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[ Abstract]  Objective To investigate the effects of ethanol extract of Akebia trifoliate ( Thunb. ) Koidz (EEATK)
on the proliferation and apoptosis of human hepatocellular carcinoma Hep3B and Huh-7 cells and to explore its underlying
mechanism. Methods Human Hep3B cells and Huh-7 cells were cultured in vitro and separated into control group,
Sorafenib group (5 pmol/L), and EEATK groups (0. 10 mg/mL, 0. 15 mg/mL, 0.20 mg/mL, 0.3 mg/mL) and given
the corresponding drug interventions. A CCK-8 assay was used to measure the impact of the different interventions on the
proliferation of Hep3B cells and Huh-7 cells to screen the optimal action-inducing concentrations for subsequent
experiments. EdU staining assay and colony formation assay were used to explore the effect of EEATK on proliferation, and
Annexin V-FITC/PI double-staining assay was applied for apoptotic rate analysis. Transcriptome sequencing ( RNA-seq)
technology was used to analyze differentially expressed genes ( DEGs) related to cell proliferation and apoptosis in the
control group and EEATK (0. 15 mg/mL) groups of Hep3B cells. DEGs were analyzed for function with Gene Ontology
(GO) and Kyoto Encyclopedia of Genes and Genomes ( KEGG) pathway enrichment. The Comparative Toxicogenomics
Database(CTD) was used to validate the expression of key proteins related to cell proliferation and apoptosis, and the
findings were verified by qRT-PCR. Results  Compared with the control group, different concentration of EEATK
significantly inhibited the activity of Hep3B and Huh-7 cells (P <0.01). Hep3B cells were treated with 0. 15 mg/mL
EEATK, the EdU-positive cell rate and clone formation rate significantly decreased (all P<0.01). At the same time, the
apoptotic rate of the EEATK group significantly increased (P<0.01). Transcriptome sequencing of Hep3B cells showed
that EEATK induced significant changes in the expression of 1577 genes ( P<0.01), of which 942 were up-regulated and
635 were down-regulated compared with the control group. GO functional enrichment analysis revealed that the DEGs were
mainly enriched for cholesterol synthesis, inflammation, and extracellular matrix. KEGG pathway analysis showed that
EEATK plays an anti-tumor role, mainly through the TFG- and NF-kB signaling pathways. CTD and qRT-PCR analysis
showed that EEATK significantly down-regulated the expression of apoptosis-related genes such as BIRC5 and CDK1 ( P<
0.01) and significantly upregulated the expression of CDKN1A and EGLN3 (P<0.01). At the same time, EEATK caused
the significant downregulation of cell-proliferation-related genes such as FAM83D and MKI-67 ( P<0.01), and significantly
upregulated the expression of MYC and FOXC1 (P<0.01). Conclusions EEATK can inhibit cell proliferation and
induce apoptosis in a manner that may be related to the regulation of TGF-B and NF-«kB signal pathway-related gene
expression.

[ Keywords)] Akebia trifoliate (Thunb. ) Koidz; hepatic carcinoma; proliferation; apoptosis; transcriptomics
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Table 1 primer sequence for qRT-PCR

FEH EmG1%) B 5149 S BUK B /bp
Gene Forward primer Reverse primer Length field
BIRCS 5’ -AGGACCACCGCATCTCTACAT-3’ 5’ -AAGTCTGGCTCGTTCTCAGTG-3’ 118
CDK1 5’ -AAACTACAGGTCAAGTGGTAGCC-3’ 5’ -TCCTGCATAAGCACATCCTGA-3’ 148
CDKNIA 5’ -TGTCCGTCAGAACCCATGC-3’ 5’ -AAAGTCGAAGTTCCATCGCTC-3’ 139
EGLN3 57 -CTGGGCAAATACTACGTCAAGG-3’ 5’ -GACCATCACCGTTGGGGTT-3” 106
FAM83D 57 -GGGAAGGTTCACGAAAAGTTCA-3’ 57 -GACTGGGCATACAGGATTCGG-3’ 167
MKI-67 5’ -GCCTGCTCGACCCTACAGA-3’ 5’ -GCTTGTCAACTGCGGTTGC-3’ 127
MYC 5’ -GGCTCCTGGCAAAAGGTCA-3’ 5’ -CTGCGTAGTTGTGCTGATGT-3’ 119
FOXC1 5’ -TGTTCGAGTCACAGAGGATCG-3’ 5’ -ACAGTCGTAGACGAAAGCTCC-3’ 112
GAPDH 5’ -ACAACTTTGGTATCGTGGAAGG-3’ 57 -GCCATCACGCCACAGTTTC-3’ 101
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Figure 1 Effects of EEATK on the viability of Hep3B and Huh-7 cells respectively
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Note. A, EAU was used to detect the changes in Hep3B and Huh-7 cells of proliferation ability after EEATK intervention. B/C,
Statistics on the number of EdU positive cells in Hep3B and Huh-7 cells. D, Clone formation assay was ued to detect the changes in
Hep3B and Huh-7 cells after EEATK intervention. Compared with the control group, ™ P<0. 01.
Figure 2 Effect of EEATK on proliferation of Hep3B and Huh-7 cells
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Figure 3 Annexin V-FITC/PI dual staining method was used to detect the effect of EEATK on the apoptosis rates of Hep3B
and Huh-7 cells
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Note. CN1~ CN3, Control group. M1 ~ M3, EEATK group. Red represents relatively upregulated differentially expressed genes, while blue
represents relatively downregulated differentially expressed genes.

Figure 4 Cluster analysis of differentially expressed genes in Hep3B liver cancer cells treated with EEATK

®2 ERRBEH
Table 2 Differentially expressed genes

Gene ID log2FoldChange P value padj
OLAH 7.26 2. 78E-08 3.75E-07
TLR4 6. 67 1. 31E-06 1. 34E-05

LINC01629 6.50 4.01E-06 3. 69E-05

ABCC8 6.42 6. 04E-06 5. 40E-05

TNS4 6.24 1. 26E-05 0. 00010532
BLOC1S5-TXNDC5 6.22 5. 68E-05 0. 0004108
LOC100130744 6. 19 9. 83E-06 8. 38E-05

DMBT1 6.13 3. 40E-05 0. 00025738

Cl110rf96 6.13 2. 63E-05 0. 00020496

ADHIA -5.03 2. 79E-09 4. 30E-08

SLC13A2 -5.03 4.54E-13 1. 08E-11

ABCD2 -5.05 0.01129 0. 043513
F13B -5.05 2. 64E-05 0. 00020564

ADHIC -5.07 2. 86E-05 0. 00022114

LOC102723675 -5.08 0. 0020963 0.010319

FOLHIB -5.27 0. 00023351 0. 0014691
KLHL3 -5.35 0. 00081067 0. 0044587
TLR10 -5.47 0. 0005805 0.0033142

PGLYRP2 -5.58 0. 00038032 0. 0022732

TE: B9 IR ECGET 10 07 22547 >4, P<0. 05,
Note. Top 10 for both upregulation and downregulation, multiple of differences>4, P<0. 05.
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W RTE TGF-B \NF-kB {5 53l %, X I 45 {5 5 8
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H2EHR A TCD s PE 43 A, i %k 4 EEATK 410 i JH-
I Hep3B 21 Jfd 15 15 58 45 AH OC 1) 22 2 e ah B 1A (&
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KEGG & 447
Statistics of KEGG pathway enrichment(Significant)

Transcriptional misregulation
in cancer

TGF-P signaling pathway
Terpenoid backbone
biosynthesis

Steroid hormone biosynthesis

Steroid biosynthesis

Retinol metabolism

Pentose and glucuronate
interconversions

Osteoclast differentiation
Metabolism of xenobiotics by
cytochrome P450

Human T-cell leukemia virus
infection

ECM-receptor interaction
Drug metabolism - cytochrome
P450

Complement and coagi
cascades

Cholesterol metabolism
Chemical carcinogenesis
Cell cycle

Cell adhesion molecules
Biosynthesis of secondary
metabolites

Bile secretion

Ascorbate and aldarate

A ZERRIBIENK GO TAEM T ; B, 22 7 RIAE WA KEGG &0,
5 ERFRARERK GO UIREMHT X KEGG & 0

Note. A, GO functional analysis of differentially expressed genes. B, KEGG enrichment analysis of differentially expressed genes.

Figure 5 GO functional analysis and KEGG enrichment analysis of differentially expressed genes
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Table 3 GO enrichment annotation table for differentially expressed genes

0.075

Count
o 10
® 20
® 30
@ 4
@® 50

adj
— 1.00

0.75
0.50

0.25
— 0.00

ID ﬁﬁﬂi GO_Class P value padj
Description
s A
010006695 AR BBy L BP 4. 04E-17 1. 09E-13
Cholesterol biosynthetic process
4 | 4H 4
G0:0030198 'Hﬂﬂ@ﬁi\lﬁ]ﬁﬁ’ﬂ'/‘ - BP 0.001183 0. 022086
Extracellular matrix organization
—_ P
GO ;0045540 HEEI%LEE% - JJEJ‘JT%EE“H.F BP 6. 17E-16 8. 34E-13
Regulation of cholesterol biosynthetic process
G0:0008202 . jf[ﬁl?ﬁ?{bﬁf BP 1. 01E-08 3. 60E-06
Steroid metabolic process
2% \
G0 :0006954 RAE S BP 1. 54E-07 5. 95E-05
Inflammatory response
G0 :0042493 2GS BP 1. 60E-09 8. 56E-07
Response to drug
4 kL
G0:0007155 \,ﬂ]ﬁ@?ﬁﬁm BP 4. 10E-07 0.000111
Cell adhesion
21 4 VAR
G0:0042730 V$(.ﬁ$ E(ﬁﬁ BP 9. 09E-06 0. 000541
Fibrinolysis
s [ AR 3
G0:0008202 . Klﬁl@{tlﬂj BP 1. 01E-08 3. 60E-06
Steroid metabolic process
G0O:0045121 TR CC 0. 0001056 0. 004393
Membrane raft
GO ;0005788 N WEWJP& CC 9. 76E-09 3. 47E-06
Endoplasmic reticulum lumen
A i 4 i
G0:0062023 ISR 1 19 A CC 2. 15E-11 2.31E-08

Collagen-containing extracellular matrix
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R3
4.
1D Deiiijftion GO_Class P value padj
p N
G0:0031012 AL . CC 1. 92E-06 0. 000399
Extracellular matrix
3 il
G0:0016323 A CC 0.0012822 0. 043974
Basolateral plasma membrane
G0:0031093 /1M o FURS cc 9. 37E-06 0. 000543
Platelet alpha granule lumen
4 3
G0.:0031410 . ’Hﬂﬂﬂﬁﬂjd\@, CC 1. 43E-05 0.001464
Cytoplasmic vesicle
G0:0072562 [Ifll{ﬁuﬂﬂ . cc 6. 93E-09 3. 17E-06
Blood microparticle
Ti s o i
G0:0016324 . I L CC 0. 000173 0. 005804
Apical plasma membrane
2 Tk A
G0:0005102 . 1n7;4§§]i)4{7,§/u a MF 7. 89E-05 0. 003194999
Signaling receptor binding
e 59 A S
G0:0038023 . 1r'731§§f—)4{7,wﬁ ﬁ MF 6. 71E-05 0. 006257259
Signaling receptor activity
ok A 4k A
G0.:0005178 = ?fn o MF 8. 69E-05 0. 007835062
Integrin binding
1 K B T
G0:0008083 J‘k%{ﬁ ﬁ . MF 1. 80E-07 6. 10E-05
Growth factor activity
kL R ik
G0:0008194 UDP-MR RSB RGIE MF 5. 90E-09 2. 53E-06
UDP-glycosyltransferase activity
YN
G0:0008201 Jﬂ:%/n. a MF 2. 13E-08 5. 08E-06
Heparin binding
BEZESF
G0:0030247 DREEH MF 0. 00027 0. 00751
Polysaccharide binding
4 I & J
G0:0005201 'Hﬂ@ﬁ“%ﬂﬁﬁ’n Hamsy . MF 0. 000272 0.007513
Extracellular matrix structural constituent
TEJBE R (NADP +) 5 1k . ]
600008106 Alcohol dehydrogenase (NADP+) activity M 5. 00E-06 00003458
R4 ERFBIEP TR
Table 4 Analysis of main pathways of differentially expressed genes
ik .
D Description P value padj

4 L — 22 A M
map(04512 ARSI XMWDEM}PFH 2. 51E-06 0. 000387199
ECM-receptor interaction

TGF-B 1551
TGF-beta signaling pathway
NF-kB 1553 #%

map04064 NF-kappa B signaling pathway 2. 32E-05 0. 001649486

map00980 240 i (A QO N A8 1. 20E-09 5. 41508

Metabolism of xenobiotics by cytochrome

2R - A 2K P450

map04350 2. 68E-05 0. 001649486

map00982 Drug metabolism-cytochrome P450 4 17E-11 3. T6E-09
e
map05204 oo 9. 42E-06 0. 000347588
Chemical carcinogenesis
2R A
map00900 Terpenoid backbone biosynthesis 0. 004558131 0. 047509755
2K ] e LA
map00140 RIEBHR IR 2.21E-11 2. 99E-09
Steroid hormone biosynthesis
BHE RS AP0
map04975 . HEH.H”%] fugi . 0. 000759099 0.011428659
Fat digestion and absorption
A A A i 5 [
map00072 AR 7L 5 i 0. 000675403 0.01019245

Synthesis and degradation of ketone bodies
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Note. A, Screening the cell proliferation related gene. B, qRT-PCR was used to verify the expression of genes related to cell proliferation. C,
Screening the apoptosis related genes. D, qRT-PCR was used to verify apoptosis related genes. Compared with the control group, ™ P<0.01.

Figure 6 Effect of EEATK on the expression of proliferation and apoptosis related genes in Hep3B cells
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