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Cytochrome CYP2E1 gene as well as c-fos and c-myc oncogenes expression have been studied in different 
tissues of Wistar rats kept at Chernobyts exclusion zone. Reliable differences are revealed in above-
mentioned genes expression on RNA level by comparing data obtained from experimental and control 
animal groups. 

The connection between the accumulation of c-fos 
mRNA and Р-450ІІЕІ m R N A (B2mRNA x , CYP2E1 
mRNA) during the prereplicative period of rat liver 
cells division has been shown in previous work [1 ] . 
Now we are interested in relat ionship between on­
cogenes (c-fos and c-myc) and CYP2E1 gene exp­
ression under radiat ion influence which takes place in 
Chernobyl ' s exclusion zone. T h e interest is due to the 
key role of both C-FOS, C-MYC and P-450IIE1 
proteins in cell transformation [2, 31 . In this work the 
attempt has been done to s tudy if any relationship 
takes place between the expression of these genes on 
RNA level after long action of low level radiat ion. 

Materials and Methods . Animals. Two groups of 
albino rats (Wistar) that have common ancestry were 
bred at the animal care facilities of the Inst i tute of 
Experimental Pathology, Oncology and Radiobiology 
at Kyiv and at Chernobyl ' s exclusion zone. Male rats 
were 4 months of age for all experiments reported 
here. T h e whole-body dose of radioactivity absorbed 
for this period by the ra ts living in Chernobyl through 
inhalation and feeding amounted to 1.2 ± 0.3 cGy for 
C s 1 3 7 . This is approximately 10 t imes higher than the 
dose absorbed by the control ra t s . 

Tissue acquisition. Different t issue samples were 
used from the animals grown in Kyiv (control) and 
Chernobyl ( i r radia ted) . T h e livers, bra ins , spleens 
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and testicles were removed, r insed in phosphate-
buffered saline ( N a 2 H P 0 4 , 1.5 g/1; NaCl, 8 g/1; 
M g C l 2 6 H 2 0 , 0.1 g /1 ; K H 2 P 0 4 , 0.2 g /1 ; KC1, 0.2 g/ i ; 
C a C l 2 - 2 H 2 0 , 0.132 g/1) and frozen in liquid nitrogen 
These tissues were mainta ined at - 7 0 ° С All data 
points involved pooled t issue samples of each kind 
from 4—6 ra ts . 

RNA isolation. Total RNA from the samples of 
i r radiated and control animals was isolated using 
guanidine thiocyanate by a procedure [4 j and quan­
tified by measuring its absorbance at 260 nm; purity 
was assessed by determining the 260 n.m/280 nm 
ratio. After electrophoresis on denatur ing gels, RNA 
integrity and loading equivalence were assessed by 
ethidium bromide staining. 

Northern blotting and hybridization, Samples of 
total RNA were electroforetically size separated in 2Л 
M formaldehyde —- 1 % agarose gels \5 I The RNA 
was transferred to H y b o n d - N mem bra о i s u.Amer 
sham», Great Britan) by a vacuum blotting method 
and crosslinked to the membranes using ultravioSei 
radiat ion. cDNA probes were randomly primed Ь 
specific activity of at least 10 8 cpm [6 ]. Prehyir 
ridization, hybridizat ion, and washing processes were 
performed as described in [7] . Hybridized blots were 
exposed to X-ray film at - 7 0 °С. Densitometer scans 
of autoradiographs were performed on an LKB I Itro 
scan XL Laser Densitometer . T h e valley-to-valley 
method was used to calculate baselines, and da la 
were normalized to the sum of signals. Ail blots were 
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de-hybridized by incubation in H 2 0 at 90 °С for two 
minutes twice. They were checked for total removal of 
the probe by overnight exposure to X-ray film. Those 
blots showing total removal of the initial probe were 
then re-hybridized to a different cDNA clone. 

cDNA clones. Probes were prepared from the 
following clones: 1-kb PstI fragment of v-fos [ 8 ] ; the 
Sall-Psfl fragment of pv-myc corresponding to myc 
third-exon [9 J; 0.3-kb PstI fragment of CYP2E1 
(cDNA of B2mRNA x [10]) . 

Results and Discussion. T h e experiments repor­
ted here were designed to determine whether the 
expression of different cellular oncogenes as well as 
cytochrome P-450 genes is al tered tn ra ts following 
the long exposure to radioactive substances absorbed 
by inhalation and feeding in Chernobyl ' s area . P r e ­
vious work from our laboratory has shown that the 
dynamics of accumulation of c-fos mRNA is strongly 
related with that of P-450 2E1 mRNA during the 
prereplicative period of rat liver cells division [1 ] . 
Experiments by other groups have shown modulation 
of c-fos mRNA following exposure of cells in culture 
to X-rays or other DNA-damaging agents [11—13] , 
possibly leading to cell t ransformation and neoplasia. 
Fig. 1 it was shown by the microdensitometry results 
for c-fos oncogene. These results demonstra te the 
significant reduction of c-fos R N A level in almost all 
the tissues of Chernobyl ' s animals relative to controls. 

Fig. 2 represents the level of c-myc RNA in 
different tissues of experimental and control ra ts . 

These results demonst ra te c-myc RNA accumulation 
in spleen and testicle cells. Expression of c-myc was 
somewhat reduced in liver relative to controls, while 
in brain it is essentially unaffected by the irradiation. 
This suggests that the exposure of animals to radio­
active substances absorbed by inhalation and feeding 
causes different responses on the level of RNA 
accumulation in different cell types, as well as selec­
tive modulation of specific oncogenes. It should be 
noted that the changes in expression observed here 
are relatively small. This is in keeping with experi­
ments from other groups demonstra t ing only mode­
rate gene modulat ion following exposure to DNA-
damaging agents [11, 14—16] . Since increased exp­
ression of some oncogenes (including c-myc) has been 
shown to play a role in cellular transformation [1 j , 
our results also suggest that one mechanism of 
i r radiat ion-mediated oncogenesis may involve the mo­
dulation of oncogene expression in selected tissues. 
On the o ther h a n d , it is of great importance the 
decrease in activity of detoxification cell systems [17] 
apparently caused by the damage of detoxifying 
enzymes as well as their genes or mRNAs thu? 
enhancing the negative action of radiation on cell 
s tructures. For instance, it was recently demonstrated 
that low level radiat ion (LLR) represses enzymatic 
activity of superoxide dismutase [18] , glutathione 
transferase and glutathione reductase [191 in human 
tissues. Our prel iminary results also revealed some 
repression of activity of a microsomal enzyme P-

Fig. 1. Analysis of c-fos RNA levels in different tissues of control and 
irradiated animals. All micro denshomrtric data were normalized to 
the sum of signals: / — Kyiv; 2 — Chernobyl 

Fig. 2. Analysis of c-myc RNA levels in different tissues of contro; 
and irradiated animals. All microdensitomrtric data were normali /x. 
to the sum of signals: 1 — Kyiv; 2 — Chernobyl 
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450IIE1 in rat liver under LLR influence (the data not 
shown). At first, the last enzyme at tracted our 
attention during the investigation of the early period 
of rat liver regenerat ion caused by partial hepa-
tectomy (PH) . It was revealed that at the early hours 
of regeneration the accumulation of messenger RNA 
for protooncogene c-fos and gene of P-450IIE1 un­
dergo sharp fluctuations but in reciprocal manner [1 , 
20 J. The gene CYP2E1 is a member of cytochrome 
P-450 gene superfamily (CYP) encoding a group of 
hemoproteins that mostly catalyze the oxidative meta­
bolism of hydrophobic endogeneous compounds like 
steroids, fatty acids, prostaglandins and exogenous 
chemicals including drugs , carcinogens and environ­
mental pollutants [21 ]. These substra tes can be 
converted either to inert polar metabolites further 
eliminated in a water-soluble form or to cytotoxic or 
carcinogenic derivatives. Possible correlation of P -
450IIE genes with malignancy was noted in some 
investigations 13, 22, ]. Therefore It is not surprising 
that under the influence of radiat ion the expression of 
gene CYP2E1 essentially changes, as Fig. 3 shows. 
T h e RNA levels for this gene are very low in brain, 
spleen, and testicles. Tha t is in accordance with the 
previous ly revea led l iver-specif ic express ion of 
CYP2E1 [23] . But there is obvious discrepancy 
between the increasing of БІМА level and reduction of 
enzymatic activity of this cytochrome in liver under 
LLR. We suppose, it may be due to the radiat ion-
induced mutat ions of this gene, as well as other 
damages on the way from DNA to protein. 

Fig. 3. Analysis of CYP2EI RNA levels in different tissues of control 
and irradiated animals. All microdensitomrtric data were normalized 
to the sum of signals: 1 — Kyiv; 2 — Chernobyl 
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Индуцированные радиацией тканеспецифические особенности 
содержания мРНК цитохрома P450I1E1 и онкогеиои у крысы 

Резюме 

Вивчали експресію гена цитохрому CYP2El> а також онкоген! в 
c-myc і c-fos у різних органах щурів лінії Wistar, щ о утримува­
лися в умовах Чорнобильської зони відчуження. При порівнянії: 
даних для дослідних і контрольних груп тварин виявлено 
вірогідні розбіжності в експресії вказаних генів на рівні РИК 

В. И. Прима, Л. Г. Глуиіакова 

Індуковані радіацією тканиноспецифічні особливості вмісту 
мРНК цитохрому Р450НЕ1 та онкогеніп у щура 

Резюме 

Изучалаи экспрессию гена цитохрома CYP2EI,a также онкоге 
нов c-myc и c-fos в различных органах крыс линии Wistw, 
содержавшихся в условиях Чернобыльской зоны отчуждения 
При сравнении данных для опытных и контрольных групп 
животных выявлены достоверные различия в экспрессии, у ко 
занных генов на уровне РНК. 

REFERENCES 

1. Prima V. I.у Clochko Т. A , Obolenskaya М . Yu. e i a i 
Synchronous changes of c-fos RNA and B2mRNA concentra­
tions during prereplicative period in regenerat ing rat liver /7 
Biopolymers and Cel l .—1989,—5, N 6 . - P . 83—86. 

2. Bishop /. M. Viral oncogenes / / Cell .— 1985 — 4 2 . — P . 2 3 -
38. 

3. Koblyakov V. Л. Cytochromes of the P - 4 5 0 family and their 
role in procancerogenes activation.—Moscow: VINITI, 1990.— 
P. 3—190. 

4. Chirgwin /. M.t Przybla A. E., MacDonald R. Ratter W. 
J. Isolation of biologically active ribonucleic acid from sources 
enriched in ribonuclease / / Biochemistry. — 1979. —18 .— 
P. 5294—5299 . 

5. Maniatis Т., Fritsch E. F.} Sambrook J. Molecular Cloning'. 
A Laboratory Manual.—New York: Cold Spring Harbour Lab. 
press, 1982.' 

6. Feinberg A. P.y Vogelstein B. A. A technique for radiolahciing 
DNA restriction endonuclease fragments to high specific activity 
/ / Analyt. B iochem.—1984 .—137 .—P. 2 6 6 - 267. 

7. Church G. M.y Gilbert W. Genomic sequencing / / Proc. Nai. 
Acad. Sci. U S A . — 1 9 8 4 . — 8 1 . — P . 1991 —і 995. 

8. Curran Т., Peters G., Van Beveren С et ai FBJ murine 
osteosarcoma virus: identification and molecular cloning ol 
biologically active proviral DNA / / J Virol. —1982.-—44? 

N 2 .—P. 674—682 . 
9. Vennstrom В., Sheiness D . } ZabiolskiJ., Bishop J. M. Isolation 

and characterization of c-myc, a cellular homolog of the 
oncogene (v-myc) of avian myelocytomatosis virus strain 29 / 
Ib id .—1982 .—42.—P. 773—779 . 

10. Ryskov A. P., Ivanov P. L.y Kramerov D. R.> Georgiev G. !\ 
Mouse ubiquitous В 2 repeat in polysomal and cytoplasmic 
poly (A) RN"As: unidirectional orientation and 3'--end localiza­
tion / / Nucl. Acids R e s . — 1 9 8 3 . — 1 1 , N 18 .—P. 6 5 4 1 - - 6 5 5 7 . 



R A D I A T I O N - I N D U C E D PECULIARITIES OF C Y T O C H R O M E I>-450I.IE! 

11. Hollander M. C, Fornace A. J. Induction of fos RNA by 
D N A - d a m a g i n g agent s / / Cancer R e s . — 1 9 8 9 . — 4 9 . — 
P. 1 6 8 7 - 1 6 9 2 . 

12. Herr lick P., Angel P.t Rahmsdorf H. J. et al. The mammalian 
genetic stress response / / Genet. Stress Response.—1987.— 
2 5 . - P . 485—504 . 

13. Stien В., Rahmsdorf H. J., Steffen A. et al. UV-induced DNA 
damage is an intermediate step in UV-induced expression of 
human immunodeficiency virus type 1, collagenase, c-fos, and 
metallothionein / / Мої. Cell B io l .—1989 .—9.—P. 5 1 6 9 — 
5181. 

14. Woloschafe G E., Chang-Liu С. M. Differential modulation of 
specific gene expression following high- and low-LET radia­
tions / 7 Radiat. R e s . — 1 9 9 0 . — 1 2 4 . — P . 183—187. 

15. Munson G. P., Woloschak G. E. Modulation of c-fos gene 
expression following JANUS neutron exposure in repair-defi­
cient mice / / Cancer Res .—1990. —50 . — P . 5045—5048 . 

16. Koropatnick J., Leibbrandt Л/., Cherian M. G. Organ-specific 
metallothionein induction in mice by X-irradiation / / Radiat. 
Res .—1989 .—119 .—P. 356—365 . * 

17. Baraboi V. A., Oliynyk S. A., Khmelevsky Yu. V. The state of 
antioxidant system under the action of low dose and low 
intensity ionizing radiation / / Ukr. Biokhim. J .—1994 .—66, 
N 4.---P. 3—18. 

18. Burlakova E. B. Radiobiological consequences of nuclear 

accidents: contamination, radioecology, radiobioiogy and 
health / / Radiat. Protection Dosimetry.—New York: Nucl. 
Technol. publ .—1995 .—62.—P. 13—18. 

19. Obolenskaya M. Yu.t Tschalkovskaya T. L.y .Lebedeva L. M. et. 
al. Glutathione status of placentae from differently polluted 
regions of Ukraine / / Eur. J. Obstetrics, Gynecol, and Reprod. 
B io l .—1997 .—71.—P. 23—30 . 

20. Obolenskaya M. Yu., Prima V. L, Klochko T. A. et al. 
Cycle-dependent expression of the gene coding for B2mRNA 
/ / Мої. Genet. Microbiol, and Virol .—1991.—N 6.—P. 30— 
32. 

21. Guengerich F. P., Estabrook R. W., Feyereisen R. et al The 
P450 superfamily: update on new sequences, gene mapping, 
accession numbers, early trivial names of enzymes, and nomen­
clature / / DNA Ceil B io l .—1993 .—12, N 1.—P. 1—51. 

22. Yang C. S., Ти Y. Koop D. R., Coon M. J. Metabolism of 
nitrosamines by purified rabbit liver cytochromes P-450 / / 
Cancer R e s . — 1 9 8 5 . — 4 5 . — P . 1140—1145 . 

23. Umeno M., Song В. /., Kozak C. et al. The rat p450IIEl gene 
complete intron and exon sequence, chromosome mapping, ana 
correlation of developmental expression with specific 5' су to 
sine demethylation / / J. Biol. Chem.—1988 .—263 , N 10.— 
P. 4956—4962 . 

Received 26.01 .98 


