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Thu numerous cell strains available in the different laboratories are
partly of human, partly of animal, chiefly mammalian origin. They had been
obtained from different healthy, neoplastic or embryonal tissues. In some
cases no visible changes had ensued in tin; course of their establishment,
in other cases, however, striking morphological changes had occurred i.e. the
cells appeared to have undergone “transformation”.

Out of the great variety of cell strains some had been obtained from
monkeys. Parker [16], Hull,Cherry and Johnson[l1],Westwood, Macpher-
son and Titmuss [27], Simon [22] and Morzycka [15] reported on the successful
continuous propagation of monkey kidney cells. Salk and Ward [20] de-
scribed the establishment of a cell strain obtained from Cynomolgus heart

«endothelium.

The present paper reports some systematic studies on the establishment
of cell lines from pooled and individual monkey kidneys. Some factors influ-
encing the processes involved are also discussed.

Material and methods

A 0.25 per cent trypsin solution prepared from “Difco-trypsin 1 :200”1in a Ca-, and
Mg-free PBS [4] was used. The lactalburnin-hydrolysate solution contained 5 per cent NBC
lactalbumin-hydrolysate2in distilled water. The composition of the initial medium (IM) was:
2 per cent calf serum, 10 per cent lactalbumin-hydrolysate solution and 88 per cent Hanks’
balanced salt solution [9]. From the seventh day of cultivation a propagating medium (PM)
econtaining 5 per cent lactalbumin-hydrolysate solution, 10 per cent calf serum, 40 per cent
synthetic mixture 199 [211and 45 per cent Hanks’ balanced salt solution was used.

For the preparation of primary monkey kidney cell cultures, young Rhesus and Cyno-
molgus monkeys of 2 to 3 kg body weight were used. The animals were anaesthetized by inject-
ing 3 ml of a 10 per cent thialbarbital solution3 intraperitoneally. The animals were killed
by bleeding through the carotids. The kidneys were removed, decapsulated and the minced
cortex was trypsinized by the method of Youngner [29] at 30° C, with trypsin changes at
five minute intervals. Only test-tube cultures were prepared in every case, using 200.000 cells
in one ml of medium per tube. Incubation took place at 36° C in a slanted position. The
medium was changed weekly throughout.

1Difco Corp., Detroit, Michigan.
2 Nutritional Biochemicals Corp., Cleveland, Ohio.
3Chinoin, Budapest, Hungary.
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Subcultures were prepared by the method of Swim and Parker [23] slightly modified by
us. The cells were removed from the glass surface with bent tipped glass tubes and resuspended
by sucking and blowing (scraping). The first passage was made at arbitrarily chosen times
in the different experiments. Each primary culture was considered as the possible parent of
a cell line and was thus separated rigorously. Cultures having survived a minimum of ten
passages with satisfactory growth were designated as cell lines in contrast to the cell strains-
characterized by continuous growth after establishment. This arbitrary distinction is based
only upon the growth characteristics of cells. Similar distinctions were, however, made also-
by other authors [5, 24].

For morphological studies slide preparations were made by the collodion membrane
method [19]. The random selection of cultures for staining was always made on the seventh
day following the last passage or fluid change. The preparations were stained according to
Pappenheim.

Experimental

Establishment of cell lines from pooled monkey kidneys. The first series
of experiments was performed in order to detect whether it was possible to

Table 1

Establishment of cell lines from pooled monkey kidneys

Primary cell cultures Lines established
Incuba-
tion
ies and Nurber : Inci-
Batch Date of X0 Date of estab-  Desig-
nmber preperaion of s CWOPY gl M eaplihment 1y natios 60
ment 0
(in
days)
I. 19. VII. 6 Cyno- negative* 100 | 28. X. 1959 103 ili. 1.0
1959 molgus
1. 28. VIIl. 9 Rhesus 2 T.B.C. 12 | 27. 1. 1960 152 iili. 8.3
1959 7 negative
in. 25. 1X. 6 Rhesus negative 24 | 29. X 11. 1959 95 Hili. 4.2
1959
V. 29. IX. 4 Rhesus 30 0 0.0
1959
V. 2. X. 4 Rhesus 33 0 0.0
1959
VI. 7. X. 6 Rhesus negative* 100 1 19. V .1960 224 VI/L. 1.0
1959
VII. 9. X. 6 Rhesus negative* 31 0 0.0
1959
VI, 13, X. 7 Rhesus negative* 34 4 29. X 11. 1959 777 VI 117
1959 29. 1. 1960 108  VII/2.
29. 1. 1960 108  VIII/3.
26. 1. 1960 135  VII/4.
IX. 20. X. 4 Rhesus pneumonia 30 0 0.0
1959
X. 23. X. 1 Rhesus dysentery 30 0 0.0
1959

* Previously used for control of Salk vaccine.
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obtain cell lines under the experimental conditions used. For this purpose ten
different batches of cell cultures were prepared. The number of tubes in each
batch was different. The cell suspensions were obtained by trypsinization of
the pooled kidneys of several monkeys (see Table 1). The cell cultures were
incubated for 77 days with weekly fluid changes. At that time each culture
was scraped off after fluid change and the suspended cells were allowed to
re-settle in the same tube. In the course of further cultivation, cell growth
was examined weekly.

As it may be seen in Table 1 there was only one tube exhibiting satis-
factory growth on the seventh day after scraping. This was line No VIII/1.
The rest of the tubes showed very poor or no growth one week after scraping.
A few large, flat, granulated cells could only be detected in the tubes. On further
incubation, however, small groups or islands of cells were found in some of
the tubes. These new cells were allowed to multiply until sufficiently large
islands had developed. Then they were scraped off again and either allowed
to grow in the same tube, or transferred to another. Some of these cultures
perished after two or three passages, others gave rise to a cell line. Out of the
ten tissue culture batches five did not yield any cell line. Four lines were
obtained from one batch, while one line from four batches each.

Establishment of cell lines from individual monkey kidneys. In the second
series of experiments 160 tube-cultures were prepared from the kidney cell
suspensions of four individual monkeys each (see Table 2).

After 7, 28, 35, 42, 49, 56, 63 and 70 days of incubation 20 tubes each
were scraped off from every one of the four different tissue culture batches.
Medium change and examination of growth were made in the same way as
in the first series of experiments. Cells subcultured on the 7th day were found
to have survived 4 to 5 successive passages at 7 day intervals. Attempts to
subcultivate primary cells incubated for more than 7 days cither failed or
succeeded only once, thus later such cultures were never subcultured after
scraping but were allowed to re-settle in the original tube. After a lag period
of different duration, the development of small islands could be detected in
some of the tubes. The morphology of the cultures during both the lag phase
and the island formation was essentially the same as in the first series of
experiments. Out of the kidneys of the four individual monkeys, two, desig-
nated No X1 and No XIV, yielded 7 lines each. No lines were obtained from
monkey No XII, while monkey X111 gave rise to as many as 16 lines.

Relation of the number of cell lines from individual monkey kidneys to the
date of the first passage and to the period between the start of primary cultures
and the development of the lines. Table 3 shows that the earlier the first passage
had been carried out, the more lines hail developed, i.e. the incidence of line
development was inversely related to the incubation time of the primary
culture. The frequency of establishment appeared to be related also to the
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Table 2

Establishment of cell lines from individual monkey kidneys*

Primery cell cultures Lires established
Incuba-
_ fon. _
Barrtgbeh Date of mrag? ALtopsy of - Nurber esta[t))?tehOf ot &Iﬂaht-} r[g?ig— e
number  preparation ypnikeys tubes ishrmel rrlgnt ion
(in
days)
6. 1X. 1960 98  XI/I.
6. 1X. 1960 98  Xl/2.
6. 1X. 1960 98  XI1/3.
X1. 31.V. 1 Rhesus negative 160 7 20. 1X. 1960 112 XI1/4. 4.4
1960 27.1X. 1960 119  XI/5.
27.1X. 1960 119  XI/6.
25. X. 1960 147 XI/7.
XI. 3. VL 1Rhesus negative 160 0 0.0
1960
1. VI1I11. 1960 56 XIII/1.
15. V111. 1960 70 XI111/2.
15. V111. 1960 70 XI11/3.
22.V111. 1960 77 XI11/4.
22.V111. 1960 77 XI11/5.
22. V111, 1960 77 XI111/6.
22.V111. 1960 77 X7,
29. V111, 1960 84 XI11/8.
X1 7. VL 1 Rhesus Granuloma- 160 16 29.V111. 1960 84  XI11/9. 10.0
1960 tosis 29.V111. 1960 84  XII1/10.
5. 1X. 1960 91 XII/11.
5. 1X. 1960 91  Xlll/12.
5. IX. 1960 91  XII1/13.
11, X. 1960 126 XIIl/14.
23. XI1.1960 168 XIII/15.
12. 1.1961 219 XIII/16.
2. 1X. 1960 84 XIVI/1.
9. 1X. 1960 91 XIV/2.
9. 1X. 1960 91  XIVI/3.
XI1V. 10. VI. 1 Rhesus negative 160 7 9. 1X. 1960 91  XIV/4. 44
1960 16. IX. 1960 98  XIV/5.
30. IX. 1960 112 XIV/6.
7. X.1960 119 XIV/7.

* Previously used for control of Salk vaccine.

total period of incubation. The earliest establishment took place between the

43 —56th days of incubation.

From this time on the frequency of establish-

ment increased and reached a maximum between the 85—98th days. Later
the development of cell lines became gradually less frequent. These data have
shown the influence of the time factor on the development of cell lines. In case
of monkey No XIII, the incidence of cell line establishment reached its maxi-
mum about a fortnight earlier than in other cases. This observation points to

the possible existence of individual differences of the monkeys.
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Table 3

Relation of the number of cell lines from individual monkey kidneys to the date of the
first passage and to the period between the start of primary cultures and the development of the lines*

18 Incubation, Bays
scraping
{Bay of — ——— Total
lion) 142 43% 5 1 n 8 & 8 0 112 113 16 abowe 16
7 1 567 111 12 4 Nna 13
14
2
28 3 8 9 ® 6
®
35 2 7 15 3
42 ® o ® 3
49 4 10 2
56 it 1
63 0
70 13 16 2
Total I 2 8 10 2 4 3 30

* 1-7 Lines from monkey No XI.
1 16 Lines from monkey No XIII.
® —@ Lines from monkey No XIV.
The figures designate lines.
* Critical jtoints of time (for their significance, see the Discussion).

History oj coll lines. Fig. 1 shows the history of the lines developed from
pooled monkey kidneys.

Lines No VI/1, No VIII/2, No V111/3 and NoVII1/4 after varying periods
of satisfactory growth exhibited a gradual decrease of the multiplication rate,
resulting finally in the stop of growth. Nevertheless, all these cultures were
incubated lor further six months with weekly fluid changes. After this period,
as none of the residual cells were found to start growing, they were discarded.
With line No Il/l, too, multiplication appeared to have stopped. After 14
weeks of additional incubation, however, a new population of cells differing
from the original one began to develop. These new cells grew readily and yielded
strain No TI/1/a. Up to now this strain has been carried through 120 passages.
From lines No 1/1 and No VIII/1 passages in two-litre Roux flasks were also
prepared to obtain large quantities of cells. After some transfers, islands of
cells somewhat similar to those of strain No Il1/1/a appeared in these cultures.
The new cells replaced successively the old ones and finally the cultures con-
sisted of these modified cells only (strains No I/l/a and No VIII/1/a). At present,
strains No I/l/a and No VIII/1/a are in their 100th and 120th passages, respec-
tively. No similar changes were observed in the tube cultures of the same cells3

3 Acta Morphologica XII/B.
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maintained parallel to the cultures in Roux flasks. The former, after having
been carried through several passages, died out successively on further incu-
bation of six months. Cell line No Il11/1 could be propagated without difficulty
and showed no changes in morphology, but the cells multiplied at a slow
rate. This cell strain has now been carried through 80 passages.

Stroms
*
mS a
*y/l/n [ima
) vinviii - in |/)f1nl\ml4\l
Lines TJaT TT. 7 T T T t*MStrams

Fig. 1. History of lines from pooled monkey kidneys
** Subcultures were made at one or two week intervals

Fig. 2 shows the history of the lines obtained from individual monkey
kidneys. The survival period of cultures varied from monkey to monkey.
Fines developed from monkeys No XI and No X1V lived generally longer than
those from monkey No XIII. There were differences in the survival period of
lines obtained from the same monkey. The survival of the individual lines
seemed to he related to the time of their establishment and to the date of the
first scraping. The later Mas made the first passage and had the line developed,
the shorter mas the period of survival. The rate of multiplication of line No XI/1
from monkey No XI slowed down much earlier than that of the other lines
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from the same batch. After a period of very slow growth, however, the line
improved and yielded strain No XI/l/a. Line No X 111/12 from monkey No XIII
has been propagated easily up to the present time, thus it appeared to have
yielded a cell strain with characteristics essentially similar to the parent line.
In case of line No XII1/11 from monkey No XIIl there was no difficulty in

3 r
1
yl,
Ha
35 @
Lines 1234567 123456 7s 310111213% 1516 123 i 56 7
Monkeys XL X XIV.

Fig. 2. History of lines from individual monkey kidneys
*Subcultures were made at one or tw'o w'eek intervals

propagation. There was, however, a period when part of the cultures exhibited
poor multiplication as compared to the others. This labile period lasted for
a few weeks. It seems to he of interest that all these three strains were obtained
from primary cultures subcultured first on the seventh day of incubation and
from lines established between the 85—98th days (see Table 3). Up to now
these strains have been carried through 50, 80 and 70 passages, respectively.

Morphology. Part of the lines obtained were fibroblast-like, elongated,
spindle-like in form, and characterized by an oriented bundle-like growth.
Lines No Il11/1. No VI11/1, No VI111/2, No VII1/3, No Mill and those from
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1. Line No VIII/1. 2. Line No XIV/2. 3. Strain No XIIl/12. 4. Line No XI/7.

Photos were taken by a Row. microphot B. apparatus, ocular 5 and objective 20,
magnification, X60.



5. Line No 1/1. 6. Line No 11/1. 7. Strain No I/l/a. 8. Strain No Il/1/a.

Photos were taken by a Row. microphot B. apparatus, ocular 5 and objective 20,
magnification, X60.
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monkey No XIV belonged to this type (see Photos 1 and 2). All the other lines
and strains (except for strain No I11/l) were epitheloid in character. The poly-
gonal cells formed erazy-pavement-like cell sheets, without any orientation
(see Photos 3 and 4). Within these two main types of culture the individual
cells of the lines exhibited a great degree of polymorphism. The size of cells
showed great variety. Many large, flat cells and cells exhibiting atypical
mitoses or several nuclei were frequent. After establishment of the strains
the polymorphism was greatly reduced (see Photos 5, 6, 7 and 8). Detailed
data on the related morphological problems will be presented elsewhere.

Discussion

Most authors [1, 7, 8, 13, 14, 17, 24, 27] agree in that after a short
period of satisfactory primary growth a lag phase of different duration has
to pass before the cell strain would develop.In some cases, however, the estab-
lished cell population appeared without a remarkable decrease in the rate of
multiplication of the culture as a whole [2, 3, 10, 12, 20, 26, 27]. This type of
cell strain establishment is characterized by the development of small initial
islets of new cells in the sheet of the original ones. As these new cells grow
usually better on further cultivation, they successively overgrow the original
cell population. The new cells are usually regarded as “transformed” ones.
Sometimes neither a decrease of growth nor the appearance of a new cell type
occurred [6, 18, 25, 27, 28] and the strain was established without any visible
morphological changes. Such strains are generally considered as “non-trans-
formed” ones. Nevertheless, in the latter case, too, there are differences between
the new and the original cells, i.e. strains grow usually better than primary
cultures and it is usual to find an increased chromosome number.

According to the former distinction, the lines and strains presented
should have been regarded as “transformed” as a lag period during their
development occurred in every case and the new cells were morphologically
more or less unlike the original cells. The development of the new population
seemed, however, to result not of a sudden change, but of a slow process.
This could readily be followed under the microscope. During the lag phase
a few cells began to multiply, forming small islets. The fates of these islets
were different. Part of them died out after they had reached a certain size.
Some of them had been carried through two to three passages before they
perished. In other cases, however, they gave rise to cell lines.

In case of lines obtained from individual monkey kidneys, the date of
first passage and the behaviour of cells seemed to be related, i.e. the earlier
was the first passage performed, the more lines developed. Thus the actual
rate of multiplication appears to have a certain role in the early establishment
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of cell lines. The period of survival of the lines seemed to he related also to
the date of their establishment and to that of the first passage. In our experi-
ments there seemed to be two critical points of time during the establishment
of cell strains. The first was the passage on the 7th day and the second the
appearance of a line between the 85—98th davs. Later passage of the primary
cultures and the appearance of a line out of the above limits of time led in
no case to the establishment of a cell strain. This phenomenon could not be
ascribed to changes in the nutrient medium, as media were always prepared
from identical ingredients by the same methods throughout the experiments.
Considering the data obtained, the establishment of cell strains under the
experimental conditions used might be the result of a two-phase process
influenced bv the time factor. During the first phase labile cell lines had devel-
oped. These lines either died out after a certain period or had gone into the
second phase of establishment. The latter took place only in lines developed
under the above mentioned special conditions of timing.

Establishment of strains occurred only in lines of epitheloid character.
The lines derived from monkey No XIY did not yield any strains even in the
optimal period. These cells, however, were fibroblast-like and survived for
about a year. The poor adaptability of human fibroblasts to continuous growth
in tissue culture has been described [18, 24]. The same appears to be true for
monkey fibroblasts. As an explanation of the lack of establishment of cell
strains from cultures characterized by the prevalence of fibroblast-like cells,
it may be supposed that the few epithelial cells present at the beginning were
completely overgrown and lost during the passages. Of the cultures prepared
from monkey No XII not a single line could be obtained. Under the experi-
mental conditions used these cells were apparently unable to multiply in vitro
for a longer period. These data show that the behaviour of cells during cul-
tivation may depend on certain individual factors.

The cells giving later rise to a line are probably present in the primary
cultures. Their number is, however, very small so that they are overgrown
by the other cells. Nevertheless, they survive and begin to grow after the
death of the previously prevalent cells. The fact that in case of monkey No
X1l the lines developed earlier and at a more than twice as high incidence,
than in the other two cases, seems to support that assumption, since primary
cultures had begun to degenerate during the second week of incubation and
in the third to fourth week there were only a few cells detectable in the cultures.
If the above supposition were correct, one should have expected an early
establishment of strains. This was, howrever, not the case in our experiments,
as we have found that the establishment of cell strains depended in this case,
too, on the two critical points of time mentioned above. We must also take
into consideration the fact that monkey No XIII proved to have granulomato-
sis at autopsy. This may have caused the special culture characteristics of the
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cells derived from this monkey, but does not explain the critical points of time
during the development of strains.

The lines obtained from the pooled monkey kidneys contained cells from
different animals mixed at random. It was demonstrated above that cells
from different individual monkey kidneys showed different characteristics
in tissue culture. It is reasonable to suppose that a mixture of cells of different
characteristics (such as those from pooled kidneys) might exhibit a particular
behaviour. Observations on line No VIII/1 have shown that this may happen,
viz. from a culture of apparently fibroblast-like character islands of epitheloid
cells grew out later.

More detailed data on the morphological and genetical observations
made during this work will be presented elsewhere.

Summary

1. The establishment of 8 cell lines from 10 different batches of cultures prepared from
cell suspensions of pooled monkey kidneys and that of 30 lines from 4 individual monkey
kidneys are described.

2. Among the 38 cell lines 7 yielded permanent cell strains.

3. The conditions favourable for the establishment of lines and strains have been
discussed from the point of view of the date of first passage and of the incubation period.
The establishment of strains seemed to be the result of certain two-phase process influenced
by the time factor.
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ISOLIERUNG VON ZELLSTAMMEN
AUS PRIM AREN AFFENNIEREN-ZELLE ULTI)REN

P. RUZICSKA

1. Von den aus 10 verschiedenen, gemischten Affennieren-Zellsuspensionen erhaltenen
Kulturen wurden 8 Zellinien, und von den aus 4 Affen individuell erhaltenen Kulturen 30
Zellinien isoliert.

2. Von den 38 Zellinien wurden in 7 Fdllen permanente Stimme erhalten.

3. Es wurden die optimalen Bedingungen fiir die Entstehung von Zellinien und -Stam-
men in bezug auf den Zeitpunkt der ersten Passage und die Inkubationsdauer untersucht.
Die Herausbildung der Zellstimme schien ein Ergebnis eines zweiphasigen Prozesses zu sein,
wobei dem Zeitfaktor eine Rolle zufiel.

OBPA3OBAHWME KJ/IETOYHbLIX LWTAMMOB M3 MEPBNYHbIX KJ/IETOYHbIX
KYNbTYP MNMOYEK OBE3bAH

Nn. PY3N4Kg

1 W3 rpynn KynbTyp M3roTOB/IEHHbIX U3 KNETOUYHbIX CYCMEH3UIA, MOoMyUeHHbIX OT Mouvek
pa3NYHbIX 06€3bsiH, JAaeTCs onvcaHue 06pasoBaHUA 8 KNETOUHbIX IMHUIA, a U3 KynbTyp, Mo-
NTyYeHHbIX U3 MOYKM OTAeNbHbIX 06e3bsH - 06pasoBaHue 30 KNETOUHbIX SIMHWIA.

2. V13 38 KNeTOUHbIX NUHWM B 7 CAy4asix MNOMyvyanncb NepMaHeHTHbIE K/eTOUHble
LITaMMbI.

3. VccnegoBanuck ONTUMasbHbIE YCI0BUS 06Pa30BaHUA K/ETOUHBIX JIMHWIA M LUITAMMOB,
C Y4eTOM CpoKa MepBOro MaccupoBaHWsi M MPOAO/IKUTENILHOCTU WHKYy6Gaumu. Mo cobpaHHbIM
JaHHbIM Ka)XXeTCs BEPOSiTHbIM, 4YTO 06pasoBaHue K/ETOUHbIX LUTAMMOB 6bIf0 Pe3y/bTaToM
[BYyX(a3HOro npotecca, Ha KOTOPbIA (hakTop BPeMeHW OKasan [eiicTaue.

Péter HuzicskA, Budapest IX., Gyali ut 2—6, Hungary.
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