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Background: As the incidence of nonalcoholic fatty liver disease (NAFLD) increases
globally, nonalcoholic steatohepatitis (NASH) has become the second common cause of
liver transplantation for liver diseases. Recent evidence shows that Roux-en-Y gastric
bypass (RYGB) surgery obviously alleviates NASH. However, the mechanism underlying
RYGB induced NASH improvement is still elusive.

Methods: We obtained datasets, including hepatic gene expression data and histologic
NASH status, at baseline and 1 year after RYGB surgery. Differentially expressed genes
(DEGs) were identified comparing gene expression before and after RYGB surgery in each
dataset. Common DEGs were obtained between both datasets and further subjected to
functional and pathway enrichment analysis. Protein–protein interaction (PPI) network was
constructed, and key modules and hub genes were also identified.

Results: In the present study, GSE106737 and GSE83452 datasets were included. One
hundred thirty common DEGs (29 up-regulated and 101 down-regulated) were identified
between GSE106737 and GSE83452 datasets. KEGG analysis showed that mineral
absorption, IL-17 signaling pathway, osteoclast differentiation, and TNF signaling pathway
were significantly enriched. Based on the PPI network, IGF1, JUN, FOS, LDLR, TYROBP,
DUSP1, CXCR4, ATF3, CXCL2, EGR1, SAA1, CTSS, and PPARA were identified as hub
genes, and three functional modules were also extracted.

Conclusion: This study identifies the global gene expression change in the liver of NASH
patients before and after RYGB surgery in a bioinformatic method. Our findings will
contribute to the understanding of molecular biological changes underlying NASH
improvement after RYGB surgery.

Keywords: bariatric surgery, gastric bypass, nonalcoholic steatohepatitis, nonalcoholic fatty liver disease,
microarray, differentially expressed genes
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INTRODUCTION

In the past few decades, obesity and its comorbidities are
becoming the leading causes of death around the world (1).
Meanwhile, nonalcoholic fatty liver disease (NAFLD) has
become the most prevalent chronic liver disease in the United
States (2). NAFLD consists of a spectrum of pathological states
ranging from simple steatosis to nonalcoholic steatohepatitis
(NASH) (2). Epidemiological studies show that 59.1% of
biopsy-proven NAFLD patients progress to NASH (2, 3). As
the incidence of advanced liver diseases such as cirrhosis and
hepatocarcinoma are significantly increased in NASH patients,
NASH becomes the second common cause of liver
transplantation for liver diseases and is still growing (2).

So far, bariatric surgery is the most effective approach to treat
obesity, which can also alleviate its comorbidities, such as type II
diabetes mellitus (T2DM), hypertension, and hyperlipidemia (4).
Roux-en-Y gastric bypass (RYGB) and sleeve gastrectomy (SG)
serve as the most prevalent bariatric procedures in the world (5).
Now, RYGB is recognized as the gold standard bariatric
procedure worldwide (6). Recently, a study showed that all
NAFLD parameters improved after bariatric surgery. This
effect is more significant in patients undergoing RYGB surgery
than patients who undergo adjustable gastric banding (AGB)
surgery (7). Evidence from the liver biopsy showed that hepatic
steatosis, hepatocellular ballooning, lobular inflammation,
fibrosis, and NAFLD score obviously improved 1 year after
bariatric surgery (8). The remission rate of NASH is over 85%
after bariatric surgery (8). However, the mechanism of bariatric
surgery in NASH alleviation is still elusive.

RYGB surgery is thought to be the malabsorptive procedure
that bypasses a great portion of the intestine leading to nutrient
malabsorption and weight loss (9). In the past few decades,
evidence shows that bariatric surgery contributes to weight loss
at least partially through energy balance regulation, peripheral
and central nervous system regulation, gastrointestinal
absorption and secretion, and microbiota alteration (10).
Although the therapeutic effect of bariatric surgery on NASH
has been confirmed recently, the underlying mechanism is
almost unknown.

Microarray technology is an essential tool to illustrate gene
expression patterns in multiple diseases, which can help us
understand the biology and molecular mechanisms of diseases
more efficiently. Microarray technology has also been used in
the liver of NASH patients and animal models to detect
differentially expressed genes (DEGs), screen disease
biomarkers, or find new therapeutic targets (11, 12). By
searching the Gene Expression Omnibus (GEO), there exists
only two human datasets comparing DEGs in the liver tissue of
NASH patients before and after bariatric surgery (13, 14). As the
bioinformation in these datasets have not been thoroughly
mined. Thus, we performed a global transcriptome analysis
using a bioinformatic approach to find pivotal genes which
might mediate RYGB surgery induced NASH improvement. In
addition, hub genes and functional modules were identified in
the DEGs, and biological function and pathway annotation were
also performed.
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MATERIAL AND METHODS

Microarray Datasets Collection
The gene expression datasets were obtained from the Gene
Expression Omnibus (GEO) database (http://www.ncbi.nlm.
nih.gov/geo). Datasets must meet the main inclusion criteria:
1) Datasets assessed transcriptome information in the liver
specimen of patients who undergone RYGB surgery; 2)
Datasets included liver specimens during RYGB surgery and
paired liver specimens collected through liver biopsy 1-year post-
operation; 3) All cases should be pathological proven NASH
before RYGB surgery and NASH regression 1 year post-
operation; 4) Datasets must contain at least 10 cases and
paired follow-ups. In the GSE106737 dataset, 21 cases matched
the inclusion criteria. In the GSE83452 dataset, 16 cases matched
the inclusion criteria. All microarray analysis in the GSE106737
and the GSE83452 were performed on the GPL16686 platform.
All gene expression patterns were originated from the open-
access GEO database, so our study did not require Ethics
Committee approval.

Datasets Analysis
The Gene expression matrix and attached annotation document
for GSE106737 and GSE83452 datasets were downloaded from
the GEO database. GSE files were divided into Baseline (patients
with pathological proven NASH during RYGB surgery) and
Follow-up (same patients with NASH improvement 1 year
after RYGB surgery) groups. All microarray data had already
been corrected and normalized by the RMAmethod. Gene IDs in
the matrix were annotated with gene symbols by R package
through related annotation documents. Mean values were
preserved if the gene symbols matched with multiple probes.
The DEGs were detected between liver biopsies at baseline and 1
year after RYGB surgery in each microarray by limma (linear
models for microarray) R package. In each dataset, |log fold
change (FC)| > 0.5 and P-value < 0.05 were regarded as the
threshold value to determine DEGs. Then, DEGs in each dataset
were upload to Venn software online (http://bioinformatics.psb.
ugent.be/webtools/Venn/) to get the common DEGs.

GO and KEGG Enrichment Analysis
Gene Ontology (GO) is a recognized method to annotate the
function of genes detected through high throughput
transcriptomic or genomic data. Kyoto Encyclopedia of Genes
and Genomes (KEGG) is a database resource including genomes,
diseases, biological pathways, and other bioinformation. In this
study, Bioconductor clusterProfiler package was used to carried
out GO and KEGG analysis for common DEGs (15). Biological
process (BP), cellular component (CC), molecular function
(MF), and pathways that were significantly enriched were
screened out when the P-value < 0.05.

PPI Network Construction and
Module Analysis
The Search Tool for the Retrieval of Interacting Genes/Proteins
(STRING, https://string-db.org/) (version 11) is a frequently
used software online to predict the interaction between
February 2021 | Volume 11 | Article 611213
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proteins and proteins (16). In this study, the PPI network was
predicted by STRING online database setting the cut-off value
0.04. Then, the PPI networks were visualized and analyzed with
Cytoscape software (version 3.8.0). Hub genes were identified
using CytoHubba plug-in APP in Cytoscape with the cut-off
value degree value >10. Vital modules in the PPI network were
clustered using the Molecular Complex Detection (MCODE)
plug-in APP in Cytoscape (17). The cut-off value was MCODE
score ≥ 5.
RESULTS

Information of Selected Cases
Initially, GSE106737 and GSE83452 were included according to
the inclusion criteria. However, to obtain high-quality data, we
further screen both datasets to get cases that match inclusion
criteria (details described in “Material and Methods”). There
existed 37 Baseline (patients with pathological proven NASH
during RYGB surgery) and 37 paired Follow-up (same patients
with NASH improvement 1 year after RYGB surgery) for further
analysis. The detailed information of included cases was shown
in Table 1 and Supplementary Tables 1 and 2.

Identification of DEGs Between Baseline
and Follow-Up
All selected cases in GSE106737 and GSE83452 datasets were
standardized to eliminate individual differences. Each dataset was
homogeneous after standardization. We screened out 132 DEGs in
GSE106737. Among these DEGs, 31 genes were up-regulated, and
101 genes were down-regulated. In GSE83452, we identified
Frontiers in Endocrinology | www.frontiersin.org 3
206 DEGs in which 38 genes were up-regulated, and 168
genes were down-regulated. The volcano plots and heatmaps
of both GSE106737 and GSE83452 were shown in Figures 1
and 2, respectively.

Identification of Common DEGs Between
GSE106737 and GSE83452
DEGs in both GSE106737 and GSE83452 datasets were analyzed
using the Venn diagram. We obtain 130 common DEGs between
two datasets, in which 29 DEGs were up-regulated (logFC > 0)
and 101 DEGs were down-regulated (logFC < 0). Venn diagram
was shown in Figure 3, and the details of common DEGs were
shown in Table 2.

GO and KEGG Enrichment Analysis
All common DEGs were analyzed by the clusterProfiler package
to illustrate the biological functions and pathways related to
DEGs. The results demonstrated that cellular zinc ion
homeostasis process (P-value= 5.97E-13) was the most
significantly enriched biological process (BP), followed by
cellular response to cadmium ion process (P-value= 7.84E-13),
zinc ion homeostasis process (P-value= 1.02E-12), and so on.
Cell component (CC) and metabolic function (MF) of DEGs
were mainly related to lipoprotein homeostasis and
inflammatory signaling pathway, respectively. The detailed
information of GO analysis was shown in Figure 4. KEGG
pathway analysis indicated that DEGs are mainly related to
mineral absorption pathway (P-value= 3.75E-08), followed by
IL-17 signaling pathway (P-value= 1.11E-07), osteoclast
differentiation (P-value= 1.23E-04), etc. The top 10 pathways
of KEGG analysis were shown in Figure 4.
TABLE 1 | Characteristics of the included microarray datasets.

GSE ID Baseline Follow-up(1 year) Tissues Analysis Type Platform Year

GSE106737 NASH
(21 cases)

NASH improvement (21 paired cases) Liver Array GPL16686 2017

GSE83452 NASH
(16 cases)

NASH improvement (16 paired cases) Liver Array GPL16686 2016
February 2021 |
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FIGURE 1 | Volcano plots of gene expression in GSE106737 (A) and GSE83452 (B), with the threshold of P<0.05 and |log FC| > 0.5. Blue points represented
down-regulated genes, red points represented up-regulated genes, and gray points represented genes with on significant difference.
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FIGURE 2 | Heatmaps of top 50 genes expression in GSE106737 (A) and GSE83452 (B). Blue square represen
represented baseline gene expression and the purple bar represented follow-up gene expression.

https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Chen et al. Hepatic Gene Alteration After Bariatric Surgery
PPI Network Construction and Hub Genes
Identification
The PPI network of the common DEGs was constructed using
the STRING online database and further analyzed and visualized
using Cytoscape software. In the PPI network, there existed
93nodes, including 12 up-regulated genes and 81 down-
regulated genes. Among 130 common DEGs, 37 genes
including 17 up-regulated genes and 20 down-regulated genes
were excluded from the PPI network. The term “degree”
calculated using CytoHubba plug-in APP in Cytoscape
indicated the number of interactions between genes or nodes.
The PPI network was shown in Figure 5, the color depth
positively correlated with the degree value. Setting the cut-off
Frontiers in Endocrinology | www.frontiersin.org 5
value of degree>10, IGF1, JUN, FOS, LDLR, ATF3, TYROBP,
DUSP1, CXCR4, CXCL2, EGR1, SAA1, PPARA, and CTSS were
identified as the hub genes. Among 13 hub genes, IGF1 and
PPARA were up-regulated, and other genes were down-regulated.
Module Analysis of the PPI Network
Modules were extracted using MCODE plug-in APP in
Cytoscape. Setting the threshold MCODE score ≥ 5, we
obtained 3 modules from the PPI network, including Module 1
(MCODE Score=8.875, Nodes=17), Module 2 (MCODE
Score=6.444, Nodes=10), and Module 3 (MCODE Score=5,
Nodes=5). All genes belonged to these three modules were
down-regulated common DEGs. Modules were shown in
Figure 5. The genes in each module were analyzed using the
clusterProfiler package to identify their GO and KEGG
enrichment. Module 1 was mainly enriched in the IL-17
signaling pathway, osteoclast differentiation pathway, and
chemokine signaling pathway. Module 2 was mainly involved
in the lysosome pathway, IL-17 signaling pathway, and antigen
processing and presentation pathway. Module 3 take part in the
mineral absorption pathway. The detailed information was
shown in Table 3.
DISCUSSION

In the past few decades, NAFLD has become the most common
chronic liver disease around the world (18, 19). Although
NAFLD is a benign disease, NASH (a progressive stage of
NAFLD) is the second common cause for liver transplantation
and increases hepatocarcinoma progression (2). So far, bariatric
surgery seems to be the most long-lasting effective method to
treat NASH (7, 8). However, due to the safety issue, the
American Association for the Study of Liver Diseases has not
recommended bariatric surgery to specifically treat NASH
(20). However, it can serve as an option for obese patients
(BMI ≥35 kg/m2) with one or more complications remediable
by weight loss, including NAFLD and NASH (21). Nowadays,
less invasive and safer modern interventions are needed to
replace invasive bariatric procedures. So, it is urgently needed
to illustrate the mechanism underlying bariatric surgery in
NASH improvement. Microarray technology is an efficient
FIGURE 3 | Identification of common DEGs from GSE106737 and
GSE83452 using the Venn diagram. The cross section represented the
common DEGs. DOWN, down-regulated DEGs; UP, up-regulated DEGs.
TABLE 2 | 130 common DEGs in NASH patients with paired liver specimens at baseline and 1-year post-operation.

Regulation Gene Symbol

Down IGFBP1, MT1G,VSIG4, MT1B, FOS, OSBPL11, CXCL10, LPIN2, FNDC5, JUNB, SDS, PLIN2, TP53INP1, RND3, VTRNA1-1, CXCR4, UPP2, FGL2,
RHOB, ETNPPL, S100A12, SRGN, LINC-PINT, FOSL2, PEG10, GDF15, KLF10, ASCL1, MT1F, CTSS, JUND, MFSD2A, TMEM45B, TYROBP, CLGN,
NOCT, AVPR1A, LURAP1L, FST, CXCL9, TIMD4, THBS1, FPR3, LDLR, JUN, TSPAN3, CXCL16, SGK1, SDC4, NRG1, ZBTB16, PFN1P2, S100A8,
FADS1, ARRDC4, DDIT4, NAMPT, FAT1, GPNMB, LAPTM5, MT1E, TCIM, THEMIS2, FCN3, CD53, SIK1, TXNIP, CCL4L2, NNMT, MT1M, INSIG1, ATF3,
ACSL4, DUSP1, SQLE, PRAMEF10, EGR1, CXCL2, LRRC31, CD68, SAA1, FOSB, MNDA, MT1L, RGS1, CD83, SLC25A15, NCAM2, S100A9, FGF21,
MT1H, PDE11A, IP6K3, KLF6, BIRC3, APOA4, GABARAPL1, SYBU, MT1A, MIR21

Up IL17RB, DMRTA1, SHBG, NAPEPLD, NECAB2, APOF, CA14, A2M, MOGAT1, RPL19P12, PKHD1, PPARA, IGF1, FOLH1, JAKMIP2, PALMD, HNF1A-
AS1, PCDH18, METTL7B, STEAP1, PACSIN3, TPPP2, TBX3, CMYA5, LOC730101, LOC100505918, LINC00939, MIR192
February 2021 | Volume 11 | Article 611213
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FIGURE 4 | GO and KEGG enrichment analysis of the common DEGs. (A) Significant enriched biological process (BP) in G
enriched molecular function (MF) in GO terms. (D) Significant enriched KEGG pathway in common DEGs.
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method to get transcriptomic bioinformation under various
diseases. In this study, we included two microarray studies
comparing gene expression profiles between Baseline (liver
specimens obtained during RYGB surgery) and Follow-up
(liver specimens obtained 1 year after RYGB surgery) to get
DEGs. Furthermore, we perform functional annotation and
construct PPI network to illustrate the biological function and
involved pathways of the DEGs.

Although the GSE106737 dataset had been already used by
others, their research was focused on the function of CD8 T cells
in the progression and remission process in NASH (14). The
study using the GSE83452 dataset included a wide range of
patients with NASH or fibrosis and focused on single gene
interpretation (13). The present research strictly selected cases
which verified NASH improvement after RYGB surgery to
interpret the hepatic global transcriptomic change underlying
this process. In the present study, we obtained 130 common
DEGs between GSE106737 and GSE83452 datasets (cases
selected strictly matched inclusion criteria). Among these
DEGs, 29 genes were up-regulated, and 101 genes were down-
regulated. PPI network included 93 genes and most of them
belonged to the down-regulated DEGs. In the PPI network, IGF1,
JUN, FOS, LDLR, TYROBP, DUSP1, CXCR4, ATF3, CXCL2,
EGR1, SAA1, CTSS, and PPARA were identified as the hub
genes and ranked by the degree value using CytoHubba plug-
in APP in Cytoscape. Among 13 hub genes, only IGF1 and
PPARA were up-regulated, while others were down-regulated.
In consistence with this conclusion, a previous study had
demonstrated that PPARa activation might be the mechanism
underlying NASH improvement after RYGB surgery (13, 22).

Furthermore, using the MCODE plug-in APP in Cytoscape,
we got three modules in the PPI network. Seventeen genes were
included in Module 1, among which, JUN, FOS, DUSP1, CXCR4,
ATF3, CXCL2, EGR1, and SAA1 severed as hub genes. These
genes participated in the IL-17 signaling pathway, osteoclast
differentiation pathway, chemokine signaling pathway, viral
protein interaction with cytokine and cytokine receptor pathway,
Frontiers in Endocrinology | www.frontiersin.org 8
etc. Activator protein 1 (AP-1), which was combined with Jun (c-
Jun, JunB, and JunD), Fos (c-Fos, FosB, Fra-1, and Fra-2),
activating transcription factor (Atf) and musculoaponeurotic
fibrosarcoma (Maf) proteins to form homodimer or heterodimer
is a dimeric leucine zipper (bZIP) transcription factor (23).
Generally, the AP-1 complex played a pivotal role in acute stress
response in the liver (24). Recent evidence showed that c-Jun/AP-1
overexpression might mediate the hepatic pathological alteration
in NASH patients (25). Furthermore, AP-1 correlated with
hepatic lipid metabolism and NASH progression through
regulating PPARg expression (26). CXCL and CCL are
chemokines with chemotactic properties and CXCR is one type
of G protein-coupled chemokine receptors (27). Chemokines
participate in homeostatic or inflammatory regulation which
mediates physiological or pathophysiological alteration in
disease progression through binding corresponding receptors
(28). CXCL2 and CXCL8 chemokines were mainly originated
from activated Kupffer cells (29). CXCL2 and CXCL8 with
neutrophil chemotactic properties recruit neutrophils, releasing
reactive oxygen species (ROS) and proteases and therefore
initiating hepatocyte necrosis (30). CXCL9, CXCL10, and
CXCL 16 attract lymphocytes or natural killer (NK) cells
involved in hepatic inflammatory pathogenesis and accelerate
hepatic fibrosis progression (31). CXCR4 is the corresponding
receptor of CXCL12. In the liver of NASH patients, the affinity of
CXCR4 significantly increased which increased CD4+ T-cells
deposition (32). DUSPs, namely, dual-specificity protein tyrosine
phosphatases served as mitogen-activated protein kinases
(MAPK) inactivator (33). DUSPs as MAPK phosphatases
(MKPs) dephosphorylated the threonine and tyrosine residues
of MAPK and played a pivotal role in hepatic metabolic
regulation (34). MKP-1, a negative regulator of p38 MAPK and
c-Jun NH2-terminal kinase 1/2 (JNK1/2), activated transcription
factors regulating hepatic lipid homeostasis (35). Studies
showed that MKP-1 deficient protected mice from diet-induced
obesity and diet or gene induced hepatic steatosis (35, 36).EGR1,
namely, early growth response 1, played an essential role in the
TABLE 3 | Characteristic of each module and GO and KEGG pathway analysis of genes in each module.

Cluster Score Nodes Edges Regulation Gene Symbol Gene Ontology (Top 5) KEGG Pathway

1 8.875 17 71 Down CXCL9, CXCL10, SAA1,
CXCL2, FOS, JUND,
CCL4L1, JUN, JUNB,
CXCL16, ATF3, CXCR4,
FPR3, FOSL2, DUSP1,
FOSB, EGR1

· Leukocyte chemotaxis
· Cell chemotaxis
· Response to cAMP
· Response to chemokine
· Cellular response to chemokine

· IL-17 signaling pathway
· Osteoclast differentiation
· Chemokine signaling pathway
· Viral protein interaction with
cytokine and cytokine receptor
· Toll-like receptor signaling
pathway…

2 6.444 10 29 Down TYROBP, CD68,
THEMIS2, MNDA,
S100A9, S100A8,
LAPTM5, CD53, SRGN,
CTSS

· Neutrophil degranulation
· Neutrophil activation involved in immune response
· Neutrophil activation
· Neutrophil mediated immunity
· Activation of innate immune response

· Lysosome
· IL-17 signaling pathway
· Antigen processing and
presentation

3 5.000 5 10 Down MT1F, MT1E, MT1G,
MT1M, MT1H

· Detoxification of copper ion
· Stress response to copper ion
· Detoxification of inorganic compound
· Stress response to metal ion
· Cellular response to zinc ion

· Mineral absorption
February 202
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pathophysiological process of inflammation and tissue
repairment (37). A previous bioinformatic study identified that
the lower expression of hepatic EGR1 might promote NAFLD
development (38). Evidence from both in vivo and in vitro
experiments also confirmed the function of EGR1 in hepatic
insulin response and hepatic lipid metabolic regulation (37).
SAA1, namely, serum amyloid A-1 protein belongs to the SAA
family (39). As a classical acute-phase protein produced by
hepatocytes, SAA mediated infection, injury, and inflammation
response and could regulate toll-like receptor 4 (TLR4), which
participated in obesity-induced insulin resistance (40). In
progressive liver diseases, including NASH, the serum level of
SAA could serve as a biomarker for inflammatory status (41).
Moreover, SAA1 had the ability to stimulate NF-kBp65 protein
transportation from the cytoplasm to the nucleus and activate the
NF-kB pathway which mediated NASH progression (40).

Module 2 included TYROBP, CD68, THEMIS2, MNDA,
S100A9, S100A8, LAPTM5, CD53, SRGN, and CTSS, among
which TYROBP and CTSS served as the hub genes in the PPI
network. TYROBP, namely, Tyrosine kinase binding protein
could activate NK cells through binding a variety of receptors
(42). Studies showed that TYROBP could synthesize
lipopolysaccharide and activated pro-inflammatory cytokines
production (43). After TYROBP gene deletion, the pro-
inflammatory cytokines decreased obviously, which indicated
that TYROBP might be involved in NASH progression (44). In
Module 2, CTSS, LAPTM5, and CD68 were involved in the
lysosome pathway. CTSS and CD68 were both recognized as
the molecular biomarker of macrophages (45). Moreover, CTSS
and CD68 positively correlated with hepatic macrophage
infiltration in NAFLD mice (45). Meanwhile, a recent
bioinformatic study identified hepatic CTSS and CD68 as
major genes contributing to NAFLD (46). Furthermore, we
identified S100A9 and S100A8 genes in Module 2, which were
involved in the IL-17 signaling pathway. As members of the S100
proteins, S100A8 and S100A9 could be secreted by either
neutrophils or monocytes (47). S100A8, S100A9, and S100A8/
S100A9 (heterodimer formed by S100A8 and S100A9) were
implicated in various inflammatory diseases and could serve as
the biomarker for inflammatory activity monitoring (48). It was
worth noting that S100A8 and S100A9 had a direct link with
inflammatory and fibrotic status in NASH patients (47).

Module 3 includedMT1E,MT1F,MT1G,MT1H, andMT1M.
Though none of them was identified as the hub gene, they were
involved in the mineral absorption pathway. Metallothioneins
(MTs), including MT1, MT2, MT3, and MT4 isoforms, played a
pivotal role in heavy metal toxicity protection, metal
homeostasis, and oxidative stress regulation (49). In MT1,
there existed MT1A, MT1B, MT1E, MT1F, MT1G, MT1H,
MT1M, and MT1X isoforms (49). These proteins mainly
regulated copper and zinc homeostasis in the liver and
protected hepatocytes from oxidative damage (50). Thus, MT1
expression negatively correlated with the damage status of
chronic liver diseases (51). Moreover, MT1 could stimulate
damaged hepatocyte repair and regeneration (52). However,
we could not ignore the fact that mineral deficiency was a
Frontiers in Endocrinology | www.frontiersin.org 9
common complication after RYGB surgery. Data from the
American Society for Metabolic and Bariatric Surgery
(ASMBS) Integrated Health Nutritional Guidelines showed
that the prevalence of zinc deficiency occurred in 40% post-
RYGB patients and copper deficiency occurred in 10%–20%
post-RYGB patients (53). Thus, we speculated that copper and
zinc deficiency might be caused by the low hepatic MT1
expression after RYGB surgery. On the contrary, as MT1
protein expression was positively regulated by zinc and copper,
the zinc and copper deficiency further suppressed MT1
expression and formed a vicious circle (54, 55). So, the mineral
condition should be inspected strictly and supplements should
be administrated if necessary after RYGB surgery.

Though we got much transcriptomic bioinformation
underlying RYGB induced NASH improvement, the causes of
these hepatic changes had not been fully clarified. Due to the lack
of conclusive evidence, we speculated about the reason for
inflammatory related genes alteration after RYGB surgery: 1)
The gastrointestinal anatomy was altered after RYGB surgery, so
more bile acid (BA) reach ileum and stimulate enteric GLP-1
and PYY release through activating the local L-cells (56).
Furthermore, the increased BA also stimulated TGR5 expression
in Kupffer cells (57). These BA induced metabolic change may
lead to a reduction in hepatic pro-inflammatory genes expression
after RYGB surgery. 2) RYGB surgery manipulate a variety of
adipocyte derived adipocytokines (adiponectin, leptin, TNFa, IL-
6, and etc.), which have been proven to be involved in the hepatic
inflammatory process (58). For instance, RYGB surgery could
significantly increase adiponectin levels, which suppress Kupffer
cells and hepatic stellate cells (HSC) activation and decrease
hepatic inflammatory genes expression (58, 59). 3) The gut
microbiota composition obviously shifted after RYGB surgery,
as the rearrangement of the gastrointestinal tract created a more
acidic and oxygen-rich environment (60). Recent evidence
showed that specific gut microbiota was independently
associated with the severity of NAFLD (61). We speculated that
gut microbiota shift after RYGB surgery might alleviate NASH
through modulating hepatic inflammatory gene expression.

There existed several limitations of the present study, which
should be noted. First and foremost, due to the difficulty in
collecting the hepatic specimens after RYGB surgery, we did not
validate the genes in the pathway highlighted by the present
study. This limited the strength of our results in interpreting the
mechanism underlying RYGB surgery induced NASH
alleviation. Second, we could not get enough demographic and
clinical information for the patients included in our study.
Considering body weight, body mass index (BMI), and obesity
related comorbidities such as type 2 diabetes mellitus were all
risk factors for NASH. There existed confounding factors in the
analysis in the present study. Third, hepatic tissue was the
heterogeneous mixture of hepatocytes and mesenchymal cells,
and the cell composition might be influenced during specimen
collection. Finally, the metabolic change in the liver after
bariatric surgery is a dynamic process. Analysis at a single time
point after surgery ignored the full picture of the hepatic
remodeling process.
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CONCLUSION

In conclusion, in the present study, we exhibit the global profile
of DEGs and corresponding signaling pathways, which may
mediate RYGB surgery induced NASH improvement. In the
process of RYGB surgery induced NASH improvement, the
possible key genes are IGF1, JUN, FOS, LDLR, TYROBP,
DUSP1, CXCR4, ATF3, CXCL2, EGR1, SAA1, CTSS, and
PPARA, and the possible involved pathways are IL-17 signaling
pathway, osteoclast differentiation pathway, chemokine signaling
pathway, viral protein interaction with cytokine and cytokine
receptor pathway, Toll-like receptor signaling pathway, TNF
signaling pathway and mineral absorption pathway. Most
DEGs and enriched signaling pathways are involved in the
inflammatory response, immunoreaction, and lipid homeostatic
regulation. These results provide pivotal transcriptome information
underlying RYGB surgery induced NASH alleviation.
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55. Krężel A, Maret W. The Functions of Metamorphic Metallothioneins in Zinc
and Copper Metabolism. Int J Mol Sci (2017) 18(6):1237. doi: 10.3390/
ijms18061237

56. Korner J, Inabnet W, Conwell IM, Taveras C, Daud A, Olivero-Rivera L, et al.
Differential effects of gastric bypass and banding on circulating gut hormone and
leptin levels. Obesity (Silver Spring) (2006) 14:1553–61. doi: 10.1038/oby.2006.179

57. Keitel V, Häussinger D. Perspective: TGR5 (Gpbar-1) in liver physiology and
disease. Clin Res Hepatol Gastroenterol (2012) 36:412–9. doi: 10.1016/
j.clinre.2012.03.008

58. Braunersreuther V, Viviani GL, Mach F, Montecucco F. Role of cytokines and
chemokines in non-alcoholic fatty liver disease. World J Gastroenterol (2012)
18:727–35. doi: 10.3748/wjg.v18.i8.727

59. Trakhtenbroit MA, Leichman JG, Algahim MF , Miller CC3rd, Moody FG,
Lux TR, et al. Body weight, insulin resistance, and serum adipokine levels 2
years after 2 types of bariatric surgery. Am J Med (2009) 122:435–42.
doi: 10.1016/j.amjmed.2008.10.035

60. Zhang H, DiBaise JK, Zuccolo A, Kudrna D, Braidotti M, Yu Y, et al. Human
gut microbiota in obesity and after gastric bypass. Proc Natl Acad Sci USA
(2009) 106:2365–70. doi: 10.1073/pnas.0812600106

61. Boursier J, Mueller O, Barret M, Machado M, Fizanne L, Araujo-Perez F, et al.
The severity of nonalcoholic fatty liver disease is associated with gut dysbiosis
February 2021 | Volume 11 | Article 611213

https://doi.org/10.1002/oby.22719
https://doi.org/10.1007/s11605-018-3938-z
https://doi.org/10.1016/0092-8674(88)90147-X
https://doi.org/10.1002/hep.24699
https://doi.org/10.1038/labinvest.2014.3
https://doi.org/10.1016/j.cmet.2013.11.018
https://doi.org/10.1007/112_2020_21
https://doi.org/10.1016/j.phrs.2020.105092
https://doi.org/10.2174/187152811798104890
https://doi.org/10.1053/j.gastro.2014.06.043
https://doi.org/10.1053/j.gastro.2008.10.020
https://doi.org/10.1042/CS20130833
https://doi.org/10.1124/pr.107.00106
https://doi.org/10.1016/j.tem.2017.10.007
https://doi.org/10.1074/jbc.M110.210237
https://doi.org/10.1016/j.cmet.2006.05.010
https://doi.org/10.1016/j.cmet.2006.05.010
https://doi.org/10.12659/MSM.914044
https://doi.org/10.1155/2019/3739086
https://doi.org/10.1186/s10020-019-0075-4
https://doi.org/10.3748/wjg.v25.i43.6440
https://doi.org/10.1002/eji.200425932
https://doi.org/10.12659/MSM.922492
https://doi.org/10.1084/jem.20050986
https://doi.org/10.1186/1476-9255-8-8
https://doi.org/10.3727/105221618X15341831737687
https://doi.org/10.1155/2015/850246
https://doi.org/10.1016/j.bcp.2006.05.017
https://doi.org/10.1016/j.bcp.2006.05.017
https://doi.org/10.1186/s13045-018-0645-x
https://doi.org/10.1142/9789812778949_0014
https://doi.org/10.1111/j.1572-0241.2003.07403.x
https://doi.org/10.1371/journal.pone.0058659
https://doi.org/10.1371/journal.pone.0058659
https://doi.org/10.1016/j.soard.2016.12.018
https://doi.org/10.1007/s12011-017-1119-7
https://doi.org/10.3390/ijms18061237
https://doi.org/10.3390/ijms18061237
https://doi.org/10.1038/oby.2006.179
https://doi.org/10.1016/j.clinre.2012.03.008
https://doi.org/10.1016/j.clinre.2012.03.008
https://doi.org/10.3748/wjg.v18.i8.727
https://doi.org/10.1016/j.amjmed.2008.10.035
https://doi.org/10.1073/pnas.0812600106
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Chen et al. Hepatic Gene Alteration After Bariatric Surgery
and shift in the metabolic function of the gut microbiota. Hepatology (2016)
63:764–75. doi: 10.1002/hep.28356

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.
Frontiers in Endocrinology | www.frontiersin.org 12
Copyright © 2021 Chen, Zhou,Wu, Li, Zhou andWang. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
February 2021 | Volume 11 | Article 611213

https://doi.org/10.1002/hep.28356
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

	Integrated Analysis of Key Genes and Pathways Involved in Nonalcoholic Steatohepatitis Improvement After Roux-en-Y Gastric Bypass Surgery
	Introduction
	Material and Methods
	Microarray Datasets Collection
	Datasets Analysis
	GO and KEGG Enrichment Analysis
	PPI Network Construction and Module Analysis

	Results
	Information of Selected Cases
	Identification of DEGs Between Baseline and Follow-Up
	Identification of Common DEGs Between GSE106737 and GSE83452
	GO and KEGG Enrichment Analysis
	PPI Network Construction and Hub Genes Identification
	Module Analysis of the PPI Network

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


