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[(# ZE] HBHM: HHERBR/AEER (BBR) X 1R AiR S (HSV-1) Y Hela 41 M A Wi (1 5%
We, OF BB A SCHLN . ek e RE AL TR ECE K09 HeLa 4 i 23 51 mA 0. 10, 20, 40, 80. 120 A1
160 pmol-L ' BBR #1515 3% 24 h. 53 ¥ Hela 4 fig 43 4 HSV-1 40 (&Y HSV-1) . L-BBR 4 ()& 4
HSV-1J5, H20 pmol-L ' BBRANFE 24 h) . M-BBR#H (/&Y HSV-1J5, 40 pumol-1. ' BBR &b B
24 h), H-BBR4l (&Y HSV-1J5, F 80 pmol-L ™' BBRALFE 24 h) #1740 Y-P4 (J&§ HSV-1J5,
FH 80 wmol+L ' BBR #1 10 pmol-L ' 740 Y-P 4b 3 24 h) , 24T 9 T 8 Y Ko A1 R (4 25 B 4b ¥, Py Hp
M MR ER (MTT) A I 0 S 7] 4 B BBR 40 B8 Hela 20 035 Pk, 2% 5 50 52 560 46 0 4% 4H HeLa 40 i
P HSV-1 35 fE /1, S2mF %6 E B PCR (RT-qPCR) 346 I 4% 41 Hela 40 M 7 955 25 &2 i A1 56 3 [H
mRNA £ KKV, e 58 0 2K 4 41 Hela 400 i P U85 G BE (1 1 8885 3 (LC3)  H Wi /MATE i1
B, 40 M AR K 4% 2H Hela 40 i 8 - %, Western blotting % 6 1 4% 2 Hela 40 il 0 [ W5 K 85 )5 Bt
URE 3-¥ G (PISK) /& MM B (AKT) /MFL iy HEmEREEN (mTOR) i@ i A0 OC & H £ ik
K G MTT AN, 50pmol-L ' BBRALHH, 120 F1160 pmol-L ' BBR 41 HeLa 4l g 7if 1%
Bl I (P<<0.05), X4 BA —E 8 ks 820, 40180 pmol L' BBR ¥EA7 5 £ 5286 . 25 BE
Bk, 5 HSV-140 14, L-BBRZH . M-BBR 41 F1 H-BBR 2 HeLa 4l Jfl 25 50 W 8. (PFUSs)
B> (P<<0.05), JES7RR#iPE; 5 H-BBRA WA, 740 Y-P 41 Hela 4 Jfil vh PFUs B & 3% fin
(P<<0.05). RT-qPCRIEAM , 5 HSV-141H%, L-BBR4l. M-BBR 41 Ml H-BBR 4 J& 4 41 il 2 14 0
(ICPO) . B AMIE 1 22 (ICP22) . JEULAfE M 8 (ICPS) . M1l (TK). ¥EH B (gB) Ml
BEE D (gD) mRNA # kK FEHH EEM (P<0.05), IS5 EKH#M; 5 H-BBR 4 L#,
740 Y-P #H HeLa 4l gt ICPO. ICP22. ICPS. TK. gBHl gD mRNA Fik/KFH U 85 (P<<0.05),
TRETCPEAGI, S HSV-141 %, L-BBR4l. M-BBR41F1 H-BBR 41 HelLa 40 g f LC3 A W /MATE
BRI, 5 H-BBRALLE:, 740 Y-P 41 Hel.a 40 fid i LC3 [ W /N T A8 K505 ok 20 o 37 =X 40 g R
K, 5 HSV-141 4, L-BBR4l. M-BBRZ A H-BBR 41 HeLa 4l fg 8 - % W] @ F+ & (P<<0.05),
I B R B B M . 5 H-BBR 4 L4, 740 Y-P 2 HelLa 20 M 8 17 B B F# K (P<<0.05) . Western
blotting 44ill, 5HSV-141164, L-BBR41. M-BBRZHFI H-BBR 4 HeLa4iffith 4% 1 (Beclin-1)
B 40l bk B2 2 (Bel-2) /M 7 E1B 19kDa & AR B AR HIEE 11 (BNIP) 2 [ Rk KFFLC3-11/
LC3- T WEHM B FAE (P<<0.05), JFE M EMKHiE; 5 H-BBRAILH, 740 Y-P 41 HeLa 4f i
Beclin-1 F1 BNIP & [1 % ik /K 3 & LC3-11 /LC3- 1 e B B B A% (P<<0.05); 5 HSV-14H#,
L-BBR#H . M-BBRZH#1H-BBR £H Hela 4 il 1} & 2 b 2002 19 K A 2R 25 UK fi# il 1 (Caspase-1) . &2
B & R A KA F R H KB 3 (Caspase-3) Ml Bel-2 156 X H (Bax) fHH R E/KFEWIHE &
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(P<<0.05), Bel-2 & (1 £ 5K F B 8 &M (P<0.05), JF 2 # B #HH; 5 H-BBR 4 k&,
740 Y-P 41 Hel.a 4l jfd ' Caspase-1. Caspase-3 il Bax 2 (1 # ik /K F B W &Ik (P<<0.05), Bel-2 & M
FIR K B A (P<C0.05); 5 HSV-141t 4, L-BBR4l. M-BBR 4 f1 H-BBR 41 HeLa 4fl ffi
W2 fk PISK (p-PI3K) /PI3K. #ffk AKT (p-AKT) /AKT B/ mTOR (p-mTOR) /mTOR
FEAE 2 0 @ AR (P<<0.05), JFRFlERMmitt; 5 H-BBRA &S, 740 Y-P 41 HeLa 40 Jfd  p-PI3K/
PI3K. p-AKT/AKT Fl p-mTOR/mTOR W {E ¥ I & I (P<<0.05). 4. BBRAEW L HE HSV-1
W B IER Y HeLa 4 iy B Wit B2, 5 AWK ER T, JE R EF MR & W, HAE LS 5
PI3K/AKT/mTOR il A %

[R@R]  FhB/NEER;  BREISBENLEE 3-WhE; Ao BB, WIS & 0 R A
I RIS A2 s H R
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Effect of berberine hydrochloride on autophagy of HeLa cells
infected with herpes simplex virus type 1 by regulating PI3K/
AKT/mTOR signaling pathway

ZHU Haidong, LYU Changkun, SHI Wei
(Department of Basic Medicine, Shangqiu Medical College, Shangqiu 476100, China)

ABSTRACT Obijective: To discuss the effect of berberine hydrochloride (BBR) on autophagy in the
Hel.a cells infected with herpes simplex virus type 1 (HSV-1), and to clarify its related mechanism.
Methods: The Hel a cells at logarithmic growth phase were added with 0, 10, 20, 40, 80, 120, and
160 pmol-L~" BBR, respectively, and cultured for 24 h. In addition, the Hela cells were divided into
HSV-1 group (the cells were infected with HSV-1) , L-BBR group (were infected with HSV-1 and then
treated with 20 pumol-L ' BBR for 24 h), M-BBR group (were infected with HSV-1 and then treated with
40 pmol*L ' BBR for 24 h), H-BBR group (were infected with HSV-1 and then treated with 80 ymol-L '
BBR for 24 h), and 740 Y-P group (were infected with HSV-1 and then treated with 80 pmol-L ' BBR
and 10 pmol-L™" 740 Y-P for 24 h) for viral infection and corresponding drug treatment. MTT method
was used to detect the activities of microtubule-associated protein 1 light chain 3 (I.C3) the Hel.a cells after
treated with different concentrations of BBR; plaque reduction assay was used to detect the proliferation
ability of HSV-1 in the Hel a cells in various groups; real-time fluorescence quantitative PCR (RT-qPCR)
method was used to detect the mRNA expression levels of virus replication-related genes in the Hel.a cells
in various groups; immunofluorescence method was used to detect the formation of autophagosomes in the
Hel.a cells in various groups; flow cytometry was used to detect the apoptotic rate of the Hel.a cells in
various groups; Western blotting method was used to detect the expression levels of autophagy and the
phosphoinositide 3-kinase (PI3K)/protein kinase B (AKT)/mammalian target of rapamycin (mTOR)
pathway pathway-related proteins in the Hel.a cells in various groups. Results: The MTT method results
showed that compared with 0 pmol-L ' BBR group, the activities of the HeLa cells in 120 and 160 pmol-L "
BBR groups were significantly decreased (P<C0.05), which had certain toxicity to the cells; 20, 40, and
80 pmol-L ' BBR were selected for subsequent experiments. The plaque reduction assay results showed
that compared with HSV-1 group, the plaque forming units (PFUs) in the Hel.a cells in L-BBR group,
M-BBR group, and H-BBR group were significantly decreased (P<C0.05) in a dose-dependent manner;
compared with H-BBR group, the PFUs in the Hela cells in 740 Y-P group were significantly increased
(P<<0.05). The RT-qPCR results showed that compared with HSV-1 group, the mRNA expression
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levels of infected cell protein 0 (ICP0) , infected cell protein 22 (ICP22) , infected cell protein 8 (ICPS),
thymidine kinase (TK) , glycoprotein B (gB), and glycoprotein D (gD) in the HeLa cells in L-BBR group,
M-BBR group, and H-BBR group were significantly decreased (P<C0.05) in a dose-dependent manner;
compared with H-BBR group, the expression levels of ICP0, ICP22, ICPS, TK, gB, and gD mRNA in the
HelLa cells in 740 Y-P group were significantly increased (P<Z0.05). The immunofluorescence method
results showed that compared with HSV-1 group, the number of LC3 autophagosomes formed in the Hel.a
cells in L-BBR group, M-BBR group, and H-BBR group was increased; compared with H-BBR group,
the number of LC3 autophagosomes formed in the Hela cells in 740 Y-P group was decreased. The flow
cytometry results showed that compared with HSV -1 group, the apoptotic rates of the HeLa cells in L-BBR
group, M-BBR group, and H-BBR group were significantly increased (P<C0.05) in a dose-dependent
manner; compared with H-BBR group, the apoptotic rate of the Hela cells in 740 Y-P group was
significantly decreased (P<C0.05). The Western blotting method results showed that compared with HSV -1
group, the expression levels of Beclin-1 and B-cell lymphoma 2 (Bcl-2)/adenovirus E1B 19kDa protein
interacting protein protein (BNIP) 2 proteins and the ratios of LC3- [l /1.C3- | in the HeLa cells in L-BBR
group, M-BBR group, and H-BBR group were significantly increased (P<C0.05) in a dose-dependent
manner; compared with H-BBR group, the expression levels of Beclin-1 and BNIP proteins and the
LC3-11 /L.C3- 1 ratio in the HeLa cells in 740 Y-P group were significantly decreased (P<C0. 05); compared
with HSV-1 group, the expression levels of cysteine-containing aspartate protein hydrolase 1 (Caspase-1)
cysteine-containing aspartate protein hydrolase 3 (Caspase-3) , and Bel-2 associated X protein (Bax)
proteins in the Hel.a cells in L-BBR group, M-BBR group, and H-BBR group were significantly increased
(P<C0.05), and the expression level of Bcl-2 protein was significantly decreased (P<C0.05) in a dose-
dependent manner; compared with H-BBR group, the expression levels of Caspase-1, Caspase-3, and Bax
proteins in the HeLa cells in 740 Y-P group were significantly decreased (P<C0.05), and the expression
level of Bcl-2 protein was significantly increased (P<C0.05) ; compared with HSV-1 group, the ratios of
phosphorylated PI3K (p-PI3K)/PI3K, phosphorylated AKT (p-AKT)/AKT, and phosphorylated mTOR
(p-mTOR)/mTOR in the Hel.a cells in L-BBR group, M-BBR group, and H-BBR group were
significantly decreased (P<C0.05) in a dose-dependent manner; compared with H-BBR group, the ratios
of p-PI3K/PI3K, p-Akt/Akt, and p-mTOR/mTOR in the Hel.a cells in 740 Y-P group were significantly
increased (P<C0.05). Conclusion: BBR can promote the autophagy process in the Hel.a cells infected
with HSV-1 by regulating the PI3K/AKT/mTOR pathway, induce autophagy-dependent apoptosis, and
significantly inhibit the virus replication.
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1R s sl 92 9% 7 (herpes simplex virus type 1,
HSV-1) J&—F & T8 e A28 10 1 pilt 22 0L DNA
WNEE, BT IR IE, TE b R M S
JFREE M TP IR A B, E R E N,
HSV-1 B @Y%, 50%~90% M A 11 HSV-1
I35 R 0 2 BH P S S V-1 35 2 3 o b A el ik
RAEE, BIRBAERSLIANG R R . B (i m
FERE) I A8 E (W) moRg ., — Bk Afk
P, S TR T il e AR Rl 27T, JB M
PLIA ML A & By AROIRZS T 0 HS V-1 8 e 19 i IR
RN SR Z R BRK I, ] iR R BU™ Y

KAE, MR EEVEMEE A . R RPN R FIEAE, H R
BT M HRAE M T S R, B R R R AL
VWY RESIL NEE, /NEEM (berberine,
BBR) & ZFEP R A=Y, )T
PN MR R NONBERAE Y, BAAPUR A
YU S 2 M AW . FEIRIKFTHF 5, BBR
AT 3 2k B [ 6 92 A A S 0 2 A B B s R B
92 9 1 R HLH g A2 T, (BB HS V-1 9% &
Yy ELARBIL ] 1 R o8 2 Wi . BRI, ARAF5ER H BBR
Xt HS V-1 2 (9 HeLa 40 ML ifE 47 T8, LAAI2E
PR A0 5 W AE 19 43 F L
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1.1 @i meE 22X NNE ATFEImM
Jil ¥k HeLa Wy [ o 305 % 28 4w BL B A IR A # .
HSV-1 F #k11g B 00K 27 BE 22 B i 25 22 fF 55 B .
BBR (4 >970) #0pd LA Z ok £ [3-(4, 5-
Dimethylthiazol-2-y1) -2, 5-diphenyltetrazolium bromide,
MTT] H &l A R EREARA A, R
HEHB . A3 HEH . RPMI 164085 573 . i
A4 1ML 3% (fetal bovine serum, FBS) #1 RIPA % it
W4 T 35 [ Promega 24 ®], 3 4% sl ) & 8 A
EWEE R RAEYA RS A, BE GBI EE 3-8 A
(phosphoinositide 3-kinase, PI3K) 4 i% # 740 Y-P
W BT b AR A B R AR A A
TRIzol, SYBR green PCR Mix. ¥ B 20 i itk 2
J& 2 (B-cell lymphoma-2, Becl-2) /if 9% & ELB
19kDa % 1 M B /E F & 1 (Bcel-2/adenovirus E1B
19kDa protein-interacting protein, BNIP) 2 #ii {& | %
PIE A B B (protein kinase B, AKT) ¥k, bt
Witk AKT (phosphorylated AKT, p-AKT) Hiff .
RBUHFL Y F NG R E N (mammalian target
of rapamycin, mTOR) ¢ A& F1 4 T #% 2 fk mTOR
(phosphorylated mTOR, p-mTOR) $t ikl H 3 &
Thermo Fisher Scientific 22/, HPUHAEHCHE A 1
4% 3 (microtubule-associated protein 1 light chain 3,
LC3)- I itk . bt LC3- T ifk . SRyt FEE 1
(Beclin-1) HU A& . b & ¢ B2 R 1 K & &R R
H K f#B# 1 (cysteinyl aspartate specific proteinase-1,
Caspase-D PR . RPTHFFMARY RLAREA
K f#% B 3 (cysteinyl aspartate specific proteinase-3,
Caspase-3) Pk . ¥t Bel-2 Mk X HEH (Bel-2-
associated X protein, Bax) $ii&. it Bel-2 Pk .
ST PISKPUAR, S Hi @5 iR /k PISK (phosphorylated
PI3K, p-PI3K) #T & A1 H i B 3 B B2 Wi = i
(glyceraldehyde-3-phosphate dehydrogenase, GAPDH )
g 1 2% B Abcam 24 7] . TGL-16MS %15 75 20 B 5
OALIE B AR O PSR A R ], heE
BE A H H A Nikon 24 w), 40 M 55 5246 10 1 26 [
Thermo Fisher Scientific 2 A o

1.2 mpeififerast® EHEHMET, K
1.6 mg BBR 5 20 . DMSO # FIR & 4], BG
A 980 mlL # R £ 2% sh M (phosphate buffered
saline, PBS), % %1000 mL, FFRIE5HESI L
il B . kR, B R W R (dimethyl

sulfoxide, DMSO) kB4 FF7E 0. 1% LLF o
B B 4P 9 25 ) BEAT A3 %€, IR A T — 20 “CHRY DG
W8 % Hela 4 Ml £ # T & 10% FBS A
1% 7 -4% % Z 19 RPIMI 1640 5 5 5, T 37 °C,
S5%CO, BT P I AT % HLER 35 o B 5 85 Ak T X B4
U 0 40 DA AL 1< 107 A 20 i 14 %% % 3 b 1 6 4L
ML FRAR T, R RS SR A 0 40 0 A TR v
(0. 10, 20, 40, 80. 120 #1160 pmol-L~') BBR
Bigg2dh, BAWERIANEL, HTRENBBR X
HeLaZH G52 . 34 40 ML BEHL 5 HSV-141
(B g HSV-1). L-BBR 4 (& 4t HSV-1 )5, H
20 pmol-L ' BBR 4t P 24 h) . M-BBR #1 (& %t
HSV-1J5, M 40 umol-L ' BBR &b 3 24 h) .
H-BBR %1 (/&4 HSV-1J5, 80 pmol-L ' BBR
4b B 24 h) F1 740 Y-P 4 (& Y« HSV-1 J5, H
80 pmol-L. ' BBR A1 10 pmol-L. ' 740 Y-PAb¥E 24 h) ,
Hela 40 Mg 82 70 T 12 FL A0 M 15 F= M b, T2 Lo 2
Jo, fE37 CH&MFRERY HSV-1R 5, ZHERBPE
0 (multiplicity of infection, MOD) =1.5, &4t 2h
G, BB . AR R 25 Y B SR W
37°C. 5% CO K598 24 h, HHK3IANEL, HTF
il BBR % HSV -1 5 8 /& Y HeLa 41 I 1Y 52 0 . 24
Y3 MOT 2 2% 3k [8-9].

1.3 MTT &4 2 R F %k B BBR & # Hel.a %8 #&
FW OB AL T B K W Hela 40 i 4 Fh F
96 FLAN A IE FR MR, K5 3% 24 ho RS 2 BRIEA B
IR, AR A& 0, 20, 40, 80, 120
160 pmol-L ' BBRIY¥E M, T 37 °C. 5% COH
BEFHATWBE 720, W, &L 10 uL MTT
(0.5gL") W& 2~4 ho W L35, A 100 pL
DMSO # fift 45 &, T ¥ 4 490 nm &b & W% St
BEO(A) fH, PLAEACF 40 sk

1.4 ZsaBHFEEH M B4 HelLa 2858+ HSV-1
¥ H WA [10] A9 vk, ¥ HeLa 4
T 37 CA&AF PG HSV-195 2 2 h)m , BHG
BER Y . ML mA 1 mL HILLT 4R E LR,
AR 20 WL R 5 245 f 2l vk BE 1Y
M54l . F37°C. 5% COME&MT, K4
MLEH 72 ho flH A% 2 5 W R e A0 M . [
J, FH 1% 45 X dn AT e, AE W O R 0
ZEOL A J AR Z TR R B i B R 20 IR A
925 BE . 45 i 52 OFF A B A 8058 60, T TG A4 A 1
Oy HEAT S BEE A, AR i A BE ORI
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s R FEH S BETR BE 45 2R LU 22 TR 1 A i 1Y 25
BEIE % H.47 (plaque formilg uints, PFUs) #7& .
PFUs=(X1+X2+---+Xn) Xd/(nXv), X1, X2,
Xn AR 3 [a] —# BB BE F AN [a] 15 55 AL o o 08 ¢ 3] 11
ZREH, nfURS 5B RS, vER
JieE it (mL), d 3R MBS E . PFUs%
{BLBR 1= 9 735 o 75 48 B A ) B

1.5 S8 % & % & PCR (real-time fluorescence
quantitative PCR, RT-qPCR) ## ®| & 48 Hel.a %9
JeL ¥ & # 4m Je. % & O(infected cell protein 0,1CP0)
B % 4 e %& & 22(infected cell protein 22,ICP22)
B % %m jo & 9 8 (infected cell protein 8, ICP8)
¥ % ¥ B (thymidine kinase. TK) . # % & B
(glycoprotein B, gB) #= # & & D (glycoprotein D,
gD) mRNA & ZAK-F &AM, )1 TRIzol
B B RNA A 3906 5% S 2 50) & 10 W 45
Wik 5 cDNA., R H RT-qPCR{X# 4T RT-qPCR
% . PCRZI 414 95 CHIZEHE 5 min, 95 °C

AR PE 10 s, 60 Ci K AEfH 30 s, 40 MEIF, R H
2 0k B A A i ICPO, ICP22, ICPS,
TK. gBF gD mRNA FKikAKV-. 51¥FH 0L« 1,

1.6 SZEFEREFHMNEZEH HeLatmpe P LC3 B
DR R B FF Hela 20 M 322 Fh % 6 FL 40 i 15 5%
M, R EA NG5 GE T (green fluorescent
protein, GFP)-H 4K £ (4 %¢ 5 8 11 (monomeric red
fluorescent protein, mRFP) -LL.C3 it i 5 &% Y& 24 h,
PBS 2 W W vk i 5 . 23Ot AU X LC3 B Wi/
RHEAT % . GFP-mRFP-LC3 4510 (49 [ W /N Ak 32
IS TEANCR) o

1.7 AX@meREn & HHelam e A =% PBS
VR4S 41 HeLLa 0 MU BEAS , 4 °CR8 0 Y4 40
MIFEA, R M T 456 28 il , I A BRI 2 A
V-FITC (5pL) APl (5pL), =EEEEHE
15 min, A MARK M ZOCE S . Fith TR
AR A3, BRI AM M T4

&1 PCREIYFF
Tab.1 Primer sequences of PCR

Primer Forward (5'—3") Reverse (5'—3")

ICPO TGTGCACGGATGAGATCG TCGTTCACGATCGGGATG

1CP22 ATGGACAAGGTAACCATCGG TTGAAAAACGGAAGGGGGTA

ICP8 TGAAGTTCCTCCCCCTCCAC TGAAGTTCCTCCCCCTCCACGGAGACCATCATCACCAACC
TK CGATGACTTACTGGCGGGTGT GCGTCGGTCACGGCATAA

gB GCCTTCTTCGCCTTTCGC CGCTCGTGCCCTTCTTCTT

gD CCCGATCACGGTTTACTACG AGCGATGGTCAGGTTGTAGG

GAPDH CAGCCTCAAGATCATCAGCAA CCATCACGCCACAGTTTCC

1.8 Western blotting 3 # @ &40 Hel.a 8 6 F &
" A T PI3K/AKT/mTOREZE F @B ML E G
AEAKFE TRIPAZGWW (FHEABEIEFR)
WA H HeLa M0 . BEJG , W 2MMW T 4 CHRAMF
T LL12 000 remin "B 15 min,  BL25 BN % MY
U2 4 o SR BCA B &l B vk . @
12% SDS-PAGE HiJk, M EEAHE S 4325 20 pg
FEA, B HLEBEEPVDF L. KEE TS
A 0.05% Tween-20 (1) TBST 2% vhh %5 W S 5% Jig
R4, TERTFTBEF2hEW., K5 35
BNIP2(1:1000) AKT(1:1000) .p-AKT(1:1000) .
mTOR (1:1000), p-mTOR (1:1000), LC3-1
(1:1000), LC3-1 (1:1000) ., Beclin-1(1:1 000) .
Caspase-1 (1:1000). Caspase-3 (1:1000). Bax

(1:1000), Bel-2 (1:1000) . PI3K (1:1000) .
p-PI3K (1:1000) FIGAPDH (1:1000) F4 T4
PEF IR E 8% AR HRP A5 id /9 1L =E Bt
B lgG (1:5000), FTERIRME 2h, RS
KGR RE UE AT AT AR A B, Ak 2R RO R R G
Amersham Imager 600 R 4EE1% . K H Image J 34
STEASWIKEM, YLGAPDHANZ, HHH
MAEAREKT. BMEARSKF=HRHEAR
WK EEH/ NS A &0 KBEE .

1.9 %itFo# KA SPSS 25, 0f it 1148112
ST, HelaZl itk . 444 HeLa g i PEUs., 41
fii s ICPO. ICP22, ICPS. TK. gB il gD mRNA
FIEKF . HeLaZii =% . A WG T & PISK/
AKT/mTORAE 53 # A0 3¢ 8 1 R IBAKF R 5 IE
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B51 % el 202548 11 A

BT, Vlatsom, 24 RREA 480 3%
LTSI =00 o TN << [ |F1 = S NS < T e A S
LSD-t#5 8. LI P<<0.05HESHRIT%E L,

2 & B

2.1 Z#HeLafmpe#®®™ 50 pmol-L 'BBR4
Fe#, 10, 20, 40 #1 80 pmol-L ™" BBR #i Hel.a
Y iEPE 22 R g i L (P>>0.05), 120 A0
160 pmol- 1" BBR £ Hela 41 i i 14 B 2 F& A% (P<<
0.05), RWIHXTMMEA —EHEME. WE 1, Fitk
PEFE 20, 40 F1 80 pmol- L' BBR #k 17 5 42 5256

2.2 Z#mHelLafmpo¥ PFUs 5 HSV-14 %,

Activity of cells A(490)

"P<<0.05 compared with 0 pmol-L ™' BBR group.
Bl #4 Hela 40l #

Fig. 1 Activities of Hel a cells in various groups

L-BBR 41 . M-BBR 41 Al H-BBR 41 Hel.a 41 jif
PFUs B B F#E (P<<0.05), JFE7EKEE. 5
H-BBR 41 L #, 740 Y-P 41 Hel.a 8 Jifi b PFUs 1
BIkE (P<<0.05), WA 2,

50 -
40 |
30 |

EYAN o
20

PFU (x10° mL ™ })

*#
10 |-

: S &
D
Vﬁb Y

N R
SR
& Q;b N

'P<<0.05 compared with HSV-1 group ; “P<C0.05 compared
with L-BBR group; “P<C0.05 compared with M-BBR group;
©P<0.05 compared with H-BBR group.

B2 44 HelLa#Mfi PFUs
Fig. 2 PFUs in HeLa cells in various groups

2.3 &% Hela % & ¥ ICPO.ICP22.ICP8. TK .
gB #= gD mRNA & K F 5 HSV-14 &,
L-BBR 41 . M-BBR 41 Al H-BBR 41 Hel.a 41 jifd
ICPO, ICP22, ICPS., TK. gB#l gD mRNA % ik
K2 REAR (P<T0.05), I 5 7 o 4 i vk o
5 H-BBRA L%, 740 Y-P 41 Hela 41 s th ICPO .
ICP22., ICP8. TK. gB#l gDmRNA 3% ik K1 B
BFE (P<0.05). WL#E2,

%2 &% HeLa 41}tk ICPO.ICP22.ICPS\ TK .gB F gD mRNA 357K F
Tab. 2 Expression levels of ICP0,ICP22,ICP8, TK,gB and gD mRNA in HeLa cells in various groups (n=3, x+s)

Group ICPO ICP22 ICP8 TK ¢B gD
HSV-1 1.0140.02 0.98-+0.10 1.064+0.13 1.0140.09 1.0540.12 0.99-0.09
L-BBR 0.85+0.09" 0.79-+0.06" 0.80-0.09" 0.83+0.08" 0.79+0.07" 0.7140.08"
M-BBR 0.61+0.08 0.50+0.07"* 0.58+0.07" 0.66+0.05" 0.59+0.08" 0.5240.06"
H-BBR 0.33+0.05™ 0.2340.04" 0.2240.05™ 0.30+0.06™ 0.2040.05™ 0.2340.04"
740 Y-P 0.65-+0.07° 0.560.07° 0.64-0.08" 0.49+0.05° 0.58--0.06° 0.59-0.08%
F 462.461 330.150 247.229 401.737 289.045 309.713

P <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

"P<C0.05 compared with HSV-1 group; “P<C0.05 compared with L-BBR group; *P<C0.05 compared with M-BBR group; “P<C0.05

compared with H-BBR group.

2.4 B HelLaZmpe P LC3 A NKHEREF L
5 HSV-1 4 It %, L-BBR 4 . M-BBR 4 #1

H-BBR 20 Hela 40 i /7 LC3 B W /NMAETE i %5 18 38
fin. 5 H-BBR 4 L%, 740 Y-P £ Hel.a 4f ffg rp
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Fig. 3 Formation of LC3 autophagosomes in Hel a cells in various groups detected by immunofluorescence
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Fig. 4 Apoptotic rates of Hel.a cells in various groups

%3 HHHeLa AT R
Tab.3 Apoptotic rates of HeLa cells in various groups
(n=3, x5, 9/ %)

2.6 A48 Hela%m}t ¥ Beclin-1f BNIP & & & &
AKFELC3-NM/LC3-T1 a5 HSV-141 %,
L-BBR 41 . M-BBR # 1 H-BBR % Hel.a 4 ffi

Group Apoptotic rate Beclin-1 )52 BNIP E H %%ibﬂ(i‘z *ﬂ LC3-1I /LCg- 1
HSV-1 5.3640.25 FofE 24 B0 B (P<<0.05), Jf 52 F) & 4K
L.-BBR 1103;1‘16(’ EH-BBRéﬂtK?)‘C, 740 Y-P?ﬂHeLaé’ﬂ]ﬂﬁ"P Beclin_lﬂgu
M-BER f7oaeze BNIP ZE 4% i5 K F &% LC3- 11 /LC3- T {8 28
H-BBR 30.234+4.91°7 - - . 4

oy 16.624.5.150 FEAE (P<<0.05). WIESMFE4,

F 31734 2.7 B#HeLa%mpiF Caspase-1.Caspase-3.BaxFfe
P <0.01 Bel-2% & £ #AKRF HHSV-141b%, L-BBR4 .

M-BBR 41 1 H-BBR 41 Hela 4 fifg tf Caspase-1.
Caspase-3 fll Bax 5 [ £ A K FYWH B A& (P<
0.05), Bel-2 2 &k KF B AL (P<<0.05),
IR F R AREE s 5 H-BBR4L &, 740 Y-P 41

'P<0.05 compared with HSV-1 group; “P<C0.05 compared
with L-BBR group; “P<C0.05 compared with M-BBR group; “P<<

0.05 compared with H-BBR group.
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Lane 1: HSV-1 group; Lane 2: L-BBR group; Lane 3: M-BBR
group; Lane 4: H-BBR group; Lane 5: H-BBR group;
Lane 6: 740 Y-P group.

Bl 5 Western blotting ¥ & 3l & 4 Hela 40 § H
Beclin-1, BNIP, LC3-TT 1 LC3- I HE &K H 3k A
Fig. 5 Electrophoregram of expressions of Beclin-1,
BNIP, LC3-1 , and LC3-T proteins in HeLa cells in

various groups detected by Western blotting method

#4 %4 HeLa 4 i ¥ Beclin-1 71 BNIP % H & 5K F &
LC3-T/LC3-T HfE

Tab. 4 Expression levels of Beclin-1 and BNIP proteins and
ratios of LC3-1I /LC3-1 in HeLa cells in various groups

(n=3, x=+s)

Group Beclin-1 BNIP LC3-1/LC3-1
HSV-1 0.2940.04 0.3540.05 0.1540.04
L-BBR 0.6240.07" 0.67+0.08" 0.47+0.06"
M-BBR 0.98-+0.09"* 0.93+0.10" 0.91+0.10"~
H-BBR 1.3340.14%  1.414+0.15%%  1.32+0.13"°*
740 Y-P 0.5940.07° 0.5340.07° 0.9240.09°

F 64.124 60.267 78.190

P <0.01 <0.01 <0.01

'P<C0.05 compared with HSV-1 group; “P<C0.05 compared
with L-BBR group; "P<C0.05 compared with M-BBR group; “P<C
0.05 compared with H-BBR group.

Hela 4l ffi # Caspase-1, Caspase-3 Fll Bax 5 H % i5

JKSF-BH B AR (P<<0.05), Bel-2 % 11 25 7K F B
WFE (P<<0.05). WLE6MIZES.

Lane 1: HSV-1 group; Lane 2: L-BBR group; Lane 3: M-BBR
group; Lane 4: H-BBR group; Lane 5: H-BBR group; Lane 6:
740 Y-P group.

Bl 6 Western blotting ¥ A 9l 4 41 Hela 40 Jig &
Caspase-1,Caspase-3,Bax #l Bel-2 & H R A H KB
Fig. 6 Electrophoregram of expressions of Caspase-1,
Caspase-3, Bax, and Bcl-2 proteins in Hela cells in

various groups detected by Western blotting method

2.8 Z#HelLafmpe ¥ p-PI3K.PI3K.p-AKT.AKT.
p-mTOR ## mTOR & & £ & K F 5 HSV-14
%, L-BBR# . M-BBR 4 fl H-BBR 41 Hela 4fl
i # p-PISK/PI3K, p-AKT/AKT #1 p-mTOR/
mTOR WA B AL (P<<0.05), I & &K
vk, 5 H-BBRAL LA, 740 Y-P 20 HeLa 2 jfd i
p-PI3K/PI3K. p-AKT/AKT 1 p-mTOR/mTOR
FefE 3 IR (P<<0.05)., W7 £ 6,
3 4t it

S LR TE R ] IR SRR SR AT R
M0 RE R G0 A AR PR B B D R S I, X s R g
EATRE S| & e IR 0 L 38 A A 2 A
HJm (Food and Drug Administra-tion, FDA) Ht#E
PR IT 2B 25 ) E AR Y, b
<O TN = ST FI RSN IR I FRN - B i Bl LR I o2
DNA B4 B LA B 1k 5% 75 & il {_/\%/ﬂﬁmﬁ
SR A K, TERELLE BT i /\Jmfﬁ'umﬁ YL 5]

#5 4l HeLadlfirh Caspase-1.Caspase-3.Bax #l Bel-2 8 A ik K

Tab.5 Expression levels of Caspase-1, Caspase-3, Bax, and Bcl-2 proteins in HeLa cells in various groups (n=3, =)

Group Caspase-1 Caspase-3 Bel-2 Bax
HSV-1 0.2340.04 0.35+0.05 1.4140.12 0.2940.04
L-BBR 0.45+0.06" 0.61+0.07" 1.1240.08" 0.4740.05"
M-BBR 0.714+0.07"" 0.94+0.09"" 0.8940.09" 0.88+0.09"
H-BBR 1.0640.114% 1.3540.12"4% 0.3340.04""* 1.1340.124%
740 Y-P 0.660.07° 0.5340.08° 0.6420.07° 0.82£0.07°
F 56.375 66.705 92.733 53.700

P <0.01 <0.01 <0.01 <0.01

"P<C0.05 compared with HSV-1 group; “P<C0.05 compared with L-BBR group; “P<C0.05 compared with M-BBR group; OP<<0.05

compared with H-BBR group.
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Lane 1: HSV-1 group; Lane 2: L-BBR group; Lane 3: M-BBR
group; Lane 4: H-BBR group; Lane5: H-BBR group;
Lane 6: 740 Y-P group.

B7 Western blotting B4 HelLa 40 p-PI3K,
PI3K,p-AKT AKT.p-mTORF mTORZE [k H 7k A
Fig. 7 Electrophoregram of expressions of p-PI3K,
PI3K, p-AKT, AKT, p-mTOR, and mTOR proteins
in HeLa cells in various groups detected by Western

blotting method

#6 44 Hela 4} ' p-PI3K/PI3K . p-AKT/AKT FI
p-mTOR/mTOR A4
Tab. 6 Raties of p-PI3K/PI3K, p-AKT/AKT, p-mTOR/

mTOR in HeLa cells in various groups (n=3, x%ts)

Group p-PI3K/PI3SK  p-AKT/AKT  p-mTOR/mTOR
HSV-1 1.5440.16 1.3940.13 1.6240.15
L-BBR 1.104+0.12° 1.124+0.09° 1.2040.09°
M-BBR 0.874+0.07"  0.93+0.07" 0.954+0.10"
H-BBR 0.4940.06""  0.3340.05"* 0.4640.06""*
740 Y-P 0.7140.08° 0.6240.07° 0.6820.08%

F 65.806 87.165 92.312

P <0.01 <0.01 <0.01

'P<0.05 compared with HSV-1 group; “P<C0.05 compared
with L-BBR group; "P<C0.05 compared with M-BBR group; “P<C
0.05 compared with H-BBR group.
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