Yao et al. Journal of Translational Medicine 2012, 10:136
http://www.translational-medicine.com/content/10/1/136

-ﬁik\- JOURNAL OF
TRANSLATIONAL MEDICINE

A systematic review and meta-analysis of 235delC

mutation of GJB2 gene

Jun Yao', Yajie Lu", Qinjun Wei', Xin Cao®" and Guanggian Xing>"

Abstract

world widely.

Europe and Asian.

468~2296, Z=1.68, P >0.05).

Background: The 235delC mutation of GJB2 gene is considered as a risk factor for the non-syndromic hearing loss
(NSHL), and a significant difference in the frequency and distribution of the 235delC mutation has been described

Methods: A systematic review was performed by means of a meta-analysis to evaluate the influence of the
235delC mutation on the risk of NSHL. A literature search in electronic databases using keywords “235delC”, “GJB2"
associated with “carrier frequency” was conducted to include all papers from January 1999 to June 2011. A total of
36 papers were included and there contained 13217 cases and 6521 controls derived from Oceania, American,

Results: A remarkable heterogeneity between these studies was observed. The combined results of meta-analysis
showed that the 235delC mutant increased the risk of NSHL (OR=7.9, 95%C/ 4.77 ~13.11, P <0.00001). Meanwhile,
heterogeneity of genetic effect was also observed due to the ethnic specificity and regional disparity. Therefore, the
stratified meta-analysis was subsequently conducted and the results indicated that the 235delC mutation was
significantly correlated with the risk of NHSL in the East Asian and South-east Asian populations (OR=12.05, 95%C/
8.33~17.44, P <0.00001), but not significantly in the Oceania and European populations (OR = 10.36, 95%C.

Conclusions: The 235delC mutation of GJB2 gene increased the risk of NHSL in the East Asian and South-east Asian
populations, but non-significantly associated with the NSHL susceptibility in Oceania and European populations,
suggesting a significant ethnic specificity of this NSHL-associated mutation.
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Introduction

Hearing impairment is the most common sensory dis-
order, present in 1 of every 1000 newborns, about half of
which could be attributed to genetic factors [1]. There are
two monogenic forms of hearing loss including syndromic
(characterized by hearing loss in combination with other
abnormalities) and non-syndromic (with only hearing loss)
deafness [1]. Up to now, more than 70 loci for non-
syndromic hearing loss (NSHL) had been identified
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(http://hereditaryhearingloss.org/). Among them, DFNB1
was considered to be the main cause of prelingual deaf-
ness. As one of the DENBL1 locus-linked genes, G/B2 was
the first to be indentified which encoded the gap junction
protein connexin 26 (Cx26). To date, more than a hun-
dred different mutations of this gene has been impli-
cated in NSHL [2]. The most common mutations of
GJB2 gene comprised 35delG, 167delT and 235delC
with the varied incidence among populations [2].

The 235delC mutation of G/B2 is the most frequently
known mutation in some East Asian groups, with a car-
rier frequency of approximately 1% [3]. Recently, a sub-
stantial amount of research had been devoted to
elucidate the influence of this mutation on the risk of
NSHL, but conflicting results were obtained. Some stud-
ies reported that the 235delC mutation had only limited
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effect on the risk of NSHL [4, 5], while others suggested
that the 235delC mutation increased the risk of NSHL
or was concerned with the specificity pathological type
of NSHL [6, 7]. In those reported studies, the genetic
background of the ethnic specificity and the regional dis-
parity were not completely considered, or small effects
in human genetic association were difficult to be
detected due to small sample size of case-control stud-
ies. To clarify the variable results, a further research on
the association between ethnic specificity of the 235delC
mutation and the NSHL susceptibility was essentially
needed. In this study, a combined meta-analysis was per-
formed by pooling data from all relevant case-control
studies published in recent ten years. The association of
the 235delC mutation with hearing loss and the hetero-
geneity of genetic effect were evaluated, based on which
the stratified meta-analysis was subsequently conducted
to assess the ethnic specificity of the 235delC mutation
associated with the NSHL susceptibility.

Methods

Literature search

The electronic databases including PubMed, Inter-
Science, British Library Direct, Embase, Sciencedirect,
Chinese Biomedical Literature, Chinese WanFang
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database and China National Knowledge Infrastructure
were searched from January 1999 to June 2011, fulfilling
all case-control studies holding information on the epi-
demiology study in molecular genetics of hearing loss.
The following terms were used in search strategies:
GJB2, Connexin 26 (Cx26), mutation, variant, NSHL or
NSHI (non-syndromic hearing impairment). All related
citations were retrieved to find other relevant articles
that were not initially identified. The entire literature
search was performed by two independent researchers.

Study selection

The reference lists of all traced articles were examined
manually and screened for eligibility using the following
criteria: (1) the association of the 235delC mutation of
GJB2 with NSHL was examined based on case-control
design; (2) the selected papers contained complete infor-
mation and represented Odds Ratio (OR) and 95% Con-
fidence Interval (95%CI) directly or indirectly; (3) for the
same studied populations, only the papers newly pub-
lished or providing the complete data were adopted. All
collected papers were scored and categorized according
to the Newcastle-Ottawa Scale (NOS) for assessing the
quality of case-control studies [8]. Studies with the low
score (below 6) or the genetic type of control group

-

[ Potentially relevant publications identified and screened

(146 papers) }

Excluded studies with incomplete data of case-control study,
repeated data or unavailable papers (110 papers)

[ (36 papers comprising 13217 cases and 6521 controls)

Publications included }

[ (24 papers comprising 10160 cases and 3802controls)

Publications included in Asian 1

Excluded studies in non Asian
(12 papers)
Excluded studies in South Asian, West Asian and North
Asian (5 papers)

Publications included in East Asian and Southeast Asian
(19 papers comprising 9275cases and 2904controls)

Figure 1 Flow chart of review process.
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inconsistent with the principle of Hardy-Weinberg Equi-
librium (HWE) were categorized to Grade B, and the
others were categorized to Grade A [9].

Data extraction

A total of 146 papers were obtained through the search of
electronic databases. Among them, 36 papers associated
with the 235delC mutation of G/B2 gene and the NSHL
susceptibility were selected for the following data analysis.
The flow chart of review process was shown as Figure 1.

Data analysis

The mean value of carrier frequency of the 235delC mu-
tation in the individual studies was calculated. The
included populations were divided into two groups
(Asian and non-Asian groups) according to the distribu-
tion of carriers. The relationship between the 235delC
mutation of G/B2 and hearing loss was evaluated for
each group or continent. The statistical analysis was
conducted using Review Manager 5.1 (RevMan) supplied
by the Cochrane Collaboration (Oxford, UK). Hetero-
geneity among studies was assessed through Cochrane
X° test and I* statistic (P < 0.05 indicating the existence
of between-study heterogeneity). Based on the test of
heterogeneity, the combined meta-analysis and stratified
meta-analysis were conducted respectively. The pooled
OR was calculated using fixed or random effect model,
along with the 95%CI to measure the strength of the
genetic association. The publication bias was analyzed
by STATA 11.0 and Begg’s test, and failsafe number (Ng)
was calculated (Ng>10, P>0.05 means that the
obtained conclusion was confident). The statistical ana-
lysis was performed using Software SPSS (Version 13,
Chicago, USA). An online tool (http://ihg.gsf.de/cgi-bin/
hw/hwal.pl/) was applied to test whether the genetic
type of control group was consistent with Hardy-
Weinberg equilibrium (HWE) for each study.

Results

The 235delC carrier frequency of GJB2 allele

Among 36 included papers, there were 24 papers con-
taining the information on the 235delC carrier frequen-
cies of GJB2 allele, as shown in Table 1.

Characteristics of included studies

A total of 36 case-control studies comprising 13217
patients’ cases with NSHL and 6521 controls were
included in meta-analysis (Table 2). Each study was eval-
uated with a high score (not less than 5). Among them,
there were 14 papers categorized to Grade A. All the
included 36 case-control studies were consistent with
the Hardy-Weinberg Equilibrium test, indicating a good
representation of control populations.
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Table 1 235del mutation frequencies of of GJB2 allele in
the individual studies

No Relevant Studies TOTAL HETRO HOMO TOTAL%
1 Ohtsuka A, et al. 2003 [10] 1227 92 16 5.05%
2 Batissoco AC, et al. 2009 [11] 300 1 0 0.17%
3 Wattanasirichaigoon D, 166 6 2 3.01%

et al. 2004 [12]
4 Padma G, et al. 2009 [13] 456 0 1 0.22%
5 Park HJ, et al. 2000 [14] 147 5 5 5.10%
6 Shalin H, et al. 2002 [15] 48 0 1 2.08%
7 LeeKY, et al. 2008 [16] 29 0 2 6.90%
8 Schimmenti LA, et al. 2008 [17] 95 0 1 1.05%
9 Posukh O, et al. 2005 [18] 76 4 1 3.95%

10 Abe S, et al. 2000 [19] 35 4 1 857%
11 Tang, HY et al. 2006 [20] 610 1 0 0.08%
12 Tekin M, et al. 2010 [21] 534 12 2 1.50%
13 Kudo T, et al. 2000 [22] 63 1 3 5.56%
15 Cheng X, et al. 2005 [23] 740 1 1 0.20%
16 Wang YC, et al. 2002 [24] 169 6 8 6.51%
17 Chen D, et al. 2009 [25] 100 10 16 21.00%
18 Xiao ZA, et al. 2004 [26] 131 2 9 7.63%
19 Wang SH, et al. 2009 [27] 140 7 20 16.79%
20 Hwa, HL et al. 2003 [28] 324 16 1 5.86%
21 Shi GZ, et al. 2004 [29] 20 3 3 22.50%
22 Dai P, et al. 2007 [30] 3004 255 233 12.00%
23 Liu ZX, et al. 2002 [31] 118 20 14 20.34%
24 Liu YH, et al2002 [32] 210 13 27 15.95%

(**=6.667, P <0.05. A significant heterogeneity was found in the 235del
mutation frequency of GJB2 allele).

Meta-analysis of overall data

The 235delC mutation of G/B2 gene was not detected in
five case-control studies, so the rest of 31 studies com-
promising 12437 patients’ cases and 5844 controls were
included in meta-anslysis. The pooled OR was calculated
using random effect model, and the forest plot on the
association of mutation carriers with the risk of NSHL
was fulfilled (OR=7.9, 95%CI: 4.77~13.11, Z=8.01,
P<0.00001). As shown in Figure 2, the pooled OR and
95%CI values demonstrated that there was a higher
prevalence of the 235delC mutation in the case group
than in the control group. The publication bias was
examined by use of funnel plot (Figure 3). The visual in-
spection of funnel plot seemed to be symmetrical, and
most of the data points were located within 95%CI.
However, an absence of corner was observed possibly
due to the unpublished negative results. Additionally,
the Begg’s test was conducted to analyze the symmetry
of the funnel plot, and no significant publication bias
was found (Ni=58.84>10, P=0.341>0.05), which
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Table 2 Relevant studies on 235delC mutation and NSHL

Page 4 of 10

No Author Score/ Grade No Author Score/ Grade

Studies in non-Asian populations
1 Dahl HM, et al. 2006 [4] 6A 7 Cheng X, et al. 2005 [23] 5B
2 Ramsebner R, et al. 2007 [5] 5B 8 Utrera R, et al. 2007 [33] 5B
3 Batissoco AC, et al. 2009 [11] 5B 9 Tang HY, et al. 2006 [20] 6A
4 Damalon V, et al. 2010 [34] 5B 10 Pollak A, et al. 2007 [35] 5B
5 Samanich J, et al. 2007 [36] 5B 11 Téth T, et al. 2007 [37] 5B
6 Schimmenti LA, et al. 2008 [17] 6A 12 Neocleous V, et al. 2006 [38] 5B

Studies in East Asian and Southeast Asian populations
13 Snoeckx RL, et al. 2005 [39] 5B 23 Xiao ZA, et al. 2004 [26] 5B
14 Wattanasirichaigoon D, et al. 2004 [12] 5B 24 Wang SH, et al. 2009 [ 27] 6A
15 Park HJ, et al. 2000 [14] 6A 25 Hwa HL, et al. 2003 [28] 5B
16 Lee KY, et al. 2008 [16] 5B 26 Shi GZ, et al. 2004 [29] 6A
17 Abe S, et al. 2000 [19] 5B 27 Dai P, et al. 2007 [30] 6A
18 Ohtsuka A, et al. 2003 [10] 5B 28 Liu ZX, et al. 2002 [31] 5A
19 Tekin M, et al. 2010 [21] 5B 29 Liu YH, et al. 2002 [32] 6A
20 Kudo T, et al. 2000 [22] 5B 30 Chen GM, et al. 2011 [40] 5B
21 Wang YC, et al. 2002 [24] 6A 31 Guo YF, et al. 2008 [41] 6A
22 Chen D, et al. 2009 [25] 58

Studies in South Asian, West Asian and North Asian populations
32 Padma G, et al. 2009 [13] 6A 35 Baysal E, et al. 2008 [42] 6A
33 Bhalla S, et al. 2009 [43] 6A 36 Posukh O, et al. 2005 [18] 5B
34 Shalin H, et al. 2002 [15] 5B

suggested that the publication bias had little effect on
the result of meta-analysis and the conclusions obtained
were confident.

Heterogeneity of genetic effect was detected as shown
in Figure 2 (x*=56.12, df=30, P=0.003<0.05, I* = 47%),
which indicated that the association of the 235delC mu-
tation with the risk of NSHL was varied due to the eth-
nic specificity or regional disparity. To elucidate the
prevalence of the 235delC mutation related to the NSHL
susceptibility more precisely, the stratified meta-analysis
was subsequently performed according to the regional
studies. It was observed that a high prevalence of the
235delC mutation related to hearing loss was reported
in Asian (Figure 4). Therefore, the populations of the
included studies were divided into Asian and Non-Asian
population groups, and the stratified meta-analysis was
conducted to each group.

Stratified meta-analysis of Asian population group

Two studies were excluded due to undetectable 235delC
mutations in patients’ cases or incomplete statistical data
in controls. And a total of 22 papers compromising 9855
patients’ cases and 3634 controls were included in the
stratified meta-analysis. The pooled OR was calculated
using random effect model, and forest plot on the

association of mutation carriers with the risk of NSHL
was fulfilled (OR=8.95  95%ClL 544 ~14.73,
Z=8.62, P<0.00001). As shown in Figure 5, the pooled
OR and 95%CI values demonstrated that the 235delC
mutation of GJB2 gene was significantly associated
with the risk of NSHL in Asian population. The visual
inspection of funnel plot seemed to be symmetrical
(Figure 6), and most of the data points were located
within 95%CI. The Begg’s test was also used to analyze
the symmetry of funnel plot, and no significant publica-
tion bias was found (Ng=35.46>10, P=0.499>0.05),
which suggested that and the publication bias had little
effect on the result of meta-analysis and the conclusions
obtained were confident.

Heterogeneity of genetic effect was still detected as
shown in Figure 5 (x*=33.90, df=21, P=0.04<0.05,
P =38%), which demonstrated the presence of disparity
in the prevalence of the 235delC mutation related to
NSHL susceptibility among Asian populations suggest-
ing the need of further stratified meta-analysis.

Stratified Meta-analysis of East Asian and Southeast Asian
populations

The overall effect on included studies in East Asian and
Southeast Asian populations was evaluated, and a total
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Experimental Control

Odds Ratio Odds Ratio

Heterogeneity: Tau? = 0.80; Chi? = 56.12, df = 30 (P = 0.003); I? = 47%
Test for overall effect: Z = 8.01 (P < 0.00001)

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
AGNIESZKA POLLAK 2007 3 233 0 1050 22%  31.90[1.64,619.74] —
AKIHIO OHTSUKA 2003 108 1227 0 147 24%  28.59[1.77,462.47] B
ANA CARLA BATISSOCO 2009 1 300 0 100 19% 1.011[0.04, 24.91] ‘ ‘
D WATT 2004 8 166 1 205 34% 10.33[1.28, 83.44] —
DAI PU 2007 488 3004 5 466 6.6% 17.88[7.37, 43.40] —
DONGYE CHEN 2009 26 100 3 109 56% 12.41[3.62, 42.53] —
ELIF 2008 0 95 0 67 Not estimable

G PADMA 2009 1 456 0 200 19% 1.32[0.05, 32.56] ¢ ‘
GUANMING CHEN 2011 62 813 2 126 5.0% 5.12[1.24,21.19] L
GUO YF 2008 45 514 0 117 24% 22.77[1.39, 372.39] —
HASHMAN 2002 1 48 0 400 19%  25.29[1.02,629.74] —
HH W2006 0 48 190 1.9% 0.62[0.02, 15.39] *

HONG JOON PARK 2000 10 147 1 100 3.5% 7.23[0.91,57.37] '
HWA 2003 27 34 9 432 7.0% 4.27[1.98,9.22] -
JOY SAMANICH 2007 0 101 0 187 Not estimable

KY LEE 2008 2 29 0 100 21%  18.27[0.85,391.87] T
LISA A SCHIMMENTI 2008 1 95 0 5 1.8% 0.17[0.01,4.80] *

LIU ZX 2002 34 118 2 150 4.9%  29.95(7.02, 127.82] —
OLGA 2005 5 76 6 130 56% 1.46 [0.43, 4.94] -

RENE UTRERA 2007 28 116 0 116 23% 75.03[4.52, 1245.86] —
RENHARD RAMSEBNER 2007 0 122 0 198 Not estimable

S BHALLA 2009 0 210 0 101 Not estimable

SATOKO ABE 2000 5 35 1 81 33%  13.33[1.50, 118.86] —
SHI GZ 2004 6 20 1 50 32%  21.00[2.33,189.29] —
SNOECKX 2005 19 1531 0 50 23% 1.30[0.08, 21.87] »
TAKAYUKI 2000 1 63 0 39 19% 1.90[0.08, 47.71] »
TANG 2006 1 610 1 294  24% 0.4810.03,7.72] *

TEKIN 2010 14 534 2 217  48% 2.89[0.65, 12.84] - -
TIMEA TOTH 2007 28 40 1 410 3.6%  24.31[3.27,180.86] —
VASSOS NEOCLEOUS 2006 10 30 0 30 22%  31.24[1.73,563.16] —
VIVIANA DAMALON 2010 0 252 0 124 Not estimable

WANG SH 2009 27 140 0 115 23%  55.97[3.37,928.59] —
XIAO ZIAN 2004 1 131 1 100 3.5% 9.07 [1.15, 71.51] -
XING CHENG 2005 2 740 0 115 21% 0.78[0.04, 16.39] *

YH LIU 2002 40 210 1 200 3.6%  46.82[6.37,344.20] —
YI CHUN WANG 2002 14 169 0 100 23%  18.74[1.11,317.71] —*
Total (95% CI) 13217 6521 100.0%  7.90[4.77,13.11] >
Total events 1023 38 . L

Figure 2 Forest plot on the association of 235delC mutation with the risk of NSHL.
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of 19 papers were included, compromising 9275 patients’
cases and 2904 controls. The forest plot on the associ-
ation of mutation carriers with the risk of NSHL was
fulfilled using random effect model (OR=12.05, 95%CI:
8.33~17.44, Z=1321, P <0.00001). As shown in
Figure 7, the pooled OR and 95%CI values demonstra-
ted that the prevalence of the 235delC mutation was

higher in the case group than in the control group.
Publication bias was examined by use of funnel plot
(Figure 8). The Begg’s test was also used to analyze
the symmetry of funnel plot, and no significant publi-
cation bias was found (Ng =28.58>10, P=0.576>0.05),
which suggested that and the publication bias had little
effect on the result of meta-analysis and the obtained
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Figure 3 Begg’s funnel plot assessing publication bias on all
included studies.

\

conclusion was confident. In addition, no significant
heterogeneity of genetic effect was found as shown in
Figure 7 (x> =27.16, df=18, P=0.08>0.05, I* = 34%).

The above analytic results indicated that the 235delC
mutation of GJB2 gene was significantly associated with
the risk of NSHL in East Asian and Southeast Asian.
Due to the insufficient searched studies, the meta-
analysis was not performed to the regional studies in
North Asian, West Asian and South Asian populations,
respectively.

Stratified Meta-analysis of Non-Asian population group
(Europe and Oceania populations)

Three case-control studies were excluded due to no
235delC mutation of G/B2 gene detected, and a total of
9 papers were included, compromising 2683 patients’
cases and 2397 controls. The pooled OR was calculated
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using random effect model, and forest plot on the asso-
ciation of mutation carriers with the risk of NSHL was
fulfilled (Figure 9). The prevalence of the 235delC muta-
tion seemed to be ethnic-specific, but was not signifi-
cantly associated with the NSHL susceptibility in
European and Oceania population (OR=10.36, 95%CI:
4.68 ~22.96, Z=1.68, P=0.09>0.05).

Discussion

The investigation on heterogeneity in genetic association
were commonly leveled to the genetic effect and genetic
model: the genetic effect focused on the difference in
study method, potential interaction of gene-gene or
gene-environment and linkage disequilibrium [13], while
the genetic model was mainly concerned with the differ-
ential association between heterozygote (or homozygote)
and the risk of human diseases. The development of
hearing loss involved with numerous factors and experi-
enced multiple steps, and the interaction of heredity
(genes) and environmental factors played an important
role, which could have a potential influence on the asso-
ciation of GJB2 mutations and the NSHL susceptibility
with ethnic specificity or certain genetic backgrounds of
affected families. Meanwhile, the same type of single nu-
cleotide polymorphisms (SNP) could show various con-
tributions to the genetic models derived from different
studies due to the ethnic specificity.

By increasing the sample size, meta-analysis based on
case-control studies has the potential to evaluate the
between-study heterogeneity and detect small effects in
genetic association. In this study, the combined results of
meta-analysis showed that the 235delC mutant increased
the risk of NSHL, but significant between-study hetero-
geneity and genetic-effect heterogeneity were detected, in-
dicating that the ethnic specificity and regional disparity

East Asia, 10203, 52%

Figure 4 Proportions of tested individuals in different continents.

Oceania, 458, 2%

South America, 776, 4%
Europe, 2163, 11%

orth America, 2379, 12%

North Asia, 206, 1%

Southeast Asia, 1952, 10%

West Asia, 610, 3%
South Asia, 967, 5%
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Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
AKIHIO OHTSUKA 2003 108 1227 0 147 26%  2859[1.77,462.47 —
D WATT 2004 8 166 1 205 4.0% 10.33[1.28, 83.44]
DAI PU 2007 488 3004 5 466 9.7% 17.88[7.37, 43.40] -
DONGYE CHEN 2009 26 100 3 109 7.6% 12.41[3.62, 42.53] -
ELIF 2008 0 95 0 67 Not estimable
G PADMA 2009 1 456 0 200 21% 1.32[0.05, 32.56]
GUANMING CHEN 2011 62 813 2 126 6.6% 5.12[1.24,21.19] -
GUO YF 2008 45 514 0 117 26%  22.77[1.39,372.39] —
HASHMAN 2002 1 48 0 400 21%  25.29[1.02,629.74] -
HONG JOON PARK 2000 10 147 1 100 4.1% 7.23[0.91,57.37] T
HWA 2003 27 324 9 432 10.5% 4.27[1.98,9.22] -
KY LEE 2008 2 29 0 100 22%  18.27[0.85,391.87] T
LIU ZX 2002 34 118 2 150 6.4% 29.95[7.02, 127.82] —
OLGA 2005 5 76 6 130 7.6% 1.46[0.43, 4.94] 1
S BHALLA 2009 0 210 0 101 Not estimable
SATOKO ABE 2000 5 35 1 81 38%  13.33[1.50,118.86] —
SHI 2004 6 20 1 50 38%  21.00[2.33,189.29] —
SNOECKX 2005 19 1531 0 50 26% 1.30[0.08, 21.87]
TAKAYUKI 2000 1 63 0 39 20% 1.90[0.08, 47.71]
TEKIN 2010 14 534 2 217 6.2% 2.89[0.65, 12.84] T
WANG SH 2009 27 140 0 115 26%  55.97[3.37,928.59] —
XIAO ZIAN 2004 11 131 1 100 4.1% 9.07[1.15,71.51]
YH LIU 2002 40 210 1 200 4.3% 46.82 [6.37, 344.20] —
YI CHUN WANG 2002 14 169 0 100 25%  1874[1.11,317.71] —
Total (95% Cl) 10160 3802 100.0% 8.95[5.44,14.73] &
Total events 954 35
Heterogeneity: Tau? = 0.46; Chi2 = 33.90, df = 21 (P = 0.04); I2 = 38% Io. o 0 1 ! 1‘0 1 00‘
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Figure 5 Forest plot on the association of 235delC mutation with the risk of NSHL in Asian populations.
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Figure 6 Begg's funnel plot assessing publication bias on
included studies in Asian populations.

contributed to the association between the 235delC muta-
tion of GJB2 gene and the NSHL susceptibility. Results of
stratified meta-analysis showed that the 235delC mutation
was prominently associated with the risk of NSHL in East
Asian and Southeast Asian populations, but not signifi-
cantly in European and Oceania populations. The 235delC
mutation of GJB2 gene trended to be consistent with re-
cessive model in Chinese population, while heterogeneity
of genetic effect was also detected in studies of G/B2 mu-
tation reported in Europe and Oceania, which suggested
that multiple models could possibly be present in Euro-
pean and American populations, due to a complex inter-
action between GJB2 mutations and environmental
factors. A further research on the prevalence of the
235delC mutation of G/B2 gene related to the NSHL sus-
ceptibility, as well as the regional disparity and ethnic spe-
cificity will be essentially need.
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SNOECKX 2005 19 1531 0 50 28% 1.30[0.08,21.87]
TAKAYUKI 2000 1 63 2 39 72% 0.30[0.03, 3.41]
TEKIN 2010 14 534 0 217  2.0% 12.12[0.72, 204.04] " ‘
WANG SH 2009 27 140 1 115 2.6% 27.24[3.64,203.87] —
XIAO ZIAN 2004 11 131 2 100 6.1% 4.49[0.97,20.75]
YH LIU 2002 40 210 1 200 24% 46.82[6.37,344.20] —
YI CHUN WANG 2002 14 169 0 100 1.7% 18.74[1.11,317.71] —
Total (95% Cl) 9275 2904 100.0% 12.05[8.33, 17.44] ‘
Total events 947 31 . . .
itv: Chi2 = - - 2 = 349 f T T 1
ety G2 BT -3 o
' ' ' Favours experimental  Favours control
Figure 7 Forest plot on the association of 235delC mutation with the risk of NSHL in East Asian and Southeast Asian populations.

\

Conclusions

A systematic review was performed by means of a meta-
analysis to evaluate the influence of the 235delC muta-
tion on the NSHL susceptibility. The combined results

Begd's funnel plot with peeudo 5% corfidence limits
5

Log odds ratio

T T T
5 1 15

Standard error of log odds ratio

o

Figure 8 Begg’s funnel plot assessing publication bias on
included studies in East Asian and Southeast Asian

populations.

of meta-analysis by pooling all relevant studies showed
that the 235delC mutant increased the risk of NSHL.
However, heterogeneity of genetic effect was observed
due to the ethnic specificity and regional disparity.
Therefore, stratified meta-analysis was conducted in dif-
ferent ethnic population group, and the results indicated
that the 235delC mutation was prominently correlated
with the risk of NHSL in the East Asian and South-east
Asian populations, but non-significantly associated with
the Oceania and European populations. Based on this
study, a further research on the genetic mechanism of
the NSHL susceptibility related to the 235delC mutation
of GJB2 gene will be carried out in our future work.
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Figure 9 Forest plot on the association of 235delC mutation with the risk of NSHL in Europe and Oceania populations.

Acknowledgements

This research was supported by the Grants from the National Natural Science
Foundation of China (No. 31171217) and a Project Funded by the Priority
Academic Program Development of Jiangsu Higher Education Institution to
XC, and the Grant from Jiangsu Health Administration of China (LJ201120) to
GQX.

Author details

'Department of Biotechnology, School of Basic Medical Science, Nanjing
Medical University, Nanjing 210029, People’s Republic of China. “The State
Key Laboratory of Reproductive Medicine, Department of Biotechnology,
Nanjing Medical University, Hanzhong Road No.140, Nanjing 210029,
People’s Republic of China. *Department of Otorhinolaryngology, The First
Affiliated Hospital of Nanjing Medical University, Guangzhou Road No.300,
Nanjing 210029, People’s Republic of China.

Received: 25 December 2011 Accepted: 15 June 2012
Published: 2 July 2012

References

1. Cohen MM, Gorlin RJ: Hereditary hearing loss and its syndromes. In
Origins of Oxford monographs on medical genetics, No 28. Edited by Gorlin
RJ, Toriello HV, Cohen MM. New York: Oxford University Press; 1995:9-21.

2. Hilgert N, Smith RJH, Campa GV: Forty-six genes causing nonsyndromic
hearing impairment: Which ones should be analyzed in DNA
diagnostics. Mutat Res 2009, 681:189-196.

3. Yan D, Park HJ, Ouyang XM, et al: Evidence of a founder effect for the

235delC mutation of GJB2 (connexin 26) in East Asians. Hum Genet 2003,

114:44-50.

Dahl HM, Tobin SE, Poulakis Z, et al: The contribution of GJB2 mutations to

slight or mild hearing loss in Australian elementary school children.

J Med Genet 2006, 43:850-855.

5. Ramsebner R, Lucas T, Schoefer C, et al: Relevance of the A1555G

mutation in the 125 rRNA gene for hearing impairment in Austria. BMC

Med Genet 2007, 7:884-886.

Li R, Greinwald JH Jr, Yang L, et al: Molecular analysis of the mitochondrial

12S rRNA and tRNASer (UCN) genes in paediatric subjects with non-

syndromic hearing loss. J Med Genet 2004, 41:615-620.

7.

Rabionet R, Gasparini P, Estivill X: Molecular genetics of hearing
impairment due to mutations in gap junction genes encoding beta
connexins. Hum Mutat 2000, 16:190-202.

Wells GA, Shea B, O'Connell D, et al- The Newcastle-Ottawa Scale (NOS) for
assessing the quality of nonrandomised studies in meta-analyses. Oxford, UK:
3rd Symposium on Systematic Reviews; 2000:3-5 [http.//www.ohri.ca/
programs/clinical_epidemiology/oxford.htm].

Thakkinstian A, McElduff P, D'Este C, et al: A method for meta analysis of
molecular association studies. Stat Med 2005, 24:1291-1306.

Ohtsuka A, Yuge |, Kimura S, et al: GJB2 deafness gene shows a specificity
spectrum of mutations in Japan, including a frequent founder mutation.
Hum Genet 2003, 112:329-333.

Batissoco AC, Abreu-Silva RS, Braga MC, et al- Prevalence of GJB2
(Connexin-26) and GJB6 (Connexin-30) mutations in a cohort of 300
Brazilian hearing-impaired individuals: implications for diagnosis and
genetic counseling. Ear Hearing 2009, 30:1-7.

Wattanasirichaigoon D, Limwongse C, Jariengprasert C, et al- High
prevalence of V37| genetic variant in the connexin-26 (GJB2) gene
among non-syndromic hearing-impaired and control Thai individuals.
Clin Genet 2004, 66:452-460.

Padma G, Ramchander PV, Nandur UV, et al: GJB2 and GJB6 gene
mutations found in Indian probands with congenital hearing
impairment. J Genet 2009, 88:267-272.

Park HJ, Hahn S, Chun Y, et al- Connexin26 mutations associated with
nonsyndromic hearing loss. Laryngoscope 2000, 110:1535-1538.

Shalin H, Walsh T, Sobe T, et al- Genetics of congenital deafness in the
Palestinian population: multiple connexin 26 alleles with shared origins
in the Middle East. Hum Genet 2002, 110:284-289.

Lee KY, Choi SY, Bae JW, et al: Molecular analysis of GJB2, GJB6 and
SLC26A4 genes in Korean deafness patients. Int J Pediatr Otorhinolaryngol
2008, 72:1301-1309.

Schimmenti LA, Martinez A, Telatar M, et al: Infant hearing loss and
connexin texting in diverse population. Genet Med 2008, 10:517-524.
Posukh O, Pallares-Ruiz N, Tadinova V, et al: First molecular screening of
deafness in the Altai Republic population. BMC Med Genet 2005, 6:2-8.
Abe S, Usami S, Shinkawa H, et al: Prevalent connexin 26 gene (GJB2)
mutations in Japanese. J Med Genet 2000, 37:41-43.

Tang HY, Fang P, Ward PA, et al: DNA sequence analysis of GJB2,
encoding connexin 26: observations from a population of hearing


http://www.ohri.ca/programs/clinical_epidemiology/oxford.htm
http://www.ohri.ca/programs/clinical_epidemiology/oxford.htm

Yao et al. Journal of Translational Medicine 2012, 10:136
http://www.translational-medicine.com/content/10/1/136

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32,

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

Page 10 of 10

impaired cases and variable carrier rates, complex genotypes, and ethnic
stratification of alleles among controls. Am J Med Genet A 2006,
15:2401-2415.

Tekin M, Xia XJ, Erdenetungalag R, et al: GJB2 mutations in Mongolia:
complex alleles, low frequency, and reduced fitness of the deaf. Ann

doi:10.1186/1479-5876-10-136

Cite this article as: Yao et al.: A systematic review and meta-analysis of
235delC mutation of GJB2 gene. Journal of Translational Medicine 2012
10:136.

Hum Genet 2010, 74:155-164.

Kudo T, lkeda K, Kure S, et al: Novel mutations in the connexin 26 gene
(GJB2) responsible for childhood deafness in the Japanese population.
Am J Med Genet 2000, 90:141-145.

Cheng X, Li L, Brashears S, et al: Connexin26 variants and auditory
neuropathy /dys-synchrony among children in schools for the deaf. Am J
Med Genet A 2005, 139:13-18.

Wang YC, Su MC, Su CC, et al: Mutations of Cx26 (GJB2) for prelingual
deafness in Taiwan. Eur J Hum Genet 2002, 10:495-498.

Chen D, Chen X, Cao K, et al: High prevalence of the connexin26 (GJB2)
mutation in Chinese cochlear implant recipients. ORL J Otorhinolaryngol
Relat Spec 2009, 71:212-215.

Xiao ZA, Xie DH: GJB2 (Cx26) gene mutations in Chinese patients with
congenital sensorineural deafness and a report of one novel mutation.
Chin Med J 2004, 12:1797-1801.

Wang SH, Hu ZM, Xiao Z, et al: GJB2 (connexin 26) gene mutation screen
in patients with nonsydromic hearing loss in Human. J Cent South Univ
(Med Sci) 2009, 34:498-503.

Hwa HL, Ko TM, Hsu CJ, et al: Mutation spectrum of the connexin 26
(GJB2) gene in Taiwanese patients with prelingual deafness. Genet Med
2003, 5:161-165.

Shi GZ, Gong LX, Xu XH: GJB2 gene mutations in newborns with non-
syndromic hearing impairment in Northern China. Hearing Res 2004,
197:19-23.

Dai P, Yu F, Han B, et al: Feature of nationwide distribution and frequency
of a common gap junction beta-2 gene mutation in China. Chin J
Otorhinolaryngol Head Neck Surg 2007, 42:804-808.

Liu XZ, Xia XJ, Ke XM, et al: The prevalence of connexin 26 (GJB2)
mutations in the Chinese population. Hum Genet 2002, 111:394-397.

Liu YH, Ke XM, Qi Y, et al: Connexin26 gene (GJB2): prevalence of
mutations in the Chinese population. J Hum Genet 2002, 47:688-690.
Utreta R, Angeli SI: Detection of the 35delG/GJB2 and del (GJB6-
D1351830) mutations in Venezuelan patients with autosomal recessive
nonsyndromic hearing loss. Genet Test 2007, 11:347-352.

Damalon V, Lotersztein V, Béheran A, et al: GJB2 and GJB6 genes:
molecular study and identification of novel GJB2 mutations in the
hearing-impaired Argentinean population. Audiol Neurotol 2010,
15:194-202.

Pollak A, Ploski R, Murgia A: M34T and V371 Mutations in GJB2 associated
hearing impairment: evidence for pathogenicity and reduced
penetrance. Am J Med Genet A 2007, 143:2534-2543.

Samanich J, Lowes C, Burk R, et al: Morrow Mutations in GJB2, GJB6,
and mitochondrial DNA are rare in African, American and Caribbean
Hispanic individuals with hearing impairment. Am J Med Genet A 2007,
143:830-838.

Toth T, Kupka S, Haack B, et al: Coincidence of mutations in different
connexin genes in Hungarian patients. Int J Mol Med 2007, 20:315-321.
Neocleous V, Aspris A, Shahpenterian V, et al: High Frequency of 35delG
GJB2 mutation and absence of del(GJB6-D1351830) in Greek Cypriot
patients with nonsyndromic hearing loss. Genet Test 2006, 10:285-289.

Snoeckx RL, Huygen PL, Feldmann D, et al: GJB2 mutations and degree of Vs
hearing loss: a multicenter study. Am J Hum Genet 2005, 77:945-957.
Chen GM, He F, Fu SQ, et al: GJB2 and mitochondrial DNA 1555A > G
mutations in students with hearing loss in the Hubei Province of China.
Int J Pediatr Otorhinolaryngol 2011, 75:1156-1159.

Guo YF, Liu XW, Guan J, et al: GJB2, SLC26A4 and mitochondrial DNA
A1555G mutations in prelingual deafness in Northern Chinese subjects.
Acta Oto-Laryngologica 2008, 128:297-303.

Baysal E, Bayazit YA, Ceylaner S, et al: GJB2 and mitochondrial A1555G
gene mutations in nonsyndromic profound hearing loss and carrier
frequencies in healthy individuals. J Genet 2008, 87:53-57.

Bhalla S, Sharma R, Khandelwal G, et al: Low incidence of GJB2, GJB6 and
mitochondrial DNA mutations in North Indian patients with
nonsyndromic hearing impairment. Biochem Biophys Res Commun 2009,
385:445-448.

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolVied Central




	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Literature search
	Study selection

	link_Fig1
	Data extraction
	Data analysis

	Results
	The 235delC carrier frequency of GJB2 allele
	Characteristics of included studies
	Meta-analysis of overall data

	link_Tab1
	Stratified &b_k;meta-&e_k;&b_k;analysis&e_k; of Asian population group
	Stratified &b_k;Meta-&e_k;&b_k;analysis&e_k; of East Asian and Southeast Asian populations

	link_Tab2
	link_Fig2
	Stratified &b_k;Meta-&e_k;&b_k;analysis&e_k; of &b_k;Non-&e_k;&b_k;Asian&e_k; population group (Europe and Oceania populations)

	Discussion
	link_Fig3
	link_Fig4
	link_Fig5
	link_Fig6
	Conclusions
	Competing interests
	sectionBib1
	link_Fig7
	link_Fig8
	Acknowledgements
	Author details
	References
	link_CR1
	link_CR2
	link_CR3
	link_CR4
	link_CR5
	link_CR6
	link_CR7
	link_CR8
	link_CR9
	link_CR10
	link_CR11
	link_CR12
	link_CR13
	link_CR14
	link_CR15
	link_CR16
	link_CR17
	link_CR18
	link_CR19
	link_CR20
	link_Fig9
	link_CR21
	link_CR22
	link_CR23
	link_CR24
	link_CR25
	link_CR26
	link_CR27
	link_CR28
	link_CR29
	link_CR30
	link_CR31
	link_CR32
	link_CR33
	link_CR34
	link_CR35
	link_CR36
	link_CR37
	link_CR38
	link_CR39
	link_CR40
	link_CR41
	link_CR42
	link_CR43


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


