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Abbreviation —'&

ABC Avidin-biotin Complex

aRNA Amplified RNA

BCL10 B-cell Lymphoma/Leukemia 10
CARMA1 CARD-containing MAGUK Protein 1
CDH1 Cadherin Type 1

CDH2 Cadherin Type 2

DMEM Dulbecco’s Modified Eagle’s Medium
DAB 3,3’-diaminobenziditetrahydrochloride
EGF Epidermal Growth Factor
EGFR Epidermal Growth Factor Receptor
EMT Epithelial-mesenchymal Transition
FABP4 Fatty Acid-binding Protein 4
FABP5 Fatty Acid-binding Protein 5
FABP6 Fatty Acid-binding Protein 6
FDR False Discovery Rate

FAK Focal Adhesion Kinase

GATA3 GATA Binding Protein 3

GO Gene Ontology

HMGA2 High Mobility Group AT-hook 2
RHAMM Hyaluronan-mediated Motility Receptor
PI3K Phosphoinositide 3-kinase

IPA Ingenuity Pathway Analysis
IL6ST Interleukin 6 Signal Transducer
IL11 Interleukin-11

LXN Latexin

LMO4 LIM Domain Only 4

MMP14 Matrix Metallopeptidase 14
MALT1 Mucosa- associated Lymphoid Tissue Lymphoma Translocation 1
mock Mock/HSC2

NRG1 Neuregulin-1

NF-x B Nuclear Factor- «k B

PXN Paxillin

PVDF PolyVinylidene DiFluoride
PPAR Peroxisome Proliferator-activated Receptor
PKC Protein Kinase C




RPMI1640 Roswell Park Memorial Institute1640
SNAI2 Snail Family Zinc Finger 2

TGF- 8 Transforming Growth Factor- 8

TFF1 Trefoil Factor Family 1

TP53 Tumor Protein 53

TWIST1 Twist Basic Helix-loop-helix Transcription Factor 1
VEGFC Vascular Endothelial Growth Factor C

VCL Vinculin

WNT3 Wingless-type MMTYV Integration Site Family, Member 3
wtMALT1 WtMALT1/HSC2

AMALT1 AMALT1/HSC2

ZEB2 Zinc Finger E-box Binding Homeobox 2
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Abstract

In lymphocyte lineages, mucosa-associated lymphoid tissue lymphoma
translocation 1 (MALT1) mediates the nuclear factor- k B activation signal that
stimulates progression of malignant tumors. However, its expression is
inactivated in oral carcinomas with the worse prognosis. Unveiling genes under
the control of MALT'1 is required for understanding the role in pathological
processes.

In this study, we profiled gene datasets altered in response to MALT1
expression in oral carcinoma cells by the microarray analysis. Totally, 2,933 genes
up-regulated or down-regulated in MALT1-expressing cells were identified.

Subsequent pathway analysis implicated the inhibition of epidermal growth
factor and transforming growth factor-p signaling gene expression.
Migratory ability of cells in response to MALT1 was determined by wound healing
assay and time-lapse analysis, and highlighted the involvement in the cellular
movement. Wound closure was suppressed by wild-type MALT1 (66.4%) and the
velocities of cell migration were increased 0.2-fold by wild-type MALT1. These
data demonstrated that MALT1 represses genes involved in aggressive
phenotypes and behaviors of oral carcinoma cells, and suggest that MALT1 acts

tumor-suppressive and that the loss of expression stimulates oral carcinoma



progression.

Immunohistochemical expression of fatty acid-binding protein ( FABP)4,FABP5
and FABP6 in tongue carcinomas (n = 58) and its implications in the
clinicopathological parameters were also examined because MALT'1 inhibition the
expression of fatty acid-binding protein.

Cytoplasmic staining of FABP5 was increased in the carcinomas with advanced
T-stage and clinical stage. Ectopic expression of FABP4 was detected in almost all
carcinomas, but its implications in the disease progression were uncertain and
FABP6 was not stained.

These data suggest the expression of MALT1 inhibition genes expression of

1nvasion and metastasis in carcinomas.

Key words : transforming growth factor-f, microarray, oral cancer,
mucosa-associated lymphoid tissue lymphoma translocation 1,
fatty acid-binding protein
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HIND, Lo T, FERDOAN=ALEZMRATHZ LIBBEEOTHLLET S L
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JORBEANC 2 DB EZALNNIT D Lk, BETHROUGEICEIRT 2 LT
a3

FEAII LA R R TS = R L — R 2 BIIC B b S5 0 bbb,
HIRE AR AR D L0 VR A O TTHE V12 K 0 O HER I8 < , ABFSE T, MALTL
W2 K0 BN EE) LIRSS & % >NV & (Fatty Acid-binding Protein, FABP)
FEBEIENGEE S FEGT 5 2 & THIIBIN~DIEIIR OB Y A&, R, U U IRERORE
R, > 7RO, BE FEEHECE < Y, FABP 7 7 U — R
T4 FABPS <CHE M HEAE Y FABPA D ERIZ fie HIC HLEfE S V7o MR-l D 4 & e L T s &
NTEY, IEEHOSFENZNETICRIESNL TS Y,

WTEOWFFETIX, IR % 5 Tokk 2 72 F8C FABP O BLH 5 HL & i fE & o BN
W ST D P FABPS O BUI M CLET 2 Z LM OLN TV B0, itk
JB L OBEIZONWTIE—EDRMER Ty 9 F-FHm Wo0NEE Y To
FABP4 o> SLATF M 58 5113008 D 1 i AL S8 2 23 b & SL CIams Ao @< oY,
ZIVHOT — X% FABP O FEPTPEREBLI AR & B B2 b O TREME 2 RIe LT
WA, TR DB L FRE L OREICOW IR TH 5,

AR CIE A PEEAIZ BV TMALTL TRENEE T HBIEFHEZDNA~ A 7 a7
LA THERBACIRIE L, BB 5 2 DB A it L7=, $£7-. MALTL 2LV
HELE N E) L 7= FABP4, FABP5, FABP6 D EEIZI T AT L Z D E R # ik
%E’j *ﬁlﬂL 1/77:—0



MR E 7tk
1. FERAR

The Cell Resource Center for Biomedical Research Institute of Development,
Aging and Cancer (BALKZE, s, HA) HHEA L7 O MAEEE HSC2 2 10% ¥
> BB AT 75 (HyClone Laboratories., Mordialloc. Victoria. Australia) &
Penicillin - Streptomycin Mixed Solution Wako, X&) (100 units/ml) %% 3e Roswell
Park Memorial Institutel640 (RPMI1640) 1Z#f (Sigma—Aldrich, St. Louis, MO, USA)
T 60mmdish > — L (Greiner bio—one. Frickenhausen, Germany) C 37 C.5 % (€02
BT 80 - 90 % a7y MIRDETHERE L, M, T XTOMEEIT
37C, 5% CO,EH T TITiT,

B AR MALTI (wtMALTI ; 1-824 amino acids) & N Rz K& S 7 MALTI ( AMALTI
333-824 amino acids) % pcDNA4-HisMaxB (Invitorogen, Carlsbad, CA, USA) B X
N pCMV-Tag 2A (Stratagene, La Jolla, CA, USA) THIHNRIT X —ZHEELT-, 1
5% wiMALT1 387 % — (wtMALT1 / pcDNA4-HisMaxB), AMALT1 3¥~X7 % — (A
MALT1 / pCMV-Tag 2A) & L7-, HEEE L7-FBIAT ¥ —% HSC2 MfEIZ FuGene (Roche
Diagnostics, Mannheim, Germany) % MW TEMLEFEA LT, & 512 pcDNA4-HisMaxB
D I HSC2 A A 8 A U7, 5238 72 HERE #4212 100 1 g/mL @ G418 (Sigma—Aldrich)
ZWRML, M2 AN Tae=—FKETHEELL, TNENOEEBTFEALL
HSC2 AlfuA 6 = r =—30 A5 243N L, 60 mm dish (Greiner Bio—One GmbH) T
80 %z 7 =l NETHEZE (2HM) Lz, V= AZ 7y METwMALTL (His
tag) & AMALTI (Flag tag) DI HAME L, RO BIRENEN-TLI 0 — 0 ZLTE
BRE L7z, HSC2 MMLC peDNA4-HisMaxB D38 A L 7= MockHSC2 il ® (mock) . B A:7H
WtMALTIHSC2 #fifid (wtMALT1) . N Rz KK €72 AMALTIHSCZ il CAMALTL) & L7

22)

o]

2. w4 7 a7 LAY

AR T fEHT IX RNeasy Mini Kit (QIAGEN K.K —Japan, Hi() % H T 10 cm
dish(Greiner bio—one) T80% 2> 7 = L > b £ TH:#E L 7= wtMALT1 & mock 7> &l
U722 RNA 705 Amplified RNA (aRNA) SRk L., B4 F AbiEktL, Affymetrix f15¢
GeneChip Z# W\ TC Array IZNA T VXA X LTz (ZEEAT 4= A, HAE), aRNA D
B4 F L AbIZ1X GeneChip 3’ IVT Express Kit (Affymetrix Japan, B ) Z HU -,
aRNA Dt (k% . GeneChip Hybridization Oven 640 (Affymetrix Japan) T 16 R
LA k. 45 °C T GeneChip Human Genome U133A 2.0 (Affymetrix Japan) & A 7 U X
A AL7z, GeneChip Fluidics Station 450 (Affymetrix Japan) TP LUt
% . GeneChip Scanner 3000 (Affymetrix Japan) TAF ¥ > L. GeneChip Command
Console Software (AGCC. Affymetrix Japan) \ZX Vv ZFAZHlEL-, HIEL-
AR T8 Bl OEE AL ORGP AOMEMT 121X GeneSpring GX10 (version 11.5.1 |
Agilent Technologies . ) Z MU 7z, wtMALT1 & mock THIEAENZIL LT-ELE



T DR EZ DWW TIL, (AGTEEZBRET 2 - OICREERIC) L T EEOMHEZ L
7= Aspin-Welch @ t #7E & H\ o, BE DA EKBEITIMN 5% & L, ZEMEDHIEEIC
DUWTIX Holm D FiEZH W=, F7-. ZEA1EIX Benjamini-Hochberg False
Discovery Rate (FDR) IZX ViT-o7=, BWEHEN 2HEU EE#H L, p<0.056 THDHHLD
EENEIS AL LTz, 553727 — %1% NCBI Gene Expression Omnibus 28§k L
7= (accession number, GSE42335),

3. EHBRTFHOBEBBLUONRY = A #T

EEh@fn DY A N % fold change THE L., 4 (i, MIaRERER. AW F >
D AREDOHT Y —THE-o Tl L= ?, Ingenuity Pathway Analysis (IPA)
website (version 9.0, http://www. ingenuity.com) (27 v 7 mr— KL . ZEhEsF
BN T AT = BFFE LTz, DFED ., INE TIZARIN o MO AAE
RAESRSICESINET 2 %, BFoNT PEICHE S TIEMST 722,

4. YT F A A RT-PCR

Mock & wtMALT1 % TRIZOL 383 (Invitrogene) (ZA[E b L, 7 =/ —/LiliH#%, —
) — VKB EAT o T, LB % I U Q /KIZEAEE L, Gene Quant100 (GE Healthcare,
Tokyo) (TR A MIE L4 RNA JREZMEE L7-, 4 RNALO pg % MultiScribe
Reverse Transcriptase (Applied Biosystems., Hil) BIOT X ALATS T A ~—%
FHUNT 37 “C T 120 43 cDNA &k &1T -7, & ik L7= cDNA, TagMan Gene Expression
Master Mix (Applied Biosystems) 33X NPL @ TagMan specific probes (Applied
Biosystems) Z{E&HA L, Step One Real-time PCR system (Applied Biosystems) T
VT NWE A LPRZIT-T2, 95 CT20 HEAE L, 95 C (1 #) & 60 C (20 7))
TOMEERS (FF40 %1 7 )0) 12XV B FRAELHE LT,

Latexin LXN Hs00220138_ml

Trefoil Factor Family 1 TFFI Hs00907239_m1
GATA Binding Protein 3 GATAS3 Hs00231122_ml
Tumor Protein 53 TP53 Hs01034249_ml
Cadherin Type 1 CDHI Hs00170423_ml

Fatty Acid Binding Protein 4 FABP4 Hs01086177_m1
Fatty Acid Binding Protein 6 FABP6 Hs01031183_m1
Vascular Endothelial Growth Factor C VEGFC Hs00153458_ml
Snail Family Zinc Finger 2 SNAIZ Hs00950344 m1
High Mobility Group AT—hook 2 HUGAZ Hs00171569_ml
Interleukin 6 Signal Transducer IL6ST Hs00174360_m1
Cadherin Type 2 CDH2 Hs00983062_m1




Paxillin PXN Hs01104424_ml
Interleukin—11 IL11 Hs01055413_gl1

KB FDOREBLEIX Beta Actin (TagMan Endogenous Control Human ACTB, Applied
Biosystems) THEEME(L L, FELL~VOKRFHIIX 2 12X A2 AZ X — R —T71k
SV

5. yZRFZ 7 ry kb

10 ecm dish EiZ 10 % 7 {71 yE (HyClone Laboratories) & Penicillin -
Streptomycin Mixed Solution (Wako) (100 units/ml) % & Tp Dulbecco’ s Modified
Fagle’ s Medium (DMEM) £ (Sigma—Aldrich) 1 C 80 %=a> 7 =L > hE THFE L7
Rk D4 Z A 2 — b % SDS Sample Buffer[0. 1M Tris—HC1 (pH 6. 8) .4 %SDS.0. 12 %
B=ANH T h=H ) —)L(Sigma—Aldrich), 20 %27Vt —/L 1 %Brome Phenol
Blue #iREGR (Wako) ] TrIE kL, ®EXKEREE LT,

10 RV 727 VLT I R7VESXVKEN T/ L, PolyVinylidene DiFluoride (PVDF,
Wako) EEIZHEE L 3 % BSA VAR (IVIC, Koube) TT 1 v &7 Lz, BrE % mouse
monoclonal anti-human TFF1 (1 :1000, Santa Cruz Biotechnology. Santa Cruz.
CA. USA) . mouse monoclonal anti—human GATA3 (1 :1000, Santa Cruz Biotechnology) .
goat polyclonal anti—human LXN(1 :1000. R&D Systems. Minneapolis. MN. USA).
rabbit polyclonal anti—human FABP4(1 :1000, Abcam, Tokyo). rabbit monoclonal
anti—human FABP6 (1:1000, Sigma—AldrichA). & %V iE mouse monoclonal anti~human
B-actin(1:1000, Sigma-Aldrich) IZkT HFFRPULLE A v FaX— U C
overnight) . B4 F 1254 2 YR PTIAK : rabbit biotinylated anti—goatIgG (H+L) (1:1000,
Vector Laboratories, Burlingame, CA., USA). goat biotinylated anti-rabbit
1gG(1:1000,DAKO.Glostrup.Denmark) . rabbit biotinylated anti—mouse 1gG (1:1000,
DAKO) , & )it (23°C. 2h), Avidin-biotin Complex (ABC) (Vector Laboratories)
MR, 3,3 -diaminobenziditetrahydrochloride (DAB) (Sigma—-Aldrich) ZH\TX
RTE L)L T OIS & WRGRE LT,

6. Wound healing 7 v & A LHMIKFEET v A

W1, siRNA (50 nM ; #18601 siRNA ; Ambion, Austin, TX. USA) % V> T MALT1
) oA LBRBOK T 2R LT, Negative Control (Z1% Silencer Negative
Control #1 siRNA (Ambion) Z{#H L 7=, 24-well >+ — L (Phoenix science. Tokyo)
FIZ80 %7zl b (37 C. 5 %C02) F THy#E L 7= wtMALT1, AMALTI. mock
|Z Lipofectamine® RNAiMAX Reagent (Invitrogene) ZHUNT siRNA ZE AL 22 7
=LV b [T B ETEFER L, W T MALT1siRNA i AN Z 200 4 1 pipettman T
v FTAT T wF L, AIESE O 24 W% O PASIREE 2 e Lz %),

Real-time sensing wound healing 7 v &1 TiX, E-Plate 16 (Wako) EIZ4C& A



UE&fhTayr 7= by MI 5 E TR L7z wtMALTL, AMALTL, mock % 200 w1
pipettman F v 7 TR 27 T vF L, 14 Kk E TCORBHRERA v E—F L X%
xCELLigence RTCA-DP (Roche Diagnostics) & MW THIE L7,

F7-. 35 mmdish {21 X10°{H D wtMALT1, AMALT1, mock % @¥& 12 BEfEGHEE.
CellTracker Green Fluorescent Probe (Lonza, Walkersvill, MD, USA) THufh L.
et S U — W —PafEE (IMARIS, Carl Zeiss. Jena, Germany) (2L V. 538 16 BF[H]
DT XA DT T AN Lz (n=4), HMBdlEEEE X interactive tracking
method®” |2 L W HH L7=,

7. B

1990 F~2010 FIZYFHI B W TEMRHEBIR A/ EIRR 2 I L D s e
5t 58 FEFID/NT 7 ¢ L IEER AR A2 e, B 34 N, &tk 24 AT
29 W~92 M DOHIPHTH > 7= (mean = SD. 62.8+14.9 vears—old), FHRESHYHEEM:RE
R T — 45 ¥EIT International Union Against Cancer ( UICC )®\ZHt- TEEAM L
7o ABFZRIZBATE R FH M EE S DOARO S & FhE Lz GKERE S 1 A0801),

8. ~UARERIGET NV

~ U AOBMEHRITE EOFZE 2 CIER LMY A 2 v, bbb, 2 em
EOUBAZ M~ 7 A (C57BL/6) OIFEEZIEITIM A, 1, 3, 5, 7, M4 BLU21 HED
BMEERR 2 £ 2 1IEGIT DB L 7o, A AR R K FE) R Z: B2 O&ER% I FE
L 7=kl 2 Tz,

9. SRR

bt hEEE~ T RAUEGEED 10 Y%hthdR L~ ) VEERT T ¢ ae R (4 pm)
EPioNT 7 4 B LOUKRALES, 0.0IM 77 = ) b U 7 LFREAKE (pH 6.0)
TvA /vy =—7/48 (500 W) Z{7-o7c, EFMETT 1y X 7%, 1 kEUE
rabbit polyclonal anti—humann FABP4 (1 : 150, Abcam) & AV Z rat monoclonal
anti—humann FABP5(1 : 800, R&D Systems. MN, state of Minnesota . USA) &A1 >
FaX— (% (4 C. overnight), B AT HEHk 2 RPUIAK goat biotinylated
anti-rabbit IgG(l : 200, DAKOG, lostrup. Denmark). goat biotinylated
anti-ratlgG(H+L) (1:200, Vector Laboratories) & Jitnf% (23 °C, 30 min) ABC (Vector
Laboratories) .DAB(Sigma-Aldrich) Z FIWCTYefa L 7=, Yeto S i DML McCluggage
WG & 0D HEIZHEV, B CE L OIS 31 D BMESR % 0:totally negative,
1:< 10 %, 2:10-40 %, 3 :41-60 %, 4 :> 61 %D 4 BEPEIZFEAG L, YetasipfeiX 1 -
weak, 2 :moderate, 3 : strong ® 3L L., MR L PaEEORE (AFF0—12)
YA a7y &L, IEW ERICET DA E ORBIGRE 4 moderate & L YL@ KLk
& L7z, . FABP 6 [IA MG R OB THERRARK RGNz,
Fe ikt A AR T — IR EUA DR 0 ITTE R IYE & BOS S E IR I YLt S IR LAY 72



GIER DI & R LT,

10. WERHEYT

AIMEPASA & MR fa0E sl B DRI B 7213 JMP 7. 0. 1 (SAS Institute Inc. | Cary,
USA) % T Wilcoxon test THENT L7z, Y A a7 2D TiL Pearson’s
chi—square test & A UM Wilcoxon signed-rank test THEHT L7,



R
1. MALT1 R BT
mock & wtMALTL & O CREINEETLBIE T2 ~A 7 07 LA TREIZHNT
L7z 2 A, EHEN 2HELL ELH L 2,933 FEOELF IS LN (Fig 1-1),
DI B 1,433 BAn 11X wiMALT1 CHRIAN LA L (UR) . 1, 500 i\ 13K T L7= Gik) o
10 {5 EOZEE 2 R U2 BiaFRECIE 416 FEES B/ (F) . STHEENMET GR) %
RL7z(Fig. 1-2), BEIOREN-72H D% Table 11277,

2. ¥4 7 a7 VAT — & OWREE

~A a7 A N CEB DTS S AV BER R (LAN, TFFL, GATA3, FABPA,
FABP6 %%) 7V A G i@ n - ORBE L~ )VE U T VA A L PRIET, XL EH LN
IWTOFRBAETTRAZ Ty METHRIAELTZE ZA, ~A 7 17 LA ffhT & [FERD
f R FF T (Fig. 1-3, 4), MOBARF DRIUT OV TIMFE L TRV, FE
HBME T UT-81n T Twist Basic Helix—loop—helix Transcription Factor 1 (TWIST1),
LIM Domain Only 4 (LMO4). Zinc Finger E-box Binding Homeobox 2 (ZEBZ2) .
Wingless—type MUTV Integration Site Family, Member 3(WNT3),
Matrix Metallopeptidase 14 (MMPI14) D% < (IFEOHEIT LR BIEST 52 L3 H 5
j/l/—( l/ \ é 35*39)0

3. GOMEHT & SR T = A fRHT

FEINEE) U728 s DORERE 2 04T 9 5 72912 Gene Ontology (GO) Mt 21T - 7= &
Z 5. Intra—cellular signaling. Cellular Organization M TF Developmental
processes (Table 2) IZEH5-9 5 Z EDVRE L7208, MALT1 BB CTEFNZED S/
FABP 7 7 X U —DOHfifE 72 Category (d7nd 2 &N TE 220> 7208 TPA TOZ3HT TIEAf
fakgne CDZAkIE Cancer, Cellular Movement, Gastrointestinal Disease (Z[RE#9"
HZEMNEO LI, BEF/ /N A = A Tlid HER2-signaling in Breast Cancer, Glioma
Invasiveness Signaling. Role of Tissue Factor in Cancer IZRHHE 35 Z &R E
- (Fig. 2),

F 72, GO RATITITE EN TV RO ETTICER < BhdE S 2ttt ~ U v 7 253
%35, Collagen, Laminin, Integrin 73 EDffifast~ VU v 7 A R~ —72
~\%%M%v—w—\WTnxvi4ﬁk#%@%§Hfmk(hmewompf
IEEES T D% < DBICESICHE L T D F 28 LS, MALTL S EARAIZ 5
TWAHE#E % Molecular Mechanisms of Cancer THRFEL 72, F* v b U — 70)EPL\
ALIE 25 RAS X° SMAD Z FFLMSBEBLEME T LTz (Fig. 3),

F 72, ErbB signaling (ZV A F &AL TV 5 ErbBl & U 7> R : AREG, TGF-a., EREG,
Neuregulin—-1 (NRG1). RAS. Phosphoinositide 3-Kinase (PI3K). Protein Kinase C

(PKC) 2FEHULT L7z (Fig. 4A),

TGF /XA = A TIiL TGF-B, TCF-B=AAI, Smad2/3/4 (Fig.4B). Focal Adhesion


http://ejje.weblio.jp/content/integrin
http://ejje.weblio.jp/content/Neuregulin-1
http://ejje.weblio.jp/content/protein+kinase+c
http://ejje.weblio.jp/content/protein+kinase+c
javascript:void(0);

Kinase (FAK) 7 7/ TlX I7Gs., Epidermal Growth Factor Receptor (EGFR),
Hyaluronan—-mediated Motility Receptor (RHAMM)., Vinculin (VCL), PXN, DOCKs 73
E®§<®ﬁ6?ﬁ%ﬁ%ﬁ?bﬁ.@m.@OMMIﬁUVNW%W@TNFKB%
EHEALT 2 2 83 E<MBNTWDR Y ARIFJE CIEiM 2 BEIEER® Do Tz
(Fig.6 ),

4. MALT1 ZBEOER L MREEREDOTLE

TPA OFERESTHT Tl MALTL iP Cellular Movement, 9 72t HAINEAREIC HEd S
ATREME D R SNz (Fig 2), EITRICB W TG EREN LT 5 Z L 5N T
b%wo%;TMMHﬁﬁiﬁﬂg@i5@%@%5ifwéﬂ%ﬂékbmmh
wtMALT1, AMALT1 O ffREEERE & LLlk L 7=, 1% @ wound healing 7 v & A IZHB W\ T,
BIEFASH 1T mock 1Z%F LT wtMALTL TiZ 80.5 %I F L, AMALTI Tl% 185 % 5 L
7= (Fig.7-1. 2), MALT1 % siRNA(50 nM) 2LV / v 7 X w95 & wtMALT1 @ PASH
REDEIEN L H=H (P =0.003 ; Fig. 7-3 and Table 4)., AMALT1 TiX siRNA O
PIBLFI R IE L TN DT D EARITRE D biLZe o T,

WIZ, X0 EHE» OEEHIZHIE T 5 72D RTCA-DP system % U= real-time
wound healing 7 v ¥ A Z4T7-7=, mock %} L C wtMALT1 DAMEEASHIT 66. 4 %ITIE T
L. AMALTI TI%218.6 %IZ FH L7~ (Fig.7-4), i wound healing 7 v &A1 %
HIROWEE, HIGE, MRS IC LD RESEEEZIT D00 XA LT 7 Afiffr
Kié%—%%v&w@@@%b%wmbt<Mg%wommmﬁaﬁﬁﬁ
1.01£0.05 pym/h TH-o7=DIZxt L, AMALTL TIi% 3.06+0.60 ym/h (P = 0.021) %
TR 23D, wtMALT1 Ti3ss EE & @B O b7 (0.21£0. 01 um/h ; P =
0.021),

5. IEHERRICIST 5 FABP ORHL & FTE

UTAE FABP O BATPERS B & VRIS & ORI SIS ST D28 1 P FABPA O
FABPS O e B 2 IE 5 E/fk 2 W THRGE LTz & 2 A, REMTH % FABPS (HIE
W LR OFBEIZHEEL L (Fig. 80) . MBI ToH 5 FABPA ORIBUIRD LR -7
(Fig. 8B), MM BEHET 2 [ Tld FABPS O HLERHOTRYNVISER 2 BLECHIIA -8 12 2R
H7=H (Fig. 8C). FABP4 [XfattTdh -7= (Fig. 8D), HUADRLE Bz W Tl
FOWRE L KL TEHOEE XY OWNEHINEIC FABPS XSG % 7~ L (Fig. 8E) ™Y,
FABP4 |G IAAIIIC M ECTH > 7= (Fig. 8F) 'Y,
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6. ¥ U ARUEERRFIZ 31T % FABP DFEH,

58 SiEH T FABPS O BLAVEMINRIZ BEHE 32 R C B U7 2 &%, A PR e
K7 F 7 138 B T RS FABPS OFREBLZTEMHL S E L AIREEN B 2 bivd, £ 2T,
B~ T ADORNEES T FABSP OIEBLZFRFE L7z, Fig. 9 239 & 51T, FABP5 [3b])
Bt 1 B HOIEHR MO EEAIICEERIGZ RS (Fig.94), D% 3 HED
FEEHIE ORI E CHRENBEEIZ2 VR IR T LT o 7o, EAEICEET 5
EUOINEBREEO G NI E T DO FBRE LD & FABPS ORBANIED - 72,
(Fig. 9E)

FABP4 X3 H H D LR THOTNIREEZFRO 2 DIZHE E o 72, BRI % FABPS
DI & Fz TRERGHAR T D FABPA OFRWFEELIL, W PO KIS B2 m4 6 0
Th b,

7. EWEARKICIIT B FABPS DI

FABP5 (342 C O CHRELZFRD 723, KRR IR I FOHRIZ 3T O L O i in &
THE ThH -7 (Fig. 10A, 100), 7=, #f@%\éfﬁ IR T ORBUCE R TR T
LT, FIIE COYmBRIE & BERNIICEE TH -7 2 &1d, HEMET
FABPS 2SHZERE~ S I BLT 5 2 & 22§ 5, FABPS Gufaz 27 L AR ELFHY
KA 23 B0 72 B 2580 72 r > 72 (Table 5), L#L HELTHE CYefo, A o 7 734
M3 D B A N7 FHE S ETEO 2 7V — 120 0 CTHMHMI L= & 2 A,
T-stages X°clinical stages DEITHE CHEICA 2T 2 EH L7z (Table 6),

8. EEAARRIZIS D FABP4 DFEE,

FABP4 DFEELIT FABPS [ D fal Bl i Ml & AR EE 1238 @ B 7z (Fig. 10B),
AIE COYLEERE L BEMESRIT, FABPS | wﬁbfﬁﬂoto
B DYefa Tl FABP4 & FABPS [XIFIXFIZFDRE R & 7o - 72723, FABPA TITEZICIR/G L T
%ﬁbfwé®%m®%hto;@%@& ZRRR U723 B FABPS TIIRE O L7
ST, KZTO FABPA Yeth X 27 & AR B F IR 1 & ORNZIEH] & 2 fHBABEfR &
B 7plro7- (Table 7),
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AWFFETrE, DS TMALTL IZ X » TREBE2Z T 2 BEF2FE L, OO
HEATICR 2T MALTL BELOBEROMIAZ HIE L7z, IPA/NAT =4 7 — X X— X T
I TWD NF-kB 7 I VB B FIZHOWTHRFT L7 & 2 A, £4u6 13 MALTI
12K > TR EELZ T VBRI ST,

MALT1 (2 & - CREMEI SN D BIE T D% AL EGF NA T = A | TGF-B/SA T = A
BILOWIRREAERRICEI T2 H DO TH Y . D Z & I1X MALT1 FEHLO I A O ey O ST
\ARHEAI 8 < PTREME A "2 L C N5, EGFR (ErbBl. HER-1) [XGHSHF IR IC R
L TR EGF ZR/IRTHY ¥ MALTL (XX DORBFELZILT S/, o EGF &
& (ErbB2-4) [T BLEN EH L7222, 215 & BASHMERET & OB EIZ OWTiX
—TE DGR A AT g 10

~A 7 a7 LA RN OREE, EGFR @V 57> R Toh 5 AREG, TGF-o, EREG DFEHLIL
MALTL (TR DA U722y, 2006 OmFIR BT O Al o5 & ZHAC AR5 2
ENFEENTWD T F72 MALTL 1X BGF ¥ 7 F)UniEsy+ T D RAS  (HRAS,
NRAS) X2 PKC (PKCA, PKCI, PKCQ) HFEBURT SH7-, EGFR EnTFEOHEIEIL MK
DA - EATOERNTH Y 0 EGFR Fifis 7T /WE T4 23R B 722 1 JPes Tok < ff ik
b ™, NeE & BGPR s IR TERIZ B & O BIEIIE 5 20 T3 2 %9 MALT1
ITEMHRE RO FIEIZ) )0 6T EGFR Ba FORBEZIR T IEHZ & TROETE
Pl L, 62, MALTL 8B 3E2% EGF-EGFR /R 2 7 = A Z V&M b5 = & TIRET S
AJREMEZ R LTV 5, £7-. EGF o 7 F /L il & W47 L, MALTL 1 76FB2, TGFBR2,
SHAD2, SMAD3. ¥ LN SHAD4 DFEBLZINH LTz, ZALH D SMADs TIERL 415 SMAD
HEORIE TGF-B-TGFBR2 7 F MBI UL AR B 4 Bp= 4 5,

TGF-BIL W CTIXINHNTE) < 23, FEEITIC RV HIRuESE, =M, B8, & e
7R AR SRS Y, MALTL REERO M4 13 D T O %R AE L 5 Y, £-.
MALTI | & TGF-B/S A 7 = A Fift CREEEITICMEI < gpl30, TL-11 ZRBULF S8, &
7B MALTL OFEHILIE TGF-BL 7 F /L E XA T = A ZIEME L S TR OETT %
R T EEZ NS,

TGF-B/N AT = A & EGF /XA = A \IFHAANEM 292 2 & CRafifia o & BRI
BURRESLIZ@ < Y, 2D, EBEDO/RA Y = A A wiMALTL TR 585+ D
FANZ L0 LI NERET A Z LR #EETH D, TNHOH T, MEERME
B BLAER B K+ C _F R [E]BElEHL (Epithelial-mesenchymal Transition, EMT) %%
9% High Mobility-group A2 (HMGA2) 1ZiF B9 2 * “ilfia o EMT 12 EE
2RI 2 7259 ) HMGA2 1 ENT A /~33=HBSeiail oo b e e & ¥
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U wtMALT1 THRENMET L7z HMGA2 1%, SNAI2, ZEB2, TWIST %41 L T E-cadherin
DFE & H 25 © ' E-cadherin @%ﬁﬁﬂﬁ%ﬂiﬁﬁd)%fﬁ SRRV E LR & LT
< Z &M T MALTL OFEERENRED O S OMEITICHR D TR R A2 5.4 L YT
x5,

MALT1 {3t EMT 538K+ WNT3. Fibroblast Growth Factors, Platelet—derived
Growth Factors., Interleukin—6 Receptor., Fibroblast Growth Factor Receptors)
L FAK 75 /L (Integrin, Paxillin) <CHEfES N~ MU v 7 A5 fEEEFE D Matrix
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FEHLAIHI L7z, 76> T, MALT1 FELOHE 30 A EMT 128) < Ak & 7o BEIN 2 TE ML
T 5L PRTE D, WEEREDTTHEIL ENT OR &2 R RENREED 1 >TH D ™,

AMFFETUHERERED MALTL (I X 0 R < Il S 472 2 & 13, MALTL OFEEEDS U v/ BRR
AR & DA TR 72 D LW O R AZ X9 5, TGEF-B& EGF /XA 7 = A [TFHFE
MW HFEAMAR O BNT & e 2 EdE 92 2 L v, MALTL I & 2402 & Ol IS T
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BIRICEMNT A2 b0 EMfFTX 5,

wtMALTI TRENKEX KT LB Fodic, BERFHCEmEE R &R %2 B4
FABP 238 4T /= (Table 1), J@MIIRITIEERH 21T 5 Z & TIRIESCHFEIC L B e
THRNF—%1595 0, FABP 7 7 2 U —3/KICRAEZRESIE IR L EE L. IENGRE
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TIE L E BTV,
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Table 1. Top 20 genes altered in ywyvaLTtHSC2 cells.

Gene symbol FC Gene description
Up-regulated
JUP//IKRT19 9943.8  Junction plakoglobin///keratin 19
LXN 2407.5  latexin
TFF1 1377.1  trefoil factor 1
CXCR4 1196.5  chemokine (C-X-C motif) receptor 4
SH3YL1 1113.9  SH3 domain containing, Ysc84-like 1
SERPINA3 748.3  serpin peptidase inhibitor, clade A
TARP///TRBC2 726.8  TCR gamma alternate reading frame protein///T
cell receptor gamma constant 2
TBL1X 721.5  transducin (beta)-like 1X-linked
TARP 597.5  TCR gamma alternate reading frame protein
ATP2A3 523.3  ATPase, Ca++ transporting, ubiquitous
Down-regulated
CYBRD1 97.0  cytochrome b reductase 1
PSMB8 73.3  proteasome subunit, beta type, 8
FABP4 64.6  fatty acid binding protein 4, adipocyte
HOXD10 61.6  homeobox D10
SERPINB13 60.5  serpin peptidase inhibitor, clade B, member 13
FABP6 53.4  fatty acid binding protein 6, ileal
SERPINB2 52.6  serpin peptidase inhibitor, clade B, member 2

TMPRSS11E///TMPRSS11E2 43.9  transmembrane protease, serine
11E///ltransmembrane protease, serine 11E2

PPP4R4 39.2  protein phosphatase 4, regulatory subunit 4
BCL11A 39.1  B-cell CLL/lymphoma 11A
FABP5 5.3  fatty acid binding protein 5, psoriasis associated

FC : fold change



Table 2. Classification of gene sets by GO analysis

Category Total gene  Genes/input P value
Nucleosome 86 43 4.71E-12
Protein-DNA complex 105 43 3.55E-5
Chromatin 185 52 2.60E-6
Basolateral plasma membrane 146 24 1.03E-5
Protein-DNA complex assembly 112 46 2.79E-10
Nucleosome assembly 107 46 5.77E-10
Chromatin assembly 108 46 8.37E-5
Protein-DNA complex subunit organization 117 46 1.66E-9
Nucleosome organization 114 46 6.78E-9
DNA packaging 131 46 4.09E-4
Anatomical structure morphogenesis 811 26 3.77E-4
Anatomical structure development 1885 56 5.26E-8
Tissue development 500 31 7.63E-8
Epidermis development 133 29 2.00E-4
System development 1565 29 3.23E-7
Cellular component assembly at cellular level 459 46 4.76E-7
Cellular component assembly 677 46 4.85E-7
DNA conformation change 150 46 7.12E-7
Multicelluar organismal development 2064 162 9.95E-7
Organ development 1090 29 1.41E-6
Developmental process 2336 184 1.88E-6
Chromatin assembly or disassembly 150 49 4.28E-6
Pathogenesis 21 13 6.91E-6
Homophilic cell adhesion 114 39 1.19E-5
Cell-cell adhesion 235




Table 3. Gene function not included in the IPA
Extracellular matrix-degrading enzymes
Up-regulated: CTSF, MMP9, MMP16
Down-regulated: ADAM9, ADAM12, ADAMTS1, CTSB, CTSC, CTSF, CTSH, CTSL2, CTSZ,
KLKS5, KLK10, MMP1, MMP2, MMP10, MMP13, MMP14, PLAU, PLAUR
Collagens
Up-regulated: COL2A1
Down-regulated: COL4Al, COL4A2, COL4A5, COL4A6, COL5A1, COL7A1, COL16AL,
COL17A1
Laminins
Up-regulated: none
Down-regulated: LAMA2, LAMA3, LAMBL1, LAMB3, LAMC2
Integrins
Up-regulate: ITGB5
Down-regulated: ITGA2, ITGA3, ITGAG6, ITGB4, ITGB6
WNT pathways
Up-regulated: FZD7
Down-regulated: DKK1, DKK3, FAT4, FZD2, FZD6, LEF1, POP1, PORCN, TCF4, WISP3,
WNT3
Cancer and/or epidermal stem cell markers
Up-regulated: BMP7, CXCR4, CXCL12, FOXA1, FzZD7, KLF4, KLF9, KLF11, NR2F2,
TP53
Down-regulated: AKT3, ATM, BDNF, CD44, CD59, CD73, FGFR2, FOXA2, FZD2, FZD6,
HMGA2, HRAS, IL6ST, ITGA2, ITGAS3, ITGAS6, ITGB4, KLF5, KLF7, KRT5, KRT14,
LAMA2, LAMA3, LAMB1, LAMB3, LAMC2, LEF1, PDGFA, PDGFC, SMAD2, SMAD3,
SMAD4, TGFB2, TGFBR2, TCF4, TP63, WNT3




Table 4. Percentage of wound closure (n = 6)"

Cell 6h 12 h 24 h 48 h

mockHSC?2 1219+ 247  33.33+7.78 52.99+5.33  81.44+7.07
mockHSC2+siRNA 11.13+1.91  22.75+12.42 45.97+20.21 69.38+13.57
wimaLT1HSC?2 427+ 1.15 5.98+236  10.32+1.48  12.96+3.94
wimaLTtHSC2+siRNA 7.22+1.46 1253096  28.43+5.70  39.59+2.25
amaLTiHSC2 31.12+4.84  62.29+5.45  98.04+ 2.25 100+ 0.00
amaTiHSC2+siRNA - 20.72+3.16  65.24+10.16  97.51+2.84 100+ 0.00

“Percentage of wound closure was calculated by measuring the width of remaining wound,

and represented by mean + S.D.



Table 5. FABPS5 staining score and clinicopathological parameters

Parameters (n) Nucleus Cytoplasm
Mean+SD P Mean+SD A
Age 0.220 0.553
< 65 yrs (33) 4.969 + 2.495 8.188 + 2.571
> 65 yrs (25) 5.120 + 3.180 8.120 + 3.206
Sex 0.491 0.411
Female (24) 4.125 + 2.153 7.542 + 3.036
Male (34) 5.697 + 3.036 8.606 + 2.645
T stage* 0.137 0.125
T1 (38) 4.842 + 2.666 7.553 + 2.617
T2 (18) 4.824 + 2.580 9.059 + 2.968
T4 (2) 10.500 + 2.121 12.000 + 0.000
N stage* 0.482 0.764
NO (49) 5.021 + 2.809 7.979 + 2.779
N1 (6) 4.000 + 1.265 9.167 + 3.488
N2 (3) 7.333 + 4.163 9.000 + 3.000
Clinical stage” 0.720 0.619
Stage 1 (38) 4.842 + 2.666 7.553 + 2.617
Stage 2 (10) 5.333 + 3.354 9.333 + 2.958
Stage 3 (6) 4.000 + 1.265 9.167 + 3.488
Stage 4 (4) 7.750 + 3.500 9.750 + 2.872
Histological differentiation 0.463 0.161
Well (32) 5.469 + 2.771 8.189 + 2.856
Moderate (20) 4.450 + 2.395 7.750 + 2.899
Poor (6) 4.600 + 4.334 9.600 + 2.510

“Patients were categorized by tumor size (T stage) and clinical stage according to the UICC

WHO grading system and by the stage of lymph node metastasis (N stage).

§ Pearsons’ chi-square test.



Table 6. FABPS5 staining score in non-progressive/advanced states of carcinomas

Parameters (n) Nucleus Cytoplasm
Mean+SD B Mean+SD B
T stage” 0.357 0.041
T1 (38) 4.842 + 2.666 7.552 + 2.617
T2-4 (20) 5.421 + 3.061 9.368 + 2.948
N stage* 0.355 0.383
NO (49) 5.021 + 2.809 7.979 + 2.780
N1-2 (9) 5.111 + 2.848 9.111 + 3.140
Clinical stage” 0.357 0.041
Stage 1 (38) 4.842 + 2.666 7.553 +2.617
Stage 2-4 (20) 5.421 + 3.061 9.364 + 2.948
Histological differentiation? 0.277 0.051
Well (32) 5.469 + 2.771 8.188 + 2.856
Less (26) 4.480 + 2.771 8.120 + 2.877

*Patients were categorized by tumor size (T stage) and clinical stage according to the UICC
WHO grading system and by the stage of lymph node metastasis (N stage).

§ Pearsons’ chi-square test.

1 Well, well-differentiated carcinomas; Less, moderately- and poorly-differentiated

carcinomas.



Table7. FABP4 staining score and clinicopathological parameters

Parameters (n) Nucleus Cytoplasm
Mean + SD = Mean + SD pS
Age 0.099 0.194
< 65 yrs (33) 5.212 + 3.798 4.424 + 3,093
> 65 yrs (25) 4.400 +2.972 4.360 + 2.752
Sex 0.266 0.153
Female (24) 4,208 +3.134 4.083 + 3.269
Male (34) 5.324 + 3.649 4.618 + 2.686
T stage” 0.669 0.852
T1(38) 4,737 + 3.629 4.211 + 2.849
T2 (18) 4.833 +3.222 4,722 +3.268
T4 (2) 7.500 + 2.121 5.000 + 1.414
N stage” 0.915 0.527
NO (49) 4,837 + 3.490 4.347 +2.803
N1 (6) 3.333+1.751 4.000 + 4.336
N2 (3) 8.333 + 4.041 6.000 + 2.000
Clinical stage” 0.979 0.279
Stage 1 (38) 4,734 + 3.629 4.211 + 2.849
Stage 2 (10) 5.100 + 3.247 4.900 + 2.846
Stage 3 (6) 3.333+1.751 4.000 + 4.336
Stage 4 (4) 7.750 + 3.500 5.500 + 1.915
Histological differentiation 0.695 0.492
Well (32) 5.094 + 3.762 4.250 + 2.771
Moderate (20) 4,300 + 2.812 4.850 + 3.281
Poor (6) 5.500 + 4.087 3.667 +2.733

“Patients were categorized by tumor size (T stage) and clinical stage according to the UICC
WHO grading system and by the stage of lymph node metastasis (N stage).
S Pearsons’ chi-square test.



Figure legends

Figure 1. Microarray analysis and its validation by real-time PCR

and immunoblot. Volcano plot of genes altered in wimaLT1HSC2 cells.
Log2 fold-change (FC) and their corresponding —log10(p-value) of all genes in the
microarray were taken for construction of the plot. Genes up-regulated and
down-regulated more than 2.0-fold change with a p-value < 0.05 were depicted in
light red and green, respectively. All other genes that were not significantly
altered were in black (1-1). Normalized intensity value of gene dataset in
mock HSC2 cells (m) and wimarriHSC2 cells (w) with different fold-change (i , > 2.0;
ii , > 4.0; iii, > 10.0) were illustrated. Genes up-regulated and down-regulated in
wtMALT1HSC2 cells were depicted in blue and red, respectively (1-2). Expression of
genes of interests was analyzed by quantitative real-time PCR (2= 3). FC of genes
of interests in wiMarT1HSC2 cells relative to mock HSC2 cells were standardized by
the expression of ACTB (1-3). Protein expression was examined by the
immunoblot. S -actin was used as an internal control (1-4).

Figure 2. Ingenuity pathway analysis of the genes.

The significance of each function or canonical pathway was determined based on
the p-value by right-tailed Fisher’s exact test and with threshold less than 0.05.

The top 15 possible bio-functions (a) and canonical pathways (b) of genes



regulated by MALT1 were shown. Ratio of number of genes in a given pathway
satisfying the cutoff and total number of genes present in that pathways was

determined by the pathway analysis.

Figure 3. Gene Pathway analysis involved in the networks
associated with “Molecular Mechanisms of Cancer”

Functinal interacting network among gene sets were uploaded in the Ingenuity
Pathway Analysis tool and the network of “Molecular Mechanisms of Cancer”.
Gene from our dataset and falling in this network were shown in either red
(up-regulated) or green (down-regulated) with the intensity of the color being an

indicator of the fold change.

Figure 4.“ErbB signaling” and “TGF-B pathway” in the canonical
pathway.

Functional interacting network among gene datasets were uploaded in the
Ingenuity Pathway Analysis tool and the network of “ErbB Signaling (A)” and
“TGF- 5 pathway (B)”. Genes from our dataset and falling in this network were

shown in either red (up-regulated) or green (down-regulated).



Figure 5. The Genes differentially regulated in “FAK Signaling
pathway”.

Functional interacting network among gene sets were uploaded in the Ingenuity
Pathway Analysis tool and the network of “FAK Signaling”. Genes from our
dataset and falling in this network were shown in either red (up-regulated) or
green (down-regulated) with the intensity of the color being an indicator of the

fold change.

Figure 6. The Genes differentially regulated in “NF-kB Signaling”
pathway.

Functional interacting network among gene sets were uploaded in the Ingenuity
Pathway Analysis tool and the network of “NF-k B signaling”.Gene from our
dataset and falling in this network were shown in either red (up-regulated) or
green (down-regulated ) with the intensity of the color being an indicator of

the fold change.



Figure 7. Migration of carcinoma cells.

(7-1) Migration of cells 24 h after injury in the presence or absence of 50 nM
MALT1 siRNA. White broken lines represent the original wound edges. Scale bar
=1 mm. (7-2) Percentage of wound closure at 24 h. The graph indicates means +
S.D. of wound closure at 24 h (n = 5). *P < 0.001 (compared with mock+siRNA)
and **P < 0.005 (compared with wtMALT1 without siRNA).

(7-3) Knock-down of MALT1 protein expression in wtMALT1HSC2 cells and
AMALT1HSC2 cells by the siRNA against wtMALT1. The protein expression was
probed by the immunobloting using an anti-FLAG antibody.

(7-4) Real-time sensing wound healing assay. The coverage of wounds was
monitored by the xCELLigence system until 14 h after injury.

(7-5)Representative examples of wtMALT1HSC2 (wtMALT1), AMALT1HSC2
(AMALT1) and mockHSC2 (mock) cell migration for 16 h using time-lapse

microscopy (n = 4). Scale bar = 50 um.



Figure 8. FABP expression in normal and carcinoma-adjacent
epithelium of the tongue.

FABP5 (A, C, E) and FABP4 (B, D, F) were stained at normal tongue epithelium
(A, B) and epithelium at the interface with carcinomas (C, D). Epithelial cells
adjacent to carcinomas enhanced FABP5 staining (arrowheads). FABP5 was
stained at endothelial cell (E, arrowheads) and FABP4 at adipocytes (F, arrows) in

dermis. Bar = 100 um (C, D), and 40 pm (A, B, E, F).

Figure 9. FABP expression in skin wounds.

FABP5 (A, C, E, G) and FABP4 (B, D, F, H) expression in mouse skin wounds at
day 1 (A, B), day 3 (C-F) and day 5 (G, H) were shown. An arrowhead and an
arrow indicate the hair follicle adjacent and far distal site of wounds, respectively

(E). Bar = 100 um (C, D, G, H), 40 um (E, F), and 20 um (A, B).

Figure 10. FABP expression in tongue carcinomas.
FABP5 (A, C) and FABP4 (B, D) were stained at cytoplasm and/or nucleus of

carcinoma cells. Bar = 40 um (A, B), and 20 um (C, D)
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