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Construction and expression of recombinant adenovirus vector of erythropoietin in

rat spiral ganglion neurons

Zhong Cheng, Jiang Zhendong, Zhang Xueyuan (Department of Otolaryngology-Head and Neck Surgery, Southwest Hospital , Third
Military Medical University, Chongging, 400038, China)

[ Abstract | Objective To construct a recombinant adenovirus vector of rat erythropoietin (EPO) and
observe its expression in rat spiral ganglion neurons (SGNs). Methods EPO gene fragment was amplified and
subcloned into shuttle plasmid pAdTrack-CMV-EPO. The constructed recombinant shuttle plasmid pAdTrack-
CMV-EPO was identified by restriction analysis, PCR and sequencing, then linearilized with Pac I and trans-
formed to competent AdEasy systems. The obtained recombinant adenovirus vector AdEPO was digested with
Pac 1 and transfected to 293 cells for packaging, and the prepared recombinant adenovirus was amplified for ti-
tration and identification by RT-PCR and Western blotting. The vector had been transfected into the cultured
SGNs, and EPO expressions were detected by immunofluorescence and Western blot analysis respectively.
Results  After the incision enzymes of Kpn | , Hind [l and sequencing, pAdTrack-CMV-EPO was accom-
plished. Recombinant adenovirus AdEPO was successfully packaged in 293 cells with a titer of 1.17 x 10" 1U/
ml after amplification,and successfully expressed in 293 cells. Both recombinant shuttle plasmid and recombi-
nant adenovirus vector AJEPO were constructed correctly. EPO level was increased obviously after the virus
transfection in SGNs either with immunofluorescence or Western blot assays. Conclusion The recombinant ad-
enovirus vector of EPO is successfully constructed and significantly enhances the EPO levels after its transfection
into SGNs.
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ganglion neurons, SGNs) MYE el b =& BA R
VE R & WA o A SEEG DR R B EPO iR B 2
T IR G e TR IR I IR T 22 T 4, W%
HXF EPO FRIK7KF- By 520 , by ik — L 5¢ EPO (114
Hpp 2 ARG pIL R 35 52 0 HE Al

1 WS

L1 Bk 2Bk 3

Ak pAdTrack B 8¢ R 4L A Invitrogen 22 H] , KR A
P DHS o 1 11 46 5t AR ], 293T 4RI [ 35 [E ATCC 24,
A 1 ~3 d {gE SD KR, EMEA R , (it 20 ~22 g, 55 =
ERVSpNE oM v by L A b
1.2 2B R H

KOD-plus /&R ELAG , PR M A UIEE Kpn 1 (Hind 11 \Pme T |
Pac | , %4 T, Lignase, Rever Tre Ace-a-ifi % %57 &, 11
H TOYOBO 2wl Trizol G 4 1L 3% M 1 Gibco BRL 2 #H],
RNAnase A Il { Sigma 2\ 5], Maker D2000 ,Maker D15000 ) 5
Jemt KM 2> R, DMEM ¥ 3% & g § HyClone 24 W], Lipo-
fectamin 2000 ¥ H Invitrogen 2\ &), Taq B .dNTP Il H TaKaRa
N E SRS DNA [mIBGRTR) A, ok il £ 070 £ 1
HALR KRR A . R A B RS W H Sigma 24 &, DMEM
FrFEE JA4-TE 4 1 HyClone /A /), M 25 704 5 M M 4k
BRI A 805, EPO —HiM F SANTA CRUZ A H],
1.3 MRk &
1.3.1 pAdTrack-CMV-EPO 5 20 Jii i A4 7 5 % 72 Eoe 05|
G IR EPO JLH , ISRl ) Mo 28 R B, B R
23S SR L BORL IR ] Kpn 1A Hind T XURGY) o B4
(1 o 2 BORE B i 44 4 pAdTrack-CMV-EPO,,
1.3.2 EAMRREN AR LY 293 g Nt 805 il
6 LR, Pac 1 B D)o 4 Btr il 45 Ze M A 1) DNA JF: [l ffi 4
FLAAIMIEGA SN (7 ~8) x 10, F 21 i 2 2k A% e 293 41,
48 hJ , Wl e e b, AR 1 RO EE . RO RRE IR 3
W, BRI 2 40, R FAL R 5 AUE ARSI
1.3.3 20 i o 0K 0 4l Ak 55 00 B2 I g LLGA AL 4
(CsCly) Jr koAb R 2, JF SEATIH B 5 o il i S 8 5O
PPN BGE T E o K5 293 FHMILA 1 x 10° e R T 96 fL
Fgetih B dRG r f 15) 1597 24 b, 15 10 fLoA 1 4, T4
1AL 20 wl R0 A 26T 3208, T4 2 fLm A 10 5 1
BRI, ML 2EHE 24 b J5 T2 B30 T LB U0 40 i 5%
(U = o) — LA MED) o i = TU x i fLAHXT T 56 1
FLEIRR RS/ 55 1 FLIM AR REA R,
1.3.4  PCR %471 EPO KK FH EPO J: [K 5] LA gk e
pAdTrack-CMV-EPO 55 85 %) 293 &L RNA BFR Y 1 EPO Jt
K cDNA J751 , R 15 %5 20k ( pAdTrack-CMV ) J& 2 1 293
AL RNA SHEARY 1S EPO L ) cDNA J7 51 /EXF IR, LA it A )
B pAdTrack-CMV-EPO Jii 55 1032 1515 00
1.3.5 Western blot £ K i J& 4% pAdTrack-CMV-EPO Jif

W EE Y 293 N EPO RIAIE M. 4 36 h J, 48 WO e
pAdTrack-CMV-EPO i 5 5 1Y) 293 &8 (1 94 U % &, A7
SDS-PAGE HLIKAGTN o HLIK S i MR 4T 4 I, 23 T % EPO £
21 (1:200) B AR T ,4 CIERIEE , AR A AL P EEhRiC
MABTEZP(1:500) , FIRMF .
1.4 KRB ZAIERREL

HAE 1 ~3d (1 SD KRBk ALFE, F 10 x ff 1 1 G5 T B
BRI ST MRERA SRR, AR B A R e 2200
f) Rosenthal” s %, 5 % Lefebvre'®' J7 1, 5 42 Jig 4 28 5T I
Hanks $£¥% 3 A, BT 0. 1% IR 0. 1% 8 (I 0. 01%
DNase [ 37 “C {44k 25 min, il A 10% Ba 4 135 B9 5 TR R4 1k
H4K,1 000 r/min B.0> 7 ~ 10 min, 2 |3, A DMEM/F12 #
FEHE(F 10% AT ) L3 1 x 10°/ml 25 R 5% 37 C |
5% CO,MHfE 5% 24 h 5, FRA0 M 58 G RE  #FH &5 pmol /L
[ M ( arabinosyl cytosine, Ara-C) 2% B27 JGIfil i DMEM/
F12 JEFR kst 55 9%, 1 RAE( S B 0Be T Mas 4 i Ak K
B0, FIWT ARG 7 o 5555 48 h 5 Pt R R oo R 5 i s
FLEEHTLAR (NSE) Sg—t, E1 T4 48 70 /Y S e o SR Al A2 7 i
KIE,
1.5 Mmastsgait 20 F EPO 43w
15,1 He e i fh 27 1 DU s 22 B J5 EPO £ BB e b
ZIOUMFRIE AT IS SR 48 h R R AR R TC
JehiA:F DMEM/F12 5555 5000 2 UOFMRBER S, IRSIE T
37 CHWEFETHIEE 24 h, HEEDOLRTIN . 21537 5L PBS Vi ,4%
Z B PELE E , PBS Pk, 10% 15 H I = B E 15 min, il
EEEPURE EPO,4 Cap, P HHEARCIEPi R 16 Piik,
37 CHEFAEHE 30 min, 38 i 5 & 98O0 BB WL EPO &
1.5.2  Western blot Jlf :¢ EPO & H & #1421k (NS
48 h (IR TERR 2 U QLR 48 h )5, FRHL SGNs Hh B 8 1 f:
CiR & Al =
1.6 %itso#

SR SPSS 13. 0 #f4 , X Western blot % 4 335 7/K AT 2
53T o

2 #R

2.1 B%+47 pAdirack-CMV # 1K & 4 K B 4 s & B
PUC57-EPO

EPO H W R B A B2 P iE L iy, ¥ EPO Wi &
Adtrack fk, DL Kpn 1 Hind Il 4 YT XTEF 28 Adirack | H ) 3
RS o WD 7= B vk , s Il IS0, TR ) Sty e (B 1) o
2.2 Bgdn %% pAdTrack-CMV-EPO Jf & 34 F 4 AR

JHBR I A Ui (Kpn | (Hind 1) Y)H| L) PUCST/EPO [T
F1 pAdTrack-CMV 55 7 44, B & EPO F BE A pAdTrack-
CMV 28 A4B 28 1 B, alifb )5 82, TRV PCR A BR il 14 D) Al o
T FATRIA S8, ] B8 BH M T A 26 00 )3, DU D6 0 2 1 A
21 pAdTrack-CMV-EPO, BY1(Kpn 1 Hind T EGY)) 50 3 45
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SE R WA R A pAdTrack-CMV-EPO # s i (F 2) .

M 1 2

15 000 bp—
5000 bp—
2500 bp—

<9200 bp
-

1 000 bp—
<600 bp

250 bp—
M:DL 15 000 47/ ;1:Ad-track B&37,* 4 ;2. PUC57-EPO 8331 /= 4%

1 KR EPO E[H PCR ¥ =Rk %R
M 1 2 3

2500 bp—> fad
1 000 bp— [

250 bp—
M:DL 15 000 #  #; 1: Adrack % #& 4Kk ;2 Adtrack-EPO # 4%; 3.
Adtrack-EPO 547 7= 4
2  EH#H M pAdTrack-CMV-EPO HEY1 L E

2.3 ¥4 BJ5183-pAdTrack-CMV-EPO #9% &
T 2l BJ5183-pAdTrack-CMV-EPO %5 Pac 1 i V) 0 W, B ik
4.5.3.0 kb 45 v B MEWT S AL AL (1 3) 5

M 1 2 3 4 5 6

—>
—>

gt &

2 500—
1 000—

<5000 bp
<3500 bp

250—

M:DL 15 000 #7421 ~6:BJ5183-EPO Jf 853
& 3 =24 BJ5183-pAdTrack-CMV-EPO 4 E

2.4 FHRRFNLEIY I

JIR B4 4 25 pAdTrack-CMV-EPO [7] Y5 T 20 i 5 55 3 I 4
R YL fdt R 203 AR 10 d J5, GBS T LB H] 28 KR AX,
ANAEAR B Ak JBERE , A0 AEA% AR KA (B 4) .

AR 2 AR ( x100) ;B 38 2 AALILE( x200)
4 FHERS pAdTrack-CMV-EPO #3293 4R jf

2.5 EFLRIREIH AN E

pAdTrack FEZIBRAREEL 293 4 5 49 R B, 2 )5
ALY, SR AT R B 0 2 05 27 18, 4 Deltex-1 £ [
4 6 R R AT S 1,17 x 10" U/ml,
2.6 RT-PCR A4 m & 4 AJEPO B2 % & 69 293

EPO mRNA %k

RT-PCR £ 293 41 s B2/ YL & mRNA F kK3 7R J8&
Y pAdTrack-CMV-EPO 555 £ 293 4l EPO FKik/KFEH,
1 293 4 F 25 g ARG X TR TR IR (BT 5) 6

M 1 2 3

2 000—

~—
1000 [
750— [
500—
250>
100>

1260 bp

M:DL 2000 A7/ ;1 £ 208 ;2 ;2 84k ;3. EPO J& & % 4
E5 RT-PCR #llE: AJEPO Bsmasil 293 4HREK EPO mRNA &ik

2.7 Western blot # ] & % AJEPO A% 5% & 49 293 A
EPO & &k
B 58 KRR A R R, B AJEPO [R5 25 1 293
N EPO [ 3235 fR 5% (1. 987 0. 023) , X BA 41 SHy 25 AR 5 e ¢
23£(0.062 £0.001) (I 6),

1 2 3
— S < ROCKI
“ «—B-actin

1.5 293 tmhe;2 . = #8483 . EPO Jm & & 3
6 Western blot #& il AAEPO &3 293 40 EPO E QM RIL

2.8 Migm Atk REakAN 2 U 6 EPO & & R ik
L 5 YL BB HE A 25 TC 5 , Western blot 45 5 i /R 88 [ (1) 3%
KA TR (2. 103 £0.003) , 575 #k i 8k e o B 41 (0.272 +
0.002) th4% i E FHH (P <0.01) (K 7).,
2.9 JomEEE KRR ZE LA G EPO £ iA
B35 48 h 5 (A2 22 70 5L SR G XU TR 25 (1 8A) , B
PEFECKI EPO 7EMRJE M 2550 i 23k ([ 8B)  #E YLl 7 I
EPO 335 I F 158 (14 8C)
1 2 3
 — —— < (3-aC1IN

S t® — | ()

1 B 3R ARAN 27052 E HARR R BRAANZE T3 ke
0 SR AP 2T
[E]7 Western blot #; il i 7% &5 B LB HE# 42 5T EPO E A KIA
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LA

A ARINE TR 48 h 493235 Ah 20 (48] B B4 x 100) ;B EEH 32749 SGNs ¥ EPO Ak (% £ 2445 x200) ;C: 4 £ 82 9% & /5 SGNs ¥ EPO &k

A 238 5% (38 S 2T x200)

B8 BRESERAXREEMEZT EPO RiX

3 itig

PN B2 g1 £5 7T ( spiral ganglion neurons, SGNs ) [
AT R I 2 R ) A AT B L, Ay R
Gial e Z 2z — ), A B M A4 1T fE 22 it X
P o MR LL40HIA EZR (erythropoietin, EPO ) J&—Ff
AAXHor T B 24 34 x 10° (M A (1, 200k H B E, f
TRIEFE R BN Ay 3 0 3 1 VR R T, e A
FH 2140 it w7 40 i i % 3% /E . EPO £ 2 Fh 4 21
WA IR AT TE S RN, 70 5 B RS A0 X 45 f o
ZARPE R C A ST IE | 4Rk EPO #2542
ReR R BFgE s I EPO STtk 2 k45 4,
FEPOLET Ve R B 2 RN R BT
TE N HA AP PR A VEARR I

KB EPO By &2 ¢ 51 5 A EPO Ry [A] 5 M 24
79% ,FEE I H cDNA & 5'-FE R X 22 %
R, LR FS T 5 2 AR AL X 3 2 18] /Y 780 4%
R, BFSEH R EPO T fE &l if 5 5 MAPK,
PI3K/ Akt 2542 4% {5 53 [ S #E 0 2 A 4P s 1
T s 7 T I TR %) B R 2R AR, SR FE IR
B PEIRTT B SRR YR A S TR Rl
LG B, IR B A F 20, s B il 45
T P WG 7 5 48 L R e 1 K SF- 18 5 B ) i - 4l i A
HYGERE) R 2 A ot T
P R EPO S5 [H] (1) it 5 204k Ad-EPO, Z8) 7 H
JFFIERG i) RT-PCR % Western blot 25 %5 2 1E# ,
ORI B R o RIS B L T G Y TR A RS 35 1 KR
WERERN A T0 , B 56 )t & Western blot #6101 , 76 5% Ye
J 7 e MEUE 4 22 T EPO 3Rk /K - i ek .
5T EPO W2 E i 28 oo 13 43 A B A R H 4
FHLHIBEE T KR

SE Lk
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