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Study of KCNJ11 rs5219 Gene Polymorphism on the Efficacy of Metformin Combined with Gliclazide in
Newly Diagnosed Diabetes Mellitus Type 2 Patients

XIONG Lie!*?, YAO Fang'®?, JIN Limin?, NING Fan'®? SHI Hangiang'®?, DU Shugqin®, SHI Yanbo'®*"
(1.Zhejiang Chmese Medical University Aﬁ‘llated Jiaxing deztzonal Chinese Medicine Hospital, a.Central Laboratory,
b.Department of Endocrine, Jiaxing 314000, China; 2.Jiaxing Key Laboratory of Diabetic Angiopathy Research, Jiaxing 314000,
China; 3.College of Pharmacy, Zhejiang University of Technology, Hangzhou 310000, China)

ABSTRACT: OBJECTIVE To explore the effect of the polymorphisms of ATM(rs11212617), KCNJ11(rs5219),
CYP2C9(rs1799853, 1s1057910), TCF7L2(rs12255372, 1rs290487) and IRS1(rs1801278) on efficacy of metformin and gliclazide
combined treatment for diabetes mellitus type2. METHODS Eighty-one patients with newly diagnosed diabetes mellitus type
2 in Standardized Metabolic Disease Management Center of the Endocrinology Department of of Zhejiang Chinese Medical
University Affiliated Jiaxing TCM Hospital were enrolled in this study, and they were treated with metformin hydrochloride
tablets and gliclazide modified release tablets. MassARRAY was used to type the above single nucleotide polymorphism(SNP),
and followed up for 3 months: Fasting plasma glucose(FPG), glycosylated hemoglobin type Alc(HbAlc) and fasting
insulin(FINS) were compared before and after treatment. RESULTS The gene frequencies of all SNPs were compliant to
Hardy-Weinberg equilibrium, the samples were well represented. The rs1799853, rs1057910, rs12255372 and rs1801278 had low
mutation frequencies with poor clinical significance. The benefits of FPG compliance rate, increase of FINS, decrease of HbAlc
after treatment were stronger in patients with homozygous rs5219 C allele than those with T-allele carriers (P<0.05). However,
there were no significant differences in treatment effects among the genotypes of rs11212617 and rs290487. CONCLUSION
The 155219 polymorphism of KCNJII gene is associated with the efficacy of metformin hydrochloride tablets and gliclazide
modified release tablets in treating diabetes mellitus type 2, with a more significant effect observed in individuals homozygous
for the C allele. This finding can serve as a reference for personalized medication in clinical treatment of diabetes mellitus type 2.
KEYWORDS: diabetes mellitus type 2; MassARRAY; single nucleotide polymorphism; KCNJ11; rs5219
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2 BB PR (diabetes mellitus type 2, T2DM)
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# 1 MassARRAY 5| #1577
Tab.1 Primer sequences for MassARRAY

K SNP ID Em5#(5°-3") K 5141(5°-3%) FEARTH(5°-37)

ATM rs11212617 acgttggatg ATACCAATTACAAAGGGCAG  acgttggatgGTGGGTTGCTTGTGGATAAC AAAAGGGCAGATCAGAGA

KCNJI1I 155219 acgttggatgCCTTTCTTGGACACAAAGCG  acgttggatgAGGAATACGTGCTGACACGC CACGGTACCTGGGCT

CYP2C9 151799853  acgttggatgCATGACGCTGCGGAATTTTG  acgttggatgTATGGAGTAGGGTCACCCAC GAGGAGCATTGAGGAC
rs1057910  acgttggatg ATGCAAGACAGGAGCCACAT  acgttggatgTGTCACAGGTCACTGCATGG TGCACGAGGTCCAGAGATAC

TCF7L2 1512255372 acgttggatgTGCAAATCCAGCAGGTTAGC acgttggatgCAGAGGCCTGAGTAATTATC AGGAATATCCAGGCAAGAAT
rs290487  acgttggatgCTTCCAACCCAGTACAAATC  acgttggatg ATCTGCAGACTGACAACTGG CCTTTCTCATTTTCAATTTTGC

IRS1 rs1801278  acgttggatg ATGGTCATGTAGTCACCCCG  acgttggatg AGAGCACTGGGGTCGAGATG GGATTGGCCCTGCACCTCCC

Y NETREN Tag 314,
Note: Lowercase letters meant Tag primer.
PEOFN s dLE SR B 220 Bk Kruskal-
Wallis #5556 ; AT L3R ¢ K256 5. Mann-Whitney
U kil THECRBER L 2 K. DL P<0.05 255
HAGI 228 L,
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Tab. 2 Distribution of alleles at 7 SNPs in study population

FEH SNP ID F R 7R n(%)
ATM rs11212617 ccC 41(20.6)
AC 26(32.1)
AA 14(17.3)
KCNJ11 1s5219 cc 30(30.7)
CT 38(46.9)
T 13(16.0)
CYP2C9 131799853 cC 81(100.0)
CT 0(0.0)
TT 0(0.0)
151057910 AA 72(88.9)
AC 9(11.1)
cC 0(0.0)
TCF7L2 812255372 GG 78(96.3)
GT 3(3.7)
T 0(0.0)
15290487 T 32(39.5)
CT 32(39.5)
cC 17(21.0)
IRSI 1s1801278 cC 81(100.0)
CT 0(0.0)
TT 0(0.0)

AR BAEARYF T FPG K TR EE S, M
KCNJ11(rs5219) C 48 B4 BE AR T T 5540
FE R BB E A EARWIRYT e FPG M = Y
FPG ib#RR (3 P<0.05). i rs5219 fv 5 C 253
Hali & BE N FPG Fhil A MR IR — BN S54%
FIFFRERE IR GIRIT kG B 2, S5 5,
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% 3 Hardy-Weinberg & 1£ T #& 1
Tab.3 Hardy-Weinberg equilibrium test

R SNP ID LA KB dbSNP SR FRORIE AT Ve P
FEAEL SRR/ % FEAEL BRI/ %
ATM rs11212617 C 81 66.7 4500 60.1 2.855 0.091
A 333 39.9
KCNJ11 1s5219 C 81 60.5 4912 61.1 0.026 0.872
T 39.5 38.9
CYP2C9 rs1799853 C 81 100.0 1958 99.9 0.083 0.774
T 0.0 0.1
rs1057910 A 81 94.4 4858 95.6 0.540 0.463
C 5.6 4.4
TCF7L2 1s12255372 G 81 98.1 652 99.2 1.930 0.165
T 1.9 0.8
15290487 T 81 59.3 304 57.9 0.098 0.754
C 40.7 42.1
IRS1 rs1801278 C 81 100.0 1902 99.2 1.374 0.241
T 0.0 0.8
;. dbSNP %d % M hk https://www.ncbi.nlm.nih.gov/snp/,
Note: dbSNP database URL https://www.ncbi.nlm.nih.gov/snp/.
F=4 ErlEREAR
Tab. 4 Basic clinical data
- ATM(rs11212617) KCNJ11(1s5219) TCF7L2(rs290487)
cC AC AA cc CT TT TT CT cC
B/l 41 26 14 30 38 13 32 32 17
TR 29/12 12/14 10/4 20/10 23/15 8/5 21/11 21/11 9/8
AR % 43.9+104 423+11.9 419487 | 4430+11.02  4268£991  4131+11.64  4128£1096 43.88+997  44.88+10.86
BMI 24824247 25524429 | 25162293 25384275 24924365  25.08+2.77 25.16+3.72 24.84+279  2544+293
WHR 0.93+0.05 0.92+0.05 0.90+0.05 0.93+0.04 0.92+0.06  0.90+0.05  0925:0.05  0913+0.04  0.923+0.07
Wie4E H/mmHg 13615 13316 143420 138+14 134£18 136+14 134+15 134+15 144+18
#7ikH/mmHg 86:+11 86+8 92+14 88+9 85412 8948 86+11 8510 93+10
AR S (+/-)/f51) 13/28 8/18 4/10 10/20 11727 4/9 10/22 9/23 6/11
I (+-)/ 5] 11/30 422 4/10 426 1028 5/8 8/24 6126 5/12
RIS (+/-)/ 11/30 11/15 5/9 921 1424 4/9 15/17 6/26 6/11
TG/mmol-L 1.80+0.81 1.94+1.11 1.86:1.47 1.67+0.69 1.94+1.04 2.03+1.58 1.81+0.86 2.02+1.28 1.62+0.78
LDL-C/mmol-L™" 2.74+0.73 2.60+0.75 2.38+0.57 2.6240.73 2.70+0.70 2.49+0.75 2.67+0.75 2.57+0.69 2.69+0.74
ALT/U-L! 27.85£2295 2635+18.63 224341253 23.83+14.10 31.1642525  18.6248.57  24.28+t1496 27.16+22.55 29.12+23.83
AST/U-L! 206121029  1938+690  17.57+472 17934459  21.95+11.16  17.15:434  18.75+6.03  19.78+841  21.29+12.30
Scr/umol-L™! 72.56£12.65 | 67.46+12.62  T4.64+1533  7043+929  71.89+15.03  71.46+16.18  71.09£10.89  72.66+11.97  69.06+19.00
. BMI-MR e 48 B=1A i it (kg)/ 5 (=i (m)? ;. WHR-ERE LL=Z [/l ; TG—Hith =8 ; LDL-CRS NG (IR ; ALT-N 2R 2 L5 RS0

AST-R[ X R IRAILF AL W 5 Scr—IL i NLET
Note: BMI-body mass index=weight(kg)/height(m)?;

WHR-waist-to-hip ratio=waistline/hipline; TG-triglyceride; LDL-C—low-density lipoprotein

cholesterol; ALT—alanine aminotransferase; AST—aspartate aminotransferase; Scr—serum creatinine.
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(rs290487) 22 25 %t 6 12 — F XU Fr 5 48 4 55 4 2%
B F R T2DM 4 HbA L 5200
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HA KCNJ1(rs5219) 235X HbAle 3RS 7E
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Tab. 5 Effects of 3 SNP site polymorphisms on fasting blood glucose levels in T2DM patients treated with combination of
metformin hydrochloride tablets and gliclazide sustained-release tablets

J:[H (SNP ID) FERA JAYTRT FPG/mmol-L~' J4¥7 )5 FPG/mmol-L-! t P AFPG KPR GEPR/ AR IRAR)
ccC 8.68+1.19 6.75+1.21 12.082  <0.001  1.93%1.02 53.7%(22/19)
AC+AA 8.52+1.14 6.83£1.12 13.237 <0.001 1.69+0.81 57.5%(23/17)
ATM(rs11212617)
t/)(2 0.605 —0.327 1.176 0.121
P 0.547 0.744 0.243 0.728
cC 8.49+1.15 6.43+1.08 11211 <0.001  2.06+1.01 73.3%(22/8)
CT+TT 8.66+1.17 7.00+1.16 14002  <0.001  1.66+0.85 45.1%(23/28)
KCNJ11(rs5219)
il —0.645 -2.195 1.905 6.099
P 0.521 0.031 0.060 0.014
TT 8.72+1.29 6.74+1.30 11.132 <0.001 1.98+1.01 50.0%(16/16)
CT+CC 8.524+1.07 6.82+1.07 13.840 <0.001 1.70+0.86 59.2%(29/20)
TCF7L2(rs290487)
t/)(z 0.759 -0.302 1.341 0.661
P 0.450 0.764 0.184 0.416

¥: LA FPG<7 mmol- L' N#%#ili5h5; AFPG=FPG wsi—FPG o
Note: FPG<7 mmol-L~! was considered as the control standard; A FPG=FPGyefore—FPGafrer-

6 3 SNPMZZASMEMEER-FNMA 54758 %8 5 T2DM B A m 2% B o2
Tab. 6 Effect of 3 SNP site polymorphisms on glycosylated hemoglobin in T2DM patients treated with combination of
metformin hydrochloride tablets and gliclazide sustained-release tablets

JE P (SNP ID) Ji P YRITHT HbAlc/% JAI7F HbALc/% t P AHbAlc  IEFRFRGEIR/AIERR)
cC 8.97+1.37 6.84+1.20 13271 <0.001 2.13+1.03 51.2%(21/20)
ACHAA 8.77+1.20 6.98+1.13 17.589  <0.001 1.79+0.64 47.5%(19/21)
ATM(rs11212617)
i 0.710 —0.515 1.774 0.112
P 0.480 0.608 0.081 0.738
cc 8.75+1.35 6.53+1.12 12.725  <0.001 2.22+0.95 63.3%(19/11)
CT+TT 8.94+1.25 7.13%1.14 16.402  <0.001 1.81£0.79 41.2%(21/30)
KCNJ11(rs5219)
i 20.649 -2.304 2.074 3.710
P 0.518 0.024 0.041 0.054
TT 8.95+1.44 6.85+1.31 13308  <0.001  2.10+0.89 46.9%(15/17)
CT+CC 8.81%1.19 6.95:+1.06 15359 <0.001 1.870.85 51.0%(25/24)
TCF7L2(rs290487)
1/ 0.463 ~0.358 1.169 0.133
P 0.645 0.722 0.246 0.715

‘EE . L) HbAl c>7%ﬂ\7?’§ﬁ%ﬂi¢jﬁ ; AHbAlc=HbAlc yrs—HbAlC wyrmo
Note: HbA1¢<7% was considered as the control standard; A HbAlc=HbAlcCyerore— HbA 1 Cagier.

2.5 ATM(rs11212617), KCNJ11(rs5219), TCF7L2
(rs290487)Z xR R = FROWUN A S 4% 2 55 R 2
B BEFH T2DM B35 FINS (520
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TCF7L2(rs290487)f) 2 2 MEXT T FINS #9520 - JC
it Yo MM KCNJ11(rs5219)0 15 i 22 5%
T FINS (5200 5 FAE 0 —2, C S NG R
HH FINS s s T T SRR B
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3 g

AT 81 B2 T2DM i, B fy
AR AR R H BN B A A8 B SRR R B A
HIT 3 A JE MR — e R R, BTG
R MBS A K8 R MassARRAY %f 21~ SNP
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Tab. 7 Effect of 3 SNP site polymorphisms on fasting insulin in T2DM patients treated with combination of metformin

hydrochloride tablets and gliclazide sustained-release tablets

JE[H(SNP ID) F R JAYTHT FINS/ulU-mL™! VA¥7 )5 FINS/uIU-mL™! z P AFINS
cc 9.80(7.75, 11.25) 13.10(10.45, 14.80) -5.581  <0.001 3.40(2.10, 4.20)
AC+AA 9.25(7.03, 11.48) 12.20(9.75, 14.98) -5.443  <0.001 3.35(2.00, 4.35)
ATM(rs11212617)
Zly? -2.930 —0.411 ~0.009
P 0.770 0.681 0.992
cC 9.90(7.25, 11.73) 13.80(10.95, 15.50) 4784  <0.001 3.65(2.63, 4.75)
CT+TT 9.30(7.60, 10.90) 12.30(10.10, 12.30) -6.156  <0.001 3.30(1.80, 3.80)
KCNJI1(rs5219)
Zly? —0.660 ~1.257 —2.045
P 0.509 0.209 0.041
TT 9.70(7.45, 11.70) 13.00(10.73, 15.20) 4938  <0.001 3.70(2.25, 4.28)
CT+CC 9.40(7.40, 11.10) 12.40(9.95, 14.55) -6.032  <0.001 3.30(1.95, 4.20)
TCF7L2(rs290487)
Zly? ~0.686 -0.865 ~0.889
P 0.493 0.387 0.374

7E: AFINS=FINS i 5—FINS w0
Note: A FINS=FINSfe,—FINSpefore.

1s1057910(A 94.4%, C 5.6%). rs12255372(T 1.9%,
G 98.1%)5 1s1801278(C 100%){37 5 Hy T 5 A8 4l %
BAR, W R A R AE o 1R A0 s 1 35 PR A3 %
5 NCBI dbSNP £l (- WA HF) 0] 22 55 To 4t 11
B, f54 Hardy-Weinberg istf& Vi, HEACER
PR R AF

AR R — W UM R 2 H i R 5w il H g —
A R 2, SRTT SR B A I S SRR 2 —
Tl Je B R BR s A PR , - 70 S iE % I8 6 48 1 4
P okE h AR AR AR LR AR ATM, HonT %3k
— P2 AR Tp 2 PRI, FFAE S . IS
K VEEEERE AP 2011 4, GoDARTS fi
UKPDS 24t (& 2# 58 /N ) 1 T X ks 24
I LI ZH AT W, ATM LR 1511212617
P C AR LR — B B AT A SR A 00,
B/ Van SEUUAEX AR 24 B0 RS Hh 3G UE
TR RIRER, AR EAEET 1 WX 274
B b ¥ D% T2DM HOE WOBF R BN,
ATM(rs11212617)057 /5 C 2507 F K 5 — H U7
RO, AR U ARSI 1 T 58 IAh —
XUNTE ATM(rs11212617)fv 5 1Y A S50 JE R4 7 iR
HHITRE T C N, X—25 R KL
45 A R . BRSO T B U AR 1 VE FHAIL
WA SE A B, H B T I A R AU R e 1
A B AMPK i AH5CHY, il ATM YEF T AMPK
i, O OBUNE S 2 DDA DG AEAR 5
AR T2DM B EH, ATM(rs11212617) 2 8544 %}
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F AR “HOSUIR FE 5155 FE 2 B 7 I B IR YT 1Y
Y7 R IERE A, X ] B 5 AR T AR AR £ 1) SR B
R, WA AR TT TS I SRR R I Y
AL

T PR MR 25 24 Wt 2 H i v R 09 11 A
FEMEZ 2 —, WFERE 5 IEMK. #EF05540 . #& Sl
WEFIARF ME R A5, XY EELE S B oAl
JERR 1) ATP AR B8 18 38 (K arp) 25 &, BHLTT
Cci= e = I 1 1 A 1 oA i N et
T, FE G S B T IE R, B5E T,
PSR 5 2243 Wb T KCNJ T KB 9t Kare 14 Kir
6.2 WA, J& Karp BB H B2 —, PRI
5 B 4NNl R E L, HORR A7
ST R EON R R BRI R, BRI
PRl 5 Karp 3838 FIOBEEEIR S Z 1A 1 256, S5
WIESCH], dRmfe it S =W, Wik, KCNJII
S DR 5 725 Jr 55014 B PR v FR A T T IR IR 2R 25 36
I8 T KCNJIT SR 28 E T BEREIR Kare
T R IE H AR BTN RE , KCNJ11(1s5219) (C>T) AR
FB Koare 18 18 BUSMERRAR, T RIER, (R
Sy 24312 MR, 5w il WE AR S 245 4 B VE
IR TEARWFIE R, & KCNJ11(rs5219)0 5 C
LG SE R 2l G B TR R A2 3R R — F U Ak 4]
FRFR R R AR YT IS FPG A HbAle 3K 253
BENT T &0 R B (Y P<0.05), [FIN
EHIE— SR T 25805 ) FINS AR 4k,
KCNJ11(rs5219)07 s 10 C 25 FEPR 4l 747 b

e E IR FH 2452 2023 4F 12 A 55 40 #2455 24




PRI H A XA T B 1 5 2 AL IR A 5 T T 4%
N7 PR HE AT R 3 (P<0.05), 33X AT HE &1 o I 42 il
Z S0y, A B ER IR T A B 5 AR A
KCNJI11 FERIX R AR WM PEH o seitsR 45 S5
K 0 BE A BE Y 45 R — 070 E ARG p
KCNJI1 3£ 15219 i 55 C S5 B 4l A 4008 K
28 30%, KA T S0 EFERH, X4
A1) SR 118 8 5% 25 A A T e B 4555, PG R ]
RE T 2N 25 R R AN X — BB, T — ELHE
FH 2 18 ] 2538 it s 9 & AR KU . e Ak, #& 371
FRFEE @ CYP2C9 R, 1 rs1799853 Al
151057910 1A CYP2C9 F K 4 UL K 2 4~ SNP 17
R, HAAS AT RE SIS T, RE IR 2
MR, S HERR, IR, (15K
SERYJE, 11799853 il rs1057910 iX 2 4~ SNP i /5
(1) 52 AR I AR AE A AP AR . PRI IR 75 4 F
TKIE CYP2CY9(rs1799853)F1 CYP2C9(rs1057910)
Pr oAy, [RINHENT KCNJII(rs5219)f T S5y it
DR T, FR T LG4 3] 55 AR 114 i 5 R A2 IR
el IO 5 557, 4t e A% 1) SR O R P 2 o D) gl 2 3
TP MR B RS

TCF7L2 BANIEAe %R 1k K B T2DM #x5k
IEIEH, TCF7L2 SERSE 3 & 71— B Ut
FREE ST 5 DG10S478 27545 T2DM 1Y & A= XU
K. BfE, EFAIM 5 ki 250
(rs12255372., 157903146, rs7901695 . rs11196205
J% rs7895340)5 T2DM 1.4 HE XU 7E 24 [ KAl
ANBEHRARR]IZIESE RO TCFIL2 25 WNT/B-
catenin {5 538 F§ W OCHERE SRRV, 5 B 4HMIDHE
A2 H B BN, 1s12255372 £ 5 T
57 5 1R %o it P R 295 245 g e iy 82 557 12230, ELAR
5 ABEH 1 SNP 37 05 ) T 2507 3 PRI AIR
R, ARFFFEBAAT 1290487 1745, 15 H ikt
A% A7 A5 R - HOBUNIORIAR 51 55 47 3R i3 o
BIRZNSEAR R AR A — e 548 %, H
AW IR &I HAE FPG. FINS. HbAlc J7 i 5
M 6 i — FFOWUNI 548 371 S5 R 92 B8 7 3 ) TS
Al

[R5 R S HAZRGE S, B S R 2R Yk
fefk, MITE—DU0E T ey, itk IRST 3
PRI 1) 22 25 TS 800 5% 2% Uk R RIS, BT A
WoE W~ IRSI FE[HfY rs1801278 1 LAt
T2DM [ 5 ZZALPUAH Y EAE ST i

AN 22 2023 4F 12 A4 40 555 24 1)

DS AT T 0, 3 81 il 3ZiE ¥k C 4 LA
afify, XPPARAR Y 5 A8 AR AE I PR b N AN (A
B, PUABESE IR R T i — 20 R

i b, AR EEEIT T ATM
(rs11212617) . KCNJ11(rs5219) . CYP2C9(rs1799853 .
rs1057910) . TCF7L2(rs12255372 . rs290487) .
IRS1(rs1801278)fvi i Z M AE IR IR L8 5 T2DM &
H IR U A8 5 5 R o2 e kA 25 19
ATGEM: . 45K, 185219 {75 C & KR4l a
SRR LR — W OB R AR 9 SR 3 i 7
RITHYTRGE T T SRR RS, SEX—
ME IR REE T S50 3L X TS
ROLWVEF B R 55 . I, 185219 (i %
A5 R R = WP XU Bt 9155 R 92 B kG
29T ROROG, BN R N A E, 71k T2DM &
AR E 2%,
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