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(HEZE] B Wit 1IN T 88 (myeloid differentiation factor 88, MyDS88) I Toll R N T A
1 (Toll-like receptor adaptor molecule 1, TICAMI) J&[H B 5AZ R 2 50 L H A B AR5 )L L X 3RASPE I 498
(community-acquired pneumonia, CAP) FJAHICHE, 7k BUBEMER FH o K 22 1 i 42 B AS 0 50 R X 2015
A8 H—2017 4 9 H 75 482 R 2F = 24 B 5 — Bt m B2 B JLBHERIZ 14 375 51 CAP BB LA 306 9l fek FRE AR JLEE (1 MyD8S
H TICAMI ZEF 04 9 MRS HEF T4, FF R 1 logistic A AT AN 47 i ZE PR ) B2 A8 BAE 5 )L#E CAP Y
Kk, GER TICAMIFERH rs11466711T/C A 5 235 1E 5 LT CAP ZEME VML (P<0.05); 1535747610G/A {55,
AA KL R AT 25 AR CAP fB LI & MEERAE 9 KBS (P<0.05) 5 1s6510826G/A i 5 AA KEPH RIS CAP L&tk ¢
S KT 386 i 25 06k (P<0.05) . MyDS8KEIN rs7744A/G A7 55, GG HE R U BE i 2 1 fin s ) L & A IR T 0 )
G 3R 5 58 B9 XUBS (35 P<0.05) . MyD88 H& X 17744 A/G 7 15 5 TICAMI 3£ 4 i) rs11466711T/C. rs2292151G/A .
1$35299700C/T M rs35747610G/A {7 s Z M AFAEZ A5 JLEE CAP G el | ™ B AR FE K I & et i XU Sk 25 1B 114 A1
T BRI (¥ P<0.05), £518  MyD8SHI TICAMI FER £ 51k e Hoag 5 AR 5 L CAP YIS, XL
CAP 1 &A= Bt & R BAT U RAEH [FEYRILRIZE, 2023, 25 (8): 791-799]
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Association of gene polymorphisms of MyD88 and TICAMI1 and their interactions
with community-acquired pneumonia in children

YANG Yong, YANG Sui-Yu, CHEN Zong-Bo, LIU Li. Department of Neonatology, First Affiliated Hospital of Xi'an
Jiaotong University, Xi'an 710061, China (Liu L, Email: liuli918@163.com)

Abstract: Objective To investigate the association of single nucleotide polymorphisms (SNPs) of myeloid
differentiation factor 88 (MyD88) and Toll-like receptor adaptor molecule 1 (7/CAMI) and their interactions with
community-acquired pneumonia (CAP) in children. Methods Improved multiple ligase detection reaction assay was
used for detecting the polymorphisms of nine tagging SNPs of the MyD&88 and TICAM1 genes in 375 children with CAP
who attended the Department of Pediatrics of the Second Affiliated Hospital of Yan'an University Medical School from
August 2015 to September 2017 and 306 healthy children who underwent physical examination. A logistic regression
analysis was used to evaluate the association between the distribution of genotypes and their interactions with CAP in
children. Results The polymorphism of the 7/CAM1 gene at rs11466711T/C locus was closely associated with the
susceptibility to CAP in children (P<0.05). The AA genotype of rs35747610G/A locus significantly reduced risk of sepsis
in children with CAP (P<0.05). The AA genotype of rs6510826G/A locus was significantly associated with the increase
in C-reactive protein level in children with CAP (P<0.05). The GG genotype of the MyD88 gene at rs7744A/G locus
significantly increased the risk of respiratory failure and circulatory failure (P<0.05). The multiplicative interactions
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between MyDS88 gene 1s7744A/G and TICAM1 gene 1s11466711T/C, 1s2292151G/A, 1s35299700C/T, and rs35747610G/A
loci were significantly associated with the susceptibility to CAP, the severity of CAP, and the risk of sepsis in children

(P<0.05). Conclusions The gene polymorphisms of MyD88 and TICAM1 and their interactions are closely associated with

CAP in children, with a synergistic effect on the development and progression of CAP in children.
[Chinese Journal of Contemporary Pediatrics, 2023, 25(8): 791-799]
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JU AL X R A P il % (community-acquired
pneumonia, CAP) 2 a B JL 7 fd 5 1Y 5 WL B e 1
PRI, o FUATIRE IR SE, CAP & st L A
ORI PR 2 A W) F S BO R Y, Al
KA R IRLE + o> B e, Hp MO AZ 55
% A -5 0 B A0 B A3 1 e B 2 Toll BEZ
& (Toll-like receptors, TLRs) {5 53 M7 98 hE e
PEVENT T R FEEEAER, TLRs {5538 50 A w4
AR — A JE B FE B AT 88 (myeloid
differentiation factor 88, MyD88) kil 1s, % —
AU Toll ¥ 37 A& 155 #2 70 F 1 (Toll-like receptor
adaptor molecule 1, TICAM1) {K#fi&4s, 4ral1tE4dn
B IE WA T 1% B T - B G A0 1) 5 30T R 0 k4%
HEAE 72 S0 OO AR A )
7, JERIR AR B 45 A CHME . B
AR, TLRs 555 Sl A OG0 1
i 3L I 2 & M (single nucleotide polymorphisms,
SNPs) 5 Jlili 5 5y JEAE 2 VIR OC ', {H MyD88 il
TICAMI R Z 350 5 L # CAP A OGHE , LRH
G S BE IR AR TE CAP PR e i R iy
VERI AN . i, ASWFSEIEEL T TLRs {5 53
B 3 5 MyD88 MO A2 A TICAM TR ik 12
B BT 3200 T L MyDS8S I TICAM 1 14 9 M hR%
SNP (tagging SNPs, TagSNPs) 1ENWFFE07 N,
W E R A 22 251 b HE A2 AR 5 L3 CAP gt
1% 5y JBNE Rl PRAFAE AR OCHE , DU A B g
PRl S A S 1 S e iR AR AR LB CAP B i 72
HVER, RIS oh L EE CAP (I PRIA YT S 468
AR SRS S T Y HE A

1 #ZRS5FE
1.1 HRAH

HTBEMEPERE 2015 4 8 H—2017 429 HAE 4% K
2P E RS R R B LBHAIZ CAP (1 375 Bil{E Bt
BN S, Hop 5 20861, Lo 1476, APt
FHERY>28 d H<15%, “FHFRE (38£22) PMH.
P LB A R AR B 2 22 LB 3 23 P I 2 21
BT I LB AL X AR PR RS FEAE ™ 7 TR 2 Wt

Prife, PR IZAE B TP ERE T R 10 0 Sbn e, A
375 4 CAP ZH 8Ly M EJE CAPIEZH (233 f31) Al
B CAPYEZL (1424)) . KR ILERRFRAE FH PR 2
yrdarg LB MGEIE S W M bR, #4375
1 CAP LB LT M ARMEEEAE WAL (175 61)) . )
WAL A (163 ) AN kAR AE W2 (37 1,
Horb & e RE R s B L) o 375491 CAP & LrhJf
KW v 3245, JF A AEER G 17 1), I v
(912 Wb 1R FH 2013 (RS0 A= fim S REZH 2R A 1L
FE I W o iy 45 i AH DGR IE Y, TR IR IS W 2%
JUE MTEAE FE P2y r e P TR R SE A AH G
PriE. CAPZHARBRARUE: (1) A B fyie g sk
BRI RS s (2) MR (3) By
#s (4) SERVEOHIEEE; (5) et 1UH
PR s (6) AIfFMitEREs . rhAX R Rds
(7) BERE3RAgPEEAE Ml 2 % o X BRZH 2 [ 7 L
ARG ]IS (i R R K 1 306 i L3, Hb 183
], 2123, VR (38+24) DA FrAx
R ZH LB I VAR AR 326 A6 i 44 I il ¢ K B Ja e
PR, HEBRPRUES % CAP 4L,

PR 127 A TG 115 OC 2 1) B PG G F t IX DU A
B, HAEMEN (6=0.069, P=0.792) FI4FEE (1=
0.402, P=0.688) J7 i lLE 2 ogiit -2 o fr
A CAP LSO R Adt R L3 AZH IR BN KK A 2
I FZ AN R E A . ARFFRI H A B GE L K2 B
e W R B B fe B & G o Ry it v
(YLYY201505081).
1.2 {&%EEE TagSNPs BIEEX

| | NCBI-SNP  (http://www. ncbi. nlm. nih. gov/
gen) F11000 Genomes (http://browser. 1000genomes.
org/Homo_sapiens/UserData/Haploview ) BHEE T 2
Hh ] g D7 UG r ] b 5t DU A A 18 2k K]
I E (5 E (GRCh37hA), FA|H Haploview 4.2
TRAFEE TagSNPs v 45, . ATERRE RN B 5 B TR
i EF R PROR TS &9 K2 kb, EHIAFA
ZHD'=1, TPV I >0.8 Hii/NEAHER
PR 20.1, H A AR M 19 TagSNPs i i, fe 4
MyD88 Fl TICAM1 & Kl 3 A1 9 > TagSNPs i#E 17 fiff
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58, F00 AR B WL 1o AHFIE SNPs 43 H il 2y %
N 99.9%~100%, X HEZH 1 9 A4~ TagSNPs A9 Fk [K] 7Y
W33 A 1456 Hardy-Weinberg 4 (34 P>0.05),

YA NBER e e e, B BRI,
W1,

#£1 K TagSNPs{S 2. TheeHill &3t B LH Hardy-Weinberg -4 47
Fe R AT o7 B X 3k TR L fE XPHRZH MAF  BERI AU (11/01/00) X HEZH HWE (PH)

TICAMI

1s2292151G/A 24N e T p.=(Asp557Asp) 0.471 71/146/89 0.491

1s7255265C/T $24MNEF p.=(Thr4Thr) 0.366 42/140/124 0.806

1s61231668T/C HEINEGT - 0.471 70/148/88 0.646

1s35299700C/T ARG T - 0.108 4/58/244 0.765

1s6510826G/A FINEGT - 0.446 64/145/97 0.488

rs114667117T/C IR T - 0.389 51/136/119 0.279

rs10422141A/T 5' LIS A X dist=1 656 bp 0.250 19/115/172 1.000

1s35747610G/A 5' iR R IX dist=1 867 bp 0.170 7/90/209 0.547
MyD88

1s7744A/G 3'EGRTIX = 0.364 37/149/120 0.459

e [MAF] B/NEREEFBUR; [HWE] Hardy-Weinberg FHHE; [11/01/00] G (RS (L5 2% /405w A AR 5 [dist] BE

TICAM13:K 5 UTR R ES .

1.3 Mi&ERAY E R DNATRER

Ji A LA BE S KA EGER K 2 mL, & %
Wfgpist, -20CEA& M. RAZERE Omega Y
w42 I DNA £ UK &, 48 o e 4 i B 4
DNA. M 19% SUIRHE L UKo FIr 4R 45 79 DNA AR iE
A7 5T f o Ay vk BRI, R F AR A A T 7 e A
FEA TR B 2] TAE M 10 ng/pL J5 B T -20°C vk 46
RFE o
1.4 EREZEMERN

K R AR S R T R BB R £
e U 3% 422 Tl A 0 B N A R X 681 SRR A 2R 9 A4
TagSNPs i ;5 473K 437, M4 GenBank $ ik
EF31, 3 H Primer 5.0 B ALG 5 11T T,
B ESIYH E A T A FRZS Bl A i -
BT 20 BT A BRAS ) DNA B2HL . DNA (1954 il
BRI L SN A I K AR A S B 34
R EZAEYRHL AR SERL, K ABL 3730XL
FPAL (EEABLAT) M, K GeneMapper 4.1
B (SEE ABIZAH]) FIEEER A,
1.5 Sit=ah

K H plink 73 1 B4 56 B%%F 18 2H /9 Hardy-
Weinberg V- 5387 . 2K H SPSS 20.0 #4175 48 1+
AT, PO0S FRZERAGITFREN . fFEIE
DO TR R « FrifEE (X +5) FoR,

A [R) LAk AR AR e 00 s 8070k 1 83k
N, HEECRH 2 ke o R logistic [81 9 73 #r
FER RIS CAP (OGN, FFREM | AR08 I 5
FERE D E RN R, /5T 0t AR5
AR BRI R A R i Al
ZRARLRL  FEPH ] 22 B AR R F logistic [A]JE A5 7
AT, 3¢ HAE R B Ge T 18 SR FAH e A 7Y
S FE D B R R n AR, LSRRI S AR i,
R IRUBS: 2507 F RIS BOG L HEA TR, 5 P FE R
SNPs {928 B IZH A logistic 0] Y4 Y I X H: 0] )5 2
BOHATBOKEES, 8 FH Rothman A3 32 HAE FHPEH
NRHEL TR, Bl logistic [ V9 3 TR0 95%CI
AMLE 1, FoRAMFZLEEN, OR,, =1 WL
HAEM; OR,,>1 WA IESLHAEH; OR,, <1 NH
AR HAEH

2 #R

2.1 CAPZILH—mHERILE

HE CAP 4L ML E CAP W4 /B LA . P
B, CRNEEAKY-. JLEEERGITEDY, LT
W 3 sy RG24 2 0 EU A1) LU 3 22 S 389 et 278 X
(¥ P<0.05), W2,
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FR2 CAPEILH—HRIGFRIFE

MR TR am
P (B2, ) 76/66 152/81 5.081 0.024
R x+s, H) 24 +21 42 +39 5.182 <0.001
PCIS (I fEFfE /ARG, ) 0/0/142 29/28/176 40.965 <0.001
IR I (R /T, ) 0/142 32/201 19.598 <0.001
TR L (1, 15) 0/142 17/216 9.232 0.002
CIRIFEM (x £ 5, mg/dL) 8+ 11 25 +38 5.134 <0.001
P14 (8 + 5, x 10°/1) 115 12+7 1.231 0.219

{E: [PCIS] JLESEHIFERTIr; [CAP] AEIKCARTFIEMZ -

22 £TagSNPs5)LECAPHISRIMER™ER
EHIXB S

B BN IEPITE CAP AL S X BB . T CAP
WA 552 CAP WA Z (M iy oA 22 A e g it
X (#P>0.05), TICAMI A rs11466711T/C 7 15
CC HE R RUAE L B PRI FR e B AR, 76 CAP AL
() 43 A ARSI T X BR 4 (3 P<0.05, OR=0.577 .

0.568), 5 CAP Gy gtk 3% KCHk, %8 CCHHAY
ATREA LZE CAP R AR ORI SE R B 5 AR 4507 A
LRI A AE CAP 41 5% B 4 ] 22 R LG8 F2#
B (B P>0.05) . #5075 FE R B 53 A 7R 5 B CAP
WA 5B CAP WA M 2R TSI FE L
(¥ P>0.05), WL#E3.

#R3 K TagSNPs & #iM5)LE CAP B B R mERREHE ST

ik JrERRE
R/ B emm capm wm o e
A (%)' (WIJ; OR'(95%ClI) PlE" T | T OR'(95%CI) PIE
() (Bi)
TICAM]1
1s2202151G/A LR MHER  G/G 105 89 - - 67 38 - -
G/A 204 146 1.234(0.851~1.790) 0267 124 80 0.905(0.547~1.495) 0.696
A/A 66 71 0.783(0.495~1.241) 0.298 42 24 0.913(0.473~1.762) 0.786
BT GIG 105 89 - - 67 38 - -
G/A-A/A 270 217  1.084(0.763~1.539) 0.653 166 104 0.907(0.561~1.467) 0.689
RatEiiRl  G/G-G/IA 309 235 - - 191 118 - -
A/A 66 71 0.685(0.462~1.017) 0.061 42 24 0.975(0.552~1.721) 0.929
AR - - - 0911(0.725~1.146) 0.428 - - 0.949(0.687~1.310) 0.749
S G 414 324 - - 258 156 - -
A 336 288  0.913(0.737~1.131) 0.405 208 128  0.983(0.7301~.322) 0.907
1s7255265C/T LR MERRE c/C 134 124 - - 82 52 - -
C/T 187 140 1.297(0.919~1.832) 0.139 117 70 1.198(0.745~1.926) 0.457
T/T 54 42 1.239(0.754~2.035) 0397 34 20 1.149(0.585~2.258) 0.687
PR c/c 134 124 - - 82 52 - -
C/T-T/T 241 182 1.284(0.926~1.780) 0.135 151 90  1.186(0.755~1.864) 0.458
Fapeigimy  c/e-cm 321 264 - - 199 122 - -
T/T 54 42 1.072(0.678~1.695) 0.765 34 20 1.035(0.558~1.916) 0.914
TR - - - 1.157(0.915~1.462) 0223 - - 1.10000.797~1.519) 0.561
S LA C 455 388 - - 281 174 - -
T 295 224 1.123(0.901~1.400) 0302 185 110  1.041(0.769~1.409) 0.793
1s61231668T/C L@ PRl T/T 91 88 - - 57 34 - -
T/C 202 148 1.265(0.866~1.850) 0.225 123 79 1.075(0.633~1.825) 0.789
c/C 82 70 1.138(0.722~1.795) 0.577 53 29 1.182(0.625~2.237) 0.607
B AR T/T 91 88 - - 57 34 - -
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AR B wmm capa * i : :

LAY o) &) OR'(95%Cl) P e OR'(95%Cl) Pl

() D)

T/IC-C/C 284 218 1.225(0.856~1.755) 0268 176 108  1.105(0.667~1.831) 0.697

BbbpsR  TT-T/IC 293 236 - - 180 113 - -

c/C 82 70 0.975(0.666~1.428) 0.897 53 29 1.125(0.666~1.900) 0.659

JinpEAsE Y - - - 1.075(0.856~1.351) 0.533 - - 1.087(0.791~1.494) 0.607

e T 384 324 - - 237 147 - -

C 366 288  1.072(0.866~1.328) 0.522 229 137 1.037(0.772~1.393) 0.811

1535299700C/T LR HAAL  C/C 288 244 - - 183 105 - -

C/T 81 58 1.200(0.806~1.785) 0.369 46 35 0.777(0.463~1.302) 0.337

T/T 6 4 1.584(0.420~5.980) 0.497 4 2 0.92000.161~5.253) 0.925

PR c/C 288 244 - - 183 105 - -

C/T-T/T 87 62 1.223(0.831~1.800) 0.308 50 37 0.785(0.475~1.299) 0.347

Rl c/c-C/T 369 302 - - 229 140 - -

T/T 6 4 1.526(0.405~5.746) 0532 4 2 0.974(0.171~5.538) 0.976

JnpEAR R - - - 1.214(0.856~1.722) 0277 - - 0.819(0.520~1.290) 0.390

EALSE C 657 546 - - 412 245 - -

T 93 66  1.171(0.838~1.637) 0356 54 39 0.823(0.529~1.280) 0.387

156510826G/A WA G/G 97 97 - - 55 42 - -

GIA 190 145 1.337(0.921~1.940) 0.127 121 69  1.315(0.787~2.198) 0.296

A/A 87 64  1.360(0.869~2.129) 0.179 56 31 1.426(0.773~2.629) 0.256

AT GIG 97 97 - - 55 42 - -

G/A-A/A 277 209 1.344(0.947~1.906) 0.098 177 100  1.349(0.832~2.189) 0.225

Bt G/G-G/IA 287 242 - - 176 111 - -

A/A 87 64 1.135(0.773~1.665) 0.518 56 31 1.194(0.714~1.997) 0.500

TP Y - - - 1.178(0.941~1.473) 0.152 - - 1.200(0.883~1.630) 0.245

SN G 384 339 - - 231 153 - -

A 364 273 1.177(0.950~1.459) 0.136 233 131  1.178(0.876~1.584) 0.278

1s11466711T/C SLR AL T/T 153 119 - - 95 58 - -

T/C 181 136 1.030(0.730 ~1.453) 0.868 110 71 0.898(0.569~1.416) 0.642

c/c 41 51 0.577(0.351~0.949) 0.030 28 13 1.247(0.588~2.643) 0.565

SRR T/T 153 119 - - 95 58 - -

T/IC-C/IC 222 187 0.901(0.652~1.247) 0.531 138 84 0.952(0.615~1.474) 0.826

Rt T/T-TIC 334 255 - - 205 129 - -

c/C 41 51 0.568(0.358~0.902) 0.016 28 13 1.322(0.651~2.686) 0.440

JnpEAR R - - - 0.821(0.650~1.036) 0.097 - - 1.035(0.746~1.436) 0.838

ZEf LN T 487 374 - - 300 187 - -

C 263 238 0.849(0.680~1.059) 0.146 166 97  1.067(0.782~1.454) 0.683

rs10422141A/T LR HERR  A/A 207 172 - - 136 71 - -

A/T 147 115 1.1150.797~1.559) 0.525 85 62 0.730(0.465~1.146) 0.171

T/T 21 19 0.843(0.428~1.661) 0.622 12 9 0.666(0.259~1.708) 0.398

AR A/A 207 172 - - 136 71 - -

AT-TIT 168 134 1.073(0.778~1.480) 0.666 97 71 0.721(0.467~1.115) 0.141

Pt A/A-A/T 354 287 - - 221 133 - -

T/T 21 19 0.806(0.415~1.565) 0.524 12 9  0.763(0.304~1.916) 0.565

I A - - - 1.014(0.779~1.318) 0919 - - 0.770(0.538~1.100) 0.151
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F3(&)
AR B wm capm wmal * i : :
LAY o) &) OR'(95%Cl) P e OR'(95%Cl) Pl
() D)
e NN A 561 459 - - 357 204 - -
T 189 153 1.011(0.790~1.293) 0933 109 80  0.779(0.556~1.089) 0.144
1s35747610G/A  FLWAERE  C/G 243 209 - - 153 90 - -
G/A 119 90  1.138(0.803~1.611) 0466 73 46 0.938(0.588~1.495) 0.787
A/A 13 7 1.808(0.678~4.820) 0236 7 6 0.632(0.199~1.997) 0.434
AR Y GIG 243 209 - - 153 90 - -
G/IA-A/A 132 97  1.184(0.845~1.659) 0.327 80 52 0.901(0.575~1.412) 0.648
FatEARl  G/G-G/A 362 299 - - 226 136 - -
A/A 13 7 1.734(0.655~4.594) 0268 7 6 0.645(0.206~2.019) 0.452
JnpEAsE - - - 1.201(0.893~1.615) 0226 - - 0.881(0.599~1.296) 0.520
S A G 605 508 - - 379 226 - -
A 145 104 1.171(0.887~1.546) 0.266 87 58 0.895(0.617~1.296) 0.555
MyD88
1s7744A/G PEREAY A/A 174 120 = = 106 68 = =
A/G 164 149 0.764(0.545~1.071) 0.118 104 60  1.020(0.646~1.610) 0.933
GIG 37 37 0.767(0.449~1.321) 0343 23 14 1.001(0.472~2.124) 0.997
AR A/A 174 120 = = 106 68 = =
A/G-GIG 201 186 0.765(0.555~1.056) 0.103 127 74 1.016(0.659~1.568) 0.942
Rt A/JA-A/G 338 269 = = 210 128 = =
GIG 37 37 0.886(0.532~1.475) 0.641 23 14 0.992(0.483~2.038) 0.983
TR - - - 0.837(0.658~1.066) 0.149 - - 1.008(0.725~1.400) 0.964
e 8| A 512 389 = = 316 196 = =
G 238 223 0.811(0.647~1.016) 0.068 150 88  1.057(0.769~1.453) 0.731
o SO IER AT 2 KIS AT, AR E LA T logistic [FIA AT, JFEEEMER . AR AT W MREE I TR R 5 A9 58 A M

[CAPJ X FRAGER %

2.3 #& TagSNPs 5 )L Z CAP Iifg Ik 45 1E B9 < Bk

2.4 MyD88# TICAM1 £

HEZEERSILE

ol
MyD88 3 [H rs7744A/G 137 15, GG 3[R B 7 B bk

AL PR Al G AL B R 5 CAP LI 5 0 |
PEIR L IR, AE 3 1 0 B L & A P I o iy I,

& B8 52 0 1) KU (¥ P<0.05) 3 TICAMI 3
rs6510826G/A v 15 AA FEHRIZERRME . bk Andt g
PE/ati A iR AR 5 UL C O 8 K3 5%
I (3 P<0.05), #EHF xR R UL C RV & H
KR E T o B TICAMI F: A 1s35747610G/A
7 55, AA LR TR AR B AL g MR 4l A i A AR T R
5 CAP &8 LI K M3 0E 19 XU 25 ) 6|k (B P
<0.05), HEAFIZILN R AT i 2 FRAK CAP HU LI & ik
BHAEMI RS . L3R4,

CAP By XBX > #

MyDS8 1s7744A/G 5 TICAM1 3%
1114667 L1T/C A7 s Z [MAF7E 5 CAP Zj Jdefk: b 25 ¢
I IE A A I A2 HAE T (P<0.05, OR=1.420),
BI2Y FRPIAZ HAT S (rs7744-rs11466711) HYEEH
RIS R a4 KA (GG-CC) I, CAPIR &AL
XSS LS PR IS R 4l B AR B (AA-TT) B3
B, MyD88 LA rs7744A/G 43 515 TICAM1 %
1$35299700C/T K rs35747610G/A 1vi j5 2 [A] 7 1E 5
CAP ™55 5 B A SCHK ) IE A A B Z AR (3P
<0.05, OR=2.508. 2.551), BRI biR%2 H (K H{;
M B R i A R FE R (GG-TT. GG-AA)
B, CAP L& Az 5505 il 48 (8 XU L PR A7 et ] B
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WA A A B AR S (AA-CC. AA-GG) &3

5152292151 Ml rs35747610 [/ 38 IR I Ry 4 A

hn; [RIRE, MyDS8E:[N rs7744A/G 43515 TICAMI UG FERNAIZH G (GG-AA) I, LI & MREEIAE
BEH 152292151G/A S 1s35747610G/A A s Z BIAFAE XU ALY R ali 5 WP A JE TRV 5 (AA-GG) ik
55 CAP I & Me B0 KU AHOCHR A9 IEAH A B 2 . F 0 m., WLk S.
YEH () P<0.05, OR=1.451, 2.318), HEl*4rs7744
R4 ERBEXBESTHPEFERERITEE KBS
s AT iz iR WEE Beta  SE ?ﬁg Qfglgmnﬁ Pl
TICAM1
CRNEH  rs6510826G/A B PEAR R GG-GA/AA 8.060  3.900 0.417  15.700 2.067  0.039
B A AR GG/AA 10.620  4.688 1431 19.810 2265  0.024
TR - 5266  2.339 0.682 9.850 2251  0.025
JHe REAE rs35747610G/A [Seez el GG-GA/AA  -0429 0.183 -0.787 -0.071 -2350  0.019
g ol A R GG/AA -0.427 0184 -0.788  -0.066 -2.318  0.021
MyD88
I 08 1s7744A/G P Avi Y AA-AG/GG 0322 0474  0.127 0.816 -2389  0.017
JL G PRl A AR AA/GG 0.305  0.520 0.110 0.844 2286  0.022
(753 1s7744A/G 58 eeiv] AA-AG/GG 0238  0.568 0.078 0.724  -2529 0011
et P4l AR AA/GG 0233 0.640 0.066 0816 -2277  0.023
TE: SRS R A TA00T, 43R ARl B AR VA 74007, IR AR 45 W R TR

&5 MyD885 TICAM1EREXZ E{EAS CAPBIKEX ST

RHAE A & CAP HJF CAP YR EEIE
FER Y
MyD88 x TICAM1 OR(95%CI) P OR(95%CI) P OR(95%CI) P
157744 x 1510422141 AA-AA/GG-TT  1.279(0.878~1.864)  0.199  0.991(0.582~1.688)  0.974  1.294(0.762~2.198)  0.340
157744 x 1511466711 AA-TT/GG-CC  1.420(1.017~1.983)  0.039  1.430(0.865~2.364)  0.163  1.035(0.641~1.672)  0.888
157744 x 152292151 AA-GG/GG-AA  0.937(0.669~1.312)  0.705  1.142(0.694~1.878)  0.600  1.451(1.008~2.089)  0.045
157744 x 1535299700 AA-CC/GG-TT  1.270(0.773~2.085)  0.345  2.508(1.273~4.941) 0.008  1.338(0.662~2.705)  0.417
157744 x 1535747610 AA-GG/GG-AA  1.393(0.911~2.129)  0.126  2.551(1.184~5.496) 0.017  2.318(1.205~4.460)  0.012
157744 x 1561231668 AA-TT/GG-CC 0.950(0.682~1.324)  0.763  0.941(0.577~1.535)  0.808  0.997(0.617~1.609)  0.990
157744 x 156510826 AA-GG/GG-AA  1.029(0.744~1.422)  0.863  0.678(0.465~1.081) 0.102  0.797(0.506~1.253)  0.325
157744 x 157255265 AA-CC/GG-TT  0.863(0.609~1.220)  0.403  0.885(0.536~1.461)  0.633  1.035(0.641~1.672)  0.888

. [CAP] FRIXFRAFPERG A o

3 g

MyD88 J& TLRs {5 =i [t H MyD88 (i iz 12 1)
KRR IR 11, BHLT MyD88 2 35 1T LA 4% ik 5 4iF
() R ME 7o 0, X e EERE 5 1 O LS 10 A
SRR VER . Kohl 25 " R B, Myd88' /)N
SRUAT DA S R A 05 S %) 5 1 A e PR 7 AT 4R
Ry RE I RILIKY . MyD88 5L [ 157744 f
ST 3UTRAEGRAS X, Z X385 mRNA (A2
IR FFEHE . I ™ B, 157744 238
P 5 56095 10 & g KU B 7™ o i 4 D) S Bk

Jiménez-Sousa %5 "% K, 15774407 15 GG LK AL 5
LI AR B S B A BE T KU AR G . AT 5T & R,
MyDS8FEIN rs7744 13 1 GG K AL 5 CAP B LI &
I 52 2 sy T B 3w 1 XL S 38 DG Ik, 2% ¢
I AT BE 5 MyD88 Jk [H rs7744 22 5V 52 ) MyDS8S-
NF-kB 38 F§ TGRS MU R MR RIAA G, 2T
A B Z2 5 0E 5 CAP FERE 18 A I W 3 8 A 346
VA, A5 JLE CAP B R TR,
WHRE M — ST

TICAM1 J& TLRs {5 %38 #% 1 TICAM 1 4K 6175
(RN, HERNZETS 25w %Y
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A SRR R B, TICAMI F:[H 111466711
P 2SS L CAP B EA 5, 105 CC 3
KIS AT e JLFE CAP R A B P 3L RS, JIF Hix
FH A 1$6510826 117 5 2 A5 UL C U 8 F K
AT, T Y AA JE R 0 ) LI 28 i L
N K5 S, TICAMT % rs11466711 F11s6510826
LT LN A T X8R E 2 N ESRAS SNPs, FEAS
SHESSEANGE, HENS TR
BT I ma BE A e sk, BRI S 23
PEXT CAP 8 LI 18 & J& - E W sg i A AH R, %
JEE S R AT R A TE MR B E BT U A G,
W], TLRs il B IR 280 5 MEEAE 1 &
AL RREBG®EVIME R . AR LM,
TICAMI1 F£[H 1s35747610 {37 1, AA F [ AT &g 35 b
Ik CAP f8 LI & MEREAE A AR o 3257 AR A T 356
PRl ] X 4% 5'UTR i 20 kb yG N B0 1AM 5, A
5T 7 IR, I IXEGE I P Y SNPs A R 2352 i 42
FE miRNA (R IAK-, IS5 T Mg e iy 3
AEERBLE, 5 R AR I R R RN R M B g
HOIAEOC, ECHEN , ZOCHR R e TICAMI B
1s35747610 137 5 Z SR 00 TICAM I 3£ miRNA )
IR KAH A28 [ I A G

TICAMI F£ [H rs2292151 il 1s7255265 o7 /5 12 2
LT 2B B DIREN A, 34K [F] L SNPs,
AR A LSNP A AR i i 2 JE iR, (HH) & ol
STUIR A SEFE T BT ], Wang 55 1 & 3E,
TICAMI 3R 152292151 Z 25078 T TICAM1 B9/
M, 325 TMERIEHE R T BT E A S
PR RS R A5 5 W 5% S BTG o 72 o Cheng
AN NN, 5 TICAMI 2R rs7255265 57 /5 7
FEHEAT (1 7=0.919) A9 rs4807000 A1 rs6510827 v/
M5 TICAMI ER W RE Y, I 5 EDUEA
T A RURURS: i 25 AH G o Sahiner 25 ™ 1758 R
14807000 137 1, 22 A5 Pk 5% 1) PN 3 22 X AR O 1gE & il
PR, 50 ) LACTE e R P B i B %% D) A
Ko (HARBFE AT EE R NI AR K X 2450 17
R CAP R IE A AR OCHK o X T axX F 3 Hr 46 21 |
ZIN R AT RE 5 TS AT b I . ol S s i
FARRAR, (HRXFMHERLITIFA T 4.

HErC 28 &k s i% 2R v A 2 DLSE 2 i e
PR B AG RE, BFSE I, 55 R 28 EATE FH ARk
FEH X “RRMBRE” A, REBHR
WIS, PR A2 A 5 8 XU Jd 35 A G
AWFFER I, MyDS8FI TICAMI JLIN Z A f{E % £

A5 CAP Gy Jfet: | ™ H AR O & R 35 Ok
X B AR A AR AR K . IREETE SNPs SC B 447 Hh
R R IAD S BRAFAE P OSBE R A, L
AN S5 AR SN AR DA i HLAAR B A JRE SN 58
BT JC I 7E SNPs OCHR A3 B rh 2 B, (B3 SEf04 A7
MAE HEAER PRI RPN FEE R . Lk
gE R R, MyD8SHI TICAMI 3£ M2 5T )L
B CAP W 5O TR, JFUh 2 I CAP )9 1%
iR,

ZE AR, MyD8SHI TICAMI 3ENAFAE LAY
JLEE CAP A DR AR 5, I Ho X 2648 S5 X)L
HCAP M1 & R 2 A UMRIVERH . X Sepfgy k4
J& R CAP LA IR T R EAE CAP 1 191 B 42
PET AR S, 76 LEE CAP IR FRIZTT SE e,
Nl 3d 1 TR S FE BRIV MyDSS I TICAM1 3£
(2235, YA TLRs 15530 i N R [R5 S 12 1 7
i, PR R RS A R A i ) SR T I APk R

1= A
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of the most common serious infections in children.

Association of gene polymorphisms of MyD88 and
TICAMI and their interactions with community-
acquired pneumonia in children

YANG Yong', YANG Sui-Yu', CHEN Zong-Bo?, LIU Li’

(1. Department of Pediatrics, First Hospital of Yulin/Second Affiliated Hospital of Yan'an University
Medical School, Yulin, Shaanxi 718000; 2. Department of Pediatrics, Affiliated Hospital of Qingdao
University Medical College, Qingdao, Shandong 266003; 3. Department of Neonatology,

First Affiliated Hospital of Xi'an Jiaotong University, Xi'an, Shaanxi 710061)

Abstract: Objective To investigate the association of single nucleotide polymorphisms (SNPs) of myeloid
differentiation factor 88 (MyD&8) and Toll-like receptor adaptor molecule 1 (7/CAMI) and their interactions with
community-acquired pneumonia (CAP) in children. Methods Improved multiple ligase detection reaction assay was
used for detecting the polymorphisms of nine tagging SNPs of the MyD88 and TICAM1 genes in 375 children with CAP
who attended the Department of Pediatrics of the Second Affiliated Hospital of Yan'an University Medical School from
August 2015 to September 2017 and 306 healthy children who underwent physical examination. A logistic regression
analysis was used to evaluate the association between the distribution of genotypes and their interactions with CAP in
children. Results The polymorphism of the 7/CAMI gene at rs11466711T/C locus was closely associated with the
susceptibility to CAP in children (P<0.05). The AA genotype of rs35747610G/A locus significantly reduced risk of sepsis
in children with CAP (P<0.05). The AA genotype of rs6510826G/A locus was significantly associated with the increase
in C-reactive protein level in children with CAP (P<0.05). The GG genotype of the MyD88 gene at rs7744A/G locus
significantly increased the risk of respiratory failure and circulatory failure (P<0.05). The multiplicative interactions
between MyDS88 gene rs7744A/G and TICAMI gene rs11466711T/C, rs2292151G/A, 1s35299700C/T, and rs35747610G/
A loci were significantly associated with the susceptibility to CAP, the severity of CAP, and the risk of sepsis in children
(P<0.05). Conclusions
with CAP in children, with a synergistic effect on the development and progression of CAP in children.

[Chinese Journal of Contemporary Pediatrics, 2023, 25(8): 791-799]

Key words: Community-acquired pneumonia; MyD88; TICAM1; Gene polymorphism; Child

The gene polymorphisms of MyD88 and TICAM]I and their interactions are closely associated

Community-acquired pneumonia (CAP) is one is myeloid differentiation factor

pathways, another is

88 (MyD88)
Toll-like receptor adaptor

Molecular epidemiological studies have demonstrated

that CAP is resulted by combinations between host

[1]

genetic and environmental factors'!. The exact

mechanism oflung injury is complex, and involves a
large number of cellular and molecular immune

[2-3]

processes Toll-like receptors (TLRs) signaling
pathway plays an important role in the process. TLRs

signaling pathway is divided into two pathways: one

[Received] March 13, 2023; [Accepted] July 3, 2023
[Corresponding author] LIU Li. Email: 1iuli918@163.com.

molecule 1 (TICAMI1) pathway, which plays an
important role in the either early or late stages of
bacterial lipopolysaccharide-mediated nuclear factor-
kB activation, respectively. Thus, the TLRs signaling
pathway is an important pathway for the activation
and amplification of inflammatory reactions, and
plays a key role in the outcome of infection. The

single nucleotide polymorphisms (SNPs) of TLRs

*The original article is in Chinese. The Chinese version always prevails in cases of any discrepancy or inconsistency between the Chinese

version and its English translation.
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gene has been shown to affect the susceptibility of
CAPP, the
polymorphisms of MyD88 and TICAMI with CAP in

children, as well as the role of their mediated related

However, association of gene

immune pathways in CAP are not clear. Therefore, in
this study, nine tagging SNPs (TagSNPs) of MyDS88
and TICAM1 were selected to explore association
between the SNPs and CAP in children. The results of
our research will be used in strategies development

and potential targets for CAP treatment in children.
1 Materials and methods

1.1 Study subjects

A total of 375 hospitalized children, 228 males
and 147 females, aged >28 d and <15 years with an
average age of (38+22) months, at the Department of
Pediatrics, the Second Affiliated Hospital of Yan'an
University Medical School from August 2015 to
September 2017 were prospectively selected. All
children met the diagnostic criteria of the Guidelines
for the Management of Community-acquired
Pneumonia in Children revised by the Respiratory
Group of Chinese Pediatric Society of Chinese
Medical Association”. The 375 patients were further
divided into severe CAP subgroup (233 cases) and
mild CAP subgroup (142 cases). According to the
diagnosis and grading criteria of Extracorporeal Life
(ELSO)

Pediatric Respiratory Failure, the 375 patients were

Support  Organization Guidelines  for
classified into non-sepsis subgroup (175 cases), mild
sepsis subgroup (163 cases) and severe sepsis
subgroup (37 cases, including children with septic
shock). Among the 375 patients, 32 cases were
complicated with respiratory failure and 17 cases with
circulatory failure. The diagnostic criteria for
respiratory failure were based on the relevant criteria
for pediatric respiratory failure issued by
The

diagnosis of circulatory failure was based on the

8]

Extracorporeal Life Support Organization®.

international guidelines for management of severe

sepsis and septic shock™. Exclusion criteria of CAP

group: (1) autoimmune diseases or acquired

e?2

immunodeficiency disease; (2) tumor; (3) asthma;
(4) congenital heart and lung disease; (5) hereditary,
metabolic diseases; (6) combined with cerebral palsy,
central coordination disorder; (7) hospital-acquired
severe pneumonia. The control group consisted of
306 children who underwent health examination in
the child health clinic during the same period,
including 183 males and 123 females, with an average
age of (38+24) months. None of the children in the
control group had a history of pneumonia or severe
before blood

submitted for examination, and the exclusion criteria

infectious diseases samples were
were referred to the CAP group.

Both the two groups were unrelated Han Chinese
populations in northern Shaanxi, and no significant
difference in terms of age (;’=0.069, P=0.688) and sex
(=0.402, P=0.792). All children were enrolled with
parental consent and signed an informed consent form.
This research project was approved by the Ethics
Committee of the Second Affiliated Hospital of Yan'an
University Medical School (YLYY201505081).

1.2 Selection of TagSNPs in candidate genes

Using NCBI-SNP (http://www.ncbi.nlm.nih. gov/
gen) and 1000 Genomes (http://browser.1000genomes.
org/Homo_sapiens/UserData/Haploview) database
downloads the location information of candidate
genes in the Han population of southern China and
the Han population of Beijing,
GRCh37), and then selects TagSNPs loci using

Haploview 4.2 software. The inclusion criteria were

China (version

that the position information was enlarged by 2 kb
from upstream of the promoter to before and after the
end of the gene, the linkage disequilibrium parameter
D'=1, the linkage disequilibrium coefficient »* >0.8
and the minimum allele frequency =>0.1, and a total of
9 TagSNPs were selected for the study in the MyD&8
and TICAMI1 genes, loci information is shown in
Table 1. In this study, the success rate of SNPs typing
99.9%-100%. The
frequency of 9 TagSNPs in the control group was

was genotype  distribution

consistent with the Hardy-Weinberg equilibrium test
(all P>0.05). See Table 1.
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Table 1 Information, functional prediction of the TagSNPs and Hardy-Weinberg equilibrium analysis in the control group

Gene/locus Location area Predictive feature MAF in the Genotype frequency cI(_)Ir\lzlr]jllzr:)hlfp
control group (11/01/00) (Pvalue)

TICAM1

1s2292151G/A Exon 2 p.=(Asp557Asp) 0.471 71/146/89 0.491

1s7255265C/T Exon 2 p.=(Thr4Thr) 0.366 42/140/124 0.806

rs61231668T/C Intron 1 - 0.471 70/148/88 0.646

1rs35299700C/T Intron 1 - 0.108 4/58/244 0.765

rs6510826G/A Intron 1 - 0.446 64/145/97 0.488

rs11466711T/C Intron 1 - 0.389 51/136/119 0.279

rs10422141A/T 5' upstream intergenic region dist=1 656 bp 0.250 19/115/172 1.000

rs35747610G/A 5' upstream intergenic region dist=1 867 bp 0.170 7/90/209 0.547
MyD88

1s7744A/G 3' non-coding region - 0.364 37/149/120 0.459

Note: [MAF] minor allele frequency; [HWE] Hardy-Weinberg equilibrium; [11/01/00] homozygous low-frequency allele/heterozygous/

homozygous high-frequency allele; [dist] distance from 5' UTR of TICAM1 gene.

1.3 Blood sample collection and DNA extraction
Two milliliters of venous blood were collected in tubes
containing anticoagulant (ethylenediaminetetraacetic acid)
from children on the day of admission, and temporarily
stored at —20°C for future use. Anticoagulated whole
blood genomic DNA was extracted using the DNA
extraction kit from Omega, USA. The obtained DNA
samples were subjected to quality inspection and
1%

and then diluted to a working

concentration  detection  using agarose
electrophoresis,
concentration of 10 ng/uL, and placed in a —20°C
freezer for cryopreservation.
1.4 Gene polymorphism detection

A total of nine TagSNPs loci in 681 samples
were genotyped using a modified multiplex high-
temperature ligase detection reaction technique
developed by Shanghai Tianhao Biotechnology Co.,
Ltd. According to the gene sequence on GenBank, the
primers were designed using Primer 5.0 software.
And the primers were designed and synthesized by
Shanghai Sangon Biological Co., Ltd. In this study,
DNA

amplification of DNA, ligation reaction detection and

extraction, polymerase chain reaction
original data analysis were completed by Shanghai
Tianhao Biotechnology Co., Ltd., sequenced using
ABI 3730XL sequencer (ABI, USA), and genotypes
were interpreted using GeneMapper 4.1 software

(ABI, USA).

el

1.5 Statistical analysis

Hardy-Weinberg equilibrium analysis of the
estimated with the PLINK
software. Statistical analysis was performed using
SPSS  20.0 P<0.05

statistically difference.

control group was

software, and indicated a

significant Normally
distributed measurement data were presented as mean
+ standard deviation (X + s), and two-sample ¢ tests
were used to compare groups; enumeration data are
expressed as number of cases, and chi-square test was
used for comparison between groups. The association
between genotype and CAP was analyzed by logistic
regression, and the effects of significant confounders
such as gender, age and living environment were
adjusted, and the analyzed genetic models were
dominant model, recessive model, additive model and
codominant homozygous/heterozygous model.
Intergenic interactions were analyzed using logistic
regression models, statistical models for interactions
using multiplicative models, and models for alleles as
additive models. Genotypes were used as variables,
and the values were assigned according to the number
of risk alleles. The interaction terms of SNPs in the
two genes were included in the logistic regression
model and the regression coefficients were hypothesis
tested. The interaction results were determined using
the Rothman multiplicative interaction evaluation

formula, that is, the 95%CI of the product term of the
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logistic regression did not contain 1, indicating that
there was a multiplicative interaction, OR,,,=1 was
no interaction; OR, ., >1 was a positive interaction;

OR,.,<1 was a negative interaction.

2 Results

21
with CAP

There were

Comparison of general information of children
significant differences in age,
gender, C-reactive protein level, critical illness score,
and proportion of respiratory failure and circulatory
failure between children with severe CAP and those
with mild CAP (all P<0.05) (Table 2).

2.2
susceptibility and severity of CAP in children

Association analysis of the TagSNPs with

There were no significant differences in the

distribution of alleles between the CAP group and the
control group, the severe CAP subgroup and the mild
CAP subgroup (all P>0.05). However, the CC
genotype distribution for rs11466711T/C in the
TICAMI gene was less frequent in the CAP group
than in the control group under both codominant and
recessive genetic models (all P<0.05, OR=0.577,
0.568). The result showed a significantly association
with CAP susceptibility, and indicated that the CC
genotype may be a protective genotype for the
development of CAP in children. There were no
significant differences in the genotype distribution at
other loci between the CAP group and the control
P>0.05).

differences

group (all Moreover, there were no

significant in genotype distribution
between the severe CAP subgroup and the mild CAP

subgroup (all P>0.05). See Table 3.

Table 2 General clinical characteristics of children with CAP

Mild CAP subgroup  Severe CAP subgroup

Ttem (m=142) (233 t/y value Pvalue
Gender (male/female, case) 76/66 152/81 5.081 0.024
Age (X £ s, month) 24421 42439 5.182 <0.001
PCIS (very critical/critical/non-critical, case) 0/0/142 29/28/176 40.965 <0.001
Respiratory failure (yes/no, case) 0/142 32/201 19.598 <0.001
Circulatory failure (yes/no, case) 0/142 17/216 9.232 0.002
C-reactive protein (x + s, mg/dL) 8+11 25+38 5.134 <0.001
White blood cell count (¥ £ s, x10°/L) 1145 1247 1.231 0.219

Note: [PCIS] pediatric critical illness score; [CAP] community-acquired pneumonia.

Table 3 Association analysis of the TagSNPs polymorphism with susceptibility and severity of CAP in children

Susceptibility Severity
. Severe Mild
Heredit
Gene/locus ereduty Genotype CAL | Contiol . P CAP CAP ;
model group  group OR'(95%CI) . OR'(95%CI) 5
value subgroup subgroup value
(n) (n)
(n) (n)
TICAM1
rs2292151G/A Codominant G/G 105 89 - - 67 38 - -
model
G/A 204 146 1.234(0.851-1.790) 0.267 124 80 0.905(0.547-1.495) 0.696
A/A 66 71 0.783(0.495-1.241) 0.298 42 24 0.913(0.473-1.762) 0.786
Dominant G/G 105 89 - - 67 38 — -
model
G/A-A/A 270 217 1.084(0.763-1.539) 0.653 166 104 0.907(0.561-1.467) 0.689
Recessive  G/G-G/A 309 235 - - 191 118 - -
model

e4d
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Table 3 (continued)
Susceptibility Severity
Gene/locus Heredity Genotype Gl | ot P Sé\:;e 1(\3411&13
model group  group OR’(95%CI) o OR'(95%CI) .
) ) value subgroup subgroup value
(n) (n)
A/A 66 71 0.685(0.462-1.017) 0.061 42 24 0.975(0.552-1.721) 0.929
Additive - - - 0.911(0.725-1.146) 0.428 - - 0.949(0.687-1.310) 0.749
model
Allelic model G 414 324 - - 258 156 - -
A 336 288  0.913(0.737-1.131) 0.405 208 128  0.983(0.7301-322) 0.907
rs7255265C/T  Codominant C/C 134 124 - - 82 52 - -
model
C/T 187 140  1.297(0.919-1.832) 0.139 117 70 1.198(0.745-1.926) 0.457
T/T 54 42 1.239(0.754-2.035) 0.397 34 20 1.149(0.585-2.258) 0.687
Dominant C/C 134 124 - - 82 52 - -
model
C/T-T/T 241 182 1.284(0.926-1.780) 0.135 151 90 1.186(0.755-1.864) 0.458
Recessive C/C-C/T 321 264 - - 199 122 - -
model
T/T 54 42 1.072(0.678~1.695) 0.765 34 20 1.035(0.558-1.916) 0.914
Additive - - - 1.157(0.915-1.462) 0.223 - - 1.100(0.797-1.519) 0.561
model
Allelic model C 455 388 - - 281 174 - -
T 295 224 1.123(0.901~1.400) 0.302 185 110 1.041(0.769-1.409) 0.793
rs61231668T/C  Codominant T/T 91 88 - - 57 34 - -
model
T/C 202 148  1.265(0.866-1.850) 0.225 123 79 1.075(0.633-1.825) 0.789
Cc/C 82 70 1.138(0.722-1.795) 0.577 53 29 1.182(0.625-2.237) 0.607
Dominant T/T 91 88 - - 57 34 - -
model
T/C-C/C 284 218  1.225(0.856-1.755) 0.268 176 108  1.105(0.667-1.831) 0.697
Recessive T/T-T/C 293 236 - - 180 113 - -
model
C/C 82 70 0.975(0.666-1.428) 0.897 53 29 1.125(0.666-1.900) 0.659
Additive - - - 1.075(0.856-1.351) 0.533 - - 1.087(0.791-1.494) 0.607
model
Allelic model T 384 324 - - 237 147 - -
C 366 288  1.072(0.866-1.328) 0.522 229 137 1.037(0.772-1.393) 0.811
1rs35299700C/T Codominant Cc/C 288 244 - - 183 105 - -
model
C/T 81 58 1.200(0.806-1.785) 0.369 46 35 0.777(0.463-1.302) 0.337
T/T 6 4 1.584(0.420-5.980) 0.497 4 2 0.920(0.161-5.253) 0.925
Dominant C/C 288 244 - - 183 105 - -
model
C/T-T/T 87 62 1.223(0.831-1.800) 0.308 50 37 0.785(0.475-1.299) 0.347
Recessive ~ C/C-C/T 369 302 - - 229 140 - -
model
T/T 6 4 1.526(0.405-5.746) 0.532 4 2 0.974(0.171-5.538) 0.976
Additive - - - 1.214(0.856-1.722) 0.277 - - 0.819(0.520-1.290) 0.390
model
Allelic model C 657 546 - - 412 245 - -
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Table 3 (continued)
Susceptibility Severity
Gene/locus Heredity Genotype LAl | o] P Sé\:;e 1(\3411&13
model group  group OR’(95%CI) o OR'(95%CI) .
) ) value subgroup subgroup value
(n) (n)
T 93 66 1.171(0.838-1.637) 0.356 54 39 0.823(0.529-1.280) 0.387
rs6510826G/A  Codominant G/G 97 97 - - 55 42 - -
model
G/A 190 145 1.337(0.921-1.940) 0.127 121 69 1.315(0.787-2.198) 0.296
A/A 87 64 1.360(0.869-2.129) 0.179 56 31 1.426(0.773-2.629) 0.256
Dominant G/G 97 97 - - 55 42 - -
model
G/A-A/A 277 209  1.344(0.947-1.906) 0.098 177 100 1.349(0.832-2.189) 0.225
Recessive  G/G-G/A 287 242 - - 176 111 - -
model
A/A 87 64 1.135(0.773-1.665) 0.518 56 31 1.194(0.714-1.997) 0.500
Additive - - - 1.178(0.941-1.473) 0.152 - - 1.200(0.883-1.630) 0.245
model
Allelic model G 384 339 - - 231 153 - -
A 364 273 1.177(0.950-1.459) 0.136 233 131 1.178(0.876-1.584) 0.278
rs11466711T/C  Codominant T/T 153 119 - - 95 58 - -
model
T/C 181 136 1.030(0.730-1.453) 0.868 110 71 0.898(0.569-1.416) 0.642
Cc/C 41 51 0.577(0.351-0.949)  0.030 28 13 1.247(0.588-2.643) 0.565
Dominant T/T 153 119 - - 95 58 - -
model
T/C-C/C 222 187  0.901(0.652-1.247) 0.531 138 84 0.952(0.615-1.474) 0.826
Recessive T/T-T/C 334 255 - - 205 129 - -
model
Cc/C 41 51 0.568(0.358-0.902) 0.016 28 13 1.322(0.651-2.686) 0.440
Additive - - - 0.821(0.650-1.036) 0.097 - - 1.035(0.746-1.436) 0.838
model
Allelic model T 487 374 - - 300 187 - -
C 263 238 0.849(0.680-1.059) 0.146 166 97 1.067(0.782-1.454) 0.683
rs10422141A/T Codominant A/A 207 172 - - 136 71 - -
model
A/T 147 115 1.115(0.797-1.559) 0.525 85 62 0.730(0.465-1.146) 0.171
T/T 21 19 0.843(0.428-1.661) 0.622 12 9 0.666(0.259-1.708) 0.398
Dominant A/A 207 172 - - 136 71 - -
model
A/T-T/T 168 134 1.073(0.778-1.480) 0.666 97 71 0.721(0.467-1.115) 0.141
Recessive  A/A-A/T 354 287 - - 221 133 - -
model
T/T 21 19 0.806(0.415-1.565) 0.524 12 9 0.763(0.304-1.916) 0.565
Additive - - - 1.014(0.779-1.318) 0.919 - - 0.770(0.538-1.100) 0.151
model
Allelic model A 561 459 - - 357 204 - -
T 189 153 1.011(0.790-1.293) 0.933 109 80 0.779(0.556-1.089) 0.144
rs35747610G/A  Codominant G/G 243 209 - - 153 90 - -

model
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Table 3 (continued)
Susceptibility Severity
Gene/locus Heredity Genotype Gl | ot P Sé‘:;e ZI:E
model group  group OR’(95%CI) o OR'(95%CI) .
) ) value subgroup subgroup value
(n) (n)
G/A 119 90 1.138(0.803-1.611) 0.466 73 46 0.938(0.588-1.495) 0.787
A/A 13 7 1.808(0.678-4.820) 0.236 7 6 0.632(0.199-1.997) 0.434
Dominant G/G 243 209 - - 153 90 - -
model
G/A-A/A 132 97 1.184(0.845-1.659) 0.327 80 52 0.901(0.575-1.412) 0.648
Recessive  G/G-G/A 362 299 - - 226 136 - -
model
A/A 13 7 1.734(0.655-4.594) 0.268 7 6 0.645(0.206-2.019) 0.452
Additive - - - 1.201(0.893-1.615) 0.226 - - 0.881(0.599-1.296) 0.520
model
Allele model G 605 508 - - 379 226 - -
A 145 104 1.171(0.887-1.546) 0.266 87 58 0.895(0.617-1.296) 0.555
MyD88
1s7744A/G Codominant A/A 174 120 - - 106 68 - -
model
A/G 164 149  0.764(0.545-1.071) 0.118 104 60 1.020(0.646-1.610) 0.933
G/G 37 37 0.767(0.449-1.321) 0.343 23 14 1.001(0.472-2.124) 0.997
Dominant A/A 174 120 - - 106 68 - -
model
A/G-G/G 201 186  0.765(0.555-1.056) 0.103 127 74 1.016(0.659-1.568) 0.942
Recessive  A/A-A/G 338 269 - - 210 128 - -
model
G/G 37 37 0.886(0.532-1.475) 0.641 23 14 0.992(0.483-2.038) 0.983
Additive - - - 0.837(0.658-1.066) 0.149 - - 1.008(0.725-1.400) 0.964
model
Allelic model A 512 389 - - 316 196 - -
G 238 223 0.811(0.647-1.016) 0.068 150 88 1.057(0.769-1.453) 0.731

Note: * y* test was used for allelic model, genotyping was analyzed by logistic regressions and the values were analyzed using logistic
regressions adjusted for significant environmental factors such as sex and age. [CAP] community-acquired pneumonia.

2.3

Association of the TagSNPs with clinical
characteristics of CAP in children

The GG genotype of the MyD8S gene at
1s7744A/G was associated with respiratory failure
and circulatory failure in children with CAP under
recessive and codominant homozygous genetic
models and could significantly increase the risk of the
diseases process (all P<0.05). The AA genotype of the
TICAM1 rs6510826G/A  was

associated with a higher C-reactive protein levels in

gene at closely
children under recessive, additive, and codominant/

homozygous genetic models (all P<0.05). The AA

e’/

genotype of the TICAM1 gene at 1s35747610G/A was
closely associated with a lower risk of concurrent
sepsis in children with CAP under both recessive and
codominant homozygous genetic models (all P<0.05).
See Table 4.
2.4 Association of interactions of the MyD88 and
TICAMI genes with CAP in children

There was a positive multiplicative model
interaction between rs7744A/G in the MyD&8 gene
and 1s11466711T/C in the TICAMI gene with a
significant association with CAP susceptibility (P
<0.05, OR=1.420), that is, when the genotypes of the
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above two interaction sites (rs7744-rs11466711) were
homozygous risk genotypes (GG-CC), the occurrence
risk of CAP was significantly increased compared
with homozygous wild genotype (AA-TT); there was
a positive multiplicative model interaction between
rs7744A/G in the MyD88 gene and rs35299700C/T

and 1s35747610G/A in the TICAMI gene,
respectively, and the severity of CAP was also
significantly increased (all P<0.05, OR=2.508,

2.551), that is, when the two sites of the above
interactions were homozygous risk genotypes (GG-
TT, GG-AA), the risk of severe pneumonia in
children with CAP was also significantly increased;

There was a positive multiplicative model interaction
between 1s7744A/G the MyDS88 gene and
rs2292151G/A  and 1535747610G/A the
TICAMI gene, respectively, which was associated

in
loci in
with the risk of CAP complicated by sepsis (all
P<0.05, OR=1.451, 2.318), that the
interactive genotypes of rs7744 with both rs2292151
and rs35747610 were homozygous risk genotype
combinations (GG-AA), the risk of sepsis in children
significantly

is, when

was increased compared with all
homozygous wild genotype combinations (AA-GQ).

See Table 5.

Table 4 Significant statistically significant association loci in association analysis of clinical characteristics

Clinical characteristic Locus Genetic model Genotype Beta® SE 194;);:&36{[ ;J;IZZI i:ﬁ: vaile*

TICAM1
C-reactive protein 1s6510826G/A Recessive model GG-GA/AA  8.060 3.900 0.417 15.700 2.067 0.039
Codominant homozygous model ~ GG/AA  10.620 4.688 1.431 19.810 2.265 0.024
Additive model - 5266 2.339 0.682 9.850 2.251 0.025
Sepsis 1s35747610G/A Recessive model GG-GA/AA -0.429 0.183 -0.787 -0.071 -2.350 0.019
Codominant homozygous model ~ GG/AA  -0.427 0.184 -0.788 -0.066 -2.318 0.021

MyD§88

Respiratory failure rs7744A/G Recessive model AA-AG/GG 0322 0474 0.127 0.816 -2.389 0.017
Codominant homozygous model AA/GG 0.305 0.520 0.110 0.844 -2.286 0.022
Circulatory collapse 1s7744A/G Recessive model AA-AG/GG 0.238 0.568 0.078 0.724 -2.529 0.011
Codominant homozygous model  AA/GG 0.233 0.640 0.066 0.816 -2.277 0.023

Note: * Continuous variables were analyzed using linear regression and categorical variables were analyzed using logistic regression, with

adjustment for significant environmental factors such as gender and age.

Table 5 Association of the interactions of the MyD88 and TICAM1 gene with CAP

Interaction variable CAP Severe CAP Sepsis

MyD88xTICAM 1 Genotype OR(95%CI) Pvalue OR(95%CI) Pvalue OR(95%CI) Pvalue
rs7744x1rs10422141 AA-AA/GG-TT  1.279(0.878-1.864) 0.199  0.991(0.582-1.688) 0.974  1.294(0.762-2.198)  0.340
rs7744x1rs11466711 AA-TT/GG-CC  1.420(1.017-1.983) 0.039  1.430(0.865-2.364) 0.163 1.035(0.641-1.672) 0.888
rs7744x1s2292151 AA-GG/GG-AA  0.937(0.669-1.312) 0.705  1.142(0.694-1.878) 0.600  1.451(1.008-2.089) 0.045
1rs7744x1$35299700 AA-CC/GG-TT  1.270(0.773-2.085) 0.345 2.508(1.273-4.941) 0.008 1.338(0.662-2.705) 0.417
rs7744x1s35747610 AA-GG/GG-AA  1.393(0.911-2.129) 0.126  2.551(1.184-5.496) 0.017 2.318(1.205-4.460) 0.012
rs7744xrs61231668 AA-TT/GG-CC  0.950(0.682-1.324)  0.763  0.941(0.577-1.535) 0.808 0.997(0.617-1.609)  0.990
rs7744xrs6510826 AA-GG/GG-AA  1.029(0.744-1.422) 0.863  0.678(0.465-1.081) 0.102  0.797(0.506-1.253)  0.325
1s7744x1s7255265 AA-CC/GG-TT  0.863(0.609-1.220) 0.403  0.885(0.536-1.461) 0.633  1.035(0.641-1.672)  0.888

Note: [CAP] community-acquired pneumonia.

el
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3 Discussion

MyD88 is a key adaptor protein of MyD88§-
dependent TLRs signaling pathway. MyD88 blocking
can reduce the secretion of inflammatory factors in
sepsis and present a powerful protective on sepsis-
induced myocardial injury™. Kohl et al"" found that
Myd88™ the

expression levels of pathogen-induced inflammatory

mice could significantly reduce
cytokines and interferon-y-inducible genes. The rs7744
locus of the MyD88 gene is located in the 3' UTR non-
coding region, which is associated with the stability
and protein expression of mRNAs. Sun et al " found
that rs7744 polymorphism was closely associated
with the severity of coronary heart disease. Jiménez-
Sousa et al"” found that GG genotypes at rs7744 were
increase the risk of death in patients with septic
shock. In this study, we found that the GG genotype
of the MyD88 gene at rs7744 was significantly
associated with the risk of respiratory failure and
circulatory failure in children with CAP. The probable
mechanism may associate with activation of the
MyD88-NF-«B pathway and downstream inflammatory
gene expression induced by MyD88 gene. However,
for the reason why the polymorphism at this locus is
associated with respiratory failure and circulatory
failure, rather than severity of CAP in children, need
further study. TICAMI1 is a key adaptor protein in
TICAM1-dependent TLRs pathway, and its gene
polymorphism is closely related to various
In this study, we found that the
rs11466711 polymorphism of the TICAMI gene was

associated with CAP susceptibility in children. The

diseases!"*".

CC genotype at this locus may be a protective
genotype for the development of CAP in children.
The 156510826 polymorphism of the gene was
associated with C-reactive protein levels in children.
The pulmonary inflammatory response was more
intense in children carrying the AA genotype.
rs11466711 and rs6510826 in the TICAMI gene are
two non-coding SNPs located in the first intron region
and are not directly involved in protein synthesis.
However, intronic variants can produce cleavage

variants and affect gene transcription. Moreover, the

e9

above two polymorphisms have different effects in
the process of CAP in children, considering that they
are related to possible alternative cleavage during
transcription. Studies have shown that genetic
polymorphisms involved in the TLRs pathway are
closely associated with the development, progression
and prognosis of sepsis"®. In this study, we found that
the AA genotype of the TICAM1 gene at 1s35747610
significantly reduced the risk of concurrent sepsis in
children with CAP. The locus is a 20 kb upstream of
the 5' UTR in the intergenic region. A study"”
suggested that SNPs in this region may affect the
expression level of target gene miRNAs and
participate in the pathophysiological mechanism of
sepsis, which 1is closely related to the clinical
manifestations and inflammatory response of patients
with sepsis. Therefore, it is speculated that this
association may be related to the effect of TICAMI
gene rs$35747610 polymorphism on the expression of
TICAMI gene miRNAs and the activity of related
immune pathways.

rs2292151 and 1s7255265 in the TICAMI gene
are two functional sites located on exon 2, both of
which are synonymous SNPs. Although synonymous
SNPs do not change the encoded amino acids, they
change the affinity of the spliceosome thereby
affecting cleavage. Wang et al" found that the
rs2292151 polymorphism in the 7ICAMI gene alters
the effects of TICAMI and is involved in the
regulation of tumor necrosis factor, type I interferon
synthesis, and the process in transduction and
activation of innate immune signals. Cheng et al"
analysis showed that rs4807000 and 1s6510827,
which are highly linked to 1s7255265 in the TICAM1
gene (both =0.919), are involved in the regulation of
TICAMI gene expression and are significantly
associated with vitiligo risk in the Chinese Han
population. Sahiner et al™ study showed that
rs4807000 polymorphism affects the regulation of
endotoxin on IgE synthesis in vitro and is closely
related to airway hyperresponsiveness and wheezing
in asthmatic children. However, the results of this
study did not show there was an association between

the two exonic loci and CAP disease development. It
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is mostly considered that it was related to the
geographical, ethnic and disease types of the study
population.

The identified genetic factors are not yet to fully
explain the heritability of the disease. Studies suggest
that gene-interacting and mild-effect genes are related
to these "lost heritability"™”. Numerous studies have
also confirmed that gene interplay is significantly
associated with disease risk"”'*.
that there multiple
interaction patterns between MyDS88 and TICAMI
genes that were significantly associated with CAP

In this study, we

found were multiplicative

susceptibility, severity, and concurrent sepsis. Those
minor loci that were not found in the association
analysis of SNPs. However, actually existed could not
be found in the association analysis of SNPs because
their single locus variation was not enough to affect
the intensity of the entire inflammatory response in
the body, but these minor loci showed a strong
synergistic effect in the interaction. The above results
also indicate that both MyD88 and TICAMI genes are
involved in the immune-inflammatory regulation of
CAP in children and synergistically affect the disease
progression of CAP.

In summary, there are multiple functional
variants in the MyD&8 and TICAM1 genes associated
with CAP

synergistic effect on the disease development of CAP

in children. These variants have a

in children. These studies provide potential targets for
individualized treatment of children with CAP and
prevention of severe CAP in the future. In the clinical
diagnosis and treatment practice of CAP in children,
how to regulate the expression of MyD8S and
TICAMI genes by silencing or antagonism and
coordinate the balance of different signaling pathways
in the TLRs pathway is a problem to be solved and a

challenge in future research.
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