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Abstract

Background: Alcoholic hepatitis (AH) is a severe inflammatory liver disease that develops in 

some heavy drinkers. AH patients have intense hepatic infiltration of leukocytes. Upregulation of 

cell adhesion molecules (CAMs) upon endothelial cell (EC) activation plays an important role in 

leukocyte trans-endothelial migration. CAMs can shed from EC cell surface and accumulate in the 

blood, serving as soluble markers for EC activation. In this study, we examined the impact of 

heavy drinking on expression of soluble forms of EC activation markers (CD146, ICAM-1, 

VCAM-1, and VEGF-A) and the effect of alcohol abstinence on the reversal of these 

abnormalities in patients with and without AH.

Methods: ELISA and multiplex immunoassays were used to measure soluble EC markers in 

plasma samples from 79 AH patients, 66 heavy drinkers without overt liver disease (HDC), and 44 

healthy controls (HC) at baseline, 31 AH patients and 30 HDC at 6-month follow-up, and 18 AH 

patients and 25 HDC at 12-month follow-up.

Results: At baseline, the 4 soluble markers were significantly upregulated in AH patients 

compared to HDC and HC; whereas only sVCAM-1 was elevated in HDC relative to HC. At 
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follow-ups, plasma levels of CD146, VCAM-1, and VEGF-A remained higher in AH patients, 

even for those who stopped drinking. These dysregulated markers correlated with AH disease 

severity, clinical parameters, and several soluble factors.

Conclusions: The levels of soluble CD146, ICAM-1, VCAM-1, and VEGF-A were highly 

elevated in AH patients, and alcohol abstinence did not completely reverse these abnormalities.
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INTRODUCTION

Heavy alcohol consumption causes liver damage through impacts of highly toxic chemicals 

and oxidative stress produced by ethanol and its metabolites (Younossi et al., 2018), triggers 

pro-inflammatory cascades (Wang et al., 2012, Gao et al., 2019, Dhanda and Collins, 2015), 

and leads to a range of severe alcoholic liver disease (ALD), including alcoholic hepatitis 

(AH), fibrosis/cirrhosis, and hepatocellular carcinoma (HCC) (O’Shea et al., 2010). A 

portion of the heavy drinkers develop AH, a severe inflammatory liver disease with 

significant morbidity and mortality, for which few effective medical treatments are available 

(Chayanupatkul and Liangpunsakul, 2014, Saberi et al., 2016). AH is characterized by 

hyper-inflammation and infiltration of the liver tissue by a range of inflammatory 

leukocytes, including neutrophils, macrophages, and lymphocytes (Bautista, 2002, Sandahl 

et al., 2014, Haydon et al., 2002). Although the mechanisms by which those inflammatory 

cells are recruited to the liver in AH are not fully understood, inflammatory cells must first 

adhere to endothelial cells (ECs) before they transmigrate from circulation into tissue. The 

binding of leukocytes to vascular endothelium is critical for the inflammatory process, which 

is regulated by EC activation and cell adhesion molecules (CAMs) expressed on ECs and 

leukocytes (Muller, 2003). Inflammatory cytokines/chemokines and growth factors induce 

upregulation of CAMs on ECs and inflammatory cells, which promotes trans-endothelial 

migration of the later (Langer and Chavakis, 2009, Shaik-Dasthagirisaheb et al., 2013).

Intercellular adhesion molecule 1 (ICAM-1) and vascular cell adhesion molecule 1 

(VCAM-1) are key CAMs that mediate the firm adhesion of leukocytes to endothelium in 

physiological and pathological inflammatory processes, such as experimental cutaneous 

inflammation and atherosclerotic plaques (Norris et al., 1991, Poston et al., 1992). CD146, a 

CAM member, is expressed mainly in the endothelial tight junction and plays an important 

role in cell-cell cohesion, permeability, and monocyte trans-endothelium migration (Bardin 

et al., 2001, Bardin et al., 2009). CD146 is also expressed on approximately 2% of 

peripheral blood T cells from healthy humans (Elshal et al., 2007, Elshal et al., 2005, Pickl 

et al., 1997). Upregulation of CD146 on T cells has been observed in multiple human 

diseases, such as connective tissue diseases, musculoskeletal diseases, multiple sclerosis, 

and graft-versus-host disease (Li et al., 2016, Hadjinicolaou et al., 2013, Dagur et al., 2010, 

Larochelle et al., 2012).

As inflammation progresses, the CAMs that mediate aberrant interactions between 

inflammatory cells and the vascular endothelium can be shed from cell surface and 
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accumulate in the blood as soluble isoforms. Studies have suggested that several soluble 

CAMs could be explored as potential prognostic biomarkers and monitors of disease activity 

(Rothlein et al., 1991, Sasseville et al., 1992, Yuan et al., 2013). Elevated levels of soluble 

CD146 (sCD146) are observed in cirrhotic patients of alcoholic, viral, and other etiology 

and could serve as a sensitive soluble marker to predict decompensation of cirrhosis 

(Nomikou et al., 2015). Soluble CAMs can also play functional roles in cell trafficking and 

angiogenesis. For example, soluble VCAM-1 (sVCAM-1) induces chemotaxis of human 

ECs in in vitro assays (Koch et al., 1995). Soluble CD146 is known to have both 

chemotactic and angiogenetic properties (Harhouri et al., 2010). Soluble CD146 can also 

increase monocyte transmigration through endothelial cells, and the levels of sCD146 could 

influence the magnitude of monocyte transmigration (Bardin et al., 2009). In addition to 

CAMs, some growth factors can also affect endothelial function. For example, vascular 

endothelial cell growth factor-A (VEGF-A) is a growth factor that can potently stimulate 

endothelial proliferation and increase vascular permeability (Kevil et al., 1998).

Upregulation of CAMs on the vascular ECs is one of the critical indicators of endothelial 

dysfunction (Fries et al., 1993). In addition, soluble CAMs in circulation can also serve as a 

marker for EC dysfunction. Excessive alcohol consumption is associated with endothelial 

dysfunction and increased risk for development of cardiovascular diseases (Di Gennaro et 

al., 2007, Bau et al., 2007). In fact, sICAM-1 and sVCAM-1 levels are elevated in patients of 

different liver diseases with excess alcohol ingestion, including AH and alcoholic cirrhosis 

(Adams et al., 1994). However, the relationship between the vital CAM CD146 and alcohol 

consumption, as well as the expressions of sCD146 and membrane-bound CD146 on T cells 

in chronic heavy drinkers remain unclear. Although several researches have investigated the 

relationship between alcohol-related disease and CAMs, clinical studies focusing on 

expression of sCD146, sICAM-1, sVCAM-1 and VEGF-A in chronic heavy drinkers with or 

without AH and the influence of alcohol abstinence on CAM dysregulation are still limited.

The present study compared expression of soluble EC activation markers including sCD146, 

sICAM-1, sVCAM-1, and VEGF-A and membrane-bound CD146 on peripheral blood T 

cells in a large cohort of heavy drinkers with AH, heavy drinkers without overt clinic 

evidence of liver disease (HDC), and healthy controls (HC). We correlated plasma levels of 

these EC activation markers with patients’ clinical parameters and plasma levels of 

inflammatory cytokines and growth factors that are related to EC activation and function. 

Cross-sectional and longitudinal analysis were performed to determine the impact of long-

term alcohol abstinence on reversing abnormalities in plasma levels of these EC activation 

makers. We found that levels of sCD146, sICAM-1, sVCAM-1, and VEGF-A, which could 

be considered as surrogates for EC dysfunction, were highly elevated and were associated 

with AH disease severity, and that alcohol secession did not completely reverse these 

abnormalities.

MATERIALS AND METHODS

Study Subjects

The alcoholic study subjects (79 AH patients and 66 HDC at baseline, 31 AH patients and 

30 HDC at 6-month follow-up, and 18 AH patients and 25 HDC at 12-month follow-up) 
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were part of the participants recruited to the multicenter prospective Translational Research 

and Evolving Alcoholic Hepatitis Treatment 001 study (TREAT 001, NCT02172898), which 

also serves as the study cohort for our previous studies (Li et al., 2017, Li et al., 2019). The 

inclusion and exclusion criteria as well as detailed definitions of AH and HDC were 

previously published (Liangpunsakul et al., 2016). HDC were individuals with a comparable 

history of heavy drinking but had no overt clinical liver disease. Both AH and HDC subjects 

were advised to abstain from alcohol and were followed-up at 6 months and 12 months or 

until death. Table 1 summarizes the demographic and clinical characteristics and drinking 

patterns of the alcoholic cohort. This study was performed with the approval of the 

Institutional Review Boards at Indiana University School of Medicine, Mayo Clinic, and 

Virginia Commonwealth University. Blood samples were drawn after participants provided a 

written informed consent form.

Blood Samples

Peripheral blood was collected in heparin-coated tubes (BD Biosciences, Franklin Lakes, 

NJ) and separated into plasma and peripheral blood mononuclear cells (PBMCs), which 

were stored at −80°C until analysis. Plasma and PBMCs from 46 age- and sex- matched HC 

were also used in the study.

Enzyme-linked Immunosorbent Assay (ELISA), lipopolysaccharide (LPS) Detection, and 
Multiplex Immunoassay

Levels of sCD146, sICAM-1, and sVCAM-1 in plasma samples were quantified using the 

Human CD146 DuoSet ELISA Kit, the Human ICAM-1 DuoSet ELISA Kit, and the Human 

VCAM-1 DuoSet ELISA Kit (all from R&D Systems, Minneapolis, MN), respectively. LPS 

amounts were determined using the LAL assay as previously descried (Li et al., 2019). 

Plasma levels of soluble CD163, CD14, and LBP were quantified using the Human CD163 

Quantikine Kit, the Human CD14 Quantikine Kit, and the Human LBP DuoSet ELISA Kit 

(all from R&D Systems), respectively. Plasma concentration of VEGF-A and 44 other 

cytokines/chemokines/growth factors were measured by multiplex immunoassays as 

previously descried (Li et al., 2019).

Flow Cytometry

For cell surface staining of CD146 on peripheral blood T cells, PBMCs from AH patients, 

HDC, and HC were stained with a fixable viability dye (eBioScience, ThermoFisher 

Scientific) to exclude dead cells for analysis. Cells were then stained with fluorochrome-

conjugated antibodies against CD3, CD4, CD19, CD14, and CD146. All antibodies were 

purchased from BioLegend (San Diego, CA). For intracellular cytokine staining, PBMCs 

from AH patients and HC were stimulated with 100 ng/ml Phorbol 12-myristate 13-acetate 

(PMA) and 1 μm ionomycin (both from Sigma, MA) in the presence of GolgiStop (BD 

Biosciences, CA) for 6 hours. Cells were collected and stained with a fixable viability dye, 

followed by fluorochrome-conjugated antibodies against CD3, CD4, CD8, and CD146. Cells 

were then fixed in 2% paraformaldehyde, permeabilized with the Cytofix/Cytoperm reagents 

(BD Biosciences, CA), and stained with antibodies against fluorochrome-conjugated IL-17 

(BioLegend, CA). Stained cells were subsequently acquired using a BD LSRFortessa flow 
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cytometer (BD Biosciences, CA). FlowJo v10 software (Tree Star, San Carlos, CA) was 

used to analyze flow data.

Statistical Analysis

Chi-square test was performed to compare groups of categorical variables. Mann-Whitney 

test and Kruskal-Wallis test with Dunn’s corrections were used to calculate differences in 

continuous variables between 2 groups and among 3 groups in cross-sectional analysis, 

respectively. The linear association of the EC activation markers with clinical parameters 

and other soluble factors was analyzed using the Spearman correlation test. Multiple linear 

regression analyses were performed to identify variables to predict plasma levels of EC 

activation markers. Friedman rank sum test with Dunn’s corrections was used to calculate 

the differences in longitudinal analysis. P < 0.05 was considered statistically significant.

RESULTS

Characteristics of the Study Cohort

To study the role of EC activation markers in the inflammatory process of AH, we analyzed 

peripheral blood samples obtained from 79 AH patients, 66 HDC individuals at the time of 

recruitment, and 46 HC, as well as 31 AH patients and 30 HDC at 6-month follow-up, and 

18 AH patients and 25 HDC at 12-month follow-up. Among the 79 AH patients, 42 (53%) 

were treated with the corticosteroid prednisone alone (n=29) or together with pentoxifylline 

(n=13). Table 1 summarizes the demographic and clinical characteristics of the participants 

at enrollment and follow-ups. AH patients had higher MELD score, liver biochemistries 

(AST, ALT, and total bilirubin) and longer prothrombin time than HDC at enrollment and 

follow-ups. Levels of baseline creatinine were not different between HDC and HC, whereas 

total bilirubin, AST, and ALT levels were slightly higher in HDC than HC. At follow-ups, 

both AH patients and HDC had much fewer drinks and their liver biochemistries greatly 

improved but not normalized in AH patients and remained unchanged for HDC. For patients 

who reported complete alcohol abstinence at follow-ups, the MELD score, total bilirubin, 

AST, and prothrombin time were still higher in AH patients than HDC (Supporting Table 

S1).

Plasma Levels of Soluble EC Activation Markers Were Highly Upregulated in AH Patients

To assess the EC activation marker profiles in the peripheral blood from AH patients, HDC, 

and HC, we used ELISA and multiplex immunoassays to measure plasma levels of CD146, 

VCAM-1, ICAM-1, and VEGF-A. Compared to HC and HDC, AH patients had 

significantly higher baseline levels of sCD146, sICAM-1, sVCAM-1, and VEGF-A (Fig. 

1A–D). HDC also had higher levels of soluble VCAM-1 than HC (Fig. 1C). These data are 

additionally summarized as median and 1st and 3rd quartile in Supporting Table S2 and as 

fold change in median concentrations in Supporting Table S3. Soluble CD146 was the most 

highly upregulated marker in AH patients, followed by sVCAM-1, sICAM-1 and VEGF-A.

Next, we analyzed follow-up samples from AH patients and HDC, which included both 

abstinent and non-abstinent subjects. Levels of EC activation markers tended to normalize in 

AH patients, and remained similar in HDC. However, at 6-month follow-up, all 4 
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upregulated markers (sCD146, sVCAM-1, sICAM-1, and VEGF-A) were still elevated in 

AH patients relative to HDC. At 12-month follow-up, sCD146 and sVCAM-1 remained 

higher, while sICAM-1 and VEGF-A became similarly expressed between AH patients and 

HDC (Fig. 1A–D, Supporting Table S2 and Supporting Table S3). Together, our data 

indicated that plasma levels of soluble EC activation markers were highly upregulated in AH 

patients and that there was an incomplete reversal of those abnormalities at follow-ups.

Association of Plasma Levels of EC Activation Markers with Clinical Profiles and 
Inflammatory Factors in AH Patients

To explore whether soluble EC activation markers might be related to pathogenesis of AH, 

we determined their correlation with AH disease severity as represented by MELD score, 

creatinine, liver biochemical measurements (total bilirubin, AST, ALT), prothrombin time, 

and mDF score in AH patients. Baseline and follow-up data were pooled for these analyses, 

and the significant correlations with a correlation coefficient > 0.25 are listed in Table 2. All 

4 upregulated EC activation markers positively correlated with the MELD score. Additional 

correlations were found between the EC markers and the mDF score (sCD146 and 

sVCAM-1), creatinine (sICAM-1 and VEGF-A), total bilirubin (sCD146 and sICAM-1), 

AST (sCD146 and VEGF-A), and prothrombin time (sCD146, sVCAM-1, and VEGF-A). 

Among the 79 AH patients, 13 died within 90 days after recruitment. We did not find 

significant difference in levels of the 4 soluble markers between the survivors and the 

deceased (data not shown). Together, our data suggested that hyper-activation of 

endothelium might be involved in liver damage.

Bacterial translocation (BT) is one of the critical mechanisms in the development of ALD 

(Ponziani et al., 2018). Therefore, we also determined whether plasma levels of EC 

activation markers correlated with 4 surrogate markers of BT: LPS, soluble CD163 

(sCD163), soluble CD14 (sCD14), and LBP. The levels of the BT markers were shown in 

Supporting Table S4 and the correlations were summarized in Table 2. Plasma levels of LPS, 

sCD163, sCD14, and LBP positively correlated with sICAM-1. Some of them also showed 

positive correlations with sCD146 (sCD163) and sVCAM-1 (LPS and sCD163).

Cytokines and growth factors are known to regulate EC activation (Mantovani et al., 1992, 

Sulpice et al., 2009). Next, we analyzed the correlations between plasma levels of EC 

activation markers and inflammatory/growth factors in AH patients. The results were 

summarized in Table 2, and the levels of correlated inflammatory/growth factors were shown 

in Supporting Table S5. Circulatory levels of all 4 soluble EC activation markers correlated 

with the pro-inflammatory cytokine IL-8. In addition, they had correlations with multiple 

other cytokines/chemokines, including IL-6, MCP-1, or IFN-γ. Interestingly, the plasma 

levels of sICAM-1 and VEGF-A positively correlated with the anti-inflammatory factors 

(IL-9, IL-10 and IL-1RA). Furthermore, there were also correlations between EC activation 

markers and growth factors (GRO-α, HGF and SDF-1α). In addition, levels of sCD146 and 

sVCAM-1 highly correlated with each other (r = 0.50; p < 0.001). These results suggested 

that stimulation by inflammatory factors and growth factors could contribute to 

dysregulation of EC activation.
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Interestingly, although male and female AH patients had similar heavy alcohol consumption 

at enrollment, female had significantly higher plasma levels of ICAM-1, whereas sICAM-1 

levels were not different between male and female HDC (Fig. 2). The ratio of median 

sICAM-1 levels between AH patients and HDC in the male and female groups was 3.6 and 

5.1, respectively. On the other hand, levels of sCD146, sVCAM-1, and VEGF-A were not 

different between the genders (data not shown). To clarify which factors were able to predict 

the plasma levels of ICAM-1, multiple linear regression analysis was performed. All nine 

continuous variables (age, ALT, AST, MELD score, INR, mDF score, total bilirubin, 

creatinine, and CRP) and one categorical variable (gender) were included in the analysis. 

Multiple linear regression analysis with stepwise method resulted in an optimized model 

consisting of gender, creatinine, CRP, and the constant. In addition to gender, creatinine and 

CRP were the statistically significant variables to predict plasma ICAM-1 concentration 

among the 10 variables (Supporting Table S6).

We also determined the effect of the therapeutical treatment on EC activation in AH patients 

by comparing plasma levels of EC activation markers in patients treated with prednisone/

pentoxifylline and untreated AH patients (Supporting Table S7). Treated patients had higher 

mDF score, MELD score, total bilirubin level, and longer prothrombin time than untreated 

patients at enrollment. Among the 4 upregulated EC activation markers, only sICAM-1 

levels were significantly higher in treated patients, and the levels of the other 3 markers were 

not different. At 6- and 12-month follow-up, there were no differences in soluble levels of 

EC activation markers between the treated and untreated abstinent AH patients. Our data 

suggested that steroid/pentoxifylline treatment did not appear to have long-term EC 

functional benefits in AH patients.

Dysregulation in Soluble EC Activation Markers Was Not Completely Reversed in AH 
Patients by Alcohol Abstinence

To determine the impact of alcohol abstinence on recovery of EC activation marker 

abnormalities in AH patients, we did cross-sectional analysis on follow-up samples between 

abstinent AH patients and HDC, and the results are shown in Figure 3 and Supporting Table 

S8. All 4 EC activation markers remained higher in AH patients than HDC at 6-moth follow-

up. Furthermore, compared to HDC, AH patients at 12-month follow-up still had elevated 

plasma levels of sCD146, sVCAM-1, and VEGF-A. Those data provided additional 

evidence that alcohol abstinence did not lead to complete recovery from hyper-activation of 

EC in AH patients.

Next, we performed longitudinal analysis of soluble levels of EC activation markers in AH 

patients and HDC who were completely abstinent at follow-ups. Except sVCAM-1, the other 

3 soluble markers in AH patients were significantly reduced at the 12-month follow-up (Fig. 

4, and Supporting Fig. S1). For HDC, elevated sVCAM-1 was downregulated at 12-month 

follow-up, whereas sCD146, sICAM-1, and VEGF-A remained unchanged throughout the 

study (Fig. 4, and Supporting Fig. S1). Taken together, our results indicated that the 

upregulated EC activation markers recovered greatly, but not completely, in abstinent AH 

patients.
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Dysregulated Membrane-bound CD146 on CD4 T cells from AH Patients

It has been shown that CD146 is also expressed on approximately 2% of CD4+ T cells in 

healthy humans and that CD146 expression on CD4+ T cells is upregulated in several 

inflammatory diseases (Li et al., 2016, Hadjinicolaou et al., 2013, Dagur et al., 2010, 

Larochelle et al., 2012, Elshal et al., 2005, Elshal et al., 2007). We then measured expression 

levels of the membrane-bound CD146 on T cells in PBMC samples from AH patients, HDC 

and HC. The results are shown in Fig. 5C. Compared to HDC and HC, AH patients had 

significant higher expression of membrane CD146 on CD4+ T cells (median % of 

CD146+CD4+ T cells in HC, AH and HDC were 1.28, 4.41 and 0.96, respectively), but not 

on CD8+ T cells. Many studies have linked CD146 expression with the production of the 

pro-inflammatory Th-17 cytokine IL-17 (Brucklacher-Waldert et al., 2009, Dagur et al., 

2011, Larochelle et al., 2012). Since CD146+ T cells have shown increased IL-17 

production, we next explored whether IL-17 increased in AH patients. Consistent with 

previous studies, we found that AH patients had higher expression of IL-17 on CD4+ T cells 

than HC (Fig. 5D).

DISCUSSION

In the present study, cross-sectional and longitudinal analyses were performed to compare 4 

circulatory soluble EC activation markers from a large cohort of AH patients, matched HDC, 

and healthy controls (Table 1). We observed that AH patients had elevated plasma levels of 

sCD146, sICAM-1, sVCAM-1, and VEGF-A, and an increased frequency of CD146-

expressing CD4+ T cells (Fig. 1 and Fig 5). On the other hand, only sVCAM-1 was 

upregulated in HDC compared to HC. We showed that plasma levels of EC activation 

markers positively correlated with disease severity, multiple upregulated BT markers (LPS, 

sCD163, sCD14, and LBP), and pro-inflammatory cytokines/chemokines, growth factors 

(IFN-γ, IL-6, IL-8, IL-18, IL-23, IP-10, MCP-1, GRO-α, HGF, and SDF-1α) in AH patients 

(Table 2). We also found that alcohol abstinence significantly improved but did not fully 

reverse EC activation abnormalities in AH patients (Fig. 3 and Fig. 4).

Excessive recruitment of leukocytes to the endothelium and subsequent transmigration from 

circulation to tissues are the most common and important characteristics of inflammation 

(Osborn, 1990). CAMs, such as ICAM-1 and VCAM-1, play a pivotal role in facilitating 

leukocyte transmigration and are associated with the development of ALD through 

recruitment of neutrophils and mononuclear cells to the liver (Sacanella and Estruch, 2003). 

In addition to expression on activated EC and leukocytes, CAMs are also released into the 

circulation. Circulating levels of VCAM-1 likely reflect endothelial function in vivo (Hwang 

et al., 1997). Although ICAM-1 is a vascular adhesion molecule, it is also widely expressed 

on activated lymphocytes, which might be another source of sICAM-1 (Rothlein et al., 

1991). The levels of sICAM-1 and sVCAM-1 are increased in alcoholic cirrhosis and AH 

(Adams et al., 1994). Here, we confirmed that plasma levels of ICAM-1 and VCAM-1 were 

upregulated in AH patients. We also found that plasma levels of ICAM-1 were higher in 

female AH patients than in male patients. In addition, we found that gender could serve as 

an independent predictor of sICAM-1 level in our cohort. Women tend to have higher blood 

alcohol concentrations per unit of alcohol consumed (Frezza et al., 1990, Nolen-Hoeksema, 
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2004), and female are at a greater risk of developing AH (Liangpunsakul et al., 2016). 

Currently, it is unknown whether female AH patients suffer more impairment in alcohol-

induced EC function. Here, we found higher levels of sICAM-1 in female patients, 

suggesting that female might have a more severe EC dysregulation. Future study is 

warranted to address the relevance of this gender difference in sICAM-1 levels in AH 

pathogenesis. Interestingly, baseline levels of sVCAM-1 were elevated in HDC, who did not 

have overt liver diseases. Soluble VCAM-1 can be considered as a prognostic marker for 

cirrhosis, as it has been previously shown that sVCAM-1 levels are higher in patients with 

alcoholic cirrhosis than AH patients (Adams et al., 1994). Soluble VCAM-1 could also act 

as a sensitive marker for EC dysfunction in those heavy drinking individuals without overt 

liver diseases.

VEGF-A can enhance expression of ICAM-1 and VCAM-1 (Kim et al., 2001) and promotes 

vascular permeability (Shibuya, 2011). Consistent with our results, elevated VEGF-A levels 

have also been observed in patients with a wide range of inflammatory diseases, such as 

erythroderma (Miyamoto et al., 2017) or virus infections (Alkharsah, 2018). Significant 

correlations between VEGF-A and clinical parameters and inflammatory factors suggested 

the potential biomarker of VEGF-A in liver inflammatory disease.

Compared to other CAMs, CD146 is less well studied. Membrane-bound CD146 is mainly 

expressed at the endothelial junction and participates in the control of cell-cell cohesion. 

Soluble CD146 is generated by shedding of membrane CD146, which is considered as a 

marker of endothelial dysfunction (Saito et al., 2008, Figarella-Branger et al., 2006). Soluble 

CD146 has been reported as a biomarker in various diseases, such as heart failure, active 

multiple sclerosis, and chronic liver disease (Arrigo et al., 2017, Duan et al., 2013, Nomikou 

et al., 2015). However, it has not been evaluated in the immune-pathogenesis of AH. In this 

study, sCD146 levels were highly upregulated in AH patients. We also showed that sCD146 

correlated with inflammatory factors and the other EC markers (ICAM-1 and VCAM-1) that 

can promote leukocytes recruitment. Soluble CD146 is known to promote lymphocyte 

transmigration through endothelium (Guezguez et al., 2007). Therefore, it is likely that the 

high levels of sCD146 could facilitate inflammatory cell recruitment to tissues including the 

liver, which is at least partially involved in the pathogenesis of AH.

CD146 is also expressed on a subset of human effector memory CD4 T cells (Elshal et al., 

2005). CD146+CD4 T cells express higher levels of genes associated with the pro-

inflammatory Th17 cells, such as IL-17, compared to CD146−CD4 T cells (Dagur et al., 

2011, Brucklacher-Waldert et al., 2009, Larochelle et al., 2012). Also, it has been shown that 

CD146 expression on T cells can mediate or strengthen adhesion of CD146+ T cells to ECs 

(Elshal et al., 2007, Guezguez et al., 2007). Consistent with published studies showing an 

increased frequency of CD146+CD4+ T cells in several inflammatory diseases (Dagur et al., 

2011, Wu et al., 2015, Larochelle et al., 2012, Li et al., 2016), we found that the percentage 

of these cells was also significantly increased in the peripheral blood of AH patients, 

suggesting that CD146 expression on those T cells may play an important role in their 

trafficking into the liver and contribute to liver inflammation and injury. Interestingly, 

mining of microarray data (Gene Expression Omnibus DataSet GDS4389, Series 

GSE28619) (Affo et al., 2013) revealed that intrahepatic CD146 was hyper-expressed in AH 
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liver tissue compared with controls (p=0.003, Supporting fig. S2). It would be interesting to 

analyze expression of CD146 on hepatic T cell infiltrates as well as hepatic ECs in the 

future.

Complete alcohol abstinence plays a key role in improving the disease outcome and survival 

of AH, but it does not bring about complete recovery in all patients (O’Shea et al., 2010). 

Consistently, although clinical outcomes and liver function of the AH patients significantly 

improved, abnormalities in EC activation were not fully reversed with alcohol secession 

(Supporting Table 1). We previously showed that plasma levels of several pro-inflammatory 

cytokines, such as IL-8 and TNF-α, were still higher in abstinent AH patients than HDC at 

12-month follow-up (Li et al., 2017). Here, we found that levels of sCD146, sVCAM-1 and 

VEGF-A remained highly upregulated in abstinent AH patients at the end of the study. 

These data suggested that endothelial dysfunctions persistently remained even after long-

term alcohol abstinence, and that a longer abstinence might be required for a complete 

recovery of EC dysregulation in AH patients.

In conclusion, we found that AH patients had a broad dysregulation of soluble EC activation 

markers (sCD146, sICAM-1, sVCAM-1, and VEGF-A) in the peripheral circulation, and 

that alcohol abstinence greatly, but not fully, reversed these abnormalities. In addition, 

several significant correlations were found between the levels of soluble EC activation 

markers and measures of disease activity, bacterial translocation, and inflammatory/growth 

factors in AH patients. Further mechanistic studies are required to address the role of soluble 

CAMs in the pathogenesis of AH. As levels of the soluble EC activation markers in the 

peripheral blood can be easily monitored, they can be further explored as potential 

prognostic and/or predictive markers for AH. Furthermore, therapies targeting those 

dysregulated markers, especially CD146, might represent a potential strategy to restore 

immune homeostasis in AH patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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BT bacterial translocation

CAMs cell adhesion molecules

CRP C-reactive protein

EC endothelial cells

GRO-α growth-regulated oncogene-α

HC healthy control

HDC heavy drinking control

HGF hepatocyte growth factor

ICAM-1 intercellular adhesion molecule 1

INR international normalized ratio

IP10 interferon-inducible protein 10

LPS lipopolysaccharides

MCP-1 monocyte chemoattractant protein 1

MELD model for end stage liver disease

mDF Maddrey’s discriminant function

NIAAA National Institute on Alcohol Abuse and Alcoholism

PBMC peripheral blood mononuclear cell

SDF-1α stromal cell-derived factor 1α

TREAT Translational Research and Evolving Alcoholic Hepatitis Treatment

VCAM-1 vascular cell-adhesion molecule 1

VEGF-A vascular endothelial growth factor A
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Fig. 1. Plasma levels of soluble EC activation markers in AH patients, HDC and HC.
Scatter plots showing plasma levels of sCD146 (A), sICAM-1 (B), sVCAM-1 (C) and 

VEGF-A (D) in HC, AH patients and HDC controls. Kruskal-Wallis test with Dunn’s 

corrections was performed to compare expression levels among 3 groups at baseline. Mann 

Whitney test was used for compare AH versus HDC individuals at day 180 and day 360. *p 

< 0.05, **p < 0.01, ***p < 0.001. ns, not significant. Horizontal lines represent the median. 

AH, alcoholic hepatitis; HC, healthy control; HDC, heavy drinking control.
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Fig. 2. Higher plasma levels of ICAM-1 in female AH patients.
(A-D) Scatter plots showing total number of drinks for 30 days before recruitment and 

sICAM-1 levels in male and female AH patients (A, C) and HDC (B, D) at baseline. Mann 

Whitney test was used for compare the difference between the two groups. **p < 0.01. ns, 

not significant. Horizontal lines represent the median.

Xia et al. Page 17

Alcohol Clin Exp Res. Author manuscript; available in PMC 2021 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 3. Comparison of soluble EC activation markers in abstinent subjects at 6-month and 12-
month follow-ups.
Scatter plots showing the levels of sCD146 (A), sICAM-1 (B), sVCAM-1 (C), and VEGF-A 

(D) at 6-month (D180) and 12-month (D360) follow-ups in abstinent AH patients and HDC. 

Mann Whitney test comparing AH vs HDC at D180 and D360. *p < 0.05, **p < 0.01, ***p 
< 0.001, ns: not significant. Horizontal lines represent the median. AH, alcoholic hepatitis; 

HDC, heavy drinking control.
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Fig. 4. Longitudinal analysis of plasma levels of soluble CAMs in abstinent subjects.
Before-and-after graphs showing the effect of alcohol abstinence on expression of sCD146 

(A), sICAM-1 (B), and sVCAM-1 (C) in AH patients and HDC. Friedman rank sum test 

with Dunn’s corrections for comparing EC activation markers concentrations at day 0 with 

day 180 or day 360 (n=10 for AH and n=11 for HDC). *p < 0.05, **p < 0.01, ***p < 0.001. 

ns, not significant. AH, alcoholic hepatitis; HDC, heavy drinking control.
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Fig. 5. CD146+ T cells and IL-17+ CD4 T cells in PBMCs from AH patients, HDC, and HC.
(A) Gating strategies for analyzing peripheral blood CD146+ T cells. Individual cell 

population (singlets) among the live PBMCs, which were negative for viability dye (FVD) 

staining, were identified based on the forward scatter height (FSC-H) versus FSC-A display. 

Subsequently, CD3 staining was used to identify T cells (CD3+) among the previously gated 

CD14− and CD19− cell population. CD4+ T cells and CD4− T cells (mainly CD8+ T cells) 

were identified based on CD4 staining. (B) Representative flow plots showing CD146 

expression on gated CD4+ and CD4− T cells in PBMCs from AH patients, HDC, and HC at 

baseline. Box and number represent the gate and percentage of CD146+ T cells. Isotype 

control antibody (Isotype) was used to set the CD146+ gate. (C) Dot plots summarizing the 

frequency of CD146-expressing CD4+ and CD4− T cells. ANOVA test with Bonferroni’s 

corrections was used to compare differences in CD146 expression among the 3 groups of 

subjects (n=14 for HC, n=12 for AH and n=4 for HDC). (D) The frequency of IL-17+ cells 

on gated CD4 T cells in PBMCs from AH patients and HC. PBMCs were stimulated with 

PMA and ionomycin and subsequently subjected to intracellular cytokine staining of IL-17. 

Unpaired t test was used to calculate the difference in IL-17+ CD4 T cells (n=7). *p < 0.05, 

***p < 0.001. ns, not significant. AH, alcoholic hepatitis; HDC, heavy drinking control; HC, 

healthy control.
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Table 1.

Comparison of characteristics of the study cohort

Variable

Day 0 (baseline) Day 180 Day 360

HC 
(n=46)

AH (n=79) HDC 
(n=66) p AH 

(n=31)
HDC 

(n=30) p AH (n=18) HDC 
(n=25) p

Age (years) 42 (30–
52)

44 (52–35) 45 (35–52) ns 43 (52–35) 47 (35–53) ns 42 (53–34) 50 (34–53) ns

Gender (% Male) 59 58 59 ns 61 63 ns 67 64 ns

Total drinks in 30 
days

200 (74–
330)

270 (191–
508) ** 0 (0–8) 6.5 (0–66) ns 0 (0–1) 2 (0–110) *

Total drinking 
days in 30 days 25 (14–30) 28 (23–30) ns 0 (0–2) 1.5 (0–16) ns 0 (0–1) 1 (0–24) ns

MELD score 24 (19–27) 6 (6–8) *** 11 (8–14) 7 (6–8) *** 10 (8–13) 7 (6–8) ***

Creatinine 
(mg/dL)

0.9 (0.8–
1.1) 0.8 (0.6–1.1) 0.8 (0.7–

1.0) ns 0.74 (0.6–
1.0)

0.9 (0.8–
1.1) * 1 (0.7–1.2) 1 (0.9–1.1) ns

Total bilirubin 
(mg/dL)

0.3 (0.3–
0.5)

12.9
### 

(7.1–19.3)
0.6

§
 (0.4–

0.7)
*** 1.5 (0.8–

3.4)
0.4 (0.3–

0.6) *** 0.9 (0.8–
1.8)

0.4 (0.3–
0.7) ***

AST (IU/L) 17 (13–
20)

110
###

 (88–
145)

24
§§

 (18–
31)

*** 48 (31–70) 20 (16–23) *** 35 (26–57) 21 (17–32) **

ALT (IU/L) 11 (7–
17)

46
###

 (30–
60)

22
§§§

 (16–
31)

*** 30 (20–44) 16 (11–24) *** 25 (22–35) 18 (13–35) ns

Prothrombin time 
(INR) 1.8 (1.5–2.2) 1.0 (0.9–

1.0) *** 1.2 (1.1–
1.5) 1.0 (1–1.1) *** 1.2 (1.0 –

1.5)
1.0 (1.0–

1.1) ***

Treatment with 
PDN and/or PTX 53% 0% 55% 0% 61% 0%

Note: Data are represented as median and (interquartile ranges). HC, healthy controls; AH, patients with alcoholic hepatitis; HDC, heavy drinking 
controls; MELD, model for end-stage liver disease; AST, aspartate aminotransferase; ALT, alanine aminotransferase; INR, international normalized 
ratio. Kruskal-Wallis test with Dunn’s correction for pairwise comparisons of continuous variables among HC, AH patients and HDC at enrollment 
(Day 0). Mann Whitney test comparing AH patients versus HDC at day 180 and day 360 follow-up. Chi-square test for analysis of categorical 
variables.

###
p < 0.001 for comparison between AH patients and HC at Day 0;

*
p < 0.05,

**
p < 0.01,

***
p < 0.001 for comparison between AH patients and HDC;

§
p < 0.05,

§§
p < 0.01,

§§§
p < 0.001 for comparison between HDC and HC at Day 0; ns, not significant.
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Table 2.

Correlations of soluble EC cell activation markers with clinical parameters, BT markers and inflammatory/

growth factors in AH patients

Variable sCD146 sICAM-1 sVCAM-1 VEGF-A

Clinical parameters MELD 0.45*** 0.54*** 0.42*** 0.33***

Creatinine 0.32*** 0.64***

Total Bilirubin 0.32*** 0.53***

AST 0.30*** 0.47***

ALT

INR 0.40*** 0.40*** 0.26**

mDF score 0.26** 0.29**

BT markers LPS 0.30** 0.25**

CD163 0.45*** 0.69*** 0.64***

CD14 0.35***

LBP 0.43***

Inflammatory factors IFN-γ 0.44*** 0.32***

IL-1RA 0.31*** 0.33***

IL-6 0.29** 0.36***

IL-8 0.33*** 0.65*** 0.37*** 0.40***

IL-9 0.45***

IL-10 0.32***

IL-18 0.47*** 0.28**

IL-23 0.37*** 0.27**

IP-10 0.28** 0.34***

MCP-1 0.41*** 0.29**

TNF-α 0.32***

GFs GRO-α 0.29** 0.34*** 0.34***

HGF 0.61*** 0.30** 0.25**

SDF-1α 0.67***

Note: AH, alcoholic hepatitis; AST, aspartate aminotransferase; ALT, alanine aminotransferase; BT, bacterial translocation; GFs, growth factors; 
INR, international normalized ratio for prothrombin time; LBP, LPS-binding protein; MELD, model for end-stage liver disease. The numbers 
represent Spearman’s coefficients,

**
p < 0.01,

***
p < 0.001.

Data at enrollment and follow-ups were pooled for these analyses, and the significant correlations with a correlation coefficient > 0.25 are listed.
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