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BE RIS AR ML 234 20K GV269 # pDC315-GFAP-EGFP #44 , it 444 £ pDC315-GFAP-p27-EGFP;
W ALYy HEK 293 4 i £ 245 1 o 45 745 J00RE , 2575 HEK 293 20 S5z 52 ™ BB A0S | AT 4l Ak K0 B 46 0 5 75
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Construction of Recombinant Adenovirus Vector Carrying Human GFAP Promoter and p27
Gene and Its Transfection Effect on Astrocyte Proliferation LIU Na, NIE Luwei, YAO Dabao, CHEN
Shiling, PAN Chao, XU Li. Department of Neurology, Tongji Hospital, Tongji Medical College, Huazhong Uni-
versity of Science and Technology, Wuhan 430030, China

Abstract Objective: To construct a recombinant adenovirus vector carrying the human GFAP promoter and
p27 gene and identify its effects on cell growth and proliferation after transfecting into astrocytes. Methods:
The original pGFAP-IRES2-EGFP-p27 plasmid in the laboratory was transformed, amplified, extracted, digest-
ed, identified and sequenced by agarose gel electrophoresis. By designing primers and conducting PCR amplifi-
cation, GFAP promoter and p27 gene fragments were obtained, and then exchanged into linearized expression
vectors GV269 and pDC315-GFAP-EGFP, respectively. Finally, pDC315-GFAP-p27-EGFP was constructed.
Transfect it into HEK293 cells and package it into recombinant virus particles. After repeated amplification of
several generations in HEK293 cells, purify it and detect its titer. Observe cell growth and fluorescence expres-
sion after transfecting astrocytes. Detect the cell cycle and apoptosis ratio of astrocytes after transfection, as well
as the expression of p27. Result: After enzyme digestion identification and sequencing, the eukaryotic expres-
sion vector pGFAP-IRES2-EGFP-p27 was successfully identified. After PCR identification and sequencing, the
recombinant adenovirus overexpression vector pDC315-GFAP-p27-EGFP was successfully constructed. After
packaging, Ad-GFAP-p27-EGFP showed EGFP expression and cytopathic effects, and was able to specifically
express green fluorescent protein in astrocytes. According to flow cytometry analysis, 72 hours after transfecting
astrocytes, compared with the control group, the proportion of cells in the S phase decreased in the transfection
group, while the proportion of cells in the G1 and G2 phases increased and the proportion of apoptosis increased
(P<0.05). On the 5" day after transfection, the expression level of p27 protein in astrocytes significantly in-
creased compared to the control group (P<0.05). Conclusion: A recombinant adenovirus overexpression vector
carrying the human GFAP promoter and p27 gene was successfully constructed using the adenovirus packaging
system AdMax. It can specifically transfect astrocytes to overexpress p27, and has a significant inhibitory effect
on the growth and proliferation of astrocytes.
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Fiki 25 v A e B T AR T S BN AT 4 A
BICTAN, BIE I BT T S IR TE A A, Fas R A
TR BB IR , ML BT e i o i i — 20 7
Fm AR IR BRI IR R R B T 4 P A
LR = AT E T I A

P27 J2: 4t JE A B AR 9 ( cy clin-dependent
kinase, CDK) 35 K11, B3l i 410 CDK2 2 %]
W5 1 E M CDK4 41 i J 18 1 D = A WIFH 1L Gl/S #e
K A S I RELYE T G 1Y 5 338 i CDK AR sl
PRI Y G2/M IR TR 7 24 52 i 5 B il
Z: 5187 4 iz S AR RS ) AR S A AR I AR
YU T B [ A AR, B A R 2 R AR G B
IR 22 3 240 RN A — 2 A E Y. BB e i i
P26 [ (glia fibrillary acidic protein, GFAP) ji sl F1EH
ST B A FH A AR S e sl 7, e SE RR YT ke
FNEZRVET . 205 P9 B A A — > B i 2l A
R T AT R 5 A4 e e 4 ] U A 3 Ry S P 1 1
PAFEY, R, AR AR FH AdMax BRI HE AL R 4L,
A [ P A %o R T M 5 4 i B %) o A P it 3R
AR Ad-GFAP-p27-EGFP., H.rh EGFP Jy 4 5 7 2%
ISR, A2 . XY EGFP 5 GFAP )5 3))
T-45 G, 42 10 50 4 B 7E 5% s R0 B0 00 o R b R
EGFP, W5 2] 45 (0,5 ' I P2 735 76 S0 240 B v g 2y Wb o) %
IR p27. FAEEAYIE HE AR T BB 2 A RO RS S PR R R
TE I B A ot BESE A 15 AL, TR IR TR 1, A e 1B 52
WoRAE,
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1.1 EZ3X5 5 A4+

111 s28shY HEo0~2drySD RS H, hiferh
BHEE K22 [FIVE B 2 Be se i sy o f 4t

1.12  FE{LH pGFAP-IRES2-EGFP-p27 [l ki A A
Suy % A R A ™5 pDC315-EGFP (k1830) Vector
GV269 Fil AdMax Bl s R4t A i ELE R AL
AR BR S F] s HEK293 (CRL-1573) I H 36 [F ATCC
N B S A DHS (CD20 )W b 5t 44 A= 4
ARABR/T] ;1 kb DNA ladder Marker(*SM0311) .EcoR
I(ER0271) .BamH I(ER0051) Not I(ER0591)1l4 [ H A%
Fermentas 2 7 ; Xbal (R0O145S) M [ 3% [E] NEB 2 A 3
In-Fusion ™ PCR Cloning Kit (639626) #1 Adeno-X ™
Virus Purification Kit 4 F 3£ [E Clontech 2 7] ; Hoechst
33342 .DAPL.MTT KHifkil [ 26 Sigma /A A

12 Fik

565

1.2.1  Jii ki pGFAP-IRES2-EGFP-p27 1 fifi V) % & 5
W KA RPEZDUER S uL Bk pGFAP-IRES2-
EGFP-p27 AL A2 540 DHS . PRHSH M B s pe 7
HEATY 3G 350 BB A 6 AT LM A T AR 20 Wl i
JF o FLA TR ) /) e $ BUBTRE pGFAP-IRES2-
EGFP-p27 J5 , 43 I EcoR T \Not I .BamH [ =[]
AR PR FTRL AN EcoR T EREEDI A0 B TR , 75 2 A B VI A A
A TEEIE HL UK S5 o

122  # # pDC315-GFAP-EGFP  ffi ] Xba 1 #i
EcoR | X} GV269 FA%FIREARIA T EFUIH AL , 2%
4 GV269 HAL RIRFARL A . W LS 19
35’ -TTATTATAGTCAGCTCTAGAGAGCTCCCACC
TCCCTCTCTG-3’, Fi#5314°/ 5’ -CCCTTGCTCACC
ATGAATTCCGAGCAGCGGAGGTGATGCGTC-3" , i#
TPCRY 1S . PCR W AK R ddH,O 12.4 pL 5% Taq
buffer 4 uL .DNTPs (2.5 mM) 1.6 pL. 355 1#5(10 uM)
0.4 pL. F #5191 (10 uM) 0.4 pL . Template 1 puL . Taq
polymerase 0.2 uL. #5551 : 94 C A2 ¥ 5 min,
94 CAEME30 5,55 CiEk 305,72 CHEK: 405,72 CH
KRB FEM 10 min, 2853 30 PMEFR 5 3R GFAP )i 3)
TR R B, 4 PCR ™ WAcHe NN F IR AR
43 pDC315-GFAP-EGFP.,

123 R R A pDC315-GFAP-p27-EGFP # 7
U pGFAP-IRES2-EGFP-p27 #44F EcoR T #47
B AL @ T BT 9157 -ACCTCCGCTGCTCG
GAATTCCGCCACCATGTCAAACGTGCGAGTG-3
514 5 -CCCTTGCTCACCATGAATTCCGTTTG
ACGTCTTCTGAG-3" , 453 PCR ¥ 1 J5 15 3] p27 3
F B, PCR OWAR R M AEA SR 1.2.2. ¥4 PCR ™)
A& A 2 A 37 35 B AR pDC315-GFAP-EGFP H1415 3]
pDC315-GFAP-p27-EGFP, I %} H:#t47 PCR % 5E . #%
b5 B Rl B RS AL T, 37 CHE 3% 16 h 5 447 A H
[

124 HAMRTGEEMORE Pi5aift ek
FH AdMax B a3 R 40, Fe vl AR BUR R 36 R
45 (%) TR DNA, 3% T BR & /9 TE o B VR A7
HEK293 2 il Vsl fift A it A T A AR5 95 o v 24 h,
JR W 1 Ak HEK 293 4 ffd , 5138 & 10% FBS ) DMEM
BRI TSR . LT 2 h B4 TE I DMEM 15
FRILHATHE Y, o FEY G K 2910 ~ 15 dBF, 29 50%H)
HEK293 4 Jii Jii B , 1% 38 2500 e 48 4t i 58 T 2 mL
DMEM H A B AR 3% o A Kk 3] 60%IL &
BF, 3525 SRR I A SR i ke o 2 i 1 S 2 D I
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WOk AR W 2 mL 15 37 90 min Ji , PN 5 4 15 37 W
3 mLARSERTFE . T AR/ 2t LR G 4 A
HA 50% 1) 24 J B BE B, 25 0o IS S 4 O 88T 2 mL
DMEM H1, —70 °C/37 CRR B VAl PR35 3K, T4 C,
7000 g 5.0 5 min, R EE LI T — 70 CLRAF. I
BT LR EE B AR K EEH IR . e
¥t Adeno-X ™ Virus Purification Kit 158 B 5 438 %) 5 41
PR Talifl

1.2.5  F4H MR BRI HEK293 41 1
Fh T 96 FLAH , B ALA S 1< 1040 . HER 124
P Ep BB sEEA A% LRGBS, L2 BRI 1077, 3%
FREE IR AR U 1072 2= 10~ F BB TR A 96
FLAR R, [ 38 37 A 55 95 7 19 58 A B SR SR S X R
¥ 96 FLHVE T 37 °C, 5% CO A LI Il h dk S 55,
10 d Je WS AH M AR 0GR , % 4t s A8 FLFEA T 48
AT EMER . AR - 5% 5
(PFU/mL)=10x%(x+0.8) H:H1,x=10""~ 10~ {KIKH B
JEE T 0 AR AR PR 2 SR

1.2.6  KEUETZ RS20 ML 5385 s 57 Ko Bt e
BRI AE R BRI ZHL 20, S8 800k % ot 7857 iy BB A i 1
JiT, By BRI AL T RS DA A 2% 10° > /mL
AT IRA Z R AR ISR I R 5 . B3 40
FEIRIR¥E 2 h 5 70 LW . IS A )5 8P T4 5
PR 6 fLAR . MU AL AR 2k 50% ~ 60%HT
W s 3R 3, FH 10 # B 2 1) Ad-GFAP-p27-EGFP gk
Ye 4 A1l R B8 S7 25 1 6 IR, A K7 e s T s
A ) e ik . TESS 5 KB JC# Hoechst 33342
(10 pg/mL) HEATYL A0, 38 1 5 o I B W4 B T Jie I
i i EGFP 5 Hoechst 2¢ 3 3 3815 Bl 1154 YL 24
1.2.7 g% J5 BTV e I 240 e %) 440 ) 31 B 0 T i
M Ad-GFAP-p27-EGFP % 4t LIV Jie Jot 4 56 3 K,
JBR S L TR A R0 e, A AR T E o
A —20 CTE 1 90% £, RN, vkt . Ik
HEE #5028 FEEWAENIE ., 250 uL PBS HE 4 i
JE A2 uL ¥ A 1 mg/mL ) RNaseA (2= 5§ /K Bt
i), 37 C/K¥ 40 min. JIA 50 pL ¥4 100 pg/mL
B PLYL (A3 (PBS L) , BB YL (5 20 mine L HLEZI,
T4 S8 & Ky 488 nm, FH Cell Quest & Modfit
B3 Fr 4 B R S0 R0 T 0 R S AR T A 4
i,

1.2.8 Y5 BRIV A p27 & AR XAk
W TBS Mhse i B4R 2 ~ 3 Y, A 20 i S 4R

1G5 Il o = N o = S T N € - e T S WA )
PVDF % I, % T & 5% liig ik i) TBS-T £ 1 h,
JIM A —3#T Rabbit polyclonal Anti-p27 1% 4% 4 Cid % , 5
2 RE R RS A P12+ 2 h, PEA 5 A ECL
R 2 ~ 4 min J5 B, PE R HLUE R . H SynGene
BUG R GAn B AT 5t 3BT, LA SE p27 W8 1 3%
LY/ G O
1.3 it ot

K SPSS 13.0 {4 ab BRI . £ 6 IEA /A LA
K5 22 FPPE TR ERE A (aoks ) 26738, A1) AH IO 45 A 1]
SR —F8 AT F AR I ST FE A EL K 55 s P<<0.05 K
ERAGIFEE L

2 R
2.1 E4 4 pGFAP-IRES2-EGFP-p27 9 B % &

2 BT 20 J7Oki pGFAP-IRES2-EGFP-p27, 43 ) i
EcoR | .BamH I F#l1Not | = HIEcoR | M), —
IS =0k 4 0.6 kb 1.3 kb 2.2 kb 3.5 kb 4 54417, 43
54X 2 p27 . IRES-EGFP , GFAP J} &l f #l pEGFP-1 &
28 BeoR T HlEIFLIKEE SRR 2.2 kb({R3E GFAP R 8 T)
F15.4 kb 2 %47 . 1 V)% & pGFAP-IRES2-EGFP-p27

Bk DNA Jr Be 2 B R gy a4 3R — 2, IR 1.
A

GFAP promoter

pGFAP-IRES2-EGFP-p27

Not 1 EGFP
1 : (A) pGFAP-IRES2-EGFP-p27 # A& 45 ¥ 7 2 18] 5 (B) K
7% 1 4 pGFAP-IRES2-EGFP-p27/EcoR [ FAFHT] % 5 45 0, FEAS
2 4 pGFAP-IRES2-EGFP-p27/BamH [ +Not | +EcoR | =1
Mg gEIR
& 1 F2H Bkl pGFAP-IRES2-EGFP-p27 #4145 4 (&
Rt U S 5

2.2 pGFAP-IRES2-EGFP-p27 Jit 484 | /545 R
X} pGFAP-IRES2-EGFP-p27 [ ki ] /¥ 1) &% 1 5
GenBank #17 HXT 58 2W) &, WLIE 2.
2.3 ELAMR SR EHAR pDC315-GFAP-p27-EGFP #9 % 5.
W & p27 I R BEY PCR 7= 58 4 A 2Pk
F 3R 34K pDC315-GFAP-EGFP H145 8] pDC315-GFAP-
p27-EGFP, I X} HBH Ak F#F17 PCR 578 . 8 %
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S A 74 AR R AL T A5 2K /N R 694 bp Y
p27 ki, WIE 3,
2.4 pDC315-GFAP-p27-EGFP 44 - & B B 4k R 5 H7
pDC315-GFAP-p27-EGFPllJ¥)5 , 5 GenBank #1 7
FEXFSE2ME . 3T GFAP IESSE L% :>1cl|64463
Length=2208; Score=4078 bits(2208), Expect=0.0;
Identities=2208/2208(100%) , Gaps=0/2208(0%). p27 il
Jr 4h B b X . >1c]|34851 Length=597; Score=1098
bits(594), Expect=0.0; Identities=594/594(100%) , Gaps=
0/594(0%). LA 25 ULiH ¥ 25515 H s 51 58 4
—E
2.5 Mesmarid EAAm
i T Ad-GFAP-p27-EGFP 7E# B h 10 Ay FL
CPE Jy BHAE , Jr LUK B BB o 1071 ~ 10 By AL
CPE &R K PHAE , AR 3 X=10"" ~ 10~ " KK F B E R
CPE BH P B AT, B X=1%9+0.5=9.5; k£ i A4 % £/
(PFU/mL)=10%(9.5+0.8)=1010.3=2x10"/(PFU/mL).
2.6 %3 HEK293 2m it 3 56 & ik 09 LA
IS KB, 55 1 K, HEK293 4 g AR L
B0 5E0; 45 5 K, HEK293 il i rpA /b B il 4 (0,75
HFRIE X AT RE 5 A B R A G, L 4
2.7 B35 BIRnIN ER W ML B 4
el
1£ Ad-GFAP-p27-EGFP #4 L2l vh 55 1 K, R IE ik
JoT A R DL B S e . B 2 K, TR I A i

Banii
630

50
STGGAMTAACATATAGACAAACGCAC FTATTCCAGE GGCTTCS GCCAGTAACGT TCCTTACGTITGACOTCTTCTGAGGCCAGGET
IRES p27

i ol T g i i B i f ’

o o et

L ALt e A Ml e Ml et
EcoRI Sall BamHI

GTCCTTGTAGTCE C6GAGGTEATGCGT

ATGCGTCTC TCTCCA CCTGCTCTEECTCTS
Flag GFAP

€] 2 pGFAP-IRES2-EGFP-p27 #t/43 F [£]

1 2 3 4 5 6 7 8 9 10 11 12

5kb  ——
3kb —

kb —
1.5kb —
kb —
750bp ——
500bp —

250bp ——
100bp——

T e 1 BA M %t B8 (ddHL,O) 5 2 BA 1 X R 5 3. FH 1 X 1
(GAPDH) ;4:Marker; 5 ~ 11:p27 1 ~ 8 554 7, Hirp g 74N
HEFEAL T I 132 694 bp 125745

€ 3 PCR%E pDC315-GFAP-p27-EGFP HLIk &l

567

ARG OIS ERE . B3 K, BIRR T4 1/3
A SR ERE . 5~ 7K, BIEI 40
KA AR R G T &k A5, DO ER & . 5
10 ~ 11 RIFUR, SR IRIE , il FRELE3] 20 d 2247 . X
PR R DL & 8 5 S 23k o [] ) 3 AT DLW 42 3]
Ad-GFAP-p27-EGFP YL 2l 5 X BRZA AR LY 5 04 1 )5
YU TE S , AHAS I TR . e e AT LU EGFP
FH: 40 i1 %5 Hoechst 33342 FAPEZH O Ficke i, i
Gt oWt Yo (73.9443.50) %,
2.8 A )E xt E M R 4m Ao am e JB) B RO T 6 A
2l ML, S IR AT AH G, Ad-GFAP-p27-
EGFP 5 4« U I S ANAS 72 h, b T S W1 A4 ST I o
S LG AT B, At LSS BEL A 7E G 1R G2 B Y Le 4513
i, B 7E GO/G 1 DI A 4 B 7 43 b0 0) B2 Bk 2548 1
(P<<0.05) , BIVXH 24t it 34 58 A7 S0 il /R T . 5 0 R4 AH
Lt , Ad-GFAP-p27-EGFP 21 Hv 5L Jise 5t 4 Jifd A 240 Jifa 4
T3, BA Y45 X (P<0.05)
29 )G EHMBEFmM T p27 &G Rk E N
Ad-GFAP-p27-EGFP #4555 5 K, B W I s 4 it
W p27 B R IR KR B A W T (P<
0.05) . LI 2k TR 7R Ad-GFAP-p27-EGFP % Yt /2
JBE I A L RE A 1o 2R 3K p27 .

1F : (A) GFAP-p27-EGFP, 24 h, Y 2% i 5% , 100 % ; (B)
GFAP-p27-EGFP, 24 h, 7&'G B f#d% , 100x; (C)GFAP-p27-EGFP,
5d,J62F B4, 100x 5 (D) GFAP-p27-EGFP, 5 d, 56 ik i ss
100%.,

[l 4 Ad-GFAP-p27-EGFP#% 4 HEK293 4llfifl 5 2k a0 E i 2k

H: (A-C)ZS FIX BRALSE 5 K, BB I o 4 Bf oK DL 2 8.5
%135 ; (D-F) Ad-GFAP-p27-EGFP i YL 21 45 5 K, 0] UL R &R 43 AL
T AR IA G5O, FRIR TR YL 2 ; D &R (a5
“}y GFAP, B .E W {15 (052 4 Hoechst 33342 YL@ 4R ik, C .
F >4 EGFP Hil Hoechst 33342 RUFRZE 5 (200 )

K5 Ad-GFAP-p27-EGFP ¥4t RIU AL B4 (e L 1
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5] 7 Western blot f % Y J5 46 5 K 2 IE e B4t
p27 3 K IRIKT
3 itig

BRI B B IR T RIS 2 — , — B2
WFFE AR B M RN R A T R LR
REREI NG AR P AERE R A BRI . IR R A A
TEFEN TR A FE T Z R ™, SH e,
AR E I s e AR H 2R R
K BIVERIIN, 22 AP s #9507 B R DA B8 45 1) i
EREDIA, JCHl A GAR RSG5 1547 2 D AR A i [ 24
4 ~ 8 JA, 1 55 I S AR M TG AL TR R B R o PRk, AR
FEH R EE IR T A E A A RE P A A

i A e B R SO R R B R AR TR AR
1 R I T A R R P oA )2 ) — S o
M, WA v 2R B RE A B N i B A 47 1 5 - b

s R g (R 5 0/ N 4D G S R e o G G 7K 71 2
(RS A SN , (e B4 22 AN A 20 B G 0 12 5 36 1
G 3 g A A IR 1 R BT A 4 i A TR TR
3 2 Ffr DRl - EL A SR B A AR 2 5 U 4 RS SR A VR RT
DI B ORI B, 3 S 1 6] it 22 48 40 a8 P
PEIR, P LTI RE R

GFAP Ji 2l ¥V A BV e Joe 4t i o ] ) e S P s
B F0, R LA I A 4 B4 SR 5 DR 7 L T e S5 40 e
R PERRIL . i p27 2 52 AR R, gl
M ol AERE AR T ARSI L PCP YT
e S RN I T, TiE B 19 354 AR ] — > B 7
# IR Ad-GFAP-p27-EGFP I, K H: 4% Y HEK 293 4l ity
B, A s i gk a9 6 3R | (AR 5% Yy B J6e ot 4
R N e 1 O B S PN S T E N S i W e 4
W17 GFAP Jii 8l EL A e Sk 5 0 L2 Y B0 e I 4
LS5, 55 BE AR LL , B e Ak T S 30T ARG 40 B L 491 R
W, G1FI G2 J1 A 48 e L B8 34 o, 0 1 LU )3 0, 1
Xof HeA A R A ) 1 R SR A SRR RS 5 S
K, BIEHE A b p27 8 kK B BT 5 7%
e 1 s AU A o2 0 , A AR AR T R, 10 B A i 3
K p27, A B e B A M ) AR R AR . R, A
M T4t #6152k Ad-GFAP-p27-EGFP 1] L T3 —
AR UR N S, 2 LA A ) P R R R YT T EL By ]
itk
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