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ABSTRACT. Cyclin D1 (CCND1) is a key protein involved in cell-
cycle regulation, and the CCND1 G870A polymorphism is associated 
with many types of malignancy. Studies examining the associations 
between this G870A polymorphism and susceptibility to leukemia 
and hepatocellular carcinoma (HCC) have shown inconsistent results. 
Therefore, we conducted a meta-analysis to clarify these associations. A 
search of the PubMed database yielded 7 relevant articles: 3 pertaining 
to leukemia and 4 to HCC. The odds ratios (ORs) from individual 
studies were pooled using a fixed or random-effect model. A significant 
association was observed between the CCND1 G870A variant and 
leukemia under the allele contrast model [P = 0.003, OR = 1.49, 95% 
confidence interval (CI) = 1.15-1.95], the homozygote contrast model 
(P = 0.003, OR = 2.30, 95%CI = 1.34-3.96), and the recessive model (P 
= 0.002, OR = 2.03, 95%CI = 1.29-3.21). A significant association was 
observed between this variant and HCC under the recessive model (P = 
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0.0006, OR = 1.62, 95%CI = 1.23-2.14), the dominant model (P = 0.002, 
OR = 1.59, 95%CI = 1.19-2.14), the homozygote contrast model (P < 
0.0001, OR = 2.06, 95%CI = 1.45-2.94), and the allele contrast model 
(P < 0.0001, OR = 1.43, 95%CI = 1.20-1.69). Our findings suggest that 
heritable CCND1 status may influence the risk of developing leukemia 
and HCC, and that more attention should be given to carriers of these 
susceptibility genes. 

Key words: Cyclin D1 G870A; Hepatocellular carcinoma; Leukemia; 
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INTRODUCTION

Cancer is a type of cell-cycle disease (Clurman and Roberts, 1995), and tumors 
and tumor cell lines have been examined in many studies for the presence of mutations in 
genes encoding cell-cycle-related proteins (Clurman and Roberts, 1995; Funk and Kind, 
1997). Some important cell-cycle regulators may be directly involved in oncogenesis 
(Hunter and Pines, 1991, 1994).

Cyclins are essential to cell-cycle regulation, as evidenced by the specific and pe-
riodic expressions of members of this protein family, such as cyclins A, B, and D, during 
cell-cycle progression (Evans et al., 1983). Cyclin D1, whose encoding gene (CCND1) is 
located on human chromosome 11q13, is a key regulatory protein at the G1/S checkpoint 
of the cell cycle (Hu et al., 2014). The guanine/adenine polymorphism identified at nu-
cleotide 870 [National Center for Biotechnology Information single-nucleotide polymor-
phism (SNP) cluster ID: rs603965], codon 242 in exon 4 of the CCND1 gene (Betticher 
et al., 1995), has recently received considerable attention after it was discovered that the 
A allele may interfere with splicing to generate a variant splice product, transcript b (Lu 
et al., 2003; Knudsen et al., 2006; Liu et al., 2012). The protein encoded by transcript 
b (A allele) has a longer half-life than that encoded by transcript a (G allele) (Lu et al., 
2003; Solomon et al., 2003; Liu et al., 2012). This strongly suggests that individuals with 
a higher number of copies of the CCND1 G870A polymorphism are more likely to bypass 
the G1/S checkpoint, thus contributing to cancer development (Lu et al., 2003; Solomon 
et al., 2003; Liu et al., 2012).

The relationships between the G870A SNP and excessive CCND1 activity, as well as 
numerous human tumors, have been studied in recent years, including primary brain tumors, 
bladder cancer, colorectal cancer, esophageal cancer, hepatocellular carcinoma, leukemia, 
and breast cancer (Akkiz et al., 2010; Zhuo et al., 2012; Bedewy et al., 2013; Sameer et al., 
2013; Zeybek et al., 2013; Li et al., 2014). Among these, the numerous relevant epidemiologic 
studies investigating the relationship between the CCND1 G870A variant and hepatocellular 
carcinoma (Zhang et al., 2002; Pakakasama et al., 2004; Akkiz et al., 2010; Hu et al., 2014) 
or leukemia (Howe and Lynas, 2001; Hou et al., 2005; Bedewy et al. 2013) have yielded 
conflicting and controversial results. There has been no systematic or quantitative assessment 
of the published findings on this topic. Therefore, a meta-analysis of case-control studies was 
conducted to summarize the available evidence on CCND1 G870A in hepatocellular carci-
noma and leukemia to derive a more precise estimation of the relationship between the poly-
morphism in these 2 diseases.
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MATERIAL AND METHODS

Search strategy

We carried out a comprehensive search of relevant published studies from database 
initiation until May 14, 2014 using the MEDLINE (PubMed) database. The search strategy 
was based on a combination of the following keywords: “G870A”, “CCND1 (cyclin D1)”, 
“leukemia”, “liver cancer” (“hepatocellular carcinoma” or “HCC”), “polymorphism”, “sus-
ceptibility”, and “risk”. Only journal articles were included in the analysis and the language 
was limited to English. All references cited in the studies were reviewed to identify additional 
relevant study.

Study selection

Published studies were included if they: i) used a case-control design; ii) evaluated 
the association between the G870A polymorphism and susceptibility to leukemia or hepato-
cellular carcinoma; and iii) presented sufficient data on the distribution of CCND1 gene poly-
morphism in cases and in control groups, or data necessary to calculate these. When multiple 
publications from the same study were available, we used the publication with the largest 
number of cases and most applicable information. 

Data extraction

For each eligible study, 2 investigators independently carried out the eligibility evalu-
ation and data abstraction. Any disagreements were further discussed and resolved by consen-
sus. Data abstracted from each study included: name of the first author, year of publication, 
ethnicities of the study population, and genotype distributions of the cases and controls. We 
also tested the distribution of the genotypes in controls for departure from Hardy-Weinberg 
equilibrium (HWE). The study was excluded from meta-analysis if the distribution of the 
genotypes in controls were not accordance with HWE.

Statistical analysis

The meta-analysis examined the overall association between the allele contrasts (A vs 
G), the contrast of homozygotes (AA vs GG), the recessive models (AA vs AG+GG), and the 
dominant models (AA+AG vs GG).

The raw data for genotype distribution were used to calculate study-specific estimates 
of odds ratios (ORs) and 95% confidence intervals (CIs). The Review Manager (version 5.2) 
software was used for the meta-analysis.

Heterogeneity between studies was tested using the Q statistic. Such heterogeneity 
was considered statistically significant if P < 0.10. Heterogeneity was quantified using the 
I2 metric, which is independent of the number of studies in the meta-analysis (I2 < 25% no 
heterogeneity; I2 = 25-50% moderate heterogeneity; I2 > 50% large or extreme heterogeneity) 
(Wang et al., 2010).

The overall pooled OR and 95% CI were estimated using the Mantel-Haenszel meth-
od with a fixed-effect model when no significant clinical or statistical heterogeneity was pres-
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ent (P ≥ 0.10) (Gurion et al., 2013). When substantial heterogeneity was present, the random-
effect model was used. The significance of the pooled OR was determined using the Z test. The 
level of statistical significance was set at P < 0.05.

Potential publication bias was estimated by constructing funnel plots. If most of the 
data appeared at the top of a funnel plot and was distributed roughly symmetrically, the ab-
sence of obvious publication bias and vice versa were suggested (Egger et al., 1997). There 
was no need to construct funnel plots when there were too few analyzed studies.

RESULTS

Search of published reports

A flow chart depicting the study selection process is shown in Figure 1. A total of 1737 
articles were selected based on various combinations of the keywords listed in the Material 
and Methods section. Evaluation for duplicates resulted in the removal of 522 articles. Of the 
remaining 1215 articles, 705 did not examine the relationship between the CCND1 polymor-
phism and leukemia or hepatocellular carcinoma or only studied the effect of drugs, 400 did 
not report an association between the CCND1 gene G870A polymorphism and susceptibility 
to leukemia or hepatocellular carcinoma, 84 articles mainly focused on other diseases, and 17 
were review articles. After excluding these articles, only 9 studies examining the relationship 
between CCND1 gene G870A polymorphism and the risk of leukemia or hepatocellular car-
cinoma remained. However, 2 of these did not provide sufficient data and were also excluded. 
Therefore, only 7 studies qualified for inclusion in this meta-analysis, among which 3 focused 
on leukemia and 4 examined hepatocellular carcinoma.

Figure 1. Flow chart of study selection. 
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Study characteristics

Characteristics of the 7 articles included are listed in Table 1. In the 3 studies examin-
ing leukemia, containing 227 cases and 218 controls, the distribution of the G870A genotypes 
in controls were in accordance with HWE. In the study by Pakakasama et al. (2004), which 
described the association between the G870A SNP and hepatocellular carcinoma risk in 3 
races, the distribution of the G870A genotypes in controls of Hispanics were not in accordance 
with HWE and this study was therefore excluded from the meta-analysis. The study by Paka-
kasama et al. (2004) examining African Americans and Caucasians and 3 other studies (Zhang 
et al., 2002; Akkiz et al., 2010; Hu et al., 2014), containing 540 cases and 626 controls, were 
included in the meta-analysis to determine the role of the G870A polymorphism on hepatocel-
lular carcinoma risk. 

Table 1. Characteristics of studies included in the meta-analysis. 

Study	 Year	 Ethnicity	                     Genotype distribution in cases	       Genotype distribution in controls	 PHWE in controls

			   GG	 AG	 AA	 GG	 AG	 AA	

Leukemia									       
   Howe et al. 	 2001	 British	   7	    9	   3	   4	    7	   2	 0.710
   Hou et al.  	 2005	 Chinese	 41	   88	 54	 55	 101	 34	 0.293
   Bedewy et al. 	 2013	 Egyptians	   4	   12	   9	   7	    7	   1	 0.667
Hepatocellular
carcinoma
   Zhang et al. 	 2002	 Taiwanese	   9	   50	 38	   3	   19	 13	 0.281
   Pakakasama et al. 	2004	 Caucasians	 17	   25	 15	 56	   71	 32	 0.278
		  African Americans	   2	    3	   1	 33	   16	   3	 0.576
		  Hispanics	   7	    4	   4	 28	   17	 17	   0.0006
   Akkiz et al. 	 2010	 Turkish	 38	   69	 53	 56	   73	 31	 0.413
   Hu et al. 	 2014	 Chinese	 32	 119	 69	 45	 124	 51	 0.057

Meta-analysis results

Figure 2 shows the main results of this meta-analysis regarding the association be-
tween the CCND1 G870A polymorphism and the susceptibility to leukemia. This SNP was as-
sociated with leukemia susceptibility under the recessive model (P = 0.002, OR = 2.03, 95%CI 
= 1.29-3.21, Figure 2A). However, no association was found under the dominant model (Fig-
ure 2B). In addition, significant associations were observed under the contrast of homozygotes 
(P = 0.003, OR = 2.30, 95%CI = 1.34-3.96, Figure 2C) and the allele contrast model (P = 
0.003, OR = 1.49, 95%CI = 1.15-1.95, Figure 2D).

Figure 3 shows the main results of this meta-analysis regarding the association be-
tween the CCND1 G870A polymorphism and the susceptibility to hepatocellular carcinoma. 
In general, we found that the G870A polymorphism was significantly associated with hepato-
cellular carcinoma risk under the recessive model (P = 0.0006, OR = 1.62, 95%CI = 1.23-2.14, 
Figure 3A), dominant model (P = 0.002, OR = 1.59, 95%CI = 1.19-2.14, Figure 3B), homozy-
gotes contrasting (P < 0.0001, OR = 2.06, 95%CI = 1.45-2.94, Figure 3C), and allele contrast 
model (P < 0.0001, OR = 1.43, 95%CI = 1.20-1.69, Figure 3D).
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Figure 2. A. Meta-analysis of the association between CCND1 G870A variant and leukemia under the recessive 
model. B. Meta-analysis of the association between CCND1 G870A variant and leukemia under the dominant 
model. C. Meta-analysis of the association between CCND1 G870A variant and leukemia under homozygotes 
contrasting. D. Meta-analysis of the association between CCND1 G870A variant and leukemia under allele 
contrasting. 
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Figure 3. A. Meta-analysis of the association between CCND1 G870A variant and hepatocellular carcinoma 
under the recessive model. B. Meta-analysis of the association between CCND1 G870A variant and hepatocellular 
carcinoma under the dominant model. C. Meta-analysis of the association between CCND1 G870A variant and 
hepatocellular carcinoma under homozygotes contrasting. D. Meta-analysis of the association between CCND1 
G870A variant and hepatocellular carcinoma under allele contrasting. 
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DISCUSSION

The possible association between the CCND1 G870A polymorphism and susceptibil-
ity to leukemia or hepatocellular carcinoma has been examined in many recent studies, both 
domestic and overseas. Our selection criteria yielded 7 published articles, including 3 examining 
the CCND1 G870A polymorphism and susceptibility to leukemia and 4 examining the CCND1 
G870A polymorphism and susceptibility to hepatocellular carcinoma. These articles described 
studies that employed reasonably robust methods that yielded sufficient data and definitive re-
sults. The results of the present meta-analysis showed that either the AA genotype or the A allele 
increased the risk of leukemia, and that the CCND1 G870A SNP increased the risk of hepatocel-
lular carcinoma under the recessive, dominant, homozygotes contrast, and allele contrast models.

The findings of the various studies regarding the potential association between the 
CCND1 G870A SNP and the risk of leukemia or hepatocellular carcinoma have been incon-
sistent. Thus, a systematic evaluation method to rationalize the findings regarding these types 
of cancer is needed. Meta-analysis is recognized as one of the best methods for secondary 
analysis (Sacks et al., 1987), and was therefore used in the present study to systematically 
summarize and analyze the relevant identified literature. During the analysis process, an ana-
lytical method was implemented to optimize the results of this study. In addition, the recessive, 
dominant, homozygote contrast, and allele models were used to comprehensively analyze the 
association between the CCND1 G870A SNP and the susceptibility to the 2 malignancies.

The studies included examining the association between the CCND1 G870A SNP and 
susceptibility to leukemia led to different conclusions. Hou et al. (2005) found that this SNP 
increased the risk of acute lymphoblastic leukemia under the recessive model, and Bedewy 
et al. (2013) reported that the AA genotype significantly increased the risk of acute lympho-
blastic leukemia compared with the GG genotype. The authors of the latter study also found 
that the CCND1 G870A polymorphism did not influence the susceptibility to mantle-cell lym-
phoma and chronic lymphocytic leukemia (Howe and Lynas, 2001). Howe and Lynas (2001) 
studied the distribution of the CCND1 G870A polymorphism among patients with mantle-
cell lymphoma and chronic lymphocytic leukemia separately. However, data for mantle-cell 
lymphoma were excluded from the present meta-analysis because it does not form leukemia; 
therefore, the data for chronic lymphocytic leukemia (Howe and Lynas, 2001) and the 2 stud-
ies (encompassing 227 cases and 218 controls) were pooled and subjected to meta-analysis. 
The results revealed that both the A allele and the AA genotype were risk factors for leukemia.

Conflicting findings were also reported for the included studies that investigated the 
association between the CCND1 G870A gene polymorphism and susceptibility to hepatocel-
lular carcinoma. Akkiz et al. (2010) found that this polymorphism was associated with the 
risk of hepatocellular carcinoma, whereas Pakakasama et al. (2004) and Hu et al. (2014) sug-
gested that this polymorphism did not affect hepatocellular carcinoma susceptibility. Hu et 
al. (2014) found that the CCND1 genotype distribution did not differ significantly between 
hepatocellular carcinoma patients and healthy controls, but their stratification analysis accord-
ing to hepatitis B virus carrier status revealed that the variant genotypes containing the A allele 
were associated with a significantly increased risk of this malignancy among those positive 
for hepatitis B surface antigen. A meta-analysis based on the data from these studies revealed 
that the CCND1 G870A polymorphism was a risk factor under the recessive, dominant, ho-
mozygotes contrast, and allele contrast models. Importantly, Pakakasama et al. (2004) studied 
the distribution of the CCND1 G870A polymorphism in different races (Caucasians, African 
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Americans, and Hispanics), but the G870A genotypes in the Hispanic control group were not 
consistent with HWE, so the study was excluded from the present meta-analysis; thus, only the 
data for the other 2 races were included.

The conflicting findings in the studies included may be attributable to various factors, 
including differences in sample size, race, age distribution, gender, and genetic and lifestyle 
factors. For example, Pakakasama et al. (2004) confirmed that the A/A genotype was associ-
ated with an earlier age of onset compared to the G/A or G/G genotype, and found no overall 
difference in genotype frequency between their cases and normal controls. They also found a 
discrepancy in the A allele frequency in children of different races: 43% in Caucasians, 21% 
in African Americans, and 41% in Hispanics. Furthermore, infection with hepatitis B virus 
and/or hepatitis C virus, cirrhosis, male gender, concurrent alcohol use, aflatoxin B1 intake, 
and multiple based variants (Nissen and Martin, 2002; Chen and Chen, 2002; Das et al., 2009) 
were found to be risk factors for hepatocellular carcinoma in their study.

Some problems were encountered during the data-integration process. First, the num-
bers of studies or cases included in some of the meta-analyses was low, as was the number of 
cases. Sample size plays an important role in predicting the association between genotypes and 
cancer risk in case-control studies. Therefore, the inclusion of studies with very small samples 
may lead to overestimation of the true association (Das et al., 2009). The results of meta-anal-
yses that are based on relatively small numbers of studies should be interpreted with caution. 
Furthermore, there was some heterogeneity between several of the studies as a result of uncon-
trolled confounding factors and internal selection bias. Heterogeneity cannot be avoided, and a 
meta-analysis cannot solve problems related to confounding factors that may be inherent in the 
included studies. In theory, the best way to overcome the limitation of heterogeneity is subgroup 
or sensitivity analysis. However, it was not possible to conduct subgroup analyses in the pres-
ent study because of the small number of included studies, and sensitivity analysis would have 
reduced the number of cases and controls, thus reducing the statistical power. Therefore, neither 
subgroup nor sensitivity analyses were performed. Instead, the random-effect model was used 
to consolidate the highly heterogeneous results by combining the clinical and methodological 
differences; this approach considered the heterogeneity between the various studies in full, pre-
sumably giving more conservative and more accurate results.

Three limitations of this meta-analysis should be considered when interpreting the 
findings. First, the conclusions are based on relatively few cases and controls, and so the 
statistical power was not high. Second, the results are based on unadjusted estimates; a more 
precise analysis should be conducted using data from individuals, allowing researchers to ad-
just for covariates including age, ethnicity, family history, environmental factors, and lifestyle. 
Finally, only published studies were included in this meta-analysis. There is always a certain 
degree of publication bias, and non-significant or negative findings may go unpublished.

In conclusion, the present meta-analysis revealed that the CCND1 G870A polymor-
phism may be a risk factor for both leukemia and hepatocellular carcinoma. Further large-scale 
studies examining this locus are recommended in order to confirm the findings of this study.
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