacterium was quite significant in the placebo group 
compared with the treatment group (P < 0.05). One species of Faecalibacterium that is 
quite abundant in the human digestive tract is Faecalibacterium prausnitzii. 
Faecalibacterium is a fairly dominant digestive microbiota, as indicated by the fact that 
5%-15% of total bacteria are F. prausnitzii species[23]. F. prausnitzii is also considered one 
of the health indicators of gastrointestinal health. Healthy subjects normally showed 
an abundance of F. prausnitzii compared with subjects with Crohn’s disease[24]. The 
genus Coprococcus showed a significant decrease in the treatment group (P < 0.05). 
Coprococcus is characterized as comprising anaerobic microbes able to produce 
butyrate acid. Countless studies have associated Coprococcus with the health conditions 
of the human digestive tract. One study showed that its healthy subjects had a high 
abundance of Coprococcus compared with subjects with colorectal cancer[25]. Other 
studies showed that the number of Bacteroides and Coprococcus in subjects with 
colorectal pre-cancerous conditions was much lower than that in healthy subjects[26]. 
Body conditions in humans, such as obesity or being overweight, can also affect the 
conditions of microbiota. The populations of Blautia, Coprococcus, and Enterobacteriaceae 
were quite high in overweight children in Mexico compared with those with normal 
conditions[27].

Table 8 shows that Roseburia significantly increased in both the treatment (P < -0.01) 
and placebo groups (P < 0.05). Roseburia is a microbiota of the genus Firmicutes that has 
the characteristics of gram-positive, obligate anaerobes and can produce the SCFA 
butyrate. In the human digestive tract, one of the species of Roseburia - namely, 
Roseburia hominis - can regulate immunity[28]. An increase in the population of Roseburia 
can also be attributed to the type of food consumed. The consumption of resistant 
starch is said to increase Eubacterium rectale and Roseburia[29]. The Roseburia population 
in humans is quite varied. A study of groups of obese and overweight children 
showed a fairly high Roseburia population compared with the normal group[27].

The Paenibacillus genus, as shown in Table 8, decreased in both groups, but only the 
placebo control group experienced a significant decrease. The genus Clostridium did 
not significantly change in both groups, but the placebo group experienced a slight 
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Table 9 Composition of gut microbiota (based on the most abundant in phylum population) in the probiotic-treated and placebo groups 
before and after ingestion period

No. Phylum Group Baseline period Ingestion period P valuea

Probiotic-treated 69.90 ± 15.95 64.13 ± 15.22 0.037a1 Firmicutes

Placebo 70.66 ± 14.41 65.30 ± 14.52 0.153

Probiotic-treated 20.63 ± 11.49 28.27 ± 14.26 0.008a2 Bacteroidetes

Placebo 21.30 ± 12.72 26.71 ± 13.93 0.045a

Probiotic-treated 6.11 ± 5.37 5.07 ± 5.48 0.2373 Actinobacteria

Placebo 5.55 ± 4.90 4.63 ± 3.61 0.453

Probiotic-treated 2.87 ± 6.39 2.04 ± 6.05 0.4914 Proteobacteria

Placebo 1.84 ± 4.32 1.69 ± 3.77 0.572

Probiotic-treated 0.23 ± 0.57 0.34 ± 0.86 0.7015 Fusobacteria

Placebo 0.20 ± 0.94 1.58 ± 6.57 0.044a

6 Probiotic-treated 0.13 ± 0.57 0.04 ± 1.66 0.028aVerrucomicrobia

Placebo 0.35 ± 0.19 0.02 ± 0.07 0.024a

7 Probiotic-treated 0.09 ± 0.29 0.07 ± 0.21 0.537Cyanobacteria

Placebo 0.06 ± 0.24 0.04 ± 0.10 0.427

8 Lentisphaerae Probiotic-treated 0.02 ± 0.05 0.01 ± 0.08 0.681

Placebo 0.03 ± 0.02 0.03 ± 0.11 0.334

9 Probiotic-treated 0.00 ± 0.01 0.00 ± 0.03 0.655Elusimicrobia

Placebo 0.01 ± 0.02 0.00 ± 0.00 0.317

Probiotic-treated 0.00 ± 0.00 0.00 ± 0.00 0.65510 Synergistetes

Placebo 0.00 ± 0.00 0.00 ± 0.01 0.273

aPaired t-test with significance level of 5%.

increase in abundance. The genus Ruminococcus decreased significantly in the 
probiotic-treated group.

The Coprococcus genus experienced a significant decrease in the treatment group 
after consumption, inversely proportional to the genus Roseburia, which experienced a 
significant increase in the treatment group after consumption. Roseburia also 
experienced a significant increase in the control group after the ingestion period. The 
genera Faecalibacterium and Paenibacillus experienced a decrease in the placebo group 
after the ingestion period. No significant differences were observed in the genera 
Clostridium and Ruminococcus in both the treatment and placebo groups after the 
ingestion period.

The second dominant phylum (Table 9) is Bacteroidetes, which increased in the 
treatment group. The genus Bacteroides significantly increased in both the probiotic-
treated and placebo groups (P < 0.05). However, the genus Prevotella significantly 
increased (P < 0.1) in the probiotic-treated group. Previous papers mentioned that 
Prevotella is the dominant genus in the phylum Bacteroidetes for healthy school-aged 
children (Murugesan et al[27] 2015) and adult Indonesians (Rahayu et al[13] 2019). In this 
study, the population of Prevotella is much higher than that of Bacteroides. This finding 
supports previous reports stating that Indonesians have the Prevotella enterotype.

The relative abundance of the phylum Actinobacteria - namely, the genera 
Brevibacterium, Bifidobacteria, and Collinsella - is shown in Table 8. Brevibacterium in the 
treatment group significantly decreased after the ingestion period and showed a 
significant decrease in the genus Collinsella in the treatment group (P < 0.1) compared 
with the placebo group. Collinsella is a microbiota of the phylum Actinobacteria. These 
microbiota were often said to be pathobionts, which have the potential to influence the 
nature of the pathogen to its host[30]. Subjects with obesity and having type 2 diabetes 
are said to have a high abundance of Collinsella compared with healthy people[31].
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Figure 2  The composition of gut microbiota [relative abundance (%) in the probiotic-treated and placebo groups before and after 
ingestion period].

Table 8 shows that the genus Phyllobacterium of the phylum Proteobacteria increased 
significantly in the treatment group, while no significant change in the genera 
Succinivibrio and Sphingomonas was found in both the treatment and placebo groups. 
Meanwhile, the abundance of the genus Akkermansia in the phylum Verrucomicrobia 
decreased significantly.

From the analyses using LeSfe with a P value of < 0.05 (LDA > 2.0), one against all 
showed a significant difference in bacterial abundance in the probiotic-treated and 
placebo groups before and after the ingestion period. Alpha diversity analysis 
(Figure 5) showed that the abundance of bacteria in the probiotic-treated group 
significantly increased after they consumed the probiotic powder. This indicates that 
the consumption of probiotics could increase the abundance of bacteria in obese 
people, who have a diversity and wealth of microbiota gut components compared 
with eutrophic subjects[32]. At the genus level, a significant increase was observed in 
the abundance of the genus Phyllobacterium in the probiotic-treated group after 
consumption, whereas in the control group, Roseburia abundance increased 
significantly after consumption. The Brevibacterium, Paenibacillus, Bacillales, and 
Faecalibacterium groups were abundant in the placebo group before the consumption of 
the placebo product.

DISCUSSION
Ley et al[33] authored one of the first studies linking GM to obesity in humans[4]. The 
results from the 16 rRNA gene sequences in mouse models indicated that the two most 
abundant bacterial phyla were Firmicutes (60%-80%) and Bacteroidetes (20%-40%). In 
particular, the ob/ob mice had a 50% decrease in the population of Bacteroidetes and a 
proportional increase in Firmicutes. These changes indicate that obesity affects the 
diversity of GM and suggest that the intentional manipulation of the community 
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Figure 3 The phylum distribution composition of each subject from both probiotic-treated and placebo groups. The number on the X-axis 
represents the code of subject.

structure may be useful to regulate the energy balance in the obese individual[4,33]. 
Meanwhile, Turnbaugh et al[34] and Furet et al[35] found a lower representation of 
Bacteroidetes (Bacteroides/Prevotella) in obese individuals, with no differences in the 
Firmicutes phylum.

In addition, an ongoing review of GM and obesity found evidence of the association 
between gut bacteria and obesity[36,37]. Normally, the subclass distributions of GM are 
composed of the following: Bacteroidetes (23%), comprising the genus Bacteroides; 
Firmicutes (64%), including Bacilli, Clostridia, and Mollicutes; Proteobacteria (8%), gram-
negative bacteria, such as E. coli and Helicobacter pylori; Fusobacteria, Verrucomicrobia, 
and Actinobacteria (3%), which include species such as Bifidobacteria; and only about 2% 
of other phyla. Our findings also indicate that an obese person has a different 
microbial proportion of the dominant phyla, which consists of the higher Firmicutes of 
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Figure 4 The changes in phylum of bacterial composition in both probiotic-treated and placebo groups before and after ingestion period. 
PRO1: Probiotic before ingestion; PRO2: Probiotic after ingestion; PLC1: Placebo before ingestion; PLC2: Placebo after ingestion.

about 70% and the lower Bacteroidetes of about 21%, compared with a normal person, 
as mentioned in another study by Abenavoli et al[37]. The other phyla comprise 
Actinobacteria at about 6%, Proteobacteria at 3%, and less than 1% of other bacteria, such 
as Fusobacteria, Verrucomicrobia, Cyanobacteria, and Lentisphaerae.

Jumpertz et al[38] investigated the dynamic changes of GM during diets that varied in 
caloric content in the feces of lean and obese individuals by measuring ingested and 
stool calories using bomb calorimetry. The alteration of the nutrient load induced 
rapid changes in the GM. These changes were directly correlated with stool energy 
loss in lean individuals, such as a 20% increase in Firmicutes and a corresponding 
decrease in Bacteroidetes, which were associated with an increased energy harvest. A 
high degree of overfeeding in lean individuals was accompanied by a greater 
fractional decrease in stool energy loss. These results show that the nutrient load is a 
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Figure 5 Cladogram and Alpha diversity on the treatment group and placebo group before and after the ingestion period. PRO1: Probiotic 
before ingestion; PRO2: Probiotic after ingestion; PLC1: Placebo before ingestion; PLC2: Placebo after ingestion.

key variable that can influence the gut (fecal) bacterial community structure over short 
periods. Furthermore, the observed associations between gut microbes and nutrient 
absorption indicate a possible role of the human GM in the regulation of the nutrient 
harvest. Recent studies have shown that the increase of bile acids in the intestine when 
comparing sterile rats with normal rats would show that the GM are related to not 
only obesity but also a diverse range of metabolic diseases[39].

Several mechanisms have been proposed for GM causative action in obesity 
physiopathology. In fact, gut commensal bacteria interact with our metabolism at 
several points. They help convert ingested complex nutrients to SCFAs, transform 
mucins and dietary fibers into simple sugars ready for absorption, stimulate intestinal 
epithelial proliferation, and favor nutrient absorption and metabolism. They are the 
main actor in shaping the gut crucial defense barrier constituted by the systemic and 
mucosal immune system and activate bio-inactive compounds[40]. Nevertheless, GM 
play an important role in human adipose tissue formation and deposition. Indeed, our 
intestinal bacteria can maintain the human body’s energy balance mainly because of 
their ability to share the otherwise indigestible components of a mammalian’s diet[41]. 
In this study, the average daily energy intake of the subjects was around 1518.17-
1642.88 kcal/d, less than that of a normal adult (around 2000 kcal/d). No significant 
differences were observed in the diet profile of the subjects in both the probiotic-
treated and placebo groups.

Abenavoli et al[37] mentioned in their review that evidence of the association between 
gut bacteria and obesity exists in both infants and adults. Several genetic, metabolic, 
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and inflammatory pathophysiological mechanisms are involved in the interplay 
between gut microbes and obesity. Microbial changes in the human gut can be 
considered a factor in obesity development in humans. The modulation of the bacterial 
strains in the digestive tract can help reshape the metabolic profile in the human obese 
host, as suggested by data from several animal and human studies. Several reports 
have also been conducted on the probiotic treatment of obese individuals. In adults, 
different strains of Lactobacillus and Bifidobacterium, alone or in combination, as well as 
P. pentosaceus led to a significant reduction of body weight, BMI, waist circumference, 
and fat mass[17,42-46].

As the administered dosage of probiotics affects the efficacy of the treatment, 
reduced visceral adiposity and waist circumference were observed after exposure to a 
high dose of L. gasseri BNR17[44]. These results were not so unambiguous given the 
different doses of Ecologic® (a mixture of multi-strains of Lactobacillus and 
Bifidobacterium), although this study was only conducted on obese women[47]. 
Interestingly, a report by Sanchez et al[48] showed the gender-specific effects of 
probiotics in human obese subjects. Indeed, the administration of L. rhamnosus 
CGMCC1.3724 and a restricted caloric diet resulted in significantly higher weight loss 
in obese women than in men. This finding can be explained by a greater impact on 
satiety, eating habits, and mood in women vs men[48]. Finally, scant evidence exists on 
the potential preventive effect on obesity of some probiotics in non-obese subjects. 
Specifically, VSL#3 can reduce body weight and fat accumulation via L. gasseri 
SBT2055 administration[16,49].

CONCLUSION
No significant differences in pH were found before and after ingestion in both the 
probiotic and placebo groups as well as in the lipid profile of both cholesterol and 
triglyceride, high-density lipoprotein (HDL), low-density lipoprotein (LDL), and the 
LDL/HDL ratio. In addition, no significant changes in the concentration of SCFAs 
(acetic acid, propionate, and butyrate) were observed after the consumption of the 
probiotic powder L. plantarum Dad-13.

An interesting finding is a significant decrease in body weight and BMI (P < 0.05) in 
the treatment group. This weight loss was particularly observed in the female subjects. 
GM analysis shows that L. plantarum Dad-13 was able to decrease Firmicutes and 
increase Bacteroidetes (especially Prevotella).

ARTICLE HIGHLIGHTS
Research background
Gut microbiota (GM) play an important role in the nutrient absorption and energy 
regulation of individuals, thus affecting their nutritional status. GM also affect body 
weight, especially obesity, a condition wherein the accumulation of abnormal or 
excessive fat can interfere with health. Obesity in Indonesia showed an increasing 
prevalence in every province from 2007 to 2018. One study found a link between GM 
and body weight. Probiotics, as healthy bacteria, can improve an individual’s health 
status by affecting GM composition. The consumption of probiotics may maintain this 
status and reduce the weight gain of adults with obesity in Indonesia.

Research motivation
This research aimed to investigate the effect of the consumption of an indigenous 
probiotic on overweight people. The results obtained may be used to determine the 
condition of GM in overweight people and the effect of indigenous probiotics on the 
GM of overweight adults. These results may also be used to determine the treatment 
of probiotic consumption that is most suitable and effective for overweight individuals 
in Indonesia to improve their health status.

Research objectives
The objective of this study was to determine the effect of the consumption of the 
indigenous probiotic powder L. plantarum Dad-13 on overweight adults in Indonesia.
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Research methods
Sixty overweight volunteers with body mass index (BMI) equal to or greater than 25 
consumed indigenous probiotic powder L. plantarum Dad-13 (2 × 109 
CFU/gram/sachet) for 90 d. The study was a randomized, double-blind, placebo-
controlled study. The volunteers filled in a diary on a daily basis, which consisted of 
questions on study product intake (only during the ingestion period), other food 
intake, number of bowel movements, fecal quality (consistency and color), any 
medications received, and any symptom of discomfort, such as diarrhea, constipation, 
vomiting, gassing, sensation of illness, etc. Fecal samples and the subjects’ diaries were 
collected on the morning of day 10 + 1, marked as the end of the baseline period and 
the start of the ingestion period. During the ingestion period (from day 11 to day 101), 
several parameters to measure and analyze the results included body weight and 
height (once a month), the lipid profile, GM analysis using MiSeq, short-chain fatty 
acid (SCFA) analysis using gas chromatography, and the measurement of fecal pH 
using a pH meter.

Research results
The consumption of indigenous probiotic powder L. plantarum Dad-13 by overweight 
people caused the average body weight and BMI of the probiotic group to decrease 
from 84.54 ± 17.64 kg to 83.14 ± 14.71 kg and from 33.10 ± 6.15 kg/m2 to 32.57 ± 5.01 
kg/m2, respectively. No significant reduction in the body weight and BMI of the 
placebo group was found. An analysis of the microbiota showed that the number of 
Bacteroidetes, specifically Prevotella, increased significantly, while Firmicutes  
significantly decreased. No significant change in lipid profile was observed in both 
groups. Also, no significant change in SCFAs (butyrate, propionate, acetic acid) and 
pH level were found after the consumption of the probiotic.

Research conclusions
No significant differences in pH were found before and after ingestion in both the 
probiotic and placebo groups as well as in the lipid profile of both cholesterol and 
triglyceride, high-density lipoprotein (HDL), low-density lipoprotein (LDL), and the 
LDL/HDL ratio. In addition, no significant changes were observed in the 
concentration of SCFAs (acetic acid, propionate, and butyrate) after consumption. 
Interestingly, a significant decrease in body weight and BMI (P < 0.05) was found in 
the treatment group. An analysis of the GM shows that L. plantarum Dad-13 was able 
to decrease Firmicutes and increase Bacteroidetes (especially Prevotella).

Research perspectives
These results proved that the consumption of probiotics among overweight adults 
helps significantly reduce body weight, especially in women, and affects the 
composition of GM.
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Abstract
BACKGROUND 
Gastric gastrinoma and spontaneous tumor regression are both very rarely 
encountered. We report the first case of spontaneous regression of gastric 
gastrinoma.

CASE SUMMARY 
A 37-year-old man with a 9-year history of chronic abdominal pain was referred 
for evaluation of an 8 cm mass in the lesser omentum discovered incidentally on 
abdominal computed tomography. The tumor was diagnosed as grade 2 
neuroendocrine neoplasm (NEN) on endoscopic ultrasound-guided fine-needle 
aspiration. Screening esophagogastroduodenoscopy revealed a 7 mm red 
polypoid lesion with central depression in the gastric antrum, also confirmed to 
be a grade 2 NEN. Laparoscopic removal of the abdominal mass confirmed it to 
be a metastatic gastrinoma lesion. The gastric lesion was subsequently diagnosed 
as primary gastric gastrinoma. Three months later, the gastric lesion had 
disappeared without treatment. The patient remains symptom-free with normal 
fasting serum gastrin and no recurrence of gastrinoma during 36 mo of follow-up.

CONCLUSION 
Gastric gastrinoma may arise as a polypoid lesion in the gastric antrum. 
Spontaneous regression can rarely occur after biopsy.
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Core Tip: Gastrinoma is a functional neuroendocrine tumor which can cause refractory 
gastrointestinal symptoms. We present a rare case of gastrinoma originating in the 
stomach, with metastasis to the lesser omentum. Tumors including neuroendocrine 
tumors are rarely known to regress spontaneously following biopsy or surgical insult. 
This is the first report of spontaneous regression of a gastric gastrinoma. We also 
review the literature on gastric gastrinoma, gastrinoma arising in the lesser omentum, 
and spontaneous regression of gastrinomas and other neuroendocrine tumors.

Citation: Okamoto T, Yoshimoto T, Ohike N, Fujikawa A, Kanie T, Fukuda K. Spontaneous 
regression of gastric gastrinoma after resection of metastases to the lesser omentum: A case 
report and review of literature. World J Gastroenterol 2021; 27(1): 129-142
URL: https://www.wjgnet.com/1007-9327/full/v27/i1/129.htm
DOI: https://dx.doi.org/10.3748/wjg.v27.i1.129

INTRODUCTION
Gastrinoma is a type of neuroendocrine neoplasm (NEN) with high malignant 
potential. It is known to cause Zollinger-Ellison syndrome (ZES), a state of gastrin 
hypersecretion causing peptic ulcers in over 90% of affected cases[1]. The annual 
incidence has been reported at 0.5-2 per million. About 25% are associated with 
multiple endocrine neoplasia (MEN) type 1, while the remainder are sporadic[2]. Most 
arise in the gastrinoma triangle, an area with borders formed by the porta hepatis, 
duodenum, and pancreatic head[1]. Duodenal and pancreatic gastrinomas make up 
over 80% of all gastrinomas; other potential sites for primary lesions include the liver, 
biliary tree, ovary, kidney, jejunum, greater and lesser omentum, heart, and 
stomach[2-4].

Gastric NENs have an annual incidence of 2-5 per 100000 persons and account for 
0.3%-1.8% of all gastric tumors, 5.6%-7.4% of NENs, and 6.9%-8.7% of all digestive 
NENs[5-8]. A large majority arise from enterochromaffin-like (ECL) cells which are 
stimulated by gastrin and secrete histamines[9-11]. As ECL cells are distributed in the 
gastric fundus and corpus, antral NENs are rare and originate from G-cells (which 
produce gastrin), D-cells (somatostatin) and enterochromaffin cells (serotonin).

NENs arising from ECL cells (ECLomas) are classified into 3 types based on 
etiology[5,6]. Type 1 is the most common and often presents with small, multiple 
polypoid lesions in the setting of autoimmune atrophic gastritis. Type 2 is the rarest 
type, accounting for 5%-6% of gastric NENs. It also commonly presents with small, 
multiple polypoid lesions in the fundus or body, but arises in the setting of gastrinoma 
or MEN type 1. Both type 1 and type 2 have high fasting serum gastrin (FSG) but type 
2 has lower gastric pH and higher rates of metastasis (10%-30%). Type 3 commonly 
presents with large neuroendocrine carcinoma, has normal FSG, and metastatic 
disease is observed in a majority of cases. More recently, a fourth type involving 
multiple lesions associated with hypergastrinemia, endocrine cell hyperplasia, and 
parietal cell hypertrophy has been reported[12]. Gastric NENs originate in the deep 
mucosa and invade the submucosa, creating dome-like protrusions with or without 
central depressions when observed endoscopically[13].

Gastric gastrinomas do not fit into this framework, as they are not ECLomas. To the 
extent of our search, there are only 12 reports of gastric gastrinoma in the English 
literature[4,5,14-23]. While gastrinomas can occur sporadically or in connection with MEN 
type 1, all reported gastric cases in the English language are sporadic gastrinomas. 
There is one French report of a gastric gastrinoma associated with the latter[24].

Spontaneous regression is defined as the complete or partial disappearance of a 
tumor with no or inadequate treatment[25]. It is not equivalent to cure; the tumor may 
reappear in the same location or elsewhere in the body. While initially estimated to 
occur once in every 60000-100000 cases, recent studies suggest that at least partial 
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regression may be much more common[26-28]. The frequency of spontaneous regression 
varies widely depending on the tumor, with a large number of reports in renal cell 
carcinoma, melanoma, and neuroblastoma[25,26,28]. Reports in gastric NENs are 
scarce[29-31]. Immunological response by tumor infiltrating leukocytes such as cytotoxic 
T lymphocytes has been implicated as a possible explanation, while the impact of 
hormones, infection, diet and nutrition, toxins, genetics, and invasive procedures such 
as biopsies and surgery have also been suggested[26,28,32,33].

Here, we present a case of gastric gastrinoma with large metastases to the lesser 
omentum. The primary gastric lesion regressed spontaneously following biopsy of the 
gastric lesion and surgical resection of the metastatic lesion. We also review the 
existing literature on gastric gastrinomas, gastrinomas of the lesser omentum, and 
spontaneous regression of NENs.

CASE PRESENTATION
Chief complaints
A 37-year-old man presented to the emergency department after sudden cardio-
pulmonary arrest while outdoors.

History of present illness
Return of spontaneous circulation was achieved due to bystander cardiopulmonary 
resuscitation and 2 electric shocks from an automated external defibrillator.

History of past illness
His medical history was only significant for gastric mucosal erosions diagnosed 9 
years prior to admission. The patient had chronic abdominal pain and occasional 
reflux symptoms despite continued treatment with proton pump inhibitors (PPIs).

Personal and family history
He had never consumed alcohol or smoked cigarettes. He had no known food or drug 
allergies. He had also never experienced syncope or palpitations in the past.

Physical examination
Body temperature of 36.2 degrees Celsius, blood pressure of 139/111 mmHg, sinus 
tachycardia with a heart rate of 130 beats/min, and respiratory rate of 32 times/min 
were noted upon arrival. The patient’s eyes were open but he could not speak 
(Glasgow Coma Scale: E4V1M4). Physical examination was otherwise unremarkable.

Laboratory examinations
Laboratory values were significant for leukocytosis, mild increase in liver enzymes 
and creatinine, lactic acidosis (pH of 7.118 and lactate of 8.1 mmol/L on arterial blood 
gas analysis), and a severely elevated D-dimer of over 100 mcg/mL. Electrolytes were 
within their normal ranges. Rapid improvement was observed on serial follow-up 
examinations.

Imaging examinations
Computed tomography (CT) with contrast at admission revealed an incidental 8 cm 
mass in the lesser omentum (Figure 1). The mass appeared to result from the fusion of 
3 similar solid tumors, of which 1 contained a non-enhancing, low-density area 
suggestive of necrosis or hematoma.

Further diagnostic work-up
Esophagogastroduodenoscopy (EGD) incidentally revealed a red, 7 mm submucosal 
tumor with central depression, which was biopsied (Figure 2A). Prominent gastric 
folds and shallow duodenal ulcers were also noted despite prolonged intravenous PPI 
treatment during admission (Figure 2B and C). No signs of gastroesophageal reflux 
disease or duodenal submucosal tumors were observed. Endoscopic ultrasound 
revealed 3 clearly delineated, hyperechoic masses with uniform texture, of which 1 
had a hypoechoic center (Figure 2D). No pancreatic tumors were noted. Endoscopic 
ultrasound-guided fine-needle aspiration was performed. Pathology of both the gastric 
and lesser omentum specimens stained positive for chromogranin A and synapto-
physin and were diagnosed as grade 2 NENs.
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Figure 1 Axial (top) and coronal (bottom) views of computed tomography with contrast at admission revealed an incidental 8 cm mass in 
the lesser omentum (orange arrows). The mass appeared to result from the fusion of 3 similar tumors, of which 1 contained a non-enhancing, low-density 
area suggestive of necrosis or hematoma.

MULTIDISCIPLINARY EXPERT CONSULTATION
Takayoshi Kanie, MD, Department of Cardiology, St. Luke’s International Hospital
After admission, targeted temperature management was performed under total 
anesthesia. The patient recovered completely after 2 d, with no neurological sequelae. 
While coronary angiogram including various stress tests was unremarkable, 
electrocardiogram findings were suggestive of Brugada’s syndrome. An implantable 
cardiac defibrillator (EMBLEM MRI S-ICD System, Boston Scientific, Marlborough, 
MA, United States) was implanted during admission.

Aoi Fujikawa, MD, Department of Surgery, St. Luke’s International Hospital
As the gastric and omental lesions were initially assumed to be independent lesions, 
laparoscopic omental tumor resection with possible gastrectomy was planned. The 
intention was to perform endoscopic submucosal dissection (ESD) to treat the gastric 
lesion once post-operative recovery was confirmed. The patient provided informed 
consent for the surgery and the overall treatment plan based on an adequate 
understanding of the risks involved in each procedure, particularly given his post-
resuscitation status.

Laparoscopic surgery revealed an 83 mm × 80 mm × 37 mm mass in the lesser 
omentum which appeared to be formed from the fusion of 3 spherical tumors 
(Figure 3). No adhesion to the stomach was observed, enabling en bloc resection 
without partial gastrectomy. A macroscopic examination of the resected specimen 
revealed a brown, well-defined, encapsulated 75 mm × 40 mm solid tumor inside 
adipose tissue of the lesser omentum with a central hematoma. Pathology revealed 
nests of tumor cells characterized by small ovoid nuclei and mildly eosinophilic 
cytoplasms with intervening dilated capillary networks (Figure 4A). The tumor was 
positive for chromogranin A, synaptophysin, and gastrin (Figure 4B-D). Mitotic count 
was less than 2 per 2 mm2 and the Ki67 index was 6%. No lymphatic or vascular 
invasion was noted. While initially suspected to be lymph nodes, the fused tumor was 
completely composed on uniform tumor cells with almost no lymphocytes except 
outside the encapsulated tumor. The differential at the time included primary 
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Figure 2  Esophagogastroduodenoscopy incidentally revealed a red, 7 mm submucosal tumor with a central depression (A); prominent 
gastric folds (B) and shallow duodenal ulcers (C) were also noted; endoscopic ultrasound revealed 3 clearly delineated, hyperechoic 
masses with uniform texture, of which 1 had a hypoechoic center with clear borders (D).

Figure 3  Laparoscopic surgery revealed an 83 mm × 80 mm × 37 mm mass in the lesser omentum which appeared to be formed from the 
fusion of 3 spherical tumors.

gastrinoma of lesser omentum lymph node, lymph node metastasis from primary 
gastric or undetected duodenal gastrinoma, and tumor-forming hematogenous spread 
of gastrinoma. While the gastric lesion had not been resected, the Tumor-Node-
Metastasis staging was clinically considered to be T1N1M0, stage III (Union for 
International Cancer Control, 8th edition) assuming the lesion was a locoregional 
lymph node metastasis from a gastric NEN primary.
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Figure 4 Pathology of the surgical specimen (A-D) and gastric biopsy (E-H). Nests of tumor cells characterized by small ovoid nuclei and mildly 
eosinophilic cytoplasms with intervening dilated capillary networks were observed in the omental lesion (A). The tumor was positive for chromogranin A (B), 
synaptophysin (C), and gastrin (D) stains. Biopsy of the gastric lesion showed similar cells in the mucosal layer (E) which were also positive for chromogranin A (F), 
synaptophysin (G), and gastrin (H) stains.

Nobuyuki Ohike, MD, PhD, Department of Pathology, Shizuoka Cancer Center
After the surgery, results of the pre-operative FSG test returned and showed marked 
elevation (41100 pg/mL without discontinuation of PPIs; reference range: 37-172 
pg/mL). Pathology of the stomach biopsy was re-evaluated by an expert pathologist 
specializing in gastrointestinal tumors and was found to have a striking resemblance 
to the resected lesser omentum mass (Figure 4E-G). Strong immunoreactivity with 
gastrin was also confirmed for the first time (Figure 4H).
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FINAL DIAGNOSIS
The patient denied a family history of MEN type 1, of pituitary, parathyroid, or 
pancreatic tumors, or of peptic ulcers. Gastric pH was not evaluated as the primary 
cardiology team believed PPIs should not be withheld for testing. Calcium, 
parathyroid hormone, vitamin B12, and thyroid function tests were within their 
normal ranges. Parietal cell and intrinsic factor antibodies and Helicobacter pylori 
antibodies were negative. Brain, neck, and abdominal imaging showed no pituitary, 
parathyroid, or pancreatic tumors.

As a result, the patient was diagnosed with sporadic gastric gastrinoma with 
metastases to the lesser omentum.

TREATMENT
In part due to stress from a long hospital stay, the patient left the hospital against 
medical advice after surgery.

OUTCOME AND FOLLOW-UP
He voluntarily returned for follow-up EGD 3 mo later to be re-evaluated before a 
possible distal gastrectomy. However, the gastric gastrinoma had reduced to a red dot 
with no visible elevation and was barely identifiable (Figure 5A). Biopsy of the lesion 
was negative for tumor, with only regenerative and fibrous changes (Figure 5B). 
Chromogranin A and synaptophysin stains were also negative (Figure 5C). In 
addition, duodenal ulcers had healed completely, allowing the patient to discontinue 
PPIs for the first time in 9 years. The prominent gastric folds observed in the gastric 
corpus had also normalized. FSG decreased dramatically to the normal range (167 
pg/mL) and somatostatin-receptor scintigraphy (Octreoscan) showed no focal uptake 
throughout the body, including the stomach and lesser omentum. Based on a careful 
discussion of the risks involved, the patient decided to forgo surgery and opted for 
close observation.

Subsequent endoscopic findings have remained unchanged, FSG has remained 
within the normal range, and CT and scintigraphy have shown no recurrence of 
gastrinoma during 36 mo of follow-up. The patient remains asymptomatic without 
PPIs. No shocks from his implantable cardiac defibrillator have been triggered to date.

DISCUSSION
Gastric gastrinoma
G-cells are neuroendocrine cells which secrete gastrin. G-cells are stimulated by vagal 
stimulation via gastrin-releasing peptide, producing gastrin which in turn stimulate 
ECL cells to produce histamines. While G-cell NENs are strongly positive for the 
gastrin stain, they are not considered gastrinomas unless they present with symptoms 
consistent with ZES; gastrinoma is a clinical diagnosis[4-6]. Primary gastric gastrinoma 
is a rare clinical entity, even though most G-cells in the human body residing in the 
gastric antrum. La Rosa et al[11] found only 1 case of gastric gastrinoma among 8 antral 
G-cell NENs and among 209 gastric NENs.

Huang et al[14] reported an exceptionally high rate of gastrinomas among NENs at 
their institution: 20 cases of gastrinoma, of which 9 were gastric gastrinomas, out of 
109 upper gastrointestinal NENs studied. However, they state in their discussion that 
type 1 and type 2 gastric NENs were considered gastrinomas. Their report appears to 
be focused on NENs (ECLomas) induced by hypergastrinemia instead of gastrin-
producing primary NENs, which is our topic of discussion.

We conducted a PubMed search using the search terms “gastrinoma AND (stomach 
OR gastric)” and investigated all sources cited in each relevant report. We found 12 
reports in the English language (excluding abstracts), mostly from the twentieth 
century (Table 1)[4,5,15-23]. Among the 13 reports including our case, there was a male 
preponderance (83%). Ages varied broadly, from 11 to 91 years of age. Most had a long 
history of abdominal symptoms and all lesions with specified locations were found in 
the distal half of the stomach, mainly in the antrum. Surgery was generally the 
treatment of choice, after which FSG normalized in a majority of cases. Lymph nodes 
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Table 1 Case reports of gastric gastrinoma

Case Ref. Year Age Gender Symptoms
Symptom 
duration 
(yr)

History of 
peptic 
ulcer

Location Size 
(mm) Metastases

Gastrin 
before 
surgery 
(pg/mL)

Gastrin after 
surgery 
(pg/mL)

Treatment Follow-
up (mo) Recurrence

1 Royston 
et al[16]

1972 65 M Abdominal pain 14 + Whole stomach Large - > 1000 Undetectable Total gastrectomy 15 -

2 Larsson et al
[17]

1973 65 M Abdominal pain, 
hematemesis

10 + Antro-pylorus 10 - NA NA Gastrectomy 12 -

3 Bhagavan 
et al[18]

1974 11 M Acute peritonitis 0 - Antrum (multiple) Micro-
scopic

- > 1000 11000 Total gastrectomy 12 NA

4 Russo 
et al[19]

1980 51 F Dyspepsia 7 - Antrum-body 
junction

10 - 265 < 100 Polypectomy, antrectomy + 
splenectomy

36 -

5 Thompson 
et al[20]

1985 19 M NA 3 + Antrum 20 Liver 3000-4000 Normal Total gastrectomy + 
segmental hepatectomy

NA -

6 Liu et al[21] 1989 50 M Pain, diarrhea, 
vomiting, weight 
loss

1.5 + Antrum < 10 Lymph node 1100-3000 153 Total gastrectomy 36 +

7 Liu et al[21] 1989 36 F Pain, diarrhea, 
vomiting, weight 
loss

3.5 + Lower 
body/antrum-body 
junction (multiple)

60 Lymph node, 
liver

518 4900 Subtotal gastrectomy 29 (dead) NA

8 Werbel 
et al[22]

1989 72 M Nausea, vomiting, 
anorexia, weight 
loss

8 + Antrum 15 - 340 40 Antrectomy + vagotomy 12 -

9 Rindi et al[5] 1993 NA NA NA NA + Pylorus 20 - Elevated Normal Distal gastrectomy NA -

10 Wu et al[4] 1997 40 M NA NA NA Pylorus NA - 373 250 Enucleation 140 +

11 de Leval 
et al[23]

2002 91 M Nausea, vomiting, 
anorexia, weight 
loss

4 + Antrum 55 Lymph node, 
liver

3500 NA None 0 (dead) NA

12 Tartaglia 
et al[15]

2005 37 M Abdominal pain, 
nausea

8 + Angulus 7 Hepatogastric 
ligament

420 95 Endoscopic resection, 
subtotal gastrectomy + left 
hepatic lobectomy, 
lanreotide

72 +

13 Our case 2020 37 M Abdominal pain 9 + Antrum 7 Lesser 
omentum

41100 167 Tumor resection 30 -

and the liver were the most common sites for metastases.
Treatment for gastric gastrinoma has not been elucidated due to its rarity. 
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Figure 5  The gastric neuroendocrine neoplasm was barely identifiable on follow-up esophagogastroduodenoscopy, reducing to a red 
dot with no visible elevation (A); biopsy of the lesion was negative for tumor, with only regenerative and fibrous changes (B); 
synaptophysin (C) stain was also negative.

Guidelines from the National Comprehensive Cancer Network (NCCN) and the 
European Neuroendocrine Tumor Society (ENETS) both recommend radical resection 
with lymph node sampling for duodenal and pancreatic gastrinomas[7,34]. While both 
NCCN and ENETS guidelines permit endoscopic resection for certain types of small 
gastric NENs, radical resection with lymph node sampling should be performed for 
gastric gastrinomas due to the potential for metastases. Although some authors 
suggest a role for endoscopic resection of gastric gastrinomas[35], our preferred 
approach is open surgery with intraoperative digital and ultrasound exploration to 
investigate undetected duodenal primaries. In the present case, laparoscopy was 
performed instead of open surgery as the diagnosis of gastrinoma was not reached 
before surgery.

A gastrinoma work-up is generally considered when encountering NENs in the 
gastric fundus or corpus. We propose that gastric gastrinoma should be included in 
the differential diagnosis for a NEN in the gastric antrum, particularly when 
accompanied by peptic ulcers and prominent gastric folds.

Relationship between the gastric and omental lesions
Before reaching the final diagnosis of primary gastric gastrinoma with metastasis to 
the lesser omentum, we considered several other possibilities for the relationship 
between the gastric and lesser omentum lesions.

Primary omental gastrinoma with gastric NEN from ectopic ECL cells: While ECL 
cells generally do not exist in the gastric antrum, type 2 antral NENs arising from 
ectopic ECL cells were observed in at least 2 of 4 antral NEN cases in one report[36]. 
However, the positive gastrin stain in our case supports a G-cell origin.

Primary gastrinoma of the lesser omentum with gastric metastasis: We initially 
entertained the possibility that the large lesser omentum lesion was the primary site. 
Primary tumors of the lesser omentum are rare. Most are benign tumors such as 
lymphangiomas and hemangiomas, with isolated reports of gastrointestinal stroma 
tumors and malignancies such as soft tissue sarcoma, lymphoma, and small cell 
carcinoma[37-40]. There are 5 reports of primary gastrinoma of the lesser omentum 
(Table 2)[41-44]. Four cases were relatively young males (average age: 26.3 years) 
including 2 teenagers, while the fifth was an elderly woman. All had solitary tumors 
and none had any evidence of MEN type 1. Tumors in most cases exceeded 4 cm but 
had no metastases. Normalization of serum gastrin and recurrence-free status was 
achieved in all cases. Tumor resection without gastrectomy was possible in 3 cases, 
while total gastrectomy was performed in 2 cases. These is also one report of primary 
gastrinoma of the greater omentum in which serum gastrin similarly normalized after 
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Table 2 Case reports of primary gastrinoma of the lesser omentum

Case Ref. Year Age Gender Symptoms Size 
(mm)

Gastrin 
before 
surgery 
(pg/mL)

Gastrin after 
surgery 
(pg/mL)

Treatment Follow-
up (mo) Recurrence

1 Wolfe 
et al[41]

1982 51 M Recurrent duodenal 
ulcer

NA 753 112 Total gastrectomy 60 -

2 Wolfe 
et al[41]

1982 15 M Hematemesis, 
abdominal pain, 
diarrhea

25 455 41 Tumor resection 12 -

3 Kohyama 
et al[42]

2007 74 F Abdominal pain 40 1850 118 Resection of 
remnant stomach 
with tumor

24 -

4 Chang 
et al[43]

2010 13 M Abdominal pain, 
diarrhea

45 × 37 1263 Normal Tumor resection 36 -

5 Labidi 
et al[44]

2018 26 M Melena, abdominal 
pain

50 × 40 306 Normal Tumor resection 6 -

surgery and no recurrence was observed[45].
There is no known method of determining whether the gastric lesion or the omental 

lesion was the primary gastrinoma. However, both sub-centimeter duodenal 
gastrinomas and sub-centimeter gastric NENs have been reported to metastasize[11,15]. 
To the extent of our search, there are no reports of gastrinomas metastasizing to the 
stomach. It therefore appears natural to consider the gastric lesion as the primary site.

Primary lymph node gastrinoma with gastric metastasis: The existence of primary 
lymph node gastrinoma remains in dispute among experts. Sub-centimeter duodenal 
primaries commonly exhibit distant metastases and may be undetected despite careful 
evaluation, including autopsy. In a study of 176 ZES patients, lymph nodes were the 
only lesions discovered initially in 45 cases[46]. While small duodenal gastrinomas had 
been missed in several cases, 26 appeared to be completely cured after surgical 
resection of the involved lymph node. None of these cases arose in the omentum.

Furthermore, primary lymph node gastrinoma is currently diagnosed when 
diagnostic criteria for gastrinoma are met without any confirmed lesions other than 
lymph nodes and their resection leads to normalization of FSG and other laboratory or 
radiological findings suggestive of gastrinoma. This definition fails to account for 
spontaneous regression of an undetected primary after surgery, discussed below.

Gastric and omental metastases from undiscovered primary duodenal tumor: Most 
gastrinomas arise in the duodenum and small duodenal gastrinomas undetected by 
endoscopic or imaging studies are known to metastasize. As surgery was not 
performed in our patient, this possibility is the most difficult to rule out. There is no 
way to confirm whether or not spontaneous regression, which occurred in the 
stomach, also occurred in the duodenum. However, as stated previously, we found no 
reports of gastrinoma metastasizing to the stomach.

Gastric NEN triggered by chronic PPI use: Chronic PPI use is widely known to cause 
ECL cell hyperplasia as well as hypergastrinemia, albeit at mild levels of 
approximately 1-3 times the upper limit of normal which generally plateaus after 1-2 
years. A systematic review of 1920 patients on PPIs found no found gastric NENs[47]. 
On the other hand, a single center study reported that 3 of 31 gastric NENs arose in 
patients with long-term PPI use in the absence of autoimmune atrophic gastritis, 
Helicobacter pylori infection, or ZES. ECL hyperplasia was not observed in 1 of the 3 
cases, while another was a 6 mm, grade 2 NEN with normal FSG[48]. A study of 66 
gastric NENs in long-term PPI users reported that 9% of NENs arose in the antrum or 
pylorus, but did not specify whether these were ECL-cell NENs[49]. In any event, the 
strongly positive gastrin stain and strong resemblance to the omental lesion makes this 
an unlikely explanation in our case.

Multicentric or incidental simultaneous occurrence of gastric and omental NENs: 
Simultaneous multicentric occurrence of NENs is another possibility. The negative 
tests for MEN type 1 and the strong pathological resemblance between the gastric 
primary and omental metastasis does not allow us to rule this out completely. 



Okamoto T et al. Spontaneous regression of gastric gastrinoma

WJG https://www.wjgnet.com 139 January 7, 2021 Volume 27 Issue 1

Additional molecular genetic testing, not available at our institution, may shed light 
on this possibility[50].

It is also possible for sporadic NENs in 2 separate organs to be discovered 
incidentally at the same time. This premature assumption led to a delay in the 
diagnosis in our patient. There are no reports on this phenomenon and other 
possibilities should be considered first, particularly in young patients with no 
apparent risk factors for NEN development. Had gastrinoma been suspected in 
advance, open laparotomy with digital and ultrasound exploration would have been 
selected over laparoscopy. The pathological resemblance between the 2 lesions was too 
strong for them to be considered unrelated lesions.

Spontaneous regression
Complete and partial spontaneous regressions of NENs have been observed in various 
organs. Most reports involve Merkel cell carcinomas and neuroblastomas, which are 
neuroendocrine carcinomas of the skin and sympathetic nervous system, 
respectively[51,52]. Isolated cases of spontaneous regression of NENs in the pancreas, 
lung, bile duct, thymus, and pelvis have been reported, as well as in metastatic 
disease[53-58]. Biopsy, surgery for another condition, and pregnancy have been 
suggested as possible triggers[54-56].

Focusing on this placebo arms of randomized controlled trials conducted from 1980 
to 2014, Ghatalia et al[27] investigated spontaneous regression in various solid tumors 
including 2 trials relating to pancreatic NENs. Partial spontaneous regression was 
observed in 4 of 252 patients receiving placebo, for an overall response ratio (ORR) of 
1.6%. Amoroso expanded this idea to include 5 trials on NENs and found an ORR of 
1.52% among 531 patients receiving placebo[53]. The authors also found minor 
response, defined as a 10%-30% reduction in tumor size from baseline, in almost 6% of 
NEN patients receiving placebo. While no complete spontaneous regressions were 
observed in these studies, partial spontaneous regressions may not be as rare as once 
believed.

Spontaneous regression of metastatic gastrinomas after biopsy and/or surgery was 
reported as far back as the 1960s. Disappearance of biopsy-proven liver and/or lung 
metastases on imaging or during second-look operations were observed in 2 out of 44 
gastrinoma patients in one study and 4 out of 267 metastatic reports in another, all 
following total gastrectomy[59,60]. There are also sparse reports of spontaneous 
regression of gastric NENs. An Indian report detailed the complete spontaneous 
regression of an 11 cm gastric NEN after exploratory laparotomy[29]. Another report 
from Hong Kong found no residual tumor in the gastrectomy specimen after biopsy 
revealed a 4 cm high-grade large-cell neuroendocrine carcinoma in the gastric 
cardia[30]. Complete spontaneous regression was observed in both cases after either 
biopsy or surgical insult. Three cases of autoimmune atrophic gastritis in which 
multiple small gastric carcinoids regressed spontaneously during follow-up have also 
been reported[31].

In our case, we believe that complete spontaneous regression was achieved based 
on normalized FSG, cure of peptic ulcers, no signs of recurrence on imaging, and the 
negative biopsy of the gastric lesion. However, the biopsy was limited to the mucosal 
layer and remnants of tumor in the submucosal layer cannot be completely ruled out 
without surgery or ESD. While the patient did not consent to such additional 
treatment, at least a partial spontaneous regression was clearly achieved. We speculate 
biopsy of the primary lesion and subsequent surgery triggered the spontaneous 
regression.

To the extent of our search, we could not find any relationship between ZES and 
Brugada’s syndrome, which was the cause of our patient’s cardiopulmonary arrest. 
While cardiopulmonary arrest due to carcinoid syndrome has been reported, there 
were no clinical manifestations to raise any suspicion of this rare event[61]. We suspect 
that the gastrinoma was unrelated to the cardiopulmonary arrest.

CONCLUSION
In conclusion, we report a case of gastric gastrinoma which regressed spontaneously 
after biopsy and resection of a metastatic lesion in the lesser omentum. ZES can be left 
undetected for years and should be suspected in longstanding reflux disease or 
abdominal pain refractory to PPIs. NENs in the antrum should alert the physician for 
possible gastrinoma as well as NENs of other non-ECL cell origins. Further research is 
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required to further clarify the mechanisms behind spontaneous regression and to 
determine the characteristics of lesions or patients who may experience this 
extraordinary phenomenon. Such research may contribute to the discovery of new 
immunotherapies and to the reduction of unnecessary surgeries.
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