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Experimental validation of the association between HMGCR and

pancreatic 3 — cell dysfunction in type 2 diabetes
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WU Hui - juan, HU Yue, CHEN Cong
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Abstract : Objective To investigate the risk genes associated with pancreatic impairments in order to elucidate the key genes
and molecular mechanisms underlying the pathogenesis and progression of Type 2 Diabetes Mellitus (T2DM ). Methods
Analysis of pancreatic transcriptomes from T2DM patients and healthy populations ( GSE20966 and GSE25724) identified
differentially expressed genes ( DEGs) via R — based screening, and the protein — protein interaction ( PPI) network
construction. Furthermore, Mendelian randomization ( MR) analysis was employed to investigate the causal relationship with
T2DM, and the expression patterns of key candidate genes were validated using RT — qPCR and Western blot. Results
Integrated PPl network and Mendelian randomization analysis revealed consistently upregulated GABBRland HK1, while
HMGCR, HSD17B12, VLDLR, and WIPI1 were significantly downregulated in T2DM versus controls. In a high — fat diet —
induced T2DM mouse model, HMGCR expression was significantly downregulated at both the mRNA and protein levels. These
findings indicate that HMGCR may play a critical regulatory role in the pathogenesis of T2DM. Conclusion These findings
suggest that HMGCR is a potential key regulator involved in pancreatic dysfunction in T2DM and may affect 3 — cell function.
Keywords: Type 2 diabetes mellitus; Pancreas; Mendelian randomization analysis; HMGCR

D 2 LA P 1 I A 3 R A 0 AR 1
ESTE WK A AR GIH (3271175 AREH A RFER R 5 B0 Rl J o 5 240 S e I 5 2 1R

fEEH A igi;ﬁzifjﬁmﬁ fi#, HA T (2001—) %, B LA o T 2024 1R A
1B Jr: 8 75 AR B N 2L RS — R . AR TS —) , 3, N s s . |

e B B A 0 ek, R o 28 AL, BU1990 SRR 6.3 42, Koot 2 R

(1998—) % 6ﬁ+7—‘b& {Hfﬁﬁf’—] @Jﬁgﬂ"lﬁf*{l}fﬁ ﬁﬁ(Type 2 Diabetes Mellitus,TZDM) ﬁﬁﬁj/uﬂﬂﬁ

ﬁ{%'f’ﬁ%%ﬁf’,]ﬂ —mail ; ccchen2000@ 163. com 90% [/JJ:[Z] ° T2DM %%ﬁﬁfgmlﬁaﬁﬁﬁﬁ s E&ﬁ}%%



- 588 - PR TR 5 2 2026 4F58 53 45255 4 #}]  Modern Preventive Medicine, 2026, Vol. 53, NO. 4

FIFET 2R I 25 38 &, X 4 Rk 3k T AR ) R ™ 02 Pk
%5 fE T2DM &SRt AR JBE R B 40T RE R A4
PR R o BRER TS, 6 BN T 5% 3R LB W & Ui b 43
WA Z LK B AN AR AT TR X — )
RERE AT 5 15t 1% SO EE IR B VAR O , 1 S 2 Fh B PR Y
S ARIA . MR, FE Sk R T PAX6 YR 9875 )
SIS B B AN o A AR S R ) R S A
0 MR R O AST , AAK FO 2R 11 70 (HSP70)
(A3t BE AR I 25 T B 40 B o T, 02 B IR I Th e
5O XSRS TR R N T B A 2 R A
FRRERL , Jy PRA R R LA SR T B R

S AR YRR ST, H R Bk = A R0 22 1
Wik B AN RE B 1Y IR . BRI, TR B R
A B ANM BT BLIG T R B IR R R L,
AR BEPRRY T Lk D REEE R LIRS B BRI fiE
KB 5 23 IARE T, W PR D BE M e SR A4 T
], N ZRGEVEAL T2DM 138t 4% JLfili 3 U ] SE 16 97
BB R A5 R R AR o 7R BE ALK ( Mendelian
Randomization , MR ) 43 #7 7 ¥, Al FH 8t 4% 2% S 4F - T
B AR IR AL G BB 5T v 1 TR A O £y, DA
MEWT 258 545 R Z R OC R

FTF K H GSE20966 il GSE25724 KU 46 1 5
e sk tHBCHR AR WE SR I Y — 22 R R GR BRI
( Differentially Expressed Genes, DEGs) , I & Bl iX &
DEGs T2 CHHE S b W w4, E— i
7 188 R BEALAL ( Mendelian Randomization , MR ) 43 #f7 i
Ve 5 T2DM KA HA PR SCIR A% O BE A B S )
J1I STRING %8l PEAG a1 8 FH - 48 F SO 5L A
( Protein — Protein Interaction, PPI) P 2% DL 46 i FoAH &
YEIE AR JFAE TADM /)N BURE RS v 52 i 1 S 36 3k
ARSI R BE T2DM 143 FHL B4R TR R A
NGRS BEE T S FIS LA

1 #MR5EFZ*
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H1log2FC | KF Wik B {H , 235 H 370 4~ DEGs,
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Table 1 Characteristics of the GEO datasets

FE
—_——— 4 S £ S AT
GSE ID GBI AL Sy FH LG
GSE20966 n=10 n=10 BB  GPLI352 {34
GSE25724 n=6 n=7 J GPL96 TR
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THAREAA AT T BA R gt akne, R4
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Fig.1 Pancreatic transcriptome data integration and differential gene identification workflow and quality control

2.3 MR & #7 % A& PPl M % 4 % 1% & #5004 B
HMGCR  %:F STRING 5 Cytoscape #4 7 PPI [ 4%
AN LEETES > 0.4 () DEGs (& 3A), i it
CytoHubba 7SFpHhF M- 12 07 6 4 5 1 HiF 30 o7 5L K JF:
Bas 4, 45 8 LS80 3L ] . CD74 . PSMD14 | OAT,
PAICS .HMGCR .FASN .CD8A .ISG15 #1 DLD( [# 3B) .
IXSEFLIAE T2DM &% h B ZH AR, 76 J g i
W71 . CD74 B4 vl T2DM 75 5490 i A 5
W Ar D RE AT CDSA YEl CD8 * T 41 i 1Y 5C fk &

bR, 2 5 B Bk R 1SG15 /R
T Z I, AT 2 0 S8 S5 7 5 W 9 s 10
Jrlr  AEARISR AT T, HMGCR 1 FASN 1E JyJiH
5215 i T A O R 3k it , 3 e O 25 e o B8 i Jl 1) 256
i e B AT BE -2 DLD MU £k 44 g AR 5
Hh R SRR IR B 5 T, PSMD14 521 B
2K 1 T B4 A, OAT il PAICS 43 i3 1k 22 e A3
5NN RCAE B U2 R R L PR AN Y 3 Ak B £ 4t A E
FE X BRBLRGER T T2DM e ki |



BACTIR B2 2% 2026 4F55 53 #5585 4 #1  Modern Preventive Medicine, 2026, Vol. 53, NO. 4

- 591 -

exposure nsnp method pval P (FDR-adj.) OR(95% CI)
GABBR1 6 MR Egger 0.027 0.042 et 1.057 (1.024 to 1.091)
6 Weighted median <0.001 <0.001 i [ g 1.046 (1.021 to 1.072)
6 Inverse variance weighted <0.001 <0.001 . HoH 1.044 (1.021 to 1.068)
6 Simple mode 0.058 0.076 i—e 1.070 (1.014 to 1.130)
HK1 7 MR Egger 0.038 0.054 L 1.131 (1.038 to 1.232)
7 Weighted median <0.001 <0.001 ; (= 2 1.080 (1.036 to 1.125)
7 Inverse variance weighted <0.001 <0.001 i a4 1.080 (1.044 to 1.117)
T Simple mode 0.139 0.174 'LO—> 1.051 (0.993 to 1.113)
HMGCR 3 MR Egger 0.390 0.404 — 0.846 (0.673 to 1.065)
3 Weighted median <0.001 <0.001 : 0.792 (0.741 to 0.847)
3 Inverse variance weighted <0.001 <0.001 —o—i : 0.797 (0.742 to 0.855)
3 Simple mode 0.035 0.052 «—o—i i 0.770 (0.699 to 0.849)
HSD17B12 4 MR Egger 0.173 0.207 '——( 0.960 (0.924 to 0.998)
4 Weighted median <0.001 <0.001 o1 0.947 (0.926 to 0.968)
4 Inverse variance weighted <0.001 <0.001 o i 0.947 (0.926 to 0.967)
4 Simple mode 0.051 0.069 o i 0.945 (0.912 to 0.979)
VLDLR 7 MR Egger 0.261 0.280 - 44 0.973 (0.932 to 1.015)
T Weighted median 0.002 0.005 '-04: 0.963 (0.940 to 0.986)
i Inverse variance weighted 0.002 0.005 mi 0.961 (0.936 to 0.986)
7 Simple mode 0.740 0.740 '_d._' 0.991 (0.940 to 1.044)
WIPI1 5 MR Egger 0.226 0.251 — —L« 0.953 (0.895 to 1.014)
5 Weighted median <0.001 <0.001 o : 0.937 (0.907 to 0.967)
5 Inverse variance weighted <0.001 <0.001 - i 0.937 (0.910 to 0.966)
5 Simple mode 0.189 0.218 ~—0—;-' 0.955 (0.901 to 1.011)

P (FDR-adj.)<0.05 was considered statistically significant 07 1 11

protective factor risk factor

{1 :nSNP, number of single nucleotide polymorphisms; OR, odds ratio; CI, confidence interval ,
2 JERMR2E SR RINEA S 2 B B PR OCHK Y H A R BE LA AR AR A

Fig.2 Forest plot of Mendelian randomization analysis for causal associations between pancreatic differentially expressed genes and type 2

diabetes
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