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Abstract

Purpose Polycystic ovary syndrome is heterogeneity dis-

ease, and the association with DEEND1A gene has been

discussed incompatibly for a long time. We conducted a

meta-analysis to evaluate the rs10818854, rs2479106, and

rs10986105 polymorphism in DENND1A gene with PCOS

susceptibility.

Methods Meta-analysis was performed for common allele

versus rare allele using random effect model on published

papers from January 1, 1980 to October 1, 2015. Subgroup

analysis, sensitivity analysis and publication bias were also

carried out ultimately. The combined odds ratio (OR) with

95 % confidence interval (95 % CI) was calculated to

estimate the strength of the association.

Results The results showed that rs10818854 (OR = 1.36,

95 % CI 1.12–1.61) and rs10986105 (OR = 1.39, 95 % CI

1.20–1.58) polymorphism increased the risk of PCOS

probably. A significant association was also found between

rs2479106 mutation and Asian PCOS patients but not

Europeans (OR = 1.32, 95 % CI 1.25–1.39; OR = 1.01,

95 % CI 0.97–1.05, respectively).

Conclusions In conclusion, the DENND1A gene variant is

likely to have influence on PCOS risk. Further studies are

warranted to assess these associations in greater detail,

especially in different populations and different subtype of

PCOS patients.

Keywords DENND1A gene � Polycystic ovary syndrome �
Polymorphism � Meta-analysis

Introduction

Polycystic ovary syndrome (PCOS) is a complex endocrine

and metabolic disease with a prevalence between 6 and

10 % based on the National Institute of Health (NIH) cri-

teria and as high as 15 % when the broader Rotterdam

criteria are applied [1]. Hyperandrogenism, oligo-ovulation

or anovulation and polycystic ovarian morphology are the

common features. Associated complications include obe-

sity, type 2 diabetes, dyslipidemia and other cardiovascular

disorders are noteworthy [2]. To date, the etiology of

PCOS is poorly understood except the combined effect of

environmental factor and genetic variants. It was a mile-

stone event [3] for the first attempt of genome-wide asso-

ciation study (GWAS) of PCOS by Chen et al. [4] in Han

Chinese cohort. Three independent susceptibility loci

(2p16.3, 2p21, 9q33.3) were identified in this GWAS,

which had remarkable association with PCOS. Recently,

there is another large GWAS published among Europeans

as well [5].

Among those, 9q33.3 mapped to the genomic areas of

DENND1A gene, which encoded the connecdenn 1
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proteins. The proteins contain N-terminal DENN domain,

expressing differently in neoplastic and normal cells [6].

To our knowledge, they function as guanine nucleotide

exchange factors (GEF) for Rab35, and play a role in

clathrin-mediated endocytosis [7]. Three single-nucleotide

polymorphisms (SNPs) in DENND1A gene, including

rs10818854(A/G), rs2479106(A/G), and rs10986105(G/T),

had been reported as susceptible loci, and all of them are in

intron.

After the first publication of GWAS based on Han-

Chinese PCOS patients, the association between

DENND1A gene and PCOS was identified in subsequent

replication studies covering different population around the

world, but their results were inconsistent. Besides that,

people across the world share a common genetic risk for

PCOS, which is worth exploring. To figure out the con-

tradictory issues, we performed this meta-analysis and

systematic review to assess the DENND1A gene mutations

on PCOS pathogenesis.

Materials and methods

Search strategy

We conducted a systematic search in the PubMed, Embase

and CNKI (China National Knowledge Infrastructure)

databases from January 1, 1980 to October 1, 2015. We

used the terms ‘‘DENND1A’’, ‘‘9q33.3’’, ‘‘rs10818854’’,

‘‘rs2479106’’, ‘‘rs10986105’’ ‘‘polymorphism’’, ‘‘polycys-

tic ovary syndrome’’ and ‘‘Stein-Leventhal Syndrome’’ to

identify all the literatures concerning DENND1A gene

variants and PCOS. Mesh terms, EMTREE terms and free

text words ([tiab] or/ti, ab.) were applied together for the

entire search. The search was not restricted by languages.

Study inclusion

First, EndNote X7 (Thomson Reuter, Philadelphia, Penn-

sylvania) [8] was employed to remove the duplicates and

triplicates gleaned from the searches in the above-men-

tioned databases. Next, two independent reviewers (Gao J

and Xue JD) deleted the articles that had no relationship

with our subjects according to the titles and abstracts. If the

reviewers had conflicting results, the article was included

and more information was used to determine its ultimate

inclusion in the next iteration. Third, the two reviewers

screened the full text of the remaining articles and used the

following inclusion criteria: (1) sufficient allele data were

presented to compute the odds ratios (ORs) and 95 %

confidence intervals (CIs), (2) case–control study and the

genotype distributions of control group conforming to

Hardy–Weinberg equilibrium (HWE). The cardinal reasons

for exclusion were: (1) animal experiments, (2) conference

abstract, review, editorial etc. (3) not associated with gene

polymorphism. If the reviewers’ reference lists were not in

an agreement, another reviewer (Chen C) would be con-

sulted to make a final decision for inclusion. Thus, we

included a total of 10 articles for our meta-analysis.

Data extraction

According to the criteria described above, two authors

(Gao J and Xue JD) extracted information based on the

checklist for data collection from the Cochrane Handbook

independently [9]. The following data were collected from

all the eligible publications: first author, year of publica-

tion, country, ethnic of population, criteria for PCOS, total

number of cases and controls and allele frequencies.

Quality assessment

The Newcastle Ottawa Scale (NOS) was used to estimate

the quality of each study, as it has been used in genetic

association studies [10]. NOS is one of the few scales

previously recommended by a Cochrane working group

[11, 12]. This measure assesses aspects of methodology in

case–control studies, consisting of selection of cases,

comparability of each study and ascertainment of exposure

to risks. In all cases, disagreements among raters were

resolved through discussion.

Statistics analysis

HWE in controls of all included studies was tested with

exact test using an online HWE calculator (http://ihg.gsf.

de/cgi-bin/hw/hwa1.pl) and significant cutoff was set at

0.05. We applied the ORs along with 95 % CI to estimate

the strength of association between DEEND1A and the risk

of PCOS by the inverse-variance method [13]. A hetero-

geneity check was calculated based on Cochran’s Q statis-

tic test [14], and the inconsistency index (I2)\ 25 %,

p[ 0.10 denoted that heterogeneity did not exist between

the studies [9]. If there was no heterogeneity; the overall

gene effect was evaluated with the fixed effects model, or

else by the random-effects model. To evaluate the ethnicity

and diagnostic criterion effect, subgroup analysis was

performed by ethnic and criterion subgroup. To assess the

influence of individual studies on the overall association,

sensitivity analysis was also conducted by omitting one

study at a time and re-analyzing the association for the

remaining studies. Finally, the Egger’s weighted regression

method [15] were carried out, p\ 0.10 was considered as

evidence of possible publication bias. All statistical anal-

yses were performed using STATA 12.0 software (Stata

Corporation, USA) and all p values are two-tailed.
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Results

Description of studies

A total of 119 studies were acquired from the PubMed

(N = 54), Embase (N = 59) and CNKI (N = 6) data-

bases. The literature selection process used was illustrated

in S1 Files. A total of 85 studies were included after

removal of any duplicates. Next, 37 studies were excluded

through screening of the titles and abstracts. The

remaining 48 studies were full-text reviewed, and 38

studies were excluded according to the inclusion criteria

as follows: 26 studies were reviews or conference

abstracts, 10 studies were not related to our gene poly-

morphism, 2 studies had repeating data information.

Finally, in the current study, 10 eligible case control

studies [3, 5, 16–23] that satisfied the inclusion criteria

were included in our meta-analysis and all of them were

in HWE (Table 1). Allele frequencies, OR and 95 % CI of

each SNP were displayed on Table 2.

Two diagnostic criteria for PCOS are applied: Rotter-

damand NIH criteria. The former is defined by two out of

three criteria: (1) menstrual irregularity (oligo-ovulation or

anovulation), (2) hyperandrogenism (clinical or biochemi-

cal) and (3) polycystic ovarian morphology [24]. NIH

criteria should satisfy a definition of women with hyper-

androgenaemia and chronic anovulation [25]. Both Rot-

terdamand NIH criteria have to exclude specific disorders

of the ovaries, adrenal orpituitary.

Methodological quality

Given the quality of the studies, the NOS scores were in

high level in general. Table 3 presents the scores ranged

from five to nine, with the average of 6.6.

Meta-analysis

Overall analysis and subgroup analysis

rs10818854 A total of six studies were involved in the

rs10818854 polymorphism. Expect for three papers

[3, 17, 19] suggesting an at-risk effect of rs1018854, the

rest three papers [20–22] did not produce significant

results. The overall analysis for evaluating the association

of rs10818854 polymorphism with PCOS under allelic

model showed a large heterogeneity between these six

studies (I2 = 76.5 %, Ph = 0.002), and a significant ran-

dom effects pooled OR (OR = 1.36, 95 % CI 1.12–1.61)

(Table 4). Ethnicity and diagnostic criterion were not sig-

nificantly responsible for the heterogeneity. However,

subgroup analyses stratified by diagnostic criterion yielded

different results; rs10818854 had strong impact on patients

by the diagnosis of NIH criterion (OR = 1.69, 95 % CI

1.36–2.03; I2 = 18.6 %, Ph = 0.268). The application of

Rotterdam criterion did not show the association between

rs10818854 and PCOS statistically (OR = 1.23, 95 % CI

0.95–1.52, I2 = 80.1 %, Ph = 0.002) (Table 4).

rs2479106 With the whole 10 studies, we analyzed the

effect of rs2479106 on the PCOS. Significant between-

study heterogeneity was detected across studies for the A

vs G model and thus was random-effects model. Overall,

we found no significant association between rs2479106

polymorphism and PCOS in total analysis (OR = 1.11,

95 % CI 1.00–1.25, I2 = 84.5 %, Ph = 0.000, Table 4).

Heterogeneity within each group disappeared when sub-

group analyses stratified by Ethnicity were made. The

results for were as follows: OR = 1.32, 95 % CI

1.25–1.39, I2 = 0.0 %, Ph = 0.824 for Asian; OR = 1.01,

95 % CI 0.97–1.05, I2 = 0.0 %, Ph = 0.754 for Europeans

Table 1 Characteristics of the

studies included in the meta-

analysis

Authors Year Ethnic Criterion Sample size HWE

Case Control

Chen ZJ 2010 Asian Rotterdam [23] 4082 6687 Y

Lerchbaum 2011 European Rotterdam 503 311 Y

Goodarizi 2011 European NIH [24] 1474 1802 Y

Eriksen 2012 European Rotterdam 168 248 Y

Welt 2012 European NIH 1144 17,619 Y

Shi YY 2012 Asian Rotterdam 1510 2106 Y

Louwers 2013 European Rotterdam 703 2164 Y

Gammoh 2015 Asian Rotterdam 191 202 Y

Ha LX 2015 Asian Rotterdam 115 99 Y

Day FR 2015 European Self report 5184 82,759 Y

NIH National Institutes of Health, Y p[ 0.05
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(Table 4). The results of diagnosis criteria subgroups also

had the tendency to deny the effect of rs2479106 variants

on the risk of PCOS (Table 4).

rs10986105 Moderate heterogeneity made the FEM

available (I2 = 50.0 %, Ph = 0.091, Table 4). In this

meta-analysis, we included a total of 5 case–control stud-

ies. The pooled result indicated that there was an obvious

association between rs10986105 polymorphism and PCOS

risk under allelic model (OR = 1.39, 95 % CI 1.20–1.58)

with a low-to moderate heterogeneity level (I2 = 50.0 %,

Ph = 0.091). We also tried to make subgroups classified by

ethnicity and diagnosis criteria, but the results were poor

because of the small sample size of included studies in each

subgroup, showing in Table 4.

Sensitivity analysis

Owing to rs2479106 heterogeneity disappear after subgroup

analysis, so ethnic background could be explained as the

cause of heterogeneity. The heterogeneity in rs10818854

and rs10986105 studies was unacceptable, so we had to

conduct the sensitivity analysis by excluding any single

report at one time. The exclusion of any single report did not

alter the significance of the final decision, suggesting that the

outcomes were reliable and robust (Table S1).

Publication bias

Egger’s test was performed to evaluate publication bias of

the literature on PCOS. The statistical results displayed no

publication bias. (rs10818854: Egger’s test p = 0.510;

rs2479106: Egger’s test p = 0.817; rs10986105: Egger’s

test p = 0.875

Discussion

It has been demonstrated that genetic force could be more

than 70 % pathogenesis of PCOS through twin studies [26].

Despite the numbers of candidate gene are up to one

hundred, none of those has been validated. Since the

DENND1A gene has been raised in 2010, there have been

10 independent studies to pursue the real association

between gene variants and PCOS risk subsequently. The

present meta-analysis reached the conclusion that

rs10818854 and rs10986105 variants could be considered

as meaningful SNPs significantly in Europeans and Asians,

but we failed to find the source of its high heterogeneity.

Furthermore, rs2479106 had impact on Asians but not

Europeans, indicating that the susceptibility of PCOS

varied from ethnicity, which totally denied the conclusions

raised by Louwers et al. [21]. While a family-based anal-

ysis, containing 276 PCOS family trios used the trans-

mission disequilibrium test (TDT) to detect rs10818854

and rs24709106 association to PCOS, they did not observe

positive outcome [27]. Apart from this, endometrial ade-

nocarcinoma (EA) as one of the long-term complications of

PCOS, Wang et al. [28] performed a SNP comparison in

Chinese individuals and acquired the DENND1A gene

rs24709106 carrying risk allele to EA. It means that

Table 2 Allele frequencies, OR and 95 % CI of each SNP

Authors rs10818854 rs2479106 rs10986105

Allele OR 95 % CI Allele OR 95 % CI Allele OR 95 % CI

P(G/A) C(G/A) La Ub P(A/G) C(A/G) L U P(T/G) C(T/G) L U

Chen ZJ 7169/

996

12247/

1127

1.51 1.37 1.65 5908/

2256

10410/

2964

1.34 1.26 1.43 7243/921 12306/

1068

1.47 1.33 1.61

Lerchbaum N/A N/A N/A N/A N/A 666/340 400/222 0.92 0.75 1.13 N/A N/A N/A N/A N/A

Goodarizi N/A N/A 1.87 1.48 2.35 2039/

909

2522/

1082

1.04 0.93 1.16 N/A N/A N/A N/A N/A

Eriksen N/A N/A N/A N/A N/A 231/105 358/138 1.18 0.87 1.60 N/A N/A N/A N/A N/A

Welt 2160/

128

33922/

1308

1.53 1.17 2.00 1620/

652

27122/

8102

1.05 0.93 1.18 34019/

1195

34019/

1195

1.68 1.27 2.23

Shi YY N/A N/A 1.07 0.90 1.29 N/A N/A 1.26 1.13 1.43 N/A N/A 1.15 0.96 1.37

Louwers N/A N/A 1.15 0.87 1.51 N/A N/A 0.97 0.84 1.12 N/A N/A 1.45 1.09 1.92

Gammoh 346/36 369/35 1.10 0.67 1.79 344/38 375/29 1.43 0.86 2.37 343/39 373/31 1.37 0.83 2.24

Ha LX N/A N/A N/A N/A N/A 230/72 160/38 1.32 0.85 2.05 N/A N/A N/A N/A N/A

Day FR N/A N/A N/A N/A N/A N/A N/A 1.01 0.97 1.06 N/A N/A N/A N/A N/A

SNP single-nucleotide polymorphisms, N/A not applicable
a The lower limit of 95 % CI
b The upper limit of 95 % CI
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rs2479106 can serve as a gene marker of PCOS and EA.

The mentioned SNPs above are all located in introns, and it

is not conformed that they have responsibility of gene

expression function. For the sake of characterize the coding

protein sequence of DENND1A gene in PCOS cohort, one

research came up with 8 SNPs in the coding region, in

which a missense SNP (rs189947178, A/C) could poten-

tially alter the structural conformation of the protein [29].

However, we need more replication studies and protein

functional studies of this SNP in the further exploration.

Since the DENND1A gene locus served as a novel

candidate gene in PCOS pathogenesis, the possible mech-

anism of promoting PCOS is urged to be recognized. There

are two different transcripts of DENND1A gene due to the

different division: DEEND1A.V1 and DEEND1A.V2.

McAllister et al. [30]. found that DEEND1A.V2 was

highly expressed in theca cells of PCOS patients, and they

compelled the DEEND1A.V2 to express in normal theca

cells, those would become PCOS-like manifestation with

increasing expression of CYP17A1 and CYP11A1 gene as

well as augmented androgen production. Notably, Studies

have found that if DEEND1A.V2 gene was knocked down

among PCOS patients, the theca cells would come to be

normal phenotype [30]. All conveyed us the message that

DENND1A gene might play a vital role in regulating the

theca cell steroid genesis. In addition, they also discovered

the significant elevated level of DENND1A.V2 RNA in

PCOS patients’ urine. It provided the basis for a promising

noninvasive PCOS diagnose, particularly in adolescent

even preadolescent girls. Recently, the lentiviral vector

carrying DENND1A gene has been constructed success-

fully [31]. They generated DENND1A recombinant virus

by the means of lentivirus package, and the recombinant

was employed to infect the primary theca-interstitial cells,

which established fundamental foundation for further

investigation of gene function in vivo and in vitro.

Our meta-analysis and systematic review still has some

limitations and pities. To begin with, apart from Asian and

European data, there were not relevant references based on

other ethnic population, such as African. Secondly, three

kinds of PCOS diagnostic criteria coexisted. The most

common criteria is 2003 Rotterdam consensus criteria [24]:

(1) oligo-ovulation or/and anovulation (OA); (2) clinical

and/or biochemical hyperandrogenism (HA); (3) polycystic

ovaries (PCO, by ultrasound). Two of them are required to

confirm the diagnosis which yielded four PCOS subtypes:

OA?HA?PCO;OA?HA;HA?PCO;OA?PCO. Neverthe-

less, all the patients were diagnosed as OA?HA?PCO

type in Chen et al.’s study, meanwhile, the whole ones in

Goodarizi et al.’s [17] and Welt et al’s studies [19] were

identified as OA?HA type according to NIH criteria [25].

However, the patients in the reminding studies enrolled in

our study ranged over all 4 subtypes. In our opinions, it will

probably cause bias for the various phenotypes in genetic

background. Therefore, it is advised that researchers should

calculate the SNPs considering the subtypes discrepancy in

the next step. For example, Cui et al. and Sun et al.

[32, 33], they calculated the allele frequency distribution

among different sub-phenotypes. Last but not least, our

meta-analysis was based on unadjusted OR estimates

because not all published studies presented adjusted ORs,

or when they did, the ORs were not adjusted by the same

potential confounders, such as age, BMI, ethnicity and

exposures. Lacking of the information for the data analysis

might cause serious confounding bias.

In conclusion, our current meta-analysis suggest that

DENND1A gene may contribute to the pathogenic of

PCOS, whereby, rs10818854 and rs10986105 have impact

both in Asian and European, rs2479106 just affect Asians

yet. Our meta-analysis provided an emphasis on the genetic

risk profile. In the future, it is critical that larger and well-

designed multi-centric studies based on Africans and other

ethnics should be performed to re-evaluate the association,

taking the gene–environment interaction into consideration

if necessary.

Table 4 Summary risk estimates for the association between

DENND1A gene polymorphism and PCOS

Polymorphisms N Allele Ph I2 (%)

OR (95 % CI)

rs10818854

All 6 1.36 (1.12–1.61) 0.001 76.5

Ethnic

Asian 3 1.26 (0.90–1.61) 0.001 85.4

European 3 1.50 (1.08–1.92) 0.029 71.8

Criterion

Rotterdam 4 1.23 (0.95–1.52) 0.002 80.1

NIH 2 1.69 (1.36–2.03) 0.268 18.6

rs2479106

All 9 1.11 (1.00–1.22) 0.000 80.0

Ethnic

Asian 4 1.32 (1.25–1.39) 0.824 0.0

European 5 1.01 (0.97–1.05) 0.623 0.0

Criterion

Rotterdam 7 1.16 (0.99–1.33) 0.000 80.1

NIH 2 1.04 (0.96–1.13) 0.908 0.0

rs10986105

All 5 1.39 (1.20–1.58) 0.091 50.0

Ethnic

Asian 3 1.33 (1.07–1.59) 0.041 68.7

European 2 1.55 (1.23–1.86) 0.477 0.0

Criterion

Rotterdam 4 1.35 (1.15–1.56) 0.089 54.0

NIH 1 1.68 (1.20–2.16) – –
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