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Mucosa-associated lymphoid tissue 1 (MALT1) 1%, VU >/ ERARMAE CEZAMC
B L, NF-xB Z7EMHAd 52 L1k MALT B U VS EDOSIEICEE A2 5 2 T\ 5
LovL, ERRMIICK T ZERIIRHTH . Nk TOFSENS, MALTL i
B AR BRI HE L, (K068 0 PR bR R CIIsBNME T4 5.
MALT1 OHBUK T, AERY EEEEEO TR AR EHBEBGRNH 508, FiERE

B HEENIEL o TWR0.

ZIKEﬂ: TlX, AR EREMakkic MALT1 748 A L7z MALT1 ZEFE
AR 2 FIV T, MALT1 IS K W BB ENEENT 5 4 LRI E A 7 0T 4 — LM C
FETHE LS, MEEEEIC ST AERICOWTRE L. 7'a 74— AT O
£, MALT1 c:iof%\éfﬁiﬁz{ﬁb LIeBZ NI EDY G, ATEENT 7T CTho
7e. MALT1 ORBUfENT T F 2 514 XA L, 7T F 2 818 BHEMLT. Zih
DT T F U FROENMT MALTL IREKRFEETH Y, 2 < O ORERE 2w
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N R4 K& SE7- MALTLIZ LR &8, 7a—H A s A—F—Z4EH L=/ E
HNZ DWW T ORRET T, MALT1 ZERBUEMIE T G1 #ioMARHE M L.
JaE B oEEK A T D cyelin D1 1%, MALT1 (& X 0 BEIIME S,
MALT1-siRNAIZ L5/ v 7 X7 N XD ZORBENEE Lz, —J, 147 U ik
) R LB L E R+ Cd D p21Ciel & p27Kil DIEEITHEN L, pRb D U R4l
KT L7,
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Abstract
Loss of mucosa-associated lymphoid tissue 1 (MALT1) expression closely
correlates with poor prognosis of patients with oral carcinoma. Its role in the
pathology of carcinoma is entirely unknown. In the present study, I examined
alterations of protein expression alter in response to MALT1 in oral carcinoma
cells by proteomic analysis and profiled proliferation and cell cycle progression.
Loss of MALT1 expression alters the keratin expression. Keratin substitutions
were MALT1-dependent and commonly observed in a series of oral carcinoma cell
lines. MALT1 suppressed cell proliferation and the dominant-negative form
enhanced it. MALT1-expressing carcinoma cells increased the cell fraction at G1
phase with up-regulation of cyclin-dependent kinase inhibitors including p21C¢ir!
and p27Kirl, Cyclin D1 expression was recovered by MALT1-siRNA in a
dose-dependent manner. These data demonstrate that MALT1 alters keratin
expression and arrests carcinoma cell proliferation by the inhibition of G1-to-S
cycle progression, and suggest that oral carcinomas advance the pathological

states upon loss of MALT'1 expression.

Key words: Mucosa-associated lymphoid tissue 1, Oral squamous cell carcinoma,
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e e S b R R L 1D SR i IR 2 AR S D BRI O 80% IR A LD D3 D, B
%Efaﬁ I OB & ik U CRERAENFE LN TN, Fo, £ORE
FILIEFEIMEM 2R L TN Y., PTEARROFRRE 2D AN AL EHATLHZ &
i, BOTRICT ) T CTEERERE 7269, ORI EREE ORI I3k
H”@ﬁéﬁlﬁﬁb, MU, BIOREER EOEMNRKRESEET LD, L OFIHERE

IR U CIIARIAZRENE SN TV D, RBFECHE, PR LR O R IZ ]
Wiz < & 3F %2 6D Mucosa Associated Lymphoid Tissue Iymphoma
translocation 1 (MALTI) \Z% H L7z 9.

MALTI X MALT &) VN JEOJRKFELEFTHY, N KLY death FAA 2,
Ig-like KA A, caspase-like RAAL D3I HOD AL L KO SHD. U/ ER
SAE T, MALT1 X B cell lymphoid 10 (BCL10) 3 X O inhibitor of nuclear
factor kappa B kinase (IKKs) & &% L, nuclear factor kappa B (NF-xB)
OIEMAGIZE < 6D, LavL, ERSRHIRICEIT 2ERIIMKKRE LTRHOEETH
5. MALT1 O bR RMla~DOIERZA LN T 5720, ZHvE TOMZENLIL, 1E
7 1R B dS L OV EE D 57 % DPER A b ROk I MALT1 O &40
ﬁﬂﬁ%ﬁfj*ﬁﬁé’ﬁb‘ TE RIS b R AR ClE MALT1 ORBARFED 5 CW5 . — 7,

e - R © o MALT1 OFBIE, & b8 0 ER b RO < LA L,
ﬁ”ﬂ:ﬁ” R B CIHME T L TnWa 9. 612, THRARREROOPER
?L&EmﬁﬁmMME1@%ﬁﬁﬁT#ém F7, MALTI@InF3EBN ATV
bz X 0 Isl S 4, MALT1 & U /87 BOFBENRD HRNZ EBRHA NI > T
W5 9 (Figl-3).

LU, MALT1 OBBUL TR ED L I R A= AL TTPRIZEET L0, /A
PR LRI OERICE D L O & 2RI L TOLINEAHATSH L. €2 T,
AHFZEIT R b B s AR - MALT 1857 238 A U7 MALT1 % & 56 BUA ek
ZRHWT, MALT1 IZ X W RAENELENTLHX RV EE a7 A — LT Lz, &
HIZ, FAEOHEFERE & OBIEIZ SV TRRET L7z,
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1) KM

b b O B Sk iaek (D HSC2, KOSC2, Holul. & : HSC3, OSC19. A :
TSU, Ca9.22) I HALKFINEE AT EERMRERE % — (lils) HH0
LB FEWERT (D<) 22BHEAL, 10% 7 ViR{FMiE (HyClone Laboratories,
Mordialloe, Victoria, Australia) & A Dulbecco's Modified Eagle's Medium

(DMEM: Sigma-Aldrich, St. Louis, MI, USA) & %\ Z Roswell Park Memorial
Institute1640 5541 (Sigma-Aldrich) H T L7z (T X COMBEEEIL 37 C, 5%
CO BE T TiThbiviz.) .

B MALT1 (wtMALTI ; 1-824 amino acids) & N Kuliza K& S ¥ MALT1

(AMALTI;333-824 amino acids) % pcDNA4-HisMaxB (Invitorogen, Carlsbad, CA,
USA) BX O pCMV-Tag 2A (Stratagene, La Jolla, CA, USA) THIHT & — %1%
L=, ZhbExE wtMALT1T BHAZ7 ¥ — (wtMALT1 / pcDNA4-HisMaxB) ,
AMALT1 ¥~ 7 #— (AMALT1/pCMV-Tag 2A) & L7z, HEE LTERE~T & —
% HSC2 fifaiZ FuGene (Roche Diagnostics, Mannheim, Germany) % A\ CiEfs
FEA L., 512 pcDNA4-HisMaxB @7 HSC2 MifgiZEin T EA Lz, 1548 72
FERI#212 100 pg / mL @ G418 (Sigma-Aldrich) Z¥WNL, M2 AN Tar =
—ERE TR L. TN ENOBETEA L HSC2 Mg 6 v =—30 fE 2 8
R L, 60 mmdish (Greiner Bio-One, Frickenhausen, Germany) T80 %=1 7 = L
L NET2MMEE L. R Y T my MET wtMALT1 (His tag) & AMALT1

(Flag tag) OFRB LR L, ROBEHEDE N7 n— VB ZEKE LTz, HSC2
#0 f2 I1C pcDNA4-HisMaxB @ & A L 7= mokHSC2 i fa, B 4 A MALT1

(wemarmHSC2 fifa), N Kz K& S 7 MALT1 (AMALT1, amarmiHSC2 Hfifie)
E LY,

2) FuTA s AR
1.  Z 7 Ehh & ERUKE)
mock HSC2 i & wemarr1 HSC2 HEARIZ Wl ARyE AR [20 mM Tris-HCI (pH 7.6) , 150
mM NaCl, 0.1 % NP-40 (Sigma-Aldrich) , 1 mM phenylmethylsulfony fluoride
(PMSF: Sigma-Aldrich) , protein inhibitor cocktail (Roche Diagnostics) ] %
Nz, O BER ORI E 4y A [E]IX L 7-. Bicinchoninic acid % (Pierce, Rockford,
IL, USA) (Z &0 & o Ry EORELRNER, Mg (30 pg) & 10 % sodium
dodecyl sulfate (SDS) - polyacrylamide E5k#E) (SDS-PAGE) L, coomassie
brilliant blue (CBB: CBB R250, GE Healthcare, Uppsala, Sweden) THf L7z,
Rtd, LTI VA AX v ) —CHiAiAA, Image J 1.46r T moakHSC2 #llfil &
wiMarrt HSC2 HIMUZFEEL T 5 & L /X B EZ IR LT 8. FEEEICEBNRO b
SN EDNY ReZunbE L, CBB OlEARICTES Y.



2.  TIVELG DEAL E MALDI-TOF MS

Hif S =7 2 G &4 W trypsin (Roche Diagnostics) CTHLERESZ, 0.1% KU
7oA v FEig Rz T3, KiIR) 2 60% 7 b=V (FOGHEFKTZE) <
TN T T R 2 U7, iR 2 % o — AR i s, fafla &
T/ 4 Ruaxi s el (RGHETE) LTG0l % M) 7t nfigeate
50% 7 h=hFU/EK 1 pl IZTHML, BESIT 7 L— b BICTER T Ciif s
721, Voyager DE-PRO MALDI-TOF MS (Applied Biosystems, Foster, CA, USA)
WLV~ MY v AZELV—W A 4 AT E &4 (MALDI-TOF MS)
AT o 1=, WNEZEME X7 T FE &A% (Applied Biosystems) % 7z,
MALDI-TOF MS T&H LN T7- AT v — & % MASCOT 7 — & X— R

(MASCOT ver. 2.0, Matrix Science, Boston, MA, USA? ) T L7-.

3) U7n&A 2L RTPCR

mock HSC2 i & wimarmHSC2 i 2 TRIZOL 383 (Invitrogene) (AL L,
7 )=, =& =ik EIT o7, BB A I U Q KICEHMEL, Gene
Quant100 (GE Healthcare) (Z TW LR 2 I L4 RNA JRE 2% L7-. 22 RNA 10
ng % MultiScribe Reverse Transcriptase (Applied Biosystems) X OVT7 > & A
TA~—%&HW\T 37 C, 120 577 cDNA Ak &1T 7. A L7 cDNA, TagMan
Gene Expression Master Mix (Applied Biosystems) 35K Ot 7 f&%8 (Table 1) @
TaqgMan specific probes (Applied Biosystems) #{& & L, Step One Real-time PCR
system (Applied Biosystems) TU 7 /L4 A & PCR #1To7-. BB THEAEOWE
WZiE, WEEENE & U C glyceraldehyde-3-phosphate dehydrogenase : GAPDH

(Hs02758991 m1) Z VY, n=4 CT7 — X RHTIZAACE 1ETiT 7= 10,

4) vxREvTuay Mk
1. MALT1 si-RNA g & 3B R
wiMarLT1HSC2 HiAE, amarriHSC2 2% 60 mm dish (1x105 cells / dish) (ZREFE L,
80% =27 = L MI/R D FE THE#, 50 nM © MALT1 siRNA (#18601: Ambion,
Austin, TX, USA) & Negative Control & L T Silencer Negative Control #1 siRNA
(Ambion) % Lipofectamine siRNA MAX Reagent (Invitrogene) % FHUNTEA L
7. 24 BRI 4 [B10X L, SDS Sample Buffer (0.1 M Tris-HC1 (pH 6.8) , 4%
SDS, 0.12 % B—A /v 7 =4 /—/L (Sigma-Aldrich), 20% 7'Vt —/1, 1%
brome phenol blue TrI¥E(L L, EXIKEIFE & L7z,

2. FLTE A RE DB
mock HSC2 MIAE, wimarri HSC2 #ifE, amarritHSC2 % 60 mm dish (1x105 cells /



dish) IZHEFEL, 80% =17 = L2 NI/ % F TH#E%, SDS Sample Buffer % [
WCHIE B L, BERUKERCE S L.

3. HSC2 i X X KOSC2 fiffa~D wtMALT1 —i&HEEEFEA

HSC2 #ifais 2 O KOSC2 #ifinz 60 mm dish (1x105 cells / dish) (Z#EFE L, 80 %
oy 7 e by MIRDETREER, 0.2, 1.0,5.0, 10.0 pg ® wtMALT1 Z3~27 ¥ —
% FuGene |2 CE{EFEA L7z, 24 ] L 722 IS/l 4 B L, SDS Sample Buffer
THEE L, ERkEEE S L.

4. wtMALTI DEN

HSC2 #ifz, KOSC2 #ifz, Holul flifE, HSCS fifm, OSC19 My, TSU Hifai
LY Ca9.22 #if % 60 mm dish (1x105 cells/dish) (ZFEFEL, 80% =T 7 =LV b
272 B F CTHEE%, 1.0 pg ® wtMALT1 B~ #—FB LN AMALT1 8HA~ 7 X —
%Z FuGene |2 CEMEFEARL, 24 B L72%ICHfaz B L, SDS Sample Buffer
TR b L, ERukEEEE Lz,

175 4 £ TORY LA BERIKERE 2 SDS-PAGE #%, = Frk/lm—REIC
HRE L, 3 % BSARIKR CEIE, 2 K7 e yXo 7/ L. AR CHEMA L 1 K
% Table 2 T/R9. ZHHD 1 RGUEAHNT4 C, —BOSSE2%, LLTIR
I AT AEUE 2 IR : rabbit biotinylated anti-goat IgG (H+L) (1:1000, Vector
Laboratories, Burlingame, CA, USA), goat biotinylated anti-rabbit (1:1000,
DAKO), rabbit biotinylated anti-mouse (1:1000, DAKO), goat biotinyted anti-rat
IeG (H+L) (1:1000, Vector Laboratories) & =i, 2 Rt S B4, avidin-biotin
complexes (Vector Laboratories) ¥ J N 3,3 -diaminobenzidine tetrahydrochloride

(DAB: Sigma-Aldrich) % W CHERICEIT T2,

5) i sE R
1. U7 nnvéA A%lﬂﬂ@i%ﬁﬁ?ﬂﬁt? c UTNEALT oA

U T VH A MK EEHER] E 12 1% xCELLigence RTCA-DP (Roche Diagnostics)
AL, 1IX104 80 mockHSCZ HIIE, wemarmHSC2 #lifads & OF amarr HSC2 #life
ZiE# 7 L — | (E-platel6, Roche Diagnostics) (Z#fE L, CO2 A »F a2 X—HF —
N 60 RGNS A B —F 2 (RIRICK T 28 GuE) 2lEL. (e —
& AL cell index (CI) (/37 A—4ZH L, FMldOREE=4—35fFEL L
i

2. WHEEZHWZMEERE : = RRA 2 b T viEA
96 7¢ 7 L — b (Greiner Bio-One) 17 mock HSC2 HHAA, winiarm1 HSC2 il 2 4% 2.5%103



{EFRFE L, OWpf, 4 W[, 9 WpR, 13 WEM, 22.5 WE[E, 30 Wef], 44 KpfH, 54 FRFfH]
712 calcein-AM (FHM-AL=2AFZ0HT, AEAR) 2Nz, 37°C, 30 47 fHALEE L, PARADIGM™
DTX800/800 (BECKMAN COLTER, Brea, CA, USA) & HwWC, #EHIE (Ex 285
nm, Em 535 nm) U7z, MfaEMEER OFHAIEX, Doubling Time Software version
1.0.10 (www.doubling-time.com) % FHVNCHEHT L7=.

6) TUNEL 7 vE&A

24 N7 L — T (Boehringer Ingelheim, Ingelheim, Germany) (2 meckHSC2 iff
i, woarriHSC2 Mifdz 1x104 cells/em2 E#EFE L, 24 RFEEZ I/ ST BV LT IV
T KR (FAIA4T7 A7, &) (C=R, 1 REEEL, REEKE L TO01 %
gt MU AR (FieiigiT3) <2 °C, 2 oM L%, TUNNEL Kk
IRAW (In situ cell death detection kit, Boehringer Ingelheim) 50 pl & Kt &4,
IR, 1EMESEREL, 8BS (Nikon ECLIPSE E600, ==, HIX) (2T
Btz 8E L.

7) Tu—¥%A FAA L — (FACS)

35 mm dish (Greiner Bio-One) |2 mock HSC2 i, wimarriHSC2 #ifidZ 1x105 cells
[em2FEFE L, 24 W55 1%, TrypLE Express (Life Technologies, New York, NY,
USA) TEULL 450 x g, b sy aiEss, -20 °C, 2 K] 70 %% / — /L ClH
EL, 4 ChO PBS T, propidium iodide (Millipore, Billerica, MA, USA) T
=R, 30 g L, 7 n—H A kb A—4—(Guava easyCyte™ 5HT Sampling Flow
Cytometer, Millipore) % FWC&#lifid DNA OEIEZ2HIE L.



T S

1) E#E& I EDRE

mock HSC2 MM & wimarr1 HSC2 MR o & o /R 7 ' 3 BB % SDS-PAGE (& iR
A L7z (Figure 4). mockHSC2 M CIIFBLENZ VY RE 9, waiarr1HSC2 i
JaCix 7EEIRE L. ZhbnX 78 % MALDI-TOF MS ({2 Cfigfir L7z & =
A, 6 HD/NY RPRARY MIVORFZIC L VBN TH Y, HEAIZ 10 FEEH
DENRITERREESN, D56 4 N7 7T Th-o7- (Table 3). MALT1
DOFRBUC LD Kb, K14 OFHFIKT, K8, K18 OITIHMAFRO HirvT-.

2) T I7FURBOKRE

DT AK Ty MEIL L DT T, mok HSC2 Hf CHELL A vz K5, K14
1T wivarm HSC2 M CRBUL T 2380 b7z (Figure 5) . £ 72 K8, K18 13 mock HSC2
I CIEREE DB O LRV, HDHVITEEIL TH 7228, womanr HSC2 HfE Cr
INSDrTF L H Ry EOEBIEIENTRD bive. N Rz K& S MALT1
DNEEFRET D amarmHSC2 HAE TIE mock HSC2 MRICIBEL LTe r T F v & R I8
DFBDFED BT,

mRNA L ~ULTClE, moek HSC2 flifi & bt U C Keratin 6 (KRT5), Keratin 14

(KRT14) % wovarriHSC2 A CIER & <R T L7z DIz LT amar HSC2 #lifia T
1T mock HSC2 i & 1 FIE FIFLE DR E %~ Lz (Figure 6) . —J5, Keratin 8 (KRTS),
Keratin 14 (KRT14) 1%, wivarmHSC2 MifE CIXRBHEIR L, amarmHSC2 MifE Tl
FEUL T 0RO b7,

3) rIF it o MALT1 &1FHE

MALT1 ORBEICL D7 7T U D TROBNEHRRET L0, IREDODERD
MALT1 cDNA % HSC2 Mgl &R TEAL, ¥ 7 F LV OFRBEE VT AL Ty b
EICE W E Lz (Figure 7). T O4E%E, cDNARE O & L3z Kb, K14 (3§
L, K8, K18 Xl 7=. F£7=, WIEM MALT1 %% < %814 2% KOSC2 #ifa % H
WCRIBEIC MALT1 cDNA % —i@tEic#EA L7z & & A, HSC2 flifa & [FEkic MALT1
RENED T F v 2 o\ EORBIEE R S vz (Figure 8).

M e R B fiiRc i 5 MALT1 RFEMHELEZREET 272, wtMALT1 &
AMALT1 @ cDNA % AN D B2 53 6 T O PR B MlEIE —@stE OB
FEALIT o7, 1FE A EOEMICBWT wtMALT1 (X K5 & K14 O3B AKT
S, K8 & K18 iLifiiciEsg Lz, £dH ¢ wtMALT1 (2 &L 5 K8, K18 DIsHiIE
I JE B SR AR CEHE Ch o7z (Figure 9).

4) MALT1 Z X % A BE5E ~ D 5 2
7T F USROG EEE & B BN H B 1, 2 C, MALT1 (2
L DR REET A0, VT XA MEEIE T v A EENBEEIC LD



KAV NT A BToTe. UTAEA LT v EA T moek HSC2 Hll iz Dl e {5 N F
[f72% 11.140.3 h TH 272D L, wimarmHSC2 il TId 8.4+0.5 h, amarriHSC2
FALCIX 21.342.1 h ThH o7 (Figure 10) . =2 FAKRA b7 v B A TlX
wtMALT1HS C2 HIE D HEFEREAR T A3 HERR S 47 (Figure 11). AfEHEIERE D LIz RS
BT R B—VADFEL, TUNEL 7 v 2SI L AR TEHESNT (Figure 12).

5) MALT1Z X % cyclin D1 IZ%§ % 2
AR JE ) 2 e 3% cyelin D1 11X wovarri HSC2 iR CHREL 2SI S 47223,
MALT1-siRNA |2 & 0 JRERFHNICIEM L7 (Figurel3).

6) MALT1 (Z & %l JE # ~ o g2
mock HSC2 il & Lt U T wimarr HSC2 A ClX, S #, G2 /M HD et 23
L, Gl #oMate DEIESTEZF N L= (69.2+0.8%, Figure 14).

7) MALT1 {Z X % Hbfa)E #am i R 1o k4 2 i 2

Gl #ind S Ml~0MBEEBOBITICEY A 27V REE Y (B R

(cyclin-dependent kinase: CDK) 23B§5-L, CDK O[HZER T ThHs p21Cet L
p27Ke (2 ) G1 HI 6 S I~DOBATHAMH SN D 1510, £ Ty AL Ty
MEIZLY, b oMiaEMHEERFORBEEZRTF LZE 25, maHSC2 MfEIC
B U C wemarmHSC2 i€ p21Ciet & p27Kinl DA E5F L7228, CDK2 IZIFZ
BB Bl o T (Figure 15). £72U 74 A4 A PCRIEIZEL Y mRNA L~L T
DFRBERFTT LTI L 25, wavarmHSC2 #ifid Cix p21 (CDKNIA), p27 (CDKNI1B)
OFRBNBEZ M L7 (Figure 16). —J7, CDK2 O3EBIIHOT 07288 LR
SY (WAL /oYl

G1 #ime S HI~DBITI21E CDK / cyclin (2 X % retinoblastma protein (pRb) @
U VBN METHDH 1118, 22T, pRb &V Rk (ppRb) DORILZEMETL 72

(Figure 17). pRb ®3EH 1T mock HSC2 L & wimarriHSC2 Ml TE D D 72 dvo 7z
23, ppRb 1X wemarri HSC2 iR ClE & A ERD Lo 7z,



zZ £

MALT1 XV o _ERR MR O R BT D lRN > 7P BiES FCTh Y, Y
CAREREIC L D XA T BB TFETEAR L, & U EEEMA MALT1 1 MALT 1 Y
VAREDRKREGF D 60, —J7, ERCRHIIETITY o oSBRRMM & 1X R,
MALT1 I ZIEH 72 O e ERZAIROBZRNIZREL L, THER R OEER - L REEROR
e A CIEBNME T 95 9. LavL, MALT1 @ Rz R COMBER %
FOEE MR OETE, ERICBITHAEENIFATHS. £ 2 TRIFRTIIOER Y LR
MG HSC2 1 MALT1 R8BI 7 4 —%3E A L7z MALT1 ZERBUMak 2 Hv, 7
0T A= LRI K D EE S R B EFEE L. EORER, 7T F o FTEOIE
BAEBELDZ EDRHALNE o T2,

AERD SN T F v O FTEZEIT MALT] BEKEE AR Lz, 2L oAk
e B R RE C MALT1 OFBBENRRBD 5T D (Figure 1) 23, AL Tl
MALT1 %1% & A E5BL L7y HSC2 a3 & LTl — 5 C, WTEM: MALT1
%% < 3BT 5 KOSC2 Mila CHRIBROENAE L= &1k, MALT1IC KA T F
VT REOEAPMOL K O AR EREMRICIEETABE ThL LB XL
5.

EFRERBRY LR CIEKS /14 1 3A EEORERICEE L 1V, K8/18 1X3EA
b EROREEBICRE TS Z ERMLIL TS 19, £ OBMBIZKNT, SMEES
HFERE D EALIZ - T I F U OFBUIEALNAE L D W1, XL, FIFrDh1
FEELITMRO T AR h—3 X, MESE, MBS & & MmBRICEET 5 2 LA
HILTUW S 2029 A [a]l MALT1 OBUIGECCTr I F o ORXT B LT &
MALT1 B7TF 7 4 T A2 bOiEGEERELSBILEETHDAH ﬁ%%<rﬂ
TW5.

AW R RO 2 & e FRGREE T, Kb/ 14 13EFEIEMEN & < FH R B 2R
TEBRATAIZENHONTED 2520 EFRAEE~——&L LTEASHNWLNAT
W5, —J, Kb/ 14 3% 0 BWEHFREO RS DR _EREME TR
T35 W Kl4D/ v X043 ERZMROS m#%m@éﬁé4/faj/%K1
72 & ORBL AR L, 5k ORI R IR o B RE-CIE B AR A I 3 5 &
ENFHNTWD W, LFEFFZEEOBEBEDORKFTIE, FLL HSC2 Mz fEH L
MALT1 34 AR 7 U2 & K10 OFBLARE L, BERMREFRRE 7 9 A R T
HDHERAF U RO EELERHLNICENTNS D, £, K8/ 18 DEFE,
X ERROBHIIRO A TR, B CHLHEMEESCEEE 2K T S E5 24 27, 29,
—J5, K8/ 18 DIERFHLII 1B MO EMla 0 EBEE 2 EH 85 2 & HRE
SNTWD 20, Z DX ST TF Do L ElaoREANIEEZREEMD &H
HEFZHND. AE MALT1 25 [P %$L)§Ffﬂiﬂ@@&7%/ S i N (R c A
_ki MALT1 75 AR BB M O RBAN R E R B2 52 T\WDH 2 & &R

2L CW5.

AW TrE, MALT1 5 HSC2 fAu O MR s IR 4 3B & <&, A g1 2 #0H]9



52 ENHBIINERoT-. TUNEL VEIC K D MHT OfER 6, MALTL IZ X % Mg
FHREDZEAILT R b— T AFEH L (IR Lisn 2 &R Sz, $£7-, MALTL (2
Ko THRABNT HENEBRTE~A 707 LA L0 MEFERICHEYT L2 BEEHR A T
I%, MALT1 73 epidermal growth factor (EGF) & transforming growth factor (TGF)
B TN BB FHOBHRALETIELZ 2PN L 29, EGF &
TGF-B > 7' J ik K5/ 14 O BIFHE L K8/ 18 ORBMIE X, HmMnowE
FERE O HEFECEEMEE O TLEICER 5972 308, Z DL 5L, 7T F oy RROZELILM
RS AL & BRI BIRME 2 B o TR D 19, MALT1 ORELC L Y fMIQEEMK T 5
AIREMENE Z BILD.

R A A BB B DR AE R - & BRI E B L = v b r— b ST
5 11,30, KB CIE, MALT1 OffaESIC T 2 B2 R Lize 25,
wiMALT1HSC2 fifaiZ I\ T S #, G2/ M #Di, G1 o BEZE 2kl AE O HE N A3 5
o, ZDZEND, MALT1 28 Gl arrest #5389 2 A[BEMES RIB S viz. €
ZTCG1/STF =y ZRA Y MBI 2 A E B H1# K F O FBUZ DWW THRET L7z,

G156 S HI~DFITIZIX, cyclin D1 & e cyclin D & CDK4 / CDK6, cyclin
E & CDR2 B4 U RIVEBEAEKREK L, ZOEESERPEERT E2F IS L Tn
HRb # o Ew ) VBT HZ & TCE2F I OEREL, HimRiBIZH -7 S Hik
17°° DNA BHUC D 5 BInFHOBEHRLFHE T 5. CORR, S H~OMIHEHIX
#1795 (Figure 18) ¥, Cyclin D1 # /37 B DOFBUL, moek HSC2 HlfE CIXEE
B 7258 BADNFRD HAVTZ DS, wimarm HSC2 i Tl OF BTN S 7z (Figure 13).
Z OFRBIHENT, MALT1 12%9 % siRNAICL D /) v 7 B TR SN2 &b,
MALT1 (K7 cyclin D1 28| S b Z E DAL E -T2, GL B S Hl~D
EETTIZIE cyclin E / CDK2 OESEDOIEMEALA S LTV 28, p21Ciet & p27Kiel (3
CDK2 O#IflKFTH v 1835, ZDHEUZ LY G1 arrest WiFHE I 5 363D, fE-
C, p21Ciel L p27Kinl OIEHIFEE L CDK2 OFEELINH 25 M B FE O IHNIZEI o % 38,39,
AHFZEIC BT, MALT1 1% p21Ciel & p27Kinl D3EH 4 M5k S, pRb @V R k%
I U7z, O PESEA I fE I O AR Tk pRb 395 Z LI CTh 5 & ORED
BB BAFFEIZIBWV TS MALTL X Rb O & X7 BB L T2 s 5 2
ot LLEOFERN S, MALT1IZ X % G1 arrest I, cyclin D1 O FE B, p21Ciel,
p27Kirl DIEHEIRIZ L 5 pRb DU VBRLE N LT b D THLHZ L REXBND

(Figure 19).

p21Cipl L po7Kipl [FEEDOMMALN > 7T NWARERE E N D 2 LB HILTND
p21Cinl IEFFHFE (1L, TGF-B8 7>H0D SMAD o 7 /VikE, mMERFICEET S
Akt > 77 R, BEXODNA # A —JIZBHE T 5 ph3 MR DIEMEAEE M < B
95 41,42 BEER A C, MALT1 X TGF-8 & 7 1 i@ < 3B T REDOF B &) L
F o Akt ¥ 7T AR EREE GG D RS TR S 2 £ D 29, MALT1 O3 E]
(2 & % p21Cint L p27Kinl DIEIFHFEIZ 235 O v 7T IR EREE B 5. L T 5 FTHE
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PEITIRWE B BND. —F5, pb3 IRIFMED p21Ciel L p27Kipl (DISHLFHERRIKICE] L
TIE, MALT1 /X pS3 BB T ORBAFEST L L2l L CWoHn, 4 \7HE L
YL TORBUIFRD B hr- 7= (data not shown). ZDZ &1, p21 & p27&x
THBOFEICIRER T & LT pb3 & U /7 ENEHEREE L T\ D AR RV &
ZZ2 b5, MALT1 (X B R CTHERNICEET 2 Z &b, MALT 1 B S AN EHRY,
& D WITERBRF & e p21 & p27 BT OREMHIZBE b > TV 5 TRt
EZ b, OFERY EREMEIC fé MALT1 (Z & % p21Cipl & p27Kipl (DIEEL A
EDO XA Y ST NVEREREE N L THFEINLIDICHOWTIEE O AR
bRk A W S B Z)ﬁﬁﬁﬁw\%f‘d@é.
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Versol
N R

AIFZE G, OFERY_EREMEIC T MALTL OFEIE Kb/ 14 OIS H R &
K8 / 18 OFRHUK T A5l & = L, FEE#ICH T Gl arrest #3585 2 & CH
Fe R R OB 2 LIl 5 2 ENBA LN E o T,

e
Tzt 2 51, ZHEIEBIES £ U BARERRFA il i A L i e 4
H— IR & NS TREE SR, FIA(CEREEOERR, & OISR RZFHEFERN
ARRZ WGBS P 1 B E AV P58 Ay PR T SR I B L 9. RIS,
PR RS ol S O AR AR TR TRl B E W R AR 5L R, RIS iR
B F5H L i 0 W R R, (RIS A TR REAR RE A A i S AR B P A AR ik
CTHREICEHP L BT ST
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Figure legends
Figure 1. Expression of MALT1 mRNA in oral squamous carcinoma cells.
MALT1 expression in normal keratinocyte (NKC1-3) and oral squamous
carcinoma cells was examined by RT-PCR. —RT, negative control without reverse

transcription of RNA isolated from a normal keratinocyte 3 samples.

Figure 2. Morphology of meck HSC2, wimarriHSC2, amarriHSC2.
These cells were stained by Diff-Quik stain™. wmvariHSC2 were largely different

from mock HSC2 and amarriHSC2 in morphology.

Figure 3. Knock-down of MALT1 protein expression in wtmarriHSC2 cells and
amarT1tHSC2 cells by the siRNA.
The wtMALTI and AMALTI protein expression was probed by western blotting

with an anti-FLAG antibody. B-actin was shown as a loading control.

Figure 4. Protein expression in meckHSC2 cells and wimarriHSC2 cells.
Total cell lysates of mock HSC2 cells and wimaLriHSC2 cells were loaded on a 1-D
SDS-PAGE gel under reducing conditions. Protein bands differentially detected

between the cells indicated by arrowheads were subjected to the MS analysis.



Numbered closed arrowheads were specified proteins and open arrowheads were
unambiguous proteins. Molecular marker proteins are phosphorylase b (94 kDa),
bovine serum albumin (68 kDa), ovalbumin (43 kDa), carbonic anhydrase (29

kDa) and soya-bean trypsin inhibitor (21 kDa).

Figure 5. Validation of keratin protein expression in wimarr1HSC2 cells (western
blotting).

Expression of K5, K14, K8 and K18 in meckHSC2 cells, wimarr1HSC2 cells and
amaLr1tHSC2 cells were validated by western blotting. B-actin was used as a

loading control.

Figure 6. Validation of keratin expression in HSC2 cells (real time RT- PCR).
Relative fold of expression of genes encoding Keratiné (KRT5), Keratinl4
(KRT14), Keratin8 (KRT8) and Keratinl8 (KRT18)in waiarr1HSC2 cells (closed
bars) and amarriHSC2 cells (open bars) were compared with meck HSC2 cells by
quantitative real-time PCR (n2=4). The expression was standardized by
expression level of GAPDH in each sample. Each column and bar represents mean

+SE of four experiments.



Figure 7. Dose-dependent expression of keratin in HSC2 cells transfected with
MALT1 expression vector.

Parental HSC2 cells were transiently transfected with the indicated concentrated
of MALT1 expression vector and cultured for 24 hours before preparation of total
cellular lysate. 20pg of proteins were analyzed by western blotting using
antibodies against indicated keratins or B-actin, which was used as loading

control.

Figure 8. Dose-dependent expression of keratin in KOSC2 cells transfected with
MALT1 expression vector.

Parental KOSC2 cells were transiently transfected with the indicated
concentrated of MALT1 expression vector and cultured for 24 hours before
preparation of total cellular lysate. 20pg of proteins were analyzed by western
blotting using antibodies against indicated keratins or B-actin, which was used as

loading control.

Figure 9. Effect of transfection of wild type and dominant negative MALT1
expression vector on keratin expressions on various oral carcinoma cells.

KOSC2 cells were transiently transfected with 10ug of vector alone (),



wtMALT1(w), or AMALT1(A) expression vector and cultured for 24 hours before
preparation of total cellular lysate. 20pg of proteins were analyzed by western
blotting using antibodies against indicated keratins or B-actin, which was used as

a loading control.

Figure 10. Real-time monitoring of proliferation of meck HSC2 cells, wimarriHSC2
cells and amarr1HSC2 cells.

Normalize cell index (CI) indicated electrical impedance readings between
E-plates and attached cells. Mean value for each cell (n=5) was represented with

S.D. at every 10 min.

Figure 11. Spectrophotometry of proliferation of meck HSC2 cells, wivarriHSC2
cells.

Growth curves for HSC2 cells stably expressing wild type MALT1 (wemarr1 HSC2)
and transfected vector alone (mock HSC2). Cells were plated at equal densities in
triplicate in 96-well plates and grew up to 54 h. The number of cells was counted

using calcein-AM. Data were presented by means + S.D of triplicate cultures.

Figure 12. TUNEL assay of mock HSC2 cells, wimarriHSC2 cells and amarriHSC2



cells.
Cells (1.0x104 cells) were cultured for 24 hours before analysis of TUNEL assay.
TUNEL-positive nuclei are stained green. The entire cell population was

visualized under a florescence microscope with a DAPI filter.

Figure 13. MALT1-dependent down-regulation of cyclin D1 expression in
wiMaLT1HSC2 cells.

mock HSC2, wimarm1HSC2, and amarmi HSC2 cells were transfected with the indicated
concentration of MALT1 siRNA for 24 hours before preparation of total cellular
lysate. 20ng of proteins were analyzed by western blotting using an antibody

against cyclin D1 or B-actin, which was used as a loading control.

Figure 14. Cell cycle analysis of mock HSC2 cells and wimarr1iHSC2 cells.

(A) Cell cycle profiles by flow cytometry analysis. Cell cycle distribution of

mock HSC2 and wimarr1HSC2 were analyzed by flow cytometry. Percentage of
distributions in each cell cycle was depicted as means + S.E. of three independent
experiments. (B) Percentage of distribution of each cell cycle phase of mock HSC2

and wivarTtHSC2 was summarized.



Figure 15. Expression of cell cycle regulators (western blotting).
Total lysates of mock HSC2 and wimarriHSC2 cells were subjected to western
blotting. Expression of MALT1 was probed with an antibody against FLAG-tag

(anti-DYKDDDDXK antibody).

Figure 16. Expression of cell cycle regulators (real time RT-PCR).

Real-time PCR analysis for p21, p27 and CDKZ expression in meck HSC2 or
wiMALT1HSC2 cells. The expression was standardized by that of GAPDH, and the
relative fold of expression was calculated with the expression in meck HSC2 cells.

Data were presented by means + S.E. (n= 4).

Figure 17. Expression of pRb and ppRb.
The meckHSC2 and wivarmiHSC2 cell lysates were probed by antibodies to pRb and

phosphorylated pRb (ppRb).

Figure 18. “Cell Cycle: G1/S Checkpoint Regulation”.
Functional interacting network among gene datasets were uploaded in the
Ingenuity Pathway Analysis tool and the network of “Cell Cycle: G1/S Checkpoint

Regulation”. Genes regulated by MALT1 and falling in this network were shown



in either red (up-regulated) or green (down-regulated). The data was reproduced

from a reference 29.

Figure 19. Predictable model for an involvement of MALT1 in G1 arrest.
MALT1 negatively regulate CDK2 by up-regulation of p21 and p27. Repression of
CDK2 activity decreases phosphorylation of pRb that is required for progression

of G1 phase into S phase.



Table 1. Lists of primers used in real time RT-PCR.

Gene name Gene symbol UniGene ID
e e e e e S

keratin 5 KRT5 Hs00361185_m1

keratin 14 KRTi14 Hs00265033_m1

kratin 8 KRTS Hs01595539_g1
cyclin-dependent kinase 2 CDK2 Hs01548894_m1

CDKNIA p21 Hs00355782_m1

CDKNI1B p27 Hs01597588_m1

glyceraldehyde-3-phosphate

GAPDH Hs02758991_m1
dehydrogenase



blotting.

Antibody

Dilution

Table 2. Lists of primary antibodies used in Western

Source

rabbit anti-human
keratin 5 polyclonal

mouse anti- human
keratin14 monoclonal

mouse anti-human
keratin 8 monoclonal

mouse anti-human
keratin 18
monoclonal

moues anti-human
cyclin D1 monoclonal

mouse anti-human
DYKDDDDK
monoclonal

mouse anti-human
FLAG-M2
monoclonal

mouse anti-human B-
Actin monoclonal

mouse anti-human
p21 monoclonal

rabbit anti-human
p27 KIP1 polyclonal

rabbit anti-human
CDK2 monolclonal

rabbit anti-human Rb
monolclonal

rabbit anti-human
phospho-Rb
monolclonal

1:1000

1:1000

1:1000

1:1000

1:1000

1:1000

1:1000

1:1000

1:1000

1:1000

1:1000

1:1000

1:1000

Convace, Princeton,
NJ, USA

Cell Marque, Rocklin,
CA, USA

PROGEN Biotechnik ,
Heidelberg, Germany

DAKO, Glostrup,
Denmark

Santa Cruz
Biotechnology, Santa
Cruz, CA, USA

TransGenic, Kobe,
Japan

Sigma-Aldrich, St.
Louis, MI, USA

Sigma-Aldrich, St.
Louis, MI, USA

Santa Cruz
Biotechnology, Santa
Cruz, CA, USA

Cell Signaling,
Danvers, MA, USA

Cell Signaling,
Danvers, MA, USA

Cell Signaling,
Danvers, MA, USA

Cell Signaling,
Danvers, MA, USA



Table 3. Lists of identified proteins differentially expressed

in i HSC2 and

HSC2 cells.

mock

Mr (kDa)
Protein no. Accession no.”  Annotation Theor® Obs® Coverage (%) MS score®  Authors/(Refs.)’
et HSC2 cells
1 Q8NIGO Zine finger 1156 1295 16 27 Malovannaya
protein 687 cral (43)
2 QSNB%0 Spermatogenesis 9977 979 25 32 Heallen er al
associated 5 (aa)
3 P11021 GRP7S precursor 72.1 23 38 85 Dong et al
- Pl13647 Keratn 5 624 624 27 64 (as5)
5 P02533 Keraun 14 “47 516 23 38
6 43502 RADS1 homolog C 426 422 23 47 Clague cral
worarrtHSC2 cells (as6)
7 Q6GMYO Keratin 8 534 537 M 61
8 PO5783 Keratn 18 473 48.1 38 52
9 P38159 RNA-binding 423 4.3 43 40 Tsuet et al
motif protein (a7)
10 2978 Solute camier 341 M1 26 28 Zhong et al
family 25 (a8)

"Uniprot (www.uniprot.org) accession number. "Theoretical Mr (kDa). “Observed Mr (kDa) in 1-D SDS-PAGE. *Number of sequence coverage in

MALDI-TOF MS. *MASCOT score. References except for keratins,
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