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Abstract
Background/Aim: Colorectal cancer (CRC) is associated with high incidence and mortality 
rates. Carcinoembryonic antigen (CEA), a prognostic biomarker for recurrent CRC following 
curative resection, suffers from low sensitivity, especially in early-stage screening. Intraplate-
let angiogenesis regulators (IPAR), such as vascular endothelial growth factor (VEGF) and 
platelet-derived growth factor (PDGF), have been identified as important regulators of tumor 
growth in CRC. The aim of this study was to confirm the higher preoperative level of IPAR 
(VEGF and PDGF) in CRC patients compared to controls and to measure IPAR in CEA-negative 
CRC patients. Methods: The data and blood of 30 CRC patients and 30 presumably healthy 
controls were prospectively analyzed and compared. Results: We confirmed elevated preop-
erative intraplatelet VEGF and PDGF levels in CRC patients compared to controls. Importantly, 
IPAR were significantly elevated even in CEA-negative CRC patients. Conclusion: Elevated 
preoperative intraplatelet VEGF and PDGF levels in CRC patients suggest new possibilities for 
postoperative monitoring in CRC patients, especially when CEA is negative.
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Introduction

Colorectal cancer (CRC) is the third most common cancer diagnosed and results in high 
mortality rates [1]. Hepatic metastasis is the leading cause of systemic recurrence and death 
in CRC [2], making its prevention a major challenge [3, 4]. Serum carcinoembryonic antigen 
(CEA) testing is recommended by the American Society of Clinical Oncology [5] and the 
European Group on Tumor Markers [6] as a prognostic biomarker for recurrent CRC following 
curative resection. CEA suffers from low sensitivity since most patients have negative preop-
erative CEA levels [7]. These patients lack a postoperative biologic prognostic factor for iden-
tifying tumor recurrence. There is a need to identify new biomarkers to enhance early cancer 
detection, improve patient stratification, and predict therapeutic response.

Trousseau’s work on plasmatic hypercoagulability associated with cancer has revealed 
the implication of platelets in different phases of cancer progression [8, 9]. Indeed, its impli-
cation has been clinically confirmed by the efficacy of aspirin in the prevention of CRC in 
humans [10]. Very early in the course of cancer development, angiogenesis regulators are 
taken up, internalized, and concentrated in platelet alpha granules [11] for delivery to tumors 
through specific activation [12]. These intraplatelet angiogenesis regulators (IPAR) have 
been implicated in tumor growth and invasion [13]. Among them, vascular endothelial growth 
factor (VEGF) and platelet-derived growth factor (PDGF) play an important role in CRC devel-
opment [14].

The aim of this study was to confirm higher preoperative levels of IPAR (VEGF and PDGF) 
in CRC patients compared to controls, and then to measure IPAR in CEA-negative CRC patients.

Methods

Study Population
We prospectively analyzed the data of 30 CRC patients and compared them to those of 30 presumably 

healthy controls. CRC patients were treated in the Regional Hospital of Lille. We included all consecutive CRC 
patients undergoing curative treatment. Patients presenting sepsis (or infection), liver cirrhosis, chronic 
kidney disease, diabetes, vasculitis, extrahepatic metastasis, or history of inflammatory disease, or patients 
needing urgent surgery were excluded. Healthy individuals were the first 30 volunteers among the hospital 
staff with no history of CRC, inflammatory bowel disease, or other disease. Healthy individuals received no 
treatment.

Blood Samples
For CRC patients, peripheral venous blood samples were collected in EDTA prior to surgery and centri-

fuged. Plasma and platelet pellets were stored at –80  ° C until analysis in accordance with Peterson et al. [15].

Analysis
Intraplatelet VEGF and PDGF were measured using quantitative sandwich immunoassays (R&D Systems, 

UK). Plasma P-selectin, a platelet biomarker, was also analyzed. The optical density levels of samples were 
converted to concentrations as predicted from calibration curves run on each microplate. Intraplatelet VEGF 
and PDGF levels were then adjusted to the number of platelets through expressing intraplatelet biomarker 
concentrations per actin unit, as actin is a surrogate marker of platelet size and count (PathScan Total β-Actin 
Sandwich ELISA Kit; Ozyme, France). Serum CEA values up to 10 ng/mL were considered negative.

Statistical Analysis
Variables with skewed distribution were log-transformed before use as continuous variables in statis-

tical analyses. Continuous variables were compared with unpaired Student t test. Discrete variables were 
compared using χ2 analysis. A p value < 0.05 was considered statistically significant (two-sided). Multivariate 
analysis adjusted for age was used to determine the independent predictors of CRC. Statistical analysis was 
conducted using the SPSS software (SPSS Inc./IBM, Chicago, IL, USA).
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Results

The characteristics of the patients and controls are shown in Table 1. The healthy patients 
were younger than the CRC patients. Among the CRC patients, tumor location was mainly in 
the colon.

Higher Platelet Activation in CRC Patients
The median values of plasma P-selectin was higher in the CRC patients (69.25 ng/mL) 

than in the controls (60.2 ng/mL) (p = 0.004) (Table 2).

Higher IPAR in CRC Patients
The median values of intraplatelet VEGF were higher in the CRC patients (15.55 pg/actin 

unit) than in the controls (2.59 pg/actin unit) (p < 0.001) (Table 2). Similarly, the median 
values of intraplatelet PDGF were higher in the CRC patients (304 pg/actin unit) than in the 
controls (125 pg/actin unit) (p = 0.001) (Table 2).

CRC patients 
(n = 30)

Controls 
(n = 30)

p value

Age, years 63 (12.6) 47 (11.3) <0.001
Sex 

Male 19 16
Female 11 14
Male/female 0.6

Platelets, ×109/L 259 (148) 246 (39) 0.6
Tumor location

Colon 22
Rectum 8

TNM stage
Stage I 6
Stage II 8
Stage III 8
Stage IV 8

CEA
<10 ng/mL 24
>10 ng/mL 6

Values are presented as number of subjects or mean (standard 
deviation). CEA, carcinoembryonic antigen.

Table 1. Characteristics of the 
patients and controls

Table 2. Biomarkers in healthy controls, CRC patients, and the CEA-negative CRC subset

Variables Controls 
(n = 30)

CRC patients 
(n = 30)

p value CEA-negative CRC 
subset (n = 24)

p value

VEGF, pg/actin unit 2.59 (0.22–22.37) 15.55 (1.38–693.05) <0.001 13.97 (2.16–693.05) <0.001
PDGF, pg/actin unit 125 (33–641) 304 (49–8,807) 0.001 304 (49–8,807) 0.001
Soluble P-selectin, ng/mL 60.2 (36.40–82.70) 69.25 (33.80–152) 0.004 65.8 (33.80–152) 0.01

Values are presented as median (range). CEA, carcinoembryonic antigen; CRC, colorectal cancer; PDGF, platelet-derived 
growth factor; VEGF, vascular endothelial growth factor.
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Higher Platelet Activation and IPAR in CEA-Negative CRC Patients
In the subset of CEA-negative CRC patients (n = 24), the median values of plasma P-selectin 

and intraplatelet VEGF and PDGF were still significantly higher than in the controls (Table 2).

VEGF and PDGF: Biomarkers Predicting CRC Independent of Age
The healthy patients were significantly younger (47 ± 11.3 years) than the CRC  

patients (63 ± 12.6 years) (p < 0.001) (Table 1). In order to assess the effect of age on the 
biomarkers, we did a multivariate analysis adjusted for age; plasma P-selectin (p = 0.031), 
intraplatelet VEGF (p < 0.001), and PDGF (p = 0.002) levels were predictors of CRC inde-
pendent of age.

Discussion

We confirmed elevated preoperative intraplatelet VEGF and PDGF in CRC patients 
compared to controls [13]. Importantly, we found that IPAR were significantly elevated even 
in CEA-negative patients.

Despite being the most widely accepted marker for CRC postsurgical recurrence, CEA 
has several drawbacks, in addition to not being detected at early stages of CRC [7]: CEA is 
negative in non-CEA-producing tumors [16]; moreover, measuring postoperative CEA 
levels in patients with negative preoperative values is meaningless because CEA remains 
negative during CRC recurrence [7, 17]. Finally, the addition of CEA testing to scheduled 
CT scanning did not improve detection of recurrence [18]. In our study, 80% of CRC 
patients presented with negative CEA, which is in line with figures reported by others [7]. 
We did not find significant differences for platelet counts between patients and controls. 
In the natural course of cancer, there is a tendency for overconsumption of platelets during 
the formation of microemboli and overproduction through the paraneoplastic overex-
pression of thrombopoietin [19, 20]. A normal platelet count reflects efficient compen-
satory mechanisms through production of immature and enzymatically more active 
platelets which facilitates activation in contact with tumor cells and release of proangio-
genic proteins [12, 21]. Higher IPAR load in platelets from CRC patients could be explained 
through enhanced production in bone marrow platelet progenitors as well as endocytosis 
of circulating angiogenesis regulators by platelets and/or megakaryocytes [13]. Mea- 
surement of IPAR represents several advantages over serum measurements of VEGF and 
PDGF: platelets do not completely release angiogenesis regulators in the serum [12], and 
the increase of IPAR seems to occur earlier and to be more specific than elevations of VEGF 
and PDGF in serum [11].

Some recent studies have suggested that biomarkers could be modified by environmental 
factors such as the type of food [22]. However, to the best of our knowledge, there is no study 
assessing the effect of environmental factors on VEGF and PDGF. Consequently, these factors 
were not assessed in our work.

Our pilot study is the first prospective study showing that preoperative assessment of 
intraplatelet VEGF and PDGF in CRC patients offers new possibilities for postoperative moni-
toring, especially when CEA is negative.

The next step would be to do a larger prospective study assessing these biomarkers in 
CRC patients compared to age-matched controls. Moreover, a colonoscopy should be 
performed for the control group in order to confirm the absence of any unknown mucosal 
lesion.
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Conclusion

Our finding of elevated preoperative intraplatelet VEGF and PDGF levels in CEA-negative 
CRC patients suggests new possibilities for postoperative monitoring in CRC patients, espe-
cially when CEA is negative.
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