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Abstract

Objective: To investigate the association between the B-cell lymphoma/leukemia 11A(BCL11A)
rs243021 polymorphism and susceptibility to metabolic dysfunction-associated fatty liver disease
(MAFLD) in the Qingdao region of China. Methods: A total of 215 MAFLD patients and 159 healthy
controls were recruited from Qingdao Municipal Hospital. Demographic and laboratory data were
recorded for all subjects. Clinical biochemical testing, genomic DNA extraction, and genotyping of
the BCL11A rs243021 locus were conducted. Categorical variables were compared using Pearson’s
chi-square test, while continuous variables were tested for normality and then compared by either
an independent samples t-test or a Wilcoxon rank-sum test, as appropriate. Unconditional logistic
regression models were used to analyze the association between genetic polymorphisms and dis-
ease risk. Results: There were no significant differences in genotype or allele frequencies between
the MAFLD and control groups (both P > 0.05). When comparing carriers and non-carriers of the A
allele, no statistically significant differences were observed in clinical and laboratory parameters
(both P > 0.05). Conclusion: In the Han Chinese population of Qingdao, the BCL11A rs243021 poly-
morphism was not significantly associated with MAFLD susceptibility.
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1. 518

AR AF 2% i 7 M BF7 (metabolic dysfunction-associated fatty liver disease, MAFLD), &4 FR AR 14 g
P 993 (non-alcoholic fatty liver disease, NAFLD), & —Ff LU AT i 5 AR SR N RRAE ARG, 5 AR HE
2 AURE BRI AU A IE LS 2 R 2 EL S VARO[ 1] IR R L, MAFLD 1] 43y B 4li 1 i 15 T (non-alcoholic
fatty liver, NAFL) 1R A M fig i P4 T 4 (non-alcoholic steatohepatitis, NASH), J& & £ T 41 g 4 i AILAS
[EFEEE 2R didh, Tk e R gLl K 4 g [2] [3]. ARPE 2024 4E 2Bk RGN FIZ %50 4T, MAFLD 4=
BRER RN 30.2%, HAEPAFEA 30.9% [4], HE A MAFLD B % 29.88%, HiLH Kk ER4E L
FH#a#4[5]. MAFLD FIRA R ZHREEILAER SR, Hp QR 2 0ma0 . JERERR S R
P (L a3 JFH20 okt s 1T R )40 B 5 B 1, AT S 35T P9 AR O 0 FEE AR s T A PR B S RE S T o 2 M 0 2
SE AT« WoE Kupffer 20/, FEAlRAR S 4E0 I RL[6] [7]. i84% R 3 AE MAFLD b 8 Alidt fig v
[FIRE R A o A 4 35 IR 21 S B AF 9 (GWAS) A 7 17 BA 51 23 #T ik PNPLA3. TMG6SF2.
MBOAT7. GCKR %547 5 1235 5 MAFLD JR A2 440 A2 B2 AH 5 [8]-[11]

B 4 itk E29%/ (9 L% 11A (B-cell lymphoma/leukemia 11A, BCL11A)Z 67T A2 2P 16.1 JL ik k) —
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ANt C2H2 BUEHIRH KA TIERE, S 5REARA . MEKEEZNMEY 2, e FiE I
1R P AR I 4 0 234 077 T 4% B A P [12] [13]. ZEBRES B 4RMi, BCL1IA AMUS 55 & /il i
W, ETERARR B R E BB R AERY, BCLLLA JR 5 MRMHAHICR, w2 &
B FR 97 (type 2 diabetes mellitus, T2DM)%5 )45 . BCL11A 7EBE S B 4 i Thherh BAA P E L«
T2DM E#F RS BCLI1IA KB R ET &, S SEnr 533 B, M BCL1LA it ik 5 1 & 2 5 i
N YIR[14]. AR, MK BCLILA JUJRT 2 25 o503 g & 22 0 W FVR A6 B Y o, BB JBR 5 BRI, $0m
HuTged 7 A4 g 4 TisES S T2DM i3 gEfE[15]. HAr, B PNAMEA T BCL11A 15243021 5
MAFLD HJ#5t. 55 MAFLD 5 T2DM [FAARHES R, FoARE, 7Rnae B SLEM 5 it 2 &
Brrie AHEF B ER DT BCL11A 15243021 7 i 285V MAFLD [AHGHE, IF ik —2 1 fi# MAFLD
RAFHUGIAE A2 T T 4 LB R ik 95

2. ZPEH*E
2.1. FAEHR

AL ELT 2023 4F 10 H % 2025 4 5 H T B i i LR FEsti2 1) MAFLD 83 K i ek . 2
(AR S (ARG ) AR 5 14 B985 6 36 7 (2024 4EAR)) [16], BT MAFLD H#iiEid B R K AT
I I ) 36168 75 (Fibroscan) 2 Wi B oM B & > 1409 %, [FIRFHERR 8. RIS et 4. B8
G PEPEITR . ZPIVEIT 98 S v S BUIR DT RREE i, JERRAMN N B8 55 TR BN FR RS
BB O AR 55 L 4 B B ANE 3R RAEVEIAA | R TR SR A AR SE S BUR W T I RE RS B0 . ARBF TE I MAFLD
BB RS WOARE R o 6 REZE A (R B AS v O (R AR o P23 D o 5 DX A DU T
TIMEK R

2.2. ARERIRERE

I R R A I 7 R T TR SR E R . RS s BRSO s A R S, AR
B, IFFEARTR ERRBMI). a2 EEEEE 12 /NG TR H B RS i85 ki 4 ml, 2558 F
2 > EDTA $itis, Hh— & AT AR5, B 46 LR Fabr: 25 IR ML B% (fasting plasma glucose, FPG).
T 2 R &3t ¥ 7% ¥ (alanine aminotransferase, ALT). &[] 4 &R & Ft ¥ #£ i (aspartate aminotransferase,
AST). -4 k3L 5 7% i (Gama-glutamyltransferase, GGT). Bl I % i (alkaline phosphatase, ALP). H i
=& (triacylglycerol, TG). L JiH[& B (total cholesterol, TC). %% & is £& H (high-density lipoprotein, HDL)+
%% 15 5 2 1 (low-density lipoprotein, LDL). = fH4T 2 (Total Bilirubin, TBiL)%%. 73— B T-80°C vk 4 {#
17, FATHEHU DNA KILH AL .

2.3. EFE2%8 DNA 2B A4

AL K2 DNA $2EUfE H 42 1. DNA B & (AR EMRHE AR A, dbnl). KRR A
S B (polymerase chain-reaction, PCR) /5 %+ BCL11A F£[X rs243021 £7 f5 2 & PEHEAT K6 . PCR 514 i [F]
— AN B ER, AN LiE5I%: ACGTTGGATGGCTCCAATTCCCTAAGAAAG, N5l M-
ACGTTGGATGATTAGAGAGAAGTGACCAGG. PCR ## W J&i, 4kSk AT ik B BRI (SAP) S Bi .
R e S o AR PR Al Bt P s e, B Je 3R AT o i Ay N 43y i DRI 2

24. GHFEH*

KM SPSS 27 BAFHAT LU A0 M o A& LS A ITHE SRR %L + dRifEZ (X £5)FRox, MH
MALEEA IR T KA R E R, JRIES KT EBRER A M(Pas~Prs) R, RHIFRAIARLG 7047 % 4
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25, R R B ER R, AR L S Pearson y2 #5896, S AEZ& 14 logistic [A] Y45 AL AT 437
BB S0, B EUAE EE(OR) A2 95% 1] 13 [X ] (95%Cl1) . LA P <0.05 I\ N7 7 B Gi it 2
4%:)‘(0
3. &R
3.1 IeFRFERELE=EIERF

ARIRWEFEILN 2R 374 B, Hd MAFLD ZH3% 215 4, i et IR 4H 3t 159 %1, % MAFLD 4H.
{8 RN HEZH 0 ) AT 2L 2R B o, it AT — R PR BRI RIAR DG S2 50 = Fe b 1 LA, PRI AR . BMIL,
SBP. DBP. ALT. AST. GGT. ALP. FPG. TG. HDL S EA gt & X (P {H14<0.05) (£ 1).

Table 1. Comparison of general clinical date and related laboratory indicators between MAFLD and control group
Fz 1. MAFLD 4B 5 B33 BR 4B — AR PRk 20 R AB X SEBR R AR FRbL 3R

febr MAFLD (n = 215) {8 JE T R (n = 159) é@gﬁ PH

HM(5I%) 107/108 94/65 3.216 0.073
(D) 53.00 (42.00, 63.00) 37.00 (30.00, 51.00) -8.224 <0.001
BMI, kg/m? 27.00 (24.80, 29.40) 25.30 (22.60, 28.20) ~3.706 <0.001
SBP, mmHg 132.00 (121.00, 150.00) 126.00 (117.00, 137.00) —4.284 <0.001
DBP, mmHg 79.00 (73.00, 89.00) 76.00 (69.00, 87.00) —2.817 0.005
ALT, U/L 28.56 (18.00, 42.88) 22.00 (13.85, 34.00) -3.207 0.001
AST, U/L 24.66 (19.58, 33.10) 21.00 (17.00, 27.31) -3.863 <0.001
GGT, U/L 31.22 (21.73, 57.96) 21.00 (14.00, 41.72) -5.119 <0.001
ALP, U/L 85.93 (71.34, 103.41) 74.66 (61.74, 94.00) -3.877 <0.001
FPG, mmol/L 5.12 (4.60, 5.89) 5.00 (4.57, 5.36) -2.201 0.028
TG, mmol/L 1.72 (1.18, 2.42) 1.19 (0.87,1.72) -5.927 <0.001
TC, mmol/L 5.09 (4.45, 5.78) 4.89 (4.25, 5.55) -1.720 0.085
HDL, mmol/L 1.14 (1.00, 1.31) 1.24 (1.05, 1.42) -2.923 0.003
LDL, mmol/L 3.13 (2.64, 3.57) 2.99 (2.52, 3.51) -1.234 0.217
TBIL, pmol/L 12.70 (10.10, 16.80) 12.60 (10.00, 15.73) -0.724 0.469

e 45 AR EIREBMI). NZEE(SBP). £75K/E(DBP). WRMEILEHBE(ALT). RITXRREILEHEE(AST).
- EBEIL R G (GGT) B BEIRER(ALP). 2 MBE(FPG). HM =E&(TG). S JHEEL(TC). m% G & H(HDL).
RHEREA(LDL). BHALER(TBIL); FEIESHMAE T ETE KA x+s £ox, JEIES 5 & ZERER A
M(P2s~Prs)#ar; LA P <0.05 NZERA Gt #E L.

3.2. Hardy-Weinberg B {5 &0 18

FLRIN R B BCL11A rs243021 546 GG GA. AA —FhEL[AAL, #E4T Hardy-Weinberg (H-W)
B PR LS, 459 ok BCL11A 1s243021 & F BL/E NMAFLD 4 A g fEx RE2H R 38 75 4 H-W 8447
#(MAFLD 41: »*=0.000, P=1.000; f#FxfH4l: 42=0.004, P=0.998), FMZik#HKH R —HHER
NBE, BABRAEN.
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3.3 FNEEREEBMESH

SR F N EE REN, £ MAFLD ZHAIg@ BT HBZH 2 (8], BCL11A rs243021 fif s5 LRI, £
FERIAAR | B 3 (R AN B e SE R AR Y o0 A 2 TS i 24 = (R 2).

Table 2. Allele and genotype frequency distribution of the BCL11A rs243021 polymorphism
Fz 2. BCL11A rs243021 S {u EE FMEE BUIE 5

MAFLD (n = 215) fa FEXF i (n = 159) 7 P

AA 99 (46.1) 80 (50.3)

B GG 22 (10.2) 14 (8.8) 0.715 0.699
GA 94 (43.7) 65 (40.9)
A 292 (67.9) 225 (70.8)

&t £y ] 0.695 0.405
G 138 (32.1) 93 (29.2)
GG 22 (10.2) 14 (8.8)

AR 0.214 0.644
AA +GA 193 (89.8) 145 (91.2)
AA 99 (46.0) 80 (50.3)

Kt AR A 0.667 0.414
GG + GA 116 (54.0) 79 (49.7)

E: PLP<0.05 NERA SRR .

3.4. BCL11A rs243021 i m A FEE B & wm R K EL i

I =7t logistic A1) 434t BCLL11A JE A rs243021 75455 MAFLD 5k &, SR IESE
W MR M BMI RS RIS (5 3).

Table 3. Results of logistic regression analysis for risk factors of MAFLD
#z 3. MAFLD fg [ E & /Y logistic BV #7455

OR 95%Cl P OR? 95%ClI2 pa
g fir B K 0.875 0.638, 1.199 0.405
G
GG 0.847
P A A 0.419, 1.712 0.644 0.777 0.349, 1.730 0.536
AA + GA
AA
AR 0.923 0.573, 1.303 0.812 0.894 0.561, 1.426 0.638
GG + GA

7E: OR?, 95%CIA. PHMENZIEFERS . 5] BMI J5H OR. 95%CI. P 1H; LLP<0.05 NERA G %R L,

35. 5% A FUEREMKBETEE NS BIELR

EFTEZRE T, S0UERTRIIARTEIES . X BCL1LA rs243021 A s AN [F) B 5 2 2 [a] 44
HEEARAR AT LU, S5 R EIR, TERTE 2 H, BCLL1A rs243021 {7 &1 A S 3L 8 SR &
Z [A{E4E# . BMI. SBP. DBP. ALT. AST. GGT. ALP. FPG. TG. TC. HDL. LDL. TBiL 2 [a]#%
FHRA G2 7 (P > 0.05) (£ 4).
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Table 4. Comparison of clinical characteristics and laboratory parameters between carriers and non-carriers of the A allele
4. #EE A SMNEEFKRIET A SERFEBINEKZRFEX LN EIRIRLE

fe ks GG AA +GA é@;}f P
‘Té%ﬂ(%/ﬁ) 19/17 182/156 0.015 0.903
R () 44,50 (31.75, 55.75) 48.00 (35.00, 60.00) -1.377 0.168
BMI, kg/m2 27.76 (23.56, 31.67) 26.22 (23.86, 28.70) —1.444 0.149
SBP, mmHg 131.50 (119.50, 147.25) 128.00 (119.00, 143.00) -1.177 0.239
DBP, mmHg 77.00 (73.25, 88.25) 78.00 (71.00, 88.00) -0.477 0.633
ALT, U/L 26.51 (15.13, 64.72) 25.00 (16.00, 39.43) -0.180 0.857
AST, U/L 22.38 (18.37, 34.00) 22.80 (18.51, 30.28) —0.059 0.953
GGT, U/L 29.14 (14.96, 49.93) 27.78 (17.95, 46.96) -0.071 0.943
ALP, U/L 86.17 (70.81, 97.92) 82.11 (66.87, 98.43) —0.805 0.421
FPG, mmol/L 4.91 (4.25, 5.84) 5.07 (4.62, 5.74) -0.805 0.421
TG, mmol/L 1.35 (1.03, 2.22) 1.45 (1.00, 2.03) ~0.169 0.866
TC, mmol/L 5.06 (4.68, 5.51) 4.99 (4.31, 5.69) -0.224 0.823
HDL, mmol/L 1.16 (1.05, 1.32) 1.17 (1.03, 1.37) -0.182 0.856
LDL, mmol/L 3.14 (2.68, 3.62) 3.10 (2.57, 3.53) —0.589 0.556
TBiL, pmol/L 14.10 (11.97, 16.82) 12.45 (9.99, 16.42) —1.748 0.080
4. Vig

MAFLD 2 —Ffi5igfe . 5. Mg, RS2 ME R ILEER M E TN . KEWARCEH, Rl
CEAAES ERES s URAS, SO RS =T, 2HES) MAFLD KA EERLKFEER, i MAFLD
WS 2 BURERM R [17] [18]. WL ARER R AR — I g h B O E R, iR A AR
W R 2R WA T SRE SRS ERI[19]

BCL11A 2 MRl C2H2 BRI 1, RA ZMu LR, 722 5M oK
i, B2, HEoAAFTafThaeZiEid 5 NuRD (nucleosome remodeling and deacetylase) 5 &4 [
YER, TENKERNLA M b i8R p-BR R R DR, T SE BV JIG 39 1 e N B I 2T 2 1 () %% 46 [20]. BCL11A
FE 0K EL G0 M A 2B SRR P iy SO B A £ FLAESE 2~3 XA 4~6 OB iR B4 5 DNA 51, 1% B 41
K T AR RRIAFRT, s S 4u it & & FIhAE[21]. th4h, BCLILA 152 Ful i i i sofn 4
FE AHPRIEGEAHCETR O, R BMERS . BRI 2555 2 1 FE v 1 k1 B R AR I [22]

Fr bR Thaesh, Z Ot KA BCLIIA EREARM T prlc/EH . BEEE# T R, BCLI1A B[
rs10490072 JA: 4851 5 1 35 — i B A1 A7 0 3 ) ik &% 22 70 WA R MG, #EDI BCLL1A {4 DNA [F41HE R
FESEAMHI R F4E FH T BCL6. coup-TF. SIRTL, A {32 B0 g 12 3¢ MR & 22 0k Hp DRk S5 45 AR T ) ik
F2[23] [24]. Hebbar %5 A&, BCL11A il FHUB S g 40D REZ 1540 T2DM [25]. 53 A A FEiik sk
BCL11A FJ7AR 5 5 Jik & 22 43 WA o> B s J ok v IS 2 7 i A 9K [26]

1M H AT B 58 BCLL1A fE MR o o] e FIALHI I STk D, B Al v JC LIRS 2 B BCL11A
FERFAE AR R IE DIt . Tang 25 N RIREFEHE tH BCL11A 1) DNA F3EAL /K P 5 H i = Fe /K T 2 1%k 5 2
SR, 7E 5 M A AT R LRI 0 T2DM JRURE, 1T 76 o 1 DU AT R ask 52 i A 03 A 1 ) 2385 i XUE [27] - Benitez
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SN FCR I, 7ERAR AR B HHE, Zwf5 BCL11A ) mRNA 7£ Neurog3* A 43 A4 it ELTE Sox9* ik A AH
YHMEL p A E R, R BCLILA fERR K & H ekt /e, 2K & 1B 7 [28], H
S JBR B 3 WA AT AR JE iy p AT, AR 1 AT Re I Y 4 By R B A S RN & s AR, TH
ARSI AR AR RS PE 280, AT {23 MAFLD & J& .

2010 4F BCL11A 5243021 £y T2DM T 5 A7 5 Voight 55 N E R H1[29], A SRR izhr
MR EEAL R . MAFLD 5 T2DM Z [AIA7AAE S 2% HOXUA A BAE A - MAFLD S i1 T IS BT U TR
NS 9, PT5 A BN EE 4 B JR B AP, IR A T2DM RS R Rz, T2DM &3 A e
Pk 5% 2% ML R IR 2 FRAS (R, O BT O g A8 1 S S N S AT 4R AL ERE , AT A2 3 MAFLD 1R 4
L3k [30]-[32]. MAFLD 5 T2DM L[] RIBRAMAEFAT I 57 - R I Ay 3o 22, S 783 24 AR 72 T AH
HARHE[33] [34]. AW IKIRTT T BCL11A rs243021 7 f 2 2515 MAFLD 5 Bk AR e 1k

2K, BCL11A B[R rs243021 fr fifJFERIAY . BarEREDRIRAY 1 Jik DRSS 28 5 56 A5 5 R A0 6 1)
A 22 52 7E MAFLD ZH A e IR A 2 TR RGeS o AR DL A S5 07 R DR 7 3 5 AR 485 5 2 7R I PR S 56
FIE LA REARE. XIRRET BHXDOR AR T, BCL11A rs243021 {7 i 23515 MAFLD %) &t
KRR . REWL, 45608 CHk, BCLLILIA TR R /i 5 05 FART o 78 a1 F A6 ol 2
A (BFE IR ACE RS AR T2DM)H (1) S B iR 4 i [A]

56, %8 BCL11A WIReIE. “ iR - FEEAh " RAE1E A . RIS 520 J 5 28 1K 23 WA 7K1 U e
()32 BT 53 A Sk B B8 n B fig Wi B SR A 2451, b4, ERAR H RTSG T BCLLLA 76 FF40 A P9 I B B
RBFFCEUD, (AR AR H B 6 TR 2 G Jon A 6 O B Bl (20 FASN. SREBP-1c) J5 3l [ AT Re 4
#7 15243021 78 5t S8 BCLL1A #ESiE Mo, I GE 2T BT e AR B AR S

vk, MIE R 450 5 5 ShRE R M FE 0 MT,  rs243021 £ T BCLL1A JEHMIN & F X k. RENE
FTARAHELRE AR TH], (HIE TR 5 45 R 241 G 5 (Genome-wide association study,
GWAS)K B, W&+ X & S s 7 BT S8R ok, v] Rl i s mm i sk K1 I 25 5 2R AL )
AR YLt ST R G, IR 2 SR R R X B s UK P [35] . A S ] - 2H 44 36k B 2 (Genotype-Tissue Ex-
pression, GTEX) 7 #T¥27r, V2 AL T AEgwis [X (1) B A% 1 1R 2 25 P (single nucleotide polymorphisms, SNPs)SE
B b 2 22 38 H B 1 R 3 K] JB (expression quantitative trait loci, eQTL), REf% & 2 ks & 4 4 FE K 1
MRNA FRiE/K[36]. L, rs243021 8¢5 H AL T A FEDIRA AL S, AT REE IR 4n 18+ BCL11A
FEMIE BRI H 23 s &, EAFS R R AR Eil, K 5RERM MG . XA ERTE RS
HEVRE M, BUFMRRE T NTE R A A R R B B35 2 5, SRR AR DA LUK —2
WuE HFRILZE R

rs243021 MR AN AT BE R BEEL 15 5t FEARR BB ZR MR IANE, R RMEAHE AR s
BFE R, AMUEHX MAFLD ol £ AV LI o ST AT 7T Jo BRI S Bk AE ML, AR
W7 ] DURE T KRR SHERZ M, FRZH0 . BRI KBIEET IT . IR YR
DT X3 A PR A% 50 T ) e S 6 0 VI g S A A/ 240 A B BBl 0B 2R R 7t BCLLLA 7E IR NE AR
WP EAARER . 28 BATER, AT BCLLLA JHEFS 2 AU Bm i 70 (1) B BRI R0 L, A I
G3F-HUHIA FF 8 58 2 B0 I N B BA B B N IR Dl e 2 S 36 it — PR R

EIEF FRER

ARG E KA A GGER . B R E RS F, JFT 2025 48 2 A 27 HA& M5 & 1iimar
PP BEZE B4 difl, #t5: 2025-KTLL-033. AT i N #H & BRI .
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