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Abstract

Alcoholic liver disease encompasses the progressive stages of liver dysfunction that culminates in 

alcoholic cirrhosis (AC) and in severe cases alcoholic hepatitis (AH). Currently, prognostic scores 

have limited specificity and sensitivity. Plasma keratin-18 (K18) levels are elevated during liver 

disease and may be biomarkers of outcome. The objective of this study was to determine if total 

K18 (M65) or caspase-cleaved K18 (M30) levels were different between AC and AH patients. 

M65 and M30 levels were measured in plasma of consented healthy controls, and patients with AC 

and AH. Cell death was assessed by TUNEL staining and caspase activity. M65 and M30 values 

were significantly higher in AC patients compared to healthy controls and further increased in AH 

patients. The M65 values and the M30/M65 ratios of non-surviving AH patients were significantly 

elevated above their surviving counterparts and healthy controls. Statistical analysis indicated that 

M30/M65 ratios outperformed current indices for accurately distinguishing the prognosis of AH 

patient. These scores occurred with minimal increase in plasma cell death markers such as ALT 

and AST. Serum caspase activity, TUNEL staining, and M30 immunohistochemistry in biopsies 

indicated serum and tissue values may not correlate well with overall cell death. In conclusion, 

both M65 and M30 differentiate AH from AC patients and M65 values and the M30/M65 ratio are 

capable of predicting early-stage mortality; however, they may not accurately reflect pure 

hepatocyte cell death in these populations as they do not strongly correlate with traditional cell 

death markers.
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INTRODUCTION

Alcoholic hepatitis (AH) is the most severe form of liver dysfunction associated with 

chronic alcoholism.1 Patients with AH experience far higher mortality rates and undergo a 
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series of symptoms consistent with acute-on-chronic liver failure.1 There are a number of 

different metrics for prognostication of outcome in AH patients;2–6 however, none of these 

values have high specificity and sensitivity, likely due to the complex nature of AH. 

Combinations of tests have proven more effective at stratifying patients based on potential 

mortality,6 but may be cumbersome to use clinically, especially in acute situations. As such, 

new biomarkers, especially those that could be combined with current metrics, are in need 

for both early diagnosis and prognosis of AH patients.

Keratin 18 (K18) is a multi-functional intermediate filament protein present in simple 

epithelial tissues.7 During hepatocellular necrosis, K18 is released passively from necrotic 

cells into the blood.8 During apoptosis, K18 is cleaved by caspases,9 and this cleaved form 

of K18 is also released into blood.8 ELISA tests have been developed for both K18 and 

cleaved K18 and are referred to as the M65 and M30 ELISA, respectively. Plasma or serum 

values of both M65 and M30 have been used extensively to better define cell death in many 

forms of liver disease,10–15 as the liver expresses K18 in hepatocytes.7 The ratio between 

M30 and M65 has been used as metric of cell death in both humans10,12,15 and in animal 

models.16,17 Both M65 and M30 fragments have fairly long half lives in vivo that give a 

wider analytical window for detecting rapid processes, particularly apoptosis. Moreover, 

plasma M30 is predictive of non-alcoholic steatohepatitis in patients suspected of having 

fatty liver indicating significant diagnostic utility.18 Modification of other metrics with M65 

or M30 values can enhance predictive capacity of other prognostic metrics in liver diseases.
19 Despite its established use in other diseases, and despite the fact that K18 is a known 

component of Mallory bodies present in patients with alcoholic cirrhosis, there are no 

current studies that have investigated plasma M65 or M30 levels in the context of a clinical 

diagnosis, despite the fact that apoptotic cells are typically found in AH livers.20–22

Given this information, this study was initiated to better understand the role of cell death in 

patients with AH. We hypothesized that plasma M65 and M30 values would be elevated 

enough to potentially distinguish alcoholic cirrhosis from AH, and potentially predict 

outcome in these patients. Surprisingly, M65 and M30 levels were dramatically and 

substantially elevated in both AC and AH patients and had significant clinical value in 

predicting short-term mortality in AH patients. Even still, these values correlated poorly 

with traditional plasma parameters of liver cell death, and may be related to other, as of yet 

unknown pathologies that occur during AH.

METHODS AND MATERIALS

Patient Recruitment

Patients were recruited to the study in association with the Kansas University Medical 

Center Liver Center after informed consent. All studies were approved by The Kansas 

University Medical Center Institutional Review Board before the onset of patient 

recruitment and all studies are in accordance with the Helsinki Accords.

AH patient enrollment was based on patient history, plasma biochemistry, and clinical 

diagnosis. Transjugular biopsy was not used as criteria for the diagnosis of AH as it is not 
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part of the University of Kansas Medical Center standard operating procedure for diagnosis 

of AH.

The primary inclusion criteria for AH were: AST above upper limit of normal but AST<400, 

AST >ALT, bilirubin>3.0 mg/dL, a recent history of alcohol abuse (<2 months) as evaluated 

by clinical research staff, and a clinical diagnosis of AH by the attending physician.

All patients were recruited from an in-patient setting under the care of a hepatologist. 

Although this study was initiated before the current standards recommended by the National 

Institute on Alcohol Abuse and Alcoholism,23 22/24 patients in the AH group had severe 

AH at the point of admission according to MELD score (MELD>20), and 23/24 patients fit 

the guidelines for AH with one patient having an AST-to-ALT ratio slightly less than 1.5. 

Pentoxifylline and/or corticosteroid treatment patients were grouped based on whether they 

had received treatment at any point in the preceding seven days before admission to the 

study. Entrance criteria for AC patients included a history of chronic alcohol abuse, and past 

or current diagnosis of AC based on liver biopsy or clinical features. All AC patients were 

evaluated by clinical research staff as abstinent for a minimum of two months, as a way to 

further distinguish them from the AH population. Patient data are available in Table 1. 

Clinical data were obtained by the University of Kansas Medical Center hospital staff. AH 

samples were generally obtained between two and five days post admission to the hospital. 

An additional cohort of healthy volunteers was procured at the University of Kansas Medical 

Center from local volunteers. As patient matched biopsies were generally not attainable for a 

majority of patients, and liver biopsy is not part of routine care for diagnosis and 

management of AH at the Kansas University Hospital, banked pathology specimens were 

obtained and biochemically matched as close as possible for both AC and AH populations 

(Table 2). AC patient samples were taken from explanted livers directly at the time of 

explantation. Patient livers were stored in formalin for fixation before processing. AH 

patient biopsies were acquired by trans-jugular biopsy performed by Interventional 

Radiography and obtained by us from hospital Pathology.

Murine studies

All studies were approved by the local Institutional Animal Care and Use Committee before 

onset. C57BL/6J mice (8–10 weeks of age) were treated with 700mg/kg galactosamine and 

100μg/kg Salmonella enteritidis lipopolysaccharide (Gal/LPS) and then sacrificed 6 hours 

later.24 Blood was acquired via the vena cava, and tissue was stored in formaldehyde for 

fixation and subsequent processing.

Immunohistochemistry

Tissue samples for AH or non-liver immunohistochemistry were acquired from University of 

Kansas Medical Center Pathology Department as an additional cohort. Diagnosis of AH in 

biopsy samples was based on the pathologist’s report and histological features. The M30 

antibody (Sigma Aldrich, Saint Louis, MO, USA) and the TUNEL assay kit (Roche, Basel, 

Switzerland) were used as previously described.25,26
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Plasma Cell Death Values

M65 Epideath and M30 Apoptosense ELISA assays were used according to the 

manufacturer’s instructions (VLVBio, Stockholm, Sweden). Internal quality controls present 

in the kit were ran with all samples to confirm assay performance. Plasma caspase-3 activity 

values were measured as described previously using a fluorogenic assay.16

Plasma Clinical Chemistry

Creatine kinase (CK) was assessed according to the manufacturer’s suggested protocol 

(Biovision, San Francisco, CA, USA) with the exception that samples had previously been 

frozen and thawed before the performance of the assay. Lactate dehydrogenase (LDH) was 

measured using a previously established protocol14.

Statistical Analysis

Data were generally non-normal as determined by the Shapiro-Wilk test. Mann-Whitney U-

test was used to compare two groups directly. One-way ANOVA on ranks with Dunn’s post-

hoc was used to compare multiple groups against control. Receiver operating characteristic 

curves were used to assess correlations. All statistical tests were run using SigmaPlot (Systat 

Software, San Jose, CA). For all values, P<0.05 was considered significant.

RESULTS

Patient Recruitment

To better understand the role of cell death in AH patients, we recruited three distinct 

subpopulations of patient to this study: healthy controls, AC patients, and AH patients. 

Patient values (Table 1) mimic plasma biochemistry panels found in studies with large 

patient numbers.27,28 Diagnosis of AC or AH was based partially on clinical history in 

addition to clinical chemistry. Healthy controls confirmed an absence of any acute or chronic 

drinking before admission to the study. Both MELD and ABIC scores were significantly 

higher in the AH population versus the AC controls, largely due to worsened liver function 

(elevated INR and bilirubin) as expected with the acute liver dysfunction. Generally these 

values were similar between groups, with the non-survivor group of AH patients having a 

higher rate of kidney dysfunction, in agreement with a previous study.29

High levels of circulating M65 and M30 levels in AC and AH patients

K18 release into blood is prominently involved in a number of diseases featuring high 

degrees of cell death including acetaminophen toxicity,10,12 non-alcoholic steatohepatitis,18 

and cholestatic liver injury.14,16 Plasma M65 and M30 levels were measured in healthy 

volunteers, and AC and AH patients using M65 EpiDeath and M30 Apoptosense assays 

(Figure 1A). AC patients had significant elevations in both M30 and M65. These values 

were highly similar, which would typically be considered indicative of a mainly apoptotic 

injury index. Surprisingly though, AH patients had significantly elevated values of both M30 

and M65, even above the AC population (Figure 1A). Moreover, M65 was significantly 

elevated above M30 in the AH population (Figure 1A). These data would indicate AC 
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patients have considerable levels of apoptotic cell death, whereas AH patients have an 

additional degree of oncotic necrosis in addition to apoptosis (Figure 1B).

Elevated levels of M65 in non-surviving AH patients

Mortality is high in AH patients with reported values between 10% and 50% over the first 90 

days.27,28 In order to assess whether or not M65 or M30 might have prognostic value in the 

treatment of AH patients, the AH group was subdivided into surviving and non-surviving 

patients (Figure 1C). M65 and M30 values were significantly elevated in the non-surviving 

AH population (Figure 1C). The M30/M65 ratio was significantly lower in non-surviving 

AH patients, indicating these AH patients may undergo increased necrosis and release of 

M65 into plasma (Figure 1D). Given this information we hypothesized that either M65 or 

the M30/M65 ratio might be a clinically useful measurement in AH patients.

No overt effect of corticosteroid and pentoxifylline treatment for AH on M30/M65 levels

To determine whether treatment had an effect on M30 and M65 values, patients were divided 

based on whether they had received corticosteroids or pentoxifylline for treatment at any 

point in the preceding 7 days. However, no significant differences were observed in M65 

(Figure 2A) and M30 levels (Figure 2B), or the M30/M65 ratio (Figure 2C) between patients 

with steroid or pentoxifylline treatment and no treatment. As there was some heterogeneity 

in the onset of treatment due to the complex nature of AH diagnosis and treatment, these 

data would need to be confirmed in a controlled study powered to examine differences; 

however, our initial data do not suggest an overt effect of treatment on M30 or M65 levels in 

AH.

M65 and M30/M65 Ratio Predict Outcome in AH Patients

Short-term mortality in the AC population in this study was limited, and thus, no assessment 

was made in this population. On the contrary, AH patients had a mortality rate of ~40%, 

consistent with other studies.1 Patient plasma biochemistry values for surviving and non-

surviving AH patients were similar, with the non-surviving AH patients trending higher in 

bilirubin, and creatinine, and being significantly higher in age (Table 1); however, there was 

no significant difference in ALT, AST or INR values. ABIC score was elevated in the non-

surviving population, whereas the MELD score was similar between groups. ABIC score 

(Figure 3A) and MELD Score, (Figure 3B) along with M65 (Figure 3C) and M30/M65 

(Figure 3D) ratio were assessed for their capacity to predict short-term mortality (30 day 

mortality) in AH patients. The ABIC score was significantly associated with short-term 

mortality (c-statistic 0.80, p<0.05). Although the MELD score was not statistically 

significant in this study, it did produce a positive AUROC (c-statistic 0.66). M65 produced a 

similar value as to ABIC (Figure 3C) (c-statistic 0.81, p<0.05) although, the highest score 

was produced by M30/M65 ratio (Figure 3D) (c-statistic 0.90, p<0.05). Cut-off values 

indicate M30/M65 had 90% sensitivity and 86% specificity when a cut-off value of 0.3884 

was applied (Table 3). As such, the M30/M65 ratio may be a highly specific and sensitive 

prognostic marker and should be evaluated in a larger population.

Representative patient profiles for M65 and M30/M65 values in relation to admission to 

hospital, admission to study, and known date of death are listed in Table 4. Samples were 
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typically acquired 2–5 days post admission consistent with other studies. Mortality was 

generally due to end-stage liver disease (ESLD) or cardiac death secondary to ESLD in these 

populations (Table 4). Given that M65 and M30/M65 could accurately predict future 

mortality in patients at early time points consistent with the initial clinical diagnosis, we 

concluded that M65 and M30/M65 ratio were both candidates for clinical biomarkers of AH 

severity.

Cell Death Markers in ALD Patients

As the values of M30 and M65 were far higher than we hypothesized at the start of this 

investigation, we wanted to verify the presence of cell death and M30 in liver biopsies. The 

TUNEL assay was performed on AC and AH patient liver biopsies and TUNEL-positive 

cells were counted in ten high power fields (HPF). While commonly perceived to be a 

method of detection of apoptotic cells, the TUNEL assay is known to stain both apoptotic 

and necrotic cells in the liver.30,31 Despite the dramatically elevated levels of M65 and M30, 

only minimal levels of TUNEL-positive cells were found in the livers of AH (Figure 4A) 

and AC (Figure 4B) biopsies, and TUNEL staining appeared purely nuclear, with minimal 

cytoplasmic leakage. This profile is considered to be apoptotic.30,31 Quantification did not 

yield a significant difference between the groups; although, AH patients had slightly higher 

values (Figure 4C), consistent with other studies.21 Assessment of plasma caspase-3 activity, 

a gold standard marker of apoptosis, yielded no significant difference between control 

samples and AC or AH patients, and were essentially absent when compared to an 

established model of murine liver apoptosis (Figure 4D). To further determine if M65 or 

M30 leakage was directly related to cell death, we attempted to correlate M65 or M30 with 

cell death as measured by a number of other plasma biomarkers of liver cell death and cell 

function, with a focus on the AH population. M65 and M30 values positively correlated with 

one another in AH patients (Table 5). Of note, neither M65 nor M30 values correlated well 

with the established markers of liver injury ALT or AST, or bilirubin, the traditional marker 

of liver function, nor did they correlate with WBC; however, M65 showed a very minor but 

statistically significant correlation with glutamate dehydrogenase (GDH) levels (Table 5). As 

GDH is more specific for mitochondrial injury, this may indicate that release of M65 or M30 

is related to mitochondrial dysfunction present in some AH patients.32,33 We also assessed 

creatine kinase (CK) and lactate dehydrogenase (LDH) as measurements of non-liver tissue 

necrosis (Table 1). While both CK and LDH were mildly elevated in AH patients, this was 

not a significant difference and there was no difference between surviving and non-surviving 

AH patients.

Limited M30 staining in human AH or AC livers

Given the low TUNEL values associated with both AC and AH patients, we wanted to 

understand if M30 was elevated in liver tissue in AH or AC patients.8 We performed 

immunohistochemistry for M30 (Figure 5) in livers of a healthy control, AH and AC 

patients, as well as galactosamine/LPS treated mice as a positive control.25 While there was 

limited M30 staining in both AH and AC livers in all examined biopsies (representative 

biopsies shown), some cells did stain positive for M30. This relatively limited staining 

profile was especially apparent when contrasted to livers of galactosamine/LPS treated mice, 

where a majority of cells showed some positivity for M30 (Figure 5). As such, mechanisms 
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other than pure cell death should be considered for the release of M65/M30 in these 

populations, as there appears to be a stark disparity between traditional understanding of cell 

death and the massive release of M65 and M30 present in these patients.

DISCUSSION

This study was initiated to better understand whether cell death markers could be potentially 

useful in stratifying patients and predicting outcomes in a population with ALD. In this 

study, we found that M65 and M30 levels were significantly elevated above control values in 

both AC and AH patients (Figure 1). Furthermore, M65 values were significantly elevated 

above M30 values in all AH patients, as well as in non-surviving versus surviving AH 

patients (Figure 1). Treatment with corticosteroids and pentoxifylline did not have a 

significant effect on M65, M30 or the M30/M65 ratio (Figure 2). The M30/M65 ratio was 

thus significantly decreased, and may have considerable value as a prognostic score (Figure 

1,3). Despite this utility, the reasoning for the high degree of M65/M30 release remains 

under investigation, as M65 and M30 serum values did not correlate well with other serum 

cell death markers, and histological examination of AC and AH livers did not reveal the 

massive cell death that is typically associated with the M65 and M30 values listed in this 

study (Figure 4,5).

Transjugular biopsy is not a common practice for diagnosis of AH at the University of 

Kansas Medical Center, or at many major US medical centers as the American Association 

for the Study of Liver Disease has not fully endorsed biopsy in this patient population yet, 

and thus was not used as part of the diagnosis of patients.1,34 While this raises the possibility 

that some patients may not have true AH, it is more in line with common clinical practice in 

the US.1,34–35 Using an ELISA assay to detect K18 levels in the blood, we found 

surprisingly high levels, consistent with major apoptotic and necrotic cell death (Figure 1). 

These measurements of plasma M65 and M30, assays thought to specifically indicate cell 

death, may be highly useful clinically, despite the fact that their dramatic elevation appears 

out of synch with traditional markers of cell death.

Keratin 18 Levels in Alcoholic Hepatitis

Keratin levels have been measured in a number of human liver diseases as a marker of cell 

death.10,12,14,15,18 Similar measurements have been taken in alcoholics, although there has 

never been measurements in the context of a clinical diagnosis, nor attempts to predict 

survival using these specific tests.36 One of the most interesting aspects of this study is the 

dramatic elevation seen in plasma M65 and M30 values in AH patients (Figure 1). Previous 

measurements in cholestatic patients,14 acetaminophen-induced liver injury,12 and in non-

alcoholic steatohepatitis18 indicate that M65 and M30 values are only elevated above control 

values in the event of major necrosis or elevated apoptosis. Not only were M65 values 

elevated to as much as 31,000 U/L (range 700–31,000 U/L in AH group) in this study in AH 

patients, this occurred in a patient with an ALT activity of 13 U/L (normal range 7–56 U/L), 

and an AST activity of 67 U/L (normal range 10–40 U/L). Of note, this patient died within 

28 days of entering the study. Other patients presented in this study followed similar time 

courses with M65 values in excess of 10,000 U/L, AST and ALT values below 200, and 
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mortality within 2–3 weeks (Table 4). As such, there appears to be a disparity between 

commonly understood markers of cell death in this population as neither serum markers of 

liver injury such as ALT or AST, seem to concur with the M65/M30 values. Biopsies of a 

separate population seemed to confirm these data, as staining for M30 in AH patients or AC 

patients produced only minimal TUNEL positive cells (Figure 4) or M30 positive cells in 

their livers (Figure 5). The only positive correlation with other cell death markers was with 

GDH; although, the absolute value was minimal (R2=0.16).32 The mechanism behind M65 

and M30 release in these patients is undetermined, as is the reason why GDH correlates with 

M65 and M30 and other markers do not. Potentially, this could be the result of M30 release 

from a number of different organ systems simultaneously. Evaluating creatine kinase levels 

in serum did not show a significant increase in AH compared to AC patients suggesting that 

neither skeletal nor heart muscle injury appear to be a major contributing factor, although 

there was a mild increase in CK and LDH consistent with the increases found in AST (Table 

1). M65 and M30 could also be acting as indirect markers of the accumulation of Mallory 

hyaline internally in hepatocytes, as the inclusion of Mallory bodies is considered a marker 

of advanced disease states and known to be composed largely of Keratin 8 and K18.20 Even 

still, Mallory bodies are also present in other chronic liver diseases, including NASH, which 

rarely presents with elevation of M65 to this degree.37 Both hypotheses should be tested in 

the future given the potential diagnostic and prognostic capacity of M65 and the M30/M65 

ratio (Figure 1,3), and the potential advances in the understanding of the basic science of 

AH.

Differentiation of AH from AC patients as shown in this study does not present with many 

challenges due to the fact that AC patients had significantly less liver dysfunction, and were 

categorically non-drinking for an extended period of time. We chose to include this group 

though both as a baseline for M65 and M30 levels in advanced ALD, and to determine if 

levels in AH patients increased significantly above patients with alcoholic cirrhosis without 

active AH. Our data largely confirm a study published during preparation of this manuscript 

indicating the dramatic elevations in plasma M65 and M30 levels in AH patients might be a 

useful non-invasive diagnostic marker of AH.38 In a small subset of the data from this study 

with a limited population, we found even in decompensated non-drinking cirrhotics without 

AH, but with MELD >20, M65 values were substantially higher in the AH population than 

high MELD cirrhotics (data not shown). These data should be confirmed in larger patient 

settings.

Hepatic Cell Death in Alcoholic Hepatitis

Many studies have used the M30/M65 ratio as an index of apoptosis to necrosis during liver 

disease.10,15–17 Human plasma M65 and M30 values typically correlate very well with other 

cell death markers, although this was not the case in this study.12,15 Given this information, 

the use of M65 and M30 as a biomarker of acute hepatic cell death, not as a biomarker of 

AH severity, in the context of AH is questionable according to data in this study (Figure 

1,4,5), as their values are at odds with a majority of the other measures of cell death. While a 

number of different acute liver failure diseases feature prominent hepatic parenchymal 

necrosis, apoptosis, or both, AH appears to occur through a phenotype shift in hepatocytes 

towards a non-functional parenchyma. Simultaneous elevations in bilirubin and INR (Table 
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1) indicate that while the liver is not technically dying of massive cell death, it does 

experience limited hepatocyte functionality, which leads to the acute failure. This may be 

related to recent data illustrating how the deposition of laminin across the AH liver results in 

inefficient production of mature hepatocytes, especially in therapy resistant patients.33 

Regardless, the reason for the massive M30 and M65 release compared to relatively low 

values of traditional cell death measurements was not conclusively determined in this study. 

Recent studies have indicated that AH results in systemic inflammation that affects multiple 

organ systems.39–41 Tissue damage from systemic inflammation associated with AH is 

another possible and likely source of K18 release. While measurements of LDH and AST, 

which are widely expressed, did not correlate with M30 or M65, it remains a possibility that 

cell death in non-hepatic tissues are potential additional sources of M30 and M65 release. 

Future studies focused on understanding the role of both apoptotic and necrotic cell death, as 

well as studies focused on mechanisms of K18 release in AH patients, may yield valuable 

clinical information given the highly predictive nature of K18 fragments.

This study had two potential drawbacks in the sample collection process. Samples were 

largely acquired within 2–5 days of the initial presentation, which is consistent with other 

studies, and only a single sample was acquired from each patient. Future studies should 

attempt to collect patient blood closest to presentation and monitor patient outcomes over 

the first seven days to compare M30/M65 levels with more dynamic scores.6 While we have 

reported here that standard corticosteroid or pentoxifylline treatment did not have a 

significant effect on M65 and M30 levels or the M30/M65 ratio, the study was not 

sufficiently powered or designed to fully assess this. Longitudinal samples within a 

randomized clinical trial should be used to fully evaluate this matter in the near future for 

M30/M65 ratio or M65 values to be considered as a potential prognostic indicator for AH.

In summary, our data indicate that M65 and M30 levels in patients might be useful as 

diagnostic criteria of AH in larger AC populations. Future studies aimed at understanding 

additional cellular sources, or additional mechanisms of M65 and M30 release in AH 

patients may increase our understanding how this relates to the progressive failure of AH 

livers. Larger studies validating the data here on the predictive capacity of M30/M65 in AH 

patients may have a lasting and beneficial effect on patient outcomes and our understanding 

of basic liver pathophysiology during AH.
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Figure 1. 
M30 and M65 measurements in representative patient populations. M30 and M65 were 

measured in healthy controls (HC), and in patients with alcoholic cirrhosis (AC) and 

alcoholic hepatitis (AH) (A). The M30/M65 ratios were calculated for these patients (B). 

AH patients were split by 30-day survival and the M30 and M65 values and the M30/M65 

ratios were re-calculated for surviving (SV) and non-surviving (NS) patients (C). All data 

represent mean ± SE. In panel A and B: *P<0.05 versus HC; #P<0.05 versus matched AC. 
†P<0.05 versus all other values. In panel C: *P<0.05 versus SV M30, #P<0.05 versus 

matched SV M65, †P<0.05 versus NS M30. In panel D: *P<0.05 versus SV M30/M65 ratio.
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Figure 2. 
Alcoholic hepatitis patients were divided into groups that were treated with corticosteroids 

and/or pentoxifylline within the previous 7 days (n=15) and those who had not been treated 

(n=9); M65 (A) and M30 (B) levels were measured and the M30/M65 ratios were 

calculated. Data represent means ± SE.
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Figure 3. 
Receiver operator characteristic curve analysis for patient survival. ROC curve analyses for 

30-day survival for ABIC score (A), MELD score (B), M65 values (C) and M30/M65 ratio 

(D).
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Figure 4. 
Cell death markers in patients with alcoholic hepatitis (AH) and alcoholic cirrhosis (AC). 

TUNEL staining was performed in liver sections from AC (A) and AH patients (B). Arrows 

indicate TUNEL-positive cells. The numbers of TUNEL-positive cells in 10 high power 

fields were quantified (C). In addition, serum caspase-3 activities were measured in healthy 

controls (HC), and in AC and AH patients. Serum from galactosamine/LPS treated mice was 

used as a positive control.
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Figure 5. 
M30 staining in ALD and control patients. M30 (caspase-cleaved K-18 fragment) 

immunohistochemistry was performed in liver sections from healthy controls (HC) and 

patients with alcoholic cirrhosis (AC) and alcoholic hepatitis (AH), and in 

galactosamine/LPS (Gal/LPS) treated mice. Representative sections are shown (x 200 

magnification). Arrows indicate positive cells. Arrows were not used in the Gal/LPS sample 

due to the ubiquitous staining.
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Table 1

Patient Values at Sample Acquisition

Alcoholic Cirrhosis (AC)
Total Alcoholic Hepatitis 

(AH)
Surviving Alcoholic 

Hepatitis (SV)
Non-Surviving Alcoholic 

Hepatitis (NS)

N 27 24 14 10

Age 51 ± 2.2 44 ± 3* 39 ± 3 51 ± 4

Sex (%Male) 66% 56% 57% 60%

AST (U/L) 77 ± 12 115 ± 16 126 ± 24 99 ± 22

ALT (U/L) 38 ± 8 47 ± 8 50 ± 10 43 ± 15

GDH (U/L) 33 ± 11 40 ± 9 28 ± 11 55 ± 15

Bilirubin (mg/dL) 3.3 ± 0.65 19.0 ± 2.2* 15.7 ± 2.3* 23.5 ± 4.0*

Creatinine (mg/dL) 1.2 ± 0.1 1.5 ± 0.2* 1.3 ± 0.3 1.8 ± 0.3*

INR 1.5 ± 0.13 2.3 ± 0.2* 2.3 ± 0.3* 2.3 ± 0.2*

WBC 6.6 ± 0.5 10.6 ± 1.0* 9.6 ± 1.4* 11.9 ± 1.7*

LDH (U/L) 303 ± 34 509 ±80 513 ± 85* 503 ± 163

CK (U/L) 153 ± 80 247 ± 102 244 ± 110 252 ± 204

ALP (U/L) 53 ± 8 73 ± 16 67 ± 10 82 ± 36

ABIC Score 6.9 ± 0.3 8.2 ± 0.4* 7.4 ± 0.5 9.3 ± 0.5*#

MELD Score 15.3 ± 1.2 31.1 ± 1.6* 29.1 ± 2.7* 34.0 ± 2.1*

30 Day Mortality 0% 41.6% 0% 100%

Patient values for AC and AH patients. ABIC score was calculated as in Dominguez and coworkers5 and the MELD score was calculated as in 

Sheth et al.42

*
P<0.05 AH versus AC;

#
P<0.05 NS versus SV.

ANOVA was used to compare all three groups (AC, SV, NS) and a t-test (non-parametric or parametric as appropriate) was used to compare two 
groups (AC, AH or SV, NS).
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Table 2

Patient Biopsy Values

Alcoholic Cirrhosis (AC) Alcoholic Hepatitis (AH)

N 6 3

Age 54 ± 2 38 ± 5*

Sex (%Male) 66% 66%

AST (U/L) 49.1 ± 17.4 132 ± 20*

ALT (U/L) 45.6 ± 9.9 51 ± 12

Bilirubin (mg/dL) 12.4 ± 5.4 10.2 ± 1.9

Creatinine (mg/dL) 1.8 ± 0.8 0.6 ± 0.07

INR 1.7 ± 0.1 1.5 ± 0.1

WBC 4.6 ± 0.6 11.3 ± 3.0*

Patient biopsies were identified by KUMC Liver Center staff from patients previously diagnosed with AC or AH. Data are mean ± SE.
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Table 3

Cut-Off Values for Patient Survival

Cut-Off Specificity Sensitivity

M65 8403 U/L 80% 79%

M30 2634 U/L 60% 60%

M30/M65 Ratio 0.3884 90% 86%

ABIC 8.555 80% 79%

MELD 32.5 60% 58%

Cut-off values for M30, M65, M30/M65 ratio, ABIC and MELD in surviving and non-surviving AH patients for prognostic value.
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Table 5

Linear correlation in AH patients

Correlation R2 value

M65:M30 0.78*

M65:MELD 0.09

M65:ABIC 0.13

M65:AST 0.01

M65:ALT 0.01

M65:GDH 0.16*

M65:Age 0.08

M65:Creatinine 0.13

M65:WBC 0.01

M65:Bilirubin 0.04

Correlation was assessed by linear regression between M65 assay and other measurements.

*
p<0.05
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