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Cytogenetic Study of Rat Cell Lines Transformed by DNA

Fragments of Human Adenovirus Types 12 and 7

Toshiharu YAMASHITA
Department of Molecular Biology, Cancer Research Institute,
Sapporo Medical College (Chief: Prof. K. Fujinaga)

A cytogenetic study of a rat normal cell line, 3Y1-B clone 1-6 (3Y1) and its adenovirus (Ad) trans-
formed derivatives, W 4 (tranformed by Ad 12 virion), CY1-1 (transformed by Ad12 DNA EcoRI-C frag-
ment, left 16.5%), GY1-1 (transformed by Ad12 DNA HindlII-G fragment, left 6.8), HY 1 (transformed
by Ad12 DNA Accl-H fragment, left 4.7%) and 71JY1-2 (transformed by Ad7 DNA HindIII-1J frag-
ment, left 8.1%) was presented. The results obtained are as follows :

1) 3Y1 and some of the transformed cell lines (W4 and GY1-1) were diploid or pseudodiploid, while
others (CY1-1, HY 1 and 71JY-2) were hypotetraploid.

2) The metacentric marker M1 was detected in GY1-1 cells and another metacentric marker, M 2,
was detected in W4, CY1-1 and 7IJY1-2 cells at a high frequency. By using the Giemsa banding tech-
nique, both metacentric markers found in these complete transformants were identified as isochromo-
somes of the long arm of No. 1 (M1) and the long arm of No. 3 chromosomes (M 2), respectively. On
the other hand, these markers were detected only at a low frequency in incompletely transformed HY 1
cells.

3) Hypersomy of No. 1 or of the long arm of No. 1 chromosome was found in GY1-1 cells, while
hypersomy of No. 3 or the long arm of No. 3 chromosome was detected in W4 and CY1-1 cells at
a high frequency. (Received October 13, 1980 and accepted October 27, 1980)
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Table 1 Cell lines
Cell lines Origin Transformed phenotype
3Y1 Fischer rat embryo
W 4 3¥YL transformed by Adi2 virion in
CY1-1 » » Ad12FEcoRI-C =
GY1-1 ” » Ad12HindI11-G £
HY1 » » Ad12AccI-H incomplete!
7UY1 2 » » Ad7H indII1-1] |

1. Examinations of several transformed phenotypes such as anchorage independence, growth

ability in low serum medium and tumor formation in transplanted rats showed that HY1
cells revealed intermediate character between 3Y1 and transformed cells (Shiroki ez al,

1979).
Ad12DNA
047 68 165 50 100
Accl-H e sl i
HindlI-G «—> |
EcoRI-C &———
Ad7DNA
o 81 50 100
Hindlll-) <«
Fig. 1  Map positions of restriction fragments used for transformation. Ad 12

and Ad7 genomes were represented by

solid horizontal lines, 0 to 100

units, and left and fragments by arrows.
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In wvitro morphology of 3Y1-B clone 1-6 (3Y1) (a), CY1-1 (b) and HY1 (c).
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Compared with 3Y1 (a), CY1-1 (b) shows epithelioid feature and large
nucleus/cytoplasm ratio, and forms the characteristic cell clusters. Pile

up of the cells are also observed.

Though HY1 cells have epithelioid

feature, they have rather abundant cytoplasms and grow dispersedly like

3Y1 cells.

HYI #i%a (Table 1 2R) i, EXEEROIZEL 7705,
N/C MO 5 v A7 5w — 28I E Db /IEL, X,
i o HaE R A58 <, T L ATRTEM AT 2 (Fig.
2¢).
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Fig. 3 Chromosome number distribution of 3Y1
and its transformed derivatives. For each
cell line 50 metaphases were counted except
for GY1-1 for which 37 metaphases were
examined. Arrow indicate the normal chro-
mosome number of 2n=42 for rat cells
(Rattus norvegicus) and the tetraploid number
of 4n=84. Passage number (Pass. No.) of
cell lines examined were Pass. No. 3 for 3Y1,
Pass. No. 4 for W 4, Pass. No. 25 for CY1-1,
Pass. No. 15 for GY1-1, Pass. No. 18 for
HY1 and Pass. No.17 for 71JY1-2,respectively.
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Fig. 4 Metaphase chromosomes and representative karyotype of 3Y1 cell
(Pass. No. 14) from a GAG preparation.



Metaphase chromosomes of the transformed cell lines from GAG preparation.
Arros indicate marker chromosomes, metacentric marker M2s in W4 (Pass.
No. 4) (a), CY1-1 (Pass. No. 25) (b) and 71JY1-2 (Pass. No. 40) (e) and large mate-
centric marker M1 in GY1-1 (Pass. No. 25) (c). No. markers are detected in
HY 1 (Pass. No. 18) (d). Note irregular and contracted chromosomes especially
in W4 and CY1-1 cells compared with those of 3Y1 cell (Fig. 4).

(9) 67

0861

Wi W DRI — ¥ 2 Al | LYWL A ) 4o L4

€29



624 1

S LT —ie, N T VAT 4 — Ao E AR,
3YL fifasi2n=42 1> v — 7~ 2% ;R LI DL K}
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(Fig. 6). Table 2 (24K C, 50 B\ 1340 &
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Th%H ~—h—Yt{kD 5 %, metacentric marker
M1 &L M2 23D TERIC, 1O%E L THEET 5.
Fig. 7 /R Uik, Giemsa banding a5 o &
IZ 5, metacentric marker M1 & M2y}, Fh#
. No. 1 BefafkEbits X O No. 3 YufafkElio centric

M3° M4

M 4s. - Submetacentric marker M 3

contains large marker M 3 and small one M 3.

Table 2 Incidence of marker chromosomes M 1 to M 5
. . I Number of 7 7 Percentag,ies of Il}&gkersz )
Cell lines number cells examined
M1 M2 M3 M4
3Y1 3 50
16 50
W4 4 50 85
. 25 50 100 48 2
73 50 100 68
— 15 50 100 2
25 50 100 5 7.5
HY1 18 40 8.3 5 L7
71JY1-2 1% 50 6 84 16 2
1. Passage numbers were counted from the establishment of each transformed cell line.
9. _number of metaphase cells containing M1, M2, M3, or M 4 100

total cell number studied
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Comparison of G-banded metacentric marker Mls from GYI1-1 cells

with normal banded No. 1 chromosone (a), and M 2s from W 4 (b),
CY1-1 (¢) and 71JY1-2 (d) with normal banded No. 3 chromosome.

fusion k3 < isochromosome THb = LD BT
BH. MLgBELIETNTO GYI-Lfige, M2
W4, CY1-1 3 X O 7HY1-2 ffiffgic, h £h 85%, 100%,
84% oEEcRob . —J, HYLfaTix, wIh
@ metacentric marker & X 4o T E CH - fe.
GYI-1 fific s\ ¢, M1 &4 % No. 1 Refathok
Wi 13 tetrasomy %75 L7c (Fig. 8d). M2 &Rk 4%
No. 3 Yefafho BB LT, W4 T 50% Dfiffan
disomy, #20% 7% trisomy % 5L, CY1-1 CiX tetra-
somy %7~ L7 (Fig. 8a, b, ¢).
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Fig. 8 Constitution of No. 1, No. 2 and No. 3 chromosomes containing both
free and isochromosomes from predominant karyotypes of W 4 (Pass.
No. 4) (a and b), CY1-1 (Pass. No. 25) (¢) and GY1-1 (Pass. No. 25) (d).
About 60% metaphases of W 4 exhibited (a) pattern and about 20%
of them (b) pattern. About 80% of CY1-1 cells had two M 2s without
free or translocated No. 3 chromosome. All of GY1-1 cells had two
No. 1 and one M1 in their metaphases.

Table 3 Metacentric markers in several clones of rat cell lines transformed
by Ad 12 HindlII-G or EcoRI-C frgament

% . - .3
Passage Chromosome _Frequency of metacentric markers

Cell lines Transformed by

numbers numbers M1 M2
GYL-1l  AdI2HindIII-G 15 3 (42-44) 22/20 0/20
GY1-3t , 30 1 (40-42) 22/23 0/20
GY2 " 17 8 (67-83) 7/20 0/20
CY1? Ad12EcoRI-C 22 2 (66-76) 0/20 20,20
CcY1-11 . 25 9 (67-71) 0,20 20/20
Ccy1-21 » 15 5 (68-80) 0/20 20/20

1. Cell line reuloned in sofl agar afte1 focus 1>oldtlon (Shuolu et al 1977 Yano et al 1919).
2. Cell line established from focus (Shiroki ez al., 1977 ; Yano et al., 1979)
3. Number of cells of having markers/total cells examined.
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DUTF oA 4 7o
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tric marker H{KPEOHBlLIC & &% 57
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X ik

1. Hampar, B. and Ellison, S. A.:
aberration induced by an animal virus. Nature
192, 145-147 (1961).

2. Nichols, W. W.: The role of viruses in the etio-

Chromosome

logy of chromosomal abnormalities. Am. J.
Human Genetics 18, 81-92 (1966).

3. Aula, P.: Chromosome breaks in leukocytes of
chickenpox patients. Hereditas 49, 451-453 (1963).

4. Stich, H. F.: Oncogenic and nononcogenic mu-
tants of adenovirus 12: Induction of chromo-
some aberrations and cell division. Prog. Exp.
Tumor Res. 18, 260-270 (1973).

5. zur Hausen, H.: Induction of specific chromo-
somal aberrations by adenovirus type 12 in hu-
man embryonic kidney cells. J. Virol. 1, 1174
(1967).

6. McDougall, J. K.:

the chromosomes of normal human cells and

Effects of adenoviruses on

cells trisomic for an E chromosome. Nature

225, 456-458 (1970).
7. McDougall, J. K., Dunn, A. R. and Gallimore, P.
H.: Recent studies on the characteristics of
adenovirus-infected and -transformed cells. Sym-
posia on Quantitative Biology 39, 591-600 (1974).
8. Lehman, J. M. and Defendi, V.:

DNA synthesis regulation in Chinese hamster

Changes in

cells infected with simian virus 40. J. Virology
616, 738-749 (1970).

9. Copple, C. D. and McDougall, J. K.: Clonal
derivatives of a Herpes type 2 transformed ha-
mster cell line (333-8-9): Cytogenetic analysis,
tumorgenicity and virus sequence detection. Int.
J. Cancer 17, 501-510 (1976).

10. Green, M., Mackey, J. K., Wold, W. S. M. and



628

11.

12.

13.

14.

15.

16.

LT

18.

AT

Rigden, P.:
types (Ad 1-Ad 31) form five groups (A-E) based
upon DNA genome homologies.
481-492 (1979).

Yano, S., Ojima, S., Fujinaga, K., Shiroki, K. and
Shimojo, H.:
by an adenovirus 12 DNA fragments.
82, 214-220 (1977).

Shiroki, K. Handa, H., Shimojo, H., Yano, S. and

Fujinaga, K.: Establishment and characterization

Thirty-one human adnovirus sero-

Virology 93,

Transformation of rat cell line

Virology

of rat cell lines transformed by restriction endo-
nuclease fragments of adenovirus 12 DNA.
Virology 82, 462-471 (1977).

Sekikawa, K., Shiroki, K., Shimojo, H., Ojima,
S. and Fujinaga, K.: Transformation of rat cell
line by adenovirus 7 DNA fragment. Virology
88, 1-7 (1978).

Graham, F. L., van der Eb, A. J. and Heijnecker,
H. L.
region in human adnovirus type 5 DNA. Nature
251, 687-691 (1971).

Shiroki, K., Shimojo, H., Sawada, Y., Uemizu, Y.,

Incomplete transformation of

Site and location of the transforming

and Fujinaga, K.:
rat cells by a small fragment of adenovirus 12
DNA. Virology 95, 127-136 (1979).

van der Eb, A. J.,, van Ormondt, H., Schrier, P.
I., Lupker, J. H., Jochemson, H., van den Elsen,
P. J., Deleys, R. J., Maat, J., van Beveren, C. P,
Dijkema, R. and de Waard, A.:
function of the Transforming genes of human
adenoviruses and SV 40. Cold Spring Harbor
Symp. Quant. Biol. 44, 383-399 (1979).

Dijkema, R., Dekker, B. M. M., van der Feltz,
M. J. M. and van der Eb, A. J.:
tion of primary rat kidney cells by DNA frag-

Structure and

Transforma-

ments of weakly oncogenic adenoviruses. J.
Virol. 82, 943-950 (1979).

Kimura, G., Itagaki, A. and Summers, J.: Rat

19.

21.

22.

24.

25.

26.

. Wolman, S. R. and Horland, A. A.:

S RSE : (T060) AL JX e 1 476 17 T H

0 ALk

cell 3Y1 and its virogenic polyoma-and SV 40-
transformed derivatives. Int. J. Cancer 15, 694—

706 (1975).

Hama, S. and Kimura, G.: Abortive transform-
ing infection of rat cell line 3Y1l by adnovirus

type 12. J. Virology 25, 907-1011 (1978).

. Summer, A. T., Evans, H. J. and Buckland, R.

A.: New Technique for distinguishing between
human chromosomes. Nature New Biol. 232, 31-
32 (1971).

Report of the standing committee on human
cytogenetic nomenclature: An international sys-
tem for human cytogenetic nomenclature (1978)
Cytogenet. Cell Genet. 21, 358-359 (1978).
Committee for a standardized karyotype of Rat-
tus norvegicus : Standard karyotype of the Nor-
way rat, Rattus norvegicus. Cytogenet. Cell
Genet. 12, 199-205 (1973).

Genetics of
tumor cells Cancer, a comprehensive treatise 3
(Becker, F. F., ed.) 1565-198 (1975).

Sugiyama, T., Kurita, Y.and Nishizuka, Y.: Bi-
ologic studies on 7, 12-dimethylbenz(a) anthra-
cene-induced rat leukemia with special reference
ot the specific chromosomal abormalities.
Cancer Res. 29, 1117-1124 (1969).

Mitelman, F. and Levan, G.:
ot primary 7, 12-dimethylbenz(a) anthracene- in-
duced rat sarcomas. Hereditas 71, 325-334 (1972).
Levan, G. and Mitelman, F.:

rat sarcomas during serial transfer:

The chromosomes

G-banding in Rous
Significant
chromosome aberrations and incidence of stro-

mal mitoses. Hereditas 84, 1-14 (1976).

FLWE 5 B4 K S8 W SR 20 1 A M e
T A AR



