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INTRODUCTION
Interaction between the cancer cells and platelets (PLT) has 

been analyzed for many years; however not all the mechanisms 
are well known. It is assumed that PLT take part in cancer de‑
velopment, by their participation in neoangiogenesis and dis‑
tant metastasis formation [1,2]. On  the  other hand, cancer 
cells from cancer procoagulant secretion induce PLT activa‑
tion, resulting in excessive adhesion and aggregation (tumour 
cell induced platelets aggregation). Activated PLT are a cause 
of  thrombotic disorders, not only in  cancer tissue, but also 
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in  the  tumor stroma. Thrombotic episodes favor the  release 
of the mitogenic growth factor platelet‑derived growth factor 
(PDGF) and P‑selectin (CD62P) from the platelet α‑granules, 
small molecules recognized as PLT activation markers [1,3].

Platelet‑derived growth factor is a  non‑homogeneous mole‑
cule and comprises proteins forming 4 types of chains: PDGF‑A, 
PDGF‑B, PDGF‑C and PDGF‑D, observed in an active form 
as the dimers. The first two isoforms can form both homo- and 
heterodimers; however PDGF‑C and PDGF‑D chains can form 
homodimers only [4-6]. The  most commonly assayed form 
in blood serum is PDGF‑AB. It has been proven that the plate‑
let‑derived growth factor is a strong mitogen for cancer cells. In‑
teraction of PDGF on the cells is executed by two structurally 
similar receptors, α and β [7-9]. Both receptors are tyrosine ki‑
nases of different affinity to PDGF [10-12].

P‑selectin is a cellular adhesive molecule, located on cellular 
membrane of PLT as the CD62P receptor, and in blood serum 
as soluble form (sP‑selectin). Both forms take part in PLT ad‑
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tion. The results of basic laboratory tests such as glucose, urea 
and creatinine were within the norms. Patients with renal fail‑
ure, diabetes and circulatory system diseases were excluded 
from the study. Patients did not obtain antiaggregation and 
antiplatelets medications and were not treated with amino‑
glycosides for 7 days prior to blood sampling. None of the pa‑
tients prior to  and 3 months after the operation underwent 
chemo- or radiotherapy. Moreover, habitual smokers were ex‑
cluded from the study and control group.

Material for the analysis, venal blood, was sampled twice; 
two days prior to and 3 months after the operation. The PLT 
count was established with haematological analyser and PLT 
activation markers were established by ELISA method (in du‑
plicates) with the ELISA‑Kit Quantikine Immunoassay R&D 
reagents sets (PDGF‑AB cat. no DHDOOB; sP‑selectin 
cat. no BBE6). The reagents sets were destined for scientific 
studies performed in cellular cultures, blood serum and plas‑
ma. Permission was obtained from the Bioethical Committee 
to perform the study (R-I-003/325/2004).

Results of the study were presented as average ± standard 
deviation values. The  occurrence of  the  normal distribution 
of the analyzed data with the Shapiro‑Wilk test and classic χ2 
test were evaluated. Taking into consideration that the num‑
ber of  patients was below 40, the hypothesis of  the  identity 
of the 2 averages was suggested, which was verified by the clas‑
sic non‑parametric Mann‑Whitney U  test. The  results were 
analyzed with Spearmann’s correlation. A  statistical analysis 
was performed with the  STATISTICA 6.0 program. Statisti‑
cally significant differences were considered for p <0.05.

RESULTS
In  all patients with CRC before the  operation the  blood 

concentration of  PDGF‑AB was statistically significant‑
ly higher than in  the  control group (Tab.  1). The  aver‑
age PDGF-AB concentration in the control group was 34.3 
ng/ml. In the B1 group the concentration was about 6 times 
higher and reached 208.1 ng/ml, but in the B2 group it was 
about 11 times larger compared to  control group, reach‑

hesion to the leukocytes, and sP‑selectin blood concentration 
increases in inflammatory and carcinogenic processes [13,14]. 
PDGF-AB and P‑selectin are the  PLT activation markers, 
whose role in cancer development is widely discussed [15-17]. 
However, the scarce data on the dynamics of PDGF‑AB and 
P‑selectin level changes in patients with cancer promoted us 
to undertake our study.

The aim of our study was to evaluate PDGF‑AB and P‑se‑
lectin concentrations as biologically active PLT activation 
markers, which are of  crucial importance in  cancer develop‑
ment. Because colorectal cancer (CRC) is one of the most fre‑
quently observed cancers in  countries with a  high standard 
of living, such as Poland, patients with CRC and variable in‑
volvement of  regional lymph nodes with no evidence of dis‑
tant metastasis were included in the study. The impact of sur‑
gical treatment on CRC on PDGF‑AB and sP‑selectin levels 
was also evaluated.

PATIENTS AND METHODS
Thirty-eight patients with CRC (20 women, 18 men, aged 

48–69 years; average age 62.4) and 24 healthy individuals 
(10 women, 14 men, aged 46–65 years; average age 60.8) 
were analyzed. The histological CRC classification according 
to  WHO was Adenocarcinoma, a  macroscopic classification: 
polyp‑like, localised low in  retroperitoneal part of  the  rectum. Pa‑
tients were treated surgically with complete intestine ampu‑
tation using the abdominal‑perineal method. Diagnostic tests 
were performed before the  operation in  all patients outside 
of  clinical research: ultrasound examinations of  the  abdomi‑
nal cavity and colonoscopy with specimen collection and his‑
tological evaluation. Patients were divided into two groups, 
according to  their clinical‑pathomorphological TNM classifi‑
cation [18]; the B1 group consisted of 20 patients (T2‑3N1M0 
i.e. metastasis was found in 1, 2 or 3 regional lymph nodes), 
and the B2 group of 18 patients (T2‑3N2M0 – metastasis in 4 
or more regional lymph nodes).

All patients obtained standard antithrombotic prophylaxis 
in the form of low‑molecular‑weight heparin after the opera‑

Table 1. PDGF‑AB and sP‑selectin blood concentrations in CRC patients compared to the control group

Analyzed parameter Time of blood sampling The whole group (B)
n = 38

Control group (K)
n = 24

p

x ±SD x ±SD

PDGF‑AB (ng/ml) Before operation 293.5 ±61.5 34.3 ±9.2 B vs. K**

After operation 161.6 ±39.8 34.3 ±9.2 B vs. K**

sP‑selectin (ng/ml) Before operation 177.3 ±36.2 20.1 ±3.9 B vs. K**

After operation 127.9 ±27.8 20.1 ±3.9 B vs. K*

*p <0.01, **p <0.001
B – the whole analyzed group – (T2‑3N1‑2M0)
Abbreviations: CRC – colorectal cancer, PDGF‑AB – platelet‑derived growth factor, SD – standard deviation
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cytokine decreased (Tab. 2). Moreover, sP‑selectin concentra‑
tion, like PDGF‑AB concentration, was independent of  age 
and sex.

The analysis confirmed higher PLT count in CRC patients 
before the  treatment in  the B1 group, and lower in  the B2 
group than in the control group p <0.05 (Tab. 3). A decrease 
in the PLT count to the value of 246.52 × 103/µl was observed 
in  the  B1 group three months after the  radical CRC exci‑
sion, but in the B2 group no significant change was observed 
(Tab. 3).

DISCUSSION
Results of  the  study show that not only CRC presence, 

but also the grade of clinical advance have significant impact 
on PDGF-AB and sP-selectin levels. However, with complete 
CRC amputation the  abdominal‑perineal method caused 
a decrease in PDGF‑AB and sP‑selectin concentration, even 
though the  level was significantly higher than in  the  con‑
trol group, which might be evidence of  autocrine and para‑
crine secretion of both analyzed parameters by CRC and PLT, 
which take part in thrombotic events in cancer tissue.

ing 379.0 ng/ml (Tab. 2). During the analysis of PDGF con‑
centration in both groups it was observed that the  average 
PDGF‑AB concentration prior to  the  operation was high‑
er in  the  B2 group than the  B1 group. Comparing the  re‑
sults of  PDGF concentration prior to  and 3 months after 
the operation, a significant decrease in PDGF‑AB concentra‑
tion in both analyzed groups was observed; however, the de‑
crease in  patients with a  lower clinical grade was more sig‑
nificant and in the B1 group was equal to 78.9 ng/ml, while 
in  the  B2 group the  concentration was a  few times higher 
– 244.3 ng/ml (Tab. 2). PDGF-AB level dependence on age 
and sex were not observed.

Analysis of  sP‑selectin concentrations in  CRC patients 
showed that they were statistically significantly higher than 
in  the  control group (Tab. 1). In  the B1 group the  average 
sP‑selectin value was 111.6 ng/ml before the  surgery, and 
in the B2 group – 243.0 ng/ml; however, in the control group 
of healthy people it was only 20,1 ng/ml. Thus, the average 
sP‑selectin concentration before the surgery in the B1 group 
was about five times, and in  the  B2 group over ten times 
higher than in the control group (Tab. 1 and 2). Comparing 
average sP‑selectin concentration in  both analyzed groups 
before the procedure, higher values were observed in the B2 
group (Tab. 2), but after the surgery, the concentration of this 

Table 2. PDGF‑AB and sP‑selectin blood concentrations in CRC patients in relation to TNM classification

Analyzed parameter Time of blood sampling               Analyzed group p

B1 (n = 20) B2 (n = 18)

x ±SD x ±SD

PDGF‑AB (ng/ml) Before operation 208.1 ±82.4 379.0 ±121.0 B1 vs. B2*

After operation   78.9 ±30.4 244.3 ±69.8 B1 vs. B2**

sP‑selectin (ng/ml) Before operation 111.6 ±27.6 243.0 ±57.1 B1 vs. B2**

After operation   91.3 ±25.8 164.0 ±29.8 B1 vs. B2*

*p < 0.05, **p<0.01
Analyzed group (B1 – T2‑3N1M0) (B2 – T2‑3N2M0)
Abbreviations – see Table 1

Table 3. Blood platelet (PLT) count in patients prior to and after radical CRC excision compared to the control group

Analyzed parameter Time of blood sampling            Analyzed group Control group p

B1 (n = 20) B2 (n = 18) K (n = 20)

x ±SD x ±SD x ±SD

Blood PLT count PLT 
× 103/µl

Prior to operation 280.70 ±49.52 195. 73 ±22.16 221.24 ±24.06 B1 vs. B2***,  
B1 vs. K***, B2 vs. K**

After operation 246.52 ±38.45 193.07 ±34.39 221.24 ±24.06 B1 vs. B2*,  
B1 vs. K*, B2 vs. K**

*p <0.05, **p <0.01, ***p <0.001
Analyzed B1 group – T2‑3N1M0

Analyzed B2 group – T2‑3N2M0

Abbreviations – see Table 1



348	 POLSKIE ARCHIWUM MEDYCYNY WEWNĘTRZNEJ  2008; 118 (6)

ORIGINAL ARTICLES

brinogen are responsible for platelet‑platelet interaction, but 
E‑selectin takes part in platelet‑endothelium interaction. As 
a  result of  the  interaction of  PLT with cancer cells, the  tu‑
mour is surrounded by  activated PLT, which releases many 
compounds, including the previously discussed PDGF‑AB.

In  own studies, a  higher sP-selectin concentration than 
in the control group was observed in all CRC patients, both 
before and after the operation. Similar results were presented 
by Dymicka‑Piekarska et al. [24], who showed higher sP‑se‑
lectin concentrations in  their analyzed groups (74.22 ng/ml 
and 70.33 ng/ml) of  CRC patients in  comparison to  their 
control groups (41.01 ng/ml). Each neoplastic process is ac‑
companied by  intensified granulocytes and macrophages mi‑
gration to the tumour stroma whic causes leukocyte infiltra‑
tion in pericancer tissue. P‑selectin is responsible for mutual 
platelet‑leukocyte interaction [25]. This fact can additional‑
ly explain the higher sP‑selectin concentration in the blood se‑
rum of the CRC patients. An analysis of the influence of clin‑
ical‑pathomorphological grades on  sP‑selectin levels showed 
higher concentrations in patients with higher clinical grades 
of tumours, i.e. with larger numbers of lymph nodes involved. 
As a result, it can be assumed that patients without metasta‑
sis to the lymphatic system may present other results, but this 
was beyond the scape of this study.

Analysis of  PLT count with reference to  the  parameters 
did not reveal a positive correlation between PLT count and 
PDGF‑AB and sP‑selectin concentration as markers of  PLT 
activation. However, lower PLT count in patients at more ad‑
vanced stages may confirm our earlier observation that cancer 
tissue, in addition to PLT, can be a PDGF‑AB and sP‑selectin 
source as well.

Because CRC is situated second with regard to  frequen‑
cy of malignant tumors in Poland, more refined and sensitive 
biochemical markers and less invasive methods of early CRC 
diagnostics are being investigated. The  results of  our study 
show that establishing PDGF‑AB and sP‑selectin in  the pa‑
tient blood is of diagnostic importance. Colorectal cancer re‑
curs with high frequency. For this reason a high concentration 
of both analyzed parameters might be an important indicator 
of the recurrence of the disease. On the other hand, analysis 
of the dynamics of changes in PDGF‑AB and sP‑selectin lev‑
els in time can play an important role in evaluating the trans‑
formation of benign lesions into malignant lesions. Supression 
of  PDGF-AB and sP‑selectin activity by  blocking receptors 
for these factors will probably be new therapeutic strategy 
in the future; however further studies are necessary to imple‑
ment these solutions.
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PDGF‑AB and sP‑selectin are considered sensitive mark‑
ers of  PLT activation, which plays an  important role in  can‑
cer development. PDGF‑AB is an  important factor regulat‑
ing the  migration and proliferation of  many cells, includ‑
ing CRC cells [19]. The  interaction of PDGF on  the cells is 
caused by two structurally similar receptors – α and β. Both 
receptors are tyrosine kinases, which have variable affinities 
to PDGF‑AB, a strong mitogen for cancer cells [8]. PDGF is 
not observed in blood plasma; it is, however, released by PLT 
to blood serum during thrombotic disorders, observed in can‑
cer tissue and the tumour stroma, a source rich in CP (cancer 
procoagulant) [20]. The results of our study seem to confirm 
the hypothesis that cancer tissue is, beside PLT, a PDGF‑AB 
source too; PDGF‑AB concentration in  all CRC patients 
was statistically significantly higher compared to  the  con‑
trol group. Similar results were also obtained by Filiberti et al. 
[21], who presented about two-fold higher PDGF concentra‑
tion in an analyzed group (45.8 ng/ml) compared to the con‑
trol group (26.8 ng/ml) in a study on lung cancer.

The analysis of the impact of the surgical excision of cancer 
lesions on PDGF‑AB levels showed about half the concentra‑
tion after the procedure. Such results indicate the favourable 
impact of  radical CRC excision on  PDGF concentration de‑
creases. Such a phenomenon can be explained by the remov‑
al of  cancer tissue in places of PLT activation, a  rich source 
of PDGF.

Yu et al. [22] showed that PDGF correlates with can‑
cer grading and plays an important role in metastasis forma‑
tion. We  obtained similar results in  our own studies. Com‑
paring PDGF‑AB concentrations as dependent on  clini‑
cal‑pathomorphological TNM classification, we  observed 
higher PDGF concentrations in  patients with higher grad‑
ing, i.e. with metastases in larger numbers of regional lymph 
nodes. Thus, the  results of our studies are similar to  results 
obtained by other authors [22], indicating strong PDGF‑AB 
impact on CRC cells, from which it is subsequently secreted 
to the blood stream. Analysis of PDGF-AB blood concentra‑
tion allows us to trace the dynamics of how benign changes 
become malignant changes. Moreover, the advantage of trac‑
ing the  changes in dynamics of PDGF‑AB blood concentra‑
tion is the observation that venal blood is a biological material 
easier to obtain than biopunctates or tumour specimens, and 
its sampling is less invasive.

During PLT activation, the  fusion of  α-granules with 
the  cellular membrane of  platelets was observed. As a  re‑
sult, surface P‑selectin is expressed in  the  form of  mem‑
brane receptor CD62P. However, extracellular domain of this 
receptor can be released to  the  blood, where it is observed 
in the form of a soluble fragment (soluble P‑selectin). Accord‑
ing to Małyszko et al.  [23]. PLT‑related thrombotic diseases 
in kidney diseases are related to a massive expression of P‑se‑
lectin; our previous study on  renal cancer showed, however, 
that both forms of P‑selectin (both CD62P receptor and sP-
selectin) interact with cancer cells by sialoglycoprotein, a spe‑
cific ligand for P‑selectin [13]. Integrin αIIbβ3 receptors for fi‑



Evaluation of PDGF‑AB and sP‑selectin concentrations in relation to platelet count…	 349

ORIGINAL ARTICLES

We  want to  thank to  J.  Kanigowski, MD, PhD, Head 
of  the  Department of  Surgery, the  Jan  Śniadecki Individu‑
al United Provincial Hospital in Białystok, for his help in pa‑
tient selection and for facilitating blood sampling in  the de‑
partment, where CRC patients were operated on.

REFERENCES
	 1.	 Dell S, Peters S, Müther P, et al. The role of PDGF receptor inhibitors and PI3‑kinase 

signalling in the pathogenesis of corneal neovascularization. Invest Ophthalmol Vis 
Sci. 2006; 47: 1928-1937.

	 2.	 Nowak MM, Mucha K, Foroncewicz B. Znaczenie PDGF w patogenezie wybranych 
jednostek chorobowych. Pol Arch Med Wew. 2005; 6: 603-608.

	 3.	 Ay C, Jungbauer LV, Sailer T. High concentration of soluble P‑selectin are associat‑
ed with risk of  venous thromboembolism and the  P‑selectin Thr715 variant. 
Clin Chem. 2007; 53: 1235-1243.

	 4.	 Miller-Kasprzak E, Niemir ZI, Czekalski S. Rola płytkopochodnego czynnika wzrostu 
A (PDGF‑A) w nadciśnieniu tętniczym i chorobach nerek. Cz. 1. Budowa i regulacja 
ekspresji genu PDGF‑A i jego rola w nadciśnieniu tętniczym. Pol Merk Lek. 2004; 
94: 398-401.

	 5.	 Kim HR, Upadhyay S, Korsmeyer S, et al. Platelets‑derived growth factor (PDGF) B 
and A homodimers transform murine fibroblasts depending on  the genetic back‑
ground of the cell. J Biol Chem. 1994, 269: 30604-30608.

	 6.	 Sundberg C, Branting M, Gerdin B, et al. Tumour cell and connective tissue cell in‑
teractions in  human colorectal adenocarcinoma. Transfer of  platelets‑derived 
growth factor‑AB/BB to stromal cells. Am J Pathol. 1997; 151: 479–492.

	 7.	 Heldin CH, Ostman A, Ronnstrand L. Signal transduction via platelets‑derived growth 
factor receptors. Biochem Biophys Acta. 1998; 1378: 79-113.

	 8.	 Heldin CH, Westermark B. Mechanism of action and in vivo role of platelets‑derived 
growth factor. Physiol Rev. 1999; 79: 1283-1316.

	 9.	 Mantur M, Koper O. Płytkopochodny czynnik wzrostu (platelets-derived growth fac‑
tor – PDGF): budowa, rola i jego receptory. Pol Merk Lek. 2008; 24: 173-176.

10.	 Tejada ML, Yu L, Dong J, et  al. Tumor‑driven paracrine platelets‑derived growth 
factor receptor α signalling is a  key determinant of  stromal cell recruitment 
in a model of human lung carcinoma. Clin Cancer Res. 2006; 12: 2676-2688.

11.	 Suhardja A, Hoffman H. Role of growth factors and their receptors in proliferation 
of microvascular endothelial cells. Microsc Res Tech. 2003; 60: 70-75.

12.	 Kitadai Y, Sasaki T, Kuwai T, et al. Expression of activated platelets‑derived growth 
factor receptor in stromal cell of human colon carcinomas is associated with meta‑
static potential. Int J Cancer. 2006; 119: 2567-2574.

13.	 Mantur M, Kemona H, Kozłowski R, et al. Effect of tumour stage and nephrectomy 
on  CD62P expression and sP‑selectin concentration in  renal cancer. Neoplasma. 
2003; 50: 262- 265.

14.	 Bolewski A, Plewa R, Siminiak T. Udział czynników zapalnych w patogenezie miaż‑
dżycy. Pol Przeg Kard. 2003; 5: 61-69.

15.	 Fal AM, Jankowska A, Garstka H, et  al. The  role of  adhesion molecules 
in the pathophysiology of diseases: Therapeutic prospects. Pol Arch Med Wewn. 
2003; 1: 765-774.

16.	 Shikada Y, Yonemitsu Y, Koga T, et al. Platelets‑derived growth factor‑AA is an es‑
sential and autocrine regulator of  vascular endothelial growth factor expression 
in non‑small cell lung carcinomas. Cancer Res. 2005; 65: 7241-7248.

17.	 Starzyńska T, Wasilewicz MP. Chemioprewencja raka jelita grubego. Pol Merk 
Lek. 2007; 133: 70-73.

18.	 Hutter RV, Sobin LH. A universal staging system for cancer of the colon and rectum. 
Arch Pathol Lab Med. 1986; 110: 367-368.

19.	 Ross JA, Potter JD, Severson RK. Platelets-derived growth factor and risks factors 
for colorectal cancer. Eur J Cancer Prev. 1993; 2: 197-210.

20.	Vincent L, Rafii S. Vascular frontiers without borders: multifaceted roles of plate‑
lets‑derived growth factor (PDGF) in supporting postnatal angiogenesis and lymp‑
hangiogenesis. Cancer Cell. 2004; 6: 307-309.

21.	 Filiberti R, Marroni P, Neri M. Serum PDGF-AB in pleural mesothelioma. Tumour Biol. 
2005; 26: 221-226.

22.	Yu J, Ustach C, Kim HR. Platelets‑derived growth factor signalling and human can‑
cer. J Biochem Mol Biol. 2003; 36: 49-59.

23.	Małyszko J, Suchowierska E, Pawlak K. Platelets agregation and P‑selectin concen‑
tration in patients on peritoneal dialysis treated with erythropoetin. Pol Arch Med 
Wewn. 2001; 3: 197-201.

24.	Dymicka-Piekarska V, Matowicka-Karna J, Osada J, et  al. Changes in  platelets 
CD62P expression and soluble P‑selectin concentration in  surgically treated col‑
orectal cancer. Adv Med Sci. 2006; 51: 304-308.

25.	Mizia-Stec K, Mandecki T, Zahorska-Markiewicz B. P-selectin and E‑selectin in se‑
rum of patients with coronary disease. Pol Arch Med Wewn. 2001; 6: 1137-1144.


