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counting for age and sex effects. Another intronic variant 

(rs2072668), which was in strong linkage disequilibrium (r 2  = 

0.96) with Ser(326)Cys also exhibited significant association 

with T2DM (p = 0.031).  Conclusions:  These results suggest 

for the first time that the variants in  OGG1  could influence 

diabetes risk in these Mexican American families and sup-

port a role for alterations of OGG1 in the pathogenesis of 

T2DM.  Copyright © 2010 S. Karger AG, Basel 

 Introduction 

 Reactive oxygen species (ROS) are known to cause 
DNA strand breaks and base modifications in nuclear 
and mitochondrial DNA which in turn play a key role in 
the cellular dysfunction and apoptosis that are critical to 
the pathogenesis of many diseases including diabetes and 
its complications. Accumulating evidence indicates that 
ROS mediated oxidative DNA damage plays a major role 
in  � -cell dysfunction and loss that contributes to the de-
velopment of type 2 diabetes (T2DM) and its complica-
tions  [1] . Among the various oxidatively modified DNA 
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 Abstract 

  Objective:  Human 8-oxoguanine glycosylase 1 (OGG1) ex-

cises oxidatively damaged promutagenic base 8-oxogua-

nine, a lesion previously observed in a rat model of type 2 

diabetes (T2DM). The objective of the present study is to 

 determine whether genetic variation in  OGG1  is associated 

with type 2 diabetes (T2DM) in a Mexican American cohort. 

 Methods:  Ten SNPs including two tagging SNPs (rs1052133, 

rs2072668) across the  OGG1  gene region were selected from 

the Hapmap database and genotyped in the entire cohort

(n = 670; 29% diabetes; 39 families) by TaqMan assay. Asso-

ciation analyses between the SNPs and T2DM were per-

formed using the measured genotype approach as imple-

mented in the program SOLAR.  Results:  Of the ten SNPs gen-

otyped, only five were polymorphic. The minor allele 

frequencies of these 5 SNPs ranged from 1–38%. Of the SNPs 

examined for association, the Ser(326)Cys (rs1052133) exhib-

ited significant association with T2DM (p = 0.016) after ac-
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bases generated by ROS, the 7,8-hydroxy-2 � -deoxy-
guanosine (8-OHdG) is the most abundant and potent 
mutagenic base as it can mispair with adenine residues 
instead of the usual cytosine residues, therefore leading 
to an increased frequency of G:C to T:A transversion mu-
tations that contribute to tumorogensis and carcinogen-
esis  [2] . The repair of 8-OHdG is therefore crucial to 
maintain the functional integrity of cellular DNA. The 
enzyme that recognizes and excises 8-OHdG is 8-oxo-
guanine glycosylase 1 (OGG1).  OGG1  gene maps to hu-
man chromosome 3p26.1, a region that frequently shows 
loss of heterozygosity in several human cancers  [3] .

  Genetic alterations in  OGG1  are thought to influence 
the development of oxidative stress and thus contribute 
to the pathophysiology of many diseases including can-
cer. While many sequence variants within the  OGG1  gene 
have been identified, the main focus has been on the 
Ser(326)-Cys variant, since several epidemiological stud-
ies have associated the Ser(326)Cys polymorphism with 
many types of cancer including kidney, colon and lung 
cancer  [4] . Carriers of Cys/Cys were found to have lower 
OGG1 activity and impaired ability to repair 8-OHdG 
than the carriers of Ser/Ser allele, thus contributing to the 
cancer risk  [5] . Recently, the Ser(326)Cys variant was re-
ported to be associated with decreased insulin sensitivity 
in subjects with normal glucose tolerance suggesting that 
genetic alterations in  OGG1  may contribute to insulin re-
sistance and potentially T2DM  [6] . However, the associa-
tion between  OGG1  polymorphisms and T2DM has not 
yet been explored.

  Therefore, the objective of the present study is to ex-
amine whether  OGG1  polymorphisms are associated 
with T2DM. To address this issue, we used data from
the San Antonio Family Diabetes/Gallbladder Study 
(SAFDGS), which represents a cohort of Mexican Amer-
ican population at high risk for T2DM and its complica-
tions.

  Methods 

 Patient Information and Phenotypes 
 The SAFDGS family member recruitment and data collection 

procedures were reported previously  [7] . Briefly, probands were 
low-income Mexican Americans with T2DM, and all 1st, 2nd, 
and 3rd degree relatives of probands were invited to participate in 
the study. A variety of metabolic, hemodynamic, anthropometric, 
and demographic variables were collected from about 700 indi-
viduals drawn from 39 large Mexican American families. Blood 
samples were obtained after a 12-hour fast for measurement of 
various phenotypes including glucose, total cholesterol, triglycer-
ides, and HDL cholesterol, and they were collected again 2 h after 

a standardized oral glucose load to measure plasma glucose. Dia-
betes status was defined by the 1999 criteria of the World Health 
Organization (i.e., fasting glucose levels  6 126 mg/dl and/or 
2-hour glucose levels  6 200 mg/dl). Participants who did not meet 
these criteria but reported to be under treatment with either oral 
antidiabetic agents or insulin and who gave a history of diabetes 
were also considered to have T2DM. The Institutional Review 
Board of the University of Texas Health Science Center at San An-
tonio approved all procedures, and all subjects gave informed 
consent.

  SNP Selection and Genotyping 
 Tagging SNPs for  OGG1  gene were selected from the Hapmap 

database. Only two tagging SNPs (rs1052133, rs2072668) were 
identified based on the pair-wise tagging ( r  2   6  0.80, MAF  6    
0.05) using genotype data from the unrelated Hapmap CEU indi-
viduals. To assure adequate coverage of the locus, 8 SNPs (MAF 
 ! 1–13%) covering the locus (rs125701, rs1801126, rs3219001, 
rs3219007, rs1805373, rs3219012, rs1052140, rs2304277) were also 
selected for analyses from the SNP database (www.ncbi.nlm.nih.
gov/SNP). All the 10 SNPs were genotyped in the study partici-
pants (n = 670, 39 families) by TaqMan assay (Applied Biosystems, 
Calif., USA). Allelic discrimination PCR was carried out on a
GeneAmp PCR system 9700 (Applied Biosystems), and fluores-
cent signals were detected on an ABI PRISM 7700 sequence detec-
tor (Applied Biosystems).

  Statistical Analysis 
 The genotypic data were checked for Mendelian inconsisten-

cies using INFER, the subroutine of the program PEDSYS. All 
polymorphisms were tested for Hardy-Weinberg Equilibrium 
(HWE). Allele frequencies were estimated using maximum likeli-
hood methods, which accounted for pedigree structure. Linkage 
disequilibrium (LD) between SNPs was estimated using the r 2  val-
ues. We performed association analysis in our complex pedigree-
based data using the measured genotype approach (MGA) within 
the variance components (VC) analytical framework  [8] . In this 
approach, VCs are modeled as random effects (e.g. additive ge-
netic effects and random environmental effects), whereas the ef-
fects of measured covariates such as age and sex are modeled   as 
fixed effects on the trait mean. The marker genotypes were incor-
porated in the mean effects model as a measured covariate, as-
suming additivity of allelic effects  [8, 9] . The effect of this mea-
sured genotype (i.e., association parameter) together with other 
covariate effects (e.g., age and sex) and VCs was estimated by 
maximum likelihood methods. The hypothesis of no association 
is tested by comparing the likelihood of a model in which the ef-
fect of the measured genotype is estimated with a model where 
the effect of the measured genotype was fixed at zero. Twice the 
difference in the log-likelihoods of these models yields a test sta-
tistic that is asymptotically distributed, approximating a  �  2  dis-
tribution with one degree of freedom. A p value  ̂   0.05 is consid-
ered significant. Prior to performing MGA, the quantitative 
transmission disequilibrium test (QTDT) was used to examine 
hidden population stratification  [10] . All statistical methods de-
scribed above were implemented in the computer program SO-
LAR  [8] .
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  Results and Discussion 

  Table  1  shows the demographic, clinical, and bio-
chemical characteristics for the subjects genotyped. In 
the total sample, 29, 28 and 14% of the subjects had hy-
pertension, T2DM and albuminuria, respectively. To ex-
amine the association between the genetic variants in 
 OGG1  and T2DM, ten SNPs including two tagging SNPs 
were selected from the SNP database and genotyped in 
the study participants. Of the SNPs genotyped, only
five were polymorphic (rs105701, rs1805373, rs2072668, 
rs1052133, rs2304277) in this cohort. The location, allele 
frequencies, and association results of the genotyped 
SNPs are presented in  table 2 . The minor allele frequen-
cy of the SNPs varied from 1% (rs1805373) to 38% 
(rs2072688). Genotypic data were consistent with the 
Hardy-Weinberg Equilibrium expectations, and there 
was no evidence for hidden population stratification in 
the data as tested by QTDT. Before performing associa-
tion analysis, we estimated the pairwise LD (r 2 ) between 
all the 5 SNPs and found that the pairwise LD ranged 
from 0 to 0.96 ( fig. 1 ). As can be seen from  figure 1 , the 
relatively high pairwise LDs (r 2   1  0.8) were found for the 

following SNPs pairs: rs2072668 (SNP-3), rs1052133 
(SNP-4) [r 2  = 0.96]; rs2072668 (SNP-3), rs2304277 (SNP-
5) [r 2  = 0.88]; rs1052133 (SNP-4), rs2304277 (SNP-5) [r 2  = 
0.87]. Association analysis in our family data was carried 
out using the measured genotype approach within the 

Table 1.  Clinical characteristics of the genotyped SAFDGS par-
ticipants used for the present studya

Variables

Females 61%
Type 2 diabetes 28%
Age, years 44.8816.2
Systolic blood pressure, mm Hg 127.1816.8
Diastolic blood pressure, mm Hg 70.389.6
Body mass index 30.987.0
Total cholesterol, mg/dl 194.0837.9
High density lipoprotein-cholesterol, mg/dl 46.0812.0
Triglycerides (log transformed) 4.980.6
Albumin to Creatinine Ratio (log transformed) 2.480.8

a  Sample size varies from 610 (cholesterol) to 670 (age).
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  Fig. 1.   a  Linkage disequilibrium (LD) be-
tween SNP pairs within the  OGG1  gene. 
SNPs are labeled on the y-axis, and the lo-
cations (bp) within the gene are shown on 
the X-axis. Pairwise LD is estimated using 
r2 values and depicted in the figure by the 
color intensity of the shaded box, as shown 
in the legend. The diagonal represents a 
comparison of each SNP against itself (i.e., 
r 2  = 1.0).  b  Schematic diagram of human 
 OGG1  gene structure on 3p26.1 and the lo-
cation of the polymorphisms genotyped in 
SAFDGS. The exons of the  OGG1  are rep-
resented by box and the intron by a thin 
line. SNPs 1–5 locations in the gene struc-
ture and their LD pattern are indicated by 
the vertical line/arrow.   
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variance components analytical framework implement-
ed in SOLAR  [8] . Of the SNPs examined for association, 
rs1052133 (SNP-4) [p = 0.016] and rs2072668 (SNP-3)
[p = 0.031] exhibited significant association with T2DM 
after adjusting for age and sex effects ( table 2 ), although, 
as noted above, these SNPs are in strong LD.

  In reference to Ser(326)Cys polymorphism (i.e., 
rs1052133), the individuals with Ser326 and Ser(326)Cys 
genotypes are more likely to be at risk for diabetes, with 
relative risks of 1.99 (95% CI: 1.48–2.57) and 1.44 (95% CI: 
1.09–1.86), respectively. Given the LD patterns among the 
examined SNPs, we obtained a p value after adjusting for 
multiple testing, using an effective number of SNPs cal-
culated following the method of Li and Ji    [11] . For a sta-
tistical significance threshold of  ̂  0.05, the required ex-
periment-wide significance threshold, using the effective 
number of SNPs (which was 4) to adjust for multiple test-
ing, was  � 0.013. Our nominal p value of 0.016 associated 
with rs1052133, which was uncorrected, thus approxi-
mates the p value corrected for multiple testing. In addi-
tion, it is worth noting that this study (n = 670) is powered 
at 80% to detect a SNP (at an experiment-wide signifi-
cance of 0.05) that accounts for 1.7% of variation in T2DM 
phenotype. However, the observed additive variation at-
tributable to rs1052133 is 2.7%, which adds confidence to 
the observed association with T2DM.

  DNA lesions caused by ROS and other free radicals 
have been implicated in the etiology of many diseases in-
cluding diabetes  [1] . One of the oxidatively induced pro 
mutagenic bases is 8-OHdG. Diabetic patients have high-
er concentrations of 8-OHdG in urine  [12] , blood cells 
 [13] , muscle  [14] , pancreas  [15, 16]  and kidney  [17] . In ad-
dition, poor glycaemic control is associated with high 
urinary 8-OHdG excretion  [13] . A rise in 8-OHdG has 
been correlated with HbA 1C  levels indicating that in-
creased 8-OHdG may contribute to the progression of 

diabetic microvascular complications  [18] . In summary, 
8OHdG has been considered a potential biomarker of ox-
idative stress and oxidative DNA damage in diabetes. 
OGG1 is the key component responsible for the removal 
of 8-OHdG from oxidatively damaged DNA. Alteration 
of OGG1 enzyme activity due to genetic variation in 
 OGG1  gene may influence the development of oxidative 
stress and oxidative DNA damage and thus may contrib-
ute to the risk for T2DM and its complications. The pur-
pose of the present study is therefore to explore the hy-
pothesis that genetic alterations in  OGG1  may confer risk 
for T2DM. To our knowledge, no study has thus far ex-
amined the relationship between the OGG1 variants and 
diabetes risk in Mexican Americans.

  Of the genetic variants of  OGG1  examined for asso-
ciation, the Ser(326)Cys variant, which is in strong LD 
with rs2072668 (r 2  = 0.96), exhibited significant associa-
tion with T2DM after accounting for age and sex effects. 
Although, the exact mechanism by which the Ser(326)-
Cys variant contributes to T2DM is not known, it is con-
ceivable that Ser(326)Cys may impair the activity of 
OGG1 to repair 8-OHdG in T2DM. 8-OHdG in turn 
would promote an increase in G:C  ]  T:A transversions, 
DNA damage and loss of pancreatic  � -cell, thereby con-
tributing to the development of T2DM. In support of this 
notion, a significant association has recently been report-
ed between Ser(326)Cys variant of  OGG1  and type 2 dia-
betes  [19]  and decreased insulin sensitivity in patients 
with normal glucose tolerance test  [6]  . Further confirma-
tory studies of this genetic association and/or functional 
studies are required to support the observed association 
between the Ser(326)Cys variant and T2DM.

  In conclusion, this study assessed common genetic 
variations in  OGG1  in relation to T2DM risk in a Mexican 
American population. The evidence presented here sup-
ports the potential role of  OGG1  variants in conferring 

Table 2.  Association analysis between the OGG1 polymorphisms and T2DM in SAFDGS

SNPs SNP_ID Positions
bp

Gene
location

Major/minor
allele, %

p
valuesa

SNP-1 rs125701 –1,493 Promoter G (93)/A (7) 0.379
SNP-2 rs1805373 4,537 Gln(229)Arg G (99)/A (1) 0.100
SNP-3 rs2072668 6,169 Intron 4 C (62)/G (38) 0.031
SNP-4 rs1052133 6,802 Ser(326)Cys C (64)/G (36) 0.016
SNP-5 rs2304277 9,109 3�UTR G (63)/A (37) 0.135

a  Adjusted for age and sex terms.



  OGG1 Polymorphism is Associated with 
Type 2 Diabetes    

Hum Hered 2010;70:97–101 101

susceptibility to T2DM, although the magnitude of the 
genetic effect appears to be small. Validation of these 
findings in larger studies and in studies of other popula-
tions is needed. The data presented here would also pro-
vide a basis for other investigators to explore  OGG1  as a 
candidate gene for development of T2DM.
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