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[ E] B&Y U T (hepatocyte nuclear factor 1, HNF) 1A I HNF 1B 5& P8 it 5735 5 5 7| I 1A% S Jld 22 1] )
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FH Hlumina ZE 437575 % HNF 1A FHNF 1B 568 222507 S04 7 36 R A ARG DU 5 26 R AT IS WD miAF s e 2R 360 I @
1 Logistic M1 15 OR {H 12 95%Cl, FLHAS [F] 35k P #6 5 LI g 4 90 AU 2 (B PR AE 1k o 5 R« v F HINF 1A FE B 11 3 a5,
S5 ] AR L MR 2 AR S 5 A DG, He P AT HNF 1A SR AM B T X 11 rs2464196 (OR=0.80,95%C1:0.71~0.91, P=7.45%10"
), HNF1A 3£ P & 7 IX 1Y rs1183910 (OR=0.87, 95% CI:0.77~0.99, P=0.039) 1 1s7310409 (OR=0.86,95% CI:0.76~0.98, P=
0.023), i#—2L FDRAZIE S5 , rs2464196 1 13 5 FLIR N 5 B EA SR A AE A S B W AH G ME (P=4.47x107) o 518 : T4 A% A 7
HNF1A FER 11 152464196 2225057 1. 7] B2 ERE LRI 1) 25 JBebr i) o
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Genetic polymorphisms in HNF1A and HNF1B are associated with breast cancer
susceptibility

CHEN Jiaping',ZHOU Jing'?,JIANG Tao’,JIANG Yue',MA Hongxia'

'Department of Epidemiology , School of Public Health , Nanjing Medical University , Nanjing 211166 ;°Department of
Information , Northern Jiangsu People’ s Hospital , Yangzhou 225002 ;°Department of Biostatistics , School of Public
Health , Nanjing Medical University , Nanjing 211166, China

[Abstract] Objective: We investigated whether genetic variants of HNF1A and HNFIB were associated with the risk of breast
cancer in a Chinese Han population. Methods: A case-control study of 1 032 breast cancer cases and 1 063 cancer-free female controls
was performed, and six single nucleotide polymorphisms (SNPs) in HNF1A and HNF1B were genotyped in Illumina genotyping
platform. Logistic regression was used to calculate the odds ratios (ORs)and 95% confidence intervals (CIs ) for the association between
a single locus and breast cancer risk with adjustment for age, age at menarche, and menopausal status. Results: Multiple logistic
regression analysis illustrated that three SNPs within HNF1A gene were associated with significantly decreased risk of breast cancer
(rs2464196, OR=0.80,95%C1:0.71~0.91, P=7.45%10"*; 11183910, OR=0.87, 95%CI: 0.77~0.99, P=0.039; rs7310409, OR=0.86,
95% CI:0.76~0.98, P=0.023). After correction for multiple comparisons (FDR<0.05) , 12464196 was still significantly associated
with susceptibility to breast cancer (P=4.47x107). Conclusion: The SNP 1s2464196 within HNF1A gene may be a candidate marker
for susceptibility to breast cancer in Chinese Han population.
[Key words | breast cancer; HNF1A gene; HNF1B gene;single nucleotide polymorphism ; susceptibility
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P& WHO T J& [E By 9 iE 0 58 144 (International
Agency for Research on Cancer, IARC) % 3% 1) e #T 4=
BRIGIE R B RAS | 2020 4F 4 BRI BT & ]
[EIK 226 T3, 24 o7 AR VR R IR 14 25% , FLAR
OB REREE — K. R E AR LIRSS
IR DX, AR I AF R T 1 2L M 2 230 2 L Pt 3
KA, 2020 4F i E Lot R LR 2 42 T3, o
2 % IR ) 20.1% , 2 3% [ 2 Pk v R0 R B
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HB A F AN AEERR 1 AL A [l

HuTmarsR 20, FLRE N R E R R E—1 2
K2 2B B i it A, 2 2855 M 3% st A% 1R 28 4[]
YEMBYZE R . 2 AT A9 3R 0, FLe Ak
() 5% fi B PR 2 A 46 H A Al R R (i
Y 22 A2 AE) AT T A (R AR I R H8 A
WG R RS 25 ) LA B AN 98 2% 58 TR R (1 Ml ket
Zp P FMER AR YT ) S (AAEAH R AE TR A%
FuE A N R AR U s AR R
R 5ILIE R A A B VIR G

M4 it % A 1 (hepatocyte nuclear factor 1,
HNF-1) % 5% T Z 5385 HNF1A (R TCF1) 1
HNF1B(LFRA TCF2) o 3 AN 3 R 43 ) 37 F 4
1A 12q24.31 ALK 17q12 b, 75 A FE | JHAR
B WE S S Z A EUh RIS iR S AR
JA BT IXAHLE &, 2 e PR SR 5 3= 0
& S5 Nt R S E o I SN ' T LR S T s M
HNF1A F1 HNF 1B 7] 38 32 345 JCHH {5 538 R0
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FIAFFE H , Humberto 45 F 58 & 81 HNF1B & [H i3t
2% S 55 v I & ONHE FLIR R 1Y & e XU %% U0 A
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S ) OC R M OF 5% 4B B o B SE HNFIA F
HNF1A JE PR BRAZ 1R 2 28 5 v AR ZLIR IS &
ZIE] A S B M B R 5 BR s 22 7 FLIR R
A kR TR AE R T 4E S v OB L g B
A7 BA EE A EE ABLSEE
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S 191 K 1125 48] TG o 96 s B %) A DX fit B X6 HEA
o K 2004 4F 1 H—20104F 4 AFEIT 754 I
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B 28 BRZH ZUEA2 18 R FUBEEE . 1B A
X REFAALBE F RIS 0T 5548 1 DX 02 s i A 1)
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WECHEL . S 5 5 X T T A T2
BB EFEFE . AR S i ER A B

BIoAHE S FWA00001501

1.1.2  #AhkE

it 48—V R T A0 Lo M A FROIR D0 R A 3R
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GO )E (SCBE LS QIR N2 ) g o s 45 3L
I 9 7] ) VM 2% 32 A (ER ) 238 % 324 (PRO)IRZS:
7 B2 B A TR AR, T A R SO DG B R
{8 ] Epidata 3.1 8B EA
12 7%
1.2.1 AR % & kein

FI 1 Hapmap 5 4 J& i £ HNF1A 3 X il
HNFI1B#H L Fi#2 kb F3R 5728 5, i S i
2 5 M (SNPs) 75 H BN v s/ 35 o7 5 PR 0 32
(MAF) 2K 45 T 5% , #5 10 st A7 TR 500 1Y) 32
AN AL — A3 g5 o 383 Haploreg V4.1,
SNP info Fll Regulome DB 25 4= W {5 B2 T ELi 1% 78
FETIRE MR8 AL AR 5 | B J5 i 6 tH HNF1A A HNF1B
L I 6 1~ SNPs 35t 1% A8 57 (152464196, 17310409,
rs1183910, 151169288, rs4430796,1s7501939 ) #1173k
B h it
122 AEA AR

53 M WS B8 R REAE AR 23 IE DK UL 5 mL, >R
FH R B0 S 05 15 3 B R 24 DNA . I ] Hlumina
Infinium® BeadChip (lumina 23 &) , & [ ) “F & XF
1 064 151 L 96 955 91 1 1125 161 1F & o M xR GIEAT
FERA BIKGI , Genome Studio (v2011.1) #4505
()9 A o HEAT HIE , 42 R 2 A0 . 7y BU R T R
(=95%) , R G IE B AFTE LSRR NS 157
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TUAE R DA e 4l HERR 32 4 Bl A1 62 5% iR
REAS, FLAA T 308 b 4 A R TF W Zhou 5517 B 4
il o e, 1032 LRI Bl A 1 063 il fid Lok
Xf IR A — 2L B GET i
123 AU &F M

& H Genotype-Tissue Expression (GTEx)v8 %{ ¥
J& (http : //www.gtexportal.org/ ) X5 356 o7 55 AT 33k
Ko IR 3 (A B (expression quantitative trait loci,
eQTL) 4347 , Fo v 4. 396 Il 1F  FLAR A SUREAR
1E GTEx I 3t T 1 7L AR 21 21 HNF1A FI HNF1B JE
M2 IR , HE R H dbGaP 4G (dbGaP Acces-
sion phs000424.v8.p2) H g 3k o7 x5 1) 3 R 43 A 540
AT eQTL AT
1.3 itk

KRB (3.2.3 WA ) #EAT G it 25 R o i o
5 BB T AR AR ¢ K LU AR AS AR W A B H
2o BN 2R LA I e 22 25 A6 B DR A AR A LR
S 1 RS R R] 9 73 A1 o B M Z2 A R Lo-
gistic [0 PRI T30 22 25057 551 5 L IR 00 AU Y
W 5 U AE LY (odds ratio, OR) M H 959% Af
{5 IX.[8] (confidence interval, C1) . 1%} FHPER) 2 25
BLE 70 LLAF S WD AR S F IS PR AR e 2
AR A 2R (ER FIPRORSHEAT 43 2400, R
BT RIT A0 0 Q KB A WA ] i e ik o B
A G AR MU 5, P < 0.05 0 22 54 48
rE X

2 & R

2.1 FFRATF IR

AHIFFEH 1 032 41 L M 98 96 1511 R 1 063 4] fkt B
X A ARRS A 2 R LU R B4 ER
PR A RAAE AN 1 7R o LR IR s 191 4 ok R 4
Z [AIAEH4 43 A DT L 41 (P=0.078 ) , 975 51 2L Fé 40 ) 4
I LB TR BRZH (P < 0.001) , 171 1 G PR 4RI
FRE TR (P <0.001) SR BILLAIT BEZH AE Lot
RS CRA 2 | AR 2 AR H R4 2 I A
BA BES 255 (P<0.000 1), FLEwEHI4 T
ER PH: 5 N0 B3 43 3R 460 161K 373 9], PR
PP R RS e s 240301 Ry 469 151111 360 141
2.2 HNF1A F= HNF1B & B 4% & 5+ 5 LR A& K %
K- 8] Y % BR

K M R M B B T A T 43 A
HNF1A FlHNF 1B 5& [ 5t 4% 48 5 5 FL I o itk 22
E AL ZR (F22.3) N2 s, FEJHEE TAEIE 4

F1 MRWEH—RFEEILRERGI AN RBEATRLY
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Table 1 Characteristics of breast cancer patients and can-

cer-free controls

. g 17l Xt
= (i=1032) (n=1063) FMH
TR (S xxs) 50.87 + 11.43 51.74 + 11.23  0.078

VIR (% % £5)" 1522 +1.91 16.17 £1.96 <0.001
EIRIEERS (4 x +5)" 25.6 £3.25 24.69 +3.35 <0.001
AR AR (R, x +5)°49.72 £3.5 4959 +391 0.617

A 2R (%) ] <0.001
KM 2 499(49.45) 470(52.63)
EPASAIER 438(43.41) 411(46.02)
eSS 72(7.14) 12(1.34)

ER[n(%) ] —
FHM: 460(55.22) —

[ 373(44.78) —

PR[n(%)]"

FHM: 469(56.57) —
B 360(43.43) —

a: WITAE IS5 Bk 1T 1 032 {51 L R Jee 55 191 1 1 063 491 it Je Xof
T b BRI P2 4E 0415 R F T 966 B LI 85 (I 1T 1 003 491 fe B
X R e H AR AT A5 BOK B T 438 1L IG5 91 Fl 411 7] et B
XiF R d s MEBER B2 0R AR 2 R Bk A T 833/829 il

AR 2RS0T HNFLA £ AT X1
152464196 (G>A) 137 1, 1T Ib 2 B A2 LM 9 19 & 9 XL
K (OR=0.80,95%C1:0.71~0.91, P=7.45x10™*, Al
) o AN LT HNFIA RN S FIXE 2N L5
7 25,55 LRI 9 XUt B A G, rs1183910(G>A)
(OR=0.87,95%CI:0.77~0.99, P=0.039, A it 14 ) |
157310409 (G>A) (OR=0.86, 95% CI: 0.76~0.98, P=
0.023, tH AL A ) o i — P38 & FDR K IE J5
rs1183910 Fll rs7310409 A A Gt it i 2 (P=0.078 Fl
P=0.068) , rs2464196 15 5 F| I 9 By Sk Sk 35 4H G
(P=4.47x107) , [FI}, i 43 A 6] Logistic #5254 53 41
12464196 5 FL IR 5 1% S BAPE B G R, 152464196
P TR N R i AR TR R i O I BT g e
I 1 9 XU (OR=0.72,95%C1:0.59~0.88 , P=1.43%
1077, % A% A 5 OR=0.78, 95% CI1: 0.63~0.97, P=
0.023, & 4 #5 AY ; OR=0.75, 95% CI: 0.61~0.93, P=
9.38x10*,0R=0.65,95%CI:0.50~0.84,P=9.13x10"*,
L PRI )
2.3 HNFIA #= HNF1B & B i 4% & F 2 B o #7

FR 4 SR 77 45 1, X 52464196 7 45 LAAF % |
BIAES IR 06 P AR S 40 2R3 DL ER AT PR
RN ZE, 45 W2 iz o7 s LR A 5 7
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Table 2 Associations ofgenetic variants in HNF1A and HNF1B genes with breast cancer risk
J ] Xif

(A MM fIE BUET MAF O HWES 032)  (n=1063) OR(95%CIY PAE" PAH
182464196 HNFIA #h@F  G>A  0.45/0.50 0.18 203/523/306 256/554/253 0.80(0.71~0.91) 7.45x10™* 4.47x10°

11169288 HNFIA #h@ T  A>C  0.41/0.42 031  179/474/353 176/523/340 0.98(0.86~1.11) 0.724 0.724

rs1183910 HNFIA W& T G>A  0.39/0.42 0.09 164/481/386 177/547/339 0.87(0.77~0.99) 0.039 0.078

1s7310409 HNFIA W& T G>A  0.39/0.43  0.13  164/478/389 180/544/339 0.86(0.76~0.98) 0.023 0.068

1s4430796 HNFIB W& F  A>G  0.30/0.32  0.83  89/435/507 107/455/497 0.89(0.77~1.02) 0.089 0.134

187501939 HNFIB W& T G>A  0.28/0.29 046  71/426/535  84/448/531 0.91(0.79~1.04) 0.175 0.210

a s BRI R AT/ NG S TR 5 b 2 S 0% R PR 3 /N B8 A7 e RIS 36 5 ¢« % R R s RSP Al P AL - P AR 2l 5 A2 B /R AR i 5 B (G G/
GAJAA) YKL e« A ALJH BLAR Y AR A4 2R Y P £ FDR 7 1IE /Y PAEL

R3 Rs2464196 il R ER R EEEE T 5 2L IRE S 5 R logistic @ VA7

Table 3 Associations between the SNP rs2464196 and breast cancer risk in different genetic models by Logistic analysis

o7 15, FE[A i1 (n=1032) TR (n=1 063) OR(95%CI)* P
rs2464196 GG 203 256 1.00 9.38x10°
GA 523 554 0.75(0.61~0.93) 9.13x10™
AA 306 253 0.65(0.50~0.84) 1.43x10°
AR 0.72(0.59~0.88) 0.023
B 0.78(0.63~0.97) 7.45x10™
AR 0.80(0.71~0.91)

a: JAHEARIE PR RIZE 2 RS P AE

g 229 DRURSE () SR B o MR 4 T/, 152464196 37 15
FEARIS WA IS L IGTE AR IR A WAL S LR
i ke KUBS B 3 M OC (P < 0.05) o B4R,
12464196 TF A 24 28 e 28R 385 v 5 7L s 95 KL
;52 bk A G (P=0.036 #10.021) o FEAN[RIFLARS
R, 12464196 5 ER BHPE FLR I8 & 9 35 A1 ¢
(P=0.002) , 7£ PR 43 2H 34 i 78 I 2 4H G (P=0.018
F10.011) o ST HERTIS 34T R, 1s2464196 7E T A1
FLARIE W ZH A3 2 (] rh A AR S B (P > 0.05) .
2.4 ARBIEAE L L5 eQTL 27

FIH GTEx v8 5l 1 , % 1s2464196 Z 73543 1 I
TUE 1 Mb LAY SR 51T eQTL A3 M o S5 5 an & 1
B , TR IE FLIRZH 2, 1s2464196 137 15 G>A (I EL
g ] g FFEAR C120rf43  SPPL3 JE A i 22 ik (P=3.2x
107, P=0.046) . H1 T HNFIA 2K 7E GTEx v8 ¥ ¥
JE L AL 2 Y R SR BAIG, 2 TPM (transcripts
per million) 35 4 0.017, 1s2464196 i/ 15 5 AR K
FEHNF1A 89 eQTLAE G,

3 % i

AW FE R IR B RS 01, B3 T 2 i
K7 HNF1A 27 | 4 i35 28 R (rs2464196 .
rs1169288 151183910, rs7310409) Fl HNF1B 3L A I

2N LS 5 (154430796 . 17501939 ) 5 L R 98 1Y) 15t
5%k . WFFE A R R, T HNF 1A JE A 7
X 1) 152464196 jot 1% 8 S5 1l 5 3 R A LRI 1) 2 0
RS o AN, 78 GTEx 4l 2 (1) 1E & FLAR 4141,
152464196 37 15 i 252 0 T AH SR 3 K] C120rf43 , SP-
PL3 193k,

HNF1A BERN T AR 12q24.31 1,435 94
AT HE A H 631 NMEIERALL, & 31-VihE
SER I . T RAKZE A I DNA 45 A 45 kel DL % 25X
WO A AR AL A5 ST i S 7R
NI Z AL BRR B E e S h Rk
JE TR | i3 E A 3R 6 L PR ) B2 3
FEN T, HETHFSRGE , HNF1A B R 248 2k
YIRS TR TR, L0 PRy e bR B kB | s I
MR R 5 ACERGAE B SE S, Hir HNF1A
b WA AR AR S, A X Y 1s 1169288 i 4
(A/C,1e27Leu) .rs2464196 13 £ (G/A , Serd87Asn ) LA
KN T IX 1 rs 7310409 13 15 (G/A) \rs 118391043 15,
(G/A)IRIE 5 C [ B K IR Bk B hi R
9 TPORG YRR 7 38 2 IR B DA OG0 AR
WF 5% 45 R W25, HNF1A 5 F 89 rs2464196 .
rs1183910 A J% rs7310409 22 25457 o5 1 it 2 RAAR LR
I 19 295 KUK (P=7.45%107, P=0.039, P=0.023) , i/
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Table 4 The associations of the SNP rs2464196 with breast cancer risk in subgroups divided by characteristics

» 1s2464196(GG/GA/AA)

FEAE proyey o OR(95% CI)* PAE" PE"

AR 0.752
<51% 180/294/131 118/288/123 0.81(0.69~0.97) 0.020
>51 % 126/229/72 135/266/133 0.78(0.65~0.94) 0.011

HINAEAS 0.434
<16% 229/397/159 158/321/159 0.83(0.71~0.96) 0.013
>16 % 77/126/44 95/233/97 0.74(0.58~0.93) 0.011

B RS AR 0.300
<4% 113/179/63 114/262/119 0.73(0.59~0.89) 0.002
>24 4 177/310/124 127/258/123 0.84(0.70~1.00) 0.047

Y ZAFS 0.942
<49% 49/81/34 54/124/57 0.82(0.61~1.10) 0.190
>49 % 79/137/46 83/133/70 0.83(0.65~1.06) 0.146

EEZS VN 0.808
AU 2% 141/251/107 102/256/112 0.82(0.68~0.99) 0.036
SRR 131/225/82 97/216/98 0.79(0.65~0.96) 0.021
AR Y2 26/37/9 4/6/2 0.86(0.32~2.37) 0.770

ER 0.342
PH 4 150/237/92 253/554/256 0.77(0.66~0.91) 0.002
[ 99/197/77 253/554/256 0.87(0.73~1.04) 0.123

PR 0.753
FH M 149/239/104 253/554/256 0.82(0.70~0.97) 0.018
[S5E3 101/195/64 253/554/256 0.79(0.66~0.95) 0.011

a: PREAR IS WIEARIE LG Z0RTS b SR BT EAG S P1H

=

Effect Size=—0.18
P=3.2x10"

Rank Normalized Gene Expression
=)
1

GG GA AA
n=213 n=150 n=33

Effect Size=—0.096

P=0.046

|

Rank Normalized Gene Expression
2

GG GA AA
n=213 n=150 n=33

A R rs2464196 17 S AEFLUIR A 20 i 5 FRAIR T C 1200143 ZE P FE3K (P=3.2%107°) 5 B : 4 X B 7R 12464196 137 5 e FLAR AL S b 2%

F&AIG T SPPL3 3 K 234 (P=0.046) .

1 rs2464196 i R TEZLBRA R FH) eQTL 5347 (GTEx R )
Figure 1 eQTL analysis of the SNP rs2464196 in breast mammary tissues with the GTEx database

— i i FDR B IE S5 , 12464196 17 55, 55 5L g 987 5t
1% 5 AT RAFAE A 3 AR G (P=4.47x107)
152464196 i 5 (G/A, Ser487Asn) {7 T HNF1A
FEHEE 7 A B A b, R PR A X Li
FEME , 7E AR 9 A T, rs2464196

7R A S50 L TR 5 1M AFP KRR B 8 M
KM o Morjane 55 ™ fE BE 3% B N BEOF 5T
12464196 G>A MY ek A2, W] 4k 2 38 AR 25 G AR Y
RIS, I HAE L ABE 5T A S50 6 5
Hh =g R AR YIMC . WAk, ZIF RS R R
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] 152464196 o7 25 1Y 028 5 1L C e W AR R
S R B KB B PR Y a8t B iR v 4% )
AR S0 0) T rs2464196 57 555 LR AR Y
R HE R D . AP SRR, 152464196 13 5 1Y
PEEAE AL A 72 AT T RE AR A FL A 19 &0 XL
W, — AR A FE K (OR=0.80) o ##E—24%
253, & B rs2464196 {37 15 FE A WA L
51 7 AF U 25 A b 5 L g e XIS 35 ik 2 AH
K TEAF IR A 018 IR AEE R
R AT L 9 & 0 RIS 208 1 B i 2 ARl T-Mu-
tant Al iStable 4= ¥ 15 B % 7F 28 70 BT , 152464196
(Serd87Asn) SR IR AR 1Y 2 e 284k, w3
JnA & HNF1A 8 [ F2 2 % o eQTL 43 #7 i /s
12464196 2 A7 5 5 1E 5 FLR A 2L Y C120r43
FEKFI SPPL3 FE R FRIAAH G . C120rf43 JE[K SPPL3
FEN 5 HNF1A SERFE gL i A & Lz, Hor
C120rf43 5 HNF1A ZHFAHEE UM 1 kb, @i AR
GEPIA ¥4 )% , & P C120rf43 .SPPL3 3£ 5 5 HNF1A
HE AT FL R 98 A SRR AS R A2 7 05 i 2 M O &R
(C120rf43, r=0.18, P=7.3x 10" "; SPPL3, r=0.12, P=
2.6x107) , IXEEEERPLIR | 152464196 13 1, ] GEH 1
PHFESRAT C120rf43 F1 SPPL3 He A [a] 422 45 A AL [K]
HNF1A, 7EFLIRIR 0 o Az A Sk B vh A H T B 221
EHS
MZ L RHESE & P HNF1A JE R | 2 28407 5
152464196 15 ZL IR & 9 KU 38R0 G, B 7m0 a5
AL RE S TP TR LR 00 TR 1% 2 AR B .
ZIKE%L 1 Jm PR FE TAREAS S AR /)N, H 28Rk B
VLT3 DX, BIFSE 25 3 0 S HEVE AT RE A2 B BR ], 75 22
i —CAEAR R AR P AT UE . LAk, 12464196 2
A7 SR HNF 1A JE R 20 i & A8 R e rh i it 1)
VEFNLEIA RE it — 20 i
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