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Mechanism of tetrahydrocurcumin in improving Kidney injury in mice with
type 2 diabetes mellitus based on transcriptomics
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Abstract Objective To investigate how dietary supplementation with tetrahydrocurcumin (THC) improves kidney injury in type 2 dia-
betic mellitus (T2DM) and its mechanism of action using transcriptome sequencing (RNA-seq). Methods C57BL/6] mice were randomly
assigned to the control, T2DM,and T2DM+THC groups. After a high-fat meal and streptozotocin injection, the body weights and fasting
blood glucose levels of each mouse with T2DM were measured. Hematoxylin and eosin staining, Oil red O staining,and RNA-seq were
performed to examine kidney pathology, lipid deposition,and differentially expressed genes,respectively,in the mice. Results Mice in
T2DM group exhibited significantly higher fasting blood glucose levels (P < 0.001),renal tubule degeneration, glomeruli enlargement,
disordered epithelial cells,and increased kidney lipid deposition after 12 weeks compared with those of the control group. THC adminis-
tration alleviated all these conditions (P < 0.001). RNA-seq analysis revealed significant gene expression variations among the control,
T2DM, and T2DM+THC groups. THC may protect against T2DM-induced kidney injury and lipid deposition by regulating the cell cycle
(apoptosis ), P53 signaling pathway ,and PPARry signaling pathway, as indicated by Gene Ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathway enrichment analyses. In mice with T2DM, THC intervention may upregulate the expression of Cd36,Lpl,
PPARy,and Plin4 genes in renal tissues, while downregulating Cenbl1,Cenb2,Cdkl1,Bubl ,and Cdc25¢ gene expressions. The proteins
encoded by the four upregulated genes interact,as do those encoded by the five downregulated genes. Conclusion THC administration
improves fasting blood glucose levels,reduces renal damage , and decreases fat deposition in mice with T2DM. The processes may involve
decreasing apoptosis, blocking the P53 signaling pathway, and activating the PPAR"y signaling pathway.
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nephropathy , DN) J&T2DM ¢ & UL 19 H: & iE 2 —, ™
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RN M7 I, pHA4.5, 80 mg/kg), Xof HRZH /N U i 142
SR B DR TG TR BN % P VR o 1 2 1 48], L TR) X
W ZH 25 T 3 1) B W 55, T2DMZH 25 T v Mg T e
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2.1 THCXI/NEUA S FIFBGY S

T2DMis W 45 3 5, 5 X BE 41708 BUAH HE, T2DM
MR ZIR 28] 2R, BEOMRT, B,
PR BRI 5 I T2DM+THCZH /)y B T2DMA 14
JiF RN, HAERE AL 553 4S8 A A G2
225t (P <0.05) @ i 1 3 B G STZE 3 Y T2DMZH
/N ERFBGIZ W 48 i, 76 16 B2 )5 553 (408, T2DMZ /s
FEBGE; T X B4 /) B (P < 0.001), THC i )5,
T2DM+THCHL/NRFBG T+ 2%1% , HAET 1553 47
AFFBGAE TT2DMZL /N (P < 0.001), Ui I EE#h 72
THCH] 25 T2DM/N R FBGZK - L3R 1

2.2 THCX/INEUE ZH 2L B A 52
HEJL (025 51 %, %k BR2H /N BUR/NER AN B /N
S AL TE T s T2DMZ /S BRUEF 20 2000 B0 /N 2 1 AR
PEE/INERAR K B R A RS 25 L s 5 T2DMA L
B, THCAH /N BB P A A [ AR B el o SR R
ANFETHC AT B T2DM/N U #8405 . LR 1
2.3 THCX/NERE SR B TR 2
ML oY a2 R R, X AL/ N R B SN LT
JCHg R (1.00 +0.50 ), T2DMZH /)N LB 2H 2 )9 i 37 T
18N (25.39 + 1.73,P < 0.001), T2DM +-THCZH /)™ B8,
B ZH 2 R 1 R DU AR T2DMZH U /b (2.16 + 0.63, P <
0.001) AR/REEEANFETHC AT 3 s HT2DM/ ) LU
M. W2,
2.4 BB HERG SR 2R 2 o BT Al R

F1 THCXT2DM/MNREEZEFFBGHIZ M
Tab.1 Effects of THC on body weight and FBG in T2DM mice

Body weight (g) FBG (mmol/L)
Time (week)
Control group T2DM group T2DM+THC group Control group T2DM group T2DM+THC group
0 23.02 +£0.23 26.17 £ 0.47 26.10 £ 0.27 6.61 £0.35 5.51+0.23 5.97 +£0.48
1 23.26 +0.25 25.29 +0.39" 26.42 +0.29 6.96 + (.38 5.51+0.22 6.11 £0.57
2 22.65 +0.18 24.77 +0.53" 25.34+0.30 7.50 £ 0.80 8.15+0.88 6.03 +£0.33
3 23.25+0.22 23.83 +0.47” 25.02 +0.247 5.91+0.40 11.85+1.74" 7.96 +0.65"
4 23.76 £ 0.26 23.64 + 0.50 24.82 +0.22" 6.44 £ 0.36 24.19 +2.12" 17.55 + 1.24"

1)P < 0.001,2) P < 0.01 vs. control group;3) P < 0.05,4) P < 0.001 vs. T2DM group. FBG, fasting blood glucose.

Control T2DM

T2DM+THC

x 200

x 400

Glomerulus (yellow arrow), renal tubular epithelial cells (green arrows), vacuum (blue arrow). n = 3.
E1 THCXT2DM/INR B HRFE LRI RN
Fig.1 Effect of THC on renal pathological changes of mice
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Control group

T2DM group

T2DM+THC group

E2 THCIEH/NRBHAREFNRHZM HLIOFRE x 400
Fig.2 Effect of THC on renal lipid deposition in mice Oil red O staining x 400
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Control group

T2MD group A

3.

242 ZEFFIRFER A KN EISSIR BoR, 5XF
HEAL g, T2DMAL LA 1 191422 S ek LN, Horp
FLFRTTON bR HE DR 4214 F 8 KL X 5 T2DMA
FLH, T2DM+THCA 3452224 22 S iR SE P, Hovp
FLFGETSAS FRFE R AN474 FJRFE A L4,

Color key

-2 0 2

Row Z-score

T2MD group

T2MD+THC group B

A, gene-level clustering analysis between control and T2DM groups; B, gene-level clustering analysis between T2DM and T2DM+THC groups. Each row

represents the expression of each gene in different samples and each column represents the expression of all genes in each sample.
E3 ERREEERNERREBEST

Fig.3 Hierarchical clustering analysis of differentially expressed genes
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A, volcano plot of differentially expressed genes in the control and T2DM groups; B, volcano map of differentially expressed genes in the T2DM and T2D-

M+THC groups.

E4 EZRREEERMNLE
Fig.4 Volcano map of differentially expressed genes
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SR [ AMACRITEE I S A, R Y 25 5 L R K
(1430 4% T B2 PPARYS 5 i 0 B B AT RT3
WS R %vﬁ%%oﬁrﬁﬂ%iﬁﬂmﬁ%ﬁ% P
TR AR (PR T) P53 (5 53 R S PPARSS 53 %
A BEAETHC R 5 T2DM B 45 44 EP?i%ﬁi%{’Eﬂﬁ .

244 UL[m) R B DR O S - 3 o ) 22 S A S
(923, B 39 1 I B A T2DMZH 458 %) R 41 31 v
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SRk F I ASTRINGEUE 4 3 A5 PP 25, I
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Plind
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Fig.5 PPI analysis results
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