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Abstract
AIM: To detect the expression of COX-2 and HER-2 in 
colorectal cancer and to analyze their correlation and 
clinical significance.

METHODS: A total of 1026 colorectal cancer surgical 
specimens were collected from patients treated from 

December 2002 to December 2007 at the First Affiliated 
Hospital of Anhui Medical University. All specimens 
were made into 4-µm slices. The expression of COX-2 
and HER-2 were detected by immunohistochemistry 
using the streptavidin-biotin-peroxidase method. The 
correlations between COX-2 and HER-2 expression and 
colorectal cancer clinical features were analyzed.

RESULTS: The positive rates of COX-2 and HER-2 
expression in colorectal cancer were 77.97% (800/1026) 
and 46.20% (474/1026), respectively. There was 
a significant correlation between COX-2 and HER-2 
expression in colorectal cancer (P  < 0.05). In patients 
with tumor size ≥ 5 cm, the positive rates of COX-2 
and HER-2 expression were 81.48% (308/378) and 
57.94% (219/378), respectively. In patients with serosal 
invasion, the positive COX-2 and HER-2 expression 
rates were 80.53% (612/760) and 49.21% (374/760), 
respectively. In patients with lymph node metastasis, 
the positive expression rates were 85.04% (506/595) 
and 54.62% (325/595), respectively, and the positive 
expression rates differed significantly between patients 
with lymph node metastasis and those without (P  < 
0.05). In patients with Duke’s C and D colorectal cancer, 
the positive COX-2 and HER-2 expression rates were 
82.80% (443/535) and 57.94% (310/535), respectively. 
In patients with poorly differentiated colorectal cancer, 
the positive expression rates were 74.49% (210/282) 
and 52.84% (149/282), respectively (P  < 0.05). In 
patients with distant metastasis, the positive expression 
rates were 82.27% (116/141) and 53.90% (76/141), 
respectively (P  < 0.05). These findings suggest that 
COX-2 and HER-2 have synergistic effects in colorectal 
cancer. COX-2 and HER-2 expression had no significant 
correlation with sex, age, or tumor location. 

CONCLUSION: COX-2 and HER-2 are important 
markers for invasion and metastasis of colorectal 
cancer, and they act together to regulate the invasion 
and metastasis of colorectal cancer.
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Core tip: The relationship between and expression 
of COX-2 and HER-2 in colorectal cancer have not 
been fully elucidated. In this study, the expression 
of COX-2 and HER-2 was assessed in colorectal 
cancer tissues by immunohistochemistry, and the 
correlations between COX-2 and HER-2 expression 
and colorectal cancer clinical features were evaluated. 
Results demonstrated that COX-2 and HER-2 ex
pression are significantly associated with serosal 
invasion, lymph node metastasis, Duke’s stage, and 
poorly differentiated cancer. COX-2 and HER-2 have 
synergistic effects in colorectal cancer. Both COX-2 
and HER-2 are important markers for invasion and 
metastasis of colorectal cancer.
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INTRODUCTION
Colorectal cancer is a very common malignant tumor 
of the digestive tract, with about 1.2 million new 
cases and 600000 deaths worldwide each year[1]. 
The incidence of colorectal cancer ranks second 
among various malignances in the Western developed 
countries. Although both the incidence and mortality 
of colorectal cancer rank between third and fifth in 
China, respectively, the incidence of colorectal cancer 
ranks second or third in large cities. Thus, colorectal 
cancer poses a serious threat to human health. As 
colorectal cancer has a complicated biologic behavior 
and is easy to relapse, metastasize, and develop 
resistance to chemotherapy drugs, the clarification of 
the mechanisms responsible for the development and 
progression of colorectal cancer and the development 
of early and effective diagnostic strategies and 
reasonable treatment strategies have always been 
focuses of research in the field of colorectal cancer[2].

Invasion and metastasis are the main biologic 
characteristics of malignant tumors. The poor 
therapeutic effects in colorectal cancer are often 
associated with tumor invasion and metastasis. 
Therefore, there is an emerging need to understand 
how to predict tumor invasion and metastasis and 
conduct early comprehensive therapy for tumors 
clinically[3]. In the present study, an immunohisto­
chemical method was used to detect the expression 
of COX-2 and HER-2 in colorectal cancer, and the 

relationship between COX-2 and HER-2 expression 
and prognosis of colorectal cancer was analyzed, with 
an aim to provide a theoretical basis of pathologic 
diagnosis, prognosis evaluation, and treatment of this 
malignancy.

MATERIALS AND METHODS
Specimens
A total of 1026 colorectal cancer surgical specimens 
were collected from patients treated between 
December 2002 and December 2007 at the First 
Affiliated Hospital of Anhui Medical University. The 
patients ranged in age from 14 years to 88 years, with 
an average age of 57 years. There were 484 cases 
of colon cancer and 542 cases of rectal cancer. In 
terms of differentiation degree, 155 cases were well 
differentiated, 589 were moderately differentiated, 
and 282 were poorly differentiated. All specimens 
were fixed in 10% formalin, embedded in paraffin, and 
sectioned into 4-µm slices. Tissues 5 cm or above from 
the resection margin were used as controls. None of 
the patients received any radiotherapy, chemotherapy, 
or immunotherapy before surgery, and were confirmed 
pathologically after surgery. This study was approved 
by the Ethical Committee of Anhui Medical University.

Reagents
Rabbit anti-human COX-2 monoclonal antibody (SP21), 
rabbit anti-human HER-2 polyclonal antibody, and a 
color development kit were purchased from Zhongshan 
Golden Bridge Biotechnology (Beijing, China).

Immunostaining 
Immunohistochemical staining was performed using 
the streptavidin-biotin-peroxidase method according 
to the manufacturer’s instructions. For the negative 
control, the primary antibody was replaced with PBS. 
Tissues known to express the antigens of interest were 
used as positive controls.

Immunostaining evaluation 
Immunostaining evaluation was performed using 
a semi-quantitative scoring system by estimating 
the percentage of cells stained and staining 
intensity. Immunohistochemically stained sections 
were evaluated independently by two experienced 
pathologists, with five high-power visual fields 
observed in each section. The percentage of cells 
stained was scored as follows: 0 = 0%-5%; 1 = 
6%-25%; 2 = 26%-50%; 3 = 51%-75%; 4 = 
76%-100%. Staining intensity was scored as follows: 
1 = faintly yellow; 2 = brownish yellow; 3 = brown. 
A combined score was calculated as the sum of 
staining intensity and percentage of stained cells, and 
immunostaining was scored as negative (-; combined 
score = 0-1); positive (+; combined score = 2-3); 
moderately positive (++; combined score = 4-5); 

Wu QB et al . COX-2 and HER-2 in colorectal cancer

6207 May 28, 2015|Volume 21|Issue 20|WJG|www.wjgnet.com



strongly positive (+++; combined score = 6-7).

Statistical analysis
Statistical analyses of the immunohistochemical 
staining were performed using SPSS16.0 software 
(SPSS Inc., Chicago, IL, United States). Differences 
were tested for statistical significance using the Mann-
Whitney U test. Survival analysis was conducted using 
the Kaplan-Meier method. P < 0.05 was considered 
statistically significant.

RESULTS
COX-2 expression in colorectal cancer
COX-2-positive cells showed brownish yellow granules 
in the cytoplasm (Figure 1A). The positive rate of 
COX-2 expression was 77.97% (800/1026) in all the 
specimens. In patients with a tumor size ≥ 5 cm, 
the positive rate of COX-2 expression was 81.48% 
(308/378). In patients with serosal invasion, the 
positive expression rate was 80.53% (612/760). In 
patients with Duke’s C and D colorectal cancer, the 
positive expression rate was 82.80% (443/535). In 
patients with lymph node metastasis, the positive 
expression rate was 85.04% (506/595), and the 
positive expression rate differed significantly between 
patients with lymph node metastasis and those 
without (χ 2 = 41.213; P < 0.05). High COX-2 protein 
expression was significantly correlated with tumor size, 
infiltration depth, Duke’s stage, tumor differentiation, 

distant metastasis, and lymph node metastasis (P < 
0.05), but not with sex, age, or tumor location (Table 
1).

HER-2 expression in colorectal cancer
HER-2 was localized mainly on the membrane of 
cancer cells, and HER-2-positive cells showed brownish 
yellow granules on the membrane (Figure 1B). The 
positive rate of HER-2 expression in colorectal cancer 
was 46.20% (474/1026) in all the specimens. In 
patients with a tumor size ≥ 5 cm, the positive rate 
of HER-2 expression rate was 57.94% (219/378). In 
patients with serosal invasion, the positive expression 
rate was 49.21% (374/760). In patients with Duke’s 
C and D colorectal cancer, the positive expression rate 
was 57.94% (310/535). In colorectal adenocarcinoma 
patients with lymph node metastasis, the positive 
expression rate was 54.62% (325/595), and the 
positive expression rate differed significantly between 
patients with lymph node metastasis and those without 
(χ2 = 40.430; P < 0.05). High HER-2 protein expression 
was significantly correlated with tumor size, invasion 
depth, Duke’s stage, tumor differentiation, distant 
metastasis, and lymph node metastasis (P < 0.05), but 
not with sex, age, or tumor location (Table 1).

Correlation between COX-2 and HER-2 expression in 
colorectal cancer
Of 800 COX-2 positive specimens, 350 were positive 
for HER-2 and 450 were negative. Of 226 COX-2 
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Figure 1  Immunohistochemical staining of COX-2 and HER-2 in colorectal cancer and normal colorectal tissue. A: COX-2-positive expression in colorectal 
cancer, magnification × 200; B: HER-2 positive expression in colorectal cancer, magnification × 200; C: COX-2-negative expression in normal colorectal tissue, 
magnification × 100; D: HER-2-negative expression in normal colorectal tissue, magnification × 100. 
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shown in Figure 2A and 2B, respectively. The survival 
curves for patients positive for both COX-2 and HER-2, 
those positive for either of them, and those negative 
for both are shown in Figure 3. These results showed 
that the survival time of COX-2 and HER-2 positive 
patients was significantly lower than that of COX-2 and 
HER-2 negative ones (P < 0.05).

DISCUSSION
According to the results of this study, the positive rate 
of COX-2 expression in colorectal cancer is 77.97%, 
significantly higher than in normal colorectal tissues. 
COX-2 expression was significantly associated with 
lymph node metastasis[4]. This may be because COX-2 
can: (1) increase the production of prostaglandins 
and inhibit the body’s immune response; (2) inhibit 
tumor cell apoptosis and promote cell proliferation; 
(3) regulate cell cycle progression; (4) promote tumor 
angiogenesis; (5) increase the expression of matrix 
metalloproteinases in tumor cells; and (6) induce 
activation of precursors of carcinogenic substances. As 
high COX-2 expression exists in precancerous lesions 
and carcinoma in situ and is significantly higher than 
in the normal tissue, it is generally believed that high 
COX-2 expression is an early event in tumorigenesis.

COX-2 is not or is lowly expressed in normal 
tissues; however, COX-2 expression is increased 
in inflammatory and tumor tissues and plays an 

negative specimens, 124 were positive for HER-2 and 
102 were negative. There was a significant positive 
correlation between COX-2 and HER-2 expression in 
colorectal cancer (χ 2 = 8.762; P < 0.05) (Table 2).

COX-2 and HER-2 expression in normal colorectal 
tissues
A total of 50 tumor-adjacent colorectal tissues were 
used as normal colorectal tissues. Of these tissues, 
6/50 (12.00%) showed positive COX-2 expression, 
and 1/50 (2.00%) showed positive HER-2 expression. 
Most of the normal tissues showed negative expression 
of COX-2 and HER-2 (Figure 1C and 1D).

Survival analysis
By February 28, 2011, 210/1026 (20.47%) patients 
were lost to follow-up, and 816/1026 (79.53%) had 
complete follow-up data. The follow-up duration 
ranged from 3 years to 5 years. The survival curves for 
COX-2 and HER-2 positive and negative patients are 
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Table 1  Relationship between COX-2/HER-2 expression and clinicopathologic factors  n  (%)

Variable n COX-2 HER-2

Positive Negative χ 2 P  value Positive Negative χ 2 P  value

Sex   2.300 0.129   2.769 0.096
   Male 595 454 (76.3)   62 (20.0) 288 (48.4) 307 (51.6)
   Female 431 346 (80.2)   32 (15.1) 186 (43.2) 245 (56.8)
Age (yr)   2.011 0.156   1.496 0.221
   < 60 493 375 (76.1)   40 (16.3) 218 (44.2) 275 (55.8)
   ≥ 60 533 425 (79.7)   54 (19.6) 256 (48.0) 277 (52.0)
Tumor site   2.007 0.157   2.499 0.114
   Rectum 542 432 (79.7)   45 (16.3) 263 (48.5) 279 (51.5)
   Colon 484 368 (76.0)   49 (19.9) 211 (43.6) 273 (56.4)
Tumor size   4.988 0.026 33.175 0.000
   < 5 cm 648 489 (75.5) 159 (24.5) 255 (39.4) 393 (60.6)
   ≥ 5 cm 378 308 (81.5)   70 (18.5) 219 (57.9) 159 (42.1)
Serosal invasion 11.130 0.001 10.697 0.001
   No 266 188 (70.7)   78 (29.3) 100 (37.6) 166 (62.4)
   Yes 760 612 (80.5) 148 (19.5) 374 (49.2) 386 (50.8)
Differentiation 6.553 0.038   6.911 0.032
   Well 155 114 (73.5)   41 (26.5)   67 (43.2)   88 (56.8)
   Moderate 589 476 (80.8) 113 (19.2) 258 (43.8) 331 (56.2)
   Poor 282 210 (74.5)   72 (25.5) 149 (52.8) 133 (47.2)
Duke’s stage 15.191 0.000 62.045 0.000
   A + B 491 357 (72.7) 134 (27.3) 164 (33.4) 327 (66.6)
   C + D 535 443 (82.8)   92 (17.2) 310 (57.9) 225 (42.1)
Lymph node metastasis 14.865 0.000 40.430 0.000
   Yes 595 506 (85.0)   89 (15.0) 325 (54.6) 270 (45.4)
   No 431 294 (68.2) 137 (31.8) 149 (34.6) 282 (65.4)
Distal metastasis   3.928 0.047   3.901 0.048
   Yes 141 119 (84.4)   22 (15.6)   76 (53.9)   65 (46.1)
   No 885 681 (76.9) 204 (23.1) 398 (45.0) 487 (55.0)

Table 2  Relationship between COX-2 and HER-2 expression

COX-2 expression HER-2 expression Total χ 2 P  value

Positive Negative

Positive 350 450   800 8.762 0.003
Negative 124 102   226
Total 474 552 1026
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important role in inflammation, cell proliferation, and 
differentiation, suggesting that COX-2 is involved in 
the initiation and progression of cancer. Brown et al[4] 
believed that most colorectal cancers have COX-2 
overexpression, which can induce tumor angiogenesis, 
damage the immune system, and promote tumor 
invasion. Tuynman et al[5] incubated lymphocytes 
with COX-2-positive or -negative colorectal cancer 
cells and found that lymphocyte proliferation index 
was significantly reduced in COX-2-positive colorectal 
cancer cells. They also found that this effect could be 
inhibited by the COX-2 inhibitor NS-398, suggesting 
that COX-2 expression in colorectal cancer can inhibit 
the proliferation of lymphocytes to make the tumor 
evade the host immune response.

Elzagheid et al[6] performed an immunohisto­
chemical analysis of 145 stage Ⅰ-Ⅳ colorectal cancer 
specimens collected from 1981 to 1990 at Finland 
Turku University Hospital and found that patients 
with higher TNM stage (P < 0.06) and those with 
higher Duke’s stage (P < 0.045) had higher levels of 
COX-2 expression, though COX2 expression was not 
significantly associated with age, sex, tumor histologic 
grade, or lymph node metastasis. Research shows 
that regulation of COX-2 expression is a key step 
in colorectal carcinogenesis. As COX-2 expression 

is significantly associated with tumor stage, it is 
considered a prognostic factor for colorectal cancer. 
The increase in the activity of COX-2 promotes the 
progression of colorectal cancer.

Peng et al[7] conducted a meta-analysis of 23 
studies involving 4567 colorectal cancer patients 
that evaluated the relationship between COX-2 
expression detected by immunohistochemistry and 
patient survival, and they found that high expression 
of COX-2 was associated with slightly poorer survival. 
The present study draws a similar conclusion. Of 1026 
colorectal cancer tissues, the positive rate of COX-2 
expression is 77.97%. In colorectal adenocarcinoma 
patients with lymph node metastasis, the positive 
expression rate is 85.04%, significantly higher than in 
patients without lymph node metastasis. In addition, 
COX-2 protein expression is significantly associated 
with tumor size, infiltration depth, tissue differentiation, 
Duke’s stage, and distant metastasis, confirming that 
high COX-2 protein expression in colorectal cancer 
tissue may enhance the ability of tumor growth. This 
result is similar to many previous studies reporting 
that COX-2 overexpression in colorectal cancer tissue 
is closely related to tumor invasion, lymph node 
metastasis, and poor prognosis.

HER-2 is a protein with tyrosine kinase activity 
encoded by the cellular oncogene ERBB2, which is 
located on chromosome 17q21[8]. Under normal 
circumstances, the oncogene is inactive and is the 
normal component of the cellular genome, participating 
in the regulation of cell growth, differentiation, and 
division. The main forms of ERBB2 activation are 
abnormal gene amplification, abnormal transcription 
regulation, and mRNA overexpression, leading to 
excessive expression of its protein product and 
producing tumor transformation activity[9]. Numerous 
studies have shown that its overexpression is 
associated with pathologic morphology and biologic 
behavior in a wide variety of tumors, especially breast, 
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Figure 2  Survival curves for patients with colorectal cancer. A: Patients 
with positive and negative COX-2 expression; B: Patients with positive and 
negative HER-2 expression.

Figure 3  Survival curves of colorectal cancer patients positive for both 
COX-2 and HER-2, positive for either of them, and negative for both. 
Compared with patients positive for both markers, patients negative for both 
had better survival.
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gastric, ovarian, and colorectal cancers. Studies 
confirm that high expression of this protein in breast 
cancer is closely related to high S-phase fraction, high 
mitosis index, high thymine labeling index, and DNA 
heteroploidy.

Ma et al[10] found that the peptide fragments 
of HER-2 after enzymatic digestion were almost 
completely consistent with those of the epidermal 
growth factor receptor (EGFR). Even in the absence of 
ligands, HER-2 can still lead to a sustainable activation 
of EGFR protein kinase, make the cells grow out of 
control, and result in tumor occurrence. At present, 
HER-2-targeted therapy has been widely used for 
the treatment of breast cancer; however, its role in 
colorectal cancer is rarely reported. The present study 
shows that the positive rate of HER-2 expression in 
colorectal cancer is 46.20%, suggesting that HER-2 
has a very important role in the growth, invasion, 
and metastasis of colorectal cancer. Theoretically, 
HER-2-targeted drugs can also restrain invasion and 
metastasis of colorectal cancer in which HER-2 is 
overexpressed. A better understanding of the biologic 
characteristics of colorectal cancer may open a new 
avenue for targeted therapy of colorectal cancer[11].

This study was performed in two stages. In the first 
stage, 522 specimens were collected from December 
2005 to December 2007, and the experiments were 
performed between March 2010 and September 
2010. In the second stage, 504 specimens were 
collected from December 2002 to November 2002, 
and the experiments were performed between 
September 2010 and March 2010. When comparing 
the results between the two stages, the positive rates 
of COX-2 and HER-2 expression were slightly lower 
in the second stage. This might be due to prolonged 
specimen storage and the increase in the number 
of specimens. According to the pathologic reports, 
the 1026 tumors were roughly classified into the 
following histologic types: papillary adenocarcinoma, 
tubular adenocarcinoma, mucous adenocarcinoma, 
signet ring cell carcinoma, undifferentiated carcinoma, 
adenosquamous carcinoma, squamous cell carcinoma, 
carcinoid, and small cell carcinoma. In addition, 
there is currently controversy over whether cancer 
nodules should be classified as regional lymph node 
metastasis or distant metastasis and whether liver 
metastasis should be regarded as direct invasion or 
distant metastasis. Upon consideration, we finally 
decided to classify papillary adenocarcinoma and 
carcinoid as well-differentiated tumors, and classify 
mucous adenocarcinoma, signet ring cell carcinoma, 
undifferentiated carcinoma, and neuroendocrine 
carcinoma as poorly differentiated tumors. Liver 
metastases of hepatic flexure colon cancer were 
regarded as direct invasion of adjacent organs, while 
other liver metastases of colon cancer were regarded 
as distant metastasis. For Duke’s staging, TxN0M0 
was regarded as A + B, and N1-3 or M1 as C + D. In 

terms of tumor differentiation, moderately or poorly 
differentiated adenocarcinoma was classified as 
moderately differentiated adenocarcinoma in the first 
stage, but was later classified as poorly differentiated 
adenocarcinoma in the second stage after consultation 
with several experienced pathologists. In terms of 
distant metastasis, cancer nodules were initially staged 
as N1, but later adjusted to M1 after literature search. 
These made the P values in preliminary experimental 
results in both groups > 0.05, which showed a slight 
difference from the results obtained using large 
samples. After adjustment, the P values became < 
0.05 in both groups. This is consistent with multiple 
previous reports.

Many genes are activated in tumor development 
and progression, and these genes interact with 
each other to promote the growth and malignant 
transformation of tumors. There is a large body of 
evidence that upregulation of inducible COX-2 may 
promote the occurrence of colorectal cancer, but the 
mechanism responsible for regulating its expression 
is not clear. Previous studies show that there are two 
possible growth factor signaling pathways associated 
with COX-2 expression: HER-2/neu and transforming 
growth factor-β/Smad. Kiguchi et al[12] found that 
overexpression of HER-2/neu in the bile duct 
epithelium of transgenic mice induced upregulation 
of COX-2 expression. Vadlamudi et al[13] found that 
in human colorectal cancer cell lines, HER-2/neu 
activated factors promoting COX-2, causing COX-2 
mRNA and protein expression and the accumulation 
of prostaglandin E2. Lucarelli et al[14] discovered that 
the positive rates of COX-2 in invasive breast cancer, 
ductal carcinoma in situ, and normal breast epithelial 
cells were 87%, 85%, and 75%, respectively, and 
those of HER-2 in invasive breast cancer and ductal 
carcinoma in situ detection were both 34%, suggesting 
that HER-2 and COX-2 may regulate each other.

Hirokazu et al[15] showed that the positive rate 
of COX-2 expression in gastric cancer was 54.8% 
and that of HER-2 was 86.4%. The present study 
examined the correlation between COX-2 and HER-2 
expression in colorectal cancer. The results show 
that both COX-2 and HER-2 are highly expressed in 
colorectal cancer, and there is a significant correlation 
between the expression of COX-2 and HER-2. In 
addition, the positive rate of COX-2 expression in 
HER-2 positive patients is significantly higher than in 
HER-2 negative ones. Taken together, these findings 
suggest that HER-2 may upregulate the expression of 
COX-2. Studies have shown that the HER-2 inhibitor 
trastuzumab significantly prolongs survival of patients 
with colorectal cancer. Thus, whether inhibition of 
COX-2, a downstream protein of HER-2, could improve 
the therapeutic effect of HER-2 inhibitor deserves 
further research.

Studies have shown that high expression of both 
COX-2 and HER-2 increase the expression of vascular 
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endothelial growth factor C (VEGF-C) in tumor cells. Su 
et al[16] discovered that transfection with COX-2 gene or 
exposure to prostaglandin E2 in lung adenocarcinoma 
cells significantly upregulated the expression of 
VEGF-C protein, whereas COX-2-specific inhibitors 
reduced the expression of endogenous VEGF-C. The 
authors suggested that COX-2 upregulated VEGF-C 
through prostaglandin receptor EP1 and HER-2. The 
present study found that COX-2 and HER-2 expression 
have a significant correlation, and both are significantly 
associated with lymph node metastasis, tumor 
infiltration depth, and Duke’s stage. We speculate that 
upregulation of COX-2 expression may promote the 
secretion of VEGF-C by tumor cells, thus promoting 
lymphangiogenesis via the VEGF-C/VEGFR-3 signaling 
pathway, and lead to lymphatic spread of tumor cells.

COX-2 expression in tumor tissue is correlated 
with prognosis. Smakman et al[17] found that in 
colon cancer cells with high COX-2 expression, the 
adhesion of the cells to matrix and the potential of 
cancer cells to metastasize increase, both of which 
are conducive to the development, progression, and 
metastasis of cancer. Zhang et al[18] detected the 
expression of COX-2 in 64 normal mucosal specimens, 
116 primary colon cancer specimens, and 16 colon 
cancer metastases, and they found that the positive 
rate of COX-2 expression was 12% in normal mucosal 
tissues, 72% in primary tumors, and 100% in colon 
cancer metastases. The present study shows that 
the two- and four-year survival rates are significantly 
lower in the COX-2-positive group than in the COX-2-
negative group, indicating that COX-2 overexpression 
is positively correlated with the recurrence and 
metastasis of colorectal cancer, and negatively with the 
prognosis of colorectal cancer.

Al-Maghrabi et al[19] found that 56% of patients 
with colorectal cancer showed positive cytoplasmic 
expression of COX-2, and COX-2 expression was 
positively associated with lymph node involvement and 
distant metastasis. In addition, high COX-2 expression 
was associated with a higher rate of tumor recurrence, 
suggesting that COX-2 expression provides useful 
prognostic information in colorectal cancer and may 
help screen patients with a high risk of recurrence. 
The present study indicates that the survival time of 
COX-2-negative patients is significantly higher than of 
COX-2-positive ones, further confirming that COX-2 
expression is associated with a poor prognosis.

Dixon et al[20] showed that high COX-2 expression 
is an important factor contributing to colorectal 
carcinogenesis. COX-2 inhibitors (e.g., celecoxib) can 
reduce the risk of relapse of colorectal adenomas. 
Nonsteroidal anti-inflammatory drugs are known to 
reduce the risk and mortality of colorectal cancer by 
inhibiting cyclooxygenases. Kasper et al[21] performed 
an immunohistochemical analysis of COX-2 expression 
in colorectal cancer and liver metastases in 57 patients 
and found that COX-2 was consistently involved 

in the occurrence of metastatic colorectal cancer. 
COX-2 inhibitors exert their antitumor effects possibly 
by altering the signaling pathways related to cell 
sensitivity and apoptosis.

Rahman et al[22] analyzed 130 cases of colorectal 
cancer and found that high COX-2 expression was 
associated with resistance to chemotherapy drugs 
and faster tumor cell growth. If 5-fluorouracil is 
given together with celecoxib, the latter may inhibit 
multidrug resistance and improve the chemotherapy 
sensitivity of drug-resistant cells. Thus, COX-2 
inhibitors combined with currently used 5-fluorouracil-
based regimens may have potentially positive benefits. 
Roelofs et al[23] found high COX-2 mRNA expression 
in almost 80% of colorectal cancer cases, suggesting 
that COX-2 is a potential biomarker of cancer risk, 
and COX-2 inhibitors may prevent colon cancer. 
Kraus et al[24] conducted many animal experiments 
showing that COX-2 inhibitors prevent the formation of 
adenomas or delay their development, and reduce the 
morbidity and mortality of colorectal cancer. However, 
cancer prevention is still being ignored in the cancer 
research field. 

HER-2 has malignant transforming activity, and 
overexpression of HER-2 often suggests high degree 
of malignancy and poor prognosis. Researchers from 
both China and other countries have reported that 
colorectal cancer patients with high HER-2 expression 
had earlier lymph node metastasis, poorer prognosis, 
and shorter survival[25,26]. The five-year survival rate of 
patients with HER-2 overexpression was significantly 
lower than those with negative HER-2 expression[27], 
and HER-2 overexpression can be used as a reliable 
indicator of colorectal cancer prognosis. However, Li et 
al[28] performed a meta-analysis and found that HER-2 
overexpression may have little impact on survival of 
patients with colorectal cancer. Lu et al[29] believed that 
EGFR and HER2 may be used as potential biomarkers 
for lymph node metastasis and prognosis of colorectal 
cancer. EGFR or HER2 is a potential predictor of poor 
clinical prognosis of colorectal cancer. The present 
study also found that the survival of HER-2-positive 
patients is significantly lower than of HER-2-negative 
ones.

In conclusion, the findings presented here suggest 
that there is a positive correlation between COX-2 
and HER-2 expression, and simultaneous expression 
of COX-2 and HER-2 can enhance the metastasis 
and invasion ability of colorectal cancer, and suggests 
poor prognosis in patients with colorectal cancer. 
Joint detection of COX-2 and HER-2 expression in 
colorectal cancer tissue can be used an effective index 
for evaluating prognosis and screening patients with a 
high risk of metastasis.

COX-2- and HER-2-targeted drugs provide another 
effective, comprehensive, individualized treatment 
option for patients with colorectal cancer. However, 
the following problems need to be solved before they 
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can be used clinically: (1) the relationship between 
targeted drug therapy and expression of COX-2 and 
HER-2 in colorectal cancer needs to be further defined. 
It remains to be investigated how to formulate 
standardized indications for use of targeted drug 
therapy in colorectal cancer based on the expression 
of COX-2 and HER-2. This requires a multi-disciplinary 
approach; (2) the timing and dose of targeted drug 
therapy for colorectal cancer should be determined; 
and (3) the combined use of targeted drugs with 
surgery, chemotherapy, and radiotherapy, as well as 
the joint use of multiple molecular-targeted drugs 
should be explored. The better understanding of the 
biologic characteristics of colorectal cancer and the 
further research of targeted drug therapy will provide 
a new avenue for the treatment of colorectal cancer.

As COX-2 and HER-2 expression was detected 
using the immunohistochemical method in the present 
study, the results may be influenced by the quality 
of antibody reagents and the skill of operators. Also, 
quantitative detection could not be performed, though 
the method is simple. In addition, due to the large 
number of specimens and the long time span of the 
study, laboratory conditions such as temperature 
and humidity were different. As a result, the positive 
rates of COX-2 and HER-2 expression were slightly 
different from those reported in the literature. More 
stable detection methods, such as fluorescence in situ 
hybridization and quantitative PCR, and standardized 
reagents (e.g., fixed manufacturers) should be used in 
the future to overcome the above-listed problems.

COMMENTS
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