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Abstract

Background: Platelets play a central role in primary hemosta-
sis. Quantitative abnormalities of platelets are known to occur in
chronic liver disease. The study was carried out to determine the
abnormalities of platelet count in various forms of Hepatitis B vi-
rus-related liver disease.

Methods: Platelet count was carried out on consecutive chronic
liver disease patients seen at the gastroenterology unit of the Uni-
versity of Nigeria Teaching Hospital Ituku/Ozalla who tested posi-
tive for Hepatitis B surface antigen (HBsAg) from January 2007
to June 2009. Dyspeptic patients undergoing upper gastrointestinal
endoscopy who were HBsAg negative were used as controls.

Results: There were 142 patients with various forms of HBV-re-
lated liver disease (asymptomatic infection 29.6%, chronic hepa-
titis 8.4%, cirrhosis 27.5%, and hepatocellular carcinoma 34.5%).
There was no statistically significant difference between the mean
platelet count in the patients with Hepatitis B virus (HBV) related
liver disease as a whole and control subjects (p = 0.4655). However
patients with cirrhosis had a statistically significant lower platelet
count than control subjects (p < 0.0001). Conversely, patients with
hepatocellular carcinoma (HCC) had a higher platelet count than
control subjects (p < 0.0001), and cirrhotic patients (p < 0.0001).

Conclusions: Abnormalities of platelet count occur in HBV-re-
lated liver disease. Patients with liver cirrhosis tend to have lower
platelet count while patients with HCC tend to have higher counts.
Thrombocytosis may be a paraneoplastic manifestation of HCC.
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Introduction

Platelets are the smallest cellular components of human
blood, ranging in size from 2 - 4 microns. They are cyto-
plasmic fragments of the megakaryocyte. Platelets adhere to
the site of injury and aggregate with one another, a process
known as primary haemostasis.

Platelet disorders can be quantitative or qualitative.
Quantitative defects are abnormalities in platelet number,
whereas qualitative defects are abnormalities in platelet
function. Changes in platelet count accompany the progres-
sion of various forms of liver disease including those caused
by Hepatitis B virus (HBV) [1]. This explains the use of
platelet count as an indirect marker in some of the noninva-
sive assessments of hepatic fibrosis [2]. Thrombocytopaenia
is a common feature of chronic liver disease and has been
reported in 49-64% of cirrhotic patient [3]. Conversely, an
increased platelet count has been demonstrated in several
malignancies, and may be an adverse prognostic indicator
in that cancers [4-11]. Hepatocellular carcinoma (HCC) hap-
pens to be a malignant disease that is HBV-related.

Approximately 350 million people worldwide have
chronic HBV infection [12, 13] and most of them live in
South-East Asia and Sub-Saharan Africa [14]. The natural
course of HBV chronic infection is variable, ranging from
an inactive HBsAg carrier state to a more or less progressive
chronic hepatitis, potentially evolving to cirrhosis and HCC
[15-17].

Determination of platelet count is a relatively simple
laboratory procedure. Close monitoring of platelet count
may be a useful tool in the follow-up of patients with chronic
HBYV infection especially in situations where more complex
tests and liver biopsy are not readily available. This study
was undertaken to determine if there are quantitative platelet
abnormalities in Nigerian patients at various stages of liver
disease related to HBV, including HCC which represents the
end of the disease spectrum.

Materials and Methods

344 Articles © The authors, Journal compilation © Gastroenterol Res and Elmer Press™, www.gastrores.org



Nwokediuko et al

Gastroenterology Research  2009;2(6):344-349

This case-control, prospective and cross sectional study
was carried out at the gastroenterology unit of the depart-
ment of medicine, University of Nigeria Teaching Hospital
(UNTH) Ituku/Ozalla between January 2007 and June 2009.
Consecutive patients with clinical features of chronic liver
disease who tested positive for HBsAg constituted the cases.
Asymptomatic individuals referred to the unit after testing
positive for HBsAg during screening for blood donation or
routine medical examination were also included as cases.
The study was approved by the UNTH research ethics com-
mittee and informed consent was obtained from all the par-
ticipants. Each participant was first evaluated with detailed
history and complete physical examination with emphasis on
the hepatobiliary system.

The presence of ascites was specifically documented.
Hepatic encephalopathy was graded using the classification
adopted at the 11th world congresses of gastroenterology in
Vienna [18].

Exclusion criteria: 1, Clinical evidence of infection; 2,
Bleeding; 3, Haemolytic disorders; 3, Sickle cell disease; 4,
Bone marrow failure; 5, Myeloproliferative disorders.

Hepatitis B surface antigen (HBsAg) was tested for in
venous blood using an enzyme-linked immunosorbent assay
(ELISA) kit that uses polystyrene microwell strips precoated
with monoclonal antibodies specific for HBsAg. Those who
tested positive were further evaluated with the following
routine laboratory tests for the assessment of patients with
chronic liver disease: serum bilirubin, liver enzymes (trans-
aminases and alkaline phosphatase), serum protein (total
and albumin), prothrombin time, full blood count includ-
ing platelet count, urinalysis, abdominal ultrasonography,
and where feasible CT scan, HBV DNA and liver biopsy.
Platelet count was carried out within 6 hours of sample col-
lection using an automated haematology analyzer (Sysmex
XT2000i) manufactured by Sysmex corporation JAPAN.

The control group consisted of patients referred for upper
gastrointestinal endoscopy for dyspepsia who did not have
alarm symptoms [19], had no clinical evidence of infection
or haemorrhage, negative for HBsAg and had no haemato-
logical disease. Platelet count was the only additional labo-
ratory test done on the suitable control subjects. All platelet
counts were expressed as x109 /L and for the purpose of this
study the normal range was 150 — 400 x109/L.

Based on the clinical features and results of laboratory
tests, the patients were grouped into asymptomatic HBV
infection, chronic hepatitis, liver cirrhosis and HCC. Liver
disease severity was assessed in the patients with chronic
hepatitis, liver cirrhosis and HCC using the Child-Turcotte-
Pugh scoring system with the parameters of encephalopathy
grade, ascites, prothrombin time, serum albumin and serum
bilirubin [20, 21].

Statistical analysis

The results were analysed with the computer program SPSS
version 14 and expressed as means and proportions. Differ-
ences between means and proportions were determined and a
p value of less than 0.05 was considered significant. Strength
of association was determined where indicated using corre-
lation coefficient.

Results

One hundred and ninety one patients with clinical and
laboratory features of chronic liver disease were screened
for HBsAg and out of these 142 were positive (74.3%).
These consisted of 42 patients with asymptomatic infection
(29.6%), 12 patients with chronic hepatitis (8.4%), 39 with
cirrhosis (27.5%), and 49 with HCC (34.5%). One hundred
and six of these patients (81.7%) were males and 26 (18.3%)
were females (Table 1).

The mean age of the patients with HB V-related liver dis-
ease was 44.394 + 15.154 years while the mean age of the
control subjects was 50.638 + 12.308 years. The difference
between the 2 means was not statistically significant (p =
0.9502). The mean platelet count in the HBV-related liver
disease patients as a whole was 208.866 = 128.504 while
the mean platelet count in the control subjects was 194.617
+ 62.278. The difference between the means was not statisti-
cally significant (p = 0.4655). The mean platelet count in pa-
tients with asymptomatic infection was 197.0 + 66.464. The
difference between this mean and the mean platelet count in
control subjects was not statistically significant (p =0.8618).
The mean platelet count in patients with chronic hepati-
tis, cirrhosis and HCC were 200.333 + 50.879, 105.692 +
23.933 and 303.245 + 160.639 respectively. Three patients
with HCC (6.1%) had thrombocytosis (platelet count above
400x109/L), Table 2.

Table 3 shows comparison of mean platelet counts in
the different subgroups of HBV-related liver disease. A test
of correlation was carried out between platelet count and
Child-Pugh’s score in the patients with cirrhosis. The cor-
relation coefficient (y) was -0.6183, p=0.0001. Conversely,

Table 1. Gender Distribution of HBV-related Liver Disease

Liver Disease Male Female Total (%)
Asymptomatic 36 6 42 (29.6)
Chronic Hepatitis 9 3 12 (8.4)
Cirrhosis 35 4 39 (27.5)
HCC 36 13 49 (34.5)

HCC: Hepatocellular carcinoma
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Table 2. Platelet Count in HBV-related Liver Disease

Mean Platelet
Count (x10°/L)

Liver Disease

HBV-related liver disease 208.866 + 128.504

patients (n = 142)

Asymptomatic (n = 42) 197.0 + 66.464

Chronic Hepatitis (n = 12) 200.333 +£50.878
Cirrhosis (n = 39) 105.692 £ 23.933

HCC (n = 49) 303.245 + 160.639

HCC: Hepatocellular carcinoma

a positive correlation was demonstrated between platelet
count and Child-Pugh’s score in the patients with HCC (y =
0.8315, p <0.0001).

Discussion

Hepeatitis B virus remains a major aetiologic agent in chronic
liver disease in Nigeria as amply demonstrated in this study
in which it accounted for 74.3% of all cases. This is similar
to an earlier study in the same centre [22].

The mean platelet count in the control subjects was
not significantly different from the mean platelet count in
the patients with HBV- related liver disease as a whole (p
= 0.4655). This is because some of the patients (especially
those with cirrhosis) had predominantly thrombocytopaenia
while others (especially those with HCC) tended to have
higher platelet count. The result was that the mean was
somewhere in between. However a comparison between the

platelet count in the control group and subgroups of HBV-
related liver disease showed interesting findings. Cirrhotic
patients had a mean platelet count that is in the thrombocy-
topaenic range (105 £ 23). This is the expected abnormality
of platelet count in cirrhosis. The mechanisms responsible
for the thrombocytopaenia of cirrhosis include splenic se-
questration of platelets in portal hypertension [23, 24], sup-
pression of platelet production in the bone marrow [25, 26]
and decreased activity of the hematopoietic growth factor,
thrombopoietin [27], which is produced primarily in the
liver. There is also increased destruction of platelets by im-
munological mechanisms that result from increased levels
of platelet-associated immunoglobulins (PAIgG). Increased
levels of PAIgG have been reported in 55-88% of patients
with chronic liver disease [28, 29]. Furthermore antiviral
therapy with interferon alpha induces thrombocytopaenia,
necessitating dose reduction in some instances [30].

Chronic hepatitis caused by HBV and hepatitis C virus
HCV) has been documented as a possible cause of throm-
bocytopenia, even in the absence of cirrhosis [31]. This was
however not demonstrated in this study as there was no sta-
tistically significant difference between the mean platelet
counts in patients with chronic hepatitis and control subjects.
There are 2 possible explanations for this. First, the number
of patients with chronic hepatitis in this study was relatively
small (8.4%), and secondly, chronic hepatitis is a very het-
erogeneous group determined by the extent of necroinflam-
mation and fibrosis in the liver. It is possible that most of
the chronic hepatitis patients in this study were in the early
stages, with little or no necroinflammation and fibrosis. The
average Child-Pugh’s score of 5.6 & 0.7 in this group lends
credence to the explanation.

The mean platelet count in patients with HCC was 303
+ 160. This was significantly higher than the mean plate-
let count in the control subjects, asymptomatic infection,
chronic hepatitis or cirrhosis. Three patients with HCC actu-

Table 3. Comparing Platelet Count At Different Stages of HBV-related Liver Disease

Liver Disease t value df p value
Control versus HBV-related liver disease 0.7313 187 0.4655
Control versus Asymptomatic 0.1746 87 0.8618
Asymptomatic versus Chronic Hepatitis 0.1604 52 0.8732
Asymptomatic versus Cirrhosis 8.102 79 <0.0001%*
Cirrhosis versus HCC 7.604 86 <0.0001*
Asymptomatic versus HCC 4.0 89 0.0001*
Control versus HCC 4.333 94 <0.0001%*

HCC: Hepatocellular carcinoma. * statistically significant
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ally had thrombocytosis (6.1%). Hepatocellular carcinoma
develops in a cirrhotic liver in 80% of cases and this pre-
neoplastic state is thought to be the strongest predisposing
factor [32]. However the incidence of liver decompensation
from hepatocellular failure in patients with HCC is variable.
When cirrhosis and liver decompensation are the dominant
features, signs and symptoms of liver failure and portal hy-
pertension take a leading position whereas in their absence
features coinciding with the “toxic syndrome” prevail [33-
35]. This syndrome consists of asthenia, malaise, fever, an-
orexia and weight loss from malignant cachezia. Therefore,
depending on the pattern of presentation of the underlying
cirrhosis, thrombocytopaenia may not be a dominant fea-
ture. If anything, thrombocytosis may predominate from
other mechanisms.

Thrombocytosis is common in many malignant diseases.
The prevalence of thrombocytosis in patients with primary
lung cancer was 53% in one study [36]. An increased pre-
operative platelet count has been correlated with prognosis
in several malignancies including bronchial [4], gastric [5],
gynaecological [6, 7], and colorectal [8] cancers. Thrombo-
cytosis has also been shown to be an independent prognostic
indicator of survival in patients undergoing resections for
squamous cell carcinoma of the oesophagus [9] and adeno-
carcinoma of the pancreas [10, 11].

Thrombocytosis has been found in children with hepato-
blastoma [37-39]. A prevalence of 6.1% for thrombocytosis
in patients with HCC in this study is an important obser-
vation. Though thrombopoietin levels were not done, the
thrombocytosis may be a paraneoplastic manifestation of
HCC.

The explanation for increased platelet count in patients
with malignancies may lie in the link between platelets and
angiogenesis [40-42]. Various types of tumor can activate
platelets in vitro by virtue of direct contact, release of ADP,
production of thromboxane A2 or cancer procoagulant, gen-
eration of thrombin, or activation of the tumor-associated
proteinases [41]. In the presence of vascular endothelial
growth factor (VEGF), which is a platelet-derived cytokine,
endothelial cells promote platelet aggregation [43]. Adhe-
sion and aggregation of activated platelets are accompanied
by the release of many potential angiogenesis regulators
such as VEGF-A [44], VEGF-C [45] and platelet-derived
endothelial cell growth factor (PD-ECGF) [46]. These ob-
servations suggest that platelets may play an active and
causative role in tumor angiogenesis [42].

However, a lot remains to be unraveled in the subject
because platelets are also known to elaborate angiogenesis
inhibitors such as platelet factor-4 (PF4) [47] and thrombo-
spondin-1 [48]. The latter is also known to stimulate angio-
genesis in very high concentrations [48].

Platelet activating factor (PAF)-receptor antagonists
have exhibited promising results in vitro and in vivo as anti-
angiogenic molecules in cancer cells and tumors [49]. How-

ever, the great complexity of the haemostatic system and the
multitude of pro- and anti-angiogenic activities it encodes
(even within individual constituent proteins) suggest that for
each therapeutic action, a proper clinical context should be
precisely defined and validated.

In conclusion, we have demonstrated that disorders of
platelet count are common in liver disease caused by HBV
infection. Thrombocytopenia tends to predominate in pa-
tients with cirrhosis whereas higher counts, including throm-
bocytosis are more common in patients with HCC. Apart
from the potential utility of these findings in follow up and
prognostication, there are prospects of exploiting them for
therapeutic gain.

References

1. Karasu Z, Tekin F, Ersoz G, Gunsar F, Batur Y, Ilter T,
Akarca US. Liver fibrosis is associated with decreased
peripheral platelet count in patients with chronic hepati-
tis B and C. Dig Dis Sci 2007;52(6):1535-1539.

2. Gutkowski K, Hartleb M. Usefulness of non-invasive
tools in liver fibrosis assessment. Hepatitis monthly
2008;8:45-50.

3. Bashour FN, Teran JC, Mullen KD. Prevalence of pe-
ripheral blood cytopenias (hypersplenism) in patients
with nonalcoholic chronic liver disease. Am J Gastroen-
terol 2000;95(10):2936-2939.

4. Pedersen LM, Milman N. Prognostic significance of
thrombocytosis in patients with primary lung cancer.
Eur Respir J 1996;9(9):1826-1830.

5. Ikeda M, Furukawa H, Imamura H, Shimizu J, Ishida H,
Masutani S, Tatsuta M, et al. Poor prognosis associated
with thrombocytosis in patients with gastric cancer. Ann
Surg Oncol 2002;9(3):287-291.

6. Hernandez E, Lavine M, Dunton CJ, Gracely E, Parker
J. Poor prognosis associated with thrombocytosis in pa-
tients with cervical cancer. Cancer 1992;69(12):2975-
2977.

7. Kerpsack JT, Finan MA. Thrombocytosis as a predictor
of malignancy in women with a pelvic mass. J Reprod
Med 2000;45(11):929-932.

8. Monreal M, Fernandez-Llamazares J, Pinol M, Julian
JF, Broggi M, Escola D, Abad A. Platelet count and sur-
vival in patients with colorectal cancer--a preliminary
study. Thromb Haemost 1998;79(5):916-918.

9. Shimada H, Oohira G, Okazumi S, Matsubara H, Na-
beya Y, Hayashi H, Takeda A, et al. Thrombocytosis as-
sociated with poor prognosis in patients with esophageal
carcinoma. J Am Coll Surg 2004;198(5):737-741.

10. Brown KM, Domin C, Aranha GV, Yong S, Shoup M.
Increased preoperative platelet count is associated with
decreased survival after resection for adenocarcinoma of
the pancreas. Am J Surg 2005;189(3):278-282.

Articles © The authors, Journal compilation © Gastroenterol Res and Elmer Press™, www.gastrores.org 347



Platelet Count in Liver Disease

Gastroenterology Research « 2009;2(6):344-349

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

348

Smith RA, Bosonnet L, Raraty M, Sutton R, Neoptol-
emos JP, Campbell F, Ghaneh P. Preoperative platelet-
lymphocyte ratio is an independent significant prognos-
tic marker in resected pancreatic ductal adenocarcinoma.
Am J Surg 2009;197(4):466-472.

de Franchis R, Hadengue A, Lau G, Lavanchy D, Lok A,
Mclntyre N, Mele A, et al. EASL International Consen-
sus Conference on Hepatitis B. 13-14 September, 2002
Geneva, Switzerland. Consensus statement (long ver-
sion). J Hepatol 2003;39 Suppl 1(S3-25.

Fattovich G. Natural history and prognosis of hepatitis
B. Semin Liver Dis 2003;23(1):47-58.

Ganem D, Prince AM. Hepatitis B virus infection--nat-
ural history and clinical consequences. N Engl J] Med
2004;350(11):1118-1129.

Hoofnagle JH, Doo E, Liang TJ, Fleischer R, Lok AS.
Management of hepatitis B: summary of a clinical re-
search workshop. Hepatology 2007;45(4):1056-1075.
Lok AS, McMahon BJ. Chronic hepatitis B. Hepatology
2007;45(2):507-539.

Martinot-Peignoux M, Boyer N, Colombat M, Akremi
R, Pham BN, Ollivier S, Castelnau C, et al. Serum hepa-
titis B virus DNA levels and liver histology in inactive
HBsAg carriers. J Hepatol 2002;36(4):543-546.

Ferenci P, Lockwood A, Mullen K, Tarter R, Weissen-
born K, Blei AT. Hepatic encephalopathy--definition,
nomenclature, diagnosis, and quantification: final re-
port of the working party at the 11th World Congress-
es of Gastroenterology, Vienna, 1998. Hepatology
2002;35(3):716-721.

Ford AC, Moayyedi P. Current guidelines for dyspepsia
management. Dig Dis 2008;26(3):225-230.

Child C, Turcotte J. The liver and portal hypertension.
In: Child Cl, ED. Surgery and portal hypertension. Phil-
adelphia, USA; WB Saunders, 1964;50-8.

Pugh R, Murray-Iyon I, Dawson J. Transection of the
esophagus for bleeding oesophageal varices. Br J Surg
1973,60:646-9.

Nwokediuko SC, I[joma U. Seroprevalence of antibody
to HDV in Nigerians with Hepatitis B virus-related liv-
er diseases. Niger J Clin Pract ( Accepted 7th Octeber
2008, In Press)

Aster RH. Pooling of platelets in the spleen: role in the
pathogenesis of “hypersplenic” thrombocytopenia. J
Clin Invest 1966;45(5):645-657.

Toghil P. The syndromes of splenic dysfunction: a clinical
overview. In: Bowdler AJ, editor. The spleen:structure,
function and clinical significance. New York, NY: Chap-
man & Hall; 1990. p 209-32.

Wang CS, Yao WJ, Wang ST, Chang TT, Chou P. Strong
association of hepatitis C virus (HCV) infection and
thrombocytopenia: implications from a survey of a com-
munity with hyperendemic HCV infection. Clin Infect
Dis 2004;39(6):790-796.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Ballard HS. Hematological complications of alcohol-
ism. Alcohol Clin Exp Res 1989;13(5):706-720.

Rios R, Sangro B, Herrero I, Quiroga J, Prieto J.
The role of thrombopoietin in the thrombocytopenia
of patients with liver cirrhosis. Am J Gastroenterol
2005;100(6):1311-1316.

Sanjo A, Satoi J, Ohnishi A, Maruno J, Fukata M, Suzu-
ki N. Role of elevated platelet-associated immunoglobu-
lin G and hypersplenism in thrombocytopenia of chronic
liver diseases. J Gastroenterol Hepatol 2003;18(6):638-
644,

Pereira J, Accatino L, Alfaro J, Brahm J, Hidalgo P, Mez-
zano D. Platelet autoantibodies in patients with chronic
liver disease. Am J Hematol 1995;50(3):173-178.

Oh S, Afdhal NH. Antiviral therapy for treatment naive
patients with hepatitis C virus. Infect Dis Clin North Am
2006;20(1):99-113, vi-vii.

Behnava B, Alavian SM, Ahmadzad Asl M. The preva-
lence of thrombocytopaenia in patients with chronic
hepatitis B and C. Hepatitis Monthly 2006;6:67-9.
Llovet JM, Burroughs A, Bruix J. Hepatocellular carci-
noma. Lancet 2003;362(9399):1907-1917.

Calvet X, Bruix J, Bru C, Gines P, Vilana R, Sole M,
Ayuso MC, et al. Natural history of hepatocellular car-
cinoma in Spain. Five year’s experience in 249 cases. J
Hepatol 1990;10(3):311-317.

Calvet X, Bruix J, Gines P, Bru C, Sole M, Vilana R,
Rodes J. Prognostic factors of hepatocellular carcinoma
in the west: a multivariate analysis in 206 patients. Hep-
atology 1990;12(4 Pt 1):753-760.

Trevisani F, D’Intino PE, Caraceni P, Pizzo M, Stefanini
GF, Mazziotti A, Grazi GL, et al. Etiologic factors and
clinical presentation of hepatocellular carcinoma. Dif-
ferences between cirrhotic and noncirrhotic Italian pa-
tients. Cancer 1995;75(9):2220-2232.

Pedersen LM, Milman N. Diagnostic significance of
platelet count and other blood analyses in patients with
lung cancer. Oncol Rep 2003;10(1):213-216.

Nickerson HJ, Silberman TL, McDonald TP. Hepato-
blastoma, thrombocytosis, and increased thrombopoi-
etin. Cancer 1980;45(2):315-317.

Shafford EA, Pritchard J. Extreme thrombocytosis as
a diagnostic clue to hepatoblastoma. Arch Dis Child
1993;69(1):171.

Komura E, Matsumura T, Kato T, Tahara T, Tsunoda Y,
Sawada T. Thrombopoietin in patients with hepatoblas-
toma. Stem Cells 1998;16(5):329-333.

Banks RE, Forbes MA, Kinsey SE, Stanley A, Ingham
E, Walters C, Selby PJ. Release of the angiogenic cy-
tokine vascular endothelial growth factor (VEGF) from
platelets: significance for VEGF measurements and can-
cer biology. Br J Cancer 1998;77(6):956-964.

Olas B, Mielicki WP, Wachowicz B, Krajewski T. Can-
cer procoagulant stimulates platelet adhesion. Thromb

Articles © The authors, Journal compilation © Gastroenterol Res and Elmer Press™, www.gastrores.org



Nwokediuko et al

Gastroenterology Research « 2009;2(6):344-349

42.

43.

44.

45.

Res 1999;94(3):199-203.

Pinedo HM, Verheul HM, D’Amato RJ, Folkman J. In-
volvement of platelets in tumour angiogenesis? Lancet
1998;352(9142):1775-1777.

Verheul HM, Jorna AS, Hoekman K, Broxterman HJ,
Gebbink MF, Pinedo HM. Vascular endothelial growth
factor-stimulated endothelial cells promote adhesion
and activation of platelets. Blood 2000;96(13):4216-
4221.

Ukropec JA, Hollinger MK, Salva SM, Woolkalis MJ.
SHP2 association with VE-cadherin complexes in hu-
man endothelial cells is regulated by thrombin. J Biol
Chem 2000;275(8):5983-5986.

Wartiovaara U, Salven P, Mikkola H, Lassila R,
Kaukonen J, Joukov V, Orpana A, et al. Peripheral
blood platelets express VEGF-C and VEGF which are
released during platelet activation. Thromb Haemost

Articles © The authors, Journal compilation © Gastroenterol Res and Elmer Press™, www.gastrores.org

46.

47.

48.

49.

1998;80(1):171-175.

Griffiths L, Stratford 1J. Platelet-derived endothelial cell
growth factor thymidine phosphorylase in tumour growth
and response to therapy. Br J Cancer 1997;76(6):689-
693.

Browder T, Folkman J, Pirie-Shepherd S. The hemostat-
ic system as a regulator of angiogenesis. J Biol Chem
2000;275(3):1521-1524.

Dawson DW, Bouck NP. Thrombospondin as an inhibi-
tor of angiogenesis. In Antiangiogenic Agents in Cancer
Therapy. BA Telcher (Ed) Humana Press, Totowa, NJ
1999 pp 185-203.

Tsoupras AB, latrou C, Frangia C, Demopoulos CA.
The implication of platelet activating factor in cancer
growth and metastasis: potent beneficial role of PAF-
inhibitors and antioxidants. Infect Disord Drug Targets
2009;9(4):390-399.

349



