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Summary

Purpose: Erythropoiesis-stimulating agents (ESAs) are
recommended for treating chemotherapy-induced ane-
mia in breast cancer patients. Reduced survival rates in
ESAs-treated patients have been reported, possibly due to
thromboembolic complications, however the exact mech-
anism remains obscure. The principal activator of blood
coagulation in cancer is tissue factor (TF). There are data
that erythropoietin receptor (EPO-R) is expressed in tumor
cells. The purpose of this study was to evaluate the expres-
sion of EPO-R and TF in loco in breast cancer.

Methods: The expression of EPO-R and TF was investi-
gated in 24 invasive breast carcinoma specimens. Immuno-
histochemical (IHC) methodologies according to ABC tech-
nique and double-staining IHC procedure were employed
utilizing antibodies against EPO-R and TF.

Results: Expression of EPO-R and TF was demonstrated

Introduction

Breast cancer is the most frequent malig-
nancy in women worldwide [1]. Anemia is one of
the most common complications observed dur-
ing disease progression which is also caused by
chemotherapy administration, and affects both
the patients’ quality of life and compliance with
the antineoplastic treatment [2]. Transfusion of
packed red blood cells (RBCs) improves the im-
mediately hematological parameters and allows

in the tumor cells in all breast cancer specimens. No stain-
ing for EPO-R and TF was visualized in normal breast tis-
sue. Double staining studies revealed co-expression of both
EPO-R and TF in breast cancer cells and endothelial cells.
Conclusions: EPO-R and TF expression and their coex-
pression in breast cancer cells suggest a possibility that
EPO-R might be responsible for some adverse effects and
reduced survival observed in ESAs-treated breast cancer
patients with anemia, possibly due to the interaction with
TF. Further experimental studies are warranted to deter-
mine the role of both EPO-R and TF in the treatment with
ESAs of breast cancer patients with chemotherapy-induced
anemia.

Key words: anemia, breast cancer, erythropoietin, erythro-
poietin receptor, tissue factor, thromboembolic complications

chemotherapy continuation. Administration of
ESAs is another method of increasing hemoglobin
level in anemic patients with cancer. ESAs encom-
pass recombinant erythropoietins and their ana-
logs introduced in the treatment following eryth-
ropoietin (EPO) gene cloning in the early 1980s
[3]. EPO is a glycoprotein hormone synthesized in
the kidneys (70-80%). It stimulates proliferation
and differentiation of erythroid progenitor cells as
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well as inhibition of their apoptosis. EPO binds
to EPO-R expressed on the surface of erythroid
progenitor cells, which results in its activation
and leads to formation of hemoglobin-containing
RBCs. EPO-R expression in tumor cells may be re-
lated to the alarming data from recent clinical tri-
als, which demonstrated that treatment of anemia
in cancer patients with recombinant human EPO
(rHuEpo) or other ESAs has been associated with
severe adverse effects, mainly thromboembolic
complications leading to decreased locoregional
control and/or shortened survival of the patients
with head and neck, breast and lung cancer [4-14].
However, the exact pathogenetic mechanisms of
the thromboembolic complications remain ob-
scure. There are data that EPO-R is expressed in
cancer cells of several tumor types and may con-
tribute to cancer biological behavior [15-24]. Thus,
the nonhematopoietic effects of ESAs may be as-
sociated with direct activation of EPO-R in malig-
nant cells. On the other hand, activation of blood
coagulation is a phenomenon frequently observed
in breast cancer patients [25,26]. The risk of throm-
botic complications during chemotherapy or hor-
monotherapy is relatively high and amounts to
5% and 0.8-7.1%, respectively [27]. The risk is pro-
foundly increased and reaches up to 13.6% when
these modalities are administered concomitantly
[26,28,29]. Surgical procedures also enhance the
risk of complications (mastectomy 2.3%, tumor-
ectomy 0.7%) [28]. The tendency to hypercoagu-
lability in breast cancer patients is reflected by
the abnormalities in the laboratory hemostatic
parameters, e.g. increased levels of F1+2, throm-
bin-antithrombin complex, fibrinogen, fibrinogen
degradation products (FDP), observed even in
patients without overt clinical thromboembolic
symptoms [30,31]. The principal initiator of blood
coagulation activation in cancer patients is TF, the
presence of which was documented in breast can-
cer tissues [32]. The constitutively active TF on
malignant cell surface activates the coagulation
cascade, leading to thrombin generation, fibrin
deposition and platelets recruitment, all of which
contribute to cancer progression [25,33].

In this study we attempted to test the possi-
bility of coexpression of EPO-R and TF in loco in
human primary breast cancers.

Methods

The expression of EPO-R and TF was analyzed in
T2N1-2MO invasive breast carcinoma specimens ob-
tained during surgical treatment of 24 previously un-
treated patients who underwent mastectomy. The con-

trol fragments of normal breast tissues derived from
neoplasm-free surgical margins.

IHC studies utilizing avidin-biotin complex (ABC)
technique were performed (Vectastain Kits, Vector
Laboratories, Burlingame, CA, USA), employing a pol-
yclonal antibody against EPO-R (R&D System, USA,
MAB307) and a polyclonal antibody directed to human
recombinant TF (American Diagnostica, Greenwich, CT,
USA) [34]. Controls consisted of omission of the prima-
ry antibody from the procedure. Antigen staining was
detected by the dark brown reaction product. EPO-R
and TF THC expressions were analyzed using a sem-
iquantitative method according to the Remmale and
Stegner scale with our own modification [35]. Briefly,
numerical values were assigned in relation to the per-
centage of cancer cells expressing EPO-R or TF positive
staining (A) and the intensity of the staining (B). The
immunoreactive score (IRS) used for presentation of
the results was a product of multiplication of both val-
ues (IRS=AxB). The results ranged from O to 12, where
“0” meant lack of any specific staining. The IRS values
of 1-4, 5-8 and 9-12 were interpreted as weak, medium
and strong EPO-R or TF expression, respectively. Visual
assessment of the proteins’ expression was performed
in 10 random high-power fields. The specimens were
assessed by two independent blinded observers.

EPO-R and TF coexpression was assessed by IHC
staining studies according to Dako EnVision™ (Dako,
Carpinteria CA, USA) protocol provided by the manu-
facturer employing commercially available Dako Envi-
sion™ Kit (Dako, Carpinteria CA, USA). In the above
technique, EPO-R was visualized as a brown staining,
whereas TF - as a red reaction product.

The study protocol was approved by Ethics Com-
mittee of the Medical University, Bialystok, Poland.

Results

Expression of EPO-R was demonstrated in all
breast cancer specimens, in the tumor cells. In
most cases (17/24 specimens) a strong expression
of EPO-R (IRS 9-12) was observed in all cancer
cells (Figure 1A). Medium (IRS 5-8) and weak (IRS
1-4) EPO-R expression was reported in 4/24 and
3/24 breast cancer specimens, respectively. Ma-
lignant cells localized in small foci demonstrat-
ed particularly strong expression (IRS 11-12) of
EPO-R. The receptor was detected in the endothe-
lial cells (ECs) forming tumor vessels but was not
visualized in the normal breast tissue (Figure 1B).

Strong expression of TF (IRS 9-12) in breast
cancer cells as well as in ECs was observed in
all examined specimens (Figure 1C). No staining
for TF was visualized in the normal breast tissue
(Figure 1D).

Double staining studies revealed coexpres-
sion of both EPO-R and TF in breast cancer cells
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Figure 1. Breast cancer. Specific staining (brown reaction product) for erythropoietin receptor (EPO-R) (A) or
tissue factor (TF) (C) by the ABC peroxidase technique. Solid arrows show staining of breast cancer cells, dotted
arrows indicate endothelial cells. No staining for EPO-R or TF was observed in normal breast tissue (B,D). He-
matoxylin counterstain, magnification 400x (A,B) or 200x (C,D).

and endothelial cells of small blood vessel supply-
ing the tumor (Figure 2).

Discussion

ESAs revolutionized the treatment of anemia
in cancer patients as an alternative to blood trans-
fusions [36,37]. Unfortunately, recent clinical tri-
als provide alarming information that such a treat-
ment is associated with thromboembolic events
and decreased antineoplastic treatment efficacy
[8-14]. EPO, a regulator of erythropoiesis, stimu-
lates also proliferation, migration and invasion of
cancer cells [38-40]. It was suggested that inter-
action between rHUEPO and EPO-R expressed on
the surface of malignant cells may contribute to
the observed complications, however the poten-
tial mechanism of rHuEPO-induced thromboem-
bolic events in cancer patients remains poorly un-
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derstood [15-18,41,42]. That is why determination
whether EPO-R is coexpressed with known cancer
coagulant (TF) in breast cancer cells, is of great
importance.

In the present study the expression of EPO-R
in breast cancer cells was detected. Interestingly,
the immunostaining was observed in all speci-
mens, almost in 100% of breast cancer cells. Our
data are in accordance with results described by
other authors [43]. The expression of EPO-R in
breast cancer cells has been investigated by im-
munohistochemistry [43,44], Western Blot [24,45]
and RT-PCR [22,46]. Similar to our observations,
the expression of EPO-R has not been detected
in healthy breast tissue in other studies [18,44].
The presence of EPO-R in cancer cells, but not in
the normal breast cells, might suggest its role in
breast cancer biology. The EPO-R expression has
been detected in many other cancers, e.g. head
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Figure 2. Breast cancer. Specific staining for erythro-
poietin receptor (brown reaction product) and tissue
factor (red reaction product) by double staining Dako
EnVision™ immunohistochemical technique. The two
colors are overlapping indicating colocalization of
erythropoietin receptor and tissue factor. Solid arrows
show staining of breast cancer cells, whereas dotted
arrows indicate endothelial cells. Hematoxylin coun-
terstain, magnification 300x.

and neck cancer, cervical cancer, endometrial
cancer, gastric cancer, renal cancer and melano-
ma [15-20]. In contrast, in other tumors, e.g. lung,
colorectal, and prostate cancer, the EPO-R expres-
sion has been described both in malignant cells
as well as in the surrounding normal tissue [17].
Strong EPO-R expression may be observed in hy-
poxic areas of the tumor [17,47,48], however in the
present study such localization was not revealed.
What is more, some authors observed EPO-R ex-
pression in ECs of small vessels in pediatric tum-
ors [48]. In our study the EPO-R expression was
also detected in the endothelium.

Intriguingly, there are some reports, which
failed to demonstrate EPO-R expression in tumor
cells [49,50]. Elliott et al. [50] have shown that
EpoR protein is not detectable in normal human
and matching cancer tissues from breast, lung,
colon, ovary and skin. It seems that the differ-
ences in the sensitivity of the antibodies used in
different studies impede the interpretation of the
results [15,17,41,50,51]. In addition, immunohis-
tochemistry may evaluate also the intracellular
EPO-R, apart from the receptor localized on the
cell surface, which is ready to be activated. The
concentration of EPO-R in the cellular membrane

is lower in nonhematopoietic cells as compared to
erythroid cell line which additionally makes the
EPO-R detection a challenge. Moreover, multiple
isoforms of EPO-R caused by differential splic-
ing have been reported [24,52]. The presence of
EPO-R gene and mRNA detec-tion by RT-PCR
were proved in many malignant tumors, such as
breast, renal, colorectal, gastric, pancreatic, liver
and lung cancer [18,53]. Of note, an association
between the level of mRNA transcript and poor
antineoplastic treatment outcome was also de-
scribed [46]. Unfortunately, there was no evidence
for transcripts translation into EPO-R protein [18].
It is vital to point out that EPO-R transport to the
cell surface is inefficient - less than 10% reaches
the membrane due to its degradation into smaller
fragments in the endoplasmic reticulum, Golgi,
and endosome-like structures [18,41]. Widespread
availability of novel, well characterised antibod-
ies directed against the human EPO-R should in-
crease the understanding of the role of EPO-R in
cancer [52].

It should be mentioned that thromboembolic
events, observed in the trials with rHuEpo, led to
premature termination of some of them [5]. Fur-
thermore, the increased incidence of thromboem-
bolic complications, also during chemotherapy
or radiotherapy resulting in reduced survival in
breast cancer patients has been widely described
[25,26,28,29]. Expression of TF - the principal ac-
tivator of hypercoagulability in cancer patients,
was documented in breast cancer cells in other
studies [32,54]. The coexpression of EPO-R and TF
in breast cancer cells, demonstrated in the pres-
ent study, might suggest potential interactions
between EPO-R and TF, which might lead to the
observed thrombotic events in breast cancer pa-
tients (also ESAs-treated breast cancer patients)
as well as influence breast cancer biology.

Conclusions

The results of this study indicate that
EPO-R and TF expression, as well as their co-
expression, might influence breast cancer biol-
ogy. They may suggest a possible explanation
of thromboembolic complications of breast
cancer patients with anemia of chronic disease
treated with ESAs. However, further studies are
warranted to determine the precise role of the
factors in the development of the complications
in breast cancer patients requiring ESAs for the
treatment of anemia.

JBUON 2015; 20(6):1429



1430 Erythropoietin receptor and tissue factor in breast cancer
References
1. Torre LA, Bray F, Siegel RL, Ferlay ], Lortet-Tieulent diat Oncol Biol Phys 2015;91:907-915.

10.

11.

12.

13.

J, Jemal A. Global cancer statistics, 2012. CA Cancer ]
Clin 2015;65:87-108.

Wojtukiewicz MZ, Sawicki Z, Radziwon P. Erythropoi-
etin in cancer patients. Where are we and where are
heading for? Nowotwory ] Oncol 2005;55:235-241 (in
Polish).

Semenza GL, Dureza RC, Traystman MD, Gearhart JD,
Antonarakis SE. Human erythropoietin gene expres-
sion in transgenic mice: multiple transcription initi-
ation sites and cis-acting regulatory elements. Mol
Cell Biol 1990;10:930-938.

Leyland-Jones B. Breast cancer trial with eryth-
ropoietin terminated unexpectedly. Lancet Oncol
2003;4:459-460.

Rosenzweig MQ, Bender CM, Lucke JP, Yasko JM,
Brufsky AM. The decision to prematurely terminate
a trial of R-HUEPO due to thrombotic events. J Pain
Symptom Manage 2004;27:185-190.

Wun T, Law L, Harvey D, Sieracki B, Scudder SA,
Ryu JK. Increased incidence of symptomatic venous
thrombosis in patients with cervical carcinoma treat-
ed with concurrent chemotherapy, radiation, and
erythropoietin. Cancer 2003;98:1514-1520.

Bennett CL, Silver SM, Djulbegovic B et al. Venous
thromboembolism and mortality associated with re-
combinant erythropoietin and darbepoetin adminis-
tration for the treatment of cancer-associated anemia.
JAMA 2008;299:914-924.

Henke M, Lascig R, Riibe C et al. Erythropoietin to
treat head and neck cancer patients with anaemia
undergoing radiotherapy: randomised, double-blind,
placebo-controlled trial. Lancet 2003;362:1255-1260.

Leyland-Jones B, Semiglazov V, Pawlicki M et al
Maintaining normal hemoglobin levels with epoe-
tin a in mainly nonanemic patients with metastatic
breast cancer receiving first-line chemotherapy: a sur-
vival study. J Clin Oncol 2005;23:5960-5972.

Wright JR, Ung YC, Julian JA et al. Randomized, dou-
ble-blind, placebo controlled trial of erythropoietin in
non-small-cell lung cancer with disease-related ane-
mia. J Clin Oncol 2007;25:1027-1032.

Overgaard J, Hoff CM, Hansen HS et al. Randomized
study of darbepoetin a as modifier of radiotherapy
in patients with primary squamous cell carcinoma
of the head and neck (HNSCC): final outcome of the
DAHANCA 10 trial. J Clin Oncol 2009;27(15 Suppl):
abstr 6007.

Bohlius J, Schmidlin K, Brillant C et al. Recombinant
human erythropoiesis stimulating agents and mortal-
ity in patients with cancer: a meta-analysis of rand-
omized trials. Lancet 2009;373:1532-1542.

Shenouda G, Zhang Q, Ang KK et al. Long-Term Re-
sults of Radiation Therapy Oncology Group 9903:
A Randomized Phase 3 Trial to Assess the Effect of
Erythropoietin on Local-Regional Control in Anemic
Patients Treated With Radiation Therapy for Squa-
mous Cell Carcinoma of the Head and Neck. Int J Ra-

JBUON 2015; 20(6): 1430

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Kelada O, Marignol L. Erythropoietin-stimulating agents
and clinical outcomes in metastatic breast cancer pa-
tients with chemotherapy-induced anemia: a closed
debate? Tumour Biol 2014;35:5095-5100.

Lai SY, Grandis JR. Understanding the presence and
function of erythropoietin receptors on cancer cells. J
Clin Oncol 2006;24:4675-46706.

Arcasoy MO, Amin K, Karayal AF et al. Functional
significance of erythropoietin receptor expression in
breast cancer. Lab Invest 2002;82:911-918.

Sinclair AM, Todd MD, Forsythe K, Knox SJ, Elliott S,
Begley CG. Expression and function of erythropoietin
receptors in tumors. Cancer 2007;110:477-488.

Acs G, Acs P, Beckwith SM et al. Erythropoietin and
erythropoietin receptor expression in human cancer.
Cancer Res 2001;61:3561-3505.

Selzer E, Wacheck V, Kodym R et al. Erythropoietin
receptor expression in human melanoma cells. Mela-
noma Res 2000;10:421-426.

Westenfelder C, Baranowski RL. Erythropoietin stim-
ulates proliferation of human renal carcinoma cells.
Kidney Int 2000;58:647-657.

Westenfelder C, Baranowski RL. Erythropoietin stim-
ulates proliferation of human renal carcinoma cells.
Kidney Int 2000;58:647-657.

Trost N, Stepisnik T, Berne S et al. Recombinant hu-
man erythropoietin alters gene expression and stimu-
lates proliferation of MCF-7 breast cancer cells. Radi-
ol Oncol 2013;47:382-389.

Rézsas A, Berta J, Rojké L et al. Erythropoietin recep-
tor expression is a potential prognostic factor in hu-
man lung adenocarcinoma. PLoS One 2013;8:e77459.

Reinbothe S, Larsson AM, Vaapil M et al. EPO-in-
dependent functional EPO receptor in breast cancer
enhances estrogen receptor activity and promotes
cell proliferation. Biochem Biophys Res Commun
2014;445:163-169.

Lyman GH, Khorana AA, Falanga A. Thrombosis and
cancer. Am Soc Clin Oncol Educ Book 2013;33:337-
345.

Caine GJ. Stonelake P, Rea D. Coagulopathic compli-
cations in breast cancer. Cancer 2003;98:1578-15806.

Clashen PC, van de Velde CJ, Julien JP. Thromboem-
bolic complication after perioperative chemother-
apy in women with early breast cancer. J Clin Oncol
1994;12:1266-1271.

Kovac M, Kovac Z, Tomasevic Z et al. Factor V Lei-
den mutation and high FVIII are associated with an
increased risk of VTE in women with breast cancer
during adjuvant tamoxifen - results from a prospec-
tive, single center, case control study. Eur J Intern
Med 2015;26:63-67.

Pritchard KI, Paterson AH, Paul NA. Increased throm-
boembolic complications with concurrent tamoxifen
and chemotherapy in a randomized trial of adjuvant
therapy for women with breast cancer. J Clin Oncol



Erythropoietin receptor and tissue factor in breast cancer

1431

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

1996;14:2731-2737.

Ozyilkan O, Baltali E, Ozdemir O. Haemostatic chang-
es; plasma levels of alpha2-antiplasmin-plasmin com-
plex and thrombin-antithrombin III complex in fe-
male breast cancer. Tumori 1998;84:364-367.

Wojtukiewicz MZ, Rucifiska M, Kloczko J. Profiles of
plasma serpins in patiens with advanced malignant
melanoma, gastric cancer and breast cancer. Haemo-
stasis 1998;28:7-13.

Ueno T, Toi M, Koike M. Tissue factor expression in
breast cancer tissues: its correlation with prognosis
and plasma concentration. Br J Cancer 2000;83:164-
170.

Ruf W, Disse J, Carneiro-Lobo TC, Yokota N, Schaffner
F. Tissue factor and cell signalling in cancer progres-
sion and thrombosis. ] Thromb Haemost 2011;9 (Sup-
pl 1):306-315.

Hsu SM, Raine L, Fanger H. Use of avidin-biotin-per-
oxidase complex (ABC) in immunoperoxidase tech-
niques: a comparison between ABC and unlabeled
antibody (PAP) procedures. ] Histochem Cytochem
1981;29:577-580.

Sierko E, Wojtukiewicz MZ, Zimnoch L, Kisiel W. Ex-
pression of tissue factor pathway inhibitor (TFPI) in
human breast and colon cancer tissue. Thromb Hae-
most 2010;103:198-204.

Bokemeyer C, Honecker F, Wedding U, Spath-Schwal-
be E, Lipp HP, Kolb G; DGHO/DGG study group
“Geriatrische  Onkologie” (Geriatric Oncology).
Use of hematopoietic growth factors in elderly pa-
tients receiving cytotoxic chemotherapy. Onkologie
2002;25:32-39.

Bokemeyer C, Aapro MS, Courdi A et al. European Or-
ganisation for Research and Treatment of Cancer (EO-
RTC) Task force for the Elderly. EORTC guidelines for
the use of erythropoietic proteins in anaemic patients
with cancer: 2006 update. Eur ] Cancer 2007;43:258-
270.

Lindgren G, Ekblad L, Vallon-Christersson J, Kjellén
E, Gebre-Medhin M, Wennerberg ]. Erythropoietin
suppresses the activation of pro-apoptotic genes in
head and neck squamous cell carcinoma xenografts
exposed to surgical trauma. BMC Cancer 2014;14:648.

Park SL, Won SY, Song JH, Kim W], Moon SK. EPO
gene expression induces the proliferation, migra-
tion and invasion of bladder cancer cells through the
p21WAF1 mediated ERK1/2/NF-kB/MMP-9 pathway.
Oncol Rep 2014;32:2207-2214.

Zhou B, Damrauer ]S, Bailey ST et al. Erythropoietin
promotes breast tumorigenesis through tumor-initiat-
ing cell self-renewal. J Clin Invest 2014;124:553-663.

Elliott S, Sinclair AM. The effect of erythropoietin on

42.

43,

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

normal and neoplastic cells. Biologics 2012;6:163-
189.

Debeljak N, Solar P, Sytkowski AJ. Erythropoietin and
cancer: the unintended consequences of anemia cor-
rection. Front Immunol 2014;5:563.

Acs G, Zhang PJ, Rebbeck TR, Acs P, Verma A. Immu-
nohistochemical expression of erythropoietin and
erythropoietin receptor in breast carcinoma. Cancer
2002;95:969-981.

Todaro M, Turdo A, Bartucci M et al. Erythropoie-
tin activates cell survival pathways in breast cancer
stem-like cells to protect them from chemotherapy.
Cancer Res 2013;73:6393-6400.

Hedley BD, Allan AL, Xenocostas A. The role of eryth-
ropoietin and erythropoiesis-stimulating agents in tu-
mor progression. Clin Cancer Res 2011;17:6373-6380.

Miller CP, Lowe KA, Valliant-Saunders K et al. Eval-
uating erythropoietin-associated tumor progression
using archival tissues from a phase III clinical trial.
Stem Cells 2009;27:2353-2361.

Arcasoy MO, Amin K, Chou SC et al. Erythropoietin
and erythropoietin receptor expression in head and
neck cancer: relationship to tumor hypoxia. Clin Can-
cer Res 2005;1:20-27.

Acs G, Zhang PJ], McGrath CM et al. Hypoxia-induc-
ible erythropoietin signaling in squamous dysplasia
and squamous cell carcinoma of the uterine cervix
and its potential role in cervical carcinogenesis and
tumor progression. Am J Pathol 2003;162:1789-1806.

Berdel WE, Oberberg D, Reufi B, Thiel E. Studies on
the role of recombinant human erythropoietin in the
growth regulation of human nonhematopoietic tumor
cells in vitro. Ann Hematol 1991;63:5-8.

Elliott S, Swift S, Busse L et al. Epo receptors are not
detectable in primary human tumor tissue samples.
PLoS One 2013;8:e68083.

Elliot S, Busse L, Bass MB et al. Anti-Epo receptor an-
tibodies do not predict Epo receptor expression. Blood
2006;107:1892-1895.

Maxwell P, Melendez-Rodriguez F, Matchett KB et al.
Novel antibodies directed against the human eryth-
ropoietin receptor: creating a basis for clinical imple-
mentation. Br ] Haematol 2015;168:429-442.

Jelkmann W, Laugsch M. Problems in identifying
functional erythropoietin receptors in cancer tissue. J
Clin Oncol 2007;25:1627-1628.

Kocaturk B, Tieken C, Vreeken D et al. Alternatively
spliced tissue factor synergizes with the estrogen re-
ceptor pathway in promoting breast cancer progres-
sion. ] Thromb Haemostat 2015, July 14 (epub ahead
of print).

JBUON 2015; 20(6):1431



