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CD26-mediated regulation of periostin expression contributes to migration and
invasion of malignant pleural mesothelioma cells.
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Malignant pleural mesothelioma (MPM) is an aggressive malignancy arising
from mesothelial lining of pleura. It is generally associated with a history of asbestos exposure
and has a very poor prognosis, partly due to the lack of a precise understanding of the molecular
mechanisms associated with its malignant behavior. In the present study, we expanded on our previous

studies on the enhanced motility and increased CD26 expression in MPM cells, with a particular
focus on integrin adhesion molecules. We found that expression of CD26 upregulates periostin
secretion by MPM cells, leading to enhanced MPM cell migratory and invasive activity. Moreover, we
showed that upregulation of periostin expression results from the nuclear translocation of the
transcription factor Twistl, a process that is mediated by CD26-associated activation of Src
phosphorylation. These findings may lead to the development of novel therapeutic strategies for MPM.

CD26 periostin



¢ X C—19, F—-19—1, Z—19, CK—19 (#m)

1. WFZEBIE Y DY =

SR R ISR DN A TH B, BUE
DIRFEZ > TL T, AFEME PR
F—E L, ERBRBIBNELS . D2 E
TORIEMDOE—271% 2030 FHEEZ SN
TWo, R BFEEHEMLTEBY
SENME 2 B LS 3 B VR IR TE D MENLIT 2% T
H5,

PLEDOERND, HEEE OFTBZE=ET
[N TR 0D 4y T A ROTR IR SR O AL 1A)
T CHFZE 2 T > T 5D, FTBAFZER DMEER &
LT3 CD26 i%, [EZ7 /Vv—7M[EE L=
JaBE PR CH 0 | IEF R b~ g
HREEICEE ICERBIA L WD, RZv—7
3BT L7- b MEHT CD26 Hifk YS110 1%,
T AET AT WNT, FEEREEK S LTO
AR (BUEBIER) # 7~ (Clin. Cancer
Res. 2007) . BL{E, YS110 O EGA I AT
BEIC7 7V ATOBEKRRBREKR 2, BARTO
R EBR N T T 5,

t MEBL CD26 Hifk YS110 (%, BIAEHF2
JE~DEBIREKTHDHLL AT TF v« R
kUt ROOFREEZR & L RER, BE5HmH)
ERZRT, &I EGEE L 3R
720 FURKAFIERE S (ADCC) & MEf s
R EN LT U TE MR IS & OVl A4 77
e g M (CDC) %7~ L. CD26 ##%ik L7-
PUANRERICE DK EEZITDHZETH
2 AR & #4559 %5 (Clin. Cancer Res.
2007) , &£ C YS110 (FH fEiRIEIE O ¢
LR EN T BUESE N SN D,

ZHETOMIEN G, CD26 X in vitro
(FFEFEER) .~ 7 RIZBIT 5 invivo EERIZE
WTAARHEZMEE L TH D, YS110 232
MEER 26452 & bRrENTVWS, L
L7236, CD26 3RH - 5 227 5 1%
FRIZ AR 72 3% < . YS110 D RG IR It F D
WCRZEFIITIRY 9 D,

HEEE X TIRERICB W T, EIMER#
RFIZEBT D CD26 Jhfil 7 Eikk A, FEIE T
fi L0 b EEEREDMEV 2 & & R L 72 (1K 1),
WIZRIERIE, BRI IC BT, TRl
HAEREZ LS E (M 2) . 2 b OKEt
FER XD HFEE L. CD26 23 R ERE O
Jadzas 2K T S, M R IGIEIRIF 72 55
ECeoMlaEREEZ LEIEL Z LIk,
PR R I ORI - SR -OvR IR I A T
LTWADTIEERWMNEEZ T,

CD26 (-) CD26 (+)
‘e o & ®
& i
. ' © s

CD26 IR R IEM (B X EREREL(CHINT,
#RaSE (RED) AAKRELLY, [PEEERED STHEE TR
l,r:o

CD26 (+)

oo *

CD265e T R (1) (L M I =35V T
AL CUVELMEI(REN A S CRE S h i (B RED
ET).

X1 CD26 ZEld &k O 5 RIS T

X2 CD26 ZEiLH L ERIZEBIT 5
R IFHEFHBE O U

2. #FEEDOHW

FROFFEDO T, b Ml CD26 Hiik
YS110 % E RIS § D BROREM 72 50 1 A
etz A6 L. CD26 ANHENErh izl IR -
Hnf 2 (T D87 & 5+ L~V TR &
HZEEHEHME LT,

3. WrFED I
(1) HEpaks

PR R IEM AL & LT, MSTO-211H
(MSTO) #3 LTV IMN #a2fH L7-, CD26
RHIFEELR & LT, MSTO #5284 K CD26
B L CD26/CD10 % A F{Kk, BLO= o b
O— Ry —EHERICRE ST,
CD26MSTO £k, CD26 & * 7 ¥k, CtIMSTO #£
PR L, F/-CD26 /) v XU %L L
T, CD26 #WNTERIIZHEEHL L T\ % IMN #EiZ
2 fEHH D CD26shRNA X7 Z —3 LN 1 flJH
Day ha—)b sh X7 Z—&ZFnNEFNEF
FIZ 28] &8, shCD26JMN #£3 X OF cshIMN
FRZMESL U CEH L7z, 2 CoMatkix, i@
i 10%I.7%5 RPMI1640 B3 TS L7,

2 RVFARFLD) BT

Sigma-AldrichtL &L v 2fED~_Y A2 F
SIRNA Z A L. 4x10* cells/well (2 CTHEFE L
c HEME R R REAR ISR Lz, WINe& 3 B IS
Ja iz 7 BRI KL ORI BRI Lz, M
SiRNA & b2, 3 ALLED , v o 2w U sh R
NhHZ &Rz,

(3) A & TR - R TR

A EERIZ, v a— D 24-well
transwell chamber (8 um pore, costar ££) % i f
L7z, Transwell chamber @ TJ&iZ 0.75 ml @
10%IfiE AN Y RPMI1640 szl . &
12 0.1%IMmyE A D RPMIL640 BE#hiZ T 1x10°
cells/ml (2 7% U 7o £ Ff AR 7 B2 IERK 2 0.5
mliRIN L7z, RIEFERIZIZ, ~ M) Fra—
L 7= 24-well transwell chamber (BD
Bioscience ff) Z i L. a2 F25k & [F
EROMIR I EE - ME S CHfL 2 #EFE L 72,
Feffts, MfiEEERIZ 2 A, REFERIT 1
H#ICHIREZERE L, 71 774 v 7 Gl
X o TlEE - =21 Lotz ik U7z,



(4) MRS BT 2 A7 E R
AFEEMER IR Z 0 B L <X 0.1% 1M
HERMIC TR L, 5~6 H BHICEFMEE E
B L7, M, 2.5x10° cells/well o>
JEIZ TR 24-well 7L — k (IWAKI £h)
F X HEREM 24-well 7L — b (Costar
) ~FEREL . BB A W TEHE L7, b
L <i% 96-well 7L — k (Nunc ) 1 3x10*
cells/well OFBfAREICCHEFEL, 6 HEIC
Cell counting kit Z FIWTREE 2 & L7,

G) v=ARZ T vy b (HIEARRITR O T

Twistl OHIE NS4 OBLEL TIE %51,
MREoEEFEHAS Y MCXUREL, v
2B T ay M LTz, Sre ORBBET
IZ.RIPA /X 7 7 — % FH U C A 4y 18 o
JaRfRR =R L7z, b LTy a B ES
fidss Ok 2 OV CHIKRE Syl & JEE 7 7 b
SENZT, vZRAZ T ey OV T
LT, BREEGFS T FALBILOT R F—
AERNFOT AL T ay kT,
24-well 7° L— F ~IE M ESIC CREREL 72 6
Hilo, B ENT- A7 =14 R&EIILL T
RIPA /N 7 7 — | CHEFIA R 2 TR L,
TR T ay it L7z,

(6) EEMY 7 /L4 A L PCR

RLT /3w 7 7 — % Iz C 45 Tl Al A 2 VA
% . Qiagen RNeasy Mini kit (Qiagen 1) % >
T h—%/L RNA Zhlitt Uiz, W TSR
PrimeScript RT reagent kit (Takara £L) %
oo EEWYU TV A L PCR IZ Applied
Biosystems Fast Real-time PCR (Applied
Biosystems ff) (2 CHgdT L7z, WTEME= > b
=7 — /L & L T hypoxanthine phosphoribosyl
-transferase 1 (HPRT1) ZfffH L 7=,

(7) HERHFAYMLER

4 C O F f# BT 1% Prism6.0  software
(GraphPad Software £1:) ZH\T{T~>7=, £
THF — 4% Tukey-Kramar post-hoc test %
one-way % 72 1% two-way ANOVA |2 CHgHT L.
p<0.05 L FEAEADH Y L HE LT,

4. WFIEALE

CD26 2MAHAEEEERE DK TIC L 0 ity
FERED JLEZ B & Z LTV A )2 33
L7280 KRS T L— b AW T 10% M55
EFCR#ELIZLE Z A, CD26 #EH 3 BLER
(CD26MSTO) & FEFEBLIK O V7 1l HE 5if HE D [H]
WCHBREIBE SN oz, — ., R
U — NP R EAE 2 I 9 BILAR S 14 T B
#£9 5L, CD26 FEMRITIERBIL LY b4
FRRETLET A Z ENRENT, ZLH DN
BRI, CD26 ITMflapEREDIL T, HL<
IXZNIC K DM EBREDERICL > TT
IF7e < REBHFRIRRE IR 1T B A AMIBD £
FREATLESE D Z L TEOHMBEICEL L
TWD I ENRBEINTZ, 2 CTHFEEIL.
AEEEOEEER D BB, ~( 77T

VA DORERNL, HINLOHMTHLO
CD26 MM ZIEDRE - 5 2 LT 5
AN =X LD EIT -T2, S 5T, @CD26
73 e 2% BLAR SR 12 38 W CHEEME R i oD AR A
BALES A A =X LICO0T RN
BRI,

D CD26 A M Rz R 218 - 5k & JritE 4
%A T =X NOfE

BN ANt T oY (MG AY (e (7= i
LA OFEENS, CD26 OFRFUT LV b F
BN B U= pag e ER 1 (OF) &L
T, NUARFUNFR LIz, RV F AT
I%. £ 90kDa DFMfEs & > X TE T, A T
TV v EAI U R E R EE R A A < Fn
HILTW5S, ZZTHEEIX, XU FRF
DOFELFHA . CD26 OFHLAI L1-iEH -
IR RE DEMEICHEE 2R Z R L T D
FREMEICEH L, £ DA = X LOfEAZ1T
-7,

£7° CD26 5#iffil7EL MSTO kI LT,
CD26 % WNAEMIZHEL L TV 5 IMNERIZ B W
T, NXUVFRFUvE ) v I T Ll 2 A,
ARl SR S KON SRR (v MY S =
— M) 2B\ T, ARRIEE - REEOIKT
NI (X 3) , ZofERLD, XY
FAF L DOIEHA, CD26 FEHLHM:rh i fJE
JADRFRBIZKRELSHFHE LTS Z &R
iz,

o, U

8
200
2 80
< 150 0
100 40
0 0

csi si-1_ si-2  Periostin csi si-1 si-2  Periostin

IMN IMN
© 4120 (d)

80 0
60 20
40 20
20 10
0 0 s - -

i i i- Periostin csi si-1 si2_ Periostin
CD26 (+) MSTO

The number of
a
3
N
5

The number of the cells

CD26 (+) MSTO

[X] 3 CD26 %5 Kz fERE O Mz E e -
BHEEICB T IRV FRF ) v s BT

DR

F ZTRIZ, CD26 DIEHNRY 4R F
v DFEBLEHIE LTV D A RREE L 72, CD26
SR JE IR (CD26MST #£) B LN, HNTIERY
CD26 EH ML /) v Xy H
(ShCD26IMN %) B HIZHBWNT, VT ZA
L PCR BEXWELISA Z2fTo72L 2 A, Y
FAF U DOFEBIEL MRNA L~y b X Xy
BHL~Ll iz, CD26 OFHL &L IEDOFHR %
ARLUTHI L Tz, B2, CD26 Offifa
KA A 2% CD10 OFESNCEHR L=, T AT
CD26 33 MSTO £ Tld, XU A RF L DI
B EFIIBERSNR - (K 4) UL EofkE
RL0 . B R EREEIZ 35T CD26 13,
MRNA L~ U F AF DB A IE




WCHET L WD Z & ZOEIIZIE CD26 ™
HIN R AL RS L TS Z ERRE

FRIRN KA A &4 LT Sre DV U fgfb (e
HEL TWARREMEN R ST,

=
JMN N MSTO < g
x & 8
CD26-shRNA - csh &1 sh-2 E 8 8
. eee [ 0] |
Cell : CD26(+) MSTO CD26/10 Chi (+) MSTO
Fr#1 2.3 4 5.6 7 8.9 10 11.Fr#1 2.3 4 5.6 7 8.9 10 11.
cozs [ —; I __E - i
poe [JummmE W I T
! o =
w'alS-cl — l -! | * ! -'i
Apdralt Cytosolic Lipid raft Cytosol

iz,
Real-time PCR
CD26 native (+) cells (JMN) CD26 native (-) cells (MSTO)
12 6
< 1 < °
z
25 os £+ —
Periostin mRNA € 2 EF 3
(POSTNHPRTY) & £ 06 e 8
8 x 04 g2
38 23
€ 02 e %1 l
&
; 11 o L]
csh sh-1 sh-2 Mock CD26 (+) Chimera(+]
ELISA — CD26 shRNA = Transfectant
£ E 2
E 80 =Y
S g
£ Z 15
e 2
Periostin ® S0
Protein g4 g
2o 5 ° ]
s 1 S,
0 csh _shl sh-2 Mock CD26 (+)Chimera(+)
©D26 ShRNA Transfectant

X 4 CD26 OHREFAHIZL DXV AAF
DRI E)

WIZ, CD26 13XV A AF > D mRNA F§
WERETIA D=L EZHLNTT D72
W, RV FAF DGR EOWEDH D
Twistl (2 H L7, Twistl IZiEM (L& 5 &
EWNIZBITL CEREAEET L2 E N5
nTns, #Z7T, Eiko CD26 sz EHAR
(MSTO)B XY/ v 7 &7 k& (IMN) (2o
WC, MR & BTN, Twistl HLikic
Kooz ax ooy NeiToT=, TORESE.
CD26 DFHLNFE WL (CD26MSTO 35 L O
CtUMN ££) 123 T, Twistl OZ 5y i~ 4E
FEPBIE ST, —J7.CD26 ¥ A 7L TlX,
Twistl DR BT ITHIFLE I BlZ S v,
PLEDG, CD26 OFEFEICL D Twistl @
BNBATHMEE S, Twistl IZX > TU 4
AF U DOUEBEPMEHE STV D I & DR
Ehte. E£72. Twistl OENBITIX. CD26
OMIfEN KA A &2 L TREI N TN D
LEZ LN,

I 5z, Twistl @ _E3iRIAF & LT Sre 2
EHLZ.SrcA > BX—PP2 % FEL2FED
CD26 FEHLUEMEFREERICIRM L& 2 A,
FEN 7 D Twistl OB U, HifRE 7
B TER LW, FRFICY 7V% A A PCR
& ELISA OfEE 5, Eikod CD26 78tk 2
FIZBWT, PP2 (XU A AT DIRHEM
filTnZEbmRani, Ukt B
JEIZ 3T Twistl 1% Src 1C & » TEEWNBIT S
., RVAAF U DOEEEEELTWD I L
DIRIE X372,

%12, CD26 & Src OAHAEAEHIZ W
TR 24T - 7-, CD26 S&fIFEHIB L
v 7 X7 IMN BiE U= AK T ay MZ
BWTSrc U oigbaiii-t A, =2
CD26 # B L TWARTOI, U UER{LR
BlEINT, S50 3 b EEARE L5 BE
EEIToTo 8 2 A, 5E4K CD26 7Bl MSTO
RClE, IREZ 7 Rz CD26 & & Hi2 Y
RAL Sre BEIERENT-DITRT L, F A TER
TR EBER SN -7= (K 5) ., iE->T
CD26 1IEE T 7 + I T Src & HJFIEL,

5 CD26 FEH MM EEMIZI51T % Sre @
U itk

PLEDOFER XY, CD26 X, Mg N X
AN Sre LIRET 7 b ETEET B LT,
Src UV Vb aRtET s EEZLND, UV
el S #U7= Sre i3 Twistl Z &ML L TRE A~
DBATERME L, BENBAT LT Twistl 23X Y
FAF U DEE LNV E R SED EE 2
LD 6), FDRER, XU ARAF L DRE
AMEtE S ju, BN RO BEE < RIEREN
REESND EEZOHND,

CD26

CD26 R Bt RIS
#ERaK |
|

X S -~
mEsor O BESTh T

RYFRFY

E - R
s (S5 |

wEEs 1 @R 1

6 CD26(Z&2D~UAATF DRI LS
ZAr LTk - RIERED TTHE A ) = X L

@ CD26 7&K IV THEM R 2
JEDATFREZ TUEE S E D A I = X L DR
iR L=k 91z, CD26 FEHMkAZ (X4
TL— R TEELTYH, T OFIEEHEEILIE
FHRE RS Th-o =28, MIEHERSIETIX
MSTO 5 X OV IMN [i#kIZ 35T, CD26 FE 3L
RO TGN A FREZBHEFICRESE DL Z &0
IRENTZ, Tl BRERTV— FTiE7e <,
BEOBERL—-FE2HWERATYH,
CD26 FEBURKIX MG ARSI BV CTAELFRE
Lt H7z, ZOFE CD26 FBIETIE, X
2R DU LI-AT7 a A D
RN SNz, T2 TEDAT A R
ZEIW L, SEAEFES 7T ABIOT R h—
VABEK A E YT AX T ry MY
B LT, oS, CD26 FIMIZIZB
T ERK, MEK, INK 72 EDAETFEY 7 F /LN
FITIEHE L STV 2 i, CD26 DFEELD




H | L - C Caspase-3 7R EDT R h— &
B IIT R E 23 BlEZ s o T,
Loz b, CD26 X7 R F— 2%
%#5@1&&< KA 7 F ORI
X 0 2% HLARIR AE T o B rh 2 B oD AR fE R
EILHELCWD EEZLND,
SRR R il (EMEM R B AE) 1, Bl
PR 2 B8 L. 2 O CreliEssm L T
<o%®%*i\ﬂw EoTHUTLHHFIZ
S B E 7RHE & :w@m&w CD26 %
%Aﬁ%ﬁﬁ@x%ﬂ%% BT, BA
HlfE D A A7 A BRI m@b\%@¢ﬁ@@r
RBEICHES L TWD EEZ BN,

5. ERRERLE
(WFgefRaes. Wroe
X THR)

Gy K OSEEERTIEH (2

GEsEsms) (G511
(DOhnuma K, Hatano R, Komiya E, Otsuka H,
Itoh T, lwao N, Kaneko Y, Yamada T, Dang NH,
Morimoto C: A novel role for CD26/dipeptidyl
peptidase IV as a therapeutic target in selected
immune disorders and cancers. Front Biosci. £
e 23:1754-1779, 2018. doi 10.2741/4671

(@Komiya E, Hatano R, Otsuka H, Itoh T,

Yamazaki H, Yamada T, Dang NH, Tominaga M,

Suga Y, Kimura U, Takamori K, Morimoto C,
Ohnuma K: A possible role for CD26/DPPIV
enzyme activity in the regulation of psoriatic

pruritus. J Dermatol Sci. #&#FHiA 86:212-221,

2017. doi 10.1016/j.jdermsci.2017.03.005
@®Nomura S, Iwata S, Hatano R, Komiya E,
Dang N H, lwao N, Ohnuma K, Morimoto C:
Inhibition of VEGF-dependent angiogenesis by
anti-CD82 monoclonal antibody 4F9 through
regulation of lipid raft microdomains. Biochem
Biophys Res Commun. # &t A, 474:111-117
2016. doi 10.1016/j.bbrc.2016.04.081

(®Hatano R, Ohnuma K, Otsuka H, Komiya E,
Taki I, Iwata S, Dang N.H, Okumura K,
Morimoto C: CD26-Mediated Induction of EGR2
and IL-10 as Potential Regulatory Mechanism for
CD26 Costimulatory Pathway. J Immunol. 2557
A 194:960-972, 2015. doi 10.4049/jimmunol.
402143

(®Komiya E, Ohnuma K, Yamazaki H, Hatano R,
Iwata S, Okamoto T, Dang N H, Yamada T,
Morimoto C: CD26-mediated regulation of
periostin expression contributes to migration and
invasion of malignant pleural mesothelioma cells
Biochem Biophys Res Commun. Wt B
447.609-615, 2014. doi 10.1016/J.bbrc.
014.04.037

(FsER] GHT)

(D Komiya E, Hatano R, Otsuka H, Itoh T,
Yamazaki H, Suga Y, Kimura U, Yamada T,
Tominaga M, Takamori K, Ohnuma K, Morimoto

C: The regulation of pruritus in psoriasis and
atopic dermatitis-a possible role for CD26/DPPIV,
9™ World congress on itch, October 2017,
Wroclaw, Poland.

@ Komiya E, Hatano R, Otsuka H, Itoh T,
Yamazaki H, Tominaga M, Takamori K, Ohnuma
K, Morimoto C: CD26/DPPIV regulates
mechanical itch in a mechanistically distinct
manner from chemical itch. H ASHFSE Rz & HL 2
& AR BEERN RS s, b
7T YPENDHIE— L (F), 2017 4 12 H 15-17
H

(@ Komiya E, Hatano R, Otsuka H, Itoh T,
Yamada T, Tominaga M, Takamori K, Ohnuma K,
Morimoto C: CD26/DPPIV-mediated regulation
of pruritus in psoriasis. H AHF7E /7 &Rl 225
F AL FIFER TR S - s, e EERS#ES
(il&), 2016 & 12 A 9-11 H

OFEHE KAT, BEW B, KE BR, P
i I, IHHE AN, Bk R, mAk B,
R\ 2=, K BR: LWIZTB VT
CD26/DPPIV X substance P O Y7 % (£ L T
I ET D, B 31 B H AR ST
fiike, AT ARAARTHE (FHE) , 2016
9 H23H

(®Komiya E, Yamazaki H, Yamada T, Morimoto
C: CD26 promotes invasiveness of malignant
pleural mesothelioma cell via upregulation of
periostin. 74th Annual Meeting of the Japanese

Cancer Association, 4 HREBES S (4Wh
/&), 2015 4 10 H 8-10 H

(EF) G144k

@ The wuse of the humanized anti-CD26
monoclonal antibody YS110 as a novel targeted
therapy for refractory cancers and immune
disorders, Advances in Medicine and Biology:
Hatano R, Ohnuma K, Yamada T, Okamoto T,
Komiya E, Otsuka H, Itoh T, Yamazaki H, lwao
N, Kaneko Y, Dang NH, Morimoto C., Nova
Science Publishers, Inc., New York, 2018

(& Dfh]

FARFRT 11

O s SF - #HEIC ISV T CD26/DPPIV
I3 substance P DU & Rt L Thdp 7% il
95, % 12 [a] Tokyo scientific forum for
Atopic Dermatitis and Psoriasis —FzJE & 7~ &°
— MR G S DIME L BRIR A B 2 D -, Bl
SAE(HT), 2016 42 12 H 3 H

6. WFIEHARE

(D WFFEREH

HE  HFT (KOMIYA, Eriko)
NER R - RFPeEFATE R -
e g

HFgeE %7 - 90647009


https://doi.org/10.1016/j.bbrc.2016.04.081
https://doi.org/10.4049/jimmunol.1402143
https://doi.org/10.4049/jimmunol.1402143
https://doi.org/10.1016/j.bbrc.2014.04.037
https://doi.org/10.1016/j.bbrc.2014.04.037

