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(HE] BE58: WIRFESCHIRIRE (carcinoma showing thymus-like differentiation, CASTLE) s&3EH % LAY H
R B2 250, HATiRIERD, AT &5 BOHZ B AR A L o ik BB/ 512007429 H 1 H—20214-9 A
1EIEElj:#w}%}ﬁﬂﬂzwﬁzmE’~J301§JCASTLE$%E’~JII’*“FAE 95 B2 S UG Bkl A LRI 5 23 M 3491 FRCIR A A Je 55 4.
N, REYL R B MSH I ik g kk, I EAT 8 A BENETE (Western blot) 4 JIE 1tk A 3T 7 S 6 46 K6 1) 2 A 6k R %of 4 ff 2=
f%%ﬁfj\jﬁ’x]g;ﬂ[']o SR 30BEF T, 66.7% (20/30) MR HIMAFREKIMZ . FRIRD60.610F 5, 200K Az i b
%, TR#AE R HESIET B, CD5. CD1172FH M REXT kAT A 200 S e Wr o 7 38 i 4 25 DR A R 4 25 R 4
JF IR BIMSH2 . FBXWT1 R NOTCHIUFAESN BT R4S, HhMSH2RAL 26t vy,  HLRTRE 2 5 52T FOIR s 40 . ) 306 5 I e 7%
fe71. Z5i: CASTLEBMERRERAR, #HRSENS, WUGEUF. WREHETFARZCASTLEM BikiByT 7, ARG T vT GEXTHK
DREE R EEH . MSH2EER R85 5CASTLEM R A KREITE.
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Review and mechanism research of 30 cases of carcinoma showing thymus-like differentiation
ZHANG Tingting, WANG Yunjun, QU Ning, SUN Tuanqi (Department of Head and Neck Surgery, Fudan University
Shanghai Cancer Center; Department of Oncology, Shanghai Medical College, Fudan University, Shanghai 200032, China)
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[ Abstract] Background and purpose: Carcinoma showing thymus-like differentiation (CASTLE) is a rare disease. There
were few reports so far. The diagnosis and treatment experience and disease cognition are still insufficient. Methods: The clinical,
pathological and prognostic data of 30 patients with CASTLE who received operation at Fudan University Shanghai Cancer Center
from September 1, 2007 to September 1, 2021 were analyzed retrospectively. Three cases of thyroid carcinoma and adjacent tissues
were analyzed by whole genome sequencing, and MSH?2 gene overexpressed cells were transfected and constructed. The effects of
mutant genes on cell biological behavior were detected by Western blot, cell activity and migration experiments. Results: 66.7%
(20/30) of the 30 patients had different degrees of invasion. After an average follow-up of 60.6 months, distant metastasis occurred
in 2 cases, and there was no local recurrence, progression or death. CD5 and CD117 could play important role in the diagnosis of
CASTLE. Exon mutations in MSH2, FBXW7 and NOTCHI1 were identified by whole gene detection and sequencing. The mutation
rate of MSH2 was the highest, and may be involved in promoting the proliferation and metastasis of thyroid cells. Conclusion:
CASTLE usually shows low malignancy, slow progression and good prognosis. Radical surgery is the preferred treatment for
CASTLE. Postoperative radiotherapy may play a role in reducing local recurrence. MSH2 gene may be involved in the occurrence
and development of CASTLE.

[Key words] Thyroid; Carcinoma showing thymus-like differentiation; MSH2
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Wio BRI S WA — e WX, S5
FOR ARSI . oAb 22 AR T i FRCR s e
Wk IR G . B T CASTLER MR8k, HE
ZRAEMGE, TSI RGE, M2 4
85 KO ZIAR BN HAS I o B 5T [ B 47
52 H 2B g B2 Be Wi 1 30 CASTLE /B
VR THLHIIR R -

1 BRI I

1.1 IR ER

[l B 43 72007459 H 1 H—20214F9 H 1
H 52 B2 b g B B sk S4BT B9 30441
CASTLEHRF, Hr B34, L1761, Frf
BEHEZFARBTY, FARASZ A EEY)
F B A e B AR I e I IR 268 56 3 & i B
BHEITZW . BE IR REEE . RETR A SR
YRIT I S ARG A 2 TR R T 1 AR Ry
AT, ETI2EE . Sk, B
ViR B R IHM E20214F9H 1 H, dL4i54 N,
Bl EI3~1320 1, ~F3460.61H .
1.2 HEIERE

XF3%FCASTLE S8 35 1) [ K 98 55 A1 i A 314
HAREARFFEDNASE T 2SR AL 750 LA
ZH DNAf {5 FH 7 = Qiagen /A 7 3 K ZH DN Al #2
A G E U TR 4 DNAEE . h
I ASEAE YRR A B A FIE T 5L R Ay, IF
TR R AL AT

K HpLKO.1 TRCHFE#H A ( Addgene/fikr
10878 ) FEMSH2 Fk kL (5140: 5Ums 14
5'-ACTGGATCCCAGTGCACAGTT-3'; 3'Ui5|4¥)
5'-TTGGTACCTGATTGGCCA-AGGCAGT-3") .
T HUIR B8 40 AR TPC- 1 FR 5 e MSH2 1 52 3K 5
LSS BRAR R 6 BRI TGP U4
MEARDE ik, FREIEF A DNASEATIN T .
FEMSH2ZEAAHAA T, 55508 52 e #s Hoiy
Z ATPC1-MSH2mut ( AH 1 % B8 21 ffd iy 4% TPC 1 -
Ctrl) o RN TG-S (cell counting kit-8,
CCK-8 ) Fr4H a4 7 RE J7, R Htranswell SEE5 Ay
20 AR 2B RE J7, A A MSH2 JE R X BOIR 98 AF
YI2EAT N B

1.3 GEit=FEahE

fifi HISPSS 22.0F -1 Tt 43 A o X R A A
ARRFAE H A A Sl T A 00, 1 27 e ol P oA
KT, P<0.05 22 RH g% X

2 4 B

21 IEAREXRER

30f|CASTLE B 4 IWAEH: 33~63%, T3
EWR 4824 BB E MR AL, 1R
HFERIE ., 2fEEHEZFRRIT, Hi2e
BIRWIIRTT . 411 RSB 5 &2 % 550 5% B PRI
FARIBIT (£ .

1 306ICASTLEEER G KRR FEE R
Tab.1 Clinical and pathological data of 30 CASTLE patients

Data Case n (%)
Gender

Male 13 (43.3)

Female 17 (56.7)
Agelyear

30-40 4(13.3)

40-50 11 (36.7)

50-60 12 (40.0)

60-70 3(10.0)
Initial treatment

Yes 26 (86.7)

No 4(13.3)
Tumor size D/cm

<2 4(13.3)

2-4 14 (46.7)

=4 12 (40.0)
Tumor location

Below thyroid 18 (60.0)

In thyroid 12 (40.0)
Tumor invasion

Yes 20 (66.7)

No 10 (33.3)
Surgical residue

Yes 7(23.3)

No 23 (76.7)
Radiotherapy

Yes 26 (86.7)

No 4(13.3)
Prognosis

Fine 28(93.3)

Local recurrence 0(0.0)

Distant metastasis 2 (6.7)

Death 0(0.0)
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skiRiZ, & 30PIRERTEE D H EBRERES DB DT A EA SRS

BEAAGE FEMAFEEZREGA [ B
P S #5ER 1 9 3 S ALAR ZE R (computed
tomography, CT) | FI4H%EF il 40 f 244G A,
X T #B A3 AT IE A R T R AUR ZE AR
( positron emission tomography and computed
tomography, PET/CT) fuidr, 30flEE&E T, 6
{91) 368 5o 200 B i 2 4 i 2 A A B A 2 2R CASTLE
AIRE; 1004 = 2 W R o ALd s 53402
Wr ok Bk, B HARE AT I 60 AR HIT AR
72 ARG A 5 39 2 il 12 Wi by FRAR R L K R0
( papillary thyroid carcinoma, PTC ) , H:H 2/
o B2 DR UESE [ I AEBEA PTC ., R A nl
PEAG R AL, P oA T HURER Y, 21614
THARIET T 66.7% (20/30) HYE#E B AR
FERERYAMS , AU AL . MR pPLs | SRS
Jok S SN K A o A 234 2 ARIA TR, 7491
R A IR A AL 9 e sh Bk S5 e vk e R TR g
ATl DI R

LA A A R R, MR BRI
3.7 cm, JEFEI1.2~10.0 cm. 18{1 TGk 455675,
8 g Xk L2556 7%, 2%, 2BIFEA
PTCHYEFH IR AR IIPTCH:# . yE 4k
ST, AR BICDS R, 2961CD1174
BHE, PO3BHIEAR N94.4% (17/18) , CKS5/6FHTE
HN93.8% (15/16) , AEI/AE3FHM:4100.0%
(16/16) , HURMRBRE R85 R 4 0 FI1E,
POBIEATTE- 12 GZEEETARIEE K
IR )

4451 58 A RS N DL PR R i AT R T A Bl Tk

7, 20182 AR I BT B A ALY, A
2450 B2 52 AR JS OT o RJEHUT T R ARG
SE3~A SR SN RYT , BREE FE R HOIR AR
DX B2 KA S5 5 98 £ 45 5 3 X 3, 77 60 Gy/
30 Fx~66 Gy/33 Fx. Fif & ARG 0 HRZA: H R IR
R R TTHIEAIRYT

30f R E T, ABE BRI I R . 4l
FH#160.64 A IBEV G, 200 & AR hbi6 R . H
i, VIR FARIBITRE, MR ZAMR 2
FUSSIPKEFEE ML, ST EYIbR, RE1T
66 Gy/33 FxMIT . SRJG BETEIRIT G 34FE A3
IR, BATTPI % [ ZEA2EE200 mg (551K )
+HE137 mg (51~3K) | bJ7, 6 JEAMEYT
ROTEMERAE, 244 AMITI EARMGREE R, BH
HATEETRE » 73 108 IGIT IR 4140 A it &
PR, WS T LADCF % [ Zifh #8120 mg
(1K) HFA30 mg (H1~3K ) +5-FU 0.5 ¢
(5F1~3K) |17, 8RR ROEm iR E,
FORRFE VI T 484 H o Ay 3 Bl i ] T
BR . R R AT,
22 HFHHIRE

AHF5E X 3% CASTLE 3 A Jeg N 98 55 47 Ik
HLVFEARFHHEDN A T 2 FE R 747, 45
RSNBIMSH2 . FBXW7 K NOTCHIAETEAM i ¥ 58
Ap (FR2) , HPMSH2E AR R 5, 2728
1] I7EMy Cancer Genome FICOSMICH I ¢ Hh 15
2NN HSangerill P kI E, PR 7 A AN Y
W& FEHH100% ., MSH2 . FBXWT & NOTCH1%:
PK 2 A5 7E COSMICHHR 122 Hh i TATE HY R e A fif

% 2 CASTLEMVEHEANFZER
Tab.2 Sequencing results of CASTLE tumor tissue

Gene Chromosome Initiation site  End site  Reference =~ Mutation Functional change Amino acid change

MSH?2 2 47641560 47641564 AAAAA TAAAAA/T

MSH?2 2 47641560 47641561 AA TAA/T

MSH?2 2 47641560 47641561 AA TAA/T

FBXW1 4 153332605 153332607 CTC Non-frameshift FBXW7: NM_033632: exon2:
deletion ¢.349 351del: p.117_117del,

NOTCHI1 9 139390733 139390733

NOTCH1 9 139391997 139391997 A

FBXW7: NM_001257069: exon4:
¢.349 351del: p.117_117del,
FBXW7: NM_001349798: exon4:
¢.349 35ldel: p.117_117del

NOTCHI1: NM_017617: exon34:
¢.7457 7458insTC: p.S2486fs

T Nonsynonymous SNV NOTCHI1: NM_017617: exon34:
c.T6194A: p.L2065Q

GA Frameshift insertion
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iR g i e, HerP MSH2AE FUIR R fif e v
IZEAR R AN T1%, FERRRIE T 40.36%
SR SE 58788 R MSH2 X5F T FAR 988 40 i A= 1y
SEAT MR, Sl AETPC LA b 43 ) 5 AT
Pk @ik Vector (XFIRLAL ) | it KRBT Y
MSH?2 J 587 FIMSH2. KL R 3% HAE K SE#EA T4
W CELA) o B, RF3RREEE 5 Yk i i 1

A B
S 20
ﬁi& "‘s ~#- TPCl1-Vector

& AP 5] = TPCLMSH2-WT
0\9 O\x‘” O\x‘” 31— TPC1-MSH2-Mut
< < < £ 10 ail &
3
s S
——— actn 0.0

1 2 3 4 5

S HICCK-8i#FATR I (BB ) o 455 ER, o
F KB RIMSH2REAE —E B 1 DA a1 5
WE (P<0.05) , TMiidRARERMSH2Z )R,
2 e I (P<<0.000 1) o X3R4
Mo frtranswel iT 2 SC 0, 4E R HL, AR
ASTIMSH2J . TPC AN RSRE /1 13 i
Y CASTLEJE 5 K A FE R T L — 2K

B 1 MSH2ZZE X RUIR BRIE A M 21T A IR0

Fig.1 Effect of MSH2 mutation on biological behavior of thyroid carcinoma

A. Detection of MSH2 overexpression in different stable strains of TPC1; B. Compared with wild-type MSH2, the overexpressed mutant MSH2
significantly promoted the proliferation of TPC1 cells; C. Compared with wild-type MSH2, the overexpressed mutant MSH2 significantly promoted

TPC1 cell metastasis in vitro. *: P<0.05; ***: P<0.000 1

CASTLEZ—FP 72 UL HUIR B Mg, H
HI Bk HGE A 2 H . CASTLEM # s T
L, ORMERE I 4824, LF33~63% .,
Wil , R R RER T B L AR
I3, 1 7E, R TR, AR
AgB/N, KIWAR2ZS . HRETAHNCASTLER]
BE U5 TS5 07 g e e i A AR BR 2L PR B
A2 T HURAR T, ASHFZE 19304 £ 35 2 1441
(70% ) FisEa (i FFORAR Tk

PEBFGE ' 7 40E . CASTLEMEM:FLEHH
XEAR HLE R HEbERRERE, Hitk
IS IR 2 A0 T . ARWFIE N304 4
L R E AR =4 cmFH 110, X201 5 % e
t<2cm, MR ER N3 T em, FAN, 66.7%
(20/30) EBFH HIURFEIREWIMZ, )
FILA . MR ARLE | SRSk S Bk S .
HAg 75 2 R R I AIMR 0, B Ik A T I A
M ICIEHIAPEVIBR o 106 £ s B 2F A AT JIE SEAF
7 e X R B Xk S5 R, 20 R EEAR )G
R, $ERCASTLEAMUEA JRERIMZ 1)
R, T HEA WSS SOm bR R a5

CASTLEAR A2 F B B E B R ¥
B (FARHE . BTRCT ) L0 E W 4 2
A AE SR HUR IR B L R . MR
I B TP RR 55 R B 96 1) S5 S8 W s i PRIV o X L
Fofr v 96 257 2 B0 oAy B CHROBR IX 8 R R o o
WA, AR R Z R R, A St
F X4y, (HEXTTFCASTLEARRIZW, 414t
Y L A A AT T R . CASTLERY 41 i
SERREAEE . (D) gifesisr 5 (2) b
FLREE R A M A (3) 4 2 RE 5k 25
Y, RN, B A; @) Damfestm
MM HE (intracytoplasmic lumina, ICL) JE
i (5) WA RN e L A,
1220% (6/30 ) 114 F5 738 3k AR iy 40 i 224G A 12
HCASTLE, 10f40 22 W ks, it
X6 AT W A0 2 A e B s A o3 A3 1 FE PR
i % He HoH CASTLE R T REME . frpsdigifk
R FECASTLEN i A2 Wi vp 14y F 2L
CD5. CD1175 FHEREXT Hab 178 2 %512
Wi AHFSEThCDS 4R B, CD1174X1
B, Ho8, P63, CKS5/6 X AE1/AE3 W3
AR M, X SRR s R A
A RE S HA ARIEAE o HURBRAR SR IEFE br F
ARBRER B 1 S RS RPN BA M, (BT 1B TTF-1
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KIFIR, & 30BIBRAT D1 EPIRERB DD AT R EAGITFSR

BIHM . AR ORI Ki-6 73 5 45
BESER (FER19%~70% ) , KA/
2491 B8 F Ki-6 THG B A6 B0 0| R 5% F12% , PRIHTE
CASTLEWRHIH, Ki-674 585505 e bt A 4y
SEAT N TC I A

AHFFERI30BEE b, THIRBEITHRIA T
Ao L F60.640 H WbV G, 261 k4t
WS, 22 B B 4 AT IR R AR E
HARFEREUIRIICE & . FB ot 5t
T°. FARECASTLEME kAT "', &%
AR T AR PRI 28 /0 4T 500 FE PR i v+ ] B
Z RN LA E PR IR R A5 E . BT
CASTLEMIRITMHEH B A B S —, (HE2HEH
RGBT T REX D & kA — e . 5
mik U HRGE, CASTLEXT TR UK, [FntE2
TR BAR G HOT 9 835 R & K R A% . fbIrTe
CASTLE T 0y 1A g AN B o 251 & A= il i 7% 1
B, W2 TP Ja ikt B iR 4s, o) 144
ZDCF ) A7 ekt T iR 45, (5 H Figes

HRTXTCASTLER & A . & ik 7 v ) S it
O3 FHRIE M A WL AE o AR AR5 0 o 4 3 PR ARG
RSN BIMSH2 . FBXWT K NOTCHI{EAESN 3158
g, HMSH29 AR B ey o MSH258 78 % W T
wALPEAE S R PESS e, AE H R IR LR
SRR Pu 1| | R T S PO . P RS
MSH2Z )5, TPCIL4N MG FE M % 75 e ) i 5 4
ik RIt, MSH2VWEES 5 CASTLEREM A
AT, RWTERIRITRLA, HEARPLRAA R i
—H5E

M2, CASTLEEMERREME, JHRZERE,
& RAF o ARRIN 56 H AR F R A (SR
CT) MMk A, AJ5 iR 2k bR
EYRM I HZCD5 . CD11745 M4 CASTLE
iz HorEZ . HAT, #RitEFARIECASTLE
M EETRYT 73, FARVE N 2 A B R

R BRI VIR A B Je Xk EL 2505, W7 I R T
S 114) SN DXk E2L 55 2 A6 D 7 (] i 4 [ A g 254 16
WRELZEHH . AR ] BEXT IS R A A —
SEVER . B X 01 0 A 4 RIS R A, Aok
Al DA R X CASTLERIA AL, AR IR YT TR 4
PET L A5 Bl
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