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Putative functional variants of MAPK/ERK identified by RegulomeDB were associated
with knee osteoarthritis susceptibility

Wang Kejie, Xu Chenyang,Zhang Yige, Chen Haifeng, Ding Wenge, Dai Xiaoyu™

Department of Orthopaedics , Changzhou No.1 People’s Hospital , Changzhou 213003, China

[Abstract] Objective: To investigate the relationship of genetic variations in MAPK/ERK pathway with knee osteoarthritis risk.
Methods: A case-control study was conducted including 278 patients with knee osteoarthritis and 289 age and sex matched healthy
controls. A total of 5 potentially functional variations in MAPK/ERK pathyway (MEK1, MEK2, ERK1 and ERK2) selected by
RegulomeDB were genotyped by using SequenomMassARRAY. Univariate and multivariate logistic regression models were used to
evaluate the association and its strength. Results: In univariate analysis, rs350911 of MEK2 was significantly associated with knee
osteoarthritis in recessive model (TT vs. TC+CC) (OR=2.62,95% C1:1.70~4.02,P < 0.01). After adjustment for age, gender and BMI,
the associations remain significant (OR=2.72,95% CI: 1.75~4.22, P < 0.01). The stratification analyses revealed that the effect of
13350911 on knee osteoarthritis was significant in male, lower BMI (<25 kg/m*) , and lower Kellgren-TLawrence grade (1-2) (all P <
0.05). P value for heterogeneity test was 0.01 in different gender group. Conclusion: The results indicate that potential functional
genetic variation in MAPK/ERK plays an important role in the pathogenesis of knee osteoarthritis.
[Key words] knee osteoarthritis ; MAPK/ERK ; genetic variation ; polymorphism
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RegulomeDB %% #i % (http://www.regulomedb.
org/ )9 A MEK1/2 F1 ERK 1/2 3t 4 4N HL K X 38 P4 i A5
AT R 2 5 7% (single nucleotide polymorphisms,
SNP)RL o HABRUENPES> 1 28, B
SR 25 SR T e SNP HL A KA B MR I
J# (expression quantitative trait loci, eQTL) ] 17 3
FIINEE ; 22T 1 000 Genomes Phase I F H7 [E L%
R Pkt v )N S5 /NS5 A7 5 PRI 38 (minor
allele frequency , MAF)= 0.05 , HEBR H [ A 5 1% 81
AN 17 (linkage disequilibrium, LD ) %) 358 % 48 5 (>
0.8) (http://grch37.ensembl.org/index.html) . f /& 44
AVEGr 7 A, 2 6 N 2 EIRELK
122 AR A e Z 2]
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BN EV AR AR B 45 5 DR AU A 2 ] ) A0 38 O A 2 57 5
P R TN £ [H & Logistic [71 )38 OR {f &% H: 95%
CIL, W # AR BRI ( — 278 ) AR (SR E
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Table 1 Distributions of select variables in OA cases and

controls
. HRTRA Xf HRZH
Hih5 (n=278) (n=239) P

(%, xxs)  6200+1055 61.13+£10.92  0.34
HERI (%) ] 0.87

| 82(29.5) 87(30.1)

4 196(70.5) 202(69.9)
BMI(kg/m*,x +5) 2497+326  2384+296 <0.01

<25 150(54.0) 189(66.5)  <0.01

=25 128(46.0) 95(33.5)
KL73%(n)

1~2 133

3~4 141

2.2 MAPK/ERK # £ & %5 KOA 8 X B4

61 SNP H1, [4: rs 16949879 1 T 5| ¥ 52 g
MR REAWFFE SN, HAx 54> SNP ¥ oy 3 A (3R
2) A DL ST G el iR AR A% P . MEK2 2 [
1 22 A A 25 15350911 55 KOA & U 78 B P
RI(TT vs. TC+ CC) P HAT e it22 XM (OR=2.62,
95%CI:1.70~4.02, P < 0.01) ., 3T £ [K % Logistic
B R AR S P I BMI 25 K 5 ,1s350911 1735
KOA % 95 XU AH & B (OR=2.72,95%C1: 1.75~4.22,
P<0.01),

HE— %} 1s350011 5 KOA Y B k473 243
Mr(3), 458 8K, rs350011 %50 JE KRG v 7E 5
P, BMI<25 kg/m’, K-L 53440 1~2 A1 (LR A % |
NHER X ) H 2 (P < 0.05, % 3) , HAEMES 02

f S PR B0 G2 2 L (P=0.01) , $& 7R 1% A0 55
X KOA AR RAE FHFEAEE I 22 55, BV 55 1 9 A ik
R HAEH

3 3t i

AR 5T 2R 9 191 %) B AR5, 28 RegulomeDB fiii
e MAPK/ERK i J#6 56 PR 1) 468 126 SNPs {7 511, e IF-A
HC5 A EDUE AR KOA A9 KU . BF9R & 3 MEK2
1 rs350911 5 KOA A WU ARSI , #E— 22 90
JZA 5T 87 1350911 XiF KOA [14 52 1 75 55 1 rh s 2R
T, B R - A AR

7% A K IL- 18 7] 38 i MAPK/ERK i % , fii 15
SRR AR B3 A AN i, B A R s | T
B ALY G S A R, e IR Y R 4
MR AR R o BRI Z AN B9 s i R LS4
#6426 IR - 1 (phosphoinositide-dependent kinase
1, PDK1) 124 Jifd ¢ 9 3 1% 25 11 4B (vacuolar protein
sorting 4B, VPS4B) 1] 3 i MAPK il 5% S5 5
BOE IR T, AR E KOA R R IR R L i R AR
IR Bk i oleuropein) | HEFFER (rosmarinic acid)
KOA i HINGIT 25 W5 3L K R A4 (avocado soy-
bean unsaponifiables, ASU) | 1] L1 i 3 # ] MAPK
308 1% Sk LU 491 A R P 0 T, 2 T 22 % KOA (1) B
HEE , G A REAR T it AT AEW] , MAPK/
ERK Ay {72 i 550E 8 AL T R0 i 463 4 1 o B
YA 5 S B, X KOA [ & A B S EH .

rs350911 £ 19 54 (AR MEK2 B N 5 1
XL, & A B 58 UE 52 3Z 47 53] LA Cis-eQTLs 37 75
MEK?2 A4 5L PR NS0T IR 2S5 55 5 e S -+
4 7 FH 1 H 57] (protein inhibitor of activated STAT 4,
PIAS4) 3& [A (https://molgenis58.target.rug.nl/bloode-
qtlbrowser/) . MEK2/E k22 34 )5 1% {b 85 I S 5
e S P R LMY 1 2 SR 2 R A AR
PR TIRE AL A0 MR 5E A, AR O 8L, IO EORT
P MEK 057 ol LA TL- 1B D fE™, ey
RCE A0 I TL- 1B BE MY IR 20 i MMP3 Al
MMP13 )35 , [ FEAR I 28 e i 1 25 1 SR ) 2
iK1 MMP13 [ St RERESAR 1 B2 4E , MMP3
REREAR LT 2 20 1 A2 R0 AR 10 A5 HA R B Al i AP R
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PIASA 215 5 5 G S Ins T 4( signal transducer
and activator of transcription 4, STAT4 ) 43 A% &5 FH 4
i3, STAT4 i id JAK-STAT 342 2 55 Gy 40 Ml
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Table 2 Logistic regression analysis of associations between selected polymorphisms of MAPK/ERK and KOA risk

o7 1, FEIR Y n Ko} AR P{H" OR(95%CI) P1H OR(95%CI)" PE"
ERK2 TT 222 226 0.95 1 1
159607272 GT 55 59 0.95(0.63~1.43) 0.80 0.91(0.60~1.39) 0.68
GG 1 4 0.25(0.03~2.30) 0.22 0.29(0.03~2.63) 0.27
GT+GG vs. TT 0.90(0.60~1.36) 0.63 0.88(0.58~1.33) 0.53
GG vs. TT+GT 0.26(0.03~2.32) 0.23 0.29(0.03~2.66) 0.27
AE ALY 0.87(0.59~1.27) 0.46 0.85(0.57~1.25) 0.40
MEK1 cC 211 226 0.20 1 1
rs1347069 CT 61 54 1.21(0.80~1.83) 0.36 1.12(0.74~1.71) 0.59
TT 6 6 1.07(0.34~3.37) 0.91 1.23(0.38~3.95) 0.73
TT+CT vs. CC 1.20(0.81~1.78) 0.38 1.13(0.76~1.70) 0.55
TT vs. CT+CC 1.03(0.33~3.23) 0.96 1.20(0.37~3.85) 0.76
AH A 7Y 1.15(0.81~1.63) 0.43 1.12(0.79~1.59) 0.54
MEK1 cC 100 94 0.37 1 1
157166547 CT 132 148 0.84(0.58~1.21) 0.35 0.85(0.58~1.23) 0.39
TT 45 47 0.90(0.55~1.48) 0.68 0.82(0.49~1.36) 0.44
TT+CT vs. CC 0.85(0.60~1.21) 0.37 0.84(0.59~1.20) 0.34
TT vs. CT+CC 1.00(0.64~1.56) 0.99 0.90(0.57~1.43) 0.66
AR AR 0.93(0.73~1.18) 0.53 0.89(0.70~1.14) 0.37
MEK 1 cC 128 143 0.67 1 1
14255740 TC 126 122 1.15(0.82~1.63) 0.42 1.14(0.80~1.62) 0.47
TT 24 23 1.17(0.63~2.17) 0.63 1.14(0.61~2.13) 0.69
TT+TC vs. CC 1.16(0.83~1.61) 0.39 1.14(0.81~1.60) 0.45
TT vs. TC+CC 1.09(0.60~1.98) 0.78 1.07(0.58~1.96) 0.83
AE AR Y 1.11(0.86~1.44) 0.43 1.10(0.84~1.43) 0.50
MEK2 cC 138 133 0.10 1 1
15350911 TC 59 115 0.49(0.33~0.73) <0.01 0.47(0.32~0.71) <0.01
TT 81 38 2.05(1.31~3.23) <0.01 2.01(1.26~3.20) <0.01
TT+TC vs.CC 0.88(0.63~1.23) 0.46 0.87(0.62~1.22) 0.40
TT vs. TC+CC 2.62(1.70~4.02) <0.01 2.72(1.75~4.22) <0.01
A AR Y 1.23(1.00~1.52) 0.06 1.23(0.99~1.53) 0.06

a: XML HWE B PAEL; b IR S PAEL, PR ARt D MR ( i) ARl (i

1 L2 ARG AL, ATk — 2B 518 T i 7> 1 1 5%
SRZEIR T 4L 73RS , 2 5 KOA A B 4

JRE B A ) R R

25 i, AR5 E IR R B MEK2 19 SNP £ 55
rs350911 8 35 34 fin v [ DU N HE KOA 19 & 9 XL
Wro Jegk ﬁb%fﬁlﬁmﬁﬂﬂ%%ﬁ#z&ﬁ%_
FTHE, I i T e 2R Ak o F

725 KOA B 531 Bl
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