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Abstract: Background: Rad51 plays an important role in the development of solid tumors. However, the association 
between Rad51 expression and clinic pathological characteristics of human rectal cancer is not well defined. This 
study aimed to examine the expression of Rad51 in human rectal cancer and investigated the relationship between 
its expression and the prognosis of rectal cancer. Methods: The clinicopathological data of 54 patients diagnosed 
with rectal cancer who were received surgery between 2006 and 2008 were collected. The expression of Rad51 
in paraffin-embedded tumor specimens was detected by immunohistochemistry. Twenty adjacent cancer tissue 
samples and twenty normal tissue samples were used as control groups. The correlation between the expression 
level of Rad51 with clinicopathological features and prognosis were analyzed. Results: The positive expression 
rates of Rad51 in rectal cancer, paracancerous tissue and normal tissues were 68%, 47% and 26%, respectively. 
The expression level of Rad51 in rectal cancer was not significantly different from paracancerous tissue (P>0.05), 
but was significantly higher than normal tissues (P<0.05). Rad51 expression level in the poorly differentiated group 
is significantly higher than that in the well differentiated group, and also higher in the lymph node positive group 
than in the node negative group (P<0.05). The 2, 3, and 5 year-survival for Rad51 positive patients were 69%, 49%, 
and 16%, respectively, which was significantly lower than those patients (90%, 82%, 78%, respectively) with Rad51 
negative (P<0.05). Conclusion: The data suggest that Rad51 expression is correlated with malignant phenotypes of 
rectal cancer and it may serve as a novel prognostic factor for rectal cancer.
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Introduction

Rectal cancer is a major cause of cancer death 
in all countries, with over 1 million new cases 
worldwide every year and a disease-specific 
mortality of 33-40% [1]. At present, the survival 
for rectal cancer has somewhat improved with 
the current application of combined surgery, 
radiotherapy and chemotherapy, and one of the 
CRC prognosis indicators justifying routine clin-
ical assessment is KRAS mutational analysis, 
which can be used to select CRC patients for an 
EGFR-targeting therapy [2]. However, local re- 
currence and distant metastasis still occur in a 
considerable amount of patients. For these 
high-risk patients, further study should be done 
concerning molecular basis of rectal cancer, 
and to explore novel molecular markers for 
diagnosis and treatment. The discovery of new 
targeted therapies has offered dramatic 
improvements over the last several decades 
[3]. Particularly, with regard to DNA repair, PARP 

inhibitors show promise as a powerful thera-
peutic tool, especially homologous recombina-
tion (HR) plays a key role in the DNA repair pro-
cess [4]. For this reason, other proteins involved 
in the regulation and execution of DNA repair 
might constitute additional new potential prog-
nostic markers.

Accurate DNA repair is a prerequisite for the 
integrity of chromosomes, and homologous 
recombination repair plays a key role in the DNA 
repair process, in which homologous pairing 
plays an important part. Rad51 is the only pro-
tein factor involved in homologous pairing, 
which mediates pairing and exchange of DNA 
strands [5]. Due to its critical role in DNA repair, 
Rad51 expression in tumors and its relation-
ship with treatment response has drawn much 
interest in cancer research. It has been report-
ed that the abnormal rise of Rad51 protein lev-
els in tumors can induce tumor resistance to 
radiotherapy and chemotherapy [6]. It was 
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reported that high levels of Rad51 protein 
expression in the small cell lung cancer cell line 
had significant resistance to radiation and eto-
poside (VP-16) [7]. On the contrary, the sensi-
tivity of tumors to chemotherapeutic drugs 
would increase if antisense technology was uti-
lized to reduce Rad51 level [8]. Likewise, it has 
also been reported that cisplatin and nitrogen 
mustard treatment could induce elevated 
Rad51 protein expression in ovarian cancer 
and testicular cancer cells, which induced 
tumor resistance to chemotherapy [9]. On the 
other hand, the expression of Rad51 in these 
tumors was reduced through RNA interfering, 
which subsequently enhanced the tumor sensi-
tivity to cisplatin chemotherapy to some extent. 
Radiotherapy can cause a large number of dou-
ble- strand breaks (DSBs) generation in tumor 
cells, and promote tumor cell apoptosis. Due to 
the DNA repair function of Rad51, tumor cells 
can significantly resist the killing effects of radi-
ation. It is possible to assume that the reduc-
tion Rad51 level in tumor cell could increase 
tumor sensitivity to radiation and inhibit tumor 
growth, since quite a few studies have already 
shown that down-regulation of tumor Rad51 
expression would enhance tumor radio sensi-
tivity through genetic and immunological 
means. The level of Rad51 mRNA and protein 
can be decreased by 70% in rat M5S skin can-
cer cells and rat 203G glioma cells through 
antisense oligonucleotide technique, resulting 
in the significant decrease of tumor cell prolif-
eration and increased radio sensitivity. The 
ID50 of 203G cell was reduced for 10.1 Gy with 
the D0 of M5S cell dropped 0.9-1.39 Gy [10]. 
Similarly, the Rad51 protein level decreased 
20%-50% with the transfection of Rad51 anti-
sense oligonucleotide chain into the prostate 
cancer LNCaP cells, which resulted in an 
increase in tumor radiosensitivity by 2 fold [11]. 
It has been reported that the integration of 
tyrosine kinase can promote the transcription 
of Rad51 and regulate Rad51 protein level. 
Rassell et al reduced Rad51 expression in the 
U251 and SF539 glioma cell lines with the tyro-
sine kinase inhibitor Gleeve, then irradiated the 
cells with X-ray, and found that the nuclear 
Rad51 foci area in the cells decreased signifi-
cantly [12]. Therefore, it has become a new 
strategy to find an effective means to inhibit 
the abnormal Rad51 expression in tumor cells 
[13]. Rad51 overexpression has also been 
investigated in numerous tumor tissues using 
immunohistochemistry (IHC) [14]. Obvious over-
expression has been observed in breast, pan-

creatic, head and neck, lung and esophageal 
squamous cell carcinomas [15]. Furthermore, 
Rad51 overexpression was associated with 
poor prognosis in most of these studies [16]. 
But only few reports have been published con-
cerning Rad51 in rectal cancer [17]. In order to 
evaluate the role of Rad51 in the occurrence 
and development of rectal cancer [18], this 
study was designed to measure the Rad51 
expression in rectal cancer using the immuno-
histochemical assay and to analyze the clinical 
significance and the relationship with progno- 
sis. 

Materials and method

Specimens

The paraffin embedded specimens were select-
ed from 54 patients (the stages were T1-4N0-

2M0) who were diagnosed rectal cancer and 
had received radical surgery from January 
2010 to December 2012. All of the patients 
received chemotherapy and radiotherapy after 
radical surgery. This subject was approved by 
the ethics committee. The detailed clinical and 
pathological features were recorded. 20 sam-
ples of adjacent cancer tissue and 20 samples 
of normal tissue were taken as controls. All 
specimens were fixed in 10% formaldehyde and 
conventional paraffin-embedded. All patients 
had received surgery, radiotherapy and che- 
motherapy. 

Immunohistochemistry (IHC) 

The archived paraffin blocks were cut into 4-m 
sections and incubated at 56°C overnight. 
After deparaffinization, the sections were treat-
ed with 3% hydrogen peroxide to remove endog-
enous peroxidase activity, and placed in a pres-
sure cooker for antigen retrieval and buffered 
with puisne acid citrate. The sections were then 
dropped into 5% normal goat serum and incu-
bated at 37°C for 30 min, then the primary anti-
body (rabbit anti-human Rad51, working con-
centration 1:300; chemicon company product 
number (CA92590) was added to the sections, 
while PBS buffer was used as a blank control 
instead of the antibody. After the sections were 
rinsed three times with PBS, biotinylated goat 
anti-rabbit polyclonal antibody (Beijing Zhong- 
da Biotechnology Co, Ltd, product number 
SP9004) was added, then rinsed three times 
with PBS and added the third antibody 
SP-streptavidin (Beijing Datong Biotechnology 
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Co. Ltd. in cedar, product number SPN9004, 
1:200), then incubated at 37°C for 30 minutes. 
Then DAB color liquid was added, the sections 
were stained and observed under the micro-
scope with the positive color full and non-varie-
gated interference background as a standard. 
The sections were stained for 4 minutes with 
hematoxylin and rinsed with running water, sep-
arated color with hydrochloride alcohol for a 
few seconds. The sections were dehydrated 
with conventional ethanol for 3 minute, clarified 
with xylene, dried, and covered with neutral 
gum [19].

Staining score

Rad51 protein is mainly located in the nucleus, 
with the staining intensity varying from brown 

All data were analyzed with SPSS 16.0. The chi-
square test was used. Uni-variate analysis was 
used to analyze the correlation of Rad51 
expression with different clinical characteris-
tics; Kaplan-Meier survival analysis and Log-
Rank inspection were used to analyze the rela-
tionship between the Rad51 expression and 
prognosis. A significance level of P<0.05 was 
used.

Results

Detection of Rad51 expression in rectal can-
cer tissue, paracancerous tissue and normal 
rectal tissue by immunohistochemistry

A Rad51 positive cell was recognized as having 
yellow, buffy and brown granules in its nuclei. 

Table 1. The positive expression rate of Rad51 in three 
groups

Groups No.
Staining 
intensity 

score

Rad51 
expression 

rate

Rad51 
positive 
score

Rectal cancer tissue 54 3 67% 6
Para-cancerous tissue 54 2 48% 3
Normal rectal tissue 54 2 27% 3

Table 2. Correlation of Rad51 expression with clinic patho-
logical characteristics of rectal cancer tissue

Characteristics No.
Staining 
intensity 

score

Rad51 
expression 

rate

Rad51 
positive 
score

P 
(value)

Sex
    Male 34 3 69% 6 0.425
    Female 20 3 62% 6
Age
    ≥60 years 38 3 67% 6 0.083
    <60 years 16 3 51% 6
Tumor volume
    ≥5 cm 42 3 58% 6 0.487
    <5 cm 12 3 54% 6
Tumor differentiation
    Well differentiated 22 3 37% 5 0.006
    Low differentiated 32 3 78% 7
T stage
    T1+T2 15 3 61% 6 0.740
    T3+T4 39 3 68% 6
N stage
    N- 15 3 29% 5 0.002
    N+ 39 3 75% 6

to pale yellowish color. A staining 
index count method was used to 
score Rad51 expression, which 
determined the results of immuno-
histochemistry through combining 
the staining intensity and the per-
centage of positive cells. Staining 
intensity scores: 0 points = almost 
no staining, 1 point = pale yellow, 2 
points = brownish yellow, 3 points 
= brown color. The staining intensi-
ty was then compared with the 
background color. Scoring based 
on the percent of positive cells: 1 
point = 6%-25% positive; 2 points = 
26%-50% positive; 3 points = 51%-
75% positive; 4 points = greater 
than 76% positive. Rad51 expres-
sion was scored by first selecting 5 
areas that were positively stained 
within the areas of disease under 
the low magnification light micro-
scope, and then the number of 
positive cells were counted within 
each area under the high-powered 
microscope (400 ×), to calculate 
the percent of positive cells aver-
aged over 5 areas. The average 
percent of positive cells = (number 
of positive cells/total cell number) 
× 100%. We defined Rad51 posi-
tive as the combined score of stain-
ing intensity plus percent of posi-
tive cells ≥3 points; and negative if 
combined score <3 points. 

Statistical methods 
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As shown in Table 1, staining intensity score of 
Rad51 in rectal cancer tissue, paracancerous 
tissue and normal rectal tissue are 3, 2, and 2. 
Moreover, the Rad51 positive expression rates 
are 68%, 47% and 26%, respectively. In conclu-
sion, the Rad51 expression level was statisti-
cally higher in cancer than in normal tissues 
(P<0.05), but there was no significant differ-
ence between cancer tissue and paracancer-
ous tissues and no significant difference 
between paracancerous tissues and normal 
tissue (P>0.05).

Rad51 overexpression correlates with poor dif-
ferentiation and lymph node metastasis

As shown in Table 2, Rad51 expression was 
higher in the poorly differentiated tumor group 
than in the well-differentiated group (Figure 1) 
and higher in the group with lymph node metas-
tasis than in the group without lymph node 
metastasis (Figure 2) (P<0.05). Rad51 expres-
sion in cancer tissue is not correlated with 
patient’s gender, age, tumor size, T stage (P> 
0.05).

Expression of Rad51 indicates poor prognosis

Rad51 expression was deeply analyzed with 
regard to the five year-survival time of the 

patients. As shown in Figure 3, the two, three, 
and five year-survival rate for Rad51 positive 
patients (69%, 49% and 16%, respectively) 
were significantly lower than those patients 
(90%, 82% and 78%, respectively) with Rad51 
negative expression (P<0.05).

Discussion

A line of investigation in the search for sensitiz-
ing tumor cells to chemotherapy or radiothera-
py relies on the inhibition of DNA repair. In the 
area of DNA repair mechanisms, Rad51 repre-
sents a key molecule. Rad51 can provide favor-
able conditions for tumor survival. On the one 
hand, it can protect the tumor cell from DNA 
damage through DNA repair. On the other hand, 
it can stimulate excessive homologous recom-
bination and sister chromatid exchange, which 
leads to genetic instability and genetic varia-
tions [20]. Therefore, increasing interest is 
devoted to the expression and possible role of 
Rad51 in cancer. 

Our study showed that Rad51 expression was 
elevated in tumor tissue of rectal cancer, 68% 
of the tumor tissue had Rad51 expression, 
which is significantly higher as compared with 
normal tissue (P<0.05), suggesting that Rad51 

Figure 1. The expression of Rad51 in rectal cancer tissue 
with different differentiation by immunohistochemical as-
say. A. Rad51 higher expression in the poorly differenti-
ated rectal cancer. B. Rad51 lower expression in the well 
differentiated rectal cancer. Rad51 positive cell is recog-
nized as having yellow, buffy and brown granules in the 
nuclei (× 400). C. H&E staining of the poorly differentiated 
rectal cancer. D. H&E staining of the well differentiated 
rectal cancer. Shown were representative images from 
our experiments. E. Rad51 positive score in poorly differ-
entiated and well differentiated rectal cancer. Bars, SD; 
columns, mean.
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may be involved in genesis and progression of 
rectal cancer. However, there is no significant 
difference between tumor and para-cancerous 
tissues (P>0.05). This may be explained by the 
formation of tumor infiltration to the surround-
ing sub-clinical lesions of cancer tissue, which 
may lead to a low level of expression in the 
para-cancerous tissue that can be measured. 

Rad51 overexpression has been observed in 
tumor cell lines derived from a variety of tis-
sues, including Hela cells and human breast 
cancer MCF-7 cell line. Rad51 protein levels in 
these tumor cells can be increased 2-7 times 
as compared to cells derived from non-cancer-
ous tissue [21]. It has been reported that the 
wild-type Rad51 protein levels increased in 
5%-30% of the pancreatic cancer cell lines and 
up to 66% of primary pancreatic cancer speci-
mens. HAN et al has utilized cDNA microarray 
assay to detect gene expression pattern in pan-
creatic cancer tissue, and found that Rad51 
gene expression levels in pancreatic cancer 
samples was significantly higher than that of 
the control group, to 11 fold [22]. Up-to-now 

some of the tumor specimens with elevated 
wild-type Rad51 have been selected. When the 
Rad51 protein level is abnormally increased, it 
can interfere with the Caspase-3 mediated cell 
apoptosis pathway resulting in DNA damage. 
The DNA damaged cells combined with the 
anti-apoptotic BCL-2 family proteins prevent 
apoptosis. At the same time, the elevated 
Rad51 can also be interfered with through 
other pathways other than the homologous 
recombination. High expression of Rad51 also 
can be interact with P53, P21 and BCL-2 and 
result in miss-repair of DNA damage to escape 
cell apoptosis, and this repaired method will 
lead to further damage sites in the recombi-
nant DNA strand. In addition, the high expres-
sion of Rad51 can be interfered with G2 tetra-
ploid checkpoint, leading to the emergence of 
aneuploidy.

Rad51 level is closely correlated with the level 
of tumor cell grade and cell division. The expres-
sion level of Rad51 has been considered as an 
important indicator of tumor progression or 
remission in multivariate analysis. Maacke et al 

Figure 2. The expression level of Rad51 was significantly 
related to lymphatic metastasis. A. Rad51 higher expres-
sion level from the cancer tissue of a patient with lymph 
node metastasis. B. Rad51 lower expression level from the 
cancer tissue of a patient without lymph node metastasis. 
Rad51 positive cell is recognized as having yellow, buffy 
and brown granules in the nuclei (× 400). C. H&E staining 
of metastatic lymph node of rectal cancer patient. D. H&E 
staining of non-metastatic lymph node of rectal cancer pa-
tient. Shown were representative images from our experi-
ments. E. Rad51 positive score in lymph node (+) and lymph 
node (-) rectal cancer patient. Bars, SD; columns, mean.
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has proved that Rad51 level in the invasive duc-
tal type breast cancer was much higher than 
that in normal breast tissue, and the intensity 
of Rad51 expression was significantly correlat-
ed with the pathological grade of tumor. In our 
study, Rad51 expression in tumors of patients 
with rectal cancer was not significantly corre-
lated with gender, age, tumor size, T stage 
(P>0.05). However, the Rad51 expression was 
stronger in the lower differentiated carcinoma 
and relatively weak expression in the well dif-
ferentiated carcinoma, that is, the lower the 
degree of pathological differentiation, the 
stronger the Rad51 expression, suggesting that 
Rad51 over-expression may be associated with 
increased malignancy of tumor. It was also 
found in our study that Rad51 expression in 
rectal cancer was higher for patients with lymph 
node metastasis than for those without lymph 
node metastasis. We speculated that Rad51 
overexpression may promote metastasis of rec-
tal tumor. No similar finding has been reported 
in literature and its underlined specific mecha-
nisms are not clear. As it is generally held that 
the prognosis of patients with metastasis is 
relatively poor, it could be assumed that the dif-
ferent Rad51 expression levels between groups 
with and without lymph node metastasis might 
help to predict the prognosis of patients with 
rectal cancer. 

poor prognosis. Similarly, our study showed 
that the 2-, 3- and 5-year survival rates for 
patients with Rad51 positive rectal cancer were 
significantly lower than for Rad51 negative 
patients, also supporting the potential prognos-
tic role of Rad51 expression in rectal cancer.

In conclusion, Rad51 expression is a prognos-
tic factor in rectal cancer, with elevated levels 
of Rad51 expression predicting poor outcome. 
Therefore, Rad51 may be provided as an impor-
tant target for novel antitumor treatment.
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