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Abstract

Keywords

Medullary thyroid carcinoma (MTC) is a kind of rarely malignant neuroendocrine tumor, which has strong
invasiveness and poor prognosis in clinics. MTC is often at an advanced stage in unsuspected patients owing to
the inherent limitations of conventional techniques in medical imaging and pathological diagnosis. Therefore,
the accurate and sensitive approaches are highly desirable for the early diagnosis and effective therapy of MTC.
Recently, the genetic diagnosis technologies have attracted much attention based on the molecular pathogenesis of
MTC, especially for the multiple microRNA (miRNA) with aberrant expression and posttranscriptional regulation
in tumor, providing the great potential for early diagnosis, precise prognosis and effective gene therapeutics.
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W EL A5 578, R 43 191 5 oK A5 31 L 1 2 W A
HEIRYY, FEMTCHEE W28 5 Ak T g 1 i
Joa A, HET, MTCH 392 W7 Mok &t
TAL 58 1Y 5EAR 27 R FUIR BR 45775 10 48 B 28 i (fine
needle aspiration, FNA)%‘E*&&*M, &%
B 5 AP 149 28 A 8 T X L 52 BORE o 1) SR 1 12 T
T 25 1) 448 6 s B 2 A Ay, 2 i 3 AR AR 3K 2R
FI . i R BT BRI R 55 25 K 7 i 0 e A5, R AT
TER 2 MR BH PSS R, BRI s 17 T & A R S
MTCH 12 Wi £ AR K P Bl IR 7 Z B9l a2, AT
SR /D 8 A B 4 R BR VT BR R, I 4R34,
Fifi & XF MT CJ BE A 23 F HL I B9 A IR ADE ST, A
14 B0 g S A7 AE . 35 5 %, HOPRETHIRAS
FER RG] R MG 5 E G gy EMTCH &
O RBALE, X MTCHIR i B2 W g
B R UG R AE T RTREY . Hodh, 3T 2R
RNA(miRNA, —ZEHDNAK M AEERNAST T,
B19~25 MR ) FEMTCH 4 24 T M 28 35 Fl 3L A
WHER, S miRNATEMTCHY 2 W X #ls 7 1
MR KN Z 8T AN Z R ES . ARSOR A X
MTCHEA W BLARFAE , 43 HLH F 5L R 2 7 45 AH
KMo gk kAT ik, IS MTCRY I PRi2 7
R E TS PRI R 48 S S By

1 MTC fRIB=451E

1.1 MTC A EEZRRIGKRFTH

MTC2 — PP REIR A ) ORI, R TE T
P 22 U85 %) C 240 i S A Y78 T o A A A 28 1N 3 B il
JE, MTCH ZFh BRI E FRT IR 2= 0 73 WA AH O,
I W FE B85 2 (calcitonin, CT), HE BNk
MTCi2 Wi F 15 9 i R i R bs G [, %
oo AL 0% PR BT S A, A TE R L TR AR
AR DR MRS, WEMTCH AL KR
PIAR O, X BN 2 80T I A 2k A K £ 1
PRAER, 5L . TS . B . RE R ME
FREEGAEN . MTC B 38 26 B 7T fih B 1) 351380
Jie e (HICAZ A AR R 251 B0k L 25 i ) . HAF 2
RN A R L D o s 7 NS | B
B, MBMTCHCY B A &5 250 R i 2 4
FR a2

1.2 MTC W4 RRFIZA R IRIEE

FOR R 251 M ENASF Y WoR : MTC NI 4
MFEwE BIBRZ 2 (WG 2 ML . MHIESKRIE),
WOLhZ R E AN . IR, 2RO A,

e iy TR BUREIR B R BRI AN TE T 40 i R
ARG g KT R, 7] DL 3 May-Grunwald-
GiemsaJt f& fllRomanowsky Y (A58 HH /R o EF TR
FE WIEMFEY) BT, Papanicolaony (i 2 R4k (A,
A MTCHG BRAH 2L eh Z MOB AR 0 A0 ML 4R 1, JF
WL 2 o 4 1) S5 BT 2 B, R 200 JHL PN A TR
B HALN p e, SR an, RO,
200 I S JOREIR o R v e 1 g T i 3
8 3] Ji] Bl FROR R 2 UMM A v, TE] B AT DL GE
FEPYBTUTRR ¥ 539 9] A Bl S5 4y B 1 400 Ji 2 I
TR

1.3 MTC BB HLALEF

MT CHY K Z2 550 M3 240 e X 22 b #2879 43 Wb A
YRR N, WA R . R E | g
. EIEPURE . WERa%E, 4 TESEMMTC
I 12 W) HG e ) S 20 R A 4 2R e (0, ] g Y 3
WFEVTRY . ARk, Bt TR BT ZRMTC
RIXW P AN LB, BfFEAEKME
2AZ R (SSTR2A) . 7#1 % (Survivin) FIXGEBTH T
P61 2 11 (XIAP) . R [190(HSPY0) . Ak e
FHH70(HSP70) . % B 8 H78(GRP78) | [H]
PSR & B 1 (PROX1) S, X EEMTCHIZEH LML

P bm AR Y RE S T B B A A R R AT B O ME
4 7

2 MTC W5 FHLH

TEIG IR [, MTCIEH 43 1 A& B f s f4 7
Ho e R 2y 5 259% ., WFsE YR ks 9% Y
& RIMTCHI75% I HLA MM TCHg 1] 14 5 RET J5 g J&
RS e sk ig M e 48 G % . RETJF L R & 214>
J SRR A A IR AL A TR IR, AT AN
tik1oqi1.2 b, FEAEZFR 2 SMIR R AT A 40
I, LS A RS R Y HOR AR B S5 C AT i .
RETZ A5 H & A AN BT 10 RN T 1110 & 52
ot 22 TR 1 DX 8, B o R 0 R 2T K I 1) 445
IR, CYRETHE 40 S S H s 5 A L S R
o BN M P T R A A AR R B IR Ak, aF
T 3005 A O (5 5 Bk, A4S A1 8 2R
Ml . IR LI 3- 4 16 (PI3K) FH W R i Cy (PLCY) 8
B, DT AR 3 g 20 ) 42 2 AN e

BeAh, 55— 2R R 2 AE , RASH P %
A (FEAFEH-RAS, K-RASFIN-RAS, 7 0l&E
i FANEFELL, S Rakb), hogk
10%~17% HYMT CHR 7 b gl 2 ok B4, Ho T
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o] — > A5 A7 R g B A T % AR X 0T S B0 R A
fbo BRASEAEPIMIGH, o2 EEMWE
ShES  AIRASHE & FIPI3K/AKT/mTOREZR,
K BEAT 2257 R AR 255, B Hofh— R
S A4y 24 . AR RRIBE TS B T A 5 0N R
F1, A 2 i A 3 A A 2R 0T I A R EIMT C
TR B>

3 MTC WIE R 2 i

BT ORTR R 5L (AN RET FMIRAS 2848 ) #¢
MTCKER AR B 4> FHLH 7 mm EZAEH, &
HiZWi AR KR EE . Rl ERto s
Bz 0 FMTCRY 132 W7 F0ORS o 15 0,
o, miRNATE R F1IE & 241 20 b (1) 25 5Pk 3k A
FEEBAERSIET AN 260, A ER
hy—Fh A A X MTCRIZ T . 697 KX U ()57
B miRNAE N EME A A5 IR g S RNA, K
K19~28 LR, IEAE A T2 R .
FE R LR R B H I T, miRNAK 7] # [
{EfiRNA(mRNA) ) 3'-4E #15 [X (3'-untranslated
regions, 3'-UTRs) I A AR B AMNECSHE T, M
TEHG ST M 2 B 3L R B B Y. BRTE % e
#EiE1 000 AKAImiRNA, AP AR gy
60% ML . BEAR TN DIRE M A vk 2 2 m, H
miRNATE A2 2 1 38 A 30 ) A8 b R #R R
BWMAER, WMIRIGRE . T . 40 G A
ST BTREACE . SR e S A 5 T Y

1B W e 0 I R IR T SR s i AE IR R W
ATE &AW A [FmiRNA R 2K #2558 Mg £
S E W K R AL O 5 HOE s VI e R, il an 3L
M. B 45 E . &R, Hidg,
FOBR AR b (L FEMTC) B m B K 24w
FIEMmiRNAF i, 5 1EH HUR R 4 200 =
PR i P g AH B, B 98 N B8 7 A P TR R A1 2
40 it & O EE B RNAS# HEBFDICER (microRNAZE
B R SRR R YT ) RO R R L SR, HX Rk AR 5
i 96 45 € P 9 47 I AH G (AN MUIT C ) 3k 0 45 Rz b
BR LR R)ET, i, XMTCH miRNAKE K
P AT B Fe kAR TR ABESE, AT LU PR Hb i
i 9gg A K RN R R L I R B R T T 58 R R
BOEE B . B, AbrahamZECYAMT T 120 B E
RUFN 7438 A5 UM T C 4 1) 2 FmiRN A il [ 5] &
EE, A5 R . miR-183FImiR-375 1 3) B 32 36
5 MT Ctk L 25 5 B Fl i 9 SE 38 40 OC o Al Ai] i il
FINIMTCHI M R BFSE T miR-183 MY VE FH AL,

T o g B miR-18 33 [RIIESE T 4 40 A nl DL i A
Wi AT, KW miR-183 0/ 1E MG EKIMTCIA
SRR . Pennelli®s PYHFSE T miR-21/EMTC K
BLHIFTFUS e R, UE B O 38 i miR-2 13 4
P S VES [ PDCD4RY 3 -UTRE T 472 7% M 40 i
JET-4(PDCD4, —FhEZS 5 40 i 0 T 14 by
T ) i R as L DN A2 2 i 8 40 A A K R iR
2%, [ABT, miR-2 1093 IA KP4 B T W D0 v AU
ke s 568, N R B F M MTC R 2
T RN TS A S E . e A, MianZE U4 i B A
H5 A (PCR) E T 43 7 17 345 MTC B8 1) 9 F
miRNAT i, KB HmiRNAR L B,
A5 miR-21(4.21%), miR-127(6.71%), miR-154
(8.81%), miR-224(5.84%), miR-323(5.81%),
miR-370(6.11%), miR-9(13£%), miR-183(6.71%),
miR-375(10.16%) o AT 74T T miR-2 1 5 X 41
bR 5 PDCDAM RN L2 RIXM LR, WEH
PDCD4RAAMTCEE T E T, SmiR-21
R BeAh, AR HE— IR B AR HUR BRI
FIGETIMTCH miR-224 1 L85 B35 094 bk A A
X, FWAmiR-224 1 {E AMTCHEE B UG AR &Y
25, Cavedon%[mmﬁfﬂTmiR-224§%ij_W/£RAS
G758 W MT C RN P i 368 0 1 S8 b B, mT AR SR
MTC & 1A S 05 A 35 Tl R 3k R2 i
FIRA B B miRNATEMT CH%E 7% o 5 vp i 42 2
L, A3 — 205 T Z R miRNAR & R0
) IR ERER TS Santarpia%[w]ﬁ?%?loﬁ?{
R tEMTCAN M H 2 2% 1 miRNA(miR-10a,
miR-200b/-200c, miR-7fImiR-29¢c, miR-130a,
miR-138, miR-193a-3p, miR-373FfImiR-498), Jf
FIHAE PG B 5 4 7n 1 W8 78 B9 miRN A SE B Fll
Z H5EREMTCIEAMGE S, Hh, miR-2005% %
W25 T W RMTCH R 1Y & Z 55 K #3745
WM E-boxZ5 &N ¥ (WWZEB1/EF1, ZEB2/
SIP1, SNAIl, SNAI2FITWIST1), i%X4u#kE %K 1
AL FEHLH R S T S RS E- SR R A 3 T
WY E-box)7 81 1 L2 45 G ORI E-F5 2 SR L &
iKW LB AN AR R RE A8 AR AT R 28 M R AL A ()
Fo I R R B RE AN M, N L B O AR AR R
B, JFBESRE AN BT A AR B RE DT s
WFFT &5 A 71 3 3 TH miR-200 5 15 7 Ji i 0 JE2 30 8]
P MTCHI M R B A T W EZAEH . £ —W
WFZE2 0, miR-1837F MTCAH i i 17T Sk 5 3542
T2 FHPDCD4 M & AH G H 15245 3B(LC3B1) 1Y
LR, NS AR AR T, LR
5% R W miRNA 1Y B 5 s i il Dh B fEMTC Y &
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JAHLH AT AL R R EAR A, HATRERE 2
Wi FNGAS TR ZEPEMTCHYTE 1R LA

4 MTC HEHEETT

Har, FARAIRBON N IEMTC I E W IG
PRIGIT Jridio SR, W THARMEE AR FZE AN
SRULHR, FERSELO R A PR AT AR A
7 A AR Y, DN AL G A HOIR IR I BR R £
W K5 ) 3] £8 I AR S . R AL B O ik
(b yy FOT ) B 2 /E AMTC RIS BRI R
X B 7 AR S 5 B R A R BB, i 4
R A CREEIE NG S E A E B QI N
Je . RBeAEJe . JLEEM ) w5 2 &k B2y
PESEE Z I e, T & AR 258 AT
Mg AR R EE A, o BRI A & —
A H SRR IT Ik, FEBE XL SR Y7 AL
B, HHR AT = e B, T
AL R AEBEREPE , S Tk B0 XoF 1E & 40 Jifd A
P AE TR, T B A AL BT
51) w38 a9 PN it P T 4 2 A ol S PR R 4
KA T B0 i) e MY Messina %5 R FI K H
R 45 2% / 8 5 2R 56 R R DG IR (C'T/ CGRP) R g 41
AR R R M C M R EREE TS, PR T
— Ffrr RS Bl FH T HE 1) MT C 40 i Y R R A% 32
Bé’)ckmann%[“])[%MTCﬁE ) {1 22 JUK TC A R0 iR 9 2 2
FIZ AR ZE 4, DTS2 30 XF MUT C 400 0 Fity #8 () 5 e |
BT BRI RR S, AT LS I A S A
ISP A B TMTCHIIE ARG . YamazakiZg " JF
KT —MEHARBE, HEBMKYCALC-173hT
TCP(AdTCPtk) 3K 3l 1Y 5 40 96 92 95 25 1 760 fifa 35 il
(HSVtk) Rk . HIZW 8 B B E % 5 (GCV) iR Fk
AEFRS IMTCAN I 22 (f(MTCHITTHIIE) B~ A
A EEE . ZERERB Y, AdTCPtk/GCV
BIT SEE R P (TCP) R A BLE
Y B A Z2-12 (mIL-12) (Y BRE EE (AdTCPmIL-12) [
WA, TR ENE T A I AR . I,
T B Z miRNAMTELH 57 FHLE, A HMTC
A0 ] {1 56 PR 3R AR R T & 4 8 AL S MT CIR YT
%, W IRMTCHE VAT H AR AE A R WE 50T & Rl
PRI Ji v ) S

MTCH A& ERZHNREGASHNER, WX
o R 094 A B BARE AR L 0 3 B L A A 2 A R [N

LW A T o8 s, T BEAE ) Ay T AW IR
AWFFEARHE T MTCHE K2 Wr 3R I7 F2 R 19 45 2 ok
el RAEmiRNATEMTC i £ 8 /R L B 5
i Jgg & A K e WA SR M AT T i — R &R, (1
HAE M & H AR EY LB AN Z K
o SEHIAT miRNAZE 5P 3R 58 7K - 1 552 B s 0 A
SR DL TR AR ZE , A el A E MTC
I R I2 T . 0 1) ¥R 97 FIORS T TS #2458 i A4~
ALY AW .

S 3k

1. Maciel LMZ, Magalhies PKR. Medullary thyroid carcinoma-
Adverse events during systemic treatment: risk-benefit ratio[ J]. Arch
Endocrinol Metab, 2017, 61(4): 398-402.

2. Viola D, Elisei R. Management of medullary thyroid cancer[]].
Endocrinol Metab Clin North Am, 2019, 48(1): 285-301.

3. Rowell NP. The role of external beam radiotherapy in the management
of medullary carcinoma of the thyroid: a systematic review[]].
Radiother Oncol, 2019, 136: 113-120.

4. Priya SR, Dravid CS, Digumarti R, et al. Targeted therapy for medullary
thyroid cancer: a review[ J]. Front Oncol, 2017, 7: 238.

S. Trimboli P, Crescenzi A, Saggiorato E, et al. Novel acquisitions in the
diagnosis of medullary thyroid carcinomal[J]. Minerva Endocrinol,
2017, 42(3): 238-247.

6. Maia AL, Wajner SM, Vargas CVF. Advances and controversies in the
management of medullary thyroid carcinoma[J]. Curr Opin Oncol,
2017,29(1): 25-32.

7. Mohammadi M, Hedayati M. A brief review on the molecular basis of
medullary thyroid carcinomal[ J]. Cell J, 2017, 18(4): 485-492.

8. Chu YH, Lloyd RV. Medullary thyroid carcinoma: recent advances
including microRNA expression[J]. Endocr Pathol, 2016, 27(4):
312-324.

9.  Trimboli P, Guidobaldi L, Bongiovanni M, et al. Use of fine-needle
aspirate calcitonin to detect medullary thyroid carcinoma: a systematic
review[ J]. Diagn Cytopathol, 2016, 44(1): 45-5S1.

10. Bseiso H, Lev-Cohain N, Gross D], et al. Vandetanib induces a marked
anti-tumor effect and amelioration of ectopic Cushing’s syndrome in a
medullary thyroid carcinoma patient[J]. Endocrinol Diabetes Metab
Case Rep, 2016, 2016: pii: 16-0082.

11.  Roy M, Chen H, Sippel RS. Current understanding and management of
medullary thyroid cancer[ J]. Oncologist, 2013, 18(10): 1093-1100.

12.  Caroline B, Bailly C, Touchefeu Y, et al. Clinical results in medullary
thyroid carcinoma suggest high potential of pretargeted immuno-

PET for tumor imaging and theranostic approaches[J]. Front Med



SET HURIRBEREIE 2T SEALH A SRS W sy BE e 1hfe, 45

1043

13.

14.

1S.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

(Lausanne), 2019, 6: 124.

Ashworth M. The pathology of preclinical medullary thyroid
carcinoma[ J]. Endocr Pathol, 2004, 15(3): 227-231.

Hyrcza MD, Winer D, Mete O. Images in endocrine pathology:
papillary variant of medullary thyroid carcinoma with cystic change[ J].
Endocr Pathol, 2015, 26(1): 87-89.

Duarte PS, Marin JFG, Sapienza MT, et al. 18F-fluoride uptake in
soft tissue metastases of medullary thyroid carcinoma as a marker of
progressive calcification[ J]. Clin Nucl Med, 2018, 43(11): 848-849.
Synoracki S, Schmid ST, Ting S, et al. Thyroid C cells and their
pathology: part 2: Medullary thyroid carcinomal[J]. Pathologe, 2015,
36(3): 254-260.

de Vries LH, Lodewijk L, Willems SM, et al. SSTR2A expression in
medullary thyroid carcinoma is correlated with longer survival[ J].
Endocrine, 2018, 62(Suppl 1): 639-647.

Werner TA, Tamkan-Olcek Y, Dizdar L, et al. Survivin and XIAP: two
valuable biomarkers in medullary thyroid carcinomal[J]. Br J Cancer,
2016, 114(4): 427-434.

Soudry E, Stern Shavit S, Hardy B, et al. Heat shock proteins HSP90,
HSP70 and GRP78 expression in medullary thyroid carcinomalJ].
Ann Diagn Pathol, 2017, 26: 52-56.

Saglietti C, Rosa SL, Sykiotis GP, et al. Expression of prox1 in
medullary thyroid carcinoma is associated with chromogranin A and
Calcitonin expression and with Ki67 proliferative index, but not with
prognosis[ J]. Endocr Pathol, 2019, 30(2): 138-14S.

Kim BH, Kim IJ. Recent updates on the management of medullary
thyroid carcinoma[J]. Endocrinol Metab (Seoul), 2016, 31(3):
392-399.

Fussey JM, Vaidya B, Kim D, et al. The role of molecular genetics in
the clinical management of sporadic medullary thyroid carcinoma:
a systematic review| J]. Clin Endocrinol (Oxf), 2019, [Epub ahead
of print].

Yeganeh MZ, Sheikholeslami S, Hedayati M. RET proto oncogene
mutation detection and medullary thyroid carcinoma prevention[J].
Asian PacJ Cancer Prev, 2015, 16(6): 2107-2117.

Moura MM, Cavaco BM, Leite V. RAS proto-oncogene in medullary
thyroid carcinomal J]. Endocr Relat Cancer, 2015, 22(5): R235-R252.
Campos M, Kool MM], Daminet S, et al. Upregulation of the PI3K/
Akt pathway in the tumorigenesis of canine thyroid carcinoma[J]. J Vet
Intern Med, 2014, 28(6): 1814-1823.

Korf BR, Mikhail FM. Overview of genetic diagnosis in cancer[J]. Curr
Protoc Hum Genet, 2017, 93: 10.1.1-10.1.9.

Zarkesh M, Zadeh-Vakili A, Azizi F, et al. Altered epigenetic
mechanisms in thyroid cancer subtypes[J]. Mol Diagn Ther, 2018,
22(1): 41-56.

Nabzdyk CS, Pradhan-Nabzdyk L, LoGerfo FW. RNAI therapy to the

29.

30.

31.

32.

33.

34.

3S.

36.

37.

38.

39.

40.

41.

42.

43.

44,

wall of arteries and veins: anatomical, physiologic, and pharmacological
considerations| J]. ] Transl Med, 2017, 15(1): 164.

Michlewski G, Caceres JF. Post-transcriptional control of miRNA
biogenesis[ J]. RNA, 2019, 25(1): 1-16.

Liu G, Li B. Role of miRNA in transformation from normal tissue
to colorectal adenoma and cancer[J]. J Cancer Res Ther, 2019,
15(2): 278.

Fuziwara CS, Kimura ET. MicroRNAs in thyroid development,
function and tumorigenesis| J]. Mol Cell Endocrinol, 2017, 456: 44-50.
Abraham D, Jackson N, Gundara JS, et al. MicroRNA profiling of
sporadic and hereditary medullary thyroid cancer identifies predictors
of nodal metastasis, prognosis, and potential therapeutic targets|J].
Clin Cancer Res, 2011, 17(14): 4772-4781.

Pennelli G, Galuppini F, Barollo S, et al. The PDCD4/miR-21 pathway
in medullary thyroid carcinomal J]. Hum Pathol, 2015, 46(1): 50-S7.
Mian C, Pennelli G, Fassan M, et al. MicroRNA profiles in familial and
sporadic medullary thyroid carcinoma: preliminary relationships with
RET status and outcome[ J]. Thyroid, 2012, 22(9): 890-896.

Cavedon E, Barollo S, Bertazza L, et al. Prognostic impact of miR-
224 and RAS mutations in medullary thyroid carcinoma[J]. Int J
Endocrinol, 2017, 2017: 4915736.

Santarpia L, Calin GA, Adam L, et al. A miRNA signature associated
with human metastatic medullary thyroid carcinoma[J]. Endocr Relat
Cancer, 2013, 20(6): 809-823.

Steiner F, Hauser-Kronberger C, Rendl G, et al. Expression of tenascin
C, EGFR, E-cadherin, and TTF-1 in medullary thyroid carcinoma
and the correlation with RET mutation status[ J]. Int ] Mol Sci, 2016,
17(7): 1093.

Moon JH, Steinhubl SR. Digital Medicine in thyroidology: a new era of
managing thyroid disease[ J]. Endocrinol Metab (Seoul), 2019, 34(2):
124-131.

Konstantinidis A, Stang M, Roman SA, et al. Surgical management of
medullary thyroid carcinomal J]. Updates Surg, 2017, 69(2): 151-160.
Vuong HG, Ho ATN, Tran TT'K, et al. Efficacy and toxicity of sorafenib
in the treatment of advanced medullary thyroid carcinoma: a systematic
review and meta-analysis[ J]. Head Neck. 2019, 41(8):2823-2829.
Weber T. Medullary thyroid carcinoma: why is specialization
mandatory[ J]. Visc Med, 2018, 34(6): 419-421.

Messina M, Robinson BG. Technology insight: gene therapy and its
potential role in the treatment of medullary thyroid carcinomal J]. Nat
Clin Pract Endocrinol Metab, 2007, 3(3): 290.

Messina M, Denise MT, Learoyd DL, et al. High level, tissue-specific
expression of a modified calcitonin/calcitonin gene-related peptide
promoter in a human medullary thyroid carcinoma cell line[ J]. Mol
Cell Endocrinol, 2000, 164(1/2): 219-224.

B6ckmann M, Hilken G, Schmidt A, et al. Novel SRESPHP peptide



1044

I PR 59 i 2 7, 2020, 40(4) http://Icblamegroups.com

mediates specific binding to primary medullary thyroid carcinoma after

systemic injection[ J]. Hum Gene Ther, 2005, 16(11): 1267-1278.

4S.  Yamazaki M, Straus FH, Messina M, et al. Adenovirus-mediated tumor- 46.

specific combined gene therapy using Herpes simplex virus thymidine/

ganciclovir system and murine interleukin-12 induces effective

ARSI F e, AR ST IR AR 43T BLAL I A
LS IWIF oS (). i R SR 24 A, 2020, 40(4): 1039-1044. doi:
10.3978/j.issn.2095-6959.2020.04.039

Cite this article as: FENG Huan, ZHENG Huixia. Research progress of
gene diagnosis based on molecular pathogenesis of medullary thyroid
carcinomal[ J]. Journal of Clinical and Pathological Research, 2020,

40(4): 1039-1044. doi: 10.3978/j.issn.2095-6959.2020.04.039

antitumor activity against medullary thyroid carcinomal[J]. Cancer
Gene Ther, 2004, 11(1): 8-15.

Ceolin L, Duval MADS, Benini AF, et al. Medullary thyroid carcinoma
beyond surgery: advances, challenges, and perspectives[ J]. Endocr

Relat Cancer, 2019, 26(9): R499-R518.



