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Abstract

Purpose: The herpes simplex virus type 1 thymidine kinase gene(HSV1-tk) is an aftractive candidate as
a reporter gene in noninvasive reporter gene monitoring system. The HSVi-tk gene was chosen as a
reporter gene, because it has been extensively studied, and there are appropriate reporter probes,
substrates of HSVi-tk gene product, to apply for HSVi1-tk gene imaging. We used radiolabeled
5-iodovinyl-2'-deoxyuridine (IVDU) and 5-lodovinyl-2'-fluoro—2'-deoxyuridine (IVFRU) as reporter probes for
HSV1-tk gene monitoring system. Materials and Methods: We prepared HSV1-tk gene transduced Morris
hepatoma cell line using retroviral vector, MOLTEN containing HSV1-tk gene. And we confirmed the
HSV1-tk gene expression by Northemn blotting and Western blotting. We compared in vitro uptakes of
radioiodinated VDU and IVFRU to monitor HSV1-tk gene expression in Morris hepatoma cell line (MCA)
and HSV1-tk gene tranduced MCA (MCA-tk) cells until 480 minutes. We also performed correlation analysis
between percentage of HSV1-tk gene tranduced MCA cell % (MCA-tk%) and uptakes of radiclabeled VDU
or IVFRU. Resuits: MCA-tk cell expressed HSVi-tk mRNA and HSV1-TK protein, Two compounds
showed minimal uptake in MCA, but increased uptake was observed in MCA-tk. IVDU showed 4-fold
higher accumulation than IVFRU at 480 min in MCA-tk (p<0.01). Both IVDU and IVFRU uptake were linearly
correlated (R®>0.96) with increasing MCA-tk%. Conclusion: The radiolabeld VDU and IVFRU showed
higher specific accumulation in retrovirally HSV1-tk gene transfected Morris hepatoma cell line. Both IVDU
and IVFRU could be used as good substrates for evaluation of HSV1-tk gene expression.
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Fig. 1. Gene therapy system using ganciclovir and herpes simple virus thymiding kinase(HSY-tk).
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Fig. 2. Principle of nuclear gene imaging of HSV1i-tk using VDU and IVFRU.
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7 Aoz HmEdoH?.
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Fig. 3. Structure of recombinant retroviral vectors MOTEN and MOLEN.

LTR: retroviral long terminal repeat,

IRES: internal ribosome entry site, Neo:

neomycin phosphotransferase, HSV1-tk: herpes simplex virus type-1 thymidine

kinase, LacZ: beta-galactosidase.

7} W= E AEdol) Aoz F4stE o] A
A tHFig. 2). IVDU2] 7-f-oll= nucleoside phosph-
orylasedl] &3t 41A) s}al o] WA NA A
5%, IVFRUS] A 9ol 20 X7} B4z %]
3h¥] o] N-glycosidic o] QHA2}s|o] oejdt &
gl gstel 44 SAHA ot AFH o
bl Al B3 Wbt s Folehe A
oz d#A ok

B ATAE AR 21E oJAS gl
retroviral vectorZ o]-8-3}o] HSVI1-tk $AAE
3t 7hek MERE Elslaw, 7] Had WAR
A IVDUS+ IVFRUS] A|zuhg'g sfdslo] ¥
@A 2 FA)3 IVDUSH IVFRUE o] &a}o] AE
W AFE vl Frisla, 7P o2 HSVI-k &
Az AEFe] FF MRS oﬂ e 7+ 7|3
o AH &) ARRAE LT 22 A IVDUSH
IVFRUE o|-§-8 317 wd 437} 73
off didt %5 #lztar sgiet

£

°

That 2 e

1. Retroviral vectorZ 0|28t HSV1-tk
FHEX g 2 MEF9| FMIE

Ao AE% MFG plasmidE HSVI-tk
2} neo(neomycin phosphotransferase) -5 %7}
subclone®l MOTEN®} HSV1-tk ¢cDNA%} LacZ (E.coli

B-galactosidase) cDNA7} subclone’l MOTELZE. w|=;
harvard th3re] Dr. R. Mulligan ¥FA} 2 56| A2k
gkr}. o] pMFG vector5-2 Mo-MuLV (Moloney
Murine Leukemia Virus)@] proviral sequenced 3}t
3 glow, MOTENS] 79 HSVI-tk $AAE
LTR (Long Terminal Repeat) promoierZ4-E], neo
S A= internal promoterQ] IRES  (Internal
Ribosomal Entry Site)ol] 2}&l W& =& dicistronic
retrovirus vectore]™, plasmid sizex= 8.8 Kb (kilo
base)e]t}. MOTELS] 7 $+ MOTENS®] neo -4
A7} LacZ SAAE A5l FREA] sizes= 10.8
Kbo|th(Fig. 3). HSV1-tk cDNA9} Ecoli §
-galactosidase ¢cDNAE 2]id plasmid MOTELe{|A
HSV1-tk9} internal promoter?] IRESE A|As}7]
)8 AZFE 4 Neo 18} Xho 102 Axlslglr). o]
plasmid®] ©F2 E-& blunt endZ YHEZ] |3l
klenow A2 338l & self ligationdl} 4] MOL-Z
W=l MOTENO 4 IRES®} neo genes Ayl
14 Kbe] BamH I A#< olo] MOLS b
-galactosidase®] stop codoniol] $]X]gF BamH 1

ZJol] subclonings}o] MOLENe]2}= retrovirus plasmid
vector® 49t} MOLEN retroviral producer cell line
A& 28] PA317 amphotropic packaging cell
line(ATCC CRL 9078, American type culture collection,
USA)Z 100 mm culture dish & 1X10° cellZ £-F
o] 37C oA wioksle] AFE3bglc). PA3LT AE

o]l TransﬁnityTM Calcium Phosphate Transfection
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formamide®} formaldehyde® WAAZ Zx 1%
agarose geloll4] A7]dE & A% 948 o
&3}0] nylon membraneo] transfers}- ¢t} HSV1-tk
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Morris hepatoma A)E5-9] MCAS} HSV1-tk &
AL retrovirusell  2J3fA] §9lE Al EFQ
MCA-tkE 6 well plate (Corning, USA)ol] S-Et}
1x10° cell (n=3)0) % & seedings}i 18 A)7} vl

Fotdek. A7ke] AFEoll 5 uCi (185 KBg)<)



ezl A 1 B Akl §84 ol ]l ZhbAl RSN A HAEA] IVDUSE IVFRUS| 413 7+ 67

A ,\oe\\ B
A6 o
o>
kd W
50.1 i
35.7 e

Fig. 4. Analysis of HSVi-tk gene expression of MCA—tk celis. Northern blot(A) and Western blot(B).
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I} RNAE Z33)o] HSVI-tk 42 el w4
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Fig. 6. HPLC analysis of purified radioiodinated VDU and IVFRU. The radiolabeling vield with ) was
84%. The radiochemical purity was more than 98%. The retention time of IVDU and {VFRU was
17.3 min and 182 min. IVDU was earlier eluted than IVFRU, because IVFRU was more
hydrophobic than IVDU by 2'-fluorine substitution.
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Fig 7. In vitro cellufar uptake of IVDU(A) and IVFRU(B} in MCA and MCA-tk ‘cells. Uptake of IVDU and
IVFRU was minimal in MCA, but higher accumulation of IVDU and IVFRU was shown in‘ MCA-tk.
VDU showed higher accumulation than IVFRU(P<0.01).
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Fig. 8. Correlation between MCA-tk % and cellular uptake of radiolabeled IVDU(A) and IVFRU(B).
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HSV1-tk A A7} o]ei= A MCA AMZF
olME A4 2= %A IVDUS IVFRUS| 4
A7t mu)gt Ao g #lEglon, HSVI-tk §4
A7t o]9)El MCA-tk A|EZoAE 271 42

& Yelllo] A HSVI-tk §37} o] o] utz} 3
A ¥ HSVI-tk ghidol] oJ3lod QJAStE|o] AE
Uloll AAE e AR U= rkFig. 7). MCA-tk
A EFNA WAZEA VDU 7¢ 158, 304,
605, 1205, 2405, 4802014 747} 6.2 %ID, 10.4
%ID, 17.3 %ID, 26.8 %ID, 37.8 %ID, 47.4 %IDZ
vehigl e (Fig. 7A), WALERA] IVFRUE] 79
ol 74zt 2.1 %ID, 3.0 %ID, 44 %ID, 6.5 %ID,
8.5 %ID, 11.1 %IDE JehIlch(Fig. 7B). BHAL %
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A] IVDU MCARXM Z o)) "}slo] MCA-tk A EF0|
A7y Zhzk 30 el 32ul, 45 ul, 47 ui, 100
Wi, 116 =9l AHAES Iyt Jedew,
IVFRUS] 7 $-oll= 27k 10 wi, 16 wl, 12 wll, 38
wy, 51 =, 37 wle] A& U Yebyrh
HSVI-tk §A2F7F 0|4l MCA-tk A EFollA]
IVUD7} IVFRU Hr} AJ7k¥ 2 zhzh 3.0 oY, 3.4
ul, 3.9 #Y, 4.1 ull, 4.4 v, 4.2 wie] =715 AH &
o] b th(p<0.01).

4. HSV1-tk W8l MEF #2Sm M58
BT N

HSVI-tk 212 w83 443t €uf] §4%
& A7 H—; 74 ARBAE Hrsly] 4
stod HSV1-tk & :

ERS wpgd Ik WAY aes EA
IVDU W& IVFRUY AH-g9 AAAAS 24
). WA ge.x A IVDUY - HAH &L
HSVI-tk §A A7 o]dE AEF2] Z=7)o) ula}
A AR FBRBAR = 0998)F JehHge

i (Fig. 8A), IVFRUS] 42§ 3 MCA-tk AX
9] HlEg0] 2718l whE) R A AF3-3-A)
(R* = 0.966)% YFehHSItHFig. 8B). o] 24 IVDU
9} IVFRU®| A &3} HSVI1-tk Az} e] A
=7t AR ZRBAZ} dE B9 F U

]

il

E A= ganciclovir®t A4 A2 X EA =
AEEE 9 A2 vlelal A9 gHuld 1y
A|(Herpes simplex virus type-1 thymidine kinase:
HSVI)& ol gfo] 707 e o34 7ol 4
£-3}o] HSVI-tkE B3 -§-74 A} (reporter gene) & At
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