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Abstract

BACKGROUND: The scaffold made by nanotechnology may have a similar surface structure to basement membrane of natural organism, which can effectively
regulate the behavior of seed cells.

OBIJECTIVE: To observe the effects of parallel and staggered nanofiber membranes on the proliferation and differentiation of neural stem cells.

METHODS: The parallel and staggered nanofiber membranes were prepared using electrostatic spinning technology with type | collagen as raw material.
Neural stem cells of newborn rats were seeded on the surface of two kinds of nanofiber membranes. Cell culture alone was used as control. Cell proliferation
was detected by MTT assay. Cell proliferation cycle was detected by flow cytometry. Cell differentiation rate was detected by immunohistochemistry. The gene
expression of Bcyclin D1 aned CDK2 was detected by real-time quantitative polymerase chain reaction.

RESULTS AND CONCLUSION: (1) The absorbance values of cell proliferation of parallel arrangement group and staggered arrangement group at 1, 3, 5, 7 and
9 days were higher than that of the control group (P < 0.05). The absorbance value of cell proliferation of parallel arrangement group was higher than that of
staggered arrangement group at 3, 5, 7 and 9 days (P < 0.05). (2) Cell differentiation rate in the parallel arrangement group and the staggered arrangement
group was higher than that in the control group (P < 0.05), and that in the parallel arrangement group was higher than that in the staggered arrangement
group (P < 0.05). (3) Immunohistochemistry showed that there was no significant difference in neuronal differentiation rate among the three groups (P > 0.05).
(4) Real-time quantitative polymerase chain reaction demonstrated that the expression of Bcyclin D1 and CDK2 was higher in the parallel arrangement group
and staggered arrangement group was higher than in the control group (P < 0.05); and the expression was higher in the parallel arrangement group than in the
staggered arrangement group (P < 0.05). (5) The results confirmed that parallel and staggered nano tissue engineering can promote the proliferation of neural
stem cells, but has no significant effect on cell differentiation, and can regulate the biological behavior of neural stem cells from the level of gene expression.
Key words: materials; gene; scaffold; nano; stem cells; cell proliferation; differentiation; nerve
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1 #MRIFN753E Materials and methods

1.1 &3 RSN 8 S

1.2 BE AbE S2IG T 2010 4E 3 H & 2011 4F 4 HAEK /R
EERR S B 5 B sz se PO 5E K.

1.3 ##+

131 FEEGH T RREEA. L 1, 1, 3, 3, 3- 8540 -2-
TN B%. BrdU(SigmaeAldrich, %[ ); & 4 9 (Nestinl : 500)
Z o fEYifA. BrdU (1 @ 100) 2 b fEHTiR. 1L EPif 186 —
P (TRITC b1 ) Kl =E40E 186 — ¥t (FITC Axid ). 0.01% AJK
WM. 0.01% it AKX IR B (Sigma, E[H ); DMEM/F12
(Invitrogen, CA); 0.13% fifi &5 A & (Invitrogen, £ [H ), F &

ARET R4S (Chemicon, G ); Biik s 2l 440 i A=
K:[AF (Chemicon, CA); 0.002% fiT % (Stem cell Technology).
1.3.2 SIS Btk SD K, ~FIEJR & 10.26 g, JHTEH,
EH P 7RV BB B J 28 — R Be S e ah b it

1.4 ZE¥7k

1.4.1 SPATYOR A R TR PR AT R ) ) & 2 IR A0
SEUG T VERI A Ak AT e B JFOR N T RIREE, WRA
1,1, 1, 3, 3, 3-/N& M - 2- T, ZHEERLL N 8%,
il 2% e B A H A VR R R v e R R ZE . VA RAE
7000V HLEAEH T, LA 0.5 mL/ h (158 2 7R 5 R HE,
TIPSR AR AR I S S 2 4, add RIS B 28
W AT HES I IR IR 2R 4, WSeBead 75 b %33y 3 000 r/min,
WO S AR SR A 2 IR T LS 26 N B AR T8 12 h,

1.4.2 METAREMRFRMER Bl SD KRE&E LRHRIEH
B, DUBEBEIFRIBEE, ERaRmlhen, SBaRls
RFR > $7 0.02% JE - I35 . 10 pg/L Bl P ol 2T 4 4 o A= K [
T 20 pg/L R EAEKKF K 0.002% [F)F%, 254N DMEM/
F12, R = RPN, & 5-7 d BEATHU B 4210, BA
BR¥TBrduU (1 : 100) Z FEFEHIMA K APt S5 [ (Nestin 1 © 500)
Z REPUARAME R —PT, Ll SEPif 186 (TRITC frid ) &
I2EPTRR 186G (FITC bRid ) M =HL, WHHPE T4m 1T bR e
RrAHLYE

1.4.3 MTT A K A A VAR = PE BEALEX 96 FLAK
BENL D X R . SPATIRAE . SCHEIRAR . 2, f4H 8 fl.
B PAT B AT EE AR AT 4 JI5 55 1 289 75 )5 DL e A 4N B 32 TR0
M, TBE A T ICE T AR R ALR, R e T
A0 A e A B, SR, CPATIEA. SRS LT
TN BE A 1x10° L B4 T 4N 100 pL, 25 (4
BN IR . B HWEMAIRA, & 2d T84
TN 20 pL #5950, REFRMIEE 1, 3, 5, 7, 9 R&HL 481
96 FLARHEAT MTT 5258 , 7E40 YL T Bk ik K 490 nm 32
B BE AR
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144 METHMEGPURSEIEILEE TR W PAT A AR
YRR BT UG Y RF, RO B, NS MR R i A
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1.45 UM ARSI ARl SRR 7 d S, BRANK AT
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B0 JE PBS FRGEYE 1 IR, 1 g/L IZFEix iR b Ab B2 5 A Ak
WE (P1) L3 (50 mg/L) BEYE (A 30 min, I 2 4H M ARSI 5 4
JHLJE IR DG I DNA £, AR E R 4 K.

1.4.6 RN A5 edEEIR 7d s, B3 12
FUREFRM, NHRAL. PATHRAL. CASIRA % —th, 7EREFRAL
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EREE SO, AT RO S e, BRI
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IgG (1 : 100)37 CH#H 2 h, Lh 33258 FATAMIAZ Y, &
[ J5 75 2 6 WA BE TSR, PR AR AT A, IS R
Bho 220 M B HLZE X 10 4> 200 fEH0EF, 404k 20 i K
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1.4.7 SERFE & PCRATINAH G N Rk 40 S 3R L% 7%
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MWK, AT IEUSESe, 3 AR, 513 TR
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CA3’) Jz CDK2 ( | i 5] #): 5'TCT CAC CGT GTC CTG CAC CGA
3 ; FU#5I4: 5'GGC CCT GCG GGT CAC CAT TTC 3’). IEz\sk
o6 I /2 W44 & B 5 pL SYBR Green PCR Master Mix (Roche).
3 uL cDNA(1 @ 20 Fii % ). i 51 9 J R i 51 40 % 0.15 pL
(1 umol/L) H . ToBEpR 4% il L4l i 7K % A cDNA, gPCR J¢
RiBIETR: 95 CAF 10 min, HEATIEFF 40 Wk, IEFF 4G
PL95 CAEA 15s, B KFIZE{#H 1 min(60 °C ), f# A GAPDH
F1 HPRT 4 2., Ct(Cyclethreshold) 11X 3 J A& 2 w1 5¢ 56
55 A B BT A i R SR A L, 20 RE T
3620 P 11 2 R R IA 5 56 HE AL 40 B B 1 22 [R Rk 1 22 S 3%
o SLIRELE 4%,

1.5 EZRIEAT AT S ASEEHETIGOK A Y 0 #4814
3458 5 A FE

1.6 it o4 LA SPSS 16.0 itttk Atk geitab ¥, it
BHE L xxs FoR, R ZESHT, P<0.05 XRnERARE
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2.1 MRFHERE G EAE BTSSR RN I &
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HEF K 4 I 1 A7 4 B 47 (694+157) nm, 22D 7 [k
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YEHEH T7 IR DAL A

22 AETmineyib S EREIRME A T4l IR
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HA (E1B), HOdifFE IR RN A R HIRAEERD,
AT WAL AR 40 B s A B AR s 2 BRI T AP AE, ERUS
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)G B BEIRE M2 TARErR G, TE9 6 E M
TNERPET LB SR R e, ORI LB S RS LD, 2 Fhak
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HFrEY) Nestin, [F]IF 5% BrdU,
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2.3 RN LI R MTT K R, “FATHERIH .
HeBI A3 1, 3, 5, 7, 9 d (K40 M WO B 35 v T ) e
4 (P<0.05), “FATHEFIZHES %3, 5, 7, 9 d 40 o34 5
FeREm T AR HES 4 (P<0.05), TLEk 1.

F 1 | FAEFTEATE SHE TS EERELE (xxs)

Table 1 | Comparison of absorbance value of neural stem cells of each
group at different time points

Hegrmf el x AL TATHSIAL  SHHESIAL FAE PAH

H1K  0.24%0.09 0.33+0.01 0.360.01 137.027  <0.05
#3K  043:0.02 0.72+0.02 0.58+0.01 360.037  <0.05
#5K  0.70:0.02 0.87+0.02 0.70+0.02 115.685  <0.05
TR 0.80£0.02 0.97+0.01 0.89:0.01 155.905  <0.05
H9K  0.90£0.01 0.94:0.01 0.92+0.02 36.412 <0.05

2.4 e R B s R IR, HHER A AT HESI 4L
AbTHIGEIN (S+G,) AL 25 AR (5.84£1.7)%, (9.5%1.4)%,
(11.8£1.6)%, B 2; 3 A EE AL R B EZRH R
HVER Y (FF2123.917, P <0.05), “PATHFAIH KA H S
5 20 P B R B K AL (F=1 910.51, P < 0.05),
ITHEFN AR T2 i HESI4H (F=600, P <0.05).

25 migate e g R WA, FATHES A R
HEF1 25 41 B 43 1 9 1 48 o0 I LE 2R 4y )R (12.4742.34)%,
(12.6522.20)%, (12.44+2.51)%, 3 #AltL B EZ R LR EME
X (F=0.001, P>0.05), WL.E& 3, 4.

26 FEEEEPCRAMLR FITHFIAH, LHEHYA
Beyclin D1 J% CDK2 BRI R AR TX M4 (P<0.05), HHF
ITHEF H s T2 #EHESI4E (P < 0.05), JLE 5.



3 i Discussion
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