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Mammalian cells can be carried in tissue
culture for relatively short periods of time
(anywhere from 5 to 100 cell generations)
but a method for routine, long-term cultiva-
tion of cells has not yet been established.
Hayflick and Moorhead (1, 2), Chang (3),
Rothfels et al. (4), and Todaro and Green
(5) have postulated that mammalian cells
have a limited in vitro lifespan and cannot be
carried as permanent cell lines without be-
coming heteroploid. Using enriched medium,
Todaro and Green (6) have successfully
grown both human and hamster cells for over
100 cell generations. We have attempted to
duplicate this work using the lung cells of
newborn hamsters to establish a serial culture
method for these cells using the albumin
supplemented medium described by Todaro
and Green (6). Bovine plasma albumin frac-
tion V was used to supplement the medium
and was found to be as successful as crys-
talline serum albumin, Using this supple-
mented medium we were able to obtain a
number of permanent cell lines from primary
cultures of hamster cells (7).

Materials and Methods. Preparation of Sy-
rian hamster cells. Cell samples were taken
from 17- to 20-day-old hamster embryos,
from 2- to 3-day-old hamsters and from ran-
dom-bred adult hamsters. Primary cultures
were prepared by the cell dispersion meth-
od. 0.25% trypsin (Nutritional Biochemical
Corp., 1:300) or 0.1% pronase-P (Kaken
Chemicals Co., Tokyo, Japan) in Hanks’ so-
lution was used to disperse the cells. The
cells were collected after 15 min, centrifuged,
and resuspended in the medium. Viable cells
were counted and the known number was
plated onto a series of petri dishes. The cul-
tures were incubated in 5% CO. in air at 37°
for 12 days without changing the medium.

The cells were plated at 5 X 107 cells onto
60-mm petri dishes containing 5 ml of medi-
um and transferred according to a constant
transfer schedule. “A” cells were cultivated
in square bottles and transferred every 3 to 4
days. The cultures were always reinoculated
at the same cell density. In order to subcul-
ture the cells, 0.029% pronase plus 0.02%
EDTA in Hanks’ solution was used.

Media. The culture media supplemented
with 10 to 20% bovine serum were prepared
and designated as follows:

ST medium: Eagle’s MEM plus 0.1% Bac-
to-peptone (Difco Labs, Detroit, Mich.).

BSA medium: ST medium plus 0.75% bo-
vine albumin powder (Fraction V from bo-
vine plasma, Armour Pharmaceutical Co.,
Kankakee, Ill.). The bulk medium was steri-
lized by passing through a pre-washed Seitz
filter and adding 80 mg of kanamycin/liter.

Results. Use of pronase in dispersing
cells. Pronase is an effective cell dispersing
agent (8, 9). We have found it acts more
rapidly than trypsin and is effective at lower
concentrations. An experiment comparing the
action of pronase and trypsin on cells in
culture was performed as follows:

Cells released from the specimen at con-
stant time intervals were harvested by centri-
fugation and the viable cells were counted in
BSS containing 0.125% trypan blue. Parallel
cultures were employed using both enzymes.
After 2 hr, the released cells were counted.
Four times as many cells were released with
pronase than with trypsin. The released cells
were immediately inoculated at 5 X 10? cells/
plate and the growth rates of the cultures
were compared. There was little difference in
growth rate between the cells dispersed with
pronase and those dispersed with trypsin
(Fig. 1). With the use of BSA medium there
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F1c. 1. Growth curves of lung cells of baby ham-
sters after digestion with pronase or trypsin: The
specimen was digested with either 0.25% trypsin
solution or 0.1% pronase solution for 0.5 hr and § X
10* cells were inoculated in ST medium and
BSA medium, respectively. (@) pronase digested
cells; (A) trypsin digested cells.

was an initial lag phase in the growth of the
pronase-treated cells which was not seen in
the trypsinized cells. In spite of this, pronase
was used in all further experiments to dis-
perse and subculture the cells.

Use of albumin medium in primary cul-
tures. Cells were obtained from lung, kidney,
and liver of newborn hamsters, inoculated in
either ST medium or BSA medium and incu-
bated for 12 days in a CO: incubator. Al-
though there was some difference in the num-
ber of cells that attached to the glass, depend-
ing on the tissue of origin, in every case the
growth rate in BSA medium was superior to
that in ST medium.

Cells cultivated in ST medium for 4 days
and then transferred to BSA medium showed
a considerable increase in growth rate after
the medium was changed to BSA medium
(Fig. 2). Therefore, the presence of the al-
bumin does not appear to influence attach-
ment of the cells to the glass. In addition,
growth in BSA medium was enhanced re-
gardless of whether pronase or trypsin were
used as the cell dispersing agent (see Fig. 1).

Effect of the density of the inoculum in
secondary cultures. Cells taken from hamster
embryos or neonates, known to grow better

in culture than those taken from adults, were
used in the following experiments. Their
growth rates in BSA medium were compared
at various densities of the inoculum. Inocula
of low density grew less well than those at the
higher density, probably due to lack of cell-
cell feeding. The relationship between density
of the inoculum and the growth of cells from
different organs is shown in Fig. 3. Lung
cells grew better than cells of other organs at
the low density of the inoculum, and embryo
cells grew better than those from neonates.
However, the growth potential in these sparse
cultures could not be maintained and fell
rapidly. The growth potential in dense cul-
tures, in contrast, was maintained.

Serial transfer of cells of differing ages and
tissues of origin. The long-term cultivation
of lung cells from hamster embryos, ne-
onates, and adults; liver cells from hamster
neonates; and whole embryo cells was at-
tempted. The density of the inoculum was
kept at between 10% and 108 cells/plate. Par-
allel cultures were carried in both ST medi-
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Fic. 2. Growth curves of lung cells of baby ham-
sters grown in ST medium and BSA medium: One
hundred thousand cells digested for the primary
culture, were inoculated in ST medium and BSA
medium., Medium was changed every 4 days, The
arrow indicates when ST medium was changed to
BSA medium. After the cells had been carried in ST
medium for 4 days, the cells were cultured in BSA
medium. (O) ST medium; (®) BSA medium.
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F1c. 3. Relation between the size of the inoculum
and growth rate of the cells from different organs of
the embryo and the neonate, in secondary cul-
ture: (A) whole embryo cells; ([J) lung cells of
embryo; (M) lung cells of neonate; (A) kidney
cells of neonate; (®) skin cells of neonate; (V)
liver cells of neonate.

um and BSA medium and transferred every 3
to 4 days without changing the medium dur-
ing that interval. In addition, a culture of the
liver cells was carried in the albumin medi-
um supplemented with 0.01% egg albumin.
Figure 4 illustrates the growth curves ob-
tained.

Hayflick and Moorhead (1), Rothfels ez
al. (4), Todaro and Green (5), and Todaro
et al. (10, 11) have previously shown that the
lifespan of human, Syrian hamster, and
mouse cells is limited when the usual culture
conditions are employed. The growth rate of
hamster cells begins to decline at the first
transfer and is very low within 10 cell gener-
ations(10). We found this to be true with our
hamster embryonic lung cell cultures on ST
medium, however, when BSA medium was
used, cells grew well at the 35th cell gener-
ation, at which time the experiment was ter-
minated. The growth curve of a mixed ham-
ster embryonic cell culture shows a linear
increase in cell number during the initial 13
cell generations, a decline from the 13th to
the 16th cell generation and another linear
rise (Fig. 4). Cells from whole embryos were
still growing well at the 30th generation,
when the experiment was discontinued and
the stock was frozen. In comparison, the cells
grown on ST medium survived for only 5
cell generations.

Neonatal hamster lung cells designated
([A”) ACB,” ((C’” ((D’” a,nd (lE]? were Seriauy
transferred on BSA medium. “D” cells were
also grown in egg albumin-supplemented
medium. The results obtained from a long-
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term study of these cultures shows that the
cultures serially propagated for from 3 to 13
months and from 50 to 150 cell generations
and that the cells were still growing well
when the experiments were terminated after
varied periods. Culture histories are summar-
ized in Table I. Figure 5 illustrates the differ-

‘ence between growth of “A-17 cells on ST

and BSA medium. The effective range of al-
bumin concentration in the medium was
found to be between 0.5 and 1.0%. Albumin
at a concentration of 2% or greater marked-
ly inhibits cell growth and at 0.2% does not
enhance cell growth at all. The serum al-
bumin allowed maintenance of hamster cells
in a long-term culture, as shown in Fig. 6.

The same BSA medium could not maintain
growth potential of adult hamster lung cells.
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F1c. 4. Growth of hamster cells from animals of
different ages and from different BSA medium was
used. Beginning with the secondary culture: Each
point represents one {ransfer: (A) whole embryo
cells; () lung cells of embryo; (M) lung cells of
neonate (“E” cells); (W) liver cells of neonate; (Q)
lung cells of adult.
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TABLE I. Culture History of Syrian Hamster Cells in Albumin-Fortified Medium.

Cone of Total no. of
Inoculum Time serum in — Culture
Culture  size (X 10* interval medium Cell gen- Trans-  period
Cultures vessel cells/plate) (days) (%) Medium  erations fers (months)
Lung cells of baby
hamsters
A Bottle 50 3—4 20 BSA 150 110 13
B Petri ddish 50 34 20 BSA 76 70 9
3 Petri dish 50 3—4 20 BSA 60 50 6
D Petri dish 20 34 5-10 BSA 100 40 5
EA 78 40 5
E Petri dish 3-20 34 3-10 BSA 50 25 3
7-8
Lung cells of Petri dish 20 34 10 BSA 35 22 3
hamster embryos
Whole embryo Petri dish 20 3—4 10 BSA 30 26 3

cells

After 6 transfers, the growth rate of the
adult cells declined rapidly. Degenerative
changes became apparent and it was impos-
sible to continue serial tranfer of the cells
(see Fig. 4). However, the lung cells ob-
tained from the neonate could be maintained
on BSA medium long enough to develop
eventually into established lines. Liver cells
of the neonate grown under the same condi-
tions could not be maintained and growth
stopped after several transfers. Although the
addition of 0.01% egg albumin to the medium
prolonged their growth somewhat they could
not be developed into cell lines.

Discussion. With the development of effec-
tive cell culture techniques, many attempts
have been made to develop established lines
from diploid mammalian cells. However, al-
though the cells grow initially, they could not
be maintained. Occasionally a cell would un-
dergo a chromosomal change from diploid to
heteroploid and then an established line
would be formed, with heteroploid character-
istics but differing markedly from the cell of
origin and from normal mammalian cells.
Hayflick and Moorhead (1, 2) suggest that
the finite lifetime of diploid mammalian cells
in vitro may reflect aging or senescence at
the cellular level. They suggest that this is an
intrinsic property and is not related to the
culture conditions employed. On the other
hand, Todaro and Green (6) showed that dip-

loid hamster and human fibroblasts could be
serially cultivated for a prolonged time (at
least for 100 cell generations) when grown on
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F1c. 5. Growth of “A” cells grown on medium
containing different concentration of albumin: The
left arrow indicates the beginning of the subculture
from 0.75% BSA medium to 0.5% BSA medium and
the right arrow shows the beginning of the subcul-
ture from 0.75% BSA medium to 1% BSA medium,
Each point represents every Sth transfer: (O) ST
medium; (®) 1% BSA supplemented ST medium;
(W) 0.75% BSA supplemented ST medium; (A)
0.5% BSA supplemented ST medium.
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Fic. 6. Neonatal hamster lung cells from the primary cultures, maintained on either ST medium
(A) or BSA medium (B) for a month without transfer; X250.

an albumin supplemented medium. These
cells continued to maintain a diploid karyo-
type.

It would be highly desirable to improve
cell culture techniques to allow diploid cell
strains to be maintained én vitro without al-
terations in their properties for prolonged
periods of time. Previous studies with ham-
ster embryo cells in this laboratory (12, 13)
have shown that it is possible to produce
hamster lines with a certain low probability
(2 out of 10 cultures initiated). These result
after about 3 months of declining growth
rate.

The methods used here are similar to those
previously used by Todaro and Green (6),
however, the addition of crystalline albumin
to the medium has been replaced with al-
bumin fraction V at a concentration of 7.5
mg/ml. It has been shown that the immedi-
ate growth-promoting effect of albumin frac-

tion V is followed by a substantial effect on
the long-term cultivation of these cells. The
experiments presented here show that nearly
all cultures of lung cells of newborn hamsters
eventually develop into established lines,
These lines do not die out but begin a series
of evolutionary changes expressed as various
new properties, developing of chromosomal
alterations, ability to grow at low inoculation
density, ability to propagate continuously on
ST medium and ability to produce tumors in
animals. A long-term observation of these cul-
tures reveals that diploid hamster cells can be
propagated continuously on BSA medium
for about 30 cell generations but the change
in ploidy occurred between the 34th and the
45th generation at each of three independent
culture series. These results have been pub-
lished (7) and will be published (16).
While it is possible to produce established
lines from mouse embryo cells (4, 5) and
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Chinese hamster cells (14, 15) with a high
degree of probability, Syrian hamster embryo
cells (9, 11, 17) generally fail to develop
into established lines. Under similar condi-
tions the Syrian hamster cells can not be
usually cultivated past 10 cell generations in
vitro. With the addition of serum albumin
fraction V, the hamster cells give rise to es-
tablished cell lines with a high probability. It
is apparent that the eventual fate of the
hamster cells profoundly depends on the con-
ditions of cell culture and especially the medi-
um composition used. Some of the results are
in agreement with Todaro and Green (6),
although these authors could not produce es-
tablished lines from the hamster embryo even
after 100 cell generations. The growth activ-
ities of albumin may depend on the quantity
of impurities that are present in the prepara-
tions. However, it is still not possible to de-
cide on the albumin function whether it
serves as an essential nutrient itself or wheth-
er it provides a dissociable element or an
impurity which is responsible for the growth-
promoting effect.

Summary. A successful routine method of
developing cell lines from diploid hamster
cells has been established. Bovine serum al-
bumin fraction V was essential for serial
long-term culture. Stimulation of growth was
optimal at albumin concentrations between
0.5 and 1%. In the presence of albumin,
hamster embryonic and neonatal lung cells
and whole hamster embryonic cells developed
into established lines.
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