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Platelets and podoplanin is prognostic of patient
survival after surgery in colorectal cancers
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Abstract: Podoplanin expressing cancer-associated fibroblasts (CAFs) and high preoperative platelet count are
known to be associated with tumor microenvironment that ultimately affect tumorigenesis. However, whether these
two factors could serve as prognostic biomarkers in colorectal cancer remains unknown. This study explores the role
of podoplanin-expressing cancer-associated fibroblasts, platelet count (PLT) and platelet-to-lymphocyte ratio (PLR)
in predicting colorectal cancer survival. PDPN-expressing cancer-associated fibroblasts and platelets infiltration in
tumor tissues of 164 cases of colorectal cancer patients were measured by immunohistochemistry staining. The
data of preoperative platelet count and PLR were collected. Patients with podoplanin-expressing cancer-associated
fibroblasts or preoperative PLR less than the median had better overall survival compared with the control group
(P=0.004 or 0.003). Multivariate analysis showed that preoperative PLR > median was an independent risk factor
for the prognosis of colorectal cancer (HR: 2.775; 95% CI: 1.50-5.14; P=0.01). Platelets infiltration into tumor tis-
sue were closely associated with podoplanin expression in CAFs, but showed no correlation with peripheral blood
platelets. The results show that CAFs with podoplanin-expression were found to be a good prognosis factor for
colorectal cancer patients. However, evidence supporting the association between platelet infiltration and prognosis
of colorectal cancer is lacking, which requires further studies in the future.
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Introduction

Colorectal cancer (CRC) is one of the major ca-
uses of morbidity and mortality worldwide. Th-
ough a relatively lower incidence and death ra-
te were observed in Asia populations [1], the in-
cidence of CRC in China has a rapid growth due
to the increase in aging population, deteriora-
tion of the environment, and adoption of west-
ern lifestyle [2]. Meanwhile, the 5-year survival
rate of CRC in China has not been improved a
lot [3]. Therefore, there is an urgent need to id-
entify molecular markers to avail prognosis be-
fore or after the surgery by complementing his-
topathological staging.

Tumor micro-environment (TME) is the cellul-
ar environment composed of non-cancer cells
and their stroma such as blood vessels, im-
mune cells, fibroblasts, and extracellular matrix
[4]. A number of stromal cells are recruited to
TME to establish a suitable environment to pro-

mote the growth and metastatic dissemination
of tumor cells [5, 6]. Among the stromal cells,
activated fibroblasts which are found in associ-
ation with cancer cells are called cancer-associ-
ated fibroblasts (CAFs). CAFs play an important
role in the development and progression of tu-
mors by secreting growth factors and cytokines
surrounding the cancer cells, which are involved
in the formation of blood vessels [7].

Podoplanin (PDPN) is a specific marker for lym-
phatic endothelium which is widely used in his-
topathology. However, recent studies reported
that PDPN expression in CAFs is associated wi-
th tumor progression and predicts a worse pro-
gnosis in patients carrying different cancers
[8-10].

In this study, we examined PDPN expression in
CAFs and the infiltration of platelet in tumor tis-
sues by immunohistochemistry staining in 164
tumor samples of CRC patients. Combined wi-
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Table 1. Clinicopathological characteristics of patients carrying

colorectal cancer

The clinicopathological charac-
teristics include tumor locati-

on, tumor size, lymph node me-

Group EGTM of EGTM of PDPN+ CD61+ ; ) }
PLT (n=82) PLR (n=82) (n=98) (n=121) astasis and distant metasta-
Gender (Male/Female) 37/45 40/42  54/44 64/57  Sis-Thereare29,62,71,and 2
Average age 60.3 63.1 620 619 cases of TNM stages | to IV, res-
Rectum 36 34 64 54 pectively. Patients were tested
Colon 46 48 66 67 by tumor markers (for example:
_ CEA, CA199 and CA125) and
Tumor long diameter (cm) 4.94 4.67 4.20 4.30 computerized tomography (CT)
N Stage scanned every three months
0 38 45 62 71 within the first 2 years, twice
1 26 22 24 33 per year during 2 to 5 years,
2 18 15 12 17 and once per year after 5 years
Clinical stage after surgery; and the colonos-
I 11 12 19 24 copy was reviewed once per ye-
I 27 22 42 46 ar. The follow-up data was col-
I 44 47 37 49 lected from the date of surgery
v 0 1 0 5 and updated in December

th the analysis of pre-operative platelet count
(PLT) and platelet-to-lymphocyte ratio (PLR), we
evaluated the predictive value of these param-
eters for the prognosis of patients with colorec-
tal cancer, and analyzed the correlation betwe-
en the peripheral blood PLT and the infiltration
of platelet in tumor tissues.

Patients and methods
Patients and tissue samples

Patients were collected between January 2007
and December 2008 from the Affiliated Hospi-
tal of Jiangnan University at the time of prima-
ry surgery for suspected or confirmed cases of
CRC. This study was approved by the Region-
al Ethics Committee and the informed consent
was obtained from the patients. Patients with
pre-operative mortality, co-occurrence with oth-
er autoimmune diseases, and incomplete infor-
mation were excluded from the statistical anal-
ysis. The total study population was 164
patients, with 76 of the tumor localized in the
rectum and 88 in the colon. Among them, 86
were males, 78 were females, and the average
age was 62.0 + 10.6 years. The complete blood
count (CBC) data was collected at 1 week
before surgery to compute PLR. The median of
pre-operative PLT and PLR were 206x10°/L
and 136x10°%/L, respectively. The patients we-
re stratified into two groups by the median, i.e,
less than median group (LTM) and equal or gr-
eater than the median group (EGTM).
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2014.
Immunohistochemistry

Sections of formalin-fixed, paraffin-embedded
tissue were immunostained using the Dako En-
Vision method (Dako, Glostrup, Denmark) and
mouse monoclonal anti-human CD61 (Klon SZ-
21, gift from Thrombosis and Haemostasis Res-
earch Unit, Jiangsu Institute of Hematology)
and anti-PDPN antibodies (clone: D2-40, DA-
KO). Aspecimen was considered positive for PD-
PN expression in CAFs (PDPN+) when distinct
staining was observed in > 10% of the fibroma-
tous tumor stroma. The negative control was
obtained by replacing the primary antibody with
normal monoclonal mouse IgG of the same
subclass and concentration. Scattered punc-
tate staining around tumor cells was consid-
ered positive for infiltration of PLT into tumors
(CD61+), and PLT in the arterial infiltration was
used as the internal positive control.

Statistical analysis

To evaluate the associations between PDPN or
CD61 expression and clinicopathological para-
meters, we stratified PDPN or CD61 tumor gr-
ades into negative and positive stainings. The
associations were tested using two-tailed Fi-
sher’s exact test or Chi-squared test. Univariate
survival analysis was performed using the log
rank test. Multivariate survival analysis was co-
nducted using the Cox proportional hazards re-
gression model, and the variables were optimi-
zed using the backward, stepwise elimination
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Figure 1. Immunochemical staining of CRCs showing PDPN expression in CAFs and tumor infiltration of platelets.
A. Colorectal cancer samples with high amount of PDPN-expressing CAFs. B. Samples with infiltration of platelets
around the tumor cells. C. Samples without PDPN-expressing CAFs. ‘LY’ denotes PDPN+ peritumoral lymphatic ves-

sels. D. Samples without infiltration of platelets around the tumor cells.

approach. Data analysis was performed using
SPSSversion 17.0 (SPSS, Chigaco, IL). Statistics
with P < 0.05 were considered statistically sig-
nificant.

Results
PDPN expression in patient samples

The clinical and pathological features of the pa-
tient cohort under study are summarized in (Ta-
ble 1). The average age of patients at the time
of surgery was 62 years old. The majority of the
patients showed PDPN+ (n=98) or CD61+ (n=
121). The clinical and pathological features sh-
owed no significant difference among the four
studied groups, i.e, EGTM of PLT group, EGTM
of PLR group, PDPN+ group, and CD61+ group.

PDPN expression in CAFs and tumor infiltration
of platelets

PDPN-expressing CAFs were exclusively pres-
ent in tumor stroma and easily identified as
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large spindle-shaped mesenchymal cells with
stress fibers and well-developed fibronexus (Fi-
gure 1A). 98 samples (60%) were considered
PDPN+ because at least 10% of CAFs showed a
distinct staining pattern. While in samples with-
out PDPN-expressing CAFs, PDPN-positive peri-
tumoral lymphatic vessels were observed (Figu-
re 1C). Infiltrating platelets were exclusively de-
tected in the surrounding region of tumor cells
but not within tumor cells or tumor stroma. 121
samples (73.8%) were considered CD61+ with
distinct staining pattern. The infiltrated area of
the platelets was not as wide as that of PDPN-
expressing CAFs (Figure 1B, 1D).

Correlation between clinical pathological pa-
rameters and the four groups

According to two-tailed Fisher’s exact test, sig-
nificant association was observed between
PDPN+ and clinical factors, including clinical
stage (P=0.048), N stage (P=0.018), and T
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Figure 2. Kaplan Meier curves on CRC patient OS as stratified by follow figures. A. LTM of PLT group and EGTM of
PLT group. B. LTM of PLR group and EGTM of PLR group. C. PDPN+ or PDPN- -expressing CAFs. D. CD61+ or CD61-

infiltration of platelets into tumors.

stage (P=0.021) in CRC patients. A significant
association was also observed between PDPN+
and CD61+ (P=0.001). However, no obvious
correlation was observed between the pre-
operative PLT or PLR value with PDPN or CD61
expression in tumor tissues.

Prognostic significance of PDPN-expressing
CAFs and tumor infiltration of platelets

Using log rank test, we found that PLR and PD-
PN are prognostic of patient OS. The LTM of the
PLR group had significantly increased OS as co-
mpared with EGTM of the PLR group (P=0.004)
(Figure 2B), and no significant association was
observed between PLT and OS (Figure 2A). A
significantly more favorable OS was observed
for PDPN+ patients as compared with PDPN-
patients (P=0.003) (Figure 2C), whereas no sig-
nificance was observed for patients stratified
by CD61 status (Figure 2D). We performed the
multivariate analysis using the Cox regression
model, where variables T stage, N stage, TNM
stage, EGTM of PLT, EGTM of PLR, and PDPN+
and CD61+ were included. The results displ-
ayed that the TNM stage (I lI/Ill IV) (HR: 0.657;
95% CI: 1.31-19.22; P=0.041), T stage (T1-2/
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T3-4) (HR: 2.857; 95% Cl: 1.32-6.15; P=0.007)
and EGTM of PLR (HR: 2.775; 95% Cl: 1.50-
5.14; P=0.011) are independent risk factors of
OS for CRC patients (Table 2).

Discussion

CRC is the most common type of gastriointesti-
nal cancers, whose occurrence is influenced by
genetic factors, environmental exposures, and
inflammatory conditions of the digestive tract
[14]. With alterations in the life style, CRC inci-
dence rapidly increased during the past few ye-
ars especially in China. Identifying novel prog-
nostic markers of cancer progression is urgent-
ly needed despite the extensive basic and clini-
cal research on CRC. Though genetic altera-
tions in tumor cells is an important factor driv-
ing tumorigenesis [12], tumor stromal cells play
an important role in this process [13-15]. CAFs
constitute one type of important stromal cells,
which secrete angiogenic factors, matrix meta-
lloproteinases, and inflammatory chemokines
to promote tumor growth, invasion and metas-
tasis [16-19].

The prognostic role of PDPN on cancers varies
with cancer types. For instance, PDPN-express-
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Table 2. Univariate and multivariate analyses on CRC patient OS

model. The results revealed

that PDPN+ was associated

Risk factors Univariate Multivariable with favorable patient OS

P value P value HR 95% Cl L L

PDPN+ 0.003* 0.123  0.646 0.37-1.12 which is in accordance Wlth. g

recent report by Yamanashi T

CD61+ 0.398 0.717 1.114 0.62-2.0 et al [10]. CD61+ showed a

T stage (T1-2/T3-4) 0.002* 0.007* 2.857 1.32-6.15 trend towards increased sur-

N stage (NO/N1-2) 0.001* 0.825 1.265 0.16-10.1 vival. Both clinical factors were

TNM stage (I lI/111 V) 0.001* 0.041*  2.428 1.31-19.22 not independent prognostic

EGTM of PLR 0.004*  0.011* 2.775  1.50-5.14 factors for the OS of CRC
EGTM of PLT 0.233 0.091 0.582  0.31-1.08 patients.

HR; Hazard ratio, *P<0.05.

ing CAFs were significantly associated with the
progression of lung adenocarcinoma [8, 20], ov-
arian cancer [21] and invasive ductal carcino-
ma [9]. In contrast, it is an independent predic-
tor of good outcome of colorectal cancer [10],
lung squamous cell carcinoma [22] and cervi-
cal cancer [23].

The dissemination of malignant cells into blood
and their transportation play a pivotal role in
cancer development which involves a wide sp-
ectrum of blood-related cells such as PLT, lym-
phocytes, PLR and macrophages [15]. Of the
many blood cells associated with cancer metas-
tasis, PLT and PLR are relatively well studied
[24, 25]. A high level of PLT has been associat-
ed with advanced stage and death for several
malignancies including CRC [26, 27], and PLT
infiltration into tumors has been reported to pro-
mote tumor progression [28].

PDPN can induce PLT aggregation by interact-
ing with its counterpart CLEC-2, which is expre-
ssed on PLT surfaces. Activated PLT can secrete
growth factors to enhance the growth and mo-
tility of primary tumors and tumor vasculature
[29]. However, no study has reported the asso-
ciation between PDPN-expressing CAFs and
PLT infiltration in CRCs. Thus, we investigated
the correlation of these two factors with clinical
pathological parameters in patients carrying
CRC. By Immunohistochemistry analysis, we
confirmed that PDPN+ is significantly associat-
ed with TNM stage, N stage and T stage, sup-
porting its involvement in CRC development.
We also found a significant association betwe-
en PDPN+ and CD61+. However, CD61+ has no
association with pre-operative PLT, PLR or TNM
stage.

The prognostic significance of PDPN+ and
CD61+ was subsequently assessed by log rank
test and Cox proportional hazards regression

1854

In conclusion, we found that

platelets can be infiltrated into
tumor tissue of CRC, but there were no correla-
tion between the pre-operative PLT or PLR
value with PDPN or CD61 expression in CRC
patients. We further confirmed that EGTM of
PLR has significantly shorter OS time than that
of LTM of PLR, and PLR is an independent prog-
nostic factor. We demonstrated that PDPN+
predicts good outcome in CRCs. PDPN+ showed
significant association with CD61+, but these
PLT did not show any influence in the pro-
gnosis of CRCs, which might be caused by the
barrier of adventitia with adenoid structure. PD-
PN+ and CD61+ were not correlated with prog-
nosis in multivariate regression analysis, which
might be due to the limited cases and follow-up
time and needs to be verified in an expanded
study. Our findings collectively demonstrate th-
at PDPN-expressing CAFs and pre-operative
PLR can be potentially used in clinics to avail
accurate CRC patient stratification and treat-
ment decision making.

Acknowledgements

We thank senior pathologist Yong Pu, from
Department of Pathology, Affiliated Hospital of
Jiangnan University, for his constructive sugges-
tions and technical assistance. Supported by gr-
ants from the Natural Science Foundation of
China (No. 31471251), Research Funds for the
Medical School of Jiangnan University ESI spe-
cial cultivation project (1286010241170320),
National Science and Technology Major project
(20182X10302205-004-002), and Postgra-
duate Education Reform Project of Jiangsu
Province.

Disclosure of conflict of interest
None.

Address correspondence to: Drs. Dong Hua and
Xiaohong Wu, Department of Oncology, Affiliated

Int J Clin Exp Med 2019;12(2):1850-1856



Microenvironment of tumor in CRC

Hospital of Jiangnan University, 200 Huihe Road,
Wuxi 214062, China. Tel: +86 13093087879; E-
mail: doctorcai@aliyun.com (DH); Tel: +86 1360151
7543; E-mail: wxh1298@yeah.net (XHW)

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]

[12]

[13]

Siegel R, Desantis C and Jemal A. Colorectal
cancer statistics, 2014. CA Cancer J Clin 2014;
64: 104-17.

Zhao P, Dai M, Chen W and Li N. Cancer trends
in China. Jpn J Clin Oncol 2010; 40: 281-5.
Moghimi-Dehkordi B and Safaee A. An over-
view of colorectal cancer survival rates and
prognosis in Asia. World J Gastrointest Oncol
2012; 4: 71-5.

Whiteside TL. The tumor microenvironment
and its role in promoting tumor growth. Onco-
gene 2008; 27: 5904-12.

Kalluri R and Zeisberg M. Fibroblasts in can-
cer. Nat Rev Cancer 2006; 6: 392-401.

Tchou J and Conejo-Garcia J. Targeting the tu-
mor stroma as a novel treatment strategy for
breast cancer: shifting from the neoplastic
cell-centric to a stroma-centric paradigm. Adv
Pharmacol 2012; 65: 45-61.

Cirri P and Chiarugi P. Cancer associated fibro-
blasts: the dark side of the coin. Am J Cancer
Res 2011; 1: 482-97.

Kitano H, Kageyama S, Hewitt SM, Hayashi R,
Doki Y, Ozaki Y, Fujino S, Takikita M, Kubo H
and Fukuoka J. Podoplanin expression in can-
cerous stroma induces lymphangiogenesis
and predicts lymphatic spread and patient sur-
vival. Arch Pathol Lab Med 2010; 134: 1520-7.
Pula B, Wojnar A, Witkiewicz W, Dziegiel P and
Podhorska-Okolow M. Podoplanin expression
in cancer-associated fibroblasts correlates
with VEGF-C expression in cancer cells of inva-
sive ductal breast carcinoma. Neoplasma
2013; 60: 516-24.

Yamanashi T, Nakanishi Y, Fujii G, Akishima-
Fukasawa Y, Moriya Y, Kanai Y, Watanabe M
and Hirohashi S. Podoplanin expression identi-
fied in stromal fibroblasts as a favorable prog-
nostic marker in patients with colorectal carci-
noma. Oncology 2009; 77: 53-62.

Kosinski L, Habr-Gama A, Ludwig K and Perez
R. Shifting concepts in rectal cancer manage-
ment: a review of contemporary primary rectal
cancer treatment strategies. CA Cancer J Clin
2012; 62: 173-202.

Armaghany T, Wilson JD, Chu Q and Mills G. Ge-
netic alterations in colorectal cancer. Gastroin-
test Cancer Res 2012; 5: 19-27.

Turley SJ, Cremasco V and Astarita JL. Immu-
nological hallmarks of stromal cells in the tu-
mour microenvironment. Nat Rev Immunol
2015; 15: 669-82.

1855

(14]

(15]

(16]

[17]

[20]

(21]

[22]

(23]

(24]

[25]

Albini A and Sporn MB. The tumour microenvi-
ronment as a target for chemoprevention. Nat
Rev Cancer 2007; 7: 139-47.

Joyce JA and Pollard JW. Microenvironmental
regulation of metastasis. Nat Rev Cancer
2009; 9: 239-52.

Erez N, Glanz S, Raz Y, Avivi C and Barshack I.
Cancer associated fibroblasts express pro-in-
flammatory factors in human breast and ovar-
ian tumors. Biochem Biophys Res Commun
2013; 437: 397-402.

Taguchi A, Kawana K, Tomio K, Yamashita A,
Isobe Y, Nagasaka K, Koga K, Inoue T, Nishida
H, Kojima S, Adachi K, Matsumoto Y, Arimoto T,
Wada-Hiraike O, Oda K, Kang JX, Arai H, Arita
M, Osuga Y and Fujii T. Matrix metalloprotein-
ase (MMP)-9 in cancer-associated fibroblasts
(CAFs) is suppressed by omega-3 polyunsatu-
rated fatty acids in vitro and in vivo. PLoS One
2014; 9: e89605.

Quail DF and Joyce JA. Microenvironmental
regulation of tumor progression and metasta-
sis. Nat Med 2013; 19: 1423-37.

Erez N, Truitt M, Olson P, Arron ST and Hanah-
an D. Cancer-associated fibroblasts are acti-
vated in incipient neoplasia to orchestrate tu-
mor-promoting inflammation in an NF-kappaB-
dependent manner. Cancer Cell 2010; 17:
135-47.

Hoshino A, Ishii G, Ito T, Aoyagi K, Ohtaki Y,
Nagai K, Sasaki H and Ochiai A. Podoplanin-
positive fibroblasts enhance lung adenocarci-
noma tumor formation: podoplanin in fibro-
blast functions for tumor progression. Cancer
Res 2011; 71: 4769-79.

Zhang Y, Tang H, Cai J, Zhang T, Guo J, Feng D
and Wang Z. Ovarian cancer-associated fibro-
blasts contribute to epithelial ovarian carcino-
ma metastasis by promoting angiogenesis,
lymphangiogenesis and tumor cell invasion.
Cancer Lett 2011; 303: 47-55.

Suzuki H, Onimaru M, Koga T, Takeshita M, Ya-
no T, Maehara Y, Nakamura S and Sueishi K.
High podoplanin expression in cancer cells
predicts lower incidence of nodal metastasis
in patients with lung squamous cell carcino-
ma. Pathol Res Pract 2011; 207: 111-5.
Carvalho FM, Zaganelli FL, Aimeida BG, Goes
JC, Baracat EC and Carvalho JP. Prognostic
value of podoplanin expression in intratumoral
stroma and neoplastic cells of uterine cervical
carcinomas. Clinics (Sao Paulo) 2010; 65:
1279-83.

Gay LJ and Felding-Habermann B. Contribution
of platelets to tumour metastasis. Nat Rev
Cancer 2011; 11: 123-34.

Ying HQ, Deng QW, He BS, Pan YQ, Wang F, Sun
HL, Chen J, Liu X and Wang SK. The prognostic
value of preoperative NLR, d-NLR, PLR and

Int J Clin Exp Med 2019;12(2):1850-1856


mailto:doctorcai@aliyun.com
mailto:wxh1298@yeah.net

[26]

[27]

Microenvironment of tumor in CRC

LMR for predicting clinical outcome in surgical
colorectal cancer patients. Med Oncol 2014;
31: 305.

Monreal M, Fernandez-Llamazares J, Pinol M,
Julian JF, Broggi M, Escola D and Abad A. Plate-
let count and survival in patients with colorec-
tal cancer-a preliminary study. Thromb Hae-
most 1998; 79: 916-8.

Sasaki K, Kawai K, Tsuno NH, Sunami E and
Kitayama J. Impact of preoperative thrombocy-
tosis on the survival of patients with primary
colorectal cancer. World J Surg 2012; 36: 192-
200.

1856

(28]

[29]

Takagi S, Sato S, Oh-hara T, Takami M, Koike S,
Mishima Y, Hatake K and Fujita N. Platelets
promote tumor growth and metastasis via di-
rect interaction between aggrus/podoplanin
and CLEC-2. PLoS One 2013; 8: €73609.
Italiano JE Jr, Richardson JL, Patel-Hett S, Bat-
tinelli E, Zaslavsky A, Short S, Ryeom S, Folk-
man J and Klement GL. Angiogenesis is regu-
lated by a novel mechanism: pro- and
antiangiogenic proteins are organized into
separate platelet alpha granules and differen-
tially released. Blood 2008; 111: 1227-33.

Int J Clin Exp Med 2019;12(2):1850-1856



