2026 47 7 J145 46 55 7 0] WMw P E R Ak ¥ ¥R
Jul. 2026 Vol. 46 No. 7 Journal of Hunan University of Chinese Medicine 1379

ASCEF: TG0, W, M, 1R, XI5 TR H X HDAC/pVHL/HIF- Lo 37 8% 4 45 K L] C1 B Warburg 208 (228 H1E
FOOVE RIS, WA B 2 K224z, 2026, 46(7): 1379-1386.

B 2 &S HDAC/pVHI/HIF- 1o 18 BE YRR R ELHD
OB 8498 Warburg 345 B2 MIEBHIIEAFR

VRTINS Z0 b N OV S o R U
WIRE R 2GR — HHR BB, WM K2 410007

(FEE) Br W0 F R (TET) X 4 % & % ZB B 1(HDACL)/A i /R -+ & & (pVHL)/Bk £3% % B T -1a(HIF-1a)
i B AR AR AL, UL A 1 8 40 fL(0SCC) 1222 3T # B Warburg M 9%, J7i% $H OSCC 403 # By CAL-27, & £ %
J CCK-8 Al A Bl i B TET AL 32 J5 48 1 0 345 78 5 LA 4 MG 78 7 o WL 20 ML 0y 3k R AL TET 401 90 6 F 41 9 R+ TET 41, 3
SR EH AR A, A BAT FEATAL I TET A AN 5 pumol/L, 8 TET $EAT AL 3 ; #7171 4 Am X HDAC1 47| 7] SAHA #ATAL 3
HIH FI+TET 415 A\ SAHA T4 32 J& An N\ TET $EAT A 005 U058 4 41 40 e, 9 26 780 17 O 5 A 1 26 200 40 A, o 67 287 A4 B RE P LR 4 ok
;K Transwell 12 22 52 3o o RUR R 300 M & 41 40 i 12 26035 45 6 77 5 Rl Western blot 1 qRT-PCR 77 &Il 4 28 40 fig, o9 4 % A
b T T 2(HK2) 5L LA 8 A(LDHA) HDACI pVHL HIF-la 892 5 X mRNA &3k KF, SR CCK-8 4 £ L 7F,
5 wmol/L B TET 4 P8 R R B4, 3k & FH 8 40 078 41 T 18 (P<0.05) ;5 wmol/L & TET 43 CAL-27 %40 jf 24 48,72 h J& , TET 41 471 #]
2R N FI+TET 20 28 38 7840 ) 3 WAL 2 B () ZE K38 6 8 548.72 h B[] 0 TET 41 04 ) 41 40 F+TET 438 T 4 2 B
E 8 T AR 4L(P<0.05), 5 x4 B, TET 41 305 54 W F+TET AR 2 H B AR A~ &, U R B E T h 3
P& 1K (P<0.05) s TET Z1  #7 #) 41 #7 | 5| +TET 41 HK2 LDHA HDAC1 ,pVHL # mRNA % 3 & £ 3 [# % (P<0.05) ,HK2 .LDHA |
HDAC1 pVHL HIF-1a B % B & 3% & B 3 F1K(P<0.05) . £518 TET 88 230 %| 1 E8E CAL-27 4l iy 37 R 2 fnif ek, B
Bt 4% T Warburg 2% bt % %2 48 A8 & HDAC1/pVHI/HIF- 1o 38 % 48 5 & &ty sk ik, 8% TET 8030 A8 168 71 86 5 % 48 5 B9 8 45 %5
X,

(X)) PR, PR MMEE; £ CB AR L HME

(hESHESIR285.5 (LHkHRERG)A (X E4#S )doi:10.3969/j.issn.1674-070X.2026.07.008

Regulation of tetrandrine on HDAC1/pVHL/HIF-1a pathway and its
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Hippel-Lindau protein (pVHL)/hypoxia—inducible factor-la (HIF-1ay) pathway, and to observe its effects on the invasion, migration, and
Warburg effect of oral squamous cell carcinoma (OSCC) cells. Methods CAL-27 cells from an OSCC cell line were selected. First,
the CCK-8 assay was used to determine cell proliferation and viability after treatment with different concentrations of TET.
Subsequently, the cells were divided into control group, TET group, vorinostat (SAHA) inhibitor group, and inhibitor +TET
group. The control group consisted of normally cultured cells without any treatment. The TET group was treated with 5 pmol/L
TET. The inhibitor group was treated with the HDACI inhibitor SAHA. The inhibitor+TET group was pretreated with SAHA
followed by TET treatment. Cell proliferation was observed in each group. Glucose consumption and lactate production were
measured. Cell invasion and migration were assessed by Transwell invasion assay and wound healing assay. The protein and
mRNA expression levels of key glycolytic enzymes, including hexokinase 2 (HK?2), lactate dehydrogenase A (LDHA), HDAC1, pVHL,
and HIF-la, were measured by Western blot and qRT-PCR in the four groups. Results The CCK-8 results showed that
treatment with 5 pmol/L TET exerted favorable effects, while cell viability decreased with increasing concentrations (P<0.05).
After CAL-27 cells were treated with 5 pmol/L TET for 24, 48, and 72 h, the cell proliferation inhibition rate gradually
increased with prolonged treatment time. At 48 and 72 h, the proliferation inhibition rates in the TET group, SAHA group,
and SAHA+TET group were significantly higher than that in the solvent control group (P<0.05). Compared with the control
group, glucose consumption, lactate production, and cell invasion and migration abilities were all decreased in the TET group,
inhibitor group, and inhibitor+TET group (P<0.05). Compared with the control group, the mRNA expression levels of HK2,
LDHA, HDACI1, and pVHL were significantly decreased in the TET group, inhibitor group, and inhibitor+TET group (P<0.05),
and the protein expression levels of HK2, LDHA, HDACI1, pVHL, and HIF-lo were also significantly decreased in these
groups (P<0.05). Conclusion TET can effectively inhibit the proliferation, invasion, and migration of CAL-27 OSCC cells, and
downregulate key indicators of the Warburg effect and the expression of proteins related to the HDAC1/pVHL/HIF -1a
pathway, suggesting that the antitumor effects of TET may be closely associated with the regulation of this pathway.

(Keywords] oral squamous cell carcinoma; tetrandrine; cell invasion; deacetylase 1; anti—tumor
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255 :HY-13764) fR37 3l (suberoylanilide hydrox-
amic acid, SAHA) (%85 : HY-1022 DI [ 35 [ Med-
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B [ R R RAE YA B ) 5 40 A s R
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WA I e SR A ) TR PR A
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PowerPac HC, 2% [H Bio—Rad Laboratories 23 ) ) ; 52
B E i PCR AL (B4 ; LightCycler 96, Fiit+-Roche
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Z£[H Thermo Fisher Scientific 23#]),
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(mmol/L)=3x(D #=D 2:11)/ (D j=D 259)
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SrEMARR AL BRI 2R 43 HI7E 0,24 h A 8R,
Image] PN RR 56 B2, THE AN MIT RS 32 4000
ERR(%)=(0 h RIIRIE-24 h WIJRTEE)/0 h 4
IR 8 x100%,
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MG 94 °C/20 5,63 °CR0 5,72 °C/2 min,72 °C/
5 min, L GAPDH NS AL jd it 24 ¥ETH5AH
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Table 1 Primer sequences

A 51975 KB bp

HK2 1E[7:5-CCGAGATGGTGAAGATGGTG-3" 186
J1]:5~GCTCTTGCTGTTGATGGTGT-3

LDHA  IE[:5-GACGACATCAAGGAGAAGGC-3" 142
2 I]:5-GGTGATGGTGATGGTGATGG-3"

HDACI  IE[:5-GAGCTGAGCTGAGCTGAGCT-3" 128
R I]:5-GCTGAGCTGAGCTGAGCTGA-3

pVHL  IE[:5-CCGAGATGGTGAAGATGGTG-3" 154
JZ[]:5~GCTGATGGTGATGGTGATGG-3"

HIF-la  1E[:5-AGCTGGACGACATCGACTTC-3 173
JZ[]:5~CCCGTAGATCTGGTCCTTGA -3

B-actin  IE[:5~CGTGAAAAGATGACCCAGAT-3 210

S 11):5~GAGGCATACAGGGACAGCAC-3"

BAR R GG IR 4 2571, LA B-actin fE RN S, H
Image] #AF53 M 8 25407 B K BEAE, 1H3 H A 8 1
(AR FRIB L,
29 FHITFESR

K SPSS 25.0 A G 1o Mk , KS K a4
B IES BT OR L “xxs " R, ZALR %
BOR UK 2 0y 22 53 B, < I 2 18] 7 G bL Ak
LSD-t #55, LA P<0.05 2R A G4 X,

3 H#R

3.1 TET X} CAL-27 ¢RAmiEsEFNE IR0

AR TET 4bFE CAL-27 4l 24 h )5, Fifi
& TET WREEY T, 400G 88 R %, 4 TET ¥
JEH'S wmol/L Bt TET 26 Al 77 £ 41 i 35 1 5 %
MR A LU TG 1035 25 57 (P>0.05) , 1 24 TET ¥ & ik )
10 wmol/L F1 20 wmol/L i}, 4% ZH 40 G 7 i 2 A1
(P<0.05), MHIFI+TET 41 FREREE B8 T TET4 |
FIHIFIZH (P<0.05), 5 wmol/L ) TET 4b¥ CAL-27
2 24 48 72 h J5 , 2B GE A 5 R A B[]
FEK AT (P<0.05) ;48 .72 h I IA] 5, TETZH 417
TIFIZE AR+ TET 20 35 58 40 ] 25 b 2 s T R A
(P<0.05), TEULIE 1,
3.2 TET Xf CAL-27 4 Rf1 2 % 4% 8 #E F0 ZLER 4 B
=M

EX A L TET 20 S0 41 5]+ TET
A A FE S LR A AR R R (P<0.05) . 41
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Fig.1 Measurement of cell viability and proliferation after treatment with different concentrations
of TET (x+s, n=3)
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4 (P<0.05), HFLIR A SR AR T TET 41 301 550 246 %10 Eg 8-
Che )
(P<0.05) ; M FIZHFLMRAE R IR T TET 41(P<0.05) @ g T
= ! & 47 e
FEDLIE 2, "1 ¥
@ - &
3.3 TET 3% CAL-27 4ARE{R &AL SRR E .
X HRLLRIEL TET 4 fI 041 3060570+ TET & @%@& \X@W‘?’ & @z@i\xy
w NS N D
2H IR R AR I8 D (P<0.05 ) s A+ TET 7Y & &

{RZBUMIEART TET 21 S04 (P<0.05) ; 41l 71
2 20 AR 2250 T TET 41 (P<0.05) , $EULIK3,
3.4 TET X} CAL-27 4R 6E 1R T

5% BEAUAH EG, TET 41 IR A5+ TET
LB AL A% AR Y BRI (P<0.05) 5 4l i 37 + TET 21
() 4 TR AL AR T TET 41 357 0 (P<0.05) ; 410

A Yo HE 2

2 RHE CAL2T HAREEEHFEFFLER E B E B (x5, n=3)
Fig.2 Glucose consumption and lactate production in CAL-

27 cells in each group (xs, n=3)
T AN AR T AR o s B ANIFLRRAE AL ; S0 BRZLARLL , *P<
0.05;5 TET 4140 1, *P<0.05; S 41H] H , 4P<0.05,
A2 19 40 S R AR T TET 4 (P<0.05) , UL
K4,

E G kel TET-+ il 21

U &@P @,&%& ; {é&

x

&

B3 &4 Transwell B ELIMIEBEEIBFR
Fig.3 Transwell invasion assay showing invasive capacity of CAL-27cells in each group

AR ZE O (x100) ; BANMIR B HOR HAE (ks ,n=3) ; ST HRALAH L, #P<0.05; 5 TET ZHAH L ,*P<0.05; 5

FIIFI4AA L, P<0.05,
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Fig.4 Scratch wound healing assay showing cell migration in each group

WA O h A1 24 h ZHERSIE O (x100) ; B.ANMLE RS R HL R (ks ,n=3) ; 5 X HRALAA HL , #P<0.05; 5 TET 41t ,*P<

0.05; SNG4 L, 4P<0.05,,

3.5 CAL-27 40 Rl 9 ¥ B% fi% o< 48 B8 ;2 HDACL/
pVHL/HIF-1a ER{24HX mRNA FRikKFE

qRT-PCR &5 7R, SXTHRZAHEL , TET 41 4
FILL H0HIFI+TET 4149 HK2 .LDHA HDAC1 pVHL
mRNA FIE7K I FFAE (P<0.05) 5 1fif HIF-1aw mRNA
ACAEIIHF 2 I +TET 219 F 8 (P<0.05) ; TET
BAPHALFEXT I mRNA FIk/KF-TC 25200 (P>0.05)
ZH[E] P N LA B - 57 2H HK2 \HIF-1oe mRNA
TR T TET 21 (P<0.05) ; IR FI+TET ZHHK2 |
LDHA HDACI .,pVHL mRNA #iA/KFEE T TET
ZH 52 (P<0.05) , H: HIF-1ae mRNA F&k/KF
SR 22 RIS L(P>0.05) . TEILER 2,
3.6 CAL-27 40 Rl /9 ¥ B% % o< 48 B8 ] HDACL/
pVHI/HIF-1a IREHXERARIEKE

5% HRAAR LY TET 2 S FR04L il 5+ TET
211 HK2 .LDHA \HDAC1 ,pVHL HIF-la 8 H %A
B E PR (P<0.05) s I I 41 i HK2 \LDHA |
HDAC1 .pVHL HIF -1 2 [ 35 #{8 T TET 41
(P<0.05); #MIFI+TET 419 HK2 .LDHA (HDACI .
pVHL HIF-1a 5 HEKIEAKLT TET 4 54015
ZH(P<0.05), LK 5 K3 3,

YPRRAL  TET4L M4l S+ TETLL

HIF-lo | S s (120 kDa

r2 | W . (102 kDa
HDACT | A A o

LDHA ’- ——

pVHL | D w— —

62 kDa

37 kDa

22 kDa

Bractin | - | kD2

E5 &4 HDACI/pVHL/HIF-1o R EAEABEKE
Fig.5 Western blot analysis of HDAC1/pVHI/HIF-1a
pathway-related proteins in each group

L AXTIEAH B, TET 21 ; CAMHIFILL ; DAMHIFI+TET 41,
4 g

OSCC 2 171 i st T 748 f i DL ) A A i R 2 —
Warburg 204 fifr 96 40 i bk 4 QP Re A, e g
240 0 = AR P A T AR AT SRR SR RE R, X
— b A R AR IBUMI LR AR 1l 2 R T TET 2
B CARHEYI R BT O AR PRSI — RS 2 57

5|

R2 &4 CAL-27 A HEEARCEEE N HDAC]/pVHL/HIF-1o SRR 5% mRNA RiAKFELLE (x+s,n=06)
Table 2 mRNA expression levels of key glycolytic enzymes and HDAC1/pVHL/HIF-1a pathway-related
genes in CAL-27 cells (x+s, n=6)

2151 HK2 LDHA HDACI pVHL HIF-1la
X R 2 1.00+0.03 1.00+0.05 1.00+£0.04 1.00+0.04 1.00£0.01
TET 41 0.840.12% 0.820.04 0.78+0.04* 0.87+0.03* 0.98+0.03
kR 0.68+0.15% 0.78+0.05%* 0.81+0.06* 0.85+0.06* 0.68+0.05**
PHIFI+TET 41 0.44+0.14%% 0.36+0.03%" 0.67+0.05%* 0.6620.06%* 0.650.04°

. SXTARAIA L, *P<0.05; 5 TET 414 H, *P<0.05; 54l 4HAH EL , £P<0.05
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K3 KA CAL-27 M NHEEREEEER HDAC/pVHI/HIF-1o B X BB RIEKFELLER (s ,n=6)
Table 3 Comparison of protein levels of glycolytic key enzymes and HDAC1/pVHI/HIF-1a pathway-related

proteins in CAL-27 cells (x%s, n=6)

2H 5] HK2 LDHA HDACI1 pVHL HIF-1a
Xif HR 4 1.22+0.03 0.68+0.05 0.98+0.06 1.1020.04 0.96+0.04
TET 41 0.900.03* 0.58+0.04 0.88+0.06* 0.98+0.01* 0.88+0.02*
kR 0.78+0.06** 0.4420.05% 0.50+0.05%* 0.62+0.027%* 0.79+0.027*
HHIFI+TET 41 0.47+0.02%% 0.32+0.04% 0.42+0.03#* 0.28+0.01%" 0.55£0.02%"

. SXRAIAHE, *P<0.05; 5 TET 41 EL , *P<0.05 ; SR 41 AH HE , 4P<0.05 .,

WERHIS L e, LA Z R 2 BTG P

AT TET 76 Z 80 s 20 i 3 P RE g4
AT 5 S AR T L IR R, A
MR A5 SRR, TET fef% B &4 OSCC 4iififl CAL-
27 (A5 , LA AR P 2 v B Rr s T Al 1, e
SRR S TCRE) 5 wmol/L TET, HE—F58 k&
P, TET fefg Ml CAL-27 4R BRI RE T,
TET BAT T WU RN , AL | O a5 2
o e v 28 T 3 A T A B T LY 240 S A
il bR 2 28 e B A AR AR I O TEAR S g
Transwell = 2% 52 5 AR R X 40 25 R WoR [, TET X
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