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The Study of Three-dimensional Neural Stem Cell Culture
Models Using Various Hydrogel Scaffolds
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('Tianjin State Key Laboratory of Modern Chinese Medicine, Tianjin University of Traditional Chinese Medicine, Tianjin 300193,
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Abstract In this study, naturally derived hydrogels including collagen, hyaluronic acid (HA) and sodium
alginate were selected as the main components and functionalized with laminin to produce 12 types of scaffolds.
Applied with rat neural stem cells (rNSCs) cultured in vitro, the comparison of the biocompatibility and functions
among these scaffolds was studied. The results showed that collagen and HA based scaffolds possessed three-
dimensional porous structures to support tNSCs adhesion after being cultured for 7 d. The 1 mg/mL of collagen-
based scaffolds had superb support for INSCs proliferation, while the synapses surrounded with the cells and even

emerged the specific protein and shape of neuron in HA-based scaffolds functionalized laminin with 15% cross-
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linker group. On the contrast, 1.5% sodium alginate-based scaffolds provided the microenvironment to allow neu-

ronsphere formation, which were more suitable for large-scale dynamic culture of stem cell derived neurons. The

selected hydrogels possessed excellent biocompatibility to support stem cell derived rNSCs viable and functioning

during proliferation and differentiation. The in vitro 3D stem cell derived neuron model combined with various hy-

drogels developed here could be useful for neurodegenerative diseases research and drug testing.
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A B AT IE IR IOINS CsA LR B: S5 5t Y (0 KHB 741 2 NestinPH (4% (), AR S (.
A: the NSCs of passage 2 grown as floating neurospheres; B: most of the cells were Nestin-positive (green) in immuofluorescense assay. The nuclei

were shown with blue.
E1 rNSCstFRIMEFRMTSREE
Fig.1 Morphology and identification of the rNSCs cultured in vitro

(A) 4 [ ]1 mg/mL Coll (B)
= mg/mL Collagen =180+
2300+ [ > mg/mL Collagen e I [_JHA+15% PEDGA
o — N\1 mg/mL Collagen+laminin = | | HA+20% PEDGA
g 2504 T I > g/mL Collagen+laminin g XX HA+15% PEDGA+laminin
o0 ¥ Il HA+20% PEDGA +laminin
g £ 140 |
o
= 200+ =
£ 21201
w) %2}
3 150 3 100
Z Z
k] B
> 100+ 2. 80
z Z
3] 3 S 3 7
< Measurement points (days) < Measurement points (days)
)=~
( )i 140 - [—11.5% Alginate

3 [12.5% Alginate

« 120 4 1.5% Alginate+laminin

& 2.5% Alginate+laminin

2100 - * T2 % Ale

§ *

g 804 o

S

= 00

%

Z 40 4

k)

> 20 |

2 0 |

< 3 7

Measurement points (days)
A RRIRAL B BRI, C: IERANAL. = OO SEIRSE AT HEARHEZEAOR, *P<0.05, #*¥P<0.01, #P<0.01, [7]— I [A] 5 T2 R
S AL SRR SR FEAR R B AAB AL EL, O [R)— SCEEPPR R 55— R L, #ONTR] — SCARAPRII 35 Rk L.
A: collagen group; B: HA group; C: alginate group. mean=SEM of three separate experiments. *P<0.05, **P/#P<0.01 modified laminin group vs un-
modified group with same material and concentration of scaffold on the same measurement point, *standed for the first concentration of the same scaf-
fold, #standed for the second concentration of the same scaffold.

E2 ARAERJR. BRARER. MERERIMAEEMRIE12M I AEES, 7 d4EREIE LR
Fig.2 The comparison of cells activity of rNSCs in 12 scaffolds of collagen, HA, and alginate after seeding 3 and 7 days
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A. B: 53 d | mg/mLIEJFEAHINSCs. A: RIEWLL; B: 144 C. D: 57 d | mg/mLIKFEAHINSCs. C: RIEMI4; D: 1&Hi4H; E. F: 553 dfn
557 d INSCSTE 15% 32 B 115 B R BR IS 415 G: 557 d INSCTEIS FH R ER A MZH; H: 557 d INSCSTE 15% i BRI 14 .
A,B: the rINSCs in 1 mg/mL of collagen scaffolds at day 3. A: unmodified group; B: modified group; C,D: the rNSCs in 1 mg/mL of collagen scaffolds
at day 7. C: unmodified group; D: modified group; E, F: the rINSCs in 15% HA+PEDGA modified group at day 3 and day 7; G: the rNSCs in unmodi-
fied HA group at day 7; H: the rNSCs in 15% alginate modified group at day 7.
[El3 rNSCsTEXXZRH1553, 7 diEhEMBRE B (FREE R AERREERNENYRE)
Fig.3 The distribution of live rNSCs in scaffolds after seeding 3 and 7 days (all the images were being overlaid)
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A: the Nestin, Tujl and GFAP expressions of INSCs in collagen, HA and alginate modified groups. Green area represented Nestin positive on left hand,

while Tuj1 and GFAP were shown with green and yellow respectively on the right. The nucleus were blue. Scale bars=50 pm; B: the fluorescence inten-
sity of Tujl and GFAP in three types of scaffolds (¥*P<0.05, ***P<0.001 HA scaffolds vs the other two different materials scaffolds).
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Fig.4 The specific protein expression of rNSCs embedded in the three scaffolds after differentiated 7 d
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Table 1 The comparison of twelve scaffolds with collagen, hyaluronic acid and sodium alginate as the main materials

BE R Bkt SHRIERE Pt ISR sesrit
Group Component Transparency Controllability Spheronization proliferation differentiation
1 1 mg/mL Collagen %k K Yk k %k *

2 2 mg/mL Collagen %k k Yk k %k *

3 I mg/mL Collagen+laminin s % % 2.8, 8. ¢ Yk k %k

4 2 mg/mL Collagen+laminin s % % Kk Yk k *

5 HA+15% PEDGA kK * %k k * ok *

6 HA+20% PEDGA kK * %k Kk * ok *

7 HA+15% PEDGA+laminin % % % %k k * % * %k k

8 HA+20% PEDGA+laminin % % % %k k * % * *

9 1.5% Alginate * * * * *

10 2.5% Alginate * * %k k * *

11 1.5% Alginate+laminin * * * * *

12 2.5% Alginate+laminin * * * &k * *
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BAVIHIR T =il T 40 22 40 25 K 1 R AR KB I 1
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A03 B K BRVR B A 22 T 40 B P B 12 K
W, TR T 12 “4H B2 487 ) = 4Ei Y, i it
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RIS o RIS 12 S 2R AE B et . S
VEME. WRERFE . R HE rNSCsBEFE K 234k 14> T T
177 W8, R 1R . SIS, M T = 4e 2
BrR, YRGS N4 MOCE B3 OULI AR o A, 45
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