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Abstract

BACKGROUND: Recent studies have confirmed that mesenchymal stem cells (MSCs) can be used as targeted-gene delivery
vehicles for cancer gene therapy.

OBJECTIVE: To investigate the therapeutic effects of herpes simplex virus thymidine kinase expressing mesenchymal stem cells
(TK- MSCs) in combination with Ganciclovir (GCV) on nasopharyngeal carcinoma.

METHODS: The pGL3 -EGFP-TK plasmid was constructed and transfected into Sprague-Dawley rat MSCs by Lipofectamine™
2000. Cell proliferation was determined by CCK-8 method. Tumor-homing of TK-MSCs was analyzed by Transwell inserts.
BALB/C nude mice were inoculated with TK-MSCs to observe the tumorigenicity. Human nasopharyngeal carcinoma cells 5-8F
were interfered with TK-MSCs/GCV to investigate the cell viability and the bystander effect.

RESULTS AND CONCLUSION: TK gene was transfected into MSCs successfully. There was no significant difference in cell
proliferation between TK-MSCs and MSCs (P > 0.05). TK-MSCs maintained their tumor-homing and had no tumorigenicity.
TK-MSCs/GCYV significantly inhibited the growth of 5-8F cells (P < 0.01). TK-MSCs/GCYV suicide gene therapy system exhibits
significant inhibitory effects on growth of 5-8F cells, suggesting that MSCs can be used as delivery vehicles for targete-gene
therapy of nasopharyngeal carcinoma.
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21 KAMSCstin & . BAREZHE HEMN
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a: Adipogenic differentiation, fat droplets in the cells were stained with
oil red

b: Osteogenic differentiation, the accumulation of mineral deposits was
detected by alizarin red staining

c: Chondrogenic differentiation, cells formed a pellet, which was stained
blue by alcian blue

Figure 1 Adipogenic/osteogenic /chondrogenic differentiation
of mesenchymal stem cells (x 200)

A TR0 78 T 0 i SRR S v AR LR 234 (x 200)

Figure 2 Expression of enhanced green fluorescent protein in
mesenchymal stem cells after transfection with
pGL3-EGFP-TK (fluorescence microscope, x200)

2 Y pGL3-EGFP-TK F R 78 Jo 141 il W4 (1.5
HAMRIE(HOE W MEL, *x200)

TK 1131 bp
GAPDH 598 bp ——

1: pGL3-basic; 2: pGL3-EGFP-TK; 3: non-transfected group; M: DNA
marker (100-2 000 bp); TK: herpes simplex virus thymidine kinase;
MSCs: mesenchymal stem cells

Figure 3 TK mRNA expression in TK-MSCs after transfection
with pGL3-EGFP-TK
3 9 pGL3-EGFP-TK (111 78 Jii 41 il TK mRNA 11
Kik

2.3 TK-MSCs#y3sh 4t /7 CCK-8Hill i 7mMSCsHl
TK-MSCs K i g fziir: Wi A KR IHZ1 d, 262~5
FONFRBUE K, e RLUGHENFEGI, K4,

—O0— MSCs
—o— TK-MSCs
15 |
(0]
o
c
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[o]
@
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Figure 4 Growth curves of mesenchymal stem cells (MSCs)
and herpes simplex virus thymidine kinase (TK)-MSCs
4 MSCs J TK-MSCs A=K liZk

2.2 % #pGL3-EGFP-TK#YMSCsty Sz t5 F  Hyt
24 hJg, RINEYHIMSCsTE R G B MEE Nl WAkt o¢
J6, W2, RT-PCRALMITK mRNAIZ AL L3,
SICAAET 131 bphbv] W—Fr e PE4HT, T A FI
P10 FRLAL DR L B 4%

ISSN 1673-8225 CN 21-1581/R  CODEN: ZLKHAH

P 51 MSCs Fll TK-MSCs (1] 1 44 £ 18 15 18] 43 531 g
(31.7£0.5) hfl1(32.3+1.2) h, WiE L ER LEEMNR
X(t=0.813, P=0.447).

2.4 TK-MSCs#jya £t Transwell /5 T # 5256 bk
N 5 A~B 417 )3T B ail M (AN ) 4 il ok 38.543.1,
36.743.6, 4.0¢1.4, 415+2.6, 2.3+1.7, WKI5. %1,
2, 3t E R B E MR L (F=184.342, P=0.000),
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F4ESNKZ E LRI, 1, 24t ER LB ER
X (P=0.410), i TK-MSCsit [ [ 87 40 Jifd ifiy AN 1) 1F
RGN, TR EEAS R R 4 e 3 A U S . 264, 541
b 22 A G 3 vE i X (t=24.928, P=0.000), %]
MSCs# L iy Jim ¥ r) [ I8 40 W it A 1) 155 AR 40 B s
A, A4 E LB R X (t=1.470, P=0.192),
T W 4 G i R A SR

d: Group 4, MSCs/5-8F

e: Group 5, MSCs/GCV

TK-MSCs: herpes simplex virus thymidine kinase expressing
mesenchymal stem cells; GCV: ganciclovir

Figure 5 Tumor-homing of TK-MSCs analyzed by Transwell
inserts (crystal violet, x400)
K5 TK-MSCs [fiRs V= S0 (45 S5 4L (i, x400)
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2.5 TK-MSCs#y#atE  # RN S50 Bor, il
JE, SREG 15 R R4S, FUBGE B N T T ik
X IR ST EE 6 R TTUR TE BB T 4717, 4571 1 M i
K, BRSO, SR BUER T, WE6.

|
e

a: TK-MSCs

b: 5-8F cells. The arrow indicates the growth of human nasopharyngeal
carcinoma cells transplanted subcutaneously in nude mice

Figure 6 Tumorigenicity experiments after transplantation of
herpes simplex virus thymidine kinase expressing
mesenchymal stem cells (TK-MSCs) and 5-8F cells

in nude mice
Kl 6 ?Fﬂiﬁ?ﬁszﬁ TK-MSCs FIA & 0835 41 i 5-8F J& i 1 il
(=

2.6 TK-MSCs/GCV}5-8F ¢ #4515 H CCK-8ikH]
IS A A A R R
R UM AR _
Table 1 Cell viability in each group (xs, %)
Group Cells and intervention Cell viability
Blank control 5-8F 100.0+0.0°
Negative control 1 5-8F, GCV 96.3+2.3%
Negative control 2 5-8F, MSCs 95.1+2.5%
Negative control 3 5-8F, MSCs, GCV 92.8+4.5%
Negative control 4 5-8F, TK-MSCs 91.8+3.5%
Experiment 5-8F, TK-MSCs, GCV 43.9+1.2
Positive control MCF7,TK-MSCs, GCV 46.1£2.0
P < 0.01, vs. experiment group. TK: Herpes simplex virus thymidine
kinase; MSCs: mesenchymal stem cells; GCV: ganciclovir

SEGA 2 PGS LRI 45 [0 e 4 A 2 A7 e L
b s HAT BV E X (F=301.530, P=0.000, J5Z%A
3%, RAELIFR K Welchik), 454 SNKZ E L 4L R,
S U A A7 R AR S YUK, UL TK-MSCs/GCV Xf
5-8F 4 A o S 4 AE A7 SR BH P R AL AR A7 R Ll
B o2E SO0 W E R X (t=1.527, P=0.201), i B
TK-MSCs/GCV X} 5-8F FIMCF7 [f] KE 47 241 Hu 7512k .
2.7 TK-MSCs/GCV#Z U435 CCK-8kill &,
U TK-MSCsF] EL A1 43 59 4 0% 5% I, 41 4 25 A7 24
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14 (96.3+2.3)%F1(92.0+3.0)%, 4N iG e e, 5%
W BN AN i Y TK-MSCsHI L4514 F120% I, 41 g
A7 50 (69.981.7) %, S5 MFH BN W L, JF HBtAE
TK-MSCsHLLGIR R, giesEtesgsm, WIE7.

100
g 80
>
= 60 |
Qo
8
Z 40}
[
]
| |:| | |
0 1 1 1
0 5 20 40 80 100

TK-MSCs (%)

Figure 7 Bystander effect of herpes simplex virus thymidine
kinase expressing mesenchymal stem cells
(TK-MSCs) / ganciclovir (GCV) at various ratios on
5-8F cells

7 AIFEEA] TK-MSCs #:4 GCV X 5-8F #4441 H

3 g

MSCs/2 = ERYE T HE 1 AT A H . S50 5l
M BEH 4> B HHMSCs, 41 S IREA G, ZEAR Y (144
AN TR IR T RE AL A RN B B A, Bk
#1LCD34F1CD45, PH:#K1LCD29MCD44, HFHME=
IEF99%LA [, i B S5 28 Percoll 43 253 43 25 [FIMSCs
HA v B TR R

MSCs 2 AT AE S5, e s HAG.  RiE s
BRI, HRR RS e bR e i 2e e, sz
B 1 FHTKIL R 4 J¢MSCs. 5MSCsHfilt, TK-MSCs
T AT WAk, CCK-8IRF ARl 41 ffa 14 5 e
JoZE 5t TranswellZ/N SR SLiG uEsS2IH AR, 5PL
TERIRT I Sh SR — 5o,

MSCs 1) I S5 PR UL RSB oT R BRI, Jf:
ZEZKTE. KarpZ 4 MSCsIH 5 Sl : MSCs
7E H AR AP B Rl SRR b, B ST o i i A N 2
B FR . SCE6 3 Transwell /N BT B I U sz T
MSCsHITK-MSCs 1E & 41 FLECV ez [m) P, 1y %o Jif 2
41l 1 5-8F MIMCF7 A7 VA S, {HMSCsIH HLHLHI &
—NSIRN IR, SEEETRES TR Z IV, HETAA
MSCsH SRS F 40 e iy SIS FEARAL, w43k 3l L
T R BN I3 ER, 2R 52
NG S N o S N o S b ey 1 E Qs
7452 530, eI BRI fR T .

BRI CLBCH VR O B, AT R A A B A
J7 o Ak, BRI At kR, W
T —EH R WG TT ik OFERVRYTY, WX p53t
Kl baxZEA. EBJiBiAH IR IR YT . @41 fl ¥,

ISSN 1673-8225 CN 21-1581/R  CODEN: ZLKHAH

WTFHE. A= RIS 755, @4kt 7
REVRTT, WA SRR 0 . NKEI 2%, @9
BEDUIR. OMRRENT . IXEIRT7 ik O T4 N T
PR, 5] SRR (1) 767 R ORFEEEE N, AT
PR ZE, AN RN 25 ) L

HSV-TK/IGCV B 45 ¥R 97 2 Gt fe 7 N H AT 5%
(R R R va T Oy ez PO, W TKIL [ #4 4 £ MSCs,
RERI ] T MSCs 148 [r g i 47 e, XREARIE H R
FERETT RN, 2 BEAR R L DR YR 7 SRS . SI25G UE W
TK-MSCs/GCV 1A 988 /1N B AR P BeRF e 1 275477 98 4
T AN S0 T 3 i 40 20 % o S e o L s A TRRE PR £
MSCsZE 5 ZI PRI HAL, B A GOV T 41 M 411 20k
756.4%°7, [ RFL G IT R SR L FE N
PE TS RN o T35 W ROV AL H R LA
IRV OZEBREEAE] . MatuskovaZs szt K
ILTK-MSCs} i i A1 B . 1 4il B w1, (HAS B Ay Rt
A FHeLasiMCF74I i JH T, R REMSCs 5 i w41
2 A RETE % BE R, LjHeLasMCF 741 i U ANA7-4E
HERUE R . AR IR R, K AR R R T CXA3FE YL i
IR AN AR, NS4 B A s A5, BB 23 9 TK-MSCs/GCV
A TR SR, @ TR B RS
B AN M T S R TR T AMAN TS5 RN . AT
FK W], TK-MSCs/GCVH;F7 i Wil i i T M A A0 e
FRANNERY . @GN SHUE . AHIIH TR LU 40 i
Yo e, W G A AU R AR S A N . SEE
CCK-8iX &k TK-MSCs/GCV A} 5-8F [l ], 45 %
S 7SI 6 21 R S P o AL T A A 2R W S AR T 9 xS
W4, P TK-MSCs/GCV X} 5-8F FIMCF 73545 B i i)
AR, 3 AR 1 Matuskova %5 P2 (g BF 5% 45 R
(TK-MSCs 5 MCF7 2 [] G %% IR & ¥ , 1]
TK-MSCs/GCV A & 5 % A& 1i MCF7) A [f] , %5 &
TK-MSCs/GCV & MCF7 FHLH 25 EEAS 2 1l i 4% B 3%
FEAE, T I R T R ER S A R A AR AT . S
56 K A [7] L 1 TK-MSCs 5 5-8F JL 15 72 (INGCV), 4
TK-MSCs I LUl < 5%, 4 Jf i) A= A7 2475 8 s 4
TK-MSCs 1 LLBIIA #I20%, 55 W H RV AL, JF A
bt % TK-MSCs (1) LU 451 ¥ 38 In, - 40 B #5312k 9 5, B
TK-MSCsik |5 L, Bisg 4 g 5 S 7 4 ek, 57
A RIS A B BE A R 55 Y., %S4 S
LA P52 — 5,

MSCs 1) 35 PR e e J7 3 5 FH PR 5 2 G R o 4k
ey, WUE GRS, WS SRRL, HATReRE
e SNV RGO AR TR fE s Ja B, A25]
NFERR /NI R, ARG B ROR K. T A7 %
R, S SR G A vk, T DL B R AR (A
10%), WAE—EFERE FREm 75 L Ja R se gt 45 0 . I
K tH LT — e R A B YTV, WG 4N
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