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Abstract 

Studies have indicated that platelets play an important role in tumorigenesis, and an abundance of 
platelets accumulate in the ovarian tumor microenvironment outside the vasculature. However, 
whether cancer cells recruit platelets within intestinal tumors and how they signal adherent 
platelets to enter intestinal tumor tissues remain unknown. Here, we unexpectedly found that 
large numbers of platelets were deposited within human colorectal tumor specimens using im-
munohistochemical staining, and these platelets were fully associated with tumor development. 
We further report the robust adhesion of platelet aggregates to tumor cells within intestinal 
tumors, which occurs via a mechanism that is dependent on P-selectin (CD62P), a cell adhesion 
molecule that is abundantly expressed on activated platelets. Using spontaneous intestinal tumor 
mouse models, we determined that the genetic deletion of P-selectin suppressed intestinal tumor 
growth, which was rescued by the infusion of wild-type platelets but not P-selectin-/- platelets. 
Mechanistically, platelet adhesion to tumor cells induced the secretion of vascular endothelial 
growth factor (VEGF) to promote angiogenesis and accelerate intestinal tumor cell proliferation. 
Our results indicate that the adherence of platelets to tumor cells could promote tumor growth 
and metastasis. By targeting this platelet-tumor cell interaction, recombinant soluble P-selectin 
may have therapeutic value for the treatment of intestinal tumors. 

Key words: P-selectin; platelets; intestinal tumor; VEGF 

Introduction 
It is well known that platelets play key roles in 

tumor growth and metastasis. The clinical observation 
was made that patients with solid tumors, most 
commonly primary colorectal, lung, breast or gastro-
intestinal tumors, often have thrombocytosis [1]. A 
recent report also showed that increased platelet 

counts promote ovarian tumor growth via a paracrine 
signaling pathway that mediates paraneoplastic 
thrombocytosis in epithelial ovarian tumors [2]. Ex-
perimental evidence also showed that platelets exert 
important effects on tumorigenesis through diverse 
mechanisms, including the release of several types of 
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growth factors, protection of cancer cells from im-
mune surveillance, and negotiation of cancer-cell ar-
rest in the micro-vasculature [3-5]. Platelets can in-
duce cell survival and growth by secreting several 
types of growth factors, including vascular endothe-
lial growth factors (VEGFs), platelet-derived growth 
factors (PDGFs) and fibroblast growth factors (FGFs). 
Although it has been confirmed that platelets can 
promote tumorigenesis [6,7], the application of plate-
let depletion is clinically limited due to potentially 
fatal hemorrhage. Thus, when treating cancers, it is 
highly necessary to block interactions between plate-
lets and tumor cells in solid tumors without causing 
bleeding.  

P-selectin (CD62P) is a member of the selectin 
family of cell adhesion molecules and is stored on the 
membrane of platelet α-granules and endothelial 
Weibel-Palade bodies [8]. When thrombosis develops 
and inflammation is caused, P-selectin rapidly trans-
fers to the cell surfaces of platelets and endothelial 
cells. Platelet P-selectin mediates leukocyte rolling on 
stimulated endothelial cells via binding to PSGL-1 
and the heterotypic aggregation of activated platelets 
with circulating tumor cells (CTCs) [9]. It has also 
been shown that the absence of P-selectin significantly 
suppresses the growth of subcutaneously implanted 
human colon carcinoma cells and lung metastases 
from intravenously injected cells [10]. Indeed, 
P-selectin has been suggested to play an important 
role in tumor growth and metastasis, and the patho-
logic significance of P-selectin-mediated platelet 
binding to CTCs during hematogenous metastasis has 
been clearly demonstrated [9-12]. However, whether, 
why and how P-selectin-mediated platelets adhere to 
tumor cells within solid tumors currently remain 
unknown. 

To investigate platelet P-selectin involved in in-
testinal tumors, the ApcMin/+ murine model is used. 
The ApcMin/+ mouse is an intestinal tumor model that 
carries a mutation at codon 850 of the human adeno-
matous polyposis coli (Apc) gene [13]. ApcMin/+ mice 
spontaneously develop multiple adenomatous polyps 
in the small intestine and fewer polyps in the colon, as 
a consequence of the mutation in the Apc gene in 
multiple intestinal neoplasia (Min). Very few tumors 
in ApcMin/+ mice develop into adenocarcinoma [13]. 
Therefore, ApcMin/+ mice have been considered a 
classic mouse model to study human intestinal tu-
morigenesis.  

In this study, we investigated whether platelet 
P-selectin plays an important role in tumorigenesis by 
monitoring ApcMin/+ intestinal tumorigenesis in a 
P-selectin-deficient background. Surprisingly, we 
found that platelet deposition within colorectal can-
cers was closely correlated with tumor staging and 

lymph node metastasis, demonstrating that platelet 
accumulation in tumor tissue promoted colorectal 
cancer growth. We further demonstrated that 
P-selectin deletion inhibited tumor growth in both 
adenoma and microadenoma and attenuated platelet 
deposition within adenomas in ApcMin/+ mice, thus 
reducing the secretion of VEGF and suppressing tu-
mor-induced angiogenesis, which ultimately inhibit-
ed intestinal tumor growth. 

Although decreasing platelets is not feasible in 
clinical applications due to potential hemorrhage 
[6,7], a novel method to treat colorectal cancer could 
involve targeting the newly identified platelet-tumor 
cell interaction. In this context, P-selectin was found to 
be an effective candidate. The current study aimed to 
confirm the role of P-selectin-mediated platelet deposi-
tion in intestinal tumor growth and to provide a strong 
theoretical basis for P-selectin inhibition as an an-
ti-tumor treatment. 

Materials and Methods 
Human samples 

Human tissues were obtained from patients un-
dergoing elective surgery for colorectal resections 
with written informed consent after approval from 
the Medical Research Human Ethics Committee of the 
Third Affiliated Hospital of Sun Yat-sen University. 
For immunofluorescent or immunohistochemical 
staining, the tissues were fixed in 4% paraformalde-
hyde and embedded in optimum cutting temperature 
(OCT) compound or in paraffin. The paraf-
fin-embedded tissues included adenoma tissues (n = 
3) and colorectal cancer tissues at stage I (n = 4 ), II (n 
= 10 ), III (n = 10), and IV (n = 4); the tissues were 
chosen according to the original pathological diagno-
sis. Hematoxylin and eosin (H&E)-stained sections 
were re-diagnosed by two experienced pathologists 
who were blinded to the source of the tissues, ac-
cording to the American Joint Committee on Cancer 
Staging (AJCC) and Union for International Cancer 
Control (UICC) classification guidelines. 

Mice 
C57BL/6J-ApcMin/+ mice were purchased from 

the Jackson Laboratory. Male ApcMin/+ mice were 
mated with female P-sel-/- mice on the C57BL/6J 
background to obtain ApcMin/+;P-sel+/- mice. To gen-
erate ApcMin/+;P-sel-/- mice, the ApcMin/+;P-sel+/- mice 
were backcrossed with P-sel-/- mice. Their genotypes 
were identified by PCR using the following primers: 
ApcMin/+, GCCATCCCTTCACGTTAG, TTCCACTTT 
GGCATAAGGC and TTCTGAGAAAGACAGAAG 
TTA; and P-selectin, CTGAATGAACTGCAGG 
ACGA, ATACTTTCTCGGCAGGAGCA, TTGTAAAT 
CAGAAGGAAGTGG and AGAGTTACTCTTGAT 
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GTAGATTCC.  

Measurement of intestinal polyps  
After the mice were sacrificed, the intestines 

were excised from each mouse. To easily quantify and 
identify tumors, the small intestine was divided into 
three equal segments: proximal, middle and distal. 
The intestines were cut longitudinally and luminal 
contents were washed out using phosphate buffered 
saline solution (PBS, pH 7.4). After unfolding on filter 
papers, the intestines were fixed in 10% phos-
phate-buffered formalin overnight. The next day, the 
intestines were stained with 0.1% (v/v) methylene 
blue. The numbers and diameters of the tumors in the 
small and large intestines were measured using an 
inverted microscope, and tumor volumes were calcu-
lated with the following equation: volume = 0.52 × 
(length x width2) [14]. Based on tumor diameters, the 
tumors were categorized as microadenoma (<2 mm) 
and adenoma (≥2 mm). The intestines were prepared 
in a Swiss roll and embedded in paraffin. 

Platelet preparation and “rescue” experi-
ments 

Blood from P-sel-/- or wild-type mice was col-
lected in Eppendorf tubes containing 0.1 volume of 
acid-citrate-dextrose (ACD, 38 mmol/L citric acid, 75 
mmol/L trisodium citrate, and 100 mmol/L dextrose, 
1/10 vol). To obtain platelet-rich plasma (PRP), blood 
was centrifuged at 275 g for 14 minutes, and then the 
plasma and buffy coat composed of platelets were 
gently drawn into a fresh tube and centrifuged at 400 
g for 5 minutes. The resulting PRP was filtered to ob-
tain the platelets using a Sepharose 2B column (Sig-
ma-Aldrich, St. Louis, MO, USA) containing PIPES 
buffer (25 mmol/L PIPES, 137 mmol/L NaCl, 4 
mmol/L KCl, and 0.1% dextrose, pH 7.0). Counting of 
platelets was performed using a blood cell counting 
chamber in a 1000 × field. For the platelet “rescue” 
experiments, platelets (4 × 107/mouse) isolated from 
C57BL/6J and P-sel-/- mice were intravenously in-
jected into ApcMin/+;P-sel-/- mice (5 weeks old; three 
times per week for four weeks). Four weeks later, the 
tumor numbers and volumes of the 9-week-old 
ApcMin/+;P-sel-/- mice were evaluated as described in 
the previous methods section. 

Histopathology and immunohistochemical 
staining 

Paraffin-embedded intestines were sectioned 
and stained with H&E according to a standard pro-
tocol. Two senior pathologists graded the stained 
slides and defined the adenomas as low or high grade 
according to the consensus recommendations [15]. 
Before immunohistochemical staining, 5-bromo- 

2’-deoxyuridine (BrdU, 100 mg/kg; Sigma-Aldrich) 
was intraperitoneally injected into 9-week-old 
ApcMin/+;P-sel-/- or ApcMin/+ mice, and the mice were 
sacrificed after 2 h. Three-micron tissue sections were 
subsequently dewaxed, deparaffinized, rehydrated, 
and endogenous peroxidase was quenched with 3% 
H2O2 in methanol for 30 minutes. The slides were 
blocked with 10% bovine serum albumin (Sig-
ma-Aldrich) at 37℃ for 50 minutes and then incubated 
with a rabbit anti-CD31 polyclonal antibody (Abcam, 
Cambridge, CB, UK), mouse anti-BrdU monoclonal 
antibody (Santa Cruz Biotechnology, Santa Cruz, CA, 
USA), rabbit anti-CD41 (integrin GPIIb subunit) pol-
yclonal antibody (Abcam) or rabbit anti-VEGF poly-
clonal antibody (Abcam) at 4℃ overnight. Next, the 
tissue sections were incubated with a horseradish 
peroxidase-conjugated goat anti-rabbit or anti-mouse 
IgG antibody (ZSGB-BIO, Beijing, China) at 37℃ for 
50 minutes. The slides were stained with diamino-
benzidine solution (Dako Cytomation, Hamburg, 
Germany), and the cell nuclei were counterstained 
with hematoxylin. The images were taken under a 200 
× field or 400 × field. Microvessel density (MVD) and 
the numbers of proliferating cells were quantified 
according to previously published methods [16]. The 
data of immunohistochemical staining were collected 
and assessed by two reseachers using a double-blind 
protocol.  

Immunofluorescent staining 
 Immunofluorescent staining was performed 

using antibodies against CD31 (Santa Cruz Biotech-
nology) and CD41 (Abcam), and cell nuclei were 
counterstained with 4'-6-diamidino-2-phenylindole 
(DAPI). Image-Pro Plus image analysis software was 
used to quantify the platelets under a 400 × field, and 
images were assessed by two researchers.  

ELISA 
The tumors obtained from ApcMin/+ mice and 

ApcMin/+;P-sel-/- mice were homogenized. The ho-
mogenates, after being subjected to two freeze-thaw 
cycles, were used to detect VEGF levels using an 
ELISA kit (R&D Systems, Minneapolis, MN, USA) 
according to the protocol provided by the manufac-
turer (R&D Systems).  

Western blotting 
Protein was extracted from the adenomas ob-

tained from ApcMin/+ mice and ApcMin/+;P-sel-/- mice, 
and then the proteins were separated by SDS-PAGE 
and transferred onto nitrocellulose membranes. The 
nitrocellulose membranes were incubated with a rab-
bit anti-VEGF polyclonal antibody (Abcam) at 4℃ 
overnight, and the immunoblotting was carried out as 
previously described [14]. 
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Statistical analysis  
Data were represented as the mean ± standard 

deviation (SD). A one-way ANOVA or Student’s t-test 
was used to determine the statistical significance. For 
all tests, p < 0.05 or < 0.01 indicated statistical signifi-
cance and high significance, respectively. 

Results 
Clinical evidence for platelet infiltration in 
human colorectal tumors 

It has been reported that decreasing the number 
of platelets in host blood inhibits tumor growth and 
metastasis [17]. To confirm whether platelets could 
infiltrate into colorectal tumor tissues from blood 
vessels and to evaluate the relationship between 
platelets and tumorigenesis, we detected platelet ac-
cumulation in human colorectal specimens using 
immunohistochemical staining. Interestingly, we 
found that many platelets aggregated around colo-
rectal tumor cells. In particular, there were large 
numbers of platelets in colorectal cancer tissues from 
stage III and IV patients (Figure 1A). Furthermore, 
statistical analysis indicated that platelet accumula-
tion in stage II tumors was greater than in stage I, and 
stage IV was more than stage III; furthermore, there 
was no difference in platelet accumulation between 
adenoma and stage 0/I and between stage 0/I and 
stage II (Figure 1B). Surprisingly, we found that 

platelet aggregates were closely correlated with 
lymph node metastasis, and platelet accumulation in 
stage T4 colorectal cancer was greater than in stage T3 
tumors (Figures 1C and 1D). However, there was not 
platelet deposition in the normal intestinal tissues 
(Supplemental Figure S1). The results indicate that 
platelet accumulation around tumor cells is closely 
related to colorectal cancer progression. 

P-selectin mediates platelet accumulation in 
the intestinal tumor  

P-selectin is expressed on activated platelets and 
endothelial cells and has an important effect on the 
adhesion of tumor cells to vascular endothelial cells. 
Therefore, to determine why platelets accumulate in 
human colorectal tumor tissues and why platelets 
accumulation is closely related to tumor progression 
(Figure 1), we established ApcMin/+;P-sel-/- mice and 
further detected platelets in the small intestinal tu-
mors of ApcMin/+;P-sel-/- and ApcMin/+ mice using 
immunofluorescent staining of CD41. In addition to 
platelets accumulation within blood vessels, we found 
the large number of platelets accumulates within the 
small intestinal tumor of the ApcMin/+ mice. However, 
few platelets were detected in the small intestinal 
tumor of ApcMin/+;P-sel-/- mice (Figure 2). These re-
sults show that P-selectin mediates platelet accumu-
lation in intestinal tumor. 

 

 
Figure 1. Platelets accumulate in human colorectal tumors. (A) Platelets deposited in human specimens at serious colorectal tumor stages. (B) Platelet 
expression across adenoma and individual AJCC stages (I-IV). There was no difference in platelet expression between adenoma and stage 0/І. Platelet expression was 
significantly increased in stage III colorectal cancer compared with stage II. There were greater numbers of platelets in stage IV cancer than in stage III tumors. (C) 
Platelet expression in colorectal cancers with no lymph node metastasis (N0) was significantly decreased compared to those in the tissues with metastasis in 1-3 lymph 
nodes (N1) and metastasis in more than 4 lymph nodes (N2). (D) Platelet accumulation in the stage IV colorectal cancer group was significantly increased compared 
to stage III. *, p<0.05; ns, not significant. Scale bars = 50 μm. 
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Figure 2. P-selectin mediated platelet accumulation in intestinal tumors. Immunofluorescent staining was performed with an anti-CD31 antibody to 
define blood vessels, a βIIb antibody for platelets and counterstaining of nuclei with DAPI. Immunofluorescent images of small intestine adenomas from ApcMin/+ and 
ApcMin/+;P-sel-/- mice were taken. There were more platelets in the adenomas from ApcMin/+ mice than from ApcMin/+;P-sel-/- mice. *, p<0.05. Scale bars = 50 μm. 

 

P-selectin-mediated platelet accumulation 
accelerates intestinal tumor growth 

To determine the role of P-selectin-mediated 
platelet in tumor growth in ApcMin/+ mice, we further 
evaluated the pathological significance of P-selectin 
deletion in intestinal tumor. Most tumors were found 
in the small intestines, and the number of both the 
microadenoma and adenoma in the small intestines 
and the number of total tumors were significantly 
reduced in ApcMin/+;P-sel-/- mice compared to 
ApcMin/+ mice (Figures 3A and 3B). P-selectin defi-
ciency also reduced tumor volume of both microad-
enoma and adenoma in the small and the volume of 
total tumors (Figure 3C). These results indicate that 
P-selectin deletion plays an important role in intesti-
nal tumor promotion. Both low- and high-grade ad-
enomas (Figures 3D and 3E) were found in ApcMin/+ 

mice and low-grade adenomas were more than 
high-grade adenomas (Figures 3D) [18]. However, 
high-grade adenomas were very few in 
ApcMin/+;P-sel-/- mice. Furthermore, both low-grade 
and high-grade adenomas in ApcMin/+;P-sel-/- mice 
were much less than those in ApcMin/+ mice (Figures 
3D). 

The significance of platelet P-selectin on in-
testinal tumor growth  

Not only activated platelets but also vascular 
endothelial cells express P-selectin [8]. To determine 
the significance of platelet P-selectin on intestinal 
tumor growth, the platelets from C57BL/6J and 
P-sel-/- mice were isolated and “rescue” experiment 
was performed. Just as predicted, compared to those 
treated with platelets from C57BL/6J mice, 
ApcMin/+;P-sel-/- mice treated with P-sel-/- platelets 
developed less tumors, and the tumor volumes were 
smaller (Figures 4A and 4B). Both low- and 
high-grade adenomas (Figures 4C-4E) were found in 
ApcMin/+;P-sel-/- mice received from C57BL/6J plate-

lets and low-grade adenomas were more than 
high-grade adenomas (Figures 4C-4E). However, in 
ApcMin/+;P-sel-/- mice received from P-sel-/- platelets, 
high-grade adenomas was very few. Both low- and 
high-grade adenomas were more in the 
ApcMin/+;P-sel-/- mice received from C57BL/6J plate-
lets than those in the mice treated with P-sel-/- plate-
lets (Figures 4C-4E). 

Adherent platelets induce angiogenesis 
through up-regulating VEGF 

To investigate how adherent platelets promote 
intestinal tumor growth, IHC staining for CD31 and 
BrdU cell proliferation assay were performed. MVD 
and the number of BrdU-positive cells were especially 
counted under a 200 × field or 400 × field using the 
upright microscope, and the statistical analysis 
demonstrated that there were fewer microvessels and 
BrdU-positive cells in the tumor of ApcMin/+;P-sel-/- 
mice than those in the tumors of ApcMin/+ mice (Fig-
ures 5A and 5B). As platelets secrete abundant VEGF 
[4,5], which is a key factor for promoting angiogenesis 
in intestinal tumors, we detected the expression and 
concentration of VEGF in the small intestinal tumors 
of ApcMin/+ and ApcMin/+;P-sel-/- mice using IHC 
staining, western blotting and ELISA. As expected, 
VEGF was highly expressed in the tumor of ApcMin/+ 

mice (Figures 5C and 5D), and the levels of VEGF in 
the tissue lysates of intestinal tumors isolated from 
ApcMin/+ mice were higher than those from 
ApcMin/+;P-sel-/- mice (Figure 5E). 

Discussion 
During wound injury, platelets are recruited to 

the lesion site, where they adhere and aggregate to 
form clots that prevent excessive bleeding. They also 
secrete a myriad of growth factors, cytokines and 
chemokines in situ, which dictate the reparative pro-
cess of wound healing [12]. In this study, we have 
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shown that platelets are actively recruited to human 
colorectal tumor and mouse intestinal adenoma in a 
P-selectin-dependent manner, where they secrete 
VEGF, leading to angiogenesis and tumor growth. 
Our findings thus provide experimental evidence to 
support the outstanding and provocative hypothesis 
that solid tumors may hijack the physiological process 
of wound healing to their own advantage during tu-
morigenesis [6,7,19]. 

In the study, we found that platelets accumu-
lated in human colorectal cancer tissue in a manner 
that was fully consistent with tumor staging and 
lymph node metastasis (Figure 1). To explore the 
mechanism by which platelets infiltrated into human 
colorectal tumors, ApcMin/+;P-sel-/- mice were estab-
lished, and P-selectin deficiency attenuated intestinal 

tumor growth by inhibiting the accumulation of 
platelets in tumors (Figures 2 and 3). These results 
show that P-selectin mediates platelet accumulation in 
intestinal tumors. Rebecca L. et al. reported that 
thrombocytosis shortens the survival of patients with 
epithelial ovarian cancer and that there is platelet ac-
cumulation in ovarian cancer tissue [2], which is fully 
consistent with our results regarding platelet deposi-
tion in intestinal tumors. Our previous results also 
showed that P-selectin-mediated platelet/CTC inter-
actions promoted melanoma metastasis [16]. Taken 
together, our results from two different experimental 
settings demonstrate that P-selectin deficiency may 
inhibit intestinal tumor growth, possibly by mediat-
ing platelet adhesion to tumor cells. 

 

 
Figure 3. P-selectin-mediated platelet adhesion promotes intestinal tumor growth in ApcMin/+ mice. (A) Representative dissecting gross image of the 
middle small intestine from ApcMin/+ and ApcMin/+;P-sel-/- mice. (B) The effects of P-selectin deficiency on the numbers of microadenomas, adenomas and total tumors. 
(C) The effects of P-selectin deletion on the tumor volumes of microadenomas, adenomas and total tumors. (D and E) Representative H&E stained images. The 
arrowheads indicate adenomas in the left image. The adenoma indicated by the green asterisk was further magnified in the right image. The adenomas in ApcMin/+ mice 
and ApcMin/+;P-sel-/- mice were high-grade and low-grade, respectively. (F) The numbers of low- and high-grade adenomas in the small intestine of ApcMin/+ mice and 
ApcMin/+;P-sel-/- mice. *, p<0.05; ***, p<0.001. Scale bars = 50 μm in E. 
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Figure 4. Platelet P-selectin exerts an important role in intestine tumor growth. (A and B) Influence of platelet P-selectin in intestinal tumor growth. 
After P-sel-/- and wild-type platelets were intravenously injected into ApcMin/+;P-sel-/- mice, tumor number (A) and volume (B) were measured. (C and D) Repre-
sentative H&E stained images. The arrowheads indicate adenomas in the left image. The adenoma indicated by the green asterisk was further magnified in the right 
image. The adenomas in ApcMin/+;P-sel-/- mice administered wild-type and P-sel-/- platelets were high-grade and low-grade, respectively. (E) After platelets from 
C57BL/6J and P-sel-/- mice were intravenously injected into ApcMin/+;P-sel-/- mice, the intestines were stained with H&E, and numbers of low- and high-grade adenomas 
in the small intestine were assessed. *, p<0.05; **, p<0.01;***, p<0.001. Scale bars = 50 μm. 

 
P-selectin is expressed on activated platelets and 

stimulated endothelial cells. Although endothelial 
P-selectin plays an important role in mediating leu-
kocyte rolling on endothelial cells during inflamma-
tion [8-10], the physiological and pathological roles of 
platelet P-selectin in the processes of hemostasis, 
thrombosis, wound healing and tumorigenesis have 
not been clearly identified. To explore whether plate-
let P-selectin has a significant effect on intestinal tu-
mor growth, a platelet “rescue” experiment was per-
formed. We found that platelet P-selectin, but not 
endothelial cell P-selectin, played a significant role in 
intestinal tumor growth in ApcMin/+;P-sel-/- mice 
(Figure 4), indicating the significance of platelet 
P-selectin in mediating platelet accumulation during 
intestinal tumor growth. To determine the biological 
role of platelets in tumorigenesis, thrombocytopenia 
has been induced using antiplatelet antibodies, the 

thrombin inhibitor hirudin, and Nf-E2-/- mice, which 
have almost no circulating platelets [2, 20-24]. In these 
models, it has been found that the deletion of platelets 
inhibits tumorigenesis, and plasma-purified platelets 
were found to significantly promote ovarian cancer 
cell proliferation and migration [2, 20-24], which is 
fully consistent with our results.  

In this study, we unexpectedly found that plate-
let accumulation was very obvious in each and every 
human colorectal carcinoma or adenoma tissue sam-
ple examined. However, the present study did not 
elucidate a strategy to treat patients with tumors. 
Thus, it is highly necessary to identify a protein or 
compound to interfere with crosstalk between plate-
lets and tumor cells. Interestingly, we found that 
P-selectin mediates the interaction between platelets 
and tumor cells. Therefore, it might be feasible to use 
the P-selectin protein to block the adhesion between 
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platelets and tumor cells without severely prolonging 
bleeding time. Furthermore, a prospective clinical 
observation demonstrated that low molecular weight 
heparin prolonged the survival of patients with can-
cer in addition to exerting antithrombotic effects [25]. 
A recent clinical investigation also showed that 
post-diagnosis aspirin use increased overall colorectal 
cancer survival, particularly for patients with positive 
PTGS2 (COX-2) expression and mutated PIK3CA 
tumors [26]. However, high-dose heparin or aspirin 

may lead to bleeding, and low-dose drugs do not re-
duce incidence and mortality due to cancer. These 
data warrant further consideration, given that 
P-selectin-mediated platelet recruitment may be a 
common mechanism underlying intestinal tumor-
igenesis, and our experimental success in inhibiting 
intestinal tumor growth and tumor-induced angio-
genesis with recombinant soluble P-selectin suggests 
its therapeutic value to treat intestinal tumors. 

 

 
Figure 5. Adherent platelets accelerate angiogenesis via the secretion of VEGF. (A) There were fewer microvessles in the adenomas of ApcMin/+;P-sel-/- 
mice than ApcMin/+ mice. (B) IHC staining of intestinal tumors for VEGF. VEGF expression was higher in the tumors of ApcMin/+ mice than those in ApcMin/+;P-sel-/- mice. 
(C) The concentration of VEGF in small intestinal adenomas. Small intestinal adenomas from ApcMin/+ and ApcMin/+;P-sel-/- mice were lysed, and the amounts of VEGF 
were detected by ELISA. *, p<0.05; **, p<0.01;***, p<0.001. Scale bars = 50 μm. 
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