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Figure 2 Effects of DMPK-F and FITC at different concentrations on MSCs: (a) CLSM imaging of MSCs modified by

DMPK-F and FITC; (b) MFI statistics of MSCs modified by DMPK-F and FITC at different concentrations (ns indicates there
is no significant difference, **** P < 0.0001).
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Figure 4 Influence of modification temperature on modification effect of MSCs: (a) CLSM imaging of modification effects at
different temperatures; (b) MFI statistics of modification effects at different temperatures (****P<<0.0001).
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3.6 DMPK &1 %t 4 B i 58 B 2 00

w6 fr~, 45, 25. 50 uM ] DMPK
&1 f5, MSCs B3 5 it 71 5 K18 1 40 A t
T EEZ 5, HA % DMPK 151 K B (1) 5 i
(K 6(a)). ARG /FEREERE R, KR

@ 900

900} = MSCs
~ 00} ®5HMDMPK-MSCs
S ool =25 uM DMPK-MSCs
= NS
= sl 50 uM DMPK-MSCs
E 500
&
= 400r
5 300f
[
O 200}

[

0
1 day 3 day 5 day

Concentration (M)

WA RIS TSN (), MRS ERE,
o FE 15 0 R, U W) DMPK & i 6 40 At 4% 4
BE 1 & & 2 (B 6(b)). iX % W] DMPK &
U 2 — 2 4 o 4 A 2 PR T N P R T AE
ik

(b) 1 day 3 day 5 day

MSCs

DMPK-MSCs

Bl 6 DMPK xS 4113 54 520 (a) AN [E]H B2 DMPK 6T MSCs F4H 3 51 R 5% 7 (b) DMPK 4211 /& MSC G /5L 4%
TR (FRAHM A, TR A S ).
Figure 6 Effect of DMPK modification on cell proliferation: (a) The effects of different concentrations of DMPK on cell
proliferation of MSCs; (b) Live /dead staining photos of MSCs after DMPK modification, with dead cells in red and living

cells in green.

3.7 dpaREREN

WE 7 s, CD29 F1 CD105 ik B
53 5 K 94.6% F194.3%, CDI14. CD34 il CD45
FEIEBHYE R 2> 51 0.42% 0.34% F10.32%. %

ZERK W, DMPK BN RAEM 1 MSCs K 1 T
MR EW LR EZR, DMPK B A & A&
MSCs K T & #4021, [ ik, DMPK & 1fi %t
MSCs TP 4EFE & 241



134 HAERT A T RETE R 20112 15 20 M S B 0T 4 AT 9 PR 5 37
100 7 FITC- CcD29 FITC+ 100 I FiTC- FITC+
536 946 575 €D108 943
80 < 80 -
» x
T o S o
E -.2. —— |sotype
o o
X 07 i R @07 ~————— DMPK-MSCs
20 9 209
[+] T T o T T ‘l\ LEl |
10 10 102 103 10 10 10 102 103 104
FITC FITC
L cD14 P+ L CD34 PEs R LS cbas e
{996 0.42 997 0.34 997 032
80 7 80 7 80
x x x
T ) o
= 0 ] = 0 = 00"
o - —
o o o
o\° <0 " e\o 0 7 °\° <0 =
20 20 9 § 20 9
o Ty : bbbl | LA § T 0 oy Lok J bl | TTer o Lhde | ™Y Lhddd |
|0° |OI |02 'I()3 104 \00 101 102 103 'D’l |o° |o' 102 |03 ’04
PE PE PE
7 DMPK #&1fif¥) MSCs 5 AN R $u 405 & 5 140 =K .
Figure 7 Flow cytometry of DMPK modified MSCs incubated with different antibodies.
4 & FAN: fE4°CTF, MAHWKEER25 uM ) DMPK

MSCs i1

&4 10 min. SZIER B, DMPK &4 % MSCs 41
WL ORI N RS AT MR T pssiRe ) R T ERAE S BB R, R R
BT DMPK. JUMBIGIREE %4 B0 T4 TR BTN .

Sk

Teramura Y, Iwata H. Cell surface modification with polymers for biomedical studies [J]. Soft Matter, 2010, 6(6):
1081-1091.

Tomita U, Yamaguchi S, Sugimoto Y, et al. Poly(ethylene glycol)-lipid-conjugated antibodies enhance dendritic
cell phagocytosis of apoptotic cancer cells [J]. Pharmaceuticals, 2012, 5(5): 405-416.

Zhao W A, Teo G S L, Kumar N, et al. Chemistry and material science at the cell surface [J]. Materials Today,
2010, 13(4): 14-21.

Abbina S, Siren E M J, Moon H, et al. Surface engineering for cell-based therapies: Techniques for manipulating
mammalian cell surfaces [J]. ACS Biomaterials Science & Engineering, 2018, 4(11): 3658-3677.

Lee DY, Cha B H, Jung M J, et al. Cell surface engineering and application in cell delivery to heart diseases [J].
Journal of Biological Engineering, 2018, 12: 11.

Inui O, Teramura Y, Iwata H. Retention dynamics of amphiphilic polymers PEG-lipids and PVA-Alkyl on the cell
surface [J]. ACS Applied Materials & Interfaces, 2010, 2(5): 1514-1520.

Miura S, Teramura Y, Iwata H. Encapsulation of islets with ultra-thin polyion complex membrane through poly
(ethylene glycol)-phospholipids anchored to cell membrane [J]. Biomaterials, 2006, 27(34): 5828-5835.

Itagaki T, Arima Y, Kuwabara R, et al. Interaction between cells and poly(ethylene glycol)-lipid conjugates [J].



38

[ S S S 2026 4F

10

11

12

Colloids and Surfaces B-Biointerfaces, 2015, 135: 765-773.

Paulick M G, Forstner M B, Groves J T, et al. A chemical approach to unraveling the biological function of the
glycosylphosphatidylinositol anchor [J]. Proceedings of the National Academy of Sciences of the United States of
America, 2007, 104(51): 20332-20337.

Tang T T, Wang B, Li Z L, et al. Kim-1 targeted extracellular vesicles: A new therapeutic platform for RNAi to
treat AKI [J]. Journal of the American Society of Nephrology, 2021, 32(10): 2467-2483.

Teramura Y, Kaneda Y, Totani T, et al. Behavior of synthetic polymers immobilized on a cell membrane [J].
Biomaterials, 2008, 29(10): 1345-1355.

Dominici M, Le Blanc K, Mueller I, et al. Minimal criteria for defining multipotent mesenchymal stromal cells.
The International Society for Cellular Therapy position statement [J]. Cytotherapy, 2006, 8(4): 315-317.

Research paper

Modification of Cell Membrane by Functional Phospholipid and
Its Effect on Cell Behaviors

HU Ya-qi, LI Ru-xiang, NIU Xiao-yuan, WANG Lian-yong *
(Key Laboratory of Bioactive Materials of Ministry of Education, College of Life Sciences, Nankai
University, Tianjin 300071, China)

Abstract Cell surface modification is one of the main methods of engineering cells, which is of great
significance for the study of cell function and application. In this paper, a DMPE-PEG-KBP (DMPK)
phospholipid molecule containing Kim-1 targeting peptide (KBP) was prepared by Michael addition reaction, and
DMPK was modified on the surface of mesenchymal stem cells (MSCs) by non-covalent hydrophobic interaction.
The effects of DMPK concentration, modification time, modification temperature and modification environment
on the modification were investigated by confocal microscopy. The effects of modification on the behavior of
MSCs were also studied. The results showed that DMPK could modify the surface of MSC uniformly, and had no
effect on the proliferation and phenotype of MSCs. This study provides an effective method for the engineering

modification of stem cells and has important value for the development of stem cell applications.

Keywords Phospholipid molecule, Cell modification, Hydrophobic interaction, Mesenchymal stem cells, Cell

behavior
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