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LMP7 3P 12071543 (G > T) {7 s EF T 3L 40 28, LA 4 A SNP vy o5 45 437 55 PR R 35k [ 984 4 3 091 4 ) i 20
AR G A B A B RN B RS R AT, ST LMP2 Rl LMPT 3%[R SNP 274515 TB iyt 6, &8 &
Bonferroni ¥ 1EJ5 ,4 A~ SNP 57 i 1) 45 037 & H J 3[R @Eﬁ%&fﬁméﬂ%uxﬂﬁéﬁ AR TGRS (P>
0.012 5) {HAESMJEWIFE 11351383 i g5 1) C SEA7 LRI AERAh TB F8 2 v (i 47 26 i 25 o8 X IR 41 (P = 0. 010,
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C-G-G-G Efifizh TB g rh 4% 2 v T X IEZH (P =0.003, OR =1.982, 95% CI H 1.246 ~3.154) , £+
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[ Abstract] Objective: To investigate the association between LMP2 and LMP7 gene single nucleotide
polymorphisms ( SNPs) and Tuberculosis (TB) of Han population in Yunnan. Methods: A total of
449 patients with TB (including 324 cases with pulmonary TB and 125 cases with extrapulmonary TB)
and 367 healthy individuals of the Han people in Yunnan province were recruited in this study.
SNaPshot genotyping was used to genotype the three SNPs of the LMP2 genes: rs1351383 (T >G),
rs17587 (C >T), rs2127675 (A >G), and rs2071543 (G >T) of the LMP7 genes. The allelic and
genotypic frequencies of the four SNPs in TB cases and the control group were compared using different
inheritance models. Furthermore, the haplotype were constructed and analyzed. Results; After

Bonferroni correction there was no difference between TB cases and the control group (P >0.0125) in

“[EETUH ] ERK B AREIEATUH (31401063 ) 5 rp [ B2 2R AR B 5 (R RERHRCAHT TR F M A BB H (2016 —12M -2 -001)
*OHEVEE E-mail : 1357626082@ q. com

512



53] XIRRESE 2 f A DU LMP JEDR 222515 S5 A% 2 B i) IR PE I 5

the allelic and genotypic frequencies of the four SNPs. However, the stratified study showed that the

frequency of the C allele of rs1351383 in the group with extrapulmonary TB was significantly higher
than that of the control group (P =0.010, OR =1.377, 95% CI:1.030 ~1.841) , while the genotype
difference was showed between the EPTB and TB cases in the analysis of additive genetic model (P =
0.008, OR =1. 520, 95% CI.1.120 ~2.080). The frequency of haplotype rs1351383-rs17587-
1s2127675-rs2071543 . C-G-G-G was significantly higher in the group with extrapulmonary TB (P =
0.015, OR=1.982, 95% CI.1.246 ~3. 154, after B. correction) than that in the control group.
Conclusion: rs1351383-C in LMP2 gene, as well as haplotype rs1351383-rs17587-rs2127675-
152071543 ; C-G-G-G may increase the susceptibility of extrapulmonary TB in Yunnan Han population.

[ Key words ] polymorphism , single nucleotide (SNP) ; low molecular weight proteasome ( LMP ) gene;

tuberculosis (TB) ; han population of yunnan

25 4% 9% (tuberculosis , TB) & 1 45 4% 70 B FF
5 AR | 2 G F MR A T EAL e
Z—" i WHO(2019 4E R BRES AR ) B,
TB R R AIL TR —HEmE AT . HAl42RY
A 25% BN VG T S5 RUT R (H A 5% ~
10% PG 2 K FE N AT e RIE AR 1) TB 4
FWH TB B S 30 5 A A it % R 2 AR 56120 A
FERIIE Fit i IR X TB 1 & Ak e A H %
AVE T o AR AR XS 43 F 5 2 F B (low molecular
weight proteasome , LMP) X FN B 5 I A W 547
( proteasome subunit beta, PSMB) , {ii T 6 5 4t {f {4
MHC- I 283 K [X 35, 1 LMP2 ( PSMB9 ) 1 LMP7
(PSMB8) 41 ji'* . LMP2 1 LMP7 & %5 [ i 14 B
SEIEGEG I B 51, G B 2 1 R 52 5 ) A T
K, B 5N RS SN R LR R AR . LMP Al
BT RUK AR S  3d 1 IR BE , 2K Al I 4 IR B 2 Bt S5
KEFIZIK(TAP) $iz J5 5 MHC | 2540 %%, &R
T4 CD8 ™ T 41 MR . 8tk LMP
FEDINL R 97 AT RE 2 P B0 LMP B 3Rk 5
s B B S W%, HEC A 2 0k oe & 3
LMP LR BAA% 1 R 22 251 (single nucleotide pol-
ymorphism, SNP) S5 yetb g’ > | [ B etk
R DG AT ST LMP2 JE R
3 4~ SNP {i 5 rs1351383  1s17587 , 152127675 Al
LMP7 F: K B9 1 4~ SNP v £ rs2071543 , 320 #7
LMP B 235V 5 = r DU N TB i i AH G
E =g 1NN

1 ®PETGZE

L1 FEAEE
AR 15 [ T2 U0, 1 2018 - 2019 4FAE R

BT SR = N RERE L2 IR #0120 TB 11 449 {1 14
FAEN IR W . i ) 2H B N A PR UE: (1) [5 5 i
TB 2 WibrifE (WS288 — 2017 ) AR, AR 41 8 4 1 Il
IRFI L5 PR Y A RIS AR = ks A i 12 R TB;
(2) To R G m H At 2 5 (3) Il R B8k 58 3
MRAEFE [ TB 73 2885 (WS196 - 2017 ) K- 151 41
TR0 F BT EEAZ LN SN AZ 20, il TB 8955 728 % A=
TEM S SO B IREAE BRIl A1 TB 455 2%
RAAEN LA FRAL s AR VR T S, R (51 4 O
NYRAHAIZIRH . IR ETAS iRk ) 367 filid
FRNFEVE A XTIE L, X IR AN AFRHE: (1) 298
W ai TR R A o B A (2) BEAETC TB
S5(3) ToHAM Y ; (4) IR IR TR SE R . Frf 3218
BN R T 2= F X A T0 R 5 06 &R I DUBAMA
1.2 &
1.2.1  FEAS DNA $2HC SR AE R 5T X0 G K Il
5 mL(EDTA $iu#E) , fif F 42 i 3 P 41 DNA 48 G
7 & ( QTAamp DNA Blood Mini Kit, 7% [E QIAGEN
3w, B 51106 ) SN i FE R 4H DNA i i
SeHhA] L4y 66 3 ( Multiskan GO, 3 [E Ther-
moFisher Scientific 2\ 7] ) ¥ 0] DNA 1 i 5 & 4f &
JaF =20 CLRAA
1.2.2  LMP 3P SNPs i s 3ESE 2545 SCHkdR
i FlI Ensemble %4 )& &£ ( http ;//asia. ensembl. org/
index. html) 25 3f1] , 29 ATEAR I AHE RIS Ak
PRI > 0. 1 WAL s A TSR o
1.2.3  LMP JE[F SNP A6l 523t SNP fi g 5
PERY I 5 [ FNSERR S | 4, 538 5 | D) RS A 5 | P15
B T, PHARR B DNA (25 ng) . BRI
B4 (10 pmol/L) % 2 L. TSINGKE 4 J# Mix
45 WL, BT B HE R SO Wl PCR 58 11 4 fF
98 CFi7Ax 1 2 min,98 CA%H: 10 s.60 CiE k10 s
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45 %

72 CHEH 10 s (3L 30 MR ) . PCR =4 SAP
AL (37 C 1 h\75 °C 15 min) J5 #EAT HEEIEN , E
AR Z . SAP AL JE AR 2 L, ABI SnapShot multi-
plex Mix 2 LSNP Xt 5[ 1 wL; S S 450«
98 °C 10 5.50 C 5 5.60 °C 30 s(25 MEH). 2

A ( Applied Biosystems, 3730XL) £ J&5 i 1
WA FR) A% 2l 07 B 0 A 12 S 1 7 D RS IO 1Y SNP A3 6
R 0 1) 0 €8, T A5 0B A BRSNS , AT 2 3%
FEARHFEN AL, LMP2 1 LMPT S£ R4 651 ) Fn
SEMRFI YR 1,

&1 LMP2 Fn LMPT £ & 5] 4 7 71

Tab.1 Primer sequences for LMP2 and LMP7 genes
KA BIE/EA ElkZLgll 7R/ bp
LMP2 rs1351383-F GAATGCAGAGACCAACGGGA 220
rs1351383-R GGGACCAGAGTGAAAGCGAA
rs17587-F GTTGACTCCCTCCTGACAGC 214
rs17587-R AGGGATTCATGCAGGTTGGG
rs2127675-F TTCTGGTTTGCAAATTAGCCTGG 224
rs2127675-R TGGGGCAAAGGGAAAATCCTTC
LMP7 rs2071543-F GGCCTCTTCTTTGGGTCTGG 304

rs2071543-R

CGGTCATGGCGCTACTAGAT

TTTTTTTTTTTTTTTTTTITITTTTTTITITTTTTTITTTTITTTTTTT
TTTTTTTCAGCCTCGCGTGCCTG

LMP2 rs1351383-SR

TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTGAACCAG

rs17587-SR

AGAGTGCACAGTAGATG

TTTTTTTTTTTTTTTTTTITITTTTTTTTTTTTTTTTTTTTITITTTTTT
TTCACTGCTAACGTTGAAGCCA
TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT
TTTTTTTCCCTACTGCCCCGACCT

1s2127675-SF

LMP7 rs2071543-SF

L3 SiteEinik

ffi ] SPSS 23. 0 #RAFHAT G220 M, 23 3R
FH ¢ 656 0 x™ K 56 X 1) L A KT B P 14 4 A
PER) 73 AT HEAT HOAE, W dl - TRAATAS - ] good-
ness-of-fit x* FBLIEAT IS o 19 4L A I AL 1] %
SNP (45 {335 ] | 35 (R R A 3R 2 7 Y ) A6 96 R A T
LA, i SHEsis '™ 722 V3145 SNP {7 4%
[F] P4 2 AN P87, MR A 1 A P47 (linkage disequi-
librium, T.D) 4 R4 g 545 AL, P47 A5 A) AY LD 5C
FHID'FRIR, D' >0. 8 YN AR, 2
Xt B i) fr) S5 AR A3 A1 22 5 ) KRS EAT Y
e, RJH SNPStats ™ FELRAK XS LMP SE1H iy SNP
0 st AT 3 AR A 0 B, AR 4R IR A B v D)
(akaike information criterion, AIC) F1 D1 M-8 (= B #E
] ( bayesian information criterions, BIC) [t 4 {H 3k
i 5 B 5 B G st A RS, BTHRAT ATC BIC
I/ MER)BAL R T 20 B 0 5t A A X AU 4%
5 Fifr: H B PR 3 A4 LK ( codominant model ) | (i 14 53
fE4E 3 (dominant model ) | JE 4 13 fE L =, (recessive
model ) . #8 i 1 15 15 15 X ( overdominant model )
i A (log-additive model) o ZEit=245 2
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P <0.05 B BA G 3 ZH LRSI 7#45
Sffi i Bonferroni £21F , %5 P <0.05/n(n =4) H
A G o

2 #HR

2.1 Gt ot BRAL R A B
AT I I A TB B E 449 ], %f BR 4
YRR R 367 f51], 995 91 28 5 %oF REZEL 1) M 1) R AT
Wt 2 o g 2E 3 L (P =0.095.0.340) , 4}
ABFFEXS G HEASRFIE W3 2,
2.2 YABFFEIIANL L S Hardy-Weinberg P46 45
AW AN LMP2 L) 3 A4~ SNP i #
151351383 (A > C) 1517587 (G > A) \1s2127675 (A
>G) Il LMPT 3£ 1 4~ SNP {3 /5, rs2071543 (G >
T) ;% SNPs fii s {5 2 L3 3. 4 4> SNP [y & 5 Al
TEREIZH (P = 0. 843 0. 394 0. 864 1 0. 827 ) FI%
HEZH (P =0.433.0.531.0. 994 F1 0. 941) [l 4345
Y#54 Hardy-Weinberg SEMif6:56 (P >0.05) , 5B
ARSI 36 B0 A A 2 B R AR SR Y BE AL
FEA
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x2 FPRAFERRBA

%3 LMP £ 4 A SNPs B i 5 5 &

Tab.2 Basic characteristics of the subjects Tab.3  The information of 4 SNPs of LMP gene

5 P (/1) Y HEH SNP AL FARRH T A7 5,
Xt B 182/185 44.55 +8.58 LMP2  1s1351383(A >C) chif:32854492 o
i 249/200 43.71 £15.99 1517587(G >A)  chi6:32857313 % SR (Arg60His )
fifi TB 21 190/134 45.24 +15. 80 152127675 (A > G) chr6:32883073 3L X A

i 80/65 45. 82 +16. 89 LMPT 1s2071543(G >T) chr6:32843852 4f L 275 (GInd9Lys)

o4k o T .

Yk 7Y 106/55 44.50 + 14. 80 2.3 B[R I R

251 24 4/14 47.17 £15.99 LIS R 4 A SNP A [ (4 AL R
5h TB 24 59/66 39.75 + 15. 86 AR, PRI A

WA PR AR BRI 7,24 40. 48 + 14. 66 KRIEE¥ TS ITT#E L (P >0.0125) , WLik4,

B 13/11 41.58 £15.20 2.4 BRI

e ik 1/4 42.20 +21.811 PRI 2 | P B AL A | R 3ok A% A

L 8/6 41.00 £23.29 2R s A B R o e 35 4% 85 X0 i 45 2R

LIEES 8/0 3413 £10.87 71 14 A SNP A i A Hodm st (1T 22 5 4 04

ﬂE}]’;’E 1/1 20. 50 £6. 36 _I(‘I‘%%:‘X(P>00125)0 D—IL’%%SD

2 25
e o 400 2.5 LMP JE[H 4 /> SNP {007
B I % 8/9 39.53 +13.01 . P .

ZIE - Xt LMP FE[H ) 4 A~ SNP 3450171 BUR -

HE 6/4 42.60 £18.91 , i g e b (T
FpEEEl 144/134 43.12 +16. 31 J}*ﬁ,/n%ﬁﬂ—\‘ 4 1&,“\ lﬂﬁﬁ?ﬁﬁ@\(l) >

K4 RPIAA A LMP JE R 6 4 A~ SNP AL 7 0 % o 2k [ An A I B0 5 1L %
Tab.4 The frequencies of alleles and genotypes of 4 SNPs of LMP gene in TB group and control group

T B (%
HESNPAL e mﬁzﬁﬂ )a%fﬁuzﬁ X P OR(95% C1)
LMP2 rs1351383 A 459(0.625) 519(0.578) 177 0. 052 1.219(0.998 ~1.448)
C 275(0.375)  379(0.422)
AA 140(0. 381) 151(0.336) . 307 0.116
AC 179(0. 488) 217(0.483)
CC 48(0.131) 81(0.180)
rs17587 G 562(0.766) 694(0.773) 117 0.733 0.960(0.762 ~1.211)
A 172(0.234) 204(0.227)
GG 213(0.580) 265(0.590) . 137 0.934
GA 136(0.371) 164(0.365)
AA 18(0.049) 20(0.045)
1s2127675 A 514(0.700) 590(0. 657) . 453 0. 063 1.220(0.989 ~1.504)
G 220(0.300) 308(0.343)
AA 180(0.490) 193(0.430) . 478 0.176
AG 154(0.420)  204(0.454)
GG 33(0.090)  52(0.116)
LMP7 1s2071543 G 597(0.813) 760(0. 846) . 134 0.077 0.791(0.610 ~1.026)
T 137(0.187)  138(0. 154)
GG 243(0. 662) 321(0.715) . 184 0.204
GT 111(0.302) 118(0.263)
T 13(0.035)  10(0.022)

1 : 4 Bonferroni fZ1EJ5 ,24 P <0.012 5 B 2R BAE G E L.
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Tab.5 Analysis of inheritance models of 4 SNPs in TB group and control group

PR [n(%) ]
LIJ_:l‘ \Tr,!‘l e I, ?:FIJ
JEN O SNPfiign feRE SRR e e L OR(95% CI) P AlC BIC
LMP2 151351383 JLEfE A/A 140(0.381) 151(0.336) 1 0.110 1124.6 1138.7

A/C 179(0.488) 217(0.483) 1.120(0.830 ~1.520)
c/C 48(0.131) 81(0.180) 1.560(1.020 ~2.390)

IR A/A 140(0.381) 151(0.336) 1 0.180 1125.2 1134.6
A/C-C/C 227(0.619) 298(0.664) 1.220(0.910 ~1.620)
Fabk  A/A-A/C 319(0.869) 368(0.820) 1 0.052 1123.2 1132.6
¢/C 48(0.131)  81(0.180) 1.460(0.990 ~2.150)
MEME  A/A-C/C 188(0.512) 232(0.517) 1 0.900 1126.9 1136.4
A/C 179(0.488) 217(0.483) 0.980(0.750 ~1.290)
i 1.220(1.000 ~1.490) 0.050 1123.1 1132.5
117587 ik G/G  213(0.580) 265(0.590) 1 0.930 1128.8 1142.9

G/A  136(0.371) 164(0.365) 0.970(0.730 ~1.300)
A/A 18(0.049)  20(0.045) 0.890(0.460 ~1.730)

i G/G  213(0.580) 265(0.590) 1 0.780 1126.9 1136.3
G/A-A/A  154(0.420) 184(0.410) 0.960(0.730 ~1.270)
Fabk  G/G-G/A 349(0.951) 429(0.955) 1 0.760 1126.9 1136.3
A/A 18(0.049)  20(0.045) 0.900(0.470 ~1.740)
MEM  G/G-A/A 231(0.629) 285(0.635) 1 0.880 1126.9 1136.3
G/A  136(0.371) 164(0.365) 0.980(0.730 ~1.300)
e 0.960(0.760 ~1.210) 0.730 1126.8 1136.2
12127675 H:E A/A  180(0.490) 193(0.430) 1 0.170  1125.5 1139.6

G/A 154(0.420) 204(0.454) 1.240(0.920 ~1.650)
G/G 33(0.090) 52(0.116) 1.470(0.910 ~2.380)

B A/A 180(0.490) 193(0.430) 1 0.084 1124.0 1133.4
G/A-G/G 187(0.510) 256(0.570) 1.280(0.970 ~1.680)
583 A/A-G/A  334(0.910) 397(0.884) 1 0.230 1125.5 1134.9
G/G 33(0.090) 52(0.116) 1.330(0.840 ~2.100)
Bl A/A-G/G 213(0.580) 245(0.546) 1 0.320 1126.0 1135.4
G/A 154(0.420) 204(0.454) 1.150(0.870 ~1.520)
I 1.220(0.990 ~1.510) 0.062 1123.5 1132.9
IMPT 12071543 Lk G/G  243(0.662) 321(0.715) 1 0.200 1125.8 1139.9

G/T 111(0.302) 118(0.263) 0.800(0.590 ~1.100)
T/T 13(0.035) 10(0.022) 0.580(0.250 ~1.350)

B G/G  243(0.662) 321(0.715) 1 0.100 1124.3 1133.7
G/T-T/T 124(0.338) 128(0.285) 0.780(0.580 ~1.050)

Btk G/G-G/T 354(0.965) 439(0.978) 1 0.260 1125.7 1135.1
T/T 13(0.035)  10(0.022) 0.620(0.270 ~1.430)

B G/G-T/T 256(0.698) 331(0.737) 1 0.210 1125.4 1134.8

G/T 111(0.302) 118(0.263) 0.820(0.610 ~1.120)
.790(0.610 ~1.030) 0.077 1123.8 1133.2

o

ik

PR IR TT x 2 + GT {YFEH ALY GG S BUPEAT LA (ZBEAL N G > T |78 52 ) , 28 Bonferroni £Z1E ),
BE P <0.012 5 H4ETAE X,
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FERIFE I BT > 3% BR A R 1) 2 A0S R
LA oA 25 57, B C-G-G-G TEH 1] 20 11y

T 2 T R4 (P =0. 004, 0R = 1. 671,95%
CIH1.176 ~2.372) ., W36,

%6 At A LMP A E 4 A SNP {8 265 AU i
Tab.6 Comparison of haplotypic frequency of 4 SNPs of LMP gene in TB group and control group

B[ n( % ) ]
SSIN] 2 P OR(95% CI

it R Wl X (93% €D
AGAG 313(0.427) 379(0.422) 0.218 0. 641 0.954(0.782 ~1.163)
AGAT 132(0.179) 134(0. 150) 3. 061 0. 080 0.791(0.607 ~1.029)
CAGG 160(0.218) 199(0. 222) 0. 002 0.963 1.006(0.794 ~1.274)
CGAG 59(0.081) 74(0. 083) 0. 002 0. 966 1.008(0. 706 ~ 1. 440)
CGGG 52(0.070) 102(0. 114) 8.364 0. 004 1.671(1.176 ~2.372)

1E : 4 Bonferroni K 1E)G ,24 P <0.01 BS&iT¥E X,

2.6 5YEIIHT 95% CI 7y 1.120 ~2.080) . Sia4l5xf Al Kia

B B2 X oy R i 5 4 21 I A2 A% 4L B3R
R IRA AT Z ST o 38 32 8 ] A R AR
TEPE BRI AR 4 25 57 5 45 SR B/ 1 1s1351383 (1) C %%
57 5 PRI AR il N A% A ) A 30 I 2 v X A2 4
1) 58 57 B RT3 o0 A AT B2 38 L (P =0. 010,
OR =1.377, 95% CI 4 1.030 ~ 1. 841) ; £ i {5
B —— Ik B A AT, 11351383 g Jik [5] 7Y
izE R HA G E (P =0.008,0R =1. 520,

HGHIEALN 4 A~ SNP 45 (o7 5 [H] 13 PR 7 A 3 2
SETGE I E L (P >0.05), WLk T,
LMP2 J& DA () B A5 Y 43 B 25 2R 2 75« 1s1351383-
rs17587-1s2127675-1s2071543 A% # C-G-G-G 7
i 25 A% 20 v B AR (0. 131) I 2 i T % B2 vh
(%52 (0. 070) (P =0. 003, OR = 1. 982,95% CI ¥y
1.246 ~3.154) , %4 Bonferroni 1 1E )5, 2R B A 5
T2E R (P <0.01),

=7 B ANEE AL 4 An st BB 20 v rs1351383 By LS fr R B A R R 8

Tab.7 The frequencies of alleles and genotypes of 1s1351383 in EPTB group and control group
i B BN AH[n(%)] P OR(95% CI) AIC BIC
B A Y papistiil [IE TN
e (37 JL PR A 459(0.625)  137(0.548)  0.010  1.377(1.030 —1.841)
C 275(0.375)  113(0.452)
St AA 140(0.381) 36(0.288)  0.028 1 5423 563.3
AC 179(0.488)  65(0.520) 1.440(0.900 —2.310)
CC 48(0.131) 24(0.192) 2.360(1.260 —4.450)
W A/A 140(0.381) 36(0.288)  0.034 1 542.9  559.7
A/C-C/C 227(0.619) 89(0.712) 1.610(1.030 -2.530)
etk A/A -A/C 319(0.869) 101(0.808) 0.028 1 542.6 559.4
C/C 48(0.131) 24(0.192) 1.900(1.080 —3.320)
i A/A -C/C 188(0.512) 60(0.480) 0.650 1 547.2 564.0
A/C 179(0.488)  65(0.520) 1.100(0.730 - 1.670)
Jink 0.008 1.520(1.120 —2.080) 540.3 557.1

1 : 4 Bonferroni M 1E)G,24 P <0.0125 A4tit%5 X,

3 i

LMP 2 1982 4 Monaco 7E43#71 fR, MHC-1I 2&
S RBETTE R SRR B 0 Py, R oy i
B MHC- T, 250 TR 410 o DR R /I B
SEEGHFAA T LMP2 fi1 LMP7 fA4E T, 76 LMP2 3E A
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