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Abstract Objective To detect the expression of lactate dehydrogenase A (LDHA),FoxP3,and CD4 in hepatocellular carcinoma
(HCC) and to analyze the effect of bufalin on LDHA as well as on the differentiation and function of regulatory T (Treg) cells in the tumor
microenvironment of HCC mice. Methods Immunohistochemical staining was performed to detect the difference in the expression of
LDHA ,FoxP3 (Treg cell marker),and CD4 between the tumor and adjacent tissues from 91 HCC patients. Hep1-6 subcutaneous tumor-
bearing mouse model was established. The mice were randomly divided into control, bufalin+pyruvic acid, oxalate ,and bufalin groups
(n = 5 each group). The mass and volume of subcutaneous tumors were compared. Immunohistochemical staining was performed to
detect the expression of LDHA ,FoxP3,and CD4 in tumors of mice in each group. ELISA was used to detect the levels of transforming
growth factor B (TGF-B) and interleukin-10 (IL-10) in the serum of mice in each group to evaluate the immune function of Treg cells.
Results Compared with adjacent tissues, HCC tissues exhibited significantly higher LDHA and FoxP3 expression and lower CD4
expression (P < 0.001). The results of the correlation analysis showed that LDHA was positively correlated with FoxP3 expression and
negatively correlated with CD4 expression (P < 0.05). The experimental results of Hep1-6 subcutaneous tumor-bearing mice showed that
the tumor volume was significantly smaller in the bufalin and oxalate groups than in the control group and was significantly larger in the

bufalin+pyruvic acid group than in the bufalin group (P < 0.001). The results of immunohistochemical staining showed that the expression
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levels of LDHA and the percentage of FoxP3" cells in the bufalin and oxalate groups were significantly lower than those in the control

group, and the percentage of CD4" cells in the bufalin group was significantly higher than that in the control group (P < 0.001). The expres-

sion level of LDHA and the percentage of FoxP3" cells in the bufalin+pyruvic acid group were significantly higher than those in the bufalin

group , while the percentage of CD4" cells was significantly lower than that in the bufalin group (P < 0.001). The results of ELISA showed

that the levels of TGF- and IL-10 in the bufalin and oxalate groups were significantly lower than those in the control group (P < 0.001).

Conclusion Bufalin inhibits cell growth, downregulates LDHA expression, and suppresses the differentiation and proliferation of Treg

cells in HCC mice.

Keywords hepatocellular carcinoma; bufalin; regulatory T cell; lactate dehydrogenase A

At 4t Bfd 5% (hepatocellular carcinoma, HCC) 1E 4=
BRI AT A R s, ek R RS
PR R B 2 AN A 43 ) S R HCCIRE (A
3% A AE R A TR MY (regulatory T cell , Treg),
FoxP3" CD4" Treg#i il & — > P RE iz H AR (1) CD4’
TZH Y, HAT AR 5 i S 2 30 DI RE , BEAL (2 1 fir
AU SR E IR . FoxP3JE Treg 4 il JCHEFL S K+,
X Treg i i 14 4 B NI REEL B 24 EH] o Tregl i ik
SR B AT I8 Sy T LAt B B A BRI S s
WFFE ™ K PR, Treg 2 M T LIS 3 4L AR , 3458 11 &
TIIHE o IR A5 v 0 2L IR = v e A4t P i o) A
FUBEERR 7= A, FLER L E A (lactate dehydrogenase
A,LDHA) 23X — 1 5 9 5 B il (A 0k, 0 1 0 4
LDHARYE P FI LI RE , RS 42 FLIR QTR A2, e
P IRA GER G, T LAAE Sy — b4 ol Bl 2 A R G 1Y)
itk

H A, WS R A IR F 2RI R 4F i S i I
ROR, WERE RO RNE 2 b Z AP I PR
IR S B, W T R AL AT LA S Tl 3 40 4 5
i T LA TS e R A B B AS A 5 S A I LDHA |
FoxP3 .CD4fEHCCH Y R 1K, #4575 R XTHCC/)
BB 18 2R 58 LDHA R Treg 40 i 431k S T RE 1 52
W], DT Ay A 0 2R i AR 07 4 it B 22 1) BB AR
Hi , WHCCAPEIRT TR AR 7 )

1 ##RERE

1.1 Ak

L1 20 bk« BRI 40 i R Hep -6, 11 [ 207X
i A E AR AF

112 FEEG W5 R R, 8 A 55 APEXBIOA A .
PR R , W [ 25 [ESelleck 2y 7, B2 W2 £k, 1 A 25
FEGlpbioZA H] . CDALL 470 G B ve BEHTAAR .CD41L
B0 R TR PR  FoxP3 1L £ 4T S B o BB AR

FoxP3 11241 BUR Fe R4, 1 [ 95 E abeam /A 7 .
LDHABUIR, 4 H 3 E ABclonal 28 ] o Jifi 4 1L 4 , 1
H K F W AusGeneX s Al . DMEMK; 5% 3 .0.25%
EDTA-Ji 4 H i, 1 A 22 EGibeo A 7, 0.9%H Ak
BV, 1 A 9N RHE 25 B AT BRA B e fe A K
FB (transforming growth factor B, TGFB). H 41l i /-
% -10 (interleukin-10,1L-10) B 5072 W A 56 (en-
zyme-linked immunosorbent assay, ELISA) i) & , 4
F RS T A B AR A R A

1.1.3 s PRARAS : Sr8E20194E1 H 1 H 220204E12
30 H [H] 7 K 3% B Bb R 27 B 55— s Be A7 9 D) Bk
A ARG IS W MHCCHI9 11 5 3 1Y T 4 SR
LA

1.1.4  SEBEhY) : SPRLCSTBLI6/ 20 2, 4F 15 , 14
H18~20 g, M H T T KA AEYH AR A FRA T
1.2 ZifEssss

B IR Hepl-6Z0 1 7E37 °C 5% CO, 1 FIGEJE &5
P, 765 10%J16 25 1L FDMEMS; 7% 35 v i HLES
Fr o A A R S $190% LA 1B, 10.25% ED-
TA-J 2 1T A5 A% AR OGS 2502 K 100 1 4 it
FIaLeesis,

1.3 Hepl-6J I fapfid/INERASAY Y 2 37 F1 5320

e 5 % 5504 K 3 A Hep1-62401 L, 11 14 x 10%/mL
B MR T /NG R S 100 LA B
VL, ST SRR AR 1B R AR, AR (em®) =K x
i 2,

W 2 ST 1 /N BRUSERY BE AL 4 kg i HR2H 0 7 R
BCA TR B b 4 e R4, HUlS .
B J5 SRR, 6 R AL /N B2 T0.9% % Ak 81 7 T
(0.1 mL/20 ) ; WEHE R KA VIR 41 /N R 25 T W5 5
R (1 mgrkg) +PH B i (4 mmol/L) 5 %5 5 R 15 4H /N B
95T R TR L (400 mg/kg) 5 BETE R 41/ R T s
7 R (1 mgkg) o YR M1 0 46 25, 100d. Hodp, T



- 878 +

HREERRESR H54E

il ik EL A5 ) 380 7L R 5 S B8 (lactate dehydrogenase,
LDH) iR 1™, 5 M th BA M LDHA K 15
HIVE TR L R R 2 5 SIS R AR & K i
B2 B 55— I e 5 2 A 3 2 D 4 W Stk 3 A
(AEE24007) .

1.4 pEHL kYt

K B 58 A U2 7 BRI HC.C A8 25 1 IR A
AFN 441/ BUIEE T LDHA A Treg i i 45 5P 43 7
FriHFoxP3 . CD4M Ik 45 2515 dfiF , MR AE J5 ik Mo
SRAMLJG AR FE/N L BUR A SEAR AR R 8 R oV A
AT VI T b B AR 8 T AN [k
& (100% .85%F175%) £, T i 7K o ) =i T4t
AR R, B MR A E R 3% E ik
AW T U R b, KOS PR BTS2 o VIR i n =
LIRS o, KK B —Pt . —BUATR . DABYL A A HE
B, 2k G, IR R FR A LA A% o 1 T 75% (85%
H100% BT R K, 26 T 0 M fdi
R W, A PR e e, B S S O T LR A
HH .

1.5 ELISAK:

SR FHELISAKS I £ 2H /)N BRI T HPIL-10FITGFB
IR, PPAR Treg 4 M 1Y S 72 D BE - #% FRELISA IR &
U A5 BEATHRAE SR 23606 BE A 5450 nmif &
T RO B A A A 7 1 42 TSR TGF-RAIIL-10%¢
B
1.6 Giil2gsrin

N FHSPSS 27.03K - #EA T Ge it o o T HE BB
x £ s , N 2L 8UR 55 L 2P & 8 A i) LR
K HIWilcoxon Bk FHAS 56 ; /Iy BRLUSE 30 r 20 1] b 35K H
Mann-Whitney UK 55 . K FSpearman®k 41 5¢ 43 #1 A
JiT 968 41 4L R0 55 4H 4L P LDHA 5 FoxP3 . CD4 3 1K (1)
AR, P<0.05h2ERAGE L.

2 #HE

2.1 LDHA FoxP3.CDATE A T8 4 21 Fn i 55 4 41
s S OHAR

CDA453 A1 T TregZiH i 114 248 i JE 3 1T , FH A4 448 i
SEARFII INEE P 237 5 Fox P332 35 T Treg 2 it 1) 41 Y
N, B VR B 52 R 003 A s LDHA IR T B A 4 g
P2 AR, PR 200 B 2 R R0 A o DL L

B AU 2R Y B S5 T TR |, R 41 2R 55

HAPPLDHAKIRIKF-53512450.235 + 0.056F10.142 +
0.055, IF9 4 21 P LDHA S 5 3635, LDHA 35 /K
N 8 7 TR 55 44 (P < 0.001) 5 B ZH 2 RV 55 40
LU Fox P340 i 7 43 e 43 51 R (3.108 + 2.635) %0l
(0.825 + 0.665) % , CDA ML FT 43 He 43311 9 (11.800 +
9.389) %A1 (18.900 + 8.962) % , F-Ji ZH £ i FoxP3*4fl
Ji 43 HE B B T 55 41 21 (P < 0.001), CDA™41 i
A5 LI AR T 55 441 (P < 0.001) . FoxP3™5
CDA™H M T 43 Lo 2 W TregZ i (5 CDA™ T4H S LU AR,
JHER A VR 55 2025370 (0.330 2 +0.244 5) %l
(0.050 31 = 0.043 96) %, #e/R I A S P Treg 4 i FH i
ZFEHHE (P <0.001) o

HCC tissues

Adjacent tissues

LDHA

FoxP3 |

CDh4

E1 AHCCALAGRBARUFRE x40
Fig.1  Immunohistochemical staining of human HCC tissues x 40
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A, correlation between LDHA and FoxP3 expression; B, correlation between LDHA and CD4 expression.
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Fig.2 Correlation of LDHA expression with FoxP3 and LDHA expression in human HCC tissues
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A, subcutaneous tumor-bearing mice ; B, subcutaneous tumor.
B3 Hep1-65F T/ NRALEF0 Bz T BhyEE
Fig.3 Hep1-6 subcutaneous tumor-bearing mice model and subcutaneous tumor
1 AHNREE. EREMERAOILE
Tab.1 Comparison of mice body weight, tumor mass, and tumor volume between the four groups
Body weight (mg) Tumor volume (mm®)
Group Tumor mass (g)
Day 1 Day 9 Day 15 Day 1 Day 9 Day 15
Control 1831 £0.71 20.18+0.80 21.20+0.52  0.60 £ 0.05 109.62 +9.82 323.44 +11.95 589.91 +36.41
Bufalin+pyruvic acid 1827 +0.65 20.06+0.89 21.15+0.74 043+ 0.05" 100.56 +7.17 224.32 « 19.54" 398.73 + 23.44"
Oxalate 1773 £046 19.54+0.51 20.59+0.55 024+0.02"? 10564 +833 174.67+7.63"? 221.16 + 14.49"%
Bufalin 1849090 2030+0.77 2137+079 0.17+0.01"? 101.30+3.85 127.58+7.13"%""  176.41 +9.90">"Y

1) P < 0.05 vs. control group;2) P < 0.05 vs. bufalin+pyruvic acid group;3) P < 0.05 vs. oxalate group.
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L4 I AR T X5 BB ZH (P < 0.001). i 75 7 165 74 i
FRZH (P <0.01) ; #E7E R A 5 R RERAL LL#Z , LDHA
FIRIKF- FoxP3 4L 43 LU 1 22 ¥ RG22 &
X (P>0.05) ZHRAER, WETE R Be g il g 214
LDHAZ A , HACR 5 a iR ER AR ], HiEw R i
SR R34 P A 500/ Pl 20 21 Treg 240 L ES 1 o W
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BE AR LLCDA YA E 3 b B S g X B A W i R K
AR AL (P < 0.05) ; H2 R ER 41 CDA 41 L 1 4
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FoxP3 2 fifd 5 CD4 4 i 43 b S e Treg Ml A5 C D4
TN Y HE A B 75 R 4L FoxP3 41 i /5 CDA™4M i 7
43 L BRI ARG T 0 R W RIS TN R 4 (P <
0.001) 25 $2E7m , e B R AL AT LAY /D i 41 241
HTregZf i gkt , 16 AT LA NCDA" TAH MO, T

i TregZH il 5 CD4 T L L (B FEAR

AR M 455 (ES) S, LDHA 5 FoxP3363k
LIEFIZE (P <0.001), 5CD4FEIA L A (P<0.01),
55N 958 2H 2R W0 25 SRR ) e g 14 B3 i g 2
ZUPLDHAZK Y- FFoxP3 4 i H 43 L 2 IEAH G (P <
0.001), 5 CD4 4l & 43 L 2 A ¢ (P < 0.001) 45
FAPR  WETE R AT L s/ D ohygg 20 2 b Treg 4 A0 A5 it
AT S g e 2 FR R R -

F2 ABAPMRMFIL-10FTGF-RAKFERI L (pg/mL)
Tab.2 Comparison of serum IL-10 and TGF-3 levels in mice between the four groups (pg/mL)

Group TGFB IL-10
Control 36975.87 + 108.67 88.53+1.73
Bufalin+pyruvic acid 36331.89 = 114.44" 85.19 +2.68"
Oxalate 34 600.96 + 76.99"? 80.01 +1.53"?
Bufalin 33 048.56 + 78.55" 7726 +2.27"2%

1) P < 0.05 vs. control group;2) P < 0.05 vs. bufalin+pyruvic acid group;3) P < 0.05 vs. oxalate group.

£3 44H/MFRLDHA. FoxP3F1CD4FRIAK TR bLEE
Tab.3 Comparison of the expressions of LDHA, FoxP3, and CD4 between the four groups

Group Avel;:ﬁ:i ;iiz;;;llznsity FoxP3" cell percentage (%)  CD4" cell percentage (%) Ratio (g]i(:f zz{lsens 0
Control 0.301 +0.058 6.483 + 1.209 15.860 + 9.439 50.24 + 19.86
Bufalin+pyruvic acid 0.222 +0.030 4.700 +0.101 18.030 + 5.530 28.39 = 10.01
Oxalate 0.138 £0.012"? 2.090 + 0.305"? 21.040 £ 4.796 1042 £2.81"7
Bufalin 0.148 +0.010"? 0.705 +0.324"% 32.680 + 10.860"% 237+ 159"

1) P < 0.05 vs. control group;2) P < 0.05 vs. bufalin+pyruvic acid group.

B4 MEMBEAREARUFEBER x40

Fig.4 Immunohistochemical staining of the tumor tissues of mice x40
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A, correlation between LDHA expression and FoxP3™ cell percentage; B, correlation between LDHA expression and CD4" cell percentage ; C, correlation

between LDHA expression and tumor volume; D, correlation between FoxP3" cell percentage and tumor volume; E, correlation between CD4" cell percen-

tage and tumor volume.

E5 BhEELRLDHA, FoxP3. CD4FRik 5 b4 XM
Fig.5 Correlation between the expression of LDHA, FoxP3, and CD4 in tumor tissues and tumor volume
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