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Exploring the molecular mechanism of aqueous extract from Huang
gi on doxorubicin induced nephropathy in rats using transcriptome
sequencing technique
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Abstract: We studied the effect of aqueous extract from Huang gi on gene expression profile of doxorubicin
induced nephropathy in rats, and explored the molecular mechanism of the intervention. The gene expression pro-
files of control group, model group and aqueous extract from Huang qgi group were detected by using transcriptome
sequencing technique. The differentially expressed genes (DEGs) were screened by STEM trend analysis software.
GO function enrichment and KEGG pathway analysis were performed for DEGs, and the gene expression level
was verified by real-time fluorescence quantitative PCR (RT-gPCR). The results showed that, compared with the
control group, 432 DEGs were obtained in doxorubicin nephropathy model group; compared with the model group,
811 DEGs were obtained due to aqueous extract of Huang qi. The results of GO function enrichment and KEGG
enrichment analysis indicated that PI3K-AKT pathway (Col6a6, Nr4al, Sgk1, Gng7) and lipid metabolism-related
genes (Cptlb, Pcsk9, Abcal, Ascm5) were the key pathways and genes in the treatment of doxorubicin induced
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nephropathy by aqueous extract from Huang gi, which played a protective role in kidney. In conclusion, the molecular
mechanism of aqueous extract from Huang gi in protection against doxorubicin induced nephropathy rats is closely
related to apoptosis-related genes and lipid metabolism-related genes, suggesting for the need of follow-up study
for key gene validation and mechanism of action of aqueous extract from Huang qi for prevention of doxorubicin

induced nephropathy.
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Table 1 Verification of transcriptome sequencing results by using fluorescence quantitative PCR

Primer sequence

Gene symbol Gene bank - -
Forward primer Reverse primer
Cptlb ENSRNOG00000010438 CATGTATCGCCGCAAACTGG CCTGGGATGCGTGTAGTGTT
Pcsk9 ENSRNOG00000006280 AGGGCCAGAGAAGCAATGTC GCACAGCCTGTCCTCTCATT
Abcal ENSRNOG00000018126 CTGAAGCCACCACAACGTTG AGAAACATCACCTCCTGCCG
Ascm5 ENSRNOG00000031211 GTGAAAGCAGCCTGGACTCT TGTACAAGCCGCCGGAAGAG
Gng7 ENSRNOG00000019857 CAGAGAGGGCCAGGACTTTG TCCCGGTCCCCAGAATGTAT
Col6a6 ENSRNOG00000023007 GACCAGCTGCTCAGGGAAAT ACTGCTAAAGAACGTGGCGA
Sgk1 ENSRNOG00000011815 GCAGTGACGAGCATCCAGAT ACGGCTCTGACTGACAACTG
Nrdal ENSRNOG00000007607 TGCCAAGTACATCTGCCTGG GGCTGCTTGGGTTTTGAAGG
Gapdh ENSRNOG00000018630 AAAGGGTCATCATCTCCGCC AGTGATGGCATGGACTGTGG
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Figure 1  The results of histopathological HE staining of kidney
under light microscopy (A, B, C, x200) and ultrastructural of
podocytes under TEM (D, E, F, x2 000). A, D: C group; B, E: M
group; C, F: HQ group

Table 2 Biochemical parameters in serum of rats in control (C) group, model (M) group, Huang qi (HQ) group. ALB: Albumin; BUN:
Blood urea nitrogen; Scr: Serum creatinine; TG: Triglyceride; TP: Total protein; TCHO: Total cholesterol. n = 10, X + s. "P<0.05, "P<0.01 vs

C group; *P<0.05, #P<0.01 vs M group

Group ALB/g-L* BUN/mmol - L* Scr/umol - L* TG/mmol - L TP/g-L* TCHO/mmol - L*
C 33.06 +1.73 5.06 +0.91 46.09 £ 11.32 0.36 + 0.052 54.46 + 1.79 1.42+0.32
M 30.36 + 2.19" 5.69 + 1.10 46.95+9.43 0.512 +0.17" 52.26 + 2.90™ 2.49 £ 0.55™
HQ 31.96 + 0.97% 5.07 + 0.917 34.06 + 2.85" 0.37 + 0.089" 55.46 + 2.02" 1.66 + 0.38"
A = = i1a = = B 1 B T == (] C
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Figure 2 The volcanic map of differentially expressed genes (DEGs) in M group (compared with C group) (A). Red: Up-regulated gene;
Blue: Down-regulated gene; Gray: Insignificant differential genes. The volcanic map of DEGs in HQ group (compared with M group) (B).

Red: Up-regulated gene; Blue: Down-regulated gene; Gray: Insignificant differential genes. The Venn diagram of DEGs in each group (C)
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Figure 3  General map of trend analysis of DEGs. A, B, C, D, E,
F, G, H: Profile A, B, C, D, E, F, G, H, respectively
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Table 3  List of differential gene information for trend expressions

Gene bank Gene symbol  P-value  Fold change Description Trend
ENSRNOG00000032508 Acot5 0.047 0.423 797 Acyl-CoA thioesterase 5 T
ENSRNOG00000005780 Adamts13 0.047 0.271 354 ADAM metallopeptidase with thrombospondin type 1 motif, 13 T |
ENSRNOG00000029844 Akric2 0.031 0.520 374 Aldo-keto reductase family 1, member C2 Tl
ENSRNOG00000007980  Anxal3 0.004 0.479 046 Annexin A13 Tl
ENSRNOG00000006365 Ash15 0.001 0.393 735 Ankyrin repeat and SOCS box containing 15 T
ENSRNOG00000020685 Atpl2a 0.042 0.547 411 ATPase H*/K* transporting non-gastric alpha 2 subunit Tl
ENSRNOG00000002381 Bmp3 0.001 0.382 219 Bone morphogenetic protein 3 Tl
ENSRNOG00000010438 Cptlb 0.016 0.543 593 Carnitine palmitoyltransferase 1B 1l
ENSRNOG00000006873 Dnasel 0.000 07 0.408 402 Deoxyribonuclease 1 11
ENSRNOG00000013770 Folhl 0.021 0.513 944 Folate hydrolase 1 Tl
ENSRNOG00000011599 Gldc 0.001 0.450 592 Glycine decarboxylase CRA_a Tl
ENSRNOG00000003616 Grem2 0.041 0.364 554 Gremlin 2, DAN family BMP antagonist T
ENSRNOG00000029237 Klk1c2 0.001 0.306 455 Kallikrein 1-related peptidase C2 11
ENSRNOG00000056076 Mif 0.001 0 Macrophage migration inhibitory factor Tl
ENSRNOG00000034078 Mxil 0.006 0.537 201 MAX interactor 1, dimerization protein T
ENSRNOG00000007607 Nrdal 0.004 0.414 562 Nuclear receptor subfamily 4, group A, member 1 Tl
ENSRNOG00000051837 Nwd2 0.001 0.034 365 NACHT and WD repeat domain containing 2 11
ENSRNOG00000006280 Pcsk9 0.001 0.040 151 Proprotein convertase subtilisin/kexin type 9 Tl
ENSRNOG00000007387 Perl 0.012 0.541 879 Period circadian clock 1 T
ENSRNOG00000014761 Rasd2 0.008 0.459 304 RASD family, member 2 Tl
ENSRNOG00000029651 Rdh16 0.001 0.439 728 Retinol dehydrogenase 16 (all-trans) Tl
ENSRNOG00000014524 S1pr3 0.011 0.460 415 Sphingosine-1-phosphate receptor 3 11
ENSRNOG00000011815 Shisa3 0.001 0.230 381 Shisa family member 3 (e
ENSRNOG00000025670 Sgkl 0.002 0.506 214 Serum/glucocorticoid regulated kinase 1 Tl
ENSRNOG00000017072 Slcl6al4 0.021 0.583 361 Solute carrier family 16, member 14 Tl
ENSRNOG00000018131 Slcl6a4 0.001 0.463 205 Solute carrier family 16, member 4 Tl
ENSRNOG00000014338 Slc25a25 0.002 0.504 666 Solute carrier family 25, member 25 Tl
ENSRNOG00000007591 Slc5a8 0.007 0.541 283 Solute carrier family 5, member 8 I
ENSRNOG00000006367 Slc45a3 0.037 0.586 863 Solute carrier family 45, member 3 I
ENSRNOG00000033830 Slc7al2 0.004 0.514 671 Solute carrier family 7, member 12 Tl
ENSRNOG00000036984 Slcolal 0.003 0.518 432 Solute carrier organic anion transporter family, member 1al Tl
ENSRNOG00000021726 TIr3 0.046 0.611 419 Toll-like receptor 3 T
ENSRNOG00000039464 Tmem229a  0.016 0.438 692 Transmembrane protein 229A I
ENSRNOG00000019486 Trpvl 0.023 0.483 102 Transient receptor potential cation, subfamily V, member 1 Tl
ENSRNOG00000003832  Vash2 0.001 0.153 739 Vasohibin 2 Tl
ENSRNOG00000018126 ~ Abcal 0.034 1.803 634 ATP binding cassette subfamily A, member 1 1
ENSRNOG00000031211 Acsmb5 0.001 3.260 038 Acyl-CoA synthetase medium-chain family member 5 1
ENSRNOG00000006460 Amdhd2 0.037 1.783 825 Amidohydrolase domain containing 2 L1
ENSRNOG00000029543 Cish 0.021 1.879914 Cytokine inducible SH2-containing protein 11
ENSRNOG00000023007 Col6a6 0.001 2.460 307 Collagen type VI alpha 6 chain 1
ENSRNOG00000008534 Dusp15 0.043 2.175131 Dual specificity phosphatase 15 1
ENSRNOG00000009660 Enpp6 0.011 1.909 883 Ectonucleotide pyrophosphatase/phosphodiesterase 6 L1
ENSRNOG00000001806 Fetub 0.001 4.472 346 Fetuin B 1
ENSRNOG00000000168 Gatm 0.001 2.314 874 Glycine amidinotransferase 1
ENSRNOG00000019857 Gng7 0.045 1.784 171 Acyl-CoA thioesterase 5 1
ENSRNOG00000014233 Krt19 0.009 2.704 678 ADAM metallopeptidase with thrombospondin type 1 motif, 13 | 1
ENSRNOG00000006857 Ndnf 0.003 7.001 253 Aldo-keto reductase family 1, member C2 1
ENSRNOG00000015353 Prss12 0.007 2.502 539 Annexin A13 1
ENSRNOG00000014861  Rnf183 0.001 3.599 888 Ankyrin repeat and SOCS box containing 15 1
ENSRNOG00000057620 Slc6a8 0.042 1.584 699 ATPase H*/K* transporting non-gastric alpha 2 subunit L1
ENSRNOG00000010296 Slc7a7 0.001 3.960 724 Bone morphogenetic protein 3 11
ENSRNOG00000019924 Thopl 0.048 1.757 756 Carnitine palmitoyltransferase 1B 11

29 5% A5 T IE I, BAE PPARVAMIA R T BRI A& WS 24K y (PPARy) IIRIE 5 A 23 JE S ML - a2 41 i
J8 R W ER A PIBK-AKT AT 2 - KK R R gt s IR, 2R AR AT 3 2 4 PIBK 1Y
S, XUGE AT REME N AN KRR S AR M K pll0y AR & L1, nephrin 8 F 315 T i, & 530
RAPLH . CHRilE, B i Sl Ay AU SR AR AR R R TR, g A, SRR TR
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Figure5 GO analysis of DEGs for cellular component, biological
process, and molecular function. KEGG enrichment analysis of
DEGs (compared with HQ group). The horizontal axis denoted the
rich factor and the vertical axis indicated the pathway name. The
right black histogram indicates the numbers of genes in each cluster
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Table 4 DEGs of trend expression during overlapped signal pathways

Pathway Pathway ID Gene Description Fold change
PI3K-AKT signaling pathway ko04151  Col6a6 Collagen type VI alpha 6 chain 0.52
Nr4al Nuclear receptor subfamily 4, group A, member 1 0.41
Sgkl Serum/glucocorticoid regulated kinase 1 0.51
Gng7 G protein subunit gamma 7 1.78
ECM-receptor interaction ko04512  Col6a6 Collagen type VI alpha 6 chain 0.52
Complement and coagulation cascades ko04610 - - -
Renin-angiotensin system ko04614  Thopl Thimet oligopeptidase 1 0.66
Klk1c2 Kallikrein 1-related peptidase C2 1.78
TNF signaling pathway ko04668 - - -
Protein digestion and absorption ko04974  Slc7a7 Solute carrier family 7 member 7 0.60
Col6a6 Collagen type VI alpha 6 chain 0.52
Metabolism of xenobiotics by cytochrome P450  ko00980 Ugt2b35  UDP glucuronosyltransferase 2 family, polypeptide B35 1.92
Prolactin signaling pathway ko04917  Cish Cytokine inducible SH2-containing protein 0.45
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Figure 6 RT-gPCR to verify the expression of DEGs with trend expression. n = 3, x = s. "P<0.05, “P<0.01, ™"P<0.001 vs C group; “P<
0.05, #P<0.01, **P<0.001 vs M group
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