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Background

The cell cycle is a series of organized and monitored activities 
contributing to proper cell division into 2 daughter cells; cell 
cycle dysfunction is a hallmark of cancer [1,2]. Cancer cells, 
which are cell-cycle deregulated cells, represent uncontrolled 
proliferation [1,3]. Cyclins and their counterparts, cyclin-depen-
dent kinases (CDKs), are essential mediators in cell prolifera-
tion [1]. CDKs and cyclins, the potential targets for oncogenic 
mutation, are overexpression in human tumorigenesis [1,4]. 
It is reported that CDKs are involved in the transition of G1 
phase to S phase of the cell cycle and there are defects in the 
transition in most human tumors [1].

Cyclin D1 (CCND1), together with cyclin-dependent kinase 4 
and 6 (CDK4 and CDK6), which are its binding partners, phos-
phorylate and inactivate retinoblastoma protein by forming 
complexes, thus promoting cell cycle progression [5]. CCND1, 
1 of the 3 D-type cyclins, is frequently overexpressed in can-
cer, which shortens the G1 phase and regulates the G1 phase 
to S phase transition of the cell cycle [6,7]. Accumulating ev-
idence shows that the gene CCND1, located on human chro-
mosome 1q31-32, is a potential gene for initiating carcinogen-
esis and cancer progression [3].

Gene amplification, posttranslational modifications and rear-
rangements, and gene polymorphisms can cause abnormal pro-
tein levels and impair CCND1 function [8]. G1722C(rs678653) 
is one of the most commonly investigated CCND1 polymor-
phisms, but its role in cancer is unclear because only a few 
studies have focused on the association of this single-nucle-
otide polymorphism (SNP) with cancer risk [3–15]. For exam-
ple, a case-control study by Sathyan et al. showed no signifi-
cant association between rs678653 and oral cancer risk, and 
the same authors published a study in 2008 reported that 
CCND1was frequently overexpressed in oral carcinoma and 
rs678653 polymorphism was significantly associated with 
CCND1 expression [16,17]. Here, we performed a meta-anal-
ysis of all eligible studies to investigate the association be-
tween CCND1 rs678653 and cancer risk.

Material and Methods

Literature search and data extraction

Published reports assessing the association between polymor-
phism of CCND1 and risk of cancer were searched through 
PubMed, MEDLINE, Cochrane Library, and Embase. “G1722C”, 
“rs678653”, and “CCND1 polymorphism” were set as search 
terms. The search covered the publications in English from 
January 1, 2000 to March 31, 2015. Preliminary evaluation was 
conducted based on titles and abstracts, and then full texts 

of potentially relevant studies were obtained and re-evaluat-
ed for inclusion. Articles without exact quantity information 
of the genotypes of rs678653 were excluded after careful ex-
amination. Studies without case-control design were also re-
moved. Participants in case groups had to be confirmed to have 
cancer and the control group had to be non-cancer subjects. 
Detailed data in the remaining articles were checked careful-
ly and studies without exact quantity information of the gen-
otypes of rs678653 were excluded. The following information 
was extracted: year of publication, first author, race or nation-
ality of samples, cancer type, exact quantity of each genotype 
for cases and controls, and genotyping method.

Statistical methods

The data were analyzed with STATA 12 (Stata Corp LP, College 
Station, Texas, USA) and a P value <0.05 was considered as 
statistically significant. Pooled odds ratio (ORs) were calcu-
lated for dominant model (CC + GC vs. GG), recessive model 
(CC vs. GC + GG), co-dominant models (heterozygous: GC vs. 
GG; homozygote: CC vs. GG), and allele contrast (C vs. G). In 
the dominant model, we investigated the distribution of gen-
otype CC and GC compared to genotype GG. In the recessive 
model, the distribution of genotype CC compared to genotype 
GC and GG was analyzed. In co-dominant models, GG was re-
garded as the reference genotype and the distribution of GC 
or CC was investigated. In allele contrast, we investigated the 
distribution of allele C compared to allele G.

In this meta-analysis, the OR and 95% CI were estimated us-
ing Mantel-Haenszel fixed-effects model or DerSimonian-Laird 
random-effects model. The heterogeneity among different 
studies was evaluated by I2 index. When there was a signifi-
cant heterogeneity (P-value <0.1), the random-effects model 
was used to pool the data, otherwise, the fixed-effects model 
was selected. For each analysis, the fixed-effects model was 
used first to test the heterogeneity, and then the appropriate 
model was chosen based on the test result. Pooled OR and 
95% confidence intervals (CI) were calculated, and the corre-
sponding forest plot was generated to summarize the result. 

Figure 1. �Flow chart of study selection and elaborating specific 
reasons of excluding non-qualified studies from the 
meta-analysis.

Potentially relevant articles (n=395)

Useable articles (n=14; 17 studies include)

Articles tergeted at CCND1 and cancer
with case-control studies (n=147)

Exclusion: Not about case-control
study (n=248)

Exclusion: Not specifically included
rs678653 C/G polymoprhism
(n=133)
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Study
Race or 

nationality
Cancer 
type

Case Control Genotyping
methodGG CG CC GG CG CC

2015, Huang Taiwanese Colorectal cancer 249 85 28 257 80 25 RFLP

2014, Kuo Taiwanese Gastric cancer 245 83 30 252 78 28 RFLP

2012, Shih Taiwanese Nasopharyngeal carcinoma 127 37 12 124 38 14 RFLP

2011, Tsai Taiwanese Oral cancer 450 127 43 434 136 50 RFLP

2011, Hussain Indian
Esophageal squamous cell 
carcinoma

15 57 79 26 80 45 RFLP

2011, Hsia Taiwanese Lung cancer 243 83 32 514 152 50 RFLP

2011, Lin Taiwanese
Upper tract urothelial 
cancer

125 43 2 205 44 0 RFLP

2010, Fernberg Nordic* Non-Hodgkin lymphoma 1011 970 264 818 744 211 MALDI-MS

2009, Thakur(a) Indian Cervical precancer 23 17 6 43 111 46 RFLP

2009, Thakur(b) Indian Cervical invasive carcinoma 48 72 34 43 111 46 RFLP

2009, Gemignani Caucasian
Malignant pleural 
mesothelioma

18 26 3 150 157 45 APEX

2008, Driver Caucasian Breast cancer 1697 1948 560 1887 2036 548 Taqman

2007, Gayther
White 

European*
Ovarian cancer 621 661 197 1017 1123 328 Taqman

2007, Rajaraman(a) Multi-ethnic Glioma 138 188 46 198 243 74 Taqman

2007, Rajaraman(b) Multi-ethnic Meningioma 72 55 26 198 243 74 Taqman

2007, Rajaraman(c) Multi-ethnic Acoustic neuroma 24 33 13 198 243 74 Taqman

2006, Sathyan Indian
Oral squamous cell 
carcinoma

44 72 31 44 60 35 RFLP

Table 1. Characteristics of studies related to rs678653 and cancers included in our meta-analysis.

* Meaned not 100% percent belonged to corresponding population group.

Group Pooling model Analysis model Heterogeneity p value OR (95% CI) p value

Entire 
database

Random Dominant 57.0% 0.002 1.009 (0.909, 1.119) 0.868

Random Recessive 39.3% 0.049 1.055 (0.929, 1.199) 0.410

Random
Co-dominant, 
heterozygote

49.2% 0.012 1.003 (0.905, 1.111) 0.956

Random Co-dominant, homozygote 42.1% 0.035 1.019 (0.884, 1.175) 0.794

Random Allelic 61.2% 0.001 1.025 (0.945, 1.112) 0.548

Taiwanese

Fixed Dominant 29.2% 0.216 1.075 (0.943, 1.224) 0.280

Fixed Recessive 0 0.585 1.057 (0.838, 1.332) 0.640

Fixed Co-dominant, heterozygote 0 0.448 1.075 (0.930, 1.242) 0.326

Fixed Co-dominant, homozygote 0 0.484 1.066 (0.844, 1.348) 0.590

Fixed Allelic 45.2% 0.104 1.064 (0.954, 1.187) 0.264

Indian

Random Dominant 83.9% <0.001 0.921 (0.766, 1.106) 0.378

Random Recessive 81.9% 0.001 1.048 (0.531, 2.070) 0.892

Random Co-dominant, heterozygote 76.2% 0.006 0.712 (0.381, 1.332) 0.288

Random Co-dominant, homozygote 83.6% <0.001 0.841 (0.345, 2.051) 0.704

Random Allelic 88.9% <0.001 0.917 (0.540, 1.556) 0.748

Table 2. �Meta-analysis of rs678653 with dominant model, recessive model and co-dominant models for entire database and different 
race (or nationality).
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Study ID

2015, Huang
2014, Kuo
2012, Shih
2011, Tsai
2011, Lin
2011, Hussain
2011, Hsia
2010, Fernberg
2009, Thakur(b)
2009, Thakur(a)
2009, Gemignani
2008, Driver
2007, Rajaraman(c)
2007, Rajaraman(b)
2007, Rajaraman(a)
2007, Gayther
2006, Sathyan
Overall (I-squared=57.0%, p=0.002)
Note: Weights are from random effects analysis

1.11 (0.81, 1.53)
1.10 (0.80, 1.51)
0.92 (0.58, 1.46)
0.88 (0.69, 1.13)
1.68 (1.05, 2.69)
1.89 (0.96, 3.72)
1.20 (0.91, 1.59)
1.05 (0.92, 1.18)
0.60 (0.37, 0.98)
0.27 (0.14, 0.53)
1.20 (0.64, 2.23)
1.08 (0.99, 1.18)
1.20 (0.71, 2.02)
0.70 (0.49, 1.01)
1.06 (0.80, 1.39)
0.97 (0.85, 1.10)
1.08 (0.66, 1.79)
1.01 (0.91, 1.12)

6.13
6.12
3.74
7.94
3.63
2.01
7.15

11.87
3.54
2.06
2.32

13.07
3.08
5.20
7.15

11.69
3.30

100.00

.14 7.131

OR (95% CI) % weight Study ID

2015, Huang
2014, Kuo
2012, Shih
2011, Tsai
2011, Lin
2011, Hussain
2011, Hsia
2010, Fernberg
2009, Thakur(b)
2009, Thakur(a)
2009, Gemignani
2008, Driver
2007, Rajaraman(c)
2007, Rajaraman(b)
2007, Rajaraman(a)
2007, Gayther
2006, Sathyan
Overall (I-squared=39.3%, p=0.049)
Note: Weights are from random effects analysis

1.13 (0.65, 1.98)
1.08 (0.63, 1.84)
0.85 (0.38, 1.89)
0.85 (0.56, 1.30)

7.40 0.3 (5, 155.18)
2.58 (1.61, 4.15)
1.31 (0.82, 2.08)
0.99 (0.81, 1.20)
0.95 (0.57, 1.57)
0.50 (0.20, 1.26)
0.47 (0.14, 1.56)
1.10 (0.97, 1.25)
1.36 (0.71, 2.61)
1.22 (0.75, 1.99)
0.84 (0.57, 1.25)
1.00 (0.83, 1.21)
0.79 (0.46, 1.38)
1.06 (0.93, 1.20)

4.14
4.42
2.26
6.27
0.17
5.36
5.53

13.83
4.88
1.76
1.06

16.87
3.24
5.11
6.89

13.97
4.25

100.00

.00644 1551

OR (95% CI) % weight

Study ID

2015, Huang
2014, Kuo
2012, Shih
2011, Tsai
2011, Lin
2011, Hussain
2011, Hsia
2010, Fernberg
2009, Thakur(b)
2009, Thakur(a)
2009, Gemignani
2008, Driver
2007, Rajaraman(c)
2007, Rajaraman(b)
2007, Rajaraman(a)
2007, Gayther
2006, Sathyan
Overall (I-squared=49.2%, p=0.012)
Note: Weights are from random effects analysis

1.10 (0.77, 1.56)
1.09 (0.77, 1.56)
0.95 (0.57, 1.59)
0.90 (0.68, 1.19)
1.60 (1.00, 2.58)
1.24 (0.60, 2.54)
1.16 (0.85, 1.57)
1.05 (0.92, 1.20)
0.58 (0.35, 0.97)
0.29 (0.14, 0.59)
1.38 (0.73, 2.62)
1.06 (0.97, 1.16)
1.12 (0.64, 1.96)
0.62 (0.42, 0.93)
1.11 (0.83, 1.48)
0.96 (0.84, 1.11)
1.20 (0.70, 2.06)
1.00 (0.90, 1.11)

5.65
5.57
3.21
7.60
3.65
1.81
6.68

13.08
3.29
1.82
2.23

14.82
2.82
4.77
7.20

12.83
2.97

100.00

.14 7.171

OR (95% CI) % weight

Study ID

2015, Huang
2014, Kuo
2012, Shih
2011, Tsai
2011, Lin
2011, Hussain
2011, Hsia
2010, Fernberg
2009, Thakur(b)
2009, Thakur(a)
2009, Gemignani
2008, Driver
2007, Rajaraman(c)
2007, Rajaraman(b)
2007, Rajaraman(a)
2007, Gayther
2006, Sathyan
Overall (I-squared=61.2%, p=0.001)
Note: Weights are from random effects analysis

1.11 (0.85, 1.44)
1.08 (0.83, 1.41)
0.91 (0.62, 1.33)
0.88 (0.72, 1.08)
1.66 (1.07, 2.56)
1.92 (1.37, 2.69)
1.21 (0.96, 1.52)
1.02 (0.93, 1.12)
0.81 (0.60, 1.09)
0.45 (0.28, 0.72)
0.95 (0.61, 1.50)
1.07 (1.00, 1.13)
1.19 (0.83, 1.70)
0.88 (0.67, 1.15)
0.99 (0.81, 1.20)
0.98 (0.89, 1.08)
0.95 (0.69, 1.32)
1.03 (0.95, 1.11)

5.50
5.54
3.32
7.18
2.73
4.02
6.50

11.26
4.74
2.33
2.57

12.30
3.69
5.44
7.51

11.21
4.16

100.00

.276 3.621

OR (95% CI) % weight

Study ID

2015, Huang
2014, Kuo
2012, Shih
2011, Tsai
2011, Lin
2011, Hussain
2011, Hsia
2010, Fernberg
2009, Thakur(b)
2009, Thakur(a)
2009, Gemignani
2008, Driver
2007, Rajaraman(c)
2007, Rajaraman(b)
2007, Rajaraman(a)
2007,Gayther
2006, Sathyan
Overall (I-squared=42.1%, p=0.035)
Note: Weights are from random effects analysis

1.16 (0.66, 2.04)
1.10 (0.64, 1.90)
0.84 (0.37, 1.88)
0.83 (0.54, 1.27)

8.19 (0.39, 171.92)
3.04 (1.46, 6.34)
1.35 (0.85, 2.16)
1.01 (0.83, 1.24)
0.66 (0.36, 1.21)
0.24 (0.09, 0.66)
0.56 (0.16, 1.97)
1.14 (0.99, 1.30)
1.45 (0.70, 3.00)
0.97 (0.57, 1.63)
0.89 (0.58, 1.37)
0.98 (0.80, 1.20)
0.89 (0.47, 1.68)
1.02 (0.88, 1.17)

4.75
5.05
2.66
7.01
0.22
3.15
6.22

13.82
4.30
1.87
1.18

16.40
3.20
5.36
7.03

13.83
3.94

100.00

.00582 1721

OR (95% CI) % weight

A

C

E

B

D

Figure 2. �Forest plots of studies with all samples under dominant model (A), recessive model (B), co-dominant heterozygote model (C), 
co-dominant homozygote model (D), and allelic model (E).
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Furthermore, for the elaborated evaluation, subgroup analysis 
was conducted according to the nationality and cancer type.

Results

Characteristics of studies

A total of 953 publications were retrieved after the first search: 
404 were from PubMed, 291 were from Embase, 249 were from 
Medline, and the others were from Cochrane Library. We re-
moved 480 duplicated articles, and then excluded other arti-
cles that were not based on case-control studies, leaving 147 
candidate publications. Of the remaining 147 publications, we 

eliminated 133. The study selection process and the main rea-
sons for exclusion are illustrated in Figure 1. Eventually, only 
14 papers, including 17 case-control studies, met the inclusion 
criteria and were used for our meta-analysis [3,8–15,17–21]. 
Characteristics of studies included in the meta-analysis are 
presented in Table 1.

Evaluation of the association between rs678653 
polymorphism and cancer

We included a total of 17 case-control studies in our analy-
sis to evaluate the association between CCND1 polymorphism 
rs678653 and cancer risk. For the overall analysis, there was no 
significant association between cancer risk and the rs678653 

Study ID

2015, Huang

2014, Kuo

2012, Shih

2011, Tsai

2011, Lin

2011, Hsia

Overall (I-squared=29.2%, p=0.216)

1.11 (0.81, 1.53)

1.10 (0.80, 1.51)

0.92 (0.58, 1.46)

0.88 (0.69, 1.13)

1.68 (1.05, 2.69)

1.20 (0.91, 1.59)

1.07 (0.94, 1.22)

16.61

16.68

8.63

31.04

6.04

21.02

100.00

2015, Huang

2014, Kuo

2012, Shih

2011, Tsai

2011, Lin

2011, Hsia

Overall (I-squared=0.0%, p=0.585)

1.13 (0.65, 1.98)

1.08 (0.63, 1.84)

0.85 (0.38, 1.89)

0.85 (0.56, 1.30)

7.40 0.(35, 155.18)

1.31 (0.82, 2.08)

1.06 (0.84, 1.33)

16.59

18.45

9.38

33.46

0.29

21.83

100.00

.372 2.691

.388 2.581 .00582 1721

.00644 1551

OR (95% CI) % weight Study ID OR (95% CI) % weight

Study ID

2015, Huang

2014, Kuo

2012, Shih

2011, Tsai

2011, Lin

2011, Hsia

Overall (I-squared=0.0%, p=0.448)

1.10 (0.77, 1.56)

1.09 (0.77, 1.56)

0.95 (0.57, 1.59)

0.90 (0.68, 1.19)

1.60 (1.00, 2.58)

1.16 (0.85, 1.57)

1.08 (0.93, 1.24)

16.74

16.38

8.35

30.09

7.44

21.00

100.00

2015, Huang

2014, Kuo

2012, Shih

2011, Tsai

2011, Lin

2011, Hsia

Overall (I-squared=0.0%, p=0.484)

1.16 (0.66, 2.04)

1.10 (0.64, 1.90)

0.84 (0.37, 1.88)

0.83 (0.54, 1.27)

8.19 (0.39, 171.92)

1.35 (0.85, 2.16)

1.07 (0.84, 1.35)

16.47

18.28

9.49

34.06

0.28

21.42

100.00

OR (95% CI) % weight

.39 2.561

Study ID

2015, Huang

2014, Kuo

2012, Shih

2011, Tsai

2011, Lin

2011, Hsia

Overall (I-squared=45.2%, p=0.104)

1.11 (0.85, 1.44)

1.08 (0.83, 1.41)

0.91 (0.62, 1.33)

0.88 (0.72, 1.08)

1.66 (1.07, 2.56)

1.21 (0.96, 1.52)

1.06 (0.95, 1.19)

16.72

17.12

8.71

31.21

4.91

21.32

100.00

OR (95% CI) % weight

Study ID OR (95% CI) % weight

A

C

E

B

D

Figure 3. �Forest plots of studies with Taiwanese samples under dominant model (A), recessive model (B), co-dominant heterozygote 
model (C), co-dominant homozygote model (D), and allelic model (E).

867
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]  [Index Copernicus]

Dai X. et al.: 
Meta-analysis of polymorphism rs678653 and cancer
© Med Sci Monit, 2016; 22: 863-874

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License

META-ANALYSIS



polymorphism in all models (Table 2). For the dominant mod-
el, the overall OR was 1.009 (95% CI=0.909–1.119, p=0.868, 
Figure 2A); for the recessive model, the overall OR was 1.055 
(95% CI=0.929–1.199, p=0.410, Figure 2B); for the co-dom-
inant heterozygote model, the overall OR was 1.003 (95% 
CI=0.905–1.111, p=0.956, Figure 2C); for the co-dominant homo-
zygote model, the overall OR was 1.019 (95% CI=0.884–1.175, 
p=0.794, Figure 2D); and for the allelic model, the overall OR 
was 1.025 (95% CI=0.945–1.112, p=0.548, Figure 2E). All the 
analyses showed that CCND1 rs678653 is not associated with 
cancer risk for the overall population when combining all data.

Elaborated evaluation in different nationalities

Considering the negative results, we performed subgroup 
analysis to determine if there is any nationality difference 

for the association between CCND1 rs678653 polymorphism 
and cancer risk.

In the Taiwanese subgroup, 6 studies were included, and the 
main results are shown in Table 2. No significant association 
was found in any genetic models. For the dominant model, the 
overall OR was 1.075 (95% CI=0.943–1.224; p=0.280, Figure 
3A); for the recessive model, the overall OR was 1.057 (95% 
CI=0.838–1.332, p=0.640, Figure 3B); for the co-dominant het-
erozygote model, the overall OR was 1.075 (95% CI=0.930–
1.242, p=0.326, Figure 3C); for the co-dominant homozygote 
model, the overall OR was 1.066 (95% CI=0.844–1.348, p=0.590, 
Figure 3D); and for the allelic model, the overall OR was 1.064 
(95% CI=0.954–1.187, p=0.264, Figure 3E). The results show 
that there was no association of CCND1 rs678653 with can-
cer risk in the Taiwanese population.
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Figure 4. �Forest plots of studies with Indian samples under dominant model (A), recessive model (B), co-dominant heterozygote model 
(C), co-dominant homozygote model (D), and allelic model (E).
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In the Indian subgroup, 4 studies were included, and the main 
results are presented in Table 2. No significant association was 
found between rs678653 polymorphism and cancer risk in any 
models. For the dominant model, the overall OR was 0.921 (95% 
CI=0.766–1.106; p=0.378, Figure 4A); for the recessive mod-
el, the overall OR was 1.048 (95% CI=0.531–2.070, p=0.892, 
Figure 4B); for the co-dominant heterozygote model, the over-
all OR was 0.712 (95% CI=0.381–1.332, p=0.288, Figure 4C); 
for the co-dominant homozygote model, the overall OR was 
0.841 (95% CI=0.345–2.051, p=0.704, Figure 4D); and for the 
allelic model, the overall OR was 0.917 (95% CI=0.540–1.556, 
p=0.748, Figure 4E). We concluded that there was no association 
of CCND1 rs678653 with cancer risk in the Indian population.

Elaborated evaluation in different cancer types

We further evaluated the cancer risk of CCND1 polymorphism 
rs678653 in different cancer types. Considering the cancer 
types included in our meta-analysis, 3 general classes of can-
cer were investigated: digestive tract cancer [3,8,9], head and 
neck cancer [10,11,17,21], and gynecological cancer [15,20]. 
The detailed results are shown in Table 3.

For digestive tract cancer, in the dominant model the overall OR 
was 1.165 (95% CI=0.942–1.442, p=0.159, Figure 5A); in the re-
cessive model the overall OR was 1.487 (95% CI=0.830–2.664, 
p=0.182, Figure 5B); in the co-dominant heterozygote model the 

overall OR was 1.110 (95% CI=0.877–1.406, p=0.387, Figure 5C); 
in the co-dominant homozygote model the overall OR was 
1.500 (95% CI=0.838–2.687, p=0.172, Figure 5D); and in the 
allelic model the overall OR was 1.299 (95% CI=0.930–1.814, 
p=0.125, Figure 5E). Therefore, no association was observed 
between the CCND1 rs678653 and digestive tract cancer.

For head and neck cancer, in the dominant model the overall 
OR was 0.934 (95% CI=0.811–1.077, p=0.348, Figure 6A); in the 
recessive model the overall OR was 0.934 (95% CI=0.759–1.150, 
p=0.522, Figure 6B); in the co-dominant heterozygote model the 
overall OR was 0.946 (95% CI=0.811–1.103, p=0.477, Figure 6C); 
in the co-dominant homozygote model the overall OR was 0.921 
(95% CI=0.738–1.150, p=0.469, Figure 6D); and in the allelic 
model the overall OR was 0.946 (95% CI=0.850–1.052, p=0.302, 
Figure 6E). These observations show there is no association be-
tween CCND1 rs678653 and head and neck cancer risk. For gy-
necological cancer, in the dominant model the overall OR was 
0.580 (95% CI=0.296–1.138, p=0.113, Figure 7A); in the reces-
sive model the overall OR was 0.967 (95% CI=0.813–1.151, 
p=0.707, Figure 7B); in the co-dominant heterozygote model 
the overall OR was 0.586 (95% CI=0.303–1.134, p=0.112, Figure 
7C); in the co-dominant homozygote model the overall OR was 
0.628 (95% CI=0.324–1.220, p=0.170, Figure 7D); and in the 
allelic model the overall OR was 0.757 (95% CI=0.522–1.097, 
p=0.141, Figure 7E). The observations show no association of 
CCND1 rs678653 with gynecological cancer risk.

Group Pooling model Analysis model Heterogeneity p value OR (95% CI) p value

Digestive 
tract cancer

Fixed Dominant 7.0% 0.341 1.165 (0.942, 1.442) 0.159

Random Recessive 73.2% 0.024 1.487 (0.830, 2.664) 0.182

Fixed Co-dominant, heterozygote 0 0.954 1.110 (0.877, 1.406) 0.387

Random Co-dominant, homozygote 63.5% 0.064 1.500 (0.838, 2.687) 0.172

Random Allelic 75.5% 0.017 1.299 (0.930, 1.814) 0.125

Head neck 
cancer

Fixed Dominant 0 0.471 0.934 (0.811, 1.077) 0.348

Fixed Recessive 0 0.657 0.934 (0.759, 1.150) 0.522

Fixed Co-dominant, heterozygote 24.8% 0.248 0.946 (0.811, 1.103) 0.477

Fixed Co-dominant, homozygote 0 0.869 0.921 (0.738, 1.150) 0.469

Fixed Allelic 0 0.770 0.946 (0.850, 1.052) 0.302

Gynecological 
cancer

Random Dominant 87.5% <0.001 0.580 (0.296, 1.138) 0.113

Fixed Recessive 4.6% 0.350 0.967 (0.813, 1.151) 0.707

Random Co-dominant, heterozygote 85.2% 0.001 0.586 (0.303, 1.134) 0.112

Random Co-dominant, homozygote 76.2% 0.015 0.628 (0.324, 1.220) 0.170

Random Allelic 81.9% 0.004 0.757 (0.522, 1.097) 0.141

Table 3. Meta-analysis of rs678653 with dominant model, recessive model and co-dominant models for different cancers.
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Sensitivity analysis

To assess the stability of our meta-analysis, we performed sen-
sitivity analysis for the entire dataset under different models 
by sequentially removing each study. The results are shown 
in Supplementary Figure 1. We observed no significant differ-
ence after the omission of any study for all the 5 models, sig-
nifying that our results are statistically reliable.

Discussion

We analyzed the association between CCND1 polymorphism 
rs678653 and cancer risk. The subgroup analysis of differ-
ent nationalities (Taiwanese and Indian) and different cancer 
types (digestive tract cancer, head and neck cancer, and gy-
necological cancer) were also investigated. Results from the 
meta-analysis showed that, generally, no association was ob-
served between the polymorphism rs678653 and the cancer 
risk when combining all the available data. For the subgroup 

analysis of different nationalities, no association was found 
between the polymorphism rs678653 and cancer risk in the 
Taiwanese and Indian populations. For the subgroup analysis 
of different cancer types, no associations were detected be-
tween the polymorphism rs678653 and head and neck cancer, 
gynecological cancer, or digestive tract cancer.

A870G (rs9344), another of the most commonly explored CCND1 
polymorphisms, has been reported by several meta-analyses 
to be associated with risk of esophageal cancer, rectal can-
cer, brain tumors, and other cancer types [22–26]. However, 
very few meta-analyses have comprehensively assessed the 
association between rs678653 and cancer risk. To the best of 
our knowledge, the only such published meta-analysis is by 
Lin et al., performed in 2014, which covered 3 eligible studies 
including 934 cases and 935 controls, to evaluate the asso-
ciation of rs678653 polymorphism with head and neck can-
cer risk, and no significant association was reported [27]. The 
result was consistent with that of our subgroup analysis for 
head and neck cancer. Our study is the first comprehensive 
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Figure 5. �Forest plots of studies with digestive tract cancer samples under dominant model (A), recessive model (B), co-dominant 
heterozygote model (C), co-dominant homozygote model (D), and allelic model (E).
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and elaborated meta-analysis to assess the association be-
tween rs678653 polymorphism and cancer risk, and the sub-
group analysis based on the stratifications of nationalities and 
cancer types were also performed.

For the subgroup analysis of digestive tract cancer, a case-con-
trol study conducted by Hussain et al. in 2011 showed that 
polymorphism rs678653 in CCND1 gene was strongly associ-
ated with digestive tract cancer risk, while the other 2 case-
control studies, from Huang et al. and Kuo et al., performed 
in 2015 and 2014, respectively, suggested that there was no 
association between rs678653 and digestive tract cancer risk 
[3,8,9]. In our meta-analysis, no association was observed be-
tween rs678653 and digestive tract cancer risk. For the sub-
group analysis of gynecological cancer, a case-control study by 

Figure 6. �Forest plots of studies with head and neck cancer samples under dominant model (A), recessive model (B), co-dominant 
heterozygote model (C), co-dominant homozygote model (D), and allelic model (E).
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Thakur et al. reported that polymorphism rs678653 in CCND1 
gene was associated with gynecological cancer risk and that 
rs678653 polymorphism might be a protective factor for gy-
necological cancer [15], but a case-control study performed 
by Gayther et al. found no association between the rs678653 
polymorphism and gynecological cancer risk. In our meta-anal-
ysis, no association was detected between rs678653 and gy-
necological cancer risk.

The degree of heterogeneity affects the reliability of meta-anal-
yses. In our study, large heterogeneity was detected in the sub-
group analyses of Indian population and gynecological cancer, 
especially in the analysis of the allelic model in the India sub-
group (I2=89.9%) and of the dominant and co-dominant hetero-
zygote model in the gynecological cancer subgroup (dominant: 
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I2=87.5%; co-dominant heterozygote: I2=85.2%). The subgroup 
analyses stratified by nationality showed that the heterogene-
ity of the Taiwanese population was moderate, but it was ex-
tremely large in the Indian population. Therefore, we deduced 
that the complicated genetic backgrounds in the Indian popu-
lation might be responsible for the large heterogeneity. When 
stratified by cancer type, results showed that the heteroge-
neity of digestive tract cancer or the heterogeneity of head 
and neck cancer were acceptable, but it was extremely large 
in gynecological cancer, indicating that a larger patient popu-
lation might be needed for the study on gynecological cancer.

Some limitations of our study should be mentioned. Firstly, in 
the 17 studies included for our analysis, the 4 Indian samples 
accounted for only 4.77% of all samples, and more studies are 
needed to update the analysis and arrive at a more confident 
conclusion. Secondly, the analysis of digestive tract cancer risk 
only covers India and Taiwanese races; due to the limited sam-
ple sizes, different races cannot be further distinguished. As 

new studies become available, it would be interesting to in-
vestigate the association in different ethnic populations. Last 
but not least, although we used rigorous methods for study 
selection, data extraction, and data analysis, meta-analysis, as 
retrospective research, has inherent limitations.

Conclusions

This meta-analysis suggests that the polymorphism rs678653 
of CCND1 has no association with cancer risk when investigat-
ing the overall population. Furthermore, the subgroup analysis 
based on nationalities indicates that there is no association 
of CCND1 rs678653 with cancer risk for Taiwanese and Indian 
populations. The subgroup analysis based on cancer types 
showed no association of CCND1 rs678653 with the digestive 
tract cancer risk, head and neck cancer risk, and gynecological 
cancer risk. Our study suggests that CCND1 rs678653 is not an 
important functional polymorphism in predicting cancer risk.

Figure 7. �Forest plots of studies with gynecological cancer samples under dominant model (A), recessive model (B), co-dominant 
heterozygote model (C), co-dominant homozygote model (D), and allelic model (E).
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Supplementary Figure 1. �Results of sensitivity analysis of the entire database under dominant model (A), recessive model (B), co-
dominant heterozygote model (C), co-dominant homozygote model (D), and allelic model (E).
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Estimate Upper CI limit

2015, Huang
2014, Kuo

2012, Shih
2011, Tsai
2011, Lin

2011, Hussain
2011, Hsia

2010, Fernberg
2009, Thakur(b)
2009, Thakur(a)

2009, Gemignani
2008, Driver

2007, Rajaraman(c)
2007, Rajaraman(b)
2007, Rajaraman(a)

2007, Gayther
2006, Sathyan

Lower CI limit

Meta-analysi estimates, given named study is omitted

0.97 0.99 1.02 1.05 1.06

Estimate Upper CI limit

2015, Huang
2014, Kuo

2012, Shih
2011, Tsai
2011, Lin

2011, Hussain
2011, Hsia

2010, Fernberg
2009, Thakur(b)
2009, Thakur(a)

2009, Gemignani
2008, Driver

2007, Rajaraman(c)
2007, Rajaraman(b)
2007, Rajaraman(a)

2007, Gayther
2006, Sathyan

Lower CI limit
Meta-analysi estimates, given named study is omitted

0.92 0.97 1.04 1.10 1.12

Estimate Upper CI limitC

A

E

D

B

References:

	 1.	Diaz-Moralli S, Tarrado-Castellarnau M, Miranda A, Cascante M: Targeting 
cell cycle regulation in cancer therapy. Pharmacol Ther, 2013; 138: 255–71

	 2.	Aarts M, Linardopoulos S, Turner NC: Tumour selective targeting of cell cy-
cle kinases for cancer treatment. Curr Opin Pharmacol, 2013; 13: 529–35

	 3.	Huang C-Y, Tsai C-W, Hsu C-M et al: The significant association of ccnd1 gen-
otypes with colorectal cancer in taiwan. Tumour Biol, 2015; 36(8): 6533–40

	 4.	Hosokawa Y, Arnold A: Mechanism of cyclin d1 (ccnd1, prad1) overexpres-
sion in human cancer cells: Analysis of allele – specific expression. Genes 
Chromosomes Cancer, 1998; 22: 66–71

	 5.	Alao JP: The regulation of cyclin d1 degradation: Roles in cancer develop-
ment and the potential for therapeutic invention. Mol Cancer, 2007; 6: 24

	 6.	Diehl JA: Cycling to cancer with cyclin d1. Cancer Biol Ther, 2002; 1: 226–31

	 7.	 Tashiro E, Tsuchiya A, Imoto M: Functions of cyclin d1 as an oncogene and 
regulation of cyclin d1 expression. Cancer Sci, 2007; 98: 629–35

	 8.	Hussain S, Thakur N, Salam I et al: Association of cyclin d1 gene polymor-
phisms with risk of esophageal squamous cell carcinoma in kashmir val-
ley – a high risk area. Mol Carcinog, 2011; 50: 487–98

	 9.	Kuo H-W, Huang C-Y, Fu C-K et al: The significant association of ccnd1 gen-
otypes with gastric cancer in taiwan. Anticancer Res, 2014; 34: 4963–68

873
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]  [Index Copernicus]

Dai X. et al.: 
Meta-analysis of polymorphism rs678653 and cancer
© Med Sci Monit, 2016; 22: 863-874

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License

META-ANALYSIS



	 10.	 Shih L-C, Tsai C-W, Tsai M-H et al: Association of cyclin d1 genotypes with 
nasopharyngeal carcinoma risk. Anticancer Res, 2012; 32: 1093–98

	11.	 Tsai M-H, Tsai C-W, Tsou Y-A et al: Significant association of cyclin d1 sin-
gle nucleotide polymorphisms with oral cancer in taiwan. Anticancer Res, 
2011; 31: 227–31

	12.	Hsia T-C, Liu C-J, Lin C-H et al: Interaction of ccnd1 genotype and smoking 
habit in taiwan lung cancer patients. Anticancer Res, 2011; 31: 3601–5

	13.	 Lin H-H, Ke H-L, Hsiao K-H et al: Ccnd1 1722 polymorphism and poten-
tial relevance to upper tract urothelial cancer. Anticancer Res, 2011; 31: 
1043–47

	14.	 Fernberg P, Chang ET, Duvefelt K et al: Genetic variation in chromosom-
al translocation breakpoint and immune function genes and risk of non-
hodgkin lymphoma. Cancer Causes Control, 2010; 21: 759–69

	15.	 Thakur N, Hussain S, Kohaar I et al: Genetic variant of ccnd1: Association 
with hpv-mediated cervical cancer in indian population. Biomarkers, 2009; 
14: 219–25

	16.	 Sathyan KM, Nalinakumari KR, Abraham T, Kannan S: Ccnd1 polymorphisms 
(a870g and c1722g) modulate its protein expression and survival in oral 
carcinoma. Oral Oncol, 2008; 44: 689–97

	17.	 Sathyan K, Nalinakumari K, Abraham T, Kannan S: Influence of single nu-
cleotide polymorphisms in h-ras and cyclin d1 genes on oral cancer sus-
ceptibility. Oral Oncol, 2006; 42: 607–13

	18.	Gemignani F, Neri M, Bottari F et al: Risk of malignant pleural mesothelio-
ma and polymorphisms in genes involved in the genome stability and xe-
nobiotics metabolism. Mutat Res, 2009; 671: 76–83

	19.	Driver KE, Song H, Lesueur F et al: Association of single-nucleotide poly-
morphisms in the cell cycle genes with breast cancer in the british popu-
lation. Carcinogenesis, 2008; 29: 333–41

	20.	Gayther SA, Song H, Ramus SJ et al: Tagging single nucleotide polymor-
phisms in cell cycle control genes and susceptibility to invasive epithelial 
ovarian cancer. Cancer Res, 2007; 67: 3027–35

	21.	Rajaraman P, Wang SS, Rothman N et al: Polymorphisms in apoptosis and 
cell cycle control genes and risk of brain tumors in adults. Cancer Epidemiol 
Biomarkers Prev, 2007; 16: 1655–61

	22.	Qin L-Y, Zhao L-G, Chen X et al: The ccnd1 g870a gene polymorphism and 
brain tumor risk: A meta-analysis. Asian Pac J Cancer Prev, 2014; 15: 3607–12

	23.	Wen L, Hu YY, Yang GL, Liu DX: Ccnd1 g870a polymorphism contributes to 
the risk of esophageal cancer: An updated systematic review and cumula-
tive meta? Analysis. Biomedical Rep, 2014; 2: 549–54

	24.	Chen B, Cao L, Yang P et al: Cyclin d1 (ccnd1) g870a gene polymorphism 
is an ethnicity-dependent risk factor for digestive tract cancers: A meta-
analysis comprising 20,271 subjects. Cancer Epidemiol, 2012; 36: 106–15

	25.	 Zhou C, An H, Hu M et al: The cyclin d1 (ccnd1) g870a polymorphism and 
lung cancer susceptibility: A meta-analysis. Tumor Biol, 2013; 34: 3831–37

	26.	Cui J, Shen L, Wang Y: Specific ccnd1 g870a alleles associated with breast 
cancer susceptibility: A meta-analysis of 5,528 cases and 5,353 controls. 
Asian Pac J Cancer Prev, 2012; 13: 5023–25

	27.	 Lin H, Fang L, Lin D: Association of cyclin d1 variants with head and neck 
cancer susceptibility: Evidence from a meta-analysis. Asian Pac J Cancer 
Prev, 2014; 15: 5645–51

874
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]  [Index Copernicus]

Dai X. et al.: 
Meta-analysis of polymorphism rs678653 and cancer

© Med Sci Monit, 2016; 22: 863-874

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License

META-ANALYSIS


