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Abstract.
BACKGROUND: The identification and characterization of the gene, ERRFI1, in diabetes has not been reported. In this study,
we evaluated the relationship between ERRFI1 polymorphism and characteristics of type 2 diabetes mellitus (T2DM) in Korea.
SUBJECTS AND METHODS: We conduct a case-control study involving T2DM patients (n = 342) and controls (n = 473).
RESULTS: A novel single nucleotide ERRFI1 gene polymorphism at +807(T/G) was found. G genotype frequency was 40.1%
in the diabetic group and 42.7% in the control group; the difference was not significant (p = 0.45). In the diabetic group, the
urine albumin to creatinine ratio (ACR) was lower in the G genotype than in the T genotype (P = 0.004). In males with T2DM,
those with the G genotype displayed lower systolic blood pressure (P = 0.01) and higher glomerular filtration rate (P = 0.048)
compare to those with the T genotype. In females with T2DM, urine ACR was low in those with the G genotype than in those
with the T genotype (P = 0.02). In the diabetic group, patients who harboring T allele had a 1.81 times higher risk of diabetic
nephropathy than the G allele (95% CI 1.11–2.96, P = 0.02). In females with T2DM, patients who harboring T allele had a 2.12
times higher risk of diabetic nephropathy (95% CI 1.07–4.1, P = 0.03).
CONCLUSIONS: We identify new loci associated with glycemic traits in diabetes and this finding indicates the potential of
ERRFI1 as a novel therapeutic target of diabetic nephropathy.
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1. Introduction

Type 2 diabetes mellitus (T2DM) is becoming more
common every year in developing and western coun-
tries due to excessive caloric intake and decreasing

∗Corresponding author: Bon Jeong Ku, Department of Internal
Medicine, Chungnam National University School of Medicine, 282
Munhwa-ro, Jung-gu, Daejeon 301-721, Korea. Tel.: +82 42 280
7149; Fax: +82 42 280 7995; E-mail: bonjeong@cnu.ac.kr.

physical activity. T2DM is a complex disease charac-
terized by insulin resistance and β-cell failure due to a
combination of genetic and environmental factors that
adversely influence glucose metabolism. Our studies
conducted over a number of years have revealed the
important roles played by genetic factors in the devel-
opment and progression of diabetes. Genome-wide as-
sociation studies in Europe have identified diabetes as-
sociated genes that include transcription factor 7-like
2 (TCF7L2), pancreatic beta-cell KATP channel sub-
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units Kir6.2 (KCNJ11), potassium voltage-gated chan-
nels, protein tyrosine phosphatase, receptor type D
(PTPRD), and serine racemase (SRR) [1–3]. Many
genes such as angiotensin-converting enzyme, erythro-
poietin, and osteoprotegerin are associated with dia-
betic microvascular complication [4–6]. A number of
genome-wide association studies on T2DM have been
conducted on individuals of European ancestry. The
contributions of these genetic variants in other ethnic
groups are less clear.

ERBB receptor feedback inhibitor 1 (ERRFI1) is
an adaptor protein containing the epidermal growth
factor (EGF) receptor, Cdc42 (cell division control
protein 42)/Rac interaction and binging (CRIB), Src-
homology-3 (SH3), and 14-3-3 binding domain [7].
ERRFI1 is a negative regulator of EGF signaling and
an immediate early response gene that is rapidly in-
duced by heterologous arrays of mitogenic and stress-
ful stimuli [7,8]. ERRFI1 is induced by insulin and
plays an important role in insulin signaling [9,10].
High level expression of ERRFI1 is thought to trig-
ger cells to initiate hypertrophy in chronic pathologi-
cal conditions such as diabetes and hypertension [11–
13]. Recently, low level of ERRFI1 expression asso-
ciated with intrahepatic lipid accumulation and hyper-
cholesterolemia [14]. But, the identification and char-
acterization of the ERRFI1 gene in diabetes has not
been reported. In this study, we investigated relation-
ship between ERRFI1 gene polymorphism and T2DM
in a Korean population.

2. Subjects and methods

2.1. Study subjects

The hospital-based, case-control study including
815 Korean subjects comprised 342 T2DM patients
and 473 controls. The T2DM group was comprised
of patients who visited Chungnam National Univer-
sity Hospital from February 2010 to November 2010.
The controls were acquired from a health examina-
tion population in the hospital’s out-patient clinic. Sub-
jects were considered diabetic and were included in
the T2DM group if any of the following criteria were
met: (1) history of T2DM, (2) plasma levels of fast-
ing glucose ≥ 126 mg/dL, or (3) plasma levels of
2-h postprandial glucose ≥ 200 mg/dL. Non-diabetic
control subjects had no past history of diabetes and
displayed a fasting plasma glucose concentration <
100 mg/dL. Subjects with renal failure requiring regu-

lar dialysis, known malignant disease, acute infection,
alcohol abuse, and/or thyroid disease were excluded.
T2DM patients were receiving life style modification
therapy (19.6%), oral hypoglycemic agents (31.9%),
insulin alone (24%) and insulin plus oral drug combi-
nation therapy (24.5%). In 342 patients with T2DM,
106 patients (31%) were receiving statins (29.2%) and
fibrates (1.8%). Written informed consent was given
by all of participants after a complete and clear expla-
nation of the nature and purpose of the study and the
experimental protocolwas provided. The study was ap-
proved by the Institutional Review Board of Chung-
nam National University Hospital.

2.2. Biochemical measurements

The subjects underwent a standardized physical ex-
amination and laboratory tests. Weight (without shoes
and wearing light outdoor clothing) and height were
measured by trained personnel and body mass in-
dex (BMI, kg/m2) was calculated. Systolic blood
pressure (SBP) and diastolic blood pressure (DBP)
were measured in the sitting position after a 5-min
rest. All subjects were assessed in the morning fol-
lowing an overnight fast. Venous blood was drawn
for measurements of fasting plasma glucose, gly-
cated hemoglobin (HbA1c), aspartate transaminase
(AST), alanine transaminase (ALT), total cholesterol
(TC), low-density lipoprotein (LDL) cholesterol, high-
density lipoprotein (HDL) cholesterol, triglyceride,
blood urea nitrogen (BUN), and serum creatinine (Cr).
Triglyceride, TC, and HDL cholesterol were measured
enzymatically using a chemistry analyzer (Hitachi 747,
Tokyo, Japan). Fasting plasma glucose was measured
by the glucose oxidase method. Insulin was measured
by immunoradiometric assay (Diabetes Primary Care,
Los Angeles, CA, USA). Insulin sensitivity was mea-
sured as fasting serum insulin (mU/L), the HOMA-IR
and the QUICKI. HOMA-IR was calculated as [fasting
insulin (mU/L) × fasting glucose (mmol/L)] ÷ 22.5.
QUICKI was calculated as 1 ÷ (log fasting insulin +
log fasting glucose), with log fasting insulin expressed
as mU/L and fasting glucose expressed as mg/dL. In-
sulin secretion function was measured by HOMA-β,
calculated as (20 × fasting plasma insulin) ÷ (fasting
plasma glucose−3.5) [15], with the fasting parameters
expressed as above.

2.3. Genotyping of ERRFI1 sequence variations

Genomic DNA was extracted from blood treated
with ethylenediaminetetraacetic acid (EDTA) antico-
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Table 1
Primers for amplification and sequencing of ERRFI1 gene

Primer Sequence (5’ to 3’) Tm (◦C)

PCR forward primer CTACCTCCCAGGGAATGAAAGCTA- 72
PCR reverse primer TAAGGGATTTTTCTCTGCACTTCA 66
Genotyping primer CTACCTCCCAGGGAATGAAAGCTA 72
Genotyping primer GGTGCTCTCTCCCTCACACA 60
Genotyping primer GATCTCAGC TATGTGTCTG 56

Fig. 1. Schematic representation of the localization of gene-genome specific primer pairs for ERRFI1. Gray boxes correspond to exon regions.
The arrows indicate the annealing sites and the direction of the primers.

agulant using a standard phenol/chloroform proce-
dure. A Genomic DNA preparation kit (SolGent, Dae-
jeon, Korea) was used according to the manufacturer’s
instructions and the obtained genomic DNA stored
at −70◦C until use. Genotypes were analyzed using
polymerase chain reaction (PCR) and direct sequenc-
ing, as described below, performed without knowl-
edge of case-control status of the patients. ERRFI1
gene primers were designed using the National Cen-
ter for Biotechnology Information (NCBI) reference
sequence NT_021937.19 and are summarized in Ta-
ble 1 and Fig. 1. The reaction conditions were as fol-
lows: 95◦C denaturation temperature for 2 min fol-
lowed by 30 cycles consisting of 95◦C for 20 sec, 60◦C
for 40 sec and 72◦C for 2.5 min, and followed by a fi-
nal extension step of 5 min at 72◦C on a PTC-100 ap-
paratus (Bio-Rad Laboratories, Hercules, CA, USA).
For DNA sequence analyses, the PCR products were
purified by a PCR purification kit (SolGent, Daejeon,
Korea) and sequenced using a BigDye Terminator v3.1
Cycle Sequencing Kit following the manufacturer’s in-
structions and an ABI PRISM 3730XL DNA Analyzer
(ABI, Foster City, CA, USA). The sequences were as-
sembled using the Phred/Phrap/Consed software pack-
age from the University of Washington, Seattle [16–
18].

2.4. Statistical analyses

All statistical analyses were performed using the
SPSS version 18.0 statistical package (SPSS, Chicago,
IL, USA). The distribution of genotypes between the

T2DM and control groups was compared using the
chi-square test. Continuous data are reported as mean
± SD. Categorical data are reported as number of
subjects and percentage of individuals affected. The
independent-samples t test was used to compare geno-
type groups in terms of clinical and laboratory charac-
teristics. P value < 0.05 was considered to be signifi-
cant.

3. Results

3.1. Clinical characteristics

Results of the analyses of clinical characteristics of
the diabetic and control groups are presented in Ta-
ble 2. Higher levels of fasting plasma glucose were
noted in the T2DM group, compared with the control
group. The height, TC, HDL-cholesterol, and LDL-
cholesterol in the T2DM group were lower than in con-
trol group. There were no differences in the other clin-
ical characteristics assessed, including mean age, gen-
der, and weight between the T2DM and control groups.

3.2. Genotype distribution of ERRFI1 gene single
nucleotide polymorphism (SNP)

A novel ERRFI1 SNP was found in the third intron
located in the promoter downstream of the transcrip-
tion start site at +808(T/G) (Fig. 2). No other ERRFI1
SNP was identified. The novel SNP was identified in
both the T2DM and control groups. The frequency of
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Table 2
Baseline characteristics of the subjects

Control Diabetes P-value
(N = 473) (N = 342)

Age 57.6 ± 14.7 58.9 ± 14.1 0.20
Sex

Male 242 160 0.22
Female 231 182

Height (cm) 163.9 ± 9.1 160.2 ± 9.4 0.000
Weight (cm) 64.1 ± 11.8 63.1 ± 12.5 0.27
BMI (kg/m2) 23.7 ± 3.2 24.5 ± 4.0 0.003
SBP (mmHg) 115.9 ± 13.9 123.1 ± 14.1 0.000
DBP (mmHg) 75.0 ± 9.9 76.7 ± 8.9 0.02
FPB (mg/dL) 90.3 ± 9.6 177.1 ± 80.0 0.000
AST (mg/dL) 20.5 ± 9.8 29.0 ± 24.6 0.000
ALT (mg/dL) 23.7 ± 18.3 28.8 ± 24.4 0.001
Protein (mg/dL) 7.3 ± 0.6 7.3 ± 0.4 0.78
Albumin (mg/dL) 4.4 ± 0.4 4.4 ± 0.2 0.82
BUN (mg/dL) 12.2 ± 7.3 17.0 ± 8.3 0.000
Cr (mg/dL) 0.9 ± 0.2 1.1 ± 0.7 0.000
TC (mg/dL) 182.6 ± 32.4 169.1 ± 46.1 0.000
TG (mg/dL) 116.7 ± 81.9 158.5 ± 121.1 0.000
HDL-C (mg/dL) 56.9 ± 9.1 44.0 ± 13.8 0.000
LDL-C (mg/dL) 102.8 ± 27.8 94.5 ± 35.5 0.000

Data are expressed as mean ± S.D. BMI, Body mass index; SBP,
Systolic blood pressure; DBP, Diastolic blood pressure; FPG, Fast-
ing plasma glucose; Cr, Creatinine; TC, Total cholesterol; TG,
Triglyceride; HDL-C, High density lipoprotein-cholesterol; LDL-C,
Low density lipoprotein-cholesterol.

Table 3
Distribution of ERRFI1 genotypes and alleles

MIG6 genotype Control Diabetes P-value
(N = 473) (N = 342)

Total T allele 271 (57.3%) 205 (59.9%) 0.45
G allele 202 (42.7%) 137 (40.1%)

Male T allele 125 (51.7%) 102 (63.8%) 0.02
G allele 117 (48.3%) 58 (36.3%)

Female T allele 146 (63.2%) 103 (56.6%) 0.17
G allele 85 (36.8%) 79 (43.4%)

the SNP in the total subjects, males, and females was
41.6%, 43.5%, and 39.7% respectively. The distribu-
tion of the SNP was not significantly different between
the T2DM and control groups (P = 0.45). The fre-
quency of the G allele in males with T2DM was signif-
icantly lower than in control males (36.2% vs. 48.3%,
respectively; P = 0.02; Table 3). But, the frequency
of the G allele in females with T2DM was not signifi-
cantly different from females in the control group.

3.3. Diabetic complication and cardiovascular risk
factors associated with ERRFI1 polymorphism in
T2DM

In the entire T2DM cohort, differences in clini-
cal parameters associated with expression of ERRFI1
polymorphism were compared. The results are sum-

Fig. 2. Sequencing results showing the novel SNP in the region of
the third mRNA of ERRFI1. Arrows indicate the position of SNP
defined according to NT_021937.19 for ERRFI1. Control was (A)
T allele and (B) G allele. Diabetes was (C) T allele and (D) G al-
lele. (Colours are visible in the online version of the article; http://
dx.doi.org/10.3233/DMA-120949)

marized in Table 4. Higher levels of fasting plasma
glucose and lower levels of urine ACR were evident
in the G allele group, compared with the values in
the T allele group (fasting plasma glucose: 188.0 ±
77.4 vs. 179.9 ± 81.1, respectively, P = 0.043; ACR:
63.7 ± 223.9 vs. 199.9 ± 537.8, respectively, P =
0.004). There were no differences in the other clinical
characteristics assessed, including mean age, HbA1c,
BUN, Cr, and lipid profile between the T2DM and
control groups. Moreover, there were no differences in
HOMA-IR and QUICKI as surrogate makers of insulin
resistance between the G allele and T allele. There
was no statistically significant difference in the lev-
els of HOMA-β as a surrogate maker of insulin secre-
tion function between the G allele and T allele (87.8 ±
131.8 vs. 209.2 ± 1315.8, respectively, P = 0.22).

We further examined the relationship between char-
acteristics of T2DM and ERRFI1 polymorphism ac-
cording to gender and results are shown in Table 5.
Higher levels of GFR and lower levels of SBP were ev-
ident in the male diabetic group harboring the G allele,
as compared with male diabetics harboring the T allele
(GFR: 72.9 ± 31.9 vs. 84.4 ± 34.5, respectively, P =
0.048; SBP: 125.8 ± 15.5 vs. 119.6 ± 12.3, respec-
tively, P = 0.01). There was no statistically signifi-
cant difference in the levels of urine ACR and fasting



I.S. Lee et al. / ERRFI1 gene polymorphism in diabetic patients 117

Table 4
Clinical characteristics of different ERRFI1 genotypes in diabetic patients

T allele G allele P-value
(N = 205) (N = 137)

Age 58.6 ± 13.7 59.4 ± 14.7 0.59
Sex

Male 102 58 0.18
Female 103 79

Height (cm) 160.3 ± 9.0 160.0 ± 10.0 0.85
Weight (cm) 63.0 ± 12.1 63.3 ± 13.1 0.78
BMI (kg/m2) 24.5 ± 4.1 24.6 ± 3.7 0.84
SBP (mmHg) 124.2 ± 14.5 121.5 ± 13.4 0.11
DBP (mmHg) 76.8 ± 8.8 76.5 ± 9.1 0.79
FPG (mg/dL) 179.9 ± 81.1 188.0 ± 77.4 0.043
HbA1c (%) 9.1 ± 2.4 9.4 ± 2.4 0.40
AST (mg/dL) 30.0 ± 28.0 27.6 ± 18.2 0.37
ALT (mg/dL) 29.1 ± 21.9 28.4 ± 27.9 0.80
Protein (mg/dL) 7.2 ± 0.4 7.4 ± 0.4 0.24
Albumin (mg/dL) 4.4 ± 0.3 4.4 ± 0.2 0.47
BUN (mg/dL) 17.3 ± 9.1 16.6 ± 6.9 0.46
Cr (mg/dL) 1.1 ± 0.8 1.1 ± 0.5 0.38
A/C ratio(mg/g) 199.9 ± 537.8 63.7 ± 223.9 0.004
GFR 70.3 ± 33.5 72.1 ± 33.8 0.65
TC (mg/dL) 170.8 ± 47.8 166.5 ± 43.5 0.41
TG (mg/dL) 155.5 ± 120.1 163.0 ± 122.8 0.58
HDL-C (mg/dL) 44.8 ± 14.4 42.7 ± 12.8 0.18
LDL-C (mg/dL) 96.3 ± 37.3 91.6 ± 32.4 0.23
HOMA-IR 7.45 ± 12.77 7.48 ± 8.84 0.99
QUICKI 0.32 ± 0.05 0.31 ± 0.04 0.20
HOMA-β 209.2 ± 1315.8 87.8 ± 131.8 0.22
Fasting insulin (mU/L) 17.7 ± 23.3 16.4 ± 17.3 0.62
Fasting C-peptide (ng/mL) 1.4 ± 1.3 1.4 ± 1.1 0.66
PP2hr C-peptide (ng/mL) 2.6 ± 2.4 2.3 ± 1.8 0.34

Data are expressed as mean ± S.D. BMI, Body mass index; SBP, Systolic blood pressure; DBP, Diastolic blood
pressure; FPG, Fasting plasma glucose; Cr, Creatinine; TC, Total cholesterol; TG, Triglyceride; HDL-C, High
density lipoprotein-cholesterol; LDL-C, Low density lipoprotein-cholesterol; A/C ratio, Albumin/Creatinine ra-
tio; GFR, glomerular filtration rate; HOMA-IR, homeostasis model assessment: insulin resistance; the quan-
titative insulin sensitivity check index; QUICKI, the quantitative insulin sensitivity check index; HOMA-β,
homeostasis model assessment of insulin resistance β; PP2hr C-peptide, 2-hour postprandial C-peptide.

plasma glucose between male diabetics harboring the
G allele and T allele (ACR: 103.3 ± 314.4 vs. 229.5 ±
541.7, respectively,P = 0.10; fasting glucose: 196.0±
70.3 vs. 173.1 ± 81.7, respectively, P = 0.08). Lower
levels of urine ACR were evident in female diabetics
harboring the G allele, as compared with female dia-
betics harboring the T allele (32.7 ± 103.7 vs. 172.1
± 535.9, respectively, P = 0.02). There was no sta-
tistically significant difference in the levels of TC be-
tween female diabetics harboring the G allele and T al-
lele (173.8 ± 35.9 vs. 181.2 ± 42.9, respectively, P =
0.06).

Table 6 summarizes the results of association be-
tween ERRFI1 polymorphism and diabetic nephropa-
thy. Novel ERRFI1 polymorphism was in Hardy-
Weinberg equilibrium among diabetic group (Table 6).
No significant difference in the minor allele frequency
of ERRFI1 was seen between diabetes with diabetic
nephropathy and without diabetic nephropathy. The

power was computed for SNP using SNP tools for Mi-
crosoft excel [19]. At α = 0.05, this sample in total,
male, female diabetes provided 67, 20 and 58% power
in detecting diabetic nephropathy respectively. The di-
abetes harboring T allele had a 1.81 times higher risk
of diabetic nephropathy (95% CI 1.11–2.96) than the G
allele (P = 0.02). There was no statistically significant
difference in odds ratio between male diabetics harbor-
ing the G allele and T allele. The female diabetes har-
boring T allele had a 2.12 times higher risk of diabetic
nephropathy (95% CI 1.07–4.1) than the G allele (P =
0.03).

4. Discussion

The present study analyzed the ERRFI1 SNP in a
T2DM case-control cohort comprising 815 Korean in-
dividuals. The results reveal that the ERRFI1 poly-
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Table 5
Clinical characteristics of different ERRFI1 genotypes in male and female diabetic group

Male Female
T allele G allele P-value T allele G allele P-value

(N = 102) (N = 58) (N = 103) (N = 79)

Age 57.3 ± 13.2 54.8 ± 15.5 0.29 59.3 ± 13.6 60.3 ± 13.8 0.42
Height (cm) 166.0 ± 6.8 168.3 ± 8.6 0.16 155.6 ± 5.9 155.9 ± 6.6 0.39
Weight (cm) 65.4 ± 13.4 70.0 ± 13.9 0.06 58.2 ± 9.1 57.7 ± 9.7 0.62
BMI (kg/m2) 23.7 ± 3.5 24.70 ± 3.72 0.14 24.0 ± 3.6 23.7 ± 3.6 0.44
SBP (mmHg) 125.8 ± 15.5 119.6 ± 12.3 0.01 117.2 ± 14.1 117.4 ± 15.9 0.89
DBP (mmHg) 77.9 ± 8.6 75.5 ± 8.1 0.11 74.1 ± 9.0 74.1 ± 10.4 0.99
FPG (mg/dL) 173.1 ± 81.7 196.0 ± 70.3 0.08 121.6 ± 64.5 133.4 ± 73.4 0.10
HbA1c (%) 9.4 ± 2.5 10.0 ± 2.5 0.15 8.9 ± 2.2 8.8 ± 2.1 0.97
AST (mg/dL) 32.3 ± 35.9 29.2 ± 17.4 0.53 22.4 ± 13.2 22.3 ± 14.3 0.93
ALT (mg/dL) 31.0 ± 24.5 33.8 ± 31.2 0.52 22.5 ± 19.8 21.7 ± 19.1 0.71
Protein (mg/dL) 7.2 ± 0.4 7.6 ± 0.5 0.30 7.3 ± 0.7 7.2 ± 0.8 0.51
Albumin (mg/dL) 4.4 ± 0.3 4.6 ± 0.3 0.36 4.4 ± 0.4 4.4 ± 0.7 0.90
BUN (mg/dL) 17.2 ± 8.4 16.7 ± 6.6 0.69 14.5 ± 11.6 13.8 ± 6.1 0.47
Cr (mg/dL) 1.2 ± 0.6 1.2 ± 0.6 0.84 0.9 ± 0.6 0.9 ± 0.4 0.77
A/C ratio(mg/g) 229.5 ± 541.7 103.3 ± 314.4 0.10 172.1 ± 535.9 32.7 ± 103.7 0.02
GFR 72.9 ± 31.9 84.4 ± 34.5 0.048 71.0 ± 26.2 68.6 ± 26.1 0.38
TC (mg/dL) 162.6 ± 40.4 168.3 ± 50.1 0.44 181.2 ± 42.9 173.8 ± 35.9 0.06
TGs (mg/dL) 146.4 ± 99.0 174.4 ± 131.9 0.16 128.5 ± 42.9 173.8 ± 35.9 0.49
HDL-C (mg/dL) 44.2 ± 14.9 42.0 ± 12.7 0.35 53.5 ± 13.2 51.2 ± 13.1 0.09
LDL-C (mg/dL) 90.4 ± 31.9 88.4 ± 31.0 0.71 103.7 ± 34.1 99.9 ± 31.2 0.25
HOMA-IR 8.15 ± 15.56 7.81 ± 9.05 0.89 6.82 ± 9.58 7.14 ± 8.74 0.83
QUICKI 0.32 ± 0.05 0.31 ± 0.05 0.35 0.32 ± 0.04 0.31 ± 0.04 0.41
HOMA-β 330.5 ± 1877.1 66.7 ± 83.0 0.32 99.6 ± 325.1 104.1 ± 158.4 0.92
Fasting insulin (mU/L) 19.9 ± 29.8 16.4 ± 17.5 0.65 15.6 ± 14.8 16.4 ± 17.1 0.74
Fasting C-peptide (ng/mL) 1.2 ± 0.8 1.4 ± 1.1 0.20 1.7 ± 1.5 1.4 ± 1.0 0.15
PP2hr C-peptide (ng/mL) 2.1 ± 1.7 2.2 ± 1.9 0.68 3.02 ± 2.83 2.39 ± 1.78 0.09

Data are expressed as mean ± S.D. BMI, Body mass index; SBP, Systolic blood pressure; DBP, Diastolic blood pressure; FPG, Fasting plasma
glucose; Cr, Creatinine; TC, Total cholesterol; TG, Triglyceride; HDL-C, High density lipoprotein-cholesterol; LDL-C, Low density lipoprotein-
cholesterol; A/C ratio, Albumin/Creatinine ratio; GFR, glomerular filtration rate; HOMA-IR, homeostasis model assessment: insulin resistance;
the quantitative insulin sensitivity check index; QUICKI, the quantitative insulin sensitivity check index; HOMA-β, homeostasis model assess-
ment of insulin resistance β; PP2hr C-peptide, 2-hour postprandial C-peptide.

Table 6
Association of ERRFI1 SNP with diabetic nephropathy in diabetic group

Alleles Controls: Cases MAF HWE P Power χ2 OR (95% CI) P

Total T allele 132:73 0.39 0.93 0.67 5.79 1.81 (1.11–2.96) 0.02
G allele 105:32

Male T allele 65:37 0.41 0.26 0.20 1.26 1.49 (0.74–3.02) 0.26
G allele 42:16

Female T allele 67:36 0.37 0.24 0.58 4.73 2.12 (1.07–4.1) 0.03
G allele 63:16

MAF, minor allele frequency; HWE, Hardy-Weinberg equilibrium; OR, odds ratio; CI, confidence interval.

morphism is associated with fasting plasma glucose
in T2DM and bestows a protective effect on diabetic
nephropathy.

Many genes, such as ADCY5, MADD, ADRA2A,
CRY2, FADS1, GLIS3, SLC2A2, PROX1, and
C2CD4B, influence fasting plasma glucose in dia-
betes and are associated with HOMA-β [20,21]. ER-
RFI1, which is located on chromosome 1p36, is an
immediate early response gene that can be induced
by stressful stimuli and growth factors [7,8]. The ER-

RFI1 protein inhibits EGF receptor autophosphoryla-
tion and EGF-mediated activation of Ras, extracellu-
lar signal-regulated kinase (ERK), c-Jun N-terminal ki-
nases (JNK), Akt/PTB, and Rb protein [22]. ERRFI1
knockout mice display overactivation of the EGF re-
ceptor and mitogen-activated protein kinase (MAPK)
signaling leading to enhanced cell proliferation [23].
Therefore, ERRFI1 is a protective regulator of EGF re-
ceptor overactivation. Also, ERRFI1 is a downstream
target of the progesterone receptor and decreased ex-
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pression in carcinomas of breast, lung, and kidney [24].
SNP is the simplest form of DNA variation among

individuals. SNP may influence promoter activity,
messenger RNA stability, and subcellular localization
of mRNAs and/or proteins [25]. Thus, SNPs induce
loss/gain of function. To date, a total of 263 ERRFI1
SNP have been reported, yet their functions are un-
known. The present study identifies for the first time
a novel ERRFI1 SNP in the third intron located in the
promoter downstream of the transcription start site at
+808(T/G). This novel ERRFI1 polymorphism may
represent a loss of function, rather than a gain of func-
tion.

Diabetes is the most common cause of end-stage re-
nal failure, accounting for 35%–40% of all new cases
requiring dialysis therapy throughout the world [26].
Hyperglycemia and systemic hypertension play an im-
portant role in the development and progression of di-
abetic nephropathy [27]. Despite normalization of BP
and strict control of blood glucose levels, many pa-
tients still progress to end-stage renal disease [28].
Diabetes-induced hemodynamic alterations that in-
clude glomerular hypertension, tyrosine kinase activa-
tion, and metabolic derangements due to inappropriate
activation of the protein kinase C–MAPK pathway and
activation of the polyol pathway, increases the accumu-
lation of advanced glycation end products and oxida-
tive stress. The cellular alteration resulted in extracel-
lular matrix accumulation, leading to the development
and progression of diabetic nephropathy. ERRFI1 in
the kidney increases dramatically soon after the onset
of diabetes and continues to increase throughout the
progression to diabetic nephropathy [29]. When ER-
RFI1 is present in sufficient quantity to allow interac-
tion with Cdc42Hs, ERRFI1 then triggers further acti-
vation of the stress activated protein kinases (SAPKs),
which, in a positive feedback cycle, stimulate more
ERRFI1 transcription as well as increases in ERRFI1
mRNA stability [11,30]. Sustained ERRFI1-dependent
SAPK pathway activation, arising as a consequence of
mechanical stretch or hyperglycemia, may trigger the
cell to initiate hypertrophy [28]. Our study showed that
the ACR and SBP were low and GFR was high in type
2 diabetes with G allele. This protective effect of ER-
RFI1 polymorphism on renal failure in diabetes was
observed even with high levels of fasting plasma glu-
cose in diabetes harboring the G allele. Hypofunction
of ERRFI1 may disrupt positive feedback of MAPK
activity followed by inhibition of extracellular matrix
accumulation and prevention of diabetic nephropathy.

The limitation of this study is that renal failure re-
quiring regular dialysis was excluded from examina-

tion. Therefore, further research is required to deter-
mine whether a novel ERRFI1 polymorphism prevents
diabetic nephropathy in patients including end-stage
renal failure.

In conclusion, our study has identified new loci of
polymorphism associated with glycemic traits and the
novel protective effect of ERRFI1 has great potential to
unravel new mechanisms of diabetic renal failure and
identify new targets for therapeutic intervention.
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