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A B S T R A C T

Background: Serum apoptotic cytokeratine 18 neoepitope M30 (CK-18 M30) and matrix metalloproteinase 2 (MMP-2) have been popular 
markers for detecting liver fibrosis in recent years. CK-18 is a major intermediate filament protein in liver cells and one of the most prominent 
substrates of caspases during hepatocyte apoptosis. MMP-2 plays an important role in tissue remodeling and repairing processes during 
physiological and pathological states.
Objectives: The objective of this study was to investigate the significance of CK-18 M30 and MMP-2 levels for clinical use in patients with chronic 
hepatitis B (CHB), as well as their sensitivity in determining cirrhotic patients.
Patients and Methods: This study included 189 CHB patients and 51 healthy controls. A modified Knodell scoring system was used to 
determine the fibrosis level in chronic hepatitis B patients. CK-18 M30 levels were determined with an M30-Apoptosense ELISA assay. MMP-2 
levels were determined with the ELISA assay.
Results: The study group consisted of 132 (69.8%) males and 57 (30.2%) females, and the control group consisted of 25 males (49.0%) and 26 
females (51%). Patients’ CK-18 M30 levels were higher than values of the control group (308 [1–762] vs. 168 [67–287], P=0.001). Serum MMP-2 levels 
were found to be statistically higher in the patient group with respect to the controls (3.0 [1.1–6.8] vs. 2.0 [1.2–3.4], P=0.001). The highest serum 
CK-18 M30 and MMP-2 levels were measured in patients with cirrhosis. Serum apoptotic CK-18 M30 levels positively correlated with advanced 
age, fibrosis stage, serum alanine aminotransferase (ALT) and aspartate aminotransferase (AST) levels (P= 0.001, 0.033, 0.001, and 0.001, 
respectively). Serum MMP-2 levels positively correlated with fibrosis stage, serum ALT, and AST levels (P= 0.001, 0.001, and 0.001, respectively).
Conclusions: Our study indicated that CK-18 M30 and MMP-2 levels were higher in CHB patients compared to healthy controls and they were 
in association with significant hepatic fibrosis, especially cirrhosis.
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Implication for health policy/practice/research/medical education:
 Serum apoptotic cytokeratine 18 neoepitope M30 (CK-18 M30) and matrixmetalloproteinase 2 (MMP-2) have been popular markers 
for detecting liver fibrosis in recent years. CK-18 is a major intermediate filament protein in liver cells and one of the most promi-
nent substrates of caspases during hepatocyte apoptosis. MMP-2 plays an important role in tissue remodeling and repairing pro-
cesses during physiological and pathological states. The objective of this study was to investigate the significance of CK-18 M30 and 
MMP-2 levels in clinical use in patients with chronic hepatitis B (CHB), as well as their sensitivity in determining cirrhotic patients.
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1. Background
Chronic hepatitis B (CHB) infection, which represents 

one of the most common causes of chronic liver disease 
worldwide, is associated with increased risk for cirrhosis 
and hepatocellular carcinoma (1-3). In CHB infection, liver 
histology may be normal, mild or moderately damaged, 
or cirrhotic. A serious increase in liver fibrosis is observed 
in the advanced stages of the disease (4). Liver biopsy, 
which is an invasive method used to determine fibrosis in 
the liver, may lead to complications (5-9). Therefore, non-
invasive markers have recently come into prominence to 
determine the level of fibrosis. Serum apoptotic cytokera-
tine 18 neoepitope M30 (CK-18 M30) and matrix metallo-
proteinase 2 (MMP-2) are among the popular noninvasive 
markers used to detect liver fibrosis. Hepatocyte apopto-
sis can be initiated by different complex pathways, most 
of which involve activation of the caspases(10, 11). CK-18 is 
a major intermediate filament protein in liver cells and 
one of the most prominent substrates of caspases during 
hepatocyte apoptosis (4, 10, 12). CK-18 M30, which is coded 
between the 387, 396th position of CK-18 is produced by 
caspase system activation and accepted as an apoptosis 
marker (10, 13, 14). Altered degradation and increased 
synthesis of extracellular matrix (ECM) proteins are im-
plicated in liver fibrosis (15-17). Matrix metalloproteinases 
(MMPs) are the main degrading enzymes of ECM proteins 
and play important roles in the tissue remodeling and re-
pairing processes during the physiological and patholog-
ical states (17, 18). MMP-2 decreases natural collagen types 
and denatures interstitial collagens. Here, the level of 
type IV collagen decreases; type IV collagen has an impor-
tant role in basal membrane remodeling and turnover 
(17, 19).The M30 fragment of CK-18 has been identified as a 
useful marker associated with increased severity of fibro-
sis and inflammation in chronic hepatitis C (CHC) and 
nonalcoholic fatty liver disease (NAFLD) (20). Research on 
MMP-2 is on-going. The diagnostic importance of these 
markers for CHB infection is still not clear.

2. Objectives
The objective of this study is to investigate the signifi-

cance of CK-18 M30 and MMP-2 levels in clinical use in 
patients with chronic hepatitis B (CHB), as well as their 

sensitivity in determining cirrhotic patients.

3. Patients and Methods

3.1. Patients
This study included 189 CHB patients (HBeAg-negative) 

and 51 healthy controls admitted to infectious diseases 
clinics of Adiyaman State Hospital, Adiyaman 82nd Year 
State Hospital, and Adana State Hospital between Janu-
ary 1st and December 31st, 2010. Demographic features of 
patients were recorded on follow-up sheets. The control 
group included healthy volunteers whose alanine amino-
transferase (ALT) and aspartate aminotransferase (AST) 
values were normal, and who were found to be negative 
for HBsAg and anti-HCV.

3.2. Preparation for Liver Biopsy
Pre-biopsy hepatitis markers, ALT, AST, HBV DNA levels, 

platelet counts, and PT levels of all patients were inves-
tigated. Liver ultrasonography was performed. Patients 
with PT ≥ 1.5 INR and platelet count ≤ 50.000/mm3 
were excluded from the study.

3.3. Liver Biopsy
Biopsy criteria were established according to American 

Association for the Study of Liver Diseases (AASLD) crite-
ria. Liver biopsies that were sent to the pathology labo-
ratory within a formaldehyde fixation solution with a 
chronic hepatitis B prediagnosis were examined. All sam-
ples were needle biopsy material and their lengths were 
1–3 cm. Sections from the samples, which were stained 
by hematoxylin-eosin, reticulin, and Masson trichrome, 
were examined under light microscopy by two patholo-
gists using the Ishak modified histologic activity index. 
Biopsies of CHB patients were reported in terms of fibro-
sis score.

3.4. Determination of CK-18 M30 and MMP-2
After liver biopsy, a 5 cc blood sample was taken from 

each patient in the same day. Serum was separated via 
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centrifugation at 5,000 cycles/minute for 3 minutes. Se-
rum samples were kept at -80°C. CK-18 M30 levels were 
determined through M30-Apoptosense ELISA assay (PE-
VIVA, Alexis, Grünwald, Germany) from serum. MMP-2 
levels were determined using the quantitative sandwich 
enzyme immunoassay technique (Quantikine Human 
MMP-2 Immunoassay, R&D Systems, Minneapolis, USA) 
from serum.

3.5. Virological and Biochemical Parameters
Markers for HBsAg, anti-HBs, HBeAg, and anti-Hbe were 

measured by Makro ELISA (Abbott AXSYM SYSTEM, Germa-
ny). HBV DNA testing was conducted using the real-time 
PCR (ICycler IQ Real-Time PCR; BioRad, USA) method. Bio-
chemical parameters such as ALT, AST, and albumin levels 
were measured using an Abbott Architect plus c16000 
device. Sysmex XT 2000i (Roche) was used to measure he-
mograms. Alpha-fetoprotein (AFP) levels were measured 
using a Modular E170 (Roche) device.

3.6. Ethics
This work was carried out in accordance with the Dec-

laration of Helsinki (2000) of the World Medical Associa-
tion. Approval was obtained from the ethical committee 
of Adiyaman University (2012/02-4.4). Informed consent 
was received from all patients involved in this study.

3.7. Statistical analyses
Data on the study participants were analyzed using the 

SPSS 18.0 software. Descriptive statistics included mean ± 
standard deviation, median (minimum and maximum 
values), and percentage distribution. The independent 
samples T test and Mann-Whitney U test were used for 
statistical analyses. To analyze the association of fibrosis 
stages with CK-18 M30 and MMP-2, the Mann-Whitney U 

test with Bonferroni correction was used after the Krus-
kal-Wallis test. Pearson and Spearman correlations were 
used to determine the correlations between different 
variables. A value of P < 0.05 was considered statistically 
significant.

4. Results
The study group consisted of 132 (69.8%) males and 57 

(30.2%) females, and the control group consisted of 25 
males (49.0%) and 26 females (51%) (P > 0.05). Mean age of 
patients was 37.8 ± 12.6 andfor controls, this was 33.8 ± 9.3 
(P > 0.05) (Table 1). In general, the CK-18 M30 and MMP-2 
values of patients were higher than values of the control 
group (P = 0.001) (Figure 1 and 2).

Table 1. CK-18 M30 and MMP-2 Values of Patients and Control 
Groups 

Patient Group 
(n = 189)

Control 
Group (n = 51)

P value

CK-18 M30 
(U/L) a

308 (1-762) 168 (67-287) 0.001

MMP-2 (ng/
ml) a

3.0 (1.1-6.8) 2.0 (1.2-3.4) 0.001

a CK-18, is a major intermediate filament protein in liver cells and 
one of the most prominent substrates of caspases during hepatocyte 
apoptosis; MMP-2, repairing processes during the physiological and 
pathological states

The CK-18 M30 and MMP-2 values of patients whose liv-
er biopsy revealed a fibrosis stage of 1, 2, 3, 4, or 5 were 
higher than the CK-18 M30 and MMP-2 values of controls 
( P = 0.01, P = 0.01, P = 0.01, P = 0.001, and P = 0.01, respec-
tively). The associations of fibrosis stages with HBV DNA, 
AST, ALT, and platelet levels were statistically significant 
(P < 0.001) (Table 2).

Table 2. CK-18 M30, MMP-2, ALT, AST, HBV DNA, AFP, PLT, and Albumin Levels Versus Fibrosis Stages at Liver Biopsy 

Stage 1, (n = 
40)

Stage 2, (n = 77) Stage 3, (n = 37) Stage 4, (n = 230 Stage 5, (n = 12) P value

CK-18 M30 (U/L) 168 (1-292) 259 (102-761) 396 (259-598) 462 (400-598) 689 (559-762) 0.001

MMP-2 (ng/ml) 2.7 (1.1-6.1) 2.8 (2.0-6.1) 3.4 (2.2-6.1) 4.6 (2.6-6.1) 5.7 (2.4-6.8) 0.001

ALT a 77.5 (16-476) 90 (14-665) 124.5 (25-476) 120 (37-346) 122 (25-219) 0.001

AST a 50.5 (15-230) 77 (20-552) 102 (35-322) 96 (35-350) 112 (21-205) 0.001

HBV a DNA 4.5x107(6x104-
7.7x109)

9.3x107 (2.4x105-
3.4x1010)

1.1x109 (1.1x105-
3.3x109)

3.8x107 (3.9x106-
9x109)

2.8x107 (1x106-
7.2x108)

0.001

AFP a 2.8 (1-14) 3.1 (1-12) 3.3(1-9) 2.9 (1-5) 3.1(1-4) 0.110

Platelet 2.7x105 (1.1x105-
4.1x105)

2.5x105 (1.4x105- 
4.2x105)

2x105 (8.9x104-
4.5x105)

1.8x105 (7x104-
3.5x105)

1.9x105 (8.8x104-
4x105)

0.001

Albumin 3.8 (3.2-5.0) 3.9 (3.3-5.0) 3.8 (3.4-4.9) 3.9 (3.0-4.3) 3.7 (3.0-4.6) 0.483
a Abbreviations: AFP, alpha-fetoprotein; ALT, serum alanine aminotransferase; AST, aspartate aminotransferase; HBV, hepatitis B virus 

 Figure 3 shows the change in CK-18 M30 levels with fi- brosis stages, while Figure 4 shows change of MMP-2 levels 
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with fibrosis stages. The change in CK-18 M30 level with 
fibrosis stage was significant for each stage (P = 0.001). 
Evaluation of change in MMP-2 levels according to fibro-
sis stage showed that no significant difference was pres-
ent between stage 1 and 2 or stage 2 and 3, but there was 
a significant difference between stage 4 and 5 (P=0.001). 
CK-18 M30 was positively correlated with age, stage, ALT, 
and AST levels (P values were 0.033, 0.001, 0.001, and 
0.004, respectively). On the other hand, MMP-2 level was 
positively correlated with stage, ALT, and AST (P values 
were 0.001, 0.001, and 0.012, respectively).
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Figure 1. CK-18 M30 Values of Patients and Control Groups
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Figure 2. MMP-2 Values of Patients and Control Groups

5. Discussion
CK-18 M30 and MMP-2 are very interesting markers for 

chronic hepatitis. Previous studies on CK-18 M30 and 
MMP-2 have generally focused on CHC and NAFLD. 
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Figure 3. Change in CK-18 M30 Levels According to Fibrosis Stages
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Figure 4. Change in MMP-2 Levels According to Fibrosis Stages

In these studies, CK-18 M30 and MMP-2 levels were re-
ported to be sensitive markers that can be used to deter-
mine the level of fibrosis ( 12 , 20 , 23 ). However, only a 
few studies have evaluated CK-18 M30 and MMP-2 levels in 
CHB patients ( 22 , 24 , 25 ).Two important features should 
be considered in noninvasive markers used to determine 
the fibrosis levels of chronic viral hepatitis. The first is 
that they must detect fibrosis accurately, and the second 
is that they must reflect changes in fibrosis level accord-
ing to fibrosis stage. In our study, statistically significant 
differences in CK-18 M30 and MMP-2 levels between CHB 
patients and the control group (P = 0.001) indicated that 
both markers can be used to show liver damage (Figure 
1 and 2). Similar to our findings, Jazwinski et al. ( 26 ) re-
ported that CK-18 levels were significantly higher in CHC 
patients than in controls. Kronenberger et al. ( 27 ) found 
that CK-18 levels in patients with CHC and persistently 
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normal ALT levels were significantly higher than in con-
trols. Ljumovic et al. ( 10 ) found that MMP-2 levels were 
increased in 66% of chronic hepatitis patients as a result 
of viral or nonviral causes compared to healthy controls. 
On the other hand, Murawaki et al. ( 17 ) found no differ-
ence in MMP-2 levels between chronic hepatitis B group 
and healthy controls. In our study, the CK-18 M30 levels 
of patients with CHB infection were different at each 
stage. However, evaluation of MMP-2 levels showed no 
difference between stage 1 and 2 and stage 2 and 3; on 
the other hand, there were statistically significant differ-
ences between the other groups. This study showed that 
CK-18 M30 is a more sensitive marker than MMP-2 for pre-
dicting the histological stage of fibrosis. Shi et al. ( 28 ) re-
ported that creatine 18 phosphorylation is a progression 
marker in CHB. On the other hand, Papatheodoridis et al. 
( 25 ) reported that the change in the serum CK-18 frag-
ment level was not sufficient to determine the severity of 
histological lesions.

In a MMP-2 study, Liang et al. ( 29 ) were unable to find 
a significant difference between CHB patients at early fi-
brosis stages and MMP-2 levels, but did observe a signifi-
cant difference at advanced stages. Similarly, Murawaki et 
al. ( 17 ) found no difference in MMP-2 levels according to 
the chronic hepatitis stages.HBV DNA, AST, ALT, AFP, plate-
let, and albumin levels are still useful markers for follow-
up of CHB. However, it is not possible to determine the 
level of liver fibrosis by assessing these markers alone. 
Upon evaluation, HBV DNA, AST, ALT, AFP, platelet, and al-
bumin levels were found to be statistically significant ac-
cording to the level of fibrosis (Table 2). Additionally, CK-
18 M30 and MMP-2 levels were positively correlated with 
ALT and AST levels. There was a positive correlation only 
between CK-18 M30 and age. Similarly, Bantel et al. ( 20 ) 
and Kronenberger et al. ( 27 ) found strong correlations 
in CHC patients between CK-18 and ALT levels. Cirrhosis is 
the stage where apoptosis and therefore fibrosis is seen 
in its most severe form in patients with chronic fibrosis ( 
30 ). This causes increased levels of CK-18 M30 and MMP-2. 
Research on this topic supports this claim. Kronenberger 
et al. ( 27 ) detected the highest serum CK-18 levels in cir-
rhotic CHC patients, while Murawaki et al. ( 17 ) reported 
that in patients with chronic viral liver disease, the serum 
MMP-2 level increases in the presence of cirrhosis and 
HCC. Thus, MMP-2 is a useful diagnostic test, especially 
when it comes to detecting cirrhosis. Boeker et al. ( 23 ) 
evaluated MMP-2 levels in CHC patients and found high 
sensitivity in cirrhotic patients. Our findings are concor-
dant with these studies. According to our study findings, 
both CK-18 and MMP-2 levels increased in CHB patients 
and the most significant elevations were detected in cir-
rhotic patients (Figure 3 and 4).

Our study has some limitations. First, the correlation 
between the degree of inflammation in liver biopsy and 
CK-18 M30 and MMP-2 levels was not evaluated. Second, a 
cut-off value could not be defined for CK-18 M30 and MMP-
2 levels.In conclusion, our study indicated that CK-18 M30 

and MMP-2 levels are higher in CHB patients compared 
to healthy controls and are associated with significant 
hepatic fibrosis, especially cirrhosis. Although roles to 
detect liver fibrosis in CHB are still not known exactly, 
recent studies along with our own have reported promis-
ing results.

Acknowledgements
The authors would like to acknowledge their gratitude 

to the Adiyaman University Biochemistry Laboratory 
staff.

Authors’ Contribution
 Sua Sumer participated in obtaining kits used in this 

study, collecting data, interpreting findings and writ-
ing the paper. NazlimAktugDemir, ServetKolgelier and 
AhmetCagkanInkaya made biopsies, collected serum 
samples, stored samples and obtained serum samples 
of controls. Abdullah Arpaci studied required biochemi-
cal parameters from sera of patient and control groups. 
LutfiSaltukDemir made statistical evaluations. Onur 
Ural participated in obtaining kits, collecting data and 
interpreting findings. Role of the Sponsore: the fund-
ing organizations are public institutions and had no 
role in the design and conduct of the study; collection, 
management, and analysis of the data; or preparation, 
review, and approval of the manuscript. Selcuk Univer-
sity Department of Infectious Disease and Clinical Micro-
biology, Adiyaman University Department of Infectious 
Disease and Clinical Microbiology, Hacettepe University 
Department of Internal Medicine Division of Infectious 
Disease,Adiyaman University Department of Biochem-
istry, Adiyaman State Hospital Department of Infectious 
Disease and Clinical Microbiology and Public Health 
Management departments provided practical support 
for the focus group and survey processes, including let-
ters of endorsement, hospital contact information, and 
assistance with logistic arrangements for focus group 
sessions.

Financial Disclosure
 Authors have no financial interests related to the mate-

rial in the manuscript.

Funding/Support
 There is no financial or material support for this re-

search and work.

References
1.       Hadziyannis SJ, Papatheodoridis GV. Hepatitis B e antigen-neg-

ative chronic hepatitis B: natural history and treatment. Semin 
Liver Dis. 2006;26(2):130-41.

2.       Lok Anna SF, McMahon Brian J. Chronic hepatitis B. Hepatology. 
2007;45(2):507-39.

3.       McMahon BJ. The natural history of chronic hepatitis B virus in-
fection. Semin Liver Dis. 2004;24 Suppl 1:17-21.



CK-18 M30/MMP-2 in CHB Patients with CirrhosisSumer S et al.

Hepat Mon. 2013;13(6):e101066

4.       Cheong JY, Kim DJ, Hwang SG, Yang JM, Kim YB, Park YN, et al. 
Serum markers for necroinflammatory activity in patients with 
chronic viral hepatitis and normal or mildly elevated amino-
transferase levels. Liver Int. 2011;31(9):1352-8.

5.       Afdhal NH, Nunes D. Evaluation of liver fibrosis: a concise review. 
Am J Gastroenterol. 2004;99(6):1160-74.

6.       Bedossa P, Dargere D, Paradis V. Sampling variability of liver fi-
brosis in chronic hepatitis C. Hepatology. 2003;38(6):1449-57.

7.       Bravo AA, Sheth SG, Chopra S. Liver biopsy. N Engl J Med. 
2001;344(7):495-500.

8.       Myers RP, Tainturier MH, Ratziu V, Piton A, Thibault V, Imbert-
Bismut F, et al. Prediction of liver histological lesions with bio-
chemical markers in patients with chronic hepatitis B. J Hepatol. 
2003;39(2):222-30.

9.       Regev A, Berho M, Jeffers LJ, Milikowski C, Molina EG, Pyrsopou-
los NT, et al. Sampling error and intraobserver variation in liver 
biopsy in patients with chronic HCV infection. Am J Gastroenterol. 
2002;97(10):2614-8.

10.       Ljumovic D, Diamantis I, Alegakis AK, Kouroumalis EA. Differen-
tial expression of matrix metalloproteinases in viral and non-
viral chronic liver diseases. Clin Chim Acta. 2004;349(1-2):203-11.

11.       Yilmaz Y. Systematic review: caspase-cleaved fragments of cy-
tokeratin 18 - the promises and challenges of a biomarker for 
chronic liver disease. Aliment Pharmacol Ther. 2009;30(11-12):1103-
9.

12.       Valva P, De Matteo E, Galoppo MC, Gismondi MI, Preciado MV. 
Apoptosis markers related to pathogenesis of pediatric chronic 
hepatitis C virus infection: M30 mirrors the severity of steatosis. 
J Med Virol. 2010;82(6):949-57.

13.       Kramer G, Erdal H, Mertens HJ, Nap M, Mauermann J, Steiner G, 
et al. Differentiation between cell death modes using measure-
ments of different soluble forms of extracellular cytokeratin 18. 
Cancer Res. 2004;64(5):1751-6.

14.       Luft T, Conzelmann M, Benner A, Rieger M, Hess M, Strohhaecker 
U, et al. Serum cytokeratin-18 fragments as quantitative markers 
of epithelial apoptosis in liver and intestinal graft-versus-host 
disease. Blood. 2007;110(13):4535-42.

15.       Arthur MJ. Degradation of matrix proteins in liver fibrosis. Pathol 
Res Pract. 1994;190(9-10):825-33.

16.       Athanassiadou P, Psyhoyiou H, Grapsa D, Gonidi M, Ketikoglou I, 
Patsouris E. Cytokeratin 8 and 18 expression in imprint smears 
of chronic viral hepatitis, autoimmune hepatitis and hepatocel-
lular carcinoma. A preliminary study. Acta Cytol. 2007;51(1):61-5.

17.       Murawaki Y, Yamada S, Ikuta Y, Kawasaki H. Clinical usefulness 
of serum matrix metalloproteinase-2 concentration in patients 

with chronic viral liver disease. J Hepatol. 1999;30(6):1090-8.
18.       Burt AD. C. L. Oakley Lecture (1993). Cellular and molecular as-

pects of hepatic fibrosis. J Pathol. 1993;170(2):105-14.
19.       Corcoran ML, Hewitt RE, Kleiner DE, Jr, Stetler-Stevenson WG. 

MMP-2: expression, activation and inhibition. Enzyme Protein. 
1996;49(1-3):7-19.

20.       Bantel H, Lugering A, Heidemann J, Volkmann X, Poremba C, 
Strassburg CP, et al. Detection of apoptotic caspase activation in 
sera from patients with chronic HCV infection is associated with 
fibrotic liver injury. Hepatology. 2004;40(5):1078-87.

21.       Guicciardi ME, Gores GJ. Apoptosis: a mechanism of acute and 
chronic liver injury. Gut. 2005;54(7):1024-33.

22.       Wieckowska A, Zein NN, Yerian LM, Lopez AR, McCullough AJ, 
Feldstein AE. In vivo assessment of liver cell apoptosis as a novel 
biomarker of disease severity in nonalcoholic fatty liver disease. 
Hepatology. 2006;44(1):27-33.

23.       Boeker KH, Haberkorn CI, Michels D, Flemming P, Manns MP, 
Lichtinghagen R. Diagnostic potential of circulating TIMP-1 and 
MMP-2 as markers of liver fibrosis in patients with chronic hepa-
titis C. Clin Chim Acta. 2002;316(1-2):71-81.

24.       Kuo WH, Chou FP, Lu SC, Chu SC, Hsieh YS. Significant differences 
in serum activities of matrix metalloproteinase-2 and -9 between 
HCV- and HBV-infected patients and carriers. Clin Chim Acta. 
2000;294(1-2):157-68.

25.       Papatheodoridis GV, Hadziyannis E, Tsochatzis E, Chrysanthos N, 
Georgiou A, Kafiri G, et al. Serum apoptotic caspase activity as a 
marker of severity in HBeAg-negative chronic hepatitis B virus 
infection. Gut. 2008;57(4):500-6.

26.       Jazwinski AB, Thompson AJ, Clark PJ, Naggie S, Tillmann HL, Patel 
K. Elevated serum CK18 levels in chronic hepatitis C patients are 
associated with advanced fibrosis but not steatosis. J Viral Hepat. 
2012;19(4):278-82.

27.       Kronenberger B, Wagner M, Herrmann E, Mihm U, Piiper A, Sar-
razin C, et al. Apoptotic cytokeratin 18 neoepitopes in serum of 
patients with chronic hepatitis C. J Viral Hepat. 2005;12(3):307-14.

28.       Shi Y, Sun S, Liu Y, Li J, Zhang T, Wu H, et al. Keratin 18 phosphory-
lation as a progression marker of chronic hepatitis B. Virol J. 
2010;7:70.

29.       Liang B, Li Y, Zhao A, Xie F, Guo Z. Clinical utility of serum matrix 
metalloproteinase-2 and tissue inhibitor of metalloproteinase-2 
concentrations in the assessment of liver fibrosis due to chronic 
hepatitis B. J Int Med Res. 2012;40(2):631-9.

30.       Hetz H, Hoetzenecker K, Hacker S, Faybik P, Pollreisz A, Moser B, 
et al. Caspase-cleaved cytokeratin 18 and 20 S proteasome in liver 
degeneration. J Clin Lab Anal. 2007;21(5):277-81.


