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[Abstract] Objective To explore the association of three single nucleotide polymorphisms (SNPs;
rs228942, rs228941 and rs743777) in interleukin-2 receptor B subunit (/L-2RB) gene with the susceptibility
and severity of myasthenia gravis (MG). Methods There were 480 MG patients and 487 normal controls
enrolled in this study, and their three SNPs (rs228942, rs228941 and rs743777) in IL-2R gene were
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evaluated through SNPscan™ technique. Subgroups were classified by gender, age of onset, anti -
acetylcholine receptor antibodies (AChR-AbD), thymus status, maximal involvement after 2 years of onset and
maximal Oosterhuis score. Frequencies of alleles and genotypes were compared between MG group and
control group, between MG subgroups and control group, and among subgroups under codominant, log-
additive and overdominant models. Results The frequency of T allele of rs228942 in MG group was
significantly higher than that in control group (x° =4.692, P =0.030, OR = 1.242, 95%CI: 1.021-1.511).
There was significant difference in the frequency of rs228942 genotype between MG group and control
group under log-additive model (P =0.036, OR =1.230, 95%CI: 1.010-1.480). The rs278942/rs228941 GT
haplotype frequency in MG group was higher than that in control group (x° =4.286, P = 0.038), while GG
haplotype frequency in MG group was lower than that in control group (x° = 5.333, P = 0.021). The
frequencies of T allele of rs228942 was significantly higher in MG subgroups of onset age 15-50 years (x° =
7.474, P =0.006, OR = 1.380, 95%CI: 1.095-1.740), non-thymoma (x*=4.700, P =0.030, OR = 1.261, 95%
CI: 1.022-1.555) and maximal generalized involvement (x° = 4.715, P = 0.030, OR = 1.287, 95% CI:
1.025-1.617) than those in control group. Multivariate forward Logistic regression analysis found that onset
age 15-50 years (OR =9.026, 95%CI: 4.225-19.284; P = 0.000), onset age > 50 years (OR =9.956, 95%CI:
4.475-22.149; P = 0.000), thymoma (OR = 2.578, 95%Cl: 1.393-4.773; P = 0.003) and positive AChR-Ab
(OR =1.946, 95%CI: 1.179-3.214; P = 0.009) were the independent risk factors for maximal involvement,
while genotypes were not. Conclusions The rs228942 polymorphisms of /L-2Rf3 gene may be associated
with the susceptibility of MG, but not with the severity of MG. The rs228941 and rs743777 polymorphisms
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were not found to be associated with the susceptibility and severity of MG.
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Table 1. Genetic characteristics of rs228942, rs228941 and rs743777 in IL-2R B gene and comparison of their allele
frequencies between MG group and control group

SNP Location and function Risk allele MAFE X’ value P value OR OR 95%C1
MG (N=480) Control (N=487)

rs228942 Chromosome 22 missense T 0.322 0.276 4.692 0.030 1.242  1.021-1.511

rs228941 Chromosome 22 3°UTR G 0.409 0.403 0.064 0.800 1.024  0.853-1.229

rs743777  Chromosome 22 5'near region G 0.119 0.111 0.303 0.582 1.082  0.817-1.433

*According to NCBI dbSNP, the MAF of Han people in China was 0.257, 0.374 and 0.107, which was similar to those in control group of this
study (0.276, 0.403 and 0.111), indicating the representativeness of controls. The genotypes of three SNPs in control group were consistent with
Hardy-Weinberg equilibrium: P =0.069, 0.400, 1.000. SNP,single nucleotide polymorphism, $.# 172 Z & 1k ; MAF, minor allele frequency, />
BAE A BRI % MG, myasthenia gravis, EEAEMLTC JT; UTR , untranslated region , IF #1% X.

K2 MGHGX WA Z K E IL-2RBIEIN 15228942 . rs228941 Fll vrs743777 I 5 F& IR RIS K 14 e 45 [ 191 ( %) |
Table 2. Comparison of genotpye frequencies of rs228942, rs228941 and rs743777 in IL-2RB gene between MG group and
control group [case (%)]

Genotype frequency Codominant model Log-additive model
SNP Genotype
MG (N =480) Control (N =487) P value OR OR 95%C1 Pvalue  OR OR 95%C1
rs228942 474° 483"
GIG 222 (46.84) 261 (54.04) 0.082 1.000 0.036  1.230 1.010-1.480
GIT 199 (41.98) 177 (36.65) 1.320  1.010-1.730
TIT 53(11.18) 45( 9.32) 1.380  0.900-2.140
rs228941 468" 487
c/ic 166 (35.47) 178 (36.55) 0.940 1.000 0.800  1.020 0.850-1.220
ClG 221 (47.22) 225 (46.20) 1.050  0.790-1.400
GG 81 (17.31) 84 (17.25) 1.030  0.710-1.500
15743777 470* 486"
A/A 365 (77.66) 384 (79.01) 0.860 1.000 0.580  1.080 0.820-1.430
AlG 98 (20.85) 96 (19.75) 1.070  0.780-1.470
GG 7( 1.49) 6 ( 1.23) 1.230  0.410-3.690

“subjects with relevant data and successful genotyping, 7 FH N 5% 8} H 43 B 295 41 50 . SNP, single nucleotide polymorphism, H.4% 18 2 &
T4 5 MG , myasthenia gravis, B i JILJG 11

R3 IL-2RBHH rs228942 Fll rs228941 37 1 #4) 2 1) AL A%

1 | Table 3. Frequencies of 1s228942/rs228941 haplotypes
SNP
MG Control »

— - X value P value OR  OR95%CI

15228942 15228941 (N=480) (N=487)
- & ~ ¢ C 0.589  0.601 0.230 0.631 0.956 0.796-1.149
3 3 =
] & @ T G 0319 0276 4286 0.038 1.231 1.011-1.500
o™ o™ o~
Z Z z G G 0.089  0.122 5.333 0.021 0.706 0.525-0.950

T C 0.004  0.000 - - - -

-, no statistic value because of few number, F & % /b ifif JG 7% i
Block 1 (0 kb) . SNP,single nucleotide polymorphism, H.4% 1F iR 2 & 1 ; MG,
myasthenia gravis, 5EMLIC )

B 13 B P AT B O3 Tl DL TL-2 RBFE IR 3 A T IR
23 PR 5 A Y BRI, HL P, 15228942 Fil 15228941 i 25 1
A S50 D= 0.990,7° = 0.619, #2758 2 7 47 3 Bi 2
Figure 1 Linkage disequilibrium and haplotype analysis
showed D" =0.990, 7 = 0.619 in rs228942/rs228941, indicating
high linkage of these 2 loci.




. 674 - o E B e 44 A 2016 45 10 H 26 16 555 10 4]

Chin J Contemp Neurol Neurosurg, October 2016, Vol. 16, No. 10

Fd HAEMESEMCH S RE TN EILZREE HE 2289421522894 M 1743777 L S F W EEH

EEAMMENLEA(%)]
Table 4. Comparison of frequencies of alleles and genctypes between MG and contro]l groups of the same gender [case (%]
Male Female
SNP
MG (N=189) Control (N=249) ¥’ value o vl MG (N=291) Control (N=238) x value P el
rs228942 185" 247 289° 236"
e 92 (49.73) 136 (55.06) 0.520% and 0.2604# 130 (44.98) 125 (52.97) 0.190* and 0.100#
GT 73 (39.46) 89 (36.03) 126 (43.60) 88 (37.29)
T 20 (10.81) 22 ( 8.91) 33 (11.42) 23 ( 9.75)
T 0.305 0.269 1.359 0.244 0.332 0.284 2.829 0.093
rs228941 182" 249° 286" 238"
cc 74 (40.66) 88 (35.34) 0.430% and 0.190# 92 (32.17) 90 (37.82) 0.360* and 0.160#
ce 81 (44.51) 115 (46.18) 140 48.95) 110 (46.22)
e 27 (14.84) 46 (18.47) 54 (18.88) 38 (15.97)
G 0.371 0.416 1.762 0.184 0.434 0.391 1.962 0.161
rs743777 184" 249" 286" 237
AA 145 (78.80) 193 (77.51) 0.560* and 0.590# 220 (76.92) 191 (80.59) 0.370%* and 0.220#
AG 38 (20.65) 52 (20.88) 60 (20.98) 44 (18.57)
Jole 1( 0.54) 4( 1.61) 6( 2.10) 2( 0.84)
G 0.109 0.120 0.288 0.592 0.126 0.101 1.546 0.214

“subjects with relevant data and successful genotyping, 43 FH IV %% #t H 43 B 5 2] 95 6] 45 ; *codominant model , 2L i 14 3 f4 52 7 ; #log-additive
model , I BAERLT . SNP, single nucleotide polymorphism , A% 112 2 & 1% ; MG , myasthenia gravis, BAE JLJE J1

#(0.319) & TXFHE41(0.276, P =0.038) , GG {5 7l
A %.(0.089) 1K T XF B 41 (0.122, P =0.021) , H % RH
EERIES -
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IL-2RBHE A +s228942 .rs228941 Fl vs 743777 137 1. %1
DR R TR R 6 25 S B e 48 it 2 (P> 0.05,
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. 2H (P =0.006) A1 i i 96 2. 2H (P = 0.030) Fil &
W I 2 A B M EE A B A E AR WLJE 7 4L (P = 0.030)
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0.008) Al i % (P = 0.014) 1 AL B R R | R £ Jig Ji
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I " T 4 By R T E LG ) W 4 A bk s AL AR R
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0.000) F1> 50 % (OR =9.956,95%C1:4.475 ~ 22.149;
P =0.000) . ¥ M i7 %% (OR = 2.578,95%CI: 1.393 ~
4.7735 P = 0.003) M4 AChR B & B (OR = 1.946,
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Oosterhuis TF 23 ~5 0 WH E F0O~20 W (P =
0.013) , W4 W 41 7 3L B 1 (P = 0.028) Al 4% (P =
0.015) it f& 155 0 B[R 70 001 R 22 SRR AT G il 2 B
S KRR IR 2 AR B ™ BB Oosterhuis TE43 (3 ~
5453850 ~2 50 ) R RS i, 15743777 o7 a5 5 K A
(e 3 M v st A ST ) M (53 M sl A ) AR
(<15 % (15 ~50 % 5 > 50 %) J B8 (A 5R
) FHt AChR HUik (BH M s B MO 1E o B i AT 2
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Table 5. Comparison of frequencies of alleles and genotypes between MG subgroups and control group [case (%)]

Control Onset age (year) AChR-Ab Thymoma Maximal involvement Oosterhuis (score)

SNP (N=487) <15 15-50 >50 Positive  Negative  Positive  Negative OMG GMG 0-2 3-5
(N=71) (N=253) (N=156)  (N=338) (N=124) (N=107) (N=367) (N=I51) (N=274)  (N=216) (N=154)

15228942 483" 70° 252" 152° 333° 124° 105° 363° 151° 270" 216" 152°
GG 261 (54.04) 37(52.86) 107 (42.46) 78(51.32) 161 (48.35) 52 (41.94)  52(49.52) 167 (46.00) 70 (46.36) 125 (46.30) 97 (44.91) 78 (51.32)
GT  177(36.65) 23(32.86) 116 (46.03) 60 (39.47) 132(39.64) 60 (48.39) 40 (38.10) 156 (42.98) 71 (47.02) 112 (41.48) 99 (45.83) 59 (38.82)
i 45(9.32) 10(14.29) 29 (11.51) 14(9.21)  40(12.01) 12( 9.68) 13 (1238) 40(11.02) 10( 6.62) 33(1222) 20( 9.26) 15( 9.87)

T 0.276 0.307 0.345° 0.289 0.318 0.339 0.314 0.325" 0.301 0.330° 0.322 0.293

15228941 487° 70° 248" 150° 328" 122° 104° 358" 148" 266" 212° 150°
CC 178(36.55) 27(38.57) 78(31.45) 61(40.67) 120(36.59) 39 (31.97) 43 (41.35) 122 (34.08) 48 (32.43) 97 (36.47) 69 (32.55) 58 (38.67)
€6 225(46.20) 30 (42.86) 123 (49.60) 68 (45.33) 148 (45.12) 65(53.28) 42 (40.38) 174 (48.60) 81 (54.73) 119 (44.74) 112 (52.83) 62 (41.33)
66 84(17.25) 13(18.57) 47(18.95) 21 (14.00)  60(18.29) 18(14.75) 19(18.27) 62(17.32) 19(12.84) 50(18.80) 31 (14.62) 30 (20.00)

G 0.403 0.400 0.438" 0.367 0.409 0.414 0.385 0.416 0.402 0.412 0.410 0.407

15743777 486° 68" 250" 152° 330" 123 105" 359° 148° 269" 213° 152°
A4 384(79.01) 55(80.88) 193 (77.20) 117(76.97) 257 (77.88) 95 (77.24) 76 (72.38) 286 (79.67) 119 (80.40) 206 (76.58) 175 (82.16) 111 (73.03)
AG 96 (19.75) 13(19.12) 53(21.20) 32(21.05) 68 (20.61) 27(21.95) 26 (24.76) 69 (19.22) 28 (18.92) 57(21.19) 37(17.37) 36(23.68)
66 6(123 0(000) 4(1.60) 3(197) 5(152) 1(081) 3(286) 4(LI) 1(068 6(223)  1(047) 5(3.29

G 0.111 0.096 0.122 0.125 0.118 0.118 0.152 0.107 0.101 0.128 0.092 0.151°

“subjects with relevant data and successful genotyping, 43 A8 1 588 H 23 T s T3 955 451 52 ; “The frequency of T allele of rs228942 was significantly
higher in onset age 15-50 years subgroup than control group (x’=7.474, P =0.006, OR = 1.380, 95%CI: 1.095-1.740); "The frequency of T
allele of rs228942 was significantly higher in MG thymoma (=) subgroup than control group (x° = 4.700, P = 0.030, OR = 1.261, 95% CI:
1.022-1.555); The frequency of T allele of 1228942 was significantly higher in GMG subgroup than control group (x°=4.715, P =0.030, OR =
1.287, 95%CI: 1.025-1.617); ‘The frequency of G allele of rs228941 was significantly higher in onset age 15-50 years subgroup than onset
age > 50 years subgroup (P =0.049, OR =1.343, 95% CI: 1.001-1.803); ‘The frequency of G allele of rs743777 was significantly higher in
Oosterhuis 3-5 score subgroup than 0-2 score subgroup (P=0.013, OR =1.769, 95%CI: 1.123-2.788). SNP,single nucleotide polymorphism, 5.
%11 2 22 &5 7 5 AChR-Ab, anti-acetylcholine receptor antibodies, it £ Bt I 52 44T 145 ; OMG , ocular myasthenia gravis, HR L 5 AE JILIC 77 5

GMG, generalized myasthenia gravis, 4> 5 % & i L TG 71

R6 IL-2RBFHEIH rs228942 {3 s5 AL K IR I 2 4F fie ™ B9k
43 1 CHR LR 5% 4 B 700 8 5E JILJC 1) W20 B9 Logistic [l 19
o3 #

Table 6. Logistic regression analysis of rs228942 in
maximal involvement (OMG/GMG) subgroups

Variable b SE  Waldy’ Pvalue OR OR 95%CI

Onset age (score)

15-50 2200 0387 32262  0.000 9.026 4.225-19.284

>50 2298 0408 31733 0.000 9.956 4.475-22.149
Thymoma (+) 0.947 0.314  9.087 0.003 2578 1.393- 4.773
AChR-Ab (+) 0.666 0256  6.776  0.009 1946 1.179- 3.214
Constant 22,019 0.395  26.181  0.000

+ , positive, FH # . AChR - Ab, anti - acetylcholine receptor
antibodies , PT £ T NAA, 527 (4 BT 4

RT IL-2RBHEIN rs743777 L HAE K IR G 2 5 99 fie ™
B} Oosterhuis PF43 (3 ~ 5 738 0 ~ 2 43 ) .41 1Y Logistic [8 5
arHr

Table 7. Logistic regression analysis of rs743777 in
maximal severity (Oosterhuis 3-5/0-2) subgroups

Variable b SE  Waldy’ Pvalue OR OR 95%CI

Onset age (score)

15-50 2.929 0.742  15.586  0.000 18.703 4.370-80.047

>50 2,939 0.753 15.217  0.000 18.900 4.316-82.759
Thymoma (+) 0.608 0.271 5.043  0.025  1.838 1.080- 3.125
AChR-Ab (+) 1.062 0.303 12.246 0.000  2.892 1.596- 5.243
Constant -3.989 0.763 27.316  0.000

+ , positive, A £ . AChR - Ab, anti - acetylcholine receptor
antibodies , 910 2, T AH A, 52 (A 4T (4

0.000) 1 > 50 % (OR = 18.900, 95% CI: 4.316 ~
82.759; P = 0.000) . 1 & Jiit %83 (OR = 1.838,95%ClI:
1.080 ~ 3.125; P = 0.025) F1HT AChR Bt 14k FH 1 (OR =
2.892,95%C1:1.596 ~ 5.243; P = 0.000) J& & I J& 2 4F
Y i ™ HE B} Oosterhuis BF 43 B9 20 57 fG 6 R 2%, {H

SRR RS FER R (R 7).

1L-2 E 2 H CD4'T 40 il 52 Bt J5 03 ) r= A,
o5 H AR R Z R IL-2R S5 4, 76 4 FF LR e
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S G AEEEAEH . IL-2R A 3 AL, Bloil
B (CD25) B HA (IL-2RB, CD122) Fly ¥ B {37
(CD132) o BAAS BN 55 1L-2 36 7 4%, i 3 4>
V. BV AR B = BRI TL-2R 5 TL-2 5 55 2 A
J1IFREAE B A SR S S R S o L B A
A2 T R 29 70 x 107, IL-2RBHE [F & A7 T e {44
22q11.2-q12; Mo Fy I AL BRI 5 1L-2 455,
M 3 AN BN S Al 5 TL-2 JE A v 4 S 0 T o

CD4'T i Jifd 2 LA A 250 55 M fo 928 Iy 285 1) o6
St AT LG 7 R8T 40 A CTh) AR T
4 M (Treg) T 1k 2% flly J& 5 2 & g MLl =2 — .
Fattorossi % ""HF ST SN, R 23697 B EAE LG ) R
AN A I Treg 40 M T4 R K T 15 % 4 HR &, 7 LU
TR JE Wi R 5 4 AR BEE W JE 7 I, Treg 200 M 1450 5 35 1
INELYK & IE & o 1 IL-2/IL-2R {5 5 % 5 38 B X Treg
20 0 B4 43 Ak 2 B RN Th BE A R LA SR 9
11 BURE PR AN 22 T AR (MS) %5 1 B G s Tk
I 1) 2K 3k R vl 2 D) s 928 R YT AT B 9 1Y)
SR st pal 25 R B IL-2RBHE IR 3 BE A 45 IX
vs743777 10 s, 22 A5k 5 FRE WLTC 1 B I A O

AW 5T ZE NCBI dbSNP 04 12 42 41 1) o [ 0%
BB P e B IL-2RBIE IH 15228942 15228941 Al
15743777 00 5, Horb 15228942 i A5 v T IL-2RBHE
S04 8 F B T g i XA g AR 5 391 1 4
LR HH R A4 2R R 78 AT 2 TR 515228941 i mi fof T
37 o 4 B X (3-UTR) , %% s Al 88936 DRI LUSYE il {5
fifi RNA (mRNA) 5 55 Y1 F1ES /2 %, 1F 1 52 00 IL-2R B
IRE ;1743777 DL S AL F S s Sh TR X, 2
AMSEREMTL S DB RBECT R AL, W
W AZ IR 3 LS 43 T R ) 2R 3 3 98.50% , HL
X HEZH 3 AN A7 a5 1 5 TR 8 53 A 75 & Hardy-Weinberg
S 7 A, O TR R R 5 NCBT dbSNP U4l 7 42
HE A o DT N B R A O, R BT IL-2RBEE A
rs228942 . rs228941 Fll rs743777 37 s5, 3 K 78 B % 4b
TR A BT BRI AR

AW I 45 BN, MG 45 % B4 IL-2RBHRE H
rs228942 37 5, T 55 40 H DK R R 700 550 % 2 53 35 40
TR X, BB AL 0 A B (TG R GG A% 1Y)
ERNEHRIT¥E LG WA H BR,15~50 5
A1 PF: i R 98 2 RN R S 2 A 4 B R EERE JLE
T2 50 B 8, i A i T S A0 5 TR R i [R] R
W 2 S AT Gt aE SRR R 2 AR ™
H B} Oosterhuis 743 (3 ~ 5785 0 ~ 2 43) W 4H 5 % BR

M2 G R X — AT 2 R ATk
Logistic 815 23 B 5 7, 56 R 78 IR Al b A7 70 4 %8 22
S 0 EE A LG 7 4% W20 0 ST S B TR &R . 1s228942
DS AL T A0 B X, S8 g i XA TR % 5 AR
A RES | IL-2RBELAE , %2 TL-2R 5 5 5% 5, AT 384
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rs22894 1 i i G 55 o Kk PR i 5 IR U3 AN AE K
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Systems Biology of Alzheimer’s Disease published

Systems Biology of Alzheimer’s Disease (ISBN: 978-1-4939-2626-8, eBook ISBN: 978-1-4939-2627-5) will be published by
Humana Press in 2016. The editors of this book are Juan I. Castrillo and Stephen G. Oliver, Department of Biochemistry &
Cambridge Systems Biology Centre, University of Cambridge.

Alzheimer’s disease (AD) and many other neurodegenerative disorders are multifactorial in nature, involving a combination of
genomic, epigenomic, network dynamic and environmental factors. A proper investigation requires new integrative Systems Biology
approaches, at both the experimental and computational level. The interplay of disease mechanisms and homeostatic networks will
underlie the time of onset and rate of progression of the disease.

This book addresses such an integrated approach to AD. It aims to present Systems Biology, including both experimental and
computational approaches, as a new strategy for the study of AD and other multifactorial diseases, with the hope that the results
will translate into more effective diagnosis and treatment, as well as improved public health policies.

Written for the highly successful Methods in Molecular Biology series, practical and cutting - edge Systems Biology of
Alzheimer’s Disease is intended for post-graduate students, post-doctoral researchers and experts in different fields with an interest
in comprehensive Systems Biology strategies applicable to AD and other complex multifactorial diseases (including other
neurodegenerative diseases and cancers).

The price of eBook is 103.52€, and hardcover is 124.99€. Visit link.springer.com for more information.

Epilepsy Towards the Next Decade published

Epilepsy Towards the Next Decade (ISBN: 978-3-319-12282-3, eBook ISBN: 978-3-319-12283-0) was published by
Springer International Publishing in 2015. The editor of this book is Pasquale Striano, Pediatric Neurology and Muscular Diseases
Unit, University of Genoa.

This volume is a comprehensive collection of the most recent knowledge on the biological bases of various kinds of epilepsies
and modern clinical approaches to their treatment. Epilepsy affects about 0.5%—-1% of the world’s population and the main goal of
its treatment is to eliminate seizures without creating side effects. Despite numerous advances in the treatment of epilepsy and the
approval of several new antiepileptic drugs, about 30% of patients continue to experience recurrent seizures which are medically,
physically, and/or socially disabling. The editor of this volume hopes that by bridging the gap between the fundamental biology of
epilepsy and its clinical implications he might spur further research and treatment options.

The price of eBook is 118.99€, and hardcover is 139.99€. Visit link.springer.com for more information.



