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Abstract: By using RNA-seq, we recently identified IncRNA snhgl18 which significantly down-regulated in T2DM db/
db mice. In order to further study its function in human T2DM, we focused on the SNHG18, the human equivalent of
snhg18. SNHG18 significantly decreased in T2DM patients, and it's a small nucleolus RNA host gene and a lincRNA.
However, its potential function is still unclear. This hospital base case-control study evaluated the association be-
tween SNHG18 genetic variants and susceptibility to T2DM in a southwest Chinese Han population. We genotyped
three tag SNPs (rs788321 A>T, rs2271223A>G, rs2115243A>C) of SNHG18 in 144 patients with T2DM and 88
healthy controls. Carriers of variant AT rs788321 genotype showed to increase T2DM susceptibility (P=0.03), while
carriers of variant AC rs2115243 genotype showed to decrease T2DM susceptibility (P=0.005). Compared with the
common genotype, AA+AT rs788321 genotype was associated with significantly increased the T2DM susceptibility
and AC+CC rs2115243 genotype was associated with significantly decreased T2DM susceptibility (P=0.03, adjust-
ed odds ratio [OR]=1.388, 95% confidence interval [CI]=1.032-1.868 for rs788321; P=0.05, adjusted OR=0.729,
95% Cl=0.531-1.000 for rs2115243). Further analyses revealed that the association between T2DM susceptibility
and variant genotypes of rs2115243 was more profound in non-smokers and duration of T2DM for 1~5 years. Fur-
thermore, haplotype-based analysis revealed that individuals with A-G-C haplotype indicated a higher prevalence of
T2DM (P=0.007, OR=4.009, 95% CI=1.347-11.929), compared to individuals with the most common A-A-A haplo-
type. In conclusion, our findings demonstrated that the novel lincRNA SNHG18 SNPs may contribute to susceptibility
to T2DM in a southwest Chinese Han population.
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Introduction lion in 2030 [3]. T2DM can lead to many compli-
cations, including diabetic nephropathy, diabet-
ic retinopathy, cardiovascular complications
and diabetic neuropathy, particularly, diabetic
nephropathy is a leading cause of end-stage
kidney disease [4, 5]. However, the mechanism

of T2DM is not fully unclear.

Type 2 diabetes mellitus (T2DM) is a multifacto-
rial complex metabolic disease that resulted
from the interaction of environmental factors
and genetics. It was characterized by hypergly-
cemia, with a varying degree of insulin resis-
tance, impaired insulin secretion and increased

hepatic glucose production [1]. The number of Various classes of long non-coding RNAs

patients with diabetes mellitus will be continu-
ally that speculated using data from the
International Diabetes Federation (IDF), reach-
ing up to 552 million by 2030, of which 90-95%
will be due to T2DM [2]. In China, it is estimated
that the number of patients with diabetes will
increase from 20.8 million in 2000 to 42.3 mil-

(IncRNAs) have recently been reported in many
human diseases [6], including diabetes melli-
tus and its complications [7, 8], and emerging
studies indicated that IncRNAs play key roles in
various cellular contexts and diseases by differ-
ent mechanisms [9-11]. The IncRNA, defined by
non-protein coding transcripts >200 nucleo-
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tides, is a new class of ncRNAs and has been
found to be pervasively transcription in the
genome, which mainly locate within the nucle-
us or cytosolic compartment [12]. It can be
expressed from intergenic regions, antisense
strands, or introns of protein coding genes, or
they can be derived by alternate splicing [13].
LncRNAs can be further subcategorized into
the following locus biotypes based on their
location with respect to protein-coding genes:
antisense INncRNAs, Intronic transcript IncRNAs,
long intergenic noncoding RNAs (lincRNAs), pro-
moter-associated IncRNAs and UTR associated
IncRNAs [14]. LncRNAs have two major fea-
tures, including their low expression and ability
to form secondary structures that can act as
DNA, RNA, and protein binding domains [12,
13]. Although the molecular mechanisms of
IncRNAs still remain largely mysterious, Inc-
RNAs may act as guides, decoys, scaffolds and
signals in biological functions [15]. Some re-
ports identified that there was some relation-
ship between IncRNAs and T2DM [16, 17].
However, the single nucleotide polymorphisms
(SNPs) of IncRNAs in T2DM remain largely
undefined.

Recent studies using high-throughput RNA
sequencing (RNA-seq) and chromatin immuno-
precipitation sequencing (ChlP-seq) have iden-
tified thousands of IncRNAs [7]. By using RNA-
Seq, we recently identified a number of IncRNAs
that were differentially expressed in mouse
models of T2DM. Of them, snhgl8 (RefSeq
NR_038186.1) were significantly down-regulat-
ed in db/db mice (data not shown). In order to
further study the correlation to human T2DM,
we focused on the SNHG18 (RefSeq NR_04-
5196.2), the human equivalent of snhgi8.
LncRNA SNHG18 is a small nucleolar RNA host
gene, which locus on chromosome 5p15.31
(Chr 5:9546200-9550297). The human lin-
cRNA SNHG18 gene encodes a 4098 bp long,
spliced, poly-adenylated non-coding RNA. How-
ever, to data there is no report to show the
association between genetic variants of SNH-
G18 and the risk of any diseases, including
T2DM.

In the present study, we found SNHG18 was
down-expressed in T2DM patients by real-time
quantitative PCR (QRT-PCR). Moreover, SNHG18
gene was evaluated by SNPs analysis in this
study. Three tag SNPs (rs788321, rs2271223
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and rs2115243) with a change of transcription
factors were selected as candidate SNPs by
bioinformatics prediction. Furthermore, we fou-
nd that the genotype frequencies of rs788321
and rs2115243 polymorphisms were remark-
ably different in T2DM. All data indicated that
SNHG18 may participate in T2DM, and two
potential variants of rs788321 and rs2115243
in the promoter and intronic region of the
SNHG18 gene may significantly associate with
the occurrence of T2DM.

Materials and methods
Ethics statement

This study was approved by the Ethics Com-
mittee of Chongging Medical University, and
was conducted in compliance with the Helsinki
Declaration. All patients involved in this study
consented to participate in the study and publi-
cation of the results.

Study population

This hospital-based, case-control study was
constituted of 144 patients with T2DM and 88
healthy controls who were consecutively en-
rolled from the first affiliated hospital of Ch-
ongging Medical University from 2014 to 2016,
and the patients who were diagnosed with
T2DM for having a fasting blood-glucose =7
mmol/L or random blood-glucose =211 mmol/L
or two hours blood-glucose >11.1 mmol/L
twice according to the American Diabetes As-
sociation [18]. In addition, patients with T2DM
had no diseases of cardiovascular, kidney, liver,
lung and other diseases. Healthy controls were
stochastically selected from Center of Health
Examination during the same period. The con-
trols had no diseases of cardiovascular, kidney,
liver, lung and other diseases, which matched
to the cases in terms of sex and age (x10
years). Both cases and control subjects were
unconcerned, ethnically-Han Chinese individu-
als from southwest of china. Each patient
donated 5 ml peripheral venous blood only
after obtaining informed consent for the study.
A structured questionnaire was used to gain
basic information on the healthy controls, such
as age, sex, body mass index (BMI) and smok-
ing history. Clinical data of T2DM, including
age, sex, the duration and treatment of diabe-
tes, HbA1c and smoking habits were obtained
from medical records and questionnaires. The
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questionnaires were performed by experienced
interviewers who were not aware of the hypo-
thetical study. Subjects who currently or for-
merly smoked >10 cigarettes per day for at
least 2 years were considered as smokers.

Total RNA isolation

The 5 ml peripheral venous blood on the empty
stomach in the early morning from the patient
or the healthy controls was collected and imme-
diately added into PreAnalytiX PAXgene™ bl-
ood RNA tubes (Qiagen, Valencia, CA, USA), and
total RNA was extracted by Trizol reagent
(Invitrogen, Carlsbad, CA, USA) according to the
manufacturer’s instructions.

Real-time reverse transcription (RT)-PCR analy-
sis of IncRNA SNHG18

500 ng of total RNA was reverse transcribed
into complementary DNA (cDNA) 10 pL using
Primescript RT Reagent (Takara, Japan) in the
Gene Amp9700 PCR system (Applied Biosys-
tems) under the following conditions: 37°C for
15 min, 85°C for 5 s according to the manufac-
turer's operating instructions. QRT-PCR was
used to examine INcRNA SNHG18 levels by Fast
Start Universal SYBR-Green Master (Takara)
using CFX96 PCR System (Bio-Rad, CA). PCR
reactions were run in a 10 pl final volume con-
taining 100 ng cDNA, 0.8 pl forward and reverse
primers, 5 pl SYBR-Green and 3.2 pl ddH,0. All
intermixtures were divided into three parts. The
reaction program was initiated at 95°C for 3
min, followed by 39 cycles at 95°Cfor5s, 60°C
for 30 s and 72°C for 30 s, and a final elonga-
tion step of 5 s at 65°C. The primers designed
by primer premier 5.0 and primer BLAST of
NCBI (http://www.ncbi.nIm.nih.gov/tools/prim-
er-blast/index.cgi?LINK_LOC=BlastHome) in
this study, including SNHG18 (Forward: CTC-
ACTGGGTCCCTCTGCG, Reverse: CCCTCCCTGT-
TCCTCTGGTC) and GAPDH (Forward: GAAGGT-
GAAGGTCGGAGTC, Reverse: GAAGATGGTGAT-
GGGATTTCC). Relative fold change of SNHG18
expression was calculated by the 2-AACT meth-
od and normalized to GAPDH.

Candidate SNP selection

The SNHG18 gene covers a 4098 bp region of
chromosome 5p15.31 and includes 307 SNPs.
We searched tag SNPs with the selection crite-
rion of a minor allele frequency >5% from a
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genotype SNP database of the Han Chinese
Beijing population (HCB data) on the HapMap
Project (HapMap Rel 27, NCBI B36), which
cover 8098 bp region (4098 bp SHNG18 locus
and 2000 bp upstream as well as 2000 bp
downstream regions of the SNHG18 gene).

Genetic analysis

The peripheral 5 ml blood on the empty stom-
ach in the early morning was collected. Total
DNA was extracted and purified from whole
peripheral blood (EDTA) by using the E.Z.N.A. ®
Blood DNA Kit and E.Z.N.A. ® Micro Elute®
DNA Clean-Up Kit (Omega, USA), and stored at
-80°C for following study. The genotypes of
rs788321, rs2271223 and rs2115243, were
analyzed by polymorphism-polymerase chain
reaction amplification and sequencing. The
primers of three tag SNPs were as follows:
rs788321 (Forward: 5-CTGCCTGGTTCTGCTG-
TTTG-3’, Reverse: 5-ACGGTCGTGGAGGAGTG-
ATT-3’), rs2271223: (Forward: 5-GACATCCTC-
ATCCGTTCT-3’, Reverse: 5-ACTTTACTTGCTTCC-
CAAT-3’) and rs2115243 (Forward: 5-CTGCC-
ACTTCCCCAGAGCC-3’, Reverse: 5-TGGGCTTC-
GCAGCCTCAG-3’). Amplification reactions were
performed in a final volume of 25 pl containing
10x buffer solution 2.5 upl, dNTP mix (2.5
mmol/l) 2 pl, Mgcl, 2 pl, rTagq polymerase (5
U/u) 0.15 pl, PCR primers (50 pmol/Il) 0.5 ul,
genomic DNA (20 ng/ul) 1 pl, glycerin 1.25 ul
and ddH,0 15.1 pl. PCR program was set by 3
min at 95°C, followed by 34 cycles of 10 s at
98°C, 30 s of annealing at Tm54.9°C (rs-
788321)/49.4°C (rs2115243)/59°C (rs2271-
223) and 40 s at 72°C and a final elongation
step of 5 min at 72°C. PCR products were elec-
trophoresed with 1% agarose gels containing
ethidium bromide (EB) and visualized with UV
transilluminator (Bio-Rad, USA), then they were
sent for sequencing (Thermo fisher scientific,
USA). Genotypes were evaluated by the trained
reader.

Statistical analysis

In this study, comparisons of the differences in
demographic characteristics, as well as allele
and genotype distributions of the SNHG18 hap-
lotype-tag SNPs (htSNPs) (rs788321, rs2115-
243, and rs2271223) between T2DM patients
and healthy controls were calculated using
Student’s t-tests and chi-square test. Asso-
ciations between SNHG18 htSNPs genotypes
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Table 1. Demographic information

dence intervals (Cls) evaluated

Cases Controls

using unconditional logistic re-

Characteristics (n = 144) (n=gg Fvale gression model. The crude OR
Age (vears, mean + SD) 6173+11.47 4356770 0213 Was adjusted for age, sex, smok-
Sex, n (%) ing stat.us., hypertensllon and BMI.
Females 83(57.64) 47 (53.41) 0.685 ::;es;atgt'cuaslir?;alsylf'sss W:cr)?tvtg?e
Males 61(42.36)  41(46.59) (Version 20.0, SPSS Inc, Chicago,
Smoking, n (%) IL, USA), and a value of P<5% was
Never 102(70.83)  67(76.14) 0.448 defined as the criterion of statisti-
Ever 42 (29.17) 21 (23.86) cal significance and presented as
BMI (kg/m?) mean * SEM. Linkage disequilib-
24 32(22.22)  51(57.95) 0.000 rium (LD) analysis and Haplotype
>24 112 (77.78) 37 (42.05) analysis were performed by using
HbAc (mmol, mean + SD) the SHEsis software (http://analy-
-6 10 (5.65+0.25) S|s.b|o-x.cn/myAnaIy5|s.php) and
6.1~10 114 (11.941.47) the haploview software [19]. We
only analyzed common haplotype
>10 20 (7.49+1.18) which frequency >0.05 to avoid
Duration (years, mean + SD) false-positive results.
~1 34 (0.41+0.60)
1.1~5 58 (1.0342.97) Results
5.1~10 36 (2.76+8.08) Cch oo
10 16 (5.16416.69) aractgnst:cs of the study
population
Treatment, n (%)
Diet therapy (only) 11 (7.64) Overall, 144 patients with T2DM
Exercise therapy (only) 5(3.47) and 88 healthy controls were
Oral hypoglycemic (only) 34 (23.61) incorporated into this study. The
Insulin (only) 16 (11.11) baseline characteristics of the
Combined therapy 78 (54.17) cases and controls were summa-
sostandard deviation. rized in Table 1. There were no
statistically significant differenc-
es between the cases and con-
> 1.5- trols in the frequency distributions of age
= (P=0.213), sex (female 57.64 vs. 53.41, P=
% —_ * 0.685) and smoking status (non-smoker 70.83
'_=' E vs. 70.61, P=0.448), indicating successful
2 a 1.0 matching of subjects. However, compared with
42« the controls, cases with T2DM had higher BMI
E Q (BMI>24 77.78 vs. 42.05, P<0.01).
el
) G 0.5 SNHG18 expression level examination
V
:E E The SNHG18 expression levels were tested by
% @ gRT-PCR in T2DM patients and controls. Data
[ 0.0- showed that SNHG18 was dramatically de-
Control T2DM creased in T2DM patients (Figure 1).

Figure 1. The relative levels of SNHG18 expression
by real-time PCR in T2DM patients and controls.
Each bar represents the mean + SEM. *P<0.05 ver-
sus controls.

and risk of the development of T2DM were esti-
mated by odds ratio (OR), which 95% confi-
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Bioinformatics prediction

We evaluated nine tag SNPs (rs788321, rs-
2271223, rs2115243, rs1651283, rs1651-
284, rs3798090, rs3798092, rs440527 and
rs930076) which identified with the Ensembl
genome (http://asia.ensembl.org/index.html),
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Table 2. Selection of IncRNA SNHG18 HapMap tag SNPs with HCB data of HapMap Rel 27

MAF in T f Transcription f: r Transcription f: r
Gene SNP Chr position  Regjon CHB Global MAF mﬁrtJ:ti(z)n Ig;:efsocreprtn(L)Jtat?t()::10 aafi:r Suiati?)ito
SNHG18 rs788321 Chr5.9544717 Promoter 0.325 0.3836 A>T TCF7L2, FOXC2, FOXP1 GCM1, FOXP3, TFAP2A
rs2271223 Chr5:9545934 Promoter 0.325 0.335 A>G ZNF354C, SP1, SP2 SP8, THAP1, SOX10
rs2115243 Chr5:9546762 Intronic  0.442 0.2885 A>C SRY, ELF5, FOXP2 ERG, ETS1, ETV6
rs1651283 Chr5:9547017 Intronic  0.155 0.3073 A>G SOX10, NKX2-8 PLAG1, ZNF263, MZF1
rs1651284 Chr5:9547161 Intronic  0.155 0.3249 A>C THAPZ1, ETV3, NFATC3 S0OX10, NFATC2
rs3798090 Chr5:9541211 Promoter 0.199 0.2021 A>G THAP1, RUNX3, ZNF354C NFIC, DUXA, SREBF2
rs3798092 Chr5:9541581 Promoter 0.199 0.2514 G>T FOXP1, MEF2C, FOXP2 NFATC3, NFIC, NFATC2
rs440527 Chr5:9548582 Intronic  0.466 0.4363 A>G TEAD4, NKX2-8, FOXC2 RHOXF1, EMX1, MEOX2
rs930076 Chr5:9550530 Intronic  0.218 0.2448 T>C FOXP3, SRY, FOXG1 NFATC3, HOXC12, HOXD11

UCSC (http://genome.ucsc.edu/index.html) da-
tabases [20], dbSNP (http://www.ncbi.nlm.
nih.gov/snp), Haploview version 4.2 software
[21] and HapMap (http://hapmap.ncbi.nim.nih.
gov/) using the bioinformatics technology. They
were located in the promoter and intronic
region of the SNHG18 gene in the Chinese Han
population and the minor allele frequency
(MAF) was >0.2. We predicted binding sites
between transcription factors and SNPs by
TFSEARCHverl1.3 software and the JASPAR
database (http://jaspar.genereg.net/) [22],
and we found that transcription factors were
changed when before and after SNPs mutation
(Table 2). However, the specific mechanisms
are needed further studies.

Genotype of SNP sites

By polymorphism-polymerase chain reaction
amplification and sequencing, we preliminary
found that the SNPs of rs788321, rs2271223
and rs2115243 had statistically significant dif-
ference in T2DM, compared with the other six
SNPs (rs1651283, rs1651284, rs3798090,
rs3798092, rs440527 and rs930076) (data
not shown), and the chromosome positions of
rs788321, rs2271223 and rs2115243 were
close. We further analyzed the genotypes of
rs788321, rs2271223 and rs2115243 by
increasing the sample size of case-control and
the results were validated by sequencing
(Figure 2).

SNHG18 variants and risk of T2DM

All genotype distributions and allele frequen-
cies of the rs788322, rs2271223 and rs21-
15243 SNPs in the study population were sum-
marized in Table 3. The genotype data of the
selected SNPs did not deviate from Hardy-
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Weinberg equilibrium in the controls and cases
(P=0.226 forrs788321, P=0.07 forrs2271223,
and P=0.280 for rs2115243). Among the three
SNPs, distributions of rs788321 and rs2115-
243 genotypes showed significant differences
between cases and controls (P<0.05). After
adjustment for the risk factors including age,
sex, smoking status, BMI, the variant AT geno-
type of SNHG18 rs788321 were positively
associated with significantly increased risk of
T2DM, compared with the AA genotype (AT vs.
TT: P=0.004, adjusted OR=2.602, 95% Cl=
1.359-4.979). Compared with individuals with
the wild-type AA genotype, subjects with the
variant genotypes (AA+AT) had a significantly
increased risk of T2DM (P=0.030, adjusted
OR= 1.388, 95% CI=1.032-1.868). In addition,
by using genetic models of additive model and
dominant model, the adjusted OR for popula-
tion with the variant AC and AC+CC genotypes
of rs2115243 were (P=0.024, adjusted OR=
0.465, 95% CI1=0.239-0.905; P=0.050, adjust-
ed OR=0.729, 95% Cl =0.531-1.000), which
had a significantly decreased risk of T2DM.
However, there was no significant association
between cases and controls in the genotype
distributions and allele frequencies of other
SNHG18 polymorphism (rs2271223 A>G).

Stratified analysis of polymorphism and T2DM
risk

We evaluated the effects of the variant geno-
types on the risk of T2DM using stratified analy-
ses according to age (50 years), sex, smoking
status, and BMI (Table 4). For the SNHG18
polymorphism rs2115243, a reduced risk of
T2DM associated with the variant genotypes
was obvious in non-smoker subjects (P=0.035,
adjusted OR=0.461, 95% CI=0.222-0.957), but
not in smoker subjects (P=0.496, adjusted

Int J Clin Exp Pathol 2017;10(6):6787-6798
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B GBCCOLCGGCATCCAGG TACAGAA CCGCGGCATCCT GG TACARAAGLE P i A I et
126 128 130 132 134 136 138 140 142 144 145 1132 134 136 138 140 42 44 W6 48 150 152 131122 135 137 129 141 143 145 147 149 151 1

2 - P P
GG AT TAAGTCCAGG AAATG AAC

CEG GG ATTAAG TCAAGG AAATGE-I: GG ATTAAEG TCCAG S R AT sme

7z 74 76 Tz &0 gz =4 26 88 390 32 75 7¥O73 81 83 &85 av L a3 a5 74 76 78 =0 82 24 26 g2 80 92 4

C ] 2 | 3

il 1l

8 - Ll AP -
CACAGGG AAGG TGGAGGGCC GLE L EoGGaecEGcceeTacissss=s CACGGGG ~AAGG TGG AGGRGCC G
193 1201 203 206 207 208 2N 213 216 217 219

184 18 132 200 202 204 208 208 210 212 214 ] 181 183 1856 187 189 191 183 1985 137

Figure 2. Sequencing data for SNHG18 genotypes. A. 1-3: rs788321-F AA, AT, TT. B. 1-3: rs2115242-F AA, AC, CC. C. 1-3: rs2271223-F AA, AG, GG.
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Table 3. Genotype and allele frequencies of the SNHG18 polymorphisms among the cases and con-

trols and their associations with risk of T2DM

SNPs Polymorphisms (nziis:)s(%) (r?fgg)o(';) Crude OR (95% Cl)  Pvalue Adjusted OR (95% Cl)* P value
rs788321 Additive model
T 73(50.69) 35(39.77) 1 1
AT 50 (34.72) 45(51.14) 1.877(1.062-3.318) 0.03 2.602(1.359-4.979) 0.004
AA 21 (14.58) 8(9.09) 1.259 (0.507-3.122) 0.619 0.880 (0.533-1.454) 0.618
Dominant model
T 73(50.69) 35(39.77) 1 1
TT+AT 123(85.42) 80(90.91) 1.357(0.830-2.218) 0.223 1.558(0.908-2.673) 0.107
Recessive model
AA 21 (14.58) 8(9.09) 1.259 (0.507-3.122) 0.619 0.880 (0.533-1.454) 0.618
AT+AA 71(49.31) 53(60.23) 1.557 (0.910-2.665) 0.106 1.388(1.032-1.868) 0.03
Allelotype
T 196 (68.06) 115 (65.34) 1
A 92(31.94) 61(34.66) 1.130(0.760-1.681) 0.546
rs2271223 Additive model
AA 24 (15.97) 14 (15.91) 1 1
AG 53(36.81) 32(36.36) 1.035(0.469-2.285) 0.932 1.014(0.437-2.353) 0.974
GG 67 (47.22) 42 (47.73) 1.075(0.501-2.306) 0.853 1.081(0.706-1.655) 0.719
Dominant model
AA 24 (16.67) 14 (15.91) 1 1
AA+AG 77 (53.47) 46 (52.27) 1.024(0.482-2.176) 0.951 1.012(0.454-2.253) 0.977
Recessive model
AG+GG 120 (83.33) 74(84.09) 0.946(0.460-1.943) 0.88  1.080(0.494-2.362) 0.847
GG 67 (46.53) 42(47.73) 1.075(0.501-2.306) 0.853 1.081(0.706-1.655) 0.719
Allelotype
A 101 (35.07) 60 (34.09) 1
G 187 (64.93) 116 (65.91) 1.044(0.704-1.5490) 0.83
rs2115243 Additive model
AA 58 (40.28) 21 (23.86) 1 1
AC 55(38.19) 49 (55.68) 2.461(1.31-4.622) 0.005 0.465(0.239-0.905) 0.024
ccC 31(23.61) 18(20.45) 1.604(0.746-3.449) 0.225 0.837 (0.556-1.261) 0.395
Dominant model
AA 58 (40.28) 21 (23.86) 1 1
AA+AC 113 (78.47) 70(79.55) 1.711(0.957-3.060) 0.069 0.628 (0.340-1.160) 0.137
Recessive model
ccC 31(21.53) 18(20.45) 1.604(0.746-3.449) 0.225 0.837 (0.556-1.261) 0.395
AC+CC 86(59.72) 67 (76.14) 2.177(1.203-3.939) 0.009 0.729(0.531-1.000) 0.050
Allelotype
A 171 (59.38) 91 (51.70) 1
c 117 (40.62) 85(48.30) 1.365(0.936-1.992) 0.106

The statistically significant are in the bold. °fodds ratio; “confidence interval. *Adjusted for age, sex, smoking status, hyperten-

sion, BMI.

OR=1.563, 95% CI=0.430-5.682) (Table 4).
There was no significant association between
polymorphism and susceptibility to T2DM in
relation to age sex, history of hypertension and
BMI for rs788321 and rs2115243. Further-
more, analyses revealed that the association
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between T2DM susceptibility and variant geno-
types of rs2115243 was more profound in
duration of T2DM for 1~5 years (P=0.018,
adjusted OR=0.320, 95% CI=0.124-0.826).
There was no significant association between
the variant genotypes and clinical pathological
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Table 4. Stratified analyses for SNHG18 rs788321 and rs2115243 genotypes in cases and controls

Variables

(AT+AA)/TT for rs788321

Allelic odds ratios and 95% con-

fidence intervals for rs788321

(AC+CC)/AA for rs2115243

Allelic odds ratios and 95% con-
fidence intervals for rs2115243

Cases, n (%)

Control, n (%)

Adjusted OR (95% CI)*

P Value

Cases, n (%)

Control, n (%)

Adjusted OR (95% ClI)*

P Value

Age (y)
<50
>50

Sex
Females
Males

Smoking
Never
Ever

BMI (kg/m?)
<24
>24

10 (6.94)/9 (6.25)
62 (43.06)/63 (43.75)

41 (28.47)/42 (29.17)
31 (21.53)/30 (20.83)

50 (34.72)/52 (36.11)
22 (15.28)/20 (13.89)

15 (10.42)/17 (11.81)
56 (38.89)/56 (38.89)

42 (47.73)/29 (32.95)
10 (11.36)/7 (7.95)

29 (32.95)/18 (20.45)
23(26.14)/18 (20.45)

40 (45.45)/27 (30.68)
12 (13.64)/9 (10.23)

27 (30.68)/24 (27.27)
25 (28.41)/12 (13.64)

0.767 (0.277-2.122)
0.689 (0.247-1.925)

0.061 (0.292-1.256)
0.809 (0.365-1.791)

0.649 (0.348-1.211)
0.825 (0.287-2.370)

0.784 (0.323-1.902)
0.480 (0.220-1.049)

0.609
0.475

0.176
0.601

0.173
0.721

0.591
0.063

12 (8.33)/7 (4.86)
79 (54.86)/46 (31.94)

53 (36.81)/30 (20.83)
38(26.39)/23 (15.97)

67 (46.53)/35 (24.31)
35 (24.31)/7 (4.86)

20 (13.89)/12 (8.33)
71 (49.31)/41 (28.47)

54 (61.36)/16 (18.18)
13 (14.77)/5 (5.68)

34 (38.64)/13 (14.77)
33 (37.5)/8 (9.09)

54 (61.36)/13 (14.77)
16 (18.18)/5 (5.68)

42 (47.73)/9 (10.23)
25 (28.41)/12 (13.64)

1.969 (0.664-5.834)
1.514 (0.507-4.519)

1.480 (0.678-3.231)
0.401 (0.158-1.015)

0.461 (0.222-0.957)
1.563 (0.430-5.682)

0.357 (0.129-0.986)
1.203 (0.547-2.647)

0.217
0.455

0.323
0.54

0.035
0.496

0.47
0.646

The statistically significant are in the bold. °Rodds ratio; “confidence were interval. *Adjusted for age, sex, smoking status and BMI.

6794

Int J Clin Exp Pathol 2017;10(6):6787-6798



SNPs in SNHG18 contribute to diabetes

Table 5. Associations between variant SNHG18 rs788321 and rs2115243 genotypes and clinic
pathologic characteristics of T2DM

(AT+ AA) and TT Allelic odds ratios and 95% con- (AC + CC) and AA Allelic odds ratios and 95% con-
Variables forrs788321  fidence intervals for rs788321  forrs2115243 fidence intervals for rs2115243

AT + AA, n TT,n Adjusted OR (95% CI)* Pvalue AC+ CC,n AA,n Adjusted OR (95% Cl)* P value

HbA1c (mmol, mean + SD)

~6 5 5 1 4 6 1

6.1~10 58 56 1.036 (0.284-3.774) 0.55 72 42 2.571 (0.686-9.637) 1.61

>10 9 11 0.818 (0.179-3.744) 0.73 15 5 4.500 (0.890-22.734) 0.069
Duration (years, mean + SD)

~1 14 17 1 25 8 1

1.1~5 32 28 1.388 (0.581-3.314) 0.994 29 29 0.320 (0.124-0.826) 0.018

5.1~10 18 17 1.286 (0.488-3.390) 0.632 26 9 0.924 (0.308-2.775) 0.889

>10 8 10 0.971 (0.302-3.124) 0.078 11 0.503 (0.146-1.734) 0.276
Treatment, n (%)

Diet therapy (only) 4 7 1 5 6 1

Exercise therapy (only) 3 2.625 (0.300-22.998) 0.383 2 3 0.800 (0.093-6.848) 0.839

Oral hypoglycemic (only) 22 12 3.208 (0.779-13.215) 0.107 20 14 1.714 (0.436-6.742) 0.44

Insulin (only) 11 5 3.850 (0761-19.468) 0.103 9 7 1.543 (0.329-7.226) 0.582

Combined therapy 49 29 2.975 (0.797-10.975) 0.105 39 39 1.200 (0.338-4.261) 0.778

The statistically significant are in the bold. °®odds ratio; “confidence interval. *Alleles in the order of rs788321, rs2271223 and rs2115243. Only common haplotypes
(frequency >5%) are listed.

phisms (D/=0.000-0.655, r?=0.000-0.176)
(Figure 3). Haplotype analyses were performed
to further investigate combinational effects of
these three polymorphisms on T2DM risk
(Table 6). Using the most common A-A-A haplo-
type (alleles in the order of rs788321, rs227-
1223 and rs2115243) as a reference, A-G-C
haplotype (P=0.007, adjusted OR=4.009, 95%
Cl=1.347-11.929), had a higher risk of T2DM.
Haplotype analysis was performed to further
evaluate the role of SNHG18 in T2DM susce-
ptibility.

rs788321

N 1s2271223
w rs2115243

.

59

Discussion

Although IncRNA genetic polymorphisms were
associated with susceptibility to many diseas-
es, including esophageal squamous cell carci-
noma (ESCC), gastric cancer, breast cancer,
prostate cancer, lung cancer and papillary thy-
roid carcinoma [23-28]. And researches identi-
fied that IncRNAs were dys-expressed in T2DM
[16, 17]. However, there were no related reports
about the relevance between IncCRNA genetic
polymorphisms and T2DM. Our current study
provides the first demonstration that associa-
tion between IncRNA SNHG18 polymorphisms

Figure 3. SHEsis showing linkage disequilibrium (LD)
with r? values for three selected SNPs of SNHG18
gene. Note: dark red coloring displays strong LD, red
displays intermediate LD and pink displays weak LD.

features of T2DM, including AbAlc and the
treatment of T2DM (Table 5).

Association of SNHG18 haplotypes with risk

and severity of T2DM

Linkage disequilibrium (LD) analysis showed
weak LD between the three examined polymor-
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(rs788321, rs2271223 and rs2115243), and
T2DM susceptibility in a southeast Chinese
Han population. From our RNA sequencing
data, we found IncRNA snhg8 which significant-
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Table 6. Frequencies of estimated haplotypes between cases and

controls and their risk prediction for T2DM

smoker subjects (P=0.496,
adjusted OR=1.563, 95%

Haplotype! Cases (%) Controls (%) Odds Ratio (95% Cl) P value C1=0.430-5.682). Our strat-
A-AA 62.48 (21.7) 49.34 (28.0) 1 ified analysis revealed that
AGA 28.31(9.8) 10.38(5.9) 1.734(0.829-3.627) 0.139326  the protective effect was
AAC 1.20 (0.4) 1.28 (0.7) ) ) more pronounced in non-
AGC 23.91(8.3) 3.88(22) 4.009(1.347-11.929) 0.007375 Sm"kersf'f thte Obfsi\r(‘;’ed ad-
T-AA 14.6(51) 6.78(39) 1.328(0.523-3.368) 0549502  'Erse etiects of AL geno-
types may attribute to its
T-G-A 56.3(19.6) 27.41(15.6) 1.313(0.795-2.167) 0.285890 . . .
genetic role in affecting
T-AC 101.19 (35.1) 76.93 (43.7) 0.693 (0472-1.018) 0.061123 smoking. In our stratified
T-G-C 0.02 (0.000) 0.00 (0.000) - analysis to duration of

The statistically significant are in the bold. °fodds ratio; “confidence interval. *Alleles
in the order of rs788321, rs2271223 and rs2115243. Only common haplotypes

(frequency >5%) are listed.

ly down-regulated in T2DM db/db mice. Fur-
thermore, we detected the expression of SN-
HG18 in human beings. Our data showed SN-
HG18 was down-expressed in T2DM patients.
These results suggested SNHG18 may act as
an important factor in T2DM.

In the present case-control study, we found an
increased susceptibility of T2DM in subjects
with mutant genotypes AT of rs788321 com-
pared with carriers of the wild genotype TT
(P=0.004, adjusted OR=2.602, 95% Cl=1.359-
4.979). Furthermore, a higher susceptibility of
T2DM was also observed in individuals with the
AT+AA genotype of rs788321 (P=0.030, adjust-
ed OR=1.388, 95% Cl=1.032-1.868). It sug-
gested that SNHG18 were significantly associ-
ated with significantly increased T2DM susce-
ptibility in the southwest Chinese Han popula-
tion, modulating susceptibility to T2DM by influ-
encing the expression level of SNHG18. These
results indicated INncCRNA polymorphisms may
play a pathogenic role for T2DM.

Furthermore, a decreased susceptibility of
T2DM was also observed in subjects with
mutant genotypes AC in rs2115243 compared
with carriers of the wild genotype AA (P=0.024,
adjusted OR=0.465, 95% CI=0.239-0.905),
indicating the AC genotypes might play a pro-
tective factor. And a higher susceptibility of
T2DM was also observed in individuals with
the AC+CC genotype (P=0.050, adjusted OR=
0.729, 95% Cl =0.531-1.000). In our study, we
also found that individuals with the variant
genotypes had a reduced risk of T2DM in
non-smoker subjects (P=0.035, adjusted OR=
0.461, 95% Cl=0.222-0.957), compared with
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T2DM in 1~5 years, those
with the variant genotypes
had significantly lower sus-
ceptibility of T2DM, while
among other duration of T2DM, no statistical
significance was noted. Our results indicated
that the SNHG18 polymorphism rs2115243
(A>C) and no history of smoking may play a pro-
tective role for T2DM, and the shorter duration
of T2DM may obstacle the development of
T2DM patients.

In addition, our haplotype-based analysis re-
sults demonstrated that individuals with A-G-C
haplotypes had a higher prevalence of T2DM
when compared to those with the most com-
mon A-A-A haplotype, indicating that T allele of
rs788321 and C allele of rs2115243 may also
contribute to the risk of T2DM. Meanwhile,
study proved that C-G-C-C, T-G-A-A, and T-A-A-A
haplotypes of IncRNA H19 had a higher preva-
lence of coronary artery disease (CAD) [29].
These implied that the haplotypes of IncRNA
associated with susceptibility of diseases and
participate in the development of many
diseases.

However, our study had many limitations. First
of all, selection bias was existed because all
subjects of disease groups and control groups
were enrolled consecutively from hospitals dur-
ing the same period and in the same area. But
genotype distributions in the study were not
deviate from the Hardy-Weinberg equilibrium in
the controls and cases. Secondly, slight effects
can’'t be detected because of the relatively
small numbers and gene-environment interac-
tions. Thirdly, because of the lack of clinical
information, further analyses were prevented.
In addition, demographic and personal informa-
tion, such as smoking status and hypertension
obtained by medical records and question-
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naires may have a risk of false-positive or false-
negative. Finally, the data of our study were
unable to extrapolate for other regions and eth-
nic groups because which was performed in a
southwest Chinese Han population.

In summary, we carried out the screening of
T2DM-related IncRNA SNHG18 in T2DM and
the association analysis between IncRNAs
gene polymorphisms and T2DM patients for
the first time. Our study showed that two poten-
tially functional SNHG18 SNPs (rs788321 A>T
and rs2115243 A>C) were significantly associ-
ated with T2DM in the southwest Chinese Han
population. AT/AT+AA rs788321 genotypes
were associated with significantly increased
T2DM susceptibility and AC/AC+CC rs2115243
genotypes were associated with significantly
decreased T2DM susceptibility. Furthermore,
these two SNPs may have combined effects on
the susceptibility of T2DM. Our study also dem-
onstrated that the SNHG18 promoter rs788321
A>T polymorphism was functional, modulating
susceptibility to T2DM by changing the expres-
sion levels of INcCRNA. These results indicated
SNHG18 polymorphisms may play a pathogenic
role for T2DM. The rs788321 (A>T) and
rs2115243 (A>C) polymorphism may change
the translational efficiency, potentially lead to
alter the structure of SNHG18, and affect the
function of SNHG18. Nonetheless, the precise
pathogenic mechanism of SNHG18 in T2DM
still remains unclear, and further studies are
required to support our presupposition.
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