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Abstract

Background. The phosphatidylinositol 3-kinase p85 alpha requlatory subunit 1 gene (PIK3RT) encodes
the PIK3R1 protein, which plays a direct role in insulin signaling. PIK3R1 (p85 requlatory subunit) connects
firmly with the p110 catalytic subunit, and together these proteins form the phosphatidylinositol 3-kinase
(PI3K) protein. PI3K is a key protein in the Akt signaling pathway, which requlates cell survival, growth, dif-
ferentiation, glucose trafficking, and utilization. Defects in the insulin signaling cascade play an important
role in the development of insulin resistance, which shares a common genetic basis for metabolic diseases
such as type 2 diabetes (T2D), obesity and cardiovascular diseases.

Objectives. In our study, we investigated the effect of single nucleotide polymorphisms (SNPs) rs3756668
in 3'UTR region, rs706713 and rs3730089 in exons 1and 6, respectively, rs7713645 and rs7709243 inintron 1,
and rs1550805 in intron 6 of PIK3RT gene on T2D.

Material and methods. This study enrolled a total of 840 individuals, including 427 diabetic individuals
(206 obese and 221 non-obese) and 413 nondiabetic individuals (138 obese and 275 non-obese). The target
SNPs were analyzed using real-time polymerase chain reaction (RT-PCR). Statistical analysis was performed
using SPSS18.0 (IBM Corp., Armonk, USA). The p-values <0.05 were considered statistically significant.

Results. The SNPs rs706713 (Tyr73Tyr) and rs3730089 (Met326lle) located in exons, and rs/713645,
rs7709243 and rs1550805 located in introns were determined to be significantly associated with T2D and
phenotypic features such as obesity, insulin resistance and the lipid parameters. The association with SNP
1$3756668, which is located in the 3'UTR, was not significant.

Conclusions. Our study supports the role of PIK3R7, an important candidate gene due to its critical role
ininsulin signal transduction, in T2D development.
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Introduction

Insulin is a major hormone that regulates processes such
as cellular growth, differentiation and apoptosis, in addi-
tion to glucose metabolism. Insulin acts on target tissues,
mainly liver, muscle and adipose tissues, by binding to its
receptor on the cell surface, leading to the autoactiva-
tion of tyrosine residues. Once activated, receptor phos-
phorylates the downstream signaling proteins known as
the insulin receptor substrate (IRS) family, which has Src
Homology 2 (SH2) domain-containing proteins. Then,
phosphorylated IRS proteins activate other SH2 domain-
containing proteins, including the regulatory subunits
of phosphatidylinositol 3-kinase (PI3K). PI3K catalyzes
the conversion of phosphatidylinositol phosphate (PIP) 2
to PIP3, which activate Akt signaling, which itself regulates
cell survival, growth, differentiation, glucose transporter
type 4 (GLUT-4) trafficking, and glucose utilization.!

Impaired activation of the insulin signaling pathway
results in the decreased responsiveness of target tissues
to normal circulating levels of insulin, a condition known
as insulin resistance. Insulin resistance is a common
pathogenesis in several metabolic diseases, such as type 2
diabetes (T2D), obesity and cardiovascular diseases.

Insulin resistance generally occurs as a result of post-
receptor defects.? Especially, it is suggested that reductions
in both IRS-I phosphorylation and insulin-stimulated PI3K
activation leads to impaired insulin signal transduction.
Additionally, other signaling molecules in this transduc-
tion, insulin signaling inhibitors such as ENPP1, PTP1B,
and INPPL], lipid accumulation in target tissues, and ab-
normal lipid metabolism can also contribute to insulin
resistance.>*

The PI3K enzyme is composed of 2 subunits, the p110
catalytic subunit and regulatory p85a subunit.® The p85a
subunit stabilizes the p110 catalytic subunit and deter-
mines the level of activity.> Polymorphisms in the PIK3R1
gene, which encodes the p85 regulatory subunit of the PI3K
enzyme, are associated with the development of diseases
such as insulin resistance, obesity, T2D, and cancer.®~®
In this study, we investigated the effects of single nucle-
otide polymorphisms (SNPs) rs3756668A—G (located
in the 3’'UTR region), rs706713C~T and rs3730089A—-G
(located in exons 1 and 6, respectively), rs7713645A—~C and
1rs7709243C-T (both located in intron 1), and rs1550805C~T
(located in intron 6) of the PIK3RI gene on T2D.

Material and methods
Clinical samples

This study enrolled a total of 840 individuals, including
427 diabetic individuals (206 obese and 221 non-obese) and

413 nondiabetic individuals (138 obese and 275 non-obese).
These individuals were selected from patients admitted
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to the Selcuk University Hospital, Department of Endo-
crinology (Konya, Turkey). The individuals in the diabetic
group, who were diagnosed according to the guidelines
of the American Diabetes Association (ADA), were over
30 years old and did not use insulin. Other types of diabe-
tes (type 1 diabetes, maturity onset diabetes of the young
— MODY, latent autoimmune diabetes of adults — LADA,
drug-related and other types) were excluded. Obesity crite-
ria was considered as body mass index (BMI) >30. The con-
trol group in this study included age- and BMI-matched
nondiabetic individuals with no family history of diabetes.
Written informed consent was obtained from each indi-
vidual before participation in the study. The study was
approved by the Ethics Committee of the Selgcuk University
Medical Faculty (Konya, Turkey). An oral glucose tolerance
test (OGTT) was performed on the individuals considered
as pre-diabetic. Individuals with impaired glucose toler-
ance or insulin resistance were excluded from the study.

Clinical analyses

Fasting plasma glucose, fasting insulin, HbA1C, c-pept-
ide, cholesterol, low density lipoprotein (LDL), high density
lipoprotein (HDL), and triglyceride values were measured
for both diabetic and control groups. Insulin resistance
was determined using the homeostasis model assessment
of insulin resistance (HOMA-IR) and was calculated as
fasting plasma glucose (mmol/L) multiplied by fasting se-
rum insulin (pmol/L) and divided by 22.5. An individual
with a HOMA-IR value higher than 2.5 was considered
resistant to insulin.

Genotyping

Genomic DNA was isolated from peripheral blood leu-
kocytes using a standard proteinase K and sodium dodecyl
sulphate (SDS) procedure. Target SNPs were analyzed
using the real-time polymerase chain reaction (RT-PCR)
technique and a TIB MolBiol LightSNiP kit (Roche, Basel,
Switzerland). Six SNPs in the PIK3RI gene were previ-
ously reported to be associated with the disease in the
literature. Information about these target SNPs is shown
in Table 1.

Statistical analysis

Descriptive statistics were obtained for clinical and bio-
chemical characteristics. Normally distributed param-
eters were compared using one-way analysis of variance
(ANOVA), while parameters that did not show normal
distributions were compared by Kruskal-Wallis test after
transformation.

The differences between the patient and control groups
in terms of genotype distribution or allele frequency were
analyzed using Pearson’s %2 test. A y2 goodness of fit test
was used to evaluate Hardy-Weinberg equilibrium (HWE)
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Table 1. Clinical and biochemical characteristics of study subjects

Non-obese

Variable

control
(2)

Number (840) 206 138 221
Age [years] 55.6 +8.8 489 +11.3 56.5 +9.3
Gender (M/F) 154/52 120/18 86/135
BMI [kg/m?] 3514 +423 3457 +392 26.74 +2.74
. 11.89 10.85 790
1
Insulin’ (WU/mt] (2.04-40.79) (4.31-3998) (1.00-37.30)
. 3,07 251 200
_ 1
Slpepiete! g/l (0.74-9.40) (1.49-6.30) (0.50-16.10)
140 94 134
1
FG! [mo/dL] (64-377) (76-113) (59-363)
71 56 71
1 (0,
AIE e (5.2-12.5) (5.3-6.4) (51-195)
171 126 128
1
TG Img/dL] (59-674) (52-380) (41-457)
Chol [mg/dL] 203 +45 211 +39 197 +47
122 130 124
1
LDL img/dL] (52-276) (78-239) (35-271)
HDL [mg/dU) 43410 47 411 44413
442 261 2.80
_IRT
HOMA-IR (079-1800) | (083-990) | (042-17.00)

control
(4)

275 NA NA NA NA
439 +104 <0.001* 0.792 <0.001* <0.001*
182/93 NA NA NA NA

26.08 +3.01 0.445 NA NA 0162
P 05139 o) 0.270 <0.001* <0.001* 0.297
213 5
(0.70-15.70) 0.292 <0.001 0.013 0.067
2 } . )
(58114 <0.001 0.548 0.001 <0.001
55 . )
(5.0-64) <0.001 0915 0.212 <0.001
16
(40-478) <0.001% 0.002* 0029 0055
202 +42 0415 0.632 0332 0.817
125 .
(39-294) 0.006 0.929 0.169 0.257
47 £12 0.003* 0.786 0991 0.055
167 . § ) )
(0.40-12.00) <0.001 <0.001 <0.001 <0.001

"Non-normally distributed parameters are shown as median (min—max); * statistically significant differences were found; NA — this data could not be
evaluated for statistical significance because it was not found to be clinically significant. In post-hoc test, p-value = 0.008 was considered statistically
significant for comparing 4 groups; DM — diabetes mellitus; FG - fasting glucose; TG - triglyceride; Chol — cholesterol; LDL - low-density lipoprotein;
HDL - high-density lipoprotein; HOMA-IR — homeostasis model assessment of insulin resistance.

in the patient and control groups. Analyses were performed
using dominant, additive and recessive models. Dominance
was defined in terms of allele 2 effects. In dominant allele
2 models, homozygous individuals for allele 1 were com-
pared with carriers of allele 2. In recessive allele 2 models,
homozygous individuals for allele 2 were compared with
carriers of allele 1. Association between genotypes and
T2D was tested by conducting a case-control study. Allele
frequencies of SNPs in the patient and control groups were
evaluated using odds ratio (OR). We performed logistic
regression analysis by considering not only dominant, ad-
ditive and recessive models of SNP genotypes, but also
sex and age.

We also investigated if there was any association be-
tween genotypes and biochemical characteristics of T2D.
Therefore, we performed tests to determine the normality
of the biochemical characteristics. Fasting plasma insulin
and triglyceride variables were normalized by log trans-
formation, and cholesterol was normalized by square root
transformation, before ANOVA analysis. For the other
characteristics (BMI, fasting glucose, c-peptide, HbA1C,
LDL, HDL, and HOMA-IR), the Kruskal-Wallis test was
performed. The SNP genotypes were coded as 11, 12 and 22.
Then, a single point (single SNP) regression analysis model
was fitted. Linkage disequilibrium (LD) analysis was per-
formed with MIDAS software.’

All analyses were carried out using SPSS 18.0 (IBM
Corp., Armonk, USA). In all analyses, p-value <0.05 was
considered statistically significant.

Results
Characteristics of study subjects

A total of 840 individuals, including 427 diabetic indi-
viduals (206 obese and 221 non-obese) and 413 nondiabetic
individuals (138 obese and 275 non-obese), were enrolled
in this study. The clinical and biochemical characteristics
of the individuals studied are shown in Table 2.

Association study

The genotype distribution and association analy-
ses of SNPs are summarized in Table 3. The silent SNP
rs706713 in exon 1 of the PIK3R1 gene showed a significant
association with T2D (OR 1.7 (95% confidence interval —
CI:1.09-2.40), p = 0.016 and OR 1.5 (95% CI: 1.054-2.233),
p = 0.025, additive and dominant models, respectively)
when individuals were considered as patient and con-
trol groups. When the obese and non-obese groups were
evaluated separately, a strong relationship between SNP
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Table 2. Genotype distribution of studied SNPs in the PIK3RT gene and their association analysis results in diabetics and controls

Diabetic Control Dominant Additive Recessive
Genotype ") ") OR (Cl %) OR (Cl %) OR (Cl %)
p-value p-value p-value
G/G 162 187
rs3756668 G/A 196 160 13 (O_'gg 1’8'58) 08 (%%21’;'91 % 1.2 (%703;;'29 R
A/A 69 66 p=0 p=0 p=0
c/C 219 254 1.5 (1.05-2.23) 1.7 (1.09-2.40) 0.9 (0.43-1.98)
rs706713 /T 176 135 000 0016 ose
7T 32 24 p=b p=b p=b
A/A 137 135
rs7713645 A/C 202 192 L (Pg 76;1;’ 3 2 (%5792;1 48) 1 (OZOO‘ 23';53)
c/C 74 86 p=5 : p=5
c/C 131 138
1577092243 2) 226 190 W (0;7 %Q525> o ((1602;;4) v (()44()6 1711409)
T 70 85 p="b p="5 p="5
G/G 316 318
rs3730089 G/A 103 80 09 (%603;50) e (%5043‘ 2'325) = “_'0(2)51:776)
A/A 8 15 p=5 p=5 p=2
1550805 g? ?ég 38099 1(0.72-1.55) 1(0.68-1.49) 0.5 (0.12-1.92)
T . 0 p=0770 p=0968 p=0303

SNPs - single nucleotide polymorphisms; OR — odds ratio; Cl — confidence interval.

Table 3. Genotype distribution of studied SNPs in the PIK3R1 gene and their association analysis results in obese and non-obese diabetics and controls

Non-obese Non-obese

additive
OR (Cl %)
p-value

recessive
OR (Cl %)
p-value

dominant
OR (Cl %)
p-value

additive
OR (Cl %)
p-value

recessive
OR (Cl %)
p-value

dominant
OR (Cl %)
p-value

control

control
n n

G/G 82 57 80 130

rsesss | om el B oo <Ci504;L .510) ! (053—81%660) 16 (04881—73;5) 15 ((18()71?;5) 09 (%455.503) 08 (%1;1 .974)
AA 33 21 36 45 p=0 p=0 p=0 p=0 p=0 p=b
oo g(T: ]7] j 28 ]gg ]9668 14(0.58-160)  07(038-114) | 14(053-358)  18(101-313)  06(016-209) 14 (038-490)
AR IO IO Bl I D= 0244 b=0139 p=0513 b= 0047 b=0398 b= 0627
36 272 ;‘g ‘S‘j ]6037 ]9;5 12072-193) | 2(08-377) | 2(110-351) | 14(085-231) | 2(1081-3.906) | 19 (1.079-3.235)
=052 p=0028* | p=0022* 0= 0191 b= 003* o= 003"

c/C 37 37 51 49

c/C 75 43 56 95

rs77092243  C/T 99 58 127 132 ==l (020 2:27)

25(1.24-4.89)  24(1.31-442) 0.8(0.44-131)  0.8(0.44-138) | 1.22(0.64-2.35)

—_ — * — * — — —
AR I A A b=0257 b =001 b= 0005 0=0320 b=0395 b=0537
730080 gﬁ ! 4573 ]2Of ]5663 25]60 07(050-158) | 2(049-8.83) | 22(052-925) | 09(052-164) | 08(044-146) | 01 (012-138)
VA A S b=0892 b=0320 0= 0288 0=0798 0= 0476 =090
11550805 E;_Cl_ ]5531 ]3083 14699 25091 14(0.79-243) 0.7 (042-1.29) 0 1.6(092-2.74) 15(0.87-2.73) 1.9 (0.38-9.64)
p =026 p=0280 p=1 p=0097 p=0138 p=0433

/T 2 = 3 N

SNP - single nucleotide polymorphism; DM — diabetes mellitus; OR — odds ratio; Cl — confidence interval; * statistically significant.

rs706713 and T2D was also identified in the non-obese
group (OR 1.8 (95% CI: 1.006-3.128), p = 0.05, dominant
model). The groups were in HWE for this SNP when con-
sidered either together or separately (p > 0.05).

The SNP rs3730089 in exon 6 causes an amino acid sub-
stitution in the protein, and was significantly associated with
T2D (OR 3.5 (95% CI: 1.015-11.762), p = 0.047, recessive
model). The genotype distribution for this SNP was found
to deviate from HWE in the control groups (p < 0.05).

While the intronic SNP rs7709243 was associated with
T2D in the obese group (OR 2.5 (95% CI: 1.239-4.891),

p = 0.01 and OR 2.4 (95% CI: 1.309-4.418), p = 0.005, ad-
ditive and recessive models, respectively), the rs7713645
SNP was associated with the disease in both the obese
group (OR 2 (95% CI: 1.081-3.773), p = 0.03 and OR 2 (95%
CI: 1.101-3.514), p = 0.022, additive and recessive mod-
els, respectively) and the non-obese group (OR 2 (95% CI:
1.081-3.906), p = 0.03 and OR 1.9 (95% CI: 1.079-3.235),
p = 0.03, additive and recessive models, respectively).
With the exception of the genotype distribution of SNP
rs7709243 in the non-obese diabetic group, both of the
SNPs located in intron 1 were in HWE.
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Neither the SNP rs1550805 in intron 6 nor the SNP
rs3756668 in the 3'UTR of the PIK3R1 gene were associ-
ated with T2D (p > 0.05) when the groups were assessed
together or separately. The genotype distributions of both
SNPs showed deviation from HWE in the control groups.

Additionally, linkage disequilibrium was calculated for
the 6 SNPs and r? values were used to provide evidence
of pairwise LD between the SNPs. Only the rs7709243
and rs7713645 SNPs located in intron 1 were found to be
in strong LD (D’ = 0.85; r*= 0.7). The LD between the other
variants was weak.

Genotype-phenotype relationship

The effects of the SNPs on phenotypic characteristics
such as fasting glucose, insulin, c-peptide, hemoglobin
A1Cllevels, triglycerides, cholesterol, LDL and HDL levels,
BMI, and HOMA-IR value as an insulin resistance marker
were analyzed in this study. The SNP rs706713 in exon 1
had a strong effect on HOMA-IR (p = 0.018). The intronic
SNP rs7709243 showed an effect on LDL level (p = 0.028)
and cholesterol (p = 0.008), while the other intronic SNP,
rs1550805, had a strong effect on c-peptide level (p = 0.023)
and BMI (p = 0.007).

Discussion

Insulin has both metabolic and growth-stimulating
effects, and its metabolic effect occurs through the PI3K/Akt
pathway.! Although other growth factors also activate
PI3K via distinct receptor tyrosine kinases, PI3K activa-
tion, which occurs only through insulin effect, has been
found to regulate metabolic homeostasis.!! In adipocyte
cell cultures, it was revealed that both insulin and plate-
let-derived growth factor (PDGF) activate PI3K, and that
insulin stimulates GLUT4 translocation to the plasma
membrane, while PDGF does not.!?

Insulin resistance develops as a result of the reduced
responsiveness of target tissues to insulin due to decreased
receptor and/or downstream signaling protein activity,
rather than a reduced circulating insulin level 1%

PI3K/Akt plays a central role in several pathway-related
energy homeostases, including leptin, pro-opiomelanocor-
tin (POMC), TNF-a, adiponectin, and cytokine stimula-
tion.!>18 PI3K consists of a catalytic subunit (p110) and
aregulatory subunit (p85a).> The p85a subunit provides sta-
bility and maintains the activity of the p85a/p110 complex.!>

In addition, the monomer p85a is in competition with
the p85a/pl10 complex for binding to IRS1 or allosteric
interaction with p110, provide negative regulation of the
p85a/p110 complex.!® The overexpression of p85a by hor-
monal or experimental induction weakens signal transmis-
sion and causes insulin resistance by disrupting the activity
of the p85a/p110 complex and the connection between
PI3K and IRS1.20:2L

925

This study found that the SNPs localized in the PIK3R1
gene, encoding p85a regulatory subunit of PI3K which
plays a critical role in signal transduction, are associated
with T2D, obesity and related phenotypic characteristics.
Reports have indicated that SNPs rs706713 (Tyr73Tyr) and
rs3730089 (Met326lle) in exons 1 and 6, respectively, have
reduced protein activity and are associated with T2D.?223
Additionally, we also detected a significant association
between rs706713 and T2D (p < 0.05). When the patients
were divided into obese and non-obese groups, rs706713
was associated with the disease in the non-obese group
(p = 0.05). The patient and control groups were in HWE for
the SNP rs706713. We also found that this SNP had an ef-
fect on HOMA-IR (p = 0.018) and c-peptide (p = 0.007)
levels, although no effect was found on obesity, glucose
or insulin levels, a finding that is consistent with a report
from Jamshidi et al.® This silent substitution might be
interacting with other known and unknown variants.

Many studies have reported conflicting results regard-
ing the association between the Met326lle (rs3730089)
variant in exon 6 of the PIK3R1 gene and insulin resistance
and T2D. While this SNP was not found to be a risk factor
for diabetes in a Danish population, it was associated with
the disease in a Chinese population.?*?> This inconsistency
in results may be due to differences in sample size and the
studied populations. There is evidence that European and
Asian populations have different allele frequencies, risk
allele profiles, risk genes, and so on.?¢

We also observed a strong association between Met326]le
and the disease (p < 0.05). This missense variation is locat-
ed between the N-terminal-Src homology region (N-SH2)
and the BH region which has homology with GTPase acti-
vating protein (GAP). The SH2 domains include tyrosine
residues and mediate binding to phosphotyrosine residues
in the YXXM motif in receptor and adaptor molecules.?”
Therefore, the Met326lle variation may alter protein activ-
ity by affecting binding to its receptor and adaptor mole-
cules. In our study, the genotype distributions of Met326Ile
deviated from HWE in the control groups (p < 0.05). This
deviation should be taken into account while assessing the
results for Met326Ile. Future studies are needed to reana-
lyze the results after increasing the sample size to reach
equilibrium.

Jamshidi et al. investigated intronic SNPs in the PIK3R 1
gene, specifically rs7713645 and rs7709243 in intron 1
and rs1550805 in intron 6, showing that SNPs rs7713645
and rs7709243 were associated with BMI, fasting glucose
level and glucose level during the 2" hour of oral glucose
application and that rs1550805 was significantly associ-
ated with BMI, body weight and central adiposity.?® These
results indicate the existence of a strong link between these
intronic SNPs, especially rs1550805, and obesity.

In our study, we observed strong associations between
the SNPs rs7709243 and rs7713645, and T2Din obese pa-
tients (p < 0.05) and between the SNP rs7713645 and T2D
in non-obese patients (p < 0.05). In addition, the rs7709243
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variant was determined to have an effect on cholesterol
(p =0.008) and LDL (p = 0.028) levels.

On the other hand, we did not detect any association
between the intronic SNP rs1550805 and T2D. However,
this SNP had an effect on c-peptide (p = 0.023) and BMI
(p = 0.007). These results support the hypothesis that the
intronic SNPs in the PIK3RI gene have significant ef-
fects on BMI and lipid parameters. Because this signifi-
cant association with T2D was especially observed in the
obese group, one could suggest that the rs7709243 and
rs7713645 substitutions play a role in the development
of T2D through the development of obesity. Addition-
ally, the genotype distributions of these T2D-associated
intronic SNPs were in HWE in all groups. Moreover, ac-
cording to LD analysis, we detected significant linkage
only between SNPs rs7709243 and rs7713645 (D’ = 0.85;
r? = 0.7). Localization at the same intron of both variants
might explain this linkage.

Since 2007, more than 60 variants have been shown to be
associated with T2D by genome wide association (GWA)
analysis, which was performed in numerous populations
with large samples. It is noteworthy that the vast majority
of these variants are intronic variants. These SNPs do not
cause any changes in protein structure but show a strong
association with type 2 diabetes, suggesting that they are
intronic enhancers.?® Additionally, it has been proposed
that these variants can be haplotyped with other functional
variants.?’

It has been reported that the SNPs in the noncoding UTR
sequence of the PIK3RI gene, especially SNP rs3756668
in the 3’'UTR region, are associated with a high risk of dia-
betes and elevated BMI as well as increased risk for in-
sulin resistance.?* Additionally, the same study revealed
that this SNP also has an effect on fasting glucose and
fasting insulin levels.?® However, our study did not iden-
tify a relationship between SNP rs3756668 and T2D or
its phenotypes in obese and non-obese individuals in the
Turkish population. We suspect that the deviation from
HWE in the control group may have influenced our results.
Reassessing these results after increasing the population
size to reach equilibrium will increase reliability.

Jamshidi et al. investigated the association between
the tag SNPs including rs706713, rs7713645, rs7709243,
rs251406, rs40318, rs1550805, rs831125 and rs3730089
of the PIK3R1 gene, and BMI, serum leptin level, and glu-
cose/insulin homeostasis in a large population of female
twins.?3 According to their report, rs1550805 in particular
was determined to have a strong relationship with serum
leptin level and BMI (p < 0.05). Consistently, in our study,
only rs1550805 was associated with BMI, supporting the
findings of Jamshidi et al.?

Our study is the 15t to show that SNPs rs706713 (Tyr73Tyr)
and rs3730089 (Met326lle), which are located in exons,
and SNPs rs7713645, rs7709243 and rs1550805, which are
located in introns, are significantly associated with T2D
and have effects on phenotypic features such as obesity,

A. Karadogan, et al. PIK3R7 SNPs in Turkish with type 2 diabetes

insulin resistance and lipid parameters in a Turkish pop-
ulation. The only exception was SNP rs3756668, which
islocated in the 3'UTR. Our research findings support the
idea that SNPs located in the PIK3RI gene can affect insu-
lin signaling transduction and thus may play a role in the
development of T2D through the development of insulin
resistance.
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