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[ Abstract]  Thyroid carcinoma ranks first among the malignant endocrine tumors. Immunodeficient mice or rat
models of thyroid cancer-cell-line transplantation represent microcosms of human thyroid cancer, which are of great
significance for the study of the pathogenesis of thyroid cancer, drug therapy and the mechanism of iodine-131 treatment.
Understanding the key influences in the modeling of thyroid cancer immunodeficient mice or rats could improve the success
rate of modeling. Therefore, the factors affecting the successful modeling of human thyroid cancer cell-lines in
immunodeficient mice and rats are briefly reviewed in this paper.

[ Keywords] thyroid carcinoma; xenograft model; thyroid stimulating hormone; iodine; mouse; rat

Conflicts of Interest: The authors declare no conflict of interest.

FOPR IR — Pl i DL A P9 20 3 e R R o AT R e ke ) AR s 00 L 434F 20%
W BRI, T IR A IC D A OB R WY, OSBRI R R PR IR G v e BRLASE
UTAFR , FHODR i 007 Jo Sl i 3t DX L PR PE R 25 4 TUAY Sl SR AE bl 5 HHOBR e A4 A i AL | & Jeé aod

[1EEE N IRIA(1993—) , L& Wi+7E5E, FEAFHURIRE P TIRIF U5 . Email: 1397293938@ qq.com
[EEEE DREE B W+, BAEEN, B4 500, E2 N HARARE S TIAYTIF5T . Email : deshanzh@ vip.163.com



822 hE SEER EN YR 2019 4F 12 A4 27 %45 6 1 Acta Lab Anim Sci Sin, December 2019, Vol. 27, No. 6

it KA BRI T AT A R, AL, dn ] A
DVESE A R N PR IR I Ji S 2 R B R TR S 5
IR A T B il A SOl 52 M N PP AR i o 200 i
Pt 5 ik B B A A5 B ) 194 R O TR 3% Al — T 22
grik

1 —RZmER

1.1 BpEHRatk
O OO R e 7 B

i T 48 3 7K ST B2 3% A 2l A58 7 BF 5 1 Y
N E IR S IES O A N3 T S U B B
HR PR 98 4 LR R0 A 43 Ak R0 P LR it g 240 PR ke, i
[ER 6 R s o 45 o S R RS A
T 1 ) e e AT e P B s B R R i,
e A A ST AN [ A R R A PR MR g ol
Béa/IN BB AR | P Ay DX fb 7 SR P A F 5 B 7, IR
I3 AR A3k FR IR 98 T AR 1 ) R AR e T 3L Sk
DR R R EE 10 B Jieb 722 200 e %) o3 AR B 5 B R
BN YIANSE . IR 2RI 4 55 98 40 e 1) 0
FRBEA G, e 200 M 53 fh R P 0 1 O 20 R B
1o TR A 3 AR A ()T OE R A A A BR 1, B
B 25 iR 200 B R A i, L 1 B M5 R ) 3
5, B2 JCRR MR AE PR e i A T R A e
112 s 2 B ik i

FE TP Jie e 4 5 i R A T 110° ~ 1x10°/0. 1
mL, B 0.2 mL"> R Rt B R 4T 22 Yk 41 i
BOPIIE 27 FIE T DL 1S A s | ok
T DR % L 4 L5 %) A 80 e 5 22 1% T e 400 i 7
PRAL TR B A A I A 200 0 R T 7 A 0 R 2 st )
TR Ak B ) R B 3 B Y A, ORI 41 M A T R >
90% , LA 3kt s Fifia 240 e e A O U sl B8 A I A L A 5
1.1.3 BHEHuX

96 4 L2 o o D0 55 A R T T AR A RO,
F LR PR 2 5 2 A 00 A O A g o K
HRAE S 56 H AN [ 4 Fp 07 20 nT 20k e T #2800
FE A RN DK 500 WO 3 S5F 9 20 RO PR &5, 2 T A
S e e b BRUORR 17 100, X SE AT AN R TR 4%
TR SEEG X A 0 B EAS R R 3R, DU
S iz Fok b it 0 A 0 R ) ok B e v EL R IR R K
AR SR A A AN B R R S B AT
BN 1 B B 2R B TR ASE A% A 1Y R R A
JZE Bl i FRUASE 75 B T v ) 0 R UL ek g 1) AR K O
Morrison 250 , Al 43 46 WK IR 9% ( anaplastic

thyroid cancer, ATC) itk 8505C T238 S FL IR
FHIR B8 ( papillary thyroid cancer, PTC) ZHifFk K1/
GLAG-66 ,BCPAP, LIVEEH 1x10°/0. 1 mL, & H
0.5 mL, i By b s - 48 e i it b /0 B AR B s i
FFRRRN ST, F 4~5 JAJE LART 90% ) 1 A5 ik oy
SRS WK IR O R B /0BRSS A AR A
TS RS AL 1) FE BRI 98 e 98 Bk o /) BRUASE 7Y ) o 57 %
ERAEB WLl R TR B G R v i AR
I TE K HH PR i 28 ST ol T A7 % A 6 S 2R I, Ik
SO R T ST 968 4t AR I T 7 2 Ak 2 % YR A AR 1Y
AR RFE I AR AR 8 B AR W17 e
SR PTRTT A MK, A2 R ATC 41
Jfikk 8505C . C—643 . SW — 1736 K JE 0 IR FOIR IR 9
(follicullar thyroid cancer, FTC) 0 Bk FTC-133,
FTC-236 %5, 2 8~ 12 JEHY SCID Sy il /1N 5l e
JKEEST 0. 2 mL £ 3x10* ~7. 5x10° /4™ JifJeg 4H Jfd (1 2
LRI, BT ST T HR BRI i 5 B8 S B e RS B

H i Py Ah © AT 38 532 3 32 WR S P BB K
B FH - TR i3 2 0 S o S AL RS AR v | T 52
SRR BT L S ANRHER A B RS RS 3R
SR, T e 26 H5 R AR K R (mu/mu)
(Crl: NIH-Foxnl ) {7 P9 8 37 1T N\ 45 7 9 40 B 1 % 7%
R 5 B R S ORISR R IR AL 4 SR T R
B IS T 10 H 4~ 5 JE 4 B ME R AR K R
(rnu/rnu) FURIE B2 RS AR AR, [ Ahai 5 R
3~ 5 JEIS MEPE R R B (NTH-mu) SIS 7 R A7
FE /N AR At i R R BRBE AR 2 1 fir s, RO B IR
FRARFER T/ 0N B FEOR R 20, 7 FR AR e D 2
FEABE AR A 37 2ok o v g P e 928 ik B O BRCRT A R A1
FAREEAE W MR | e P i R o
1.2 SERFER
12,1 eEslpd i

o E BB BROZ 48 T 28 R PR s A% B s A
T 7 vk N A 8 3R e — P ek 22 sk g3 i B 1Y) /N R
SRR, TR NSV 25 L3 F R 259 48
B TAEP A EZNEN., A 1968 4FAH KR
G IRR/INER TG IE 8 T B L 7 1 0l bk L8 240 Pt 5 i 7
BUSE  BEERAG T T 2T G2 B B2
F AR G i /D BB S e B R B, . 22 il
S PEAN M Bl [ Y SCID /N B B-nsg /N L FPG K B
K F344RG K%,

AT TIA 34 2k ] 9 35 2 S5 B A AR TR (1 A
G TR AR, I B 3 A 1 e 2 Bk o KRR



T [ SZEG Bk 2019 4E 12 A48 27 %45 6 ] Acta Lab Anim Sci Sin, December 2019, Vol. 27, No. 6 823

SRS I A R0 R OB TR | 4 e i
i FLME R R MR SR R D B
B R BRSO BRE A5 10 FH T B Ryt HLELAA
L CIE SN W N (A 3 RN R 0 e R =
R AR AR S B B K BRI N FHAE B TS 2,
SR B IEE I 5 T B o 8 Bl g /0N B 9% P B 5 LA )
FRAE T AR O R T R e KR 5 %
JEEBE/IN B 2 R AR 0L, LR 78 A 3 P
SR BB AR i & & TR ERAE DL &
ET AR MR AR 3 TR AN R o0, gt
SRR R BRUTE £ 2 N 2R I 1) S Fh RS A, 25 W 5T
FA T I A B IR AE AU B A5 2] 2 v A
MAEFH T 2R 2 A o a7 52 7 1, JLH R 2 R
VR, S e e K BRI A A ELAA I 3
1.2.2 RS M AERKIE

KB e B BT A 78 4l = e 4 Mg, Lo
WTEH AR B, AR JLT-E T bk L 4 g, {3 NK 20
FUB Ik U 20 B T PR AT SR AR v T SR 8 e B R A A
BETCIL X TR Ak, Bl A B 0 185 I PR 85 v 0 Bk
5 AT JA0 LA PN NKC 200 6 45 4 928 200 i 1 35 1 488
AT 52 Wi 4% AL 98 S5 ke o BRUBSE AR 1 i Bl il A, 3 ]
W4 K LR B4 BB A 6 ~ 8 JEI IS 1 AR BLUTE 5 i
o, IR IR 8 R T (At Bk B A
B B JE AT R A R, O E T g i AT e
SLSLYGAITSY DRI, DA IR 6 A S (6 1) 1 £
R, FEARN JCTA Y38 A U SPF 2 ERi R 6
~ 8 Sl 1) AT B i 5k B 1Ay S A N I I 240
FERP L

2 HRYmMEER

2.1 HRERMERAMERPRBEHEKTE

£ HIR IR 3 & ( thyroid stimulating hormone
TSH) EA {2 PR Mg b Rz a4 G 5 40
WAHFUIR IR SR T 7 S e b Bl b TSH 1 =i A7
BT g 4 A 0 K g, A OCIE RF ST st TSH
IKSFAE A B R B8 B8 3 P B 2 s T R AR FOIR
JREETT R B TSH MR B2 5 3 A0 AL FOIR 98 0 %
Rk LS55 7 A B R AR G 5 55 4h, 24 TSH K
FhET a7 i Je AR A AR R A8 K 27 L TSH 7K
PO FR MR8 ) A A R A AR DG JF HoAl
JES R IR AR AR AR — D B R

ATBFTE 2 R R 1x10°/0. 1 mL B9 AFEL 3k
DR HCDR BRI 40 M ( TPC-1) fz B4R T 35 FUE 4

/N BALB/ c-nu/nu ) ST #5, [ 430 7 20, 457
ANTr v 2 1) B 2H A HUR BRIl 16 d; 45 5R
7, AR TSH 2K 31— W 2 I, 2R B nid g 3k 12
B AAE DG AR S0 B e (55 3 R , B
IR TR K e AR AR TSH Mk B A AH DG A 5 [
A, 12 ST 56 FH S B 78 10k X6 20 40 v g HEIR R Bk 2
H ( thyroglobulin, Tg) #FATI & , 45 R WK Tg (MR i
5 IR AR RN AR G

H A% TSH 75 F R B8 A= e v iy FLAK
VE FIAILHISEA B 019 2€ 16, (BAR S IR IR BT K 3 )
TR F Y IE AR, TSH 507 F HUAR R
DRI N R A A2 HOIR AR 3R 32 44K (thyroid stimulating
hormone receptor, TSHR) Z54 , il i fR R IA L B,
S c-AMP {5 538 B% K , P 15 FHOIR i Ao 4cb 31 Bk
K. Tg, B R IR 1 504k 9 B ( thyroid peroxidase,
TPO) ANlES 2 K (sodium iodide symporter, NIS) &
HYZRIE 5 MRS FR R8s b TSH 3@ it 45 & 1 48
DA NS SR A N N s e NS
SN 7, 51 32 AR T RE X A B PR iy 988, B fif
HNUHE S0+ Rk, RS T o011
FER B 983 ( differentiated thyroid cancer, DTC) i) A&
Az AR HE DTC i 40 i 1) 3 58 03 Ak A 28 FVEG 8 ; )
I, TSH A] BB 233 3 52 M AF O AL 2R 1 A - 3
B AT HUIR s 1) R A VR e

PRI, 70 PR R 968 200 e 7% il A R ASE AR
SEaE AR W EE (Y IS TSH 7K P, X B 5 g
A R 2 22, PR 5 R B BB AT B
SC [m) s T g /b 2 ol T P 96 240 M S AR X R AR S
B A

XoF T4 ey B 92 R B BRI VE TSH K S 19 O v
A LD T 2 TR BRI s e s A
AR S AR 17 51 A 3 ke I B P ER 0 ) RE e AR
R B 5 A Sr PR D A g e e Bl AR A | ) FCER
VR 3 0 1 AR R T O A R B BRIl T
TSH 7KV Fh 3 AT 48 g B s ol %, % T U4 19 fe
92 R 56 B, P A AR £14 o) 2 T AR B LA 52 30 oR K
S SR LA =R 5 2 25 R
HYUST BT G H R AR AL R HROR BR B B R O
RREALTT
2.2 BRERMBBRIBEFRRKS

R N AR IR R B I RERY 20T R
FUUCASASC AR5 TE 108 FE AR 448 e ] 58 S 0398 2 iy L
X FUR IR 0 i AR A — E B 52, BT B 2,



824 T E LI ENY) AR 2019 4F 12 A %5 27 %55 6 ] Acta Lab Anim Sci Sin, December 2019, Vol. 27, No. 6

WLnT DA% S DR A R A0 M % 40 R R S5 BEL R
T

HHSERSE o) B A B 5 FUIR BB & 4=
KM FRE U AN, R AR 2/ &4 5
SR BRI Y A L B i = — EL R
TR PR FRDR g A A 6 PR 28200 i o G A i gl = )
Hb DX FERILS B RS B A5 R BT, b SR AT g2
LR R L SobR R A R R Y B = 5 R Y
FHOPR M 8 2 205 B 2 ik 2K 7 A8 b 5 gk = 5
A e FAR I 2R ILAE A AL R — B0, X Rl AL ) 2 38
b B i - A - HUDR R A A 7 s AL A TSH 43
WA SEBRY o [al s, AR K P % Al ) L3 ot g i
TP ST 20 DNA $5 i As , 7F — S 8Um R R
UNE G KAk 2 2 A AR i o] (i b B A & A=
SR, axk 25 ) 412 Jir g L VA 18 IR GF A 9E

FECTFHUE SRR FUR IR E X R 0 s P52
ISR 5T b % B, ALK £ 0 e M R B TSH T,
549% ~100% K FRL & A FAR R b9 | 32 02 8 R R
SRS . F s R & (298 120 meg/d) ISR
K9 AH &I 40% 5256 B R A B 3, (H 3%
A g A

HE RS EEE X, PR
MR FHRMERERRSWEEZ —, Wit
EEE =Y SR SR PN L RN SR R RN
CETHREZ MR R LB 1170 4 R AR
S5 A R 18% 42 T ARIE S Sk FOIR g, i
98% 1) IR AE B 12 o0 HOIR I 3L Sk PR 98 , L PR A
¥e TR DA HLUARE(100~199 pe/L)

PRI, 6 VRN R B s 400 AR A% A £ 2 S0 o
SRS AL TR by RS i T 422 e 240 AR 104 o 28 A ] XoF
B g2 it B BRUBILES SRR B AT AR T30, DA 2 firb 97

PR i 957 200 R B8 AP 4 928 5k o BRLASE A0 2 288
FFOPR BRA8 19 — A4 5%, 6k B DR 988 18 &2 R AL | 25
PGy KB T LT SR SR AR A B A X
T AR B R MR e 5 e o B AT S R P S
Y RYERE | OGS BRATE, LA K B S5 56 3 ) i
T8 TSH AT FIBILE F500R 0 55 S R i P R n] LA
R e R L 3 — > 1R A% B A FR R s 3
Yy A] L4 5 S 56 B [, 15 29 5206 BUAS | {5
H AR S8 USRI N 2, 6T F R R 1 Bl
EE =) DS

£ % X #k(References)

[0 pf Rl [ 5 Tk G 2R 51 4. ORI 297 ML3E

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

(2018 4Ffi) [J]. A A1 Bk 24 SCHR (HT-h) , 2019, 13
(1):1-15.

National Health Commission of the People’s Republic of China.
Diagnosis and treatment guidelines for thyroid cancer (2018
edition) [J]. Chin Arch Gen Surg ( Electronic Edition) , 2019,
13(1) . 1-15.

B WL ORI fsis MR SR AL IR AR TR 11 2 7 K by ek
PEWFSE [ D], JE5T ALETEbRIBE 7B ; v e B2 2R 2B, 2010.
An CM. Establishment of ectopic model of poorly differentiated
thyroid carcinoma in athymic nude mice and testing of
chemosensitivity in vivo and in vitro [ D]. Beijing, Peking Union
Medical College; Chinese Academy of Medical Sciences, 2010.
PR 2 F k. Mg 20 ML A8 BB BB T e B i 7% A
WIHEE [J]. LRyt 588, 2004, 21(3): 47
=50.

Tian QE, Li ML. The effect factors of transplantation after human
tumor cell suspension inoculated subcutaneousely into nude mice
[J]. Lab Anim Sci Manage, 2004, 21(3) . 47-50.
JHEHTIR, T VURE B A LR (M. P22 pRPGRR
HOR WAL, 2003.

Shi XY, Wang SW, Gu WW, et al. Comparative Medicine [ M ].
Xi’an; Shaanxi, Science and Technology Press, 2003.

Morrison JA, Pike LA, Lund G, et al. Characterization of thyroid
cancer cell lines in murine orthotopic and intracardiac metastasis
models [J]. Horm Cancer, 2015, 6(2-3): 87-99.

Zhang L, Gaskins K, Yu Z, et al. An in vivo mouse model of
metastatic human thyroid cancer [ J]. Thyroid, 2014, 24(4) .
695-704.

WM IREER, . RN S BT BT B
AR ST [J]. SE8e 8 5 et B 2%, 2011, 31(1) .
33-37.

Peng XH, Shen Y, Xu CH, et al. Establishment of subcutaneous
and orthotopic transplant tumor model of hepatocellar carcinoma
cell line with high metastatic potential in nude rat [ J].Lab Anim
Comp Med, 2011, 31(1):33-37.

PR, T, BRI AF. SRR BN FLIR I BT B A i
ST APPAY (1] B2 (BR5ERR) , 2014, 41(5) @ 685
-689.

Jia LQ, Wang C, Cheng MJ, et al. Establishment and evaluation
of the animal model of human breast carcinoma with nude rats
[J]. Fudan Univ J Med Sci, 2014, 41(5) : 685-689.

Verco J, Johnston W, Frost M, et al. Inhaled submicron particle
Paclitaxel (NanoPac) induces tumor regression and immune cell
infiltration in an orthotopic athymic nude rat model of non-small
cell lung cancer [ J]. J Aerosol Med Pulm Drug Deliv, 2019,32
(5): 266-2717.

W, A SCIE, Wk W, 45 8RR B AR 0 2 1R 1 ) 00 25 0L
[J]. 5503 5 R R4, 2009, 29(1) ; 44-47.

Shen Y, Zhou W], Yang YX, et al. Preliminary observation of
biological characteristics of nude rats [ J].Lab Anim Comp Med,
2009, 29(1) : 44-47.

ZEHE B R VAR A I S HUOR BRICR W S e R



TR E 56 B AR 2019 4F 12 A5 27 %55 6 ] Acta Lab Anim Sci Sin, December 2019, Vol. 27, No. 6

825

[12]

[13]

[14]

[15]

[16]

FORME B9 OC R ATSE (U] P E A {2 P Fe ik, 2015, 35
(2): 107-109.

Li X, Zhao ZJ, Fan XY, et al. Study on correlation between
thyroid stimulating hormone and differentiated thyroid cancer
[J]. Chin J Biol Med, 2015, 35(2): 107-109.

RS A HBRARICR (TSH) X B bR A 7L Sk bR A 20 21 Y
oM X[ D]. AR AHLERR:, 2016.

Dong TS. Effect of thyroid stimulating hormone ( TSH) on the
growth of thyroid papillary carcinoma in nude mice [ D ].
Shijiazhuang: Hebei Med Univ, 2016.

TRAE ATSL U, M, A A B T AR R IR L SR R R
R RS 7 [ ] bR 2 i LA 2014, 30
(9): 775-778.

Zhang R, Yu LB, Li MF, et al. Establishment of nude mice
xenograft model of papillary thyroid carcinoma with the ability of
99mTc-intake [ J]. Chin J Endocrinol Metab, 2014, 30(9):
775-778.

Kim HI, Jang HW, Ahn HS, et al. High serum TSH level is
associated with progression of papillary thyroid microcarcinoma
during active surveillance [ J]. J Clin Endocrinol Metab, 2018,
103(2) ; 446-451.

Demir S, Uniibol M, Aypak SU, et al. Histopathologic evaluation
of nonalcoholic fatty liver disease in hypothyroidism-induced rats
[J]. Int J Endocrinol, 2018, 103(2) ; 446-451.

WA B, BRI - «B AR IR IR R
PRI R RR B SE IR E [ T ] PR R 2 5 0y TR,
2013, 33(2): 129-133.

Meng SW, Jia Q, Wang S, et al. Enhancement of'*'] therapeutic
efficacy on differentiated thyroid cancer by nuclear factor-<B
inhibitor in nude mice [ J]. Chin J Nucl Med Mol Imag, 2013,
33(2): 129-133.

da Conceicdo RR, Laureano-Melo R, Oliveira KC, et al.
Antidepressant behavior in thyroidectomized Wistar rats is

induced by hippocampal hypothyroidism [ J]. Physiol Behav,

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

2016, 157 158-164.
Liu XH, Chen GG, Vlantis AC,

et al. lodine mediated
mechanisms and thyroid carcinoma [ J]. Crit Rev Clin Lab Sci,
2009, 46(5-6) :302-318.

Laurberg P, Biilow Pedersen I, Knudsen N, et al. Environmental
iodine intake affects the type of nonmalignant thyroid disease
[J].Thyroid, 2001, 11(5): 457-469.

Burgess JR, Dwyer T, McArdle K, et al. The changing incidence
and spectrum of thyroid carcinoma in Tasmania (1978 -1998)
during a transition from iodine sufficiency to iodine deficiency
[J]. J Clin Endocrinol Metab, 2000,85(4) . 1513-1517.
Bacher-Stier C, Riccabona G, Totsch M, et al. Incidence and
clinical characteristics of thyroid carcinoma after iodine
prophylaxis in an endemic goiter country [ J].Thyroid, 1997, 7
(5): 733-741.

Zhang J, Zhang XC, Li YN, et al. Low dose of Bisphenol A
enhance the susceptibility of thyroid carcinoma stimulated by
DHPN and iodine excess in F344 rats [ J]. Oncotarget, 2017, 8
(41) : 69874-69887.

PRI, ZEME T SRR, BE SR A 5 ORI I C R [T].
WiLEE 7, 2018, 40(14) ; 1644-1646,1650.

Zhu LB, Li PF, Zhang PB. Relationship between iodine
imbalance and thyroid cancer [ J]. Zhejiang Med J, 2018, 40
(14) : 1644-1646,1650.

Shin HR. Global activity of cancer registries and cancer control
and cancer incidence statistics in Korea [ J]. J Prev Med Public
Health, 2008, 41(2) . 84-91.

Kim HJ, Kim NK, Park HK, et al. Strong association of
relatively low and extremely excessive iodine intakes with thyroid
cancer in an iodine-replete area [ J]. Eur J Nutr, 2017, 56(3) :
965-971.

[KF=EHHI] 2019-06-15



