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Abstract

Objective: To investigate the effect and mechanism of Berberine on inhibiting cell proliferation
and inducing apoptosis in Hepatocellular carcinoma Hep-G2 cell line. Methods: The inhibitory ef-
fect of Berberine on the proliferation of Hep-G2 cells was detected by CCK-8 method; effect of
Berberine on cell apoptosis by flow cytometry (FCM); western blotting and real time fluorescent
quantitative PCR (RT-PCR) analysis were used to detect the mRNA and protein expression of anti
proliferation gene BTG2 and CyclinB1, cyclin D1. Results: The proliferation of Hep-G2 cell lines
was inhibited by Berberine in a dose and time dependent manner, and compared with the control
group, the difference was statistically significant (p < 0.01). Berberine promotes cell apoptosis,
and the rate of apoptosis is proportional to the effect time of Berberine (P < 0.01). The expression
of BTG2 mRNA increased with the time of Berberine treatment (p < 0.01), and compared with the
control group, there’s significant difference (p < 0.01); while the expression of CyclinB1, CyclinD1
mRNA was gradually decreased with the time of Berberine intervention (p < 0.01 or p < 0.05), and
the difference was significantly compared with the control group (p < 0.01). Compared with the
control group, the differential expression of BTG2 and CyclinB1, CyclinD1 protein was significant
(p < 0.05). Conclusions: Berberine can inhibit the proliferation of Hep-G2 cells and induce cells
apoptosis, which mechanism may be related to the up-regulation of BTG2 and down-regulation of
CyclinB1, Cyclin D1 by berberine.
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R

H i #i3#E R (berberine, BBR){EF T & Hep-G2 4 it FEATE T-HIMLH] . J73%: CCK-8¥EKHIIBBR
St Hep-G2 40 B8 58 i3 1] 1 B 5 T 240 M AR K U BBRX 40 9 T O B4 0 ; 2K [ BT iEE¥: (Western blotting)
R SERT 3% 6 e EPCR (RT-PCR)AY M 4118 58 3 I BTG2 & 41 g & #1 5 H CyclinB1. CyclinD1 & H &
mRNAREHER. E32: SxTIREME, BBRA LLEH R Hep-G240 i o145, HiMk| R 5BBRIKE
BRIEH, ZREFSTER L (p <0.01); S5XHRAME, BBRIBESYMAFT(p <0.01), HFET-RK
EEER /R P ] R IE K T8N (p < 0.01); BTG2 mRNA 3834 BE 35 BBRYE FH i 8] (& K 2 W 34 3% (p
<0.01), H5XRAML, ZREHF EFEMH(p <0.01), MCyclinB1. CyclinD1mRNAK] AN fE%EBBR
E FH i 1) R ST 55 (p < 0.01Ekp < 0.05), S5XtRAME, ZREABEM(P <0.01); SXIHRAM
i, BTG2#ICyclinB1. CyclinD1EHAXRENEREFEEM(p < 0.05). £iP: BBRATHIFH] B
Hep-G2H3%HE, #HSHMAT, HABITESHE BADIMEIEFRBTG2A T §40 M & & A CyclinB1.
CyclinD1 ¥ FRIEHE <.

E3: 45
BER, R, 4R, fEMETS, BTG2, M EHEEB1, AMANEADL
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1. 5l8

JER R PP 2 e R DL B M ik Rg 22—, T4 8 (hepatocellular carcinoma, HCC) 5 90%LL F, T
BORME R HCC fm J v [ g A (1 38 3 4 A AIRE SR S 20 3 fz[1] [2]. %F T Js A ik e (iR 97
BRI LR FARYIE, HEHTmbEZE. 22805, dEREMEZHEME, RE HCC BEHiL
B 2 Oy R M B Bl AR i b e B, RN E & BN BRI B MCR BUAMRL R L 3l ki ZE 07
(transcatheter arterial chemoembolization, TACE) B FEAL 1 il 2% J5 #F VA )7 [3]. X KB ETEIRZ .

BB XFR/NEERS, 1959 4F Hano [4]#kiE | HEAHUMIEEN: .. 1T EH 7RIS E = R HATEY AT
GRS A m A RAE T, B0 AR IR 4 i ot i m v, 3R B0E 3 AT A B s B e 48
Mg, G AT BE A RTE I 2 TR DU 254 [5] o AR SC LA S0 B Sz 36 F 90 28 34 32U 45 3 24 8l BTG2
Fgn B B8 1 CyclinB1, CyclinD1 [1)3R3% R ER T bt @ 4 itk Hep-G2 1EHALHI K mT ge 52 {5 5
R R TE,  HAZJT R FE S RGE D W, D Im RN A T B va T SR AL B R, ORI N
RS I 25 PR BB S HF .

2. MBSRE
2.1, BEAnRFH
BEE 3R (B /) W 1 S ORI A R T IR AR CCK-8 I 1 1t 38 2% KA B AR A
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FRAFE]; PI Y37 & & AnnexinV-FITC/PL P T AR £ 348 H Bio-Swamp A #]; BCA H K
ERFIEWE EigE A RAEVEAARAR, 8t BTG2 A4t CyclinB1. CyclinD1 Hii{&¥ E Abcam
AT 51 _E ¥ Invitrogen 2B 5 A T4 R Trizol 1 AL 5t BN AR A TR A 5], SYBR Green
PCR i/ & H KAPA Biosystems A ], Wi 5566 F TAKARA AH].

2.2. MRS MAAIEFE

NI 4 B Hep-G2 p v [ S AL 55 R 49) O o O (BRDUR 2 ORik P L) 32445, BT MEM Hyclone H 577
B, 10%M67F TG T8 R -HER RV R 7E e 972k, T 37°C. 5% CO, MM FE A2 i b 77 A
TR, R K E BRI & .

2.3. CCK-8 &3l BBR ¥t Hep-G2 ZHpa&5E R HIHI4E B

HOG A KA Hep-G2 4H, #:Fh T =4 96 Ltk +, 100 ul/fL, T 37°C. 5% CO, HuFIME L 124
MuBE =M R R 24 h, FRr4ifuliBE S, 45 T AR BBR (12,5, 25, 50, 100, 200 pmol/L)F-Ti4Hf,
S BE K R AL (R 4 R R 2R 28) A0S A A i R A B 9 8), MR AN AL, fA 96 FL
Wi ZAL¥ N PBS 100 ul, 2353537 24 hy 48 h. 72 h J5, MR, FIEA K PBS Wik —il, FfL
I MEM 55725585 BE 1) CCK-8 100 ul, B T-ZMss 7= F8 e & — /N o BREIBC o 2 A6 S 52 B AL
£ 450 nm AL FEAE, SR SRR A Tt S AN B B GE A 2 . SRS E R = AR BE A 2 (%) = [1 -
(525620 OD 16 — =5 A4 OD 18)/(B M xT e 20 OD {5 — %S 4H OD {#)] x 100%. £ IR E £k Bl V4 5 #2 it
A0 3 2 U0 4 R B 2R g 2508 [ 0T I R P A

2.4. FAREARE TR AE N K AT R

HOG B KR4, iR 3 x 10%/ml fO SRR, Befl T =4 6 FLIP, T 37°C. 5% CO, il
TP A s IR AR h 85 9% 24 h, FRAEMNGEE)S , 45 T 4012 25%0F) BBR FH 5 FEXT 4H AT AL 2, 7
W AN R, kSRR E 24, 48, 72 /NEF. TEE B RS FHIEA K PBS BelkpiE, JREGHAL, B0
LGNNI, JfHET 200 ul 1) Binging Buffer v, FHAR#E PI 40 iK71 S A AnnexinV-FITC/P1 i T2 M5
g ORU I LB ei 1Y 7 N = 22 b e Wt D @ ol ) B W 1 0 = R W o 8 = B

2.5. Western Blot &l BTG2 # CyclinB1. CyclinD1 REBRILEER

HOGHEE KR4, HIpk 3 x 10%/ml (A4, R T =4 6 fLiRHh, F 37°C. 5% CO, Hi AN
TR RE I 4E M3 FRA0 TH 5 75 24 h, FR4EMONGEE S, 45 740120 25%0% BBR 2453k FE X 40 e idf AT A0 3, )
W EX A, dREEEE 24, 48, 72 /NI WA S SR T ARYE BCA B IR I E 1150 S i
PE EHEARSE, AW S 40 ug HEE AT EAE. 48 10% SDS-PAGE #E /i i 771 & il il 73 55
A B A I, HE— D Ik, BRI, KR R A S NC i E. FH 5%0 BSA =R T TR L
B 1N, IIA—H(R T BTG2 M%#i CyclinBl. CyclinD1, TAEWRKIWE 4579 1:500. 1:1000 #1
1:1000), T 4°CUKF B EILA, 1 x TBST PP FEMAAE R — 51 ((1:5000 HRP ARic )51 %
1gG FIEPUR 19G), i T THEIK LW F 30 min, DL g-actin fE NN S . 588 F 1 x TBST Pl i )a,
H ECL (b KGIERAT WS . LI EE =K.

2.6. RT-PCR #&ill BTG2 # CyclinB1, CyclinD1 mRNA BJFRi&

O A KA, AR 3 x 10°ml ¥R AR AR, BBl =4 6 FLARP, F 37°C. 5% CO, i fl
ML AN MBS FRAT PG IR 24 h, FRERMINGEESS, 45 T 25%1 BBR JH 253k REXT 40t AT Ab 2],
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WA EX I, R E 24, 48, 72 /. WEE IR B SR S A, SRR S S Trizol $REUE
RNA, JFEIIE RNA FBTEE, AR 800 sl ) & il B 45K 5 RNA I il cDNA, AR 123207 & 10 15 )
Hi, SRS 20 uL [N R, HRBIFEF A2 42°C, 60 min; 70°C, 10 min; —20°C, hold. #i
P PCR a7 & 1 B 4 26 ot 58 & PCR % cDNA #EATH 1Y, KPAAZR 20 uL: PreMix 10 uL. HiF514)
0.5uL. F#514) 0.5 uL. cDNA K 1 uL A2 ddH,0 8 uL, PCR 34 MFEF B : 94°C A 1 min;
94°CA 1 15 s, 58°CiR:K 20 s, 72°CHEAi 20 s, fEH 40 IX; 72 Z&KIEM 5 min; 4°CLRIR. FFigH
c-omparative2 T AT H SR AR Rk . LI E R =K. BT B S NE 1

2.7. GeitEFAabTE

A SPSS 20.0 R AF#EAT LI BRI Feit 22 0T, SEIGEIEYI UL X £s Fon, A ELECRAREER
FFEANT, AP BCR A LSD #6:38, #5 7 Z 55N >RH Tamhane #:%5, LA p <0.05 NERH SR
3. R
3.1. BBR X}BF#E Hep-G2 MpiBsERIRIN: WK 2

%4 BBR 1EH T HepG-2 4t 12 h. 24 h. 48 h. 72 h )5, MK B EA4mH], H20 2k KA
1) 28 B 245 0k BE IO I T . SN ELZR R 7 AR TH S H BBR {EH T HepG-2 41 24 h [l A
25%T1) BBR HZj¥ % 7 30 pmol/L.

3.2. BBR X} Hep-G2 T AT-RI%m: WE 1, &3

HGHIE N 30 umol/L (7 BBR -7 Hep-G2 4l 24 h. 48 h. 72 h/hiHE, SXTIELIAHEL, SZib2ian
MR TGN, B B R R [ 1, 22 5 B BB TE(P < 0.01).

3.3. BBR X} Hep-G2 4l BTG2 mRNA F CyclinB1, CyclinDImRNA Fi&RIFMm: TE 2

H R E S 30 pmol/L fY) BBR 735 T-TH4HAI 24 h. 48 h. 72 h 5, SxIEAAHEL, BTG2 mRNA 4
e IK B IR HTIE IN(P < 0.01), B FH B [R] A A4 3G n 88 42 2% (P < 0.01). 1fif CyclinB1. CyclinDImRNA
1L, SxHIRAMEL, ZBHRIKP < 0.01).

3.4. BBR ¥t Hep-G2 4Bl BTG2 H CyclinB1, CyclinD1 BEAFRERFM: WE 3

L0 HRAAREL, 49Dy 30 pmol/L 119 BBR 433 T4l 24 h. 48 h. 72 h 5, BTG2 HEH KL
BT (P < 0.01). [AIFF CyclinB1. CyclinD1 & [ #3528 )% 98 (P < 0.01 5% P < 0.05).
4. ¥ig

BER, WG AEE. B, RS B, B R AT AR IR O L
PUMRE . W KRR B REAASE 2 T R — e AR . IR R U R A E
S ROS A [6]. W HIF-1a. #EK T p2dWAFI/CIPI. i E I [ CyclinB1 FIFIA[7] [8]. filk
Caspase-3. Caspase-8 Fll Caspase-7 HIidPE[9]. #IH] NF-xB v P4 K Hod #5520 VEGF mRNA 4 11
FKIA[10]. $&15 GRP78/HSPAS [3RIA[11]55 2 Rl A2 s m MoRg A A A BG 5 . A= 4t 3 F0 R 28 &
HeRe T MR, SGEOE S T R FEHSUMIEE R

BTG2 (B-cell translocation gene-2){FEN—FhHislisiEA, & F bR Rk BEK 2 —, J&T BTG/Tob
WERERNFRRRZ —. OFKEIFRIUESE, BTG2 fEVFZ MR #RIE NI, 752 R0 4u it 746
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Table 1. Real-time fluorescence quantitative PCR primers were used in this study
1. AAREMARNEAEESR PCR 51455

HH JF3(5°-3") K (bp)
BTG?2 1EA: GCCAGCCAGATCGGACTC 128
[ If: TCGTACAAGACGCAGATGGAG
. 1EA: GGTCGGGAAGTCACTGGAAAC
Cyelin B1 K il: CAGCATCTTCTTGGGCACAC 153
. 1Eh): CAATGACCCCGCACGATTTC
Cyclin D1 I h: CATGGAGGGCGGATTGGAA 146
pactin Flfl: CTGGGCTACACTGAGCACC )18

JXF: AAGTGGTCGTTGAGGGCAATG

Table 2. Comparison of the growth inhibition rate of hepg2 cells with different concentrations of berberine at different time

levels (%, X=*S)

% 2. TEFRER) BBR #57% HepG2 1R8] [E 4R KNI ML B (%, X £53)

20 5 12 h 24h 48h 72h
75 T IR 0 0 0 0
12.5 pmol/L 7.76 £0.13° 17.40 +0.10° 18.97 +0.14° 25.03 +0.23°
25 pmol/L 14.95 + 0.07% 22.97 +0.04® 26.82 +0.97% 37.16 + 0.21%
50 umol/L 39.36 + 0.09%° 52.49 + 0.04%° 56.83 + 0.16%° 62.27 +0.13%¢
100 umol/L 56.32 + 0.06% 62.46 + 0.69° 66.18 + 0.15% 71.90 + 0.01%
200 pmol/L 62.37 + 0.77%¢ 70.25 + 0,242 71.23 + (.14 74.32 + 0.05%

E: BBROAIUER: Hep-G2 A NNFRELIMLbR: SHALAEANI 1] s M REA Ty 35 #3573 (I IRALA AL P < 0.01; "R 12.5 umol/L )
Pk P<0.01; °fR3 15 25 pmol/L fILEEZ P <0.01; 15 50 umol/L fLE4e P < 0.01; © 5 100 pmol/L fILL4Z P <0.01.

> > 5
3 0 - 0.70% 1.94%
5] 3] =
R oky k=
e:| ]
3 2] . 3
. 1 0 o 1% 0.84% = 1
I i E—— o . r =
100 100 10> 10° 10* 100 100 10> 10° 10 1
FITC FITC FITC
= = =
3.09% 5.85% 3 16.41%
. ]
=
3]
2 3.83% =21 6.89% 9.74%
T100 10T 102 10° 10* 100 10 107 10° 1o+ T10° 10t 102 10°  10¢
FITC FITC FITC
24h 48h 72h

e £ ERIRIGASELNN: £ RBCAIERAIE: A ERIROGTE R IAn: AR R T RN .

Figure 1. The effects of BBR on apoptosis of Hep-G2 cells measured by flow cytometry
B 1. RN BBR XF Hep-G2 HAA TSN
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Table 3. The comparison of the apoptosis rate of Hep-G2 cells with a certain concentrations of berberine at different time levels

%, X*s)

3. —IEREH BBR 157 Hep-G2 FEIRY (8] F 4BRA T REELER (%, X*s)

Wi T HA 24 h 48 h 72h
R 0.05+0.09 2.20+0.32 0.84 £0.15
LILFE a ab abc
SIS 3.72+0.17 6.58 +£0.39 10.70 +1.20
R 1 0 2.16+0.24 0.69+0.27
. EPH%/E a ab abc
SO 3.13+0.24 559 +0.28 14.82 +£1.43

7E: BBR NHIEZ; Hep-G2 ATtk “fik 5xRAMEL P <0.01; PARFKELIGH |75 24 h [ELER P <0.01; SHRFIBA 15

48 h [IIELEL P < 0.01.

mRNAJf A% #&4k IGAPDH
IS
1
*

e e
e

T
o & &

BTG2mRNA] &ix
T R TR E4L P < 0.01,

1.6

mRNAH) Aixt 24k IGAPDH

CyclinBImRNAR %k

mRNAT fix} ikt /GAPDH

1.5

(\
3

CyclinD1mRNAff) %5k

Figure 2. The effects of BBR on the expression of Hep-G2 cells in BTG2 and CyclinB1 and CyclinD1 mRNA
2. BBR X} Hep-G2 #HAfl BTG2 # CyclinB1. CyclinDImRNA RiARISM

A

=

HER 0.20
TR 24h 72h z ’
o
. & 0.154 *
CyclinD]l WD S — - Qe
CyclinB1 —— D — - g 0107 T
b *
= 0057 =
BTG2 — o
E g
0.00 : =
carpn D GEED NS S o & & a8
&8
BTG2% [ i) %k
C D
0.8~ 1.0
= X
g g 08
8 ; @ .
E.‘ . " # mm 0.6' —
B s [— - B .
® S ® o
= o * = 0.4 e
. G x G
z e o x
Z ’ £ 0.2 o
a o a e
] " bt G
; T 0.0- T
q?"(‘ @‘(‘ »\'\' '1?“\ b§° ,\fi(‘

CyclinB1E A &

&

CylinD1%& (1 1) %%

7E: A. Western Blotting 11l BTG2 £ CyclinB1. CyclinD1 & [ #&i&; B. C. D¥EE/HH BTG2
A CyclinB1. CyclinD1 & H&AEHLCIREMIXT T XL P < 0.01, #REAMA T3 4L P < 0.05).

Figure 3. The effects of BBR on the expression of Hep-G2 cells in BTG2 and CyclinB1

and CyclinD1 protein

[& 3. BBR ¥} Hep-G2 #liff1 BTG2 1 CyclinB1. CyclinD1 B Z&RiE/IS M

o8
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H45H . DNA #5185 LR T ol S 24 FH[12] [13] [14] [15] [16], HSMOBEMI KN 4k, ##. &
RIETGAREE —ERR[L7]. ZNTHF 7RI H BTG2 (IRIE, Al s FLIRE . 705 e
T2 8 45 bR 4 R A B 0 . % S4BV To[18] [19] [20] [21]. H BT, A S IESE BTG2 A 44
ANRIEBFH RIEAEFAC, AL 55 20 2L a8 0E 5 A h B W s, 38 BTG2 [/ R 5t e 1)
KA R EAGIER[22] [23]. ASEREE FRIL—E N E %R T 7 Hep-G2 4iffl)5, BTG2 &
1 5% mRNA FIRILH# bl A B [ A KBt g, 2R BRI %E L.

41 1 E 1 Cyclin B1 AE>A Cyclins ZKE ¥ — 51, #& k5 CDKs Bl CDC2 (cell division cycle) JE %
HEW), (RAEAIMIBET G2/M AR . A Z W 5T R W], Cyclin BL FIZRIA, 887 4H A 1) 434 58 r ke 2 42
YEF[24] [25]. BWF5E[26] R B4 L+ CyclinB1 mRNA Fik/KF5imK 0. I8 IERE . RE
SR TR AR R 2 A S5 B E A DG o FE AR SRR P 2 — 8 IR I 0% 321 T HepG-2 4185, CyclinB1
MRNA FIE [ 1R IA Y A I AR o, Hof B B R e, 2R BA g0 5

Cyclin D1 fE N —Fh7E M F AL N R (1, B GL I E N, JFHEZ MR it £IE.
HW R T Cyclin D1 f3eik, w4 A IR A 7E G1 H1, A4l s 40 M g 5 . 75 S 4u g o
[27] [28]. HAl, FA%EWF cyclin D1 75 P AL 2 AH I 1 T 40 M i 41 2 ) Rs o 55 41 21, BA
BEAREH PIE 20 S ey, S I 4R 2L 3 2 0 BB TS RIS 2 IEAH G, #2018 eyclin D1 &
FIE N BUEAEH[29] FEASEEG 24— @ IR FE I 3% 3R T HepG-2 4Hi/iidf5, CyclinD1 mRNA i H £
IR VI A I TR RO s, B R R AR, E R R SR .

IR 52 A D A Jo i AT A s DR P 800G AR () 0 22 IR 1 2R 9% o« BT G2 VR NGB £ R I, A2 4l
WS 72 W B L IR, 5 20 B R S 4 R 4T i X DNA 35245 [ B 9% o 1 98] [28] R Bl i BTG2
(12235 w4 CyclinD1 & [ S 5% 1, P4 CyclinD1 & 136k, AR5 38 e 200 19X i 15k 41 it 98 225 [ (Rb)
BAMEANPEHATE GL I, (g, BTG2 il dE Rb & ik CyclinB1 F1 Cdc2 (44, il
Cdc2 Wl g, S G2 WIMFHr, WiihS G2/M KA 4H A & HIRH A A A0 f i T2 AR 1% SL88 Hh AT R 3
B — s R 5 OE R E I R K, IR T RiRWE 2, H BTG2 EAXREZH LA, [
CyclinB1. Cyclin D1 mRNA J¢ i HFIEEH T, 5 Ra i@, 5 S,

FHUC AT, PR A MG ARGy, F S4BT RER .. XS5, BRATSRAR
(1) 48 h ¥} 4 i B2 1C50 = 41.18 pmol/L 1R B EE 35 1 79 e HepG2 4 i 184 5 AN T 1) 45 SR AH — 2.
MLz — ] GE 2@ FRPE R BTG2 3Rk, A 5]#E CyclinB1. Cyclin D1 [J3RiE N i, (H2&TE %
SR EOE A PUGA RN BTG2 BEAINHIHAEE, Afrdt— L5, H BTG2 HuMEmEN S
Cyclin B1. Cyclin D1 [{ERIAME A BLHEAH M, B — 0 suihRiF s, F SR THEn
IGIRIARYT, R BAWARIT R, 367 ZI RIS Sk — IR ANIR T

E&WE

B % | AR5 4 FF 1 H (81301631).
WAL E i35 9 A4 T H (WJ2017H0036)
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