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ABSTRACT 

Alcoholic Hepatitis (AH) is a severe condition developed in patients with underlying alcoholic 

liver disease. Ductular reaction has been associated with chronic alcohol consumption but 

there is no information regarding the extent of liver progenitor cell (LPC) proliferation in AH. 

The aim of this study was to investigate LPC markers in AH, and its correlation with disease 

severity. Fifty-nine patients with clinical and histological diagnosis of AH were included in the 

study. LPC markers were assessed by real time PCR and immunohistochemistry. Standard 

logistic regression analysis and classification and regression trees (CART) analysis were used for 

statistical analysis. A microarray analysis showed an up-regulation of LPC markers in patients 

with AH. Real time PCR demonstrated that epithelial cell adhesion molecule (EpCAM), 

Prominin-1, and Keratin7 were significantly increased in patients with AH compared to normal 

livers (p≤0,01), chronic hepatitis C (p≤0,01), and HCV-induced cirrhosis (p≤0,01). 

Immunohistochemistry scores generated for Keratin7 and EpCAM demonstrated a good 

correlation with gene expression. Keratin7 gene expression correlated with liver failure as 

assessed by MELD score (r=0.41, p =0.006) and Maddrey’s discriminant function (r=0.43, 

p=0.004). Moreover, Keratin7 (HR1.14, p=0.004) and Prominin-1 (HR1.14, p=0.002), but not 

EpCAM (HR1.16, p=0.06), were identified as independent predictors of 90-days mortality. CART 

analysis generated an algorithm based-on the combination of Keratin7 and EpCAM gene 

expression that stratified three groups of patients with high, intermediate and low short-term 

mortality (89%, 33% and 6% respectively; AUROC 0.73, CI 95%: 0.60-0.87). Keratin7 expression 

provided additional discrimination potential to ABIC score. Conclusion: LPC markers correlate 

positively with severity of liver disease and short-term mortality in AH patients. This study 

suggests that LPC proliferation may be an important feature of AH pathophysiology. 
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Alcoholic liver disease is a major cause of end stage liver disease. It ranges from fatty liver 

disease to steatohepatitis, cirrhosis and eventually hepatocellular carcinoma (1, 2). Alcoholic 

hepatitis (AH) is an acute event on a chronic alcoholic liver disease that develops in up to 20% 

of patients with a heavy alcohol intake (3). In its severe forms, AH leads to liver failure and high 

short-term mortality rate. AH is characterized by an important hepatocellular damage, 

megamitochondria, hepatocyte arrest, inflammatory response, and rapid progression of 

fibrosis (4). We have recently developed the ABIC score, which allows a prognostic 

stratification based on analytical parameters: age, bilirubin, INR and creatinine into patients 

with low, intermediate and high risk of death at 90 days and one year (5). The pathogenesis of 

AH is poorly understood and current therapies are not fully effective. Thus, there is a clear 

need to better understand the pathogenesis of AH in order to identify new targets for therapy 

and develop new therapeutic strategies for these patients.  

Liver damage from any etiology induces mature hepatocyte to proliferate in order to replace 

the damaged tissue, allowing the recovery of liver function without any involvement of liver 

progenitor cells (LPC) (6, 7). However, when there is either a massive liver injury or a chronic 

liver damage that compromise the proliferative capacity of hepatocytes, progenitor cells 

within the Canal of Hering start to proliferate giving rise to what is known as ductular reaction 

(6-8). Little is known about the real contribution of LPC in the recovery of liver function in liver 

diseases. Immunohistochemistry studies performed in damaged human livers have shown that 

ductular reaction comprises a heterogenic population of proliferating cells, ranging from cells 

expressing stem cells markers with an immature phenotype, to more committed cells with an 

intermediate phenotype, expressing progenitor cell markers but also characteristics of both 

immature hepatocytes and cholangiocytes (9-12). KRT7 is a well-known marker of ductular 

reaction in liver disease and it is typically expressed in LPC but also in intermediate 

hepatobiliary cells (13, 14). PROM1 has been described in progenitor cells from the liver and 

other organs and is considered a marker for hepatic cancer stem cells (15, 16). EpCAM is 
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expressed in LPC and it has been used to isolate progenitor cells from human samples (17, 18). 

Moreover, EpCAM is also expressed in newly generated hepatocytes derived from progenitor 

cells in the regenerating liver (19). In vitro studies with isolated LPC from human liver samples 

have demonstrated that LPC can differentiate into hepatocytes and cholangiocytes exerting 

functions of mature cells (17, 20, 21). However, there are no functional studies that investigate 

the dynamics, progression and outcome of progenitor cell expansion during the course of liver 

disease including AH. 

Ductular reaction is known to be present in most chronic liver diseases but it seems especially 

important in acute-on-chronic events (22, 23). Moreover, factors such as fibrosis and 

inflammation are known to promote LPC expansion. Advanced alcoholic liver disease is 

characterized by an important ductular reaction due to the underling liver injury but also to 

the effect of alcohol in promoting LPC proliferation (24, 25). Moreover, the extent of ductular 

reaction correlates with the severity of liver disease (23, 24). AH is characterized by an 

impairment in cell proliferation together with a massive liver damage and inflammatory 

response, which are key factors influencing the progression of progenitor cells. However, there 

is no information on the extent of ductular reaction in AH and its correlation with the severity 

of liver disease. In the present paper we describe that in AH there is an important ductular 

reaction and extensive proliferation of progenitor cells. Moreover, progenitor cell markers 

correlate with liver disease and are good prognostic markers for short-term mortality in 

patients with AH. 
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METHODS  

Patients and Interventions 

This study has been performed with samples collected from a cohort of sixty-nine consecutive 

patients admitted to the Liver Unit of the Hospital Clinic, Barcelona, from 2007 to 2010, with 

clinical and analytical criteria of AH. Ten patients were excluded from the study, eight patients 

that did not fulfilled all diagnostic criteria of AH, and two patients with documented 

hepatocellular carcinoma. Finally, 59 patients with biopsy-proven AH were included. Liver 

biopsies were obtained by transjugular approach in all cases within 48 hours of admission and 

before starting treatment with corticosteroids if indicated. Patients were managed following 

international guidelines and the clinical protocols approved in the Liver Unit of the hospital 

(26-28). Healthy patients characteristics are depicted in supplementary figure 1. The study was 

approved by the Ethics Committee of the Hospital Clinic, and all patients included in this study 

gave written informed consent. 

Microarray data normalization 

Markers of LPCs upregulated in the AH microarray were identified and summarized. The 

microarray previously performed comprised data from 22 samples, 15 AH and 7 healthy 

samples (29). Information regarding microarray analysis can be found in Supplementary 

Material. 

Hepatic gene expression analysis 

Quantitative PCR was used to assess the expression of selected genes in liver human samples. 
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then amplified using Taqman Technology (Applied Biosystems) in a final PCR volume of 10 µl 

using a 7900 HT instrument (Applied Biosystems). The Assay-on-Demand probes and primers 

for the quantification of 18s, EpCam, Prominin-1(PROM1) and Keratin (KRT)7 (Ref seq: 

Hs99999901_s1, Hs00158980_m1, Hs01009259_m1 and Hs00559840_m1) were obtained 

from Applied Biosystems. Results were normalized to 18s rRNA expression (housekeeping 

gene) and gene expression values were calculated based on the ∆∆Ct method using a pool of 

liver RNA as internal reference. The results were expressed as 2
(-ΔΔCt)

. 

Histological analysis and development of KRT7 and PROM-1 score  

Three µm of paraffin-embeeded liver sections were incubated with mouse anti-human KRT7 

(1:50, DakoCytomation, Glostrup, Denmark, M7018) for 1h at room temperature and 

monoclonal mouse anti-human Epithelial Antigen (EpCAM) (1:100, DakoCytomation, M0804) 

for 2h at room temperature. After washing in PBS, sections were incubated with secondary 

goat anti-mouse antibody conjugated to HRP (DAKO EnVision System-HRP, K4007) for 30 

minutes at room temperature. 3,3’ diaminobenzidine (DAB, Dako) was used as a chromogen, 

and sections were counterstained with hematoxilin. As negative controls, all specimens were 

incubated with primary antibody omission under identical conditions. Dual immunofluorescent 

staining was performed as serial stainings with EpCAM, KRT7 and the hepatocyte marker clone 

OCH1e5 (M7158) (DAKO). (See Supplementary Material). Semiquantitative assessment of 

inflammation and fibrosis was performed by RM on hematoxylin and eosin staining and 

tricromic staining respectively. Quantification of fibrosis was performed by morphometric 

quantification of tricromic stained area. (See Supplementary Material).  

To assess the degree of expression of KRT7 and EpCAM, we developed a semi-quantitative 

score based on the nomenclature and analysis of ductular reaction previously described (9, 

10). Staining for KRT7 was quantified according to 3 parameters punctuated from 0-3: Ductular 

structures, isolated cells within the parenchyma and Intermediate hepatobiliary Cells. Staining 
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for EpCAM was quantified according to 3 parameters punctuated from 0-3: ductular 

structures, interphase Cells and hepatobiliary cells 

Statistical Analysis 

Continuous variables were described as mean (95% confidence interval) or median (inter-

quartile range). Categorical variables were described by means and percentages. Comparisons 

between groups were performed using the Student´s t test or Mann-Whitney U test, 

depending on variable distribution. Differences between categorical variables were assessed 

by the chi-square test or Fisher´s exact test, when necessary. Correlations between variables 

were evaluated using Spearman’s rho or Pearson’s r, when appropriate. The main end-point 

was death from any cause at 90 days. A two-sided p value of <0.05 was required for statistical 

significance. The potential role of LPC markers in the short-term prognosis of patients with AH 

was evaluated by a univariate analysis, multivariate logistic regression analysis. A classification 

and regression tree (CART) analysis was performed to evaluate the interaction of LPC markers 

with short-term prognosis of AH patients. (See Supplementary Material)  
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RESULTS 

Patients Characteristics  

The baseline clinical, demographical and biochemical characteristics of the study cohort are 

depicted in Table 1. The median alcohol consumption was 100 g/day (80-120). Twenty-four 

patients (41%) were treated with corticosteroids. During hospitalization, thirty patients (51%) 

developed at least one clinical complication. These complications included bacterial infections 

(36%), hepatic encephalopathy (21%), in-hospital renal dysfunction (20%) and gastrointestinal 

bleeding (7%). The overall 90-day mortality rate was 27% (16 out of 59 patients). The main 

causes of death at 90 day were sepsis (7 out of 16) and multiorgan failure (9 out of 16). 

Expression of liver progenitor cell markers in patients with alcoholic hepatitis. 

Previous studies have shown that alcoholic liver disease is characterized by an important 

ductular reaction and LPC expansion (24, 25). Thus, we have evaluated the hepatic expression 

of genes typically expressed in LPC in patients with AH and from healthy subjects. Microarray 

analysis demonstrated an up-regulation of genes related to LPC and ductular reaction in AH 

samples. These genes include KRT7, SOX9, EpCAM, KRT19, PROM1, CD44 and others. Although 

some of these genes are not exclusively expressed in LPC, the marked upregulation of a 

significant number of genes typically expressed in isolated LPS suggest that this cell population 

may be enriched in patients with AH. Results shown in figure 1 are a subset of genes selected 

from the microarray previously described (29). Full microarray data are deposited in NCBI's 

Gene Expression Omnibus (GEO; accession number GSE28619).  

Detailed analysis of selected liver progenitor cell markers in patients with alcoholic hepatitis 

and other liver diseases. 

Page 11 of 42

Hepatology

Hepatology



 10 

KRT7, PROM1 and EpCAM were selected for further analysis as representative genes described 

in ductular reaction. Expression of these genes was evaluated by real time PCR in the whole 

series of patients with AH (n=59), in comparison with the expression in tissue from patients 

with hepatitis C virus (HCV)-induced cirrhosis (HCV-CH) (n=16), chronic hepatitis C (HCV) (n=14) 

and fragments of normal tissue (n=12). Gene expression of all three genes was significantly 

higher in patients with AH compared to HCV-induced liver disease, and normal livers (Figure 

2a-c).  Moreover, although KRT7, PROM1 and EpCAM are expressed in different cell 

populations in the ductular reaction, there was a significant correlation among the expression 

of these markers (data not shown). We next investigated if KRT7, PROM1 and EpCAM were 

differentially expressed in patients with AH according to their survival rate. KRT7 and PROM1 

expression was higher in patients that died within 90 days after admission (n=16) compared to 

those that survived (n=43) (Figure 2d-f). There was no difference in EpCAM expression 

between patients with different survival rate (Figure 2f). To further assess if the expression of 

LPC markers was associated with disease severity, we evaluated the correlation of gene 

expression of LPC markers with clinical prognostic scores. As shown in figure 2, we found a 

positive correlation of KRT7, but not PROM-1 and EpCAM gene expression with MELD and 

Maddrey’s discriminant function (Figure 2g, h), suggesting that liver damage may promote a 

ductular reaction that not necessarily correlates with the expansion of more immature 

progenitor cell markers. These results demonstrate that AH is characterized by an important 

ductular reaction and that the liver damage may be an important trigger of this event. 

Factors Influencing Patient Survival: Role of Progenitor Cell Markers 

KRT7, PROM1 and EpCAM were found to be upregulated in patients with poor survival rate. 

Thus, we evaluated if these genes are good prognostic markers of mortality in patients with 

AH. The univariate analysis identified serum bilirubin levels, INR, serum creatinine levels, ABIC 

score and MELD at admission and KRT7 and Prominin-1 expression in liver tissue associated 
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with 90 day mortality. However, age, EpCAM and fibrosis quantification were not associated 

with mortality. In the multivariate regression analysis, the ABIC score, MELD, KRT7 and PROM-

1 were the best independent predictors of 90 days mortality (Table 2).  

In order to assess if LPC markers are surrogate markers for fibrosis and inflammation, we 

evaluated liver fibrosis and infiltrating polimorphonuclear cells and we assessed its association 

with LPC markers and mortality. As shown in supplementary figure 2, fibrosis stage had a low 

but positive correlation with KRT7 and EpCAM expression. Moreover, morphometric 

quantification of fibrosis had also a positive correlation with expression of KRT7 (r=0.28 

p=0.048) and PROM-1 (r=0.3 p=0.031) but not EpCAM (r=0.21 p=0.119). However, fibrosis was 

not found to be an independent predictor of mortality with an area under the ROC curve of 

0.59 (0.41-0.75 95% CI) and was unable to stratify patients based on the outcome. The degree 

of inflammation did not positively correlate with LPC markers (Supplementary Figure 2) nor 

with mortality. 

In order to assess the interactions among LPC markers and their direct association with short-

term survival of patients with AH, we fitted a CART model. The best decision tree (Gini´s index 

0.35) was constructed with the interaction of two LPC markers, KRT7 and EpCAM (Figure 3). 

The generated tree identified three sub-populations with different short-term prognosis 

(expressed as 2
(-ΔΔCT)

): a high-risk mortality group characterized with high KRT7 expression 

(KRT7≥12.9), with a 90-day mortality of 89%; a group with an intermediate mortality risk (KRT7 

between 12.9 and 3.5 and EpCAM ≤2.95), with a 90-day mortality of 33%; and a low-risk 

mortality group (KRT7 <12.9 and EpCAM >2.95) and (EpCAM ≤2.95 and KRT7 ≤3.5) with a 90-

day mortality of 0% and 10% respectively. Importantly, this CART model showed good 

usefulness estimated by an AUROC of 0.73, CI 95%: 0.60-0.87.   

Finally, we investigated if LPC markers provide additional discrimination potential within 

patients classified by the ABIC score as with intermediate mortality risk (ABIC score 6.71-8.99 
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or ABIC B) which show a mortality rate of 30%. The area under the ROC for 90-day mortality 

using KRT7 was 0.76 (CI 95% 0.60-0.88) (Supplementary figure 3). We chose a cut off value of 

6.4 with a sensitivity of 60% and a specificity of 83%. Interestingly, using this cut off value, we 

found that KRT7 expression accurately discriminated patients with different short-term 

survival rate among the group of patients with an ABIC B (86% vs 50% survival in patients with 

KRT7< 6.4 and KRT7≥6.4, respectively; p=0.026, Figure 4).  

Protein expression of progenitor markers: correlation between immunohistochemistry and 

gene expression 

CART analysis identified KRT7 and EpCAM expression as the most relevant variables to 

subdivide the population of patients with AH into sub-populations with different outcomes. To 

assess if real time PCR gene expression correlated with protein expression and ductular 

reaction cells in AH samples, we performed an immunohistochemistrty analysis of KRT7 and 

EpCAM. As described previously, we identified three main different cell populations positive 

for KRT7 or EpCAM according to their morphology and localization in the liver. To reflect this 

heterogeneity we have developed a score (see Methods section) to quantify the contribution 

of these different populations within the ductular reaction. As shown in Figure 5, the KRT7 

score positively correlated with KRT7 gene expression (r=0.63; p=0.003) (Figure 5g). EpCAM 

score also showed a positive correlation with EpCAM gene expression (r=0.88; p<0.001) (Figure 

5h).  

To evaluate if LPC markers reflect different progenitor cell populations or different 

differentiation states, we performed a dual staining for LPC markers together with a 

hepatocyte marker. As it is shown in figure 6 there is almost a complete overlay of EpCAM and 

KRT7 staining in cells of the ductular reaction, suggesting that both markers may be identifying 

the same cell population. Dual staining for EpCAM and hepatocyte marker has shown that cells 

with a membranous staining of EpCAM co-express hepatocyte specific mitochondrial antigen, 
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suggesting that differentiation of EpCAM positive cells occurs during an episode of alcoholic 

hepatitis. Likewise, KRT7 positive cells showing an immature hepatocyte morphology co-

expressed hepatocyte markers. 
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DISCUSSION 

The present study describes the expression of progenitor cell markers in patients with AH and 

identifies them as prognostic markers predicting short-term mortality. Gene expression 

analysis showed an important upregulation of progenitor cell markers in patients with AH. A 

further analysis of three well-known LPC markers, KRT7, PROM1 and EpCAM in a cohort of 

patients with AH allowed us the possibility of stratifying patients into three groups according 

to their survival rate. Moreover, the combination of KRT7 expression with the ABIC score 

discriminate patients with intermediate ABIC values and poor defined survival rate and stratify 

them according to mortality. 

LPC proliferate during the course of chronic liver disease. This proliferation is particularly 

important in alcoholic liver disease, probably because AH causes profound hepatocellular 

damage and impairment of hepatocyte proliferation but also because alcohol triggers 

progenitor cell expansion (24). However, little is known about the extent of progenitor cell 

proliferation and their role in acute-on-chronic liver failure. Our results are in accordance with 

previous reports describing an important ductular reaction in patients with alcoholic liver 

disease (23, 24). Here, we show that a broad number of LPC markers are overexpressed in 

patients with AH, as assessed by microarray analysis. Moreover, we demonstrate that 

progenitor cell markers are overexpressed in patients with AH compared to hepatitis C virus 

induced cirrhosis, suggesting that acute-on-chronic injury may favor progenitor cell expansion. 

However, the group of patients with HCV-induced cirrhosis had a better liver function than the 

AH group, so it is plausible that LPC expansion is not a unique feature of AH. Further studies 

are required to determine if LPC proliferation is increased in AH compared to other etiologies 

of chronic liver disease. 

The main innovative approach of this study is the use of CART as an alternative regression 

analysis method to evaluate progenitor cells markers interactions as indicators of poor 
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prognosis in patients with AH.  The rationale behind the application of CART in this study is two 

fold. First, traditional logistic regression methods can be very useful in ranking the variables 

with statistical significance, but they contain modest information about the impact of the 

identified variables (30). The elucidation of risk subgroups seems unwieldy with a traditional 

linear regression analysis and even if estimates for incidences are calculated for all 

combinations of parameters, the results still refer only to estimates.  Conversely, the results of 

CART analysis come naturally as risk groups that are based on observed incidences and impact 

of the identified parameters, providing a graphical representation in the form of a decision 

tree. Second, in contrast to logistic regression, CART considers not only the overall sample of 

patients, but also, in subsequent steps, relevant subgroups and is therefore better positioned 

to probe for interactions. Thus, the main benefit of CART is that it can accurately stratify 

prognostic subgroups based on simple combinations of variables given to semi-automatic 

driven software.   

Several scoring systems have been developed for the prognosis assessment of patients with 

AH (30-33). Those scores are based on non-invasive parameters and are reliable tools to 

estimate the severity and prognosis of these patients. However, it is unknown which 

mechanisms contribute to worsen the prognosis of patients with AH. Gene and protein 

expression of LPC markers are of limited applicability as a prognostic score tools in the clinical 

practice, thus, our aim was not to develop a clinically relevant prognostic score but to identify 

relevant pathophysiological mechanisms influencing the outcome in AH. We propose a simple 

CART model (Figure 3) based on the combination of two LPC markers that evidences the 

importance of LPC expansion in AH and allows an accurate discrimination of three prognostic 

groups of patients with different mortality. First, a low-risk group with an excellent overall 90-

day survival of 94%, for whom aggressive therapeutic measures may not be needed. The 

moderate expression of LPC markers observed in these patients probably reflects a low 

inflammatory damage and moderate hepatocyte loss combined with an active regeneration 
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process. Second, a high-risk group of patients with 89% mortality at 90 days. These patients 

with the highest KRT7 expression and poor prognosis have a prominent inflammatory and 

necrotic damage with a severe impairment of the hepatocyte regeneration capacity. And third, 

patients with intermediate prognosis (33% mortality at 90 days) for which aggressive 

therapeutical approaches are required. 

It is especially relevant that KRT7 expression accurately predicts the 90-day mortality of 

patients with intermediate mortality as assessed by a moderate ABIC score.  This finding may 

have potential clinical implications since the mortality of moderate ABIC is similar to that 

observed in the general AH patient population. By using KRT7 expression we were able to 

stratify patients with intermediate ABIC score in those having a low mortality rate (14%) and 

high mortality (50%). Future studies should assess KRT7 expression in a higher number of 

patients with moderate ABIC score to validate these results. The possibility to identify those 

patients at higher risk may be useful for optimizing patient management and therapeutic 

decision-making. Moreover, these observations suggest that liver regeneration and LPC 

expansion may be an important factor influencing short-term prognosis in AH. Ductular 

reaction is frequently associated with fibrosis and inflammation in chronic liver disease and 

may be key factors promoting LPC expansion in AH. Although we show that fibrosis correlates 

with LPC markers, fibrosis and inflammation are not independent predictors of bad prognosis, 

and for that reason are not adequate parameters to stratify AH patients according to 

mortality. It has been previously shown that fibrosis and inflammation trigger LPC expansion, 

but our results suggest that LPC markers would not be surrogate markers for fibrosis since 

KRT7, PROM-1 and EpCAM are independent prognostic factors of mortality in our cohort of 

patients. 

Gene expression and immunochemistry results clearly demonstrate that there is an important 

expansion of KRT7 positive hepatobiliary cells in AH. It is assumed that LPC proliferate to 
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overcome the impaired regenerative potential of a chronically damaged liver in order to 

restore the normal liver function. Although our results clearly demonstrate an important LPC 

expansion, it does not lead to improved liver function, since patients with an increased 

number of immature hepatobiliary cells show the highest mortality rate. This observation 

raises the question whether the presence of KRT7 cells correlates with more extensively 

damaged liver, therefore showing a higher mortality, or whether LPC proliferation has a 

detrimental impact on liver function. AH is a condition with a florid pro-inflammatory milieu, 

with expression of chemokines from CXC and CCL families, growth factors and other mediators 

with unknown effects on LPC proliferation, differentiation or three-dimensional organization. 

The possibility that in AH there is an induction of LPC proliferation but a deficient 

differentiation to mature hepatocytes deserves further investigation. In chronic liver disease 

EpCAM positive hepatobiliary cells derive from LPC that give rise to new hepatocytes 

generated independently from the exhausted mature hepatocyte pool (19). The presence of a 

number of EpCAM positive hepatobiliary cells in patients with AH suggests that newly 

generated hepatocytes are being created. Results obtained with the dual staining of LPC 

markers suggest that differentiation of EpCAM and KRT7 positive cells is not completely 

abrogated in AH. However, the major population of EpCAM positive cells in samples from AH 

patients are small immature cells, and only a small fraction of cells are intermediate 

hepatobiliary cells with an immature hepatocyte morphology. Unfortunately it is not known 

the contribution of EpCAM or KRT7 positive cells to the reconstitution of the liver parenchyma 

in liver regeneration and disease, so from our results it is not possible to envision if the 

contribution of LPC may be sufficient to maintain liver function in AH patients. It is important 

to notice that as observed in the CART analysis, high EpCAM expression in patients with 

intermediate KRT7 expression identify a group of patients with low mortality rate, suggesting a 

beneficial effect of EpCAM-positive cells on liver function. If EpCAM positive cells sufficiently 
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contribute to liver regeneration to maintain the liver function in AH deserves further 

investigation. 

In summary, we provide evidence that ductular reaction is a key event in AH and that LPC 

expansion parallels disease severity in this acute-on-chronic condition. The exploitation of a 

decision tree model as an alternative approach to classical regression models identified the 

most relevant LPC markers as prognostic markers in patients with AH. Our results suggest that 

LPC markers may provide additive value to clinical prognostic scores to discriminate patients 

with different mortality rate. This study shows a significant cellular response in AH and 

provides evidences for their utilization in a histological score. Moreover, the correlation of LPC 

markers with mortality suggest that understanding the mechanisms governing LPC 

proliferation and differentiation in liver disease may facilitate the design of new therapeutic 

approaches aiming at promoting liver regeneration in AH. 
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Figure legends 

Figure 1. Heatmap showing hierarchical clustering using expression profiles of the selected 

genes. Distances are measured using Pearson correlation. Results are expressed as a matrix 

view of gene expression data where rows represent genes and columns represent hybridized 

samples. The intensity of each colour denotes the standardized ratio between each value and 

the average expression of each gene across all samples. Red pixels correspond to an increased 

abundance of mRNA in the indicated liver biopsy sample, whereas green pixels indicate 

decreased mRNA levels. 

Figure 2. Gene expression analysis of liver progenitor cell markers in liver diseases. 

Quantitative gene expression analysis of Prominin-1 (a), Keratin 7 (b) and EpCAM (c) in normal 

livers, hepatitis C virus-induced hepatitis (HCV), HCV-induced cirrhosis (cirrhosis) and alcoholic 

hepatitis (AH). Expression of Prominin-1 (d), Keratin 7 (e) and EpCAM (f) in patients with short-

term survival <90 days and > 90 days. Gene expression values are shown as 2
(-∆∆Ct)

 value. 

Correlation of Keratin 7 (KRT7) expression value with Maddrey’s discriminant function (G) and 

MELD (h). 

Figure 3. Prognostic model of 90-day mortality in patients with alcohol hepatitis generated 

by CART. The CART tree stratified three groups of patients with different mortality rate 

according to progenitor cell markers expression. Gene expression values are shown as 2
(-∆∆Ct)

 

value. A high risk group (15% of the patients with 89% mortality) with KRT7≥12.9 value, an 

intermediate risk group (30% of patients with 33% of mortality) with 3.5≤KRT7≤12.9 and 

EpCAM≤2.95 value, and a low risk group (54% of patients with 6% of mortality) with KRT7<12.9 

and EpCAM>2.95 and a second group with EpCAM<2.95  and KRT7≤3.5. 

Figure 4. Three-month survival probability of patients with moderate ABIC score according to 

hepatic gene expression of Keratin7.  Kaplan-Meier curve showing the three-month 
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probability of survival in patients with alcoholic hepatitis and ABIC B score according to hepatic 

gene expression of Keratin7 (KRT7).  

Figure 5. Immunohistochemistry analysis of liver progenitor cell markers. Representative 

pictures of keratin 7 staining (a-c) showing biliary structures (a) (magnification x20), isolated 

cells within the parenchyma (b) (magnification x40), intermediate hepatobiliary cells (c) 

(magnification x40). Representative pictures of EpCAM staining (d-f) demonstrating presence 

of ductular structures (d) (magnification x20), cells at the interphase (e) (magnification x40), 

hepatobiliary cells (f) (magnification x40). Correlation of keratin 7 expression value (2
(-∆∆Ct)

) 

with Keratin 7 score (g). Correlation of EpCAM expression value (2
(-∆∆Ct)

) with EpCAM score (h). 

Figure 6. Dual immunostaining of liver progenitor cell markers. (A) Representative pictures of 

dual immunofluorescent staining of EpCAM, Hepatocyte marker and merge picture 

(magnification x40). (B) Representative pictures of dual immunofluorescent staining of EpCAM, 

KRT7 and merge picture (magnification x40). (C) Representative pictures of dual 

immunofluorescent staining of KRT7, Hepatocyte marker and merge picture (magnification 

x40). 
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Table 1. Baseline Demographic, Clinical and Biochemical Characteristics of Patients with 

Alcoholic Hepatitis. 

 Study Cohort (n=59) 

Age (years)  

Male (%) 

Alcohol Intake (g/day) 

Corticoids (%) 

   51 (46-55) 

41 (70) 

100 (80-120) 

24 (41) 

Biochemical parameters                        

Hematocrit (%)  29 (19-35) 

Leukocytes  x10
9 
/L  8.0 (6.3-11.1) 

Platelets  x10
9  

/L 65 (32-134) 

Serum creatinine (mg/dL) 0.8 (0.6-1.0) 

Serum albumin (g/dL) 25 (23-31) 

Serum bilirubin (mg/dL)  10 (4.2-18.3) 

International normalized ratio 1.6 (1.3-1.9) 

AST (U/L) 132 (86-182) 

ALT (U/L) 54 (34-75) 

GGT (U/L) 317 (116-923) 

Clinical Scores   

Maddrey’s discriminant function 57 (33-77) 

MELD score  29 (16-24) 

ABIC  score  7.65 (6.95-8.47) 

ABIC class  (%)      A  (<6.71) 

                                B  (6.71-8.99) 

                                C  (>9) 

12 (20) 

40 (68) 

 7 (12) 

Cirrhosis (yes/no) (42/17) 

Fibrosis (F1/F2/F3-F4) n=57 (3/12/42) 

Inflammation (mild/severe) n=57  (41/16)  

AST, aspartate aminotranferase; ALT, alanine aminotransferase; MELD, model for end-stage 

liver disease; ABIC, age, bilirubin, INR, creatinine score. 
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Table 2. Factors Influencing mortality in Univariate and Multivariate Logistic Regression 

in Patients with Alcoholic Hepatitis 

Univariate Logistic Regression  OR CI 95% p 

At admission    

Serum bilirubin             1.07 1.01-1.14 0.02 

INR                    1.98 1.11-3.53 0.03 

Serum creatinine          2.19 0.86-5.58 0.09 

Age 1.07 0.98-1.18 0.12 

ABIC score 2.85 1.84-4.43 <0.001 

MELD 1.18 1.09-1.27 <0.001 

Fibrosis quantification 1.03 0,95-1,12 0,43 

Gene expression    

KRT7 1.18 1.08-1.28 0.001 

Prominin-1  1.17 1.08-1.27 0.001 

EpCam 1.09 0.93-1.28 0.26 

Multivariate Logistic Regression OR CI 95% p 

ABIC score  1.75 1.00-3.06 0.04 

KRT7 1.14 1.04-1.24 0.004 

    

ABIC score  1.94 1.20-3.12 0.006 

Prominin-1 1.14 1.05-1.24 0.002 

    

ABIC score  2.25 1.36-3.71 0.001 

EpCam  1.16 0.98-1.36 0.06 

    

MELD 1.19 1.01-1.41 0.03 

KRT7 1.22 1.04-1.42 0.01 

    

MELD 1.23 1.06-1.43 0.006 

Prominin-1 1.14 0.99-1.30 0.06 

    

MELD  1.21 1.05-1.39 0.006 

EpCam 1.19 0.95-1.49 0.12 

INR, international normalized ratio; KRT7, keratin 7; EpCam, epithelial cell adhesion molecule; 

ABIC, age, bilirubin, INR, creatinine score. 
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Figure 1. Heatmap showing hierarchical clustering using expression profiles of the selected genes. 
Distances are measured using Pearson correlation. Results are expressed as a matrix view of gene 

expression data where rows represent genes and columns represent hybridized samples. The 
intensity of each colour denotes the standardized ratio between each value and the average 

expression of each gene across all samples. Red pixels correspond to an increased abundance of 

mRNA in the indicated liver biopsy sample, whereas green pixels indicate decreased mRNA levels.  
124x93mm (300 x 300 DPI)  
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Figure 2. Gene expression analysis of liver progenitor cell markers in liver diseases. Quantitative 
gene expression analysis of Prominin-1 (a), Keratin 7 (b) and EpCAM (c) in normal livers, hepatitis 

C virus-induced hepatitis (HCV), HCV-induced cirrhosis (cirrhosis) and alcoholic hepatitis (AH). 

Expression of Prominin-1 (d), Keratin 7 (e) and EpCAM (f) in patients with short-term survival <90 
days and > 90 days. Gene expression values are shown as 2(-∆∆Ct) value. Correlation of Keratin 7 

(KRT7) expression value with Maddrey’s discriminant function (G) and MELD (h).  
190x254mm (300 x 300 DPI)  
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Figure 3. Prognostic model of 90-day mortality in patients with alcohol hepatitis generated by CART. 
The CART tree stratified three groups of patients with different mortality rate according to 

progenitor cell markers expression. Gene expression values are shown as 2(-∆∆Ct) value. A high 
risk group (15% of the patients with 89% mortality) with KRT7≥12.9 value, an intermediate risk 

group (30% of patients with 33% of mortality) with 3.5≤KRT7≤12.9 and EpCAM≤2.95 value,  and a 
low risk group (54% of patients with 6% of mortality) with KRT7<12.9 and EpCAM>2.95 and a 

second group with EpCAM<2.95  and KRT7≤3.5.  
254x190mm (300 x 300 DPI)  
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Figure 4. Three-month survival probability of patients with moderate ABIC score according to 
hepatic gene expression of Keratin7.  Kaplan-Meier curve showing the three-month probability of 
survival in patients with alcoholic hepatitis and ABIC B score according to hepatic gene expression 

of Keratin7 (KRT7).  
254x190mm (300 x 300 DPI)  
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Figure 5. Immunohistochemistry analysis of liver progenitor cell markers. Representative pictures of 
keratin 7 staining (a-c) showing biliary structures (a) (magnification x20), isolated cells within the 

parenchyma (b) (magnification x40), intermediate hepatobiliary cells (c) (magnification x40). 
Representative pictures of EpCAM staining (d-f) demonstrating presence of ductular structures (d) 

(magnification x20), cells at the interphase (e) (magnification x40), hepatobiliary cells (f) 

(magnification x40). Correlation of keratin 7 expression value (2(-∆∆Ct)) with Keratin 7 score (g). 
Correlation of EpCAM expression value (2(-∆∆Ct)) with EpCAM score (h).  

124x93mm (300 x 300 DPI)  
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Figure 6. Dual immunostaining of liver progenitor cell markers. (A) Representative pictures of dual 
immunofluorescent staining of EpCAM, Hepatocyte marker and merge picture (magnification x40). 
(B) Representative pictures of dual immunofluorescent staining of EpCAM, KRT7 and merge picture 
(magnification x40). (C) Representative pictures of dual immunofluorescent staining of KRT7, 

Hepatocyte marker and merge picture (magnification x40).  
124x93mm (300 x 300 DPI)  
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SUPPLEMENTARY METHODS 

Microarray data normalization 

Samples were normalized using the guanidine-cytosine content-adjusted robust multiarray 

algorithm, which computes expression values from probe-intensity values incorporating probe-

sequence information (1). Next, we employed a conservative probe-filtering step excluding 

those probes not reaching a log2 expression value of 5 in at least 1 sample, which resulted in 

the selection of a total of 19,152 probes out of the original 54,675, set. Differential expression 

was assessed by using linear models and empirical Bayes moderated t-statistics using LIMMA 

R-package software (2). Two group comparisons and determinations of false discovery rates 

(FDR computation using Benjamini-Hochberg procedure) were performed and FDR values 

≤0.05 were deemed potentially significant and selected for further study. All computations and 

plots (as heatmaps) were done using R software (2).  

Histological analysis and development of KRT7 and PROM-1 score  

Dual immunofluorescent staining was performed as serial stainings with EpCAM, KRT7 and the 

hepatocyte marker clone OCH1e5 (DAKO). Goat anti-mouse Alexa 488 (Invitrogen) and goat 

anti-mouse CY3 (Jackson Immunoresearch, Suffolk, UK) were used as secondary antibodies. To 

perform the dual staining, sections were stained with the first primary and secondary 

antibody. Before performing the second immunostaining, the first complex was stripped by 

incubating sections for two hours with Restore Western Blot Stripping Buffer (Thermo 

Scientific, Alcobendas, Spain) followed by overnight incubation with 0.2M Glycine buffer 

PH:2.5. After stripping, sections were incubated with the second primary and secondary 

antibodies. As negative controls, all specimens were incubated with primary antibody omission 

under identical conditions.  

Fibrosis quantification 
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Fibrosis stage was evaluated according to portal fibrosis, expansive fibrosis and bridging 

fibrosis/cirrhosis (bridging fibrosis and cirrhosis were evaluate together since the size of the 

sample did not allowed a successful discrimination). The degree of fibrosis was estimated by 

measuring the percentage of the area stained with tricromic staining. Positive stained area was 

quantified by a morphometric analysis. Twelve images were obtained with an optic microscope 

(Nikon Eclipse E600, Nikon Corporation, Japan) at magnification of x20 and analyzed with an 

image-analysis system (AnalySIS, Soft-Imaging System, Munster, Germany). The positive area 

was the sum of the area of all positive pixels. 

Development of KRT7 and PROM-1 score 

Staining for KRT7 was quantified according to 3 parameters punctuated from 0-3 (maximum 

score = 9): Ductular structures: 0-occasional, 1- proliferation of ductular structures within the 

portal tract, 2- proliferation of ductular structures within the portal tract and in the interphase 

between portal tract and parenchyma, 3- ductular reaction intermixed with hepatocyte plates; 

Isolated cells within the parenchyma: 0- absence, 1- occasional, 2- more than 3 cells per field, 

3- apparent presence of cells in the parenchyma; Intermediate hepatobiliary Cells: 0- absence, 

1- isolated cells, 2- group of cells, 3- major cell type in some areas of the sample. Staining for 

EpCAM was quantified according to 3 parameters punctuated from 0-3 (maximum score = 9): 

Ductular structures: 0- absence, 1- presence of occasional proliferative ductules, 2- apparent 

proliferation of positive ductular structures, 3- continuous ductular structures occupying most 

area of the portal tract; Interphase Cells (cells with positive cytoplasm staining at the 

interphase between the parenchyma and portal tract): 0- absence, 1- occasional, 2- groups of 

cells lining at the interphase, 3- continuous structures at the interphase intermixed within the 

parenchyma; Hepatobiliary cells with positive membrane staining: 0- absence, 1- occasional 

cells, 2- small groups of cells, 3- presence of group of cells covering extensive areas of the 

parenchyma. The scores where created and evaluated by PSB and RM and externally validated 

by MC to assess the inter-observer agreement. 
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Univariate analysis, multivariate analysis and classification and regression tree analysis 

In order to assess the potential role of progenitor cells markers in the short-term prognosis of 

patients with AH, we first performed an exploratory logistic univariate analysis. The p-values 

for the univariate tests were not corrected for multiple testing, because those tests were 

considered as exploratory. We also performed a multivariate logistic regression analysis  (odds 

ratio -OR-). The results determined those variables independently associated with the main 

outcome (after adjusting for the contributions of other variables). Given the small number of 

death events, to avoid over-fitting, we included only two variables in the multivariate analysis. 

The SPSS statistical package (SPSS Inc., version 15.0, Chicago, IL) was used for these 

calculations. To evaluate the interaction of progenitor cells markers over the short-term 

prognosis of AH patients a classification and regression tree (CART) analysis was performed. 

We used the CART Pro v6.0 software (Salford systems, San Diego, CA), based on the original 

Breinman´s code. Briefly, the method allows the construction of inductive decision trees 

through strictly binary splitting. This algorithm divides each parent node into two 

homogeneous child nodes by applying yes/no answers at each decision node. The basic tree-

generating or “learning” process consists of 1) selecting the most discriminative variable 

according to an impurity function to partition the data, 2) repeating this partition until child 

nodes are considered pure enough to be terminal and 3) pruning the resulting tree to avoid 

overfitting and redundancy. In our study, sensitivity analysis was based on the Gini index, and 

10-fold cross validation was performed to assess internal validity. Misclassification costs were 

set at 1.0. The number of patients in terminal nodes was set to a minimum of 5 and no specific 

splitters were forced for root or children nodes. Cut-off points for continuous and categorical 

variables were automatically generated by the model based on statistical cost assumptions. 

Optimal trees were then selected according to their relative misclassification costs, predictive 

accuracy and clinical relevance. Third, for prognostic individual testing of every single 

progenitor cell marker a comparative risk analysis was done using the proposed cut-off 
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generated by the CART, and a comparison of the Kaplan-Meier method with the log-rank test 

was performed.  
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