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Background: MicroRNA-27a (miR-27a) is
supposed to be an oncogene in various
types of cancers, and genetic variation of
miR-27a might result in aberrant expression
and abnormal second structure of mature-
miR-27a, contributing to elevated genetic
risk and poor prognosis for colorectal can-
cer (CRC). Methods: In order to explore
the possible association between rs895819
within miR-27a and CRC in Han Chinese
population, we investigated the genotype
distributions of rs895819 in 508 CRC cases
and 562 healthy check-up controls us-
ing TaqMan genotype discrimination sys-
tem, and analyzed the possible association
between them. Odds ratio (OR) and 95%
confidential interval (95% CI) were used
to assess the strength between allele and
genotype of the locus and risk of CRC.
Results: In our study, we found that geno-
type GG of rs895819 was significantly as-

sociated with an increased risk for CRC
(17.1% vs. 11.6%, adjusted OR = 1.546,
95% CI = 1.070–2.236), and allele A carrier
(AA/AG) was significantly associated with a
decreased risk for CRC (82.9% vs. 89.4%,
adjusted OR = 0.63, 95% CI = 0.446–
0.893). In addition, a significant association
was observed between genotype GG and
larger tumor size (>5 cm; P < 0.001), and
allele G was significantly associated with
higher pathological stage (TNM-III) (P =
0.008). Conclusion: These results indicated
that miR-27a might be involved in the devel-
opment and progression of CRC, genotype
GG within rs895819 might be a genetic sus-
ceptible factor for CRC. Further multicen-
tral, large sample size, and well-designed
epidemiological study as well as functional
study are warrant to verify our findings. J.
Clin. Lab. Anal. C© 2015
Wiley Periodicals, Inc.
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INTRODUCTION

The incidence of colorectal cancer (CRC) has signifi-
cantly increased in recent decades worldwide, with high
morbidity and mortality observed both in developed and
developing countries. According to a CRC study in 2014,
approximately 71,830 men and 65,000 women have been
diagnosed with CRC, and 26,270 men and 24,040 women
have died of the disease in the United States (1). In China,
a total of 274,841 persons were diagnosed as new CRC pa-
tients and 132,110 patients died in 2010 (2). Although it is
essential to understand the mechanism of CRC carcino-
genesis, the precise mechanisms remain largely unknown.
It is well known that CRC is one of the complicated

diseases with an intense cross-talk of genetic and environ-
mental factors. Evidences suggest that genetic variation
and aberrant epigenetics of CRC-related genes are closely
associated with CRC carcinogenesis (3, 4).

MicroRNA-27a (miR-27a), which is located in 19p13.13,
including an exon, is considered as a candidate
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CRC-related susceptible gene. It comprises a small non-
coding RNA with length of 22 bp. It has been identified
as an oncogene in many kinds of cancers, including CRC
(5). It could be involve in the cell proliferation, metastasis,
and drug resistance in cancer cell lines by specially bind-
ing to 3′-UTR of its target genes. Significantly upregulated
miR-27a was observed in gastric cancer; pancreatic car-
cinoma; laryngeal tumor tissues; and RKO, SW480, and
HT29 cell lines (5–9). It is reported that miR-27a could
regulate cell proliferation and division, colony formation,
and migration in pancreatic cell line (8). Also, it also could
regulate the drug resistance of esophageal, gastric, and
CRC cell line as well as leukemia (10–13). Furthermore, it
was found that miR-27a could promote metastasis in gas-
tric and CRC cells by inducing epithelial–mesenchymal
transition (6, 14). Thus, miR-27a is supposed to be a can-
didate gene that is involved in colorectal carcinogenesis.

Rs895819, a single nucleotide polymorphism (SNP) lo-
cus with an alteration from allele T to G, is located in exon
1 of miR-27a. It is suggested that change from allele T to
G can influence the maturation of microRNAs (miRNAs)
or miRNA-mediated transcriptional regulation (15). Sun
et al. (15) reported that allele G carrier (AG/GG) of the
locus could increase the susceptible risk for gastric cancer
by 1.48 folds in Chinese population. Meanwhile, a recent
study conducted by Xiong et al. (16) indicated that allele
G, genotype AG, and genotype GG were associated with
decreased risk for cervical cancer. Furthermore, the results
reported by Kupcinskas et al. (17) suggested that rs895819
was not a genetic susceptible locus for CRC in European
subjects. However, Cao et al. (18) reported that genotypes
AG and GG had a significantly increased risk of develop-
ing CRC compared to AA carriers in Chinese. For this, in
order to address the role of rs895819 in susceptibility to
CRC, we genotyped the locus in 508 CRC patients and 562
healthy check-up individuals using TaqMan genotyping
polymerase chain reaction (PCR) system, and examined
the possible association between them.

MATERIALS AND METHODS

Five hundred thirty-two newly diagnosed CRC patients
and 578 healthy check-up individuals from February 2010
to August 2014 in the second hospital of Fuzhou were en-
rolled in the study. All cases were confirmed in accordance
with the histological evidence. The controls were healthy
check-up individuals recruited from the same hospital.
Because of its invasiveness, colonoscopy was not used to
exclude the CRC in the controls. But, all subjects in the
control group were free from symptoms, and serum tu-
mor protein biomarkers, such as CEA, CA199, and CA50,
were normal. All subjects of the study are of Han nation-
ality, which consisted of 95% Chinese population. This
study was approved by the ethical committee of Fuzhou

Second hospital and written informed consents were ob-
tained from all individuals enrolled in the present study.

The genomic DNA of each participant of the case
and control groups were extracted from 200 μl heparin-
anticoagulated peripheral blood samples, using Tiangen
genomic DNA isolation kit (Tiangen, Beijing, China)
in accordance with the manufacturer’s instructions. The
DNA concentration and purity of each sample were mea-
sured by an ultraviolet spectrophotometer (GE Health-
care, USA) and samples with A260/A280 ratio ranged
from 1.8 to 2.0 were selected as eligible samples and stored
at −20°C. TaqMan allelic discrimination assay was se-
lected to detect genotype of each sample using ABI7500
fluorescence quantitative PCR system (Applied Biosys-
tems, Foster City, CA). The detections were performed in
a total volume of 20 μl, which contains 100 ng genomic
DNA temple, 10 pM of each primer, 0.2 mM dNTPs, 2.5
μl 10× PCR buffer, 1.5 mmol/l MgCl2, and 0.5 U of Taq
polymerase (Tiangen). Primers, probe sequences, reaction
conditions used were described previously by Wang et al.
(19). In order to confirm the accuracy of the detected re-
sults, 5% PCR products were randomly selected to DNA
sequencing and the results were 100% consistent.

Allele and genotype frequencies of the locus were ob-
tained by direct counting. Hardy–Weinberg equilibrium
(HWE) analysis was conducted using a goodness-of-fit
chi-squared test with one degree of freedom, and P <

0.05 was considered as a significant departure from HWE
(20). Student’s t-test and chi-squared test were selected for
statistical analysis of quantitative and qualitative data, re-
spectively. Crude and adjusted odds ratio (OR) and 95%
confidential interval (95% CI) were calculated to estimate
the strength of the locus and cancer risk. All the data anal-
yses were performed using SPSS 17.0 statistical software
(SPSS Company, Chicago, IL).

RESULTS

Due to genomic DNA purity, 24 cases and 16 control
samples were excluded from the study. As a result, a total
of 508 cases and 562 controls were enrolled in the study.
The detail demographic and baseline characteristics of
each group are described in Table 1. As shown in Table 1,
there was no significant difference in the result with re-
gard to age, sex, smoking, and drinking in cases and con-
trols. The allele and genotype frequencies of the locus in
cases and controls are described in Table 2. The respec-
tive genotype frequency of AA, AG, and GG were 48.2%,
34.8%, and 17.1% in the cases, 49.1%, 39.3%, and 11.6%
among the controls, respectively. The locus genotype
distributions in controls was consistent with the HWE
model (P = 0.053). No significant distribution differ-
ence was found when genotype AG was compared to AA
(34.8% vs. 39.3%, P = 0.417, adjusted OR = 0.878, 95%
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TABLE 1. Baseline Characteristics of Case and Control Groups

Variables Cases (508) Percentage (%) Controls (562) Percentage (%) P-value

Age (years, M + SD) 60.2 ± 10.5 59.8 ± 10.6 0.556
Gender

Male 293 57.7 329 58.5 0.775
Female 215 42.3 233 41.5

Smoking
Yes 235 46.3 259 46.1 0.954
No 273 53.7 303 53.9

Drinking
Yes 247 48.6 274 48.8 0.965
No 261 51.4 288 51.2

Location
Colon 293 57.7
Rectum 215 42.3

Tumor size
<5 cm 260 51.2
�5 cm 248 48.8

Differentiation
High/moderate 356 70.1
Poor/undifferentiated 152 29.9

TNM
I/II 311 61.2
III 197 38.8

Node metastasis
N0/N1 422 83.9
N2 86 16.1

CI = 0.611–1.150), or in comparison of allele G with A
(34.4% vs. 31.2%, P = 0.113, adjusted OR = 1.156, 95%
CI = 0.965–1.386), indicating that genotype AG and al-
lele G were not associated with CRC. There was no sig-
nificant difference in dominant model (AG/GG vs. AA;
51.8% vs. 50.9%, P = 0.773, adjusted OR = 1.033, 95% CI
= 0.809–1.318) or overdominant model (34.6% vs. 37.5%,
P = 0.114, adjusted OR = 0.806, 95% CI = 0.624–1.040).
However, significant frequency differences were examined
in comparison to GG vs. AA (17.1% vs. 11.6%, P = 0.027,
adjusted OR = 1.546, 95% CI = 1.070–2.236), and in
recessive model (AA/AG vs. GG, 82.9% vs. 88.4%,

P = 0.009, adjusted OR = 0.631, 95%CI = 0.446-0.893),
suggesting that genotype GG was a susceptible factor with
increased risk for CRC, allele A carrier (AA/AG) was a
protective factor for colorectal carcinogenesis.

In order to further explore the association between
them, we performed the analysis between the locus and
clinical pathological characteristics of the cases. There was
no significant association between cancer location, cell
differentiation, node and distal metastasis, and genotype
and allele distributions of rs895819. However, significant
associations were observed in allele G carrier (AG/GG;
P = 0.019), allele G (P < 0.001) of rs895819 with larger

TABLE 2. MiR-27 rs895819 Polymorphism Genotype and Allele Distributions in the Cases and Controls

Model Genotype and allele Cases Controls P-value OR and 95% CI Adjusted OR and 95% CIa

Codominant AA 245 (48.2%) 275 (48.9%)
AG 176 (34.8%) 222 (39.5%) 0.417 0.897 (0.690–1.166) 0.878 (0.671–1.150)
GG 87 (17.1%) 65 (11.6%) 0.027 1.508 (1.047–2.171) 1.546 (1.070–2.236)

Dominant AA 245 (48.2%) 275 (48.9%)
AG/GG 263 (51.8%) 287 (51.1%) 0.773 1.036 (0.815–1.317) 1.033 (0.809–1.318)

Recessive GG 87 (17.1%) 65 (11.6%)
AA/AG 421 (82.8%) 497 (88.4%) 0.009 0.633 (0.448–0.895) 0.631 (0.446–0.893)

Overdominant AG 176 (34.6%) 222 (39.5%)
AA/GG 332 (65.4%) 340 (60.5%) 0.114 0.818 (0.638–1.049) 0.806 (0.624–1.040)

Allele Allele A 666 (65.6%) 772 (68.7%)
Allele G 350 (34.4%) 352 (31.3%) 0.113 1.157 (0.966–1.387) 1.156 (0.965–1.386)

aAdjusted by age, gender, smoking, and drinking.
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TABLE 3. Rs895819 Polymorphism and Clinical Pathological Characteristics in the Case Group

Genotype P-value Allele

Variables AA AG GG [1] [2] A G P-value

Location
Colon 135 91 44 361 179
Rectum 110 85 43 0.490 0.467 305 171 0.353

Tumor size
<5 cm 130 73 30 333 133
�5 cm 127 91 57 0.224 0.009 333 217 <0.001

Differentiation
High/moderate 106 77 43 289 163
Poor/undifferentiated 139 99 44 0.921 0.321 377 187 0.333

TNM
I/II 159 105 47 408 184
III 86 71 40 0.212 0.658 258 166 0.008

Node metastasis
N0/N1 205 139 78 117 55
N2 40 37 9 0.219 0.177 549 295 0.454

[1], genotype AG versus AA; [2], genotype GG versus AA.

tumor size (> 5 cm), and allele G (P = 0.008) with higher
TNM stage (III). The detail association between rs895819
and clinical pathological characteristics are listed in
Table 3.

DISCUSSION

miRNA is an endogenous small noncoding RNA that
contains only 17–25 nucleotides. It can negatively regu-
late gene expression at the posttranscriptional level pre-
dominantly by binding to the 3′-UTR of target mRNAs
through nucleotide pairing (21). Although it represents
only a small proportion of the genome, it could regu-
late almost one-third of human genes (22), and exists
a wide range of functions in organ growth and devel-
opment (22), cell proliferation and differentiation (23),
and carcinogenesis and metastasis (24,25). Genetic varia-
tions of miRNA have been reported to be associated with
many kinds of cancers, including CRC. A recent meta-
analysis indicated miR-196a2 rs11614913 and miR-149
rs2292832 polymorphisms might contribute to suscep-
tibility to CRC (26). A study reported by Zhou et al.
suggested that miR-146aG>C and miR-196a2C>T poly-
morphisms were genetic susceptible loci for hepatocellular
carcinoma (HCC) patients in China population, especially
in patients with hepatitis B virus (HBV) infection (27).
Moreover, SNP of miRNA, miR-machinery genes, and
miRNA-binding site of the targeted gene have also been
reported to be associated with susceptibility or prognosis
as well as drug resistance of cancer (3, 10).

In the present study, we found that genotype GG
of rs895819 within miR-27a was associated with a
significantly increased susceptibility to the risk of CRC,

indicating that genotype GG might be a genetic suscep-
tible factor for CRC. Meanwhile, significant association
was found between larger cancer size (>5 cm), higher
TNM stage (III), and allele G of rs895819, suggesting
that allele G was associated with a higher risk for cancer
progression. These findings demonstrated that rs895819
might be involved in colorectal carcinogenesis and pro-
gression, those who carry genotype GG or allele G would
suffer an increased risk for carcinogenesis and procession
of CRC. Our result is consistent with the reports by Cao
et al. and Wang et al. (18, 19). Rs895819, which was lo-
cated in the terminal loop of pre-miRNA region of miR-
27a, would affect the second structure of mature miR-
27a, resulting in abnormal function. It was reported that
overrepression of miR-27a was found in colorectal cell
lines such as RKO, SW480, and HT29 (5, 6). A relatively
higher expression of miR-27a in CRC tissues was exam-
ined in patients with the genotype GG or allele G carrier
(AG/GG) compared to genotype AA (18). Because miR-
27a has been suggested to function as an oncogene in CRC
(28), a relatively higher expression of miR-27a could di-
rect inhibition expression of PLK2 and ZBTB10 (9, 15),
leading to an increase of cell viability and colony forma-
tion and inhibition of the late apoptosis (9). This maybe
the possible reason why genotype GG of rs895819 was
associated with an increased risk for CRC.

The present study, to the best of our knowledge, was
the largest sample size to report the association between
rs895819 and CRC, and indicated that genotype GG of the
locus might be a susceptible factor for risk of CRC. How-
ever, several limitations should be addressed as follows.
Although the genotype distributions in controls were
consistent with HWE, all the subjects in our study were
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from one single hospital, which might lead to selection
bias. The sample sizes in the case and control groups were
508 and 562, respectively, but the sample size was not large
enough to reach a more precise conclusion. Due to lack
of CRC tissue corresponding to the blood sample, we did
not perform the detection of miR-27a and the expression
of the targeted gene and the association between geno-
types of rs895819 and the expressions of miR-27a and the
targeted gene.

CONCLUSION

The present study indicates that genotype GG of
rs895819 within miR-27a is significantly associated with
CRC, and miR-27a might be involved in colorectal
carcinogenesis and progression. Further, multiple cen-
tral, large-sample size, and well-designed epidemiologi-
cal study and functional research should be conducted to
further validate the finding of the study.

CONFLICT OF INTEREST

The authors have declared no conflict of interests with
respect to the authorship and/or publication of this
article.

REFERENCES

1. Siegel R, Desantis C, Jemal A. Colorectal cancer statistics. CA
Cancer J Clin 2014;64(2):104–117.

2. Chen W, Zheng R, Zhang S, et al. Annual report on status of cancer
in China, 2010. Chin J Cancer Res 2014;26(1):48–58.

3. Ying HQ, Wang F, He BS, et al. The involvement of Kras
gene 3′-UTR polymorphisms in risk of cancer and influence
on patient response to anti-EGFR therapy in metastatic col-
orectal cancer: A meta-analysis. Onco Targets Ther 2014;7:
1487–1496.

4. Ganapathi SK, Beggs AD, Hodgson SV, Kumar D. Expression and
DNA methylation of TNF, IFNG and FOXP3 in colorectal cancer
and their prognostic significance. Br J Cancer 2014;111(8):1581–
1589.

5. Chintharlapalli S, Papineni S, Abdelrahim M, et al. Oncogenic
microRNA-27a is a target for anticancer agent methyl 2-cyano-
3,11-dioxo-18beta-olean-1,12-dien-30-oate in colon cancer cells. Int
J Cancer 2009;125(8):1965–1974.

6. Cai ZG, Zhang SM, Zhang H, Zhou YY, Wu HB, Xu
XP. Aberrant expression of microRNAs involved in epithelial–
mesenchymal transition of HT-29 cell line. Cell Biol Int 2013;37(7):
669–674.

7. Liu T, Tang H, Lang Y, Liu M, Li X. MicroRNA-27a functions
as an oncogene in gastric adenocarcinoma by targeting prohibitin.
Cancer Lett 2009;273(2):233–242.

8. Ma Y, Yu S, Zhao W, Lu Z, Chen J. miR-27a regulates the growth,
colony formation and migration of pancreatic cancer cells by tar-
geting Sprouty2. Cancer Lett 2010;298(2):150–158.

9. Tian Y, Fu S, Qiu GB, et al. MicroRNA-27a promotes prolif-
eration and suppresses apoptosis by targeting PLK2 in laryngeal
carcinoma. BMC Cancer 2014;14(1):678.

10. Zhang H, Li M, Han Y, et al. Down-regulation of miR-27a might re-
verse multidrug resistance of esophageal squamous cell carcinoma.
Dig Dis Sci 2010;55(9):2545–2551.

11. Zhao X, Yang L, Hu J. Down-regulation of miR-27a might inhibit
proliferation and drug resistance of gastric cancer cells. J Exp Clin
Cancer Res 2011;30:55.

12. Noratto GD, Jutooru I, Safe S, Angel-Morales G, Mertens-Talcott
SU. The drug resistance suppression induced by curcuminoids in
colon cancer SW-480 cells is mediated by reactive oxygen species-
induced disruption of the microRNA-27a-ZBTB10-Sp axis. Mol
Nutr Food Res 2013;57(9):1638–1648.

13. Feng DD, Zhang H, Zhang P, et al. Down-regulated miR-331-
5p and miR-27a are associated with chemotherapy resistance and
relapse in leukaemia. J Cell Mol Med 2011;15(10):2164–2175.

14. Zhang Z, Liu S, Shi R, Zhao G. miR-27 promotes human gas-
tric cancer cell metastasis by inducing epithelial-to-mesenchymal
transition. Cancer Genet 2011;204(9):486–491.

15. Sun Q, Gu H, Zeng Y, et al. Hsa-mir-27a genetic variant contributes
to gastric cancer susceptibility through affecting miR-27a and target
gene expression. Cancer Sci 2010;101(10):2241–2247.

16. Xiong XD, Luo XP, Cheng J, Liu X, Li EM, Zeng LQ. A genetic
variant in pre-miR-27a is associated with a reduced cervical cancer
risk in southern Chinese women. Gynecol Oncol 2014;132(2):450–
454.

17. Kupcinskas J, Bruzaite I, Juzenas S, et al. Lack of association
between miR-27a, miR-146a, miR-196a-2, miR-492 and miR-608
gene polymorphisms and colorectal cancer. Sci Rep 2014;4:5993.

18. Cao Y, Hu J, Fang Y, Chen Q, Li H. Association between a
functional variant in microRNA-27a and susceptibility to col-
orectal cancer in a Chinese Han population. Genet Mol Res
2014;13(3):7420–7427.

19. Wang Z, Sun X, Wang Y, Liu X, Xuan Y, Hu S. Association
between miR-27a genetic variants and susceptibility to colorectal
cancer. Diagn Pathol 2014;9:146.

20. Rodriguez S, Gaunt TR, Day IN. Hardy–Weinberg equilibrium
testing of biological ascertainment for Mendelian randomization
studies. Am J Epidemiol 2009;169(4):505–514.

21. Bartel DP. MicroRNAs: Genomics, biogenesis, mechanism, and
function. Cell 2004;116(2):281–297.

22. Alvarez-Garcia I, Miska EA. MicroRNA functions in animal devel-
opment and human disease. Development 2005;132(21):4653–4662.

23. Zhao C, Sun G, Li S, et al. MicroRNA let-7b regulates neural stem
cell proliferation and differentiation by targeting nuclear receptor
TLX signaling. Proc Natl Acad Sci USA 2010;107(5):1876–1881.

24. Asangani IA, Rasheed SA, Nikolova DA, et al. MicroRNA-21
(miR-21) post-transcriptionally downregulates tumor suppressor
Pdcd4 and stimulates invasion, intravasation and metastasis in col-
orectal cancer. Oncogene 2008;27(15):2128–2136.

25. Mirnezami AH, Pickard K, Zhang L, Primrose JN, Packham G.
MicroRNAs: Key players in carcinogenesis and novel therapeutic
targets. Eur J Surg Oncol 2009;35(4):339–347.

26. Du W, Ma XL, Zhao C, et al. Associations of single nucleotide
polymorphisms in miR-146a, miR-196a, miR-149 and miR-499
with colorectal cancer susceptibility. Asian Pac J Cancer Prev
2014;15(2):1047–1055.

27. Zhou B, Dong LP, Jing XY, et al. Association between miR-
146aG>C and miR-196a2C>T polymorphisms and the risk of
hepatocellular carcinoma in a Chinese population. Tumour Biol
2014;35(8):7775–7780.

28. Del Follo-Martinez A, Banerjee N, Li X, Safe S, Mertens-Talcott S.
Resveratrol and quercetin in combination have anticancer activity
in colon cancer cells and repress oncogenic microRNA-27a. Nutr
Cancer 2013;65(3):494–504.

J. Clin. Lab. Anal.

rs895819 and Colorectal Cancer 355


