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Abstract: Many noninvasive serum markers have been studied to determine the liver fibrosis score (LFS). In this
study, we aimed to investigate the association between thrombopoietin (TPO) levels and the stage of liver fibrosis in
patients with chronic hepatitis B (CHB). Seventy-seven patients (64 active and 13 inactive) with CHB were included
in this cross-sectional study. Patients were divided into three groups: In group 1, patients with mild or no fibrosis
(FO, F1); in group 2, patients with significant fibrosis (F2-F4); and in group 3, inactive CHB carriers. Digital patient
records were used to access pre-treatment laboratory findings including HBV DNA, HBeAg, ALT, AST, total bilirubin,
PLT, albumin, INR. Liver biopsies were examined by experienced pathologists in our hospital who were blinded to
the data of the patients. Serum TPO levels were measured using commercial ELISA kit. Serum TPO levels were sig-
nificantly lower in patients with active CHB compared with the inactive carriers (528 vs 687.1 p=0.003). There was
no statistically significant difference in TPO levels between the patients with and patients without significant fibrosis
(568.9 vs 459.8 p=0.367). Correlation analysis with respect to ALT, AST, TPO, HBV-DNA level, platelet count, histo-
logical activity index (HAI) and liver fibrosis score was performed. TPO was only weakly positively correlated with AST,
ALT and HBV-DNA levels (r=0.269 p=0.018; r=0.341 p=0.002; r=0.308 p=0.006; respectively) and no correlation
in TPO with LFS and HAI was found (r=0.140 p=0.270, r=0.162 p=0.201; respectively). TPO was not associated with
significant fibrosis (p=0.270). In conclusion, TPO levels were decreased in active CHB patients compared with inac-
tive carriers but there was no correlation between TPO levels and the stage of fibrosis in active CHB.
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Introduction

Chronic Hepatitis B virus (HBV) infection can
lead to end-stage liver disease (ESLD) and
hepatocellular carcinoma (HCC), and is an
important public health problem. An estimated
350 million people are chronically infected with
HBV in the world [1, 2]. Therefore, it is impor-
tant to halt the progression to liver fibrosis and
ultimately ESLD and HCC [3]. Although liver
biopsy has some disadvantages, such as inva-
siveness, the possibility of sampling error, and
potential complications (bleeding, infection,
etc.). It is still the gold standard for detection of
liver fibrosis to determine management strate-
gies and prognosis of underlying liver disease
[4]. Thus, there is an increasing need for reli-
able non-invasive histological predictors to
assess the severity of liver fibrosis related to

chronic hepatitis B (CHB). Serum aspartate ami-
notransferase to platelet ratio index (APRI),
Forn’'s index, FIB-4, Fibrometer, Fibrotest,
Hepascore and MPV [5-14] are designed for
this purpose, however, none of these investi-
gated non-invasive tests are feasible to replace
liver biopsy.

Thrombopoietin (TPO) is a glycoprotein mainly
produced by liver and has a primary regulatory
role in megakaryo-thrombopoiesis [15]. Serum
TPO levels are reported to be low or undetect-
able in patients with cirrhosis with various eti-
ologies [16-18]. However, the association
between serum TPO levels and the severity of
liver fibrosis in patients with CHB has not been
investigated. In this study, we aimed to investi-
gate the association between serum TPO levels
and the stage of liver fibrosis in patients with
CHB.
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Table 1. Characteristics of the patients with CHB

Group 1 and 2 (Active)

Group 3 (Inactive HBV carriers)

(n: 64) (n: 13) Pvalue
Age (Years) 45.0 (13.0) 44.7 (9.5) 0.734
Sex (M/F) 33/31 7/6 0.562
Duration of the disease, mean, years (SD) 6.6 (5.5) 6.6 (6.4) 0.743
Bilirubin, mg/dl (SD) 0.9 (0.6) 0.7 (0.3) 0.178
Albumin, gr/dl (SD) 4.2 (0.3) 4.4 (0.3) 0.162
INR 0.99 (0.08) 1.0 (0.27) 0.090
AST, IU/ml (SD) 46.7 (42.8) 26.4 (22.9) <0.001
ALT, IU/ml (SD) 62.7 (65.7) 33.5(33.0) 0.007
Platelet Count, /mm?3, (SD) 195.000 (59.000) 220.000 (77.000) 0.301
HBV-DNA, IU/ml, (SD) 2.329.017 (5.729.725) 424 (550) <0.001
HBeAg negativity, n (%) 57 (89.1) 13 (100) 0.595
TPO, pg/ml (SD) 528.0 (+373.6) 687.1 (+478.6) 0.003

Materials and methods

The study was performed according to the
guidelines of the Declaration of Helsinki, and it
was approved by the local ethics review com-
mittee. In this cross-sectional study, 77
patients with CHB (13 of whom were inactive
carriers) were included. Serum samples were
collected at the time of liver biopsy, stored at
-80°C and serum TPO levels were measured
with a commercial ELISA kit (Ray biotech, Inc,
Norcross GA). Digital patient records were used
to access pre-treatment laboratory findings
including HBV DNA, HBe-Ag, ALT, AST, total bili-
rubin, PLT, albumin, and INR. Liver biopsies
were examined by experienced pathologists in
our hospital who were blinded to the data of the
patients. The METAVIR system was used to
assess the severity of liver fibrosis. No fibrosis
was defined as FO, portal fibrosis without septa
as F1, portal fibrosis with rare septa as F2,
numerous septa without cirrhosis as F3 and cir-
rhosis as F4 [16]. Patients were divided into
three groups: Group 1 was composed of
patients with mild or no fibrosis (FO, F1), Group
2 was composed of patients with significant
fibrosis (F2-F4) and Group 3 was composed of
inactive CHB carriers. Patients were not includ-
ed if they had any of the following: other causes
of chronic liver disease, prior antiviral therapy,
fatty liver disease, alcohol intake, cirrhosis,
HCC or other malignancies.

Statistical analysis
Data were analyzed with SPSS version 15.0 for

Windows. The independent samples t-test was

1431

used for group comparisons. The Chi-square
test was used to compare categorical variables.
Pearson correlation was used to evaluate the
association between TPO and histological find-
ings or laboratory parameters. Statistical sig-
nificance was defined as P<0.05.

Results

The patients’ characteristics are summarized
in Table 1. Comparisons of group 1 and 2 are
summarized in Table 2.

The three groups were similar with respect to
gender, mean age, bilirubin and albumin levels,
INR and disease duration. In patients with sig-
nificant fibrosis (group 2), AST and ALT levels
were significantly higher than in patients with
mild or no fibrosis (group 1) (p=0.013, 0.029;
respectively). HBV DNA levels were significantly
higher in active CHB patients compared with
the inactive carriers (p<0.001). HBV DNA levels
were significantly higher in group 2 (significant
fibrosis) compared with group 1 (mild or no
fibrosis), (p=0.003). Platelet counts were sig-
nificantly lower in patients with significant fibro-
sis than in patients with mild or no fibrosis
(p=0.028).

Serum TPO levels were significantly lower in
patients with active CHB compared with the
inactive carriers (p=0.003). There was no sta-
tistically significant difference in TPO levels
between patients with and patients without sig-
nificant fibrosis (p=0.367).

Correlation analysis with respect to ALT, AST,
TPO, HBV-DNA level, platelet count, histological
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Table 2. Characteristics of the patients with active CHB

Group 1 (n: 24) FO-F1 Group 2 (n: 40) F2-F4 P value
Age (Years) 40.2 (9.7) 47.9 (14.0) 0.142
Sex (M/F) 11/13 22/18 0.986
Duration of the disease, mean, years (SD) 5.8 (5 0) 7.1 (5.8) 0.280
Bilirubin, mg/dl (SD) .5) 1.0 (0.6) 0.054
Albumin, gr/dl (SD) ) 2(0.4) 0.895
AST, IU/ml (SD) .5) 54.9 (50.0) 0.013
ALT, IU/ml (SD) 43.5 (38. 5) 74.3 (75.7) 0.029
INR 0.97 (0.07) 1.00 (0.08) 0.185
Platelet Count, /mm3, (SD) 209.000 (61.000) 186.000 (57.000) 0.028
HBV-DNA, IU/ml, (SD) 1.324.451 (3.804.374) 2.931.757 (6.595.720) 0.003
HBeAg negativity, n (%) 23 (95.8) 34 (85.0) 0.185
TPO, pg/ml (SD) 459.8 (235.7) 568.9 (433.7) 0.367

activity index (HAI) and liver fibrosis score (LFS)
was performed. TPO was only weakly positively
correlated with AST, ALT and HBV-DNA levels
and no correlation in TPO with LFS and HAI was
found (Table 3). TPO was not associated with
significant fibrosis (p=0.270).

Discussion

In this study, we found that TPO was significant-
ly lower in active CHB patients than in inactive
carriers. However, TPO levels in this study were
not associated with the stage of fibrosis in
patients with active CHB.

Chronic HBV infection is an important health
problem worldwide which is one of the main
causes of chronic liver diseases, and determi-
nation of the degree of fibrosis is necessary for
initiation and guidance of therapy [19]. Liver
biopsy has been the gold standard for staging
liver fibrosis, but has some disadvantages and
potential complications [4]. Therefore, many
investigators have been searching for noninva-
sive tests to get realistic information about the
liver fibrosis stage in patients with chronic liver
diseases. Unfortunately, these tests are usually
expensive and are not feasible in clinical
practice.

TPO is a glycoprotein which has a primary regu-
latory role in the maturation of megakaryocytes
and thrombocytes [15]. However, its role is not
completely understood. Although TPO is mainly
produced in the liver, it is also expressed else-
where such as in kidney, bone marrow and
spleen [20]. Serum TPO levels are directly regu-
lated when TPO binds to platelets [18, 23].
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Thrombocytopenia is a common complication
of advanced liver diseases and is usually con-
sidered as secondary to portal hypertension or
as a result of reduced production of thrombo-
poietin in the liver [21, 22]. Panasiuk et al [21]
and Kawasaki et al [22] showed a positive cor-
relation between TPO levels and platelet count.
In contrast, Rios et al reported no correlation
between TPO levels and platelet counts [18]. In
our study, we likewise did not find a correlation
between TPO levels and platelet counts. Our
results suggest that other factors such as
sequestration of platelets in spleen may have a
role in thrombocytopenia of cirrhotic patients.
Three different studies revealed that in patients
with cirrhosis, serum TPO levels were low or
undetectable [16-18]. This suggests that the
decrease in TPO levels in cirrhotic patients is a
result of the decrease in the number of hepato-
cytes, as the disease progresses from mild
fibrosis to cirrhosis. However, Shimodaira et al
reported unchanged levels of TPO in cirrhosis
of various etiologies compared to those in nor-
mal controls [24]. To the best of our knowledge,
our study is the first to investigate whether TPO
levels are associated with fibrosis stage in
patients with CHB, and whether TPO levels
might be used as a non-invasive predictor of
liver fibrosis.

Although TPO levels were significantly lower in
active CHB patients compared with inactive
carriers, no significant correlation between
serum TPO levels and liver fibrosis stages in
active CHB patients was found. A possible
explanation for this might be increased TPO
production by other tissues such as kidney,
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Table 3. Correlation analysis among the groups

TPO HBV DNA ALT AST Platelet count  HAI STAGE
TPO rl r: 0.308" r: 0.341" r: 0.269" r:-0.74 r: 0.162 r: 0.140
p:0.006 p:0.002 p:0.018 p:0.520 p:0.201 p:0.270
HBV DNA r: 0.308" rl r: 0.264" r: 0.235" r:-.158 r:0.225 r: 0.204
p:0.006 p:0.020 p:0.030 p:0.169 p:0.074 p:0.105
ALT r: 0.341" r: 0.264 ri r: 0.919 r:-.076" r:0.237° r: 0209
p:0.002 p:0.020 p:<0.001 p:0.015 p:0.060 p:0.098
AST r: 0.269" r: 0.235" rr0.919" nr1 r:-0268" r: 0.306" r: 0.283"
p:0.018 p:0.030 p:<0.001 p:0.018 p:0.014 p:0.023
Platelet count  r:-0.74 r:-.158 r:-.076" r:-0268" rl r:-0.61 r:-0.068
p:0.520 p:0.169 p:0.015 p:0.018 p:0.632 p:0.592
HAI r: 0.162 r: 0.225 r: 0.237* r: 0.306" r:-0.61 rl r: 0.649™
p:0.201 p:0.074 p:0.060 p:0.014 p:0.632 p:<0.001
STAGE r: 0.140 r: 0.204 r: 0209 r: 0.283" r:-0.068 r:0.649™ r1
p:0.270 p:0.105 p:0.098 p:0.023 p:0.592 p:<0.001

“revealed weak correlation, whereas ““strong correlation according to the Pearson correlation analysis.

bone marrow and spleen as hepatocytes
decline in number.

In conclusion, in our study, TPO levels were
decreased in active CHB patients compared
with inactive carriers but no correlation was
observed between TPO levels and fibrosis stag-
es in active CHB. Further studies on larger num-
ber of subjects are needed to elucidate the
relation between TPO levels and liver fibrosis.

Acknowledgements

The study was performed according to the
guidelines of the Declaration of Helsinki, and it
was approved by the local ethics review
committee.

Disclosure of conflict of interest
None.

Address correspondence to: Dr Baris Yilmaz, De-
partment of Gastroenterology, Diskapi Yildirim
Beyazit Educational and Research Hospital, Irfan
Bastug Caddesi, Altindag, Ankara, Turkey. Tel: +90-
312-367-5273; Fax: +90-312-318-6690; E-mail:
dryilmazb@gmail.com

References

[1] Lavanchy D. Hepatitis B virus epidemiology,
disease burden, treatment, and current and
emerging prevention and control measures. J
Viral Hepat 2004; 11: 97-107.

[2]  European Association for the Study of the Liv-
er. EASL Clinical Practice Guidelines: manage-

1433

(3]

(4]

(5]

(6]

(7]

)

(10]

ment of chronic hepatitis B. J Hepatol 2009;
50: 227-242.

Afdhal NH, Nunes D. Evaluation of liver fibro-
sis: A concise review. Am J Gastroenterol 2004;
99: 1160-1174.

Cadranel JF, Rufat P, Degos F. Practices of liver
biopsy in France: Results of a prospective na-
tionwide survey for the group of epidemiology
of the French association for the study of the
liver (AFEF). Hepatology 2000; 32: 477-481.
Wai CT, Greenson JK, Fontana RJ, Kalbfleisch
JD, Marrero JA, Conjeevaram HS and Lok AS. A
simple noninvasive index can predict both sig-
nificant fibrosis and cirrhosis in patients with
chronic hepatitis C. Hepatology 2003; 38: 518-
526.

Williams AL, Hoofnagle JH. Ratio of serum as-
partate to alanine aminotransferase in chronic
hepatitis. Relationship to cirrhosis. Gastroen-
terology 1988; 95: 734-739.

Kim SM, Sohn JH, Kim TY, Roh YW, Eun CS,
Jeon YC Han DS and Oh YH. Comparison of
various noninvasive serum markers of liver fi-
brosis in chronic viral liver disease. Korean J
Hepatol 2009; 15: 454-463.

Parise ER, Oliveira AC, Figueiredo-Mendes C,
Lanzoni V, Martins J, Nader H and Ferraz ML.
Noninvasive serum markers in the diagnosis of
structural liver damage in chronic hepatitis C
virus infection. Liver Int 2006; 26: 1095-1099.
Forns X, Ampurdanes S, Llovet JM Aponte J,
Quint6 L, Martinez-Bauer E, Bruguera M, San-
chez-Tapias JM and Rodés J. Identification of
chronic hepatitis C patients without hepatic fi-
brosis by a simple predictive model. Hepatolo-
gy 2002; 36: 986-992.

Vallet-Pichard A, Mallet V, Nalpas B, Verkarre V,
Nalpas A, Dhalluin-Venier V, Fontaine H and

Int J Clin Exp Med 2014;7(5):1430-1434



(11]

[12]

[13]

(14]

[15]

(16]

[17]

Liver fibrosis and thrombopoietin levels

Pol S. FIB-4: an inexpensive and accurate
marker of fibrosis in HCV infection. Compari-
son with liver biopsy and fibrotest. Hepatology
2007; 46: 32-36.

Castera L, Pinzani M. Non-invasive assess-
ment of liver fibrosis: are we ready? Lancet
2010; 375: 1419-1420.

Munteanu M, Imbert-Bismut F, Messous D,
Morra R, Thabut D, Lebray P, Benhamou Y,
Ratziu V and Poynard T. Reproducibility of non-
invasive fibrosis biomarkers, FibroMeter and
FibroTest, could be improved by respecting the
analytical standardizations. Clin Biochem
2008; 41: 1113-1114.

Basar O, Yilmaz B, Ekiz F, Ginis Z, Altinbas A,
Aktas B, Tuna Y, Coban S, Delibas N and YUksel
0. Non-invasive tests in prediction of liver fibro-
sis in chronic hepatitis B and comparison with
post-antiviral treatment results. Clin Res Hepa-
tol Gastroenterol 2013; 37: 152-158.

Ekiz F, Yiksel O, Kogak E, Yilmaz B, Altinbas A,
Coban S, Yiiksel I, Uskiidar O and Kékli S.
Mean platelet volume as a fibrosis marker in
patients with chronic hepatitis B. J Clin Lab
Anal 2011; 25: 162-165.

De Sauvage HJ, Hass PE, Spencer SD, Malloy
BE, Gurney AL, Spencer SA, Darbonne WC,
Henzel WJ, Wong SC, Kuang WJ, Oles KJ, Hult-
gren B, Solberg LA Jr, Goeddel DV and Eaton
DI. Stimulation of megakaryocytopoiesis and
thrombopoiesis by the c-Mpl ligand. Nature
1994, 369: 533-538.

Peck-Radosavljevic M, Zacherl J, Meng YG,
Pidlich J, Lipinski E, Langle F, Steininger R,
Mduhlbacher F and Gangl A. Is inadequate
thrombopoietin production a major cause of
thrombocytopenia in cirrhosis of the liver? J
Hepatol 1997; 27: 127-131.

Martin TG Illl, Somberg KA, Meng YG, Cohen
RL, Heid CA, de Sauvage FJ and Shuman MA.
Thrombopoietin levels in patients with cirrho-
sis before and after orthotopic liver transplan-
tation. Ann Intern Med 1997; 127: 285-288.

1434

(18]

(19]

[20]

[21]

[22]

(23]

(24]

Rios R, Sangro B, Herrero |, Quiroga J, Prieto J.
The role of TPO in the thrombocytopenia of pa-
tient with liver cirrhosis. Am J Gastroenterol
2005; 100: 1311-1316.

National Institutes of Health. National Insti-
tutes of Health Consensus Development Con-
ference Statement: Management of hepatitis
C. Hepatology 2002; 36 Suppl 1: S3-20.
Sungaran R, Markovic B, Chong BH. Localiza-
tion and regulation of thrombopoietin mRNA
expression in human kidney, liver, bone mar-
row, and spleen using in situ hybridization.
Blood 1997; 89: 101-107.

Panasiuk A, Prokopowicz D, Zak J, Panasiuk B.
Reticulated platelets as a marker of mega-
karyocytopoiesis in liver cirrhosis: Relation to
TPO and hepatocyte growth factor serum con-
santration. Hepatogastroenterology 2004; 51:
1124-1128.

Kawasaki T, Takeshita A, Souda K, Kobayashi
M, Suzuki F, Kageyama F, Sasada Y, Shimizu E,
Murohisa G, Koide S, Yoshimi T, Nakamura H
and Ohno R. Serum TPO levels in patients with
chronic hepatitis and liver cirrhosis. Am J Gas-
troenterol 1999; 94: 1918-1922.

Fielder PJ, Gurney AL, Stefanich E, Marian M,
Moore MW, Carver-Moore K and de Sauvage
FJ. Regulation of thrombopoietin levels by c-
mpl-mediated binding to platelets. Blood
1996; 87: 2154-2161.

Shimodaira S, Ishida F, Ichikawa N, Tahara T,
Kato T, Kodaira H, Ito T, Tanaka E, Sodeyama T,
Kiyosawa K and Kitano K. Serum thrombopoi-
etin (c-Mpl ligand) levels in patients with liver
cirrhosis. Thrombo Haemost 1996; 76: 545-8.

Int J Clin Exp Med 2014;7(5):1430-1434



