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# E: AKEHEPNGF, MET M2 . XA X TLANZL A KEF (Recombinant human nerve
growth factor, rh-B-NGF) #9 A K A KK ALz A KA HEK293 @ietk. A4, METARKE
pCMV-B-NGF-IRES-dhfr 5 4% % £ HEK293 @@/ % , B} MTX Au/E Jf it Ao A R A B ik 2 AT 4%, AT & 3L
A3 rh-p-NGF #9 % LT amioth; MERFERLFZR, REAMLMIOHKTLEE L 0 FERAHF
A8 % & & th-B-NGF; SDS-PAGE 5 #7#%Z & =4, T LA TR &4 13kDatyFar, b/ ERKT 50%,
ZRiEEMNZFINLKRBEEREFIN AL, #4485 T %k EMNF2o T i B 4410 th-p-NGF;
RE#RFETAMICH AR A F AL EBEHAN, R EHEMOARTEE. &AL rh-p-NGF, H 4
M E KT 20 pg/(cell-d), FHEiFF PCI2 @itg o fh, BH RGO AN FEH,
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Construction of recombinant human nerve growth factor
(rh-p-NGF) eukaryotic vector and its expression in HEK293
cells

Jingchuan Li', Bofu Xue’, Yuan Yuan', Mo Ma?% Lin Zhu?, Rebecca Milburn’, Le Li',
Peizhen Hu', and Jing Ye!

1 Department of Pathology, School of Basic Medicine, Fourth Military Medical University, Xi’an 710032, Shaanxi, China
2 Eureka Biotechnology, LTD, Shenzhen 518067, Guangdong, China

Abstract: Human nerve growth factor (NGF) is a nerve cell growth regulation factor, which can provide nutrition for the
neurons and promote the neurites outgrowth. In order to produce large-scale recombinant human nerve growth factor
(rh-beta-NGF), we constructed a plasmid vector, which can stably express the rh-beta-NGF in the HEK293 cell lines. First,
the plasmid of pCMV-beta-NGF-IRES-dhfr was constructed and transformed into HEK293 cells. Then MTX pressurized
filter and limiting dilution methods were used to obtain monoclonal HEK293 cell lines. After stepwise reducing serum in
culture media, the cells eventually adapted to serum-free medium and secreted rh-beta-NGF. SDS-PAGE analysis revealed
that the expression product owned a molecular weight of about 13 kDa and a purity of more than 50%. The peptide mapping
sequencing analysis demonstrated the sequences of rh-beta-NGF matched with the theoretical ones. Later we purified this
protein by ion exchange and molecular sieve chromatograph. Finally, our experimental results exhibited that the
recombinant cell lines can stably express rh-beta-NGF with a high efficiency of more than 20 pg/cell-day. In addition, this
protein could successfully induce differentiation of PC12 cells. In summary, our recombinant HEK293 cells can express
bio-active rh-beta-NGF with great efficiency and stability, which supply a valid basis to large-scale production of
rh-beta-NGF.

Keywords: recombinant, nerve growth factor (NGF), eukaryotic vectors, HEK293 cells, biological activities identification

MER N T (NGF) e E RN T+
AP B H AT S o g ) B — Rl 22 2
M AR AT T, BAMEIE R REL
KOO Y= IIRE, X X e o] LA 28 o 1Y
RE . A K HAERIRERE R R 1Y
HAeTE = MisEEAY . 6+ NGF, EARE
BRI S A R, 15 FEI T NGF A5
PHGETT P2 RGN R o i B AR
WFFEIAIRE] NGF I AR BR T X AL Jo] F
M ARG HEAMRRIES 2K, b1
P s AR R G M g 1Y
I R A RS BT NGF
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i AT PR, — e /N BRURR T AR 4 B
S FEZ2HN 13-14 kDa, UIEZRECH 25 S 1Y
B-NGF, ItFh ks p-NGF HA 4T ik
f. 1) BlUNGF 5 A NGF 7EE A 74 A 10%
f2e U L EA g b, AT REE R PR
I, MATTREARZG; 2) FAT BRI B 58 SRSy
bl 3) A OSSR Y. s —Fh 2
HIRERIE RS (E. coli) BEHL XN, ILFh
Oy B BB R AN BEREA T RIS B0, T AR
B-NGF 51k B BALTF KK B-NGF*™, Kk, JF
KM . mAERIA KRR TEE B-NGF £
KRG A EEAIGIRE AN A5



EE5E S/EAANMELERKETF rh-p-NGF EZFREHANEERERE HEK293 MiEPRIFRIE

% e N HEK293 4fi i & ik F 4l N B-NGF
(Recombinant human B-NGF, rh-B-NGF), #4
— AR E | RRERBRIRTENE B-NGF iy HH
RIRBAR, R TIZE H R IR B T H AL
AMIRR, DA SRS T A AR A R Y AR N
B-NGF HyJ5ik, MRkl 4 B-NGF #2fit 155
HEhil

1 HRE57%®

1.1 EFEZ#EL RXF

A HEK293 4iiffl . PC12 4Hiffs1l5 1 ATCC #f
JfiJF ; pCMV-MCS #kfA& . pIRES2-EGFP Jii Il
H Addgene 7\ d); Trizol i & . MTX .
Superscript 11136 5% 5% i . pfx DNA R G .
FreeStyle293 15 ## K H Invitrogen 23 H] ; DNA
marker. Xho I 1 Bgl 1l 85V . BamH 1 [ifi Fl
Hind 11 [ TaKaRa A F]; DEME 564157
B BRI . SMGEW A Gibeo Al HA
marker 4 | Thermo Fisher 22 5] ; 58 R A&
AR T A G2 dbst) AP gy B A
PR/, BIIRIKAE 5 51 W06 O R
F b s BRSO A MR A BR S W) 58

1.2 A B-NGF EFEREER pCMV-B-NGF
HHBAEE

155 Trizol 155 &5 $& A G 240 g 52 RNA,
i 5 RNA itk , ffiH] Superscript ITTi%%
SR G A L cDNA JE, il AR S b 4
B-NGF 2K W51, 18 pfxr DNA RE M T
#EAL FUEFT PCR P74 ; PCR i 444 94 C
A YE 3 min; 94 CAEPE: 30s, 55 CiRBk 30,
68 CHEH 1 min, 30 PMEIR FF S VEY 1 -NGF
ERAKWN B NI mE 1 s, 5l

Y15y 45 T BamH 1 F1 Hind TR EE D)L 5,
E W5 W FE & &I T Kozak J¥ %
(GCCACCATGG)"!, 3 H AR T B-NGF $:
ATG Ja B+ J5 58— (T BN G);
LY AL E A ZERS (TGATAA). W4
Jhafifk, PCR 97389, #IH E. TSI Ei
W07 A . BamH 1 1 Hind TILEH 1S - Beky
#| pCMV-MCS #fk (1 CMV JazhFHl p Bk
EAXENST T B, 1580 84 R
pCMV-B-NGF, 17 U) o Uk S 43
1.3 FAFRK pCMV-B-NGF-IRES-dhfr B4
1.3.1 PCR ¥ 1 IRES

Pl pIRES2-EGFP Jitki M4, LA IRES IE
MY (& Xho 1 BV F1 IRES-dhfr X
G5 (K1) A5 T PCR 974, PCR
5540 194 CHUZEE 3 min; 94 ‘CAEYE 305,
52 CiB’k 30s, 68 CiLfifi 455, 30 MEH, 15
FIK Ty 612 bp A1 F BL IRES, W AR IF4lifk
1.3.2 PCR ¥ dnfr

LI HEK293 4l RNA 396 5% 54 Y

%*1 PCRSIIFF

Table 1 Primer sequences
Primer name Primer sequence (5'-3")
BngfF GGGATCCGCCACCATGGCCATGTTGTT
“ CTACACTCTG
f-ngfR CCCAAGCTTTTATCAGGCTCTTCTCAC
e AGCCTTCCTGC
ires-F GCCCTCGAGGCCCCTCTCCCTCCCCCC
CCCCTA
ires-dhfi-R CAATGGTCGAACCATGGTTGTGGCCAT
ATTATCA
o TGATAATATGGCCACAACCATGGTTCG
rESATE ACCATTG
dhfi-R CCCAGATCTTTAGTCTTTCTTCTCGTAG

Restriction site were underlined. F: forward primer; R:
reverse primer.
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cDNA N , LA IRES-dhfi 1E [0 @il-&5 | 91 F1 dhfr
Rm51Y (8 Bgl T EFYIGI s, JFAN R 1 fr
R) ATIWHELT PCR P73, PCR W AR
94 ‘CHIZ I 3 min; 94 ‘C7A8HE 30s, 50 CiBk
30 s, 68 ‘CHEMH 45 s, 30 MEHF ., HFKEN
592 bp B9 ¥ Fr Bt dhfr, WAEF4EfE.
1.3.3 PCR @-&3 1 IRES-dhfr

LA PCR Y3 1 BY IRES 1 dhfir AR,
LI IRES IEM S dhfi ] 155141847 PCR
1, PCR JZ i 45F 94 CHIAEE 3 min; 94 C
k30 s, 48 CiEK 30 s, 68 CHEMH 45 s, 5
AMEIR; 94 CAEME 30, 55 CiBk 30s, 68 C
HEMH 80 s, 55 NMEIS, 155 IRES 5 dhfr WRL&
AEBL, REBIKERN 1 170 bp, Wt It 4tk
IRES-dhfr Bli& F BL .
1.3.4 IRES-dhfr t#Z pCMV-B-NGF

¥ ik IRES-dhfi @& B Xho 11 Bgl 11
XUHEGYT, BT EE ™= 5% Xho 1 F1 Bgl 11 [ 1)
4b PR pCMV-B-NGF 4 88 k3% 8, BI78
pCMV-B-NGF-IRES-dhfr 5 40 Jfi ki, 77
VK By 53 #r o
1.4 B-NGF EHMMKHMNERERE
1.4.1 HEK293 4595 e 5% E ik

it S 25 B R B 0 T 2liAk pCMIV-B-
NGF-IRES-dhfr Fiki, #5242 8MH. H
DEME 5¢ 48353 (& 10%/N i), 78
37 C. 5% CO, H¥REE T Hid: HEK293 i %
60%5.)7%, W R 45 I Vi JE Jr 1 i Y sl Ak Js 1)
pCMV-B-NGF-IRES-dhfr Fifi%E HEK293 4fififd
W5 24 h i EHOESRSEE, A 50 nmol/L 1) MTX
PEATIRE o 420 ISE N B ) ), B K
MTX ¥, #K¥Kl 100, 200, 400, 800 nmol/L.

http://journals.im.ac.cn/cjben

2 i3 N 800 nmol/L [ MTX J& , i — 4R Tt
MTX e JF 2 1 000 nmol/L, F{di FiAT BR A Bk
W EARE B-NGF I F ANtk , BN
B-NGF HAHANMIrE, FATE L ki 10 Bk
A FaE 63k B-NGF 1Y ZH 40 i bk
1.4.2  EE 20 4 MUk T I35 35 57 208 B R R A7
YR IK S E

2 2 M bk G S 8 D AR 3 B SR 0
K, HAEE N T % 1% FBS i) DMEM 15 353,
TR SR )T X, B FreeStyle293
TC I3 55 35 FE 85 4 DMEM 85353k, &2 o8
e, {FH 52418 )V FreeStyle293 JG I i b #7 4k
WA IS B R AL, HUREEAT SDS-PAGE F17% 1
gt . i,
1.43 X ERIETTY rh-p-NGF

SEHR B AN WO (31 73 125 - H i 25 111k
DU FT-"RATHS ] BT 5 (UPLC-ESI-Q-TOF-MS)
X} B-NGF #E17kE 15 : B-NGF FH iR 1 it
KRG T 0.1% (V/V) WEREH, AN T
WA €07 - F T 55 HR IR B R AT A b . SR A
BEH130 EAEWAHERE, #£5 EAE 10 uL BE
FF (180 pmx20 mm, Symmetry CI18 trap
column) F, FAZHIK A (B 0.1%H BR/KIER)
PL 10 pL/min ML 10 min, 7ELR V140 2 A
C18 73 BSHE (75 nmx250 mm), BEBIBSE Ny . 1A
E RN 1%-5%MZ K B (BIE 0.1%H R K
B 5 min, SRISTE 90 min T BT
HH A0%ME MR B, ZJa MARIE R 99%Y
ZE P Btk AL 15 min, 354N 200 nL/min.
AR A e 2 1 3L K A 57 ASUHEIKT Y B-NGF i
RO P19 )RR E A R S RO, X A
T AR P AT 34T



EE5E S/EAANMELERKETF rh-p-NGF EZFREHANEERERE HEK293 MiEPRIFRIE

1.4.4 rh-B-NGF Hy&iifk K gt =4 i % &

WA 7 th-B-NGF (98558 1 1200 mL, J]
0.45 pm JEREAIE , B FH 8 8 R e e 4 2 8 1%
HRUEM - FET SP Sepharose FF 5 fHE T2 M1/ it
(#L7 . GE Healthcare A% AKTA Purifier 10), -1
2% v 20 mmol/L MR ELSZ i, pH 6.0, Tk
Ji 2% pPiR U 20 mmol/L B ERERZZ s . 1 mol/L
NaCl, pH 6.0, %ii# 3 mL/min, FH 20 PHEA&FH
HEAT 0-100%Z LRI, WA B ARIg, JoTR 404 .
FHN, KM LA S th-p-NGF (14l i Fk iz,
WL b/ AR E e, EAET Superdex
7510/300 GL fiie A (ML : Agilent 23 Al 1) 1260
Infinity LC), JZ 722 M & 20 mmol/L BEfR 1k 2%
M, pH 6.0, Wi 1 mL/min, W HbRl,
FEWRAE ik it 2, AR 25 2 4 i g i FRE T
St rh-B-NGF M4lRE, SR AR i 2
FI M . 4iifk )5 rh-p-NGF #E17 SDS-PAGE FiI
FO MY i,
1.5 PC12 FES AN EHM KT
rh-B-NGF B;E 14

TE 37 C. 5% CO, 55 T H DMEM 5% 445
FRIE (5 S%HRE I, 12% 5 113E) BFE PC12
MM Z 90% L2, AR LA, JRRIH LS Y
AR 5x10° AR TS FLARH; 24 h
J5 BRI BRI T REALN A 2 mL i
R 5L B9 MR 1K) th-B-NGF, rh-B-NGF & i
JEk 0,10, 25, 50, 100, 150 ng/mL, F 37 C .
5% CO, BYHUFIAIR LIRSS IR A TP R 5% 24 b
DLz 34K pCMV-MCS %% 4L 1) HEK293 4 ifl b3
AIVEBAEXT BRZH, DA ACKE D 25 [ 29 B 7 1
SR E KIE 7 ORIRAR) 1R RS R,
FEAH 22 AR T AR PC12 diiUTE A .

1.6 EHEMAEKKS D rh-p-NGF BRI

PEH 6 BRESE 35 B-NGF [ 4 40 bk &
FARAMMBRE TR (& 1% FBS) MFEMH b
F&, 1=2d )5, BOWBCELNL, I b R 5
BTE, AN R 13 10° 40 /mL, 4Lk
7% 24 h JE W AEE SR 5L, iF1T SDS-PAGE BEHCHL
UK, [FIRTE TR UK AT ZRAIFR R BSA Frifdh
FL UK 28 o R B HEA 725 T Wi s i e e R €2
1.7 EEMEMMARARTEERE

AN RRAE TC MTX AR IS A 35 9538 (&
1% FBS) H{£48 30, 40, 50 ¥k 60 )5, %
B 2x10° AN 4RI FEAE 60 mm 35 3R M HL, 4k
BB SR IR IR 24 h 5, UREERE IR AL OET
SDS-PAGE HEMcr Uk, BUKIE A 15 ul, HLIk
SEHE % S s i g e AR

2 HEREAH

2.1 FHFRIERKK pCMV-B-NGF BIEE

H 2 Rk TR pCMV-B-NGF 2 [ 53 #riiE
S, B-NGF RH A B gAEA TR, &4
5 GenBank (Accession No. 4803) 7 JF i) A
B-NGF B[54 K J7 51 56 4 A1 [\ /9 )5 51 o XF
pCMV-B-NGF 47 U] %5 5E , 13 2 K/ 749 bp
14270 bp B 5571, 45 R S —2 (K 1),

22 HEFIEFRK pCMV-B-NGF-IRES-dhfr
B E

DNA Wp45 R Rz EA RS CMV
BB BEREAEENG T B-NGF R 2K
IRES J¥HI A dhfir 2L . H Xho 1 F1 Bgl 11 XLl
Y%t pCMV-B-NGF-IRES-dhfr #17HF] %58 |, 15
F R/ K 1158 bp F1 4 942 bp IH 545, 455F
5 — (& 2).
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bp O R R R . XA 1-6 KR HURESE IR i1 T
SDS-PAGE BERGH VK (1. 2. 3. 4. 5. 6 434l
5000 RREFF 1, 2, 3, 4, 5, 6 drEMRTRE,
UL A B 15 uL B ), U
FreeStyle293 JC Il i £5 7 AR VX IR . 4295 1
1000 s . .
750 Wresis g it (K 3), 75 K%Y 13 kDa B9
300 B WA, AR TE 50%LL E
250 2.3.1 rh-p-NGF WRiE L E5ER
Iy TAS rth-B-NGF & ik %e, A 13 &
SIS FSAC R A KB, AR 6
1 S=EREK pCMV-B-NGF I fg#E B sk 9 4 B9 R A BANZE 2 Fron, AR I i
Fig. 1 Agarose electrophoresis analysis of pPCMV-3-NGF. E & 4 frs ., JE1E A rh-p-NGF ik B ¥
bp M 1 51 5B B-NGF FE R RH IR 36 17 5 A A
kbDa M 1 2 3 4 5 6
100—
5000 70—
55—
3000
25—
1500
1000 15—
750
500 U=

3 FELAMMEKERIL rh-B-NGF B SDS-PAGE 417

- SRR e Fig. 3 SDS-PAGE profile of rh-p-NGF. M: marker;
2 HBRAL pCMV-p-NGF-IRES-dhfr FRA=#E 1-6: th-B-NGF expression of recombinant cell lines in

kR 1-6 days.
Fig. 2 Agarose electrophoresis analysis of pCMV-f3-
NGF-IRES-dhfr.

*2 S5BEFIIHECEEMKERME

. Table 2 Positions of peptides matching theoretical
2.3 EAMBEKK S i rh-p-NGF B SDS-PAGE

sequence
BE Peptides matching theoretical sequence (5—3')  Positions
A A AR BT LAJ3 0 rh-B-NGF 2 A5 7 GEFSVCDSVSVWVGDKTTATDIK 10-32
e FATHE— PR C A5 1V FreeStyle293 JC Il i 4% GKEVMVLGEVNINNSVEK 3330
o3t T . an F 2 1 25 QYFFETK 51-57
HEHY B-NGF 2 20 B F% 110/ mL Y 46 3 GIDSKHWNSYCTTTHTFVK 70-88
FEE T34 FreeStyle293 JCIMLiE K575 5L A #E FIRIDTACVCVLSR 101-114
LGSR 6 d, WM RIS |G, I IDTACVCVLSRK 104-115

http://journals.im.ac.cn/cjben



FRE F/EAAREERETF rh-p-NGF EEREHMHIGERHETE HEK293 AIPAIFRIX 417

GEFSVCDSVSVWVGDKTTATDIK

D
i
i 3
= =
400 T '
S 1
oF ]
300 o= b
2 _ = ~
e S+ - a
2000 2 @28 = a8 7
hog e S F7
AR S-S -= ‘
2 il .L.ILJ‘JIJ:JJ i) ;{D i P S N A . L
0 400 800 1200 1 600 2 000 2 400
QYFFETK mz
=
:
750} E
500 % —~
F . o
[ : B
250} . a z. _
] ), 7 g X
[ J.HMIJHJ 11]...[.‘; I . L . Moo .
0 100 200 300 400 500 600 700 800
mlz
4 FEMAERET S rh-p-NGF BIER 4 FRiL E
Fig. 4 Some mass spectrograms of rh-f-NGF.
232 ZifLYR EE SR kba M 1 2
4lifk 1) rh-B-NGF £ SDS-PAGE 4}, K% N —_—
13 kDa Ff7 B ANA B B 4577, %4 Quantity One 70— -
. 55— =
AT, iETE 95%L I, 5 HPLC 4l -
ZER>91.7%HMFF (K 5). 734, HPLC I8 1k —
§ N 25—
Lt R4 0.163 mg/mL, 5 Bradford 720 25 1k o 4
FELE R 0.159 mg/mL M4F . 1(5)— TP i
—

2.4 PC12 4iff14% rh-B-NGF S 52 51
s < e L X 5 #h{k rh-B-NGF HJ SDS-PAGE 2
i ezs 7S % 4 4y
PCI12 A2 T R /E K, AN AT 274 Fig. 5 SDS-PAGE profile of purified rh-f-NGF. M:
PR GSE  A MFE h BH AR LA, IS S PHAE 2 marker; 1-2: purified rh-B-NGF.
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JRLA% G EL 9 S B T B-NGF A9 TE M. 5 5 L
MEERK KT GRIRE) AL, 4 A0 bk
WA th-B-NGF 4177 ULBAPE A0 ML, i 544 %) e
I TG PHPE A% (K 6)5 ibd I B 20 40 i ik AT
43 IBH B-NGF HAG %5 PC12 41 H /b A6 4

it A A th-B-NGF 41 DL % i 5 A Sl

ZERKNF GRkAE) 4TESH PC12 BHYEN
AR A AN M B A b, DA PH M 4 i
A A AERR, L B-NGF ¥ B Ak AL ARz il
FldE- . AHIE MR RS, 4 4 IRk BT 4
WA th-B-NGF I 4 5 BUA 1 5 Rl 24 K
¥ (ORkA) BIEMEAR Y s (E] 7).

6 NGF iES PC12 A1k

Fig. 6 PCI12 cells differentiation induced by NGF (50 pg/mL). (A) Negative control. (B) Mouse NGF for injection.

(C) th-p-NGF.
2.5 EHMBAkS WS rh-B-NGF

JH Quantity One #4725 FE 4446 13 kDa
BRI ST ESEE, S8 BSA bRl S,
P B-NGF B &ie (K1 8), 446, 6 MReEZH4n

100

0
S
T

D
(=
T

N
S
T

—- rh-B-NGF secreted by
recombinant cell lines

-@- Mouse NGF for injection

1 1 ]

0 50 100 150
Concentration of B-NGF (ng/mL)

N
(=)

Percentage of positive cells (%)

7 AEIRE rh-p-NGF HFEHARMWEZERKE
F (FFERE) HiFS PC12 FHIEMBEFE LRI E 2 Lt
Fig. 7 Percentage of PC12 positive cells induced by
rh-B-NGF and mouse NGF for injection in different
concentrations.
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kR 1Y) th-B-NGF 75 4 50-100 mg/L #5577
I, THREHFERRCRZ R 20-50 pg/(celld).
26 EHHAMARZZ XERMBERIE
rh-p-NGF

MR ZLTT 30, 40, 50 F1 60 KALACE
AEiA rh-p-NGF (B 9), HERZRZERE, K
FrELrh B-NGF &%y 100 mg/L.

BSA (mg/L)

kba M 1 2 3 4 5 6 30 100 150

0— e —

15—
10—

B8 FLHMAES D rh-B-NGF BI RN

Fig. 8 Test of secretion efficiency by recombinant
cell lines. M: marker; 1-6: rh-B-NGF expression of
recombinant cell lines in 1-6 days.



EE5E S/EAANMELERKETF rh-p-NGF EZFREHANEERERE HEK293 MiEPRIFRIE

kDa M
100 —
70 —
55—

P30 P40 P50 P60

25 —
15—

10—

9 FEHMAKKS W rh-p-NGF 8952 & 14460

Fig. 9 Test of secretion stablity of recombinant cell lines.

M: marker; P30—P60: rh-B-NGF expression of 30th, 40th,
50th and 60th generation recombinant cell lines.

3 A

NGF 45 o, B. vy 3 DI, TEMEXGE B
5, EHA SN NGF A 97151, &5 BDNF,
NT-3 H1 NT-4 Z5HAHCHRIRZ B IR 7, oA
R4, (Cysteine knot) FFRE — RIKLEHY
K, WA 118 ANZBEERRZH U sk it IRt
st A U0 B-NGF WA B 5 5k
TSIk K ik 3 #8434, B pre-pro-NGF!',
Hrp, [F9 AT A IREER A NFL iz, AT
JIKREH5 Bl IR AT AR 2 1 1 A AE A AL
G, T B A R AT A s v i B2,
HAT, C&f 28R A E TR IS & A
NGF, EFEMRIERG FEA R E . Wbk
WL Sh Y A S B RS, R R A Hoa
R B S N TAS M RGN, R AN A A 26 1
JoT MRS I T A 7 25 A A AR W 22
K, ARMESRAF AT B LIS TR O
HAb IR R GERHRA Z 0B A BRI

ARSI LS Y A MR s R, AU
JE A E A HOR AR R I8 N NGF 5 R Bedii A

AN R IE R LB, X s iR e fa e
F#iA N NGF . EEANBEARSGEHA mEH
A RN EAREER N T Bm RS,
£ R AR R 2 3K 7 ) B AR 1Y 4
B, YA T84 B HE ST Tl 72, A0 F5 H 3
fb. BRIEAL, 3K HHNE B R = Y fg
TRFFHRIRGE M B v, (A5 R #ZH A NGF
AR B & NGF & UFHI58 42— IoHh, AL
0 ) ) AN AR A I R A R, R LAk
FEKIFIT W NGF & BB F 5, I s ok
REAIR T Ui 2 L A 0 T2 M B RN AR AR , 3BE 4 T
N M AR A5 S 3G IR L A 2 AN e 2% o 2 1 A
JJ5i DNA %5 T2, AE IS B 72 4040 T ol LAtk —
U INE S e YR, fRifalifk T2,
P B, IF HOR KRR At fb il A

RSz, AV 8 A 2 A3
EEH S T4 B3 (CMV)., B EREEEE
P TUS) (fFR BGI, AIH A B-NGF 3
FEFCR, AR mRNA MM EE R 5 N i
W) N B-NGF FEIH | BB A A 5 51202
(f&7F% IRES, PFIHRSAZIEIAYT mRNA HE17HHE,
DI AT R R U i e A i R R 1 23K i E
PRICHEEH (dhfi). BAFREUCRA—AIRhF
[FIB 5T B-NGF JER MG priC SE R L 5% | il
FH IRES J& 8l & B Jr =X, (045 4 i i 25440
TIREFEESE - Wi, YR EA LA
PREE YA EANART, 0328 S BH A 238 40 L p ) AR
RIEK, T H L R AN R AR 07 38 25 1F T Al 5
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