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f 7 T4, TRAb KT AR, FRAAMVD 20K Y, TR VEGFA, VEGFR2&Z & AiX ¥ 2F T (P<0.05
HP<0.01), Pk lAfolbFk HLEMEIHREZFH AL FEL (P>0.05), Fif LEHKLEF Tl
& TR P ARAE VEGFA/VEGFR2 45 5 i@ 35 M Mo 7 5 WK IR £ 8 37 &, & Graves Ja FARIE P X Ao o b 703
[X$F] Gravesym; FWHRIE; ©EHit; FARAERKET; LEKRES

Graves 5§ (Graves’ disease, GD) J&—FhIfi IR
LAY H B e e, ATRTE P FOIR R i D
RBRDIRETCHE M AFRAE . GD IR YT ik 24
FEHCHARBRZSY) . U PR T AR DI, BAEER
KRR HBTRIR I ae e R BE . GD B
PR IR AR D B 1 IR A=, T AR It 457580 2
ST B FUIR BRI R B Ei BT, M A8 N B AR KT
A/ AR T2 182 (VEGFA/VEGFR2) 17
5 IE A I AR R R R E AR B gy
16YT GD AT 4 /N HUIR BRAR AR AR A B o8 S
AR, SPGB e BT R A R

& B H% A RBARE4 (82305182,81774293) s [ 1+ )5
Bl 4 e I H (2023M740347)
M ETHAEH :201901008@bucm. edu. cn

FRE . BRI R Y GDISEASRHL A K ke 40
B, ARIREES | IR AR v AR,
HARIRZ A2, HAFIhRe AT KSR, 1
FOBR M Bk D e 5 % T 5 GD i A4, H F 2000
PR ZR L R BRI AR 5 HUIR BRI 4 A6 25 DD A
X WG ER, IR R FH AL E BLES 25903697 GD
B 7RG, xS R IEE . EATER
THPHEL, fREESEERIT T, = a A
A T7 o AR A BT AR B A 0 1l s Oy vt 3
M0 GD /N ERUFAR R b K 7, AR R AE IR |
RIS BRI 148 B A4 & VEGFA/VEGFR2 15 538 %
BB B EE 7167 GD B AT BEVE FHALHI . A 5256
oAbt BE 2 KR I By 2t Al S
BUCM-4-2021062101-2063.,



+ 2026 -

‘? B A & 2024 4F 10 A% 65 565 19 B Journal of Traditional Chinese Medicine, 2024, Vol. 65,No. 19

1 MREAZE
1.1 S AII» %

SPF 2% BALB/c MEPE/NEL 36 H, (A A 18~20 ¢,
6~8 JEI i, W T b 5t A FLRE A BB I 0y A R
A, LIRS UEYS . SCXK (1) 2019-0008.
T FE T E R R )L T TE B s Y L g,
WEE (25+1) C, X EE 55%~65%, 12 h/12 h
JERETEER, HREREIRK,

HRPEREAEDTIT " HST ISR, FEE pAV.
EX1d-hTSHR289/his/IRES/eGFP JFtd 2k 44 , 2% 3F
Feik N TSHR-A W 347 (Ad-TSHR289) A4 iR9 2 ,
R 3k 3R A 2H AR 1 R L AR AR DT A R
AR A % . Ad-TSHR289 L if & PBS 2% nft
WO R, LR A 2. 0x10"™ PFU/m (9% 75 %
W, BTk LS.
1.2 %

RS P S 0B EAR3 5110
[ HE B R I 1 b BE R B ) T R B
s, AR R RFRIEE 54 ¢, NUKIRME2 h, BE
2200 ml, BP9 oK R, IRE IR,
B4R, W 0. 702 g/ml, AT KM - (%
V& , Merck Healthcare KGaA , B 24 #fE 5 HJ20171155) ,
BT 0.5% R B4R (CMC) W HIRE,
WeRE M 0. 52 mg/ml,
1.3 FEZXFNAEPE

IR R R AR (T3) I 2 357 & (SIEMENS
Healthineers 2w , VEMHS - B 2F 20162404411) 5
FARBRZE (T4) iU kil & (585
OCPGO7-T4) . fE HUIRIR R A2 1k F & Hiik (TRAb)
AR & (5855 TR-AB-CT), Cisbio
Bioassays A w5 HE 440, & Fa52 21 AL A I35 . 3d
FHRIH A E E W (Servicebio 24 H], $2%5: G1101);
RPLCD34 Pl (A IEREAEM AR AR, 1785
380824); MIAREARLL (HE) Yyl (555 : BSBA-
4027) . AR & (5245 PV-9001) |
DAB B ik & (585 ZLI-9017) ., R KZEGE
W (175 ZL1-9610), dtmih 2t EwHiRA
FR N7 3 VEGFA 314k (Proteintech A 7, 85 .
19003-1-AP); VEGFR2¥iIA (BUABIEREA: WA PR
"], 595 340401); HiB-ActinHifk (Abcam AH],
795 . ab227387); HRP FHife 41 (185 . 074-
1506) . HRPFHL R =Pt (5555 : 074-1806) . SDS-
PAGE #EE il #5150 & (185 : Bal012). RIPA &

FEEARIE (575 . Bal004) . BCA & [ o v J& il
FIXF & (585 Bal086) . ECLAk2A & A ik
M& (5395 Bal059), RIUETEAF; &AM
HIFE G Y (ROCHE 24 |, 58 % : 04693159001 ) ;
4 Marker (Thermo /AT, %5 : 26616); PVDF
B (Millipore A ], %% : IPVH00010),

GC-2010 BG4 a%  (ZRUh R P AR
PABRAT); IB-PS BN, (RIURASH T4 R
5 d]) s RM2016 B HE Y] 5 #L (i gk RA AR AT
FRAHE]) ;5 eclipse Ti B IE BOE2: BB (JEEA
F]); PP-1105FHL KA (CAVOY 2~ #]); DR-200Bs
BRI HRAL (Diatek 227 ) 5 TGL-16¢ B {5 20 .0 HL
(LM 2B 2 AR ) s TGL-16 ¥ VR 25 0 Bl
(I R A S g 3 A T R A IR DD o
1.4 #HEEF*®

36 H BALB/c M1 /N B RE S8 FEAIL T 3 H 7 fic
12 %, I WPS Office 2021 %% {1k 26 4% 1)
RANDARRAY 2> = Az 6 1 19 12 A Bl AL 4% K/
o7, S HT 1~9 iR 27 K 10~12 B IEH
XTHRA19 H, Fratfa 44Uk E My . ARy AR R4
MR — IR sk AT E R T RN A
Ad-TSHR289 i 52V W IR A LA 73, A /R
A 100 wl (3% B 35 2. 0x10°PFU/ml) i
AT . IEH G BRZ/INR T T PBS S0 100 wl/H o

FogE 485, NN ERGER 6 H |
TE 6 RRZ 3 AR T i K IR 24 100 pl, % ik i
1 h, 27 °C. 3000 r/min (}4£13.5cm) EL>5 min
WIS o Al i i T3 & &, AR Y, i
BEZH /N BRI T3 7K 15 T 1 % HE A0 5 R 20+ 3s
VER U bR A
1.5 Shmm ARk TR

H4 35 AR /N BN FH B LT 3 il |
BUDkmEZE | AR IEE 49 K RIS 9 TR
2 DR s 2 /N B 25 7 F SBR[ 5.2 mg/ (kged)
WEE, MY TR H 4208 40 mg; fRAEERSS A
INEUES T AR B Jr AR A 25 7. 02 ¢/ (kg d)
M, BRI T R H G R4 25 5 [R5
i, NS AR R I AR R T AR
g s IEH X R SRR 45 T 4K 0. 1 ml/10 g
WEEE . WRHES LR, T4,

1.6 MARIRAFA Ty ik

1.6.1 WIKAE 2 4 & TRAb Al HUR R AR BN
BUAT &, 2% S %E: (0.41 ml/min) <% RS
AR BRI, BEELNSE, 2im'EFHesEE T, 27 °C.
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3000 r/min B0 (GEA213.5 em) 8 min B, LA
TS SR PG T4 % TRAD K-, AR Mt 7 &
BORIRAE.
1.6.2 WKL B T A KA A g7 22 5 46 )
AT/ R AR 2 /N, R R RIS R L
SHFIEHURME, B THSEER. BE2hFH
L WSS AR A5 2/ BROHUIR IR /N S JF 40 B
BE24hf5, AWEEEHTIRRE G pumE).
HE e, WoKEF, WidE T ugg, SRE RS
1753H7
1.6.3 WK MmE CD34 % & A0S & Bk fn
EFEAE (MVD) #t#& HUREAEYI R LICD34 4
JEA ALY PRGNS o #F B R T X CD34 fH %
PN A I T, e RRME Y S CD34 Y1
PR ks (B (8, 78 MU N R 40 i i b 3¢
Ik, ARAT BHPE G (o n A PN R A sl A A AT, AR
RN A o B DR A ST A
T (x100) &3 MM EHERZR R X
B, ERMET (x400) FHECRE—A X A
MR, BOLEEES MVD 4L
1.6.4 WK+ VEGFA. VEGFR2 #9%& & & ikt
w5 AR A 4 H/N R E RIS T -80 "C¥ Ik
TRAFE, TR AR, SRR AR SR,
M 5ERE LB M), Western Blot 345 VEGFA .
VEGFR2 [ 55 4 #635 : SDS-PAGE Lk, HFMEEM
B LRERYI 40 pg, BB, HH, Hilkd C
BEF 1, B-actin, VEGFA. VEGFR2H B H 543
o1 : 6000, 1:2000, 1:200, —HEEGE
30 min, i IIHTEFC ] A ECL A WU I % h g
Ve R AT H, Image J 1. 53k 3K 150 H ARa 19
TG
1.7 %itsrE

K Graphpad Prism 9. 0 #4724 70 #7151 141 .
THEGERHIFF A IEAS A, RABE AR ERE (v£s)
TN, WA LECRH R, ZHAMAT 250K
R ZE Jr 225081, Z 408 W L3 H Tukey's 2
HILE, FZAFFEER ] Welch's K 1E . P<<0.05
RERAE G L
2 HR
2.1 #AEMAFo AT RA R R IR 4G fiE T3
K g

BI17R, R4 6 H/NRIME T3 K7 i 3w T
XA B x+3s, ZRAGITFE X (P<

0.01), BB 100%.
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Figure 1 Comparison of serum T3 levels
between the model group and the normal

control group four weeks after immunization

2.2 AR i T4 B TRAD K F He gk

F 1R, FH/NRULTE T4, TRAb KSR LE
B, ZREA%HEEL (P<0.01). Z[HHMH
P . HIER O MR Ay, AEARLAL /N BUMLTE T4
TRAb K V-H . Th & (P<<0.01); SHEIRIA LR,
FH 57 b s 21 1Ak 8 B 20 13+ T4 . TRAD 7K B
W (P<<0.01) ;5 H %50 K m 28 R Ak 8 il 2 4 1
5 T4, TRAbKF-2ZS TG E L (P>0.05),

R AA/NEUITE T4, TRAD K- HEL
Table I Comparison of serum T4 and TRAD levels

in each group of mice (x+s)

21 FEL T4/ng-ml™ TRAb/U-L™
NGapiEi 9 41. 83+10.25 0. 44+0. 27
FEAZH 9 81.71x13. 02" 17.91+7. 19"
FH 2k 2 9 57.57+11. 43" 9. 68+5. 17"
AR A A 9 63. 05+8. 84" 7.27+3.75"
FAE 20.17 16.95
P1H <0.001 <0.001

VEr T4, HURIRE: TRAD, (RHURIREZA Sk,

a) HIEH AR, P<0.01; b) SERALE, P<
0.01,
2.3 B4R TFARALT S KRR IR LT
X

K27, SIEW AR e, BRI /N Ry
IR IR, BUERL, e Estm; 5
FERIZE HE, PR ST DRME 2 RS A 41/ BURY R
BRI, BEARR, FEMNSIA . R
A 2L TP R A 2 IR R PR AR /N | S I R
PEE N TE
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Figure 2 Comparison of the appearance of the thyroid gland in each group of mice
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2.4 B R FORIE M B CD34 %95 AL R &
%R

Bl 47, 1E8 X REZH HUIR AR 8B S, %

A 5 R BB G A, BETHUIRIR P 33
AT IR 2% AL 28 T g R, 1A P JC A I £ 40
Jagk B o AL FAR IR IE L G A KU, folo i 5 i
PR R L A o JE A R, D R A AT LR
AN, EIEIETE, MU N L ALk . 2y
Yy TR, SRR B8 S A BRI
TS P b, BERELE] B/ U I, A A P
A/, /NI N ZT AR AR B L o AR A 4 AR
PRI R F IR, SO b, BB ]
AN KGR AT A = 4 SR N (K EA R 1)
FREW D PSRRI, AR AT HR
iR YT 25 R AR 8 A RO SRS 2 2%

IEFX A A,
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T EREE AR N 22080 LR, SRR XA G s A SRR R
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Figure 3 Comparison of HE staining of thyroid tissue of mice in each group
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Figure 4 Immunohistochemical staining of thyroid microvessels CD34 in each group of mice
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2.5 B4R FREMVD b

1E 5O B2 /N BRI MVD 114808 (55. 80+
14.45) 4, BRI K (183.60+28.02) 4>, HH
Bk 2 K (108.40+18.41) 4>, fLHEBLEH N
(111.20+23.24) 4~ SUUEAR LI E R A G T2
= (F=29.43, P<<0.0001). dEMHILE: 5
TEH O IR b, BERLZH /N B MVD T 50
(P<<0.0001); SHIRIA] Hge, Y S mkms 2 F e
HZs 41 MVD T80 298 2 (P=0. 0003, P=0. 0004 ) ;
FH SR s 2 RN A28 5t 2H T AL ] L e 22 R e S v
=X (P=0.9968).
2.6 BLADRFHIEVEGFA, VEGFR2E & kA bk

F2R, FA/NRHARIRVEGFA, VEGFR2 K
HFRR BRI, ZRWA%HHE X (P<0.05
i P<0.01). 4P LA . 51EH X A A,
B2 /N BRI VEGFA . VEGFR2 2R (1 ik
I (P<0.01); SEAIALLE, WHKMELA 51k
R4 4 VEGFA . VEGFR2 B £k T (P<
0.051% P<<0.01) . H #iPKms2H 55 1k 78wl gl 2H P 240
[H] b 22 S G 2F 3 L (P>0.05) . £ 41/hR
FUIRBE VEGFA . VEGFR2 25 A HL K IR LI 5

R2 SU/NETARR VEGFA, VEGFR2 2 13635 LA
Table 2 Comparison of thyroid VEGFA and VEGFR2 protein

expression in each group of mice (x+s)
20 51 LA VEGFA VEGFR2
TEH X IR 2 3 0.23+0. 07 0. 13+0. 05
FEAIZH 3 0. 7120. 20" 0. 6220. 15
FH S K i 2 3 0. 29+0. 23" 0. 1220. 06
IR H 3 0.35+0. 12" 0. 3620. 05
FA 10. 89 5.677
PE 0. 002 0.022
{E: VEGFA, MAFHNEARKET A; VEGFR2, I KA K
244

a) SIER XA, P<0.01; b) HEIEIA L, P<
0.01; ¢) SHEI4IFE:, P<0.05.

VEGFA 45kDa

o _ o

gk Rl

IEH PR BRI

3 iTig

FOBR B2 0 B I AR I N A IR B, AR &
2 111 7 D) [ 8 4 R DR AR Ut 0 9 240 L R 2
I A5 22 ] P 0L [ 22 %k 1 HOIR AR T g oG dE 2
GD & 9 B 0 FE R w3 I Ak 2 — 1> B 22 0 P
fiE, HUIRBR A A5 IR AR AR TR B AR O, JF HLAR
TR FE PR B A I A AR P B, R A A AR
JE 55 35 AR T 7S R B e ) I T U g TR R 3R
TRAb KA G, FRAR il 45 A6 R 1 mT LAAE S GD
BORMTMAEAR . AR MEE " kM, #4 GD
S AE R AT A UL R R Y I A5 5
HURBRARFRIE ®,  FHALE R AR R A T8 ot A v
A B AR T IR BR A A= . PR, IR AR I
B0 A S T BRIk SR RN T B U Y EE AT
VEGF J& fie 3 20 14 1l 45 A5 B R 1, Tl VEGFA J&
R I A A A s A R, 7 FEDIR R v 26 A A
=, a5 R LAY VEGFR2 454, 1l 4%
PRI N Bz A 355, FFRG I A A S e, [RIRT
PEIEN A E R, (EIEm A IR " WFIE R,
GD B FHHUR AR RN T i VEGFA 3Rk i 3 7t
f Y FEMRAME T DL GD HR I LR ) TeG
ﬂﬁkﬁﬁ%%%TU%@vmmFiﬁ%”oﬁ
WFFE A UESE T GD A AL /)N BRI R IR b A7 78 K 1
o, AL,

GD B E R HURBR ATRIB I K £, FihZ
BamALs, wBESA N H DL IR O 3 H
. ZHEEEGBITE FARBRIR R B RS REA
AN, B BT RN R AT R I B afp
HE AT DL K AME S NN Z HE R, GD & AR
WG K7 ZEEATAR R R, ARRELES O h
BRI, A, HABRIaiss iz
Uy, (MARARRELZ) 08I “BUsss <", XS
JEESE, (AR DT CFUK, 1RBE,

VEGFR2 170kDa

o - o

PO SEA W %1 UEA | I B NS4 A7 3 e

TE: VEGFA, IMAMMEAIKK T A; VEGFR2, I AR A I I 7321k
5 HY/NEHURER VEGFA . VEGFR2 #ik Lk &l
Figure 5 Electrophoresis of VEGFA and VEGFR2 expression in the thyroid gland of mice in each group
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B 7, (ORFIE) i@ HnT “iBIEHRIFIZ
K, LR BEAEIR T, RIREE IS . (R RAE
B 5 DURER] CEEEE M, R, (OREL
) = CURE, JHARTRR, ARz g iR EE
Wess, IR, OB, NULERE. &
AEIE K, AR, RO S, W GDIRAL,
ST A R — L GD ARG e, H AT
e I 4 7 vl i 7E BALB/e /NP RS e DNA i
K s B #6F AN TSHR 4 A5 A RN 2 AR
REZHAE AT A ST rh oA A T LA %38 N TSHR-A
SV B Y 2 B TS T 0 GD /N RS 1) AR
S rp OGS AR IR AT T MGHE, ANZRAR BE /)N
B BRAETE S T, B8R Bon/ N sE 485
IR 100% . GD AEFL/IN B R R AR R G 14
K, BEIBARN . RIRA 6, FELE AR
B ISR R HUR AR GV o 21 A . HEUER
075 ;1T T4 A TRAD KB 27 HURIR
T A S S R, AL B P o A D 9 L R A
UL TTT o) 308 V60 B P T, D T BT P AT DL B 22 /N I
5 HUIRERH VEGFA I VEGFR2 [ 25 3k B 3%
Fhim o 5 REAR 3 2R FH 022 E HOIR IR 205 5 KR
FHOPR B DI i T A B3 1 e Y 0 R nafe a5 B FH PR AR
KIS PR > ARWFFE I SR/ U™ A=
= KP4 TRAD, - DT 5 |2 R AR T e T 1 g v
B AR B B RRAR LR R AIL I A B R LY S i R
FUORHER . AWFIEE UIESEAE e 15 50 GD /N
R EfE R HOR R A8 4=, 1l VEGFA/VEGFR2
(855 43 WA FH S 25 7 i T BB 2 R IR LR
AW SR E BRAE F A I R 32 1 K
WA FH XS BEZG Y . FEFHZG T HUs, I ainrmsa]
LIRSS 2H /N BUA T4 . TRAD 7K S 11 FFIR i 2H 21
TEAHA WEWE . SH SR, fhPHss
ZH o Xt FFIR M 2H 298 25 0 D60 40 0 4 i 3 B
B o PR/ IN BRUFF DR R i 3530 A R S 25480 7 2l
YA B &%, VEGFA il VEGFR2 & &A1
WEERRAL, WARTTREER ., Fi, IR VEGE
FEIR A FE DR B A A5 B A T RE R A RS ks
GD HUAR B Jieb oK 1 0 AR FH AL 22— o A< AT BABRE AT
WEGE 0 I, AP EES 1 BRI v R B i
FOET W HRWE, TMRFEAK TRAD AR B 5 S kg
TS, SAMREIRMA 25, HIFEHR AT 5eA L
T2 1) HEFIEAR, AT H SR LS 2
R K52 mg/ (kg-d), ST AWIERIATT KGR
40 me/d, T REFEWFST 45 25 0 A Y T AR KR H

Y260 me/d; 2) T SBR[, ARWFF
TRPESEH 9 IR 452, T an T TR0 % B AR i b
KEEERE, THEAN4E, SrREE,

25 Lk, AR B AR I GD AL AN L
ARIRMAEFE, FFCE MRS, AR T
FUR R VEGFA/VEGFR2 5 5 52 BLAY . AHF 55 90 2
R T AP HES 5 I GD HRBR R it A5 3 A= A0 1
MU, (EXHERIPLERI R BFFE R, TR LLil e ik T
IRANSEE | FER R — DI E, xS LI
HLAHIHEATIR AR E
S 2% ik
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Effect of Huatan Sanjie Formula ({¢t#%#%577) on Thyroid Angiogenesis and VEGFA/VEGFR?2 Signaling Path-
way in Graves’' Disease Model Mice
MA Wenxin'?, ZHU Xiaoyun’, WANG Chengna', XU Jing’, LIU Ximing®, TANG Yang'
1. Beijing University of Chinese Medicine, Beijing, 100029; 2. Guang'anmen Hospital, China Academy of Chinese Medical Sciences;
3. Dongzhimen Hospital, Beijing University of Chinese Medicine
ABSTRACT Objective To investigate the possible mechanism of Huatan Sanjie Formula ({t##%45 77, HSF) in
treating Graves’ disease (GD) from the perspective of thyroid angiogenesis. Methods Thirty-six BALB/c female
mice were randomly divided into a normal control group (n=9) and a modeling group (n=27). Mice in the modeling
group were injected with 2. 0x10° PFU/ml of Ad-TSHR289 adenovirus into the tibialis anterior muscle to build GD
model. Nine weeks after immunization, the successfully modeled mice were randomly divided into model group,
methimazole (MMI) group and HSF group, with 9 mice in each group. The MMI group was given 5.2 mg/(kg+d) of
methimazole tablets by gavage, while the HSF group was given HSF at a relative crude drug dosage of 7. 02 g/(kg-d)
by gavage. The normal control group and the model group were given 0. 1 ml/10 g of pure water by gavage. All groups
were administered intragastrically once a day for a total of 4 weeks. The levels of thyroxine (T4 ) and thyrotropin
receptor autoantibodies (TRAb) in serum were detected by radioimmunoassay, while the pathological changes of the
thyroid gland were assessed by HE staining. The vascular morphology of thyroid tissue was observed by CD34 immuno-
histochemical staining, and the microvessel density (MVD) was counted. The protein expression of vascular endothe-
lial growth factor A (VEGFA) and vascular endothelial growth factor receptor 2 (VEGFR2) in thyroid was detected by
Western-blot. Results Compared to those in the normal control group, the thyroid volume of the mice in the model
group significantly increased with excessive congestion, and the pathology showed significant thyroid follicular hyper-
plasia, columnar and proliferated epithelial cells, and enlarged follicle size; serum T4 and TRAb significantly in-
creased, as well as the count of thyroid MVD, and the protein expressions of thyroid VEGFA and VEGFR2 (P<<
0.01). Compared to those in the model group, the thyroid glands of the mice in the MMI group and the HSF group
were significantly reduced, and the congestion was improved; pathology showed that thyroid follicular hyperplasia and
epithelial cell proliferation were reduced, with smooth edges of the follicles and the significantly reduced inward pro-
trusion; serum T4 and TRAD significantly decreased, as well as the thyroid MVD, thyroid VEGFA and VEGFR2 pro-
tein expressions (P<<0. 05 or P<<0. 01). There was no significant difference in all indicators between the MMI group
and the HSF group (P>0.05). Conclusion HSF may inhibit thyroid angiogenesis by down-regulating thyroid
VEGFA/VEGFR2 signaling pathway, thereby improving goitre and hyperfunction in GD mice.
Keywords Graves disease; thyroid; angiogenesis; vascular endothelial growth factor; Huatan Sanjie Formula ({t#
B Ir)
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