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Novel Gap Junction Molecules, Connexin 37, Enhances the
Bystander Effect in HSVtk/GCV Gene Therapy

Sun Young Kim, M.S., Ho Keun Yi, Ph.D., Jung Chang Lee, M.S., Dong Jin Hwang, M.D.
Pyoung Han Hwang, M.D., Dae Yeol Lee, M.D. and Soo Chul Cho, M.D.

Department of Pediatrics, Chonbuk National University, Medical School, Jeonju, Korea

Purpose : Gap junction intercellular communication(GJIC) is an important mechanism of the bystand-
er effect in herpes simplex thymidine kinase/ganciclovir(HSVtk/GCV) gene therapy Therefore, we at-
tempted to enhance the bystander effect in vitro by exogenous overexpressing connexin 37(Cx37) in
cells to increase GJIC.

Methods : NIH3T3 cells were transfected with the Cx37 and HSVtk gene or the HSVtk gene alone
by the calcium phosphate method, and we detected their expression from these cells by RT-PCR.
GCV-mediated cytotoxicity and the bystander effect of each transfectant was then assessed and
compared.

Results : Cells transfected with HSVtk became sensitive to low concentration of GCV. We found
significantly increased cytotoxicity in HSVtk/GCV gene therapy after introduction of the HSVtk and
Cx37 genes together compared with the cytotoxicity seen after introduction of the HSVtk gene in
vitro. Co—expression of the HSVtk and Cx37 genes potentiates HSVtk/GCV gene therapy through
the bystander effect.

Conclusion : These results indicated that the increase of GJIC using Cx37 have potentiated the by-
stander effect of HSVtk/GCV therapy, and may be a new approach to improve response in suicidal
cancer gene therapy. (J Korean Pediatr Soc 2003;46:541-547)
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oF A=oll 9ol herpes simplex virus thymidine ki- 41X,

A4tsl7t = DNAS A4S Adlste] AEALE fdARIh
M =2 PEAHS A4 §12 X E(suicide gene therapy)’el sl
HSVtk/GCVE o]-&3 f3dx X5+ 19863 Moolten®©] o8
3] AE Bdo] wE GAEY T 7} B
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22 Ca, cAMP, inositol 5 T2 1 kDa ©|3te] o]o]i} A}
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oz FAsle] QY A AAAFRASE 20000 A=
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7M1 ﬁl—t— A Aeow —’?@51 015}13. 53] Cx37
& o WA g F23F tumor associated antigen(TAA)<]
7Psdel e BAR dEEa At obfe Cx37°] TAAR
Al g 7] s we A AR B AGHET} <
AEE A8t 2ol dojA Cx37 A7 vislEthE 2e
FTag gulE Za gtk ol2g A Cx370] AAFHAE
o]-§g o] FHAF A gl oA WA FHE Eole &Y

ol he FAdE WAMEY F EHol Hrhd o FA
AR AHGOR 048 & Yt ¥ btk B AT
MAE Cx37% ) FAA MRS B Eol7] 9T HAR
249 7Fe4e BIs] 9Astel HSVIK/GCY 34 Aol
Cx378 AW AT WA AA PP BAE FL S

A= A= el Thede HES

1. MIZHHQF

2 AFelAE NIH3T3 AfrotAZFE ol&sted A3
. AlZejgele DMEM(Life Technologies, Grand Island,
NY, USA) #ixlel 56 CellA 3083t 74date] v S45A17] -
gjo} 3 (FBS; Hyclone, Logan, Utah, USA)< 10%, penicil-
1lin(100 unit/mL), streptomycine(100 ug/mL)¥ glutamine(300
pg/mL)< H7pste] ZAEATE AEFE o] wigds AR
ate] 37C, 95% FIE, 5% COp WiYg71elA v, &
o7 AEZ §FE7] HHAQ 3-49 HFoE AY H%kff}

v, Aol F 307 olskl AlENE ARESkATh

%)

A}
[<2ha |
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2. R REAS MEL Tgint &E

HSVtk a7kt Abgt Cx37 FA2K(W = Al7baLeste] Ao}
YGolZForol Seul YAIRZFH 9o 2AS flstd T
AEY Zd e pcDNA3(Invitrogen, Gronigen, Nether-
lands)oll Ztzt AzFA AT AP AEFE= HSVik, Cx37 7
7 ZE F OfAAE BAY EYAzen, tRAEel:
pcDNA3 ME TS calcium phosphate(Promega, Madison, WI,
USA) W& olgate] =gAZth AE 5x10°70E 100 mm ¥l
FE7lel MY F AR =Y 4ARE Mol M2 FEH WS
Hog wASHL FHAF 10 ug¥ 2M CaCly 36 uLg &3 &

At FHTE 300 uL2 24U 5 F9 2Xhepes bufferd
saline(HBS)oll Ca¥ 42 £d4& 3 H&A "ol Ca-
A EFAE Azt Aol 307 A WA F AEF
el & EH "oy FAAE EYAIAT

fFAA =9 39 F AERFE HSVtk, Cx37 frdate] 24
< RT-PCR #W¥Ho=z gIsisirt. §FAMe A=l 1 mL

TRIzol(Gibco BRL, MD, USA)& #7kste] AEE &A1)
200 Lo FREXES Hrkste] ZAshA wwk F 13000 rpm S
2 1587 dAREste 4Fe] RNAE X383 T& FHssrh
05 mLé ofe]AZEREE FHUbstel RNAWS I 28kt
T} cDNA #42 9% 9dA= £ RNA 2 pgs Fsted o
AAFEFEA(MMLYV, Gibco BRL, MD, USA) 200 UE ®4&
o] Whgea} Hrhstel Al @4¥ cDNAZFE HSVtk
o} CX379] F3AE PCRZE FE3FAth HSVtk AEAE 5~
aac cac cac cac gca act-3'¢} 5'-gcc age ata gee agg tca—
3'E ©o]&3led 513 bpE FEHSHAIL, A Cx379 AlEARE
5-tgt tgg tgg ttg gac tca-3'¢ 5'-gac gee age cte tec tet-
3'E ol&3te] 268 bpE FTFHat FHAY] =S lstrh

cDNA A9t Zzte] AlZAIES H7bstal F§E(Tag
Polymerase, Promega, Madison, WI, USA) 0.5 UE #7}3}¢]
94C, 58T, 72TCE 303 W&l FZAZT FZFd FaxE
15% agarose geldlA 7|90z &AsFAt

3. MTT assay0fl 28t MEAIY &H

AEAPES] A%E Van de Loosdrecht 57¢l ©]% MTT

(3-[4,5-dimethyltiazol-2-yl]-2,5-diphenyltetrazolium bromide,
Sigma, St Louis, USA) WHe=Z ZH3ATh 24 well plate©l
Ztzko]l fHAE EdE MEE EFEtY s agsty
MTT &4 Aol AMzwjgdoz 23 A% F 7 wellol 1 mL
o] MTT £HS A7lati 37°Col 4 A7F kA AT A=

AAAZIL B4E formazan HAES 3127171 $18] 1 mL
o] DMSOE 713t 5%37F microplate shaker’dolA &3A171

2 9 630 nm9| reference filter?t ¥ 570 nm test fil-
terg AMEst] FFEE S48 MTT £92 phenol red
7} E01UA] &S DMEM A ZujgFdE Ab838te] 5 mg/mLe]
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4315 4ColA SR &M T o) "t
-20°Cel B3t AL-E38F T

AEE 23] A7FE PBSE AlA g 3 Al 500 uL9] lysis
buffer(10 mM Tris-HCI pH 7.5, 10 mM EDTA, 0.5% SDS)
5 Arlete] dgellA] 30%3t AR T AE RAZIE 13,000
rpmoll Al DA AASIATE FEe] &3 AS 23] phenol/chloro-
formo=Z F& ¥ de&2 DNAE HHAIZAL 2 ugel RNase
A7} S8 TES o] 539 % 15% agarose gelolA 719
% 39 DNA ©H3lE glsginh

\t

Ol

51
5. ”Cr release assay

Cx37 RS} GCV FEAe] olFo og AxEsdo AT
Ylor HEWoR 24dgh EHAEEE pcDNA3 #E 7}
¥ NIH3T3 AEGX107)E AR-ske] 37T, 5% CO, ¥l
F7191 4 Nag'CrO4(100 pch)S H7Fete] 2417t F<b %A 3}at
At 23] ajgFgA oz MAH F 24 well plated] wiFA7IL 2
FAEXZE SAlY 2 F9 HSVtk £ HSVtk/Cx37 #4
A7F =dE AEE AT G e GCVE H7H7I

24N ZE W & ASAE 100 uLE H HuiiAbs &
A 71(Wallac, Gathersburg, MD, USA)Z FoldAilsS =34
Ak Z+ Aol Al 8 FHexperimental release, ER)<
Astar, A F-2 F(spontaneous release, SR)S A X H-H
A il T MFdS siste]l FASHA A2 H(maxi-
mum release, MR)& 1% Triton X-100-& & 7}5te] ZA3}
At MESAe 32 cytotoxicity(%)=[100 X (ER —SR)/(MR —
SR)Il oJ&l Atstat.

6. SHAZ

{1 e

Jm &v

=7 WY A2 Student’s t-testE AFESFe] HAFFA oM
P32 005 P o FAEAH Fo)dS AAsHAT

£ o}

1. HSVtkQ} Cx37 REXI} HAZQAE MEFZEE
0|& REXEQ Wl

Cx379 WAt ool dist JgS dolrr] flsiA HSVik
9} Cx37 HAAE %waﬂ pcDNA3el Al z2=7FA 7] 3L
NIH3T3 AEFel =YAAY FFEdE AXZFEHE 7b7te]
RNAE FE319 o8 %{X}%ﬂ Eo] AHAE o] 43ty F
B A vles {FE AfolAEF
Fell AHg-E whol] 2~ fF#f HSVtkeh A
%U} gL zta YA Fokrh(Fig. 1).
Cx37, HSVtk/Cx372 T-E3lo] 7zt
JE AEFAANE 247 vﬂx}

H
el = glof o5 FHA ¥

Zobat o A 46 A A6 3 20039

HSVtk AZFo] @A GCVel 98 fese AZArES A
Bl HSVtk 28 AE1x1002 24 well plated] aH&%
WA 7151 GCVE 1 uMollAl 100 uM7HA] R 7kste] 24417k
48717 o] GCVel dig IS MTTE S48k dx
Azl wlste HSVtk 28 AlZE GCVel digt 7ol et
Y oHnd mEe GCV 100 uMolA 24417k 20% A=<}
4877l 30% A=Y AEZE APEEACHFig. 2). 1y
NIH3T39 pcDNA3 #EITE =% Alxs GCV 100 uM A g
SR AAHeR Be AE/t AMEEZA gokor 23]H

20% ol’del A7} SAEATH(A T 1 71A).

!

3. Cx37 [of oI5 WaXE

FHA HEEY
HSVtk 2@ A¥E= 100 uM w=ellA 17l 20%, 297

I

markers
pcDNA3
HSVtk

37
HSVtk/Cx37

.
7.
a

44— HSVik
<+ (x37

Fig. 1. HSVtk and connexin 37(Cx37) mRNA expression of
transformed NIH3T3 cells used in this study. RT-PCR of total
RNA from transient clones was performed to amplify specific
sequences of HSVtk and Cx37 mRNA, detected as 513- and
268-bp bands, respectively, followed by electrophoresis and
staining with ethidium bromide.
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Fig. 2. Ganciclovir(GCV) sensitivity of HSVtk transduced
NIH3T3 cells after GCV treatment. Cell survival was mea-
sured by colorimetric MTT assay at 24, 48 hours after GCV
treatment. Results were calculated as differences between un-
treated and GCV-treated cultures as a percentage of the un-
treated culture("P<0.05).

- 943 -



HAdE 9 64

1 Cx379 93 Bystander Effect® =7}

[
oy

30% A=l Ao ARE AFEF AT
£ J7Eo® Cx37°] vidEE Wt &Fbe] ok AlEAL
s7] §15te] HSVtky &d == AlEet HSVtk/Cx37
Ao GCVE F=E gelsle] o819 AZTA
|2st et HSVikyh B8 s AlEE Fig. 29 A¥H
24X 7 Foll 100 uMolA 20% AHI=who] APEE T} wkd
U3t FEoJA HSVtk/Cx37 T4 L& AXE 75% A= Al
Apgslo] 2w o]ide] AP &yrl YERTHFig. 3). ol
A g A FEY GOV APolAE FdaiA vebEth

olelgt AlEAA
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GCVell 93 AFAPELS HSVtk 238 AZoldE 20-30%
AFe] AEZAPE dAo] Yehdon Cx37 @ MEE oFghe]
AEAPGe] RejFt) ey HSVtk/Cx37 T4 @& AEe

2] Axrt BF AbdEo AEAEZE A g & 5 g
ATHFig. 4A). o1& AE2 ApEE& A ¥EAEAHapoptosis) 2l A
P2l DNAS w337t vebon, 53] HSVtk/Cx37 &4l
A Ao A o Wol fEHATHFig. 4B).

abell Cx37el 98l FREE WEx anE Ay 93t
o] Cx37°] A3 viZlEA] ¢k NIH3T3: HSVtket Cx37°]
FHog w7l NIH3T3: HSVtk/Cx373 Cx37:HSVtk %
Cx37°] 5 w7/l=l= Cx37:HSVtk/Cx379 fdx7t @add
AEE M2 &3 wdadh. 5 Cx37 2 NIH3T3 EHAHEZE
NEo 2 HSVtk Cx37/HSVtk7l 599 AEAEL o2 +
wake] Zh7k 20:80, 40:60, 60:40, 80:202.2 N2 tE H&
2 E whkste] GCVel tg AE AP wlaslith Cx37°]
i /fE %) ek NIH3T3:HSVtk AZolME < 20% HAE 53]
HSVtk®] H&S 80% = 39S 49 10% olste] AlaErte] Ap
AE AT} olek= thEA Cx370] A = Cx37: HSVtk/
Cx37 MEoNME Hl ol FaAsA 80%ol 77k AlxE7F AP
o] Cx379 WaA £H4E g T Ak ol WAt
2= Cx370] HEAHo R wylEE NIH3T3 : HSVik/Cx377%
Cx37:HSVtk AXoIA= AlE @do] =A Yehgrh 28
NIH3T3: HSVtk/Cx37 AZA = Fig. 39 A#A7 HSVtk/
Cx37 L&A EAA Yehds AEe AzAlde] ze=o] AAl
2 NIH3T3 EHAFEe gt wax avhe= F3lahA Yehus]
eFgtrt, ik Cx37'HSVtk AlEE HSVtk Alxe was gy
7F ZAAEQ] Cx372 Yeht AE wilEA] %= NIH3TS Al
3ol nlaste] 2uf o]t AlEARHo] e THFig. 5).

9 Age AHHFE Cx370] AEZAPES AFH o= v)sa
S sl Y8ke] Cx37 Hd AEE ARW|FOoR ¥X
F AdEE AEXERE fysE 22eee S A
. Cx37°] "WiNEA] ¢ HSVik Hd AEe] vk {2

AZHFES F TAE B F9) 20% oldtue] fFyHE A
A&k HSVik/Cx37 SA1 & AZ9 &3 ul Alole 90
%ol o2& ZzZnFo] FFHATHFig. 6). olFe] AINZHEH
Abgel Cx37 THAAFEARE HSVtk/GCVE o] &3
Azo] A YA avis vehs 23 Bxds g9

H~

Qo o
rlr l ¢ do

»

ﬂ
il

100~ o HSVtk + Cx37
- -
S w0 HSVtk *
E
.|
2
-3
2
=
0 1 |
0 1 5 10 50 100
GCV conc. (uM)

Fig. 3. Bystander killing effect of Cx37 in HSVtk transduced
NIH3T3 cells after GCV treatment. GCV-mediated cytotoxicity
was determined by MTT assay. Cx37 and HSVtk co-express-
ing cells resulted in more efficient cell killing at varying con-
centration of GCV when compared to HSVtk only-expressing
cells("P<0.05).

HSVtk

B

Fig. 4. Representative morphology of GCV-mediated cyto-
toxicity in HSVtk/Cx37 expressing NIH3T3 cells. Cx37 and
HSVtk co-expressing NIH3T3 cells showed enhanced sensi-
tivity(A) and increased DNA fragmentation(B) to GCV. DNA
extracted from transduced cell was analyzed by electrophoresis
in a 1.5% agarose gel and visualized with ethidium bromide
staining.
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20% : 80%

—_— — o
X 100 NIH3T3  HSviCs3?
" =] Cx37 : HSVik
t 80 Cx37 : fsvmcm
Sof , B
2 a0l £
£}
& FENE , NERNE
0 10 100
GCV conc. (M)
L1 60% : 40%
¥ 100 NIH3T3 : HSVtk
u NIH3T3 : HSVtk/Cx37
g0 55 Cx37:HSVik
; Cx37 : HSVtk/Cx37
60
£
8 40
g 2
]
’ 10 100
GCYV conc. (uM)

Zobat o A 46 A A6 3 20039

: 60%
o — : HSVtk
2 100 : HSVHWCx37
e | : HSVtk
E 80 : HSVtk/Cx37
2 60[ .
2 4l
g' 20
3 [
| 90
10 100
GCV conc. (uM)
3 pellne L) 80% : 20%
9 100 NIH3T3 : HSVtk
NIH3T3 : HSVtk/Cx37
L 80 L= Cx37: HSVtk
Cx37 : HSVtk/Cx37
£
-]
B
)
B
«

10 100
GCYV conce. (uM)

Fig. 5. Bystander effect in vitro comparing HSVtk or HSVtk/Cx37 expressing NIH3T3
cells as effector cells amid parental NIH3T3 cells as target cells. Effector cells were
mixed and cocultured at varying ratios(from 20% to 80%) with target cells in 10, 100 uM
GCV. GCV-mediated cytotoxicity was determined by MTT assay. Data are presented as
the mean=SD of three independent experiments("P<0.05).

Cx37 expressing NIH 3T3 cells
were labeld with 5!Cr
50% : 50%
] Cx37 : HSVtk

100 = Cx37 : HSVHW/Cx37

80 - i
60 -

40 -

51 Cr releasing (%)

20

ml NN ¥

10 100
GCYV cone, (uM)

Fig. 6. Bystander Kkilling effect of Cx37 in HSVtk transduced
NIH3T3 cells after GCV treatment was determined by °'Cr
releasing assay. “'Cr-labeled Cx37 expressing NIH3T3 cells as
target cells were mixed and cocultured with the same number
of HSVtk or HSVtk/Cx37 expressing NIH3T3 cells as effector
cells. After 1 day of incubation, *'Cr release was measured by
y —counter. Results were calculated according to the following
equation : [100 X (experimental ~ relase —spontaneous  release)/
(maximal release—spontaneous relaese)]. Spontaneous relaese
was determined from target cells only, and maximal release
was from target cells treated with 1% Triton X. Data are
presented as the mean®SD of three independent experiments
("P<0.05).

4
T

o

Azre] A WAsHE EAdWo| B A (mutation compensa-
tion), Z28]3L HSVtk % cytosine deaminase®} 22 b4l 7+
T4 FHAAE o] &% =AW (molecular chemotherapy)
So]l AlmH I Y, o]F oA A5 F71E BHon Fe
% HSVtk FdAE o838 F34 259 FHdoze ¥
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98 FAA7k B9E WA ge Ag ashi, GAEe
A7 o)y

A% o)l et A qpglel AET F Qe fHH
ol’ge] the of#] 7bA Fge] ] deHor AEF  glon,
PAIE mEel] fRA 23S A Gole FH] XS &
BHom AAY £ e HEAEd, a9n #3134 AR
F Aol wExHo] FH& JAEo o A WS fl
Tol AT ol @ A wEel 1991d wagr Vel A
T 5E olF @A HFY, AT, AL, WAL § vl
A AU Y A gol AEHL e Yot P

o A AEE dudoeg kRt FAAE AL A
SHAIEREE AAA 7| AE skt ol5 fle FdAe] B BE

TAA7I7] AR B Aavh A&AER o ey
FAAE daArd dArze 53 o

A7E o] E o vlokgk fradAke] AE Wy
FAA A5 FHE WA s Ao AgepAw, Fd27)
AEEA B F99 dAER Fo| she dwa anh u
Eht frda Ame] a3k w9 e Wete R JoiE.
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A 9 6 Cx37°l 2]3t Bystander Effect?] %7}
WA Euhel W A1Ae obd S WA B

7t metabolic cooperation”, A}
o) salE Aol SAFE AEelyd?, Ay e
o] #ofste Ao E 4 vk HZ Elshami &

Cx9 wd Ao we} Axgke] §2l
(communication) @} 32} &3] zo]7F drhal 3193l Men-
sil 5'Y¢ alpha-glycyrrhenitic acid® AE7+e] B4 o438
of wel WA EATF FAEJAT SHATE o5 Aok in
vitrool A= Cxoll 98l AMEZre] =4S B3 metabolic
cooperation®] ¥zt F I} “IZ"—g— 7]X4°]T’)ri 3}015}.
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PAAFEAZE Cx26, Cx32, Cx37, Cx40, Cx43 5°] X
, °% Cx26% Cx432 o|n| @zt axrt 59
2. % ATelME AZEA HaHo R A7 A
Cx379 W&z ans #lstuxl 34 E} A ALE
Cx37& Ao 25E frafg fdxtelH, A% 3l wf
2 Falel Aol E NIH3T3AE 54 f& Hds Zhe

OIL AbgE Cx3791 23 HSVtk/GCV
5 FTWsted oldHow
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gog HSVtk/GCV frax X5e] 7sAds HES A
NIH3T3 AlEe] =8 HSVtk Fdx= GCVel 23k AEA}
99 fEstdthFig. 2). A¥oAE GCVE 1 uMelA 100
uM7ZEA A2l A} Ak Al Fmo] wel g2A Alx
Aol Uelgth GCVE 100 uMS A 2|3k 3% 48413 Fof
40% AZ2] AEAPEo] Yehdou AAHeR uFEe GCV
Aol Erata w& AEANES 70 b ik ol
o AEAMES FHA 299 dAR AZErh HSVtk 3
Apo] vhe W gof wE AEANE dade] 1rAAFEAR] Cx37
S SAlel FHAIR AEAAME =A YERETE 100 uM GCV
AE 244 7Al 80% ool ME7F AbEE] 30% HFe
HSVtk®el mlarste] 3uf o]de] =2 AME &7t UEttHEig.
3). °ol& Cx37o] Wz @de] EAE M &g ouis
b A F7HA dE A3 e Cx26, Cx32, Cx40, Cx43S W] &3}
o Cx37oM = Hadazrt E4sta glow, 747t CX7]'94
WAl Zake]l Aol JAAN Cx379 WEA Ayl 5T
Aoz vehgtl? Cx379] WA ade] FAEA Cx37S ¢
A7 BAAZA FEAE Cx37S HAAR A$(Cx37:
HSVtk/Cx37) &l gl 80% HES Ax7F APEE Yo
H, AsAEel Cx37¢] §le A-$-(Cx37:HSVtk)lE Cx37°]

N A e AlEel wmste] 2u) olakel AIEZF AbEE LT
(Fig. 6). 53 A5AE] Cxa70] §l&= A5 AxAEe] 2
b= BAAEZE APEE Adolw, ol BAAMES] Cx37°] wj

M=o Qlikstdl GOV Akl o]Ed Fog FHFch wid
FAAE Cx370] LA FANE ZFAE Cx37 EAA
S(NIH3T3 : HSVtk/Cx37)&= AlEAFE o] =7 YeREARE A4
2 AR AldRUE ZEAEY] = AX APEe A
2 Yebgth(Fig. 6). Cx3790 ABH W7 Bax a9s A
g3 THshs Fotem mHAEQ] Cx37 TE AExEs A=
SO FA3EY A93 ﬁJJroﬂAh Cx370] TdHE AFA
oA AEetA ARvgo] fElgoEn 1 aRE THE &
AATE ol A FHA AZo) 9lojA] e frxte]

ZREH AEAES Eols WHORE Cx379 7MEAS By

Atz Azt

2 AgdME Qb AlxellA Cx37e] WA adE HES
gout olH@ An GAZIANE FAeA 1wt 9L
Aoz A7 duHoR AEE oMo WAHE 33
o gloln AZAFEAL] B Astel A 9179 W
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