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Abstract

Background.—Alcohol-associated liver disease accounts for half of cirrhosis-related deaths
worldwide. The spectrum of disease varies from simple steatosis to fibrosis, cirrhosis, and
ultimately hepatocellular carcinoma. Understanding the disease on a molecular level helps us to
develop therapeutic targets.

Aim.—We performed transcriptomic analysis in liver and ileum from chronic plus binge ethanol-
fed mice, and we assessed the role of selected differentially expressed genes and their association
with serum bile acids and gut microbiota.

Methods.—Wild-type mice were subjected to a chronic Lieber-DeCarli diet model for 8 weeks
followed by one binge of ethanol. RNA-seq analysis was performed on liver and ileum samples.
Associations between selected differentially regulated genes and serum bile acid profile or fecal
bacterial profiling (16S rDNA sequencing) were investigated.

Results.—We provide a comprehensive transcriptomic analysis to identify differentially
expressed genes, KEGG pathways, and gene ontology functions in liver and ileum from chronic
plus binge ethanol-fed mice. In liver, we identified solute carrier organic anion transporter family,
member lal (S/colal; encoding for organic anion transporting polypeptides (OATP) 1A1), as the
most down-regulated mRNA, and it negatively correlated with serum cholic acid level.
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Prokineticin 2 (ProkZ) mRNA, a cytokine-like molecule associated with gastrointestinal tract
inflammation, was significantly down-regulated in ethanol-fed mice. Prok2 mRNA expression was
negatively correlated with abundance of Allobaculum (genus), Coprococcus (genus),
Lachnospiraceae (family), Lactococcus (genus), and Cobriobacteriaceae (family), while it
positively correlated with Bacteroides (genus).

Conclusions.—RNA-seq analysis revealed unique transcriptomic signatures in the liver and
intestine following chronic plus binge ethanol feeding.
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Introduction

Methods

Mice.

Alcohol-associated liver disease is a leading cause of death accounting for 0.9% of deaths
globally and 48% of liver cirrhosis-associated deaths in United States [1]. Patients with
severe alcoholic hepatitis present a 30-day mortality as high as 50% without treatment [2].
For these patients, corticosteroids remain the only therapy with a short-term advantage over
placebo, but liver transplantation is the only cure [3]. Recent work on the communication
between gut-liver axis has allowed a better understanding of the pathogenesis of alcohol-
associated liver disease. Using 16S rDNA sequencing, the association between gut
microbiome and alcohol-associated liver disease in human and rodents has been reported by
several studies [4-6]. As essential metabolites of gut microbiota, serum bile acid profiles
have been characterized in patients with alcohol-associated liver disease [7]. Total and
conjugated serum bile acids were significantly increased in patients with alcoholic hepatitis
compared with controls; total and conjugated bile acids were correlated positively with
disease severity (MELD) [7]. To enhance our understanding of the mechanisms of alcohol-
associated liver disease at transcript level, we applied RNA-Seq analysis using liver and
intestine samples from control- and chronic plus binge ethanol-fed mice. By combining the
transcriptomic analysis with metabolomics on serum bile acid profile and 16S
metagenomics, we identified top dysregulated genes solute carrier organic anion transporter
family, member 1al (S/colal) in liver and Prokineticin 2 (Prok2) in ileum. Slcolal
expression was negatively correlated with serum cholic acid, and Prok2 expression was
correlated with abundance of several bacterial genera, such as Allobaculum. We, for the first
time, provide a detailed intestinal and hepatic transcriptomic analysis in a model of chronic
plus binge ethanol feeding in mice.

C57BL/6 female mice purchased from Charles River at the age of 9-10 weeks were

subjected to a chronic Lieber-DeCarli diet for 8 weeks as described previously [8, 9]. Mice
were gavaged with a single dose of ethanol (5g/kg bodyweight) at the end of treatment and
euthanized 9 hours later. Control mice were fed with an isocaloric amount of dextrose. All
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animal studies were approved by Institutional Animal Care and Use Committee of the
University of California, San Diego.

RNA isolation and RNA sequencing.

Total RNA from liver and ileum were extracted using RNAeasy Mini Kit as previously
described [8]. RNA-seq libraries were sequenced on lllumina NovaSeq 6000 platform.
Sequence reads were aligned to mouse genome (NCBI GRCm38.p6) using Salmon version
0.14.1 [10]. Differentially expressed genes (DEGs) were identified using DESeq?2 package
[11]. Gene expression fold change =1.5 and adjusted P value < 0.05 were set as the threshold
values for KEGG over-representation analysis and gene ontology (GO) over-representation
analysis with R package clusterProfiler [12]. Sequence data were registered at NCBI under
BioProject PRINA597350. Sequence reads are available at NCBI under the following
consecutive BioSample IDs: SAMN13673201-SAMN13673357 as previously described [8].

Real-time gPCR.

cDNA was generated from extracted total RNA, and real-time gPCR was performed as
previously described [6]. Primer sequences for S/colal are forward 5’-
TAATCGGGCCAATCTTC -3’ and reverse 5’-ACTCCCATAATGCCCTTGG -3’. Primer
sequences for Prok2 are forward 5’-CGGAGGATGCACCACACCT-3’ and reverse 5’-
TTTCCGGGCCAAGCAAATAAACCG-3’. Real-time gPCR was performed using SYBR
Premix (Biorad) on ABI StepOnePlus instrument. Data were expressed as fold change over
control-treated animals. 18S was used as the housekeeping gene.

Serum bile acid measurement.

Serum bile acids from control- and ethanol-fed mice were analyzed by LC-MS as described
earlier [13, 8].

DNA extraction and 16S rDNA sequencing.

DNA was extracted from mouse feces with QIAmp Fast DNA Stool Mini kit (Qiagen) and
concentrated with Zymo gDNA Clean and Concentration kit (Zymo) as previously described
[8]. Briefly, V3-V4 hypervariable segment of the 16S rDNA gene was amplified by PCR
reactions and subsequently sequenced on the Illumina Miseq platform. Sequence reads were
analyzed with Quantitative Insights Into Microbial Ecology 2 (QIIMEZ2; available at https://
giime2.0rg) [14]. Representative OTUs from each set were chosen at a minimum sequence
identity of 97% which uses the Greengenes database [15]. Sequence data were registered at
NCBI under BioProject PRINA597350. Sequence reads are available at NCBI under the
following consecutive BioSample 1Ds:SAMN13673358-SAMN13673442 [8].

Statistical analysis.

All data are expressed as mean + s.e.m. except when stated otherwise. Comparisons between
two groups were performed by Mann-Whitney-Wilcoxon test. Spearman’s correlation was
conducted for correlation analysis. Statistical analysis was performed using R statistical
software, R version V.3.6.2, 2019 (R Foundation for Statistical Computing) and GraphPad
Prism (V.8.4.2). A Pvalue <0.05 was considered statistically significant.
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Liver transcriptomic profile changes in response to chronic plus binge ethanol feeding in

mice

Wild-type C57BL/6 mice were subjected to chronic plus binge ethanol feeding for 8 weeks.
To visualize differentially expressed genes (DEGS) in liver after ethanol treatment, we
plotted significantly altered genes in a volcano plot (Figure 1A). In total, we identified 1244
up-regulated genes and 993 down-regulated genes when comparing ethanol treatment with
controls (Figure 1B). Top ten up- and down-regulated genes are listed in Table 1.
Interestingly, many of them were noncoding RNAs (Gm40489, Gm36841, Gm33519,
Gm40784, Gm34982, 4933401D09Rik, LOC115488496, Gm32468, GmZ28548, Gm33730,
LOC115487163, Gm32463, Gm36180). We further performed functional analyses of DEGs
using KEGG (Figure 1C) and GO biological process (Figure 2A) databases. KEGG pathway
analysis revealed potentially important roles of MAPK signaling, cytochrome P450, steroid
hormone biosynthesis, and glutathione metabolism (Figure 1C). Top GO terms of DEGs
indicated altered functions of: response to interferon-beta, leukocyte migration and
chemotaxis, and alcohol metabolic process (Figure 2A). Next, we evaluated selected genes,
GO terms, and KEGG pathways in our dataset that are differentially regulated following
chronic plus binge ethanol feeding [1]. We show genes significantly up- and down-regulated
involved in immune response, inflammation, fatty acid oxidation, glucose metabolism,
triglyceride metabolism, bile acid metabolism, apoptosis, cell cycle, and growth factors
(Table 2). Selected GO biological process analysis revealed several differentially regulated
pathways in liver including lipid, triglyceride, cholesterol, and alcohol metabolism (Figure
2B). In addition to the top 20 GO terms, cholesterol-associated GO terms were also
predicted to be significantly enriched after ethanol feeding (Figure 2C).

Correlation of hepatic Slcolal expression with serum bile acids

Among the top 10 down-regulated genes in liver, we found that gene S/colal was down-
regulated over 27 folds in response to ethanol (Table 1). We validated the expression of
Slcolalby real-time PCR as shown in Figure 3A. Consistent with sequencing results,
Slcolal expression was significantly reduced in ethanol-fed mice (Figure 3A). As one of the
three abundant organic anion transporting polypeptide (OATP) hepatic isoforms, S/colal
encodes for protein OATP1A1. OATP1 as sodium-independent hepatic bile acid uptake
transporter is involved in the enterohepatic circulation of bile acids [16]. To investigate if
downregulation of S/coZal was associated with changes in serum bile acid profile, we
correlated hepatic S/colal expression with selected highly abundant bile acids in mice
(Figure 3B). Serum cholic acid level was negatively correlated with S/colal expression (R=
-0.45, Figure 3C).

Intestine transcriptomic profile changes in response to chronic plus binge ethanol feeding

in mice

To reveal how chronic plus binge ethanol feeding affects intestinal gene expression, we
focused on DEGs in ileum from mice treated with ethanol compared to controls (Figure 4A).
The terminal ileum is known to actively take up bile acids from the intestinal luminal and
secrete them into the portal vein, where they reach the liver and are transported into
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hepatocytes [17]. In total, we found 931 genes were up-regulated and 891 genes were down-
regulated in response to ethanol treatment (Figure 4B). Top 10 dysregulated genes are listed
in Table 3. Interestingly, we found that Prok2, an important cytokine-like molecule in gut
inflammation (encoding for protein prokineticin 2) [18], was significantly down-regulated
after ethanol treatment (Table 3). Top 20 significant KEGG pathways are indicated in Figure
4C. The pathway analysis identified a subset of pathways such as cell cycle, steroid hormone
biosynthesis, PPAR signaling pathway, IL-17 signaling pathway, and cytochrome p450-
associated pathways (Figure 4C). The GO biological process analysis highlighted functions
such as chromosome segregation, nuclear division, nuclear chromosome segregation,
organelle fission, and sister chromatid segregation (Figure 5A). Next, we evaluated selected
intestinal genes that were previously reported [19, 20] to be associated with intestinal
damage such as tight junction, apoptosis, and inflammation following chronic plus binge
ethanol feeding (Table 4). Selected GO terms revealed significantly changed cell cycle and
fatty acid metabolism functions (Figure 5B), and KEGG pathway analysis identified several
inflammation-associated pathways altered by chronic plus binge ethanol in mice (Figure
5C). We also found triglyceride metabolic process and catabolic process were predicted to
be altered in ethanol-fed mice (Fgf21, G6pc, Apoal, Pckl, Pnpla3, and Scdl, Figure 5D).

Correlation of intestinal Prok2 expression with abundance of gut bacteria

We validated the expression of ProkZ2in ileum by real-time PCR. Consistent with RNA
sequencing, the expression of Prok2in ethanol-fed mice was significantly decreased
compared to control group (Figure 6B). To explore if Prok2 mRNA expression is affected by
the abundance of gut bacteria from 16S sequencing, we performed Spearman correlation
analysis (Figure 6A). Interestingly, ileal Prok2 expression was significantly correlated with
Allobaculum (genus), Coprococcus (genus), Lachnospiraceae (family), Lactococcus (genus),
Bacteroides (genus), and Coriobacteriaceae (Family) (Figure 5A). The Spearman correlation
graph between Prok2 expression and Allobaculum abundance is shown in Figure 6C (R =
-0.52, P=0.0037).

Discussion

In this study, we performed RNA-seq analysis to comprehensively understand the liver and
intestine transcriptomic signatures in mice following chronic plus binge ethanol feeding. By
investigating the relationship between hepatic gene expression and serum bile acid profile in
the context of ethanol-induced liver disease, we identified a negative correlation between
suppressed S/colal mRNA and serum cholic acid. Further, we found that ethanol-fed mice
showed a significant reduction in ileum Prok2 expression, which was negatively correlated
with Allobaculum abundance.

The liver transcriptome and associated functional annotations in alcoholic-associated liver
disease have been reported both in animal studies and patients with alcoholic hepatitis [13,
21-23]. In our study, we observed a strong activation of mitogen-activated protein kinase
(MAPK) pathway, which plays important roles in regulating insulin sensitivity and secretion
[24]. Previous data suggest an LPS-dependent enhanced activation of extracellular receptor-
activated kinases 1/2 (ERK1/2) contributes to increased tumor necrosis factor (TNF-a

Dig Dis Sci. Author manuscript; available in PMC 2021 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Jiang et al.

Page 6

production after chronic ethanol feeding. Inhibition of ERK1/2 decreased LPS-dependent
production of TNF-a mRNA [25]. Therefore, MAPK signaling could be an important
component of inflammatory response in alcoholic-associated liver disease. In line with
previous study [13], GO biological process analysis revealed activation of several functions
including triglyceride metabolic process, lipid catabolic process, and interleukin-1
production in response to ethanol. Among all DEGs, we reported S/colal, encoding for
OATP1AL1, as the top down-regulated gene in liver after ethanol treatment. The role of
OATP1 as sodium-independent hepatic bile acid uptake transporter has not been thoroughly
studied in the pathogenesis of alcoholic-associated liver disease. Previous studies suggested
that OATP family are essential for efficient uptake of unconjugated bile acids. S/colal 16
knockout mice showed elevated levels of unconjugated bile acids in plasma [26]. Moreover,
OATPs were shown to contribute to hepatic uptake of conjugated bile acids in coordination
with sodium-dependent taurocholate cotransporting polypeptide (NTCP) as the predominant
mediator [16]. In our study, we discovered that S/coZal expression was negatively correlated
with serum cholic acid level. The significant reduction of S/colal expression in liver may
constitute the increase of serum cholic acid in response to ethanol or vice versa, but whether
this association accounts for pathogenesis of the disease remains to be studied.

RNA-seq analysis in ileum identified Prok2, encoding for prokineticin 2, as one of the top
10 down-regulated genes in ethanol-fed mice. As an inflammatory cytokine-like molecule
expressed by macrophages and neutrophils at the sites of injuries, Prok2expression was up-
regulated over 10 folds in colonic mucosal biopsy samples from patients with active
ulcerative colitis compared with control samples, and increased Prok2was positively
correlated with //16 expression [18]. Since Prok2 primary transcript has two alternative
splice variants, the decreased expression in our study might be a different variant or it may
play different roles in alcoholic-associated liver disease. Considering the connection
between Prok2and gut inflammation [18], we investigated the relationship between Prok2
and gut bacteria signature by integrating the ileum transcriptomic analysis with 16S
metagenomic analysis. We found a negative correlation between Prok2and Allobaculum
abundance following chronic plus binge ethanol feeding. Previous study showed an
increased fecal abundance of Allobbaculum in mice fed with ethanol compared with control
groups [27]. Further, mice fed with high-fat diet also showed increased Allobaculum
abundance in fecal samples [28]. This opens possibilities of targeting Prok2 expression as a
way to either modulate intestinal inflammation or gut microbial composition.

To our knowledge, we present the first comprehensive analysis by integrating transcriptomic
analysis in liver and gut with metabolomic analysis and metagenomic analysis in a model of
chronic plus binge ethanol-induced liver disease in mice. Binge drinking might be a
significant risk factor for progression of liver disease in patients with alcohol use disorder
[29]. Future studies should be performed to validate these results in human patients, and
mechanistic studies are needed to reveal whether the correlation we saw in our study are
causative effects or associations.
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Figure 1. RNA-seq analysis in liver in response to chronic plus binge ethanol: differentially
expressed genes (DEGs) and KEGG pathway analysis.

(A) Volcano plot illustrating DEGs in liver between ethanol-fed and control mice (absolute
fold change > 2; adjusted Pvalue < 0.05). (B) Number of up- and down-regulated genes in
liver in response of ethanol compared with control. (C) Top 20 significant KEGG pathways
in ethanol-fed mice compared with controls (g value < 0.05). Control group: n=10; Ethanol
group: n=19. For figure 1(B) and 1(C), cutoff for DEGs is absolute fold change > 1.5,
adjusted Pvalue < 0.05.
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Figure 2. Gene ontology (GO) biological processes and gene-concept networks of cholesterol-
associated GO terms in liver in response to chronic plus binge ethanol.

(A) Bar chart of top 20 significant GO terms of liver differentially expressed genes (DEGS)
following ethanol treatment compared with controls. (B) Bar chart of selected and
significantly different GO terms following chronic plus binge ethanol feeding. (C) Gene-
concept networks of cholesterol metabolic process and cholesterol biosynthetic process.
Control group: n=10; Ethanol group: n=19. Significant GO terms cutoff: adjusted Pvalue <

0.05.
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Figure 3. Correlation between hepatic Slcolal expression and serum bile acid profiling.
(A) Hepatic mRNA level of S/colalin control and ethanol groups (real-time qPCR). (B)

Heatmap of Spearman correlation between hepatic S/coZal mRNA and serum bile acids.
Red color indicates positive correlation, blue color indicates negative correlation. (C)
Spearman correlation between cholic acid and S/coZal. Control group: n=10; Ethanol group:
n=19. *P< 0.05. ****P < 0.0001. S/colal, Solute carrier organic anion transporter family,
member 1al; CA, cholic acid; CDCA, chenodeoxycholic acid; DCA, deoxycholic acid,;
LCA, lithocholic acid; MCA, muricholic acid; T-CA, taurocholic acid; T-CDCA,
taurochenodeoxycholic acid; T-DCA, taurodeoxycholic acid; T-MCA, tauromuricholic acid.
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Figure 4. RNA-seq analysis in ileum in response to chronic plus binge ethanol: differentially
expressed genes (DEGs) and KEGG pathway analysis.

(A) Volcano plot illustrating DEGs in ileum between ethanol-fed and control mice (absolute
fold change > 2; adjusted Pvalue < 0.05). (B) Number of up- and down-regulated genes in
ileum in response to ethanol compared with control. (C) Top 20 significant KEGG pathways
in ethanol-fed mice compared with controls (g value < 0.05). Control group: n=10; Ethanol
group: n=19. For figure 1(B) and 1(C), cutoff for DEGs is absolute fold change > 1.5,

adjusted Pvalue <0.05.
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Figure 5. Gene ontology (GO) biological processes and gene-concept networks of triglyceride-

associated GO terms in ileum in respon

se to chronic plus binge ethanol.

(A) Bar chart of top 20 significant GO terms of ileum differentially expressed genes (DEGS)
following ethanol treatment compared with controls. (B) Bar chart of selected and
significantly different GO terms following chronic plus binge ethanol feeding. (C) Selected
and significantly changed KEGG pathways following chronic plus binge ethanol feeding.
(D) Gene-concept networks of triglyceride metabolic process and triglyceride biosynthetic
process. Control group: n=10; Ethanol group: n=19. Significant GO terms cutoff: adjusted P

value < 0.05.
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Figure 6. Correlation between ileal Prok2 expression and metagenomic (16S rDNA sequencing)

data.

(A) mRNA level of ileal Prok2in control and ethanol groups (real-time gPCR). (B) Heatmap
of Spearman correlation between ileal Prok2 mRNA and the 30 most abundant bacteria at
genus level, determined from 16S rDNA gene sequencing. Red color indicates positive
correlation, blue color indicates negative correlation. (C) Spearman correlation between ileal
Prok2 mRNA and Allobaculum abundance. Control group: n=10; Ethanol group: n=19. *P<

0.05, ****P < 0.0001.
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Table 1.

List of top 10 up- and down-regulated genes in the liver.

Gene symbol Fold change  Pvalue  Adjusted P

Up-regulated genes

GmMA40489 25.69 1.22E-06  3.68E-05
Rplp2-psl 19.24 941E-04  8.07E-03
Gm36841 17.12 9.69E-06  2.01E-04
Gm33519 16.90 1.60E-08  9.31E-07
Nrcam 15.54 535E-04  5.13E-03
GmM40784 14.77 1.38E-05  2.67E-04
Cyp2b10 12,59 327E-15  1.08E-12
GmM34982 12.12 2.26E-04  2.57E-03
4933401 DO9Rik 11.35 7.82E-10  6.84E-08
LOC115488496 11.00 1.40E-05  2.70E-04

Down-regulated genes

Slcolal -27.47 2.96E-11 4.10E-09
Gm32468 -21.89 1.08E-22 2.02E-19
Gm28548 -16.52 2.93E-06 7.57E-05
Gm33730 -13.23 4.09E-05 6.52E-04

LOC115487163 -11.32 1.33E-05 2.60E-04

Akrlcl8 -10.40 1.72E-12 3.29E-10

Gm32463 -9.73 1.37E-06 4.04E-05
Klrgl -9.71 9.30E-05 1.26E-03

Serpina9 -9.51 2.03E-06 5.62E-05

Gm36180 -8.90 1.68E-26 6.90E-23
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Selected genes in liver differentially regulated following chronic plus binge ethanol feeding in mice.

Table 2.

Gene symbol  Fold change  Adjusted P Function
Tir3 -1.38 1.13E-02 Immune response
TIr5 1.33 2.17E-02 Immune response
TIr7 -1.35 7.09E-02 Immune response
Tirl2 1.48 8.91E-02 Immune response
Il1a 1.53 4.16E-02 Inflammation
111b 1.61 9.92E-02 Inflammation
Pdk4 1.48 3.31E-01 Fatty acid oxidation
Gpx3 1.93 4.86E-05 Oxidative stress
Ngol 1.44 1.88E-02 Oxidative stress
Ppp1r3b -1.50 1.46E-02 Glucose metabolism
Thrsp —-4.44 4.15E-09 Triglyceride biosynthesis
Fasn -2.08 7.27E-03  Triglyceride biosynthesis
Abcbl1l -1.62 9.20E-06 Bile acid metabolism
Cyp27al -1.56 7.38E-04 Bile acid metabolism
Bcl6 -2.08 1.01E-02 Apoptosis
Casp3 -1.36 1.28E-02 Apoptosis
Casp9 -1.37 1.52E-02 Apoptosis
Foxml -1.98 7.23E-04 Cell cycle
Cdknla 5.04 1.25E-03 Cell cycle
Hgf 1.92 1.45E-05 Growth factor
Vegfa -1.56 1.60E-03 Growth factor
Vegfb -1.65 2.74E-06 Growth factor
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Table 3.

List of top 10 up- and down-regulated genes in the ileum.

Gene symbol Foldchange  Pvalue  Adjusted P
Up-regulated genes
Amy2a5 57.25 3.21E-04 2.69E-03
Psca 35.84 8.67E-07 1.73E-05
Meltf 15.97 1.33E-18 7.92E-16
Ankrdl 12.55 7.03E-05 7.59E-04
Cyp2d9 12.29 5.93E-30  4.48E-26
Gm33148 11.11 6.63E-05 7.23E-04
Inhbe 9.84 4.09E-03 2.14E-02
Gm16596 9.56 3.93E-16 1.44E-13
Smok2a 8.43 1.71E-03 1.06E-02
Gm36505 8.36 4.27E-04 3.41E-03
Down-regulated genes
Gm41145 -20.05 1.26E-11 1.15E-09
Hephl1 -19.46 6.86E-23 1.20E-19
G6pc2 -11.90 2.16E-07 5.28E-06
Gm29932 -10.21 2.68E-16 1.04E-13
Adcy10 -9.26 1.96E-07 4.84E-06
Gm40449 -8.69 2.96E-10 1.65E-08
Gm16104 -8.33 2.47E-06 4.30E-05
Prok2 -7.57 3.52E-05 4.24E-04
1700016G22Rik -7.28 2.43E-06 4.24E-05
Gm39181 -7.11 2.58E-05 3.26E-04
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Genes in ileum that are differentially regulated following chronic plus binge ethanol feeding in mice.

Gene symbol  Fold change  Adjusted P Function
Cldn8 -3.54 1.86E-09 Tight junction
Cldn11 -1.65 4.77E-02 Tight junction
Cldn14 2.28 5.73E-05  Tight junction
Casp2 -1.32 6.95E-06 Apoptosis
Casp4 1.93 7.06E-08 Apoptosis
Casp6 -1.16 4.42E-03 Apoptosis

Tnf 2.06 5.66E-03 Inflammation
Il1a 1.80 1.38E-02 Inflammation
111b 1.50 7.57E-02 Inflammation
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