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Hypoxia inducible factor-1« promotes the expression of stem cell marker CD133 in hepatoma cells by reg-
ulating protein kinase B/nuclear factor-kB signaling pathway
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China ;2. Department of Obsterics and Gynecology ,the First Affiliated Hospital of Xinxiang Medical University , Wethui 453100,
Henan Province ,China)

Abstract: Objective To investigate the mechanism and significance of the expression of stem cell marker CD133 in
hepatoma cells induced by hypoxia inducible factor-1oe( HIF-1ot) . Methods HepG2 cells were randomly divided into blank
control group,control group and experimental group; HepG2 cells in the blank control group were not transfected, the cells in

the control group and experimental group were transfected with empty vector lentivirus pHBLV-ZsGreen-Puro or HIF-1a high
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expression lentivirus pHBLV-HIF1A-3flag-ZsGreen-Puro, respectively. The transfection efficiency of cells in the control group
and experimental group was confirmed by the expression of green fluorescent protein ( GFP) through fluorescence microscope;
the relative expressions of HIF-1a and phosphorylated protein kinase B( p-Akt) , protein kinase B( Akt) , p-p65 and p65 protein
in Akt/nuclear factor-kB( NF-kB) pathway in the three groups were detected by Western blot ; the rarte of CD133 positive cells
in the control group and experimental group were detected by flow cytometry. In addition, the cells in the experimental group
were randomly divided into HepG2-HIF-1a group, Akt kinase inhibitor group and NF-kB signal pathway inhibitor group;the
cells in the Akt kinase inhibitor group and NF-kB signal pathway inhibitor group were treated with the final concentration of
0.4,0.8,1.6,3.2,6.3,12.5,25.0 pmol - L.™" Akt kinase inhibitor or 3.0,6.0,12.5,25.0,50.0,100. 0,200. 0,400. 0 pmol - L™
NF-kB signal pathway inhibitor;the cell viability in the Akt kinase inhibitor group and NF-kB signal pathway inhibitor group was
detected by tetramethylazozole salt assay. The rate of CD133 positive cells in the three groups was detected by flow cytometry.
Results The proportion of GFP positive cells in the control group and experiment group was significantly higher than that in
the blank control group (P <0.05) ;there was no significant difference in the proportion of GFP positive cells between the
control group and the experimental group (P > 0. 05). The relative expression of HIF-la in the experimental group was
significantly higher than that in blank control group and control group (P <0.05) ,there was no significant difference in the
relative expression of HIF-1a between the blank control group and control group (P >0.05). The rate of CD133 positive cells
in the control group and the experimental group was (4.42 +0.29)% and (15.43 +0.41)% , respectively. The rate of
CD133 positive cells in the experimental group was significantly higher than that in the control group (#=22.160,P <0.05).
The p-Akt/ Akt and p-p65/p65 in the experimental group were significantly higher than those in the control group (P <0.05).
There was no significant difference in the cell viability among the,0.4,0.8,1.6,3.2,6.3,12.5 and 25.0 wmol - L™" Akt
kinase inhibitor groups (F =1.301,P >0.05) ;there was no significant difference in the cell viability among the 3.0,6.0),
12.5,25.0,50.0,100.0,200.0,400. 0 pmol - L™ NF-kB signal pathway inhibitor groups ( F =2.300,P >0.05). The rate
of CD133 positive cells in the Akt kinase inhibitor group and NF-kB signal pathway inhibitor group was significantly lower than
that in the HepG2-HIF-1a group (¢ = 10. 170,8.932; P <0.05). There was no significant difference in the rate of CD133
positive cells between the Akt kinase inhibitor group and NF-kB signal pathway inhibitor group (¢ =1.745,P >0.05).
Conclusion HIF-1a can promote the expression of stem cell marker CD133 in hepatoma cells through AKT/NF-kB signaling
pathway , enhance the characteristics of hepatoma stem cells.
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Tab. 1

the relative expression of HIF-1x protein in cells among the

Comparison of the rate of GFP positive cells and

blank control group,control group and experimental group

(x +s)

2H 5 n GFP FHPEANH %/ % HIF-1a 2514
25 FXT IR 3 0.00 £0.00 0.42 £0.02
X HEZH 3 97.27 +0.81° 0.40 +0.03"
SEBRAH 3 97.40 +0.70* 1.22£0.12%
F 82.540 41.400
P 0.000 0.000

T 578 0 HEZH LA P < 0. 055 5 X MR LA P < 0. 05,

[ElabS/n LT

X IR

S

1 ZAXMBEA NRBREAMIKAMBEER GFP B H

FRiE (x200)
Fig.1 Expression of GFP protein in cells in the blank

control group,control group and experimental group (x200)

1 2 3

| — ---
— D co—

HIF-1a

GAPDH

1o 23 X B 52 %o A 53 SRR e

2 FEMEBARAMKRAME S HIF-1o Kik
Fig.2 Expression of HIF-1« in cells in the blank control
group, control group and experimental group
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Akt/ Akt \p-p65/p65 I [ FIR /K- 5 T X B
A FE L (P <0.05),
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Tab.2 Comparison of the p-Akt/Akt and p-p65/p65 in

cells between the control group and experimental group

(x x5)
205 n p-Akt/ Akt p-p65/p65
XT 2 3 0.465 +0.011 0.505 +0. 104
SEBGAH 3 0.785 +0. 154 1.952 +0.383
¢ 17.020 3. 600
P 0.003 0.023
1 )
p-Akt
Akt
p-p65
p65
GAPDH

X 52 S0 e

3 MRAMLWAMMP p-Akt, Akt, p-p65,p65 EH
Rk
Fig.3 Expressions of p-Akt, Akt, p-p65, p65 protein in
cells in the control group and the experimental group
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Fig.4 Expression of CD133 in cells in the control group

and experimental group detected by flow cytometry
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AL ZR HepG2 1140 gt
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CD133 JHFEHLE T R AT ok B W 58 #0 e,
TR, Wnt/B-catenin , Hedgehog f Stat3 {555 i %
Bl fg it CD133 Feik , dF 1 T SO A Ml 22 5 3K
BEE L Ak 7E 4R A I A0 T APk B AR
IEAERBFFE R B, Akt {5538 B% 5 6 40 i i 18 38
BB ST 2 LR AH G s CDCAS AT 5 i #1 il Ake/B-
actenin 5 53 §% 10 ) I 9 40 0 T 20 TS
HYD-PEPO6 W] i # fi] Akt {55 38 & 30 il -8 1
AUMFEE s KAHRAMAN 2557 53 g, IL-8 1]
i3 PI3K/Akt/mTOR {5538 #1755 9 T 240 M 4
PE, AN 2R 1 &% miRNA f 555 2655 0] 5 5
Ak Akt {5 5 38 B& (F T 96 40 i 2 A T 4t ff 4F
PES, HE 2590 BRST & B, 1 MR 40 i NF-«B
{5530 Bl SR IS AL, HU 25V BRSEIESE, CD13
Al NF-kB {55 38 6 -9 40 i 2 T 40 M i
Rtk o ASWFFT 45 WoR , S5 20 40 i P p-Akt/ Akt
p-p65/p65 it & = T Xt BA L, 156 WA JIF 98 40 ifd i 2 3k
HIF-1a 5 Akt/NF-xB {5530 B980T . LA, At
FEEE W oR, AN )k BE i AKT 8 41 il 77) 41 0
NF-«B {55 538 4 il 77 41 HepG2-HIF-1a 4015 71

ST AR R S, Ake B A0 R 58 40 A1 NF-«B
S A R R 4 CD133 [P 40 i e 1 B AR T
HepG2-HIF-1o 4 ; 1% 4% 42 7, Akt/NF-kB {5538
S S T A X JHF s 240 9% T G Sk 3 R e i 9
20 B P T A PR A P L R AR VR T HIF-1 o 38
g Akt & NF-kB (@R AL E0E Akt/NF-kB {55
08 B A 1 T T 200 Y ) T A A

25 bk, HIF-1oo 7] 38 3 {2 #F Akt J2 NF-kB
p65 MBEIR L5 T IR 4N i 2 i CD133 3Rk, 3
TIP3 40 A6 0 A P o RS, AR BF 5 A A U
AKT/NF-kB {5538 # i H A5 = 8 1, 1 ) JH:
A5 5 5 UK A R 1) B HIF-1a 35 S5 598 T 40
JHL R AR PR AL, T TR i — 2D A, LR DA
HIF-To 88 SR T IR SR ALTE 2 PA TR

S 3k

[1] ZHANG J,QI' Y P,MA N, et al. Overexpression of Epcam and
CD133 correlates with poor prognosis in dual-phenotype hepatocel-
lular carcinomal J]. J Cancer,2020,11(11) ;3400-3406.

[2] CAO X,WU W,WANG D, et al. Glycogen synthase kinase GSK3
promotes tumorigenesis by activating HIF1/VEGFA signaling path-
way in NSCLC tumor[ J]. Cell Commun Signal 2022 ,20(1) :32.

[3] KAPPLER M,PABST U, WEINHOLD C,et al. Causes and conse-

quences of a glutamine induced normoxic HIF1 activity for the

[4]

(7]

[10]

[11]

[12]

[13]

[14]

[15]

tumor metabolism[ J]. Int J Mol Sci,2019,20(19) .4742.
AZORIN E P,LETECHIPIA DE LEON C,GARCIA-REYNA M G,
et al. Mathematical description of the effect of HIF inhibition on
the radiobiological response of LNCaP cells[ J]. Appl Radiat Isot,
2022,184:110157.
SEMENZA G L. Breakthrough science : hypoxia-inducible factors,
oxygen sensing, and disorders of hematopoiesis[ J ]. Blood 2021,
Epub ahead of print.
MUNOZ-GALVAN S, FELIPE-ABRIO B, VERDUGO E M, et al.
Downregulation of MYPT1 increases tumor resistance in ovarian
cancer by targeting the Hippo pathway and increasing the stemness
[J]. Mol Cancer,2020,19(1) .7.
SAMANTA D,PARK Y,NI X, et al. Chemotherapy induces enrich-
ment of CD47 */CD73*/ PDLI * immune evasive triple-negative
breast cancer cells[ J]. Proc Natl Acad Sci U S A. ,2018 ,115(6) .
E1239-E1248.
B4, TR, EARAE, . BREE S R T Lo X T 40
HepG2 T4 K 8 R EURR L Ao s [T ] . 166 PR I EL
Zki,2021,37(2) :354-357.
ZHAO ] J,ZHANG H G,CUL F F,et al. Effect of hypoxia-inducible
factor-lo on stemness and epirubicin sensitivity of HepG2 hepatoma
cells[J]. J Clin Hepatol ,2021,37(2) :354-357.
SONG M,BODE A M,DONG Z,et al. AKT as a therapeutic target
for cancer[ J]. Cancer Res,2019,79(6) :1019-1031.
ZINATIZADEH M R,SCHOCK B,CHALBATANI G M, et al. The
nuclear factor kappa B (NF-kB) signaling in cancer development
and immune diseases| J]. Genes Dis,2021,8(3) :287-297.
FEEH M, Ei%. miR-582-5p #ym 5 AKT3 X HUR AR
FLIPIE A0 N B R T (1], 87 2 BB,
2018,35(11) :954-960.
WANG Y J,LIN X Y, WANG T. Effect of miR-582-5p targeting
AKT3 on proliferation and apoptosis of papillary thyroid carcino-
ma cells[ J]. J Xinxiang Med Univ,2018,35(11) :954-960.
XIANG L, SEMENZA G L. Hypoxia-inducible factors promote
breast cancer stem cell specification and maintenance in response
to hypoxia or cytotoxic chemotherapy[ J]. Adv Cancer Res,2019,
141:175-212.
CASADO-MEDRANO V, BARRIO-REAL L, WANG A, et al.
Distinctive requirement of PKCeg in the control of Rho GTPases in
epithelial and mesenchymally transformed lung cancer cells[ J].
Oncogene ,2019,38(27) :5396-5412.
LAN J,LU H,SAMANTA D, et al. Hypoxia-inducible factor 1-de-
pendent expression of adenosine receptor 2B promotes breast
cancer stem cell enrichment[ J|. Proc Natl Acad Sci U S A,2018,
115(41) : E9640-E9648.
PARK J H,SEO J H, JEON H Y, et al. Lentivirus-mediated
VEGF knockdown suppresses gastric cancer cell proliferation and
tumor growth in vitro and in vivo[ J]. Onco Targets Ther,2020,
13:1331-1341.
WANG R, LI Y, TSUNG A, et al. iNOS promotes CD24*
CD133 * liver cancer stem cell phenotype through a TACE/AD-



BAW BEE, S HEIESE T o B TR (M B/ T-«B {55 W BT IR A T AN fkR S CDI33 ki - 307 -

AM17-dependent notch signaling pathway[ J]. Proc Natl Acad Sci ATF3 tumor suppressor and inactivation of AKT/B-catenin signa-
U S A,2018,115(43) :E10127-E10136. ling[ J]. Cancers (Basel) ,2021,13(5) :1055.

[17] GALASSI C,VITALE I,GALLUZZI L. Using epigenetic modifiers [26] TIAN W, LI J, WANG Z,et al. HYD-PEPO6 suppresses hepato-
to target cancer stem cell immunoevasion[ J ]. Cancer Cell 2021, cellular carcinoma metastasis, epithelial-mesenchymal transition
39(12) :1573-1575. and cancer stem cell-like properties by inhibiting PI3K/Akt and

[18] WAKIZAKA K, YOKOO H, KAMIYAMA T, et al. CDI33 and WNT/B-catenin signaling activation [ J ]. Acta Pharm Sin B,
epithelial cell adhesion molecule expressions in the cholangiocar- 2021,11(6) :1592-1606.
cinoma component are prognostic factors for combined hepatocel- [27] KAHRAMAN D C,KAHRAMAN T, CETIN-ATALAY R. Targe-
lular cholangiocarcinoma [ J ]. Hepatol Res,?2020,50 (2):258- ting PI3K/Akt/mTOR pathway identifies differential expression
267. and functional role of IL8 in liver cancer stem cell enrichment

[19] WU J,ZHU P,LU T, et al. The long non-coding RNA LncHDAC2 [J]. Mol Cancer Ther,2019,18(11) :2146-2157.
drives the self-renewal of liver cancer stem cells via activation of [28] HUAN H B,YANG D P,WEN X J,et al. HOXB7 accelerates the
Hedgehog signaling[ J]. J. Hepatol ,2019,70(5) :918-929. malignant progression of hepatocellular carcinoma by promoting

[20] VORA P,VENUGOPAL C,SALIM S K,et al. The rational development stemness and epithelial-mesenchymal transition[ J]. J Exp Clin
of CD133-targeting immunotherapies for glioblastoma [ J]. Cell Cancer Res,2017,36(1) :86.

Stem Cell ,2020,26(6) :832-844. [29] WEI X, YOU X, ZHANG J, et al. MicroRNA-1305 inhibits the

[21] LIU F,QIAN Y. The role of CD133 in hepatocellular carcinoma stemness of LCSCs and tumorigenesis by repressing the UBE2T-
[ J]. Cancer Biol Ther,2021,22(4) :291-300. dependent Akt-signaling pathway[ J]. Mol Ther Nuc Acids 2019,

[22] LIUC,CHENY J,FANM H,et al. Characteristics of CD133-sus- 16.721-732.
tained chemoresistant cancer stem-like cells in human ovarian [30] HE J,GERSTENLAUER M, CHAN L K,et al. Block of NF-kB
carcinomal J]. Int J Mol Sci,2020,21(18) :6467. signaling accelerates MYC-driven hepatocellular carcinogenesis

[23] FUX,ZHU X, QIN F,et al. Linc00210 drives Wnt/B-catenin sig- and modifies the tumor phenotype towards combined hepatocellu-
naling activation and liver tumor progression through CTNNBIPI- lar cholangiocarcinoma[ J]. Cancer Lett,2019,458 :113-122.
dependent manner[ J]. Mol Cancer,2018,17(1) :73. [31] HUB,XUY,LIY C,et al. CD13 promotes hepatocellular carci-

[24] CHEN Z Z,HUANG L, WU Y H, et al. LncSox4 promotes the nogenesis and sorafenib resistance by activating HDAC5-LSD1-
self-renewal of liver tumour-initiating cells through Stat3-mediated NF-kB oncogenic signaling[ J]. Clin Transl Med,2020,10(8):
Sox4 expression[ J]. Nat Commun ,2016,7 :12598. €233.

[25] JEON T,KO M J,SEO Y R, et al. Silencing CDCA8 suppresses (AXRE:B—_8)

hepatocellular carcinoma growth and stemness via restoration of

(#FT 2 EXRFMN2022 FAITEE

(#r % B FEF4R) (Journal of Xinxiang Medical University) €] F] T 1984 4, 247 9 EF R £ 4 £ 5 B NIr AT LT %
APEE R, B RARREE S R 5 ISSN 1004-7239 , ) A % — ik 4 24y 5 :CN 41-1186/R, LA AR, A A5 B &
M, K16 FA LM 100 B ARIRA S Ribds FHRE BRARMFEAEEHFE KSR AR HEF2A,
GBS AT RAGF BT EMBATCZF R A E TR HBA AL B KIS I ALK

AF) g BAS XA R (F AR B F B SRR P B SR SRR LT s 8 — BT
RCCSE ¥ B A0 F KM (A), B AP EFRBP GLAMR) & X ZHIBE)(T 5 HRB-HFHMPE) FE(MF L
WY EBR(LAAFBFEE) EE (AL T AKIEE) (Global Health) (¥ B % K#FXH)(FEEFXH)(PEH X
) B RSB SR R IR AR E A EAF ARG EANAWME NI FE LR FHKTR, R GES 4
HERA I N RRARF , R E RN E S TAEE SRR AEAS . R KT P AT AR S HwR By 3T B, R E AR 5 :36-145, A 4
M 10.00 T, 44 120.00 T, AR M: T EH 5 TR KEREN S EFRFRBEN, B L% F5:453003, & 5.
0373-3029086 , 4% A :0373-3831371, A 4k : www. xxyxyxb. com, E-mail : xxyxyxb@ 163. com,,

I F 4mEE



