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ABSTRACT

A series of transplant·explant experiments using the H 4-II-E rat hepatoma
cell line and golden hamsters have been carried out. Tissue culture cells implanted
into the cheek pouch of hydrocortisone treated hamsters at a concentration of
106 cells per pouch produced tumors which histologically were typical hepatomas.
Cells from these tumors were placed back into tissue culture and were transferred
twice more into the cheek pouch of hydrocortisone treated hamsters and tissue
culture. At each stage of selection, chromosome counts, karyotypes and histolo
gical and biological characteristics were determined.

Cytogenetic studies revealed that the chromosome number in both tumors and
explanted cultures shifted and became more selected with each succeeding in vivo
and in vitro passage. The cells from the selected cultures had a much more
homogeneous karyotype than cells with the same number of chromosomes from
the original H 4-II-E culture. Tumors in the third selection had less hemorrhage
and necrosis than in the first and second selections and were slower growing and
showed lower transptantability than the original tumors produced by implantation
of the H 4·II-E cells.

These results indicate that transplantation of tissue culture cells into the
cheek pouch of hamsters treated with hydrocortisone results in the selection of
cells wi.th a specific chromosomal constitution and altered transplantability and
growth rate suggesti.ng that the chromosomal makeup may determine the biological
and immunological characteristics of the cell which allow it to grow under these
conditions.

INTRODUCTION

There is very little known concerning the effect of abnormal numbers of
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chromosomes on the biochemistry, growth characteristics and morphology of
cancer cells. In 1959, Vogt 1) demonstrated a relationship between the chro
mosome modal number, karyotype and phenotypes of drug resistance and
morphology in two HeLa clones. Recently, Bottomley et al.2

) reported results
on the enzymatic and chromosomal characterization of HeLa variants. They
studied seven HeLa lines both at the chromosomal and enzymatic level and
showed that the lines differed from each other in both parameters. Higgins
et al.3

) also presented similar results using the KB cell line. Ghosh et al.4
)

recently reported studies on two HeLa cell lines and have demonstrated that
the differences in growth behavior of these two lines could not be attributed
to a numerical difference in their stemline, but were related to differences in
the karyotypes of the stemline cells.

Several investigators have indicated that tumors, transplanted serially in
heterologous hosts, retain their cytogenetic and biological characteristics 5)6)7).

Other investigators have reported that after repeated heterologous transfer,
some tumors may acquire an accelerated growth in the heterologous host,
with simultaneous reduction in their rate of growth in the species of origin,
and changes in antigenicity and/or in karyotype have also been reported
8) 9)10) 11)12). These changes were ascribed to adaptation of the tumors to the
immunologic environment of the new host.

In the present study, heterotransplantation was used to study the rela
tionship of karyotype to phenotype in malignant cells. Serial heterotrans
plantation and re-culture was carried out three times using hydrocortisone
treated hamsters and the H 4·II·E rat hepatoma cell line which exhibits a
large number of stable, differentiated functions 13). Karyotypic and phenotypic
characteristics were studied at each stage of selection both in vivo and in vitro.
The purpose of the present investigation was to reveal and chart any chro
mosomal change in the tumor stemline during the sojourn of the tumor in
the foreign host and tissue culture, and to determine possible relationships
between cytogenetic variations and biological variations in the cells.

MATERIALS AND METHODS

Experimental design: The experimental design of this study is given in
Table 1. 106 H 4-II-E hepatoma cells were implanted beneath the mucosa of
both cheek pouches of hydrocortisone treated hamsters. Two weeks after
implantation animals were killed by decapitation and the tumors were removed.
The tumors were then placed back into tissue culture (First selection). The
re-cultured subline (first selection, 4th passage generation) was again implanted
into the cheek pouches of hydrocortisone treated hamsters. Two weeks later,
tumors were removed, and re-culture was carried out (Second selection). This
transplant-explant experiment was repeated once again using the 4th passage
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TABLE 1. Experimental Design

H 4-II-E
..,.---------- (Tissue Cult ure Ce lis)

Hamster Cheek Pouch ~
(X-irradiated-X-I)b Hamster Cheek Pouch

(Hydrocortisone Treated-HC)·t (First Selection)

~ Tissue Culture

Hamster Cheek Pouch (X-I) HamsterChe~k Pouch (HC)

! (Second Selection)

~TissueCulture

Hamster Cheek Pouch (X-I) Hamster chet Pouch (HC)

J (Third Selection)

~TissueCulture

Hamster Cheek Pouch (X-I)

Conditioning of host:
a. Hydrocorisone acetate (HC). 3 mg, twice a week, subcutane

ously starting on the day of implantation.
b. X· irradiation (X-I). Whole body, 400 rads, one day before

implantation.
Inoculum size: 106 cells per cheek pouch.

This diagram illustrates the passage of cells through three
stages of selection in Hydrocortisone treated hamsters and
tissue culture and the cross transpiantation of these cell line
into irradiated hamsters.

generation explant (Third selection). The original H 4-II-E cells and each re
cultured subline were also implanted into the cheek pouch of X-irradiated
hamsters in order to determine the transplantability and tumor growth rate
in animals given another type of immunosuppressive treatment.

At each stage of selection, the following phenotypic characteristics were
studied: 1) transplantability into hydrocortisone treated hamsters, 2) histolo
gical appearance of the tumor, 3) generation time of the explant and 4)
transplantability into irradiated hamsters. The cytogenetic characteristics
studied included the chromosome distribution and karyotype of both the
explant and tumor at each stage of selection.

Animals and conditioning of the host: Female golden hamsters (random
bred ENG: ELA-Engle Laboratory Animals, Inc., Farmersberg, Indiana), ranging
from 40-60 gm, were employed in these studies. The following treatments
were given to two groups of hamsters to suppress the immune mechanism:
a) Hydrocrtisone acetate (Hydrocortone, Merck, Sharp and Dohme), at a dose
of 3 mg, twice a week, was injected subcutaneously starting on the day of
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implantation. b) X-irradiation, in a dose of 400 rads total body was employed
at the rate of 60 rads per minute with 230 kvp (General Electric, Maximar
250-III) at 14.5 rnA, with 0.25 Cu filter, 24 hours before cell implantation.

Method of culture of rat hepatoma cells: The H 4·II·E cells used in the present
study were derived from a minimal deviation rat hepatoma, the Reuber H·3514l ,

and adapted to growth in vitro by Pitot et alYl. The culture was grown in
plastic tissue culture flasks (Falcon #3024) with 5% CO2 and 95% air. Swim's
S·77 medium (GIBCO)l5l was supplemented with 20% horse serum, 5% calf
serum, 2 tt moles of L-glutaminejml, 100 units/ml penicillin and 100 ttgjml
streptomycin. This medium was changed every 3-4 days. Cells were grown
in monolayers and were subcultured once a week by treating the monolayer
with 0.25% trypsin solution (solution A, GIBCO) .

Implantation: Tissue culture cell suspension were obtained by replacing
the culture fluid of a 4-5 day old culture with a versene-trypsin solution (0.7
mM EDTA plus 0.05% trypsin solution). The cell suspension was centrifuged,
washed 2-3 times with fresh medium to remove the Versene-trypsin solution
and then redispersed in appropriate volumes of media. After counting in a
hemocytometer, the suspension of cells was diluted so that the desired inoculum
(1 x 106

) was contained in a volume of 0.3 ml of medium. For implantation,
hamsters were anesthetized with ether. After implantation, the animals were
observed for tumor growth by everting the cheek pouch under light anesthesia,
approximately every four days and the tumors were measured at each ex
amination.

Re-culture: The tumors were cut into small pieces with scissors, washed
with Hanks's balanced salt solution (HBSS) containing 200 units/ml penicillin
and 200 ttgjml streptomycin. The pieces of tumor were placed into a syringe
with small screens separated by glass beads, and pushed through the screens
into a Petri dish containing HBSS plus 0.05% trypsin solution. The cells were
then resuspended in the previously described growth medium and pipetted
into plastic tissue culture flasks in the usual manner.

Histological examination: Tumor tissues removed from the animals were
examined microscopicallay. They were fixed in 10% neutral formalin and
stained with hematoxylin-eosin.

Determination of generation time: Cells were cultured using plastic tissue
culture flasks (Falcon #3012). Cell counting was performed on 4 flasks a day
for 7 days. Cell viability was determined in a haemocytometer by the exclusion
of 0.1% trypan blue '6).

Cytogenetic techniques: Cultures in the log growth phase and cell suspensions
obtained directly from tumors as previously described were used for the
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preparation of chromosomes. After the addition of colcemid (0.4 !tg!ml), the
cells were incubated at 37°C for two hours, and chromosome spreads were
prepared 2). One hundred spreads of the original culture and 50 or 100 spreads
of each re·cultured subline were examined. Representative spreads of the
modal chromosome number from each preparation were photographed.
Karyotyping was carried out according to the classification described by
Hungerford et al. 17) 1~)l9) •

RESULTS

Serial transplantation into the cheek pouch of conditioned hamsters: The origi
nal H 4-II-E cells implanted into the cheek pouches of hydrocortisone treated
hamsters produced tumors, which grew to maximum size approximately 2
weeks after implantation. Tumors were dark red in color, soft in consistency
and round or oval in shape, with necrosis and hemorrhage within the tumors.
Appearance of the second and third selection tumors were grossly similar to
that of the first selection. Tumors were never found in control animals. The
transplantability and average tumor size at each stage of selection is sum
marized in Table 2. There was a decreased percentage of takes from 80.0%
in the first selection to 55.6% in the third selection, although this difference
is not statistically significant with the number of animals used in this experi
ment. There was also a decrease in average tumor size, from 10.0 mm in the
first selection to 6.3 mm in the third selection.

To determine possible differences in the types of cells selected by different
immunosuppressive procedures, the original H 4-II-E cells, first selection explant

TABLE 2. Transplantability of H 4-Il-E and Its Sublines
into the Cheek Pouches of Control, Hydrocortisone

Treated and X·Irradiated Hamsters

, i "Treaied

Implanted cells I Untreated !Hydrocortisone I X·irradiation

0/3~O~O%)'1 16/20(80.0%)-1"15/20(7'5.0%)
I (10.02)b (8.06)

First selecton 0/10 (O.O%)! 7/10 (70.0%) 1/10 (10.0%)
explant I (7.04) (3.65)

Second selection 0/10 (0.0%) II 10/18 (55.6%) 2/10 (20.0%)
explant (6.33) (3.78)

Third selection ND' ND 1/10 (10.0%)
explant i I (2.50)

The ratio of cheek pouches with tumors 2 weeks after implanta
tion is given as the number with tumors over the total number of
J;louches injected and is expressed as a percentage in parentheses
(a). The average size of the tumors at two weeks after implanta·
tion is also indicated (b).
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Culture

(17thgeneration), second selection explant (llth generation) and third selection
explant (4th generation) were implanted into the cheek pouch of X-irradiated
hamsters. Results of this experiment are also given in Table 2. These findings
demonstrate that cells of each explant have markedly lower transplantability
than the original cells in the X-irradiated animals as well as in the hydro
coritsone treated animals.

Re-establi5hment of cell lines and determination of generation time: Cells
derived from hamster tumors could be re-established in tissue cnlture. The
re-cultured cells were very similar in appearance to the original H 4-Il-E cells,
however their shape and size were more homogeneous than the original cells.
The mean generation time of the original H 4-II-E cells and explants at each
stage of selection are presented in Table 3. The H 4-II-E cells had a mean
generation time of 19.0 hours compared with 3.2 days when the clonal strain
was first established 13). The mean generation times of the second and third
selection cells were approximately 30 hours, and that of the first selection
was between the original and the second selection.

TABLE 3. Mean Generation Time of H 4~II-E and Its Sublines

/Mean generation time (Hours)

H 4-II-E I 19.0

First selection explant I' 26.5
Second selection explant 32.7

_~h_ir_d __~':lec~i~n_e_x_p_la_n_t ...J.. ... _._.. __2_9._4 _

Histology:
First selection: The tumors showed extensive central hemorrhage with

the tumor cells compressed to the periphery (Fig. 1). Within the hemorrhagic
areas there were necrotic tumor cells present. The viable tumor cells re
sembled normal rat liver cells. There was no evidence of bile plugs or pigment
in the tumor.

Second selection: The histological appearance of the tumors in the second
selection was essentially similar to that of first selection showing extensive
hemorrhage and necrosis. The tumor cells formed aggregates or sheets of
cells in the hemorrhage and necrotic areas. There was no definite evidence
of bile production.

Third selection: As compared with the tumors described above, these
tumors showed less hemorrhage and necrosis, and lobules were separated by
increased vascular connective tissue (Fig. 2). The tumor cells themselves
were essentially similar to those seen in the others, however, the tumor cells
were less variable in size and shape. There was no evidence of bile stasis.
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It was not possible to differentiate the tumor cells at each stage of selec
tion purely on a morphological basis. It was possible, however, to recognize
certain gross histologic differences of these tumors, as previously described.
The third selection tumors appeared the most differentiated and thus were
most similar to normal rat liver morphologically.

Chromosome distribution of H 4-II-E cells, hamster tumors and tumor explants:
The chromosome distribution of the original H 4-II·E cells and the explants
at each stage of selection are shown in Chart 1. The cell population of the
H 4·II·E cells consisted of a spectrum of hypotriploid cells with a tendency
to be bimodal. The mode of the chromosome number was 51 compared with
46 ten years ago 13). The average chromosome number was 50.25, and showed
a wide distribution as is frequently found in an established permanent cell line.

CHROMOSOME OISTRIBUTION OF H4-II-E AND ITS
SUBLIlES DERIVED FROM HYDROCORTISONE SERIES
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CHART 1. Illustrates the chromosome distribution observed
in the original H 4·II·E cell line and the explants from tumors
at each selection. 50 or 100 spreads were counted from each
culture and the data is expressed as percentage of cells with
each chromosome number. The diploid and triploid chromosome
numbers are indicated by 2" and 3n respectively.
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In the first selection, 43 cells were counted directly from the tumor. The
modal chromosome number was shifted upwards from 51 to 54. and the
distribution was markedly sharpened compared with that of the original cells.
Fifty cells were counted from the third passage generation of the explant of
the first selection tumors. The result also shows the same tendency toward
being selected. The modal chromosome number was 53 and 54 and cells with
these chromosome numbers made up 68% of all counted cells as opposed to
22% in the original culture. The average chromosome number was 52.02.

A similar distribution of chromosome number was observed in both the
second and third selection. In the second selection, 46 cells from the tumor
and 50 cells from the explant were counted. The results showed more nar·
rowing of the scatter of chromosome number in both the tumor and the
explant compared with the first selection. The modal chromosome number
of the tumor and explant was 54. Cells with 53 and 54 chromosomes made
up 89% of the mitoses studied in the tumor and 88% in the primary explant.
The average chromosome numbers were 53.33 and 53.48, respectively.

In the third selection, direct examination of the tumor chromosomes failed.
Examination of the explant chromosomes showed almost the same result as
that of the second selection. Forty nine of 100 metaphase plates counted had
54 chromosomes, the percentage of cells with 53 and 54 chromosomes was
92% and the average chromosome number was 53.37.

Karyotype analysis of the H 4-[[-E and third selection explant: Chromosomes
were arranged according to the classification used in previous publications 17) 18) 19)

for the normal rat karyotype. Since the individual chromosomes assigned to
group 4-10, XY, 11-13 and 14-20 were not always easy to identify, they were
pooled together in each group. For karyotype analysis of the H 4-II-E cells,
9 different metaphase plates were chosen to make detailed karyotypes.
Moreover, 7 metaphase plates with 53 and 54 chromosomes from the same
sample were used to make karyotypes to compare with those of the selected
sublines.

A representative karyotype containing 51 chromosomes and the karyotype
variation of the original cells are demonstrated in Fig. 3 and Table 4. One
marker chromosome that is never found in normal rat karyotypes was observed
in 15 of 16 cells. This marker chromosome was the largest submetacentric
observed in the material and was clearly distinguishable from other chromo
somes. The number of chromosomes in each group varied from cell to cell,
even among cells with identical chromosome numbers, except group 1-3, which
showed a relatively stable pattern..

For karyotype analysis of the third selection explant, 5 metaphase plates
with 53 chromosomes and 4 metaphase plates with 54 chromosomes from the
third passage generation explant were used. Fig. 4 and 5 illustrate the
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TABLE 4. Variations in Karyotype Observed in the Original
H 4-II-E Cells and the Third Selection Explant

I Total:
Group

MarkerCulture . number! 1-3 i 4-10, x.Y. I 11-13 14-20 chromosome
I

H4-II-E 44 6 21 7 10 0

49 7 17 9 15 1

50 6 19 7 i 17 1
50 6 20 8 I 15 1
50 6 21 8

I

14 1

51 6 22 6 16 1
51 5 19 8 18 1
51 7 21 7 I 15 1
51 6 18 9

I

18 1

53 6 19 9 18 1
53 6 19 10 17 1
53 6 19 9 i 18 1

54 6 23 7

I
17 1

54 6 21 8 18 1
54 6 21 8 18 1
54 6 20 9 .18 1

-. __ ........ _-_ ............. .............................. l ........ ___

Third 53 6 19 9

!

18 1
selection 53 6 19 9 18 1
explant 53 6 19 9 18 1

53 6 19 9 18 1
53 6 19 9

I
18 1

54 6 19 10 18 1
54 6 19 10

I
18 1

54 6 19 10 18 1
54 6 19 10 I 18 1

representative karyotypes of cells with 53 and 54 chromosomes, respectively.
Karyotype variation in this explant is demonstrated in the bottom half of
Table 4. The large submetacentric marker chromosome found in the original

cells was seen in all karyotypes examined. It is interesting that there are
no variations in number observed in any group and the only difference between
the cells with 53 and 54 chromosomes is in group 11 ~13. More detailed exa
mination of the karyotype was attempted especially for group 1-3 and 11-13

of the plates listed in Table 4. The results are presented in Table 5. In
group 1-3, they showed exactly the same chromosome arrangement, even among
the cells with 53 and 54 chromosomes. In group 11-13, 4 of 5 cells with 53
chromosomes and 3 of 4 cells with 54 chromosomes also had the same .ar
rangement. From these results, the difference between cells with 53 and 54
chromosomes is probably an extra chromosome in group 12. In regard to the
genesis of the marker chromosome, since its long arm is nearly equal to
group 2, and group 2 has a tendency to be monosomic, it is proposed that the
marker chromosome was made from one chromosome in group 2 and one in
group 4-10, XY by centromeric fusion.
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TABLE 5. Karyotype Variations in the Third Selection Explant

, Group
Total I I - I Marker

number: 1 I 2 3 14-10, X.Y. 11 12 13 14-20 . chromosome

53 2 1 3 19 2 -1 3 18 1
53 2 1 3 19 3 2 4 18 1
53 2 1 3 19 3

,.,
4 18 1'"53 2 1 3 19 3 2 4 18 1

53 2 1 3 19 3 2 4 18 1

54 2 1 3 19 3 3 4 18 1
54 2 1 3 19 3 3 4 18 1
54 2 1 3 19 3 3 4 18 1
54 2 1 3 19 3 4 3 18 1

, ----

DISCUSSION

Many previous studies have been concerned with the cell changes occuring
in heterotransplanted tomors 5) 6)7) 6l 9) 10) 11) 12). These have mainly dealt with
changes of transplantability and tumor growth rate after serial heterologous
transplantation. Ahlstrom and Ising 9) reported that a line adapted to a foreign
host showed increased virulence in that host and decreased virulence in the
original host as compared with the original line following the serial inoculation
of Ehrlich mouse ascites cells into the hamster cheek pouch. In 1970, Suciu
Foca et al. 12

) also presented alterations in biological behavior using two 2
methylcholanthrene-induced mouse sarcomas and tolerant rats. These observa
tions could generally be explained by the adaptation of the tumor cells to the
foreign hosts 9) or by the assimilation of heterologous antigens by the cells of
the donor 20). Thus, the accelerated growth in the foreign host after repeated
transfer was consistent with previous findings that on serial transplantation
a tumor often shows increased virulence 21) 22) • In contrast to the findings
described above, an increase in virulence was not observed in our experimental
system. The results of the present study demonstrate a decrease in virulence,
as expressed by a slower growth rate as well as a decrease in the ratio of
takes with each succeeding in vivo and in vitro passage.

The studies of Foley et al.23) 24) 2S) demonstrated clearly the relationship
between transplantability and the malignancy of cultured cell lines using the
cheek pouch of conditioned and unconditioned hamsters. They observed that
tissue culture cells derived from malignancies produced tumors in cortisone
treated hamsters when as few as 10 cells were inoculated, while cells from
non-malignant sources required 1,000 or more cells. Malignant cells produced
tumors in the unconditioned hamster when as few 1 x 104 cells were inoculated
while cells from normal sources usually required 1 x 106 cells. Thus, the
transplantability into the hamster cheek pouch seems an indication of the
malignancy of cultured cell lines. If we accept this interpretation, cells with
lower malignancy (i.e. more differentiated) were selected during the in vivo
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passages of the present study. This interpretation is supported by the his
tological appearance of the hamster tumors in each selection and by the
generation times of each explant, which were different from those of the
original cells, showing a more differentiated pattern and a slower growth
rate. Moreover, our observations concerning the phenotypic alterations are
also in agreement with previous studies demonstrating that heterotransplanta
tion of cancer cells into hamster cheek pouches results in the selection of
cells best able to grow in the new enviroment 10)26).

In regard to conditioning of the host, tumors were never found in untreated
animals, some conditioning being essential for the cells to grow in the hamster
cheek pouch. The exact mechanism of the effects of cortisone and X-irradia
tion are as yet unknown although both result in immuno-suppression. Because
the degree and quality of the immuno-suppression differs in these animals it
is safe to assume that they represent different in vivo transplantation environ
ments. Markedly different transplantability and tumor growth rate of each
explant compared with those of the original cells in the irradiated animals
do, however, indicate that the explants derived from the hamster tumors have
different biological properties which may be characterized as being less
malignant.

The main purpose of this study was to determine a possible relationship
between cytogenetic variations and phenotypic variations in the cells submitted
to serial in vivo and in vitro selection pressures. Several investigator have
been concerned with selective changes in the chromosomal constitution of
cell populations after growth in a different species or strain of host 10)26)27)28)29)

S0)31). Under these conditions, selection of cells has been attributed to altered
environmental conditions and the selected cells may show increase or decrease
in the modal chromosome number 10)26)31), or significant change in ploidy 27) 28; SO) •

These studies did not, however, attempt to demonstrate the multiple phenotypic
effects of these changes.

The results of cytogenetic examination in the present study indicate that
the modal chromosome number was shifted upwards from 51 to 53 and 54 and
remarkable sharpening of the distribution was seen with each succeeding in
vivo and in vitro selection. This change was accompanied by the selection of
a more homogeneous karyotype. At each stage of selection, the result of the
tumor chromosome analysis was almost the same as that of the explant. It
is clear from these results that there was selection occurring in the foreign
host for a cell with a particular genetic makeup. Since the positive morphologic
identification of the species of origin of individual chromosomes is very difficult,
intraspecies hybridization can not be completely excluded on the basis of
karyotype alone. However, no morphologic differences in the chromosomes
between the original H 4-II-E cells and each explant could be observed.
Electron microscopic examination of both tumors and explants, which will be
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published later, showed no morphologic evidence for the presence of virus.
It seems likely, therefore, that the cells studied are from the original H 4-II-E
cell line.

The data in the present study, based on detailed karyotype analysis,
indicate that the selected cultures derived from hamster tumors consist of a
homogeneous karyotypic population. In the third selection explant, more than
90 per cent of the counted cells have 53 or 54 chromosomes, and very little
variation is seen in arrangements of their karyotypes in cells containing the
modal chromosome numbers. Moreover, the only difference between the cells
with 53 and 54 chromosomes is observed in group 12. It appears that this
explant consists of only two different cell types cytogenetically. The mechanism
by which these cells with a particular genetic makeup were selected in the
hydrocortisone treated animals is unknown. The most likely explanation is
a biochemical or immunological selection of cells in the new enviroment 26)32).

In order to discuss the relationship between the phenotype and the genotype
of these cells, one must consider some fundamental cytogenetic characteristics
of cancer cells. Malignant cells frequently differ cytogenetically from normal
cells both with regard to the number and morphology of chromosomes.

Cancer cells frequently have pronounced instability in chromosome number.
One possible explantion for the difference in transplantability between the

original cell line and the selected cell line is that there is a relationship
between the karyotype and surface antigenicity and the unstable chromosomal
makeup would give cancer cells the capability of altering their antigenic
properties, with the possibility of greater adaptability to a foreign immunologic
environment. Further, the chromosome number of transplantable tumors
shows a wider chromosome distribution 33)3.) than normal adult or embryonic
tissues 33)35). It is possible that immune surveillance may actually be the
mechanism for the maintenance of a stable kayotype in the immunologically
intact animal. It therefore appears likely that the uniformity of karyotype
and the width of chromosome distribution as well as modal chromosome
number and ploidy and morphology of chromosomes may control the biological
properties of cancer cells. It is also possible that the antigenicity of cells
may relate to their chromosomal constitution especially the homogeneity of
chromosome nnmber and karyotype.

CONCLUSION

Based on the data described in the present study, the following conclusions
may be drawn; 1) Heterotransplantation of rat hepatoma cells into the cheek
pouch of hydrocortisone treated hamsters results in cell selection, 2) cell
selection is accompanied by changes in morphology, growth rate, and trans
plantability, 3) these phenotypic differences are associated with selection of
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cells with a more homogeneous karyotype, and 4) it is proposed that chro
mosomal changes can markedly influence the characteristics of a cell and it
is possible that these changes result from complex gene interactions.

REFERENCES

1) Vogt, M., A Study of Relationship Between Karyotype and Phenotype in Cloned Line
of Strain HeLa, Genetics, 44, 1257, 1959.

2) Bottomley, R. H., Trainer, A. L., and Griffin, M. J.. Enzymatic and Chromosomal
Characterization of HeLa Variants, ]. Cell Biology, 41, 807, 1969.

3) Higgins, M. L., Tillman, M. C., Leach, K. K., Melnykovych, G., and Leach, F. R.,
Studies on the Variability of the KB Cell Line, Texas Reports on Biology and Medicine,
27, 1013, 1969.

4) Ghosh, 1. and Ghosh, S., Karyological Studies on Two HeLa Lines, Z. Krebsforsch, 74,
103, 1970.

5) Galton, M., Goldman, P. B., and Holt. S. F., Karyotypic and Morphologic Characteriza
tion of a Serially Transplanted Human Choriocarcinoma, ]. Natl. Cancer Inst., 31, 1019,
1963.

6) Iverson, H. G., Transplantation from Man to Mouse of Exudates Containing Tumor
Cells, Brit. ]. Cancer, 12, 210, 1958.

7) Miles, C. P., Chromosomes of Some Heterotransplanted Human Tumors I. H. Emb.
Rh. 1, H.S. 1, and ME 1, ]. Nat!. Cancer Inst., 34, 103, 1965.

8) Adams, R. A., Flowers, A., and Devis, B. J., Direct Implantation and Serial Trans
plantation of Human Acute Lymphoblastic Leukemia in Hamsters SB-2, Cancer Res.,
28, 1121, 1968.

9) Ahlstrom, G. C. and Ising, U., Alteration in Growth of Ehrlich Mouse Ascites Carcinoma
on Repeated Transfer through Hamsters, Brit. ]. Cancer, 9, 582, 1955.

10) Ising, U., Chromosomal Changes in Ehrlich Mouse Ascites Cancer on Repeated Transfer
through Hamsters and Rats, Acta Patlwl. Microbial. Scand., 40, 315, 1957.

11) Ising, U., Chromosome Studies in Ehrlich Mouse Ascites Cancer after Heterologous
Transplantation through Hamsters, Brit.]. Cancer, 9, 592, 1955.

12) Suciu-Foca, N., Dumitrescu, V., Lazar, C., and Nachtigal, M., Host and Tumor Modi
fications Associated with Serial Hetero-transplantation of Tumors through Immunolo
gically Tolerant Animals, Cancer Res., 30, 1681, 1970.

13) Pitot, H. C., Peraino. C., Morse, P. A. Jr., and Potter, V. R., Hepatomas in Tissue
culture Compared with Adapting Liver in vitro, Nat!. Cancer Inst. Monogr., 12, 229,
1964.

14) Reuber, M. D., A Transplantable Bile·secreting Hepatocellular Carcinoma in the Rat,
]. Natl. Cancer Inst., 26, 891, 1961.

15) Morse, P. A. Jr. and Potter, V. R.. Pyrimidine Metabolism in Tissue Culture Cell
Derived from Rat Hepatomas. 1. Suspension Cell Cultures Derived from the Novikoff
Hepatoma, Cancer Res., 25, 499, 1965.

16) Marchant, D. J., Kahn, R. H., and Murphy, W. H. Jr., Measurement of Growth, In
Handbook of Cell and Organ Culture, Minneapolis, Minn., Burgess Publishing Company,
155, 1965.

17) Hungerford, D. A. and Nowell, P. C.. Sex Chromosome Polymorphism and the Normal
Karyotype in Three Strains of the Laboratory Rat, ]. Morphol., 113, 275, 1961.

18) Nowell, P. C., Ferry, S., and Hungerford, D. A., Chromosomes of Primary Granulocytic
Lflukemia (Chloroleukemia) in the Rat,]. Natl. Cancer Inst., 30, 687, 1963.

19) Nowell, P. C., Morris, H. P., and Potter, V. R., Chromosomes of "Minimal Deviation"
Hepatomas and Some Other Transplantable Rat Tumors, Cancer Res., 2.7, 1563, 1967.



62 H. MURAGISHI AND R. H. BOTTOMLEY

20) Swaen, G. V., A Study on the Antigenicity of a Human Cell Line Propagated in a
Heterologous Medium, Experientia, 19, 628, 1963.

21) Foulds. L., The Experimental Study of Tumor Progression: A Review, Cancer Res.,
14, 327, 1954.

22) Snell, G. D., The Physiopathology of Cancer, Hoeber, New York, 1953, p. 338.
23) Foley, G. E. and Handler, A. H., Differentiation of "Normal" and "Necplastic" Cells

Maintained in Tissue Culture by Implantation into Normal Hamsters, Proc. Soc. Exper.
Bioi. and Med., 94, 661, 1957.

24) Foley, G. E., Handler. A. H., Adams, R. A., and Craig, ]. M., Assessment of Potential
Malignancy of Cultured Cells: Further Observations on the Differentiation of "Normal"
and "Neoplastic" Cells Maintained in vitro by Heterotransplantation in Syrian Hamster,
Nat!. Cancer Inst. Monogr., 7, 173, 1961.

25) Foley, G. E. and Drolet, B. P., Loss of Neoplastic Properties in vitro. 1. Observations
with S·180 Cell Lines, Cancer Res., 24, 1461, 1964.

26) Ising, U., Effect of Heterologous Transplantation on Chromosomes of Ascites Tumors:
A Contribution to Our Knowledge of Environmental Influence on Tumor Cells, Acta
Pathol. Microfliol. Scand. Suppl., 127, 1, 1958.

27) Hauschka, T. S., Relationship between Chromosome Ploidy and Histocompatibility in
Mouse Ascites Tumor, Cancer Res., 12, 269, 1952.

28) Hauschka. T. S., Kvedar, B. ]., Grinnell, S. T., and Amos, D. B., Immunoselection of
Polyploids from Predominantly Diploid Cell Populations, Ann. N.Y. Acad. Sci., 63, 683,
1956.

29) Hauschka, T. S. and Levan, A., Inverse Relationship between Chromosome Ploidy and
Host·Specificity of Sixteen Transplantable Tumors, Exper. Cell Res., 4, 457, 1953.

30) Krishan, A., Raychaudhuri, R., and Flowers, A., Karyotype Studies on Human Leukemic
Lymphoblasts in vitro and as Serial Transplants in Neonatal Syrian Hamsters, ]. Natl.
Cancer Inst., 43, 1203, 1969.

31) Levan, A., Chromosomes in Cancer Tissue, Ann. N.Y. Acad. Sci., 63.774, 1956.
32) Kaziwara, K., Derivation of Stable Polyploid Sublines from a Hyperdiploid Ehrlich

Ascites Carcinoma, Cancer Res., 14, 795, 1954.
33) Levan, A. and Hauschka, T. S., Endomitotic Reduplication Mechanism in Ascites Tumor

of the Mouse,]. Nat!. Cancer Inst., 14, 1, 1953.
34) Makino, S., A Cytological Study of the Yoshida Sarcoma, an Ascites Tumor of White

Rats, Chromosoma, 4, 6491, 1952.
35) Tanaka, T., A Study of the Somatic Chromosomes of Rats, Cytologia, 18, 343, 1953.



FIG. 1. Illustrates the microscopic appearance of the first selection tumors.
Marked hemorrhage and necrosis is evident. The tissue was stained with
hematoxylin and eosin. Final magnification is approximately x 200.

FIG. 2. Illustrates the microscopic appearance of the third selection tumors.
A more homogeneous appearance with less hemorrhage and necrosis is evident.
The tiesue was stained with Hematoxylin and eosin. Final magnification is
approximately x 200.
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FIG. 3. Shows a representative karyotype from the original H 4-II-E cell
line. The cell contains 51 chromosomes including the large marker chromosome.



FIG. 4. Shows a cell with 53 chromosomes from the explant of the third
selection tumors.
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FIG. 5. Demonstrates a cell with 54 chromosomes from the explant of the
third selection tumors. This karyotype contains an additional chromosome in
group 12 as compared with the cell with 53 chromosomes illustrated in Fig. 4.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /None
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /None
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /None
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /JPN <FEFF0032003000300038002E0033002E0032003765398A02>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 400
        /LineArtTextResolution 1200
        /PresetName <FEFF005B9AD889E350CF5EA6005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed true
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




