W J

World Journal of
Gastroenterology

Online Submissions: http:/ /www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.3748 / wjg.v20.i9.2403

World | Gastroenterol 2014 March 7; 20(9): 2403-2411
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

© 2014 Baishideng Publishing Group Co., Limited. All rights reserved.

BRIEF ARTICLE

Prognostic value of M30/M65 for outcome of hepatitis B
virus-related acute-on-chronic liver failure

Su-Jun Zheng, Shuang Liu, Mei Liu, Malcolm A McCrae, Jun-Feng Li, Yuan-Ping Han, Chun-Hui Xu, Feng Ren,

Yu Chen, Zhong-Ping Duan

Su-Jun Zheng, Shuang Liu, Mei Liu, Jun-Feng Li, Feng Ren,
Yu Chen, Zhong-Ping Duan, Artificial Liver Center, Beijing
Youan Hospital, Capital Medical University, Beijing 100069,
China

Malcolm A McCrae, The Pirbright Institute, Pirbright GU24
ONF, United Kingdom

Jun-Feng Li, Department of Infectious Diseases, The First Hos-
pital of Lanzhou University, Lanzhou 730000, Gansu Province,
China

Yuan-Ping Han, The Center for Growth, Metabolism and Aging
Research, College of Life Sciences, Sichuan University, Chengdu
610065, Sichuan Province, China

Chun-Hui Xu, Institute of Hematology and Hospital of Blood
Diseases, Chinese Academy of Medical Sciences and Peking
Union of Medical College, Tianjin 300020, China

Author contributions: Zheng SJ and Liu S contributed equally
to this work; Zheng SJ designed the study and performed the
majority of experiments; Liu S designed the study and wrote the
manuscript; Liu M and Ren F collected all the human materials;
McCrae MA and Han YP revised the manuscript; Li JF and Xu
CH analyzed the data; Chen Y and Duan ZP designed the study.
Supported by National Science and Technology Key Project of
China on “Major Infectious Diseases”, No. 2012ZX10002004-006,
No. 2012ZX10004904-003-001, No. 2013ZX10002002-006-001;
Beijing Municipal Science and Technology Commission, No.
7131107002213019, No. Z131100004613030; High Techni-
cal Personnel Training Program in Beijing Health System,
No. 2011-3-083, No. 2013-3-071; Special Scientific Research
Fund for Beijing Health Development, No. 2011-2018-04; Na-
tional Natural Science Foundation of China, No.30800979, No.
30800517

Correspondence to: Yu Chen, PhD, MD, Attificial Liver Cen-
ter, Beijing Youan Hospital, Capital Medical University, No. 8,
Xitou Tiao Road, Youwai Street, Beijing 100069,

China. chybeyond@163.com

Telephone: +86-10-63291007 Fax: +86-10-63295285
Received: September 21, 2013 Revised: December 31, 2013
Accepted: January 19, 2014

Published online: March 7, 2014

Abstract
AIM: To determine the prognostic value of circulating
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indicators of cell death in acute-on-chronic liver failure
(ACLF) patients with chronic hepatitis B virus (HBV) in-
fection as the single etiology.

METHODS: Full length and caspase cleaved cytokera-
tin 18 (detected as M65 and M30 antigens) represent
circulating indicators of necrosis and apoptosis. M65
and M30 were identified by enzyme-linked immunosor-
bent assay in 169 subjects including healthy controls (n
= 33), patients with chronic hepatitis B (CHB, 7 = 55)
and patients with ACLF (7 = 81). According to the 3-mo
survival period, ACLF patients were defined as having
spontaneous recovery (7 = 33) and non-spontaneous
recovery which included deceased patients and those
who required liver transplantation (7 = 48).

RESULTS: Both biomarker levels significantly increased
gradually as liver disease progressed (for M65: P <
0.001 for all; for M30: control vs CHB, 2 = 0.072; oth-
ers: P < 0.001 for all). In contrast, the M30/M65 ratio
was significantly higher in controls compared with CHB
patients (P = 0.010) or ACLF patients (P < 0.001). In
addition, the area under receiver operating character-
istic curve (AUC) analysis demonstrated that both bio-
markers had diagnostic value (AUC = 0.80) in identify-
ing ACLF from CHB patients. Interestingly, it is worth
noting that the M30/M65 ratio was significantly differ-
ent between spontaneous and non-spontaneous recov-
ery in ACLF patients (P = 0.032). The prognostic value
of the M30/M65 ratio was compared with the Model for
End-Stage Liver Disease (MELD) and Child-Pugh scores
at the 3-mo survival period, the AUC of the M30/M65
ratio was 0.66 with a sensitivity of 52.9% and the high-
est specificity of 92.6% (MELD:AUC = 0.71; sensitivity,
79.4%; specificity, 63.0%; Child-Pugh: AUC = 0.77;
sensitivity, 61.8%; specificity, 88.9%).

CONCLUSION: M65 and M30 are strongly associated
with liver disease severity. The M30/M65 ratio may be
a potential prognostic marker for spontaneous recovery
in patients with HBV-related ACLF.
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Core tip: Massive hepatic cell death is a key characteris-
tic of liver failure. Enzyme-linked immunosorbent assay
was used to measure M65 and M30 in a chronic hepa-
titis B (CHB) infection cohort which included healthy
controls, CHB and acute-on-chronic liver failure (ACLF)
patients. Elevated M65 and M30 differentiated CHB
or ACLF patients from healthy controls and gradually
increased with disease severity. M30/M65 was signifi-
cantly increased in ACLF patients with spontaneous re-
covery (P = 0.032), and the AUC of this ratio at the 3-mo
survival period was 0.661 (sensitivity: 52.9%) with a
high specificity (92.6%) compared with the Model for
End-Stage Liver Disease and Child-Pugh scores.
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INTRODUCTION

Chronic hepatitis B virus (HBV) infection is one of the
leading causes of livet-associated death and disease in
China™, and accounts for more than 83% of overall
liver failure and over 90% of acute-on-chronic liver fail-
ure (ACLF) cases”™. Recently, ACLF has been found to
be an increasingly recognized entity encompassing acute
deterioration of liver function in patients with chronic
liver disease worldwide!”®. Prompt and accurate predic-
tion of outcome and correct medical decision making
can improve outcome in ACLF patients. The currently
used prognostic models, such as the Model for End-Stage
Liver Disease (MELD) and Child-Pugh scores, were not
specifically designed for patients with HBV-related ACLE,
therefore, it is worth exploring new potential biomarkers
which might improve the prognostic model for HBV-
related ACLF patients.

Dysregulation of hepatocyte apoptosis plays an
important role in liver disorders". M30-antigen, the
caspase-cleaved cytokeratin-18, is used to detect apop-
tosis' ., Uncleaved cytokeratin-18, detectable as MG5-
antigen"" is also released from dying cells (due to both
apoptosis and necrosis).

An elevation in M30 was identified in patients with
liver disorders, including chronic hepatitis C (CHC)""".
A previous study reported that elevated serum M30 was
positively associated with a higher degree of fibrosis in
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CHC patients, and it was suggested that elevated M30
may be more sensitive than aminotransferase for identify-
ing liver injury, particularly in CHC patients with normal
aminotransferase proﬁles[w]. Another study showed that
the measurement of serum M30 or MG65 can accurately
differentiate nonalcoholic steatohepatitis (NASH) or
simple steatosis from controls, with M65 being a better
diagnostic indicator than M30"™”. In all of these reports,
an elevation in serum M30 showed some correlation with
disease severity in the early stage of liver injury. In addi-
tion, M30 showed clinical significance as a potential prog-
nostic marker in end-stage liver disorders, however, these
findings are still controversial. Rutherford ez /™" reported
that the median levels of tumor necrosis factor-alpha
and M30 were at least 10-fold greater in acute liver failure
(ALF) than in either CHC or normal controls. Based on
the serum level of M30 and commonly measured clinical
variables, the same group developed a prognostic index
for ALF which was validated in 250 patients, and found
that M30 and clinical variables at study entry most ac-
curately identified patients who would require liver trans-
plantation (LT) or would die®. In contrast, Volkmann
et al” found that patients who spontaneously recovered
from ALF had a significantly higher level of serum M30
than patients who required LT or who died. Several addi-
tional reports have evaluated the role of overall cell death
in NASH, hepatitis C virus infection and liver failure™ >,
and controversies still exist regarding which mode of cell
death predominates in various disease stages' .

However, as potential prognostic biomarkers for clini-
cal outcome of ACLE, an investigation of M30 and M65
in patients with HBV infection as the single etiology has
not been reported. In this study, we first investigated the
profile of cell death at different disease stages, and in
order to determine if there was a correlation with liver
damage, we then investigated the association between
M30 and M65 with alanine aminotransferase (ALT) or
aspartate aminotransferase (AST) in cohort patients. Fi-
nally, we evaluated these cell death biomarkers as predic-
tive markers of outcome in ACLF patients at the 3 mo-
survival period, and further compared these biomarkers
with the MELD and Child-Pugh scores.

MATERIALS AND METHODS

Study participants

From July 2008 to October 2011, 136 subjects including
patients with CHB (# = 55), patients with ACLF (» = 81),
and 33 healthy individuals were enrolled. All subjects un-
derwent a physical examination, biochemical screening, a
blood coagulation test and a liver function test.

All patients had a history of chronic HBV infection
and were either hepatitis B surface antigen (HBsAg) or
HBYV DNA positive (detected by real-time polymerase
chain reaction assay) for more than 6 mo before enroll-
ment. Patients with CHB had persistent ALT elevation
ot had repeated elevation of ALT and/or inflamma-
tion as seen on histological examination of liver biopsy
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Figure 1 Histology of tissue sample for chronic hepatitis B and and acute-on-chronic liver failure in representative patients. A: Chronic hepatitis B (CHB,
mild): Mild enlarged portal tract is infiltrated by lymphocytes without interface hepatitis. Spot necrosis is in the lobule (left, HE, x 100). Portal tract shows mild fibrosis
(right, Masson trichrome); B: Acute-on-chronic liver failure (ACLF): Massive necrosis of parenchyma with cirrhotic nodule remaining (left, HE, x 100). Cirrhotic nodule

is surrounded by fibrous tissue (arrow) (right, Masson trichrome).

samples™. Patients with ACLF fulfilled the following
criteria: presented with evidence of acute hepatic insult
manifesting as jaundice and coagulopathy, complicated
quickly by ascites and/or encephalopathy and with previ-
ously diagnosed or undiagnosed chronic liver disease. In
addition, serum total bilirubin was = 171 umol/L, pro-
thrombin time increased significantly and the percentage
of prothrombin activity (PTA) was < 40%°. Thirty-six
of 55 CHB patients underwent liver biopsy, and a patho-
logical analysis was conducted. The liver tissues from 19
ACLF patients who underwent LT were also analyzed by
the same experienced pathologist (Figure 1).

All patients with ACLF were followed for at least 3
mo to determine the 3-mo survival period. The patients
who died or underwent LT during the admission period
were recorded, and patients who were discharged before
the end of the follow-up period were monitored via tele-
phone. The spontaneous recovery group was defined as
patients with ACLF who survived for more than 3 mo,
whereas the non-spontaneous recovery group was de-
fined as patients with ACLF who died within 3 mo or re-
ceived a liver transplant during this time. The 3-mo start
point was set as the day when the serum was collected.

Patients presenting with other viral hepatitis, hemo-
chromatosis, Wilson’s disease, autoimmune hepatitis,
primary biliary cirrhosis, sclerosing cholangitis, biliary ob-
struction, alpha-1 antitrypsin deficiency, or malignancies
were excluded from the study cohort.
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Peripheral fasting blood samples were collected from
patients on the morning of the second day after hospital-
ization, centrifuged at 1000 g for 15 min at 4 'C and the
serum collected. Aliquoted serum was then immediately
stored at -80 C until used in the enzyme-linked immuno-
sorbent assay (ELISA) analysis.

The study protocol was reviewed and approved by
the Institutional Review Board of Beijing Youan Hos-
pital, Capital Medical University, Beijing, China. Written
informed consent was obtained from each participant
before initiation of the study. The study was carried out
according to the Declaration of Helsinki and the guide-
lines of the International Conference on Harmonization
for Good Clinical Practice.

Detection of serum M65 and M30

All serum samples collected were first blinded and then
tested in duplicate. Total cytokeratin 18 and caspase-
cleaved cytokeratin 18 fragments were measured using
the M65 and M30 Apoptosense ELISA kits purchased
from PEVIVA (Bromma, Sweden) according to the
manufacturer’s recommended procedure””. In brief, se-
rum samples were first placed into 96-well plates which
had been coated with a mouse monoclonal antibody as a
catcher. Following incubation for 4 h at room tempera-
ture, the plate was washed five times with phosphate
buffered saline. A horseradish peroxidase conjugated an-
tibody (against either M65 or M30) was then used to de-
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Table 1 Demographics and clinical characteristics of study subjects

Health control (7 = 33) CHB (7 = 55) ACLF (n = 81) P value
Male 26 (78.79) 46 (83.64) 68 (83.95) 0.788
Age (yr) 39.73+7.12 38.62 +12.08 4284 £11.12 0.075
HBV DNA viral load (Log) - 6.66 +1.49 576 £1.73 0.000
ALT (U/L) 18.71+9.33 212.07 £290.77 527.06 +790.14 < 0.0001
AST (U/L) 21.70 +11.84 109.85 +158.32 401.72 £ 571.31 < 0.0001
Total bilirubin (umol/L) 11.07 £ 3.47 28.43 +30.72 394.98 +200.16 < 0.0001
Albumin (g/L) 46.17 £2.05 40.02+3.73 31.06 £3.99 < 0.0001
Crea (umol/L) 66.72 +16.14 72.10 £12.66 80.96 + 50.26 0.1768
International normalized ratio - 1.03 £0.11 2.40 £1.00 < 0.0001
Prothrombin activity - 98.86% +17.34% 31.34% +11.24% <0.0001
White blood cell (x 10°/L) 5.85+1.22 5.23+£1.30 8.19+3.79 < 0.0001
Platelet (x 10%/L) 223.55 +22.09 170.72 + 56.45 105.90 + 58.13 < 0.0001

Data are presented as numbers (percentage) or mean + SD. CHB: Chronic hepatitis B; ACLF: Acute-on-chronic liver failure; HBV: Hepatitis B virus; ALT:

Alanine aminotransferase; AST: Aspartate aminotransferase.

tect the presence and concentration of M65 or M30. The
absorbance at 450 nm was determined in a microplate
reader within 30 min of setting up the assay.

Statistical analysis

Statistical analysis was performed using SPSS 16.0 for
Windows, and the results are expressed as mean * SD
unless otherwise stated. The continuous variables among
multigroups were analyzed by one way ANOVA or the
Kruskal-Wallis test depending on data distribution, and
pairwise comparisons between groups were performed
using the LSD-t or Mann-Whitney test. In addition, the
independent-samples 7 test or Mann-Whitney test was
employed to compare the spontaneous recovery group
with the non-spontaneous recovery group in ACLF pa-
tients. Categoric variables were analyzed by the ;{2 test.
Correlation analysis was performed by Spearman’s corre-
lation. The diagnostic value of the index with significant
difference was assessed by the area under the receiver
operating characteristic (ROC) curves. A two-sided P
value < 0.05 was considered statistically significant.

RESULTS

Patients
In this patient population, 84% of patients were male
(114/136) and 16% were female (22/136), and the age
range was 19-65 years with an average age of 41.13
+ 11.66 years. In ACLF patients, 16.05% were female
(13/81) and 83.95% were male (68/81) with an average
age of 42.84 + 11.12 years. Previous studies repeatedly
reported that male Chinese patients developed HBV-
related ACLF more frequently than female ones"””.
Therefore, in the present study, gender-matched healthy
individuals and CHB patients were enrolled. The demo-
graphic and clinical characteristics of the subjects are
summarized in Table 1.

In ACLF patients, approximately 40% (33/81) ful-
filled the criteria for spontaneous recovery, and 59%
(48/81) either required LT (z = 19) or died (# = 29) and

tulfilled the criteria for non-spontaneous recovery. The
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clinical features of ACLF patients with spontaneous re-
covery of non-spontaneous recovery are summarized in

Table 2.

Serum M65 and M30 levels can identify different disease
stages

Using ELISA, we detected M30 and M65 levels in patient
sera and found that both M65 and M30 levels signifi-
cantly increased gradually as liver disease progressed (for
Mo65: P < 0.001 for all between different groups; for M30:
control s CHB, P = 0.072; others: P < 0.001 for all). The
median M65 level was 458.40 (range: 270.80-958.40) U/L
in healthy controls, 876.60 (range: 268.20-4000.00) U/L
in CHB patients and 1980.55 (range: 770.80-8020.00) U/
L in ACLF patients, and for M30, the median level was
218.80 (range: 168.76-1234.40) U/L in healthy controls,
248.40 (range: 146.88-2000.00) U/L in CHB patients and
537.60 (range: 295.32-3000.00) U/L in ACLF patients
(Figure 2A and B). Therefore, our analysis revealed that
disease severity was associated with more hepatocyte ne-
crosis and apoptosis.

Hepatocyte necrosis (M65) plays a stronger role than
apoptosis (M30) in liver disease deterioration
Measutement of the M30/MG65 ratio by ELISA has been
reported to be useful in reflecting the balance between
hepatocyte necrosis and apoptosis in eatly stage liver
disorders" ). However, few reports on the late stage of
liver disorders are available. Therefore, we analyzed the
M30/M65 ratio in our cohort. Compared with the con-
trol group [0.54 (range: 0.23-3.49)], the median M30/MG5
ratio gradually decreased in the CHB group [0.46 (range:
0.20-0.73)] and was lowest in the ACLF group [0.33
(range: 0.15-0.95)], and the differences were statistically
significant between the healthy controls and each disease
stage (P < 0.05, respectively). The differences between
healthy controls and CHB patients and between ACLF
patients and CHB patients were statistically significant (P
= 0.01, 0.003) (Figure 2C). These results demonstrated
that more hepatocyte necrosis than apoptosis occurred
during the development of liver disease deterioration.
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Table 2 Clinical features of acute-on-chronic liver failure patients based on different outcomes
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Features Spontaneous recovery (7 = 33) Non spontaneous recovery (n = 48) P value
Age (yr) 41.06 +12.48 44.06 +10.04 0.235
Male 29 (87.88) 38 (79.17) 0.308
HBV DNA viral load (Log) 5.78 £1.62 529+231 0.487
ALT (U/L) 540.98 + 555.99 525.15 + 920.58 0.098
AST (U/L) 412.38 £ 525.00 397.69 + 605.02 0.645
Total bilirubin (umol/L) 371.38 £199.37 407.99 + 211.36 0.435
Albumin (g/L) 31.67 £ 3.58 30.82 +4.24 0.492
Crea (umol/L) 68.20 + 31.59 88.34 + 59.38 0.094
Prothrombin activity 35.89% +10.62% 28.45% +10.73% 0.003
International normalized ratio 2.04+049 2,67 £1.18 0.003
White blood cell (x 109/ L) 8.40 + 3.66 8.20 £4.10 0.571
Platelet (x 10"*/L) 119.44 +51.17 95.60 + 61.65 0.017
M30 (U/L) 891.35 + 741.27 695.24 + 385.15 0.663
M65 (U/L) 2477.23 +1671.10 2497.77 +1503.84 0.488
M30/M65 0.38£0.13 0.32+0.10 0.032
MELD score 23.07 +4.89 27.59 + 6.55 0.002
Child-Pugh score 11.42+1.23 1249+1.14 0.000

Data are presented as numbers (percentage) or mean + SD. HBV: Hepatitis B virus; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase;

MELD: Model for End-Stage Liver Disease.
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Figure 2 Serum M65, M30 levels and M30/M65 ratio can significantly identify healthy control, chronic hepatitis B and acute-on-chronic liver failure. A: Se-
rum M65 levels can significantly indentify healthy control, chronic hepatitis B (CHB) and acute-on-chronic liver failure (ACLF); B: Serum M30 levels can significantly
indentify healthy control, CHB and ACLF; C: The ratio of M30/M65 can significantly identify healthy control, CHB and ACLF. The length of the box represents the inter-
quartile range. The line through the middle of the box is the median. The whiskers indicate the minimum and maximum values.

In order to confirm overall hepatic cell death levels in
the corresponding liver tissues, representative liver tissues

from CHB and ACLF patients were analyzed pathologi-

cally. It was observed that the severity of liver cell necro-
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M65 0.836 0.839 0.812 0.784 1260.30
M30 0.967 0.710 0.868 0.917 333.35

Figure 3 Both serum M65 and M30 levels show diagnostic performance to
identify acute-on-chronic liver failure patients in cohort patients. Se: Sen-
sitivity; Sp: Specificity; PPV: Positive predictive value; NPV: Negative predictive
value; CHB: Chronic hepatitis B; ACLF: Acute-on-chronic liver failure; AUC: Area
under the curve.

sis increased from CHB to ACLF, and massive necrosis
of hepatic parenchyma was observed in ACLF (Figure 1).

Significant association between serum levels of M65
and M30 and ALT, AST in cohort patients

To date, the most convenient and economic indicator of
liver damage is the measurement of serum ALT™, Inter-
estingly, in the present study, there was also a strong posi-
tive correlation between M65 level and ALT and AST in
ACLF patients (for ALT: » = 0.43; for AST: r = 0.42, P
= 0.000 for all) and CHB patients (for ALT: » = 0.53; for
AST: r= 0.64, P = 0.000 for all).

Similar to M65, M30 levels were significantly correlat-
ed with ALT and AST, in both ACLF patients (for ALT:
r = 0.34, P = 0.007; for AST: » = 0.32, P = 0.013) and
CHB patients (for ALT: » = 0.64, P = 0.000; for AST: r=
0.63, P = 0.000).

In aggregated patients including both CHB and
ACLE, as expected, strong and significant positive cot-
relations were observed between M65 or M30 and ALT
(M65: = 0.54, P = 0.000; M30: »= 0.53, P = 0.000), and
AST (M65: r = 0.64, r = 0.55, both P = 0.000). These
results revealed that both serum M65 and M30 had diag-
nostic value in reflecting liver injury.

Analysis of serum M65 and M30 levels to identify ACLF
patients

Good diagnostic indicators able to identify patients suf-
fering from end-stage liver diseases who are at high risk
of dying are essential for good clinical management. The
ROC analysis showed that both serum M65 and M30 lev-
els had significant diagnostic value for identifying ACLF
patients [M65: cutoff: 1260.30 U/L, AUC = 0.87 (95%CI:
0.78-0.95); sensitivity, 83.6%; specificity, 83.9%; M30:
cutoff: 333.35 U/L, AUC= 0.80 (95%CI: 0.68-0.92); sen-
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Figure 4 Comparison of the prognostic values of Model for End-Stage
Liver Disease, Child-Pugh score and the ratio of M30/M65 in acute-on-
chronic liver failure patients. Se: Sensitivity; Sp: Specificity; PPV: Positive
predictive value; NPV: Negative predictive value; MELD: Model for End-Stage
Liver Disease; AUC: Area under the curve.

sitivity, 96.7%; specificity, 71.0%) (Figure 3).

In order to investigate the possible prognostic value
of cell death biomarkers, based on 3-mo survival time
in ACLF patients, they were defined as the spontaneous
recovery group and the non-spontaneous tecovery group.
We investigated whether there were possible associations
between M65 or M30 and outcome, however, we did not
find significant differences between them. We then ana-
lyzed a possible association between the M30/M65 ratio
and outcome, and, for the first time, a significant differ-
ence was found between the M30/MG65 ratio and the 3-mo
survival period (P = 0.032) in patients with HBV-related
ACLE These data are shown in Table 2.

We then conducted an AUC analysis to compare the
prognostic performance of the M30/M65 ratio, MELD
and Child-Pugh scores. Although the AUC of the M30/
MO65 ratio was not as high as those of the MELD and
Child-Pugh scores, the AUC (95%CI) of the M30/MG65
ratio (cut off value: 0.3) was 0.66 (0.52-0.80) with a sensi-
tivity of 52.9% and the highest specificity of 92.6% com-
pared with the MELD and Child-Pugh scores [MELD:
AUC = 0.71 (95%CI: 0.58-0.84); sensitivity, 79.4%; speci-
ficity, 63.0%; Child-Pugh: AUC = 0.77 (95%CI: 0.65-0.89);
sensitivity, 61.8%; specificity, 88.9%) (Figure 4).

DISCUSSION

A fuller understanding of the mechanism(s) underpin-
ning the different disease stages leading to better judg-
ment of liver disease severity, coupled with additional
biomarker-guided individualized therapeutic strategies, is
crucial for the improved management of patients with
end-stage liver disease. Currently available biomarkers,
such as aminotransferase levels, PTA and bilirubin, are
representative indicators of the outcome of liver dam-
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age. Hepatocyte death plays a fundamental role in disease
staging and severity, and consequently the identification
of new biomarkers reflecting basic hepatocyte necrosis
or apoptosis could provide useful insights into disease
development and clinical outcomes. In this context, the
measurement of serum M65 and M30 levels has allowed
the investigation of both overall cell death and analysis
of the cell death profile at different disease severities
resulting from chronic HBV infection, and evaluation
of the potential prognostic value of these biomarkers in
ACLF patients.

This is the first study carried out in a Chinese cohort
with a single etiology (chronic HBV infection, a major
disease in China) to demonstrate that elevated M65 and
M30 levels can differentiate CHB or ACLF patients from
healthy controls. In addition, the gradual increase in the
levels of M65 and M30 and the associated progression
through disease staging allowed a correlation between
these biomarkers and ALT or AST to be established.
Furthermore, ROC-area under curve (ROC-AUC) analy-
sis demonstrated that both biomarkers showed diagnostic
value (AUC = 0.80) in identifying ACLF patients from
CHB patients. Interestingly, it is worth noting that there
was a significant difference in the M30/MG65 ratio be-
tween ACLF patients with spontaneous recovery and
those with non-spontaneous recovery which included
those who required LT or who died (P = 0.032) at the
3-mo survival petiod. The prognostic value of the M30/
MG5 ratio was compared to the MELD and Child-Pugh
scores at the 3-mo survival period, and the AUC for the
M30/MG65 ratio was 0.66 with the highest specificity of
92.6%. Our study demonstrated that the M30/M65 ratio
may be a potential prognostic marker for clinical outcome
in ACLF patients.

Measurement of serum ALT is widely accepted as the
most sensitive indicator of hepatic injury. The ultimate
outcome of hepatic damage is increased hepatic cell
death (necrosis and apoptosis), thus, in this study M65
and M30 levels were found to be strongly correlated with
ALT and AST in the whole patient group and in each
subgroup. Similar results have been reported previously
in earlier stages of liver disorders including steatosis,
CHC, and acute liver failure!*"*".

Disease-associated cell death typically follows one of
two patterns, apoptosis or necrosis . The majority of
catlier studies in patients with NASH, hepatitis C virus
infection, liver failure™*, and acetaminophen hepato-
toxicitym focused primarily on apoptosis, and as a result,
there is some controversy regarding which mode of cell
death predominates in the vatious forms of liver disease,
and the severity of overall liver damage that results from
each™. The present results have shown, for the first time
in chronic HBV infection, that although both patterns
of cell death are important at different stages of liver
disease, hepatocyte apoptosis predominates at earlier
stages of disease. As the disease stage progresses there is
a gradual switch to necrosis, and eventually necrosis pre-
dominates in the late stage of liver disease. The ratio of
apoptosis zs necrosis found in control samples was 54%

(4 9
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vs 46%. However, in CHB this ratio changed to 46% us
54%, and was 33% »s 67% in ACLE. Our investigation
revealed that hepatic cell necrosis has a stronger role than
apoptosis in the progression of chronic HBV infection.
Although at present it is unclear which specific factors
contribute to the switch, this phenomenon was observed
and its clinical significance should be addressed.

We then analyzed the diagnostic value of M65 and
M30 in identifying ACLF patients, as expected the ROC
analysis showed that the AUC for both biomarkers
reached 0.867 (AUC for M65: 0.87; M30: 0.80) in identi-
fying ACLF patients in the patient cohort.

A potential association between hepatic cell death
biomarkers and the 3-mo survival period in ACLF pa-
tients was further evaluated. Neither M65 nor M30 was
significantly different between the spontaneous recovery
group and the non-spontaneous recovery group during
the 3-mo survival period; however, a decrease in the ra-
tio of M30/M65 was significantly associated with poor
prognosis. In order to demonstrate the possible prognos-
tic performance of the M30/MG65 ratio, we analyzed and
compared its prognostic power with that of the MELD
and Child-Pugh score. Although the prognostic perfor-
mance of the M30/MG65 ratio was not as good as that
of the MELD or Child-Pugh score, it still showed some
prognostic power with the highest specificity of 92.6%
(MELD: 63.0%; Child-Pugh: 88.9%). This is the first re-
port on HBV-related ACLF to show that the M30/M65
ratio has prognostic value for predicting the clinical out-
come of ACLF patients at the 3-mo survival period.

It is widely accepted that the development of liver
failure is complicated and that multiple organs are in-
volved. In HBV-related ACLE, the pathogenesis is more
complex, and we consider it impossible that any single
parameter can provide sufficient prognostic value. Only
a model with a combination of several major and funda-
mental clinical parameters can have the power to provide
more comprehensive and accurate prognostic values for
the clinical outcome of liver failure, such as the clas-
sic MELD or Child-Pugh scores. Serum M65 has been
evaluated and served as a major parameter in a modified
MELD score for predicting spontaneous recovery in
ALF[ZL}Z].

However, evidence on the predictive value of cell
death biomarkers was not consistent for liver disordets in
previous reports. In an ALF cohort study, neither apop-
totic nor necrotic cell death markers accurately predicted
survival in ALF patientsm]. However, conflicting positive
assoclations have also been reported in ALF patients[zofzz].
Most previous reports revealed that either M30 or M65
had prognostic value, however, our investigation dem-
onstrated that only the M30/MG65 ratio has prognostic
value and not each biomarker alone. We consider that the
M30/MG65 ratio tepresents the overall hepatic cell death
profile, not like each cell death biomarker which reflects
either cell necrosis or apoptosis. However, further well-
designed studies with larger cohorts are needed to re-
evaluate these possible predictive values.

In addition to the above findings, a previous study
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found that the M30/MO65 ratio was significantly decreased
in congestive heart failure-induced ALF compared with
HBV-related ALF". However, the number of patients
with HBV as the single cause of ALF was limited in this
study™. Thus, a study on the cell death profile in liver
failure induced by different etiologies may provide impot-
tant clinical results. To date, our investigation is the first
to include 81 ACLF patients with chronic HBV infection
as the single cause.

This study has some limitations. Our study dem-
onstrated, for the first time, that the M30/M65 ratio
showed prognostic value in ACLF patients at the 3-mo
survival period, however, further research will be required
to combine this ratio into the classic model or establish
a new and more accurate prognostic model. The present
study was a single center investigation; the findings need
to be confirmed in larger multi-center studies.

In summary, this study confirmed, for the first time
in a Chinese cohort with a single etiology (chronic HBV
infection), that a decrease in the M30/MG5 ratio is asso-
ciated with poorer clinical outcomes and that the M30/
MG65 ratio has prognostic significance for ACLF patients
at the 3-mo survival period.
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COMMENTS

Background

In China, over 90% of acute-on-chronic liver failure (ACLF) patients have chron-
ic hepatitis B virus (HBV) infection. Prompt and accurate prediction of prognosis
can improve the outcome of HBV-ACLF patients. To date, there are no prog-
nostic models specifically designed for HBV-ACLF patients. Massive hepatic
cell death is a fundamental characteristic of liver failure. Using enzyme-linked
immunosorbent assay (ELISA) to measure serum M65 and M30, hepatocyte
apoptosis and necrosis can be determined. Although a previous study demon-
strated that M30 or M65 had prognostic value in patients with acute liver failure
due to various etiologies, the prognostic value of M30 and M65 in patients with
HBV-ACLF has not been reported.

Research frontiers

Some studies have demonstrated that serum levels of M30 or M65 are associ-
ated with liver disease severity. Although numerous studies found that serum
M30 or M65 showed clinical significance as potential prognostic markers in
acute liver failure, these studies had a limited sample size and conflicting re-
sults, and no reports in patients with HBV-related ACLF are available.

Innovations and breakthroughs

The measurement of circulating indicators of cell death can reflect hepatocyte
apoptosis and necrosis. A previous study reported that an elevation in serum
M30 or M65 was correlated with liver disease severity. Although M30 or M65
showed clinical significance as potential prognostic markers in acute liver fail-
ure due to various etiologies, these findings are controversial. In order to study
their prognostic value in patients with chronic HBV infection as the single etiol-
ogy, M30 and M65 were identified by ELISA in 169 subjects including healthy
controls (n = 33), chronic hepatitis B (CHB) patients (n = 55) and ACLF patients
(n=81). Both biomarker levels significantly increased gradually as liver disease
progressed. In contrast, the M30/M65 ratio was significantly higher in controls
compared with CHB or ACLF patients. receiver operating characteristic-area
under the curve (ROC-AUC) analysis demonstrated that both biomarkers had
diagnostic value (AUC = 0.80) in identifying ACLF patients from CHB patients.
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Moreover, a significant difference in the M30/M65 ratio in ACLF patients was
found at the 3-mo survival period. The prognostic value of the M30/M65 ratio
was compared to the MELD and Child-Pugh scores at the 3-mo survival period,
and its AUC was 0.66 with the highest specificity of 92.6%.

Applications

The present study demonstrated that both M30 and M65 were strongly associ-
ated with liver disease severity. The M30/M65 ratio may be a potential prognos-
tic marker for spontaneous recovery in patients with HBV-related ACLF.

Terminology

M65: The M65 ELISA detects a common epitope present in the full-length cy-
tokeratin 18 as well as in the caspase-cleaved fragment and is released from
dying cells (due to both apoptosis and necrosis). M30: The M30 detection an-
tibody recognizes a neo-epitope mapped to positions 387 to 396 of cytokeratin
18, which is only revealed after caspase cleavage of the protein and is consid-
ered a selective biomarker of apoptosis.

Peer review

This is the first report in HBV related ACLF that M30/M65 ratio has prognostic
value for predicting ACLF patient clinical outcomes at 3-mo survival period. The
results are interesting and suggest that serum M65 and M30 are strongly asso-
ciated with liver disease severity. M30/M65 ratio might be a potential prognostic
marker for spontaneous recovery in HBV-related ACLF patients.
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