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Abstract. Rap1 GTPase-activating protein (Rap1GAP) has been 
reported to serve an important role in various types of cancer 
by specific stimulation as a negative regulator of Rap1 activity. 
However, the role of Rap1GAP in colorectal cancer (CRC) has 
yet to be fully elucidated. The aim of the present study was to 
investigate the expression of Rap1GAP in CRC tissues and to 
elucidate its clinical significance. The expression of Rap1GAP, 
matrix metallopeptidase 9 (MMP-9) and E-cadherin in 227 
CRC tissues and paired para-carcinoma tissues was detected 
by immunohistochemistry. Associations between Rap1GAP 
expression and clinicopathological characteristics, and between 
Rap1GAP expression and prognostic value (OS + DFS) in 
CRC were investigated. Furthermore, associations between 
Rap1GAP expression and MMP-9 expression, and between 
Rap1GAP expression and E-cadherin expression were 
also investigated. Rap1GAP expression was markedly 
downregulated in CRC tissues compared with para-carcinoma 
tissues. Decreased expression of Rap1GAP was significantly 
associated with depth of invasion, lymph node metastasis, 
advanced Tumor-Node-Metastasis stage and a poor prognosis in 
patients with CRC following surgery. Furthermore, univariate 
and multivariate analyses revealed that Rap1GAP was an 
independent poor prognostic factor for disease-free survival 
and overall survival. In addition, Rap1GAP expression was 
negatively associated with MMP-9 and positively associated 
with E‑cadherin in 227 CRC samples. In brief, the results of 
the present study suggested that Rap1GAP may be involved in 
tumor progression in CRC and may serve as a potential target 
for prognostic prediction of patients with CRC.

Introduction

Colorectal cancer (CRC) is the third most commonly diagnosed 
malignancy in males and the second in females worldwide (1). 
Despite improvements in surgical techniques and adjuvant 
chemotherapy in recent years, CRC remains the fourth 
leading cause of cancer-associated mortalities throughout the 
world (1,2). At present, the Tumor‑Node‑Metastasis (TNM) 
staging classification is the main tool in the prediction of 
CRC prognosis; however, clinical outcome differs greatly 
even among patients with the same TNM stage of disease (3). 
Therefore, it is necessary to identify novel therapeutic targets 
and biomarkers for the prognosis of CRC.

Rap1 GTPase-activating protein (Rap1GAP) is a member 
of a family of GTPase activation proteins, which may work 
with Rapl‑GTP, to make the latter become inactive Rapl‑GDP, 
thereby making Rapl inactivation as a negative regulator (4‑7). 

Previous reports have demonstrated that expression of Rap1GAP 
was downregulated in various tumor types, including pancreatic 
cancer (8), thyroid cancer (9‑11), head and neck squamous cell 
carcinoma (12), melanoma (13), acute myeloid leukemia (14), 

and prostate cancer (15). Furthermore, various in vivo and 
in vitro studies have suggested that Rap1GAP, as a type of tumor 
suppressor gene, serves an important role in tumor cell prolifera-
tion, invasion, migration and metastasis (10,13,16‑18). In addition, 
decreased expression of Rap1GAP was associated with a poor 
prognosis in endometrial cancer and gastric cancer (19,20).

The downregulation of Rap1GAP in CRC tumor cells where 
alterations in cell-cell and cell-matrix adhesion are early steps 
in tumor dissemination supports a role for Rap1GAP depletion 
in tumor progression (18,21). However, the role of Rap1GAP in 
CRC has not been fully elucidated. Therefore, the aim of the 
present study was to investigate the expression of Rap1GAP 
in CRC tissues and to evaluate whether Rap1GAP expression 
is associated with clinicopathological characteristics and the 
prognosis of CRC.

Materials and methods

Patients and specimens. CRC tissue specimens and paired 
adjacent para-carcinoma mucosa tissues were obtained from 
227 patients by surgical resection in the Department of General 
Surgery, Huzhou Central Hospital (Zhejiang, China) between 
February 2008 and March 2012. Tissue specimens were 
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frozen immediately in liquid nitrogen after surgery and stored 
at ‑80˚C until use. Then tissues were fixed in 10% formalin 
and paraffin‑embedded. The mean age of the patients was 
56.48±10.54 years (range, 21‑79 years). There were 131 male 
and 96 female patients. The criteria for enrollment included 
the following: i) newly histopathologically diagnosed CRC by; 
ii) no history of other tumors; iii) no neoadjuvant or adjuvant 
chemotherapy prior to surgery; iv) no radiotherapy prior to 
surgery; and v) complete clinicopathological data and available 
tissue specimens. The exclusion criteria for enrollment were 
as follows: i) patients who succumbed to mortality within 
3 months after surgery; ii) patients with severe heart, lung, 
liver or kidney disease; and iii) patients who failed to undergo 
radical resection.

Clinicopathological data are presented in Table I. Cancer 
staging relies on the TNM system designed by the American 
Joint Committee on Cancer. The study protocols were 
approved by the Ethics Committee and the Human Research 
Review Committee of Huzhou Central Hospital and met the 
guidelines of the responsible governmental agency. Written 
informed consent for the use of these samples for research 
were obtained from the patients or their relatives.

Immunohistochemistry. Immunohistochemical analysis was 
used to evaluate expression levels in all samples. Serial sections 
(4 µm) from the paraffin‑embedded blocks were deparaffinized 
in xylene and rehydrated in a descending ethanol series. Next, 
the sections were placed in 0.01 M sodium citrate buffer (pH 6.0) 
and autoclaved at 121˚C for 10 min for antigen retrieval. After 
30 min of pre‑incubation in 3% normal goat serum to prevent 
non‑specific staining at room temperature, the sections were 
incubated with a primary antibody against Rap1GAP (dilution, 
1:200; cat. no. sc‑166586; Santa Cruz Biotechnology, Inc., 
Dallas, TX, USA) at 4˚C overnight. The sections were subse-
quently treated using the streptavidin-peroxidase technique 
(OriGene Technologies, Inc., Beijing, China), according to 
the manufacturer's protocols. Negative controls were made by 
the omission of the primary antibody during the procedure of 
immunohistochemistry. Primary antibodies against MMP‑9 
(dilution, 1:200; cat. no. ab119906; Abcam, Cambridge, UK) 
and E‑cadherin (dilution, 1:200; cat. no. ab76055; Abcam) 
were also used for immunohistochemical staining at 4˚C 
overnight. A 30‑min incubation at room temperature with 
a peroxidase-conjugated affinity purified goat anti-mouse 
IgG secondary antibody (dilution, 1:200; cat. no. TA130003 
OriGene Technologies, Inc.) followed.

Evaluation of immunohistochemical analysis. Two patholo-
gists blinded to the clinical features of the patients with CRC 
independently examined the sections and were in agreement 
with the final effective immunostaining under a light micro-
scope at x100, x200 or x400 magnification. The intensity of 
immunostaining and the percentage of positive tumor cells 
were taken into consideration when analyzing the final quanti-
tation of each staining. The staining was scored by multiplying 
the following two scores: i) the staining intensity (0, negative; 
1, weak; 2, moderate; and 3, high) and ii) the percentage of 
positive cells (0, ≤5% tumor cells with staining; 1, 6‑20% 
tumor cells with staining; 2, 21‑40% tumor cells with staining; 
3, 41‑60% tumor cells with staining; 4, 61‑80% tumor cells with 

staining; and 5, >81% tumor cells with staining). Rap1GAP 
and E‑cadherin expression was defined as decreased when the 
score was ≤6, and expression was defined as increased when 
the score was >6. The tumors were regarded as having a high 
expression of MMP-9 when the tumor sample reached a score 
of ≥8, and tumor samples with a score of <8 were considered 
as having a low expression of MMP‑9.

Follow‑up. The follow‑up deadline was December 2016. All 
patients were followed up regularly every 3 months for the first 
2 years after surgery, every 6 months until the fifth year, and then 
annually thereafter. Overall survival (OS) was defined as the 
interval between the date of surgery and the date that of patient 
mortality from CRC or the follow‑up deadline. Recurrence were 
diagnosed by tumor biomarkers levels, including carcinoem-
bryonic antigen (CEA), ultrasonic examination and computed 
tomography (CT) or magnetic resonance imaging (MRI) during 
the follow‑up period. Disease‑free survival (DFS) was defined 
as the interval between the day of surgery and the date of 
CRC recurrence. If recurrence was not confirmed, the date of 
mortality due to CRC or the follow‑up deadline was used.

Statistical analysis. All data were processed using SPSS 
version 17.0 statistical software (SPSS, Inc., Chicago, IL, 
USA). Differences between two groups were compared using 
Student's t‑tests. The association between Rap1GAP expres-
sion and the patient clinicopathological characteristics were 
analyzed using a χ2 test. DFS and OS curves were calculated 
using the Kaplan‑Meier method and intergroup differences 
were examined using the log‑rank test. The prognostic factors 
were determined by DFS and OS analysis using the univariate 
and multivariate Cox proportional hazards model. The asso-
ciation between the Rap1GAP expression and expression of 
MMP‑9 and E‑cadherin was analyzed by the Spearman's rank 
correlation coefficient. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Decreased expression of RaplGAP and E‑cadherin, and 
increased expression of MMP‑9 in CRC. The expres-
sion of RaplGAP was detected by immunohistochemistry 
in 227 colorectal adenocarcinoma and paired adjacent 
para‑carcinoma tissues. As demonstrated in Fig. 1A, RaplGAP 
was mainly located in the cytoplasm of the normal follicular 
epithelial cells. Additionally, RaplGAP expression levels were 
markedly lower in CRC than in adjacent para‑carcinoma 
tissues (P<0.001; Fig. 1B). Furthermore, a significantly 
decreased expression of RaplGAP was present in 62.1% 
(141/227) of CRC tissues compared with 36.1% (82/227) of 
adjacent para‑carcinoma tissues (P<0.001; Fig. 1C).

The expression of MMP-9 and E-cadher in in 
227 colorectal adenocarcinoma tissues was determined by 
immunohistochemistry. As a type of aberrant metastasis 
protein, MMP-9 was more highly expressed in CRC tissues 
compared with expression in adjacent para-carcinoma 
tissues, which was observed mainly in the cytoplasm 
(Fig. 1). The expression of E‑cadherin as the epithelial 
protein was lower in the CRC tissues than that in adjacent 
para‑carcinoma tissues (Fig. 1).
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Decreased expression of Rap1GAP is correlated with certain 
clinicopathological characteristics in CRC. To elucidate the 
clinical significance of RaplGAP expression in CRC, the 
associations between RaplGAP expression and clinicopatho-
logical characteristics in 227 CRC samples were analyzed. As 
demonstrated in Table I, there were no correlations between 
the expression of RaplGAP and sex, age, diameter of tumor, 
histological differentiation or tumor location (all P>0.05). 
However, the decreased expression of RaplGAP was 
significantly associated with the depth of invasion (P=0.015), 
lymph node metastasis (P=0.002) and advanced TNM stage 
(P=0.004). Notably, the significant negative correlations 
between RaplGAP expression and serosal invasion or lymph 
node metastasis implied a potential role of RaplGAP in 
enhancing the invasion and metastasis of CRC.

Decreased expression of Rap1GAP impacts on tumor 
progression in CRC. In order to further elucidate the role 
of RaplGAP expression on the aggressiveness of CRC, the 
associations between RaplGAP expression and the depth 

of invasion or lymph node metastasis were analyzed. The 
rates of RaplGAP low‑expression were 65.9 and 70.1% in 
the T3+T4 group and N1‑3 group, whereas they were only 
47.1 and 49.5% in T1+T2 and N0 groups (P=0.015 and 
P=0.002, respectively; Table I). Furthermore, the expression 
levels of RaplGAP were lower in the T3+T4 and N1‑3 groups 
than in the T1+T2 and N0 groups (P=0.001 and P=0.003, 
respectively; Fig. 2). Additionally, in order to investigate 
whether decreased expression of RaplGAP accounts for its 
invasion and metastasis features in CRC, the present study 
also evaluated the associations between RaplGAP expression 
and the expression of MMP-9 and E-cadherin in 227 CRC 
samples. Notably, the decreased expression of RaplGAP was 
negatively correlated with MMP‑9 expression (r=‑0.444, 
P<0.001; Fig. 3A) and positively associated with E‑cadherin 
expression (r=0.573, P<0.001; Fig. 3B).

Decreased expression of Rap1GAP is associated with poor 
prognosis in CRC. Kaplan‑Meier analysis indicated that the 
DFS and OS rates of the decreased expression of Rap1GAP 

Table I. Association between Rap1GAP expression and clinicopathological characteristics of patients with colorectal cancer.

 Rap1GAP expression
 -----------------------------------------------------------------
Characteristic No. patients Low (%) High (%) P‑value

Sex    0.542
  Male  131 83 (63.4) 48 (36.6)
  Female  96 57 (59.4) 39 (40.6)
Age, years     0.215
  <60  103 59 (57.3) 44 (42.7)
  ≥60  124 81 (65.3) 43 (34.7)
Diameter of tumor, cm    0.060
  <5  123 69 (56.1) 54 (43.9)
  ≥5  104 71 (68.3) 33 (31.7)
Differentiation     0.131
  Well  62 36 (58.1) 26 (41.9)
  Moderate  76 42 (55.3) 34 (44.7)
  Poor  89 62 (69.7) 27 (30.3)
Tumor location     0.832
  Colon 109 68 (62.4) 41 (37.6)
  Rectum 118 72 (61.0) 46 (39.0)
Depth of invasion    0.015
  T1+T2 51 24 (47.1) 27 (52.9)
  T3+T4 176 116 (65.9) 60 (34.1)
Lymph node metastasis     0.002
  No 93 46 (49.5) 47 (50.5)
  Yes 134 94 (70.1) 40 (29.9)
TNM stage     0.004
  I 37 16 (43.2) 21 (56.8)
  II 56 37 (66.1) 19 (33.9)
  III 134 97 (72.4) 37 (27.6)

Rap1GAP, Rap1 GTPase‑activating protein; TNM, tumor‑node‑metastasis.
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group were significantly poorer than that of the increased 
expression of Rap1GAP group (P<0.001 and P=0.001, respec-
tively; Fig. 4A). In addition, the depth of invasion (P=0.002 
and P=0.003, respectively; Fig. 4B), lymph node metastasis 
(P<0.001 and P=0.001, respectively; Fig. 4C) and advanced 
TNM stage (P=0.004 and P=0.003, respectively; Fig. 4D) were 
markedly associated with poorer DFS and OS rates, as deter-
mined by Kaplan‑Meier analysis. Furthermore, multivariate 
analysis suggested that decreased expression of Rap1GAP was 
an independent prognostic factor for DFS and OS (P=0.005 
and P=0.016, respectively; Table II). Multivariate analysis also 
revealed that an advanced TNM stage was an independent 
predictive factor for DFS and OS (P=0.034 and P=0.022, 
respectively), while lymph node metastasis only was an inde-
pendent prognostic factor for DFS (P=0.017; Table II).

Discussion

In the present study, decreased expression of Rap1GAP was 
correlated with tumor progression and poor prognosis in CRC. 
To the best of our knowledge, the present study is the first 
to report the clinical significance of Rap1GAP expression in 
CRC.

Rap1GAP is a member of the GTPase-activation protein 
family, which promotes the hydrolysis of GTP to GDP 
by specific stimulation as a negative regulator of Rap1 

activity (4‑7). The present study revealed that Rap1GAP 
expression was lower in CRC compared with adjacent 
para‑carcinoma tissues by immunohistochemical examination. 
Furthermore, decreased expression of Rap1GAP was corre-
lated with certain clinicopathological outcomes, including the 
depth of invasion, lymph node metastasis and advanced TNM 
stages in CRC. Additionally, the patients with low Rap1GAP 
expression had significantly poorer prognoses compared with 
the patients with high Rap1GAP expression, as determined 
using Kaplan‑Meier survival analysis. The multivariate Cox 
proportional hazards model analysis revealed that decreased 
expression of Rap1GAP was an independent factor for a 
poorer prognosis (DFS and OS) in CRC. These observations 
were consistent with previously reported results. Decreased 
expression of Rap1GAP has been reported in pancreatic 
cancer (8), thyroid cancer (9‑11), head and neck squamous cell 
carcinoma (12), melanoma (13), acute myeloid leukemia (14) 
and gastric cancer (20). Furthermore, the low expression of 
Rap1GAP in gastric cancer was significantly associated with 
TNM stage, lymph node metastasis, tumor diameter and poor 
OS, and therefore may be an independent prognostic factor 
of gastric cancer (20). These results strongly indicated that 
Rap1GAP may be used to identify individual patients with 
CRC who have a higher risk of recurrence and mortality and 
are therefore good candidates for receiving more aggressive 
treatment.

Table II. Univariate and multivariate analyses of prognostic factors for disease‑free survival or overall survival of patients with 
colorectal cancer.

 Univariate analysis Multivariate analysis
 --------------------------------------------------------------------- --------------------------------------------------------------------
Variable HR 95% CI P‑value HR 95% CI P‑value

Disease-free survival
  Rap1GAP expression (low/high)  1.944 1.330‑2.842 0.001 1.738 1.179‑2.560 0.005
  Sex (female/male) 1.020 0.720‑1.446 0.911
  Age (≥60/<60 years) 1.298 0.914‑1.843 0.146
  Diameter of tumor, cm (≥5/<5) 1.331 0.942‑1.879 0.105
  Differentiation (poor/well+moderate) 1.366 0.965‑1.934 0.079
  Tumor location (rectum/colon) 1.223 0.864‑1.732 0.256
  Depth of invasion (T3+T4/T1+T2) 2.039 1.277‑3.257 0.003 1.576 0.951‑2.613 0.078
  Lymph node metastasis (yes/no) 2.000 1.376‑2.907 <0.001 1.640 1.094‑2.458 0.017
  TNM stage (III/I+II) 1.686 1.173‑2.424 0.005 1.491 1.031‑2.157 0.034
Overall survival
  Rap1GAP expression (low/high) 1.937 1.284‑2.921 0.002 1.672 1.099‑2.544 0.016
  Sex (female/male) 1.002 0.688‑1.458 0.993
  Age (≥60/<60 years) 1.321 0.905‑1.927 0.149
  Diameter of tumor, cm (≥5/<5) 1.328 0.954‑2.002 0.087
  Differentiation (poor/well+moderate) 1.319 0.908‑1.916 0.146
  Tumor location (rectum/colon) 1.265 0.870‑1.840 0.218
  Depth of invasion (T3+T4/T1+T2) 2.139 1.275‑3.586 0.004 1.705 0.980‑2.966 0.059
  Lymph node metastasis (yes/no) 1.886 1.264‑2.814 0.002 1.484 0.965‑2.283 0.072
  TNM stage (III/I+II) 1.787 1.205‑2.651 0.004 1.596 1.069‑2.382 0.022

Variables with P<0.05 in univariate analysis were included in the multivariate analysis. Rap1GAP, Rap1 GTPase‑activating protein; HR, hazard 
ratio; CI, confidence interval; TNM, tumor‑node‑metastasis.
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A number of studies have reported that Rap1GAP 
inhibits tumor cell proliferation, invasion and metastasis 
in various types of human cancer and, therefore, is known 
as a tumor suppressor gene (10,13,16‑18). Furthermore, the 
downregulation of Rap1GAP in CRC tumor cells where 
alterations in cell-cell and cell-matrix adhesion are early 
steps in tumor dissemination supports a role for Rap1GAP 

depletion in tumor progression (18‑21). Additionally, in the 
present study, the expression levels of Rap1GAP were lower 
in patients with depth of invasion T3+T4 and lymph node 
metastasis N1-3 than in those with depth of invasion T1+T2 
and lymph node metastasis N0, indicating higher invasive 
and metastasizing activity in cancer cells with a low expres-
sion of Rap1GAP. These results suggested that the decreased 

Figure 2. Comparison of Rap1GAP expression by depth of invasion and lymph node metastasis in colorectal cancer. Rap1GAP expression is notably decreased 
in the (A) prominent serosal invasion (T‑value) and (B) lymph node metastasis groups. Rap1GAP, Rap1 GTPase‑activating protein; T, tumor; N, node.

Figure 1. Rap1GAP and E‑cadherin were frequently downregulated, and MMP‑9 was significantly upregulated in colorectal cancer. (A) Representative immu-
nohistochemical expression patterns of Rap1GAP (magnification x100 and x400 below), MMP‑9 (magnification x200 above and x400 below) and E‑cadherin 
in 227 T tissues (magnification x100 above and x400 below) and paired NT specimens (magnification x100 above and x400 below). (B) Mean ± standard error 
of Rap1GAP, MMP‑9 and E‑cadherin expression levels were compared between T and NT specimens. (C) Percentage of patients with different expression 
levels of Rap1GAP, MMP‑9 and E‑cadherin in T or NT tissues. Rap1GAP, Rap1 GTPase‑activating protein; MMP‑9, matrix metallopeptidase 9; T, human 
primary colorectal tumor; NT, paired para‑carcinoma; IHC, immunohistochemistry.
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expression of Rap1GAP may be involved in the progression 
of CRC.

MMPs are known as major critical molecules facilitating 
tumor cell invasion and metastasis by degrading the extracel-
lular matrix (ECM) during cancer development (22,23). A 
meta-analyses indicated that MMP-9 expression was associ-
ated with the prognosis of patients with CRC, and that patients 
with higher MMP‑9 expression had poorer survival rates (24). 

Herszényi et al (25) reported that MMP-9 may serve a role, 
not only in tumor invasion and initiation of metastasis, but also 
in carcinogenesis from colorectal adenomas. Zuzga et al (26) 
revealed that overexpression of MMP-9 in tumor epithelial 
cells was correlated with CRC metastasis. Furthermore, in 
head and neck squamous cell carcinoma, Rap1GAP inhibited 
tumor cell proliferation and promoted MMP-9 secretion via 
Rap1‑mediated effects on MMP‑9 protein and mRNA (27). 
In leukemia, upregulation of Rap1GAP promoted NB4 
and HL-60 cell differentiation and apoptosis induced by 
all-trans-retinoic acid (ATRA) or granulocyte and phorbol 

12-myristate 13-acetate (TPA), compared with the empty 
vector control cells (14). In addition, the present study revealed 
that Rap1GAP expression was negatively correlated with 
MMP‑9 protein expression in CRC. These results further 
indicate that RaplGAP may be involved in the tumorigenesis 
of and promote the tumor progression of CRC.

Epithelial‑mesenchymal transition (EMT) is known as a 
crucial mechanism in tumor progression and metastasis and 
a key regulator of distant organ formation in CRC (28‑30). 
EMT facilitates epithelium-derived tumor cell metastasis 
by promoting loss of cell adhesion and polarity, and gain of 
migratory and invasive properties (31). Loss of E‑cadherin 
expression is regarded as a critical determinant in this 
process (32‑35). Numerous studies have reported that the loss 
or decrease of E-cadherin expression promoted CRC invasion 
and metastasis and was correlated with the prognosis of patients 
with CRC (36‑39). Furthermore, upregulation of Rap1GAP 
increased the expression of E‑cadherin in BGC823 and 
SGC7901 gastric cancer cells (20). Furthermore, a significant 

Figure 4. Kaplan‑Meier survival analysis. (A) Kaplan‑Meier curves for DFS and OS of patients with CRC according to Rap1GAP expression status (high vs. low 
expression). (B) Kaplan‑Meier curves for DFS and OS of patients with CRC according to the depth of tumor invasion (T1+T2 vs. T3+T4). (C) Kaplan‑Meier curves 
for DFS and OS of patients with CRC according to lymph node metastasis (N0 vs. N1‑3). (D) Kaplan‑Meier curves for DFS and OS of CRC patients according 
to TNM stage (TNMI‑II stage or TNMIII stage). The P‑value was determined using the log‑rank test. DFS, disease‑free survival; OS, overall survival; CRC, 
colorectal cancer; Rap1GAP, Rap1 GTPase‑activating protein; TNM, tumor‑node‑metastasis.

Figure 3. Correlation between the expression of Rap1GAP and that of E‑cadherin or MMP‑9 in 227 colorectal cancer tissues. (A) The expression of RaplGAP 
was negatively correlated with MMP‑9 expression. (B) The expression of RaplGAP was positively correlated with E‑cadherin expression. Rap1GAP, Rap1 
GTPase‑activating protein; MMP‑9, matrix metallopeptidase 9.
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positive correlation between Rap1GAP and E-cadherin in 
CRC was observed in the present study. These results further 
revealed that Rap1GAP represents a novel, selective prognostic 
and predictive factor that may be exploited for more effective 
disease stage stratification and therapeutic regimen selection 
in patients with CRC. Additionally, the results of the present 
study also suggested that decreased expression of Rap1GAP 
may be correlated with EMT in CRC. Therefore, future inves-
tigations should focus on the EMT molecular mechanism of 
the effect of Rap1GAP in CRC.

In summary, the results of the present study suggested 
that Rap1GAP expression is significantly and frequently 
downregulated in CRC, and decreased expression of 
Rap1GAP may serve a critical role in tumor progression and 
prognosis. Furthermore, decreased expression of Rap1GAP 
may be correlated with EMT. Notably, Rap1GAP represents 
a promising biomarker for prognostic prediction that may 
indicate treatment response and targeted therapy selection 
to prevent and treat metastatic disease progression in CRC. 
The major limitations of the present study are the relatively 
small patient cohort and the retrospective nature of the 
study. Therefore, a larger study population and a longer 
follow-up period are required in order to validate these 
results.
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