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Abstract

Members of the deubiquitinating enzyme family are involved in the regulation of a variety of

cellular signal transduction and metabolic processes, and their aberrant expression or altered activity is closely re-

lated to the development of tumors and other diseases. The tumor suppressor CYLD (cylindromatosis) is lowly ex-

pressed in a variety of tumors and is a member of the deubiquitinating enzyme family. It can remove the ubiquitin

chain on specific proteins, regulate various intracellular signaling pathways such as NF-kB, Wnt, JNK and so on,

and affect the processes of cell growth, differentiation and apoptosis, and its aberrant expression has been associated

with a variety of cancers and hereditary diseases. In recent years, a large number of studies on the mode of action of

CYLD in the progression of various tumors have been reported, and this article provides an overview of the study

of CYLD in the main relevant signaling pathways and its effects on tumors.
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Structural domain of CYLD proteins. CYLD protein contains three CAP-Gly repeat sequences (CAP, yellow), a proline-rich fragment (PR, light green),

a phosphorylated region (P, light red), and USP (or UCH) structural domain (orange), with zinc-binding B-box domain (green).
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Fig.1 Structural domain of CYLD (modified from reference [8])

tinating enzyme, DUB), J& T KHZ Zbr 7 & A
M (ubiquitin-specific protease, USP)X JiZ". CYLDi#E
I F 02 FACBETE I, P LAY 1 25 BRI NF-kB4%
V25 @O E A Rz 28, i
SO A5 S BRI TE T, PSRRI TE . S A [R] R
MR AR R R p= A BB e W, AR S XN CYLD
BRI PR RH DR A 5 20 it B FLAE b e v 4 AR FH R 4T 45
R, FFRDT HAR MR IR T EE R T .

1 CYLDHIST4544

2 FAABME AT p 3 AT B (A B 1 B AR
(1) K481 RE % 428 I 2 1 DI RE I K63 Fl 1, DUB
T I K R BRI R i 1) S R R M R BRI
PRI SR S 2 BB, M A% 1015 58
o RZ BN RED NEANW KK : USP/UBPE
% UCHZ % OTUZK %« MIDZ % MINDY FKji% «
ZUPI FKEFIAMM/MPNZ %Y, CYLDJE T 292 %
el B K USPRK %, Aid CYLDJ® T K634
RS i R, A A R R A Th g
EL L P 2 215 5 B R,

CYLDEAMAL T NFH Gtk 16q12-q13, Fifd
FAMI CYLDER [ Al ;51 M Lys63 3 B 1032 R K
EW, F 956 MR LR TR, RAE 5 5 58k
T 08 7 0t B AR . B R R R e g 1,
CYLDHI WA &5 My AL B : (1) 142 245 57 2R 25
Ptk (USPZE A3k, 523 C-3), ‘B /K& A Y |
6317 M 2 R A E 202 REEAT L T 11, A2 LA 9 il
T R T E L () AN B A e A
R H S 45 M3k (cytoskeleton-associated protein gly-
cine-rich domain, CAP-Gly domain, $£iT N-%ii ), 5%
FiiE 8 (AR B, T AN IS sh AN g e e,
CYLD N-¥iii CAP-GLY (C-G) 45 #3ek /& 5 Hofth 25 11 iR
FHEL AR A0 25 B X3, (EL R 34 C-G45 M A L 9F
AHE, BIPAS C-GE Mt 32 247 57 SIS R e A

550, = C-GEMIB LA N P 5 NF-«B 14
5 A1 437 (NF-xB essential modulator, NEMO)H &
o Il 1 P A A BLAE R B, SR — AT LR WK
B TR IR T 5 (4 2243 245 Aurora-BEAL 4514
BT 55 =4 C-GEE IR & 1, X i C-G&5
R IAE 5 oAt B A B R 7 T 2 RE A . B4,
CYLD# I N-Iig i & A 240N E & & 1R (proline-rich,
PR)IJET, e85 Srcl]ii 3(Src homology 3, SH3)
S RS AR F (B MO

2 CYLDXBMEMRXIES 0 FiRmsayiEE
2.1 CYLDZENF-kB{E 5B HAIThAE

NF-«Bf5 5l B0 & 2 MY 2 R, wis
JERINL . 2ORE RN MG 125, S
5T E K AR R 24 P IR 1S, CYLDAE
4 AR HR ) 2 AR R 1 A s IR R BE R 1 2 AR
(tumor necrosis factor receptor, TNFR) /5 FNF-kB#{
o NF-kBF IR E 515 K1 Rel A(p65). Rel
B. c-Rel. NF-kB1(p50)#1 NF-kB2(p52)!'"Y. NF-xB
TR EVIRZS R A2 41 M 5 P 5 NF-xB #1771 (inhibitor
of NF-kB, IkB)Z5 & T i — S FF 52 B & W), 2
Jfa sz 3] A0 A RIS 5 o b9 PR AE R 1 -o(tumor
necrosis factor-a, TNF-o) 2 {ie i I 52 /& TNFR# i
Jif 8 PR FE A - 3244 1 (tumor necrosis factor receptor 1,
TNFR1)AHIGHET 2584385 1 (TNF receptor-associated
death domain protein, TRADD)f# I Jji# 73 Wi i yeg 48
HEIR T 52 A AH < R F 2(TNF receptor-associated factor
2, TRAF2) KA K634 11 2 Rz # 4k, FFiEid T iF
559 TIIE 5 IKKa. KK NEMO] IkBiL
fig 4 &4 (IkB kinase complex, IKK)!', KK H1E
NF-kBf5 57 FH AT % 0Hifr, 24H A NEMO
PAK63 IS 1) 77 bk 202 AL BOE I, Ui kB
PR A 38 T 4 PR A, R p SO p65 55 NF-kB 5 i A i1
NF-«BRH %12 40k, IR0 MRz b bR 2 0E
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TR, HSL b, Br T NEMOM TRAF24F, ¥ K&
28 i NF-« Bl B 305 11 2 AR5 [40 TAK 1. TRAF6
52 AR FH BAE & H 1(receptor-interacting protein 1,
RIP) #3522 KO63MHIEM 2 iz Rk % . RIP1K
LR Z GRS E TAKI EAY) (B TAKI.
TABIM TAB2)MIKKE &), 1 TAK1H AR K637=
REEGTTKK B BGE

CYLDH 2% TRAF2. NEMO. TAKI.
TRAF6FIRIP1%55r T b1 2 iz 24k, FHIE IkB#E
FR Ak, AT NF-kBAS 53 g 51510, thah, JE&
JNF-« B i H 1 G873 7 IkB &L 1 K ME AR Bel-3
K630 s 2 Rz Z Y CYLD 2R )5, Bel-34
AR AL B MR, EIE B S gl i) 20, IE R
F CYLDTE NF-«xBf5 58 B 3 i e E L 24
CYLD R A FAF Bk K , 15 i NF-kBA5 5 18 i FE I
TN, G AR T 2 R ORI (2)RY. B
EWFFCRN, TERE TH AT g5 CYLD3: [RI/E H LAs i
NF-kB7K-F- (14 HoAth PRl - tH e A ke, 4 NT&& P22 301
miR-362-5pif it i CYLDZE i 4% NF-xB15 518 %

(e kAT A0 A KA RE . — T T 45 e IR AT 7
R, miR-18 IbIESHJI P IR 7K~k D BEAS 39 i CYLD
[k &, NF-kBYE 855 40 1) T &5 e 40 A 1) 1
AP, Bkt 755 e o I KLHL2 1id i BH 1 E
CYLDJZ Z Ak PR R AN 1) NF-«BiG L 24, 1% SE A 57
FEASTF g b 3 — 20 % CYLDR B s pL sl 5
iR & 2 & TR — A B R AT 1) 2 B
CYLDZE AN [A il NF-x Bl % bl = SAEHA M2 5
T3 30, BT R E FR ( E  2  AR A  E
W . CYLDIEIE LM NF-xBS ™5 T 8 1 i 24
P, 78 8R4 g (oral squamous cell carcinoma,
OSCC)&E# 1, CYLDFRIA Bk 5 s 1= 22 1 =
FIAARAE S AR M RFFAE B E AR ™), I 2 )5
SUENAGA 2 R ILCYLD T i 5] #OSCCHH il %
Xof MR 24, 3% i 24 2 f 7= 26 T 2 B T CY LD
DT TR TE 240 A P AR R i NF-x B FE s 4
i 7R 5 S AR B T
2.2 CYLDZEINKIZES @ RIINGE
c-JunZ 3 R 4 BB (c-Jun N-terminal kinase,
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Fig.2 Regulation of classical and non-classical pathways of NF-kB activation by CYLD
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INK)J& - 22 2L |7 5 40 25 1 B0 (mitogen-activated pro-
tein kinase, MAPK)#E X%, 7E A8 GE A1 o0 4k . B
WO PR T o A5 ok R R 4 k4 B L A 27N,
MAPK {5 5 38 1% 0% 32 F 4l 3G BE e S
B4 41 52 31 2R KN T 5540 UG S lUE , BiE
) MAPKKK 4 TAK I 0% , 2 1M #0E MAPKK 41
MKK4 £ MKK 7, MKK4 1 MKK 7 1] BL i A 1 3 i
TR AL IS INK, 045 INK 1. INK2AIINK3, B 5
INKGE N 20 A 5 B A0 5% 3¢ IR 1 c-Jun, B TR AL
Ji 1) c-Jun'5 Fos 8 1 45 & T2 B0 £ 1 - 1(activator
protein-1, AP-)¥ 5k KT HE5W ™. AP- 125V
BLZ R RIE, g . e T,

CYLD i [a] 75 INK/E 5 I B 0% . 7£ INK
S5, CYLD i 2 bk MAPKKK (W TAK1) |
M KO3z ok, G & 1, 75 Bhan e
N7 I J G & OB INKAS 5 56 5, B ki FE 41
Ji S REBO, BR e A, CYLDIE AT 5 E33& 42 8 Itch
RGN, TEZLAR K63IEHM12 255 )5 Ae flE 4k Tak1
KA Lysa8iEH 1z 25 A0, FHIBT TNF 5] &2 1 R E (S
S BT HEN % E A YR INKAE 58 ba]
R AT B9 ) IS /E A . REILEY %5 P2EBI7E 4
PN CYLDAA 2 A7 A 1 1 MKK 7 (R0, M %

TABI TAB2

MAP3Ks <’T T 1‘/
/A

fIC INKAE 58 2% ()35 7K P o TNF-oif5 3 1 INKAS
5 PR T B TRAF2 R AR 7 240 ), XUESE B
IR R G CYLDEERE ] TRAF27Z ALK P55,
PANNEM %55 J5 R ILIX AR 3 7 INK1ATAP-1(]
T, A5 4 i R 1 D R 8 B Rl e- MY CR A 7K
PRGN, ATTERE T TR A p s e AR 2B A K
ZHANGE PIFE CYLD#ERRA /N B H & I TRAF2
FINEMOZ 2 ALK 1, 5 BUNK JNF-kBiE M3
5, R 2% 2R /0N BRI AT B v 1 225 i % i R e R R
o WL RS A B 1 33 R 1 R AR AR R
U NF-kBIE B R B0E 2 48 i AORE K, 33 i 2 gk
Je R AR, TN 4% P 4 7 BRI 26 i 40 Y DR 3t
1) TNKCIE 3% T R ik AR 2 i 7K P 50 R B
B, AT A0 i) e %) e A B gk e B, k4, CYLDIE
I INK/AP-1H1 B1-%E 5 A5 Sl A 7 2
FRMAEKAK R, MKE CYLDRIE AL S
RN RELE SR B A 2T A K, IR i 3 PR
FEAR A B RS T 0 (18] 3)P%, X Be i 58 45 LRl 1
CYLDji i F [ 18 42 INKAF 518 B 78 B I3 40 1) o 1)
FEAVE, SR1M INKAF 538 B80T A [7] b ofg m 6 4>
AR s E EE R, 6T IR B A INKAE 5
G A PRI SN S vy e 1] [i7N
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Fig.3 Regulation of JNK signaling pathway activation by CYLD
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TG I S AT R R 22 A RS,
2.3 CYLD#EHh{ESEIRHHIThAE

HIJH (hedgehog, Hh){& 5 il B & — 4™ i B IR 5F
{140 4 L [R] 3E8 R R 40, ok R 4 i R 3R 0 R 4 il 4
W A TR, ERIG K B MALRRE Y
F bR 25 5 SR U0 HOE 538 B 0 380 & Je
3 WA B 43 HhBCAR R4, £ %245 3 : Shh(sonic
hedgehog). Thh(indian hedgehog)#1 Dhh(desert hedge-
hog). HhACLIARRE NS 515 5 52 /R Patched (B H5PTCH 1
PTCH2)45 %, 1 PTCHSZ A4 i A= 44 G AR A i X5
5 3 H Smo(smoothened) FI#Ii , 1] SmofE 41 i
JI6E 1 5 A FF 4k B0 S A B k& # 1 [R] 1 (suppressor
of Fused, SuFu)Xf Glix k45 & H (Gli-family zinc
finger, Gli)(WIGlil. GL2FIGI3)IHIH], FHOe A
% 1) Gli(activated Gli, Gli-Act)i#E N0 A , 4564
€ HFIDNAFSY, W2 Nk K R ™, Hhi5 5
i ¢ S O S BUMRE K A, i PTCHIAT Smo R
A J5 33 HhE Sl B RRER 0T , & W T 5 R 4 M g
(basal cell carcinoma, BCC)"*,

CYLDRMRFIX BRI A 2% 1] g 3 B HhE 5
PR RR SR VO, (R 4 L 1 HY BEAN A7 3 . BAUR
S WHRIE T — I RSB bR R R,
{4 H Hedgehog i i #1i1) 71] vismodegibiG J7 531 Glil

Cytoplasm
-
-

”

mRNAJ FRIE KB F R 2D, HF 7S IICYLD
i 2Bk SuFu B (172 =85, 380 SUFUR AR E 14 A1
P Glife s R TR 7, (HE 7 B — Wt e
S A, Hh/GLS 58 EE n] A CYLDI
ik, KUPHALSE Mk I 7 JiL JEC 4t M e -R GLI L@ ik
PRIt Snail 15 34k 10~ I CYLD IR IE -2 2 A i
T B AT M (10 184 5 0 56 SIS A e (10 4R 28 o X B F 9 42
R, WA CYLD DI fg s [ 1 35 HhiE 5@ 2, T i
BN TT IR g G R B (1514).
2.4 CYLDZETGF-BIES B P HIThEE
AL K KT -B(transforming growth factors-,
TGF-P)fE 5@ E4 I TE . 04 PRI EE
HIPE SRR R RO E . R
(1) TGF-BAE 5 5 2 Mg ande e« £ 4EA0RT O I
BRI, TGF-BIE 51 2 s i F2 15 e
TGF-B1. TGF-B28; TGF-B3%5fc 1A LL — A A 45
A B P 22 SR /75 R TR VG 52 A4k B TGF-BAZ 4 112
(TGF-B receptor type II, TBRII) L[ FF45, Fifi /5 TBRII
5 TGF-B3Z /K12 (TGF-B receptor type I, TBRI)ZE & T
N5 RIS AW, TBRITE R AL U80S TBRI,
U LR PRI . WS 1 TBRIBE R LI N5 5
55 F R-Smads(F % & Smad2 fll Smad3) I [ #
A C-vi 22 2 FR R A , B AL 5 1Y) R-Smads R AE T R

——_—-~

~
~
I—> Snaill ~
# Nucleus )_ \
/ M \

' DNA transcription
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Fig.4 Regulation of Hh signaling pathway activation by CYLD
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Fig.5 Regulation of TGF-P signaling pathway activation by CYLD

AR IR B SE ARG 1, XL mT DL S
Smad44s &R IR —REE G, XANE A8
i F FE 4% € A5 5 (nuclear localization signal, NLS),
ISP AZ A W A Smad B A WiE I 5 e
I DNAFAI LA, A% BARIE R 35k . IR BeFE [
IZRIL AT DL R 2 Fh Al B RRE, /6045 40 B 3 S 4 i
211 AN 1 4 B~ 9 T o xR
CYLDUAZF5 XS 5 TGF-Bf5 5@ 4%,
FENSIERIRELFE. Smad7RelE e 45 &
TPBRI, PHIT R-SmadsIRERR L, AT A7 S 4540 TGF-B
F5HFW, CYLD# 4 & H £:FrSmad7 FH1K637Z
ZALEE, 0 Smad7 5 TAK Y, M T4 b
TGF-B& 5 Dhfie FEs2ma i 15 1 T4 & & *7. CYLD
2% ] RE ¥ 58 Smad7Xf TGF-B/5 5l % (4], &
U TGF-B5 5l % 1) i e B 3% K P TH iy . 28T,
B2 [T TR B CYLD /K P BEAK AAS [H) 77 3042 1
T TGE-p(E 555, 1 SHINRIKIZE i\ CYLD/K
PR S OSCCIR 28 M 38 A ¢, 31X 1] B & 41 i LA
H 757 X% T TRRIM R 2 Al Smad 3 B2 b4 i 2
BT TGF-BE 55 S FHUN B —ITUC T il £F 4
A /N R 6 HAIESE T CYLDST TGF-B/5 5 il B
I ThEE, BFFE N R B CYLDM it 2 b4 2 1 il
B(protein kinase B, PKB/Akt) [ K63&E 1) £ 72 =5
FAR T Smad3ffe e i, #0 T TGF-BIE 55 S, W
52T G il 58 B BR A S /0N SR A5 4 A0 AR 4R AL 1

JEREREP, CYLDHI)HE K BRI N i ) g 3 5L
TGF-PA5 5 B 7 & 45, (22 i e 4 Jfw i 34 3 A 42
2. JE T CYLDETGF-BE Tl g /e, itk
52 CYLDH) D RE R IR 7KV ] 68 i VAT 2 A 25 i
VR TT RS (E15).
2.5 CYLDZ7EWnt/B-catenin{5 S @& P HITIEE
CYLDGE W #1f] Wnt/B-cateninf® 5 38 % i1 £
W% . VAN ANDEL%: Pk B2 & 14 B 8898 (multiple
myeloma, MM) " CY LD df 2 i8 i Wit B 330E 1S
i 7 MMAIRZEPE . KANEMARU%S S & 3 CYLD
HITEE T IS 1 e 5T BRI (RSP RRAE, T
—KFAE A& BT Wnt/B-catenin{s 5 7 5 B 7 0G5
B, MRTHERE, CYLDAEWS B L5 555
)Y Dishevelled I 1) K632 582 8k, 400 HIHE 2L
N, 292 ZAL K Dishevelled G4 R HE R iS5 1)
&3, T A R4 Witf5 58 2 5. RAJANSEPHIESL
TE CYLDSRFE JZ B8 o Wntdd 25 175 14 38 5, 177 [R) B
T8 I A0 1) X DickkopfAH 9% 8 F 2(Dickkopf-related
protein 2, DKK2)& kK90, X AT gefe it 1 e
MR AEAF . R, #E\) Wat/B-cateninfE 5 i % 5l &
FF &K CYLD# )7 8 KA 7] e i BL CYLD D fig
e 2R PR B HERE ) — Fh I8 E BRI S0

3 CYLD7EM BRI E ATt fR

ALAMEDA %5 55V I3 J IR 41 B e b CYLD
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P2 AR TG IN T MR AN i EE R I RE T, I
HIX P 40 B i 7 e 0 K 9 A o] B 5 ThRe PR Ok &
(1 CY LD i L1 B % 3 1] Rl T Maspin ) &
KPR AT 9%, CYLDIEA] LUl i pS3 M FZR 141
HIPFKFB3 I, 25 7 400 st S MR 9 P I 1 38 P2 A X
AR R B, CYLDIE Y2 2 5% s it g
IR AR AR S HA 2 700 RIS SUR$E/E T . YAN
S BT g 3 DR 45 IR 7 miR-425-5p Al g i i 15
B i CYLDAR 5 fibgg ik J , AN Fo e i) BRI v
Rrit—0 9t . 2 IR IR 5T BE4H M98 (glioblastoma
multiforme, GBM)H [f) Bk A8 X 380 5 8 #4097 TN 25
KB GUOSE PR LG4 T B GBMH 1) CYLD K&
KB, $2FF CYLDRIE K AN 1 548 5%
SR R AR T R RIA, e T DUARER T
BT T . IR T CYLD N A
iy 245 2 (B FRIMLR, DA AT 25406 97 A T) fi g 4. 213
(1938 RS AT B IR N T A e 93 B 2 R R
A IR VR IT 7

Btz 4b, CYLDIRE AR X A F , 38 mT
T R EME IR ) L 4 28 . RITOSE O b xof 38 i
I i N 975 i e 988 T PR CY LD S R 5 R B, A Tl
S 4 i USPES M A T 12—20 K AR SRR, iR
IR AR . B IR CYLDRIE MR VAT
B S 9T R R AR AE B T . UMEMURA %% 161
KU AR _E R T CYLDRAZERAEHE T TR
y(interferon-y, IFN-y)/\-F FIPD-L1 3R IE, XA
CYLDEIA [ ilfg .2 7] g & B F PD-1/PD-L 140
FURIVETE H bR AT

4 GEEFRE

it g 4 il K7 CYLDAE b 2232 R AL B I 4 55
NF-«B. JNK. Hh. TGF-B. Wnt/B-catenin1{5 5 i 4,
FLAR IR KT R0 Tl B R A 52 1 35 i 78 1 ) AR Ak g
B CYLD S HAH AT 5@ 2% 1) T T, A 2o e
BT IRAE R A . AT CYLDTE M E DhRe, o
Re ) R A M ) 38 B . IR ZB AR e IR 2
MR T, A4 s R v 7 R . CYLD S 54t
R ¥E T JTE V] BeARAE P RIVE F , andk T 25T g
1 20 CY LDAH RAS 5 i B 3 o FL i Mosg 1E H
RN T CYLDAE MR G IT = X, AT IRZE
¥ CYLDAHIBIT SIA R IT FBARL G &R
ST 77 %% CYLDTEA A i g v B A ShRe (0 A ) 2

VERIE S B W 4%, AR 7 ZLR A FE CYLDAE A
A iR S A (e . FLARE . . S EiESE)
RS R AR AL, RS CYLD 5 %5 5 I s Af 5%
FE L A AT EAE A, BLRCAEAS [ R oA 85
DR ZE S L IX LEAIT AT, BB S I B A
CYLDTE & AR A A2 Je i B s @, 9 oF Kk
BEXTHE BB YT SIS SR (A HE . SR, RORXS CYLD
LB W T 05 [ I : CYLDAE IR firf 24 £
FIVE S s CYLDTE IR o BE A 52 1 15 2 3
B, CYLDFEM IR Z W« TG PRAL ANE ST SR
T AR A AR S AT AT AT AT 4 5 CYLDAF
SRS 5 5 B 2540 < K 7

ZR ERNIA , X CYLDAE R AN AT 53 i v 1Y
PERINLH OB 7E AR DL UG 1 — @ #t R, B4
VR 2 KB ) R A A R o IR ANIF ST CYLDAE g o
IVERT, R DB ATTRE R I 80 10 5 A o Fe ML 42 (1L
IRL A, bR RS HEVR 7 T REBT IR A2 o
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