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Effects of hepatitis B virus genotypes B and C on hepatic stellate cells under
different alanine aminotransferase statuses
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Abstract Objective To explore the effects of hepatitis B virus genotypes B and C on hepatic stellate cells (HSC) proliferation,, cell
cycle,and secretion under different alanine aminotransferase (ALT) statuses. Methods A total of 270 patients diagnosed with chronic
hepatitis B in the First Hospital of Lanzhou University between January 2023 to December 2023 were selected by stratified random sam-
pling. In the group with normal ALT,there were 42 patients with genotype B and 48 patients with genotype C. In the group with ALT = the
upper normal limit (UNL) and < 2 times the UNL (2 UNL), there were 48 patients with genotype B and 45 patients with genotype C. In
the group with ALT = 2 UNL, there were 45 patients with genotype B and 42 patients with genotype C. Sera from these patients was used
as the interfering sera. After HSC were treated with the interfering serum, the proliferation of HSC was detected by the MTT method , the
cell cycle was detected by flow cytometry,the mRNA expressions of TGF-B1,Smad3,Smad7 ,a-SMA , Collagen I ,and Collagenlll were
detected by real-time PCR, and the expressions of the corresponding proteins were detected by Western blotting. Results  When the ALT
level was normal, hepatitis B virus genotypes B and C had no obvious effect on HSCs. When the ALT level was abnormal , particularly in
the group with ALT = 2 UNL, the virus with genotype C was more likely to promote the proliferation of HSC, reduce the number of cells
in the Gy/G, phase,increase the number of cells in the S phase and G,/M phase, enhance the mRNA and protein expressions of TGF-B1,
Smad3,Collagen I ,CollagenIll ,and a-SMA ,and decrease the mRNA and protein expressions of Smad7,with significant differences
(P < 0.05). Conclusion The effects of hepatitis B virus genotypes B and C on HSC differ varying ALT statuses. During abnormal ALT
elevation, genotype C hepatitis B virus demonstrates more pronounced effects on HSC proliferation, cell cycle progression,and secretory
function compared to genotype B.
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LB 3 B R WUEE IR LA 58 A &
DNAJK 5, = H M A B S s i L 2
TURT & o3 T RS ARG AT Ak T A ] ) S R i
Kb LLN 2 iR 2 HL 5 #4 f# (alanine aminotransferase,
ALT) #id 1IE% [ FR (upper normal limit, UNL) 2454
IR BEIATT I RIE 2 — ' 78 L RUF R % 1
KBS R, BRI (hepatic stellate cells, HSC)
RAIFTEEIGE MBS R, SBIEN AR L,
CHE N Y 2 BT 58 5 5 1k o 0 IR AL R T 9, L2
A SCE R TEAR RALTRZS T, B/ICEE R R 2,
BT 5 S 75 AT HSCAE BRI RE A9 52 R o AR SCHR T 7
AN ALTIRZS T, BICHE N 7Y 2, BT I X HSCHY
B 20 TS0 S A B o A B S, B TE R I RS YT
=%

1 ##RERE

1.1 B4

43 2 BEAILTE B 20234F1 H & 20234F12H 76 %
M2 — BE Be 1 112 FE B 918 M 2R IF R
27001, Horbr, 192451, 2784, AEHE 18~60 %, 4 A
PRl (1) 754 2022448 1 2 I 4% 97 3 45 7 O
BEPEF R B 6 7 32 ) O T8 Pk SR & 12
Frifi;(2) SRR R TP A ;(3) S AU 5 8
JRY>6 H o HEBRFRIE (1) ¥ H2 32 B0 B S Ho 28 ]
TRNAYT 5(2) LR URI 5 (3) v 3 A B R M T TR
PEIFS 250 05 . B B S R I S G T
LA 929 BRI 5 (4) I 0o I L VB R 46 LA )
TS AR FR 3 ALT/K S 4321 : ALT 1E % 2190471,
H B3 R 74245, CIHE PRI Y 48451 ; ALT 1~<2 UNLA
(ALTHE B TE 5 1 FRAE R 38 3024% 1E # FBR) 934,
R B3 [H A 48451, CHE R 7 45 f5i]; ALT =2 UNLAL
(ALTH# 245 1E % FFR) 87 f], HrhBHEE K A4 45 4],
C LRI 42 (] 4540 B/C BE R R A A 3 0 LA 22
SHGEEE B A S E 12 hE U &S mL, B
O $RE UM , PAAF T-20 COKA, 1 0 T 3 i 35
FAF AR 22N K20 — R B AR B 2 51 234t
T A WFRE G A8 0 R 15
1.2 FEUR

PG B B EE (H A Olympus/A 7)), BFRT
1% 550 (32 [H Bio-radZ &), W24 i1 FACSCalibur
(S EBDA ), 96 Y6 58 EPCRAM Mr AL (7 [ LightCy-

clerAF]) o
1.3 4k P R B R 32 2]

HSC LX-224 7K A= A A B AR 4 Lk, i 36
FRIEDMANZ 2 #0454 5% 4 K A F (transforming
growth factor, TGF) 81 .Smad3 .Smad7 .- JJL L5
i Mo (smooth muscle actin o, a-SMA ), Collagen 1 |
Collgen T AH G A B b v 43 it 2= FH 50 A FR 2 W)
4 1%, TGF-B1.Smad3 .Smad7 .a-a-SMA . Collagen | .
Collgen TN HTAAR FAH A A &0 T 1 i Va4 A=
YIRHE A B A . DMEM 15555 (32 [F Sigma 23 F]),
JifAE 38 LM R AR 4 TR BRA D, Bk P e
(K ESigma 7)), % 5 15 R250 (£ [ESigma/A 1 ),
At e A A7) & (G EBDAH])

1.4 AHSC LX-2 fHE5;

FHSC LX-25 95 )5 LG 77 T 3 10% 05 4 1l
TH IDMEME; F2 v, 8 F37 °C,5% CO,IM IR A B
FEFA R A2 AR IR, RR AN B AL 2 85% 1, HIPBS
ThE R R T I AR AR A IR, LA IS S S gl
.
1.5 MTTIEAS 4t L7 X HS CHE 5 M)

PERERT B KA AN, 7785570, IAS00 L
0.25%1) g 25 1 BiHEA T I Ak, I A S5 i 55 3R v A
J B PO 250, 3% LV W, 25 L0 B, TR
AR E 21 x 10°/mL 5 R T964LA (100 wL/AL),
FEBEAL 4> MALTIE % 20 (ALT 1~<2 UNLZH (ALT=2
UNLAL, 12 hIWBEJ5 , W 2 115 W, I AAH B 2031 8
HTHMNE (100 pLAL), B B3 AL, T37
C 5% CO, MU TN RE1E FRA0 N 35 55 45 1 4 124 48
72 .96 hJ5 ILAS mg/mLAYMTT 20 pL., 4 hj5 25 b1
HIAL50 WL DMSO, %35 15 min, {# Ff 4= B hEEFR1L
K490 nmAk 54 W 56 FE (absorbance , A) o 4 fifd 14 5
1.6 It At A SRS 240 ) 441

FH3ZH A B THRIMIE H5RHSC 72 h, FHE IR,
IR 1A TR O A s e 4, DMEEMI 1, SR 5 A 70%
T 4 CBES mL A3 [ e A, 4 Cal i A S5 i
DMEMPEA2U , fin A LAk P B 1A 6 9L 200 plL,
2 Y30 min , FH A LSRN , SR FH 58 [ Verity
Software HouseZA /) AU TR R /4T
1.7 SERFPCRAGI

FH3H 8 & 1 T4 178 K5 FRHSC 72 h, b5 37
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T, FIDMEME: 37 W 28 143V, 2R J5 A 5 10% M1 2F
I35 AYDMEME 77 HE 44 22 15 5748 ho FITRLzol$2 B 4
JH S RNA o FH 393 5% 5100 & 45 FeDNA , SE R PCRAS
MTGF-BI.Smad3.Smad7 .a-SMA | Collagen I .
Collagen Ill F1 B-actin mRNARI ik, PCR5|¥) 74
WL 1, PCREZMZ544:95 °C 1 min, 95 °C 105,60 °C
305,40 MEHR, L B-actinfE N2

1.8  Western blottingFil|

FH3EH & & B T30 178 15 FRHSC 72 h, F 5 57
Y, FIDMEME: 729 DR %3YK, S8 J5 0 A 27 10% )i
7 1ML 35 AU DMEM; 5% 1k 4 22 15 FR48 ho $12 U2 i
HH, W & H W, AR HEFTSDS-PAGERL JK, %
J5, FH TBST % 2= i 45 R B P2 h, K5 I ATGF-B1 .
Smad3, Smad7 .a-SMA ,Collagen I Collagen Il \B-actin
Piik4 Cit o, i H VRIS A PR, RIS
ECLZ 4, & fBandScan/3#7E F IR AR .

*=1 s5l9F%
Tab.1 Primer sequences
Gene Forward Reverse
TGFBI 5’-TAGATGGAGGATTCCC-3", 5’- GATACATTCCTGGCCTGATCCAC-3’

Smad3 5’- AAGTTGCGTCCTACA-3’

Smad7 5’-TGGAGAGACCCGG-3’
a-SMA 5’-GTGATGAGGATTCAGC-3’,
Collagen | 5’- AGTCAGATGTCTACATG-3’
Collgen Il 5’ -GTTGGAGGACCTTG-3’
B-actin 5’- GCATGATCAGGGTCCG-3’

5’-TACTATACGTCTGATCGTATGCAG-3’
5’- TAGATACTTGTTAGCCTGATCCAC-3’
5’- GATACTGTCTTGCCTGATCCAC-3’
5’-CTATATTCCATTGTCGTATGCAG-3’
5’- GCGACAACACGATCCTGAG-3’
5’-GCCTAACATACGACTCGACGCA-3’

1.9 Gt

KM SPSS 26,04 i AT 4e 10 #r , Bl Ll £ s
Fon, AL 18] BRI A ST FEARR 380 P < 0.050 25
SagIFE

2 #R

2.1  3LHHSCHEFH M i

ALTIE # 418 | C3 R A 2, R 49 95 75 10 .37
BE SR 45 of ] sSCHSCHE 5 JC B I 25 55 ALT 1~<2 UNL
ZH CHEEPR Y A JIF 59 5 4 1M 7 45 5796 h HSCHY
BE BB K R4 s ALT =2 UNLA J5 CIE R 8 2, 7Y
FF2 96 27 T30 17 15 7548 h HSCIG A K BEHE K A 2,
HIF S 05 55 10075 THRHSCHE I, 2% R A it &
X (P<0.05), W2,

*2 3HAHSCHIMAEIETEE R L

Tab.2 Comparison of cell proliferation of HSCs among three groups

Group 24 h 72h 96 h

ALT normal

B type 1.01£0.23 1.05+0.23 1.08 £0.22 1.16 021

C type 1.02+£0.23 1.05+0.25 1.10 £ 0.24 1.17 £0.29
ALT 1-<2 UNL

B type 1.16 +0.23 1.23 +0.30 1.56 = 0.49 2.10 +0.62

C type 1.15+0.22 127034 1.61 = 0.60 2.68+0.75"
ALT=2 UNL

B type 1.56 +0.56 1.84 +0.69 2.23+0.83 2.64 +0.92

C type 1.60 +0.61 2.49 +0.90" 2.96 +1.01" 3.53+1.04"

ALT, alanine aminotransferase ; UNL, upper normal limit. 1) P < 0.05 vs. B type in the same group.

2.2 3ZHHSCHMME W b5

ALTIE % 40 FIALT 1~<2 UNLZH 7, B .Gt A Y

CIIAT S 25 T30 A HSCAH it 5 391 0 & 25 5% 5 1hi
ALT=2 UNLA ", 5BFHER RIAH Eb , CHE PRI R 2 7Y
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HIEE TILINGYC I BFIHSCHA /b, S .G/M

WIRYHSCIH 38 2, 2257 A 47T (P < 0.05), 1L

%3,

2.3 3 HSCHTGF-BI.Smad3, Smad7.Collagen I |

Collagen Il ,a-SMA mRNAF LK
ALTIEH 4B CHRE R R 2 R 2 o 2 T P 1Y

HSCHI5 5 P20 PR F- A mRN A 38 TE A B 22 5%, i
TEALT 1~<2 UNLZ] MIALT =2 UNLZ v, CHE R L 2
RIFF 25 25 T ATHSCHTGFBI . Smad3., Collagen I |
Collagen Ill .c-SMA mRNAR % ik /K- B B = B
A, Smad7 mRNARY R 35 7K 7 BH 8 1% B (K 2,
ZRAGITEE L (P<0.05), L3R4,

%3 3HEHSCRIAAERALEE: (%)

Tab.3 Comparison of the cell cycle of HSCs among the three groups (%)

Group Go/G, S G,/M

ALT normal

B type 30.41 +4.79 48.44 £421 1621 £2.45

C type 31.76 + 6.24 46.67 +4.59 1635 +2.31
ALT 1-<2 UNL

B type 2533 +4.05 49.26 + 6.80 18.41 £3.19

C type 25.40 + 4.47 51.01 +7.47 19.75 +3.71
ALT=2 UNL

B type 1324 £2.18 53.55+6.15 20.29 + 3.34

C type 10.21 + 1.59" 59.06 + 6.87" 25.79 £3.57"

ALT, alanine aminotransferase ; UNL, upper normal limit. 1 )P< 0.05vs. B type.

*4 3HHSCHTGFB1, Smad3, Smad7, Collagen |, Collagenlll. o-SMA mRNAR)ZR %K F
Tab.4 mRNA expression levels of TGF-81, Smad3, Smad7, Collagen | , Collagenlll , and a-SMA in HSCs of the three groups

Group TGFBI1 Smad3 Smad7 Collagen 1 Collagen Il a-SMA

ALT normal

B type 538+ 0.88 4.41+0.76 634+ 131 3.37+0.33 453+0.37 2524052

C type 5.43+0.72 4.57+0.76 6.229 + 1.55 3.59+0.48 451+0.70 2.77 +0.67
ALT 1-<2 UNL

B type 6.52+0.75 5.57+0.74 6.09+1.22 5.50 +0.56 7.54+0.80 3.35+0.59

C type 8.54+0.98" 7.84 £0.94" 5.02£0.93" 6.48 +0.82" 9.54+1.18" 548 £1.12"
ALT=2 UNL

B type 9.53+1.72 8.60+ 1.26 4.56 +0.45 11.39 £1.35 13.28 +1.20 1034 +1.48

C type 13.39 +2.42" 11.67 +1.82" 249 +0.42" 16.38 + 1.80" 19.40 +2.37" 15.97 +1.89"

ALT, alanine aminotransferase ; UNL , upper normal limit. 1) P < 0.05 vs. B type.

2.4 3ZHHSCHTGF-B1.Smad3 . Smad7.Collagen I .
Collagen Il .a-SMAZE [ 3RIEIK- LUK

ALTIE# 4B (CHER 7Y 2 BRI R 5 THEAY
HSCH & RV PN 1Y 8 AR To ] 1822 555 i
ALT 1~<2 UNLZHFIALT =2 UNLZH  , CHE A 5 75
THAYHSCHTGF-B1 .Smad3 ., Collagen I Collagen|ll
o-SMAZE |1 1 A /K V- W1 i &5 TBAE K Y, Smad 725
FI Rk KO B AL FBEE AL, 2 R H Gt
X (P<0.05), W55,

3 it

BB QR G T Jm vl R AT EF AL,
PERE N REAL R , 7RI —id B rp  HSCAR A% 1 5%
SR MR 2 S0 SN RO L HSCRY %
TR P e L 2R 2 70 g YT 2R YT O HS G i 16 A= A
O WA AL T 2 5 T AT HEAL B TE ORI TN 4544
OB L Z I SRR NS5 A S T 32 1)
ANGRTRE BRI ] o 5} 52 391 SR 28 S Iy 5 ke, ALTZ2 A 1
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*&5 B3ZHHSCHTGF-S1. Smad3., Smad7. Collagen | . Collagen lll. a-SMA EHRIRIAKTE
Tab.5 The expression levels of TGF31, Smad3, Smad7, Collagen |, Collagen lll and «-SMA proteins in HSCs of the three groups

Group TGFB1 Smad3 Smad7 Collagen [ Collagen Il a-SMA

ALT normal

B type 6.21 +0.95 4.82+0.93 6.62 +0.77 3.78 +0.86 429 +0.70 2.53+0.67

C type 6.54 +0.82 472 +0.65 6.28 + 1.01 3.83+0.71 4.08 +0.89 2.54+0.69
ALT 1-<2 UNL

B type 779 +1.72 573+ 1.41 6.39 + 0.83 5.75+0.83 759+ 1.58 355+ 1.13

C type 9.73 + 1.45" 7.75 £2.30" 493 £0.68" 7.05£1.01" 9.91 £2.16" 5.29 +1.30"
ALT=2 UNL

B type 11.87 £2.32 8.16+ 1.24 4.57+0.93 11.41 £2.06 12.46 +2.68 11.85 £2.69

C type 15.87 +2.25" 11.04 + 1.63" 2.83+0.92" 14.75 £ 3.63" 19.86 + 4.57" 15.57 +3.85"

ALT, alanine aminotransferase ; UNL, upper normal limit. 1)P< 0.05vs.B type.

R O s OIS I S I R B, ALTZ 7 T
e IR B DAALTE S 2A5 B EIRAVE bt Ein
JEAGAE . L TUNF SR T5 A 2Bl L N 0, 3 [ e
ABEP LB CHE A T i 22, 5BAE K BUAH L, CHE
T 2 TR 48 5 75 o 1k e g TR AL AP A IF 5T
IR O BINT 5895 B L R BUAE AN R AL TR 2 R X6
HSCHIFZNA , AR IRIZR R R AR SR .
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Y 2T R 9 B XTHSCHY 52 i A5 BH (2 25 5 . TEALT
IEHRS T, B CE R AY 2 79 5 95 5 XRTHSCHY 21
L 54 57 240 L) H % 240 B 3 0 D 5 e G Y N 2
AT RE R KA TR X — B LA AL T S e i 52 AR, B
fifi 2 BT 98 9 15 55 L BRUAS [] , XPHSC A 52 Mt oK 38
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B Y 5y (THSCAR 24N, T2 W B 2 1) e M4 g
D5 o T RE S D5 R L B B CRE DR AR 2, 0 i 8 35 7 5 |
B 11 B S i B S Ay s B, R B 22 1 AR
AT 5 R M A0 L R, sk S B A TP HSC, g i
HSCHS 58 , 20 i B S 3% Ak, 17 T Go/G 01 A i 1k 001 240
it B S 2>, T A TS L G/ ) 2 S48 41 i B
Wz A Em e TCRBLR AT itk T 3
RSN . A 4Efbid B TCR-BLRE BT 1L
HSC, fi 1 i Jasd JBE 238 A A1 3 I3 A5 i A5 ME AL
I3 I TCF-B/Smads 1 % 7E £F 4 1k Hh & 5 S 4 1
Ho Smad3 i TGF-B/Smads 1 [ i 1 18 75 4 H F,
H #2680 V8 TGFRI A 3E P , i 1 4 32k 2T 4k
I KA 2 e o Smad7 Ry ST -, R 3R

IEAT R E TR M3 1, 15T 410 i) £F e Ak i) & 2B
R AR AE  BOR , CHE B 2 RINF S 7
B4 5 42 PEHSCHITGF-B1  Smad33 i , 1)l il Smad7
Rik, HEA Y SRR FEE ATE, o-SMAZHSC
LR EZARE, RFEA TR HSCH A58 45
AR, CHEN Y R 980 5 T 25 5 5 [ EEHSC Y%
1k, a-SMARE N, 5 HAto AF g 1 4 AR —3K

g5 bRk, AR DT T A RIALTIR A R B/C
BE PRI 2, 0 BT 48 55 B 0T HSCHG B | 41 it J&1 380 K% 40 i
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