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Abstract MicroRNA-25 (miR-25) has recently been

found to be involved in many critical processes in human

malignancies. We aimed to investigate the expression

pattern and prognostic role of miR-25 in colorectal cancer.

Colorectal cancer and adjacent normal specimens from 186

patients who had not received neoadjuvant chemotherapy

were collected. The expression of miR-25 was detected

with a quantitative real-time PCR assay, and the associa-

tion of miR-25 with overall patient survival was analyzed

via statistical analysis. The results indicated that the level

of miR-25 expression was significantly elevated in colo-

rectal cancer compared with the level observed in the

adjacent normal tissue. It was also demonstrated that miR-

25 expression is associated with tumor invasion, lymph

node metastasis, distant metastasis and the TNM stage of

colorectal cancer. In addition, a Kaplan–Meier analysis

revealed that an increased level of miR-25 expression is

associated with a poor overall survival of patients. A

multivariate survival analysis also indicated that miR-25 is

an independent prognostic marker after adjusting for

known prognostic factors. These results prove that miR-25

expression is increased in colorectal cancer and is associ-

ated with tumor progression. This study also provides the

first evidence that miR-25 is an independent prognostic

factor for patients with colorectal cancer, indicating the

potential role of miR-25 as a highly specific and sensitive

biomarker.
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Introduction

Colorectal cancer is the fourth most common cancer in men

and the third most common cancer in women worldwide

[1]. This cancer was once a malignancy that primarily

occurred in longstanding developed countries; however,

high colorectal cancer rates have been recently observed in

developing countries such as China in which the risk was

once low [2, 3]. In the last decade, the incidence and

mortality rate of colorectal cancer have been increasing

simultaneously in China, where it ranks as the fourth most

common malignant tumor [3, 4]. Despite an earlier diag-

nosis and the progress in surgical, radiotherapy and neo-

adjuvant chemotherapy treatments, many colorectal

cancers remain incurable [5, 6]. Because the prognosis of

colorectal cancer is directly correlated with the extent of

the local and metastatic tumor spread, the diagnosis and

prevention of early tumor metastasis has become one of the

most important topics in recent tumor studies.

MicroRNAs (miRNAs) are a class of highly conserved,

single-stranded, small noncoding RNA molecules that are

known to regulate endogenous gene expression through

translational repression and messenger RNA cleavage

[7, 8]. miRNAs can inhibit gene expression at the post-

transcriptional level by binding to the 30 untranslated

region of a target mRNA, which may result in mRNA

degradation or the inhibition of translation depending on

the degree of complementary base pairing [9, 10]. It has
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been widely accepted that miRNAs play pivotal roles in

various biological processes, including development,

metabolism, cell proliferation, differentiation and apoptosis

[8]. Recently, accumulating evidence has also suggested

that miRNAs participate in tumor oncogenesis, including

during the processes of angiogenesis, invasion and metas-

tasis [11]. However, some miRNAs were found to act as

tumor suppressors, whereas others acted as oncogenes,

depending on the targets of the miRNAs, which may pro-

vide insights into the functional detection of human

malignancies [12]. Recent studies have shown that the

expression of miRNAs is deregulated in various human

malignancies, such as breast cancer, colon cancer, lung

cancer, pancreatic cancer and chronic lymphocytic leuke-

mia [12]. In human colorectal cancer, multiple miRNAs

with aberrant expression have been identified. miR-21,

miR-31, miR-135, miR-17-92 and miR-196a were found to

be overexpressed and to play oncogenic roles, while miR-

34, miR-195 and miR-365 were found to be decreased,

indicating the tumor-suppressive roles of these miRNAs

[13–18]. These results indicate that miRNAs play diverse

and crucial roles in human malignancies, including colo-

rectal cancer. Because the expression profile of miRNAs

has been shown to be highly tissue specific, demonstrating

the functional and clinical significance of a specific miR-

NA may provide clinically relevant insights into the

function of the miRNA and efficacious cancer manage-

ment. miR-25 is 22 nucleotides in length, is hosted by the

minichromosome maintenance protein-7 (MCM7) gene

and is transcribed as part of the mir-106b-25 polycistron

[19]. Furthermore, PTEN mRNA has been identified as one

of the targets of miR-25 [19]. miR-25 expression was

found to be increased in a number of human malignancies,

such as pediatric brain cancer, medulloblastomas, prostate

cancer, hepatocellular cancer, gastric cancer and lung

adenocarcinoma [19–23]. However, to our knowledge, the

expression pattern and clinical significance of miR-25 in

colorectal cancer have not yet been reported.

In the present study, we investigated the expression

level of miR-25 in clinical colorectal specimens and

adjacent normal tissues and analyzed the association of

miR-25 with the overall survival of the patients.

Materials and methods

Patients and specimens

The present study was approved by the Ethics Committee

of Shaanxi Provincial People’s Hospital. All the members

involved provided written informed consent. Fresh clinical

colorectal cancer specimens and adjacent normal tissues

were collected from 186 patients who underwent surgery

between January 2007 and December 2008 in Shaanxi

Provincial People’s Hospital. None of these patients had

received chemotherapy prior to surgery. In addition, nor-

mal tissue samples were taken as normal control samples

from 18 patients who underwent surgery for reasons other

than malignancy. The histomorphology of all the tissue

specimens was confirmed by the Department of Pathology,

Shaanxi Provincial People’s Hospital. After surgical

resection, the specimens were put immediately into liquid

N2 for 10 min and then into a -70 �C ultra-freezer for later

mRNA isolation. The patients’ clinical information, such

as age, sex, differentiation status and TNM stage, was

collected and stored in a database. A complete follow-up

was available for at least 5 years. Overall survival is

defined as the time elapsed from the surgery to the death of

the patients with colorectal cancer. The follow-up infor-

mation of all the participants was updated every 3 months

by a telephone call and questionnaire letters. The death of

the participants was ascertained by a report from the family

and verified by the review of public records.

Quantitative real-time PCR

Total RNA was purified from all the 186 colorectal cancer

and matching adjacent normal specimens using the Trizol

reagent (Invitrogen, Carlsbad, CA, USA). Only those total

RNA samples with an OD A260/A280 ratio close to a value

of 2.0, which indicates that the RNA is pure, were subse-

quently analyzed. The miR-25 and RNU44 internal control-

specific cDNAs were synthesized from the total RNA using

gene-specific primers according to the TaqMan MicroRNA

assays protocol (Applied Biosystems, Foster City, CA,

USA). The reverse transcription products were then ampli-

fied and detected by real-time PCR using a Taqman Micr-

oRNA Assay (Applied Biosystems) specific for hsa-miR-25.

Each sample was examined in triplicate, and the raw data are

presented as the relative quantification of miR-25 expression

evaluated by the comparative cycle threshold (CT) method,

normalized with respect to RNU44. The mean normalized

miR-25 expression ± the standard deviation (SD) was cal-

culated from triplicate analyses. The real-time PCR was

performed with an ABI 7500 system (Applied Biosystems),

and the comparative 2-DDCt analysis was performed using

SDS 2.2.2 software (Applied Biosystems).

Statistical analysis

The difference in the expression of miR-25 between

colorectal cancer and the normal specimen was analyzed

with a Student’s t test. Associations between miR-25

expression and the clinicopathological characteristics were

analyzed via a Mann–Whitney test or a Kruskal–Wallis

test, as appropriate. The survival curves were estimated
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using the Kaplan–Meier method, and differences in the

survival distributions were evaluated with a logrank test.

A Cox proportional hazards modeling of the factors

potentially related to survival was performed to identify

those factors that might have a significant influence on

survival. Differences with a P value of 0.05 or less were

considered to be statistically significant.

Results

miR-25 expression detected in colorectal cancer

In a real-time PCR assay, 186 cases of colorectal cancer,

matching adjacent normal specimens and 18 cases of normal

control specimens were investigated. The relative expres-

sion of miR-25 normalized to RNU44 in colorectal cancer

was found to be 7.68 ± 1.56 (mean ± SD), while that in

matching adjacent normal and normal control specimens

was 2.85 ± 0.58 and 1.61 ± 0.32, respectively. The results

of the statistical analysis proved that the expression of miR-

25 in colorectal cancer was significantly higher than that in

the adjacent and normal control specimens (P \ 0.05).

These results indicated that miR-25 might play an oncogenic

role in colorectal cancer. To facilitate further analysis of the

association between miR-25 expression and clinical fea-

tures, we manually defined colorectal cancer cases with a

level of miR-25 expression lower than 3.43 (mean ? SD for

the expression of miR-25 in adjacent specimens) as a low

miR-25 expression group, while specimens with a level of

miR-25 expression no lower than 3.43 were defined as a high

miR-25 expression group. Thus, among the 186 cases of

colorectal cancer, 78 cases were assigned to the low

expression group, while 108 cases were assigned to the high

expression group.

Relationship between miR-25 and clinicopathological

characteristics of colorectal cancer

Our investigation revealed that miR-25 expression is

increased in colorectal cancer, which indicates that miR-25

might play an oncogenic role. Therefore, we further investi-

gated the association of miR-25 expression with the clinico-

pathological characteristics of the patients to explore the

potential role of miR-25 in colorectal cancer progression. The

statistical analysis results, shown in Table 1, indicate that

increased miR-25 expression is associated with advanced

colorectal cancer invasion because high levels of miR-25

expression were more frequently detected in T3 and T4

tumors (P \ 0.001). Regarding tumor metastasis, elevated

levels of miR-25 expression were related to positive lymph

node and distant metastasis because high miR-25 expression

was detected more frequently in tumors with lymph node

(P \ 0.001) or distant metastasis (P = 0.001). In addition,

when we measured the patients’ clinical features according to

the TNM staging system, we found that miR-25 expression

was significantly associated with the TNM stage of the

colorectal cancer because a high level of miR-25 expression

was more likely to be detected in tumors with an advanced

TNM stage (P \ 0.001). These results suggest that miR-25

might play an oncogenic role in the progression of colorectal

cancer. However, high levels of miR-25 expression were not

found to be associated with the patients’ gender (P = 0.946),

age (P = 0.793) or differentiation status (P = 0.808).

The relationship between miR-25 and the overall

survival of patients with colorectal cancer

During the entire follow-up period, 94 of the 186 patients

(50.5 %) with colorectal cancer died, and the median

Table 1 Association of miR-25 with clinicopathological

characteristics

Variable n miR-25 expression P

Low High

Total 186 78 108

Gender 0.946*

Male 102 43 59

Female 84 35 49

Age 0.793*

\ 60 110 47 63

C 60 76 31 45

Differentiation 0.808�

Poor 62 24 38

Moderate 86 37 49

Well 38 17 21

Invasion \0.001*

T1 ? T2 90 54 36

T3 ? T4 96 24 72

Lymph node metastasis \0.001*

Negative 76 50 26

Positive 110 28 82

Distant metastasis 0.001*

Negative 164 76 88

Positive 22 2 20

TNM stage \0.001�

I 24 18 6

II 52 22 20

III 88 26 62

IV 22 2 20

* P value when expression levels were compared using Mann–

Whitney test
� P value when expression levels were compared using Kruskal–

Wallis test
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overall survival time of all the recruited patients was

48 months. A Kaplan–Meier analysis was applied to

examine the prognostic value of miR-25 expression

regarding the overall survival of the patients. The results

indicated that the patients who had colorectal cancer with a

high level of miR-25 expression had worse overall survival

rates compared with those who had cancers with low miR-

25 expression (logrank test: P \ 0.001, Fig. 1). The med-

ian survival time of patients with a low level of miR-25

expression could not be estimated because more than 50 %

of the patients survived during the follow-up period, while

the postoperative median survival time of the patients with

high levels of miR-25 expression was 30 months (95 % CI

17.7–41.5). When the unadjusted hazard ratio (HR) was

considered with a low level of miR-25 expression as the

reference (1.00), the patients with colorectal cancer with a

high level of miR-25 expression had a 2.29-fold higher risk

of death (95 % CI 1.51–3.47; P \ 0.001). Regarding the

clinicopathological characteristics, lymph node metastasis

(logrank test: P = 0.011), distant metastasis (logrank test:

P \ 0.001) and TNM stage (logrank test: P \ 0 .001) were

also shown to be associated with overall survival because

patients who had colorectal cancer with lymph node

metastasis, distant metastasis or an advanced grade had

worse overall survival rates and a higher risk of death.

However, sex (logrank test: P = 0.596) or age (logrank

test: P = 0.827) had no prognostic value regarding the

overall survival of patients with colorectal cancer.

Because miR-25 expression was found to be associated

with the overall survival of patients in the univariate sur-

vival analysis, we further investigated whether miR-25

could serve as an independent prognostic marker for

patients with colorectal cancer. Because lymph node and

distant metastasis information was included in the TNM

stage data, we used a Cox proportional hazards model

adjusted for sex, age and TNM stage. The results indicated

that the adjusted HR of the high miR-25 expression group

was 1.90 (95 % CI 1.22–2.97; P = 0.005). These results

prove that miR-25 is an independent prognostic factor of

overall survival for patients with colorectal cancer. Thus,

increased miR-25 expression could be an indicator of poor

overall survival without consideration of age, sex or TNM

stage (Table 2).

Discussion

According to recent studies, more than 1,900 human

miRNAs have been identified to date, which are estimated

to regulate over 60 % of the genes in mammals [24]. Due

to their great importance in the regulation of gene

expression, it has been widely accepted that miRNAs are

involved in multiple cellular functions, including prolifer-

ation, apoptosis and differentiation, and thus have been

implicated in diverse physiological and pathological pro-

cesses ranging from organismal development to cancer

[25–27]. Because individual miRNAs in different cancer

types have a large number of different gene targets that

may result in different functions, the discovery of the

function of an individual miRNA may enable deeper

insight into the regulation of gene expression and the

complexity of cancer progression.

In the present study, we investigated miR-25 expression

with a real-time PCR assay in 186 specimens of colorectal

Fig. 1 Kaplan–Meier postoperative survival curve for patients with

colorectal cancer and miR-25 expression

Table 2 Association of miR-25 expression and clinical factors with

overall survival of patients with colorectal cancer

Unadjusted HRa

(95 % CI)

P Adjusted HRb

(95 % CI)

P

miR-25

Low expression – –

High

expression

2.29 (1.51–3.47) \0.001 1.90 (1.22–2.97) 0.005

Gender

Female – –

Male 1.16 (0.68–1.98) 0.596 1.28 (0.69–2.36) 0.429

Age

\ 60 – –

C 60 1.07 (0.69–1.68) 0.760 1.06 (0.69–1.16) 0.801

TNM stage

I – –

II 1.59 (0.69–3.68) 0.274 1.77 (0.75–4.16) 0.193

III 3.68 (1.62–8.39) 0.002 3.88 (1.69–8.89) 0.001

IV 8.75

(4.09–18.71)

\0.001 9.10

(4.25–19.49)

\0.001

a Hazard ratios in univariate models
b Hazard ratios in multivariable models

HR hazard ratio, 95 % CI 95 % confidence interval
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cancer from patients who had not received neoadjuvant

chemotherapy. Based on the calculation of relative

expression, we analyzed the association of miR-25 with the

clinicopathological characteristics as well as the prognosis

of the patients. The results indicated that the level of miR-

25 expression was increased in colorectal cancer compared

with the levels observed in normal tissues, which is con-

sistent with previous investigations focused on other

human malignancies showing that miR-25 expression was

increased in these tumors. A recent study revealed that

when rats were exposed to tamoxifen, a known inducer of

liver cancer, hepatic miR-25 expression was increased,

which also suggests the participation of miR-25 in carci-

nogenesis [28]. It was also reported that the inhibition of

miR-25 with an inhibitor caused significant suppression of

proliferation and a significant increase in cancer cell

apoptosis in ovarian cancer, tongue squamous cell carci-

noma and gastric cancer [29–31]. These findings demon-

strate that the dysregulation of miR-25 may participate in

human malignancy and carcinogenesis, including colorec-

tal cancer.

In addition, the present study also proved that miR-25

expression is closely related to colorectal cancer invasion,

lymph node metastasis, distant metastasis and the TNM

stage. The results revealed that a high level of miR-25

expression was more frequently detected in tumors with

deep invasion, lymph node metastasis, distant metastasis or

an advanced TNM stage, suggesting the possible partici-

pation of miR-25 in colorectal cancer invasion and

metastasis. This association is consistent with a previous

study of human gastric cancer, which found that miR-25

could remarkably enhance cell proliferation, migration and

invasion, whereas the inhibition of miR-25 could signifi-

cantly decrease the migration and invasion of gastric can-

cer cells [29]. Based on the present results, together with

the evidence above, it is thus proposed that miR-25 may

play an important role in colorectal cancer carcinogenesis

and progression.

Because miR-25 expression was found to be associated

with colorectal cancer invasion and metastasis and consid-

ering that cancer invasion and metastasis are crucial factors

affecting the prognosis of patients, miR-25 might be a

potential prognostic marker for patients with colorectal

cancer. To investigate the prognostic role of miR-25 in

colorectal cancer, we performed a Kaplan–Meier analysis.

The results revealed that the patients who had colorectal

cancer with a high level of miR-25 expression had worse

overall survival compared to the patients whose tumors had

low levels of miR-25 expression, which suggests that miR-

25 expression is a prognostic marker for patients with

colorectal cancer. To further evaluate the prognostic value

of miR-25 in colorectal cancer, we used a Cox proportional

hazards model that was adjusted for gender, age and the

TNM stage of the patients. The results proved that increased

miR-25 expression is a marker of poor overall survival

independent of the adjusted factors; therefore, miR-25

could be utilized to determine patients’ prognosis without

considering the TNM stage. These results indicate that miR-

25 could constitute a molecular prognostic marker in con-

junction with the TNM stage for patients with colorectal

cancer, identifying high risk individuals who are good

candidates to receive treatment that is more aggressive. The

present results are consistent with a previous investigation

on acute leukemia, which found that miR-25 expression was

significantly correlated with the overall survival of patients

[32]. This positive linkage between miR-25 dysregulation

and colorectal cancer carcinogenesis, progression and

prognosis may be at least partly caused by the targets of

miR-25, such as PTEN, RECK, Bim, Bax, CDH1 and cas-

pase-3 [30, 33]. These results suggest that miR-25 may be

used not only for identifying colorectal cancer patients with

a higher risk of early tumor relapse but also for providing

valuable clues to understanding the possible mechanism of

colorectal cancer invasion and metastasis.

In conclusion, we have demonstrated that miR-25

expression is increased in colorectal cancer and is associ-

ated with tumor progression. The present study also dem-

onstrated for the first time that miR-25 expression is an

independent prognostic factor for patients with colorectal

cancer. Therefore, miR-25 may play an important role in

the invasion and metastasis of colorectal cancer. It is also

possible that miR-25 may serve as a prognostic marker in

clinical practice, and the inhibition of miR-25 by specific

inhibitors may even become a new therapeutic method for

the treatment of colorectal cancer.
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