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FEIZ R B 20D FER THY  FEERE DT D 90%ITHEBICLD, ZD7d | DI
BRSO B LB, FIH - TRIEITIE ORI R CTh D, BB OBFEICRB W T, mHIZfF
TET DI ERNEEAMAE (Circulating Tumor Cells: CTCs) (21%, B —HMR CTHEET DLV
JL CTCs &, MLl b EoTOIAZ —% BT 57 TAZ—CTCs 03D, VTAZ—
CTCs %, 4 CTCs IZX LT 2-5%E D THAHIZHE DT, 27 /L CTCs d 23-50 5D
HEREA 35, LTe3o TR 7 7 A% — O MIL, #8233 28 TG %
EDOBFIZ D72 b MR TED, LL, 7T AX—CTCs DI AR ThH-o72,

CD44 Z3 B TW oA, B CAEREED S < D BOAMIE TR 2T HRE
EHLTEY, @BBIENEL, PEBE, $72, CD44 27T A —CTCs L TVHHK
80% DHIL THELT HIENHBILTUNND, ZZTAMISE TIX, CD4M4 ZIEHIE LTI T A%
— DR O A BRI ELT-, CD44 [ Z—RIEE@EA O RITETHHI LMD,
NOTCH 7L fnodfi e Bl & < 7/E L [RARIC, MlRafE] CO ZEROIEAD, 7T A
2 —DIRICEBE ThHAHRREMENH D, T TARIFIETIL, 77AX — DO RERMEL T,
[CD44 SR C & RE kT2 | ZEEGLE L, EORAEEIToT,

AWFFETIZMIOIZ, FpAIIIC 31T ' kL7 CD44 DIFEDA M4 | Mifndkim T
HELTWHLE R ERMOMAEERZLZENRTH7rAY 2 J1—  (disuccinimidyl
suberate: DSS) 3L UL CD44 FLikz WU = 2% 7 ay MEIZEDRREEL 7=, Z D5 R,
TR B EL7c CD44 DIFEN RIS, RIZ, CD44 O s (ks M T
FERRS LD AT REMEZMRAIE T 572D, CD44 |2 FLAG F7-1% HA Z@l&L7-77AIF DNA
(CD44-FLAG LW CD44-HA) %AW iB bl a7 o7, o7 i, WEME
® CD44 DHELN720y HEK293 FlifidiZ, CD44-FLAG Z |7 Bl . CD44-HA % 58] %
Bi&H7- HEK293 HifuE L5895 L COIRY—2 R LI=b D& W, D%, Bt
FLAG Hiik% W THRIZILEAIT o720, 1 HA iRz VW To =2 7 ay haf1H2k
T. CD44-FLAG 3L U8 CD44-HA DOILIEAMER LTz, ZOfRE Rid, CD44 25/ f#] T &
RER T HEERET D,

o, EMMEICKE R T BERE T 520, R EE LD R 2 —a
UHERA LT R CD44 ZAERLL | St e i Al _M:aﬁwﬂ%‘ MeReA Rl L7z, &
DFE R, CD44 O “BIRIZIX, MIEAR AL TNO 10 HO T BRER A TTND 5 {#
DT IEETHN—ENDHFEIMNR VB THLIENHLNE ST, EBIT, “EEILEARE
BT AR B CD44 I WNTITAZ—T B A B TR0l fE R V7 AZ — DR L E
ST, ZRHDFERITEY, CD44 O B IRLDTBRILEIZLD 7T AZ — DA I S
NAHZENR RSN,

RIZ, CD44 % ) B0 528280 ZEIMEIZ O it TE{bD&HL 5 B



WRUTAER, 7722 — R B DA K 12 LT p2l-activated kinase 2 (PAK2) %]
ELTz, 72, CD44 & PAK2 O AAEMZMRET D20 IR IE 21T oo TR R, 2
SOL X E R TOMAERP RIS, SHIT, CD44 O _&RLIZfEVy PAK2 DY
VERAE AMIEES VD FTREME A PAK2 D Ser20 (29 DU ik bk e i =24~
Ty MEICEIVRRFEL -, Z Dk H, CD44 O " BN REEE - T- B B CD44 Tl
PAK2 O Ser20 OV LA INHIEA7=, PAK2 1X, Ser20 NV ELSNDHZ LT, MR LD
I RAERFOZ LN EINTND, LIZD> T, TRLOFERMNE, CD44 D —BiR{LIZE
BHYTAZ—FHDS, PAK2 DV {bZE I LI MRSt DI 25| Xk 232 &2 L0 g
BRELHIMSE D ATREMEDNE 2 Hid, F7o, Ml T CD44 N BRI LR S. Mif
WNTD PAK2 DEEET5ZEE720, PAK2 M COM A b3 5| E ISz AT gEMEDS
R,

BT, BAR L O BARIEVERER Ko7 B CD44 R BIS -z, ~v
RRFARTER L2 . ZNOOHIIEO i CORMHBEEFHME L=, T DiERE, CD44 DR A
AN D5 OOTIVEEET 7= NZEHRL T B CD44 (2B, AR L gL | ifi
TORHEDNE BNV LTz, LTZDB3oT, 2D 5 DO TIPS —F DL AL
ELTEHURDIERIZ R | S5 20 T~ D18~ OIS I DR AR D AT REMED RS T,



i FEER

Arg: arginine

Asn: asparagine

BSA: bivine serum albumin

cDNA: complementary DNA
CD4411: CD44 full length

CD44s: CD44 standard form

CD44v: CDA44 variant form

CTCs: circulating tumor cells

Cys: cysteine

DNA: deoxyribonucleic acid

DSS: disuccinimidyl suberate

FBS: fetal bovine serum

FDA: food and drug administration
GFP: green fluorescent protein

Gln: glutamine

Glu: glutamic acid

HA: hemagglutinin

HER2: human epidermal growth factor receptor 2
His: histidine

HRP: horse radish peroxidase

IgG: immunoglobulin G

Ile: isoleucine

JUP: plakoglobin

Lys: lysine

NANOG: nanog homeobox

OCT4: octamer-binding transcription factor 4
PAK2: p21-activated kinase 2 (PAK2)
PBS: phosphate-buffered saline

Phe: phenylalanine

PKM2: pyruvate kinase isozymes M2
pPAK2: phospho-PAK?2

Pro: proline



RNA: ribonucleic acid

SDS: sodium dodecyl sulfate

SDS-PAGE: SDS-polyacrylamide gel electrophoresis
Ser: serine

SIN3A: sin3 transcription regulator family member A
siRNA: small interfering ribonucleic acid

SOX2: sry-related hmg-box (SOX) family 2

TAE: tris-acetate-EDTA

TBS: tris-buffered saline

TBST: tris-buffered saline/tween-20

Tyr: tyrosine

Val: valine

WHO: world health organization
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WICELDHTR

A LREHEET (WHO) (ZXD20184FEDHE Tl A Tl BRI IR L 20 DB THY | 4
196077 N (6 NIZIADEIR) D TR TWAEREIIL TS (WHO, 2018), HA
IZRWTE, ITSEER O FE AL THY , FEIFMEI PO FBIE R DI T 2K ThHDHT LM
5, B LSS EL RN EICBIDEOL L E L, T ETHEMNT 22N TFHIS
% (BAETEA, 2019), — 7, BHESRCKRE | St EICBITDSFAFRITZORET
SEMAEICHY (EAEEE, 2019;Steeg, 2016), ZiLiE, F-Hi%E RO E Ao F 14
(BT DIV B ARIG R , LS 7 TSR E | < DIRRIED TR L T&
IR THLHEEBZDND, Lo, BB AEOEI T I LTI, AR RinRiEn D7
THOBEGLRERITHY (Steeg 2016), FEILDIO % IFHEM ITHK T HELF LTS
(Chaffer and Weinberg 2011; Blumenthal 1996), FE¥#IESC o TAERISRIL, S5 A (ORI
KL TH—EDNREZTRTHDD (Anderson et al. 2019), EF T Tl ML DOMEE 23 A%
bT D7D ERUZEDLONEELL, BIEDEZAF R RIGEIELIIE 2720, LTei3-> T s
AR DEIO | B mFR ORI AR & LTTIBRIE DB L EE Th 5,

FEDERRE I DR DR L E R

Metdotaon (%5.’?5“/k%\éﬁo HAGER CTHsR, ) VWO EHEIL, FUTYEE T, HAHGHT
NORIDGET~BE T HZ LA ERL TEY, 1829 4F Joseph Claude Anthelm Recamier (&
Ko T T X472 (Carr and Carr 1934; Fidler 2003), Joseph Claude Anthelm
Recamier &, 23 ZDHFEEEZ T, 13 LBV THOEALITHIERHDHIEND, =
DHREIB LRI,

AL OEERE A U D AT = X LIZDW T O EAHIDOFEMEIE, 1858 4F: Rudolf Virchow (ZX
> Tz (VIRCHOW 2009), Rudolf Virchow (%, 525 L= ok 4 BESEE ¢
FEMICBIZR T 52 LT, E MR OERR T A 2 LA N CREED MR & D P B 722 il
IV E NS HS I, FBERESNDHZETHALD, DFED, TV X AMAELLENI FHD
B ZATIR STz, — 77 1889 4, AFXVADINVELETH S Stephen Paget 13, 735 ADFLF L
FORICRNEE L | SR80 73 0 B RPN - DR B - K iE DB, £ L TR ViR TR ©
o EML BB ORAEITT X AT W wm O, 2L e fE 1
(Seed) (2, figtgs DEREEA L5 (Soil) IZHIZ ., TEMINE AN D5 HY Dl T O A IEIE TS
HDIE, HETHDZ Olids DEREL DS AN OWEIEICEL TWHNbTHD] &7
%”Seed and Soil”#iZ#EE L7z (Paget, 1889), ZD&UIIXIL, 1929 4 James Ewing 73,

R, R LER S DI DR H 5 | ML S0 2 N8 OFfH SRR 10 - T
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I INARATT B 1, LW BT i A B LT, SEES . KIGHE IR 3 <A1,
ZAUTRIB BV A MR, £T A~ ERILDT-O THHEZ X HILTNWD, Ll
O T, MO iR 728 B O R E Dz ~DOEB 2 i T& 3, Bl
FETTIZ, Stephen Paget /3 4&"E L7="Seed and Soil”#73  FFS#1 TV 5 (Talmadge and Fidler
2010),

H5R D FEBR R IZ DUV T, 1915 4 Makoto Takahashi (Z XV 5 CTHID Tz DO~ AE
T IVHIIMERIZ 172, Makoto Takahashi 13, PIEHIdZ B EARIES IC LY ~T 20 Mgl &
AL, ili~#583 5 EERAREZ/ERILT- (Takahashi 1915), =D, 1970 4F Isaiah Fidler 73,
TR LT i Chd B16 Mk A E MR 2 f sk L, SRS IZ > Tiin
TE~EANLT % MR D AEAF R A BT D EREIT /R oT, ZORER, 24 REfE 14 1 ZI3A0 M
DAELFRIL 0.1%LL FIZHA L. 0.01%LL F ORI~ 322 ENHLNE R -T2, Z
DFERIT, BREATAEEZEZ ST T TR OMIIC L > T ERISNHIEZRET D
(Fidler 1970), €D FMNL O O OMEIAZ H 5 L7k % 725803 T4 (Salo
et al. 1982, 1983), 1986 41T Liotta HIZEVEAREIE, 1) i MifE LD FF R HDH T
FERI MR AR OO M BE~DOBERE | 2) M FLERMLD 43 iR . 3) J M e oD i 8 PN SR A s
FERR PN ~DWEE , DI3BPECIDEZ DLV OB D HESLS 41, Three Step Theory &
£ AHFSH7= (Liotta 1986b, 1986a; Gay and Felding-Habermann 2011), 1988 4=(Z(3 Patricia
Steeg HIZEVHIDO T, ML Z MG HBa T (NM23) 2EESHL (Steeg et al.
1988). BLTE CIIZDITEE & 7R D7y 1 A = X LIRS TETUD (Neophytou et al.
2018; Celia-Terrassa and Kang 2018; Schroeder et al. 2012),

UL EOREIZED 4 B T, 8B 8 00 FHEEIL, DEAIIL 2N RS B D O as~ R 2)3
DESET 528 EERSNTND, Fio EMROERIL, R~ | Bk
D 55 i . AR D Wz A D 3B P A AL X RN = DR DA AN | A - A i L7 B
FA ROl CRITEHEESIL TV,

CTCs D3 REIBHRA~DIRFH DRI aEMHE

ABFFETIEL, OB Z MG T 21 R RIS & LT, il IS A7 7R 3 2 98 B8 JIE 5% 4 i
(circulating tumor cells: CTCs) (2R L CTHF9E&1T72~>7=, CTCs % 1869 4E(Z Thomas
Ashworth {ZX > THRUNIHE S (Wang er al. 2017; Smerage and Hayes 2006; Hong et
al. 2016), 1950-1960 FUTIT, SHARDBAMHEBILZ O R BESNTRY, FIAIT, M
FUTIZT 7 VI THAEL TODH O, “ oL EOMIRaNEEN 7T AZ =2 R L T
20, EICMIAAERIL THWDEDRE | B4 R TERE O Ml i D FLED s Sz
(Moore et al. 1960; Engell 1959), =D, 1976 42 Three Step Theory Z"E X 7= Lance
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Allen Liotta 5IZE-> T 7 Viflal gL, 77 A% —ZJZRL TW% CTCs MfdiZIsiy
B WERFE DAL N S S (Liotta et al. 1976), 2014 4E1Z1%., Nicola Aceto H3~
2 AWNT, 7T AZ =% TERL TV vD CTCs Tl 7 /L CTCs LHLEEL f.ﬁﬁz@ﬁjzrjwmx
23-50 fEbEWWZEE WA L2 (Cheung ef al. 2016; Aceto et al. 2014), VL ED A THFSE

F\ FAL, 7T AL —CTCs DFERROIHNLY | B OB 2 T& DD T irt,am &
VIOERRIZE ST,

FERE DTN —T OIFFRIZLY VT AZ—CTCs DRI D LEIE T (OCT4,
NANOG, SOX2, AIN3A) MFRESH, Fiz, THODOFEH T TIL DNA DIERATF /AL
HELTCNDIERE | 7T A% —CTCs FERRD AT =KX LM S3L>28%% (Gkountela et al.
2019), EHIZ, JUP D/ 7X 7R, FDA 238 L TWAIR L ThD Na'/KFATPase DFH
TN T AR =R A 5728 IR ~DIS % B LI 78b B A2 Tt T
% (Aceto et al. 2014; Gkountela et al. 2019), F7=, CTCs I%, & OAEERNOREICEHIT
EHZE, MHPND CTCs B RAINIZH AT THROESLEEL TWDHTIE, IHIZ, CTCs
DFFATIZE VI OMEE A FEHN R TEDZEND | FEDO TR MR O T O Y B C15 %
FOENIHHHZIL TS (Umer et al. 2018; Bardia and Haber 2014; Yu et al. 2014;
Heubner et al. 2011; Rostami et al. 2019),

CD44 OfEELI¥%ER

CD44 1T I AF e+ A1 RIEE @RI D& 7B T (Naor et al. 1997), 1980 4F
(A MERDOFE PR EL TRIESIL7= (Dalchau et al. 1980; Ponta et al. 2003), 1989 405
BIEICEDET, B, v A, Tub, 7oL 12 AR X 5% OFEMNE cDNA D3 57EfE - fRHT
S, TR L OBBITIFHE TH EIRFINTWAIENREINLTND
(Aruffo et al. 1990; Thorne 2003; Stamenkovic et al. 1989; Nottenburg et al. 1989; Idzerda et
al. 1989),

th CD44 1355 11 FYAA EI2HY (Sen and Yip 2011), 20 fHDO X LRSS
(14 4-A), 20 HDO TV 10% MRS R ALY (ZF V0 135 17), BEEER AL (%Y
18 ) MR ALY (ZF V2 19L20) D3 DDA EZA—RL TS, TFV 60305
15 13 GBINAT T 728D =X V0 5 L 16 DRITEE 2 Il S b TR ASILD
(Inoue and Fry 2015; Prochazka et al. 2014; Zdller 2011; Zhou et al. 1989; Goodison et al.
1999), BIRPIAT T A L XV EREITZ CD44 ST U R T AV 7 4 — 2 (CD44 variant
form: CD44v), BLXONU T U hmF %T’%Ef:iﬁb\i@i@ﬁ” CD44 (CD44 standard form:
CD44s) 1L, JEEMBRANCEDLE T IRT 2 TOlEgs CIAFHIZRBIL T\ D (Naor et
al. 1997), CD44 (%, Vo gfb, ZVas A, ZVap 7V $Hof el | JA&ichT-
HENRIGE/ A2 T DI ENMESILIY (Naor ef al. 1997; Zhou et al. 1989). FHFR &S A
IZEoTCeTvm gl | EEOFEE DOBENELTHIENHBIL TS (Sleeman et

al. 1996a),
8



CD44 1%, ZNH HIZIFL B 77 —FF —BIEMECRAT 7 24— BIEMEL R 720 v
JLaEg (Underhill and Toole 1980; Underhill et al. 1987; Toole 2004; Isacke and Yarwood
2002) #XLHETH, 27— (Faassen 1992), 73=2" (Naor et al. 1997), 7747 1
27F (Jalkanen and Jalkanen 1992) 72& Offfas L E LA L. CD44 ORI R AL
fEa T o8 NI EEI LTSN EE L O & 1 @A {sET 5 (Okamoto ef al. 1999;
Ponta et al. 2003; Okamoto et al. 2001), IT4-Tix, MlASMEE L OB | MfaES), T M
DIEMEAL, Vo7 SERDAR—I 7 BLG | RS OBl R 755, JE 1L, #IaSE7RE (Naor ef al.
1997; Huet et al. 1989; Denning et al. 1990; Gallatin et al. 1983; Ries et al. 2007). k% 724
MBI G T 52 ME SN TS,

CD44 L3

U. Gunthert H1E 1991 4EIZ, #BERMED @O PENEE Tdh2D BSp73ASML ffuikIZ W\ T,
CD44 O/RVT U NT AV T 4 —LThDH CDA4ve NEFEILL TNDHIE, Fi2, CD44ve6 [T
BARtET HIERZ R D Ze0 D EHIIEIZIsIT D CD44 D ANYT U RNT AV T 4 — LD 5B
1L, RS L BE L QDT EA RS L7 (Tanabe er al. 1993; Giinthert ez al. 1991), —J7,
1997 4F, Schmits. R 5%, CD44 KB~V AT, FpAM L, IHEICTFAET D BT
b7V T NARY DY L YL ST BRI RN A SRR TE S T2 &0 5, CD44 D3 T
a9 AL M A L= (Ponta et al. 2003; Schmits ef al. 1997), ZILHD A 1L, CD44 73
EDERRIRNVT T AV T 4 — DI IOERN D R DZ 2w LTI | A ZE o0 B I
BT CD44 MEHESNDLZ L2 T, D% OBFFRICEY, CD44 1T, HR- ERE.
N NE R NN N A S NS YA e 4 I sy abay g i) Q=R 5 D QA Ny /A
ST, FT2, CD44 OFEBLFES (Guo et al. 1994), FEELL TV % CD44 DY T 2 NOFl
¥ (Xia and Xu 2016; Zhang et al. 2019; Sy et al. 1991; Sleeman et al. 1996b; Lau et al. 2014;
Yae et al. 2012; Basakran 2015), FIER#ZEEF DA M (Azevedo et al. 2018; Dasgupta et al.
1996)1 %, EZE DM OF I B2 5.2 5 Lb A S Tng,

1997 4RI, BPEE M A MR O RSB (M1), BHEHERNME (M4), IBLOHERME
(MSIZEBWTHIE R E 12 CD34 $UR AL D CD38 HiJR A FF/=72 W iliE (CD34+CD38-) 7%
ERAC & [FRE DR D Z LD RS AL, i ius EF S/ (Dick and Bonnet 1997),
Z D, 2003 I FLIEMIN TlX, CD44+CD24-/low %7~ AN EMIE THHLIEBE
7o (Al-Hajj et al. 2003), BLAETITFLELIOMCY , IREE, A2, = S, B,
B R R R | IR 138U T, CDA4 T R~ — A — LS TV (Morrison
et al. 2011; Toledo-Guzman et al. 2018; Slomiany et al. 2009),

FLE 2R DOK) 10-15%ICHLND N T NI H T 47 AT, IR EL, =Akm
TR T AT KR - HER2 OFEBL A T2 WMEE A2 FFD (Adorno-Cruz et al.
2015; Neophytou ef al. 2018), ZDO R F )L 377 ¢ 7 FUFE ML, 1IEH Mlad ik L T
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CD44 OFBLEDIENML TWDLIENHRE SN TVS (Liu ef al. 2019; Louderbough and
Schroeder 2011), FADFTIBL T KE ) — A ALK RF MK - T 75 P 381 DR
TNRITT 47 IR TN TSR TR, CD44 2 "B ORBLOREICIN 7T 24
— DB SNDZEDPRIIN TN, NI T VR T 7 FUEMRRIE, FrE A~
PitEd i<, EIERTURIRRL RN END | RIZITEN R ZRIGIEIE R HELL TH72R0
(Dashzeveg et al., 2017; Garrido-Castro et al., 2019; Li et al., 2008), =D 7= | AL TILh
VT NIHT 47 JLFEMNAZ AT, CD44 20T 57 7 A2 — TR DN 528
ZHBYELT,

A FE DR L% BEDOREEE

KE =AY T AZ 2 KA MK - BB P 1T D 7L M 2 W 7R FETld, CD44
L RPEOFRBLORFEIZIY 722 — DA SI DI EN ARSIV TV (Liu et al.
2019), ZOfERIL, CD44 NI T AL — DB T 2282 R8 T 5, CD44 29357
TAZ—TEREREE LT, CD44 DVIT REL THIBIVTWAET L e X ORIfus L E
MBI G LTS ATEEME D B0, MR EE OF B30 T AY — DRI L RIES72
WZEDD (Liu et al. 2019), M EE IR AFRY 720 T AL — TG bt D FAE D EE ST
%o CD44 I, 1B E BB O RIE ThDH, T D7, oMifaiE @i = KR ThH
% NOTCH (Bray 2006), E-cadherin (Perrais et al. 2007; Varelas et al. 2014), PECAMI1
(Varelas et al. 2014; Muller et al. 1993) O XHIZHIFIM T &KL AT DA REMED D,
ZZTHME. CD44 3lifa ] C &R T T D LM D 2 Z A5 — TR D 5y 4%
FE IR WINEARGR A SL T, FDRREE T 7257,

AREme— T ClL, CD44 DSHRASNR AL 2/ LT 'R E TR T D ATREMEIC DUV Thim b
%o £, N TV TT 47 LRI TdHD MDA-MB-231 fNIZ &AL L7- CD44 73
FAET D ERRAELTZ, FRAEICI, MR R i CRILL CWa 2 VB WO BEAERE %R
EEZH7m R ) — BB LY, CD44 Hiika vicy =227 ay MEZ e, IRIZ,
CD44 HHIARC B ZERT 5 ietEL ., FLAG F72i1x HA #7% S0 - —FE
CD44 FEBL7ZAIRENE N LRI OMIERNTE AL, 2 FEOMIEMLESL Tr7
A —H GRS T MR L . E LR 21T 2L TRREEL 72, SHI2, CD44 @
AR AL 2 2 U CEBERE BT D A REMEAMRGE T D720, CD44 DAMIESNR A% H
V7= solid-phase self-interaction 7> & A %1772 ~7z,

B BT, CD44 O " EARMEIE I LB T R EAL DR E B LY, ~EIRTERL D
PLEIZL DI T AT — TR~ DB DWW T DRRGEE T8> 7, £, HFAFEEICLD
AR 2L — v al R R BRSO e s = FEFEO L B CD44 &%

10



BESEDLTTAINEAER L T2, T D%, FEIE A BAl CD44 (T CHARE I peiL%
ITHZET AN AL L 2 LT BRSO ERFEL T2, SHIT, ZFAY CD44
B E VT TAZ—T oA %1TH T BRI RO AEN I TAZ — KI5
2D T OWTEE L=,

5 F T, CD44 O BRI RIS G2 D B A 52T, 77 AZ—
CTCs 2337 /v CTCs LML TRV s REZ A T DR AT L7, 313, CD44 O
CERIE R AR G2 DB AR 5/ N LT PAK2 IZEH L., £L T, 3
SR TEREIEICEY CD44 & PAK2 O BEAEH OB EIT 572, IHIZ, PAK2 Z1EMHEAL 35
Ser20 DY ke CD44 O R LTER DB L | =A% 7y MEAZ W TREEL T,

VAT, CD44 O &R AL O ILE SIS IR O 2] 35 Al ie 2 MR L7,
BARMNZIE, B AR R O BT AR A Ko 7o 8 B CD44 At Bl W7o FE ez
~ DR RFIRES 528 T, i ToMmHEEZFHELT-,
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1-1: #5

AL TREHL L& DI, [CD44 23flfafk] C & EE T HZE T, F7T7ARZ—
MIIREND | ThHD, CD44 1FBEIZ, ~ 0 A1 B SRR S i 2 B W TR —HMifla N ©
BIREK TS (cis-dimer) ZENHRE I TUVSA (Hartmann et al. 2015; Liu and Sy
1997). MR IITD —EBIKDERL (trans-dimer) (ZOWTITHAEIN TR, 22T
FE. FEMIEAN T BIRMELT: CD44 OB OFEERGET HZEE LT, ARBFFET

I, FEAIEER O T CD44 DIEFIFEHATED | RIZBRAVRIBFRIED QNN 7 /L2
T 47 AL TdHDH MDA-MB-231 FEAIZ M H L7, MR m CREL ThD

Z X E RO AAE A7 a2 o — AL *Mﬁ@bé&f:ﬁé SDS-PAGE TERH%
IZ CD44 HiiREHWTO = 2Z 7Ty MefTHZ 8T, ZEIEEZ TR TD CD44 DAFEL(E
ZRRRELT=,

KIZ, CD44 O " FRTE DR SNR AA > 2T D A BEE 2 RGE LT, D72
FLAG 7213 HA #7 %ML 7 —FEFED CD44 FEL7 T A w%m%mmﬂ@w\b 7
TAR—H GRS T= 1% I ILREE1TOZE TRAEL T, £72, CD44 OFfEs N AL %
A\ 7z solid-phase self-interaction 7> EABI T2, FIEROFE RGO NDEREEL T,

1-2: #MetEFik
1-2-1: HERERES L OV s 2%

TR, REREERDY 20 [E12L RO MDA-MB-231 $LfEfllae HEK-293 iz it L
7o, AR DOREFE 121X, 10% FBS (Takara Bio, 631106) & 1% penicillin-streptomycin (P/S)
(Sigma-Aldrich, P4333-100ML) Z#s/JIL72 DMEM (Thermo Fisher Scientific, SH30243FS)
ZERL., 37 °C. 5%CO; B F TR & Lo, MM, FIUIZIE 0.25%P Trypsin-
EDTA (Fisher Scientific,25-200-056) 4 fEH L7,

1-2-2: ‘//\°7’E®é’fé1§

FRAN D& X278 OLEFEIZIE PBS T 2.5 mM (247 R L 7= DSS (Thermo Fisher Scientific,
21655) W=, K BT 2 FFffA ¥ 2 X—RL72%, 10 mM &7251912 Tris-HCI (pH
7.5) A, K ET IS oA FaX—kLT,

1-2-3: EARBIREELY TRZ T ry ME
AHAEIIOK T 30 43 f#. protease inhibitor cocktail (Thermo Fisher Scientific, 78440) %Il
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Z.7= RIPA buffer (cell signaling, 9806S) F7-i% IP lysis buffer (Thermo Fisher Scientific,
87787) TIAfRE LTz, Z> "V EDIEEDOHEIZIX Protein Assay Dye Reagent (Bio-RAD,
500-0006) % HV 7z,

LR ILRRIEICIE., HFREOX 2 /X7'H % Anti HA Magnetic Beads (Thermo Fisher
Scientific, 88836) F£7-1% Anti-FLAG M2 Magnetic Beads (Sigma-Aldrich, M8823-5ML) |
Mz, 4 °C TBIRESEZLOE MW, Z20%, MG uO 7 ah=a Lz > T —
REYet LT, X7 E ORI, 0.1 M glycine (pH 2-3) ZIN2 T=IE T 5-10 0 EES
W74, %8O TAE buffer ZIRINLT,

AL 7y ML, 10% B-mercaptoethanol % /.27 SDS-PAGE loading buffer (Bio-
RAD 4Laemmli Sample Buffer Cat. #161-0747) %A L7, 4-20% F£7=1% 7.5%® SDS-
PAGE gel & HWTH L B o3BT, 2o VDB IF= b/l —AA T L
(0.2 um) ZHWe, 7av¥71E, 5% BSA in TBS (Tris 50 mM, NaCl 150 mM, pH 7.6)
/0.1% Tween 20 Z W TER T —RFIRZ L2, —KIURIE, LLFIORLZEEOL 0%
FNENRHE L AREE T AL, BIRT M E/IE 4 °C TBREREL-, AT L
> % TBS/0.1% Tween 20 T 10 43 3 [H1We{f L7 HRP FEafk Ik HUAITIRL , =L T—
[FRZ LTz, —IRPURE ZIREURDAIRIZIE 5% BSA in TBS/0.1% Tween 20 & V72, H
M5 N7 O R HIZIE enhanced chemiluminescence (ECL) (Thermo Fisher Scientific,
32132) &=,

it L 72— kPR

CD44 monoclonal antibody (1:1000, Thermo Fisher Scientific, MA513890)
FLAG (1:1000, Sigma-Aldrich, F1804-200UG)

HA (1:500, Santa Cruz, 12CAS)

B-actin (1:5000, Sigma, A5441)

fiff I L7z IR BUA
mouse I1gG (1:10000, Promega, W402B)
rabbit IgG (1:10000, Promega, W4011)

1-2-4: "G RTxzTay

HEK-293 #fifidiZ PolyJet (SigmaGen Laboratories, SL100688) % F\ T Z7AIK DNA
NIRRT 2 ar ATl MIIEAD T LR, SE e o7 aha v iZ LTz o7, Ml
AN 48 BRI, o 7 Vilas s T AL — TR L T- i E R L7, oo 7 Ve
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1. NV AR A1 T2 o724 35 pm DT 4V H—Z W CERBI L=, Ml s T A% —
I%. Poly-HEMA (Sigma-Aldrich, P3932-10G) Ca—hRL7-flifldtz &7 v 2D T 3-6
RFEIA L F 2N — D2 LIZIOERU 7, 7o, 7 n R o 7 — il 2 5E
R, AR IRIEVE BRI, v RZ T ay MEITH W,

i L7277 A3K DNA

pCMV3-C-GFPSpark Control Vector (Sino Biological, CV026)
pCMV3-CD44-HA (Sino Biological, HG12211-CY)
pCMV6-Flag-CD44 (OriGene, RC221820)

M-CD44N5Q mutant

1-2-5: PNGase F LB
CD44 ® N BUBESH DU 21X, 1000U @ PNGaseF (New england Biolabs, P0704S) % 1{#

LTz, F7o, 0% O T AZ 7 a0y ML 20 pg OFMAE Al b a =,

1-2-6: solid-phase self-interaction 7> &1

TBS (pH 7.4) THAfRL7- Recombinant Human CD44 protein (His tag) (Abcam, ab173996)
7213 BSA % 1 pg/well DR T High binding EIA/RIA microplate (Corning) (Z¥RANL .
—BERIE THFELIZ, D%, 5%BSA/TBS ZA 2 RFE IR TIRGL-1% . 7 ryFk o7
%47\, binding buffer (TBS, 0.1%BSA, 1 mM MgCl,, 1 mM CaCly) (Z&fi#SH 7= biotin-
labeled CD44 (Thermo Scientific, EZ-Link Sulfo-NHS-LC-Biotinylation Kit) %47 =/LIZ¥#
L., 2 K EEIRICHEE LT, B4 F 0 THES U7 Biotin-labelde CD44 |3, Streptavidin-
HRP (Thermo Scientific) %%\Wl/wlmik/ﬁ tetramethylbenzidine (TMB) substrate react
kit (Pierce) Z#HWCEE LT, F/o, EEITI 450 nm O EAH =,

1-2-7:  HEE O
T —ZDENTIL, student’s t-test 2 HNTHEFHLEEA1T>72, P fE<0.05 ZH B AR LT-,

1-3: R

<ft O E>
DSS ALEEZ1To72 MDA-MB-231 FLEEflazZ W Ty = AZ T oy Mol R,

BRI Z R 5 CD44 23 H T&T-, S5, FLAG BX O HA #7 % @& L7- CD44
16



FHLT T AINZ W= a2 Ph 5L | solid-phase self-interaction 72 A &7 o7 fE 5L,
CD44 [IHIRSAAR AL N L C B ETE K D2 LRI SN T,

1-3-1: IS Bk L7z CD44 DR

MDA-MB-231 FLAaIc VT, ZEiA kL7 CD44 D R TEOMEREEL T2, MRRE
2, U T NVHIIRB L O T A —E TR S T flilaa k512, DSS &AW TH L3/
BRB LI, v AR Ty MEZ W, ZOFER., o 7Vl L O T A2 — %
ST CIE L 723 DD/ R (*: ~50kDa, #: ~60kDa, *: ~80kDa) 23&HISHuiz,
Flo VA =% L TWDHMITIL, 263 2D NN RUAMIHE3 DD/
(**:~100kDa, ##:~120kDa, ":~160kDa) 23 H &7z (X 1-B),

MDA-MB-231 #LJ#EAME T, ~80kDa A7~ CD44s 23RIF U MIFBLL TWHI LD H
HENTWDA (X 1-A) (Liuetal., 2019), CD44 DNYT U T AV T 4—LTdhD CD44vS-
106, METIZHL0, BHL TWHIENRHESI TS (Hiraga and Nakamura 2016), %
7=, CD44s [ ZHEBHERTOEWZEY, 0 T BABILTHZENMESNTND, ZDTb, =
NHEDRESOIEIRD 3 DD/RUR (*F:~50kDa,  #: ~60kDa, *: ~80kDa) %, CD44 (DY
TUNT AV 7 — LETITFIER IR ERi O B72 5 CD44s THHAREMENE 2 DiLD, 4 lalik
HENTZ 3 DD/ (*: ~50kDa, #: ~60kDa, *: ~80kDa) %, WNIEMED CD44 D FEH,
D72\ HEK-293 filf@lZ CD44s-FLAG F 817 7 AR 5| BBl St 7= b s sz (K
2-A & B), TD1=HOZOFERIT, 25 3 DD/RUR CD44 DARVT U RT AV T 54— LTl
72 CD44s |\ZH KT D RMHEM A RIB T 5, Fio, Zhb 3 DONURIE, 205 850, 7
R OFEGUERTD 722 CD44s THDHFIHEMED VY (Zhou et al. 1989; Okamoto et al.
1999; Bartolazzi et al. 1996), =2 C. IRIZZDO A REM A RRGET A7, CD44s O N B HEEH
EREALEFRESIND S ED T ARTX L 2T NI ERRLT- CD44N5Q-FLAG %
BT IAIRB L, CD44s-FLAG 7" 7AIN%, WIEMED CD44 OFEELOD72» HEK293
fEIZBRHFEBLS W 721%, BT FLAG PuiRZ W Ty =¥ 7 ay NefTioTz, ZORE R,
CD44N5Q-FLAG Tl ~50kDa O REZZRTANURBHRICHR S (¥ 1-C), 2D
HE L, N ABESHIE AR O HE\ N CD44s 13~50kDa D K& EZRTZE2RIBT5, £7-., B
EffiZYIlr3% PNGase F ZLERZ1TV, T CD44 Hiikz ey A& T oy hNe{T7-
7o fE L, PNGase F JLEE A1 TS 7- 358121, ~60kDa D KESZ R TNURsHENZ (K
1-D), CD44N5Q-FLAG DfEREZDFEREZE X G 5L, PNGase F TILUIMrS L
CD44s OFEGUEM DAL T D P REMEZ 7RIZL TWVD,

CD44s % CD44fl LILEBL-MIfEIR AL /LTS (K 1-A), ZD7=, CD441l 12
BOTH ZERIELTZ CD44 DS IVADERRGEL 7=, fMREEIL, HEK293 flifiaiZ HA %t

17



A EET- CD441-HA 2B S, HT HA HiikZ W= 22 7 ay M khiTie-o
Teo ZORER, o 7 NVHIRB LN FAZ—Z TR L TODMIREIZ BT, 382 2 Do
VEABHENTE (@: ~125kDa, @@: ~250kDa), 9 250kDa ?D/3 K%, DSS #KAFHIIC
SN0, T BIREL7Z CD44fl THHEHEESND (K 1-E),

1-3-2:  CD44 DSHFAANR AL % LT BEE R 2 AR DR FE
SR, /RN T EEREEAT D cis-dimer AR C &R E KT
trans-dimer ® _FEEEANFAET D, £ T, CD44 73 trans-dimer Z T %95 ] REM: 2 NAENE
? CD44 OFEBLD72\ HEK293 Fllfa s AW CHAE I BIE A1 TH Z SIS IO EEL 72, D
7 Vi, CD44 @ C Kl HA F721% FLAG Z@l & S 872 CD44 LTS T AIREZE1E T
BIOMIFE RN SR FEBLS 2%, 2 T OMAENAZEA L | Poly-HEMA T=—hRL7Z
AR ET 42D ETAFaxX—h LIV TAZ —Z RSB T2b D& FE AL
Tro VT AR —Z R LT & BN 14 . $T FLAG $iiA% W CHRETERZ1 TV, $1FLAG
PUABIOHLHA LR TY =¥ T ay NefTleoTe, ZORER. &7 T /WERWE O Tl
HED o723, HU FLAG HURZ AW THRIEZILEZAT o727 06 CD44-HA 3RS
72ZEB, CD44 [N R AL %S LT trans-dimer 2T T D RIREMES RSV (X
2-A),
RIZ, CD44 73 cis-dimer ZTE R T 5 AT BEMEAFRRE L 7o, MREEICIX, CD44 @ C KifIZ HA
F7IXFLAG Z Rl A SH 7= CD44 3B 77 AR % Vv =, HEK293 i 2 Fi¥ED CD44
TIAIRZAIE A USRI I, N7V BEX O V2 — LB % W Ty 7 LA
ZBEL T B FLAG HUiR% W THRIEILRE ATV, H1 FLAG HUAB L UL HA $it
KT RZ T ay N fTioT, ZOREF, HL FLAG Huila W TREILEa2 170072
BTV InG CD44-HA D3R S22 8035, CD44 1 cis-dimer 22T D A REME DS RS
i (4 2-B),

1-3-3:  CD44 DK AL RO EAEH

HAETERRIET, 20 V- R L OREGH R RE T D03, (1 03E I L CRBERICH AL

TWDAREMEZ TR E TE/R, £2C, CD44 OFMIESR AL U Rl LN EBERE S 95 rlREME

% solid-phase self-interaction 71 % VN TIRREL 7=, FRAEIZIX, CD44 OIS AA
F7-13 BSA |2, B4 F L THEER X172 CD44 (biotin-labeled CD44) Z¥sANL . 450 nm DO
HEEZHNTCEAF U ERETHIETRAEEZERE LT, ZOH 5, biotin-labeled CD44
|2 CD44 DRSS AL U ZAR G LI HE Tl BSA LRA LIS AL, ARl
EEEINL (X 3),
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1-4: E£
1-4-1: HFEMEICIZ —BAR(L LT CD44 BEFEET S

PL CD44 HUIRIZ KDY = 2AZ Ty MATV NIEMED CD44 R HH L TfE R 7T A% —
ZRL T D MDA-MB-231 FLEEMIAE Cld, 77 AX =% L TR fllia TRIE S
H3DD/NR (*: ~50kDa, #: ~60kDa, " ~80kDa)lZ Iz T, ZHIZ3DDI/NUR
(**:~100kDa, ##:~120kDa, ":~160kDa)? &7 (X 1-B), —f%A9IZ, [Fl—4&2
JED " ERMEIZLY, BFEIE 2 FITRAZENHBILTWS (Zhou et al. 2016), £/,
CD44f1-HA F 8177 AIR% HEK293 MifulZ @i B EIE - ERIZE W TH, i EDOWE
ERIBRIC, “EM(ELTZ CD44 Tldm &2 2 51272 -7= (X 1-E) (Hartmann ez al. 2015),
SHIZ, CD44 B 77 AIRFB IO solid-phase self-interaction 7 >A % HU 2SR
CD44 73 cis-dimer X trans-dimer T T D AIREMED RIS NI (K2 & 3), ZThbzx
EZHDELL I B LU AT B LT M B (B LA TH A T RE
MWREZHND, Flo, VTR —EFEAHSHE, DSS ZIRMNLI-H 7Tk, 7 vl
S, HEBIRTHLEEZDND CD44 (*: ~50kDa, #: ~60kDa, *: ~80kDa) D7
TR LTz, ZHUTI TAZ—Z TR ST Tk, CD44 53 &K
ST T RN/ LT FTREME DS B 2 B D,

1-4-2: IFRZ—FBRRIZIIT D trans-dimer D LB

HA $721% FLAG Zfl & S8 7- CD44 FEBL 7T AIR & FH W2 EERIZI\W T, CD44 73 cis-
dimer ZZ T D AIREME DN RESNTE (K 1-B), ZDOZEMND, 7 /VIREED MDA-MB-231
Fop AR CER SN BRI A R 5 CD44 13, cis-dimer Z T2 L72 CD44 T
bHEBZOND, — T, TNV | 7T AZ—E AL TV D MDA-MB-231 %,
FEAMIE ClX, — Bk L7z CD44 2B TV /= (X 1-B), CD44 13 cis-dimer 7217 C72<
trans-dimer ZTERTHZE0D (X 1-A), 7?%5—%ﬁ2ﬁbfcfﬁﬁﬂﬂﬁ“@ﬁ%ﬂf::gﬁiﬂﬁb
7= CD44 OHENNZ trans-dimer (21D EE 2 HD, EEE, 28 DI A RPECRE fila iz
SINDHMBLD T T AL —X, AR~V R ICAM 172 E il 2 i | :ﬁﬁ@“é&//w%ﬁ%n L
T, A CHREA DL TEASILD (Natsuaki ef al. 2014; Matsui et al. 2011), L7=73-
T, FFRAIZ B W TH 7 I AZ —TE AU, MR EIAF LT D22 RV E ThD CD44
23, AAE T trans-dimer ZEKTHIENEE CTHL A REMENHELE SIS, ZHAERGRET
HI2DIZIE, A 141X cis-dimer F721% trans-dimer DT RE R RAYIZHE T A5 F T, 7
TAR—TRR DO W% E BT HZENE THD,
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1-4-3: I5AZ—RkE N BBESEAT D BIfR
N BUBESHE AR N L35 2 LD CD44 (~50kDa) T &b’ tiEisz (K 1-B), £
71\ T EMEDOEIX N BIFEHEM N ENEE 2 DD CD44 TibZ<iEhi=Zen
N BUHESHE A A IE T —BEMRITR DL HEZS LD, CD44 D &Rk ks N B
{lkﬁfﬁ@%élf-ﬁ ZOVTIZINETITHENRVS, CD44 LeT Lo FEOFEAICB VTN
RUBESHIE AR I IAE & OF HETIT A 2RI ET 22N HME I TIHY (Barkeer et al.
2018; Catterall et al. 1999; Katoh 1995), N BUHESHEAR 1345 & OF MITIZH BN ENY
BLRICBWT, AEIORERE BT 5,
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Endogenous CD44sin 231 cells

Single Clusters
DSS - + - + KD
CD44s(361aa)
g
Hi—ns
CD44s
CD44fl (742aa)
E_x W,‘,‘
[[[TT] 11
»
B-achnI S
Cc D
V WT M KD NT PNGase F
250
IR 150 CD44s 100
FLAG(CD44s) il 75 -
- 50 . 50
50 2 50
B-aCHin | s s — p-actin "E 27
37
E
293 cell
Single Clusters
CD44fl-HA - - + + - - + +
DSS - + - + - + - + KD
250
150
HA
1
(CD44f) "

75
: 5 o 50
'actln 4 a3 Bk )

X 1: CD44 II_EHZEERTS

A.  CD441l & CD44s O [X, CD44 IFHIFIAN A1 (extracellular KAA 1 EX)&

JEEERN A2 (transmembrane KA1 : TM) EHlaE IR (cytoplasmic tail: CT)
D3 DDEBALIDIERLS D,

B. MDA-MB-231 FUEMIIZNTEMEICELL Ts CD44 %, §L CD44 FLikz v
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e AL Ty MEIZIOH Uz, o 7 VRiliaE, R 7o BE O 4L 2 — 4L

HICE-> TEBILTZ, 7T AX—Z R L=, Poly-HEMA CTa—hL7-flifuEs

BT 402D ETAFaX—hT 528 IERIL, o7 i, filiaz Bl

AR CTHBLL TWDX B OM BE/ERZZELSE 5720 DSS #HWT

BRKBIVEE AT 0o -, u—T 4> 7 arha— L ELTR-actin ZfFE L7z, (*: ~50kDa,
: ~60kDa, ":~80kDa, **:~100kDa, ##:~120kDa, *:~160kDa)

5 AFTD N BBESE AL O T ANRT XU BRE 2T VEIVICER LT
CD44N5Q-FLAG (%, ~50kDa O RKEX%7~77, MDA-MB-231 FLEAMEIZ, CD44s-
FLAG F721% CD44N5Q-FLAF ¥ 7 I AIN A5 B S, $1 FLAG HilATr—
2B Ty sl Totz, U—F 47 arba— LU TR-actin 2 AL, (%
~50kDa, #:~60kDa, ":~80kDa)

PNGase F #LEEA1T>7= CD44 [, ~50kDa BL~60kD D KEZ%7779, MDA-
MB-231 FEaAMAEIZ, N BUBESHE AR 4 U325 PNGase F LERA1TV), HT CD44 Hit
KEH W= 2Z Ty b efTH2 8T CD44 2Lz, n—F 4> 7 arvta—L
LU CB-actin ZfF L7z, (*:~50kDa, /:~60kDa, *:~80kDa)

HEK293 #Hfi2iZ HA & CD44fl FBL 77 AIR A5l 3 BlsH, DSS ALELTE | i
HA HiiE% W= oA Ty Mt )2 8T, CD44fl O BRI REZ R L 7=,
U, N U BRI A A IBIC S > TR, 7T AX—E TR
L CWAHHEAEIL, Poly-HEMA CTa—RL7oMifals 8 7 1 ad ECArFaX—hg
HZEIWCKVERILS-, n—F 47 arba— L L CBactin 2 AL, (@:
~125kDa, @@: ~250kDa)
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IP: lysate

293 cell gnti-Flag input
CD44fl-HA - + - + KD
CD44s-FLAG - + e

CD44-FLAG ~75
CD44-HA IB: FLAG +50

IB: HA -

293 cell IP: anti-Flag input

CD44fl-HA - + - +

CD44s-FLAG - +
CD44-FLAG I I CD44-HA
IB: FLAG
* 50

X 2: CD44 i trans-dimer BE N cis-dimer ZEEK T 5

A.  CD44 7 trans-dimer KT A RIREMEZMRGEL 72 (£IX), C Kifil

IZ HA F7-1%

FLAG %G St7z CD44 BT TAIRE T, ZNED CD44d 7 IAIR%E
HEK?293 AR FE Bl W72 1% | 2 FOMILERZIE S L, Poly-HEMA T=—
NIRRT 4y 2D ECA Fa_X— 52807 TAZ — TR LT
A ERLU 7=, 2Dtk MIfaZ A, FARL ., BT FLAG $ui% AV T Z k21T
7pote (B, vmAZ T ay M, $TFLAG SR I OWE HA buikz vz,

B. CD44 7 cis-dimer 3 AR HEMARFELTZ (£IX), C Kl

I HA F7-201%

FLAG %l & L7= CD44 3Bl 7T AIRN AR A L. HEK293 AR Z 5@l F8 Bl S 7-1% .
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K72 o BIONT 4 Z =BT, o 7 VHIAZE R LT, F D% . iz E
UL, FEfEL . BT FLAG Fiifa AV CIsaeib a1 7707 (), vmA8s 7y
MZiZ. $UFLAG $uikEbHt HA Bz -,

Solid-phase self-interaction assay
CD44 —BSA

*%k%

Binding (OD450)
O O = -
O B 0O N OO
*

*

*

2 4 6
Biotin-CD44 [ug/ml]

B 3: CD44 OMBISN R A FELIXEEEES TS
CD44 ORISR AL FT21F BSA Z2—hRL72 96 VL L —NZ, B4 F U TGRS
7= CD44 L, 450 nm OWEEZ W TE A F U A2HIE 528 T CD44 Ol
HRAL L CD44 DFEBZFHIEL 7=, Student’s t-test IC LA H BEEMEL{T/R~>T-s T7
—/3—: S.D, ***p<0.001,
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.

CD44 O _BARTERLIZ LB R
7 I ) BOFRE
BIW
BT OBREICL S
7 T RAE =R~ DR
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2-1: S

B —EICIB\N T, CDA4 ISR A2 24 U CHEBA M C Z &R A TR T 2 FTREME D VR
STz, CD44 ORISR AL L 2T 2 ZBARDIERN 7T AL — DI EH 5L T\D
D ThHIUL, “RKERAEL KT CD44 TIL, V7R — DA S AI3 T ThD,
TITH R TIE, RS IR R 2L — s a R R A ICE R CD44
BT TAINEAERILT=, £ LT, ARA CD44 Tl ~BREHRN L ESNLE,
LR EE IOV TIRREL T2, 1212, EIMEIE e A Ko T 2 B CD44 Tlk, 7T AH
— RIS D FTAZ—T AW THREET 52 EELT,

2-2: MEHL G
2-2-1: ZER CD44 FTAIRDIER

FHIC/ERIL 723> 7T AIK | CD44s-ANd21 97-FLAG. CD44s-Domain I-FLAG .
CD44s-Domain II-FLAG (% . pCMV6-FLAG-CD44 (OriGene, RC221820) #* X IZ
GeneScript (ZZFEL TIERIL 7,

2-2-2: IFGRE—T oA

HEK293 fiflIC 7T AIR B R T AT 27 a L, 48 iR %, U7 & 35 um O~
ANVE—Z FWTHIfZ S 7 WIZ LT, £DF%, Poly-HEMA Z=—kL7z 12 VoL 7L
—MIMiZ % e O P ERMERE T T 2 KR, 30 /r X ITBIZi LT,

LIS TAIN

pCMV3-C-GFPSpark Control Vector (Sino Biological, CV026)
pCMV6-FLAG-CD44 (OriGene, RC221820)

CD44s-ANd21 97-FLAG (GeneScript)

CD44s-Domain I-FLAG (GeneScript)

CD44s-Domain II-FLAG (GeneScript)

FOMOFEL, FFIEIZ DWW TR — T HONE LR,
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2-3: MEAR

<fE RO E>

FRF PR L D5 Y 232 — a2 kh, HIA R A 232 CD44 D " &
BABIZIE, AL TND 10 fHOT BB LR A TND 5 EO T ERDNEE 5L T
DRREMEDS TSI, 22T, CD44s OT I/ FRRLA A HIT, —FEE DL AL CD44 FE 8]
TIAIR (RAA T DRI FAL THND 10 [HOTIFEOTT= ~DEHL R AL 11
NO SEHDOTIEDT T = ~DEH) Z/ERILT-, ZL T, ZNHDOAE R CD44 (21T
5 BRMUIERRER | A B L O A2 T ey MEIZKVFHEIL 72, Z DfE R,
SRR TOZE A CD44 HEBL T T AIN THIFSNN AA %032 Z BARO A S
o EBIT, VTRE—TORIC G- 2 DR R IRAET DT80 | VTAZ—T B A LA TIR ST i
B, SRHEATOERA CD44 TUTAX—DFER N L=,

LU EDHERED, CD44 DRAL TAD 10 [BOTI/FRER AL TTND 5 HOT I/ HERT
FN—ZNDMEIELH, CD44 OFMPAN R AL ZIT 5 RO I E CTHHZENH
Hnkipolo, Flo, ZRIEEEORFICED, 77 AZ =D IS D Z LR EhTe,

2-3-1: FIRRARALL %235 CD44 D _BHELICHERTIVBROHE

SE[EIRFEF LD RS 22— a2 kD, CD44 DFMJESMR AT, ALV T, KA
AL T, KA T D3N3 IV TWAZED RSV (X 4-A), F72, CD44 D3RR C
ISR AL L H N LT BERETR L TODETIUT, KA T ERAL T A G-35 7]
REMEREWZENHEESIE (K 4-B), BARAZIE, RALY TITAHFIET D 12 {# (Ser-45,
Glu-48, Phe-74, Cys-77, Arg-78. Tyr-79, Ile-88, Arg-90, His-92, Pro-93, Asn-94, Cys-97)
BLO, AL T ZAFET D 5 8 (Lle-106, Tyr-155, Val-156, Gln-157, Lys-158) &, &
Gt 17 o7 ES BRI S L b EHEESZ (X 4-C), ZOfE AT,
CD44s DT/ EEBLH G, KA T DO FEERT AL Thd Q21-C97 Z RIS H T4
B CD44 I AIREAERIL 72, LA T, 2O AR CD44 3BT 7 AIRZANd21_97 Lt
o Flos AU T IZEEND 12 [HOT /D55 His-92 & Pro-93 ZFr< 10 D7/
fe% T 7= N\ZEHLT- CD44 B EBLT T AINGERILTZ, LLT | 202 8 CD44 % Domain
I mutant &89, His-92 & Pro-93 1&, KA 1 ERALV 1 07/l Z— ik BICHE(EL
THEY, CD44 OEEMICE G L TNDEE X BNDTZDERIZI AN -T2, ST, KAA
VINTAHET D5 DOT a7 T= @ LI CD44 FEL T T AINBAERIL -, LLF
ZOZEFEA CD44 3 HL. 77 AIR% Domain Il mutant FF09, 23U = FEFEDO B CD44
FETTAIRZ W TLL FOFEREITT2,
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2-3-2: ZEEA CD44 D BT EEDFLM

VERL U 7= = FFH D2 F 8 CD44 (ANd21 97, Domain I mutant, Domain Il mutant) ® &
RTERRBZ -9~ 5 726D . DSS LIS L UM FLAG HUiia W ey = A% 7y M T72
ST, TORER, BRI D CD44s DHETLTIL, ~50kDa, ~60kDa, ~80kDa, =5(Z~120kDa
DT FINBGHITZ, —J7, ANd21_97 Tl 40kDa & 50kDa 0 2 BT D IHD 7 F /L3
5177, 50kDa &~60kDa CTlid7a<, ~40kDa &~50kDa DFF T2 7 /L AME 5= B 1L,
ANd21 97 TIE 76 DT /s RIBSET-FER, 0 FEMETLIZED ThLHEB 6
5. F7=. Domain I mutant & Domain Il mutant & [Al4%(Z 50kDa, 60kDa @ 2 JI AT D FrDL
FARELNTZ (H 5-A), ZRHOREFRIT, /FRLIZARA CD44 Tl cis D &KL
REMTHIRL VDI EE RIS 5,

Wz, BB CD44 Tix, MIAIR A1 Z I Uiz trans O — ERALB PRI S D%, 3
EELBEB LNy =22 T ay MEICE > TRAELTZ, o7 Ui, B8 CD4ds S1E
U7z “ O BA CD44 OFBLT T AIN % 221 HEK293 M |2 skl 8 B+
721% . CD44-HA FBL7" 7 AIR &38| 3 Bl S w72 HEK293 #ifldL Poly-HEMA Ta—hL7
MR T vy 20 BT THIZL TUTIAS — & RS b D& AW, 7T A%
—TERt% . FL FLAG Huiad L<IEHt HA Fiikz W CIE I 21772 57, L FLAG 1t
& RO TIGIEIL A1 T o 723580 . L HA Hiikz VO ik a1 e~ 1= 54
LA CD44s TOIHT 7 FARELNTZ (K 5-B), ZORERIT, MERL 7228 2R
CD44 TiE, MBS A 2N T2 " BARO BT SNDZ L2 /35,

2-3-3: ERA CD44 DIFAZ —TRREE

CD44 O EBLDOAFICEY 77 A% =B IS N ERREET D7D | fERLT-
ZEHAL CD44 LT TAIRE W CTITARS—T A %1770 -T2, BAERID CD44s B4&
O = OB CDA4 FBL T T AINZZNZE R FBLE 72 HEK 293 filas | &
F5 Poly-HEMA Ta—hL7z 12 =/L AL — T L, 7T AZ — TR O AT 40 458
WdE FCEBIER LT, O E, BRI D CD44 3B 7T AIRNZE A LTI Tk, 77 A4
— DI RBPHERS T2, “FFHOL AR CD44 BT T AIR il Bl S 7o fifu ¢
1%, 7 ARZ— DDA BB LT (M 6-A & B), ZOfERIL, CD44 O —&iK{bD
FHEICLV I T AZ — DB SN D EaRmE T 5,

2-3-4: BRI HERTI B OEE
R U7 RE LD CD44 OISR AL L Z I UT2 ZBARDOTERIZIZ KA T ND 10
DT I EBERALL WND 5 EDOT I T/ N—SZ AN MLBETHHZENHLE
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7polz, TNHDFEREZEEEZ K2 DT/ REEST D REENE W T I BRENL O —&
Z LRI FEE OB OB EERLZ (7).

2-4: EE

2-4-1: ZEEA CD44 TIIZEEFERIIHIIND

Domain I mutant, 33370 Domain Il mutant Tli, — &{&({kL7- CD44 M H I o7=
(X 5-A & B) Z&0H, CD44 D —BARIKIZIE, RACU TRD 10 O T I /EEB L, KA
YU D 5 DOTI/BETHN—SNOHEIPI NI THLHEE 2 DIVD, ZORERIL, RAL
VIERAAU N BEWCHEETHIET ERMEEEARTHEVO THIE—ET 25 (X 4-B
EB 7Y, — . ARFEBRTIE, MR TR AL T RLESFEETHrEENE, BEON, RAL 1T
[ L2355 BT A A REMEE TIXHALMICTE QR EEE, CD44 DOUH U RELTELAS
NDET NaLBRIT ALY TISHEGENLFAET DB DD FA( 1L IThRE A I B
TP GIETHIENFOIVTUND (Bajorath et al. 1998; Teriete et al. 2004), ZD7=%
B 2L FA T R EATHZLT CD44 O —BIKITER SN, RA 1T IThiE
BICEBER T BRI FET D725 . Domain Il mutant CTh . E A 23 HHI S 307 Al REMED
BEZoND, A%IE X 7 IORUIZEY, bl T gE T 7= E# LTS CD44 5L
TIAIROAFIRS | X #RA IS s S R 217528 T, CD44 D - EAR{LIE AU 0
B30T A FETDIENRETHD,

ZEHA CD44 FEBLT T AIRNIZE T, ~80kDa DHT TV 7 i S an - 7=
1% (X 5-A), N BUESHE AR 2RI/ 5720 ThHEE 2 LD, EFE, ANd21 97 T,
N BUESHE G252 1T DT ANTX U 2 » AT KL TU5, Domain I mutant, 33X
Domain II mutant (213 N BB SHEMi A2 52T 57 I BEOBE BT G FAIL TRV, 7R
B LDHE DRI L > T N AUESHEAR DS MH S 2 /TRENED B 2 i,

2-4-2: CD44 O _EF L DEIZZ FAZ—REHIH 5

JIAZ =T ALY, ZEmREREEL Ko7 2 CD44 13, 7T AZ —DIERH
HISNDZEN RS, AEfEHA LR CD44 O3B TIX. cis-dimer B3X D trans-
dimer OFEBIHIEZNDT=D, EBLHD &KL NITAZ —TERIZ T 5L TWDAEAR
HTHD, Lo, KBfERITD72ED MBS A 2495 CD44 O _BARFZAIZLY,
IR —INEREND T LR THEE Z LD,
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A

r
5a 6 7 s 910 11 12 1314 1516 17 16 19 Homodimermodel 1
CD44fl -ii- viv2 v3vd v5 vB V7 vB VO m..lll § G

. == m W
CD44s ..l.l .l- e - T a

™ CT

a2 o 650.670 742 &g

a2 97 1823 24 205289 W

\mg\;‘?’ i

‘1@ = > a3
e Domain Il Domain IV

H92, 993, N94
| 4
|

=577

E4

C77,R78, Y19 —F

F74 — Ze5
? Domain III Domain IV
Domain [
21 97 158
CD44s-FLAG ..AQIDL..SRTEAAD. FETCRYGFIEGHVVIPRIHPNSICAA..GVYIL. YVQKGEYR
CD44s- AN21-97-FLAG Areee_ _cossses_scossssssssssssssssensnes AA GVYIL.YVQKGEYR

CD44s-D I -mutant-FLAG ..AQIDL.ARTAARD. AETAAAGFIEGHVVAPATIHPASIARA. GVYIL.YVQKGEYR
CD44s-D Il -mutant-FLAG _AQIDL _SRTEAAD FETCRYGFIEGHVVIPRIHPNSICAA GVYAL AAAAGEYR

! RSN AL B35 CD44 D B LICLERTIBROHEE

A. CD4411 & CD44s O], CD44 (FHISR A1 (extracellular KA1 EX)&f5E

Bi#ERAAY (transmembrane NAA L : TM) EHfa’E KNG (cytoplasmic tail: CT)
DI DDENLABY , HIFIAR AL ATZDDR AL MBI END (KA I, AL
VL, KA D),

FHERE S 2l — T a TRLI CDA4 D3I THITIAAN R A 2 LT ik %
TERT D356 OIS,

B TTHES#L72 CD44 73] THIKASM R A 2 LT BARETERR T 56 12
BLLRDT I NI OFEM, ZOF A TR, BRI AL O B2 D = FH O
CD44 FHLT TAIRZAE LT, KA T NTT T=UNCEH LT Ba R, B
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A MNTT T=UNEWR L T2 T /W 5 (TR LT, H92 & P93 1IN AL T LR A
AL N %O ETHBETHLHEMEINF— S BICFAELTERY, 7=
BT DL CD44 DLEMIME NI DA REMDRH D00, ZNH2 2D T /I,
T = ~NEHRLIR 0T,
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Clustered cells
VectorWT AN DI DI

DSS -+ -+ - + - + - # KD

IB: FLAG(CD44)

293 cell
CD44fl-HA - + + + + - + + + +
CDMSFLAR = '#5 = 52 = o % say = o
CD44s-AN-FLAG - - + - = = = + - =
CD44a-DI -FLAB- = = # = o = = # =
CD44s-D I-FLAG - - + - - +

IB: FLAG(CD44

IB: HA(CD44

X 5: ZRE CD44 I - BETERERZHEELTS

A.

SR OE R CD44 LT T AINICBIT D T B AREORHE, HEK 293 iz
[ =FEOE R CD44 FEBL T TAINZENZE FURTHIFEBLEE 7274 . Poly-HEMA
Ta— LM E T 1y ad ETALFaX—h T 52 LIV I TAS —E RS
i, D%, DSS Z MW CHila & CTRELL TWHZ I EBOR G AL ERS
., HLFLAG §ilRZ N T =R Ty M TieoTc, ZRHEA O CD44 R T A
IRIZIX, ANd21_97 (AN), Domain I mutant (DI), Domain I mutant (DI —f&¥i%
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fERL-, v—FT 47 arba— L L Cpactin AL, (*: ~50kDa,
~60kDa, ":~80kDa, : ~120kDa)

. BEA CD44 FEELT T AINIZEB T DM AL %I LT Z BAATE B RE D RFAM,
WT, ANd21 97, Domain I mutant 335 T Domain II mutant %% 41 710> HEK293 jff
R BRI R BLEH, CD441] Z il R Bl 7= HEK293 fifid & 3512 Poly-HEMA C=
—RLTEAMIfEEE B T v 2D E TR AT W TAS — RS T, 7T AZ—
FERt% ., L FLAG BUAEZIIHT HA iz AV T mZ k21770072, $70, Bt
FLAG #iiREPT HA Piihz W CU = AZ Ty et T7eo72, (#:~60kDa, *: Anti-
FLAG M2 Magnetic Beads HIRD/ Ny 77T R)

33



mVec "WT = AN " DI = DI
10 A
2
= 8 )
s
3 sds
(& ]
2-
‘J_:..T.

2-5 colls 6-10 cells >10 cells
Cluster size

6: EREI CD44 ORBLITI/IAF—THRBMAISILD
A. T CD44 FHBUZB T HITAZ =B Z I+ 5720, 7 TAZ —T A %1T
Tpofe, —FEEOZEA CD44 BT T AINZZ N R R BLS 72 HEK 293
A EF RSO 12 VoL 7 L —MIALL, BEESHLL 120 5RICTTAZ =B
SNDINEIDENFRAMBE T CBIE LT, 12 V=L 7L —bX Poly-HEMA T=—Fh
L7cb D% iz, 27—/ L73—: 100 pm
B. A OfEHR% student’s t-test & VN THEFHAFHT L7 R, *p<0.05,
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Domain CD44-Molecule A CD44-Molecule B in dimer Probabilities
I S45 Y105 0.366
E48 K158/T197 0.731/0.366
F74 Y114/Y105/L107/T116/T153 0.731/0.366/0.366/0.366/0.366
C77 Q157/K158 0.366
R78 K158/D177 0.731
Y79 Y105 0.731
188 E37 0.731
R90 E37/K38/N39/G40/Y42 0.731/0.731/0.731/0.731/0.366
N94 K38/V36/E37 0.731/0.366/0.366
C97 H35/E37/196/C97/V36/K38 0.366
II 1106 172/G73 0.731/0.366
Y155 E75/T76 0.731/0.366
V156 E75/T76 0.731
Q157 E75/T76/C77 0.731
K158 E48/T76/C77/R78 0.731

X] 7: CD44 O _ BT RRICED A FHEHEDHD 15 DT I BREFE ST DT I/ BRERNLD

HERE

HFEFFEE DOFHEMHS 2L — a0 HEESILZ, CD44 O BRI AICE DS ]
BEMEDHD 15 EO T EREFE AT DR REMED T BRI,
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B

CD44 @ —EARTERL 5
Bz 5 3 A B
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3-1: S

BT, RSN A 95 CD44 O " BARMBIZ KD, 7T RS — I RS ILD I ED
RENTZ, CD44 1T, TN H F L B X —%F —BIEMELHRAT 74 — IR 2 7272
WD, FHIEN R AL ANCHE G T 22 RO E 2 U CRIBNICE AR ET D2 EN LI
TW5 (Ponta et al. 2003), T2 T, AKETIiL CD44 © _EHRb MBI G- 2 D2 B %
I3 5ZE T I TAZ —CTCs 237V CTCs &L TR RIS REE A 9D D)
(ZOWTHRTZAT T2,

CD44 O & LIE D MR G- 2 D B2 T 56 &L T, RETIL PAK2

23 B L7, PAK2 (IR BRSO CIHB AR ET 2203 MESIL TS (Siu ef al.
2010; Coniglio et al. 2008), E7-FLEEMIILZ FHW-HFSEIZIU T, PAK2 OFBLHEIX, 7
FTAR— DI AN T D ENIME SN TNDTZD (Liu et al. 2019), FAlL, CD44 LD
AT, 22T, TG ILREIEIZLY CD44 & PAK2 O EMEFAEREELT,
I, FLFEHIIIC 815 CD44 & PAK2 DEEZIFET 5728 MDA-MB-231 FLE M

ZHWT CD44 D)y X T HATV, U AZ Ty NEIZED PAK2 ORBLEB IO
B b L 7=, 2L TiefZ I, CD44 O &R LT ED PAK2 EOM AAERH 3L T PAK2
DVACZ T 5728, BRI AR Ko T 22 FM CD44 FEEBL 7T AINZ Tk
ERiSy NS SRNONy s Nl = S g B R Ao it

3-2: MELL T
3-2-1: FTAIRBLIUSiIRNA DRFURT 2 Fvay
T FAIR DNA DRI AT =73 a 03, H—REICRRHE LT E L RRED T E T2 o7,
—FERIOE FETHEALEZTTAIR DNA LSS, ABETH IS AL 7T A3R
DNA ZLL PR,

SiIRNA D7 A7 272213, 100 naM DO FE T siRNA 2 Fi L, Dharafect (Dharmacon,
T-2001-03) % AW TIT72o72, G TO T b/ ZEWN TV AT 27 v a B ToT=, F
Te  IEIDRT AT 273 a (D 24 WIS, A AZHL 2% 2 B H DN AT =7y
A E{ToT,

i L7277 A~ DNA
pCMV3-FLAG-PAK2 (Sino Biological, HG10085-CF)

pCMV3-HA-PAK2 (Sino Biological, HG12211-CY)
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i L 7= siRNA

negative control (Dharmacon, D-001810-10-50)
CD44 (Dharmacon, L-009999-00-0010)

PAK?2 (Dharmacon, L.-003597-00-0020)

3-2-2: BERRELE

SR TEREIZIT, 3 — ISR O FIELRIBRO FIETY TNV E B, IR T, —H6
Z whole cell lysate > 7 /LELTHELIZ# , HL HA HUREIT 1gG SriRZ I, 4 °C
T HER] AR 2 WD CHR B L7, £ D% . ProteinA/G PLUS-Agarose (Santa Cruz,
AG1000) ZHANL ., 4 °C TR E 7o, o7 Nz, BifabREL . washing
buffer (TBS/0.1% Tween 20) % W\ CTE— X &P LT,

3-2-3: U RHLTuavh
VITAZ T ay NI, B BEICGREH LN E RO HiE T o7, F—EBLOE
TETHALE RSN AR TH T IE L R BUAE DL ISR,

it L 72—k BUA
PAK2 (1:1000, Protein Tech, 19979-1-AP)
phospho-PAK2 (1:1000, Cell Signaling Technology, 2607T)

FOMOFEL, TFIEIZ DWW TR — T HONE LR,

3-3: MEAR

<ifii DO EE>

AL EIEIC I CD44 & PAK2 O EAERMSHERRS-, £i2, FEMIEZ v
CD44 Dy H T LD PAK2 DY FREA G S22 D, PAK2 DU kI
CD44 O Tt THELDIENRBINT, ZTNHDOFERE 5F 4 PAK2 LOHAEHBIOY
UL BE{bS CD44 O B LIZHEEZIT DAt % , ImEibfikks Lt =247
Ty MEICEORRFEL 72, D55, PAK2 EOM AAERICEILITZ RSN -T2, CD44
D " BRILIZHEV PAK2 OV R EAMEES LT,
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3-3-1: CD44 & PAK2 OFEEH

CD44 & PAK2 SHHAEAEMT D AIReME A MREET 272010, iR a1T o7, Iefn
JLFIZIE, HA % CD44 ([Zf1 L 7= CD44-HA 33177 A3IRE FLAG % PAK2 (AL 7=
FLAG-PAK2 F8l7" 7 AIRN% [ C HEK293 MIAIZSRHI RISt 7T AZ —% AL
SHETH TN ER WL, £LT, Bt HA §ulEE W TRIEZILEL TR o TofE R 5o
FIEREY 7 V5 PAK2-FLAG DM@ IS, ZORERIL, CD44 & PAK2 23HAAE
AT 5ZE&mrE95 (K 8),

3-3-2: CD44 /oI F 7 ANTRIT5B PAK2 ~DEE

WU FERIIEIZ 33UV T, CD44 O3 HLIH #1215 PAK2 S &3 LU PAK2 DU (ko
A% ) VBT AERB IO =22 T ay MEIZEOIRGEL 72, £DFER, CD44 DI ELH
EIZLEW PAK2 OJATIZIESSEDRHHH DD, PAK2 DU GIXIA T 5205
mEzeolz (9), 2O RiE, CD44 O TFifi T PAK2 DU ELHZ &2 R T 5,

3-3-3:  CD44 D _EBiR(L2S PAK2 LM BEERBI OV BRLIC S 2 D8

CD44 O — & K{b3 PAK2 3L PAK2 DU FRAGIZ G- 2 D5 %~ D78, £F 133t
TP IL R VT CD44 O —BIR(EOBAEIZLY CD44 & PAK2 OF A EHIZREN
HODERRFELTZ, ZORER, B4 CD44 L PAK2 IOV A CD44 & PAK2 D3L7ED
EZHHE R IR SN o7 (K 10-A),

—J7. CD44 @ " ER(LIZFE PAK2 DU BRALICEAL D DD %, T AZ Ty MNE
ZRWVTIRAELTRE R, BARID CD4ds Libigl, —FFHO AL B CD44 OFHLTIE
PAK2 DU IE{L DWW BlEs vz (X 10-B),

3-4: EE
3-4-1: CD44 & PAK2 iXEEAMERZ1T

b b 2 VT, CD44 & PAK2 OFF A/EHZRidiEL7=#5 5. CD44 & PAK2 D
HAERDHERTET- (1K 8), —J7. CD44 & PAK2 D AANEM L. CD44 DR AL T DRIE
RTIVBOER, BIORA S NITHFET D5 DOT IO RIZES CD44 D &K
LD FIC LD B IMERR S NI o T2, ZOFERE PAK2 IZHIFENIZ/RTET % (Bokoch
2003) ZtEE XSS E, CD44 & PAK2 OFAAEAIX CD44 OFIENK A TR IS
EEZHND,

AREHE CD44 BXON PAK2 Z# LB FIRIAI T =22 HW T Tbilizb D TH S,
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ZD1=H, BAEIZIZ, MDA-MB-231 FEMAE<", ehELE M2 AR L CrERIS L=
T <A (Liu et al. 2019) HHEBEL7-MlZ T, NTEMED CD44 & PAK2 OFH A
VERZMERTHIENNELE X HID,

3-4-2: CD44 O _ERLDFEFIX, PAK2 DV FR{LZIH]§2

MDA-MB-231 FLE#IE% VT CD44 D /o7 X 0 5T FBRIZEB VT, PAK2 DY
VIRE MRS e 2D (K9), PAK2 DUV R CD44 O Tt TERIDEE 2 HID,
FE AR ORI CHFE DOIBFE IV ThH, CD44 LeT L FROFEAIZXY PAK2 DV R
{EAMEHESNDZ LD EILTEY (Louderbough and Schroeder 2011), PAK2 73 CD44
TINCAAIET DEVOBLAIZBWT, ZORERIT\B EOWRELL —E T 5,

PAK2 OV FE(bIE, CD44 O —EMLOFEIZL > TSz, S EIRFEL7Z PAK2
DYFRALERNLIE, Ser20 Th D, Ser20 1%, H OV BRGIZEVI A BREAECHZ LD
S TCW% (Yurdagul ef al. 2013; Gatti et al. 1999), F7=, CD44 O —EMRILIZITME/R
AT EN OB GFRMETHST-2E (K 5-B), BE, FAMU TIZRAS TE RAMU 1T
IRAC 1T EREATHAMREER R W EHEESILE (X 7) ZEaB 2 Ebtne REHTT
DB Ser20 DU FR{LIE, FiN L 7T CD44 N BERME L7548 . #AN T PAK2
DTS 528 L720 PAK2 W TOM BV b2 g | S Sz vl se D 0% (X 11), Z
D RIE BB ORI DB NETH D, iz, CD44 O FIF HLFRD B D Iz Tl
PKM2 (Z&> T PAK2 @ Ser20 NV b SNHT EDERTESHL TV (Cheng et al. 2018),
FIAGE A TIE, CD44 78 PKM2 AT 528N HESIL TS (Tamada et al. 2012),
INHDOIEEEZ FDEDE, HMAEIZIB VT, CD44-PKM2-PAK2 BEAKE L
9 5ZLT PAK2 O Ser20 Vb A 5 S I REMHES B 2 6D,

PAK2 O Ser20 7LDV LI, 7R — ZOMENZ LD/ A FO/EHE (Tang et al.
2000; Campbell ez al. 2019; Marlin et al. 2009; Jakobi et al. 2001) FBLOHIILOBE) (Zhou
et al. 2003) ([ZRAH-THZLEDNMBNTND, ZDOZEND, 7T AZ—CTCs H3 7 /L CTCs
SHIL TEWEB RA TR T HIHEL T, CD44 O B LITLEOHIISE & H1HR B) O {2
ENRKTHDHEE 2 HND, ZDT=DA5#IE, CD44 O —ERbOF I, HHU L, PAK2
D Ser20 FFEDV R LOA TEIZLY | ML OB BN BN SO0 EMRFET HT L
DR TH D,
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CD44-HA

PAK2-FLAG

HEK-293 f#fim
IP: Anti-HA  Input

PAK2-FLAG - + - +
CD44-HA - + - +
IB: HA

| —
IB: FLAG| ===

[X18: CD44 & PAK2 DFEE1EM

A PE PL 1A% FHV T CD44 & PAK2 OFH BAE A ZMFEL7-, HEK293 A CD44-HA
BELUPAK2-FLAG R EL7 T AINAE AT% , 48 FffE]121Z Poly-HEMA T=t—kL72 10 cm
TAvya ETHETLHIETI/IAZ —2/FRL | Millaz B | T L | proteinA/G
PLUS-Agarose B — 2% I TR0 TR RE 21772 572, Whole cell lysate 36 X OV PLIE
> 7 V% SDS-PAGE IZEVEBAL ., $t FLAG HUiB LUt HA JLiEE v =2z7
Y M TR o7,
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231 cell 231 cell
siCon siCD44 siCon siCD44 KD

CD44

! 75

X 9: CD44 /oI F 7 NZRBITH PAK2 DEHEERBI O PAK2DOV Y BR{L~DEE

CD44 O /7573 PAK2 3L PAK2 DY FRUIZH- 2 D5 B A e DT, a1
h— 1 siRNA BL siCD44 %, MDA-MB-231 SN AT =7 ar Lz, b
VAT 27 ad 24 B EIC 2 AR ToTc, NP AT =7 al 48 LIS ia &[]
I, VfR % | 455 RO R BRI BURE AW T =A% T ay N T T, [AkERDFE
B 2 [AA TR o T4k B g,
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293 cell
PAK2-HA - + + + + -+ + + +
CD44s-FLAG - + - - - - % & ‘= =
CD44s-AN-FLAG - - + - - - = % = =
CD44sDI-FLAG - - - + - - = = *
CD44s-DI-FLAG - - - - + S T
___IP: anti-FLAG _ input

1B: HA (PAK2) [ e == ]

IB: FLAG (CD44

B
293 cell
PAK2-HA = & 4k *
CD44s-FLAG - + - - -
CD44s-AN-FLAG - - + - -
CD44s-DI-FLAG - - - + -
CD44s-DI-FLAG - - - - + KD

75
37
50

3

HA (PAK2)
p-PAK2(ser20)
ST L e

B 10: CD44 D B PAK2 EOMEEAIBLO, PAK2 DV B(LIC G 2 DR

A. CD44 @ " &K {LH CD44 & PAK2 O EAERICR B A 52 D ERFELT,
HEK293 fllfa |2 Bp AR F72 138 A CD44-FLAG, X0 PAK2-HA R EL7 7 A3
R%38 A% 48 IF[E]#4 12 Poly-HEMA T=—hRL72 10cm T v o L THE A2
LTI TAG—Z TS, Milaz EN# , %EL . Anti-FLAG M2 Magnetic Beads
% W T PR R 21T 72 > 72, Whole cell lysate 35 K OMEIEILRE Y7 /L% SDS-
PAGE IZXVWEBHL, $it FLAG FLAB LU HA Htikz W Ty = AZ T ay b
1T72-7,

B. ADOY T NEHWTPAK2 ORI ERBI OV BRbE, voAZ Ty b T

BFELT=, m—F 7 arha— L CB-actin 2 A LT,
43




LKL

200000

liﬂrliiiiii
pesssss e ee sl

PAK2 . & =
= =
CD44_IViE =

4

CD44€V

l
MR T - EFDRE

AL R
X 11: CD44 DEEKR/LIZLED PAK2 DV BV DET VK
A0 EEZIND CD44 O —HEKLIZLD PAK2 DU EE{LEERE, CD44 OFERaS N A
AT EL RALU T E I DFERTHIEIED CD44 23 i Z i T B L L5 5. e

INTOD PAK2 2295288720 PAK2 I COFE BV b3 5| S S A AT REMENE
26D,

iii

|1
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0=

CD44 O _ B LFAEIZ X A2 ¥ IEMALD
i DINFHIZh R DO RREE
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4-1: KRS

AIEEETOR RN, “BIMUERREER S T2 R CD44 1%, BARIL R L, 7T 4
B — TGRS D T EDRE T2, 7T AZ—CTCs 1337 /v CTCs &L\ sk
REZ A T HEVDIEATHIZED (Aceto et al. 2014), 28 LR CD44 258 BLU 7= U AR Cr,
IF AL =TGR OIHNZ N B RENMK T 52N PRI, £2C, AETIL, £
B CD44 R 37T AIR B LA D CD4ds FBL7 T AIN & N2l g S /e
HEK293 #ifid%7-1% MDA-MB-231 FUJfiicz~ 7 2D M2 FIRIES 3228 T, Jili
TORHPIIHIEZND FTREMEZRAE LT, 2D OGRS RN, 5% OIEFE~DIEH O
ATREMEIC OV TEELT 5,

4-2: MEtE TG
4-2-1: FERLI-ZREY

AREERIZIL, 8 D 10 WEOAADEEE G LA~V A (NOD/SCID ¥V A) &
FER L7, EBREIMWIL Northwestern University (Z331F 28 £ 5 D it |2 BE 95 H A5
W FESE L7z, £7=. Northwestern University OB FEERGEE S22 N TH)
W EBRZATO T DI T BE R BB B A A TR IS ERE1T o T,

4-2-2: BREARES LAt BRE

B4R Domain I mutant, Domain 11 mutant 2 HEK293 fifia£7-1% CD44 /> 777k
L2G-MDA-MB-231 FLyEHIIEIZ R EI T BB 724 | 53105 [ O &2 12 1L NOD/SCID
~ A BRI 21T 70 o7, HEK293 Hilaz HW =328 Ccld, BEIRIES 21T70-> T
D 24 KERBIC~S T AL RIS T T %, AL 7, CD44 /> 7T UK L2G-MDA-
MB-231 FLFEAIEIX, GFP &y 7 =T —B&FHL T\ D MDA-MB-231 JLEMAE (Liu
et al. 2019) ThHD, ZOMaEHWFEBRTIE, BEIRIERZ1772o T 0 % & 24
RERIZ IR A A= T BT oT0, 2 LT 48 HRHRRIC YU RAZ LRIES W14
Jifize B U 72, BABEL 7230k L Cm=eL7z PBS Z W T L., 4G BEMEE T C GFP
B E DRI ZFEEIZ, 7T AZ —OHEFHILTZ,

4-2-3: EMFENAA—DVT
FRFFIRTESR % 0 BRI XL O 24 B O~ A2, 100 pl @ D-luciferin (30 mg/ml,
Gold Biotechnology, 115144-35-9) Z &[N EST L. Spectral Instrument Imaging Spectral
46



Lagos (SI LAGO) Z W CAMIR G2 TS LT, BEENTESHE, /Y7702 v
T2 NIRRT CTIT 72 o7z, Boiizo 7 Ui, BT 7 F (Aura, version 2.2.1.1) Z W
T Total Flux (photons/second) Z I EJ 5 & THIELEZTTR>T2,

4-2-4: BTGB LHEH L
W OYCEEMEEIT Leica DM ILLED 2 FHL . 10 2 E£7-13 20 (2D o X% W THELZE,
WG IS EATIR ST, K4 D UANG, 5 UL EOmGZRE L, LA o7,

Z OO, TFEIZOWTIRTEICEE DN LRI,

4-3: MR

<ifii DO EE>

CD44 O &KL DILEDS, Mi~DEEB 245 Al RetE 2 REE 5720 &A1 bEE
BT 2 B CD44 TéhD Domain I mutant & Domain II mutant 2 HEK293 #fifid £7-1%
MDA-MB-231 FL¥#E AR ZFRFIFE LS NOD/SCID v A~D B FIRIEH 2175210k
DTCORR I BEEFAGL 72, O H, HEK293 Mz H 7RIk, il 7 o248 Al
CD44 DHFEBUCBWTH B TOM &1 EA Lz, —77 MDA-MB-231 FLy# a2
V= 3285 Tl Domain II mutant T A fifi COR H &3 WA LT,

4-3-1: HEK293 gz A\ s~ D

CD44 O &KL DIEDS, Mi~DEERB 2l 5 Al RetE 2 EE 4 5720 &A1 bEE
BT 2 B CD44 TéhD Domain I mutant & Domain 1T mutant % 58 | 8 Bl S 7=l i
% BERESIZEY NOD/SCID v U RIZA Y xrvary Lictk, 24 WEEI# I TiZ HEEL
7= MRIE, GFP TT7-~L&iiz HEK293-GFP Mlifia AV o, 2Dtk HEfEL 7= fifizd0
OSSR N CBLZEL . GFP BBMEOMIA B x 7o, £ DR R, B A E I L | Domain 1
mutant & Domain II mutant Z58H| I 7oAz =R L2~ T A TliX, GFP Bt
FEe A E A Lz (X 12A & B),

4-3-2: MDA-MB-231 I E V2 s~ DR E
EFEDFEERIZIY ., CD44 @ — E{R{L3BHE X415 Domain I mutant & Domain II mutant
TIE Fi~DEBE R MEI SND A REMERN RS NVTZ, 2 TWRIZ, AEMinTHs L2G-

MDA-MB-231 L fiinz W CRBROEBR 21T/ -7, £/2. MDA-MB-231 FLy@AaIX
47



HEHEIRIET CD44 BRIIL QD72 CD44 % /w7 7R LT- L2G-MDA-MB-231 $L¥#
AR E 2, I CoRmiE, BEIRERNZ1T70oTon 0 K& 24 R I3
HARA—T L T EATIRHZE TR LTz, = OfE R, By AR L el L, Domain 11 mutant (235
WCHEBERBD DR TETZ (K 13A), 77, 48 HEZICHiZ L . SOLIEMEE F T
GFP Bt Dtz L7k B, AT S eA A—2 0 7 G & [FRRIZ . Domain 11 mutant
IZBWTHERMD 2 MR TE7e (X 13B),

4-4: HBE
Domain II mutant TIIfi CORHIBA TS5

HEK293 #llfid 6 X TUF L2G-MDA-MB-231 FLz a2 2R EBRICB W T, R bR X
WAL — Tk HE% K~ 7= Domain Il mutant ClX, ili COMHENG B Lz, 20D
FEFIE, MR E 2S00, CD44 ZDb DD Z&IRUIZIED 7T AZ — I 5 %
B9 ZEERRT 0D TOH A THHES 25, Domain 11 mutant |, CD44 OFAESR A
A2 N IZHFAETD 5 DOTI/EE (Lle-106, Tyr-155, Val-156, Gln-157, & Lys-158) =77
SUATER LA SN CD44 BHLTTAIN THD, DI, Zb 5 DDTI/ERAIN
— T DRIRA IR E LT HUARDAERUZ IV | S5 2 i D16 R IE DB ~ 27203 % Al g
MRdD, F12, CD44 DRAL L X, &2TD CD44 T AV 74— KL TEY, <D
ORI ILG L TWDRAL L ThD, LTeh > T, CD44 O & baHE TR
BRI, S OFRA I IR E SHRWIRIRIEIZH R T 5 et 2 AL T D,

L2G-MDA-MB-231 FLyE ez FV Tl CofR i B2 RREEL 72 EBRIZ 31 T, Domain 1
mutant TIFXEF AR & HEG UB/MEA N Roncb o0 A8 TlEhrol, ZIET
HEK?293 #fifaz T &Rk - 7 7 AZ — T AlihE - PAK2 DU R4l - Jifi T &4
PG L 72 32BR 123V T, Domain I mutant (& Domain Il mutant & [FIARDZEE) 2R L TV 2l
E726, Domain [ mutant (2B W TH A ERE(LDFONLETHIL T2 | ZORERIT
BEANTHD, [FEROFERP GO -7 B E LT, B2 Domain I mutant &EHEL
Domain Il mutant 075 23 J0 58S &R LIRS D FTREME DS . HiD, F2FR. Domain
II mutant {25 £4L5 7 /BED 5753 Domain I mutant (25 F4LH 7 I/ BEELLEGL | VSR
TBIMEEARICE S L TWDTRENE D72 (K 7). Fo, DT 03 Tidd 5705 PAK2 DU
VE2{bH Domain I mutant TEOHIHISIL TV (X 10-B), ZOMOBREEL TiL, AL
ToHIfATEDENZEY CD44 (T35 N BUBEGHEMN R0 ENBEADND, FEE,
HEK293 #ldC CD44 Z iR B S 7- % ik N AU E Mkl STz (K 1-B
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& 2-A), Domain I mutant 330" Domain II mutant (213 N BUBESHEARETIALO T B & 4
(TEEN TRV, N AUESERR AL O 2 <IX Domain T ICAFIET D, £72, K 1-B Dl
RI0 N BBESEART B LMl 585 2615728 L2G-MDA-MB-231 FLEif
FaPNIZ3W T Domain 11 mutant (3 N AUBESHE AT NH S BRI OISR
BRLLT oo Al et nyE 2 bihd,
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12 BEREA CD44 #RBIW 7= HEK293 ML AT ~DEB 31 S s

A. CD44 O~ EARMEDOBAEDS, Mi~DEERE A 35 v REMEDOMGE, & MbEEL K
SR B CD44 BT 7 AIR CdH5 Domain I mutant & Domain 11 mutant %5 il
JEHISE 72 HEK293-GFP ffifiaz, REARESICKV~TRICA Y =Tia Uiz, 24
PR A HLBEL . GFP BAtEOMIIZFEERIZ, 7T AZ — Dz s GBS ¢
ALz, A —/L 38— 100 pm, HERE: 7 VR, SR 7T AR —%
TR T L,

B. A OffF% student’s t-test & VN THEFHIEHT L7245 2 *p<0.05,
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Normalized lung mets
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X 13: Domain II mutant 23X 72 L2G-MDA-MB-231 FLEAHKLI I~ 538
Hlshsd
A. CD44 O &EIKLDILED, Mi~DEERBZ MG T 5 ietEOMGE, (/) &Ikt
REZ Ko 7= 28 A CD44 8Bl 77 AIRNCTéh 5 Domain I mutant & Domain Il mutant %
SR JEBLS 72 CD44 /77 Uk L2G-MDA-MB-231 LM% | B AIRES 12X
W=D RA T =T ar Uiz, D%, 0K, BLO 24 BFpERIZEM T A A—D
YT EATIR T, () EDRER% student’s t-test % F VW THEGFHEMNT L 7= 48 5,
%p<0.05.
B. (£) —&EK{LiEE Ko E BRI CD44 3B 7 I AINTH5H Domain 1 mutant &
Domain I mutant Z 8| &S H7- CD44 /> 77Uk L2G-MDA-MB-231 Lyl i
. BEARESHC LD~ R, Vv ar Uiz, 48 B ICHiZ HEEL . GFP 15
PO A FEEEIT, 4 ML EORI TSN T AZ — DR A a CBMEE T
THMILIZ, 27— 23— 100 um, (£7) ZEDfER% student’s t-test Z VN CTHEFHiF
7o 3, *p<0.05, ***p<0.001,
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i

e IEE OIMANAFAET D7 T AZ—CTCs I&, ¥ 7 /L CTCs EHHR L T W B REA A
9% (Cheung et al. 2016; Aceto et al. 2014), L7=53>7C, SR D7 T A —TE A& HiH| ¢
UL BB AINE T 2 EIARIE DR BICH IR CELEWRF TED3, 7T AZ—CTCs
DRI NP Th o7z,

ABFFE T, BRI T AR —Z BT DD —-D& LT, CD44 A3 Hlfia ] CHlllast
RAL % LT RIS 222 R LT, £72, CD44 O & RIZiE, MfashR 2
AL THND 10 EHDTIVFRER AL TTIND 5EHOT IR TA/N—SN DT LB T D
Tl BIO, TEMBREEERICEY PAK2 OVVEERLMEESNDZEERLT, LT, I
SOREFNG | RFEHTCHRD DAL Ser20 DU FE{bIL, MlaZ i€ CD44 L &IRMbLT-
FE SR, FIIEPN T PAK2 23T 952 L4720 PAK2 [ COF AV B LA & - &7
AIREME 2R R T DIC B o7, F7o, LETOMFELD  PAK2 @ Ser20 ([ZHIFHVER{LIX, 7
Rh— AOIHFN LA AAEDOEHE (Tang et al. 2000; Campbell et al. 2019) F LU
DR E (Zhou et al. 2003) ZARET HIENFNLILTND, ZDOTENDL, 77 AX—CTCs
N7V CTCs EHERL TRWERR A2 R T B LT, CD44 O &R LIl
FEDIH EHIR R BYOIEHE DRI THH I ENE 2D, SHIT, ABFJETIL CD44 KA
II WICHEET D 5 DDOT /[ (Ile-106, Tyr-155, Val-156. Gln-157, Lys-158) OZ Rz L
D, CD44 O & MLIBIO, TIIUHEI I TAZ — A E SR R BB aflsi
HZEERBHLZ LT, BLEDFERIZ, Z0n 5 DOT I BN /S — T HiE A R S L
T=HURDAERUZ LY | #5B 2 M T DIRIE DS HA~E DR R ATREMED A 37, LnL, KR
ELTUL T DI FUED RS TN D,

9. CD44 & PAK2 DFEAEL D RIENZE T B D, AP TIL, mREIFEHOFZE N
5HZ LT, CD44 & PAK2 @*Eﬂfﬁﬁﬁ%ﬁﬁu L7228 (1M 8), NAEME DR B AR SRS & 5D
[FEICIEE > T, BlZIE, 3RS 22— arv B AW TR G E FHIL, &
FAL CD44 F7-1% PAK2 ZAERIG 2 L TREA ML Z[RIE T HZEMTENIE, ZNHDH
VXTEOFAAERZ R T IRVBILEE 2 LD, ABFFETIL, CD44 @ T it T PAK2 DY
VIR EDMBES D LV H AR LZ (X 10-B), SESHHE - FLE - T M E s
W, PAK2 OiBFEPRBII T %R AR EMAENRHLZE0NEHAEIN TS (Gupta et al. 2018;
Liu ef al. 2019; Chung et al. 2019), F7-. BEfige LR B Tk, CD44 O HEPE B> PAK2
DV BALDPMEES I TWNDZENHE I TS (Cheng et al. 2018; Siu et al. 2010),
PAK2 L7 A ROBMRICOWTIINETEDFEMR AN = A NIRH ThH 203, Zih
SO TIZ CD44 OBFIFRBLIBOLNTNDH70 ZRHOFEMIIZB W TE,

CD44 O T CHUSD PAK2 OV ER LA D AT B OEHE B 5L, JEiiia o
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AV IC TG L CODAREMEDR S D, LLEDZ LG, ZNHDH L I DR AL % [F
ETHIENTENIE, ZNOHOFEMIIZI T, CD44 EOMEMERAIDETLD PAK2 DV
VERLAAERI S LT BT R BIEE DI T D 5 E A BiID,

7. CD44 O ZERALTE I E A7 7 I B ORED R E L TE T D, A4
72Tl 5 DDOT I/ (Lle-106, Tyr-155, Val-156, Gln-157, Lys-158) 230 /3—9"HHE 1
AR ELTZHURDERUZ LY | i 2 M1 T DI OIS~ 2R D ATt T~ L7
DO (X 13), EEEOHEE OEFE T BRI O EFEZI AN, EORE R 5550
DISORDBF RV THD, 5%I1F, K 7 IRLTE CD44 O BRI B Al HE
PED&HD 15 HOT I/ BEFEG T 5T I WAL OHEERE R AR, ZHA CD44 F8
TIIIREAF T HZL T, ZEIMUICRE A7 T U aRIEL ., [FELET I BELE
ML LT ZAERLS 52 LT SnB O ~D F 5O RD His,

54



2% 3R

55



Aceto N, Bardia A, Miyamoto DT, Donaldson MC, Wittner BS, Spencer JA, Yu M, Pely A,
Engstrom A, Zhu H, et al. 2014. Circulating tumor cell clusters are oligoclonal precursors
of breast cancer metastasis. Cell 158: 1110-1122.
http://dx.doi.org/10.1016/j.cell.2014.07.013

Adorno-Cruz V, Kibria G, Liu X, Doherty M, Junk DJ, Guan D, Hubert C, Venere M,
Mulkearns-Hubert E, Sinyuk M, et al. 2015. Cancer Stem Cells: Targeting the Roots of
Cancer, Seeds of Metastasis, and Sources of Therapy Resistance. Cancer Res 75: 924-929.
http://cancerres.aacrjournals.org/lookup/doi/10.1158/0008-5472.CAN-14-3225.

Al-Hajj M, Wicha MS, Benito-Hernandez A, Morrison SJ, Clarke MF. 2003. Prospective
identification of tumorigenic breast cancer cells. Proc Natl Acad Sci 100: 3983—-3988.
http://www.pnas.org/cgi/doi/10.1073/pnas.0530291100.

Anderson RL, Balasas T, Callaghan J, Coombes RC, Evans J, Hall JA, Kinrade S, Jones D,
Jones PS, Jones R, et al. 2019. A framework for the development of effective anti-
metastatic agents. Nat Rev Clin Oncol 16: 185-204. http://dx.doi.org/10.1038/s41571-
018-0134-8.

Aruffo A, Stamenkovic I, Melnick M, Underhill CB, Seed B. 1990. CD44 is the principal cell
surface receptor for hyaluronate. Cell 61: 1303-1313.
https://linkinghub.elsevier.com/retrieve/pii/009286749090694 A.

Azevedo R, Gaiteiro C, Peixoto A, Relvas-Santos M, Lima L, Santos LL, Ferreira JA. 2018.
CD44 glycoprotein in cancer: A molecular conundrum hampering clinical applications.
Clin Proteomics 15: 1-5. https://doi.org/10.1186/s12014-018-9198-9.

Bajorath J, Greenfield B, Munro SB, Day AJ, Aruffo A. 1998. Identification of CD44 Residues
Important for Hyaluronan Binding and Delineation of the Binding Site. J Biol Chem 273:
338-343. http://www.jbc.org/lookup/doi/10.1074/jbc.273.1.338.

Bardia A, Haber DA. 2014. Solidifying Liquid Biopsies: Can Circulating Tumor Cell
Monitoring Guide Treatment Selection in Breast Cancer? J Clin Oncol 32: 3470-3471.
http://ascopubs.org/doi/10.1200/JC0O.2014.57.1505.

Barkeer S, Chugh S, Batra SK, Ponnusamy MP. 2018. Glycosylation of Cancer Stem Cells:
Function in Stemness, Tumorigenesis, and Metastasis. Neoplasia (United States) 20: 813—
825. https://doi.org/10.1016/j.ne0.2018.06.001.

Bartolazzi A, Nocks A, Aruffo A, Spring F, Stamenkovic I. 1996. Glycosylation of CD44 is
implicated in CD44-mediated cell adhesion to hyaluronan. J Cell Biol 132: 1199—-1208.
https://rupress.org/jcb/article/132/6/1199/15225/Glycosylation-of-CD44-is-implicated-in.

Basakran N. 2015. CD44 as a potential diagnostic tumor marker. SAUDI Med J 36: 273-279.
http://www.smj.org.sa/index.php/smj/article/view/smj.2015.3.9622.

Blumenthal EZ. 1996. On the origin of cancer. Med Hypotheses 46: 581-583.
https://linkinghub.elsevier.com/retrieve/pii/S030698779690136X.

56



Bokoch GM. 2003. Biology of the p21-Activated Kinases. Annu Rev Biochem 72: 743-781.
http://www.annualreviews.org/doi/10.1146/annurev.biochem.72.121801.161742.

Bray SJ. 2006. Notch signalling: a simple pathway becomes complex. Nat Rev Mol Cell Biol
7: 678—689. http://www.nature.com/articles/nrm2009.

Campbell HK, Salvi AM, O’Brien T, Superfine R, DeMali KA. 2019. PAK?2 links cell survival
to mechanotransduction and metabolism. J Cell Biol 218: 1958-1971.
https://rupress.org/jcb/article/218/6/1958/6183 1/PAK2-links-cell-survival-to-
mechanotransduction.

Carr J, Carr IAN. 1934. THE ORIGIN OF CANCER. J Am Med Assoc 102: 214.
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.1934.02750030046014.
Catterall JB, Jones LMH, Turner GA. 1999. Membrane protein glycosylation and CD44 content
in the adhesion of human ovarian cancer cells to hyaluronan. Clin Exp Metastasis 17: 583—

591. https://link.springer.com/article/10.1023/A:1006756518500.

Celia-Terrassa T, Kang Y. 2018. Metastatic niche functions and therapeutic opportunities. Nat
Cell Biol 20: 868—877. http://dx.doi.org/10.1038/s41556-018-0145-9.

Chaffer CL, Weinberg RA. 2011. A Perspective on Cancer Cell Metastasis. Science (80- ) 331:
1559-1564. https://www.sciencemag.org/lookup/doi/10.1126/science.1203543.

Cheng TY, Yang YC, Wang HP, Tien YW, Shun CT, Huang HY, Hsiao M, Hua KT. 2018.
Pyruvate kinase M2 promotes pancreatic ductal adenocarcinoma invasion and metastasis
through phosphorylation and stabilization of PAK2 protein. Oncogene 37: 1730-1742.
http://dx.doi.org/10.1038/s41388-017-0086-y.

Cheung KJ, Padmanaban V, Silvestri V, Schipper K, Cohen JD, Fairchild AN, Gorin MA,
Verdone JE, Pienta KJ, Bader JS, et al. 2016. Polyclonal breast cancer metastases arise
from collective dissemination of keratin 14-expressing tumor cell clusters. Proc Natl Acad
Sci 113: E854-E863. http://www.pnas.org/lookup/doi/10.1073/pnas.1508541113.

Chung EY, Mai Y, Shah UA, Wei Y, Ishida E, Kataoka K, Ren X, Pradhan K, Bartholdy B, Wei
X, et al. 2019. PAK Kinase Inhibition Has Therapeutic Activity in Novel Preclinical
Models of Adult T-Cell Leukemia/Lymphoma. Clin Cancer Res 25: 3589-3601.
http://clincancerres.aacrjournals.org/lookup/doi/10.1158/1078-0432.CCR-18-3033.

Coniglio SJ, Zavarella S, Symons MH. 2008. Pakl and Pak2 Mediate Tumor Cell Invasion
through Distinct Signaling Mechanisms. Mol Cell Biol 28: 4162-4172.
https://mcb.asm.org/content/28/12/4162.

Dalchau R, Kirkley J, Fabre JW. 1980. Monoclonal antibody to a human leukocyte-specific
membrane glycoprotein probably homologous to the leukocyte-common (L-C) antigen of
the rat. Eur J Immunol 10: 737-744. http://doi.wiley.com/10.1002/eji.1830101003.

Dasgupta A, Takahashi K, Cutler M, Tanabe KK. 1996. O-linked Glycosylation Modifies CD44
Adhesion to Hyaluronate in Colon Carcinoma Cells. Biochem Biophys Res Commun 227:
110-117. https://linkinghub.elsevier.com/retrieve/pii/S0006291X96914758.

57



Dashzeveg NK, Taftaf R, Ramos EK, Torre-Healy L, Chumakova A, Silver DJ, Alban TJ,
Sinyuk M, Thiagarajan PS, Jarrar AM, et al. 2017. New Advances and Challenges of
Targeting Cancer Stem Cells. Cancer Res 77: 5222-5227.
http://cancerres.aacrjournals.org/lookup/doi/10.1158/0008-5472.CAN-17-0054.

Denning SM, Le PT, Singer KH, Haynes BF. 1990. Antibodies against the CD44 p8&0,
lymphocyte homing receptor molecule augment human peripheral blood T cell activation.
J Immunol 144: 7-15. https://www.jimmunol.org/content/144/1/7.long.

Dick JE, Bonnet D. 1997. Human Acute Myeloid Leukaemia is organised as a heirarchy that
originates from a primitive haematopoetic cell. Nat Med 3: 730-737.
http://www.nature.com/naturemedicine.

Engell HC. 1959. Cancer Cells in the Blood. Ann Surg 149: 457-461.
http://journals.lww.com/00000658-195904000-00001.

Faassen AE. 1992. A cell surface chondroitin sulfate proteoglycan, immunologically related to
CD44, is involved in type I collagen-mediated melanoma cell motility and invasion. J Cell
Biol 116: 521-531. http://www.jcb.org/cgi/doi/10.1083/jcb.116.2.521.

Fidler 1J. 1970. Metastasis: quantitative analysis of distribution and fate of tumor emboli labeled
with 125  [-5-iodo-2’-deoxyuridine. J Natl Cancer Inst 45: 773-82.
http://www.ncbi.nlm.nih.gov/pubmed/5513503.

Fidler 1J. 2003. The pathogenesis of cancer metastasis: the “seed and soil” hypothesis revisited.
Nat Rev Cancer 3: 453—-458. http://www.jstor.org/stable/2562207.

Gallatin WM, Weissman IL, Butcher EC. 1983. A cell-surface molecule involved in organ-
specific homing of lymphocytes. Nature 304: 30-34.
http://www.nature.com/articles/304030a0.

Garrido-Castro AC, Lin NU, Polyak K. 2019. Insights into Molecular Classifications of Triple-
Negative Breast Cancer: Improving Patient Selection for Treatment. Cancer Discov 9:
176—198. http://cancerdiscovery.aacrjournals.org/lookup/doi/10.1158/2159-8290.CD-18-
1177.

Gatti A, Huang Z, Tuazon PT, Traugh JA. 1999. Multisite Autophosphorylation of p21-
activated Protein Kinase y-PAK as a Function of Activation. J Biol Chem 274: 8022—-8028.
http://www.jbc.org/lookup/doi/10.1074/jbc.274.12.8022.

Gay LJ, Felding-Habermann B. 2011. Contribution of platelets to tumour metastasis. Nat Rev
Cancer 11: 123—134. http://www.nature.com/articles/nrc3004.

Gkountela S, Castro-Giner F, Szczerba BM, Vetter M, Landin J, Scherrer R, Krol I, Scheidmann
MC, Beisel C, Stirnimann CU, et al. 2019. Circulating Tumor Cell Clustering Shapes DNA
Methylation  to Enable Metastasis Seeding. Cell 176: 98-112.
https://doi.org/10.1016/j.cell.2018.11.046.

Goodison S, Urquidi V, Tarin D. 1999. CD44 cell adhesion molecules. Mol Pathol 52: 189-196.
http://mp.bmj.com/cgi/doi/10.1136/mp.52.4.189.

58



Glinthert U, Hofmann M, Rudy W, Reber S, Zoller M, HauPmann I, Matzku S, Wenzel A, Ponta
H, Herrlich P. 1991. A new variant of glycoprotein CD44 confers metastatic potential to
rat carcinoma cells. Cell 65: 13-24.
https://linkinghub.elsevier.com/retrieve/pii/009286749190403L.

Guo Y, Ma J, Wang J, Che X, Narula J, Bigby M, Wu M, Sy MS. 1994. Inhibition of human
melanoma growth and metastasis in vivo by anti-CD44 monoclonal antibody. Cancer Res
54: 1561-1565. https://cancerres.aacrjournals.org/content/54/6/1561.long.

Gupta A, Ajith A, Singh S, Panday RK, Samaiya A, Shukla S. 2018. PAK2—c-Myc-PKM2 axis
plays an essential role in head and neck oncogenesis via regulating Warburg effect. Cell
Death Dis 9. http://dx.doi.org/10.1038/s41419-018-0887-0.

Hartmann M, Parra LM, Ruschel A, Lindner C, Morrison H, Herrlich A, Herrlich P. 2015.
Inside-out Regulation of Ectodomain Cleavage of Cluster-of-Differentiation-44 (CD44)
and of Neuregulin-1 Requires Substrate Dimerization. J Biol Chem 290: 17041-17054.
http://www.jbc.org/lookup/doi/10.1074/jbc.M114.610204.

Heubner M, Wimberger P, Dahlmann B, Kasimir-Bauer S, Kimmig R, Peters J, Wohlschlaeger
J, Sixt SU. 2011. The prognostic impact of circulating proteasome concentrations in
patients with epithelial ovarian cancer. Gynecol Oncol 120: 233-238.
http://dx.doi.org/10.1016/j.ygyno.2010.10.014.

Hiraga T, Nakamura H. 2016. Comparable roles of CD44v8-10 and CD44s in the development
of bone metastases in a mouse model. Oncol Lett 12: 2962-2969. https://www.spandidos-
publications.com/10.3892/01.2016.4985.

Hong Y, Fang F, Zhang Q. 2016. Circulating tumor cell clusters: What we know and what we
expect (Review). [Int J Oncol 49: 2206-2216. https://www.spandidos-
publications.com/10.3892/1j0.2016.3747.

Huet S, Groux H, Caillou B, Valentin H, Prieur AM, Bernard A. 1989. CD44 contributes to T
cell activation. J Immunol 143: 798-801.
https://www.jimmunol.org/content/143/3/798.long.

Idzerda RL, Carter WG, Nottenburg C, Wayner EA, Gallatin WM, St John T. 1989. Isolation
and DNA sequence of a cDNA clone encoding a lymphocyte adhesion receptor for high
endothelium. Proc Natl Acad Sci 86: 4659—-4663.
http://www.pnas.org/cgi/doi/10.1073/pnas.86.12.4659.

Inoue K, Fry EA. 2015. Aberrant Splicing of Estrogen Receptor, HER2, and CD44 Genes in
Breast Cancer. Genet Epigenet 7 GEG.S35500.
http://journals.sagepub.com/doi/10.4137/GEG.S35500.

Isacke CM, Yarwood H. 2002. The hyaluronan receptor, CD44. Int J Biochem Cell Biol 34:
718-721. https://linkinghub.elsevier.com/retrieve/pii/S1357272501001662.

59



Jakobi R, Moertl E, Koeppel MA. 2001. p21-activated Protein Kinase y-PAK Suppresses
Programmed Cell Death of BALB3T3 Fibroblasts. J Biol Chem 276: 16624—16634.
http://www.jbc.org/lookup/doi/10.1074/jbc.M007753200.

Jalkanen S, Jalkanen M. 1992. Lymphocyte CD44 binds the COOH-terminal heparin-binding
domain of fibronectin. J Cell Biol 116: 817-825.
https://rupress.org/jcb/article/116/3/817/56039/Lymphocyte-CD44-binds-the-
COOHterminal.

Katoh S. 1995. Glycosylation of CD44 negatively regulates its recognition of hyaluronan. J
Exp Med 182: 419-429. http://www.jem.org/cgi/doi/10.1084/jem.182.2.419.

Lau WM, Teng E, Chong HS, Lopez KAP, Tay AYL, Salto-Tellez M, Shabbir A, So JBY, Chan
SL.2014. CD44v8-10 Is a Cancer-Specific Marker for Gastric Cancer Stem Cells. Cancer
Res 74: 2630-2641. http://cancerres.aacrjournals.org/cgi/doi/10.1158/0008-5472.CAN-
13-23009.

Li X, Lewis MT, Huang J, Gutierrez C, Osborne CK, Wu M-F, Hilsenbeck SG, Pavlick A,
Zhang X, Chamness GC, et al. 2008. Intrinsic Resistance of Tumorigenic Breast Cancer
Cells to Chemotherapy. JNCI J Natl Cancer Inst 100: 672—679.
https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djn123.

Liotta L. 1986a. Biochemical Interactions of Tumor Cells with the Basement Membrane. Annu
Rev Biochem 55: 1037-1057.
http://biochem.annualreviews.org/cgi/doi/10.1146/annurev.biochem.55.1.1037.

Liotta LA. 1986b. Tumor invasion and metastases--role of the extracellular matrix: Rhoads
Memorial Award lecture. Cancer Res 46: 1-7.
https://cancerres.aacrjournals.org/content/46/1/1.long.

Liotta LA, Saidel MG, Kleinerman J. 1976. The significance of hematogenous tumor cell
clumps in the metastatic process. Cancer  Res 36: 889-94.
https://cancerres.aacrjournals.org/content/36/3/889.long.

Liu D, Sy MS. 1997. Phorbol myristate acetate stimulates the dimerization of CD44 involving
a cysteine in the transmembrane domain. J Immunol 159: 2702-11.
https://www.jimmunol.org/content/159/6/2702.long.

Liu X, Taftaf R, Kawaguchi M, Chang Y-F, Chen W, Entenberg D, Zhang Y, Gerratana L, Huang
S, Patel DB, et al. 2019. Homophilic CD44 Interactions Mediate Tumor Cell Aggregation
and Polyclonal Metastasis in Patient-Derived Breast Cancer Models. Cancer Discov 9:
96-113. http://cancerdiscovery.aacrjournals.org/lookup/doi/10.1158/2159-8290.CD-18-
0065.

Louderbough JM V., Schroeder JA. 2011. Understanding the Dual Nature of CD44 in Breast
Cancer Progression. Mol Cancer Res 9: 1573-1586.
http://mcr.aacrjournals.org/cgi/doi/10.1158/1541-7786.MCR-11-0156.

60



Marlin JW, Eaton A, Montano GT, Chang YWE, Jakobi R. 2009. Elivated p21-Activated Kinase
2 Actiuvity Results in Anchorage-Indipendent Growth and Resistence to Anticancer
Druge-Induced Call Death 1. Neoplasia 11: 286—297. http://dx.doi.org/10.1593/ne0.81446.

Matsui T, Thitamadee S, Murata T, Kakinuma H, Nabetani T, Hirabayashi Y, Hirate Y, Okamoto
H, Bessho Y. 2011. Canopyl, a positive feedback regulator of FGF signaling, controls
progenitor cell clustering during Kupffer’s vesicle organogenesis. Proc Natl Acad Sci 108:
9881-9886. http://www.pnas.org/cgi/doi/10.1073/pnas.1017248108.

Moore GE, Sandberg AA, Watne AL. 1960. The comparative size and structure of tumor cells
and clumps in the blood, bone marrow, and tumor imprints. Cancer 13: 111-117.
http://doi.wiley.com/10.1002/10970142%28196001/02%2913%3A1%3C111%3A%3AA
ID-CNCR2820130121%3E3.0.CO%3B2-Y.

Morrison R, Schleicher SM, Sun Y, Niermann KJ, Kim S, Spratt DE, Chung CH, Lu B. 2011.
Targeting the Mechanisms of Resistance to Chemotherapy and Radiotherapy with the
Cancer Stem Cell Hypothesis. J Oncol 2011: 1-13.
http://www.hindawi.com/journals/jo/2011/941876/.

Muller WA, Weigl SA, Deng X, Phillips DM. 1993. PECAM-1 is required for transendothelial
migration of leukocytes. J Exp Med 178: 449-460.
https://rupress.org/jem/article/178/2/449/50282/PECAM1-is-required-for-
transendothelial-migration.

Naor D, Sionov RV, Ish-Shalom D. 1997. CD44: Structure, Function and Association with the
Malignant Process. pp- 241-319
https://linkinghub.elsevier.com/retrieve/pii/S0065230X08601013.

Natsuaki Y, Egawa G, Nakamizo S, Ono S, Hanakawa S, Okada T, Kusuba N, Otsuka A, Kitoh
A, Honda T, etal. 2014. Perivascular leukocyte clusters are essential for efficient activation
of effector T cells in the skin. Nat Immunol 15: 1064-1069.
http://www.nature.com/articles/ni.2992.

Neophytou C, Boutsikos P, Papageorgis P. 2018. Molecular Mechanisms and Emerging
Therapeutic Targets of Triple-Negative Breast Cancer Metastasis. Front Oncol 8.
http://journal.frontiersin.org/article/10.3389/fonc.2018.00031/full.

Nottenburg C, Rees G, St John T. 1989. Isolation of mouse CD44 cDNA: structural features are
distinct from the primate cDNA. Proc Natl Acad Sci 86: 8521-8525.
http://www.pnas.org/cgi/doi/10.1073/pnas.86.21.8521.

Okamoto I, Kawano Y, Murakami D, Sasayama T, Araki N, Miki T, Wong AJ, Saya H. 2001.

Proteolytic release of CD44 intracellular domain and its role in the CD44 signaling

pathway. J Cell Biol 155: 755-762.
https://rupress.org/jcb/article/155/5/755/32435/Proteolytic-release-of-CD44-intracellular-
domain.

61



Okamoto I, Kawano Y, Tsuiki H, Sasaki J, Nakao M, Matsumoto M, Suga M, Ando M,
Nakajima M, Saya H. 1999. CD44 cleavage induced by a membrane-associated
metalloprotease plays a critical role in tumor cell migration. Oncogene 18: 1435-1446.
http://www.nature.com/articles/1202447.

Paget S. 1889. THE DISTRIBUTION OF SECONDARY GROWTHS IN CANCER OF THE
BREAST. Lancet 133: 571-573.
https://linkinghub.elsevier.com/retrieve/pii/S0140673600499150.

Perrais M, Chen X, Perez-Moreno M, Gumbiner BM. 2007. E-Cadherin Homophilic Ligation
Inhibits Cell Growth and Epidermal Growth Factor Receptor Signaling Independently of
Other Cell Interactions ed. J. Schwarzbauer. Mol Biol Cell 18: 2013-2025.
https://www.molbiolcell.org/doi/10.1091/mbc.e06-04-0348.

Ponta H, Sherman L, Herrlich PA. 2003. CD44: From adhesion molecules to signalling
regulators. Nat Rev Mol Cell Biol 4: 33—45. http://www.nature.com/articles/nrm1004.
Prochazka L, Tesarik R, Turanek J. 2014. Regulation of alternative splicing of CD44 in cancer.

Cell Signal 26: 2234-2239. http://dx.doi.org/10.1016/j.cellsig.2014.07.011.

Ries A, Goldberg JL, Grimpe B. 2007. A novel biological function for CD44 in axon growth of
retinal ganglion cells identified by a bioinformatics approach. J Neurochem 103: 1491—
1505. http://doi.wiley.com/10.1111/j.1471-4159.2007.04858.x.

Rostami P, Kashaninejad N, Moshksayan K, Saidi MS, Firoozabadi B, Nguyen NT. 2019. Novel
approaches in cancer management with circulating tumor cell clusters. J Sci Adv Mater
Devices 4: 1-18. https://doi.org/10.1016/j.jsamd.2019.01.006.

Salo T, Liotta LA, Keski-Oja J, Turpeenniemi-Hujanen T, Tryggvason K. 1982. Secretion of
basement membrane collagen degrading enzyme and plasminogen activator by
transformed cells — role in metastasis. Int J Cancer 30: 669—673.
http://doi.wiley.com/10.1002/ijc.2910300520.

Salo T, Liotta LA, Tryggvason K. 1983. Purification and characterization of a murine basement
membrane collagen-degrading enzyme secreted by metastatic tumor cells. J Biol Chem
258: 3058-63. https://www.jbc.org/content/258/5/3058.long.

Schmits R, Filmus J, Gerwin N, Senaldi G, Kiefer F, Kundig T, Wakeham A, Shahinian A,
Catzavelos C, Rak J, et al. 1997. CD44 Regulates Hematopoietic Progenitor Distribution,
Granuloma  Formation, and  Tumorigenicity. = Blood  90:  2217-2233.
https://ashpublications.org/blood/article/90/6/2217/103950/CD44-Regulates-
Hematopoietic-Progenitor.

Schroeder A, Heller DA, Winslow MM, Dahlman JE, Pratt GW, Langer R, Jacks T, Anderson
DG. 2012. Treating metastatic cancer with nanotechnology. Nat Rev Cancer 12: 39-50.

http://www.nature.com/articles/nrc3180.

62



SenY, Yip G. 2011. CD44 (CD44 molecule (Indian blood group)). Atlas Genet Cytogenet Oncol
Haematol 14: 95-102. http://hdl.handle.net/2042/44676.

Siu MKY, Wong ESY, Chan HY, Kong DSH, Woo NWS, Tam KF, Ngan HYS, Chan QKY,
Chan DCW, Chan KYK, et al. 2010. Differential expression and phosphorylation of Pak1
and Pak2 in ovarian cancer: effects on prognosis and cell invasion. Int J Cancer 127: 21—
31. http://doi.wiley.com/10.1002/ijc.25005.

Sleeman J, Rudy W, Hofmann M, Moll J, Herrlich P, Ponta H. 1996a. Regulated clustering of
variant CD44 proteins increases their hyaluronate binding capacity. J Cell Biol 135: 1139—
1150.  https://rupress.org/jcb/article/135/4/1139/56554/Regulated-clustering-of-variant-
CD44-proteins.

Sleeman JP, Arming S, Moll JF, Hekele A, Rudy W, Sherman LS, Kreil G, Ponta H, Herrlich P.
1996b. Hyaluronate-independent metastatic behavior of CDA44 variant-expressing
pancreatic carcinoma cells. Cancer Res 56: 3134-41.
https://cancerres.aacrjournals.org/content/56/13/3134.long

Slomiany MG, Dai L, Tolliver LB, Grass GD, Zeng Y, Toole BP. 2009. Inhibition of Functional
Hyaluronan-CD44 Interactions in CD133-positive Primary Human Ovarian Carcinoma
Cells by Small Hyaluronan Oligosaccharides. Clin Cancer Res 15: 7593-7601.
http://clincancerres.aacrjournals.org/cgi/doi/10.1158/1078-0432.CCR-09-2317.

Smerage JB, Hayes DF. 2006. The measurement and therapeutic implications of circulating
tumour cells in breast cancer. Br J  Cancer 94: 8-12.
http://www.nature.com/articles/6602871.

Stamenkovic I, Amiot M, Pesando JM, Seed B. 1989. A lymphocyte molecule implicated in
lymph node homing is a member of the cartilage link protein family. Cell 56: 1057-1062.
https://linkinghub.elsevier.com/retrieve/pii/0092867489906387.

Steeg PS. 2016. Targeting metastasis. Nat Rev  Cancer 16: 201-218.
http://dx.doi.org/10.1038/nrc.2016.25.

Steeg PS, Bevilacqua G, Kopper L, Thorgeirsson UP, Talmadge JE, Liotta LA, Sobel ME. 1988.
Evidence for a Novel Gene Associated With Low Tumor Metastatic Potential. JNCI J Natl
Cancer Inst 80: 200-204. https://academic.oup.com/jnci/article-
lookup/doi/10.1093/jnci/80.3.200.

Sy MS, Guo YJ, Stamenkovic I. 1991. Distinct effects of two CD44 isoforms on tumor growth

in vivo. J Exp Med 174: 859-866.
https://rupress.org/jem/article/174/4/859/24291/Distinct-effects-of-two-CD44-isoforms-
on-tumor.

Takahashi M. 1915. An experimental study of metastasis. J Pathol Bacteriol 20: 1-13.
http://doi.wiley.com/10.1002/path.1700200102.

63



Talmadge JE, Fidler 1J. 2010. AACR Centennial Series: The Biology of Cancer Metastasis:
Historical Perspective. Cancer Res 70: 5649-5669.
http://cancerres.aacrjournals.org/cgi/doi/10.1158/0008-5472.CAN-10-1040.

Tamada M, Nagano O, Tateyama S, Ohmura M, Yae T, Ishimoto T, Sugihara E, Onishi N,
Yamamoto T, Yanagawa H, et al. 2012. Modulation of Glucose Metabolism by CD44
Contributes to Antioxidant Status and Drug Resistance in Cancer Cells. Cancer Res 72:
1438-1448. http://cancerres.aacrjournals.org/cgi/doi/10.1158/0008-5472.CAN-11-3024.

Tanabe KK, Ellis LM, Saya H. 1993. Expression of CD44R1 adhesion molecule in colon
carcinomas and metastases. Lancet 341: 725-726.
https://linkinghub.elsevier.com/retrieve/pii/0140673693904908.

Tang Y, Zhou H, Chen A, Pittman RN, Field J. 2000. The Akt Proto-oncogene Links Ras to Pak
and Cell Survival Signals. J  Biol Chem 275: 9106-9109.
http://www.jbc.org/lookup/doi/10.1074/jbc.275.13.9106.

Teriete P, Banerji S, Noble M, Blundell CD, Wright AJ, Pickford AR, Lowe E, Mahoney DJ,
Tammi MI, Kahmann JD, et al. 2004. Structure of the Regulatory Hyaluronan Binding
Domain in the Inflammatory Leukocyte Homing Receptor CD44. Mol Cell 13: 483—-496.
https://linkinghub.elsevier.com/retrieve/pii/S1097276504000802.

Thorne RF. 2003. The role of the CD44 transmembrane and cytoplasmic domains in co-
ordinating adhesive and signalling events. J Cell Sci 117: 373-380.
http://jcs.biologists.org/cgi/doi/10.1242/jcs.00954.

Toledo-Guzman ME, Bigoni-Ordofiez GD, Hernandez MI, Ortiz-Sanchez E. 2018. Cancer stem
cell impact on clinical oncology. World J Stem Cells 10: 183-195.
https://www.wjgnet.com/1948-0210/full/v10/112/183.htm.

Toole BP. 2004. Hyaluronan: from extracellular glue to pericellular cue. Nat Rev Cancer 4:
528-539. http://www.nature.com/articles/nrc1391.

Umer M, Vaidyanathan R, Nguyen NT, Shiddiky MJA. 2018. Circulating tumor microemboli:
Progress in molecular understanding and enrichment technologies. Biotechnol Adv 36:
1367-1389. https://doi.org/10.1016/j.biotechadv.2018.05.002.

Underhill CB, Green SJ, Comoglio PM, Tarone G. 1987. The hyaluronate receptor is identical
to a glycoprotein of Mr 85,000 (gp85) as shown by a monoclonal antibody that interferes
with binding activity. J Biol Chem 262: 13142-6.
https://www.jbc.org/content/262/27/13142.1long.

Underhill CB, Toole BP. 1980. Physical characteristics of hyaluronate binding to the surface of
simian  virus  40-transformed 3T3 cells. J Biol Chem 255: 4544-9.
https://www.jbc.org/content/255/10/4544.1ong.

64



Varelas X, Bouchie MP, Kukuruzinska MA. 2014. Protein N-glycosylation in oral cancer:
Dysregulated cellular networks among DPAGT1, E-cadherin adhesion and canonical Wnt
signaling. Glycobiology 24: 579-591.
http://www.jbc.org/lookup/doi/10.1074/jbc.M114.563585.

VIRCHOW R. 2009. As Based upon Physiological and Pathological Histology. Nutr Rev 47:
23-25. http://journals.sagepub.com/doi/10.1177/003591574603901219.

Wang Y, Zhou Y, Hu Z. 2017. The functions of circulating tumor cells in early diagnosis and
surveillance during cancer advancement. J Trans! Intern Med S: 135-138.
https://content.sciendo.com/view/journals/jtim/5/3/article-p135.xml.

Xia P, Xu X-Y. 2016. Prognostic significance of CD44 in human colon cancer and gastric
cancer: Evidence from bioinformatic analyses. Oncotarget 7: 45538-45546.
https://www.oncotarget.com/lookup/doi/10.18632/oncotarget.9998.

Yae T, Tsuchihashi K, Ishimoto T, Motohara T, Yoshikawa M, Yoshida GJ, Wada T, Masuko T,
Mogushi K, Tanaka H, et al. 2012. Alternative splicing of CD44 mRNA by ESRPI
enhances lung colonization of metastatic cancer cell. Nat Commun 3: 883.
http://www.nature.com/articles/ncomms1892.

Yu M, Bardia A, Aceto N, Bersani F, Madden MW, Donaldson MC, Desai R, Zhu H, Comaills
V, Zheng Z, et al. 2014. Ex vivo culture of circulating breast tumor cells for individualized
testing  of  drug  susceptibility.  Science  (80- ) = 345: 216-220.
https://www.sciencemag.org/lookup/doi/10.1126/science.1253533.

Yurdagul A, Chen J, Funk SD, Albert P, Kevil CG, Orr AW. 2013. Altered nitric oxide
production mediates matrix-specific PAK2 and NF-kB activation by flow ed. M.H.
Ginsberg. Mol Biol Cell 24: 398-408. https://www.molbiolcell.org/doi/10.1091/mbc.e12-
07-0513.

Zhang H, Brown RL, Wei Y, Zhao P, Liu S, Liu X, Deng Y, Hu X, Zhang J, Gao XD, et al. 2019.
CD44 splice isoform switching determines breast cancer stem cell state. Genes Dev 33:
166—179. http://genesdev.cshlp.org/lookup/doi/10.1101/gad.319889.118.

Zhou DF, Ding JF, Picker LJ, Bargatze RF, Butcher EC, Goeddel D V. 1989. Molecular cloning
and expression of Pgp-1. The mouse homolog of the human H-CAM (Hermes) lymphocyte
homing receptor. J Immunol 143: 3390-5.
https://ohsu.pure.elsevier.com/en/publications/molecular-cloning-and-expression-of-pgp-
1-the-mouse-homology-of-t-2.

Zhou G-L, Zhuo Y, King CC, Fryer BH, Bokoch GM, Field J. 2003. Akt Phosphorylation of
Serine 21 on Pakl Modulates Nck Binding and Cell Migration. Mo/ Cell Biol 23: 8058—
8069. https://mcb.asm.org/content/23/22/8058.

65



Zhou X, Tan M, Nyati MK, Zhao Y, Wang G, Sun Y. 2016. Blockage of neddylation
modification stimulates tumor sphere formation in vitro and stem cell differentiation and
wound healing in vivo. Proc Natl Acad Sci 113: E2935-E2944.
http://www.pnas.org/lookup/doi/10.1073/pnas.1522367113.

Zoller M. 2011. CD44: Can a cancer-initiating cell profit from an abundantly expressed
molecule? Nat Rev Cancer 11: 254-267. http://dx.doi.org/10.1038/nrc3023.

JRATGHBAE . SER304E(2018) N MENREHERT H SR DK p10
https://www.mhlw.go.jp/toukei/saikin/hw/jinkou/geppo/nengail 8/dl/gaikyou30-
190626.pdf

66



B

AR LT DT LD NI IE SO TEORIHDThE,

Madoka Kwaguchi, Nurmaa Dashzeveg, Yue Cao, Yuzhi Jia, Xia Liu, Yang Shen, Huiping
Liu.

Extracellular Domains I-1I of cell-surface glycoprotein CD44 mediate its frans-homophilic
dimerization and tumor cluster aggregation.

Journal of Biological Chemistry, 295(9), 2640-2649, 2020

KIFFREATIINCHTD <D 2« DTG TIRNDPBHVELT-, LOBEHHL LT E
o FALim LA FEODIZHTD | A AP IER mR A M B AR SR ARG
HF0 8 HEE BERIITHEIEED WS | T WS E L, F#EATRILHL
FFET, fEFH, PHEMEOERSRE THRERIEE, TS AW EEELEARTE
MAMENRFER MRS %, EANE ZERIDIVEHR L BT XS,

FE Bk D F i \Z & 7= > Tik, Northwestern University Feinberg Schoold of Medicine
Pharmacology and Medicine, Huiping Liu #£#45%, Xia Liu B)#{(, Nurmaa Dashzeveg ¥ 1,
Yuzhi Jia BJZ(. Dhwani B. Patel SANZZ B I\ l2W 22 ee T 2IZRE T eb i, JESHIHL
AL BT ET, Fo, X"V EOREEfRATIZEIL T, Texas A&M University, Electrical and
Computer Engineering, Yang Shen &1, Yue Cao SANCT W izlZ&E L7z, ELEHL
L BFET,

FEEHIIE AR EMBHATER R AEMBH RS IR B S5 B OB E =
R B DR, RO, ZL T ELRENDTIRE W E E LR B e 4k
MR R T VEpRIEfE JoZux, RS o, mBE IR JTRHEBDZL T ILAS K
TCRHEBNZ, IR B ITI3hR % 721 TR A SR L TV 7e & £ LT, TREHTE
LET, £ ARICOLY  MHS TOMEAETEEZR 2RI TH A THEELE
Northwestern University Feinberg Schoold of Medicine Pharmacology and Medicine D Hf %%
ERERLE ORI DB L LT ET,

BB ARG 2R D ICH TR BB AT MRYICH SR TSR . K NITLEY
JEHH L LT E9, FRCR R ERIIOOS —FORT T TR EL L, ZIVETAY
IZHVREITINELT,

67



