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ABSTRACT

Background and aim: The crosstalk between platelets and cancer cells is bidirectional. Cancer cells can activate
platelets, a process known as "tumor cell-induced platelet aggregation”. On the other hand, platelets provide
essential assistance to tumor cells by helping them adhere to blood vessels, facilitating their escape from the
bloodstream, and enabling their spread to distant tissues. This study investigates the effect of Palbociclib, an FDA-
approved cyclin-dependent kinase 4 and 6 inhibitor, on breast cancer-cell-induced platelet activation.

Method: Platelet activation, as indicated by the expression of CD62P (P-selectin), was assessed by flow cytometry.
In addition, platelet attachment to MCF-7 cancer cells was studied using confocal microscopy.

Results: Palbociclib's half-maximal concentration (ICso) was found to be 19.54 uM after 72 h. About 36.9% +
0.98 of platelets were activated by untreated MCF-7. Pretreatment of MCF-7 cells with Palbociclib (9.75 pM
equivalent to 1/2 ICso) increased platelet activation significantly by 63.3% + 8.85 (P<0.01) while 4.87 pM
Palbociclib (1/4 1Cso) increased platelet activation by 43.0% + 2.83 with no significant difference compared to
untreated cells. Confocal microscopy results suggest the presence of a direct interaction between breast cancer
cells and platelets.

Conclusion: Palbociclib increased tumor-induced platelet activation in MCF-7 hormone-positive breast cancer

cell line.
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INTRODUCTION

The bidirectional interaction between platelets and
tumor cells was reported since 1968. Platelets can be
activated by cancer cells both in vitro and in vivo, a process
known as "tumor cell-induced platelet aggregation™®.
Beyond regulating tumor growth, platelets play an
essential role in metastasis . They adhere to the surface
of cancerous cells shielding them from shear stress and
hindering immune system recognition and attack ©).
Furthermore, platelets facilitate the adherence of tumor
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cells to blood vessels enabling them to escape from the
bloodstream and spread to distant organs ). Moreover,
platelet granules contain substances that aid in the
metastasis and promote tumor vascularization including P-
selectin (CD62P) and CD63 which are exposed on the
platelet surface after activation ©).

Breast cancer is the most frequent cancer in women and
the leading cause of cancer death in females worldwide (6-
10). According to World Health Organization (WHO)
estimate, one million women are newly diagnosed with
breast cancer yearly. In Jordan, breast cancer ranks as the
most prevalent malignancy and stands as the third most
frequent cause of cancer-related mortality, after lung and
colorectal cancers @Y, In 2015, food and drug
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administration (FDA) approved the first cyclin-dependent
kinase 4 and 6 inhibitor (CDK4/6i), Palbociclib, as a first-
line therapy for postmenopausal women with hormone
positive/HER2 negative advanced or metastatic breast
cancer to be used in combination with letrozole or
fulvestrant 12),

A multicenter retrospective study conducted in the
USA, which included 266 patients, found that the 1-year
incidence of thrombosis in patients taking Palbociclib was
10.9%. Most thrombotic events recorded were venous
(72%) and only 34% were arterial. This happened despite
the cohort's aspirin use rate of 26%, which may have
reduced some of the thrombotic risk . In another study,
Palbociclib had the highest 1-year cumulative incidence of
thrombosis, followed by Ribociclib and Abemaciclib @3,
A higher proportion of patients undergoing treatment with
Palbociclib and Ribociclib exhibited cardiovascular
comorbidities, notably hypertension, in contrast to those
treated with Abemaciclib. Specifically, 30% of individuals
who developed venous thromboembolism while using
Palbociclib had cardiovascular conditions®™. In a
retrospective study involving 424 patients, venous
thromboembolic events occurred in 9% of subjects
(mainly receiving Palbociclib). Deep venous thrombosis
alone was found to be the most common presentation
(47.4%), followed by visceral vein thrombosis (21.1%)
and pulmonary embolism (18.4%) ®9. A single-center
audit of 64 individuals treated with Palbociclib over five
months in an Irish tertiary referral hospital recorded seven
venous thromboembolic events comprising 11% of the
studied group “®, whereas no increased risk of pulmonary
embolism was found when comparing new users of
Palbociclib—fulvestrant with patients using fulvestrant
alone @7,

Due to the multifactorial etiology of cardiovascular
diseases, causative evidence concerning the effect of
CDKA4/6i(s) in general and Palbociclib in particular on
thrombotic events is hard to achieve. Understanding how
Palbociclib increases the risk of thrombosis could aid in
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implementing preventive measures during treatment. The
current study examined the impact of Palbociclib on
tumor-induced platelet activation in a hormone-positive
breast cancer cell line through in vitro experiments
utilizing flow cytometry and confocal microscopy.

MATERIALS AND METHODS

Ethical consideration

This study was approved by the research ethical
committee at Al-Ahliyya Amman University (ethical
approval number IRB: AAU/5/14/2021-2022). Written
and verbal informed consents were taken from all study
participants. Blood (2.5 mL) was collected from 4 healthy
females between 19 and 30 years old. To prevent platelet
activation during blood drawing, a 21-gauge needle was
used. The first 2 mL of blood drawn were discarded to
exclude the effect of mechanically activated platelets.
Whole blood was collected in sodium citrate tubes.
Participants' exclusion criteria included pregnancy, oral
contraceptive use, previously identified disease, smoking,
and consumption of any medication in the previous week
before the experiment. Blood was collected between days
1 and 10 of the menstrual cycle since low levels of estrogen
and progesterone in blood exist during this period. To
prepare platelets-rich plasma (PRP), whole blood samples
were centrifuged at 200x g for 15 minutes.

Cytotoxicity assay

MCF-7 cell lines were kindly provided by The
University of Jordan and cultured in accordance with
established procedures and techniques. The MTT (3- [4, 5-
dimethyl-2-thiazolyl] - 2, 5-diphenyl tetrazolium bromide)
kit (Thermo scientific, USA) was used to assess cell
cytotoxicity as previously described 1. MCF-7 (passage
17) cells were cultured in RPMI media to which 10% (v/v)
heat-inactivated fetal bovine serum, penicillin (50
mg/mL), and streptomycin (50 mg/mL) were added and
maintained at 37 °C under 5% CO, and 95% humidity.
MCF-7 cells (10* cells) were planted into 96-well plates
and incubated for 24 hours then treated with Palbociclib
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(Tocris Bioscience, UK) dissolved in sterile distilled water
for 72 hours. Cells without any drug treatment were used
as a control.

Co-culturing platelets with cancer cells

MCF-7 (Passage number: 18) cells were seeded onto
24-well plates at 105 cells/well seeding density and
incubated in 1 mL media for 24 hours at 37 °C and 5% CO;
for cell adherence and monolayer formation. After 24
hours, MCF-7 cells were incubated with Palbociclib at
9.75 UM (1/2 ICsp) and 4.87 uM (1/4 1Cs) of Palbociclib
in media for 72 hours at 37 °C. After 72 hours of drug
treatment, the media in the wells was removed, and cells
were washed twice with phosphate-buffered saline (PBS).
The remaining cells were then treated for 20 minutes with
200 pL diluted PRP in PBS (1:1 ratio). Then PBS was used
to wash cells after incubation with PRP. The PRP and the
PBS used for washing were centrifuged at 200x g for 5
minutes and the resulting pellet was re-suspended in 150
pL  PBS buffer for double-labeling with mouse
monoclonal CD42b  antibody  conjugated  with
phycoerythrin (PE) (Biotech/Novus USA-UK) (1:100
dilution) and mouse monoclonal CD62P antibody
conjugated with fluorescein isothiocyanate (FITC)
(Biotech/Novus USA-UK) using 1:100 dilution in the dark
at room temperature for 10 minutes at 37 °C.

Flow cytometry

PRP alone was used to measure the auto-fluorescence
of the plasma. Adenosine diphosphate (ADP, HART/UK)
was incubated with PRP for 20 minutes and used as a
positive control for platelet activation. Compensation
controls used in platelets’ population gating were prepared
by incubating platelets in PRP with a single antibody
(either anti-CD42 or anti-CD62P). The samples were then
fixed with 1% paraformaldehyde for 10 minutes before
being centrifuged at 200xg for 5 minutes and the
supernatant was discarded. The pellet was gently re-
suspended in 500 pL of PBS buffer, transferred into flow
cytometry tubes, and kept at 4°C before data analysis.

Data was collected on the flow cytometer FACSCanto

-12 -

TM 1l (BD Biosciences, USA) at Cell Therapy Center
(CTC), Jordan. All experiments were repeated in triplicates,
each from a different donor of blood. A gating strategy was
used to detect the percentage of positivity of CD62P
expressed on platelets using a single histogram gated on
CD42b-positive cells, a specific marker for platelets, and
CD62P positive cells (activated platelets). Mean
fluorescence intensity was measured and the percentage
activation of platelets was calculated using the formula:
% activation = Q2/(Q1+Q2) where Q1 is the population of
platelets stained with PE-labeled CD42 antibody and Q2:
is the population stained with both FITC-labeled CD62P
and PE-labeled CD42 antibody.

Study of platelet-cancer cell interaction using
confocal microscopy

Coverslips were fixed in wells by adding alcohol for 20
minutes. Then, MCF-7 cells (passage: 25) were seeded onto
6-well plates at 60*10° cells/well and incubated in 1ml
media for 24 hours at 37 °C and 5% CO for cell adherence
and monolayer formation. After 24 hours, MCF-7 cells were
incubated with 19.5 uM of Palbociclib (1Csg) at 37 °C. After
72 hours of Palbociclib treatment, the media in the wells was
removed and cells were washed with PBS. The remaining
cells were then treated with 400 pL of PRP for 20 minutes
after dilution of PRP with PBS in 1:1 ratio. PRP was then
removed and the two antibodies (FITC-labeled CD62P
(1:100 dilution) and PE-labeled CD42 (1:100 dilution) were
added to wells. The cells were then fixed with 4%
paraformaldehyde for 10 minutes before adding ammonium
chloride washing buffer for 10 minutes at room temperature.
DAPI (4',6-diamidino-2-phenylindole), a fluorescent stain
that binds strongly to adenine—thymine-rich regions in
DNA, was added in 1:1500 dilution for 10 minutes. After
removing DAPI, the wells were washed. Finally, slides were
examined using a confocal immunofluorescent microscope
LSM 780 microscopy ZEISS (Germany) at CTC using 63X
objective lens.

Statistical analysis

GraphPad Prism version 8 was used to perform
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statistical analysis. One-way analysis of variance
(ANOVA) followed by Tukey's post-hoc test was used.
Results were considered statistically significant at p <0.05

RESULTS
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Cell cytotoxicity assay

The half maximal concentration (ICsp) value for
Palbociclib against MCF-7 cell line after 72 hours was
19.54 + 4.97 pM.

MCF-7
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Figure 1: Dose-dependent cytotoxicity assay of Palbociclib on MCF-7 cell line at 72 hours. Each concentration
was performed in triplicate.

Percentage change in CD62P expression on platelets
co-cultured with MCF-7 cell line.
ADP-treated platelets (positive control) had 84.4% +

0.14 expression of CD62P (Figure 2A). About 36.9% +

0.98 of platelets co-cultured with untreated MCF-7 were

activated (Figure 2B). Platelets exposed to MCF-7 cells
treated with 9.75 pM (1/2 ICsp) or 4.87 pM (1/4 1Cx)
Palbociclib showed 63.3% + 8.85 and 43.0% + 2.83
expression of CD62P on their surface, respectively (Figure
2C-D).
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Figure 2: Expression of the activation marker P-selectin (CD62P) on platelets co-cultured with MCF-7 as studied by
flow cytometry. The Y-axis represents fluorescence intensity of PE-labeled CD42 while X-axis represents FITC-
labeled CD62P. The percentage activation of platelets was calculated using the formula: % activation = Q2/(Q1+Q2)
where QL1 is the population of platelets stained with PE-labeled CD42 antibody and Q2 is the population stained with
both FITC-labeled CD62P and PE-labeled CD42 antibodies. (A) Platelets exposed to ADP (positive control). (B)
Platelets exposed to untreated MCF-7. (C) Platelets exposed to MCF-7 treated with 1/2 1Cso (9.75uM) of Palbociclib,
(D) Platelets exposed to MCF-7 treated with 1/4 1Cso (4.87uM) of Palbociclib.

A significant difference in platelets' activation was lower dose of Palbociclib (4.87uM). Also, a significant
observed between platelets co-cultured with untreated difference was found between platelets incubated with
MCF-7 cells and platelets co-cultured with MCF-7 treated untreated MCF-7 and ADP-treated platelets (P<0.001)
with Palbociclib (9.75 uM doses) (P<0.01) but not with the (Figure 3).
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Figure 3: Platelet activation percent in flow cytometry upon co-culture of platelets with untreated MCF-7 cells,
Palbociclib-treated cells or ADP (20 puM), used as a positive control, for 20 minutes. * P<0.05, ** P<0.01, ***P<0.001

Confocal microscopy

Confocal microscopic examination revealed that
platelets were attached to untreated MCF-7 cells and can
be seen as red dots after staining with PE-labelled CD42
antibody (Figure 4C). However, this antibody can’t
distinguish activated platelets from inactivated platelets.
Therefore, FITC-labelled CD62P antibody was used to
stain activated platelets as depicted in (Figure 4A) where a
clear expression of CD62P on the platelets' surface
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attached to MCF-7 was seen as green dots, indicating that
platelets were activated.

When MCF-7 cells were treated with Palbociclib and
then incubated with platelets, a pronounced increase in the
intensity of green color was observed indicating that
CD62P is expressed on platelets' surface (Figure 4E).
Attachment of platelets to MCF7 cancer cells was evident
as indicated by the presence of intense red and co-
localization with MCF7 cells (Figure 4F, G).
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Figure 4: Attachment of platelets to MCF-7 breast cancer cells. (A-D) Platelets incubated with untreated MCF-7 cells
stained with FITC-CD62P antibody (A), DAPI (B) or PE-CD42 antibody (C). (D) Represents merged A-C images.
(E-H) Platelets incubated with 19.54 uM Palbociclib-treated MCF-7 stained with FITC-CD62P antibody (E), DAPI
(F), or PE-CD42 antibody (G). (H) Represents merged E-G images (scale bar: 10uM).

DISCUSSION

Platelets can be activated in vitro and in vivo by different
cancer cell types, a process known as "tumor cell-induced
platelet aggregation” ®. Important granular membrane
molecules, including CD62P and CD63, become exposed on
the platelet’s cell surface after activation, aiding tumor
development and metastasis 9. In the present study, co-
culturing MCF-7 with platelets activated them. This
activation is indicated by the expression of CD62P on their
surface. Earlier studies reported similar findings @. In a
recent study, both MDA-MB-231 and MCF-7 cells increased
platelets activation through the secretion of ATP from cancer
cells. When platelets and MCF-7 cells were co-incubated,
there was a four-fold increase in ATP release from platelet’s
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granules in the case of MCF-7 cells Y, In the present study,
ATP release from cancer cells was not investigated. However,
activation by direct contact was evident using confocal
microscopy.

In our study, Palbociclib pre-treatment of MCF-7 cells
increased their activation to platelets, as indicated by the
presence of the activation marker CD62P on their surface.
Similar results were obtained by other studies in which
CD62P increased on the surface of platelets stimulated by
cancer cells compared with resting platelets % 22),

According to reports, patients treated with Palbociclib
had a relative risk for thromboembolic events (13). The
pathophysiology of thrombotic events in cancer is
complicated, and the individual patient's risk for
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thrombotic events is affected by a multifactorial interplay
between the person's cardiovascular risk and
comorbidities, the specific neoplasm, and the treatment
regimen @3, The exact mechanisms underlying cancer
therapy-related thrombosis remain uncertain. It is believed
that anticancer medications have the potential to activate
or disturb the endothelium, which could be a primary
mechanism @4, Additionally, these drugs may reduce the
levels of anticoagulant substances or increase the levels of
procoagulant substances, activating the coagulation
process. Furthermore, anticancer drugs can directly or
indirectly stimulate platelets ?®. The findings of this study
confirm that Palbociclib-treated, hormone-positive MCF-
7 cells exhibit increased platelet activation due to direct
interactions between the cancer cells and platelets.

In the present study, ADP was used as a positive
control. The percentage of platelets expressing the
activation marker CD62P measured by flow cytometry
was 84.4% after platelet incubation for 20 minutes with
ADP (20 uM) at room temperature. When PRP was
incubated with 10 uM ADP for 8 minutes at room
temperature, CD62P expression, measured by flow
cytometry, was about 59% (26). Another study reported a
significant increase in platelet activation after incubation
with ADP for 15 minutes, with 54.7% activation @, The
degree of platelet activation by ADP can be influenced by
varying ADP concentrations and different incubation
periods.

It is well-known that platelets and cancer cells interact
bi-directionally to promote tumor development and
metastasis (6). The direct platelet-tumor cell contact
depends on many factors facilitating interaction, including
adhesion molecules, selectins and integrins (28). High
platelet activation was reported by direct contact assessed
by confocal microscopy as indicated by the increase in
platelet activation markers PAC-1 and P-selectin (29). In
the present study, platelet activation was clear as seen
using confocal microscopy where platelets incubated with
MCF-7 expressed the activation marker CD62P. In a
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previous study, co-incubation of platelets with MCF-7
showed that platelets promoted the invasion of these cells
after direct contact with platelets. Labeling platelets with
P-selectin antibody and studying them with flow
cytometry, confirmed the enhancement of contacting
ability between MCF-7 cells and platelets via surface
integrin a2B1 (30). In another study, platelet shape change
was visible after co-culturing with MCF-7, indicating at
least partially activated platelets when platelets were
stained by CD42a and PKH67 antibodies and studied with
a confocal microscope @Y, This agrees with our results in
which platelets were adherent to MCF-7 and activated.

Clinical trials have reported an increased incidence of
thrombotic events associated with Palbociclib therapy ©.
This study elucidates a mechanism by which Palbociclib
enhances platelet activation by increasing tumor-cell
enhanced platelet activation. Whether this effect translates
to in vivo settings remains to be verified. Understanding
the mechanisms through which Palbociclib heightens
thrombotic risks could facilitate the implementation of
preventive during Palbociclib  treatment,
potentially involving the prescription of anti-platelet
medications for patients. Further clinical investigations are
warranted to explore this issue.

measures

CONCLUSION

Treating hormone-positive breast cancer cell line
MCF-7 with Palbociclib increased the activation of
platelets. The effect of Palbociclib was confirmed by
confocal microscopy in which platelets directly interacted
with cancer cells. This direct interaction is responsible, at
least partially, for platelet activation by cancer cells.
Understanding how Palbociclib increases the risk of
thrombosis could aid implementing preventive
measures during treatment and the use of antiplatelet
medications for patients.

Conflicts of interest statement

The authors declared no conflict of interest in this study.

Funding: None.

in



REFERENCES

. Gasic G. J., Gasic T. B., and Stewart C. C. Antimetastatic

effects associated with platelet reduction. Proceedings of
the National Academy of Sciences. 1968; 61(1):46-52.
Labelle M., Begum S., and Hynes R. O. Platelets guide
the formation of early metastatic niches. Proceedings of
the National Academy of Sciences. 2014; 111(30):E3053-
E3061.

Bambace N. and Holmes C. The platelet contribution to
cancer progression. Journal of Thrombosis and
Haemostasis. 2011; 9(2):237-249.

. Shu L., Lin S, Zhou S., and Yuan T. Glycan-Lectin
interactions between platelets and tumor cells drive
hematogenous 2024;
35(1):2315037.

metastasis. Platelets.

. Zara M., Canobbio I., Visconte C., Canino J., Torti M.,

and Guidetti G. F. Molecular mechanisms of platelet
activation and aggregation induced by breast cancer cells.
Cellular Signalling. 2018; 48:45-53.

Manimaran D., Elangovan N., and Palanisamy V. Anti-
Tumorigenic Impact of Nano-Formulated Peptide HIF-
Alpha Therapy by DMBA Induced Mammary Carcinoma
in Rodent Type. Jordan Journal of Pharmaceutical
Sciences. 2024; 17(4):783-793.

Kzar H. H.,, Al-Gazally M. E., and Wiwt M. A.
Everolimus loaded NPs with FOL targeting: preparation,
characterization and study of its cytotoxicity action on
MCF-7 breast cancer cell lines. Jordan Journal of
Pharmaceutical Sciences. 2022; 15(1):25-39.

. Al-Samydai A., Abu Hajleh M. N., Al-Sahlawi F., Nsairat
H., Khatib A. A., Algaraleh M., and lbrahim A. K.
Advancements of metallic nanoparticles: A promising
frontier in cancer treatment. Science Progress. 2024,
107(4):00368504241274967.

. Al-Sahlawi F., Alabdali A. Y., Chinnappan S., Al-
and Maki M. A
nanoparticles in targeted cancer therapy: a review.

Samydai A., Polymer-based

Journal of Applied Pharmaceutical Science. 2024;
14(9):57-68.

-18 -

Jordan Journal of Pharmaceutical Sciences, Volume 18, No. 1, 2025

10.

11.

12.

13.

14.

15.

16.

17.

Osanloo M., Yousefpoor Y., Alipanah H., Ghanbariasad
A., Jalilvand M., and Amani A. In-vitro Assessment of
essential oils as Anticancer Therapeutic agents: a
systematic literature review. Jordan Journal of
Pharmaceutical Sciences. 2022; 15(2):173-203.
Abdel-Razeq H., Mansour A., and Jaddan D. Breast
cancer care in Jordan. JCO Global Oncology. 2020;
6:260-268.

Estepa-Fernandez A., Garcia-Fernandez A., Lérida-Viso
A., Blandez J. F., Galiana 1., Sancenon-Galarza F., et al.
Combination of palbociclib with navitoclax-based
therapies enhances in vivo antitumoral activity in triple-
negative breast cancer. Pharmacological Research. 2023;
187:106628.

West M. T., Smith C. E., Kaempf A., Kohs T. C,,
Amirsoltani R., Ribkoff J., et al. CDK 4/6 inhibitors are
associated with a high incidence of thrombotic events in
women with breast cancer in real-world practice.
European Journal of Haematology. 2021; 106(5):634-
642.

Raschi E., Fusaroli M., Ardizzoni A., Poluzzi E., and De
Ponti F. Thromboembolic events with cyclin-dependent
kinase 4/6 inhibitors in the FDA adverse event reporting
system. Cancers. 2021; 13(8):1758.

Gervaso L., Montero A. J., Jia X., and Khorana A. A.
Venous thromboembolism in breast cancer patients
receiving cyclin-dependent kinase inhibitors. Journal of
Thrombosis and Haemostasis. 2020; 18(1):162-168.
Watson G. A., Deac O., Aslam R., O'Dwyer R., Tierney
A., Sukor S., et al. Real-world experience of palbociclib-
induced adverse events and compliance with complete
blood count monitoring in women with hormone
receptor—positive/HER2-negative ~ metastatic ~ breast
cancer. Clinical Breast Cancer. 2019; 19(1):e186-e194.
Beachler D. C., de Luise C., Jamal-Allial A., Yin R,
Taylor D. H., Suzuki A., et al. Real-world safety of
palbociclib in breast cancer patients in the United States:
a new user cohort study. BMC Cancer. 2021; 21:1-13.



Enhanced Platelet Activation ...

18.

19.

20.

21.

22.

23.

24.

25.

Abbas M. M., Kandil Y. I., and Abbas M. A. R-(-)-
carvone attenuated doxorubicin-induced cardiotoxicity in
vivo and potentiated its anticancer toxicity in vitro.
Balkan Medical Journal. 2020; 37(2):98.

Gomes M. N., Fru P., Augustine T. N., Moyo D.,
Chivandi E., and Daniels W. M. Differential expression
of platelet activation markers, CD62P and CD63, after
exposure to breast cancer cells treated with Kigelia
africana, Ximenia caffra, and Mimusops zeyheri seed oils
in vitro. Nutrition and Cancer. 2022; 74(8):3035-3050.
Pather K., and Augustine T. Tamoxifen
hypercoagulation and alterations in ERa and ERf
dependent on breast cancer sub-phenotype ex vivo.
Scientific Reports. 2020; 10(1):19256.

Schwarz S., Gockel L. M., Naggi A., Barash U., Gobec
M., Bendas G., et al. Glycosaminoglycans as tools to
decipher the platelet-tumor cell interaction: a focus on P-
selectin. Molecules. 2020; 25(5):1039.

Mitrugno A., Williams D., Kerrigan S. W., and Moran N.
A novel and essential role for FcyRIla in cancer cell-
induced platelet activation. Blood, The Journal of the
American Society of Hematology. 2014; 123(2):249-260.
Koene R. J., Prizment A. E., Blaes A., and Konety S. H.
Shared risk factors in cardiovascular disease and cancer.
Circulation. 2016; 133(11):1104-1114.

Fernandes C. J., Morinaga L. T., Alves Jr J. L., Castro M.
A., Calderaro D., Jardim C. V., et al. Cancer-associated
thrombosis: the when, how, and why. European
Respiratory Review. 2019; 28(151).

Grover S. P., Hisada Y. M., Kasthuri R. S., Reeves B. N.,
and Mackman N. Cancer therapy—associated thrombosis.

induces

Arteriosclerosis, Thrombosis, and Vascular Biology.
2021; 41(4):1291-1305.

26.

27.

28.

29.

30.

31.

-19 -

Abu msafer et al.

Sbrana S., Della Pina F., Rizza A., Buffa M., De Filippis
R., Gianetti J., et al. Relationships between optical
aggregometry (type Born) and flow cytometry in
evaluating ADP-induced platelet activation. Cytometry
Part B: Clinical Cytometry: The Journal of the
International Society for Analytical Cytology. 2008;
74(1):30-39.

Tera Y., Azzam H., Abousamra N., Zaki M., Eltantawy
A., Awad M., et al. Platelet activation and platelet indices
as markers for disease progression in women with breast
cancer: Platelets and prognosis of breast cancer. Archives
of Breast Cancer. 2022: 346-353.

Bendas G., and Borsig L. Cancer cell adhesion and
metastasis: and the
potential of heparins. International Journal of Cell
Biology. 2012; 2012(1):676731.

Yap M. L., McFadyen J. D.,, Wang X., Zia N. A,
Hohmann J. D., Ziegler M., et al. Targeting activated

selectins, integrins, inhibitory

platelets: a unique and potentially universal approach for
cancer imaging. Theranostics. 2017; 7(10):2565

Zuo X-X., Yang Y., Zhang Y., Zhang Z-G., Wang X-F.,
and Shi Y-G. Platelets promote breast cancer cell MCF-7
metastasis by direct interaction: surface integrin o2f1-
contacting-mediated activation of Wnt-B-catenin pathway.
Cell Communication and Signaling. 2019; 17:1-15.
Castanheira N. M., Spanhofer A. K., Wiener S., Bobe S.,
and Schillers H. Uptake of platelets by cancer cells and
recycling of the platelet protein CD42a. Journal of
Thrombosis and Haemostasis. 2022; 20(1):170-181.



Jordan Journal of Pharmaceutical Sciences, Volume 18, No. 1, 2025

MCF-7 il Ol WA (4 Gl gullally 3lad) Co il dgadl) pildal) Jandis BaL)

Zelie e 2 el Slgly T ulas Jlia I duas 4 Lo

Y olae (olae TaY) dasls csailioall Tkl aglall ZAS ¢ 4sial) Ayl aslall o L
DY) colae (A daslall (DAL Za K ?

gadla
Al el WAL (e 3) wolad¥) Al olayuad) WAy dusedll milial) o Jaliall Jualill ¢ Tdaglly dudldl)
(a Lali g Lallyal) LAY G palil dugadd) wiliall Gl s Cipel ddae 85 chigadl milacall Tunin
Jews Lan cdugadll Ao ¥l Bl e lgiaclue DA (e Ellayedl AN Gulad e Ligadl) mileall jis3
Lie gty cculSgllll Jlie il 8 Aubal) o3 s Bl dawcll ) WLy sal) (Sina (e Leag e
Lgadll pilicall Jasisi Ao ((FDA) elsally laall 8o J (e acins 654 (ulSend) o sadindd) 5lS clasyiy
.gﬁ\ ooy WA e e;l_'d\
cgstal) 303 Slga alaaial (P-selectin) CDB2P yuas (uld A (e dgadll miliall Jasdis ands o3 Al hal)
) aaie el alatiels MCF-7 (sail) (U WD dugadl) ailiaall laaill duddys a3 cclld ) dalayl,
Lo 5 Aol 72 ae s sSee 19.54 day ulSengallll land (ICs0) coatll ndiall il any o5 el
MCF-IAl deall dallaall Ldalladll 52 MCF-7 WA dlaudss digadl) milicall (0 0.98 + %36.9 s~
Lgale J<a Lgadl) pilbal) Jasisi 5255 ) gl (1/2 1Cs0) Jolay e calSocssalll (g0 S99 S0 9.75 5857
Gy Ausedl) miliall Jasits (g (1/4 1Cs0) Jes Soe 4.87 355 3y ety (P<0.01) 8.85  + %63.3 dowsy
il Jelii asag (A o5l antie jeaall il pain L Aalled) s WAL &5)le (gpine (38 (50 2.83 + %43.0
Augadl) milaally @il (lajes WA
MCF-7 clisejell anlady) sl o jes DS Alaudlsy aalill gl ileeal) st CalSacnslls Jlie e iz i)

P-selectin. (disedl) miliall «ulSissallys (MCF-7 «(golall 38 Slga ¢ 5l aatia jgaall sadiall culalsl)

e Jlia :uafpall ilfall

m.abbas@ammanu.edu.jo
.2024/07/18 yaall dlgd &y 2024/03/05 &) il )l

-20 -


mailto:m.abbas@ammanu.edu.jo

