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Abstract

Hepatocellular carcinoma (HCC) is the commonest type of liver cancer and has a high mortality rate. Currently
treatment options are limited and new therapies are urgently needed. Platelets are enucleated small cells, derived
from mature megakaryocytes and besides their role in thrombosis; they actively take part in carcinogenesis and
metastasis. Platelet number in the blood is associated with disease progression, overall survival and HCC
subgrouping. Both thrombocytosis and thrombocytopenia are associated with HCC phenotype and size, related with
other factors like cirrhosis background. Platelet counts and also platelet-to-lymphocyte ratio (PLR) and neutrophil-to-
lymphocyte ratio (NLR) are considered in decision making in management. Since platelets also take up nucleotides
and cytokines from tumor cells, isolating and studying platelets might provide valuable information for understanding
tumor cells and may help to develop personalized treatment. Anticoagulants and antiplatelet agents are commonly
used potential cancer therapeutics, which are also being studied for HCC treatment. Thus, platelets are one aspect
of a complex microenvironmental milieu, the affects the biology of HCC and other tumors.

Keywords: Platelets; Hepatocellular carcinoma; Thrombocytosis;
Thrombocytopenia; Microenvironment

Abbreviations

ADP: Adenosine Diphosphate; ALKP: Alkaline Phosphatase;
AspECT: Aspirin and Esomeprazole Chemoprevention in Barrett’s
Metaplasia; ASPREE: Aspirin in Reducing Events in the Elderly;
CAPP3: Cancer Prevention Project; CAFs: Cancer-Associated
Fibroblastic cells; CTLs: Cytotoxic T lymphocytes; DCP: Des-y-
Carboxyprothrombin; EGF: Epidermal Growth Factor; EMT:
Epithelial-to-Mesenchymal Transition; ECM: Extracellular Matrix;
FGF: Fibroblast Growth Factor; HBV: Hepatitis B Virus; HCV:
Hepatitis C Virus; HCC: Hepatocellular Carcinoma; HGF: Hepatocyte
Growth Factor; IGF-1: Insulin-like Growth Factor-1; IFN-y:
Interferon- y; MHC-1: Major-Histocompability Complex-1; MMPs:
Matrix Metalloproteinases; NK: Natural Killer; NLR: Neutrophil-to-
Lymphocyte Ratio; NPCs: Non-hepatocyte Cells; PI3K: Phosphatidyl-
Inositol-3 Kinase; PDGEF: Platelet-Derived Growth Factor; PLR:
Platelet-to-Lymphocyte Ratio; PVT: Portal Vein Thrombosis; PARs:
Protease-Activated Receptors; EPIC: The Evaluation of 7E3 for the
Prevention of Ischaemic Complications; TXA2: Thromboxane A2;
JNK: c-Jun NH2-terminal Kinase; TF: Tissue Factor; TGF-f:
Transforming Growth Factor-f; TCIPA: Tumor Cell Induced Platelet
Aggregation; ukCAP: United Kingdom Colorectal Adenoma
Prevention; VEGF: Vascular Endothelial Growth Factor; AFP: a-
Fetoprotein; GGTP: y-Glutamyl Transpeptidase

Introduction

Liver cancer is the fifth most frequent cancer globally, ranks second
among the causes of death from all cancer and hepatocellular
carcinoma (HCC) is the most common type of cancer of the liver [1,2].
The increasing risk of HCC is attributed to chronic hepatitis C

infection and subsequent cirrhosis, fatty liver disease and alcohol-
related cirrhosis [3]. A vast majority of HCC develops with fibrosis and
in the background of cirrhosis [4]. Surveillance of cirrhotic patients is
a critical approach to detect early-stage HCC which is generally
asymptomatic, and so many patients tend to be diagnosed at
intermediate or late-stage of tumor [5]. There are no treatment options
to reverse the development of advanced HCC, and patients with
untreated advanced tumors have an overall survival rate of 7 months,
whereas with the use of the only FDA approved systemic therapy,
multikinase inhibitor Sorafenib, overall survival rate increased up to 10
months [6]. The need to find new markers in early-stage diagnosis of
HCC and generate new approaches for therapies underlies the
importance of better understanding tumor formation. In this review
we focus on the importance of tumor microenvironment and stress the
microenvironmental role of platelets in HCC.

HCC microenvironment

Tumor microenvironment, which has well appreciated importance
for the development of tumor cells, is a complex system, that includes
stromal, endothelial and immune cells, cytokines and growth factors,
proteolytic enzymes like matrix metalloproteinases (MMPs),
extracellular matrix (ECM) proteins and microvesicles and platelets
[7,8]. As an important provider of the other microenvironment
elements, stromal cells have had great attention, since new approaches
and knowledge are available to enrich our insights into their role in
tumor formation and metastasis.

Stromal cells play pivotal roles during liver fibrosis, tumorigenesis
and metastasis. Hepatocytes are the main parenchymal liver cells and
are responsible for the vital metabolic activities of the liver. Although
molecular changes in hepatocytes are considered to be the main driver
in liver tumorigenesis, the role of changes in non-hepatocellular cells
has also been appreciated recently. Non-hepatocyte cells (NPCs)
consist of hepatic stellate cells and fibroblasts taking part in keeping
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the structural liver integrity and ECM production; epithelial and
endothelial cells lining the bile ducts and the blood vessels,
respectively; progenitor cells giving rise to both hepatic and non-
hepatic cells; blood cells, that include platelets responsible for
coagulation; immune cells, mainly Kupffer cells-the resident
macrophages- in normal physiology and other immune cells whose
presence varies in HCC, such as lymphocytes-mainly effector T-cells,
tumor-associated macrophages, myeloid-derived suppressor cells,
neutrophils and finally cancer-associated fibroblasts [6,7,9]. Many
studies reveal genetic alterations in stromal cells providing a suitable
niche for both tumor initiation and homing of metastatic cells [10].

Stromal tumor cells have been reviewed in three classes by Hanahan
and Coussens based on their contribution to the hallmarks of cancer
[11]. They grouped stromal cells as Angiogenic Vascular Cells,
endothelial cells and pericytes; Cancer-Associated Fibroblastic Cells
(CAFs), a-SMA+ myofibroblasts, mesenchymal stem cells, activated
local fibroblasts and activated adipocytes; and as the third group
Infiltrating Immune Cells, T and B cells, macrophages, monocytes,
neutrophils, mast cells and platelets. Expression and secretion of
mitogenic signals by stromal cells such as epidermal growth factor
(EGF), fibroblast growth factor (FGF), hepatocyte growth factor
(HGF) and insulin-like growth factor-1 (IGF-1) have been highlighted
under many hallmark capabilities along with ECM modifying
proteolytic enzymes. In the context of this review, platelets among the
HCC stromal cells will further be considered regarding their
implication in HCC.

Roles of platelets in HCC microenvironment: Platelets (also known
as thrombocytes) are enucleated small cells, separated from mature
megakaryocytes by cytoplasmic fragmentation and join the blood
circulation, with concentrations ranging from 150-350 x 109/1 [12].
The first and most well-known role of platelets is in thrombosis
(coagulation) and their microscopic recognition dates back to 1882
[13].

In case of injury and vascular damage, the process of thrombosis is
initiated. It involves platelet activation, adhesion to the injured blood
vessel wall, aggregation and secretion of platelet granules which may
contain many secretory factors such as IGF-1, EGE, HGE FGF, vascular
endothelial growth factor (VEGF), platelet-derived growth factor
(PDGEF) etc. [14,15]. Since these secretory molecules are elevated also
in tumor microenvironment, the contributing role of platelets to tumor
formation and metastasis is not surprising. Platelets have been

associated with tumor growth and metastasis for decades [16-20]. The
effect of platelets and platelet secreted molecules has been investigated
in multiple studies of many types of cancer since [21].

Thrombocytosis refers to elevated platelet number in blood, which
is typically found in case of an infection. However, there is also a strong
correlation between thrombocytosis and clinical tumor biology, found
in various types of cancers including gastric cancer, lung cancer,
ovarian cancer and HCC [22-25]. The correlation exists strongly in
solid tumors, and a poor prognosis has been found when associated
with thrombocytosis, and frequency of thrombocytosis also increased
with advanced tumor stages [26-28]. It was shown by Cravioto-
Villanueva et al. that patients with rectal cancer who had preoperative
low platelet counts (<350000/mm?) have a 5-year survival rate with a
ratio of 81% comparing to patients with high preoperative platelet
counts (>350000 mm?), who had a survival rate of only 25 months
[28].

In HCC, a restrospective study with 1154 HCC patients has found a
significant association with thrombocytosis (platelet count >400000
mm?) and larger tumor volume, high a-fetoprotein (AFP) levels, as
well as poor survival and lower incidence of receiving therapy [29].
They recorded a drop in platelet count after tumor resection among
patients with thrombocytosis and an elevation in platelet count after
recurrence. Initial studies have also reported thrombocytosis with
hepatoblastoma observed in children and suggested platelet count as a
strong diagnostic marker [30,31]. A more recent cohort study in
Taiwan considered platelet count as a more reliable marker as an
extrahepatic metastasis predictor in early stage HCC [32].

In contrast to thrombocytosis, thrombocytopenia refers to low
platelet count and is associated with HCC developing on a cirrhotic
background liver. It is mostly associated with liver fibrosis, a decrease
in platelet counts were observed with increased pathological fibrosis
scores with HCC patients in hepatitis C virus (HCV) background [33].
Thrombocytopenia is considered as a predictive and prognostic factor
in HCC (Figure 1) along with AFP, and has therefore been suggested
for risk evaluation in screening [34]. In a recent systematic review, low
level preoperative platelet count (<100000/mm?) was found to be
significantly related to worse overall survival and recurrence-free
survival [35], likely as a reflection of liver fibrosis. Overall, platelet
counts have been, suggested to be considered for decision making in
treatment regimen [36,37].

Hepatitis EPIatelets
Clinical
Monitorin
g Hepatitis or Normal
other damage Platelets

Figure 1: Two pathways to HCC: A: inflammation-based and B: endogenously (oncogene)-driven.

Cirrhosis EPlatelets Smaller HCCs A
No cirrhosis Hennal LargerHCCs B
Platelets 8

Considering HCC as a heterogeneous group of diseases, it has been
suggested that patients with different clinical profiles might have
different disease patterns and should be considered differently for
treatment and prognosis [38,39]. Studies involving clinical parameters

of patients with small or large HCCs have shown that along with other
factors such as AFP, tumor size is correlated with platelet counts [40].

HCCs associated with thrombocytosis are often in non-cirrhotic
liver and diagnosed in association with larger tumors; whereas HCCs
associated with thrombocytopenia are associated with small tumor size
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(<3 cm), lower blood albumin and worse liver function and a fibrotic
background [38,41-43]. Thus, biological features such as AFP levels
and portal vein thrombosis (PVT) are important categorizing factors
along with platelet number. High platelet number associates with
higher AFP levels, increased y-glutamyl transpeptidase (GGTP),
higher alkaline phosphatase (ALKP), low billirubin levels and with low
prothrombin time [44]. Prospective study data analysis evaluated
clinical parameters and patient survival, and showed that although
blood platelet number, AFP and GGTP levels correlate with increasing
tumor size, platelet number and AFP were not found to correlate with
higher risk of death. Whereas GGTP, billirubin levels, PVT, tumor size
and number were found to be associated with poor survival [40].
Another study subgrouping HCC according to tumor size has
identified that large tumor size correlated with PVT positivity, high
platelet/AFP ratio, chronic alcohol consumption and poor survival,
whereas small tumor size was correlated with PVT negativity and low
platelet/AFP ratio, therefore suggest that the relationship of micro-
environmental factors and macro-environmental factors affecting HCC
should be evaluated for HCC subgrouping [45].

A relationship between platelet counts and HCC metastasis was also
established; Morimoto and colleagues demonstrated a significant
correlation between extrahepatic metastasis of HCC and high platelet
counts, large number of tumors, high serum des-y-
carboxyprothrombin (DCP) and Child-Pugh Class A [46].
Interestingly, studies involving HCC patients with extrahepatic
metastasis compared to non-metastasis, have revealed a correlation
between metastasis and increasing tumor size, more tumor
multifocality, higher PVT, higher blood AFP, higher DCP, elevated
ALKP and lower cirrhosis [47]. Metastasis correlated with lower
survival was only observed in patients with small tumors because
patients with larger tumors had poor survival regardless of presence or
absence of metastasis [47]. Metastases are much commoner in HCC
without cirrhosis and thus with normal platelet levels, rather than in
cirrhotic, thrombocytopenic HCC [39,45,46].

Besides the platelet number, the ratios with other stromal immune
cells like neutrophils and lymphocytes also have prognostic value. Li et
al. have suggested that platelet-to-lymphocyte ratio (PLR) but not the
platelet count itself is an important prognosis factor for the overall
survival of patients with advanced stage HCC [48], patients with lower
PLR had better 3-month survival rates and suggested to be better
candidates in consideration of targeted drug therapies. Another study
associated PLR and neutrophil-to-lymphocyte ratio (NLR) with
recurrence rates after liver transplantation [49] and suggested PLR as a
good predictor for tumor recurrence after liver transplantation and
NLR as a good indicator of 5-year patient survival. Moreover, Xue et al.
have related platelet count, pretreatment PLR and post-treatment PLR
with metastatic potential of HCC cells and regarded these ratios as
independent risk factors for HCC metastasis [50]. They also confirmed
the link between increased platelet counts with poor survival and
worse progression.

The prognostic values of NLR and PLR were also evaluated; higher
NLR and PLR were found to associate with tumor size greater than 3
cm [51]. Yet another follow-up study suggest that the combination of
post-operative NLR-PLR is a better tool than considering NLR or PLR
alone as a predictive factor, in regard to recurrence and overall survival
in patients with hepatitis B virus (HBV)-related HCC after liver
resection [52]. It was suggested that for overcoming recurrence, post-
operative systemic inflammatory state should take the main focus
instead of pre-operative systemic inflammatory state in HCC patients

who received liver resection (51). Thus, platelet count, NLR and PLR
may be taken into consideration in managing patients with HCC.

Mechanisms for tumor cell effects on platelets: The relationship
between platelets and cancer cells is bidirectional (Figure 2), since
tumor cells stimulate platelet formation and aggregation, whereas
platelets stimulate the growth of tumor cells and promote their
metastasis through activation and secretion of several molecules.
Platelet activation by tumor cells involves molecules including Tissue
Factor  (TF), adenosine diphosphate = (ADP), Thrombin,
Thromgouboxane A2 (TXA2) and MMPs (mainly MMP-2 and
MMP-14) are directly secreted or indirectly stimulated by tumor cells
and this mechanism is referred to tumor cell induced platelet
aggregation (TCIPA) [53]. TF is the main activator of coagulation and
microparticles carrying active TF were found to be secreted from
tumor cells [54]. TF binding to FVIIa creates a cascade of events
resulting in conversion of prothrombin to thrombin, fibrin formation
and finally platelet activation [55]. ADP is normally stored in dense-
granules of platelets, released upon activation and binds to the G-
protein coupled receptors P2Y1 and P2Y21 which are located on the
platelets themselves [12]. ADP is found to be expressed and secreted by
tumor cells and responsible for platelet aggregation in cancer [12,56].

Thrombin serine protease has an important modifying role in
several steps of coagulation and is known to activate G-protein
coupled protease-activated receptors (PARs) [57]. PARs are also
expressed in cancer cells including HCC cells, thrombin activated
PARs (PAR-1 and PAR-4) cause invasion and migration [58-60]. Xue et
al. suggested thrombin as an independent prognostic factor for HCC
and have shown correlations between thrombin level and metastatic
potential, tumor relapse and poor prognosis [61]. Secreted TXA2 is a
soluble agonist of platelets and was found to be secreted by tumor cells
which in turn bind to its receptor and initiate a downstream signaling
that results in platelet activation and recruitment of additional platelets
[62]. MMP-1, MMP-2 and MMP-9 were shown to be secreted by
tumor cells and activate TCIPA [12]. Also Stone et al. have shown that
interleukin-6 secreted from the tumor cells and thrombopoietin
produced in the liver are linked to thrombocytosis and silencing of
these molecules reverses elevation in platelet number in mice.

Besides these well-known mechanisms, an emerging topic concerns
the “education of platelets by tumor cells” Recent studies show that
platelets take up pro-angiogenic cytokines, proteins and RNA which
are secreted by tumor cells. Klement et al. have shown that platelets
selectively take up angiogenic regulators like VEGE, PDGF and FGF2,
in contrast to other plasma proteins like albumin [63]. Similarly
Battinelli et al. have observed a differential release of VEGF when
platelets are exposed to breast cancer cell line MCF-7 [64]. In luminar
breast cancer cells, Kuznetsov et al. have shown that platelets absorb
breast tumor derived cytokines and travel to other tissues to deliver
these factors, hence enable distant metastasis and recurrence [65].
More recently, tumor-derived RNA was found to be taken up by the
platelets. In an initial study, differential expression of 200 platelet genes
of metastatic lung cancer patients and controls demonstrated a
mechanism of altered platelet function in the presence of metastasis
[66]. Nilsson et al. have shown that tumor cells secrete membrane
vesicles which transfer tumor-derived RNA into the platelets and also
by studying platelets isolated from glioma and prostate cancer patients;
they have shown that platelets carry a specific RNA signature of the
tumor [67]. Best et al. have used similar approach to identify the
different molecular tumor subtypes and locations of primary tumor
types, including hepatobilary tumors, with high accuracy using RNA-
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Seq data of 228 patients [68]. These findings strongly suggest platelets
as a valuable tool for cancer diagnostics.

Pl

Platelets shield tumor cells
from NKs {

‘ Platelets expressing

| P-selectin and allbp3

. Pl
enhance

Pl Pl 5
‘. . tumor extravasation
\ and intravasation
= @ Ll > @ =

Platelet Derived

Tumor Growth Factors
IGF-1

EGF

VEGF

HGF

TGF-B

FGF

PDGF

Receptors on Tumor Cells
Receiving Platelets Signals
IGFR, EGFR, PDGFR, VEGFR,
c-Met, TGFBR, FGFR

Pl

Tumor Cell Proliferation & Invasion
uonedaif8y g uoneandy 19|91e|d

N

Figure 2: Relationships between platelets and tumor growth and metastasis. Platelet cells secrete many growth factors which promote tumor
cell proliferation and invasion. They also promote tumor cell intravasation and extravasation. In addition they shield tumor cells in blood from
natural killer cells. Tumor cells, in turn, secrete factors that promote platelet activation and aggregation.
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Mechanisms for platelet effects on tumor growth and metastasis: As
tumor cells activate platelets, so activated platelets in turn contribute to
several steps of carcinogenesis. The most well appreciated contribution
of platelets is the secretion of granules containing (1) growth factors
(IGF-1, EGE, VEGE HGE, transforming growth factor-f (TGF-p), FGF,
PDGEF etc.) (2) coagulation factor (prothrombin, fibrinogen, factor V,
and factor VIII) (3) pro-angiogenic and anti-angiogenic factors
(angiopoietin-1, angiostatin etc.) (4) MMPs and Tissue inhibitor of
Metalloproteinases (TIMPs) (MMP-1, MMP-2, MMP-3, MMP-9,
MT1-MMP, MMP-14, TIMP-1 and TIMP-2), (5) proinflammatory
mediators (C-X-C motif chemokines, such as CXCL4, CXCL7 and
CXCL12) and (6) immunologic molecules (Cl inhibitor and IgG)
[12,21,69,70]. By releasing these factors, platelets initiate various
signaling cascades that result in proliferation and survival of tumor
cells (Figure 2). Recent data identifying the effects of platelet extracts
on HCC cell lines have shown that platelets and platelet derived factors
increase cell proliferation, invasion and migration whereas decrease
apoptosis and medium AFP levels, through JNK signaling [69]. In
colon and breast cancer cells, epithelial-to-mesenchymal transition
(EMT) was demonstrated to be activated by platelet-derived TGF-p,
also a direct contact between platelets and tumor cells were shown to
activate NF-kB and TGF-B/Smad pathways, promoting more invasive
and metastatic cells [71]. Another study with ovarian cancer cells also
pointed out the importance of platelet-derived TGF-p in proliferative
capacity of tumor cells [72]. Secretory platelet granules with cytokines
also trigger angiogenesis, these pro-angiogenic effects are generally
attributed to VEGE, PDGE, TGF-B, IGF-1 and endostatin [73]. These
cytokines might be produced directly in the platelets or taken up from
the tumor cells. Nevertheless, since tumor cells grow without blood

circulation up to 1-2 mm3, pro-angiogenic factor stimulation is
necessary for tumor cells to grow further which is also provided by the
platelets [74]. Platelets help the tumor cells to adhere to the blood
vessel wall through expressions of P-selectin (CD62P) and alIbp3 and
enhance both intravasation and extravasation, also in lung and liver
cancers endothelial-derived P-selectin was found to be just as
important as platelet-derived P-selectin [75]. Metastasis capacity was
shown to diminish drastically when P-selectin is inhibited and P-
selectin-mediated melanoma cell rolling and metastasis formation was
found to be attenuated in vivo [76]. Once the tumor cells enter the
bloodstream, tumor cell-platelet aggregates form and this union gives
tumor cells a survival advantage in the circulation since there is a high
shear stress [77]. The tumor cell-platelet alliance in the blood also
helps the tumor cells to evade immune surveillance, mainly from
natural killer (NK) cells, was shown by Nieswandt and colleagues both
in vitro as well as in vivo [78]. Major-histocompability complex-1
(MHC-1) on platelets was shown to be transferred to tumor cells to
escape from NK cells and thereby impairing cytotoxicity and IFN-y
production by NK cells [79]. Another important step in metastasis, the
homing, is also encouraged by platelets. Platelets secrete the
chemokines CXCL5 and CXCL7 when they are in contact with tumors,
this result in granulocyte recruitment and formation of “early
metastatic niches” through CXCR2 receptor therefore increases
metastatic seeding and progression [80].

In the case of HCC, HBV induced HCC has been shown to associate
with CD8 T cell response to control acute HBV infection, but an
inadequate response might result in hepatocyte damage which might
eventually lead to cirrhosis [81]. Platelet reduction was found to be
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linked to reduced virus-specific cytotoxic T lymphocytes (CTLs) in the
liver of mice with acute viral hepatitis and concluded that platelet
activation contributes to HCC formation through CD8 T cell
accumulation [82].

The effects of platelets in tumor biology additionally relate to drug
resistance in HCC therapy. Doxorubicin and the multikinase inhibitors
Sorafenib (Nexavar) and Regorafenib (Stivarga) are HCC therapies.
Several in-vitro studies on platelets and the use of these drugs in HCC
cells have shown that platelets modulate cancer-suppressive actions of
the inhibitors mainly through antagonizing effects of growth factors
EGF and IGF-1 [83-86].

Role of platelet inhibitors in HCC prevention and therapy:
Anticoagulants and antiplatelet agents have been commonly used to
inhibit tumor growth and metastasis for many cancer types including
colon cancer, esophageal cancer, liver cancer etc. [87]. Aspirin is one of
the most studied to target the platelets and large clinical trials were
initiated to assess the use to reduce cancer risk, these trials include
aspirin and esomeprazole chemoprevention in Barretts metaplasia
(AspECT), united kingdom colorectal adenoma prevention (ukCAP),
Cancer Prevention Project (CAPP3) and aspirin in reducing events in
the elderly (ASPREE) [12,87]. Although there are also studies which
claim no preventive effect of aspirin on cancer [88,89], data analysis of
several trials demonstrated aspirin treatment lowers cancer incidence
and distant metastasis for several cancer types including HCC [90].
The important study of Sitia et al. on aspirin affecting HCC, examined
the long-term treatment of aspirin which blocks TXA2 production and
clopidogrel which blocks the P2Y12 ADP receptor to inhibit platelet
activation decreased intrahepatic accumulation of HBV triggered CD8
T cells and other inflammatory cells. These agents reduced HBV-based
hepatocellular injury and proliferation, prevented HCC development
and increased overall mouse survival [91,92]. Besides aspirin, other
drugs targeting platelet activation were studied; Prasugrel and
Ticagrelor, which inhibit P2Y12 ADP and thrombin receptor PAR-1
inhibitor Vorapaxar were studied in-vivo to detect their effect on
hepatocellular adenoma and carcinoma [88,93]. Abciximab is among
the most well-known antibodies targeting platelets, The Evaluation of
7E3 for the Prevention of Ischaemic Complications (EPIC) trial was
initiated to test its effects on patients at high risk undergoing
percutaneous revascularization procedures, later due to its role in
platelet aggretation, and it was used also for cancer epidemiology
studies [94]. It is the monoclonal antibody targeting allbp3-Integrin
(GP IIb/Illa) and was found to induce apoptosis of MCF-7 breast
cancer cells. Earlier studies have shown that it blocks the release of
VEGF from platelets and metastasis in vivo [95,96].

Heparin is an activator of platelets and can cause a slight decrease in
platelet count in the beginning of treatment which is then followed by
platelet activation [97]. Studies on mechanisms of heparin on platelet
activation have shown that heparin requires the binding to GPIIb-IIIa
(integrin oIIbB3) to trigger platelet aggregation [98]. Gao et al. have
also demonstrated the binding of heparin to GPIIb-IIla results in
activation of phosphatidyl-inositol-3 kinase (PI3K) [99]. There is
debate of using heparin for cancer patients to inhibit thromboembolic
events, since heparin activates platelets and also interacts with tumor
cell signaling. Studies show that heparin effects on HCC cells are
context dependent. Thus, Ozen et al. have found that in the presence of
HGE heparin represses HGF-induced c-Met signaling, whereas in our
recent unpublished data we have observed that in the absence of HGF,
heparin activates c-Met signaling in an HGF-independent manner
[100]. The role of heparin on platelet interaction with tumor cells and

its modulating role in their signaling is being further investigated. Our
microarray data of heparin induced HCC cell line SK-HEP-1 has
revealed upregulation of molecules which might be responsible from
platelet functions including: Collagen Type VI, EGR-1, Interleukin 8,
CXCL-2. Collagen Type VI is known to be responsible for platelet
adhesion and aggregation through its collagenous domain in vascular
regions with low shear stress [101]. Collagen type VI was found to
induce alpha-granule secretion and up-regulation of cell surface
glycoprotein IIb/IIla along with Collagen Types I, III, V and also
Collagen Type VI was shown to be more effective in alpha-granule
secretion from platelets than Types I and IIT [102]. EGR-1 is another
upregulated gene whose decreased activity in the presence of heparin
and HGE, resulted in supressions of MMP-2, MMP-2 and MT1-MP
[100]. Whereas in our recent unpublished studies we have seen that in
the absence of HGE, heparin increases EGR-1 mediated MMP-2 and
MMP-9 activities. Since it is known that MMP-2 has an important role
in platelet activation and aggregation, heparin induced EGR-1 might
target platelet activation through MMP-2 [103-105]. IL-8 (also known
as CXCL8) is well known for its iflammatory role, presence in tumor
microenvironment, secretion by activated platelets and as a ligand for
CXCR2 [106]. CXCL2 belongs to the CXC chemokines and is
produced by many cells including tumor cells, CXCL-2 can also bind
to the receptor CXCR2 [107]. CXCR2 has a role in platelet-granulocyte
signaling that promotes early metastatic niches and metastasis [81].
Therefore heparin induced secretion of CXCL8 and CXCL2 from HCC
tumor cells might be activating CXCR2 and promote platelet regulated
metastasis.

As proteomics tools are more readily available to enrich our
understanding of platelets, studies on platelet proteome,
phosphoproteome, kinome and interactome would provide an insight
into defining new drug targets in HCC. Such effort is already being
made for other diseases [108]. PlateletWeb is a great tool to study
systems biological analysis and integrated networks of platelets and
might provide great contribution for platelet mediated cancer studies
[109].

Conclusion

Along with tumor internal factors, microenvironment has
important roles in tumor formation, extravasation, intravasation,
homing (metastasis formation) and drug resistance. Platelets and
platelet-derived factors are among the targets in cancer therapy owing
to their significant roles.

Low platelets (thrombocytosis) are closely correlated with
increasing degree of cirrhosis, and have thus been suggested to be a
cirrhosis-surrogate (33). Thus, monitoring of platelet counts in patients
with hepatitis (a cirrhosis precursor) is used to monitor for the
development of increasing liver fibrosis and thus of cirrhosis. Platelet
levels are also a well-described risk factor for developing HCC in
patients with cirrhosis. Thus, monitoring of platelet counts in patients
with known cirrhosis is used to assess for any suspicion of HCC
development.

Platelet count changes are not themselves an HCC tumor marker,
but merely an indicator of risk for HCC development in patients with
cirrhosis. However, it is becoming increasingly clear that in patients
who have an HCC diagnosis, the level of platelets-normal or low- is
likely a reflection of 2 HCC phenotypes (25,38,40,41) with different
natural history. Thus:
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o Hepatitis > decreasing platelets > cirrhosis > decreasing platelets >
smaller HCCs

o Hepatitis or other damage > normal platelets > Low or no cirrhosis
> larger HCCs

In pathway B, platelet factors appear to contribute to increasing
HCC size

Platelet counts, NLR and PLR have useful prognostic value in HCC
and can be considered in treatment planning. In addition, they can be
included in screening programs, can also be used in the identification
of tumor subtyping to predict disease prognosis. Actions modulating
platelet activity and number can increase the effects of medical
therapies. Potential clinical agents for doing this include aspirin and
the newer non aspirin drugs such as clopidogrel, prasugrel and
ticagrelor, as well as platelet antibodies.
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