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Targeting of stem cells for stroke treatment using PEG-lipid derivatives
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Promising cell therapies using mesenchymal stem cells (MSCs) is proposed for
stroke patients. Therefore, we aimed to efficiently accumulate human MSC (hMSC) to damaged brain
area to improve the therapeutic effect using poly(ethylene glycol) (PEG)-conjugated phospholipid
(PEG-lipid) carrying an oligopeptide as a ligand, specific for E-selectin which is up-regulated on
activated endothelial cells under hypoxia like stroke. Here we synthesized E-selectin-binding
oligopeptide (ES-bp) conjugated with PEG spacer. We found that ES-bp can be immobilized onto the
hMSC surface through PEG-lipid without influence on cell growth and differentiation into adipocytes
and osteocytes, respectively. In addition, the modified hMSC can specifically attach onto
E-selectin-immobilized surface as a model surface of activated endothelium, indicating the
sufficient number of immobilized ES-bp onto hMSC. Thus, this technique is one of the candidates for

hMSC accumulation to cerebral infarction area.
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1. BFZEBRLA S YO 5

EEA L OTEFTIZED, IR ZECIM H MR SN AN E R EIL, B AR ADHTIRROFTHE
<EEOTWDEMEEREETHS EEER] 12 A EEERO 4 FH)  BBIEIZL > T ER LY
LD (REFRE DK 1 Bl2aH), AL TIE, Z<O%BIEISE LT MEZEBF LT HA
B F SR O A (1 EE R EHIE (MSC)) & W T MR hl LS REIRI1E 2 B 45 3 i 176912
AT, JTHE, FEZEBE I3 2R RN Thiv, MSC ZFFIREST I X524 C,
JibaAs SE FEE | B AP R RE L B N RO L NAZ ENHAES I, UNE YT — T ar DA ORI L2
ST FEBE 1T DT LV EIRIELL T MSC BHEITE H 28D TW5, BEARANOE RIS
MSC Z 47 BfEL T, 5588 - RS (102 A B L) 8 RESR 21T i /R T6 R Cho7ed  IHREL TR
B HIFFS IV CUND, LU W5, RIR TO BRSNS S TODH DD | B ZESRALIZ 1T
% MSC ORFFS0Z DIEHE AT = A LD TIE, RIZRZENRZ N, FlZIX, FRIREESR L 72 MSC 1%
FRIEEN ~EFE T HZEEHIFFL CWDH, IMFFZEET LTy M Tk, BRI IEF ITEL, 0.01%LL
TEVIFERTHD, F7-. WHEZEEI ~ER L= T MSC 13, FeR I A R0 A 57 4 1 B2
BRHLHDD, FHENTZIRMER A D3NN TWHEDONTDOWTUI R TH D, DED, T b Tt B&
Z 10° > MSC HAZ AL T, VU 100 (# OHI RS A ZEEAL ~EFEL CWODRFRICARY ., £
DD T2\NFIAE A AT FESRAL TR A ML BT A I T H L COBIENE Z LN THDEH, 2XDHE
HCTHD, DD 100 JEFEE D MSC H3E D I A FEERAL LTI & 87 AP FE I B 5 LT
DNIRHATH D, Z D78 MR TOE k 134T L & TEXAL DO TIEZRV,

2. WEDEW

AFZEClE. WEZEGRMICK AT 24 ) = 7F FTe + MSC (hMSC) FKHi % EHid 2 2 &
T, I ZEEFEA A O EREE % J D, hMSC & BIEHAL & OMAEFHEEERIC X b i EAER)
RomEHEL M L2 2HWE 375, MEEFERIEGRAL CIXMEIMIC & B 7\ M N R
fasRm Licii & v o 2 EBFIT 2 D, COX v NI RENE T LA ) TTF FE MSC
RIEITEMi+ 2 2 & T, MBEERIEGRI~D hMSC DOERFRERS e b L& 272, C
T RV ANIED—D2TH 5 E-selectin ICEHL, 2T 524 ax7TF FE2HHT
%2, ¥7, MSC R ~DHEHH~ 7 F FDEAITIF R~ —H —& L T poly(ethylene glycol) &
fEE (PEG lFE) FHEAZ AT 2 >4, 2 Tld, MSC IZEA L 72 ES-bp-PEG FE @ in vitro
I IC D VT E T 5 9,

3. WgED ik

E-selectin ICFFRIICHEET 24 Y X7 F F (ES-bp : DITWDQLWDLMK) I N & %\ (% C
Kilc v AT 4 v %EAN L7 ES-bp x W7z, L4 I F-PEGHEE (PEG:1,5,40kDa)& ES-bp
ARSI, CNEERT24 IR S L. v AT 4 v~ A I N ERIGE 452 & TES-
bp-PEG R E %1572, X7 F N & LT, EHDHE/2 % ConP(CGGGWKLDTLDMIWQD) % F|
HL7,

ES-bp-PEG IFE 249" % E-selectin DFEAHEZ FEMI 9~ 572912, KERE -~ A 7 B3 T7 R
4 (QCM-D) % v 7z, 1-dodecanethiol ¥§iE 2 VT, B —REIZ A FIVEEE KIGICH T
% B AR B2 T E(CH-SAM) 2 TE R S /72, £ D%, PEG AREFHEMA(500 pg/mL), bovine
serum albumin (BSA) (Img/mL)% it L7214, E-selectin (5 png/mL) % i L7-,

N Kb 1 HEAE FITC %3 A L 7= FITC-ES-bp-PEG FE % FE L .hMSC DK HEA % 1T\,
LR X 0 Tl 7 V ~D B AR & LR L —F —BfEE, 7e—3% 4 F A b
YV —IC kY Z 0% %25 L7, £72. EEL L 72 E-selectin IC X3~ % hMSC DHERE % FH~ %
7291, ES-bp-PEG IFE T4 L 72 MSC & 2\ 13 FEEHT D MSC % B ~3FFE L, 37°C T 154>
MIERE L 722, Kb ot+a0ic ) v R L O ZBEMET ol L 72,

4. WFFER S

QCM-D iC X V| ES-bp DN &H % T C Kk L7z PEG lEE IR L T, E-selectin Dff &
iz 1T o 72 & & A, ES-bp OFEEHNLICBID & 37, E-selectin 12 9~ 2 & 23 H & L7z (Fig. 1)o
N K4 & C Kifid bAEA L 72 ES-bp [Tl E-selectin iICXf 3™ 2 A B DEVIZR SN > 72,
fhg, 2 v b =7 FTlE, ZOMBEBA SN0 572 L H 6| E-selectin & ES-bp-PEG
JEE DFEEPERINTH 52 L HBbhoTz,

ZRIZ. FITC-ES-bp-PEG lFE % F\>C hMSC DR HMERiZ 1T\, ML —F —BafEE L 7 =
—H A4 P A MY —ICXBFHIZ{T o7z, WIND PEG #H5 (1kDa, 5kDa, 40kDa) @ PEG i§HE %
728554 T H hMSC O NERICIZEE IR R & g, MR i i< © A& FITC-ES-bp-PEG Hig & 13
KAz (Fig. 2)o *72. hMSC OMIfEKIICE A X 17z ES-bp 1x. Ko & 3 icifaRm
D HIHKT B & HBIEE I iz, ES-bp DIHAMEE X, PEG $HEICBD b3, 131X UEE <
RasRTm 2> & Wik L | 24 BReEI2 I 3P0 E AR I L T 20% RIS 5 2 & 30 o 7=, T2,



~T7F FEABIL, PEG#HEICHEHLH T, 1MlES20. 10855 1007 F FETH o 7=,

¥ 72 E-selectin % FARER M 1< [EE(L L i L 2 IE N EMildo €74 & LCHIA L. hMSC
DIEHERE % 72, PEG A~ —% — A3 5kDa & 40kDa @ ES-bp-PEG l§'H % {&#fi L 72 hMSC T3,
HRAE 10 47 FILANIC hMSC 238 L T\ % & & M T & 72 (Fig. 3). FFIC. PEG #H 40kDa @
54 TlE. hMSC DEEEBDKIEICIEMT 2 2 L 390> 72, —F. ELIHED hMSC H %\ i
PEG A —¥%—7% 1kDa O &6, iR 15 2HILANICHEIR~EE T2 2 L i3l o7, 2D
&5, 40kDa D ES-bp-PEG EE T hMSC Z{EHfid 5 2 & T, WIHHOEE 2 RICHFETZ
BT EBDD oz,
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Fig. 1. QCM-D analysis of E-selectin-
binding to ES-bp-PEG(5k)-lipid. ES-bp(C) or
ES-bp(N) was conjugated to PEG-lipid at the Fig. 2. Confocal microscopic observation of
hMSC modified with FITC-ES-bp-PEG(1k,
5k, 40k)-lipid. The control is non-modified
30 hMSC. Bar: 20pm
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Fig. 3. Cell-binding assay of ES-bp-PEG(1kDa,
5kDa, 40kDa)-lipid-treated hMSCs onto E-selectin-
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immobilized surface. Quantitative analysis of the
number of attached hMSC treated with ES-bp(C,
0 o NO. ND. ND. N)-PEG-lipids with different PEG chains (1kDa,

ide-PEG(1k)-lipid  oli ide-PEG(Sk)-lipid  oligopeptide-PEG(40k)-lipid
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4. FEER

R ZEFEREAOLIC FEBL 9™ % E-selectin 1C0f L C, K53 % ES-bp & PEG lRE%ZFIHT 52 &
T, MSC D#JIEEE Z#HETE 2 Z LRI N,
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