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Abstract As a widely expressed cellular adhesion molecule, type I transmembrane glycoprotein CD44 is crucial in

cell proliferation, differentiation, migration, angiogenesis and other biological processes to induce intracellular signal
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transduction and regulate tissue homeostasis. Especially, cell adhesion dynamics mediated by CD44-selectin and CD44-
hyaluronic acid (HA) interactions play key roles in classic inflammatory cascade, tumor metastasis, or tissue-specific liver
immunity. This review discussed the progresses and remaining issues of CD44 selectin and CD44-HA interactions in vari-
ous aspects of cellular adhesion dynamics, two- and three-dimensional molecular reaction kinetics, atomic microstructural
features, and intracellular signal transduction pathways. Nowadays, the importance of mechanical and physical factors
to biological activities has been gradually accepted by scientific community. New concepts such as mechanomedicine,
mechanoimmunology and mechanomics have been put forward one after another. Under physiological or pathological
conditions, cell adhesion mediated by CD44-ligand interactions are regulated by in vivo mechanical and physical cues
such as blood shear or tissue stiffness, but their regulatory mechanisms are still unclear. From that on, future perspectives
related to CD44-ligand interaction were also proposed in this review as follows: how mechanical and physical factors
regulate cellular adhesion dynamics and intrinsic mechanism mediated by CD44-ligand interactions; what the mechanical
regulation features of molecular reaction kinetics of CD44-ligand interactions and corresponding structural bases are;
and how the atomic-level microstructures of CD44-ligand binding evolve dynamically under mechanical forces. This re-

view provides clues for further understanding the biological functions and structure-function relationship of CD44-ligand

interactions.
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CD44 (cluster of differentiation 44) & —# I T4
JERE SR, T2 e A AE O S JHEIE S B S TR\ i <5
IR, RIS ELHE N B 40 . TR 78 5T 40 A
EMF40A, DA% B FE A oRL . IR MR
21 A0 bk C2L 4 B 6 I 2 L, [0 B 5 0, 3 v VR SR VR
A M S5, CD44 1E 22 Fh A BRI B 2 R A
H, WS EIEA E i ks . IR &
Go B [N 12V 2[RI bk B L AT AR . S
e 44 R RS S K ok AR AL AR 5 B, o
IS CD44 - FCARAH BAT A5 1 40 i — 48 i 2 [A) B8
2 — B J5T [ (PR B S B 45 5 e Sl i 72 CD44
TERRER IR IR %« Ik D20 A ) S5 AR B
B AR R A I B AR, BRIk, %% CD44
A RIBCAARA BAE 0 R B5h 775 R HA-F 40 i
K 3h 7722 5 B A 5 18 R ARFAIE 2 RS H T BE 1 2
fill, [RIESF, S SE IR OB o i yg e 4 Bk L 4t i 1 B
SRR R AR AE R B ) 77 R e v, % 48
M BT U 2 ek oy D44 — FEARFA ELAE ISR 71, A
MR 7RI EAE . BEAh, Gy 240 i i 554
V1 5 B8 4 PR 2 R A 52 1) Gl 5 S5 A 77 2 1k
B, Rk, #2854 A A an i i 1
5 CD44 — U AR AH BAE FH SN B 7 27 34 1 i 428 240 i RS
B 30 772 AT SE B 78 AR 022 ThRe 2 L ff CD44 1)

REMY 7y — E N, ST I, A SCR /4 CD44 -
P AR ELAE P AE S B S LI RE Fh (1R Y A ML 7T
it

1 CD44 ¥k

N5 CD44 52 1 11 5 Ge ok 588 U1 A 1) 5 5
PEE A W, I 7 AN F AR CD44 Ji A 1
RNA(messenger RNA, mRNA) 1] 20 NME T 53 N2
JSCRANAR S R BFRE AT, 3 1T 43 70 A s s v Y
CD44(CD44s) F17Z 5 CD44(CD44v), 1fii CD44v X
AT DIE S R AR DX 3 ) e R P D449 AN [R) AR S A4 I
B HET RN DHEH AT CD44 [ n] A8 5]
PIAR N, o B WL E B A4S CD44v4-7, CD44v8-
10, CD44v3-10 F1 CD44v1-10 ). R[EEA ) CD44
RIKITALAF], CD44s = EL 5047 1] Jig Jad s
YR, T CD44v = B0 A T b R U 14 48 it A ik g
HH. Ak, CD44 AT NFEEAL . O WE AL R 1%
JE B, B W NJR CD44s B 361 MR IERRYL
J% (~37.2 kD), i BEFEAAZ M N T2 10, 85 1 54 1
115 80~100 kD 7 TiAZ R A CD4dv 4 T &4
A [ 297 80 ~250 kD. KH iR+ /1 248 (atomic
force microscopy, AFM) £ RF3## CD44 5 H 1K/,
SRR CD44 N 23+ 1.4 nm, —Z4ER~F40N
25 nm x 30 nm x 2.5 nm, 55 BRE K/ NHZRABLE9).
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CD44 S5 K9 A J AN N R i 22 Ji ) C oK i 6,35 Jf
AN ISR N 3 5. BRAME ST N A
KR S AT A, S R I 2 & 6 MRST R
PR R R I BOIR 25 438, L b DR 57 2 I = R ) —
i B N A Sy BJODR 225 M) 3 TR 9 28 % 46 R A E PRI
BRI 101, FRAERY CD44s 12U K I BROIR &5 Ky 180 5 15
B2 18] /& — BL 1 46 AN EBEERRIY B 2R IX 0, £
SEPEBAR, PR v W AL O L R KR ) FI AL
A2 AN R BY B4 CD4dv (197748 [X AT $ A TE N oK
Uiy BRR 25 4 380 5 ZOIRIX 2 8] 131 CD44 55 i [X A
TP DX 471 v B R ST, G IR [ 25 4 SRR L AE 2T i
JE I 3 54k (oligomerisation), F44 BT I A7 7E
B MR R B BESIX (glycolipid enriched membrane mi-
crodomains) 14, DL & H 5 IR RI/ER U3, CD44 1]
LA X5 5 A0 B 244 € BE ) (ankyrin) AT ERM
(ezrin, radixin, moesin) £ [1 145 &7 5. Merlin & [
(moesin-ezrin-radixin-like protein) 7] 5 CD44 g4
Uiy A EAE ] 1O 31 CD44s, ERM 1 H 541 /i
B S E 5 20 ) 5 Y BUT 292 ~ 300, 304 ~ 318
R e & . HEH M Cprotein kinase C,
PKC) filt &%, CD44 U N Fédi 22 2 1% (Ser) 7R F: AT 7
BRER A A/ B L BEIR AL, K515 55 ERM HEH 5 CD44 1Y
54 U8 BOE I ERM B N K5 CD44 g 545
&, M C Kim 5 FUlsh B4 &, B, ERM & H
Fe s CD44 FER: W3 B A & ZE M R B 1o,
AT A3l CD44 R il 0 A 15 51 084, AT (RS E 1Y
A5 DiRe. CD44 JELE I N FERAL AL i R AT
(Asn) 5RFE) ZHU0 T MIAMEA) N A I 45 #4  5 T A2
X, 1M O HEFEAAL 1T (L2208 (Ser)/ 732K (Thr) 5&E)
1 GAG [fEY) (GAG attachments) (Ser-Gly % fik) NI
2 B3 AE A R 4 5 S X 3R T AR X (2021

2 CD#4 - ELix R EEREREREK R R F
H{ER

RE N (inflammation) A& — ' HH 43 3 540 45
RT3 B [ B (adaptive response), 73N
S (acute) FMEYE (chronic) #$5E W 22 24K
SR SO N F 9 R R B LR A 4 51k,
T 5 B ZH 44 b I B G R A R A K 4 5 5 Toll
FESZAK (toll-like receptors, TLRs) I NOD #F 514k

(nucleotide-binding oligomerization-domain protein-like

receptors, NLRs) &5 3 B G iR 7 23, bl f5 7= A il
K7 4B 7. IS PERE (vasoactive amines) 55
LR RAES B, TR AORE, BE I RORE B
I SRR LI F 6 19 4 T 8 28 o T A I A i ik
(postcapillary venules) FIiZ 98 fiE A7, Wi Jot s 1241,
200 6 AN LA 1) 98 RE P8 o7 S 4 T EE A0 AR ML AE P9 I
AN IR, fE A IR TR B . KRN L AT, BJa
V5 N BT R S DT R A B S R B 2 Ak - T
WHEAE A2, RN 32 205 B 2 L sy YI4s 7
FRIAS RS, CA DR, RIAAE B4R RpE
[ PSGL-1 (P-selectin glycoprotein ligand 1) 531k
TE N KR IR £ 2 (selectin) FAH BLAE FH 24
FABR RS RE RSN L, CD44 - BUiAAH B.AF
P A 5 E A0 R 51, T A 2 - B A
EAE N 32 2T 5 IR AG R L AT &I A2 1290,
N OCK E R CDA4 - FLARAH FLAE FIAE ROAEZ
L A R AR A .

21 CD#4 ik — EFEZS

1 PSR ik R R /2 CD44 /i 4 - 4
R EE Az — A PE S5 L EHFR 3 4
FIERA, FHEER DA N R B A C Rimfk ik
AL HE G B B AR R 45 M3 (calcium-type lectin domain,
Lectin)« 2K b JAE KT AESE K4 (epidermal growth
factor-like module, EGF), RGP AMA R B 2 A
# E ¥ % (consensus repeats, CR). F5JI& [X 1 (trans-
membrane, TM) FIfl 4 X (cytoplasmic, Cyto). =%
X AlE P E S Lis#FER2aEH 9,6,2 1 CR
Sk, AT H AT ARG BE 26271 A BA MBS,
A2 3 Fuk R A A RIAEY D6, L ik # =i
M APAT R A sk, HF H L I RA
GyK i, RS LE A A R RO, 1R R
ARSI R BT DAEAS H 4R 48 S (polymorphonuclear
neutrophil, PMN) | L e #%3 K A KfE 280 P ik 3R
FERARAE ML/ R AL, IF 5 BB AAAE o B
KL Weibel-Palade /MAH, T 2 RIFAT e Al P ik
FRIM L P £ MR B I ) R, AT IR M o
WURLFE AL R AN AR TH; E e 3R 12 RIAAE S N B2
UM b, H IR K32 3 5 5E Ao R 4. AR IR I
BN R, TR ERBE R T @ (tumor necrosis fac-
tor alpha, TNF-a), IE % ## (lipopolysaccharide, LPS) Fll
H 40U 2 18 (interleukin-1B, IL-18) i 5 A&
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PNE SN H CD44 —E %45 A0 HLAE FH 1A 504
ARGy AETRPERIE S 5 1) 2 0E [N, CD44 #f
YE N B IR R R, R CD44 -E R M
LA AT A 5 N U5 B SRR H R 0 L TE I P
AR T RDRG B GO0, JE ) BRI TR AR, K
Dl CD44 A5 1 R MR 40 i (1 S8 R BN KB T E ik
P2, M PkF RS PSGL-1 A ELAEFH N2 W4 3k
FPLIE R Eh AT T H B0). CD44 —E 3B 2 M EAEH
Y5 PSGL-1-E & Z A0 FLAE FH 2840, 25 mT s vh Pk
YL Sre FKIGBEEE (SFK) MRS 5, HEmig
B o By A, R RN i A A IR R R BN, LA
% CD44 A PSGL-1 H/IN BRI R0 RH 1E A M bz 4
MLLE 98 RE 2L ZE A7 1) 3248 BY. CD44 X T T k248
MLE JERE S B I SR R A EBAE . T 2
YA FRIAH CDA4 & FE LR BRI DL K IR B
FI R L A AR B2 46, 75 S 40 i
ERIAH CD44 BAFFRR IR IEAL, [ 32 E, L ik
PERIOECAR, BT LA SRR A3 41 B/L 3G R A4
HCELL B3, 3@ i i/ B CD44 SER SEGIE S, T ik
41 _Ef) CD44 / HCELL 1 PSGL-1 #& E £ %K)
FERA, MidE CD43B4. i H, CD44-E #EHFH M I
YEF T $E PSGL-1 5 L &5 2 [ (%4 . 21 i
2 v PR 2 B R D VR B I R 139). R R R 43 R
BB AT — D5 B B RL G X CDU A6
VAR, 45 TR CD44 I P L3l B 1 40 i S i
HREE EFERYE CD44 AHEAEH LL AN BT Y) R )
SLIRIEF 2 B0 LT 5, P IR R MR
1B CD44 FIFCHR. BAR L IEF RN Z CD44
IRCAA, (HAE R FRIETE A 40 R AN 7T, CD44
5 L kB ga s (Ao EAE A S 900 RS 4
NPT A% 51 7 25 AN B A

{615 2, CD44—EFE AN HAEH, L2 B 1% 4%
B, AT RE SN P A R SR AR N Tk
. SEEHFRE EEFERIA -1(BSL-1). EEFR
5 PSGL-1 M HAF Al RAH G, =35 75 R0 v
A ELE I H I ThAE 4> 1. PSGL-1 X EAERI I (A 40
F SRR AR ; ESL-1 ZEWIIA 3R 2 A2 e 12 R
SR AR A 1 CD44 T 32 A S8R 5 39,

2.2 CD44 Fik — iBERRRER

B R (hyaluronic acid, HA) & & HES)4) 41
FifL A 35 S5 1 B AL A 4. HA 2 4 BE S R A N-
R E IR R IEIL A p-1,4 A1 p-1,3 BEH LS & 1)
AREG R TMEEREY, 1S TEAHN
1 MDa, KEFIAROKER, £ FopH ., 4 Hid i
(WIHAE L g N IR R A IR B
KT RANB KAL) vk B L BT H W
FAA, 167> 7B HAHA(LMW-HA) E 2 i3k K58 K
YER, T =43 & HAHA(LMW-HA) HA #IH1] 585E 1)
TEF WL K75 HA 5 CD44 A8 EAE F o] {2 3k 41
JRURE T IL-10 A% Ak A2 K X1 B1(transforming growth
factor-B1, TGF-g1), MK 78 i ) B 41, K73+ & HA
BT LA CD44 RIE, [FII 34 N2 1 6(PKCO)
FEE FIG e(PKCe) Rk, FEXTECH 40 i r= A i,
SR JORE SN T & o B HA s 4 ok
H. JF B 73 7 & HA R i#] PKC6, PKCe, #%[H 1 «B
(nuclear factor kappa-B, NF-«B) H13d 16 F1 48 Je W 142,
540, HA Fr B L1 CD44 fl TLR-4 RIE, ¥i% NF-«B
Sy LI NG E 40 K T TNF-a, IL-6 F1 IL-18 43
e CD44 [HISTHA ] FEAIC CD44 A4l R 3%
TR 1431,

CD44 il M 7705 HA MEAEH, —=&
Y1 0 55 5 2 1) D44 i Ik e S PR AH ELAE F B mT i
HA e TR MR 1 — 2 o 2 20 i sl 41 M 3R 1)
CD44 55 H At 41 i 155 3 8 84 52 1) HA AH BLAE FH B
I 20 BRG B 4 M SR T iR R IA ) CD44 5'E & HA
(1) B 40 o AH HLATE 2 5 i 4 AR 2R 1 £ 22y
TR, I HIm4uM e 1T 7% 1 A2 b 2 UBR R (00 Sl fic A7
Sk, 5 CD44 - i FERAHBAEHI 5L, CD44 -HA
FHELAT F A5 0 200 Bt B[R0 £ 98 0 s B, e 7 8
YER, o dikis 5 2 (102 A2 00 T bk 40 i )= S
2. fE4L%2 A F PMA (phorbol 12-myristate 13-acetate)
ST, THREYIE - cD44 5 40 - HA
FEAEFA S IR SRS 10 5, T 40 iS4k 3%
IR CD44 5N R4 - HA g AR, 18
IR FUR A, PR A PR E R R B 5, T4
JfL 55 5 B R 6 TSR T CD44 A1 HA Z [ (1)
FH A H 461, TNF-a 155 1 2 5E /N BB A 1 Th A
Th2 4t M 7E 4 N VR B RS B R FE AR T CD44 - HA
FEAEFHE. 54k, CD44 t /2 843 VLA-4 (integrin
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a4f31)-VCAM-1(vascular cellular adhesion molecule 1) #H
HAERANF T 2075 P R 20 B E RS e R B ) e B 5%
FRUSI 41, CD44 - HA AH HAEH IR AT DA S
LA H 1] 2 0 AL R B34 19501 53 —TJ5 T, CD44 -
HA M B 32 2 2 F0 R 2 B 3%, 400310 HA &
AHITE SR GIR 254 ] (R 2 [ R 2 P AR AR5 S A ZH 2
f15E AL 1. CD44 AN EOpE SRR BL K CD44 i 5
Ui R 2 RIR TR IR &I H 5 HA N4 &
A7) 2 HUlE AR AR T (i IL-2). OB IRAE
7~ (TNF) PLAGEAG T (B14% MIP-18 (macrophage
inflammatory protein 1 ), IL-8 f1 RANTES %) $3J 1] ¥
I CD44. Mk — D1 a5 HA 145 G et T 40
FRORE B 530, 110 IL-1a, TL-18, TL-3, R4 H 0 40 g 4
V&R BLR 7 (GM-CSF). T-#L3 y (IFN-y) fll LPS %
HJnTiEd TNF 7 S/ E M %400 I CD44 5 HA
G565 25 ik, CD44 -HA M EAEH 2T
A i A B 2 S ) B O AR AR

CD44-HA H B.A% LTI % 2 BV T BE
e HA FEE B SRS A T A 2% B 5 s,
B EZ A e i S2 4 oL i i SEE R I R4
MBI 25, I e KA EE . 5
28 W RNE RIS B v I 4E BRI S AR B ) AR, E
T L AE JFF U S e el v ) B SR A T L SE N,
A 20% ~ 30%F) 4 L AE JH I S ) Gl JCRG B
T ML SE N B gi i B/ b B Rk iR R, AT
JH I S8 N R 55 B AN 2 R AR TR BRI B 1571 AR 75 R 1A
FRANIE], JH IS P ) A o A i 3 S O P A& A
KSR, ARG R PRS0, 8 T 0 R i
#] DAMPs(damage associated molecular patterns) EL$%
B A 2 V0T Hh PR 2 i, R B B A i L i Rk
ICAM-1(intercellular cell adhesion molecule-1), 3 i 5
H P RL AR RS TS R ey KM AR
F, A S PRI SRS B, 58 FS rh I 4 7 N 5
B BN — A5 75 IRANAE (kupffer cell) 55 — 43
WAL DR 716 B2 51 3 N BEAT E M AT, BiEKrE
KL BT B TR HE NS O AL 2 T AEAT B RE (I
PN BE 2R MILAE M4 22 R B L 55 S AR o, vk
P LPS (R % R T TL-10 R3E R ki 4
amp ML, LI CD44 AT D) fE, @it 5 HA
FHEAE I S b R 55 4 B8, CD44 mfR AT A
RUPEAR LPS HIBH SR A oh MERLEH Jf PR R B 590, 5 3k
—3, LT CD44-HA H HAF A RFER T LPS /)

B JFF 100 52 P o P A 48 L R B, o T 7 52 5 s
FIDK A RV Bl B o 2 D% A sz, i EL7E o #R
HRVE F (1) CD44 2 Hh R4 BT A2 Y B2 4
RIEH) CD44 1561 Fi4b, —F g RIE ) HA FHOC
HH SHAP #id 5 HA LM 45572 i HA/SHAP B&
W), AR5 5E HA 5 CD44 A ELAE FH 160,

{8 5 2, CD44 —HA AHEAEF A 5 g id fi v
HA SN 7 — HE S TR R AR TEE
JORE N S BRI ik 2K - PSGL-1. IG5 #
- CD44 %50y TAR R 1M &, CD44—HA A EAF I B
HAR BRI, R Sy i S AR, H
SR FHLE A I, L EZREET HA 7> T
M2 REPE R AR AL tln, RFE T2 %
PE HA X 9ERE IS CRAS [, 1A [F] 23 5 5 6 1)
HA S/ ARG A A AR 2 52 HOR R 43
TV 2O 4 kG B ) U428 2 B A6 264 CD44-HA
AHEL AR F N 5 g 2 4 5 HL At 2 PR R B 437 Fic A
FH LA R BBl 72 2 TR) ) 1X 530 56 1) 7, E RTS8 A4S
BT

3 CDU-BAHEEERMRMNERT

B8

AR — PR BAE F I BB 15 5 P 4 B RS
BB 2 BB T IRAH BAE A o =48 4R
NEPAP . =4 e N A2 HR R 1A ELAE I 2T
W7 A —FREF R P AL T A2 (i i A i
WEAMPUE), BE 2N =423 8 B E, Hins T+
55 =M1 RAEMEAERH, =48R BFRAER 2K
BGRB8 AT A E AL S B
BN 15 B SR A IA, H () S50 I & 07 VA 4R R 1
5T 4R (surface plasmon resonance, SPR) &5, 4
RN 2 F B e P AE ELAE T 231 X005 53 ) A 7
PN b, AR A IR A Y 800 —4ki23) 3
B, ARGk Z 35 BT 3R 1 s sh B E (a0 e 48
b0 B P B A4 5 T P 228 3 R O AR A ELAE FH A, AR
FEfb T 52 B, 4k /s B 2 5E R I 40E >, &
TR A PR 2 H 5244 — Be AR (8] 456 A g 25 1) B LB
JIFAT N T H, 4R BIE 7§ 2 &R A
AT R TH 2 (AR AL T B B4, DR S R 3))
F15E 32 B4 ) S A EL R = s, B 2% -
R G RFAE. B SEER 2O7VE B R 1R
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W RSB (biomembrane force probe, BFP)
S5 MY (1) 73 1AW 20 & T B 16162,
Nt — D Hf# CD44 — LK. CD44-HA #
HAEHAN SRR 2 )% 2% 7, LU EEA A
20T TR R I SN BN 7 5 R AR S 77 2 R 5 R
H A CARIE 1) 0 T B IR =4 R B8 5 S50 8T
T FETANMIMERT, EiEFE RS PSGL-1 M E
TEFR SRR koy 5 E B R 5 CD44 M HAF
B, T IE SRR ko WA, 2T SO 5
K Kp(Kp = kor/kon) W o1, A2 UL E 2 EH 5 CD44
FHEAE R 256 TR BARAS[R SCHRHE i B AR Bl
HER, ABR F R AR, R E
i3 —PSGL-1, Eik#% % — CD44 WXt TA R Y
CD44 —HA HHHAEH 2 L, Ja 3 i 1E SN 58 3 T
5, 1 87U B ZI A KK 22 57, B A T B B i 4
Kp (& T B IEFF =AM BAEH, 29 CD44-HA
M HAEH RSG5 BEE. — Mo 2 2 HA 73
TEN 6.4 kD I, H5 CD4a4 F HAE K7 b R
kot WHIE B T HAh 2 T & HA, FLRFF RS T EK
HA 5 CcD44 M EAFRESS. 74h, WNOAEE T LL
EH, %4 HA T8 >100 kD i, 25 cD44 M EHAE
FHIIE RN ZEM 6.4, 31 kKD B[ ~ 104 M-1s™! B3 T}
4 10°~ 10" M~1s7!, B CD44 - HA A EAE R fig
5 HA K15 FRS VM. 1 R A HA 30T 204

FRIEA HEA S CD44 2545103,

D12 T AN T [RAR AR RN B) )45
e TR 2w, FERIET AFM HiARXAF cD44
V.2 JE AR RH LR P A . &5 S SR B OREAT B )
IN#EFE 4T (046 ~4.58 B 0.45~5.22 nNJs), NE&
& HUBRIA R 2 AR HAE R, CD44 —HA AH TR FH T3
JIHRPELIAE 20 ~ 50 pN, FHM (1) 77T 47 [ B3 53 531)
#5155 03+0.5, 0.57£0.11 s7'. A4 Fik CDady
bR R CD44s, 5 HA HHHAE s 3 % 55
FRTHE pkBFER. F4EEAILT4EEA RN
HAEF, UBH CD44 —HA # EAEH R, 5T FFE
FIE CD44 4, AFM #REF - EHEE48 HA 5%
B b A0 HA PRI R P 00 2 ) e B o R 6 22
A& RT3 CD44 —HA A ELAE FH W3 e e 5 R
WRE B CD44 B CD44 (IR AE X5 T )2 1 52
oAk REATT LG, 200Ut B4R maREr B e
A HA [PFERIS, Wi 7 0NE N4 N 8&4%; X Alfe
540 M, S5k i R, M 202 2 8 A 5
TERA R 7ok, WA 7372 HA 5 CD44 i H.
TER RN, =%+ 5 HA MR ER0T. WK 2 4t
THR AT LAE H, Z4E 5% T IR1S1 CD44 — Bl AR AH B
VER s BB i T =426 T (R D) s R, &
B 2R 29 3R K A0 A FA L I B3 75 25 (i 34 .

* 1 ETRAFBETHREANAE D FHRZYER N DFSHELK

Table 1 Comparison of three-dimensional interaction kinetic parameters for different molecular systems based on SPR technology

Interaction pairs [NaCl]/ Form of Kp/ kon/ koft/ Ref
erI.
selectin/HA ligand nM selectin nM M 1s7h s~
50 dimer 178 £22 1100 + 106 2.0+02)x10™*
PSGL-1
200 dimer 1150+ 118 165+ 13 (1.9+02)x 10~
E-selectin [64]
50 dimer 137+6 1200 + 82 (1.7+0.1) x 10-*
CD44
200 dimer 663 48 226 +28 (1.5+0.1)x 10™*
PSGL-1 150 — 467 £95 52+5.5 (25+4.7)x 107
E-selectin [34]
CD44 150 — 777 +£40 61 +24 (49+2.1)x107°
PSGL-1 150 — 259+ 34 793 £ 166 (1.9+03)x 10~
E-selectin [65]
CD44 150 — 233+9 903 + 156 (1.9+04)x 10~
HA-6.4 kD CD44 150 — 2711 (6.27+0.1)x 10* 0.17 +£0.0039
HA-31 kD CD44 150 — 2.52 (3.44+0.02) x 10* (8.68 £0.89) x 1073
HA-132kD CD44 150 — 7.98 x 1073 (1.83 £0.03) x 107 (146 £0.11) x 107* [66]
HA-700 kD CD44 150 — — (6.7+0.03) x 10° —
HA-1500 kD CD44 150 — — (1.76 £ 0.06) x 107 —

Note: Kp, equilibrium dissociation constant; ko, dissociation rate; kon, association rate. Most data are obtained from literatures directly except

those underlined which are calculated by Kp = kot / kon-
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Table 2 Comparison of two-dimensional interaction kinetic parameters for different molecular systems based on AFM technology

Rupture Loading rate/ Single/
Interaction pairs Design kogp/s™! Ref.
force (nN-s~1) multibonds
substrate: CD44 0.3+0.5 24~44pN  0.46~4.58 ingl 68
S +0. ~ .40 ~ 4.
tip: HA Eadakiad il single - [68]
ubstrate: CD44 0.57+0.11 26~48pN  0.45~5.22 Multi 68
S7£0. ~ .45~ 5. t

CD44-HA tip: HA + p ultn [68]
substrate: CD44 decorated lipid bilayer
. 0.63+037 30~60pN  0.83~6.84 Multi [68]
tip: HA E—
substrate: CD44v decorated lipid bilayer

CD44v-P-selectin . . 0.16+0.03  35~40pN 0.05~2 — [69]
tip: P-selectin E——
substrate: CD44v decorated lipid bilayer

CD44v-fibrin . . 0.43+0.1 30~40 pN 0.05~2 — [69]
tip: fibrin —
substrate: CD44s decorated lipid bilayer

CD44s-fibrin . . 044+0.05 20~120pN 0.01~5 — [70]
tip: fibrin —_— —
substrate: CD44s decorated lipid bilayer

CD44s-fibrinogen . . 0.62+0.06 20~120pN 0.01~ 5 — [70]
tip: fibrinogen _— -
substrate: CD44v decorated lipid bilayer

CD44v-HA . 0.005+0.003 60~ 80 pN 0.01~5 — [70]
tip: HA E—
substrate: CD44s decorated lipid bilayer

CD44s-HA . 0.004 +0.002 60~ 80 pN 0.01~5 — [70]
tip: HA E——
substrate: CD44 —expressedcell

HA-CD44—expressed cell . — 15 pN — single [71]
tip: HA
substrate: CD44 —expressed cell

HA-CD44—expressed cell . — 0.9 nN — — [72]
tip: HA-coated bead

I dcell substrate: CD44 —expressed cell 76424 0N -

i —expressec ce tip: HA-coated bead - OFs4n - - [67]

substrate: CD44 —expressed cell

HWM-HA-CD44—expressed cell — 2.4+0.7nN — — [67]

tip: HA-coated bead

Note: Most data are from literatures directly, but those underlined data are estimated from figures of literatures.

AN, EEXF CD44 -1k EK . CD44—HA I HAEHA R
M, BAACAARE 7 4504 T rIMHEIER
SR R AR B, (R B N ER B A T AR
AR I B . 75 2 B ) 72, 2 IR BN [F) S e
A SEES T B R 2 5, S EUCTE I E 2 R
ITEIEIE, Prolix B A ¥k 35 PSGL-1 #HH.
TER I R G EN.

bR T BiR =4k, =4 AT N R IGE B IRV
IR, S ERTS CD44 — FRR AR EAE A S
(Y ESAA A2 JORG R 20 0 220 R YIHRIE, f LAY
SE B LA BT ) AR B s B, A LR,
BIRAE LA T CD44 [F)y =i 5 R AL 7R 173741,
{HRH A A A A AL RARBITI %4 T, 45

YA LS17T, T84 25K IH (1) CD44v ik F AN HAEH
I R ERIRZH FE RN B B R 518, IR 2 P
PR, L IEPER U700 5 — 05 T, d sy )
AT, RIEH CD44 11 L% A i bk KG-1a 7E HA
FLHE AR b S B2 ARG BRRRAE: 7E44 0.2 dyn/em?
NRATSRGE, T EIR 340 R E H B AR BT )
B I 3G 0, 7E 0.7 ~ 1.0 dyn/em? B V& 2 41 B £l =
IR B e, SR B A IR BT U) 1 i — S8 IR B 4 i
g s, PrByIEe )8 2 Wik 100 dyn/em? 77,
it AR 20 B TE B HA JERAR L AFE R R, %
MRBIY) FI4E 1.0 dynjem? 7247 781, Jh Ak, CD44 /)
IR o R4 B8 FRTRY PR FNIT #% 3 B B T HA K
BRI 79 2B CD44 — HA A HLAE FH 4 32 Ak
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BUIAL, (R 52 B4 B2 55 77 5 R S K i . B A E
B2, CD44 —HA MHEAEH A TR0 BRI 30 712
BE A4 B D) 2 I 22 AHREAE 518 2K — PSGL-1 A0 EL
VB FAY 5 0 4 BRG Bt 2 77 22 2848, TR AIE A2 Ak
JIVEF Tk 2 5 PSGL-1 AH HAE H I 3 8 S e 1iF
Y SE I B0 R EIRAR BT D) A 1F T A 4E iR B B 7
U B LS5 SRR EA, 40710 DL HA-CD44 A8 TLAE
F AR RN RS 22 9 w55 A1 PIRAS 1L 1T CD44
— SEBEF AN EAE F A5 40 R B 3l ) 2 B A4
FERIHRFAE 2 A0 7 an e 1 42 25 ) 81, D65 410

25 EJTiR, CD44 — i = /MA M EAEHA LR 2
TE43 T2 R0 SR B 7 2530 52 8 40 P J2 IR PR RS B 3
1%, VLR D12 R IR 0T SR AN 56 3. 1 CD44
AR BY AR BSOS EA B I S 1 2 AR L HA N4 T
BN A DL RISER &1 FRINE R
%, FEOAA B 2 A M LU T B LU, TG L
B 4 e B L AR W Th g

4 CDM-FLIRHEEIERAMUEER

SERIURE ThRE, 2> TR S MR R E T 43[R
FHEAE R SRl 7325, 13T P 40 = ks B 30 ) 2
K LA ThEE. R, WR CD44 — Bl Aok ELAE F 1)
OV 25 R R AUE AR R T B 4 ) R CD44— PC A4 AH HLAE
() 22 5 L AR JORE e IR B FE R R . A
FL IS RV FERR L FRAP SIS R W] CD44 JEAbR
TR IR BRIRGE I, (32 ~ 132 AR IERR) & CD44 ()
fiitk — RRIFEEE, EANER E, % s H DL AR
[ 324 (U E/L ik #3) — WM EZE G A R 82831 B
ZEEMIEN ) RN T CD44 5 HA ME &1
REILEN AL, CD44 HI AR XA P B i AR SF 11)
BX7B Z ik B, Ho— BN 38 ~ 46 &R F B,
Z 515 HA M&4 it B IREREE Arg S0
MR Lys, X7 ARFALAT 7 MERR I ER). 75—
BX7B B T — A B R 29 100 NI RR
(A, [FFERT DL HA /R B {H 2 L ROW 25 14 4
TE MG ANE .

H 8038 1 5 1 2 OB Al 4546 = 2L HE CD44
N- A ¥t ) HABD(HA binding domain) 45435 (861 1)
J HABD-HA #HEAEH A1) 254 187881 @i L
B HA S5 R E MM 54N, $2H T CD44-HABD
SERIRAZAE PRI FIRR E AR R RS — /& HA 25

455 HABD %5 #18/ Link domain C- K ¥ & X
(1 J¥ B9-sheet A2 B =1 &£ TG /7 1Y) loop X, 3 A Link
domain Mt =, 1M H. HABD ] C- A ¥ J B E HA 454
RS TR, IR % G257, W REGGIREA
HA 2544 NI HABD MR 533N “H 7 (0)”
A< TR (PD)” M 4. #id 90% ) HABD #il N
£ HA 255074 F R H PD AIRAS, 321t PD 4
HAE PR — % HA 454 53 HABD
I R4S A7 (NIREE AN T R41 A7) A ZER AL B i
(1) loop X & AEHUAIARAL, T 805 HA 45468
FIH B 881 (1] 1(a) A1 1(b)). CD44—HA #H HAF T
T BRSO R BAEH, BRI g A )
ZFBIRE A W4 B8 HA 5 HABD 454
ANAFAE— P G52, 1M 5 22 1) 20T BEAU U T HA
5 HABD 454 1T UAZAE 3 FOAS[E L, 400 72 4
IR G, AT SR B LA A, Hoh i
gl AN A e T o, J5 AN 2 T ARRAS 1901, 44
i CD44 -HA M EAE R R 6.

HA (45401 S CD44 MR XU L ik i is 4
Sh G Re I A4S B — RAUBE I I SRR, FFRE T
A 7R A EAE A R B, AR IR A
JI7E CD44 A FHI4HM (k) I3 E A, KL
1 HABD i C Kb 25 7% B BRI, IR 3AT N
AAE B VIS I A Fase kA, RIS BIYIN /1R
HABD M O M52 3| PD # R, ¥5& 7 H 5 HA 1)
AHELAE L AT G i HE P A BY DI AR A iR
O % 8% PD ¥4 1) HABD 27544 4% ) A2k U 9%
A b B A B D) B RS B SR IR )
J1EBE R, AEFH T ¢ R4t 1T B3R C A g
DX A 12 45 ) Sk 32 A 25 440 2 1 (0 AH ELVE FH, AT 512
LT M HABD ZE RIS O ¥9 5755 PD # R 45110738
a5 [FIBTAE C A Ui it fin (149 41 7 mT BE PR 5 5 s o AN
71 PD HIH % . 38 HABD-HA AHEAEH, NI EA
KA 2 PR 9RE S 7 T 3 i AEL 40 A U 5 181, gk
4, CD44 — HA AHHAE FH A5 10 20 BRURS B AT 7% 0 2
T HA ZKERIRIOAE R, $27R 52 T CD44 115 S51%
S HANUBUBENE T, 3D R T R R R
CD44 RFEEMZS SR H S HA (455667
W A

H4R5CT CD44 HABD 45 #4148 )2 HABD-HA #f
AR FRHIER R530E, {52 CcD4d HAth
G5 KB AN [F) W A0 R RO 5 R SRR S T HA 45
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Fig. 1 Microstructural features of CD44 -igands interactions: (a) Schematic interaction network among PSGL-1, CD44, E-selectin and HA;

(b) conformational allostery of CD44 HABD domain induced by HA binding; (c) crystalized E-selectin-sLe* interaction complex

G TTRRIEANTE 2E. A, AR R O 45 4
FUAX 56 3%, BAEH G5 775 KL S5 AR PSGL-1
HAE R HHREAE O (B 1(a) A1 1(b)), 1H /2 CD44 -
P2 A ELAE I I OU 45 R RFAE A v JEHOE. AL,
BE—20 MWIOILEE 4 |2 IR 5 %% CD44— L F5 R AH BAE
REIE S L D)5 R A, R R N R L S5 M Th RE - K
RIS,

5 CDU-FLIAHEEMERNTSHERNES
B

HA =15 CD44 254 i i ! AS 5 38 25 1
BT | K SIEEE DR A2 —. 1
VA AT A% U5 T CD44 3 i P 45 #3855 41
i B B 5% B 1 A AR PR 3 O s A A 5000,
ERM EM#: CD44 5MRNZE AN FEEAZ
— 51 HEEAAT AT T CD44 R BB S L G
FO1HA 456 CD44 F8UE H C(PKC) W, f#
3 CD44 N im i Ak, 9 H 5 ERM SR EH 4S5,
HET 058 CD44 5 20 fi-i B2 AR ELAE F, (et 40 it
Fe 1898991 I3 bl HA &5 CD44 {1454 7] LIAEHE c-Src

PABESEAE 22 CD44 SR TG c-Sre, 4k M 34 N2 &
SR cortactin M S Z FRBEFR L. Cortactin Fr) 1 2 2
TERRAIRES T H AL RS 8 (R BE /T, AT 15
UM RS BE ), (e 4E i ) Z24E 10 HA 5 CD44
AH B AE B AT LU Rho GTPase(l1 Cde4?2, Racl %)
155, 1%A5 58k A [ 2808 7 R 1 45 20 i 48
(R EL A, 3T IS T . HA-CD44 #H HAFH AT LA
T Cded2 T F VLEh S s o o 4e A 2e, 12
HEA R SR 101 HA 53R EEERTA CD44 14t i 25
AW ATEUE Racl 15 5% T, 1 7 U5 40 i 52 45 48 45
IS MIIZ 5. CD44v3 55 Tiam1 2 [8] fRAH ELAF A
BT Racl 555 5 M40 & 22 5 19 FLR MR E
F2102 HA &S EHE CD44 598 A Vav FR K
Vav2 & F A EAEH, 4E5F Racl A1 Ras 751k, (2250
S P8 20 PR A KR RS 1 I 103 (1] 2(a)). 734k, HA
5 CD44 A1 BAE i w] i i A [F)45 5 30 1% 1 42 40
(A=K BEFE . 7R354, CD44—HA FH HAE R nl it
Rho %% 5 PI3K, 5 H1 PI3K M0 22 & 2/ 7 2 BRI
Wi (Akv), HE T2 20 40 3 BB AN A7 104, [F] I, CD44
LiET HA & R HAS2, HA J2 Akt {5 538 2 ][]
1B A5t R % 5 5 LR R P Ake 45 5 R SR IO,
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Fig. 2 CD44 -mediated intracellular signaling pathways for cell adhesion and migration: (a) CD44 —HA interaction mediated intracellular

signaling pathways; (b) CD44 —E-selectin interaction mediated intracellular signaling pathways

B3 2 5 IR A T A R A0 A7 % 105, AR HA @i
il 5 A A A RN [ ) HA 2 AR 3 i
M rhfe. Hod—fj2 HA-CD44 505 p38 L2 7
EH (MAP) B B2 AH 9, CD44—HA 358 T
Y B f 18651 11061, HA—CD44 #H B4 FH i 7] 3@ i< 2 o
AME SR B 1 A0 2(BRK1/2) /5 N B2 40 B i
fh A HE 1071, BYGE i IS ERK2, #E— DR 1L Elk-
1, (R4 AT A2 DL 365 10U, D44 thmf U A3t
] 52 AT AT A A= ) S Th Rk, JE 5 R4 i A K R T
HGF 454, CD44v6 5 Met LA HGF =1k E &
YIFFAEHE Met 335, £Bx CD44 I 5 B Bk 1H 7T LLEK
I Met, H75 5 CD44 M)ii B85 ERM & I AH ELAE
ﬁﬁ 7 REBEIE Ras-MAPK i&4% 1081 CD44v6-ECM 45

AR HE PI3K / Akt A2 AT Met 4 353 109-1101

A — 1 Merlin 7E CD44 il Y 45 & 07 A 5
ERM 1Z1E 354+ A F, Merlin 05 & 42 7E ERM &
H 235 S5 . Merlin B0 5142 B2 5t L3N & 1 40 &
LR A, (RN BEIE Ras 34096 LK Ras B 1E(S 55
S, FANE] T 2 2 RS Z RSB S SR D, 2
AR/ TR IR I PAK2 A]{f Merlin BEERAL 111,
B ]I 580 Merlin K35 HA0H| 5 CD44 (145519,
=4 i 25 P Bl 4 T HA NN 2 ik & Merlin 1)
ZWERR AL, AT S B KNS B SR R, 14540
Ff 345 57 BR S). (R, ERM & [ F1 Merlin & [ 2G5
il 4 A B 1 << 5% FE .

B ik HA 454530 CD44 I N1 5l IR e 40
MAEK . HE5E . 20 AR 240 2 S5 0 AR R AR AP,
CD44 1E A2 AR B 737 000 2 30 H AN [ (945 5 3 B

MILG: - KJF, CD44 —HA A EAEFA S0 T 41 4
BEI AR T #4452 VLA-4 5K VACM-1 FH E.AE
FHU2I T CD44 BN Sl 25 W BKAR | VLA-4 85 3R
AT AR KB AT AR 131 B8 CD44 W] R
I ARG SRS VLA-4 BEZRER.
CD44 —HA FH EAE TN & 25545, Wi
SEAMMpEiE Y, ERIE CD44 145 R 4 i il
it CD44 ZHLEAK /> T8 HA RIATiR S g, BER
a By WERIE, Hit—0l L o 8,-ICAM-1 # H.AEH
{1 b Je 200 PRLVE P B A P ) R B R i Y R SRS, Tl
BEIN PRC B 7], mT BE W 1225 R 9 AR 1S, 2%
lith, CD44 2635 MDA-MB-435S 58 Hs578T i
AR P BEE e 5 VLA4 RIA B, IR —
T I A 2 — FCAARRE ELVE R L B A PR P
ﬁlﬂzl““ (H 2(a)). B iR R4 G AT fil & CD44
WNES. NMEIE#EA R, ELFRYS CD44 M HAE
FH BT LA G PR A () 12 3 R Bl A2, LR R T
E &R R4 A @ 54 L CcD44 fu i SFK —
Syk — Btk — p38 & Tl BUE A R b, HETT
IS 0 Bo-ICAM-1 AH ELAE F A 52E 240 i 1 18 e v 50y 31
(K 2(b)).
IEFAE AR CD44 J% 2 107 T 4 i 5 fig 25
b, PRI R A B R 5 15 0 e 5 AR B FH
71~ LA 5 A8 S A B AR ) 2 Th RE A I 2 %
TEF. JEd H 2L - g- WIKE (MBCD) ¥ HE R AE [ B |
FEAIC CD44 TENRFE A ERER, R HG a8 T 4 | CD44
5 HA 454, s n 7 AR sh &4 T4k
AE ARSIV B A 200 i 80 T, v AT L ] AR
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PER A EAE R TG0 MRS B 3 ) B A8
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