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Advances in synthetic hydrogels as scaffolds to manipulate behaviors of
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Abstract: Endothelial cells are located on the inner surface of blood vessels as a monolayer, which separate the circulating blood from the
tubular tissues. Endothelial cells play an important role in a series of physiological and pathological processes, such as thrombosis and
hemostasis, inflammatory and immune response, angiogenesis as well as atherosclerosis. Manipulating cell behaviors in vitro using
synthetic hydrogels as model materials is essential for understanding the microenvironment of endothelial cells and further designing
hydrogels for basic research and potential application in tissue engineering. In this paper, we present a review on the advances in the
synthetic hydrogel scaffolds that promote cell proliferation without surface modification of any cell adhesive proteins or peptides. The
relationship between the critical Zeta potential of hydrogels and cell behaviors is discussed with bovine fetal aortic endothelial cells as an
example. We also discuss the idea of designing hydrogels for manipulating living space and dynamic behaviors of endothelial cells, as
well as that hydrogels possess both the biocompatibility and high strength for supporting proliferation of endothelial cells. Furthermore,
the challenges, problems and future development of synthetic hydrogels as scaffolds to manipulate cell behaviors are proposed.
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Fig. 1 Procedures of directly culturing cells on synthetic hydrogel
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scaffold. (a) Hydrogels are equilibrated in phosphate buffer solution and
sterilized, (b) The hydrogels are moved into TCPS, (c) Cell seeding and (d)

Cell observation
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Fig.2  Schematic of cell morphology on different kinds of hydrogels, (a)
non-ionic hydrogel, (b) weak electrolytic hydrogel and (c) strong
electrolytic hydrogel
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Fig.4 Effect of critical Zeta potential on protein adsorption and cell
proliferation. (a) The absorption of fibronectin on hydrogel is low under
condition of low Zeta potential, (b) only a few cells adhere and spread on
the hydrogel and the cells cannot proliferate, (c) the absorption of
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Fig.5 PNaAMPS/PAAm micropatterned hydrogels and cell
morphology. (a) micrographs of cells cultured on the micropatterned
hydrogels (96 h), (b) schematic diagram of cell morphology according to
the micrographs

22 RIS

AT T AE— RV IR E R R B A E
F, PLAmIRRETERR, SoEhiEr, O a Ll s s
IMENAREEIEEY TARIERTE, WRERERAER

BN, MEFEE N2 PRINIRE, s
BN AR A AT MR GRS e S BRI
(perivascular stroma)iT#%, ##%, TEREANE R 2 (capillary
sprouts), F£AEEAE IR H 2R EmI s FHgs, HEF R IR,
TSNS, TR, B Ay
SO E N AR AN T R BRI A —LE
BE., (ERADZSETERIME N AR A& TR R
T, EENTITIEA R E—E R A RS T 7Kk
HERIARES Ay SR R4, 3 EkSBeReReR
TR A R A B s T4

I AR KR poly(NaSS-co-DMAAm)H £ i
FRIAR SR (sodium p-styrene sulfonate, NaSS)fn-h
MR DMAAm FOifEEk(F =TINaSS/FINaSSDMAAM)) 5 [EE
R NN-TZ W R AR BE R H08 4% 0T, =ILL
AT SR — RIS EEHT(-200 kPa), FAT Zeta FAT
7E —8.8~—20.5 mV Z RIS WA TR B,

R poly(NaSS-co-DMAAm)/KEH (A Zb 5T Zeta Hfir
X BFAECs 1 T4 % N, 57 Zeta AT Ciia=—14.0mV B
IR T, FEHCERAIR, AR TAEAERAE
HIZER, M7KEHIT) Zeta FRATE T G i, ZENEIT RIS
2/ IN~1 000 ), EAESARH(~1.4 pm/min) s A, 27k
Tt Zeta FELATAR T Coa 15T, N FRATEIRUA(~2 000 pnt’),
EANEFENE0.7 pmv/min) (A& 6 o) 1,

l
—
[

l
[y
=

I #3% % /(um 'min )

A
et
o

=
=
=]
D1
e
=3

41 0 feb & T AR/ pm?

-y
=]
=]
sl
1
B

- W TEEE ]

i @ :Hifafpheme 02
[[] FEEE FETE FT R AT N A ) 0
=8 =10 —12 —14 —16 —18 —20 —22
ZetaHL AL /mV

B 6 Poly(NaSS-co-DMAAm)# ik #9 Zeta w4z 3 Lmfit i & &
R’ (6h) RitAeFasy
Fig.6 Dependence of the spreading area at 6 h and migration
velocity on Zeta potential of poly(NaSS-co-DMAAm) hydrogels

S, KRR Zeta BEATETT Caiiea I, RUEAHIEARE
DR, (ERAEAWHASIER, BRI R
PRERERINEAR L RIZ IR (L. 24 Zeta BAH—94
mV i, TEKEHRS R R AR 22 IR R
45, AHIEMIERRAUHOTRR, SRR HE
BRGS—rE (KB 7-3), ZadfEFsEe, 78 1 min NE



BT M
2012 49

VRN B TR A B TR S A R Gt 671

FERk. SRV SERTRRON E SR 10 min J5THE
HIHIRAE (& 7-12), 15 min [5R] B WEEHARRY
22RPGRE, 20 min [FIZAIRE R MRAORS (& 7-21),
ZEIROSRRICIR A FEAE 30 min JEA=KSE4, 1ZEEREH 1 A
AN MERITEAFA e e R T AR A TRIEL R MSE
EHRITERAERNESHERIN G2 . AEZH
THAYZNSE, e MTEL RS S
AOERIIEARIRIH, B8, 4 Zeta BALIRT Goidea I, N
AR Y ZETEDISN, HE A e se e A,
AHRERBI A T4 SR K B S AR T ARG E P
MEREANSNER, S TR R T
SNAERRE D M AN B R E ERIEs . IZTT R

s /KB AR ZAh, ARt B2
TR EEh T4,

7

3

B 7 CCDAnpue )t Zeta 2 fi k) —94mV #)
poly(NaSS-co-DMAAm)#EJi & &3& Fsmfilit, 7 8.8~9.3 h Al id4m
FET A 4 TAUAAR I % 1 min)
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