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ABSTRACT Objective: To investigate the effects of nerve growth factor gene transfection via a recombinant lentiviral virus vector
on the proliferation and cell cycle of human umbilical cord mesenchymal stem cells cultured in vitro. Methods: The NGF gene was
cloned into lentiviral shuttle plasmid, and identified by the enzyme cut assay, PCR and gene sequencing. It was then transfected into 293T
cells to construct the recombinant lentiviral vector plasmid. Cellular proliferation was determined by cell growth curve and Cell Counting
Kit-8 assay. The infection efficiency of lentiviral virus transfection was detected by fluorescence microscope and the protein expression
of NGF was tested by Western blot. Results: NGF gene recombinant lentiviral vector was successfully transfected into human umbilical
cord mesenchymal stem cells, and the transfection rate reached 95.35%. The expression of NGF mRNA and protein in stem cells was sig-
nificantly higher than that in the control group after transfection. It was confirmed by inverted microscope observation and growth curve
experiment that the growth of stem cells after transfection was not significantly different from that of the control group. Conclusion:
These findings suggest that the recombinant lentiviral virus-mediated nerve growth factor gene can transfect the umbilical cord mes-
enchymal stem cells. There was no significant difference in the proliferation and differentiation ability of stem cells after transfection with
untransfected cells.
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WL DK AN T 767 bp 40 UL H 19554 (B 1),

1 A NGF EE RT-PCR JFHEKER
Fig.1 The electrophoresis results of human NGF gene after RT-PCR

A
B 3 18R E%S 293T faJEFRE EGFP (x 40)
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WHEEYI)E , AT WL 767 bp AL B Y 2537 A K 11.0 kbp 4bFZ8 {4
4t (B 2)

2 EGFP-NGF EHFNESIEE
Fig.2 The identification of EGFP-NGF recombinant plasmid by restriction
enzyme digestion
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Fig.3 The expression of EGFP in 293T cells by Lentiviral transduction
A: NGF-293T cell; B: null- 293T cell.
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0.0001,0.008+ 0.0004, 546 2H 1) Ak BE A A 0.785+ 0.092 , 3
R PXTIRA , 22 R A S L (P<0.05) (8] 7). iX 5 RT-PCR
R4 SR —2, W] MSCs BERS A 28315 NGF FEH



- 2004 -

DREYES#E biomed.cnjournals.com Progress in Modern Biomedicine VoL19 NO.11 JUN.2019

A

B

4 1BfRBH S MSCs Ja5kik EGFP (x 40)
Fig.4 The expression of EGFP in MSCs by Lentiviral transduction
A: NGF-MSCs group; B: null-MSCs group.
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Fig.5 The growing situation of MSCs after NGF transfection
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Fig.6 The Growth Curves of MSCs transfected with NGF
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p-actin
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Fig.7 The expression of NGF protein in MSCs after lentiviral transfection

BEFATIN N NGF (192 35 585 JRA6 14 ED 19 % A e e YA
Ko NGF ML EIRN TR EZ LG Z—, —FhE
AR 20 A KR D 1, e T B R R R e AR R
LG G SR iEAPI{ A 5 SN = I o N R o | ) iy d e
HATEZ AR IO, SR, SMIRIE NGF £7 76 2E 0 A
YA FH BEAR A )L, B 738 e X AP 7 T B LRI B Fr sk
FAE B NGF , BRI T I T 7E

UTAFRIEN AT AT A HIAT 7 R ANIE I N 5 Pt o)
RERR AR PR AL 1T A e . 8 730 T R 2 3 TR A 5
i ED JERATF AR AR AIEH S rT AT, SR T R A
e AN AR AN DG 5 R A SR SR L H A 9 T
ek kIR | LA AR T 1 S0 AU S5 DR R 02, A e LA



DREYESSHE  biomed. cnjournals.com Progress in Modern Biomedicine Vol19 NO.11 JUN.2019

- 2005 -

TRENHET SRR

TN — B A BB R Z 10 4 e A B, T-240
LA W b, 7R AR Y S B I B3R A2 BB 7, W]
TESZAOL R A S RO 3 T, T AR AT & 415 550k
AGALERE T T A g, D2 mA s B .
TUfsR R R B IRy HERE 7, A5 L REUE it 32 JE IR % e 5 A st
(E] i e AR, S5 /NI R A 5, T4 BENS JCRR B 14 mi hy
T i SR AN T Je e o

RYE S RE, T AN B2 3 Fh2AL . (1) 2 RET 41
(totipotent stem cells), 2 T4 ELA Az BRI A SO eI 7
FEPAREZE IR ML FHgksl b A K0 A~
R EE . HA IR T 41 i (embyonic stemeells, ESCs)Jg T4
e T4, Q)£ HeT 4l (multipotentstem cells), t1 B 5k
Z R A A SRR R BT REAZ B —E R R, e &
TRE BSEEANENEES it T 4, B — e REN L
WREA LR TT, AT AL #2800 | B TR e Jo 400 A A 2 5 Jise I3 4
Ji . BRI, 2 RE R A T SR ALAE LE B A8 (B ) 434k 2
HEVZ AT, Vet B , AT ™ £E 2 Rh 2SR 20 B L
8 B, Flan B TR T4, G)HRET 4 (u-
nipotent stemcells), tFK % HE AR BE T4 ML, 3X 28T 4 L K BE 1)
— PP YIAH DG P AP B () 20 534, A HR A R 25 141
Jit S BE Sk R AR b E T,

() 705 T4 2 22 B8 T A M A — ol , B N A2 S 2 4R
B 7B 8] 75 5 T 20 il (mesenchymal stem cells, MSCs )& M
TE S AT RESE AL I R R TURE AL, (15 B MSCs 2 BBkl 2
AT MSC B E R R AR TR F AR IR T
A TP S By MR DR i ] L A3 2 A, A6 g P I A8 PN B 2B
HF (VEGF )IBY7 Ja 28 n] & AR 36 U8 MSC e 475 J BB 43
A A I AE° PN B AR 8T A I AT SO, 48 7 A 53 0 45
AT, 40 VEGF iR 2238 55 F 1 (BDNF) B 1 21 4
i A K R 7 (bFGF) i 8 A K RL 7 (NGF) U4 e A= 1 IR 7
(HGF)& , i3 S A -fig 7 £ A 2 (R 4P VR R RGO i Ry 53 0l 7
2 S 115 = N T S A A 7 N2 i e X | K1 0 A 2R
A, TR BEST A 2803 1A F L,

Hii ¥ ED IGYF s i T 4n i 28 B 2, 5 WL 224
55 0 U1 D) 30 S5 T 240 L ) 7 T 4 L JLOE P T At B B
T4 KRG T 40 0 5 T 20 A LR PR S T A 55, Ho
Ji S I Y5 A 18] %2 5 T4 g (human umbilical cord Wharton's jelly-
derived mesenchymal stem cells, HUMSCs) B X458 8 /158 .70
ATE ) K A A T A IR A BR ) IR T L 5
T ALK SFEAFE , A5 IAERN 2 AR 22 00 T 40 M rb L0
A O A TR KB AT I Rl 2, ) e T
BRI R AR,

Jiat oy et MSC EZ R LAET, BN Ik 5
Yy, Rz U T, X3 T B 05 N 2 AT fel A B Rk
FHRR T H MSC S5, e R %, A 31k HLA-DR, [ it
B EACH BT A MSC BRCRIE, Tz MU TR
PRATIRS .

WG s A [R]85 T 40 A RE S I 43 8 A A S 4
B T8 2 A AT ARAT AR 0 T A RS, 3RAT TR i SE 50

MR FHZH LI T J 273 18 i 7 A B e 1) S o1 4 e
SR, M B IR T A SR IR, iy 22 i S H H A
S IR E RIFRIR H AR R — N RR SR )™,
e A e H IR TR RS Z —, BRAL e
U SRR BOR PR R E A BB AR K
WRGE R RS AT O0 P, B LIS —Fh L IR Y7 Y &
AR N B AT IR P A T 2 B BOR Y SGTER

BT, 72 ED RYSERNA T KT A iny T b i AR A
R T AN T A LR AU A GE b T A A B P
97 B ERAHEA T RO, RIS )5 T A ARSI, IF A T R
HERR,

ARSI TE ARG A R Qe BRI MSCs 1525253
SEBYFEIR NGF, i 1o 5 R B J ) A B ) 58 5T 40 i g
G IR AR R P IR T AR YR VR, o IR 7 et D fig
BEAFI X — RAFRAE . AT H A g N BE R MSCs 1397
DMED $ i S50 R SE A , HAT RAF A9 AR TR 5 9028
B NGF 1 MSCs BFEHIBLH , % T-45 75 DMED %4 % Jié J
FRVADLE BA —E M EIE T

% % 3T #k( References )
[1] Shamloul R, Ghanem H. Erectile dysfunction [J]. Lancet, 2012, 381:

153-165
[2 ] Malavige LS, Jayaratne SD, Kathriarachchi ST, et al. Erectile dysfunc-

tion among men with diabetes is strongly associated with premature

ejaculation and reduced libido[J]. J Sex Med, 2008, 5(9): 2125-2134
[3] Zitzmann M, Mattern A, Hanisch J, et al. IPASS: A Study on the Tol-

erability and Effectiveness of Injectable Testosterone Undecanoate for

the Treatment of Male Hypogonadism in a Worldwide Sample of

1,438 Men[J]. J Sex Med, 2012, 10: 579-588
[4] Saad MA, Eid NI, Abd El-Latif HA, et al. Potential effects of yohim-

bine and sildenafil on erectile dysfunction in rats[J]. Eur J Pharmacol,

2013, 700: 127-133
[5] Zhu H, Yu WJ, Le Y, et al. High glucose levels increase the expression

of neurotrophic factors associated with p-p42/p44 MAPK in Schwann

cells in vitro[J]. Mol Med Report, 2012, 6: 179-184
[6] Zheng B, Li T, Chen H, et al. Correlation between ficolin-3 and vascu-

lar endothelial growth factor-to-pigment epithelium-derived factor ra-

tio in the vitreous of eyes with proliferative diabetic retinopathy [J].

Am J Ophthalmol, 2011, 152: 1039-1043
(7] F4L, HBH RV 2 A KB T IRE T3R5 10477 AON a4 77

K [J] B FRaRA 4 &, 2011, 11(12): 2230-2231
[8] Kim SJ, Park SH, Sung YC, et al. Effect of mesenchymal stem cells as-

sociated to matrixen on the erectile function in the rat model with bi-

lateral cavernous nerve crushing injury [J]. Int Braz J Urol, 2013, 38:

833-841
[9] Kovanecz I, Rivera S, Nolazco G, et al. Separate or combined treat-

ments with daily sildenafil, molsidomine, or muscle-derived stem

cells prevent erectile dysfunction in a rat model of cavernosal nerve

damagel[J]. J Sex Med, 2012, 9: 2814-2826
[10] Hakim L, Van der Aa F, Bivalacqua TJ, et al. Emerging tools for

erectile dysfunction: a role for regenerative medicine [J]. Nat Rev

Urol, 2012, 9: 520-536
[11] Prencipe G, Minnone G, Strippoli R, et al. Nerve growth factor down-



- 2006 -

DREYESSHE  biomed. cnjournals.com Progress in Modern Biomedicine Vol19 NO.11 JUN.2019

regulates inflammatory response in human monocytes through TrkA
[J]. J Immunol, 2014, 192: 3345-3354

[12] Nossaman BD, Gur S, Kadowitz PJ. Gene and stem cell therapy in
the treatment of erectile dysfunction and pulmonary hypertension; po-
tential treatments for the common problem of endothelial dysfunction
[J]. Curr Gene Ther, 2007, 7: 131-153

[13] Gur S, Kadowitz PJ, Hellstrom WIJ. A review of current progress in
gene and stem cell therapy for erectile dysfunction [J]. Expert Opin
Biol Ther, 2008, 8: 1521-1538

[14] Singh A, Singh A, Sen D. Mesenchymal stem cells in cardiac regen-
eration: a detailed progress report of the last 6 years (2010-2015)[J].
Stem Cell Res Ther, 2016, 7: 82

[15] Pandey AC, Lancaster JJ, Harris DT, et al. Cellular Therapeutics for
Heart Failure: Focus on Mesenchymal Stem Cells [J]. Stem Cells Int,
2017,2017: 9640108

[16] Bongso A, Fong CY. The therapeutic potential, challenges and future
clinical directions of stem cells from the Wharton's jelly of the human
umbilical cord[J]. Stem Cell Rev, 2013, 9: 226-240

[17] £5F=,E A&, 2K, F. MAR T @B >R F LK EA
BB A4 TR &, 2017, 37(10): 126-135

[18] Ramanathan R, Rupert S, Selvaraj S, et al. Role of Human Wharton's

(WJ-MSCs) for Rescue of

d-Galactosamine Induced Acute Liver Injury in Mice [J]. J Clin Exp

Hepatol, 2017, 7: 205-214

Jelly Derived Mesenchymal Stem Cells

[19] Troyer DL, Weiss ML. Wharton's jelly-derived cells are a primitive
stromal cell population[J]. Stem Cells, 2008, 26: 591-599

[20] Cooke JP, Losordo DW. Modulating the vascular response to limb is-
chemia: angiogenic and cell therapies [J]. Circ Res, 2015, 116:
1561-1578

[21] Ding DC, Chang YH, Shyu WC, et al. Human umbilical cord mes-
enchymal stem cells: a new era for stem cell therapy [J]. Cell Trans-
plant, 2015, 24: 339-347

[22] Fong CY, Subramanian A, Biswas A, et al. Freezing of Fresh Whar-
ton's Jelly From Human Umbilical Cords Yields High Post-Thaw
Mesenchymal Stem Cell Numbers for Cell-Based Therapies[J]. J Cell
Biochem, 2016, 117: 815-827

[23] Muheremu A, Sun JG, Wang XY, et al. Combined use of Y-tube con-
duits with human umbilical cord stem cells for repairing nerve bifur-
cation defects[J]. Neural Regen Res, 2016, 11: 664-669

[24] Shivakumar SB, Bharti D, Subbarao RB, et al. DMSO- and
Serum-Free Cryopreservation of Wharton's Jelly Tissue Isolated From
Human Umbilical Cord[J]. J Cell Biochem, 2016, 117: 2397-2412

[25] Wakao S, Matsuse D, Dezawa M. Mesenchymal stem cells as a
source of Schwann cells: their anticipated use in peripheral nerve re-
generation[J]. Cells Tissues Organs, 2014, 200: 31-41

[26] Gupta R, Tongers J, Losordo DW. Human studies of angiogenic gene
therapy[J]. Circ Res, 2009, 105(8): 724-736

[27] Sun K, Guo C, Deng HJ, et al. Construction of lentivirus-based inhi-
bitor of hsa-microRNA-338-3p with specific secondary structure[J].
Acta Pharmacol Sin, 2013, 34(1): 167-175

[28] Mitchell K E, Weiss M L, Mitchell B M, et al. Matrix cells from
Wharton's jelly form neurons and glia[J]. Stem Cells, 2003, 21: 50-60

[29] Z#H, KRR, ERE. TAMMARERREIRALEKRA
T ARG MRS 2m AR A ) VR R 69 B ST[T]. F A K AL b 22
&, 2011, 10(4): 286-289

[30] FEF, Lk, AW, F. A AEKE T LR E BRI
B G AT SUM S g A e M R [J]. P AR ARSI 9 5 2 &, 2005, 14
(2): 108-111

(#2031 77)

[26] Amare PS, Baisane C, Saikia T, et al. Fluorescence in situ hybridiza-
tion: a highly efficient technique of molecular diagnoeis and predica-
tion for disease course in patients with myeloid Leukemia[J]. Cancer
Genet Cytogenent, 2001, 131: 125-134

[27] Sharifi M, Salehi R, Gheisari Y, et al. Inhibition of micro RNA
miR-99a induces opoptosis and necrosis in human a human acute
promyelocytic leukemia [J]. Adv Biomed Res, 2014, 3: 61

[28] ShaRifi M, Salehi R, Gheisari Y, et al. Inhibition of micro RNA
miR-99a induces opoptosis and inhibits cell proliferation in human

acute promyelocytic leukemia through modulation of p63 expression

[J]. Mol Biol Rep, 2014, 41(5): 2799-2808

[29] Testi AM, Pession A, Diverio D, et al. Risk-adapted treatment of acute
promyelocytic leukemia: results from the international Consortium
for Chilhood APL[J]. Blood, 2018, 132: 405-412

[30] Strocchio L, Gurnari C, Santoro N, et al. Arsenious trioxide and trans
retinoic acid treatment fo chilhood acute promyelocytic leukemia [J].
Br J Haematol, 2018, 126: 1200-1206

[31] Zhu HH, Wu DP, Du X, et al. Oral arsenious plus retinoic acid versus
intravenous arsenious plus retinoic acid for non-high-risk: a non-infe-

riority, randomised phase 3 trial [J]. Lancet Oncol, 2018, 19: 871-879



