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Background/Aims: Colorectal cancer (CRC) patients often exhibit peritoneal metastasis, which 
negatively impacts their prognosis. CD31 and D2-40 have recently been suggested to be predic-
tors of breast cancer prognosis, but their role in colorectal peritoneal metastasis (CRPM) remains 
unknown. 
Methods: The expression profiles of CD31 and D2-40 were analyzed in CRC patients with or 
without CRPM and in CRC cell lines with increasing metastatic potential. Overexpression and 
short hairpin RNA knockdown assays were performed in CRC cells, and the effects of these al-
terations on epithelial-mesenchymal transition (EMT) in vitro, growth of xenograft tumors in vivo, 
and peritoneal metastasis potential in a mouse model of CRPM were examined. 
Results: The expressions of CD31 and D2-40 were upregulated in CRC tumor tissues and was 
elevated further in tumor tissues from patients with CRPM. CD31 and D2-40 expression levels 
exhibited increasing trends parallel to the EMT potential of CRC cells. CD31 and D2-40 are es-
sential for CRC cell EMT in vitro as well as for xenograft tumor growth and peritoneal metastasis 
in vivo. 
Conclusions: CD31 and D2-40 contribute to CRPM by promoting EMT and may serve as prog-
nostic markers and therapeutic targets for CRC, particularly in patients with peritoneal metasta-
sis. (Gut Liver 2021;15:273-283)

Key Words: Colorectal neoplasms; Peritoneal metastasis; CD31; D2-40; Epithelial-mesenchy-
mal transition

INTRODUCTION

Colorectal cancer (CRC) is listed after lung, esophageal 
and breast cancer as the fourth most common malignancy 
in humans around the world, with more than 1.2 million 
new incidences being diagnosed in 2008 alone accord-
ing to the cancer registry data.1 The etiology of CRC is 
closely associated with diet, old age, smoking, obesity or 
inadequate physical exercises, and inherited genetic dis-
orders are also responsible for a small portion of morbid-
ity.2 Screening is often recommended to the elderly with 
preventive purposes, and diagnosis is usually established 

based on biopsy during colonoscopy and sigmoidoscopy.3 

The main options for clinical intervention of CRC include 
chemotherapy, radiotherapy, combinations of surgery, and 
targeted therapies.4 Over the past decades with advance in 
the crucial understanding of CRC, particularly in regard to 
histological features, early diagnosis, as well as staging, the 
survival has been notably improved.5 However, for patients 
in the advance stage, the efficacy and applicability of thera-
pies remain rather limited. Therefore, more comprehensive 
insights into this disease are still urgently needed.

Up to one-fifth of the patients with CRC exhibit syn-
chronous distant dissemination at diagnosis,6 4% of whom 
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have isolated peritoneal spread.7 In addition to the lym-
phatic ad hematogenous dissemination, colorectal tumor 
cells can directly spread to the peritoneum through the 
transcoelomic route, resulting in colorectal peritoneal me-
tastasis (CRPM). CRPM occurs either metachronously or 
synchronously to the primary tumor in 8% to 20% of CRC 
patients.8 A prior investigation analyzed 11,124 CRC pa-
tients and found diagnosis of CRPM in 8.3% of patients.7 

Another recent analysis of 5,671 patients, who underwent 
operation for CRC and were followed up at least 5 years,9 
reported that metastases were developed in 1,042 patients 
(18%), and were located in the peritoneum in 197 patients 
(19%), in up to 40% of which the peritoneum was the 
unique metastatic site.

Lymphatic and blood vessel invasion to local or regional 
lymph nodes, as well as distant sites, occurs in the initial 
stages of tumor metastasis. Lymphovascular invasion is 
suggested as a predictor of postoperative prognosis by the 
St. Gallen consensus guidelines.10 However, lymphovascu-
lar invasion is often revealed with the use of hematoxylin 
and eosin stained material, which does not distinguish 
blood vessel invasion from lymphatic invasion.11 Although 
there are methodological challenges to distinguish lym-
phatic from blood vessels, a number of specific markers 
have been described, including blood vessel invasion 
marker CD31 and lymphatic invasion marker D2-40,12 

which have recently been suggested as a predictor of breast 
cancer prognosis.13 CD31 is a 130-kDa transmembrane 
glycoprotein platelet endothelial cell adhesion molecule-1, 
which belongs to the immunoglobulin superfamily.12 D2-
40 is an IgG2a monoclonal antibody to the oncofetal M2A 
antigen, and is often expressed in fetal testis and germ cell 
tumors.14 To date, there has been no investigation conduct-
ed on the role of either CD31 or D2-40 in CRPM of CRC 
patients.

In the current study, we analyzed the expression profiles 
of CD31 and D2-40 among CRC patients with or without 
CRPM, and further explored their role and underlying 
molecular mechanism in CRPM using a mouse model.

MATERIALS AND METHODS

1. Patients and tissue samples
CRC tumor and adjacent normal tissue samples were 

collected from 80 CRC patients treated in the Affiliated 
Suqian Hospital of Xuzhou Medical University between 
January 2015 and October 2018. All patients provided 
written informed consent prior to the sample collection, 
and the study obtained approval from the Institutional 
Review Board of the Affiliated Suqian Hospital of Xuzhou 

Medical University (IRB number: SQYY2014032).

2. Immunohistochemistry
All tissue samples were subjected to fixation in 10% 

neutral buffered formalin and paraffin embedment with 
standard surgical pathology protocols. Diagnoses were per-
formed on hematoxylin and eosin-stained slides with stan-
dard histopathologic criteria. Immunohistochemistry was 
carried out on one single representative block from each 
sample. Tissue sections at 5 mm thickness were dewaxed 
and then incubated at 120°C for 5 minutes in citrate buffer 
(pH 6) in an electric pressure cooker for antigen retrieval. 
Next, sections were treated in 3% hydrogen peroxide for 
5 minutes to quench endogenous peroxidase, followed by 
incubation with primary monoclonal antibodies specific 
for CD31 (1:80, DAKO Corp., Carpinteria, CA, USA) or 
D2-40 antigen (1:5, Signet Laboratories, Dedham, MA, 
USA) for 25 minutes at ambient temperature. After washes 
to remove unbound primary antibodies, sections were 
incubated with commercial biotinylated secondary anti-
immunoglobulin, followed by incubation with avidin cou-
pled to biotinylated horseradish peroxidase, both at room 
temperature (LSAB2 kit, DAKO Corp.). Diaminobenzidine 
was used as the chromogenic peroxidase substrate. Lastly, 
sections were counterstained using hematoxylin after im-
munohistochemical reactions. Negative controls, in which 
primary antibody was omitted, and positive controls of 
appropriate cytoplasmic reaction for each antigen were in-
cluded to verify specificity.

3. Microvessel density assessment
Assessment of microvessel density using immunohis-

tochemical assays against CD31 or D2-40 antigen was 
conducted following the Weidner method as previously 
described.15 Evaluations were conducted by two investiga-
tors blind to patient grouping, with a microscope with two 
heads. Two “hot-spots,” regions that were most vascular-
ized within a tumor sample, were selected at low magnifi-
cation (×40). For each region, vessels in one representative 
field at high magnification (×400; 0.152 mm2; 0.44 mm 
diameter) were counted. The representative high magni-
fication fields were labeled for future image cytometric 
analyses. Isolated endothelial cells that were immunoreac-
tive, as well as clusters of endothelial cells separate from 
other microvessels, were identified as individual microves-
sels. Nonspecific labeling of nonendothelial structures, 
or endothelial staining of large vessels containing tunica 
media, were excluded. Mean visual density of microvessels 
for CD31 or D2-40 was quantified using the average value 
of four counts (two microscopic fields by each of the two 
investigators).
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4. Cell lines
SW480, SW620 and SW620s5 (S5) CRC cell lines were 

obtained from and authenticated by the American Type 
Culture Collection (Rockville, MD, USA). All cells were 
cultured using PRMI-1640 medium with supplementation 
of 10% fetal bovine serum (HyClone; Logan, UT, USA) 
and 1% penicillin-streptomycin-glutamine (Gibco; Grand 
Island, NY, USA). The cell cultures were maintained in 5% 
CO2 incubator at 37°C.

5. Real-time polymerase chain reaction
The relative messenger RNA expression was assessed 

by quantitative polymerase chain reaction (PCR). In brief, 
total RNA was extracted from cell samples using Trizol 
Reagent (Invitrogen, Carlsbad, CA, USA). The quantity, 
as well as quality of RNA samples, were verified using 
Bioanalyzer 2100 (Agilent, Santa Clara, CA, USA). One 
microgram total RNA from each sample was subjected to 
reverse transcription with the SuperScript III First-Strand 
Synthesis SuperMix (ThermoFisher, Waltham, MA, USA). 
The real-time polymerase chain reaction (RT-PCR) was 
conducted using the PowerUp SYBRTM Green Master Mix 
(ThermoFisher) according to the provided protocol. The 
expression levels relative to GAPDH were determined us-
ing the 2-ΔΔCt method. The primers used were as follows: 
E-cadherin forward (5’-TCG AGG GAA AAA TAG GCT 
G-3’), E-cadherin reverse (5’-CCG AGA GCT ACA CGT 
TCA C-3’), N-cadherin forward (5’-GCA TAC ACC ATG 
CCA TCT T-3’), N-cadherin reverse (5’-TGC ATG AAG 
GAC AGC CTC T -3’), CD31 forward (5’-AAC AGT GTT 
GAC ATG AAG AGC C-3’), CD31 reverse (5’-TGT AAA 
ACA GCA CGT CAT CCT T-3’), D2-40 forward (5’-CCA 
GCG AAG ACC GCT ATA AGT C-3’), D2-40 reverse (5’-
CTC GAT GCG AAT GCC TGT TA-3’), GAPDH forward 
(5’-GGA GCG AGA TCC CTC CAA AAT-3’), GAPDH 
reverse (5’-GGC TGT TGT CAT ACT TCT CAT GG-3’).

6. Western blot
Cell lysates were prepared in ice-cold radioimmunopre-

cipitation buffer. Protein samples of 15 μg each were sepa-
rated through sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis and transferred onto polyvinylidene fluo-
ride (PVDF) membranes (Roche, MO, USA), which were 
then incubated with primary antibodies against E-cadherin 
(#3195, 1:1,000), N-cadherin (#13116, 1:1,000) and GAP-
DH (#2118, 1:1,000), purchased from Cell Signaling Tech-
nology (Danvers, MA, USA), overnight at 4°C. After being 
thoroughly washed with TBST, the membranes were incu-
bated for 1 hour with horseradish peroxidase-conjugated 
secondary antibody (#7074, 1:5,000), purchased from Cell 
Signaling Technology (Danvers). Visualization of the final 

blots was achieved with the use of ECL kit (Millipore, St. 
Charles, MO, USA).

7. Cell detachment and attachment assay
The cells were seeded in triplicate at the density of 

4×104 cells per well into 24-well plates. After 24 hours in-
cubation at 37°C, unattached cells were rinsed off, whereas 
attached cells were treated at 37°C for 3 minutes using 
0.05% trypsin. Next, fresh medium was added to terminate 
the activity of trypsin, and detached cells were harvested 
for counting. The remaining cells were subjected to an-
other incubation with 0.25% trypsin to detach and then 
be counted. Data were presented as number of detached 
cells/(number of detached cells+number of remaining 
cells)×100%, and as number of attached cells/numbers of 
total cells×100%.

8. Overexpression and knockdown assays
Overexpression and short hairpin RNA silencing of 

CD31 and D2-40 were performed using lentiviral trans-
duction. The cells during the exponential growth were 
seeded into 6-well plates and transfected with lentivirus 
containing CD31 and D2-40 cDNA/short hairpin RNA. 
After 24 hours, the cells were transferred to 10 cm petri 
dish for puromycin and/or neomycin resistance selection. 
The efficiency of overexpression as well as knockdown 
(KD) was verified through real-time polymerase chain re-
action.

9. Experimental mice
The BALB/cByJ mice were obtained from Vitalstar, 

Beijing, China, and housed in vivarium maintained under 
constant temperature of 21°C, relative humidity of 50% 
to 60%, and photoperiod (reversed 12-hour light/12-hour 
dark cycle with lights on between 7:00 PM and 7:00 AM). 
All animal experimental procedures were conducted in 
compliance with protocols approved by the Animal Care 
and Use Committee of the Affiliated Suqian Hospital of 
Xuzhou Medical University (approval number: SQYY-
JCYJ201).

10. CRC xenograft mouse model
The 4 to 6 weeks old BALB/cByJ mice were randomly 

assigned into each group, with six mice per group. The 106 
CRC cells were prepared as 100 μL single cell suspension, 
and inoculated subcutaneously into both lower flanks for 
establishment of xenograft tumors. Tumor diameters were 
measured using digital calipers on days indicated for up to 
15 days, and the volumes of the tumors were calculated us-
ing the formula: xenograft size (mL) = (width)2×length/2. 
During the 15-day study period, mice did not exhibit any 
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indications of suffering or obvious alterations in social 
behaviors, nor did we observe any physiological complica-
tions on the animals. On day 15, all mice were euthanized 
via CO2 inhalation, followed by extraction of the xenograft 
to measure its weight on a digital balancer accurate to 0.001 g.

11. CRPM mouse model
CRPM in mouse model was established according to 

previous methods.16 The 8 to 12 weeks old BALB/cByJ mice 
were randomly assigned into each group, with eight mice 
per group. Briefly, the mouse was anesthetized through 
an intraperitoneal injection of ketamine/xylazine mixture 
and the skin over the abdomen was disinfected. A midline 
laparotomy incision about 1 cm long was generated. The 
parietal peritoneum was repeatedly scraped with a cotton 
swab while the peritoneum was held gently using forceps. 
The peritoneal cavity was subsequently closed in planes 
by a single running suture with 4-0 Vicril. The skin was 
also sutured back using a simple running suture with 5-0 
Prolene. CRC cells were then delivered into the cavity via 
injections into the left hypochondrium quadrant of the ab-

domen through a 12-gauge needle. All animals recovered 
after the surgeries without infections or complications, and 
were closely monitored after the study started. During the 
15-day study period, the animals did not exhibit any physi-
ological complication, or indications of suffering or altered 
social behaviors.

12. Peritoneal carcinomatosis index 
Fifteen days after grafting of cells, all animals were eu-

thanized via CO2 inhalation. Complete midline laparotomy 
was immediately performed, and the abdominal cavity 
was separated into 13 zones for inspection. The peritoneal 
carcinomatosis index (PCI) scores were determined as fol-
lows: 0 indicates no macroscopic tumor; 1 indicates limited 
tumor growth (diameter of 1–2 mm); 2 indicates moder-
ate tumor growth (diameter of 2–4 mm); and 3 indicates 
abundant tumor nodules (diameter >4 mm or deposits 
>5).17
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Fig. 1.Fig. 1. Assessment of microvessel density assessment by CD31 and D2-40 levels in colorectal cancer (CRC) patient tissues. (A) CD31 and (B) D2-40 
levels were compared between tumor and adjacent normal tissue samples from patient with CRC (n=80 pairs). (C) CD31 and (D) D2-40 levels were 
compared between tumor tissues from non-colorectal peritoneal metastasis (CRPM) patients (n=55) and CRPM patients (n=25). *p<0.0001, paired 
comparison between two groups; †p<0.0001, unpaired comparison between two groups.
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13. Statistical analysis
All data presented in the current study were obtained 

from at least three independent experiments. The data 
analysis was conducted using SPSS 23.0 software (IBM 
Corp., Armonk, NY, USA), and one-way analysis of vari-
ance followed by Tukey multiple comparison test was used 
for statistical comparisons. p-values less than 0.05 were 
considered as statistically significant.

RESULTS

1. Microvessel density in CRC patient tissues
Eighty CRC patients were recruited in the current study, 

and their CRC tumor tissues and paired adjacent normal 
tissues were collected for microvessel density analysis, us-

ing either CD31 or D2-40 immunohistochemistry staining 
counts.15 As shown in Fig. 1A and B, compared to their 
paired normal tissues, counts of CD31 and D2-40 were 
both significantly elevated in CRC tumor tissues (p<0.0001 
paired comparison).

Among the 80 CRC patients, 25 were diagnosed with 
CRPM. We therefore further divided them into non-
CRPM group (n=55) and CRPM group (n=25), and com-
pared their CD31 and D2-40 counts in this setting. To our 
surprise, counts of both CD31 (Fig. 1C) and D2-40 (Fig. 
1D) were higher in the CRPM group than the non-CRPM 
group, with statistical significance (p<0.0001 unpaired 
comparison). These data indicated that elevated expression 
of CD31 and D2-40 might be linked with peritoneal me-
tastasis of CRC.
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2. CD31 and D2-40 expression levels exhibited 
increasing trends with the epithelial-mesenchymal 
transition potential of CRC cell lines
We then investigated the link between CD31 and D2-40 

expression and the metastatic potential in cell lines in vitro. 
Three CRC cell lines, namely SW480, SW620 and S5, were 
selected for this purpose, as they exhibit escalating poten-
tial of epithelial-mesenchymal transition (EMT).18,19 The 
expression of epithelial marker E-cadherin was gradually 
decreased from SW480, SW620 to S5 cells (Fig. 2A), while 
the mesenchymal marker N-cadherin exhibited the oppo-
site trend of change in the three cell lines (Fig. 2B). Protein 
levels of these two EMT markers were consistent with their 
transcripts (Fig. 2C), which further confirmed that SW480, 
SW620, and S5 CRC cell lines displayed gradually increas-
ing EMT potentials. Next, CD31 and D2-40 messenger 
RNA expression were examined in these three CRC cell 
lines, both of which were also gradually elevated (Fig. 3), 

indicated that they indeed exhibited increasing trends with 
the EMT potential of CRC cells in vitro.

3. CD31 and D2-40 are essential for EMT of CRC cells
Next, to investigate the role of CD31 and D2-40 on 

EMT potential of CRC cells, overexpression study was 
conducted in SW480 cells, which displayed lowest EMT 
potential among the three cell lines used. Although expres-
sion levels of CD31 and D2-40 were greatly increased in 
the experiments (Fig. 4A and B), overexpressing either 
CD31 or D2-40 alone had little effect on SW480 cells in 
terms of EMT potential (Supplementary Fig. 1). However, 
simultaneous overexpression of both CD31 and D2-40 
induced significantly elevated EMT in SW480 cells, as evi-
denced in expression profiles of EMT markers E-cadherin 
and N-cadherin (Fig. 4C and D), as well as in attachment 
and detachment assays (Fig. 4E and F).

On the other hand, KD assay using short hairpin RNA 

Fig. 4.Fig. 4. CD31 and D2-40 overexpression (OE) induce epithelial-mesenchymal transition in SW480 colorectal cancer cells. (A) CD31 and (B) D2-40 
messenger RNA (mRNA) expression levels were assessed by real-time polymerase chain reaction (RT-PCR) in SW480 cells transduced with either 
control or the corresponding OE lentivirus. (C) E-cadherin and (D) N-cadherin mRNA expression levels were assessed by RT-PCR in control SW480 
cells and SW480 cells with simultaneous OE of CD31 and D2-40 (CD31+D2-40). (E) Cell attachment and (F) detachment rates were analyzed in 
control SW480 cells and SW480 cells with simultaneous OE of CD31 and D2-40 (CD31+D2-40). Values are the mean±SD of at least three biological 
replicates. *p<0.05, †p<0.01, comparison of control cells with CD31 and/or D2-40 OE cells.
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against CD31 and D2-40 was performed in S5 cells (Fig. 
5A and B), which showed highest EMT potential of all 
three cell lines. As expected, simultaneous silencing of 
CD31 and D2-40 resulted in severely compromised EMT 
phenotypes in S5 cells (Fig. 5C-F). Taken together, the 
above results demonstrated the essential role of both CD31 
and D2-40 in the EMT of CRC cells in vitro.

4. CD31 and D2-40 are essential for growth of 
xenograft tumor and peritoneal metastasis of CRC 
cells in vivo
To further study the role of CD31 and D2-40 in tumori-

genesis, a mouse model of xenograft CRC tumor were 
employed. First, SW480 cells with simultaneous overex-
pression of both CD31 and D2-40 were inoculated into the 
flanks of mice, and growth of the xenograft tumors were 
monitored for 15 days. As shown in Fig. 6A, CD31+D2-40 
overexpression significant promoted growth rate of SW480 

xenograft compared to the control. On day 15, weight of 
the tumors inoculated from SW480 cells overexpressing 
CD31+D2-40 was also heavier than control group (Fig. 
6B). Second, S5 cells with double KD of CD31 and D2-40 
(CD31+D2-40 KD) were also inoculated into experimental 
mice, where the growth rates of these xenograft tumors 
were markedly lower than the control (Fig. 6C). Similarly, 
weight of the S5 CD31+D2-40 KD xenograft tumors on 
day 15 was also obviously reduced compared to control 
tumors (Fig. 6D).

The PCI has been employed by surgeons as a classic 
quantitative method to evaluate the extent of peritoneal 
cancer in the peritoneal cavity, and the PCI score tightly 
correlates with the patient’s prognosis,20 and was also em-
ployed in this study to assess peritoneal metastasis in a 
mouse model of CRPM.16 Simply put, PCI of SW480 cells 
with CD31+D2-40 overexpression was significantly higher 
than the control (Fig. 7A), while that of S5 cells with 
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*p<0.05, †p<0.01, comparison of control cells with CD31 and/or D2-40 KD cells.
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son between the two groups.
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CD31+D2-40 KD was apparently lower than its respective 
control as well (Fig. 7B). The above data consistently sup-
ported the essential role of both CD31 and D2-40 in the in 
vivo growth, and more importantly the peritoneal metasta-
sis of CRC cells.

DISCUSSION

Among various vascular markers, CD31, a 130-kDa 
transmembrane glycoprotein platelet endothelial cell adhe-
sion molecule-1, is a member from the immunoglobulin 
superfamily.12 CD31 is expressed on platelets, monocytes, 
endothelial cells, and selected T-cell subsets, and more 
frequently found on blood vascular endothelial cells com-
pared to lymphatic endothelial cells.21 D2-40, an IgG2a 
monoclonal antibody to the oncofetal M2A antigen, is of-
ten expressed in fetal testis and germ cell tumors.14 D2-40 
is also expressed in lymphatic endothelium, and thus com-
monly used to selectively label lymphatic but not blood 
vessels.22 D2-40 is now considered one of the most sensitive 
and specific markers for tumor cells in lymphatic vessels, 
which proves be a critical determinant of the outcome.23 
These studies are certainly consistent with our observation 
in CRC patients, where not only expressions of CD31 and 
D2-40 were upregulated in tumor tissues of CRC patients, 
but in patients with CRPM their expressions were also 
noticeably higher. Echoing this elevated expression profile, 
CD31 and D2-40 also exhibited increasing trends with the 
EMT potential in three CRC cells examined in the current 
study. These data hinted the potential role of CD31 and 
D2-40 as prognosis markers especially in cases of CRPM.

In the field of CRC biology, D2-40 was first reported 
as a novel immunostaining marker for lymphatic vessels 
in colonic mucosa.24 Its specific involvement in CRC was 
only reported a decade later, where abnormal expression of 
D2-40 was observed in colorectal carcinomas, with certain 
links to clinicopathological characteristics and prognosis.25 
On the other hand, CD31 was found to play a role in the 
prognosis of CRC cases, along with vascular endothelial 
growth factor and CD105.26 To the best of our knowledge, 
this is the first instance to implicate both CD31 and D2-40 
in CRC.

We brought this discovery one step further, with the 
aim to reveal the molecular mechanism of CD31 and D2-
40 involvement in CRPM. Tumor metastasis is constituted 
by selective, sequential, and interlinked steps,27 many of 
which feature conversions between two cellular states–the 
mesenchymal and epithelial phenotypes. The EMT, an es-
sential regulatory developmental program, has been shown 
to exert pivotal and intricate functions to promote tumor 

invasion as well as metastasis in epithelium-derived car-
cinomas.28 Accumulating literature has demonstrated that 
the EMT plays complex and prominent roles in human 
CRC.28 Downregulation of E-cadherin is associated with 
poor tumor differentiation, lymph node metastasis, and a 
worse prognosis in patients with CRC, whereas upregulat-
ed expression of N-cadherin strongly predicts lymph node 
metastasis and poor prognosis.29

To this end, three CRC cell lines with escalating EMT 
potential were employed.18,19 An increasing trend was 
observed between EMT potential, in terms of E-cadherin 
and N-cadherin expression profiles, and levels of CD31 
and D2-40 in these CRC cell lines. By overexpression and 
knockdown experiments, CD31 and D2-40 were found 
to be essential for EMT phenotypes in CRC cells, strongly 
implicating EMT as the downstream event of upregulated 
CD31 and D2-40 in CRC, at least in cells in vitro. Next, 
using the commonly employed xenograft tumor mouse 
model, we were able to demonstrate that both CD31 and 
D2-40 were also essential for CRC tumor growth in vivo. 
Importantly, to verify the roles of CD31 and D2-40 in 
CRPM, a recently reported mouse model of CRPM was 
utilized, in which CRC cells were directly grafted into the 
peritoneal cavity.16 As reported, the major quantitative 
endpoint to evaluate degree of CRPM, PCI was assessed 
in our experimental mice with the peritoneal cavity grafts. 
The results confirmed much severe extent of peritoneal 
metastasis with CD31 and D2-40 overexpression, which 
was otherwise attenuated by CD31+D2-40 KD. Altogether, 
our data indicated that CD31 and D2-40 were essential for 
growth of xenograft tumor and peritoneal metastasis in 
vivo.

In conclusion, CD31 and D2-40 contribute to CRPM 
by promoting EMT, which may serve as prognosis markers 
and therapeutic targets for treatment against CRC, particu-
lar among patients with peritoneal metastasis. Our current 
study has served as the first instance to implicate CD31 
and D2-40 in CRPM, and additional investigations are cur-
rently underway to identify the effector signaling pathways 
downstream of CD31 and D2-40, as well as the mode of 
regulation and linkage between these two genes.
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