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Influence of dose-rate on tumorigenesis in mice irradiated with gamma-rays from cesium 137

Hiroshi Otsu, Fumiaki Sato*, Shigeru Kobayashi, Yuko Noda,
Takeshi Furuse, Akihiro Shiragai, Kumiko Fukutsu and Naoyuki Kawashima

*National Institute of Radiological Sciences
4-9-1, Anagawa, Inage-ku, Chiba, 263 Japan
**Hokkaido University
Sapporo-shi, Hokkaido, 060 Japan

Abstract

Among various types of neoplasms, thymic lymphomas developed most frequently (60-80
%) in Cs;BL/6] mice of both sexes, continuously whole-body given a total dose of 20 or 39
Gy at a low dose-rate of 37.5 cGy/day, in an age-dependent manner, but without sex-
dependency.

A certain level of sensitivity to the induction of thymic lymphoma was confirmed to exist
from 28 through 200 days of age, and from then to decrease with increasing age.

The incidence of thymic lymphoma decreased from 81 to 23 or 4% with reduction of the
dose-rate from 37.5 cGy/day to 8.4 or 2.9, respectively, with a total dose of 20 Gy; it
decreased from 60% to 23% with reduction of the dose rate from 37.5 cGy/day to 8.4
with a total dose of 39 Gy.

Lung tumor and liver tumor showed higher incidence in mice exposed to a total dose of
20 Gy at a dose-rate of 8.4 cGy/day than in mice at the higher dose-rate of 37.5 cGy/day,
and multiplicity in tumorigenesis was noticed in the lower dose-rate groups. The incidence
of all the types of neoplasms, and of lung tumor and liver tumor separately, were used to
calculate the dose dose-rate effectiveness factor (DDREF), which resulted in a range of 0.7
to 15.

A new study is currently in progress with the purpose of obtaining more precise dose dose

-rate effectiveness factors.
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Threshold-like dose response of skin carcinogenesis by repeated beta irradiation in mice

Akira Ootsuyama/Hiroshi Tanooka

Radiobiology Division, National Cancer Center Research Institute
5-1-1 Tsukiji, Chuo-ku, Tokyo, 104 Japan

Abstract

Threshold-like response of radiation carcinogenesis was investigated using repeated
irradiation of the mouse skin (female ICR, 7 weeks old) with beta rays (2.24 MeV) from a
90Gr-9Y The skin was irradiated 3 times a week until emergence of tumor or death of mice
throughout the life span of the mice. Ten experimental groups with different doses (0.5,
0.75, 1.0, 1.5, 2.5, 3.0, 3.5, 4.7, 8.0, 11.8 Gy per exposure) were examined. A 100%
cumulative tumor incidence was obtained with 1.0 to 11.8 Gy per exposure. For doses 2.5
to 11.8 Gy groups, each group showed identical timing of tumor incidence in spite of wide
diferences of dose. Between 1.5 Gy and 2.5 Gy groups, but there occurred sudden delay of
tumor emergence for about 200 days. Only two tumors were found in the 0.75 Gy group
near the end of life span of the mice. No tumor was found in the 0.5 Gy group during the
mouse life span as well as control unirradiated group. By plotting the time lengths required
for 50% tumor incidence against beta dose given per exposure, the saturation effect was
shown for doses between 2.5 to 11.8 Gy and a sharp increase of the 50% tumor time was
shown for lower doses below 2.5 Gy per exposure. There seemed to exist a threshold-like

dose response for tumor induction by repeated beta irradiation.
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Fig.la Cumulative tumor incidences in mice irradiated 3 times weekly with
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Fig.1b Survival of untreated mice and mice treated with 0.5 Gy per exposure.
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Table 1 No. of skin tumor induced by single or combined treatment with beta-
rays, DMBA and TPA.

No. of
Mo. of malignant
Treatment No.of Dayof first paplilomas per L% O ™o''9 by
mice papiilomas mouse by day day 600
210 Y
Beta-rays, single (1800 rads) 20 - 0
Beta-rays, single (2700 rads) 20 - 0
Beta-rays, repeat (470 rads / treatment} 15 - 1] 14
DMBA, single (100 pg) 13 33 0.5 2
TPA, repeated (5 ug / treatment) 13 255 o 1]
Beta-rays, single (2400 rads) + TPA, repested 20 165 0.1 0
DMBA, singie + Beta-rays, repeated 13 - ] 4
DMBA, single + TPA, repeated 4 42 13.8
~ 100F
o
Stz
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Fig.3 Effect of DFMO on tumor incidence. (lllillll), beta-rays only(3.0Gy per
exposure) . (—), beta-rays plus 1% DFMO in drinking water.
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Age-dependence of susceptibility

Shunsaku Sasaki

National Institute of Radiological Sciences
4-9-1, Anagawa, Inage-ku, Chiba, 260 Japan

Abstract

The present study was aimed to clarify age-dependence of susceptibility to induction of
late effects of whole-body irradiation of y-rays. Experimental data using female B6C3F,
mice were made subject of analysis. In this experiment mice were irradiated at day 14 or 17
prenatal age orday 0, 7, 35, 105, 240 or 365 postnatal age with doses ranging from 0.95
to 5.7 Gy and were allowed to live out their entire life spans under a specific pathogen free
condition.

The cumulative relative risk for mortality and fraction of excess mortality were estimated
from increase in the age-specific mortalities. Among mice irradiated at day 0 with 0.95 Gy
the fraction of excess mortality and cumulative relative risk were 0.38 and 1.61, respec-
tively; whereas, shortening of the mean life span was 6.6%. Shape of dose-response
relationship for the fraction of excess mortality was downward concave and that for the
cumulative relative risk was upward concave. The cumulative relative risks in mice irradiat-
ed during neonatal or juvenile period were apparently higher than those irradiated during
adulthood or prenatal period. Cumulative relative risks decreased more rapidly with increas-
ing age when mice were irradiated during juvenile or young adult period than those after
irradiation during neonatal or fetal period. Age-associated variation of the cumulative
relative risk was little in mice irradiated during the middle-age adult period.

Using the cumulative relative risk for tumor development as a measure of tumorigenic
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effect of radiation, dose-response relationships for induction of liver, pituitary, ovarian, lung
and Harderian gland tumors after irradiation at various ages were compared each other.
Results of analysis suggested that mice of neonatal and juvenile period are susceptible to

tumorigenic effect and cell-killing effect of radiation.
b= .2 A
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HELTvs, 2ORBRIEHHIBEZEVH I LEPRL T 5, EIFEHERSLEOWRRCEEL T
XIGHRE 2 /BRI ZF I ARIIDCTOA 27 T vitds i) 2 BHFEENL/DRIEELR L RO EE
DFRIIELTELBEREECZ ER2RLTY 5, DAREOREHREFRZD IKBROREZ > TOD
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EOWTORE S L3N T 20 ERP BT DR IITEHHEIECL S TH L, —F, EBR
B & A ERMETEME BT AR L TA L b DT {, 2 DE I EERRR B SME Y0 F
LD ONTY 3, BEELHEPHFOBNLMENFbOTO LI LRTHTH 270 EREY) 22 %
BEFSEMER L L THECHEST S 2 £ 5 RIFRIEIERCA L v, AGBRIEREL o FUREMCER
PEBCTHREBESRCET » BZ2EOEREFEOMBCIRYMAT S22 T TR L HE
L ARITORBRII DV TRNS, Z2OHEE—OTE LEREANY—FETH Y OBRENCIIETEC
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IZOWCTITT 2, COTEREE) 222K 212000 THY, BET 5 HE- DM LS
FA LT, TR E LT =X Ca Dy % BRAT L ICBEC3F M= 7 22D TOERKERT D 5,

1. FECEBENCARIETICRET 2RERICRMR

Table TR QRAEY B CHETS Lo~ 21231 2 BREFEM ) 2 27, BREECHRL 6 FICE
WRGEERPHEREMNCE Lo, ERTIGAEPEC RIS MAHRFEREFEEDLD Y LRLL TH 5,

Table 1 Cumulative relative risk, prevalence of radiation-induced lethal hazard
and shortening of mean life span in female B6C3F, mice irradiated
neonatally with y-rays.

Dose, Cumulative relative Prevalence of Shortening of
Gy risk radiation-induced mean life span

lethal hazard

0.95 1.61 (0.14) 0.380 (0.071) 0.066 (0.014)
1.90 2.262 (0.18) 0.558 (0.068) 0.124 (0.015)
2.85 3.88 (0.47) 0.742 (0.097) 0.195 (0.021)
3.80 7.04 (0.94) 0.858 (0.086) 0.263 (0.021)
5.70 471 (12.2) 0.979 (0.072) 0.480 (0.021)

Values in parentheses indicate standard errors
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Fig. 1 Relationship between excess cumulative relative risk and the age at irradiation with 3.8 Gy
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BCAEIA e & OO IR AR I 3 AR I I & 0 BRAEDME - 2 DTG 2T h B, TRAEMBE OHA IR
BYEC LA LRCBENKS (L ONEETH L, ARNTHRCHET 2HRERCERIEEZ ( O5E
FEmTh Y, BENREOEAE 27 EA FTH 5, Table ZMBERISEMR L 2D/ A~ —F % L
iz, R 22 LBEFECHRRECCEREOH A RETH Y, HERKISER L HAEMEEYTD 5,
N5 RA— X —HEEMOBREP CH L L 5 CRBCERIE ZOEFviCr it Y BROA D, MRS
®%%@$&ﬁ§@2%®ﬁ®%%ﬁk§Pﬁ%@“&@%@%%ﬁﬁ%moTmb3uﬁ§1&&01
Gyl V) 2B FBHAENY A2 L o U BEFEEESRERT., TNLDEMED S b 1 Gyl D0 TOHE
FEEEEE?E VD, 0.1GyE D0 TOEMEIR 25 T2 {, ARERPEBEMETT LIV IE
MECHEET T VDT H 5,

Table 2 Paramenters of dose-response relationship for prevalence of radiation-
induced lethal hazard (a) and cumulative relative risk (p) in mice
irradiated at day 0, 7, 35, 105 or-2

o(X) = 1 - exp(-byX - bX®)
p(X) = exp(byX + byX?)

Parameter Day0 Day 7 Day35 Day105 Day-2

by 0.425 0.407 0.341 0.207 0.018
(se) (0.033)  (0.036) (0.008)  (0.023)  (0.003)
b, 0.024 0.009 0.024 0.014 0.074
(se) (0.012)  (0.005)  (0.002)  (0.004)  (0.001)

Table 3 Estimation of excess cumulative relative risk (ECRR) and prevalence of
radiation-induced lethal hazard (PRLH) after irradiation with 1 or 0.1
Gy y-rays at day 0, 7, 35, 105 or-2 of female B6C3F, mice

Day Day Day Day Day
0 7 35 105 -2

ECRR(1 Gy) 0.567 0.516 0.441 0247 0.093
ECRR(0.1 Gy)  0.046 0.042 0.037 0.022 0.009
PRLH(1 Gy), % 362 341 306 198 83
PRLH(0.1 Gy),% 44 41 36 22 09
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Fig. 3 Age-associated variations of cumulative relative risk after irradiation with
3.8 Gy y-rays atday 0, 35, 105, 240, 365 or -2 (day 17 of the prenatal
period) in female B6C3F, mice.
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Fig. 4 Age-associated variation of excess cumulative hazard after irradiation with
0.95 Gy y-rays at day 0 post-partum (0 dpp) or day 14 post-coitus (14
dpc) of female B6C3F; mice.
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Table 4 Dose-response relationship for induction of liver, pitui-
tary, ovarian, Harderian gland and lung tumors by
irradiation at day 0, 7, 35, 105 or-2 of female B6C3
F, mice

Day Day Day Day Day
0 7 35 105 -2

Liver tumors

Model L L LQ L Q
by, Gyt 336 373 086 036
ba, Gy2 0.09 0.28
ECRR(1 Gy)* 3.36 373 085 036 028
El(1 Gy)*™, % 36.2 339 105 42 3.2
EN0.1 Gy)™, % 44 48 1.1 0.5 0.04
Pituitary tumors
Model LG LQ Q Q L
by, Gy 1.03  0.460 1.569
by, Gy2 0.25 0.339 0.208 0.040
ECRR(1 Gy)* 1.28 0.799 0.208 0.040 1.588
El(1 Gy)™, % 885 571 143 029 1111
EN0.1 Gy)™, % 084 040 0.02 0.003 1.23
Ovarian tumors
Model LK LK LK LK LQ
by, Gy 2209 22.23 4468 2138 0.793
by, Gy2 0.425
Do, Gy 272 239 1.88 253
ECRR(1 Gy)* 1529 19.24 26.25 1440 1218
El(1 Gy)™, % 205 252 350 19.8 1.71
El0.1 Gy)*™, % 3.2 4.2 6.3 3.1 0.13
Hardeian gland tumors
Model Q Q QK Q Q
by, Gy2 0.115 0.784 7.560 1.907 0.033
Dq, Gy 3.03
ECRR(1 Gy)* 0.115 0.784 5435 1.907 0.033
Ei(1 Gy)™, % 045 1.18 843 3.05 0.053
EI0.1 Gy)™, % 0.003 0.014 0.135 0.034 0.001
Lung tumors
Model LK L L L LK
by, Gy 2.085 0.589 0.502 0.193 1.880
Do, Gy 3.19 3.56
ECRR(1 Gy)* 1552 0.589 0.502 0.183 1.427
El(1 Gy)™, % 857 351 3.04 120 9.06
El0.1 Gy)™, % 137 040 034 043 122

*ECRR: excess cumulative relative risk
**El: excess incidence
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Radiation and Offspring Cancer

Taisei Nomura

Department of Radiation Biology, Faculty of Medicine, Osaka University
2-2 Yamada-Oka, Suita, Osaka 565

Abstract

Parental exposure to radiation could induce various kinds of tumors in the next genera-
tion. In ICR mice, a large and significant increase of adult types tumors was observed in the
F, offspring after X-ray exposure at spermatozoa and spermatid stages, and less clear
increase was observed after spermatogonial exposure. Mature oocytes were resistant up to
1 Gy, but very sensitive to tumor induction at higher doses. While there was no difference

in the tumor incidence between acute and fractionated (0.36 Gy at 2 hr intervals) irradia-

tion at postgonial stages, any kinds of tumors were not increased by the fractionated

exposure of spermatogonia and mature oocytes, suggesting that only postmeiotic sperm are
susceptible to protracted exposure to radiation at low dose rate. These radiation-induced
germ-line mutations causing tumors showed dominant inheritance of tumor suéceptibility.

Acute lymphocytic leukemia was not induced in the F, offspring of ICR and LT mice after
spermatogonial exposure in contrast to a large increase of adult type cancers. However, 1.9
-3.2 fold and 4.5-7.4 fold increases of leukemia incidence were observed in ICR and LT
mice, when spermatozoa stage was treated with the X-ray doses of 0.36-5.04 Gy and 3.6
-5.04 Gy, respectively, indicating the large difference in the sensitivity of developing germ
cells to leukemia induction. In contrast to ICR and LT mice, N5 strain developed about 10
or 18 times higher incidence of leukemia in the offspring after spermatogonial or spermat-

ozoa exposure to 5.04 Gy of X-rays, respectively, showing a marked difference in the

*RBR KR AT AR B R 2
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sensitivity to the leukemia induction by radiation among mouse strains. These differential
sensitivities between germ cell stages and also between mouse strains reconcile in part the

difference between two population studies in Hiroshima/Nagasaki and Sellafield.
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Fig.1 Incidence of tumors in F, offspring of ICR mice exposed to single (&) or fractionated (O:
0.36 Gy at 2hr interval) doses of X-rays.
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Fig.2 Inheritance of germ-line mutation causing tumors after parental exposure to X-rays-an example.
OC, ovarian cystadenoma; LT, lung tumor; LL, lymphocytic leukemia; Myx, myxoma; Mult,
multiple tumors; He, hepatoma; T, tail anomaly; Cat, cataract; N, normal; UH, uterine heman-
gioma; MeU, megaureter; DW, dwarf; LC, liver cyst; CK, cystic kidney.
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EHBEEI T, ZONSF,CAMMGEE LTY o0 8 ) 22 TRET 3 ThEEERL T
Table 1 Leukemia in the F, offspring after paternal exposure to radiation in man and mice 9)
Dose Relative Doubling Induced rate/mSv
(mSv) risk dose (mSv) (X108
Sellafield®
All stages of =100 6.24(1.5~25.8) >9.5(2~100) <2
spermatogenesis
Post-gonia® =10 7.17(1.7~30.5) =0.8(0.3~7) =280
Hiroshima®
Spermatogonia 435 1 — 0
Mouse
ICR»-®
Spermatogonia 360~5040 1 — 0
Post-gonia 360~5040 1.9~3.2 950% 1.9
LT®
Spermatogonia 3600 1 - 0
Spermatozoa 3600~5040 4.5~7.4 450 9.0
N510)
Spermatogonia 5040 9.6 300 6.9
Spermatozoa® 5040 18.1 150 13.8

Doubling doses in mice and men were calculated as uniparental exposure”, although for human, the
“cases’” mothers had a chance to be exposed to radionuclides in the house dust and through their
husbans. Induced rate or leukemia per mSv in human study was calculated by the formula; (back-
ground incidence of leukemia relevant to Sellafield study, about 45X107°)'¥ X (excess risk value)/
(paternal dose, mSv).
a) Fathers’ exposure during 6 months before conception indicates post-spermatogonial exposure
for the most part, but includes spermatogonial exposure in part.
b) Average value at 2160 and 5040 mSv.
¢) See legend to Fig. 2.
d) Preliminary results [2/27, 7.4% vs 1/244, 0.4% in controls]
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I—4 SRIEMEREIA
B, TN, 3DODRHOTYATOERERLE(RAILCTH 2, Lrd, BERSHRORMMBEERETI,
BFEECTL»F CAEMBREREL LI L b=V AERDBY TH- R, Lo L, WbEmOERME
BPRTINS= DAL HELTY, 1SYURDDFEREILI ~20E0E), HBFEEDOLIEMHES, FOERE
BRIC & AAEEBNE, EARKOL LI EVHMBEYEECL TS, —7F, BB, REOEBEEOF ZIZA
MFREBCREINL T2, ZORRE LT, BEBENY, FITORMMRRECH L& bIENE LR
THEMEECH -2 L, ICR, LT3N~V 2D L 512, BRORKEVFET 5 WREE, %R
BEAERMO U E CAES - BEFRORETO BMFRLOBE (EES) OMBE?H o b, Tz L Th,
2 VAR LN, HREOF VWV AEREE- LEHEOBRABPADEELFHAEIRDFIILE, £
NETI, POTHRABBRCBEL TIT-70 L 5 RYBROLCELETREL LA LCTL5, Inb
DFEE =T ADERFEEY G LT “Of Mice and Men?” (4E& L LAEWTA LD ? 11785
#£22y b5 FORRFH ARobert Burnst NBEO B2 B2 TECLFO—H R2) LAFU L
RS LREERAT 5,

Table 2 Of mice and men-Robert Burns 1785

To a Mouse

I'm tiruly sorry Man's dominion

Has broken MNature's socical union,

An' justifies th' ill opinion
Which makes thee startle

At me, thy poor, earth-born companion
An' fellow-mortal!

The best laid schemes o' mice an' men
Gang aft a-gley.

Nov. 1785, Robert Burns

7. YIS

XPADHSE L AFESHER ECE Y B L ICEOYEYRA FRCOSIETRECIOCT, AHE
BAMETTHAIVARPFLEST AL NTOMRERY LD, K, <~V R, WIRETHED
NEELDFOMILEE LT, THOBEETHA e b ExttbdanTtale, LT, ZOMKRETE
B LDOR=TATHA I P, WA, FEWE LS LINAfERV DI, Nkl s 2T
5, L L, RICEITNIATFRHRIL, BORFAILPTaRC, COUTHELIFT LD, ELFH
ROTHB, 72, 6 2F5OUEREMBRIIFELRACELOCNREBETDH 5, XHOESRI AHDZ
HZXabDs, 315, TNEMHCELZTHAIEEELZTML, RRCH OO AHOIMT LN
W oewv 2 k% “Of Mice and Men?” W34 T 3, #HHRREVALVIFLOSFCRDIT L
®EE O,

SEXR

1) Nomura, T. Transmission of tumors and malformations to the next generation of mice subsequent to

urethan treatment. Cancer Res., 35: 264-266, 1975.
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Effect of Radiation on Transgenic Mice Carrying a Variety of Oncogenes.

Tohru Inoue, M. D. & Yoko Hirabayashi, M. D.

Department of Pathology, Yokohama City University School of Medicine
3-9 Fukuura, Kanazawa-ku, Yokohama-shi, 236 Japan

Abstract

We have been trying to see a rule of regulation in proliferation and differentiation of the
hemopoietic stem cells, specifically at an in vivo-level of mice that had been transferred a
variety ‘of oncogenes into the stem cells. Among the various methods available for trans-
genes, transgenic mice used in the present purposes are, at this moment, the most efficient
way to observe function of gene of interests in hemopoietic stem cells, to which genes are
introduced rarely because of two reasons, i. e., their extremely lower frequency in the bone
marrow, and their prominent quiescence in cellular kinetics. To use such transgenic mice, we
also applied transplantation assay, in which mice, repopulated with bone marrow cells
carrying the gene of interests, consisted the gene solely in the hemopoietic system. This
system permitted to avoid a possible competitive risk between the leukemogenesis and the
carcinogenesis in other organs.

In the present article, we introduced first the transplantation assay in which the recipient
mice were repopulated with bone marrow cells carrying human c-myc gene; second kinetics
of the hemopoietic stem cells in the myc-mice; furthermore, radiation effects on leu-
kemogenesis of the h-c-myc marrow followed by discussion of the results. We also
introduced our experimental model for the myelodysplastic syndrome, i. e., a multi-lineage
abnormal growth of hemopoietic elements, appeared in the SV40-large T transgenic mice,

for the future research studying a mechanism of radiation leukemogenesis.
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RN X — 11 BAATTH) 2 p1(500~1000copy) FREE DR L DN AT %, (IARZEEAMSE T T 24590
DHMEZEAL, YEBEETFORET I N7 v AV x=v 2=V ([ M= 2)#Gordon?z b 5L Lo
TERLICDIRINBIFED I LTHY, I CEPIERVBIOZ L@ E 2w, Gordon? b M EAi:
FISCIDNAR, FEOEEFBTORHEL I LY, BINLOBMREOREPI- Tw12h’, 20D%, 4413
¥ Dinterval # 35 T, & OZIIFIIEEBIBE RO MBI B L L, Er» 8FEEELT, UL L

cases

500 ® w1 EBRRETRSA

B E>< 2 ENIORDIZ
WAERREF ()

400 PARIET
abl plasmacytoma
bci-2 no lymphoma
ber/abl leukemia/lymphoma

001 T ObORET
G.H. pancreatic tumors
GnR.H. neuronal tumors
IL-6 plasmocytoma

200

oncogencs 2 HETFREOKEEH
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1. ZEBFEH (enbancer % promoter)

2. HERET MERETO7 o M LER
oW AvberofE BHEEF WY

;‘g‘ HUEHL. 2&)

1980 © 1984 1986 1988 1990 1987 193 3. BEEEF~OBFAMLEHR

4. HAMBOREEBIE

BT [hl=72BT 5 LR OHER

I ) DHAEBRIBIEITON O LICEYH 5 (F1), ROTHOA =78, FEVAEETHEED 21
ThHY, N mRTRIMETERELI LT LIALELNS,

FRRB 7 AGBETFRET, #1 TERI 0l =Y 21, SVODOWMIEEEF?L, myc®iZET 5% 4D
T, SV40iz2\ TidBrinsteri®2%%, 372, myc® # i Stewart 5957340 § 19844 ST L 72 b DT
Hr, tDBOLEKDOPY 6, EEIEEFRVAOHEZEOPFIEL TAL L, B1PBEELTHL Y
&5, bel20 & 5 kbW AVARBTFEEALTCYEEORROR N Lol —2 b H 5~
B, MERVEYRFA M AA DL 5, MIaE PR TEERTFHTE, LIX LT autocrineE#® & -
129 RIEERBEVEHEIN T3, fE- T, nvivoll B 2 BETFREDOR N7 7V —DRENLITIE
HIINE NIV EBIEERD THEMTH 2, [ MV ALY 2 EEFRAELERT 2 ER -T2
RTEIRA20H 7Y —DEFENT w5, £ 11, £ Alenhancer/promoter® 0} THIE#{ET
PTHY, WICHEEREF 20 b OOREE MO Y p53eras’s ¥ Tldprotoll L R L T HRIFERE
RECELD), E3LUBEBEDOEETOMLIZIFEA S LA D, positional effectizf85 » BT - I
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-1 ForR¥Vz=v2 =V AOMEEEERE

%3 T=UR(SV40 large T= vV AN 3 1) 5 Fl< OFEHIFAEI AL & A

SV40 earlyT Jif & 5t FLUR R
albumin promoter g il ki
methallothionein iig il ok
elastase 1 B B3 75 R 955
insulin I =Yoo
aA-crystallin ARER (v > Z) W4

v % LE W Dpromoter/enhancert2 2V TR TA L 5, RIUEEBRBEODHNTLE(RALNT S
f2, —EDOSV40 large TO[ P2 TV A(T= U R 3 EERERFIELL, TOFILCZR LI CEL
TV ATHHEBEFHEMAELEL LI LS T, ADL ) URADRL > RIBBEORER R 5. Tk
LT, REBUPFECL CEERETFRE-s THHRRMURF LI ks EED b, “MBE"(?)DH
B DHH L 5T, ®IEL 0T ) vDenhancer¥, SVAODHHAT nE—> a v EBCITF U HRFAG AT
b, MEBETF LI T B o R > EEREPR A Lo RERT O Y T 55
BRI CH, intronDF B RBEUERELEH DDA LREIN TV 59, HRZBOEEER O VT, B
CHBEOREEL LI APSR e, Zr Y N U A v ADGPESBEFEHEAL [ M=V Rk, DDDT
20%EL T2 vy FEIRD R TH 6 N 2 B3 LRFIREDRIEL R 5 2%, CS7TBL/6IZANS L& (i
T2, Zh®DDD#iAbeTw L E, FIT 7%, FATDDDD Z 1 t RIFZE DHHE O FRZFIREEH®
HIoTLBEWLD,

1. Myce o 2RI T2EBRE-BHEET v A E—

IO LREEERZ ABRCHERLICY, H5CIEERMNICIY ANRT, HEERZHED TIT(—20D
FEC BRI L AR OBEEYH 27, ELo» L EACHAGHY ELFRIIBONG S5
CHH BHD, HERIEBLARCIHAZ2 LD THE, BHFHO[ M=V A» CEML ) MBOMEE LY,
INPEICHBOMRGHRZREI LI~ ACBAEL, MAERRLY ZORERE L TOREBRELEET
bDOTHH(E2), COFEDAY v b (EE)Z, FrE—28DH Y 03", &HECREELEH

,—~ h—c—myc

CO
il
=7 irradiation
l (sublethal)
v C7 F4 BHBHT v 2AEORY v b
if”’" ‘*" il
1. B8 - B2 ¥ o5 %o xBiEdonorB H 2EO.
(Competitive risk DHEER)
life—time 2. %&Bﬁ&:ﬁﬁi%ﬁ%ﬁi%:&ﬁf% 5.
observ.

3. EDdonord b LK EEL Oﬁ“tiﬁﬁiﬁﬁgﬂé o

2 BEEMRT vt A
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3 myc= v 2Bl O & g5 R A

96 of Incidence

B4 myc~ v 2 B¥EMmbE %
T8 M85 L O AR R Y R SE

FBEFORCHBREREVPRONE LI L[ M~V 2ADEAI, 2 DOEHERHEEL % competitive riskik &
THRD LTS HDTRAECL o THARINCAY) v P2 RIET 25D TH Y, R I 5 ER
bIRIFINPHCTIT-> TV 5,

LT, myce VYV ADBIRATDORVAERLE LI, 20myc~ Y A TOBEAEETFIL, GES 0
7Y CDEHD I —GEIE L, SVAODTATAbox % & L7 v € — X4, 3 & F e be-mycd
B2, BIUEIZ 2 UPHERIN T 59, FELLCEERZECE, EMRIRY oo 00E, BYIE ik
VoSHR, g E P EHERMR Y ReICE NI ASNIEETFE L FOmycTH 545, RELIZZN
TNDEIET, t be-mycDexpressionBEI NIZOT, 2D b DDORBYIFEERE E ST L
BHEIN TV A7, #, BALIomycld, FHREHEAIC»E ) TRED 6k v - 12,

R -1 3FECO0TO, BEREDEERZOMELE I RT, —ETRD)Dmyc(—) DX L%
T, 1 Dmyc(+) D 3FHOBMBEBOREFEERP O, IEmL LT3, M4 DS 7 EALR
AZFOBEEVBRES NI EEPFEIRL T4, BHMOMECHET 5, Stromal cell tumor b HELS
NAH, TG LA LIemycORINR 6 N5 OTdonorD BEARVEMAED b o LIRS 5,
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II—1 bRV xz=v2 =D A0BERERM

2., Mycw v XiEMiBRZDHEFIENHE

IO LIEERER, BHEHOMIRAEEOEMLEEY D2 D LEOLNE DT, mycDHAS LI
MIRARTLEAHI - T 2D, 2O M=V AT, ##t 3 LTV enhancer® & »°, preB
Ml — v DIERDFEETH 5, L LBOMERTIEHRAA R 7 — ¥ ROBUBEI BT 20>, X
FEBY7c b ORHBOK P E UL DIBETHSILE Y OB, BE, MRO-TFhTY, cell cycling
positionB|D &< DFED K E 312, myc(+) tmyc(—) OMEETHI » ICHIEFEOZR I A LR H

25 myc= VU ROE MR 6 mycw VR B EMEBMIEOSIHSE
myc(+) _ myc() kiledon  c-myc % cytocide
Day 7 10.120.7 12.6=0.7 (meanzS.E.)
Day 9 12.5:0.4 10.3x0.6 day 9 no 11.4+3.4**
Day13 7.4+1.0 6.2x0.6 yes 23.8+3.9™
Hind Legs ( x 1000) % S.E. day 13 no 8.8+2 6%
yes 18.4+4.8"

Significance in % cytocide
* P <0.02
* P<0.05

- 72, Flow cytometric patternT b FfkTH - 72, THJ, SMEHBOEZPLE LD TH 3, P
late-appearing colony® Z 1’ Z & 5 ZHEPEL N L DY, FEZR L, BIC-oLEEED LN
DIME—RT, PV FUL-FIVIVDOEY AL L 2ERBBRTSHSEOKRE S PHENZ L, Th3E
BEmyceVADHDRE (Lo TWI(RE). BHROKTENLLDOT, Zhidd h bl izdiscen-
dant®4rE D 72 b T, negative® 7 4 — F Sy 29 d o T 3 LD, bel-20 IR T LT TTZ AR b
—YADTCENROCNB LD HAD» bENL D, 25 LIZEHC > TRARRFTH 2, £ b9
mycD ZBIEBEREE D0 TORKRTDOE 2 HFDOKRIEI, FILOFEDIS CIRE L THAEYTTET 2 2

(%)
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601
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Pt THET A, 2084 T Dpopulation®DEA L »iEAVEEREOFHMELZ LV LDTH 5,
3. Myce o XBHEEBIEICE T 3HEEBEENA

DERIE D %, myc=V RO EMBERE AT, 20 b DT 3 BMEHROZRBETOREL R D
PIROERBRTH 5, EROFFA VRAFELFAIUT, ThCEMBEREOR2EAH I 2GyORBH £1T-
oo RERONEMLFLE G RLI, A, ABmyc(H)#E, D, D'idmyc(—)BTH 2, BIOERMERL

8T myc= U R A REHEEREE

D hE A At B B c ct
BROUPS R(+) R(-) R(+) R(-) R(*) R~} R+ R(-)
myc - wyc + Byc + myc +
No. of MICE 98 93 22 23 i6 17 19 18
TOTAL No. of
HEMOPOIETIC 43 27 21 22 15 15 i1 iz
MALIGNANCIES
% of
HEMOPOIETIC 44 29 96 96 94 94 58 67
MALIGNANCIES
LYMPHOMA, THYMIC 8.2 4.3 13.6 4.3 6.3 0 5.3 0
LYMPHOMA, HON-THYMIC 26.5 20.4 54.5 43.5 25.0 41.2 25.3 22.2
HYELOMA 0 0 22,7 26,1 56.3 47.1 21.1 22.2
LEUKEMIA, MYELOGENOUS 1.0 0 4,5 13.0 0 [} 5.3 5.6
STROMAL CELL TUMOR 8.2 4.3 0 8.7 6.3 5.9 0 16.7

T8 myc= UV ABMHMNEOBMT v £ 410 % A EEFEE R L SERAEE L OB —
THE ONSET OF NEOPLASM

GROUPS myc RADIATION (+) RADIATION (-}
(R+) (R~}

D(R+);D*(R-) - 194 129

A(R+) ;A (R-) B 164 216

B(R+);B*(R-) + 269 368

C(R+);C* (R-) + 225 259

(DAYS AFTER MARROW TRANSFER)

MEAN SURVIVAL TIME

GROUPS myc RADIATION (+) RADIATION (-)
(R+) (R-)
B(R+);D* (R~} - 507.8 + 21.6 608.1 + 35.7
A{R+);A'(R-) + 403.7 + 22.0 442.4 + 22.9
B(R+);B*(R-) + 440.3 + 18.8 493.1 + 16.5
C(R+);C* (R-) + 567.2 + 37.5 506.8 + 41.4

DAYS = S.E.
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I—1 FFrArYz=vz - =V AQEERERE
FlRE, ABEIIDEEL V& o fods, ZHUCHBE LR EETR, BB myc(—))DDEY B OD ]
NTEMSROEBRESTE, BoAEPHTHECECTeROEH LT, myc(+) DAFFLATH LD
BT, BELIERFOEVRONL 5T
HMOBEDZNE—ELTECLRLDYRITH S, C-CHOI I, FERHETLL L LHEDEY-
REET S, WMAEESIERAELI OE (L L IRBRA ALY, R, FHEI, MERENPS, T
BUEIEE e E R i L TEE LI O TdH 2%, mycBECBEIC L 2 MEMRRILCI S TH-T,

4. {8, MEBRSDY, mycDEGRECHL TMENCEHI LN 20N

ATEK, FRET MRS, mycd B REE (25 L CINER @2 w0, BE 2 OEERZ 2w F 5 AR
AR G 2Dmyce VADTA DU EDTI, mycRE 4 Pt lAAINT02 I L broT
Bh, 22T RADIEIRIETFYH - THEEREADRBTHE L0 IF227H2Y, 2D L7, KR
WEHE L L AMEMES RO NE o722 LD L 20 E 3 2bh 6k ed’, REHREL A DEAR
7 pathwayld S ORTRTTERTLTO T, HEHROBHIMET 20D L0 LI FLHTDH
2, L LIOELCRCLOPOMEEDH Y, 200 L2, mycw YV ADMBEBEOHENF LT L b7

£ BEHERREE L P ARET

Guerrerro et al. (1984):

‘K-ras; activated Jradiation induced thymoma
Newcomb et al. (1988):
K-andfor N-ras;  mutated /thymic lymphoma
Shuin et al.(1986):
myc; greatly enhanced Jtransformed cell lines
mos, abl, fos,ras;  enhanced Jtransformed cell lines

sis, fims, src,myb;  notdetectable Jtransformed cell lines
Garte et al. (1990):
myc; amplified /skin tumors

CEBEARZVIETH B,

W, HAHSHREBERI L - T, mycORRE, BEEypathwayli k> T 36 Lw2 &9, DX
PHLRAZIZI o THEIN TV, RIW, HEHEFREET EALPAREBTVEMAL TV, 2R
BLIbDTHb, cNPRD L, MyCLBMELZUNAYRAAVMYPRONAFEERL L, LOBETOR
BB DBV E Lo TELOP ARV L 5 TH 3, Hi-Shuin b DREHEF R ORISR T
DEFEI P H L L PABETORBOL P THEIL > T RORBMycDATH 5, Lo b lOBMETFREIZR
BlS - 12 RIILE & N L, GarteFEIX, < Omych’, HETKRA R Dskin tumor T DL % biopsy T copy
BRI CRIT A 2 ERRLTE 59, 2 o HEHERY A Omajor tZED—2 L LTRUCD#ED S
Iwt, AEFACEI N =T ADL 5 DY omycDBEIRBERIEI D 5 < U R BEHRDTINE T E)
eI Eld, HACIRINCLo THMAYELO»d L, L, T L b TRT OREHRIEE R
AT 25 myc® JoHE #major pathway b LTV 3 DT L& I TH Y, HEIZ L - T, mycDover-
expressiontd EHDKEHGBRIEBOR — MR O AT 5, U LA KSHREEOEE L mycDH
B r dBELTea B LL, COLY RENLHICHATS sREELC LTI ~Nar bl

W
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B, PANIRLRETOREE LT v 3 EBbNaSV40DIlarge TEETEA =Y (T~ Y )T OEE
RAERBIZ DO TN TAL G HIRD L3 ) T=v 2, BEMZE—FER{BEoN[ M=y 20—
ThHar?, ZdDlarge Tid, RbEHES®P53Zhindl TI NG DRRERFIKEREL 5, 2 L THIBOARFE(L
PIEBEHRES SN HT PV ARERTDHE I LRI Lo TP - T2, it TT=V 2T, il
BEDERL E b Ma LB EL T3 EELZLNR, SNV ID-Y ZDRIIED TRIES LA L
TbH 5, T, T=V ATOEBEFHAEQBENL, FRMC IR ZETFORFRECORIAEL R 2
CERBHRLTCA, BEZI LILHTHEET L, TV 20WRBCEERAT 2T IC I EE L IE
HObHBH I EVEMEING,

6 T=URXOEKMEOEFREARG (L) L 2 DM (TF)
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N—1 ForAPxz=vz =2V ROEBHRERE

=10 MDSHIED T~ 7 2 fi3kdDnude mice~DHHH

Splenomegaly MDS-like Neoplastic Phagocyte

hemopoiesis *  lesion &debris **
Source no  yes ne yes no yes no yes
Bone marrow 7 2 0 9 4 5 3 6
Spleen 8 1 0 9 7 2 3 6

* Tri-lineage abnormal hemopoiesis, regardless of hypersplenism,
with atypical blood cells including syserythrocytic and/or hypersegmented

granulocytes.
** possible findings related to G.v.H.

% FREQ. !

20

10

Histiocytic malignancy ""».»;--
Lymphoma & Lymphocytic leukemia -
Myelogenous leukemia™ Y

- M x
MDS like disorder )) )} /x/ e 1 ?ﬁ'ﬁﬁ? v /{ I ct 52T ‘7 Xi’ﬁ]ﬁl%%%%:%ﬁ

&
% % DEH

AR A2 DPHCIZT=7 2908, ¢ b OEHEERIERERREMDS=myelodysplastic syndrome) = E&{2, L
IRER AL, 2 QMR OFRF O 2 v BEBFETTEREV B ML ©TBEZS e, v b OMDS
T b p53Dmutation’s EVHEHIN T 2DT, TRV ATODI ) LIZERIL, D ZERLE L —ET 3
LeosTd»h),

£ 2 ATMDSIKIEBILTE 2 D MBkRD 6 % 2 multilineageDREBIMKRETH Y, BIFEDO L 5 & “5E4
7 EELRETIR v, BREOMIROREMIET 2 RBOCDITHIRE A2 b LERINE, T
BRT=2ATRIA» LS L, CORVATREATYRDOBEIES v POMBEPIOAANLL S 22
6~ 7gl - BRAEMYAET 2, BDsmearid B 3D EKER, dyserythropoietic’s H#IFERHR & 1, EAEEK
CHZCREBEYD A (R 6 L), MMy, M6 (F)DL 5%, mBROBER 2 BMEGEHES
Nad, 2L TIORBTELBMTYHEML Tw2F S L, BIUREOMan=—%4EF22 L b Lh
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Abstract

TL antigens belong to the family of MHC class I, but unlike other class I antigens,
the expression is restricted to normal thymocytes and T-cell lymphomas. Not all strains of
mice express TL in the normal thymus, but such TL" strains, e. g., B6 and C3H, express TL
on T-cell lymphomas as a serological defined tumor-specific antigen.

To elucidate the function of the TL antigens, we have derived over a dozen of transgenic
mice with TL and TL/H-2 chimeric genes. One strain, Tg.T1a®*-3-1, introduced with a TL
gene (Tla*— 3), was found to have an abnormal thymic T cell population and to develop
a high incidence of T-cell lymphomas. The expression of TL antigen in the transgenic mice
is greatly increased and TL is expressed in wider range of T cells than in normal inbred
mice. These quantitative and qualitative abnormalities in TL expression most likely cause
the abnormal T cell differentiation. As a result of abnomal development of the thymus of
these mice, TCR af lineage of the T cell differentiation is disturbed and cells belonging to
the TCR yo CD 4~ CD 8 - double negative (DN) lineage become preponderant. The yd DN
cells migrate into peripheral lymphoid organs and constitute nearly 50% of peripheral T
cells. Immune function of the transgenic mice is severely impaired, indicating that the y¢&
cells are incapable of participating in these reactions. Molecular and serological analyses of
T-cell lymphomas reveal that they belong to the yd lineage. Tg.Tla®-3-1 mice should be

useful in defining the role of TL in normal and abnormal T cell differentiation as well as in

CEHIBN AR Y X — IR AR,/ B E B WL R R B AR MNE A 1
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the development of T-cell lymphomas, and further they should facilitate studies on the
differentiation and function of y¢& T cells.

To delineate the mechanisms in which T cells recognize TL antigen as a tumor-specific
antigen, we isolated T3°-TL gene from B6 mice and constructed a chimeric gene in which
T3°-TL is driven by the promoter of H-2K". With the chimeric gene, two transgenic mouse
strains, Tg. Con.3-1 and -2 have been derived in C3H background. Both strains express TL
antigen in various tissues including skin. The skin graft of transgenic mice on C3H and (B6
X C3H)F, mice were rejected. In the mice which rejected the grafts, CD8"TCR«f cytotoxic
T cells (CTL) against TL antigens were recognized. The recognition of TL by CTL did not
require the antigen presentation by H-2 molecules. The results indicated that TL antigen in
the skin becomes a transplantation antigen and behaves like a typical allogeneic MHC class
I antigen. The facts that (B6 X C3H)F,; mice rejected the skin expressing T3°-TL antigen
and induced CTL that killed TL* lymphomas of B6 origin revealed that TL antigen encoded
by T3*-TL is recognized as non-self in B6 mice. Experiments are now extended to analyze

immune responses to TL antigen expressed on autochthonous T cell lymphomas.

BIZTFEA~Y ZAD/ED LTI, BEELCEBETOMEVv NV TOFEBERERTH Y, FRIEE RAE
FEDORHERZ LT TRV N LM FTED—2TH 5, W T S, ERETF R ENHEE T O/E
Fe, ZEERE, SOCUBERTHCMTsERLMRY, BETEAY ZOBF»6FLNTVL 3,
FED, BRBEOMRE LT 2 BEOHBE LT 52 L 2HIEL, =~V ATLHIREY? 7 v
FELTHREPED TSI, 361, TLARFEA-Y ZO(EDR LRI~ LR PREAIE T ST,

TLOURE W, MEHRBEI - L VFERI NI~V ATY Y oSEOMBERORBORBETREINICRTH
b, LITORBRECERERSY, OTLIER, MHCZ 5 2 IHMERCB LILOMHCZ 2 2 1 4F ¢
9l L CBEE TSR EORE 2RO, QTLYR 2 EEMIRTHET 2 TL <7 2(A, BALB/c%)
L, BRLLWTL =7 2(B6, C3HF)PWHFET 5, @TL =Y ADTHIMSLOBFETIL, MR Tl D
BURHBET 5, OTL =V ATHTLEEFZFH-> T H, T) VY EOREECTLIE 2 HET 2, TL
PUR, ETARIRETER O “RIRE" ORI CBEC FER L, F 7040, 2B REM) X, TLEMEC
Lo MO R 6, TY UoSEXRET 2 L2HEL TV 29 @TLOTY Vo ETTL =V
ARRIETH L, TLPR KT 2 9UEVEES NS, 23 0, TL- =V ADTY Y SEICHET 2 TLIR
W, BECIOVEENEL L TRBING, @TLIEOFAETTTLIE  BEm» 618k T 235

“Antigenic Modulation"»%2 &, TLISMEMIELT ML L, PEOIEESIRIZED 6 Lz vo, TL
PUBESRT, & U TEEZ S /2 Antigenic Modulationid, BB TEE O RIS ERERE O N T R4 M
T3, “Escapeflif” O—2L L TH L 6T 5, LlbDL 512, TLHEE, THMOE% LS
T VoSTEORAERFOMBEIIEYIEIRTH A LERL, BFOREERBREYMHO»IITE 2R
TbHb,

BIZFEA =Y 2DIERIC RIS, TLIROZEEETEC ICcDNAD Bk L #F 2470, LITO& %
ARG s LT & 72579, OTLEIRF D 5 {UFHEN ISR O (i E MBI OB 2%, thOMHC2 7 2 1R
BEFLERSSBRoTOV R, QU RREERD TLEEFVEEL, 206 OBEGEIETF ORI FIR
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EOBEEEELONA LI RRIBEERFELLY, OEFMIRCI Y 2RIEL Y o EICH T 5 HE S
EEL N VTEHESNT W3, ThoDmARPEL, TLEEZEFEFIIMHCY 7 AL&EFOH -2K &1z
FLOMTERLIFRASBREFPEALLY A RERL, HEF v~V T ORI RRFERE
BT AL, SOLTLHRCHT 3 BERKSEOEMT AL,

1. TLHEOCTHESEETY Y3 ERE~DREES

BEFEA-YZPHCTRETFORELPRET 2 HEL LT, BNOREFERBIRBRS Y, b L
QAR ERAEL M RRS Y, REORE - L RETREERET 2 HEY D 2. REVRL
LIEETFEAY RO LT, A~V RBEROEHMIRTRBETR L TLRER T, Th*-3FHALR 1R
#, TgTla*-3-12%, KEOTLIEZ MR CREL, MIRORFRE, THIEMLOyokE~DRm, %
TEIEREDIET, S 61yeTY Vo lmP REET 5 2 L RBIE L0,

o e:Thymus
A A:Spleen
O g:lymph Nodes

108
K
8 E Fig.1 Change in cell number in thymus, spleen and
s L lymph nodes during maturation. Open sym-
5 bols are the results of transgenic mice and
-g closed symbols are those of C3H/He mice.
51077 Thymus and lymph nodes of Tg.Tla*-3-1

consistently contain fewer cells than those of

age-matched C3H/He mice. The low cell

number of newborn thymus, sudden dis-

appearance of thymocytes between day 14

105 A . e . . and day 21, and gradual increase in the num-

0 3 7 142135 70 190 ber of thf@nocytes after day 35 are charac-
Age (Days) teristic of the transgenic mice.

1. MIROKFEE L THRMMLD yoEE~DRR

Tg.Tla*-3- 10K OREFREI, SBEZPRETRILTA I EPML»ELo2(Fig!, 2% b, OFR
< U ADOMIBIZAERBERT 2 o — Vit TS, MBROBEMTOEE RREVITONL T
e, QUHER I T, a2 tue— v iRCEETRET 52, 14H» 6210 ORTHRAE /N DRk
Y UoSERAIEEAEEEL, MIRCR 2V b e —vORUOMI L PTFEELE L, @2 D%, FRHECE
ATZRKEDOHIIAD @ - { hIEFET 5,

BE8h G A LICHRATHI, MRATRBIRPZURRT 5, THBOERTH 3 o THlE v 277 % —
(TCR)# & ¥ 5 % i2 12, ¥ 7Z CD4CD8 Double Negative(DN)# g »* 6, CD4*CD8* Double
Positive(DP)#HaRA # £ T, RE L 72CD4*CD8 % L { 13CD4-CD8* Single Positive(SP)#fifig = LT %,
—%, yoTCR&%FO%INI2, DPHIIaEA 2 4% 5 LEH e { DNl » & EESLT 51219, RFAR T, DPHl
FABEIL 0 HBAL b2, 30 UEP G221 DOMMOEATIR EAEFEL 2 4 5, fUb b CDN#El
BEAHLRL, 21BLIBR KIS 2 59 5 & 3 12k 5(Fig2). DPHIfE? I3 L A EFFTE L RO ARDOKIRT
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Fig.2 Surface antigenic profile of thymocytes. The thymus of Tg.Tla®-3-1 at
each age shows a distinct and abnormal representation of the three T cell
subpopulations belonging to the different maturation stage, in parallel with
the growth of the thymus. After day 35, DN cells become the major
population, with 90% of thymocytes being DN and the remaining 10%
CD8* SP cells, while DP and CD4" cells become undetectable.
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bEZEINTV 5, 361, ARV AORERERDOET S, BEORECHSLT-2DLEDbN
B
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Tg.Tla*-3-1= v 2, BEFOIREIFETH 5 A~V 2010fELU EOTLIR # irfiz - RET 5, 36
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T Cell Differentlation in Normal Thymus 1 Lell Differentiation in Tg. Tla®-3-1 Thymus
STEM CELLS STEMGELLS LYMPHOMAS
4 ™ f
THYMUS \J THYMUS N | P———
TL™CD4~CD8™ TL*CD4 CD8” EVENTS
TCR P~ TCRof 5 -

(5%) ? cD4"CDE™ (40%) - amR-
T TOTRE i | e > T D

5%
(T cp4~cba*) (5%) (TL* CD4- CDa*) (40%)
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AND ¥ * > ELIMINATION OF
TL' CD4"CDS8 Dgumsf’()ﬂn.f TLYcp4*cost

NEGATIVE ¥
! TCR of ¢ TCRap *
SELECTION / (50.85%) S _i_ / (0%) S~ -i-

U CD4*CD8” TL"CD4™CDB* TL*CDa*COe" TL*CD4 cD8*
TCR afp* TCRap* TCR af TCRap *
(10-15%) (5-10%) (5-10%) (5-10%)
. I I J \ il n J
PERIPHERY v v PERIPHERY

Fig3 T cell development in normal thymus. TL  Fig.4 Abnormal T cell development in Tg. Tla®-3-1
antigen is expressed in DP cells but not in DN thymus. TL antigen is expressed not only DP
or SP cells in normal TL* thymus. cells but also in DN and SP cells. This abnor-

mal expression pattern as well as abnormally
large quantity of the antigen most likely
cause the abnormal differentiation of T cells;
the abolishment of TCR «f lineage of the T
cell differentiation, leading to preponderance
of cells belonging to the TCR ¥ DN lineage.

Abnormal Differentiation___ Abnormal Expression
of Thymus =T7= of TL Antigen

<= C-MYC ?

4—-—:—-——

Prohferatson of 76 T Cells

b eee Pim-1 | (5/7)

i
I Activation of ____ Re-integration of

:4—__ Oncogenes? Retrovirus {3/15)

I <—== 7 Impaired Immune Function
i
Lymphomas

Fig.5 Genetic events involved in the development of y¢ T-cell lymphomas in Tg.
Tla2-3-1 mice. The abnormal expression of TL antigen triggers abnormal
T cell differentiation, consequently yd T cells are expanded. These T cells
become targets for malignant transformation by multi-step genetic events,
such as elevated expression c-myc and pim-1 and activation of oncogenes
by the reinsertion of MuLV. Impaired immune function of the transgenic
may contribute to the transformation.
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flaD s bEl, b L RBRERTISEITEFZL 0N L, Bl bR_70 & 5 Lo THIMIEL, DPHRIRIEIC
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BYDTDH-T12(Fig.h)s

TLHIROMEE L THAT 27201, 30 L3P RELEL T 5, EXRBIRTTLIE # 3
WLTCRO=YATE, b ICYOMHCZ 5 2 IPIEPHEHINT V22 PRET AL, $/12TL
PURIME T 2 POMHCZ 2 A IHRERZET A2 L b, SRCERINILBEO—2TH 5,

II. BEHEE L TOTLHRE

= v ATLHE I, BALCtEeRET 2 “Normal Self” EEMEEDR & L THEFBINAREHE LT
ZionTsl, L»L, TLIHEZEFT VE L TO, PADQREFREDIEBRMNITEIL, —RFHL Ok
WeTh-7:, BElh, Antigenic Modulation®[HiiE, 3 GIZTLHEFMHCZ Z 2 IHBZBT A28 »»
b o3, BHEIEGTE L L TOEBERS T, TLHRCHT 2 Ml REOFE L ARRETH S L 30T
P, MAT, TL =Y 2DOMRMIET b T METEH AV TLIEZEET 5 L 3 ®ED, /05
LR TLIR 2P REL T b Lv 3 E S 23D, FTFOREIEL T, 46, BEEHE
LLTOTLIRE2 b 5 —EEAL, 36 CREREDET VRN LRBIR LD, BEFEA-T R
¥ v EEF R A (Fig.6),

X-Ray lsoI?tion Const'ructlon
] [
TL Gene Chimeric Gene

3
2 i 2
@éﬂw > L8 F e T3P e ok ®rab
- T,

TL™ B6

T-Cell
No Expression Lymphoma Microinjection
,
/
Transgenic Mice Eggs
C3H/He(TL")

TL in Most Tissues
including Skin Rejection

/ Skin Graft \ /

X

c
can (C3H X BB)F,

Rejection

Fig.6 Experimental design to test whether TL antigen can be a transplantation
antigen and whether the tumor-specific TL antigen of B6 mouse can be
recognized as non-self by B6 mice.

54



II—2 TLRAEZETFEA=TA

1., BEFEATYIOEH

39, EENREL L THBRT 4B6~ Y AHKD TLEETF, T3 OFERE R, FHiERERE i
BB (Exon 2-6)% H-2K*D 7’ £ — X —fEIH fi2 ) — & —E % (Exon DIZHEALICX X 7 EEF
PIERL LTz, BABELTL-OCIH=YARAC, COXASAEFPEALLIT 2% 2 RFIEE L
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atinocytes, Hair Follicles¥t (fizDermal Cells? TLHE#HIM L T 3 L HEE I LI,

2. TLHRIEOBHEEEREY
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v ha—vERBRPITC, TLHEPMOMHCZ 2 IMRELFEL & 51, BHEEERCL 2 LERI N
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Fig.7 Skin grafts of transgenic mice on C3H/He mice. TL antigen expressed in
skin becomes a transplantation antigen.
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Survival of Skin Grafts of Transgenic Mice
on (B6 X CSH)F1 Recipients
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Fig.8 Skin grafts of transgenic mice on (B6 X C3H)F, mice. B6 mice recognize
their own TL antigen as non-self. Thus, TL antigen expressed in T-cell
lymphomas in TL~ mice is indeed a tumor-specific antigen. However the
recognition requires the amount of TL antigen above certain level.
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Abstract

Epidemiological studies have shown increased incidence of leukemia and various solid
tumors including thyroid cancer among A-bomb survivors. Moreover, recently developed
molecular biological techniques have demonstrated the involvement of multiple-step
changes of oncogenes and tumor suppressor genes in carcinogenesis. The development of
leukemia and thyroid cancer is characterized by activation of the abl oncogene and ret
oncogene, respectively, through their rearrangements. In order to clarify the relationship
between these gene aberrations and radiation, the pro-myelogenous leukemia-derived cell
line HL60 and the thyroid cancer-derived cell line 8505C, both of which have no rearrange-
ment of the c-abl and ret genes, were irradiated in vitro with 100Gy of X-rays. RNA was
then extracted from 10® cells of the respective cell lines and examined by the reverse
transcription PCR method for rearrangements of abl and ret genes. Five kinds of positive
bands were observed in the HL-60 cells irradiated with 100Gy of X-ray; the BCR/ABL
sequence was observed in these bands by the direct sequencing method. Similarly, six
positive bands were also observed in the 8505C cells irradiated with 100Gy; the bands are
now being studied using the direct sequencing method to see whether they represent activat-
ed ret type rearrangements. In vitro X-irradiation activation of oncogenes found in radia-
tion induced cancers imply that gene rearrangement by X-rays is involved in the develop-

ment of malignant tumors. Furthermore, in an experiment to detect radiation effects in A-
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bomb survivors, RNA was extracted from about 107 peripheral blood neutrophils obtained
from 12 heavily exposed individuals and six controls, and the presence of cells having the
BCR-ABL fusion gene was studied using the reverse transcription PCR method. Although
the reverse transcription PCR method has the sensitivity to detect one Ph'! positive K562 cell
in 1X10¢ neutrophils, the Ph' gene could not be detected in the A-bomb survivors mentioned
above. RNA was also extracted from the cancer tissues of 24 A-bomb exposed thyroid
cancer cases and 21 nonexposed thyroid cancer cases, and rearrangement of ret oncogenes
was studied by the reverse transcription PCR method. Activated ret oncogenes were obser-
ved in three of the 24 A-bomb exposed thyroid cancer cases, but none were observed in the
21 nonexposed cases. With regard to gene rearrangements A-bomb late effects could not be
detected in the peripheral blood of A-bomb survivors. One reason is the low gene expression
in the peripheral blood. New detection methods should therefore be considered in the future.
Preliminary experiments have shown the presence of more activated ret oncogenes in A-
bomb exposed thyroid cancer cases, suggesting the involvement of radiation-induced gene

rearrangement in the development of thyroid cancer among A-bomb survivors.
2 B

FURMRET, REHED R L Tv s IR RS TREN SR S h 285 F%{k L L TBCR/
ABLPRETEREFVHRESN TV 5, 26 DBIEFY, BEHRLBE L TL 22T 2o 21t T 5
12 ®in vitro THEHR I & 2 8ETHEIOFREREIT - 12, 37, 06 OMETFHES 2R ©Fl
BREE A IR R OMIIERRHL60 /& OF, BRI Bk O #ila#k8505C Iz, 100Gy XARARET L 12, 2 D&~
10E DML & b RNAZHE U, $#EEPCRIE & Y ABLRURETOHEEFIMHEZ - T 2 »ELIET L
7o X#F100GyFRET L 7o HLO0OMIZ I 3o T S T DS N> K35 6 1, EHESEERAREEIZ LY
BCR/ABLEF| 2 & AT 5 2 b 2HFER L7z, FRRC XER100Gy FaET L 72 8505CHIMR - T b 2 TEE 6
DB FE o0, EFEERESREECL Y HIRFRETEEFEN ZEA TS Z L #HERLIC,

BAHRFE LIRS b Y H e Db 5 BIEMEE (R LREF2, XBRBHTHEFRINL L5 BE
1, Tho OEMEERECIIBEHRC L 2 EEFEENNPEEL T2 LEHMIREL T 5,

= s X e

FURMRER U 2 EERAE L Y IR OM, FRIEL LU LT 2582 QEEIEE O FAEMHE D
BRETEECI LMo T Y5, —F, EFEOGTEWENFEC L Y, BECOBEET, B
HETOZEEDEBETEANEL T3 LdTb»oTETWA2, ITN56D5 b HIRS FRRE
TR ENENABLESET, RETHEETOHES I & 2 HELHEINIC A 6 L3 Y9, ABLEE TP EE L
Tw5b7 4 77w 4 7B, BEESHMEAMTONXL LCED NI REEFREEL LTI (MG
T B9, - FEMERIC, 22q11CRFET 5 BCREEF L9q34 i MET 2 ABLEET LOMTHR I -
AHEEZETH A 2 LWEHINTY 39, X, RETHEIETOEENL, FRRCERNCR TSN, 4
FHEWFERCE, 10BLEEORBCHFEET 2RETEEF EHAEEREFOA[ v =Y a v Th s 2 Lt
ST 34,

62



-1 &RFHES LRSHRRE
BETRRC & W RBERREIFRINLG I LRI (HONTYL 2259, BEDERETF, BH, BCR-ABL
BIETFPEMEMRETEBFPFERSNA L E I PRHRAIN TV, TN DEEFENMEREHE LD
BEZMAGC T 5729, in vitroCABLRURETOBEES| # £/ e B #E1E 5 I ik O #El ¥k HL60,
DR R R O MR PR8505C & Fi v, 100Gy XARERST L, Zh & OBIZFOFHES VHFRT S 5 »E»RET

L7,
ERMHB R U E

74 57 n7 4 7TREKEREMR E L TRERIERERIR L b B8 nIcHL60MM 2, RETH#EEF
DEEFZFEC vl LT, FRIRRSE L Y B3 n/z8505C R Fviz, 6 O#lakki,
Japanese Cancer Research Resources Bank (JCRB) & b fit5-3 17z,

xR FEIAHL-60#01a X U 8505CHlilg # Fi v, &2 8Gy/4r, EIRIZ T100Gy ST L 7o, BEE, R
95% + CO, 5%, 37CHT48HeMtERE L 72,

HL-60#ffa &% U°8505CHle & b 4 & 7 VB2 7 = ¥V VIR TRNASHI L, 2D—#% Fv, &2Fig.i
D { BCR-ABLEVEBREFIIRE LIS 74 =— L, Fig20mM BHEARETCRE LRSI 4 =—12 &
b, UTORCHEIREPCREIT - 2,

B ==

s o A=

5""‘! BCR S EXON‘\“\‘BCR EXON 2 l BCR EXON 3 l ABL EXON ‘i‘:“ABL EXON H}" 3
: o
o=
B e
. A .. D10S 170 (H4) AL RET
5| BCR 5" EXONY,, BCR EXON 2 } ABL EXON 7, ABL EXON nl»-. 3 L2
ko 2y Bam HI
i v
B e
Lo A= L A -
57 -] BCR 5° EXON BCR EXON 2 ] BCR EXON 3\%BCR 3 EXON]»»- 3 Break point
% ' —c
i o

=

Two forms of chimeric BCR-ABL mRNA structures
specific to CML and the location of the oligonul-

Fig.1 Fig.2

Activated form of RET oncogene re-
arrangement and the location of the

ceotide primers. The arrowheads indicate the junc-
tion between the BCR and ABL genes.

oligonucleotide primers. The arrow-
heads indicate the junction between the
H4 and RET genes.

313774 <~—DEMMLVHFEEER 2 HCCDNA2 AR LI, 57574 =—ALtTagB Y 2 57—+
Pinz, PCRIG#35EIT-7, 3622 QRIGMEPLOOEFR LI, 20—izr5 4 =—B, CRU
TagR) A S —¥ %Mz, PCRRIG%Z 3 6Z35[ET - 72, RIDEME, 8% RV 72V 7 I N vicT
PREN LFER L7C, BRIEEW C o v T, HEES #SangerD & 4 74 ¥ o VEEC TR LY, B, 2H
HOPCREMZ100EHFRL, 20—+ HT, 74 =—BRUFC#IEFRE L, (1 :50XiL, 50:
1), FEXFPCRZAT -2, IRICRIGER D 6, ROGL7I74<—t, RKRRDXZ7vAFFERELL
1#%, [r72P] ATPT S ~W LRI 4 =—R B TEEIEC, EERAPRELL,

wm B
Br AL HEEEPCRER1I—-10ME O EEFHESIEEMEET, 1FEOEEMarRB T3, 20
BUBBRELBIEY A, 74 3707 4 T3EREOMBBERTH 5 HL-608F 108 2 100Gy BR 4t

63



Fig.3  Inducibility of BCR-ABL fused genes.
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Fig.4 Inducibility of RET oncogene rearrange-
ment total, DNA was extracted from
8505C cells cultured for 48 hrs after X-
irradiation. 6 positive bands were
identified among a total of 1x10®
irradiated cells. Amplification of ¢-BCR is
performed simultaneously to check the
recovery of mRNA.
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Abstract
It has been considered histopathologically that undifferentiated thyroid carcinomas arise

from well differentiated carcinomas, but the details of the mechanism are unknown. It is
suspected that some genetic changes might be associated with the development.

It has become clear that multi-step genetic changes are involved in the development and
progression of cancer and that these steps include genetic changes during which a recessive
nature is acquired. p53 is a tumor suppressor gene with such a recessive nature and is
inactivated in many carcinomas. V

[Subjects and method] (1) DNA was extracted from 10 primary papillary adenocar-
cinomas and eight undifferentiated carcinomas of the thyroid, using three 5 ygm sliced
paraffin segments, and then amplified by PCR. The products were analyzed for mutations
in the p53 gene exons 5 to 8 by the direct sequencing method and for allelic deletion by the
RFLP method. (2) In five human thyroid carcinomas, in which differentiated and undif-
ferentiated tissues coexisted, DNA was extracted from each tissue and analyzed.

[Results] (1) Mutations in the p53 gene exons 5 to 8 and p53 gene deletions were not
detected in the 10 papillary adenocarcinomas, while in undifferentiated cancer, mutations
were detected in seven of eight cases and allelic deletions was detected in three of the five
cases examined. (2) In each of the five cases which had both differentiated and undiffer-

entiated tissues in the same tumor, p53 gene mutations were not detected in the differentiat-
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ed tissues while mutations and gene deletions were detected in the undifferentiated sections.
[Discussion] The p53 gene was analyzed using paraffin-embedded tissues by the combined
use of the direct sequencing and PCR methods and by the RFLP method. It was found that
the progression of human thyroid carcinoma is closely related to the p53 genetic changes.
Furthermore, the analysis of differentiated and undifferentiated tissues in the same tumor
showed that human undifferentiated thyroid carcinomas develop from differentiated car-

cinomas.
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Table 1 Mutations of the p53 Gene in Thyroid Carcinomas.

Histological type® Mutations in p53 gene® Allelic loss®
(positive/tested) (positive/informative)
Papillary adenocarcinoma 0/10 0/4
(PAC)
Follicular adenocarcinoma 074 0/1
(FAC)
Undifferentiated carcinoma 7/8 3/5

eAfter microscopic identification, DNAs were extracted selectively from tumor
tissues.

bMutations of the p53 gene, exons 5-8, determined by PCR-direct sequencing.

All sequences were confirmed from forward and backward strands more than two
times in order to exclude errors. All the positive cases showed base substitution
mutations. In all cases, there was no mutation in the normal tissue. In the case of
co-existing tumors, results from the main focus indicating the final diagnostic
features are shown.

°Allelic loss in the p33 gene determined by PCR-RFLP at the BstUI site in

exon 4, at the Mspl site in intron 6, and at the Apal site in infron 7 using tumor
and normal tissues. Information was obtained from 8 cases using the BstUI site,
from 1 case using the Mspl site, and from 7 cases using the Apal site. Using these
three RFLP sites, 4 out of 10 cases of PAC, 1 out of 4 cases of FAC, and 5 out of
8 cases of undifferentiated carcinoma were informative.
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Table 2 Mutations of the p53 Gene in Individual Foci Coexisting in a Thyroid

Carcinoma.
Case Histology® Codon Nucleotide®  Amino acid Allelic loss*

1 Normal 248 CGG Arg N.IL
Follicular 248 CGG Arg N.IL
Undifferentiated 248 CGG/CAG Gln N.L

2 Normal 248 CGG Arg -
Papillary 248 CGG Arg +
Undifferentiated 248 CGG/GGG Arg/Gly +

3 Normal® 213 N.T. N.T. N.T.
Papillary 213 CGA Arg -
Undifferentiated 213 CGA/TGA Arg/stop

4 Normal 248 CGG Arg -
Papillary 248 CGG Arg -
Undifferentiated 248 CAG Gln +

5 Normal 178 CAC His -
Follicular 178 CAC His -
Undifferentiated 178 GAC Asp +

" “DNA was extracted from each histological part separately and analyzed for p53
mutations and allelic loss.
®Normal tissue was not available for this case.
‘Nucleotide substitution and allelic loss were determined as described in Table 1.
N.T.: not tested; N.I.: not informative.
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Fig.1 Histological findings and p53 gene analysis of undifferentiated carcinoma
coexisting with papillary adenocarcinoma. Fig. 10 is an overview of the
section, which contains normal thyroid tissue (N), papillary adenocarcinoma
(P), and undifferentiated carcinoma (U). PCR-RFLP analysis of the p53
gene codon 72 (R), and PCR-direct sequencing (S) using extracted DNA
from each part showed allelic deletion of the p53 gene and a G—A transi-
tion at the second base of codon 248 exclusively at the foci of the undif-
ferentiated carcinoma. The arrowhead shows the PAC-undifferentiated
carcinoma continuity. Scale bar; 0.5cm. Original magnification: X100
(N.P. U.).
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The SCID-hu mouse and its application to human radiation biology
— Analysis of sensitivity to X~irradiation using a bone marrow model—

Seishi Kyoizumi#+*, Mitoshi Akiyama®, J. M. McCune**, Reiko Namikawa**

*Department. Radiobiology, Radiation Effects Research Foundation
5-2, Hijiyama Park, Minami-Ku Hiroshima, 732 Japan
**SyStemix Inc. 3400
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Abstract

The radiobiologicél study of humans has been hampered by a lack of suitable in vivo
experimental models. Of course, acute and chronic radiation effects in humans have been
documented in the studies of atomic bomb (A-bomb) survivors and patients irradiated either
by therapeutic intent or by accident. However, the information gained from these studies has
been limited by the difficulties in estimating precise radiation doses and in obtaining
biological samples for directly analyzing the processes of radiation-induced pathogenesis.
With these issues in mind, we propose that the severe combined immunodeficient mouse-
human chimera can be used as an in vivo experimental model for human radiation biology.
We have developed techniques by which normal human bone marrow can be implanted into
immunodeficient C.B-17 scid/scid (SCID) mice (S. Kyoizumi et al, Blood 79, 1704, 1992).
We have report that this in vivo model can be used for the analysis of radiation damagé to
human bone marrow. After whole-body irradiation of the engrafted animals, human progen-
itor cells within the human marrow were destroyed in a dose-dependent manner (D,=0.7—
1.0Gy, n=1.0). Acute hematotoxicity was reduced when the radioprotective agent (WR-
2721) was administered prior to irradiation. After low dose irradiation, the recovery of
human progenitor activity was accelerated by treatment with human granulocyte-colony

stimulating factor (G-CSF). This small animal model may prove amenable for the risk
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analysis of human radiation exposure as well as for the development of new modalities for

the prevention and treatment of radiotoxic damage to the human hematopoietic system.
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Erythroid cells
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Table 1 Expression of Surface Markers on Hematopoietic Cells From Normal and Grafted BM Tissues

Percentage of Positive Cells = SD

Regiont
BM® (%) CcD10 CcD19 IgM [+]8] gk Igh CD15 CD34 MEMA43 Lys.
Notgrafted(n=7) R1{40x=8)f 768  76=6 19x4 5x1 61 132 1x0 7x1 — —
R2 {18 = 2) 43+ 7 48 = 8 5+3 3=x1 2x1 2%2 74 16+ 2 e —
R3 (17 = 4) 8x3 73 ND ND ND ND 80«3 2x2 — —
R4 (25 = 5) 17 = 10 3+2 ND ND ND ND 90 %9 <1 — j—
Grafted (n = 17) R1{49 = 11) 82=x7 837 205 4=x=2 T7x2 13=x3 1x1 6+x3 B865=x5 15
R2 (25 = 6) 61+ 10 66 = 11 8x6 3=x3 43 6x4 53 94 87 = 12 97
R3 {15 = 8) 7x4 4 %2 ND ND ND ND 57 = 16 2+ 2 78 = 17 9= 13
R4 (12 = 7) 13x7 4x2 ND ND ND ND 83 = 15 <1 94 x5 4+ 2

ND, not determined owing to high nonspecific staining.

*Seventeen bone grafts from nine donors {17 to 22 gw) were analyzed 6 to 12 weeks after implantation. Normal fetal BM cells from seven donors

{18 to 22 gw) were also analyzed as control.
tShown in Fig 1

$The percentage of cells in each cluster region in total hematopoietic cells (R1 + R2 + R3 + R4).
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3 B b AMOCFU-GMEUBFU-EMHE CGR13 & b #210)

3 EmMEEICHT 3 HEROTE

39, ¢ P BEMP B LCSCID-hu~ v 2 2 T4 OFBEOXRTEFBET L, BHEANOCFU-GM*» &
UBFU-EQAFHFRE R 12(Fig.d), T 416 OEFMHFIC 3 Shoulder»™ & 6 N (n=1.0), EHHUTH -
720 X, Doflilt 22 01.0GyLTR0.7Gy L 2 b, =V A BHDCFU-SRCFU-COfA L i —3 L7, &
NoDEl, BiEsNIze MREBHEY, Z OBSHREMFENREEPHERL T2 2 L2RRL TV 5,
F 72, FRETHTC BEHER R, WR2721(S VANV AH N Y % —) #SCID-hu= v 2% 5 L T L, b
b CFUW # 5 XERO MBI 3 7,  OWBHRER ~ ¥ ACFU-SIAT 5 35E & IE—2L 72, (7
HHNTFAE T DD =#92.5Gy) o KICXIRMBEMEDOEMAEDEIE 2 CFU-CIEMEIZ & b #~7c, 1 GyDREt
TU280% (4/5) Ddonor T3 ¥ 4 MM TCFUGME L EE L 7227, 2.5GyLIETH, B EAFEEBIRRAL N
T, OB EMAAEIIEMEL Lo, R E LT, BHEEHOLD,M1.5Gy T, I ORISR L
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Surviving Fraction
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.01 4

Mi— 3 SCID-hu=v 2tz Dk bESHRENFE~DICH

CFU-GM

Do=1.00£0.08 Gy

BFU-E

Do=0.74+0.12 Gy

No. of Colonies per Graft

T N T T T i

=5

2 3 4 5 X4

Dose ( Gy )

B M EBOCFUEME AT 2 XIRD
R

2000

N

CFU-GM

CFU-G

CFU-M

]

BFU-E

1000 -

G-CSF (ng/mouse/day)

Xiamst (1Gy) 4 2 BB OCFUREM: 1§ 5

Non-lrradiated Control

CFU-GM : 380
CFU-G  :2850
CFU-M : 1680
BFU-E .4270

G-CSFo %5

EORIZE S NI fE(LDs =3-4Gy) £ b T2 2 D&V, T NEHHEA A Dself renewal ik & b ZREME M

BRI O ATIR & LT A (RETIR10— 100/EFRE) 712012, 256Gy ETR ZN OV TLFLRELIZ L F

2oNb, DL I, LGV TORBERSOSE, BREFNOCFUREER 4 — 6 BRIZBEES Y
~SVCEAET B, 7 OB, ¢ b G-CSF¥ BEHa1 5T 5 L CFU-GO IR ¢ {2 & h(Fig5), BHER P

DOUFHIROEIA b FLHEM LI,
LI E &R - OSCID-hu~ 7 225, & b EHCAT 5 HEHR Y 2 7 QAT £ & b2, iR DEfficacy
AR EME T & 2 AT RS OWRB L EORF Vv ER D I BT EEFRBRL TV S, 272, JOET
pEEGIUES, REHED ¢ b RS E TP RaE T s BB EEANA LY TE 2105,
BALEFE Db TEBEELEOHRMNIKP Y v OB MBERERCE T HELIT-> TS
218161708 2 (DEEELY HEHEE O MEMIILEEF R ASHE TR I N RRERYRET K-> TH
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Roles of gap junctions and tight junctions in the development of liver
cancer and metastatic tumors

Michio Mori* /Katsuhiko Enomoto* -

Department of Pathology, Sapporo Medical College
*S. 1, W. 17, Chuo-ku, Sapporo 060, Japan

Abstract

Roles of the gap junctions and tight junctions in the development of liver cancer and the
formation of metastatic tumors were studied.

The gap junction mediates communications between cells by allowing inorganic ions and

other water-soluble small molecules to pass directly from the cytoplasm of one cell to the

" cytoplasm of another, thereby playing an essential role in maintaining tissue homeostasis.

Expression of gap junction proteins decreased progressively in association with the
advance of the stages of hepatocarcinogenesis in rats. On the other hand, treatment of HuH
-6 human hepatoblastoma cells with either retinoic acid or dibutyryl cAMP, or co-culture
with BALB/c 3T3 cells suppressed the expression of AFP. Such treatment induced the
expression of mRNA for gap junction proteins.

The tight junction functions as a barrier to ions and small molecules, which pass through
the intercellular spaces thus the integrity of endothelial tight junctions could prevent the
extravasation of metastatic tumor cells. Recently, we developed a new monoclonal antibody
for a tight junction-associated protein. The new protein, 7H6, was expressed in accordance
with the development of the integrity of endothelial tight junctions, and the migration of
SST-2 rat mammary cancer cells through the RLE (rat lung endothelial) cell monolayer

was markedly inhibited when 7H6 was expressed at the tight junction areas of RLE cells.
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t POV ADKNGIE ERMETDH 5%, ¥ LRI, SPBEET 2 FEO A L RS A
EETHALTE Y, NI RRECHEET S 2 LRV, MIEREAEBEDOPT b gap junctionld,
MWEE P E (2 A2 Y EAP CHERINTH Y, gap junctionTHIENIHIIERIZX, BEHEA 4 o/
SFFDORPHHEE 5 L) 2=— 2 ke P o> T 3, BElbgap junctionld, fHEEEEED 242 &
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Fig.l Schematic drawing of a gap junction plaque (left) and amino acid sequence
.of connexin 32 gap junction protein (right).
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Fig.2 Sequential changes in the number of gap junctions (connexin 32@, connex-

in 268) and BrdU labeled hepatocytes (A) in regenerating liver following
partial hepatectomy.
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Fig.4 Immunoelectron microscopic localization of 7H6 in
the bile canalilulus-rich fraction prepared from rat
liver. X50,000

Fig.5 Immunoblot analysis of the whole liver homogenate using
7H6 (lane 2), anti-ZO-1 antibody (lane 3) and anti-
cingulin antibody (lane 4).
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Extracellular Matrix in Carcinogenesis

Teruyo Sakakura

Laboratory of Cell Biology, Tsukuba Life Science Center, RIKEN, 3-1-1
Koyadai, Tsukuba, Ibaraki, 305 Japan

Abstract

1) Epithelial-stromal interactions are important for organogenesis during embryonic
development. In adult stage, the continuous interactions still persist. If particular change,
such as embryonic change, occurs in the stroma, the epithelium responds the altered stroma
and proliferates in the localized area. Mammary tumor development is stimulated by
interaction with embryonic stroma, and intestinal metaplasia is induced by transplantation
of embryonic intestinal stroma beneath the stomach mucosa.

2) One of the molecular mechanisms that mediate the interactions between these two
tissues is anexchange of the informations through extracellular matrix substances. Tenas-
cin, and extracellular matrix glycoprotein, is characterized by its onco-fetal type of distribu-
tion in the tissue. In mammary gland development, tenascin appears in the dense stroma
surrounding the budding epithelium at embryonic stage and juvenile, and reappears dulling
cancer development. The function of tenascin is not clear yet, but is supposed to function as

a homeostatic factor in the repair of tissue perturbation.
1 EULs&IC
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IV, 2 ZEici) Mt~ b Y v 2 2 ORE
2, Faﬁgl:i‘%ﬁl,fééﬁﬁéﬁ%ﬁ%%%{‘?ﬁfh%o MEBERFECEERLELZCL, ZNEIAFHECD
ERCTHLA-> T, BRIV AIRORBERE» CRE U 58T, bi—MEMELERD
BENPRETLTERY, ZOFTHEDRELL © 5 MEPFRORAE & A, ERCEHRCHEBRLT-5 2
RO, ABRETE, MEORE/O—2DEL LT, Mgt~ b)) v 2 A 7A4 22
BEP YT, ZOMBASA, RELEOMEY» BB alast~ M) v 20BN OV TE
gLIw,

BIoE T 2EEDRRIL

WAL - THREEORE »RI|T 25 »dH 5, AF#ila © AFP(alpha -fetoprotein), i EK O
CEA(carcino-embryonic antigen) i3RI L FIT, TN EORBITCFIHI N T2, —HEE Y
AR DL, BERRHICRES TR,

2 REMEEICLZREBEDRE

AR 30T, MEI EROMA L HERRCEET, S L TR b IS L T
3000, BRI o T b AERAEE L IR LA R T 0 0 0T 1k R b BB 2 L2 MR AT L
TVB I LVEETH B, b L2OMEI A, LRER RO EBEL B HES 5 £, FEIR
Rs L TH ORI L BB RELT L 59 FlLRBM~ 7 R ZLMA R RE TR C RFUREE ¢ B
HET A b, NG RARRIEMIN LB LB R R L, BRI OB A R T, TR
BOBAC BILBBOBBER 21T 5, ¢ LT OMRRDY 6 ECHEETE P RAET 5. BL 2 ORME
i, FEY A v AR ALERBADMBADR S ¥, IAARERR Y ZADAAD LN, 2 ALST
R ILIRHIRL D A L TS HETARR S E E % DB RE O T, Mo » S REE T L AR R R L T
AR, BIHMFNCREIITBAOLTOL0IRBAEREE L IV Oy, EH% 3B

K1 WFORTIRILC IR FURBIEBALC & 5 FREFREDRAE (10, ABE)
FEFER (1IHBRILDOIARE)

EERE YA fal & % HE 7L FET 18 LR
()
C3H
(LT A+)
RE 37 69/370(0.19)
HRIE 52 38/520(0.07)
KREEIEHBE 46 21/71(0.3) 30/389(0.07)
C3H
(LB R-)
RE 37 6/370(0.01)
RE 68 0/680(0)
REEIEBE S0 0/77(0) 0/423(0)
BALB/c
DMBA* 20 90/200(0.45)
R g fE+omsa 12 51/24(2.1) 50/96 (0.52)
pvmBatE E T 11 20/22(0.9) 38/72 (0.52)

* DMBA : 7,12-dimethylbenz (o) anthracenef® [11% 5
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B L OMEER D TEBER 2 DS THIRETHTH 5,
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— N2 U 2ZOETES L TEEBRECY, MRV~ Y 2744 ¥ VREGE, IV RUIVE 2
I PR T, BHIRDMES 7 A4 v EEMIEDIES TA4 v Otk B A LRIEIREL
FHIERE, $AE G ECHEMREBRCEFEL T 5,

6 oYz

Mkast= bV v 2 RGEFRMICIE CaMm L, MIgRRC bR - MEREEEROBREELH S 57 L
LTEEEFZELAON TS, LHAMbOT ZOERBRL»LPBHINT, FIEL 2HROEDY
KBELCECIFELHTOCHE, BE, FohESHlaZFHCIHEERSR L L > TERLIZ T A4 U R
R UADIEFHECRE L, £%6 r AL THRCEEP RO - Tl w10, EFEEED “Redundancy”
PHOMREN N ) v 2 A LS MERBASBREELRAC L 2 LEDN A, X BRI L 3 DAL
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Cell interaction in the thymic microenvironment

K. Hirokawa, M. Kasai, M. Utsuyama, C. Kurashima and A. Konno

Department of Pathology, Tokyo Metropolitan Institute of Gerontology
35-2, Sakaecho, Itabashi-ku, Tokyo, 173 Japan

Abstract

The cell interaction in the thymic microenvironment is mediated either by soluble factors
such as various cytokines or by direct cell to cell reaction, cognate reaction. The cognate
reaction between T cell receptors of developing T cells and MHC molecule of thymic
epithelial-stromal cells is the essential process for positive and negative selection of T cell
repertoires, although its molecular mechanism is still not clearly understood. Various
cytokines are known to be produced in the thymic microenvironment, either by epithelial
cells or by non-epithelial stromal cells. Two new types of cytokines produced by thymic
epithelial cells are reported in this presentation. One is proenzyme form of cathepsin L,
which can promote proliferation of immature thymocytes in the presence of IL-1 and IL-7.
Cathepsin L is a kind of lysozyme enzyme widely observed in many tissues, but the secretion
of its proenzyme form is exclusively observed in embryonic and young thymus, but not in old
thymus. The other factor can promote cell death of double positive (CD4*8%) thymocytes in
vitro. The cell death caused by the factor is consistent with so-called “apoptosis’, as
typical DNA laddering is observed by PAGE analysis. This apoptosis inducing factor is
produced by a thymic epithelial cell line (5103), established from adult thymus, but not from
newborn thymus. These two types of factors showing opposite function appear to play an
important role in the cell interaction in the thymic microenvironment; e. g., T cell develop-

ment as well as age change of the thymus.
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I EFL&HIC

Fa RN ERED THIRO G L5 TRHEDETHE I LEIAESE I T v, MIRAT S THED
AR Z Y 1E LD, 2 OB THIZIIREEE b B S IRAToL L THIlREBEL Y, 2/
FIOMIERLZZ28ThH A5, MRBIREOTHIES LB 2%ENL 2205 5, —DUBHER
F, wvEY, FA MDA B ERFEILIHEEERTH Y, b 5 —2d ek O E#E#E M (Cognate
Reaction)#/r LICHEAERTH 5. 2 DEHBEDE) S X THIIED v o3— b 7 OZF K b 5 MIREUVNREE
BEOKETHY, BMLEATLIVBESHRAZENERLZCLDTH S, T OMRENREICIRA L
MRETEE L (R 1), Vo oSBRUSNOHNE - Ml A b —= b IPEN TV 22%, ZOEBEERLEER
BRERL 2203 EREMRTH 5, MR EEHRBOREEMHC(EEMEIEGMREGEI D2 7 2
IENHER b b, LROMBOBIRCE(EET2ETD 5, MR ) > 2RO LIE KRR L CD4-8-(DN)
¥l —CD*8+(DP)#Hila—CD4*/CD8*(SP) & 5 &ZE ¥4 5 . K T RE DDN#Mila v & K& F B ODPihzg
AT BERBETEIL AL, EEOTHIED v s— b 73R 3D, 2OSTEEEE - H 2MHCE
Ris L1 s THIMZZEGEZ b D v 8= N7 OAYESRY, H LUEFEROESG WL, TLbBRI T 47
tvryarThas, ORI T4 7T vrya Y ETHIBOMHCHREERDO 0 2TH 543, Kl
WUNBRBIZ w0 2 25 2 LIZCDSREMETHING, 2 5 A INIICDARSETHIIEDBR EBEL T v %, fE- T,
BEFBRECIVZ2IZATAETERBLIIYATE, WREBDERENCZ 7 A TOREF VDT,
CDS*OTHIBIERAEL T2 2w, R 27 7 AILEETORIBT 22UV A TECDATO TR HEAEL T
IRV R BCRA DR AMHCE b ol EE AN 2 RPN CEREA L7z H L OTHED 2L
A5 L, 2O LCMHCERY 7 4 7B S e THINZATHRAE Y oo Sl IR 219, Bl EDC
BT A THIN R AT T4 7 ev 2y a v RTEEBLE L Tilvon Boemer 69D F 5 VA Y 2= v 2
2VRCLBAERVELTH 2. T b b, H-YHIR UERRROARIR) 2 25% L H-220 R s 17eCD4-
8+ THHlE 2 v — > (C57BL/6 % = U AP CH7BL/657 = ¥ 2)» & THIMITIE Z B4 8GR ZF(VE 8D % 2
n—=y270L, C57TBL/6= VAILBEBALNL NI VAV 229 2=V RATHE, $*UVATWEBALIR
TCRASE % %I\ 5 CDS HIM» fE#E L, invitroCTH-Y/H-2° L Bo¥ %%, H-YHRERZ b D7 ~<V AT

Table 1 Cells composing the thymus
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WH-Y/H-2° L Kis§ 5 CD8*THIIZH S £ kL Tk b, MRWCTH-YRE ST 5 THilE2 B> i T
WAIEIIRENIE, TDAST AT erv2yardXuneAnE T LEbad, ZOFIIOCT
REIVTHEROLZCRTH 22, WECHFET ZEMERD~ 2707 7= BRI ERE L RE 2R
TELECIEROFHEZCD, 2D & 5 LHIIERIRD Y o SBR{AIO TCRPCDA/SHLR L Mgl A b v — =il
OMHCHIE SR BCPE L D Dcognate reactionTAiT bt EFE L LT 555, R E DL DT
T EOSLERBECIERA L, MBS LEILSERO Fa~A» b 6 s Dy, ZOFMLT vt 2l
IS0 TR VOVRKTH S, 22C, I TRMBMHEEEROEEC b » 2> T, Wi
BABREPEE L, KELMEEEORICE) O REHEMFEN R » GRFT L, MiRNCsy 5 ) »o¥
REAPO—=DFEERELTEDL I REIHBZ > T 5DD, EDORLEFVEEEL D>, ik
D2 DEREHI L TAHIW,

I FRHBSHCBEEBEOEWY

MR DRE LB TWRHFET 2 Y Vo BROTEIH b BRAE b L 2, FIHC LV 2 DML Y R 277,
FREME T TICD4-8-(DN)#lE, EKEMETIXCD4*8*(DP)#ilE, #HH (21 3CD4 EIACD8* D > v 7 vR

Fig.1 Immunohistology of mouse thymus.
C57BL/6= v A it D S AREFHRER. HEFRIR DIL-2Ra(a), Th-5(b)%&%
UTh-10(c)iz & 24, Th-101k <Y X D Topoisomerase-11Z3+ 2 7 o —
CUE TN H 2ROk L KIeT 5, MESSO—BRRHTHATH
3, 2EDQRITHRLIE ZAVHETOEHST, CD4" 8D Y »oS2kpT IR
FAEL, En6BRIL-2Ra ETH-SIBMETH b, 206 DFRE P THIOGME T
FEICDH B, (d-g) BEREADERROKE LHEOECERL T 5, 4 Hi
C57BL/6= v AR O Th-3(d) £ Th-4(e)iz & 2 Yuta, 4BECIH~ 7 R WIED
7 7 2N OPIAK) L HE(@)IC & 2 4,
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Vo2 MR 30 0 5 SRS RAR R
U5 4 7(SPYHIAD 3 b CHET 5, HETODN Y > BRI KRTHIND ~ — 5 —T 5 5 IL2Ra (H1a)
BOThS(B1b) M@ TH 5, SR H 2 Mlur R TA 5 L, DNV 2fBRDIE E 130 W
CHoH, KENIHCAL LERL, HECED T L e (BElc), 20V » 8RO/ i L, MR
NEEIREIBETRE(ELRD, ro2F 02805 LHROBERN LB ZHERT 2 LEHEEOHED
HEEVRON, 202 —VREBIHMETRACHY»IIRELS, KELHEDECIIZ 2D LK LR
BT 28 20— A Th-3L Th-4%-TA2 L L DGPR3, EEMBOSAD $X—
VIERETIZHEO Bk, BECIRE 2 ERERKCHIEY AT 5 (F1d, e). T v M DR Y BAEZMCEHL
{HRET L 7eCordier £ Haumount i BB ISR ZEHSK, BEEIXAIRIEHXK L L2, Th-3& Th-4D &HR
DRt A5 L, Th-4RNMREHKOKFEREL L b WREFROBEIE LR E DRIET 52, Th-3L K
BT AHEIER OR B~V AT RBREELUMCER O C, Thbb, MROKELKIZ LK
M CRBT 2%, RV EBRMIETHE L d» b v, MR EERD b 5 —2 OFREIEMHC Y
SATLHNPREBLTVAEILTHS, MHCZZ 2L (RIf, @) T 2 L KE FREOWOEBE RS
N5», METRBEEMEE EEMEL Yoz e oy =Y cBHKRYZ 2D, AXATRICR LA,
12, ZORBOBELIALIE@RE, @) TRELRZ Y, JARKEIVHELRIUBRECREREIN TV 55, IER
BB R, RKETRIACENT - L5 5, MBI ORL EOE - D RO REFIER D
FRCRMEL T3, ZOBBEMAEPRTT 22 L TH 5, 2 3&E, MR EERMiatkefioT, I8
MRODEKE L HE ORRERE VP RET 5 HREBLOT 2N BRICHEMNT 5,

I MR ERMREHIC L 2MERTREDORECBEDEL

v KR 6 2EOK R ERHatR P/ L, 200 2 Th-3ERE LM C oML, BiE e RE L
FAIRERR, 148 P E AR L Lo RCOv-Albumin2 LR & T 5 ~ v —THIRDIL-2E 4RE & 45
L, Zhb kgt OfREIRRAPORERIREE LIz, £ DR, APCREIX BCE TR b Bl
BRI, BERECDAROCNA Z LY bo12(R2), ZDH4A, 2HEEOMBEOMT, MHCZ
FRANPEDOFEFIZREN L, MHCZ 7 AN A VU7V 7V MEDPRBEL, ARELGFLEHEEL
oo koTe sy, MRNTHBEZOERCI VA Y7V 7Ty MEPREINS L, RS

Table 2 Medullary, but not cortical thymic epithelial cells present soluble
antigens to helper T cells.

- o I 5 #H MERRBE N
(1L-27 % B :cpm
1-4c18 58 178
1-2 o=t g5
1-2C1 5B 427
108 &8 158
1C9 5B 134
108 BE 47,902
1-3 =] 20,902
2-3 = 19,0286
3-10 il 22,709
1-2C2 i) 18,792
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B MHC LA LRETm M TR LINT 02,4 MY —vFHEiEF LY, VerZ—rTn
vy NTHTT AL, AV 7 )7 MERKREHREDOE boDMilaic b Ronas, L L, REMIEEN
2N R L, KELHMENOMETRL Y, RERO LEMETIA U7 ) 7 v biinTilask
Wb FETAVHEN TR 0, MEDO7 0222 R EE L o_PF VHET L KE EEK I
MERREDY R DT, Bo (MREBEICHEA Y 7Y 7V MEPMHCIZ L 2HRBREPEEFL T
2OTHAI EELONSE, EFICL bOBHEHERIIMHCZ 5 2N 2 RT3 ¢ 2 L ERTELRT S,
SO s CHIEETEICA Y 7 Y Ty MEDTRIMEC I A EIIRERORAEY e { T 520, O BEIESOD
W, in vitroDFERTH 5 2%, in vivoD BRI 2 OMELEEEN L2 H 5 LT, b THEREN,
ff 15 381813 Blood-thymic-barrier (BTB)IZ & b FE» GFRMI N Tk Yy, BHECH 22 OHFEICED
AT, THROBESLYHETT AR Lo Tvad LHCERFEZRIEShTv5, L L, BTBi
ERZNREEREBEIL b OTUEL L, BREGFVRIRKRENCANRS I LV ald-> TP, 2570L
T AL, MIREBENTHECIGESERSHE S 2 wol, PERREL - CHEPEELZ -2 6
THoHLELILHIPEED o, FREETWRBIAMR Y o BROB L CFUBFEDHEZ b, WED L3
—P7HOHES D, FDOL S UCIROMEIERENG LI LEETHAL, RYF 4 Tvrv2vard’
34T kA LB IN EHECEA» CORFREHRIZAIEALL, FLTHIRZOLD
ERBLTCAIEDPHONT LAY, HEMSTEIALINTV AL T4 7T vovay LREE
EOMBHREEOFEEL EOBEREL T a2, SORFWTH 5, Lo L, MLz LT MRAC
BUBA o — LHEELHEERAOLCE YT Te 5 LICHECIE LY,

vV ZXbo—=2- U BEOHEEER

1 R BROBBIZEBZZA Fa—-Tv~ORE

a) WUPNBRBEZOLOOMEREEMNL O TR, MERELZ I THMET ) Y BROELET 5
BrDoZ7F iz L bBLT 5, 2D {2 SCID= Y ADMIR TR 5 2 L H3T & 5,SCID= ¥V 2D
A, BHII I RBRDTH b THIRE Db ATHE 2 6 To vt MIRECMNRE T 2 LB T 2 88 1 54
BT d, 220, EE~v 2RFFOENMIEEBAT 2 L, Pre-T Cells? MR BHEL, 22
TG 5, O EBRRTEEOMIRY > o BROMAHITHEZ 6 7 IR EEF CHRY >o®
OMFEHNHES TOAMROB TR b —< 2 EDRRLEIRRI 228 R 5 2 Lo lisks, THiIlZDH
FED ¢ SCIDKg IR D B b il i Th-3 O KRB OMEMIe L LTRAD oAU THEY, 22T
THIE DM YHE & 2 LRIz » ik 2 CIE D BESE 2 TENR T 5 LM IC 24T 2 (R2a/b),
TH D RFED 7 o SCIDI IR T B E _E MR I B S BGE T 2 O AT, MEERIZZ L v T (E2c), £
CTTHINDOREYHES 5 L 208 &, MIRLEEERY R 6 a8k L 5 (B2d), SCID= ¥ 20D
o2 5 211 (F2e) RUICAM-1(H2g) £ D H IR i confluent THZEE b K 2%, KR Y > BROWAEZ L b
BUEREE QX AR 7o b FEERAREE b W5k L Tk 5 (B2g, h)o

HalR R MRIa OB B Z T A LTV 325, 202 BWEOKRETIE 7S AN ERBR LV
bOWEC, ZNLDOMEYy 4 v EA—T7nTHIBT A L ZOREVRONL L 52X 5, in vivo
TWMIR FRIBE T 2 M0 L BB Ay U —2 BB L, RBNBBENCEET 528D ) vt
We=omr—YLRERLELOV I FRRFYTAIIDE, ASRRBTL 27 2ANOERY LT
%, 2-deoxyguanosine® & U R CIAFIIIR #5538 T 5 L, ) Vo3RO L v REMIIZOMY 6 1 5 IR
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Fig.2 Immunohistology of thymus of SCID mice with or without reconstitution of
fetal liver cells from BALB/C mice.
BALB/CHRaAFAF 2 IR O BAEC & b T4 L T & 72SCIDgIR = 3 1) A DR
O, (@, ¢, e, RFWESCIDIIR, (b, d, {, WP FEERERE, (, bIX
Th-3TKED LEMIED Ay b7 — 2 2RELIZEDT, V) 7 SROBIAI &
b i R R T R O A WIIAZSE ST L {0 B (b), (¢, AETh-4THEE LRz %
Peta L7z b 0T, FERRCREEESSFET 5. (e, DIMHCZ 5 A I1H
T, FERBTREEOAy b7 — 2R REL, WHEORIVHET 2
o (g, NIXICAM-1Ee6aT, FAERKRTIE 7 7 AN L RAKOEMLP AL NS
(h)e

MEEC e 3, 2 DR BRI Th-3R U Th-4 L ORIeHEF 5 5 2%, Thic ) Vo BROBIAIHES 5 L £

NODORGHIREET 2, 2R6DWL 2P OBER LEHREPEDHREDREZO LD L, EERN
RYDTIE, Z2ITHETS) VSBROEET AR FORELZY TEOMEPRLT 52 L2RT

bOTH b, MIRNIZI T ATY Vo BROMIESLIMEAGREL £ bRl 2L TMRELET 225,
FIUBRCBUNREZ O b O S EHRBE LICELL, MBEAT5DTH 2,

2 RPO—THBY ABRADER

THIE 2 HALFET 2 OS2 2, HROB I EELREVPRONS Z LI 5, U THRREENS
(TCR)L A b r—=0D b DMHC t OEER, B 2 DD MlaESE S T2 4 L IcleM O EHDHEAE
FARTHIORY 7 4 7REAT T4 Ter oy a VCEEROL L DTH 223, REL 6 ED5TH
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BRITIGroTelv, VWi, TADFFIIH Y, HEMEITLECOIRLITFICRN 5 & 5 Lk
MANRETIEON S AV A LRBERFTH 3,

a) Ara—vDI3BLDHAHL

Abv—=dPA MHA RS LIRIARY RIS NIz £ OMEfakk L 99, 2 /cPCREEIZ & H1©
o3 NTEl, MR INREATHEET S22 Lo T34 b A4 ikIL-1, IL-2, IL-3,
IL-5, IL-6, IL-7, M-CSF, MG-CSF&ETH 5, filn b #Hl@HEE T L wbha bDTH 5%, WRD
AULROGNZ D, INOWEDEHEIE, F2T, FOBRCERAT 2R INTHEROEZCLIAT
HarN, TITRERDRDG IR ERMIOELFL L2 DOERFIZDOCTHEANT 5,

b) RbPa—7mo( 2HWEREETF, HhF 7> LOBMEEPCL):

2 CHTBL/6= v 2 OFFAEAFHg IR H> & B30 & nurc Mgl b R MIIERR(TECL-4) D B FET 5 Y > o°
BRWIEARR T £ L TRYIZa N, ZOMEFEHERE LCER, 45 F&E3kDa0RF(P35)»7 L, 36
ZEDNEKDT 3 /B PPIER, »7 7 VLR L S b THUL T a2 Edvb iz, 2
CTEDH 777y Y LOFIERE T 5 Pl % v Western Blotting?ff‘%fﬁ'\‘“ 12HEEE, P35S 2 OFE LR
oL, Kalg K Ol BB TECI-4 DM b PSS LRI CEPFEE LIS, SN DEP L, thH P35
LLIZb DA 77y LOFIERE(Proform of Cathepsin L: PCL)TH 5 2 LA L 22 le » 12, Mg b
BARME D RERBRD s IXIL-1, IL-3, IL-6, IL-7%% 2 2 b DV BECRE SN TH Y, WA bIL-1%E
T stk R0 T 5, ERCHEBEROBI Y LT3 L, 4 MAA v EEETIHEIEONL Z
IR e 2 L TH B, TOMEFPCLEEET 5 FEMIBKRELEBENES RN bDTH
5o EFE, ZOPEEACTHRRACS Y S PCLOSGAZFEICE 2 A, MIRBEET L IR E LN O m

Promotion of proliferation of DN cells by
P35 in the presence of various cyiokines
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a Suppressive effect of TEC103 supernatant
on the proliferation of thymocytes
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Fig.4 Apoptosis inducing factor produced by adult thymic epithelial cell line.
(a) : SI03 /IR LR Mlabk O R LI L L AR Y > Bk O MFE D I, In-
domethasin®FIMIZ L - T H,  WHIFREED 6 L DT, PGE2Z & 5 #fil%)
BThov I LEHA,
(b} : S103Ma M5 B iliadkOKER EF IR o N5 7R b — 2 ABHERF, MAE
(Non-treated), in vivoDBI'E KH = vE Y 5Fl(cort-vivo)» 6 Bk Y >
BREFEE L, DNAZHI L THRESF—PROo ML, BLEMIER Y 6 FK

L7z Y v 3k % RPMIE#ER O A(RPMI), Bz3t FiE(103Sup) A PRI K E &
wE 2 (Cort-vitro)Z i 4, 2082 R 6 A DNAD Z X K,

EREEO ERAIBCFEET 5 2 LG oz, PISBUILPCLE NS Tt Y o SBROMFE(RE(ER I FE &
ehd, MR OCD4- 8- (DNFRIEDIL-1, IL-7io & 2BFECER L THRFE L TE S 3 ~51%, 2 O%ME
PARRET A (M 3), IL-1, IL-73ER BN CFETABERTFTCH Y, PCLIR 2N L DIER*H®mT 5 ¢
WAB, ATFVVLEDL DU IAY Y —2HNDTu T T =L LT0AVALREEHRIIIELTFET 575,
FuF 7= ELTOHIT I yLicid Y v ofeRic s T 2 AEEEERIEE v, Mg aws i
proform@E TR 2D 2 DIADLMIRITITH Y, V r EBROBEHECHEF L L TEC DXMRFEFED
TLEvi B, MIBAG Y 5 2 ORE BT L EHEOBREE) » o HET 5 L, MIRRCBEL
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c) RbPa-—wmo{ MR ERF

2 OHEF b MR LA O R ER(TECI0)D LFE RO -2 b DT H 5, PCLEFIHEAFRIR» G £ 6
nizht, T OHINEPRTECI031 6 Bl O 7 &2 v b= U 2R > GBI N2 b DTH 5 (—ixiz, 75
o aRR D & BRI R LT A Z L RAES T V), thY, B EEC LR OMBEERTYH B 2
LRBIFEL T, ConAl & AR Y v SEROMFRAERE ) & Rz, 2 OFER, MO BEIRIPH 5 2 L27D
o 1219(Hda), = O EFERINR Y o8k LR, 2002 CDNADOKELRIER A 2 L B RE A v
Y LEUARECDNAD S X —HHITHES 5 2 L o7 - 12 (Edb), BEZ OMIRY >k 7R b —
VAR TWERPREEL TV LI ATH B, PGE2, TGFA, TNF o DAk BEF O M5 FE s ) & -+
LIRS &I TH 3. MR R RO ZHOBAEERFIE» 0 Tk, HRMCHIIELY FHET 2
MBEPEELTOAZEN S TER LTIV, VISR LDWA ALY F vk iz
AN LA & o T, WAERER T L HIIRIERER F 2 a0 5 LT, IR 0 5 THE
Jav t— b 7RIRO 0 L AD—EHWHO»IZ o THRAB2 b LLw,

vV oEbyic

MRt N ERIE O THIIEA b 3 2 H b BEELESRTHRO vos— P 7OBRCEELTW5 I LT
Ho, 22 TEHELLD0DH 5 KM THINROFRIT » THIRRZ FH AU 2 0 BE L7248 L IR
NBEORET AMHCERF 2 B# Lica-FREE OB OEBEMAER (Cognate Reaction) W EE L A
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Analysis of the Clonality of Prelymphoma Cells and Approach to the Study of Initial
Events on Radiation~-induced Lymphomagenesis

Masahiro Muto

Division of Physiology and Pathology, National Institute of Radiological Sciences,
4-9-1, Anagawa Inage-ku, Chiba, 260 Japan

Abstract

With a combined use of cell separation by cell sorter and intrathymic injection assay, we
found that the main target cells for radiation-induced thymic lymphomagenesis are DN
(CD4-CD8™), CD8SP (CD4-CD8%), and DP (CD4+*CD8*) cycling immature, J11d* thymocytes.
After leukemogenic irradiation, the thymocytes expressing TL-2 antigen which is not
expressed on normal thymocytes of the B10 mice occur from these immature cycling
thymocytes, and the prelymphoma cells develop infrequently from these TL-2% cells. To
analyze the clonality of prelymphoma cells and to construct the experimental system for
investigating the initial events of radiation-induced lymphomagenesis, limited numbers of
TL-2* thymocytes from individual irradiated mice (A-H) were injected into thy 1 congenic
mice intrathymically, and DNA from the donor type T cell lymphomas was analyzed by
Southern blot analysis and examined the DNA sequences of V-J junctional sites.

During the last decade, many oncogenes and tumor suppressor genes or translocations in
neoplasia have been identified and the function of these genes have been investigated
extensively. However, it is difficult to evaluate which alteration plays an important role in
oncogenesis at the initiation, promotion or progression level. Since the rearranged TCR (T
cell receptor) gene is a very useful indicator of clonal origin and the TCR rearrangement is
a sequential process and unique to the progeny of each clone, one of the strategies for

investigating the oncogenic processes is to analyze both the alteration of the genes or

* AR R AR A DT T AT S ER EL T 2280
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chromosomes from lymphomas derived from a single donor by intrathymic injection of
limited number of prelymphoma cells and the patterns of TCR rearrangements of these
lymphomas. The results of the rearrangement patterns of y and BT cell receptor genes and
the nucleotide sequences of the Vy-Jy junctions suggest that after leukemogenic irradia-
tion, multiple pre-neoplasia might occur from some of the TL-2* cells and only a proportion
of induced pre-neoplastic cells (prelymphoma cells) may convert to malignancy. Novel

rearrangements of Vy4 with non-y elements were observed in these lymphoma cells.

1. L&

BIFEIE, BEHRIC S VFER SN AMOEEOHR T, HEOHCLIDD12TH S, I DHIMIKDT)
WEFvE L TOY Z0KEHFFRAMKIE, HC»OMRINTV LD, 2V EDL S0 L THE
LT a2, 0L 0MMAaInTRw,

BlORRCS7TBL=V 2%, 1 7 Ak» 61.61Gy 4\ 8 HZ LA (FX) T 5 L, & DGO &R
(95% LI E) Bl ) o oslEDAE L 510, b DEBRRIK T B2HEPADGF T OREL AT 5
fed iz, BEVWRAET AMECE Y AMEB v~V TOHMAPRETRTH 539, 2 dTI2B10.Thy 1=
vV =y U R RHAL TREHRERNIR ) L oSEORABRRT, BIVAHIIET S A HTY oS EE
P, BEHE I O R GERE (4 — 8 B E) CHIRMICEL, MBEME21-31H B 1363% Ll EOEED Kt
e As 2 EEMOPIZLTERY, & 2 TRARENY v BRI, MIRFE T TR L T2 T Y
VoSTEZ I BT, JERETIRBAESR s vHlifg L LTESE L., IR L TR Y v SR, R
BENCT - Ty, BEEEEERT,

T, by —x—l & il MIRNBAE R AL T, WY oovEMlR e T L, 36
REMEA D K RMIa P ORI Y v B EE Y, RABRIELER L TOM LICER PR~ 2, & 12TH
M) 7% —0DFE % Dprobe# A L T, SoutherniEiZ & 4 E{EFHES OMRTCVIHESHEEDODNAL
FIOGMT AT - T, B ) VoSJEHIED 2 n—F YV 7 4 BT LIC, TOEBRRIIHCT, THlRY 7%
—DEBFHEANOFEFEZDOVAIZ L S LS B ZHET A2 LcL Y, RPABBIBCTE
o DB EL1RHARHEET 2 HEC >0 Tk~ 5,

2 BiY o ERERE 0SS

XiG I atts, T2 QBRI R 2 FEE L, PUTL-200@0 L JI1dLE T ZERE L T, 7 v—
APAMY—=TOH L@ ) K1 ERT & 5 CIEFOBI0. Thy 1.1< v 2 Dglg#akai, J11d+TL-2-
LJ11d-TL-2-#faE M 2 GRS S T v 5 2%, XERIRETT£24 A HR1158 HO = v 2 Dglgsia Tk, J11
d*TL-27 £ J11d-TL-2 il Db JI1d* TL-2 e A R L T v 5 2 LT G 21l o 7219, fi Y »
SNEMEOETME O s cn s, BEME 1 5 AEDBI0.Thy 1.1= v 2 DOl #ale 2 HiTL-2
EIIABIETHRE L, vy — X —TJ11d*TL-2%, J11d+*TL-2", J11d-TL-2 Mg a8 L e,
LG DMK (10° % 7213104 %, 3.78GyMB4F L72B10. Thy 1.2~V 2 DA Ic L L, Biifk5~6 2 A
BUCRELTSRY Vo EE DT, JiThy 1.1 2@ Thy 120k TRE L T L, 5 EHkDT
fEIRY CoSIEDOREREYRE LI, 2N DFERY G, Bl Y o IR 11dY TL-2* Rl O $ - 77
LTI EDPHHL IR - (Table 1), FARCHICDADLA? L HLCDSHLMAC & b FRSHEA D gz % Y
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Fig.1 Analysis of J11d vs TL-2 expression on thymocytes at various times after
split-dose irradiation. Thymocytes recovered from mice on day 24 (B, C)
and day 115 (D) after split-dose irradiation and from normal mice (A) were
stained with against the J11d marker and TL-2 antigen. The percentages of
cells contained in populations 1 through 4 are shown. (from ref. 7).

Table 1 Incidence of donor type T cell lymphomas after intrathymic injection of

thymocyte fractions with regard to the J11d marker and TL-2 antigen.

Sorted cells™ Thymic lymphomas

Donor typc Host type
10° 10° Total® 10°* 10° Total®
Ji1d* TL-2* 474 3/4 7189 0/4 0/4 0/8°)
Ji1d™ TL-2- 074 0/4 0/8 0/4 1/4 1/8
Jild* TL-2~ 0/4 0/4 0/8 0/4 0/4 0/8

M Thymocytes were taken from 12 B10.Thy 1.1 mice 1 mo after split-dose
irradiation and staincd with mAb against J11d marker and TL-2 antigen.
Thesc stained cells were sorted into three fractions (J11d¥TL-2%, J11d*TL-27,
JI1d™TL-27).

" These sorted cells (10 or 107 cells) were injected intrathymically into 3.78
Gy-irradiated B10.Thy 1.2 mice, after which the incidence of donor- or host-
derived T cell lymphomas was determined.

9 Number of T ccll lymphoma-bcaring micc/total number of mice tested.
(from ref. 7)

REHEERIIR Y Vo SEOR Y Lo EHIED 2 v —F Y 7 4 DS L B ALLDOWMBBRBOMIT~D7 7 u —F
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B, ey —Z—T4DOMBBIERCHEEL, BEOMIBRIL, R4 L T s 2t meTmEy
VoOSEDBRE R AT LI, £ OFESR, B Y oo SEMIIEN, F12CD4"CD8- L CD4-CDSHMIa =75t L, 12
BB/ 3 00, CDATCDSHIIZIZ b FFET 2 2 EDI G 2T e 572, 2 1L 6 DFEED & KEHETR IR v
VoSIEFEAE N S0V B £ RERHINE N, DN(CD4-CD8™), CD8SP(CD4-CD8*), ¥ & (!DP(CD4*CD8*)T, L
DY GROBA LKRBILTIIASEHOKIRMIIETH 5 2 L 2SRENI, 2 LT1.61Gy 4 [@RBEH%, TL-25
MERIRI C N o ORBL FEOBA LKA CHEL T B bDEE L 6N, 36 CRIOEBRERY O H
Y oSEMINEIE, SO TL-2RMMIaDm» G RAEL T B2 LWL Iz o e, SN PEERIC 4 &
HDIONFE2TH 5,

Thymus _prelymphoma cells
@TL.2+/' @
T1.61 Gy X 4
cortex '
. + - + “/io + 1
cveling cell J11dTTCR J11dTTCR™we y11d*TCR
ycing CpDa’CD8” D4 CDst cCDaTcpgt
(O resting cell i ‘:: >
i 1 \‘coa+cos+
@ pycnotic cell .
selection
, (O cpa'cpg®
resting
migrating cell
O RS J11d” ¥TCRT J11d’TCR*
Ccpa"cpe” coa&“)cns‘ cpacost
activation medulla [ maturation '

BM-stem cell

peripheral mature T cells

Fig.2 Target cells for radiation-induced thymic lymphomagenesis and develop-
ment of pre-neoplastic cells (prelymphoma cells).

3. BEEAFEOTL- 2SRRI ORT ) /o [@Hlaniar

INZTOREDG, REMEGEOTL-2 M IRMMIED FZ/TY o EmMlEd» &2 T w5 2 L 25 6
Ao T ETehs, WICHBE L 2 2 DR TL-2BBHMIaT < T2%, BAMNDA = x2—v a v 2L TH 3
DPESHPECIZLTHE, COMBEMBITT 200 AR, FRET28H HODB10. Thy 1.1= 7 2
DRI FAETL-20UETYta L, 7o =34 b A M) —THH L T TL-2B a0l & % &5 L
Ko ZOTL-2MEMIE 2 IRAFRL T, BEOMIRCHBEL T, S55mRTHI Y > O34 HE »
B Ltk Y, TL-2B3MM R ORI Y o ST DHEEE % 2347 L 12(Table 2). - D8, No.l~No.
TOMFETIL, TL-2fMHIE R 21/104~1/10°D8AE T, BlY v S EMESE 2N T w52 Laihro i,
—77, No.8~No.14 T, Bl Y > SEMINIZZEE VRV 2, DA CRIBLAFE I NT VLo Lt
RNz, ZDI L, TNTO TL-2 BEMIIR, PAMDS == a2 282 LT3 DT
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Table 2 Incidence of donor type T cell lymphomas developed in the recipient

thymuses.
Irradiated No. of TL-2" cells inoculated” Frequency of
individual - prelymphoma cells
donor mice 10° 10° 10* 10° in TL-2" cells
No. 1 0/4 2/4  4/4Y ND 6.8x 10"
(D1-D6) (D5,D06) (D1-D4)
No. 2 ND” ND  3/4 4/4 1.4 x 10"
(A1-AT) (AS5-A7) (Al-Ad)
No. 3 ND ND 04  3/4 1.4 x 10°
(B8-B10) (B8-B10)
No. 4 ND ND 314 4/4 1.4x 10*
(E7-E11) (E10,E11) (E7-E9)
No. 5 ND ND 44  4/4 >6.8 x 10*
(F1-F4) (F3,F4) (F1,F2)
No. 6 ND ND 214 4/4 6.8 x 107
(G5-G10) (G9,G10) (G5-GB)
No. 7 ND ND 04 24 : 6.8x 10°
(H11,H12) (H11,H12)
No.8-No.14 ND 0/4 04 0/4 <6.8x 107

a Thymocytes were taken from individual B10.Thy 1.1 mice (No.1-No.14) 28 days after FX
and stained with the anti TL-2 mAb.  The TL-2" cells (10°-10° ) from individual mice were
injected intrathymically into B10.Thy 1.2 mice.

b: Incidence of donor type T cell lymphomas was examined in a group of 4 recipient mice.

¢: ND, not determined.

¢, TL-2B5EMR D H 2 6 E QR CTERT, M6 2D ANSDE(LHEL TR Y o SEMCe 2 =
LRRL T 3818,

4. miY I EfEOIO—FY F 4

REREVPAOREEE 2 2 LTERLRE, T0L) U»ALDA = 2—2 a v DEL s, 1
DOMME» GHRT 5D, FLRBCL OOV AND S =T —2 a r L, ENLOBRT
selectiondfffj\> Tsingle clone t X 2D L W3 ETH B, D12 Z20fEEIZ DT, AR TL-288
TEAila e rBEL, RAFRLLC IO OMIEY, BEOMMRCBHE L, ZOW TEED & OMfa» 6 4t
SEHKOTHNZY) Vo EMIFELI, 22 TINLDY Vo 8ED GDNAZHHAEE L, DNAYE 2 O
HIREBER THALL, B2 OTHIMEY 7% —Dprobe® i L T, Southerni:TH#EAHT L 72, DNA #EcoRI
THIL LA, yBEFLOCTIRELDY Vo8ET, Vyd]y1D16.7kbV y2]y2D15.8kbD @D ¥
Y REHRD O NIcH, BEETFIIDCTIX, JAIR]E27% ¥ Dprobe 5 L THATT 2 LR 51250 F
P, ENENOMEPCHET B Y VoONEOFRTRONTL(EI), 2u—F Y F41I20T, SLIZEL
(RANBICDIC, BER8EEO 1{EFDOTL-2M Mz 2102 1210 L T, BE0OMig» o &L
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Fig.3 Southern blot analysis of TCR gene rearrangements.

The donor type T cell lymphoma DN As were digested with EcoRI, subjected
to electrophoresis, and hybridized with the germline DNA probes J v1 (A,
B), Vy4 (C, D), JB2 (E, F), JB81 (G, H). Lanes A1-A7, B8-B10, C11-C12,
D1-D6, E7-E11 were DNAs of the donor-derived T cell lymphomas from
individual A, B, C, D, E as shown in Table 2. Lane K; B10 kidney DNA,
Lane L: B10 liver DNA. Hindlll-cut A DNA size markers are indicated in
kb on the left.

T 57:D1-D6D 6 FIOHESFHHAETHINZ Y v SEIZD T, yEEFHRIBAEBODNAY — 27y
VZRITo T, ZDRER, Vyd]ylRVyLl]y20EaHEERTH, 6 FOW 2 #I(D2, D3)DiEAFEEDDNA
BCH»%, f(D1, D4-D6)DDNAFEH L Rl - Twic(FE4), gEHizD Tk, D2, D3t D1, D4-D6H R 1
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Nucleotide Sequences of Vy - Jy Coding Joints of DNA Clones isolated by PCR Amplification from Thymic lymphomas D1 to D6

GLYd  CGATCCAATATATTCCTTGGAGGAAG - 14bp-TACTACTGTTCCTACGGCTARAGCACAGCA RF z‘;ogés
GLJ1 CACTGTGATAGCTCAGGTTTTC - 68bp~TTCCAGTGATGAAAAGAACAGAATTCCG

2 R i 5 A + 3

b2 e CCACTA= ==« v n o s v mme e o s 3

L T GGAT - - - - oo e e oo o - 3

D4 e e 3 I + 5

Ds e e s e e e e e s TT - v v em oo me e oo + 3

. 2 s 1 S + 3

[—

GLV2 CGGGATCCAAATAAATTACTTGAAGAAA-14bp-CTACTACTGTGCAGTCTGGATGAGCACAACT

GLI2 / m?TAGCTCGGGCTT-61bp—TTCCI\GTGATGI\}MGMCAGMTTCCG

DI / GAT{ ............ 3
D2 T 3
D2 TATAGCG . _ .. ... ... .. I
D3 e e e e G .. + 4
DI e GT ... 3
De . GAT ... ......... 3
DS e GAT . ............ 3
D6 GAT . ............ 3

Fig.4 Nucleotide sequences of the V-] junctions of the y-genes from DI1-D6 thymic
lymphomas.

S EETFERINASY FERL TV, BEFEOCTR, 2200 »o8E» GRNARHE L,
cDNA® AR LT, 94759 —%{EY, Cakprobelz LTz u—=2"%4F, DNARHI 2 HE LIk
£, ENEND I =23Vt JaDRI - 1 HAE DRI LT e, DLEORERI, BRI 6 -
Tmultiple(Z§i Y v oSEMIEHEC 597, 2 WP WIRRE T TCHIEL Tv GAFRT, 1 DORID A MLY%
Wi T & i i iZmalignant T cell clonet 72 5 2 L 25/R 3 4172,

5. BYVABRERICE T BHFANMGBREFORNE L UEEDHR

INFTEHZS OVARERREFCVAMBLREFV0HERZE S, BERTTES, AL 2%
NoDEBFENMDTENPZLLINTHRT VA, L2LEYG6, TN6DEMY, BALDIIZAEL
22bDh, BMOEMAMDOBBTELL O RRIET ADRKEH L CHETH L, Th6DMBEIIH
¥ 5 1 2DKFER, BIRLIE L DOMEEDH ) v Eflgs 6 F4 L 7odonor sk THAE Y > - SHEC
20T, THIlEY €% —DOBETFHEIN D S X — 2 b, BPABEFLH AIGIESEF OB % R+
HIETH5,

12DFE LT, BICRBRTDE VD 1HEDO~Y AHROTHEY £ 7’F—iZ 50T, K3 L4 D
WEE” G, DI L UFD4-DEZD T, vy & THIRY 7% —DBIEFHES X - P—EH L TRD
T, ZfnbldsinglecelloriginT® A 9 tH#HEESN DL, ZOEBRRDDI» 6D DT, pd3&EET Pras
BETFORLE L URBEOBIEFTAIRL, b LE2OVAMNI S 2B ERBLLHNL, ALY
HCECL D L#EESI NS L, DI, D4-D6D Y Y ¥ETIET, D2PD3TIREL > TN, ZDEAL
ByPpOTHINEY 7% —BEFHEFVPECLEHL » L2 VECEREIICAECTELTH 5 LHfEE Tk
b, 371:DI-D6DMIT, ZDEMANZNFNRL - TOISHAR, PALOBMTECRIDTH 2 L
EHE B,

(a)Vy 4B 1EF DU T BEME
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Table 2T7R L 7cDonorfisk Y v~ & G DNA R LEcoRITHL#, SoutherniEZTHETT 2 L, #l
ZIWEARETIE, 16.7kbDVyd]ylD Ny P & 7. 4kbDVydJydD S F23EED 65 (B 3, C) A%, 24
PIAMz A2-A5, ATi310.5kbD D D 2 Sy R e, Thid 1 DO E LT, Vyd#i(E
FOUMOBEFEEL TV LI EPELONE, WOBWT L, M5RT L I VyLBETFOREDH
REMER TR T 25 NI NI (R 5)Y, 441 I 06 O REM #iER T 5 12D IZFISH  (fluores-

cence in situ hybridization)ZOHEMPFEHA L T, BEFEL T3 2 EIPHBF LTV TETDH 5,

A A2-AS5, A7: Vy4XI (EcoRI, 10.5kb)

B B8, BI10 : Vy4X2 (EcoRI, 21kb)
B9 : Vy4X3 (EcoRI, 9kb)
C Cll1 © Vy4X2 (EcoRI, 21kb)
E E7 : VydX4 (EcoRlI, 18.5kb)
Vy4X5 (EcoRlI, 9.5kb)
ES © Vyd4X6 (EcoRI, 6.8kb)
4 Va V6 Vs n Cyt Cy J2 V2 Vi Ja Cp
S W 1 et A o T 00— f
3.6 52 7.0 13.4 10.5 10.8
H HH A A
| IR—| | — L -1
pAAZL pTG2.5 pTy0.8

PMGCS13

2kb

Fig.s Novel Rearrangement of Vy4 with Non-y elements

(b)p5 33N BIEF DA

BIE D A DFLE - EBOBREIVREFVvINTHEAINODH Y, MDA - ALK LT, {2
M) DTASETET LINEIR @ PTARSIEETOREVEMCEL Y H-> T, PAMROEREHE
LTI L hho T &1, Fps3 A MIGLE(E Tk, MEMeY A L b L S BETFARREEM L
BBMEL T3 2 LA B s o 0bh b, HALIEMRET 2 85T L LT, pb3lfk b BELEETO
129TH 5, 22 TAEIRERRIRSICEBRRT, pS3DOERMAEL T 59 9 », Southernik iz & 5 ##
Pk fTo lodEE, oD THINEY v osIEIZ 36 Tps3DBETFHES VR 6 hiz, & I8 L Wl
fT5 72812, ph3DE= 2 v iz TPCR-SSCPETHREMNT 17> T 5,

I
I AR, AMRAR WFRORER), FEEREEL RER, LREFRBLGUR, B3, Fk
BEAGEK, #) LOXEWETH 2, MiRY v BT 2 R2 ORI, SEWEEROBID L

FUCKEMCER, EEINNLBI0.Thy 120 Y2y 2=V ARHERLTH-RDTH 5, KigHE
DS, BBREOHERIZLOP LEERPELIZWG,
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Mutations of the p53 gene in human leukemia cells

Koichi Sugimoto, M. D.

The Third Department of Internal Medicine, Faculty of Medicine, University of Tokyo,
7-3-1, Hongo, Bunkyo-ku, Tokyo 113, Japan

Abstract

The p53 gene is currently thought to be a tumor suppressor gene, and its alterations have
been suggested to be involved in the pathogenesis of several human malignancies. We
studied 14 patients with acute leukemias for p53 gene alterations using reverse tran-
scriptase-polymerase chain reaction (RT-PCR), single strand conformation polymorphism
(SSCP) analysis, and nucleotide sequencing. Two patients with acute lymphoblastic leuke-
mia and one with Waldenstrém’s macroglobulinemia had mutations in the conserved regions
of the p53 coding sequence. Expression of the wild-type p53 mRNA was not detected in
these three patients. The probable absence of normal p53 function in the three cases studied
here suggests that alterations in the p53 gene may occasionally play a role in MDS. Nine
human myeloid leukemia cell lines were also studied by the RT-PCR/SSCP analysis and
eight cell lines were revealed to express no or only mutant p53 mRNA. Our results suggest
that inactivation of the p53 gene is common feature in myeloid leukemia cell lines and may
play an important role in the establishment of cell lines. Furthermore, we analyzed p53 gene
mutations in 50 patients with various stages of MDS. Three patients with MDS (2 RAEB
and 1 RAEB in T) had missense point mutations in the conserved regions of the p53 coding
sequence and lacked the wild-type p53 mRNA expression. Though the incidence of the p53
gene mutations in MDS is low, inactivation of the p53 gene occurs in more advanced stages

of MDS.
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P53, SVAOT P v A7 4 — 2 LICHIIBII 3T —YTHE L %EIKILT 253kDD Y VELZER
BrLTHRRBIN, SVAL L APV RAT+— A=y g VICWEO S —JTHIE EMEERET A 2 L,
BHIIE TR EHMIE S LS LERREY? S0 2 L6, pS3IBMLCERLRE LR T I LT
SN, EE, pSIEETFEERH-rasBfEF b b CofEERs » MM cEAT 5 L, o
P NIV AT74—0T 5200, pB3REFIRIBERFO—FEEEL ORI, L LEDY L, 20T
ORFC L YEBLPRITORT I VBERPF-RLERNTH A 2 LU L, FEROPSILIESE
BlrasiifzF L AR BEFCLA NI VA4 —A—vayeilflT 42 EXHL»IZ3N, A
BIpS3i2d 2 M 2 VA7 4 — A — a VHIFIHRIE, BEERras b mycd 5 CREERrastE 77/ VA v R
EIADMAARDE ML TLED LN, IN6DEBRFERY CpSLRMEFIPEMEEMETF L L TH TRE
HEDITRE S N1,

t bpS3BIZFAMLET 5 17H L MEIE, KBS, MhieE, B E T LI LIEREKRT 52 b7
MEINTeHS, 198921, KB ZH v T, RELPAATIC & b pS3BIEF 3 MO R KRFEIR A T2
T 5 EDIRINI, B35 FEHICRET S L 2 BT IR IS HHRI etk E DpSIBAE F o MBI R IL &
STHAEHALIN T B2 EDHL»ICINT, TRk THE U8 MEBES 0T, KH
e E R b, K& BRARERL L VHRREE EOWM G DpSIEMEFHIAEENLIN T 5 2 LD
WEINT 2, /AT, pSIBETFIL 2 DEFEMBREY RDON S 2 Ly 2 OIEBORIE-HE T 5 (&
BTG T LE A G R T b, |

HIHEDBIETFEAE LT, 2h i TEREAIEP B EERERRMDS) I 31 s rasifEF D%
RER L A EMAL, BEERESHRCML)DLO ; 22)KRHELZ & B abLR{ETF DALY & 0HRE 5 R
o TD& ) REEETOEE LY BIROBERRTERE LR LR T I EVHOPIIL Y DDOH B
P, THIUTHLROREER Y+ CBHMAT A LT E v, SEFDVogelstein & O KD F A
HEOWE» o, REREBREAT v 7’ TEI Y, BREFOBEEADAL 6, BIHEEET DG
T2 EELoN5, AIFCHCTY, Zhd TizAhujab %1k U KD 2 v —725, CMLD
BRI 2 p55EETFOMERUFRREOELEHRE L T 2,

Fx AR Ap5BRIETOEES 2#~<5 BT, RT-PCREEC & b B3MERIMN, MDSEZEDH
iR & F A s R kR Dtotal RNAD 6 B L 3 5p53 cDNAHRTH £ %81IE L, 5 6 L7 DNART
DERPSSCPEX WV THE L7, SSCPE, cDNAKE * BETER ST T IARFLE L2, 277V ¢
B— VRN RIMEE QR EARY T 2 ) v T I NSV TREIS ¥ 2 HETH 5, 1 AHDNART ik
DIEREGTTRRELILAEER Lo THREISN D, WIFFCERVFET S LIBHEECREY
FAx L, WKENESZ LT 300, NPT 22 LHHRETH 5,

2 AMALFRECS T ZpBEETOESE

I3 TOKRBEE, WAMKE, FEL YU ARG, pb3 cDNAD 2 =74 ¥ 7 EFIHFIZRA
BROEET 24 ODEEVPHETAIEPHLPIIINT V2, TO4DODFEBEEYBL T4 (RE
BNTUBIEDG, PO3DBRERBI SO TEETH S Z LB ESINT Y 5, SSCPEI2400—500bp %
TOKAkE SODNAKF C B THMCRRERPMBTE 0D, 2D 4 D2D@EEZ H#-5—7 5650bpD
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four highly conserved regions

CODON 1 100 200 300 393

5'-side SSCP fragmeni

3'-side SSCP fragment

Fig.1 Strategies for amplification of p53 gene sequences.
5’-and 3'-side p53 ¢cDNA fragments are indicated by the black bars.
Positions of the primers for PCR were designed to include four highly
conserved regions in the p53 coding sequence indicated by the black rectan-
gles marked A through D.

A B

ot

pPt. 1 Pt.3 Pt.2

Fig.2 SSCP analysis of the 5-and 3'-side p53 cDNA fragments.
(A) 3'-side SSCP. The lane at the left end (P) shows positive control. The
next lane (N) shows negative control. The arrow ‘points to the aberrantly
migrating fgagments of patient 1.
(B) 5'-side SSCP. The lanes (P) and (N) show positive and negative controls,
respectively. The arrows point to the aberrantly migrating fragments of
patients 3 and 2.

RT-PCREW ¥ second PCREJET 2 24247 THIE L (B 1 D 543 & F 3"{ilp53 cDNAHWTE), SSCP
AT L Y EROBFEmERE LI,

MBI BB RGBT 6 6, Y ot 8H)D 5l & UF 3 lcDNAW K # RiE T10%
glycerol® &L IEE WS W THKEIL T, SSCPHEIT 21T IR ZE 2 R T, 3/ {MDSSCPENTTILE
BllieseT, 5MOSSCPRMTIER2 L3 TEHE2 Y bu—v L IXEL 2 kENEE S
n, N6 DEEFDP53 cDNARTA FIfi 6 » DERIFET 2 2 LB TR, 32, 2hoDr—
VTREFELBBMELRTIF AL G LG, 20O JMEFOHEMBHEIEC - TIRFER ps3
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Table 1 Patients with p53 Gene Mutations

Mutation
Pt.  Diagnosis Blast (%)  Karyotype Codon Nucleotide Amino acid
1. Pre-Bceell ALL 80 Normal 276 GCC—- CCC  Ala-»Pro
2. null-cell ALL 99 [46, XY, 6q-, 17p-] 190 Deleted CCT Deleted Pro
3. Waldenstrdm's 90 [46, XY, -1,-6, -16, 3p-] 239 Inserteda T Asn - Stop

macroglobulinemia

mRNADREBR 2 L n, $IREREDPS3 mRNALZERTI b2 TH S 2 LITRES NI, %
BRETIE, EEOEEANL 51,

FEF 1 D 3 {lip53 cDNAWTH QRS P EEY — 27 2 AR L VIRET 2 LIEHS6B DI 7 =
BNV BLLTHY, T 2a N 216BF R 7 7= 670 ) VIlEDL S I L FRING, E
B2 TWCCTD 3WERKDI:HDIZa FVIFED v ) Y ORIV TEI N, FEH 3 TIERETI4E L
TISHEOMIF I VHEEPHAIN T N 239F I FEa FUPHRBL Twic, Ths OfRS & R,
PAFFRICOC TR Lo, UWHAOREAMFRES, 2HOEEY) v o aIR L 1FHOWal-
denstrom=z vz w7 Y VIMFELZ F > TpSBETDOERIRSIN, B, 206 3EFO B ILFHEMIEC &
CWTIEFEZpS3 mRNADORIE L I EWRBEANI BEH 1L F3DERIL, pb3DWEERT LEE
ZONEREMBHRNCHFEL, BE2TH I OEBOEFEOEE & { RFFS NI 3EEKR
EK¥HBIENL, INLDORBFAMFBMICHERL Te5p3ERERIERNBRELY K- T 5 2 LHTF
Bansc, B%F 2 Clpb3fEFORERE LI RAEIITIC b 0 TITHEREFEROR K ED N TH
b, BRLREKCLYFAFOPSIEETFUAEEILL T3 EF 2 b,

INnE T UoSREEEE, 17RRaEEROT Y I -4 BEEHEAIR L B0 TY
POGBIEFOERVMEINTH Y, RADBLHBREADETHFLL L, 2L L —HOBMAETIE
PEIBIEFPHEEGT A EE L LN,

3 BHMEaLBMEREEKCS T 3pNBBEEZETOER

eEr U fe 9 O FElE B ki skid, CMK (Ea&akiE), ML-1(B#1E), THP-1(BHBR{E), U937 (M
BRME), UT-7(ERBRME), TF-1GR3FkME), KG-1(B#EM), KY821 (BREM), PL-21(BRMH) T, 2O
5 5CMK, UT-7, TF-1i4, ¢ FGM-CSFIKFHE DM T H - 72, T 06 9 D EHEME B MF Mgtk
0T, MADOEA LRI RT-PCRIET 5 il & F 3 {llp53 cDNARFFA 315 L 70, SSCP#HTD fi
22.5% 7 A v —A X vEGKENC & Y DNARTF OMIEZHER LIc L 25, CMK EML-12 % » Tk 574
E3HOE b6 Dp53 cDNAMTA bIRIS o1, 7’94 =—%EB L TPCRRIG®1T>TbH, 2D 2
FEHOMMEMR I 3 TIADNART A BBIES N, pB3#EFPE(REL T t»y TN, 2
DERZFANLIzHIL, CMKEML-1iIx W Tps3Da—7" 4 V7RI LEFEL e —T7 2 He T
Fouy MENET-1(®3), 20#E, EcwR1, BanH]1, HndllO-TFNTHEILLIv— i
BFOTHLEEL AV FOBEELRE LAY FOREFAGNR, I06 2BHEOMIKRTPISEETFOHEE
B L EE L BETFREOERPH G »IZ3 NI,
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Tkb

2.5 kb

Fig.3 (A, B and C) Southern blots of EcoRI-, BamHI-, and HindIll digested
DNA, respectively, hybridized with a p53 cDNA probe. In (A), (B), and (C),
lanes: N, peripheral mononuclear cells of a volunteer (normal control); 1,

CMK; 2, ML-1.

N12N34N56N7

Fig.d (A and B) SSCP analysis of 5~ and 3'- side p53
cDNA fragments, respectively. Lanes: N, normal
control; 1, THP-1; 2, U937; 3, UT-7; 4, TF-1;
5, KG-1; 6, KY821; 7, PL-21.

Table 2 Alterations of p53 mRNA in Human Myeloid Leukemia Cell Lines

Cell Line RT-PCR product SSCP analysis of p53 cDNA Alteration of p53 mRNA

5'-side 3'-side 5'-side 3'-side
CMK Undetectable Not examined No expression of p53 mRNA
ML-1 Undetectable Not examined No expression of p53 mRNA
THP-1 Smaller size Normal Positive Negative Deleted 26 bases from the 1st letter of codon 174
U937 Smaller size Normal Positive Negative Deleted 46 bases from the 1st letter of codon 172
UT7 Normal Smaller size Negative Positive Deleted 137 bases from the 3rd letter of codon 261
TF-1 Normal Normal Positive Positive Deleted a T at codon 251
KG-1 Normal Normal Positive Positive Inserted 5 bases (ATCTG) between codons 224 and 225
KY821 Normal Normal Positive Negative CGC (Arg) codonl75 . CAC (His)
PL-21 Normal Normal Negative Negative None detected
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p53 cDNAWTH 3815 & L7c 7 A DMIIR I 3 TSSCP##IT 21T - 1248 R, 5Tk, THP-1,
U937, KG-1, KY821lizss\vT, 3TIX, UT-7, TF-1, KG-liix wTEF L R 2 k@i B o
R(E4), 540, 34T NOSSCP#ENTIZ 3\ T b p53 cDNAKTHF DWREIE LBV R onicv—T
12, IEH R UKENEE 2R TDNABTE 50 6 e 9o 72, SSCPEHT Iz 3\ TEALD R 6 72p53 cDNAMT
K OIERES F EEY — 2 2 REEIC L ORE LIHERZR 2 1RT, THP-1, U937, UT-7TH, Zn
Z, p53 mRNAII26, 46, 136MEDREKH H b, o IEHEOMIKRTILHRREE, SHEEFA, 1
HEREPED b, RRATRIpS3OBERREEZE LT 2 6 N2 ELE X CIRFINLEFIIER
Do, ZOMOERE, CINbI7v—ay 7 VEREITIE»SL, IN06 6 FEHEOMEKIIITCTH

WL T 2p3EAERIES sEELRL L 2 L TRINL,

U937, UT-7, KG-1ZR 6N ARELFBARZZ Y VOBREBSIRI>TxY, 27534 7DR
ERRYET 5, U937 LKG-10ME T 240007 7 2DNADHERF # TSI L2 A, Z2hFnf{ vt
VE5BLU6DIFROEEN T 20 6T 7=V EEILL T Y, A7 54 AN F—HUDRRRE
RBUL-TRELATIA VPRI -2 EVREI N (E),

UEoERL i TEREINTCAHL-602AbE 5 &, 10/F IO v b BREMER RMlatk
TIEE L pSBEMEFORBEI L0 2 LIl 5, 2D BB A MR 6 52 3w TIXp5s3&IE
FOERIMME ST, Slingerland 6 b BHEHMESIURES FF 1FICOAEEFR N EHREL T
%, Fenaux b DIMETIL, 17BPEERERD T/ ¥ I — 245 BRI S IR T2 100 4 2 p535&
FEFOEEIFEETH O, Ik fbl vAEEMEB IR TR pS3EMEFORRILFIFHT I
1Bz DARGNTC S, LILEOFEREY O BREEIRICE L TIpb3fiEFZ 2 dde novod H LRI
CHRTHEBHR L LI O THESCEEL NS,

CITHE LRk C T BHE L R RE A L T 5 2 L O pSIBIETF ORI RIZTF A

CREWEC L AAINELRETH B AR L BET &0, HIRMITEHIC A 6 13 BB OpS3EIET

A B

Normal Control Intron § Normal Control Intron 6
Exon 5 /\Egié— Exon 6 Exon 7
ACG GAG GTT ---- GAT AGC GAT G GTGAG ~-==-r=-======- GT CTG GC CCG CCT GAG GTCTGGTTTGC -==-n=====s=mmemamnn GTT GGC TC
codon codon codon codon codon
72 186 188 224 225
U937 KG-1
ACG GAG GTT ---- GAT AGC GAT G ATGAG ----~-=-=---=- GT CTG GC CCG CCT GAG g’]rcm@m@c --------------------- GTT GGC TC

Fig.5 Schematic diagrams explain the mechanisms of the partial deletion in the p53 mRNA of U937 (A)
and the 5-base insertion in the p53 mRNA of KG~1 (B). Intronic point mutations that convert G into
A at the first base of intron 5 and 6 in the respective p53 genomic DNAs of U937 and KG~1 (shown
by the star marks) cause abnormal splicing events.
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TV OTRING,

4 MDSIZHITBpiBETNEER

R RAEFER(MDS) I, BRENA4E L MRS BB E T 2=/ 20 —F VAT, BIRIMLE
RBEZLONT 5, AIUF~DER I pSSEET VG 2 » 2HETT 5 72912, 50610 MDSH#FRA
13, PARS 21, CMMoL 7, RAEB 13%l, RAEB-T 9, MDSHXRDHEIMHFE 6 )iz >
T b RIBRDSSCP#MT £ 472 12, 3 MIp53cDNAWTH D SSCPIAMT T I BB IHEFNI IR & #1702 > - 7295, 57{1
TR IEFZ O TEFE Y N ERLZZFIMEIFON, 272, TRoDv—rTIREELBEIE Y RT
Wiy ot o7z, 2D 3k & CMDSHED B MFEMIatkTH 2 TF-1i2 0w TR E, Q@i
R, pEIBIEFERLE I E L D72, 50HOMDSIHRER, 2HIORAEBE 1 FIORAEB-TZ %5t Tp53i#
EFOERIRSN, EEOPS3 mRNABME S o0z, 26 SEFDERE, w1y p530HAE
RELEELZAOCNIBREFEH I LW ZOEFEORRBRERTH - 12, 2OERE» G MDSIZ 31 5
POSEEF AR I LEMBEE S, LV ETLIMDSERS - TRD O AEmMH 2 LE L LN,

P53 HREDR 6 iz 3HDOMDSH & FTF-1T ;@%a%éwim“ﬂ&) L, BRI

W, EEE LSy A EEYH A A CHBEAREIED 2@ 5 27H 5 L AN, pA3VRIEMALE NICIE

BT, BOREEEN AR L TREFEOREVEET 2 LHESNTV 2, ZOBE» LT 5 L,
NG 4 FIOPSIERTFER, PAEOTLREEDHA, B2 IMDSH 6 AMFE~DEREb- T 5
LTI,

Table 3 MDS patients and cell line with mutations in the p53 gene

Mutation
Pt Diagnosis Karyotype Codon  Nucleotide Amino acid
1. RAEB [47, XY, -5, -7, -12, -18, +22, 15p+, 175 CGC - CAC Arg -> His
+4 mar]
2. RAEBinT [45, X%, -Y, -18, 5g-, 9g-, +mar] 137 CTG - CCG Leu-» Pro
3. RAEB [49, XX, -17, -20, +8, +22, 5q-, 190 CCT > CTIT Pro - Leu
+2 DM]
TF-1 Erythroleukemia [54, X,-Y, +2p-, +3g-, +6, +15, +15, 251 Deletion of T frame shift
from MDS +19p+, +19p+, -21, -22, 10p+, 12p+,
14p+, +4 mar]

5 F&H

PSGEIET UL, a2 Db P BUEEE -V TOEREIA LN AENLBNEEETOO L2TH 3, &
MAFFBEEIE -0 Tk, CMLOSMELEEOpS3EETORE L REBOE/IHRE S iz,

F 21k, RT-PCR/SSCPE# B T HILRIC 30 1) 3 pb3#IEF DR L MEF LIz, RT-PCR/SSCPET
W pS3IEIETF OEROMM & RIKE I IEH 2 p5S3mRNAD KO FUE N TEET H 5, L4 3 HlD Y v ooikq
MR TPS3EET DEE L IEH L p53mRNADM LT 6 » 2 S, HER 2B B L0 b DDO—ED
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HIE D FAE (- 3 TRPSIREFPEEGT 5 2 LAVR3I NI

¢ b OEEMEE MR IO T 9MEF BB TIEE Op53 mRNADHEBSHEL TH Y, pSIE
FEFORPEECOF R F 7 ey MEFTHRE I N A K S LEETFHEBR, REBRAER, fvivy
DERILBATIA SV IDRERERAThHo 12, BIFRETORR S L Uthy 6 ORETIREN
BRMEAIR -5 2oL BETERDEER» 2 YRV L& 2 6N, HIROMILIZH T 3 pS3RETFT DA
EHEALD BEEHRE S 1172,

MDS!Z 351} 5 pS3BAEF DIRETT I, 506 4 il L BHEE R { o 100%, #AT LIZEFITREYED §
N72, POJBEMETFEERZ LD LD, TN HMELLAERELRLILY, NI pSGEETFORE
AL & 27 2 ORRE/ADHFHEE S NI,

EREFFRETD 5 BRFES, FE—, B)IE, KEL—, ALK SALE, REGEE FFALD
HERECER (CEHELLIT,
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Acute Promyelocytic Leukemia

Satoshi Tashiro, Nanao Kamada

Department of Hematology, Research Institute for Nuclear Medicine and Biology, Hiroshima University

1-2-3, Kasumi, Minami-ku, Hiroshima, 734 Japan

Abstract

Breakpoints of 15; 17 tanslocation in patients with acute promyelocytic leukemia (APL)
have been identified within PML and retinoic acid receptor «(RAR«) genes on chromosome
15 and 17, respectively. In the APL cells, the PML-RAR«a chimeric transcript was also
detected, and the fusion transcript seems to play an important role in the leukemogenesis of
APL.

The rearrangements of APL cells were analyzed by Southern blotting and PCR analyses
using genomic DNA. The rearrangements of RARa gene were observed in 6 patients out of
9 APL patients with 15; 17 translocation, and in 6 patients out of 8 patients without 15;
17 translocation. Of 13 APL patients, four were detected to have the rearrangement of
genomic DNA. The rearrangements between the second intron of RARe gene and berl
region of PML gene were observed in 3 out of the 4 patients, and the rest was identified to
have the rearrangement between the second intron of RARa gene and bcr3 region of PML
gene. The nucleotide sequence around the breakpoints were analyzed. The breakpoints in
PML gene were clustered in about 300bps region around the sixth exon of PML gene in the
3 patients with the breakpoints in bcr1 region of PML gene. The Southern blotting analysis
revealed that the PCR analysis in this study were able to detect most of the rearrangements
in this region, which occurred in 30% of the patients with APL. By the sequence analysis,

the breakpoints were identified to be clustered within 40bps region

* A BB R TR MR TR AT B TR 2 AT 72 I I 2 T SR 0 7
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upstreem of the third exon of RARa gene. The clustering of the breakpoints in RAR« and
PML genes indicates that these region might be the hot spot of the gene recombination in

some of the APL patients.
=3 b5 ) fus

FABA M3 Y § 2 MR BBk B L% (Acute Promyelocytic Leukemia, APL)IZ 1215 | 173z
HPRON, REFROREFEREEORENLLDD—2 L LTHOLNRT Y 5, B, S FEYSEIMmT -
£ 015 1TEREOYM R TR R AR LETR v/ 4 VEBRERGRIETIZH 2 2 L L Iz 30,
272, I5FLEE LY CWPMLEAE T 2 v —= v 23 e, 15 1763 EEGIHT 5 O 3640 70 SBAE T WRHT - &
b, DNAETOUME L X2 5, BEFEVOEZHBEIHO»IZEINDDOH 5,

1. APLX 15 ; 1785

APLBBMEAHMEBILRAML)D#15% % & o, MBI ME - 7 X — VR OB E LS
BEER v~ v E T O LT R T BRICIE 7 4 7'V 72— v IfE# 3, UL UISBREGE S N E R
HIEDICO) Z AHFT 2 2 VMO TV 5,15 17THEEELE, 19774 (CAPL IR e tuth Ry & L THRSE
dnle, HETIAPLOMTOBL Ez15 ) ITIREFED b d EEbN TV 5, YEFIIC o0 Tiftafis
e fidT LICAML 448 M3i24161(9.2%) TH v, 2 D65%4215; 1TEEX RO T 5, $ 721517
RE PR OEFIRETMIThH- 12, BWERETE, vF /4 VBBEO—8ET H 5 all-trans retinoic acid
ATRAY A 6, BIRHROGIFECLL VERIELERLPBEL LY TE2L5008-Ts

72h,
2. 15 1185 L BIEFEBER

vF A VEREFRRAREB AT oA FREFCHLLIHEEERED, v 5/ 4 VBN H 5RAR
L THEHEFREOPH 2T Lo T0 s 2 EPMONT V32, vF /A VBEZEERD )V FTH 3
v A4 VR, Mk, FRCERCRAEIRO S LHE, MIEOFE, FHEMWMOMEERE B 5 B
CEETHIEPHMONT V2, gRvF /A4 VEBRAEMRE, DNALESTAHEKE v/ 4 VBRCES
THHEEERD, TNEIVBNRETFOEREAGEE L v/ 4 VBUUHA L TENEETORERAG 2
ThoTwbtELONTY 3, B, 15; ITHEEDITELGE LU E¥ v F 7 4 VEBZAKERETF
D—>T & % Retinoic acid receptor @ (RARa)EETFW, FE 24 v e Ui ERL T3 E
DERE & NI(Fig ), 72, I5FYBELOURS L VB 6 n/GEETFIIPMLARZE T EEMF UGN, U]
Wrm &R LT 2 3EATC LT, 20ENberl, ber2, ber3t &4 6 0lz9(Figl)e PMLEEFD
Y b RARaEH L RIFRICDNAKEAEAML - T b, transcription factorO—FETH 5 tE L LT
w5, APL#ilg T, PML-RARa* X 7 8(ZF L BEMPMLER TP RHEIN T3 LVHEI N
729, PML-RARa ¥ X ZB{ETT I, RAReEEFOEEHEFHGERVPMLEETFTERINT 5 2
Ll s, ZORDFIASEBER, vF /A4 VBT 2RBEVEHIN, 10 EEORARCER LR
BTHI LY, v/ A4 VBBOENMIRIC AT AEAPHEL TV 3 TR H 2, vF 2/ 4 VERIZ
AWM HFEET 5%, XA SRBEEHAMRLZRERRK L~V E~DS L HET 2 LE 2
GMbd, O EPAPLOBMAF LI TERTHS tELOGNE, —F, EEHMPMLEETFTI
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EH 5 P2Pl g
PML - P l;*.‘ : 3 q "E,-B,
w2 34 56 7
— &> " Chr. No.15
5 L s 1 s e e, e snvgpes e o s o o o S p - |
1 3'
! 2 : B 73 .8c 5 6
RARo, 3{5#9 E 5 HEeE & B E |_qu55{ H;;
<
R

He Chr. No.17

Fig.1 Breakpoints in PML and RAR« genes.
P1, P2, and P3 above the PML gene, and R beneath the RARa gene indicate the location of 5
primers for bcr 1-RARa, bcr 2-RARa, and ber 3-RARw, and a common 3’ primer in PCR
reactions, respectively.
B. P. indicates the breakpoint region of the RAR«a gene detected by PCR using genomic DNA. H;
Hindlll, E; EcoRI, and B; BamHI

serine/threonine protein kinased L ¢ l¥phosphataseDFEE 12t 2 EZEZ O N AUV REL T 572
», PMLEADEHE CERLBEY 5L T A FREMEYDH 29, FUERUPMLARZRFLPREL TV
CEEFI A RE SN TR DY, 15 ITIRETRPMLEEZEFOZRMS AR LOBEREZER I o T b tF
L5,

3. APLOBIZEFESHT

APLOBEFRIFCBBEEL 2 20FEFF L 60T 3, =2 Frr ey MERIDL Rl
DNAOTHER BRI T 2 HFETH Y, b5 —2IRT-PCRE & Y iR L ICDNADBREFEMTH 5
FATImRNAR#BIEL TRIET 2 FETH 2.9V v 7 v v FMETH, RAReBEEF I & UPMLEEFOD
—#EY T =7 L LTV LNTL 5, Pelicci b1, APL 2656245 H (92%) TRAR @& {5 7F1#
B, 37121900(73%) TPMLEEFOFER EZ RV, T TOEHTRARa b L { WPMLEETFOH
RERL PRI LIz L LT 537, Berger 6 i3, FEADAPL2SHIH2MATRAREEFHER Y R 17L T
W AY, TG DREFOFR IS ITERER R CREF S H Y, 2 b v masked typeDIRET H 5 Dh>
HHCIRBEORGESITOBRRATH 2D D20 THAEHOBEETHA 5,

J—=Fr7uy MECE AmRNAOIT T, APLEFICR2E L4 AORARa#EETMRNA(F 2 7
mRNA) DR ITE T 59 mRNAZGHE & L T/ER L /CcDNARBEIET 2RT-PCRIEC L W IED
¥ 2 I7mRNAZBH L, BEQIUREROMBCHG 2K A b HBEIN TV 39, L L, RT-PCRET
3 LEFIO B iFEMIE D 6 DX A ImRNAVEM S LTI 9, & 128RTF O IEE = HEE L 5E
FlbHh, FEROICLTLAMETA25D LB LTI,

WMEFICIN, YetafhaiT 2 AT LIZAPL 13%KEE LT, RAReDE3I 2y v 7w =L LT
iz 7 e v bEEgenomic DNA# FHWCICPCREBTHEE FHER 2 RS L1z, 15 178HE12 13071
9 FI69%) D 6z, FF YT a y METIRI3FIRI0F](77%) (- RARaEE T O TR # 329 12
(Table 1), genomic DNA# W 7:PCRIET I, BEVDNAWHF OBIE® L b zhZBIVIZIT R 5 122, Ponce
LODHEIZL WPCREL# 1T - 12, 5179 4 =— A PMLEETFOLZ Y 3, 5, 6 DDNAEEE
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Table 1 Detection of 15;17 translocation by cytogenetic analyses, Southern blot-
ting, and genomic PCR

No. chromosomal RARA rearrangemetns PCR using
translocation HindlIII EcoRlI BamHI genomic DNA

1 G R R ber3
2 R R R berl
3 - G R ND berl
4 R R R berl
5 + R G R -
6 + R G R -
7 + R G R -
g - R G R -
9 - R ND G -
10 + R G G -
11 + G G G -
12 + G G G -
13 + G G G -

+: positive

- 1 negative

ND: not done

G: germline
R: rearrangement

123456789 10111213141516

2027 bp
1353 bp

603 bp

Fig. 2 Detection of 15;17 translocation by PCR with genomic DNA.

lane 1: blank, lane 2-4: Placenta, lane 5-7: patient 1, lane 8-10: patient
2, lane 11-13: patient 3, lane 14-16: patient 4. The results shown in
lane 4, 7, 10, 13 and 16 were obtained from the PCR using P1 and R
primers (for bcr1-RARg); inlane 3, 6, 9, 12 and 15 from the PCR using
P2 and R primers (for bcr2-RARe); and in lane 2, 5, 8, 11 and 14 from
the PCR using P3 and R primers (for b¢c»3-RAR«). PCR products were
detected by ethidium bromide staining (upper panel). Then, the products
were hybridized with the oligonucleotide M9 (lower panel).
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Bl b Ll EneNber3, ber2, berliCxnT 52 & 5142, 2723°M17°5 4 = — W RARaEEFOHE 3 = 2
Y »WODNAFERS 2 6 LifE-ILIe, TNoDF T4 =—%HT 52 Lok b, 130% 4 Ty
RIREE T %2 & U DNAW R #8IET 5 2 LCBIh L 72(Table 1, Fig. 2), 4 ffld 3 FlIARARaEIEFH 2 4
e EPMLEEFbrITORBEFEERTDH Y, EY 1P TIRRARGEEFHE 24 by L PML
BARFber3IW DS 2 LG E o f2, 206 DEEFNL S TEcoRITINAL L 72 DNA % B w729
P ey METHBEHEZEIN T 5DT, RAReEEFHOTE A RARaEBETFE I 2V D
LW 3kbACH B LE LGB, %712, genomic DNA®FWTI:PCRETKEMTH - 12EFITIREL T 2
OIS T DBEEFHERLED oML 2o, SRACRTI4=—12L b, APLO¥S%THED &
N5 20D 3KbEET DEMETERROKIMSZRE TS 5 L& 2 60z, genomic DNA % w12 PCREE
&, ARAPLORBWIOA L o TR IRHIGOMIBC b BRI LEL N3,

4., FBHEREIZ L 5 #EFEEARLA

genomic DNA%Z 723k & Y BEIE L 72 DNAWTF O —585 T B AR T HRBE R I AL O DN ASE 255 #
MREF L7z, BAED & 2 APMLEE T MO St ber LIS D H 5 3HEITHER TS, 2hengEexy
YYD LH, B A b ey TIHTHo, 206 3FNFL TIRE 6 =2 v » FAED#I300bps
P mp kep L T w12 (Fig. 3), %72, RARa EEFUOUN S bIRAEF T 3WTHRETSE, £C
ttctttgecacccectgecttgggteectggeectgggattigtttgggtggaggaggggcag
tggctgctggcagaatggestggageggsgageggaageagagggggceggagagiggccy
gctttgaatatectgttgaccecagtttectetgececcagettatgtectettecetece

v v v
tectetteaagegttaactecttectaactegggggagaacggggccaggecececagggge

aggagctttagaatcagggtgaccecccacecctactecccaageacagtecacggeacacata

caaatgtgatggtttatcattgtatettigtggtittgaaggtgggegtectaggagteca

Fig.3 Nucelotide sequences around the breakpoints in the second intron of RAR«
gene. Arrow heads indicate the breakpoints of the genomic DNA in the
patients with APL.

A4 v
CAACAGCAACCACGTGGCCAGTGGCGCCGGGGAGGCAGetagggaggstegataggacagty

gctggetgetgetgeeegecaggtetgggegatgectettetgtattttggcceca tccaga

aagcccaaagecaacaggagteccttaticccactgaataagatagggaaagttcacagtgt

gcg tgggggtgagagtggacacagtttacctctcttttgccatattgaggtgtggggagctg
A\ 4

acagctaaatgetcagttgtatgagtectttetecaaacactactgtgectttgeacaggec

aggtctccacaagaagtitgitggetgatgectageatactecccagagaggget tgggcata

Fig.4 Nucleotide sequences around the breakpoints in the BCRI region of PML
gene. Capital and small letters were the nucleotide sequences of the sixth
exon and the sixth intron of the PML gene, respectively. Arrow heads
indicate the breakpoints of the genomic DNA in the patients with APL.
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#3227y D LH#I300bps L D#I40bpsDFEF B L T 12(Fig. 4)o 2D & 5 - —EOEFITIXH
BIEF L D UUNTEDIEE R CHIBCEET 5 2 LI, 2 DEIE »recombination®hot spot & 7o T\
52 LEREL T A RED L I AMBIEFOUR AL 2 FvES T ¥ QR RN DNAEIE
FNIFED 6N 0Dy, FEFIGCrichTH 5 2 L2 LT, 15 ; 1TEEQ R ifin AR » iR T 2 100
IARS 622 DUIMR OBIT Y LETH 5,

BbYIZ

APLTIE, 15 17T85MEZ & b 2 D Dtranscription factorT® 5 RARa:&EF L PMLEEZEFDOX X 938
EFFHERLZLICLY, ZRENDRIETFOMEVEHI NS I LYVAMRLEEETHE I L, 21
BETFREE L TR 7 ey bk, RT-PCREEE b b iZgenomic DNAZ AV PCRIELERTH 5
SELEDVTHNT, 30 —MOEFIT MR EE CRCEECEP L T ) Z OFHE »recom-
bination®hot spot & - T 2 FEEMHEIZ D TiR~7e,

SEXR

1

2)
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4)

5)

6)

7)

8)

9)
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BCL-1 and BCL-2 genes in Lymphomagenesis

Masao Seto

Laboratory of Chemotherapy, Aichi Cancer Center Research Institute
1-1 Kanokoden, Chikusa-ku, Nagoya, 464, Japan

Abstract

t (14 ; 18)(q32 : g21) chromosome translocation is frequently involved in follicular
lymphoma and is suggested to play an important role for the genesis of this lymphoma. The
reciprocal translocation has been found to make fusion gene between BCL-2 gene at 18q21
and immunoglobulin (Ig) gene at 14g32. The fusion gene produces BCL-2-Ig fusion tran-
scripts, but the coding region of the BCL-2 remains intact. The BCL-2 expression has been
shown to be negative at the dark zone of germinal center from which the tumor cells
originate. Since the translocation has been demonstrated to occur at the stage of pre B cell,
it is likely to be expressed at the dark zone when BCL-2 gene is activated by translocation.
This inappropriate BCL-2 expression causes cells to be resistant to programmed cell death
(apoptosis) at the germinal center, leading the cells to survival. The resistance to cell death
gives cells growth advantage leading to follicular lymphoma.

BCL-1 gene at chromosome 11ql3 has been defined by the t (11 ; 14)(g13 ; g32) trans-
location although the transcriptional unit has long been unclear. We have shown that the
PRADI gene at 11g13 encoding cyclin D1, is overexpressed in cell lines with t (11 ; 14)
(ql13 ; q32) and suggested that the PRADI gene is the candidate for the BCL-1 gene. Since
cells at mantle zone are in G0 stage of cell cycle, the activation of PRADI gene by jux-
taposed Ig gene may cause inappropriate expression for the cells at G0 stage, leading to cell

proliferation. This proliferative signal may cause a growth advantage for the cells at

R A R 2 X -G [LEREE
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mantle zone leading to mantle zone lymphoma. Thus, both BCL-2 and BCL-1 activations
by chromosome translocation in common give rise to inappropriate expression of the genes

for the cells at the specific stage of development.
I. LI

EMBEEC b » TIEE ORI QR AREES EHE LR on, BELCE(Eb-Ty 2
ZLASREINT G B, MO RAEEEONEY &, LB, mycPablls £, BAV A v ADR
BLTVAVAREFRIEEL, EBLCECL—THCELonl, ZOROHEIILY, £ DH
T, BEEESLT L LT CEEFPESLTU A LPHBALODH B, ARTIIR, Y ¥/
3513 % BCL- 1812 F R ' BCL- 238 EFOHEN- D v TR~ 5, $EMEEETFBCL-213, WEM#T, &
PEAVHEERE . F o0 w0 THIRINB (TS EA TV 5, ZOHEOEWRT OBAERAMATDH 27, Hol, #Hilg
FE(Apoptosis ; 7H b= 2N CHEET 3 I EARENT VB, X, BCL-1I3%& < BEFAREILHTH-
1n, BoERA R E UV O OFEs v—710 % Y HIaEER ST AeyclinDITH 5 2 EHTRES
fo. TG OBETFIEMCEEEE L ¢, SRR L AFEE LR EOMIBER R EFCE E,
BLIZWL O OREE~TEEBIIVIEEZFLONS,

II. BCL-ZE{EFIZD>WT

1. BREYMADSSOBCL-2BEFI/ao—=r7

BCL-23&{Z T 12 Biilatk y v SlETH 2 uMatk ) v oS mE L R v/l s s iR B t(14;
18)(q32 ; QD) DIEEEGIMF S 4EIR & Y R©IZ S IGBIEFTH 5, Wit Y > SIEid ) o SHi—H - e
Ol (germinal cente) ¥ KT 5 S b THMODH 3 ) Vo SETH Y, HEFBEZU TBRs N5 2
KEMEEOEETH S LE 2 LN b, t(14;18)(q32 ; q2DIREE RN Y v B EmBEE R eITa
Bic%, WNAE Y oo SE O LR EE LA P T 2 FHHERIS 172, t(14518)(q32 5 q2)¥R
FE 13 Ig HEAZ T Ju) 2B 5- L T b, Ju# L T18q21ODNAKWT K 777 v —= 28 ™9, £ DRD
AT L 9 BCL-28ETFOEEEMHYRIE & nict®, cDNADEIERS| L ) BCL-281521132397 1 /
BLOLaRYRFFFea—FTaEVHALTIILY, 20%, Pl L h2skdDBEBAVHERINTY
%41, Hockenbery & i%, BCL-2Z&H ImitochondriaWIEIZFET 2F 2R LIZ7,

2. PEFERERUBCL-2BEFERILOSFHE

t(14 ; 18)(q32 ; Q2L)EzEE D45, 18921 LD BCL-2:8{5F & 14q32 LD %IE s v 7" ) v (Ig) &R F 27 LH%
LERAREF#HRT 5 (@ 1)9% OMARETFIRBCL-2-Ig% 2 SmRNA¥EET 59, ZOEETE
T2 1%, BCL-238(EF T DI & 1B O TGRS TR 2 5%, BCL-2EB PRI & Y g
AR S o8 EThs.F 2 b b, BCL-2&EFOEEHEEE (deregulation) W EETH 5 2 L 4°
BRSNS, X, [gBEFRLDESL T2 LE Y, MERHERES 1Y) VRETHRRODRO
BIETH 5Dy ] AR S TV 32 L Th s, BHERHIC DV TRderld&k Fder18_E DY = D%
W o2 OBAED-JuDBCES Twa I LdIREN, BEAL DERPE I Bffifa 7 {LEFE EDPre B
IS DRSS 3 E w5 2 LT I T o 200, UMY oSIEN, surface IgPEtEDmature BiEiE
OEETH b, FEEI L b IEE(LS e BCL-2:8E TR, MMERETOBMas Bl cvEvd 2
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Chromosomal

i8q2! Breakpomt 1432
derl4 Pl
Genomac
Breakpomt JG H 2
SU DHL-6 t(14, 18 i
Cn
RF be2 JsCrivm lkb
mRNAs S 77 EEEEH] AAA
(4.2-7.2kb) ORF bel2 JsCrivs
5 e 7, 1 AAA
ORF bek2  Je

BCL-2-Ig fusion gene produces chimeric mRNAs.
P1, P2; promoter. I, II, III; BCL-2 exon I,
poly (A). pA; poly (A) signal.

Fig.1

ERRET 5, —ETTx LERET 2 H19Dy-
Ja e Rk T 2 RO TIREI S T2 LE L 65,

. EMEEBCL-2BEFOMIEHEE, BHEMMRICE T 5EE
BCL-2&EFIBMODV ABETFLDRER YV —

DO S 6 LT 32719, 24

I, HI. ORF; Open reading frame. AAA,;

Gy 2K

W7, TEBAR E O HEI 2 - T 2 20 FRER

&N, Nunez 6 130, EBY A v 2 TH#AL L 12 1B % BHETG R\ S AL BCL- 23812 F # B A LHIAg A2 3

VARERHEAI, BERN o= —ME Y b e — v LE
e 372, 2—

AR THHEA S I IE ¥ BHIIER O BB 2 (2T 2 FHARENT Vw5, T e b b, BCL-20
B DEETEADVETH 5 2 LR

I AR RS 2 vk B A 2 DT, B
w3, BRI L TOBCL-20%ENIMHENTH 5 2 LWL T -7,
4, BCL-2BEFETFHF— R
I3 T, BCL-28 {5 F DR OB & LI 1 5 &EIC
FHRENI DV TRAP LTI L,
5 HERASE & KA 5 FHRI S 1,

D

WA A I EERTR

TR T 5005,
WEAE, & OMBEIFB 2 programmed cell death (apoptosis) & M i
LB THINDDH 51218

BN, BOW AL, MIRE OEHE, MIEBERED 6 OmicroviliOHEELE D 6, JfAEDNA

3—5{;:%?59'32‘17‘ g%?&ﬁ:l/
F=9 212350 2 BB TIEBCL-2 LTI RIS #TE . L e - 722%, il b - Tmye

I FEER

AERTFDEY

TRV RAELWBE

Dfragmentation (#7180bpDoligomer DIEAL) #HFE & T 2 MINSET H 3, 2 NISEHRRESR TR &

SASEAA O NICHIlR DB T, AW ER T HERE T 5 O EHE L E ¥

Ho T YRR TD 5,

FIERMI T o TIL, THMAib &b 7 5 MR T Dapoptosis X OF, Biifa® 2 RIEBRWT D

apoptosist 3t $ 2 BCL-2&ETOHEEN D0 TOREVED LN T 5,

5, EEATOBCL-2%E# ¥ apoptosis

McDonnell & 3 iEHEALR BCL-2-IgZF 2 AT b7 v AV o=y 2= 2 2{ER L, invivoT DiF

ALY BCL- 28 R F ORI B MER L 12,
FasR DB ZR L, 0, & DIHIER O - Bz id
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PR, IEEY VoD 2 RIEIBREBREELRE, REREL Y [E2aDFRIZ 4 DDzonetlsrf 6T
\» %, Dark zone, Basal light zone, Apical light zone, # L T#1 6% Lt b % { Mantle zoneT H 39,
BCL-20 %% A 5% £, Dark zone, Basal light zone®D #1284 T, Apical light zone® —E D HIAE
DM Y, Mantle zoneld B&IBET H 519, Dark zoneld Ki-67HUR S T HIM > ZEFE DL A T §EIS
Tsurface IgIXBMHETH 5, PURAIELZ 21 IcilafE» Dark zone T 42 FE Llight zonet2#4T L, sur-
face Ig»’BEEIZ 2 b £ OffElgb’apoptosisic & 2 flaFE% 5 2§, I DapoptosisD3T H 3 light zone
it follicular dendritic cell (FDCO)YE BT H b, BiilaDapoptosisicxi L TOEEGPSHEEI N TV 3,
Thbb, URABREZULBHEEV LA C» OBIETHEIRS 1, FDCLOHIE tinteraction L 72l iC
BCL-21i/E DRIRHFHE 3 1, #IESEY? 3 ad'i, plasmablastPmemory Biifa~ &t L L TITL L& %
LNT 5,

Reactivity of Antibody Zone Follicle

Mantle zone
(Memory)

Apical light zone

{Survival)

Basal light zone

(Selection )

Dark zone
(Proliferation)

Mantle Zone Lymphoma

Reactivity of Antibody (Deregulated BCL-1)

(When activated by Ig gene)
Zone

Mantle zone
(Memory)

Apical light zone

(Survival)

Basal light zone
(Selection )

Dark zone
- + - + (Proliferation)

BCL-1 BCL-2

Follicular Lymphoma
(Deregulated BCL-2)

Fig.2 Scheme of secondary follicle. a) Reactivity of antibody is shown on the left. Predicted
reactivity of BCL-1 antibody is also shown since a specific antibody useful for immunostain-
ing is not yet available. b) When BCL-1 or BCL-2 gene is activated by Ig translocation, the
expression of BCL-1 or BCL-2 gene is deregulated, resulting in deregulated expression of
the gene is taking place where the genes are normally shut off.

6. BCL-2RRFERE £ iRhatk ) >/ IBRA
¥ 2 kBl TIIDark zoneld BCL-2&ETH 5 »(F2a), TN TRHRTELL I, EEIZLD
BCL-213Dark zoneD e {LERFELIATOB I 3o b TIEMAL S NREI NG TH A 5 2 L RIS N

135



2, Thbb, EEXET 5 apoptosisic & 2BINLIFTZBCL-207 2% 2 HH 3 1, apoptosisic &
BRBIRCIENL L, B L c oL A L E L oA (B 2b), I, BCL-20 RRA I RIJERIB 2 5 2 1o v
CHED 6T, 2 OBIERE S —EDOHNEEBCL-208a18 ) VoS IBOMIRE) A L, FECIEMT 2 L
5 growth advantage¥ 5 2, 2D 2 LMY oSER R T 5 FTEELFEZRIL TV EE
PRY g

II. BCL-T1@&EFI=owT

Tsujimoto &%, t(11; 14)(ql3 ; q32) xR BHRIGEIEE & b, 11ql3 U E T 2 REYIMT= % 7 n —
=y L, COEMCEET 5 LIEE S NREREEET ¥ BCL-TBET L @d Lz, 2 QUM R
W19844E imRE s e s, B 2 DBETAFEMHINT L - 72, 19914 Arnold 6912 & » T
PRADI(parathyroid adenoma-1)i#fz F»*11q13%EH & v R & h, BCL- THzEEYIMT m §HIR D845 L&
T2 2 LAREN, BOMWAS L 12 BCL-BRETFAREBT H 5 /RS RE 3 iz, a2 ld, PRADI
BIEFE(11 5 14)(q13; q32)iEE 2 A T 2 MK TRBHRBRGGEE L LTy 2 2 E2RCITL, &AM
CTHo12BCL-IBETFIPRADIZD b DT H 5 2 L iRtk L L7129, B 62t - 72BCL-138
EFIEEALD ) VBRI s A ERENC D TR 5,

1. PRADIB&{EF 0 HBE

Arnold & 91, BIEHRBREE 2 35 W T parathyroid hormone (PTH)#AZE T2 EHERL L T v 2 fEFI %2 B 72
L, 8EFIA 77 ) — 2Bl L THEHBR Sy NORE #ITo 10, 2 DK, 11plsfIE T 5 PTHE(E
FOE—4 Y b rrpPlql3 BT AR LB LTV A LERVIILI, 20, ZD11ql30YIHT
EEE Y O HRER I L Y EEAS T 3284 5kbDEEFEY 2P R 773 W PRADI(parathyroid
adenoma-1y#fETF £ f% S22, 2 D#HEE 6™, b ME#cDNAZ A4 75 Y —» GPRADI cDNA%
sa—=y2 L, 20507 3 /B R ABAFRERE R VISLIL, mEw Y —F—F 2L ) PRADIIZ
YIEEEE ST Aeyclint RER V= RIRTH L X4 P Deyclink a—F LTw 5 2 EAHRLI
3722 OmRNAWG2/M» 6 GUHIZ € — 2 2T Leell cyclef®FME-E LT 5 2 L, in vitro translation
EMidcde? protein kinase £ BAP R T 3 2 LAY A, MRt EELREFPH-TW22 8
PURE S NI, $7e, FEHERIC L LT, Xiong 622k b b #RIEZFIE D CcDNA library b & #iila 5322 B
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FORBEPMREBELICE A, t(11;14)(ql3; qQ3RE2H T 6%111)1&?%4:%&\ T D& PRADIERFDEF
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Fig.3 Overexpression of PRADI in t(11;14)(q13;q32) cells.
a) Northern blot analysis with PRAD1 probe. b) Ethidium bromide staining
of the gel. ¢) Size of normal PRADI mRNA are 4.5 kb and 1.7 kb.
Abberant sized mRNA of 3.4 kb in SP-49 is shown. “AUUUA",
destabilizing signal. Hached box; open reading frame.
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Cancer Incidence in the Atomic Bomb Survivors

Kiyohiko Mabuchi

Radiation Effects Research Foundation
5-2, Hijiyamakoen, Minami-ku, Hiroshima-shi, 732 Japan

Abstract

This report presents comprehensive solid-cancer incidence data and risk estimates for A
-bomb survivors in the extended Life Span Study cohort. Cancer cases occurring among
members of the LSS cohort were identified as part of the Hiroshima and Nagasaki tumor
registries standard registration process. Among 79,972 individuals, 8,613 first primary
solid cancers were diagnosed between 1958 and 1987. A standard set of analyses was
carried out for each of the organs and organ systems, using DS86 organ or kerma doses.

Consistent with prior LSS findings on mortality, a statistically significant excess risk for
all solid cancers was demonstrated. Significant radiation associastions were observed for
cancers of the stomach, colon, lung, breast, ovary, urinary bladder and thyroid. For the first
time, radiation has been associated with liver and non-melanoma skin cancer incidence in
the LSS cohort. The present analysis also strengthened earlier findings, based on a smaller
number of cases, of an effect of A-bomb radiation on salivary gland cancer. Analyses of
solid tumors individually and in combination revealed no appreciable differences between
Hiroshima and Nagasaki. The combined solid-tumor analysis demonstrated a two-fold
greater relative risk for females than males and a trend for a decreasing relative risk with
increasing age at exposure.

Previous LSS studies focused primarily on the association between cancer mortality and

radiation exposure. Although these mortality studies are extremely valuable, the accuracy

IR ETRRS BT R
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of cancer diagnoses is limited, and death certificates do not provide adequate information on
cancers with relatively high survival rates. Although incidence data also have their limita-
tions, they can provide more complete data on cancers with lower mortalitiy, on histologic
type, and on time from exposure to cancer onset. Future analyses of atomic-bomb survivors

should focus on both cancer mortality and incidence.

BEIFELI Bz b b, ABCC BAHREREIT AT (I 1, RREHRE L YN 2BEE~H 2 —+&— |
PREBBFE LT 512, RHFEEEN(Life Span Study-LSS) EMEENL A Z D 2 —k— MEFNL, #793,000
A& O HREE 27,000 N DIEMEHES & VR S N, BEHEMRCEET 2 ) R 2O DEE L
THHRIET D 5, fEk, LSStk AR E A EDOBBEIZ DT, SECHEVERTDH - 12, FETHE
BERELZLOTWED 5D, EROEEEC O THME D 2, B, TRORLCAVIZDO- TIRRERLE
WPE5 L, FYOMBASRERBEYME 2 LIZD0TY, ZOEMICHIEED 2, $E- T, #HE
LA OERBREM A, FELREEMRB)OF—XOWMBEVMUETH 5,

HURBT -2, BEHRERC L 5 DB T 7 v ZFHET 5 D BE L FMRERET 527, e
DHIR « ME»H 2 2 L LBFEL T I EPVEETH, 2ECDORY, v—F U IZED N EIERT
— X LRy, FURET—XOWECIRMNOREILEL SND, B, KeLERMENZELT,
BB b aBET PR CICET A L3 EROENEPLEL L, EFLATELHACE, Y A
ZEMBD SA 7 22 b Dl HI B FREMEDTD B, LSSIE, FRetE L oo AR, 2DKRE 3, BHHY
MOBSE» G HEO LR CHBERATHAI L2E, I0a2—h— IR VREBIMFCEET
Hr, 2D, BHILTEMSOM N 2B T, 5B L REIZE Y 2 EEEHFOKRE L 6 FIZLSSER]
CBUBA VRET—2DNEL 2ORBDILDE T ¥ -1z,

NG T, FRREIREER R A AN LS VBET X REEI N TV v, 19634, LSSER -3
UAS VRBOTRIERE SN TLE, LSSORBEMIZH 520 VREF—2 %, 5, FHRIE,
fii, B, IREOWMMUINY VRBET—XPREINT 2D, INLUEFFHHOECODAL LT, it
ML, EARRLIWHEEEIOCPRL - TV 5, RRETH, LSS-E85a—r— FEMIIW 54
FTEEEBEORET X2 AT, BREHRERIC L ) A2 MO0 TEMO BT — X 24T 5,

BB REMIRIZ S 20200 TF—2 20U, EEL, FREGHRMEBRCEELIZT YY) 2270
il # 47 5 BAYT, population-based D EIET N I9574E IZIREZ, 19584E I X B I RIL AN, RS
¥ & FRGOEBESHFOFHIL, WO ETRME O ERLE DR & EEHHR O 3o  FfRm 72
T7a—FERAeT032EThHs, 3612, METITbON TV ARAEEL PO L LIHBESES, 4
FTEAT D NICHIBE D2 DEIKRE, REZN 027 LB THIESNT V3, BHINL
F—XOBECHL TR, BRhiF L FRGOEESHIZI I 5IECRMIED A (Death Certificate Only:
DCOYDEIL 9 %L, ﬂit?§/%éiﬁ(Mortality/Incidence: M/T) i #9509, BHEELEEFERE (Microscopic
Verification: MV)E R 70%ULETH Y, TNRFBETCRELENLLLIOTH Y, HHROEKE L DBHOK
BEETAbDEoTw b, LSSERICET 3 @FEEET — 20w T, L CFECET
¥, BRE»OBH—LINI T2 BIEL TRANCER L2, HBE BE, LBEEIT-, 3612,
LSSEBERLERT — X ORELTHET 5 720, AT S CER T n 277 A bEA LI RELET—2 D
BT oo, F—&&FcovT, 700 AZFHECRIHS 0L ER, B, REHEEBRLEOE

146



V]l BESREBEEERII T AU RETE

LSS-E85 excluded o
120’321 m Notin Cily
excluded Unknown
741 |
excluded DS86 Kerma
excluded Died or Cancer
6,397
STUDY
COHORT B
79,972 ‘

R 2T L 25, BIEETEINATFT—XOE L IKEHGE L OMCAEBERRAD L
Poll, TNLOEMENL, BEESGPEBILILHRTT -4, BEREEE LY LS ) 22 OFHb
CHCONAZ LRERUTELDTD 5,

B Bl AEEBEOBEEBO—RE LT, LSS-ESSEMAPICRE LIEERMR, 2va
— R —=RU—8FEECL) V=YL VNS NG, SEDLSSH VBB DO RIZIL, KD
ez T b0t Lo (1) #EBRCER-RFCEEL TV 2 L (1S, Not-in-City#Ex (), (2)H&
BRI - 101958 F DM THEFE L TwIc 2 b, (3)DS86—<fHEM» 4Gy L VR L, 301
(4)19584ELIFI iz vy dran T2 b, Zicd b, sFHEEFILET9,972A, 1,950,567 NEE L -
72(E 1),

R E L AFREREE L LTI, 2BEEEE L PRMERO BYER R OEE # & AT, PR
BROBE - R OEE L MARERE, InODEBEZBKRMNCEESETHL I LSS, 361,
EEP AR LR T2 BED G, in sitwRE EEEES VB LI, Ih o DREVREEDON,
—KEET, L5 REOEBEHHEHLZ L ONAHBNIBET AR LB o120 O 2 RAER &
L7ce AEIOMENTIIE, M - BOSBEEIEDL»-2, ThE 20 TRINCEET 2, 20X 5%
Sfhh 6, 195845 619874 DRI, AFS, 6130 — KR EEEE I IS iz,

VAZFHEIC G- T, &E#HEe L FEERCIOCT, —HOBELLIBTEITY, BOIAID
CT, DS86I#s#RR & 10l —~BRBEL AV, BT, —RNAEMENY) R 227Ny 225D
YNEX 1T HBFFEA Y 2 2) ET e TITo 12, BANOB T, TRLOEFTVvEDH TRD TITo1 !
BEMRLXEI RN 2277008 - 27N, EHHREE L CBREERRsET v, EHiMRYE
FRCHEERKBERRIDET v, B 6N, FIRMEMIET E LT, M WERER, BRREEFEE, 3
EERY L CHTOSHERPED—EHOBERERBE T v, BB, AR 2D A
PHEBT2LDTH2I L6, BMPDOREEBIIDCTOMEFIERT - 72,

EREESMNOREEY, VASHEMEREICRT, E2i22, WMAUMNAREMESY 22 %2RT, F

147



%1 LSSEMIZI I 51958 —87THETITMNERE —REKR LY R 2

BAR
M SR BRR o 10,000 PYS

S 8,613 6 29.
©.59:53. 74) TR TR

O - A 132 0. 29 0. 23
& (-0.09:°0. 93) (-0.08:°0. 65)

2L R 4,797 0. 38 10. 4
(0.25%°0. 52) (7.0; 14.0)

38 185 0.28 0. 30
= (-0.215 1.0) (-0.237 1.0)

5 2,658 .32 4.8
" ©.18:%8 50 (2.5:°7.4)

5508 457 0.72 1.8
0.29° 1.3) 0.74;3.0)

ERE 351 0.21 0. 43
= (-0.17:°0. 75) (-0.35:°1.4)

: 585 0. 49 1.6
¥ (0.16; 0.92) (0.54; 2.9

Bop 32 2 . .

Bos% B oot o34t

§ 240 0.18 0. 24
# (-0.25% 0.82) -0.365 1.1)

MO e 1,027 0.8 4.4
* (0. 50; ? 2) (2.9:°6. 1)

i 872 0. 95 44
. 0.60:°1. 4) (2.9°6.0)

BiR (REELL Y 168 0 .

(R B (0.4%; 1.9 (0.48:8%.4)

JLE (%) 529 1.6 6.7
(1.1; 2.2) (4.9; 8.1

FE 724 0.15 1.1
(-0.29% 0. 10) (-2.1;" 0. 68)

Y 133 0.99 1.1
0.12:72.3) 0.15;"2.3)

Fisr g 140 2 61
e 0.25:4 9 0.3, 9

i IR 55 325 1.2 2.1
(0.62 2. 1) (1.1:73.2)

BN 210 1.0 1.2
0.27; 2. 1) 0.34; 2.1)

BT - R 101 0.71 0. 29
(-0.11; 2.2) (-0.50; 0.79)

TS 125 2 0.1
-0.23:%0. 3 0.1%:18.81)

kI 225 1.15 1.6
(0.48; 2.1) (0.76; 2.5)

SEEDOFCRIIET NG TOHMR L —HKL T, 2FEEEE O SHEAENCERLER Y 22707
s n e (1SvY 7z b BEMM Y 2 Z(ERR,)=0.63; 10° A ESv(PYS)% 72 b BB Y 2 2
(EAR)=29.7), BHEE(ERR.sy=0.32), #EEHE(ERR,s, =0.72), MIEERR,=0.95), KIEFRERR =
1.59), ZHEIIEIB(ERR, s, =0.99), BME(ERR s, =1.02)% & FRRIWE(ERR sy =1.15)2 20 T, &4t
L OBFELBELSED LN, 0BT CEIELICETD, M (% B O BEEOE M RES h
1o, BETEENC BT, KEHE L IFRERRs, =0.49)% & FEEEY B { KFEERR;, =1.0)D R4

148



VI EREEEENCE A U RERAL

ALL SOLID TUMORS
ORAL CAVITY o I —
ESOPHAGUS °

STOMACH —8—
COLON —

RECTUM —_—t
LIVER ——
GALLBLADDER S P —
PANCREAS PN P N——
LUNG
NON-MELANOMA SKIN
BREAST

UTERUS —e—
OVARY e
PROSTATE o

BLADDER o
NERVOUS SYSTEM °

THYROID

T T T T T T T T
-1 0 1 2 3

EXCESS RELATIVE RISK

H2 SRR Y 22

=L ORE SRS TR 6, SROFNE, LRTODEFICET FET A 6 I mERIRIES
st s ERKEHEO RS T AR P E R L, O - HEE, &iE, B, B3, MR, WE T
FUEE, FEE, B, SREILOCBEONVCOCTRESHROFARLHBUEED b o7,

FREMEEOWMIBIT - CTh, 372, 2EEY 2 LD RN TY, B - REHICERE
A Lo 72(p>0.5), LREEEBEORF TR, KEOHMY A2 ¥ BED2HETHLI L, 1,
HARFEERS DIEAN £ £ b ARR Y R 22T T A 2 L AUR A N (p<0.001), Bif, SPPRERSR, WIRERIE
OE Y 221, BEEL D A REQOFIEDY o 2. IR, 2R, B, KF, e FRRRS S
OBEFELT Y 2 2 I HAERRER ORI L L b SED L, @REREEORBRRERE, BEFROMEM
ARG, SNy 225 Yy FRERICHIEIL THEMLL., WRRERERELLCES, BLALOT VI
Rz TREMGY 2 2 EBEEROBIN L L DT 2 EAPRI NI, 022 OF v (#l,
B, iR & VB 00w T, GBEREN Y A 2 TEREER L LV CRILT 5 L LIeETIV, BIE
BEROBEBPEUTI NV ELR L L RABEOEAERRLI, MIARY X2 - EFVICET LT
FHIEEOBEIRARY, WEBERE L LML, SERRHERIC OV TOFHMEN Y 2 2 38R
BEERE L b TR LT, BHRREREENCRRHEIm R AT L2 L 2 A, BRI Y 2 2 IS BRI
HUHEOEEE L LA L, SRR TREENCR—ETH A I EHRERI NI,

WY LSS A A VRAT — R IOo0 T, BEHRBEFERRCRDONS, JNREINS
AT, BB KGRSO REAAML L, SHLNINODBMEIOVTEDL S kT —
APTET OV ERTREPLEHEOL > D EEL NS, AEOERE, RS 6 CFHML R,
Wiﬁﬁ%,ﬁ,%@avOtﬁ%@®ﬁE@%@,Ux?%mE@T6éi§ik%?w®&ﬁtok
PRLOLEEEISNA, 2610, BEESFTHEESOALCF—&, FlAE REERE KEOH
BERE L Vo io, —REIL L OIERN Y A 2 BFOBMEERL, 301206 LREHR L OMERKRD
Wﬁuéézkﬁ%in%om%ﬁaiéﬁy®9xﬁ%ibﬁt<ﬁmt,@ﬂ®@%ﬂ%$m%ﬁu

149



HOY)A2HEFLEOBELPO T 22 LI, BIHERY > OMBELPHEBT A 0D CREELFEN» Y
LB EERONG, FIFHREER - U 24 BOERNTEETE, FYOREROATE L, FUE
BERELZPLL L TEHELFRPHCLHECESAYE»OL I 6 0w,

150



Vil

FEH A I

7rF w24 Y TDNAZFH IZEEER
FIBE DB & R b

7 2 e UERIC X Bin vitroFETE O #l

F A Ji

v AN A
Zr 7 % v DRETE & FEHT A BIHI O W RENE
B fEE

7T R 5T

TR B B TE B R D FERE S RIT T A

m Y — RO HHOFT b



1 7>yF>Z2AF1Y) ZDNAZ A7
R e FIaR OIS

Mo fE R A B OER

&

obo
oo
3
o

Genetic events associated with human endometrial carcinogenesis.

Norio Wake,/Akira Murakami

*Medical Institute of Bioregulation Kyushu Univ.
4546, Aza Tsurumihara, Oaza Tsurumi, Beppu-shi, 874 Japan
**Dept. Polymer Science and Engineering, Kyoto Institute of Technology
Matsugazaki, Sakyo-Ku, Kyoto, Japan

Abstract

Progressive Accumulation of genetic changes is requered for the carcinoma development.
Several lines of evidences are able to disclose the putative sequence of genetic events
associated with human endometrial and cervical carcinomas. Chromosomes 1 and 4 carried
a putative tumor suppressor gene for endometrial carcinomas. K-ras gene mutations and
allelic losses corresponding to the DCC gene sequences were detected frequently in this
carcinoma. p53 gene mutations correlated with the appearance of aggressive behavior of
endometrial carcinoma cells that had proceeded through a series of the 4 genetic alterations.
Particular types of HPV were associated with human anogenital cancers. Coordinated
expression of E6 and E7 contributed to the development and possibly also in the mainte-
nance of malignancies. These evidences strongly implicate a key role of K-ras gene muta-
tions in endometrial carcinomas and of HPV E6/E7 in cervical carcinomas, respectively.

The effects of phosphorothioate oligonucleotides complementary to K-ras codon 12 or
HPV 16 E6/E7 transcriptional start site on the carcinoma cell lines were examined. Expo-
sure of two carcinoma cells (HHUA and SiHa) to the oligomers greatly reduced cell
numbers and *H-thymidine uptake, respectively. This potent antiproliferative activity

exhibited by the oligomers dose not associate with the nonspecific growth inhibitory effects.
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BEXH

1) Imamura, T., Arima, T. Kato H., Miyamoto, S., Sasazuki, T. and Wake, N.: Chromosomal deletions
and K-ras gene mutations in human endometrial carcinomas. Int. /. Cancer 51, 47-52, 1992.

2) Yamada, H., Wake, N., Fujimoto, S., Barrett, J. C. and Oshimura, M.: Multiple chromosomes carrying
tumor suppressor activity for a uterine endometrial carcinoma cell line identified by microcell-mediated
chromosome transfer. Oncogene 5, 1141-1147, 1990.

3) Honda, T, Kato, H., Imamura, T., Gima, T., Nishida, J., Sasaki, M., Hoshi, K., Sato, A. and Wake, N.:

Involvement of p53 gene mutations in human endometrial carcinomas. Int. /. Cancer 53, 963-967, 1933.
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Suppression of radiation-induced in vitro carcinogenesis by ascorbic acid

Hiroshi Tauchi and Shozo Sawada

Department of Radiation Biology, Research Institute for Nuclear Medicine and Biology,
Hiroshima University
1-2-3 Kasumi, Minami-ku, Hiroshima, 734 Japan

Abstract

The effects of ascorbic acid on radiation-induced in wvifro carcinogenesis have been
reported using neoplastic transformation system of C3H 10T1/2 cells. In these reports, no
suppressive effect on X-ray-induced transformation was observed with 6 weeks adminis-
tration of ascorbic acid (daily addition for 5 days per week) by Kennedy (1984), whereas
apparent suppression was ohserved with daily addition for 7 days by Yasukawa ef al
(1989) . We have tested the effects of ascorbic acid on *Co gamma-ray or 2°?Cf fission
neutron-induced transformation in Balb/c 3T3 cells. The transformation induced by both
types of radiations was markedly suppressed when ascorbic acid was daily added to the
medium during first 8 days of the post-irradiation period. If ascorbic acid was added for a
total of 8 days but with a day’s interruption in the middle, the suppression of transformation
was decreased. These results suggest that continuous presence of ascorbic acid for a certain
number of days is needed to suppress radiation-induced transformation. Since ascorbic acid
also suppressed the promotion of radiation-induced transformation by TPA when both
chemicals were added together into the medium, ascorbic acid might act on the promotion
stage of transformation. Therefore, the effect of ascorbic acid on the distribution of protein
kinase C activity was also investigated, and possible mechanisms of suppression of radiation

-induced transformation by ascorbic acid will be discussed.
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Fig.1 Balb/c 3T3 cell transformation system for the detection of radiation-
induced in vitro carcinogenesis.
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Fig.2 Effect of ascorbic acid on (A) gamma- and (B) fission neutron-induced
transformation in Balb/c 3T3 cells. Ascorbic acid was added to the
medium starting immediately after irradiation for 8 days. (Modified from
ref. 10)
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Fig.3 Susceptibility of transforming cells to ascorbic acid during the expression
period after 3.72 Gy X-rays irradiation. Cells were treated with ascorbic
acid (5ug/ml) for 1 week at various times during the 8-weeks assay
period, as indicated by horizontal bars. (Yasukawa, M. ef al., 1989)
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Fig4 Effect of ascorbic acid (3xg/ml) and TPA (100ng/ml) on radiation-in-
duced transformation in Balb/c 3T3 cells. TPA: Cells were treated with
TPA from day 1 post-irradiation for 3 weeks. Asc & TPA: Both ascorbic
acid and TPA were added to the medium from day 1 for 3 weeks at evéry
medium change (ascorbic acid was added every day for the first 7 days).
Asc—TPA: Ascorbic acid treatment starting immediately after irradiataion
for 7 days—TPA treatment from day 8 for 3 weeks. TPA & Asc: TPA
was added to the medium at day 4, then both ascorbic acid and TPA were
added from day 6 for 3 weeks (ascorbic acid was added every day for the
first 7 days of the treatment). (Modified from ref. 10)
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Effect of ascorbic acid (3ug/ml) or a-tocopherol (5ug/ml) on gamma-or
fission neutron-induced transformation in Balb/c 3T3 cells. Ascorbic acid
or a-tocopherol was added to the medium starting immediately after
irradiation for 8 days (ascorbic acid) or for 3 weeks (a-tocopherol).
(Tauchi, unpublished)
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Time course for the changes in the distribution of PKC activity in the
cytosol and membrane-associated forms. Confluent cultures of Balb/c 3T3
cells were exposed to ascorbic acid (3zg/ml) and TPA (100ng/ml). (Tau-
chi, unpublished)
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Retinoids

Yuichi Hashimoto

Institute of Molecular and Cellular Biosciences, University of Tokyo
7-3-1 Hongo, Bunkyo-ku, Tokyo, 113 Japan

Abstract

Retinoic acid and its bioisters, retinoids, are widely involved in the control of cell growth
and differentiation. They also have been shown to be useful in the treatment and chemo-
prevention of several types of tumors. Retinoids elicit their biological activity by binding to
their specific nuclear receptors, donated as RAR«, £ and y. RARs belong to the erbA-
related steroid/thyroid nuclear receptor superfamily, and have been established to be
transcription factors which are retinoid-dependent. The diversity of retinoidal actions can
possibly be interpreted by the quite deversified nuclear coregulators (such as RXRs) which
interact with RARs to modifiy their roles. Abnormality of RAR(s) in acute promyelocytic
leukemia and some types of lung cancer suggests that RAR-genes can be regarded as
putative tumor-suppressor genes. For the further elucidation of the molecular mechanism of
retinoidal actions, development of novel retinoids/antagonists superior in their selectivity

would be useful.
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CH,0OH
AN Y Yl N 2 retinol
CHO
AN Y N retinal
' COOH
N Y Vo N retinoic acid

Fig.l Structures of Retinol, Retinal, and Retinoic Acid.
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Fig2 Structures and ED;, Values for HL-60 Cell Differentiation Induction
Assays of Some Typical Retinobenzoic Acids.
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. RETINOID

Also interacts with TR or DaR.
CELL MEMBRANE

RAR CO-REGULATOR T
RXRs, TRs, etc.

NUCLEAR MEMBRANE

RAR
CO-FACTORS al,a2,81,82, 83, v, 72

. Ligand-dependent
Retinoid's Binding Site Dimer Formation

TAF-1 Ka= ~10'° W™*
Transcriptional DNA
Regulating Function hinge region T V277 A P
¢ % ---
DNA-Binding Function RARs also interact ~ RESPONSE ELEMENT RESPONSIVE GENE
zinc finger with APL.
AGGTCA MOTIF @,

The ligand-free E domain is masking Transcriptional Regulation
the functions encoded in A/B and C domains. 1

Control of Cell Proliferation
and Differentiation

Fig.d The Basic Molecular Mechanism of Transcriptional Regulation Initiated by
Retinoids.
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Antioxidative and Radio-protective Activities of Tea Catechins

Yukihiko Hara

Food Research Laboratories, Mitsui Norin Co., Ltd.

Abstract

1. Tea catechins showed marked antioxidative activity in oils and lipids % vifro. In the
Active Oxygen Method with lard, the addition of tea catechins suppressed the formation of
peroxides at much lower concentrations than a-tocopherol or BHA. Moreover, tea cate-
chins showed synergistic activities with a-tocopherol, vitamin C and organic acids. Tea
catechins were also proved to suppress the peroxidation of the erythrocyte ghost in vifro.

2. On the assumption that tea catechins might scavenge the oxygen radicals in living
systems, the influence of tea catechin on the y-irradiated mice was observed over a period
of two years. (-)-Epigallocatechin gallate (EGCg), the major tea catechin, was fed after
radiation. C57BL/6 strain of 3 week old female mice were divided into 10 groups of 30
mice. From the 5th week on, sets of two groups were irradiated with y-ray of 0, 50, 100,
150 and 200cGy respectively, once a week for four weeks. Half of them were fed 2 0.2%
EGCg diet thoughout the time. In the control groups, the incidence of lymphoma was
radiation dose dependant. The incidence of lymphoma was significantly lower in the
catechin fed 100cGy group. In other radiation groups, no differences of lymphomagenesis

were observed between the catechin and control groups.
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Table 1 Composition of crude catechin in green tea

Calechins Absolute % Relalive %
(+)-Gallocatechin (GC) 1.44 1.6
(-)-Eplgaligcatechin (EGC) 17.57 19.3
(-)-Epicatechin (EC) 5.81 6.4
(-)-Eplgallocatechin gallate (EGCg) 53.90 59.1

{-)-Eplcatechin gallate {(ECg) 12.51/ 13.7/
91.23 100

Table 2 Prophylactic functions of tea polyphenols

Functions

ViI— 4

Anti-oxidative Action
Edible oils and fats, Natural colors
Oxygen radicals
Plasma lipids
Radioprotective Action
Ant-mutagenic Action
Spontaneous mutations in Bacillus subtilis NIG 1125
Suppression of mitomycin C-induced micronuclei in
mice bone marrow
Anti~tumor Action
Suppression of the growth of implanted tumor cells
Suppression of mmorigenesis by inoculated carcinogen
Suppression of spontaneous breast cancer in mice
Enzyme Inhibitory Action
Angiotensin I converting enzyme
Amylase, Sucrase, Maltase
Glucosyltransferase of Streptococcus mutans
HIV-reverse transcriptase
Anti-hypercholesterolemic Action
Anti-hyperglycemic Action
Fat Reducing Action
Anti-hypertensive Action
Anti-ulcer Action
Anti-bacterial Action
Foodbome pathogenic bacteria
Phytopathogenic bacteria
Cariogenic bacteria
Bacterial exotoxin
Anti-viral Action
Tobacco mosaic, Influenza
Deodorant Action

Molluskcidal Action

di-a- BHA
~ 200} Tocopherol 50ppn
< 200 ppm
§ ECg
= 50ppn
= Control
o @
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Fig.1 Structural formulae of tea cate-
chins.
Fig.2 Antioxidative activities of tea

catechins on the lard (AOM at
97.8C).
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% Peroxidation

—
: 2 0 g %0 P<0.05
el 1 g 800 T B Control diet
o Tocopnero! — = 400} O 1% Catechin diet
Propyl gallate 1 g
(+) Catechin I -g_ 300
(-)Epicatechin I 8 200 P<0.001
(+)Gallocatechin 7 Fo" 100 |
(-)Epigallocatechin T ;:S ’
(-)Epicatechin gallote [ ] 0 L - . .
(-)Epigallocotechin oallate [} Palm oil Perilla oil
( final concentration; 100 p ) Fig.d4 Effect of tea catechins on plasma a-toco-

pherol.
Four weeks feeding on 30% oil diets (Rat).

Fig.3 Antioxidative assay of tea catechins in eryth-
rocyte ghost system.
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Fig.5 Effects of EGCg on the survival and mutability in Bacillus subtilis NIG 1125 (his met).
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BOERS ncZks 7 % 0%, AERPIEE ORE L2 I T 2 ATREMEC D T, BEGIE, J v MIFS
bary Py 7Lz ny —aflsr® feEGCgDIEbAEX R LY, KRGV FF kK= — 2 b
RIPFOT, A TFUe-bazzo— v ViBCIREARILIIEER 2 2 2 £ 2R LIC(Figd). &
T, R0 —% 5y MRS L, R, BREICs 0 A EERBICERIIN L, 790 viRE
MERCOSEWELLY, &L, 7y PEEEHEGI%) % 1 » AMBHEL, M#EPDa-ba27x0—
NWBEECRIETES T X0 (1 %) OBE R THI0, 2 OE, THAEHRD 20 < W ST
oS — SHBECH, P 7w —VBENER LY, CTNOWETY 2 7 X URMETHa- b2 7
x a0 — VIBE DAY LI 5 12(Figd), 24 7 % 0 OZNIEINIEE O BEE L 5 AT D b =2
Zxu—OEBPIIETAEEHE L L LS,

1 MEWICBITRIMEARATEER

HH 61 BRI CTEE T 5 bio-antimutagen #IEHR T X, FHEBENIGILI25 kP H v, &, HEELR
R FAAE L7, APRIIDNASERBRINEERZEOERY b b, REWRLITI I T3 2, E)
DB|YIZL Y EHECRRERPEL, RELTORLAFIVIUAFF =V OARAERHEL LI
Bo MEROMER, BB CRBRBRIFIBRI R 0TI NN, BERBEMERETEL L
%, EGCgiz @ &Ml e i35 0 1z, EGCgDIMBMERABRD AR LFigsimLic, TR KD 7
FURR R V= VRTINS S N KBERETFORBORFBEEERAE IO LEPHREL TV Y,

4 BHERENHER

Boinvivoll B AERE ALY, EGCg®BROEE L, BYFE L 5~ U AYRBERE T
BRI, ddYHEE~ v 2 % 24BERIME R 3 ¥ 1214, EGCg#100, 200, 300, 4003 & Uf500mg/kg %
BOfRE L, Z024E1%, &8 MMC(mitomycin C) 2 mg/kg % EHENIEE L 7o, MMCH 5-24K:fE11%
U A RER, B L O KMEE BRI L b AMEAEARRER L 7, SR X AR EFigBIIIRLIC,
B GG & 512, MMCOERENTESC & b FRRFRNCIN L /s 23/ MEHHEE W, EGCg # 241
FRREARE T2 bl Yy, BEBCFAL THED L2, BECET 75 X UBIIEEREE L S
Iy OKREEEHMEORGAERY »H-~, gap tbreakDREHEVAFB I GHICH A T X 2T 9
BOEETaZ bt vimmlans 2 b, b 4RI ORS (450mg/kg) i TROIBEFTH B ¢
s LT 319,
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Fig.8 Effect of crude catechins on Sarcoma 180 bearing Fig.10 Inhibition of spontaneous mammary
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ddY mice.

After 9 months feeding on catechins, sarcoma
cells were inoculated subcutaneously. Tumors
were resected 19 days after the inoculation of
tumor cells.

tumor incidence of C3H/HeN strain by
catechin-aluminum complex fed in the
diet.
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AT XV idin vitro, in vivo TERILPRISER LPIRIT 2% b0 2 L2RE Rz, 2 2 TEGCgD
RIETD yIRFFA & 2R Y SR RIETRB 2 W0, C57TBL/6RME~ v 2 % 3 EI L b
DR LEGC#E4R0. 5% IRATHR CH%E L 72, EGCgl, 2 Dk ABHD 12w, AR T v 3
=TV LV EDHEEL LI EGCgRBHRTTZ VI =T a7 v EABET 5 2 L % JNCHER L1, IkEHg REt
i, SEmRL VBARAL, WCsy#R%EE 1M, F4EEHKL TTo%, 1EORIHEER0, 0.5 1.0,
1.5, 2.0Gy t 75 5 EBRTF L 27 7 X VHRETI0BE L L, &HE300E, 4530000 % ER i Lic, BRED 2
FRNCE 5 ZEFHIRR 25Kk 5 L 3012, moribund DM, MEBE 2GR L7e, Fig lm LIz & 540, 4
RILEF RS L R 7 2 VIREFEL b, RAHRECIC THEMIET L, 4 X1.0GyRHRET
&, KA T R VIREREDEE SRS, ARCECAETRIRERLL. VU oEOHRIIHE L T,
€ DIER 3 & O HHEE L BREHRE CIRTE L Ich', 4 X1.0GYBBATETF T, 20 7 % ViRFARAL, @
BRI, Y U EREDERLET 20 e, UL b, —EHSHERC I VBERS N~ 2
WY o SfEDRAEDVEGCgDREE - L biFlahs 2 L 8D,

6 IEHERA

AT XOPEEEMCOS, B Ay, RYAK, BHEES, BRREEELFORTHST,
£ 112, 3MC(3-methylcholanthrene) % = v A E# & F B L, M 7 ¥ VARSI CEWE RS
L7co 2 DAER, 2540 7 % VIREHE S C R IR AT b, EEHK I E 2 HEDRE L (Figs), B2 A
MHENCBED 5280 7 %V OEPE O NIz, 8210, BHEEEWEEOMENE 2T, 39, = v 2)E
RERIC ISR 2 BAE L, A 7 X v e the &, v—PCHRE LY, EG4%KL 2 L BT ERh-12,
T, EEMELC LEBDR PEMETEBHEL, —F TR 73U PIEERL - LEORE L L
25, HEMLIEGRAEIEEASA O, 1HRE 5, ~ VA% SECHY, HRE, MY 73R
B0.506%, 1.0%HEE LEBF L HY, 8 » ATRICIEEMI(Sarcoma 180)% & FHM L, 19H %I &M~
VAL GIEBE RN L, EREPFLC, FigdllRLicd 5, A 732 1 BB I BB D $ 451
TTHo12, 83, VA BRKEE~Y 2(C3H/HeN, MMTV (+) 231 3 DTARE C FIEFTED 5
FUHEDOMBE I, Fig0ZR LIz L 9142, KA 7 %0 RERIS0H » G L 7o BTl B
CONRIDPAFRAERINCIEIL L > o 1207, AEH60H 2 GIEHH L BT RAERRAHBIE L, BAERID L
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Azatyrosine

Nobuko Okada

National Cancer Center Research Institute Biology Division
1-1, Tsukiji 5-chome, Chuo-ku, Tokyo, 104 Japan

Abstract

NIH3T3 cells transformed by transfection of activated c-Ha-7as, c-ki-ras, N-ras, c-raf
or c-erbB-2 was converted to apparently normal phenotype by the treatment with aza-
tyrosine. The flat revertant cells maintained their normal phenotype without azatyrosine,
although activated p21™® was still expressed. This suggested that expression of some
cellular gene(s) is induced by azatyrosine and results in suppression of res-function. To
identify which genes were specifically expressed in revertant cells, we screened a Agtl0
cDNA library prepared from revertant cells by differential hybridization with *2P-labeled
cDNAs from ras-transformed cells and revertant cells. The genes thus isolated were ras
recision gene(r7g), collagen typelll, 7k0oB, fibronectin, Ca-31 and genes containing the
intracisternal A particle (IAP). We speculate that some of these genes, including r7g, act
cooperatively to counteract ras function.

Azatyrosine also induced large and flat revertant cells from human tumor cells, PSN-1
cells which were established from pancreatic adenocarcinoma tissue and had several-fold
amplification of activated c-ki-7as and 50-fold amplification of c-myc and HCT116 cells
which were established from colon cancer and had activated c-ki-7as. Both revertant cells
can not proliferate in soft agar, even though these cells expressed same amounts of activated
p21™ and c-myc as original tumor cells.

Azatyrosine also found to be effective for inhibition of chemical carcinogenesis i vivo.

*ENLYA e v X —TFSCRTE SRR
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A single painting of 7,12-dimethylbenz [a] anthracene on the skin of transgenic mice
harboring the human protooncogene c-Ha-ras induced papillomas at 100% incidence after
20 weeks. Application of azatyrosine to the skin at a dose of 2mg/mouse once every 3 days
after initiation with 7,12-dimethylbenz [a] anthracene greatly reduced the percentage
incidence, number per mouse, and size of papilloma. Injection of methylnitrosourea i.p. into
transgenic mice induced papillomas in the forestomach after 12 weeks (2 to 12 papil-
lomas/mouse) at 100% incidence. Administration of azatyrosine i.p. at a dose of 2mg/
mouse once every 2 days for 12 weeks after initiation with methylnitrosourea completely

prevented the formation of forestomach papillomas.

PEkROHDVAFNIL, DNASK, RNAGH, EREAMEFHET A2 LIt L - THEREDRY, - T
BEEDRCVAMBOMIEYIHET 2 D0 2o, L LEYS, EFEMEOPI b BHLEER
DML £, BEREFECHIIE I LT VAR LELCRERRZY, 20ER, BMERYRTHE
WErbHo1z, FITHZIE, BHEHOBCEIVARZR DU S L w5 BT, BERD> CHAMIZOR
FERHRNCIEET AWEORBEXHED LY, b1 5 E20E IR, PAOREPPAREEFRVAN
FLEETORE LA LDOTHA LI RAYIRE Y, XERL, £ OVAREBTFPLVAIGERZTFH
BRIN, MBCHTEZN0DORENRLIHLLIIRIDDH -T2, FN6DHFT T, rash AR
ETORER, Mg KBPE e BUEEGELZEZ2{(De MPTATRBREI N TH Y, HEES hioEkE
fLLTcrasABETF L » THIRY AT 2 2 L bHEMEIN T 5,58 T, BIEML I2ras ABETF
OEFAZINHT 2WEIR, e PPADEL DL DUMRLERTWEEVEL NG, 22 THRLDERD
B, WEAR L asHABEFTCN I VA7 4 —2o LICNIH3TE DR 2 a7, BioxBE LTE
HEONIH3T3Hg 2 AL, P VA 74— LIHE L EEMBCH T 2 EOREOREL L, b
SUAT A=A LI LTI BCBCEEDR R THEOERPRA I,

1 PANRDWIE L HERNICEET 3HEOESE

VAMBOMEPRENCHET 2WEPEET 525810, PAMIRE L TS L 72c-Ha-ras (61%F
HO7 I VEBPRAER L TIZNVEIv P LA PV EEBRLTOLE)T I VAT +—o LR
NIH3T3H 2 EHE L, £ OxEOEEMIE ¢ U CIINIH3Tia®#EH L THE~ OBGREEEDE -2
WTHERPRAIZ, 2 D#EE, Streptomyces ChibaensisOARE L T 3 F v & VEPEOTAENETH 5
75 v v [L-g-(5-hydroxy-2-pyridyl) -~alanine] (Fig.1)?»500 g/ mIDIBE T 5 L fokiz, NIH3
TR EAERELS L L0 2D 6T, P VAT 4—2 LRHIROEHELHRNCHET
B LRERRD, 85%LEL VI EEETRIECAS LMllasFHET 22 L¥brole, TN DRTFLilE
B7HFFr o 5% 6 AHES TRBEL VY, 6 HELE P ORBACHELay X2 frey

NH 2

i
HO—{Qiiifi)FCHT—CH—*COOH
N

(L) Fig.1 Azatyrosine
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Vi—5 T7¥HFmy
Ya il o THEIFIET 2, L2 b 2N ORFLMBEEME» 7 FFo sy v PRGT LD b
SURAT A=A LIHIBIIEC LI LG, HEMIEEVPELLII TS, xR noo
Milar ) S — 2 3 b AN b B I |

2 YsR—H v FiERBEOMEY

WAL c-Ha-7asT M7 v A7 3 —a LIcilar G EEI N ) S—& v Mg, Fig? B, CIIiR
TLOUMBOKEILECRHEY, CTFNbarvE 2 by yarild - THEYELET 2, B
CHRERFTan=—2ERLEZCI LR, X, X—F2U2A~OBEERD L b EEEREYE L (K
TLTCBIEDPHL»IIE o0, Ld ) N—2 2 IR TIRIEEL L 722 rasBREE2DDVTED b 5 v
AZA—=o LI L RERBRL Tl 26, WL ep2liz & a0 ALEMEIT 5 L 5 7
BEFOREP7FFusritdo THEINLZ EPIREINS,

®)

(A) © (D)

Fig.2 Morphology of revertant cells
(A EH L L fcc-Ha-rasT b 5 > 2 7 4 — 2 LIz NIH3T3H#iM
(B) 7 Fur izl - T, HELLIcc-Ha-7asT b 7 ¥ A7 + — & LIZNIH3T3#il
P LHBEINY S—& 2 M (clone 1)
C) 7FFurricd-»T, BiELLc-Ha-rasT b 5 27 4 —2& LIz NIH3T3l
oFHEHa NI ) N—& 2 | HElE(clone 2)
(D) NIH3T 3k

3 BLOHNVABREFICLIS>TIS A7y —LLAEBICINTPYFFas > OME

BROWABETIELS>T I VA7 4= LR HT 5 7FF 0o O R 2 o012, &
L 72c-ki-ras?, N-ras®, c-raf®, c-erbB-27, hst®®, X137et'OT b5V A 7 % — 2 L 7o NIH3T 3054
RsrcT P 7 YA 74— o LIV D © THNRIREE, c-ki-rs, N-ras, c-raf, Xidc-erbB-2T
NIYAT A — o LIGHIRZIZ X U TId500ug/mIDIBET 7 HFu o o 25 UKD, I b Ry 1
FEILE LR ) N — 2 v MEIFFEDIHEIED 6 e ds, hst, ret, Xidsrc TP v A7 —a LT
MG A L TR L MR EDRIRT b DD ) S — 2 v MERBEOSERAD o e o 12, Ll
EDZ L2 (2)TRES ICHIIED » A LR I T 2815718, c-erdB-2, ras, raf BR5-T 5 MRS
RO TR TIERL TV LERELTY 3,
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4 EBEPFYALCHTEFTFFODHR?

DETHBAT & 1SS IIAm R TH Y, PP ADR LAY EEMEHERTHS 2 Lo,
Flib PAHIECHT 27 HF 0o VOB PENLLENH L, b MERS A D O ELS L12PSN-1
HHR OB AL L Tz e-ki-ras DB SR L, comyc B BHEEIE L Tv 3, BIZ P AIIGLEE Fp53 b &
BLTC3WERCEEOTCHRTD 2, X, ¢ PRBYAY GEMES NIcHCT1168018' b B L 72
cki-rasEHES TV I EPHONT Y 3, MWD TTHFF o vy OMEYTHI L 2 A, PSN-1
MR AT L Ti3200pg/mIDIRE TS LR CREN LR E L BT TRS CHIROFBEIR G 2
(Fig.3B), HCT116ffkz 25 L T § 550ug/mIDIRE TR 5 L LR IZRIAROQ IR ITFD 6 1172(Fig.3D), Ml
Jar GEFE I N ) S—& v MR CTRY $k?iﬁ?f¢f“:z n=—RER LIV b 6 T (FigsB,
D), EHAL L 7ep21 27O A AKENE L FERIE L, FICPSN-1#lad 6 HE s hic ) S—& v Ml Tc
-myc bBIEL THRIEL T07z, X, BHh» o 7FF ey 2ROTY V=& 2 M AROEE 2 RRES
NTWz, TN6OEER, b Lcc-Ha-rasT b2 v A7 4 —o LIENIH3THEY o FE s N )

(A) (B)

Fig.3 Morphology of revertant cells
(A) PSN-1uia
(B) 7¥Fnvicd»T, PSN-Ifilan & FES iz ) y—& v Mz

(C) HCT116#lz
D) 7¥Frrvic s - T, HCTII6MMY GRS iz ) /¥—2 & Mg

180



Vi—5 7¥Fasy
N—x Y MM TE Y, o T FSAKMEY 6D Y N—& > MERET b (L L 12p2L IR L 72c
-myc DYEF & 381 IR T 2 BETFORBEVFFES NI LHIRES N5,

5 Joi—d L PR TISRMICREL TV 3 REFOERD

DoS—x v MR L PR x—a LML DBARRAIL 24, /L NIRRT ) Y&
VIMEBOBERRT I LD L, THEFu P Il L - THRIEYHES N5 EE T2 dominantTH 5 2 & A°
SRUE S 7o, 2 2T, cDNA differential 4 7Y A4 ¥ —v a VEPHEALTY Y= & v b fla CFr R
SRR L Tv A BIETFOEREPRAL, 27, Wl bLicc-Ha-rasT b 7 ¥ 2 7 4 — & L7ZNIH3T34H
Jah CFE A LY N—& v MHEOMRNA #2312 Agtl0cDNAS 4 75 V) — 2R L2, KRiZY N—2&
VMBI E P AT 4 — 4 LIZHIOMRNA 28I L TIZMcDNAY AR L, B 0 —7L LT
RN TVEAL =2 a v diTolz, PIVRAZ4—o LK GFELIEn—2"LEANA T
v MERE LY, Y=y Mllar 60— L3N A T ) v NERETA) 2T NIy
— UDNA®ER L 12, 7 DR, %930, 000D Y 2+ b 77— L EHT 2 D A THI300M
DBEHEFRET A EDTER. TN6D) b LIFADNADY A A 2kblED Y 2+ b7
7—=V30fEIz o T, J—FrT ey Piio TV =2y MERBTRRMCHEREBML T2 L
FEn o 5 ERIEC, HERFPHRELIZEZA, UTORETFTH S I Lbr o712, Orrg (ras recision
gene)(Fig.5A, lane 3)'9, @= 5'—-/)"‘/5?’4 ZlI(Fig. 6C, lane 3)*®, 7hoB (Fig. 6B, lane 3)*Y, 7 47
o % 2 5 »(Fig. 6D, lane 3)?», ®= ¥ 2 Dintracisternal A particle (IAP)% & Uit {£ F(Fig. 6A,

Fig.d Coloney formation in soft agar
(A) PSN-1#lg
B) 7¥Fmr itk - T, PSN-Iiilad 63 nic Y S—& & b lla
(C) HCT1168mhE
D) 7¥FFrr itk - T, HCT1I6MMa» 6FHE I 0z Y S—& > M lE
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RNA blot hybridized with »7g cDNA

(A) Lane 1:NIH3T3#lg, Lane 2 \fbLcc-Ha~rasT M7 v A7 4 — & L1
NIH3TS#fa /Lane 3. 7HFuv it k- T, HibLzc-Ha-rasT M7V 27 4
— & LICNIH3THEE» G FE s Lz ) o3& b ile

(B) Lane 1:NIH3T3#M,Lane 2 FELLc-Ha7sT b vy A 74 —o LT
NIH3T3#a Lane 3 ;&M L L oc-Ha-rasT M 5 2 7 4 — & LIZNIH3T3AE
PHEFur OB TH42HEDOME,Lane 4 i@ b LIcc-Ha-rasT P72 R 7
4= LIeNIH3TS I 79FF e o 2 0B L T# 6 B B DM, Lane 5. 7% 5
oy lioT, EHEfLLc-Ha-rasT b 5 ¥ &2 7 4 — & LICNIH3T3Mlg » & 53
anicVoN—Z v bl

(i, Vo S—& 2 IS 1 ug®ARNARFER L, oM, 8pgT >D2RNA
PEERALI)
(C) Lane 1: NIH3T3#la (3~ D),/ Lane 2 : NIH3T3#la (FIRAFEERFE AT D
INASFEE D 6 1275w 12) S Lane 31 c-erbB-2T b 5 v A 7 4 — & L/ NIH3T3#
B QUAFEE > 6 il wil) /Lane 4 7HFusyr it - T, cerbB-2TFF &
27— LINIH3T3Mlr cFEINLCY V=& bilile
(D) Lane 1 : NIH3T3#la (F 2 @) /Lane 2 : NIH3T3#filz GEATR2TEIF LA O H
B4 6 07007 /Lane 3 5-THFYF I I o, vki-vasT P 7V AT7 4
— & L 72 NIH3T 3l » 6 FE 3 nfe Y vy — & > kg

7y (®) (©) (D)

Fig.b

RNA blot hybridized with IAP, k0B, collagen typelll or fibronectin cDNA

(A) IAPR & UHEET

(B) »hoB

©C) as—rra471l

D)y 747 wArFv

Lane 1: NIH3T34Hla, Lane 2 : M kL cc-Ha-7asT b 7 2 7 4 — & LICNIH3
T3l /Lane 3: 7FFu it k- T, @b Licc-Ha-nasT 7274 —4 L
7oNIH3T3Mla» G B iz ) S—x v Ml



Vi—5 7¥Fmsr
lane 3)#7%9, rrgldContente b2 & » TRMS NIGEETFTH b, HMILLcc-Ha-rasT 5> 27 4 —
LA URNIHITIIZ =V ADA Y X =T xn Vet fRAE L THBINT 5 YN —2 2 NajanT
RELTO B, mgD7 v F LY ADNAR YV N— R 2 MEIE~EAT 2L NS R 74— Lg%
WT2ILD6, ZOPAIHIREIHL»IZSNTY 2, X, mgldKenyon b ¢2 & - TLysyl oxidase ¢
Fl—DBETTH B I EHRINLH, EORLIEAMECL > T =2y MIISORE GBS LT
CREDPRBBEMOLTRLC, /—Fr7 oy bOER»G, mgld, BHGIZL > Tv-ki-rasiz i » T
bo YR T4 —a LIENIHSTSHIM Y 65-7F o F Y ko THES NI ) S—2 ¥ b HIIES(Fig.5D
lane 3)%°, c-erdB-2T M F VAT 4 — 2 LA O 7T FFus il o THEEI NIV N—&X 2 b
Ha(Fig.5C, lane 4), BEZIINIH3T3#IE(Fig.5A, lane DT b ZRBORIWHIR OGN 2 2 Lo 6D IEY
L BHDBIZFTH B I EIITRBENTC 5, X, mgld 7FF 0 v o 0EBHTCTIC 2 HE(Fig5B, lane
ML 2 DREH L, 6 HEH(Fig5B, lane HIZRBEIIHMPIED NI L» s, THFFuv itk
> TrgDFEBPFEINI I LIFERINL X, 25—V 24 MR 7 4 7 v o F i3 iila D8
LA LERETDH Y, vhoBRHIEOSLIZEE LTV 2 L b Tv 5, IAPREISEEF IO
TIR3MEDIRAED 5 b#3/4% ED T 295, IAPREUMETI Y N—& ¥ Mla O FE LR 5
LT a2 ESPRBED L IAMO»TIREV, Ly LEYG, 7HFu s UEB2BECEZOHR
WML TV B E»L, rmgRrhoB, 7470 2FV LRBDA I =X 20 & - TRESHIHS 0T
CBIEMRERINSG, B, TNORETFORFEDA D= AL DT b 2D T 5, RIZHED
D2TADTE DO T, mgb FARCEEMIZL ) oS—% v MEBTREI ML, FFr2a7xr—2a
LB TR LT 28R F2RELICL IS, 5HD) a2 CFy b7 7 =Y RT3 2 2T
12, 3R rmgeE S, 2MHRCaEABEREDO—BTH 5Ca-312EAT VI LD bh o120, /—
7wy b OFER, 0.6kb, 4.5kb, 6.0kb®D 3FEHOMRNAR#FEET 5 2 LT 872(Fig.7 Lane 3), —
ARSI DREXITo 72 £ 25, 0.6kbOmRNADCDNAIL, #%7& & »*Balb/C3T3 £ = 7 2 embryofi-
broblasts®D T cDNA differential 4 77 ) X4 € —2 = > #1T- T, Balb/C3T34HMu iz D A4 RMIZ %R
FBLTO2EMEFELTRHRELRPELISVLREI—D A DTH B I L b ole, L LG, HrDy S
— X2 MARTOAREFED 6 1724.5kbH 5 > 136.0kbOmRNAHEDcDNAIL, pELISE 4 ¢ [Al—
DIBEEHLLY G, RTSFIAV VORI TELRETFREANGY LA I/ BBra—NT 23

Fig.7 RNA blot hybridized with Ca-31 ¢cDNA
Lane 1: NIH3T3#ig Lane 2 : @b L 7cc-Ha~-ras TP 7 v A7 3 —
2 U7eNIH3T3#ie /Lane 3: 7¥Fuyricd » T, EHE{LL2c-Ha-
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The Effect of Calorie Restriction of Radiation-induced Myeloid leukemogenesis

Kazuko Yoshida, Kumie Nemoto, Tohru Inoue* and Toshihiko Sado

Division of Physiology and Pathology, National Institute of Radiological Sciences
4-9-1 Anagawa, Inage-ku, Chiba-shi, 263 Japan
*Department of Pathology, Yokohama City University Medical School,
3~9 Fukuura, Kanazawa-ku, Yokohama-shi, 236 Japan

Abstract

The spontaneous incidence of myeloid leukemia was about 1% in C3H/He male mice,
however it could be increased 23.3% after 3 Gy whole body radiation. Then, we examined
whether or not the incidence of myeloid leukemia was decreased by calorie restriction. The
diets were arranged so that the mice were from each experimental groups ingested similar
amount of protein, lipid, vitamins and minerals. The mice of restricted A groups (RA) were
fed of the same calorie (95Kcal) of control groups until radiation (10 weeks old). Then,
they were controled to keep a body weight of 25-27gm using 60 to 95 Kcal diet. The other
groups (RB) were restricted from 6 weeks old. The incidence of myeloid leukemia in
radiation plus control diet groups was 21%, however, in calorie restricted groups it is
significantly decreased compared with control diet group. The incidence in 3RA and 3RB
group is 10.2 and 6.7% respectively.

Besides, the latent period of myeloid leukemia also is prolonged in the both calorie

restricted groups compared to control diet group.
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V- 6 HOAHRTE R BB B R O R RIET A 0 ) —HIRO MR
NODHREDZ (BREDORMEHIREZIT-> TV 2729, WMAWMIACIEET 2= 2072, RHEHIERO
HECHE»D L LBbNE, 22T, ~UVAPERCRET 2 LELBEDO I v ) — 35 2 2 50T
BAHFARERMEA IR O - TERPIT- 72,

EERTT IR

BEMRCAEE I NICIH/Helft~ 7 2 %A L, 4EEOREHETERYIT- 12(Table 1), BIb, &
MEEE LT, 1213 0EkOER L QIO BRT, MEMFCHEHE MR L T 5 SR G 2 5 5 S5 F R
Bt IMB-1D % BHICERI ¥ 5 BEEBNHLE L, OO~ Y Rk 1HEEI2100H 5 120Kcal D
BB T 5, COBERTFISHIRE LRV RL 2O EMEL 0 Y —HIRO IR L T 2 b i s
Be»ZeoT, fIRECZZCT 255 120BHLLT, 20 a—nvERCEYECL, 2O0HD
<V 21 TBEEIZ95Keal (v ) —HIROERZITIHED 2y b o — v ER—ERNCEFATHRE LR
=Y ADI00H 5 6200H DRICIEER L 7o P H v ) —HO0%HIRI 2> bo—vEBO 0 ) —H L %
)T 5, HIRAETIL 6.8 L ) B, AL Tar be—vETHEL, 2 DH%602 6 95Kcal
DEEL O THRE®25»627gmiza > bu— v 2RABE L, 68 665Kcal DRI THRB L, 2Dk
RED257 » L27gmil#E L LR ARE DI & H 602 6 95Kcal DR 2 v THEEYa v bue—T 3
RBEFD 2B OBIRAERIT -2, Th o OEBRBUEECIGAMT 3Gy ST AR L MY B

Table 1 EXPERIMENTAL CONDITIONS

EXP. GROUPS DIET Kcal / WEEK RADIATION NO. OF MICE

C N CONVENTIONAL 100 ~ 120 Kcal NO 1

3 N CONVENTIONAL 100 ~ 120 Kcal YES 112

C C CONTROL 95 Kcal NO 162

3 C CONTROL 95 Kcal YES 162
CRA RESTRICTION A 95 Kcal (6~10 WEEK) NO 127
3R A RESTRICTION A 60 ~ 95 Kcal YES 127
CRB RESTRICTION B 65 Kcal (6 WEEK~) NO 69
3RB RESTRICTION B 60 ~95 Kcal YES 75

The mice of restriction groups were controlled to keep a body weight of 25 to 27gm using
diet of 60 ~ 95 Kcal.

Table 2 COMPOSITION OF DIET (GRAM/MOUSE/WEEK)

DIET | DIET2 DIET3 DIET4

INGREDIENT 95KCAL 70KCAL 65KCAL 60KCAL
CONSTARCH 13.6 8.5 7.4 5.9
DEXTROSE 2.7 1.6 1.4 1.2
MILK CASEIN 6.3 6.0 6.0 6.3
CORN OIL 0.8 0.8 0.8 0.8
FIBER 1.4 1.3 1.3 1.4
ALPHA STARCH 0.3 0.3 0.3 0.3
VITAMIN MIXTURE 0.3 03 0.3 0.3
MINERAL MIXTURE 1.9 1.9 1.9 1.9
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BBLICLIATHA, L2 T, AAOHMERPMFT—X%—Ths, s n ) —HIROEBIHERLL
RO R4 I Table 212787 & 542, MNOMEZEEL TS 1B~V R 1IRS Y, EA, B, v
Y, IGSNRBBEREENT AL CEASNTEY, RAMMEETIn Y %2 ta—nT23
S Rz, RIRARALRALRBOERBEO~-Y A 1AM 1EFEEXRZEL, FEI25 627
gmiZ7e 3 & 512600 695KcalOfEl P HvTary be— L1z, =V RAGREMNPCKRERE LY, B
M, MEZEMREORERIIE L b ORIETTRNCER L, MRFMRBLIT I L LS RERERETEN
BREBERIT- 12, D= v A LFECTER S LRI IR 217 - 72,

fE R

6:8L 9100 TOERBEECOVT, =V A 1LY 1EAMICEIRL PSS 0 ) —HiIAFig LR
THROBHOEETZREY O, BRI T2y be—vEPEHLBAES b HIREC
R I RABEIZ60K cal DEPEF & b #4488 L1k U 208K & T 70Kcal LI TOIEIE L k- T 527, 20D
70Kcal® & 80Kcal DIEIETZEIL, 100:8# & T O PHIEEEIXCRA, 3RAZEL b #75KcalTH - 12,
638 b HIBEE 2B L 22 RBEFC 40 & TOFHIBEREIL65Kcal T, % D2 JIEREML,
50:B%# x5 L RABE L FREICIEENE X 70Kcal» 6 80Kcal DR # 258 L, 6 Eh 10048 £ T OFHIEIE
FRETEE, JEMRETEEL b RIT2KcalTdh - 7,

HREOFINLBEE: Tay b o — vEPBIEL TV RRAB, MR, ERSHL L CRARLABED
TE SR — v 2R LI (Fig.2). REEOEKEZN30gmT, 20OHEH L v ) —HIRZT- & IIHFER
SHIDED L1ISEBR TR 2 VEMALEE L F L T 5259 6 27gmOFEE A 0 1008 2 T OFE % #E
BLT, —F, 6% b65KcalDEIMRAE #4488 L/ RBEE, RABE L FIEEC HRETHE LSRRG L ORBTH
BEOEH N F—rDERBDONT, 6HL Y BEAED L65Kcal DN L 12700, HER V- RAR
AUTzHT8EE VM LI C®, BEEEOI0ERTIZCRE, 3RBL b24dgmThH -7, ZDHEEEILNE
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Fig.1 Caloric Intake
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Fig.3 Cumulative Incidence of Myeloid Leukemia

UKD 12:8T25gm, 148 T26gmt % b 2 DI%100388 £ T25%° & 27gmDF I 2 #Es L 72, 95Kcald 2 v
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Table 3 MORTALITY AND INCIDENCE OF MYELOID LEUKEMIA

GROUPS NO.OF NO.OF MORTALITY NO. OF INCIDENCE

MICE DEAD MICE (%) LEUK.MICE  OF LEUK.(%)
CN 111 98 89.2 2 1.8+1.3
3N 112 107 95.5 23 20.5£3.0
cC 162 108 66.7 4 2.5+1.2
3C 162 141 87.0 34 21.0£3.2
GRA 127 39 30.7 0 0
3RA 127 65 51.2 13 10.242.7
CRB 69 38 55.1 0 0
3RB 75 57 76.0 5 6.742.9

(INTERIM RESULTS)
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FREMREET S v, L2 L6, R2DLRIOERF —&—124k 5 L, BREENRIEH00E» 6
T00HDEIEEAERRELY, TB0HLUBCIZBADHOT L LPREEL TR 0DT, 9%, thidl
{ D=V APAMREHET 2 REER D EEL 0N, UL, TNEHLETLEERTHEL
REAETH-T, HIEAOBAEIFHFIEET A L O REREVEET ATRELSET S L,
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HEHSFREREAMLRR Y 20REFDO v ) —HIIRBC L VBB RERFLETIRLILYTS
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DEEbLNS,
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1%, MREIREO BIURRME I 1 2 EAIRT H 5 B 0HMEORMD YL T 2 R L 6N b,
L2 L?n, BERICay be—2EEPRELCHETR, BHEFOBRMEEE 2 be—vELF—
Tharicw, BERHOENMEOKDOBAITUTHMATE v, BIRORESRY /=2 —2a v
bne—ya il ast, BUIRABTR Y e ) —HIROMRE et~ a v OBRIEE LT
C B RETREMED E . R, BRATROENMMROEEEFREDZES, Cell Cycleliz Ao Ty 5 BHEIED bR
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