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The Biological Effect of the
Phosphatidylinositol 3-Kinase Wortmannin
Following Thermal Neutron Irradiation

Yuko Kinashi, Shinichiro Masunaga,
Minoru Suzuki, Kenji Nagata and Koji Ono

Purpose: Wortmannin, a phosphatidylinositol 3-kinase in-
hibitor, has been found to inhibit DNA-dependent protein
kinase (DNA-PKcs)and to be an efficient radiosensitizer. We
investigated the radiosensitizing effect of wortmannin on cell
killing by thermal neutrons and the occurrence of mutations
at the HPRT locus of CHO cells.

Materials and Methods: Wortmannin was added to cells at
a final concentration of 20 uM two hours before irradiation.
Cells were irradiated with thermal neutrons. The biological
end point of cell survival was measured by colony forma-
tion assay. Mutagenicity was calculated from the mutation
frequency at the HPRT locus.

Results: Wortmannin promoted cell death following thermal
neutron irradiation especially in the absence of boron. How-
ever, mutagenicity was decreased by the wortmannin treat-
ment.

Conclusion: Our results suggest that the inhibition of DNA-
PKcs by wortmannin would be an effective radiosensitizer
for BNCT and might bring about a reduction in the frequency
of mutation by blocking the mis-joining of DNA damage
during the repair process.
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FFRRIG & 0 Bl 72 2+ 2 L2 HME Lz
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1. #83 &wortmanninfLig

#MAE X CHO (Chinese hamster ovary) #ifig % Hv 72,
wortmannin (Sigma-Aldrich Co., Japan) (ZDMSO T100mM
Dstock solution & L, H&&F 2 BEHIAT 125 Hy 2 Fe AR EL20uM
TRINL, Mat16BME ICkE Lz, T/, BARB05
VAR R % IR REAT10ppm B & UR0ppm & % A L 9 I2TR
i DYAR
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BT 7LV AL, F7OrFa—TICEER D, B
BICEHOBEHMELREIC X YV RD 72, WIGER 3R T -
FEEF 7V ADE L DEHERIC L D kb e,
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WEH%, Mleo—MEMREFELRDL720DIZ, a0
=—T vk ETHMICEC. R, BT BRI
thioguanine Z I 2 72: @ PUSHUICHE &, 10H IO D=—%
B A, HPRTZERERFAEME L ML CRDOBIFR % K
7o, EERREROMATLEIL, Student’s t-test® v THEET
L, p<005PLTE2HEEEDN & L7
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HPRTRAZED I =—%EFIL, ZOMIEODNA%L
AR T L7, ZREROEMELZRS720
|2, PCR (polymerase chain reaction) #ig#: % Fiv»C, HPRT
BETD 9 HDExon |2 DWW T %47 5 7289, Exon®/K
BNy — 2D Tid, Exon 1~9 MR- TwWaE 0%
no change, Exon 1~9 @9 5 1 DL E § HLLTF ARSI LT
V1% & @D Fpartial deletion, Exon 1~9 3 _TAREL T\
% b O % total deletion & LT 3 DIZ54 L7z, ¥/, PCR
HEERDRIE, EF2 NV FOBIRFSIERE TH S0 L) 2 TH
% L7219, PCR HIER)=RIL, 98.5% TH 7.
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1. BepEFEREHIC B 13 Bwortmannin (2 & B EFEDOZE L

Frp i T-BEETIZ BT A wortmannin DFEAE T THOCHOMNE
DEFH#MEFig. 1 (SR L. BvhiETREHCBWTIdASE
HARIIE 2 /7 2 WA T OSOROMEE 2 - - Ef L
B, AR L Y RDZD 0B X UDIOfE % Table 1 127K
3. Fig. 1 BL U Table 1 & V) wortmanninDfF4E F TOAELF
L, wortmanninDFFEfE L WD I > b O — L DALER
ICHRTERICETL TS, RO ViRl L OBfRICOWT
13, ROV RENEVITEEEGRIIEHTH - 7.
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FEHESARE 2 Fig. 2 \ IR L7z, fE(A) TIIRIIUGRE 2§ 528
RIERFERE %, £ (B) TR+ 2R ER R4
HREZFOR L7z, SRR BEENEL, MRRBGERR LA
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#AiE (iso-survival dose) TOFEASEIX, L b AHXTAYIC L
TEBF|EHH 5. wortmannin DFEFE T T OIS RIEA4
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T, ARIET LT .
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Fig. 1 Effect of wortmannin treatment on cell killing following
thermal neutron irradiation.

The boron concentration was 0 ppm with (@) and without(O)
wortmannin treatment.

The boron concentration was 10 ppm with (&) and without( 2 )
wortmannin treatment.

The boron concentration was 20 ppm with (ll) and without ((])
wortmannin treatment .

Points and error bars represent the means + SE of three inde-
pendent experiments.

Table 1 Survival parameters* (D0, D10)calculated from dose-survival fraction curves of CHO cells irradiated

with a thermal neutron beam

Boron concentration (ppm) 0 0 10 10 20 20
Wortmannin treatment no yes no yes no yes
D10(Gy) 26 +02 *12+0.1 2602 *6+01 26+02 *2.0+0.1
Do (Gy) 12+01 *05+0.1 1.1 +£0.1 **0.6 £ 0.1 1.0 £ 0.1 0.8 £ 0.1

*Survival curve parameters: DO (inverse of slope) and D10 (dose necessary to reduce survival to 10%) * SE of the mean of three

separate experiments for each study.

*%Significantly low (p < 0.05) compared with no wortmannin treatment.
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Fig. 2 Effect of wortmannin treatment on mutation at the HPRT locus in CHO cells irradiated with thermal neutrons.

A : mutation frequency as a function of dose.
B : mutation frequency as a function of survival.

The boron concentration was 0 ppm with (@)and without (O)wortmannin treatment.
The boron concentration was 10 ppm with (A)and without(A)wortmannin treatment.

Table 2 Molecular structure analysis of HPRT mutations induced by thermal neutron irradiation

Treatment Boron Dose (Gy) * Mutats Molecular structure of mutants
Concentration per 10° per 10° survivors™*
(ppm) survivors**
Total Deletions Partial Deletions No change
Thermal neutron
Irradiation with
No wortmannin 0 2.6 6.0+3.0 1.7+1.0 3.8+1.0 0.5+0.2
20 puM of Wortmannin 0 1.2 *#%3.0£2.0 2.4+1.0 0.5+0.2 0.1+0.1
No wortmannin 10 2.6 18.0x4.0 9.7+2.0 7.2+£2.0 1.1+0.5
20 pM of Wortmannin 10 1.2 ***4,0£2.0 2.2+1.0 1.6+£1.0 0.2+0.1

* :10%-survival radiation dose.

##% : Mean of mutant frequency * SE from three or more experiments.

#xi ¢ Significantly low (p < 0.05) compared with no wortmannin treatment.
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% . wortmannin 1AL F TIEE RGP & RKERI ORI
e R TR TR R ORI & O 5 EI A&
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FLR O TIIBEMEEE 2 COFIERICL VAT
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kinase) 13, ZOIFMFEIFKEESICBVWTHBEY 7 VD5
FEEMIZHS- L TvA, wortmanniniZDNA-PKes D{EME %
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