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I. Introduction

Early workers in the field of tissue culture at
tempted to establish various cell types from embryos 
and other sources which could be propagated indefinitely 
as a stock cell strain. These attempts stemmed from 
observations on cultured chick heart fibroblasts by 
Carrel, who reported to have maintained these cells 
for 28 months in serial culture. His hypothesis was 
that primary cell explants could be cultured in vitro 
for indefinite periods of time (Carrel, 191î ). For 
many years, the work and reports of Carrel went un
challenged, but the results of more recent studies 
suggested that the behavior of primary cells in culture 
pointed in another direction.

A. Behavior of Cells in Serial Culture

Evidence not in support of Carrel's postulate was 
presented by Earle (191+3) 9 who observed that C3H mouse 
subcutaneous tissue underwent an alteration in serial 
culture transfers after 1̂ .0 days on treatment with 3- 
methylcholanthrene. It was speculated that similar 
alterations in untreated cultures were possible. Sar
comas were produced when the treated cells were injected 
into the C3H mice. In 19k-71 this altered "Strain L"
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was established in culture (Evans and Earle, 19I4.7) and 
was then used to initiate a clonal subline (Sanford, 
et al., 19lj-8) .

Subsequent development of the monolayer culture 
technique (Evans et al., 1951* Sanford, et al., 195D 
made it possible to accurately determine cell numbers, 
size, and morphology, and permitted replicate procedures 
for quantitative study of cells in culture. This tech
nique was further enhanced by the discovery that primary 
cultures could be prepared directly on glass, using cell 
suspensions prepared by digesting fresh tissue with 
trypsin (Dulbecco, 1952J Moscona, 1952). These develop
ments, and others, have become the predominant method 
for the propagation of cell cultures from fresh tissue, 
as well as for the maintenance of strains by serial 
cultivation.

A review of some of the diverse work by various 
authors demonstrating the phenomenon of cell alterations 
in serial culture follows. Chang (195̂ -)* employing the 
monolayer technique, was the first to use epithelial 
derivatives to characterize the transition from primary 
to permanent cell lines. Permanent, neoplastic, altered 
cell lines were eventually obtained from each source of 
normal conjunctiva, liver, kidney, and appendix tissue.
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Parker (1955) observed the degeneration of a primary 
explant of the transplantable tumor E-o771 adeno
carcinoma of the mouse after a finite number of serial 
translers in yltro» After a latent growth period, the 
emergence of a morphologically altered, rapidly pro
liferating cell line was observed in the tumor cells. 
Berman, et al. (1955) observed the behavior of primary 
explants of human bone marrow in culture. Three 
phases were exhibited: a) a myeloid phase of log
arithmic growth; b) a round cell phase of little or 

\ no growth; c) a fibroblast-like phase of rapid growth 
which could be maintained thereafter. Berman, et al. 
(1956) again reported the phenomenon of alteration in 
eight culture strains of the "Detroit" line of human 
epithelial-like cells. A similar observation was made 
by Harris (1957) on the normal chick skeletal muscle 
fibroblast-like cells. Other investigators obtained 
comparable results with primary explants of various 
tissues (Rothfels et al,, 1959; Sanford, et al., 1959; 
'roldstein and Havas, I960). Swim and Parker (1957) con
cluded that limited growth of primary explants is a 
general occurrence, and a morphologic alteration is 
the rule for cells in long-term cultivation. Swim (1959) 
postulated three phases of growth in animal tissue: "(1 ) 
an interval of progressive growth, often vigorous, through
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a number of serial passages; (2) a dormant period in 
which the majority of cell strains are lost; (3) the 
emergence in occasional instances of morphological 
variants as permanent cell lines.”

Along with the observed morphological variation 
in permanent cell lines, experimental evidence has been 
presented indicating abnormal chromosome number patterns, 
or karyotype, in these altered cells in vitro»

B. Evolution of Karyotype in 
Isolated Cell Systems "

Karyotype changes related to morphological variants 
of cells in vitro have been regularly observed within 
tumors as well as among normal cell populations maintained 
in long-term culture. Various techniques were introduced 
and developed to obtain a precise analysis of karyotype. 
Hauschka and Levan (1953) initiated the squash procedure 
for isolated cells of ascites tumors which provided a 
controlled flattening of dividing cells to position the 
chromosomes in a plane for observation. Hsu and Pomerat 
(1953) pretreated the cells with hypotonic saline prior 
to squashing, which caused a swelling of the cell mem
brane and disrupted spindle formation. Levan (195^)» 
and Ford and Hammerton (195b) developed and refined the 
technique of karyotype analysis by introducing colchicine
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to the culture media before the chromosomes were 
squashed. This compound specifically blocked spindle 
function, allowing the accumulation of a large number 
of cells in the metaphase sequence of mitosis. The 
compound also caused a marked condensation of the 
chromosomes, ^aich further aided in determining their 
number. Rothfels and Siminovitch (1958) showed that 
excellent chromosome spreads could be obtained with 
an air-drying technique, eliminating the chance of 
damage to the chromosomes which sometimes resulted 
using the squash technique.

Working with various karyologlcal techniques,
Levan (1959) stated that the chromosome numoers of 
normal cells and tissues In vivo presented a marked 
consistency and provided a standard of reference for 
observations of the changes that take place within 
isolated cell systems.

Earlier, Makino and Kano (1953)* had observed an 
appreciable chromosome number fluctuation around the 
mode In clonal populations of ascites tumor cells of 
mice. The data submitted by Hauschka and Levan (1953) 
showed chromosome numbers in 16 different mouse ascites 
tumor populations in vitro to be at the diploid or 
tetraploid levels and with a broad numerical fluctuation 
around the mode. Heteroploidy in general is known to be
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a characteristic feature among tumors, especially those 
that have been transplanted serially for a long period 
of time (Hauschka, 1958; 1961)*

Levan (195^) demonstrated this same feature of 
aneuploidy to be prominent in permanent cell strains 
derived from non-neoplastic tissue. Using two of the 
Ohang lines isolated from normal human liver and con
junctiva of the eye, he reported that after two years 
in serial culture, both strains exhibited chromosome 
numbers ranging from 72 to 60. This number did not 

N correspond to any multiple of the normal human chromo
some set and could therefore be termed aneuploid. Hsu 
and Moorhead (1957) reported normal human tissue culture 
strains exhibited extensive aneuploidy, with very few 
or no euplold cells. Heteroploid shifts were also 
demonstrated in mouse ceil strains (Hsu and Klatt, 1956) 
and for strains derived from tissues of the Chinese 
hamster (Ford and Yerganian, 1958)* Rothfels and Parker 
(1959) observed that mouse kidney cells in culture 
multiplied rapidly for several weeks, after which there 
was a gradual decline in the rate of growth and the 
majority of the cells died. The survivors were sub
cultured several times and the resulting established 
cell line was continued. A karyological analysis 
showed the chromosomes of the strain cells to be un-
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balanced In number and frequently in a hypertriploid 
to hypertetraploid range of 60 to 90. The occurrence 
of chromosome shifts from that of the diploid chromosome 
number to one of aneuploidy in established cell lines 
is considered general (Hsu, 1961)#
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G. Statement of Problem.

The following In vltro and cytological experiments 
were undertaken to compare the chromosome compliments 
of primary and adapted cell material. Chromosome num
ber distributions were determined for populations of 
mouse bone marrow cells in primary isolation and com
pared to the chromosome number distribution of the 
same cell type adapted to continuous propagation in 
serial culture.
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II. Materials and Methods 

A. Culture Procedure

Bone marrow from the femur of the Webster-Swlss 
strain of laboratory mouse was placed In culture. The 
marrow was aseptlcally flushed from the femur (In ster
ile chamber) with a syringe containing Puck’s N-16 
medium supplemented with 1$% fetal calf serum1 (Appendix 
I.); centrifuged and resuspended In fresh medium. One 
ml. of the cell suspension was placed In 30 ml. screw- 

\ top, plastic, disposable culture flasks (Falcon Plastics) 
and the total volume brought to £ ml. with Puck’s N-16 
medium. The flasks were incubated at 37»5°C.

The cells attached to the bottom of the flask and 
displayed typical lag phase growth for a period ranging 
from 25 to 30 days under serial cultivation. Subse
quently, a transformation was observed resulting In a 
morphological alteration in appearance to epithelial- 
like and a physiologic change from slow to very rapid 
proliferation. This altered strain was designated "M.rt

The Increase in proliferation was observed by 
scoring mitotic Indices of the primary and transformed 
populations of marrow. After three days in culture,

^"Puck’s N-16 medium with L-G-lutamine Is supplied 
In l+OO ml. bottles by the Baltimore Biological Laboratory.
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the primary cells were washed from the flask with stock 
trypsin {1% solution of trypsin in buffered saline for 
15 minutes at 37»5°C»)J centrifuged and resuspended in 
0.5 ml. saline. One drop of the cell suspension and 
one drop of acetic orcein stain (see karyologic analysis 
for preparation of stain) were placed on a slide; cover- 
glassed and visually counted under the î3x objective 
of a light microscope. Mitoses were scored per 1000 
cells counted.

When karyologic studies were attempted, the mitotic 
rate in successive seedings of the primary populations 
was found to be too low for replicate procedure and 
statistical analyses (see control values for mitotic 
index of primary explants: Data and Results, Tables I 
and II). Two methods were investigated to stimulate 
mitoses in primary marrow cultures.

B. Mitotic stimulation

1. Effect of fetal calf serum: Mitotic response 
of the primary marrow populations to varying concen
trations of fetal calf serum supplemented in the culture 
medium was tested. The Puck's N-16 medium was supplied 
with 1$% fetal calf serum per 100 ml. of medium which 
served as the control. The concentration of serum was 
increased to 20^, and per 100 ml. of medium
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and the primary marrow explants were cultured In the 
presence of these concentrations according to standard 
culture methods. After three days, a mitotic index 
was performed and a Fischer nTw test carried out on 
the mitotic response to the varying concentrations 
of serum (see results).

2. Effect of Bactophytohemagglutinin-P: The 
second method of mitotic stimulation investigated in
volved exposure of the primary marrow explants to re
constituted Bactophytohemagglutinin-P.2 Bactophyto- 
heraagglutinin-P has a marked agglutination effect on 
viable leucocytes and nucleated erythrocytes of blood 
and bone marrow (Osgood, 19£5>)» and is known to 
initiate mitoses in human blood and marrow components 
cultured in vitro (Nowell, I960).

The dehydrated muco-phytohemagglutinin, supplied 
in sterile vials, was rehydrated with 5 ml. sterile 
buffered saline. Dilutions of 1/50; l/lO^; and l/lO^ 
parts per 100 ml. in Puck’s N-16 medium were made.
The primary marrow cells were cultured in the presence 
of these dilutionsj stock Puck’s medium supplemented 
with fetal calf serum served as the control.
Mitotic indices and Fischer "Ttt test analyses were 
again performed on the mitotic responses to the varying
-----g--------------Difco Laboratories, code 3110.
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dilutions of Bactophytohemagglutinin-P (see results).
The use of the optimal dilution (l/lO^) of this sub
stance in conjunction with the karyologic analyses of 
the primary and transformed marrow cultures was decided 
on, as it was easier to prepare, store and employ in 
the culture methods adopted in this experiment.

C. Karyologicaj. Analysis

Analyses of the modal chromosome number of the
primary and transformed populations of cultured bone
marrow were executed. Analysis of the modal chromosome
number of the primary explants were performed in the

, 2presence of the 1/10 dilution of Bactophytohemagglutinin-P, 
as replicate experiments could be performed only with 
the large number of dividing cells obtained with this 
substance. A karyologic analysis of the transformed
marrow population (M) was performed after the cells

2had first been exposed to the l/lO dilution of Bacto- 
phytohemagglutinin-P for three days, and a second 
analysis was performed using standard Puck*s N-16 medium 
alone in order to test for effects of the substance on 
the modal chromosome distribution of the cell population 
(see results).

1. Method: The two cell types were cultured in 
vitro in accordance with the formerly directed methods,



13

and a modified procedure presented by Rothfels and 
Siminovitch (195$) for illiciting countable chromosome 
spreads was utilized.

Preliminary steps involved preparation of the 
acetic orcein stain and the colchicine. The stain was 
prepared by boiling 200 mg. orcein in 6.5 ml. of 95$ 
glacial acetic acid in a water bath for 15 minutes; 
filtered hot and brought to a volume of 10 ml. with 
distilled water. The colchicine for metaphase arrest 
(Ford and Hammerton, 1956) was prepared by dissolving 
100 mg. in 10 ml. buffered saline and sterilized in a 
Millipore filter, making a stock 1% solution. Sub
sequently, 0.2 ml. stock colchicine was introduced into 
each flask (making 0.2 ml. colchicine in 5 ml. medium)
2ij. hours prior to initiation of the procedure for 
spreading the chromosomes.

The cells were removed from the floor of the flask 
with 2.5 ml. stock trypsin (15 minutes at 37«5°G.); 
placed in 15 ml. screw-cap centrifuge tubes; centrifuged 
slowly for five minutes; resuspended in buffered saline; 
centrifuged slowly, again for five minutes. The super
natant was poured off and the cells resuspended in 1 ml. 
hypotonic saline (3 :1 buffered saline and distilled 
water) for 20 minutes; centrifuged slowly for 5 minutes 
and the supernatant poured off, reducing the volume to 
^ ml., when the cells were again resuspended. One ml.



of fixative (3*1 absolute alcohol and glacial acetic 
acid) was added to the centrifuge tube, and after 5 

minutes, the cells were centrifuged slowly. The 
volume of the fixative was reduced to ^ ml., the cells 
resuspended, and a drop placed on a clean glass slide 
along with a few drops of fresh fixative. Surface 
tension of the fixative on the glass spread the cell 
suspension into a thin, monocellular layer (Prescott, 
personal communication). Excess fluid was poured off 
and the slide allowed to air-dry according to the 

x method of Rothfels and Siminovitch (1958)*
The preparation was stained for l£ minutes with 

acetic orcein; transferred to ethyl alcohol (2 

minutes); then to absolute alcohol (2 minutes); and 
finally to xylene (2 minutes). The slides were per
manently mounted under a cover slide with Permount.

2. Counting the Chromosomes: The slides were 
observed under the oil immersion objective and photo
graphs were taken of the chromosome spreads. The photo
graphs were subsequently enlarged to facilitate counting 
of the chromosomes (see Plates I., II., III.). Fifty 
plates were counted for each determination, and the 
modal chromosome number graphically determined (see 
results).

11+
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III. Data and Results 

A. Mitotic Stimulation

Two experimental manipulations were introduced in 
an attempt to stimulate mitosis in primary explants of 
mouse bone marrow.

The first experimental series employed compared 
mitotic responses of marrow cells to varying concen
trations of fetal calf serum supplement in Puck's N-lfe 
medium. Doses of serum employed were in final concen
trations of 15/ (control), 20/, 25/, and 30/. The mi
totic index of cells grown in the 25/ serum supplement 

■5(5*87/10 ) was significantly higher (P<0.02) than the 
mitotic index (3 •37/10^) of cells cultured in the control 
medium (Table I.).

Table I. Primary explant mitotic index with varying 
concentrations of serum.

Serum concentration N MI SE* P ^

1 . 15/** 8 3-37 + o.3l* —
2. 20/ 8 U-.25 + 0.55 >0.20
3. 25/ 8 5.87 4- 0.7k <0.02

________ 30*_________ 8 ± 0.6k >0.20
# Mitotic figures scored per 1000 cells counted. 

Puck's N-16 culture media supplemented with 15/ 
fetal calf serum as control.
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The second experiments!, manipulation employed was
to culture the same marrow cells in serial dilutions of
Bactophytohemagglutlnin-P. Dilutions of l/50; l/lO ;
and l/lO^ parts per ml. were made by reconstituting
Bactophytohemagglutlnln-F in 100 ml. of the culture
medium. A significant increase (P<0.01) in the mi

. 2totic activity of cells exposed to the 1/10 dilution
3 ,(6.37/10 ) compared to the control mitoses (3*5/10^)

was demonstrated (Table II.).

Table II. Primary explant mitotic index with varying
concentrations of Bactophytohemagglutinin-P.

Dilution N "Ml ± SE* P
1 . controUHi- 8 3.50 + 0.19 — —
2. l/50 dilution 8 3.37 + 0.66 >0.60
3. 1/10^ dilution 8 6.37 + 0.50 <0.01

3l/lO dilution 8 5.12 ± 0.311- >0.10

# Mitotic figures scored per 1000 cells counted. 
•:m* Puck's N-16 culture media supplemented with 15$ fetal calf serum as control.

A statistical analysis comparing mitotic activity 
of the optimal concentration of fetal calf serum (25%)
with the optimal dilution of Bactophytohemagglutinin-P

2(1/10 dilution) showed no significant difference
(P >0.60; Table III.)
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Table III. Comparison of accelerated mitotic activity 
using optimal concentrations of fetal calf 
serum and Bactophytohemagglutinin-P.

Agent T MI ± SB:- P
1 . 25% fetal calf 

serum
a 5.87 Hh 0.71+ — .—

2. l/lO dilution
Bactophytohem-
agglutinin-P

a 6.37 + 0.50 >0.60

•» Mitotic figures scored per 1000 cells counted.

In subsequent experiments, the optimal concentra
tion of Bactophytohemagglutinin-P was used in primary 
and transformed cultures of mouse bone marrow cells 
due to its ease of preparation, storage, and use in 
standard culture methods (see methods).

B. Analysis of modal chromosome numbers

Chromosome numbers of primary and serially propa
gated cell cultures were investigated to determine 
whether there was a shift in the modal chromosome number. 
The marrow cells were grown in accordance with standard 
culture methods (see methods); processed, stained, and 
photographed in such a manner that the metaphase 
arrested chromosomes were rendered visually countable 
(Plates I., II., and III.).

The comparison of the modal chromosome number of 
the two populations demonstrated a modal shift from that
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of 1|0 chromosomes per cell In the primary population 
to that of 70 chromosomes per cell In the cell line 
adapted to continuous propagation (30 days or longer 
In vitro). The primary population was treated with 
Bactophytohemagglutinin-P, while the transformed popu
lation was not. The modal shift appears to be signifi
cant (Figure I.j a. and b.).

A second comparison was made between the two 
populations; the transformed cells also treated with 
BactophytohemagglutInin-P. Graphic analysis again 
demonstrated a modal chromosome number shift from ij.0 
In the primary population to ?2 In the transformed 
strain. The results of this comparison appear signifi
cant (Figure II.: a. and b.). These data demonstrate 
that the modal chromosome number of a primary population 
of mouse bone marrow cells shift to a higher number 
when the cells are maintained in long-term culture.



Plate I. Chromosome preparation of primary ex
planted mouse bone marrow cultured In 
Bactophytohemagglutlnln-P-supplemented 
Puck's N-16 culture medium.



Plate II. Chromosome preparation of transformed mouse bone marrow cultured in Baeto- 
phytohemagglutinin-P-supplemented 
Puck's N-1& culture medium.



Plate III, Chromosome preparation of transformed 
mouse bone marrow cultured in Puck's 
N-16 culture medium.



F igure I

C h r o m o s o m e  n u m b e r  p e r  c e l l  (N=50) o f  p r i m a r y  
p o p u l a t i o n s  of  m o u s e  b o n e  m a r r o w  s t i m u l a t e d  
w i t h  r e c o n s t i t u t e d  B a c t o p h y t o h e m a g g l u t l n i n - P .  
G r a p h i c  a n a l y s i s  I n d i c a t e s  a m o d a l  c h r o m o
some n u m b e r  o f  Lj.0.

Chromo s o m e  n u m b e r  per cell (N=50) of mou s e  b o n e  
m a r r o w  cells k e p t  In serial culture for a p e r i o d  
l o n g e r . t h a n  thirty days. G r a p h i c  analysis I n
dicates a m o d a l  chromosome n u m b e r  o f  70 .
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C H R O M O S O M E  #



Figure II

Chromosome number per cell (N=50) of primary 
populations of mouse bone marrow stimulated 
with reconstituted Bactophytohemagglutinin-P. 
Graphic analysis indicates a modal chromo
some number of I4.O.

Chromosome number per cell (N=50) of mouse bone marrow cells kept in serial culture for 
a period longer than thirty days. The cultures 
were grown in the presence of reconstituted 
Bactophytohemagglutinin-P. Graphic analysis 
indicates a modal chromosome number of 72.



c h r o m o s o m e
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IV. Discussion and Conclusions 

A. The Serial Culture of Cells

The pheraonemon of cell alteration in long-term 
culture appeared to follow the classical descriptions 
(see introduction). The primary mouse bone marrow ex
plants followed the transformation pattern presented 
by Swim (1959): a period first of rapid growth; then 
a lag period or absence of growth; and finally the 
emergence of a morphologically altered cell line, 
having originally stemmed from the same population 
of marrow. The time required for visual (microscopic) 
observation of this transformation in two experimental 
series employed was identical at 26 to 30 days from 
initial placement of the primary cells into the culture 
environment.

B. Mitotic Stimulation

Although not directly applicable to the problem, 
mitotic stimulation of primary explants of bone marrow 
was necessary to obtain enough cells during the typical 
lag phase to perform replicate karyological analyses.
The per cent Increase in fetal calf serum in the culture 
medium as a stimulant for mitosis was initiated by the 
findings of Fisher, Puck and Sato (1958). They reported
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that serum albumin served as a carrier of essential 
extracellular protein (the alpha-globulin fraction of 
serum) necessary for propagation of cells In vitro.
Since many cell cultures are maintained as monolayers, 
and often will multiply only In this fashion (Lieberman 
and Ove, 1957)» It might be explained that the serum 
protein acts by conditioning surfaces not otherwise 
suitable for cell growth. A thin film of this protein 
formed on the plastic surface of the flasks used In 
this experiment may have permitted the cells to adhere 
and proliferate in a more favorable manner.

Bactophytohemagglutinin-P, on the other hand, acts 
not on the surface on which the cells grow, but rather 
on the protein coat of the cell Itself. It was thought 
to alter the cell membrane to permit entrance of some 
substance from the culture medium which In turn Initiates 
mitosis (Nowell, I960). Nowell characterized the chromo
somes resulting from the Induced activity In human blood 
elements, and found that after three days In culture, 
the chromosome compliment remained at the normal diploid 
level. More recent Investigations suggest a different 
mode of action of Bactophytohemagglutlnln-P. Elves and 
Wilkenson (1962) observed that only lymphocytes remain 
after the exposure of human marrow to phytohemagglutinin. 
Relating to this, Quagllno and Hayhoe (1962) reported
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the appearance of large quantities of basophilic lympho
cytes on treatment of the culture with phytohemagglutinin. 
The lymphocytes were capable of synthesizing DNA and 
undergoing rapid mitoses. They therefore postulated the 
Involvement of lymphocytes In the Iji vitro transformation 
of marrow cells. In connection with the mode of action, 
Elrod and Schrek (1965) concluded that accelerated mi
toses represents a primary or secondary Immunologic re
action of the lymphocytes to phytohemagglutinin, to 
which they are more or less universally sensitized.

- The Immune response Is postulated to be a protection 
mechanism whereas more lymphocytes are produced in re
sponse to the phytohemagglutinin. In fitting the action 
to the long latent-period phenomenon, Bactophytohemagglu- 
tlnin-P might be the substance which Initiates the tran
sition to the stage of rapid growth in a tissue culture 
environment. The use of Bactophytohemagglutinin-P was 
decided on specifically because of its known ability 
to stimulate mitosis, because of its ease of use in 
the culture procedures of this experiment, and because 
the substance does not appear to alter the normal diploid 
chromosome compliment of primary explants.

G. Analysis of Modal Chromosome Numbers 

The question asked in this experiment deals with
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the observation of a modal chromosome number shift 
accompanying the cell alteration observed in mouse 
bone marrow in long-term culture. On analysis, the 
transformed marrow cultures exhibited a marked shift 
in the modal chromosome number distribution. These 
findings justify further interest into the relation
ship between morphological and karyological variations 
in the transformation from a primary cell culture to a 
permanent cell line. The results also justify further 
investigation as to the cause of the almost universal 
cellular alteration of primary explants JLn vitro.

Serial karyotype analyses would be made during 
the transition stage of the transformation to determine 
whether the chromosome alteration occurs before or 
after the morphologic alteration. Karyologic and 
metabolic studies would be performed from time of 
initiation of the bone marrow in culture to the time 
of entry of the culture into the stage of rapid pro
liferation. Karyologic studies would determine the 
time of chromosomal alteration and metabolic studies 
would determine the time of morphologic alteration 
and entry into the stage of rapid proliferation. If 
the chromosome alteration occurred during the transition 
from the lag phase to the rapid proliferation phase 
(establishment in culture) and before the morphologic
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alteration, the existence of an extracellular chromo
somal regulatory mechanism in vivo should be determined. 
It is conceivable that an entire mechanism of relation
ships exist between extracellular chromosomal regulatory- 
mechanisms and their effect on the readout of the portion 
of the genetic code concerned with maintenance of steady 
state in cell systems. The absence of the postulated 
"regulator" in the culture medium would allow the 
chromosomes to alter and direct an altered code to the 
cytoplasm, possibly resulting in the often observed 
appearance of a morphological, physiological, and 
karyotypic alteration.



31

V. Summary

Primary cells In tissue culture undergo a 
morphological and karyologlcal transformation to 
eplthelial-llke cell lines with aneuplold karyotypes.
These lines can be cultured for long periods as 
established cell lines.

Bone marrow from the Webster-Swlss mouse was placed 
In culture and a marked morphological transformation 
occurred after 26 to 30 days. Mitosis was Induced In 
the primary explants by two methods: (1 ) Increased 
supplementation of fetal calf serum In the culture 
medium and (2) addition of Bactophytohemagglutinin-P 
to the medium.

On karyologlcal analyses (according to a modifica
tion of a method proposed by Rothfels and Siminovltch,
1958) of the primary and transformed cells, a marked 
modal chromosome number difference was observed. The 
primary explanted populations demonstrated a uniform 
normal diploid chromosome number (Bactophytohemagglu- 
tinln-P employed to stimulate mitosis), while the trans
formed population exhibited a modal chromosome number 
shift to a higher number with extensive aneuploidy.

^Presented at the Seventy-Sixth Annual Meeting of 
the Nebraska Academy of Sciences: Lincoln, Nebraska, 1966.



32

BIBLIOGRAPHY

Berman, L., Stulberg, G.S., and Ruddle, P.H. (1955) 
Report of Isolation of a Strain of Cells Re
sembling Epithelial Cells from Bone Marrow of 
a Patient with Carcinoma of the Lung. Blood 
10: 896-911.

Berman, L., and Stulberg, C.S. (1956) Eight Culture
Strains (Detroit) of Human Epithelial-like Cells. 
Proc. Soc. Exptl. Biol. Med. 92: 730-735*

Carrel, A. (1911+) Present Condition of a Strain of 
Connective Tissue 28 Months Old. J. Exptl. Med.
2 0 : 1 - 2 .

Chang, R.S. (1951+) Continuous Subculture of Epithel
ial-like Cells from Normal Human Tissues. Proc. 
Soc. Exptl. Biol. Med. 87: i+l+O-Iĵ *

Dulbecco, R. (1952) Production of Placques in Monolayer 
Tissue Cultures by Single Particles of an Animal 
Virus. Proc. Natl. Acad. Sci. 38: 724.7—752•

Earle, W.R. (191+3) Changes Induced in a Strain of
Fibroblasts from a Strain C3H Mouse by the Action 
of 20-Methylcholanthrene (Preliminary Report).
J. Natl. Cancer Inst. 3 • 555-558*

Elrod, L.M., and Schrek, R. (1965) Production of
Lymphoblastoid Cells from Rat and Human Lympho
cytes by Rabbit Serum and Phytohemagglutinin.
Exptl. Cell Res. 38: I4.l8-I4.23.

Elves, M.W., and Wilkenson, J.F. (1962) Effects of
Phytohemagglutinin on the Morphology of Cultured 
Leucocytes. Nature 191+: 1257-1259.

Evans, J., and Earle, W.R. (191̂ -7) The Use of Perforated 
Cellophane for the Growth of Cells in Tissue 
Culture. J. Natl. Cancer Inst. 8: 103-119.

Evans, J., Earle, W.R., Sanford, K.K., Shannon, J.E., 
and Waltz, H.K. (195D The Preparation and Handling of Replicate Tissue Cultures for Quan
titative Study. J. Natl. Cancer Inst. 11: 907
927*



33

Fisher, H.W., Puck, T.T., and Sato, 0. (1958) Molecu
lar Growth Requirements of Single Mammalian Cells; 
The Action of Fetuin in Promoting Cell Attachment 
to Glass. Proc. Natl. Acad. Sci. I4.i1.: I4-I0.

Ford, C.E., and Hammerton, J.L. (1956) A Colchicine 
Hypotonic Citrate Squash Sequence for Mammalian Chromosomes. Stain Technol. 3 1 : 2^7-251.

ford, D.K., and Yerganian, G. (1958) Observations on 
the Chromosomes of Chinese Hamster Cells in Tissue Culture. J. Natl. Cancer Inst. 22: 765-800.

uoldstein, M.N., and Havas, E. (I960) Routine Develop
ment of Permanent Strains of Fibroblasts from Bone 
Marrow of Adult Rabbits. Proc. Soc. Exptl. Biol. Med. lOlj.: 75-77.

Harris, M. (1957) Growth Measurements on Monolayer
Cultures with an Electronic Cell Counter. Cancer Res. 19: 1020-102ZJ..

Hauschka, T.S., and Levan, A. (1953) Inverse Relationship Between Chromosome Ploidy and Host-Specificity of Sixteen Transplantable Tumors. Exptl. Cell Res.
k i i+57—ii-6 7. ‘

Hauschka, T.S. (1958) Correlations of Chromosomal and 
Physiologic Changes in Tumors. J. Cellular Comp. Physiol. 52 (Suppl. 1 .): 197-233.

Hauschka, T.S. (1961) The Chromosomes in Ontogeny and 
Oncogeny. Cancer Res. 21: 957-97^.

Hsu, T.C., and Pomerat, C.M. (1953) Mammalian Chromo
somes In Vitro. II. A Method for Spreading the 
Chromosomes of Cells in Tissue Culture. J. Heredity 
kki 23-29. *

Hsu, T.C., and Moorhead, P.S. (1957) Mammalian Chromo
somes In Vitro. VII. Heteroploidy in Human Cell 
Strains. J. Natl. Cancer Inst. 18: Zj.63-ij.71,

Hsu, T.C. and Klatt, 0. (1958) Mammalian Chromosomes 
In Vj-tro. IX. On Genetic Polymorphism in Cell Populations. J. Natl. Cancer Inst. 21: i4.37-Z4.73.

Hsu, T.C. (1961) Chromosomal Evolution in Cell Popula
tions. Intern. Rev. Cytol. 12: 69-161.



3k

Levan, P. (195^) Chromosome Studies on Some Human 
Tumors and Tissues of Normal Origin Grown In 
Vivo and In Vitro at The Slaon Kettering Insti
tute. Cancer 9: 6I4.8-663.

Levan, A. (1959) Relation of Chromosome Status to
the Origin and Progression of Tumors: the Evi
dence of Chromosome Numbers. In: (Genetics and 
Cancer. University of Texas Press, Austin. "
pp." 151-182.

Lieberman, I., and Ove, P. (1957) Purification of 
Serum Protein Required by a Mammalian Cell in 
Tissue Culture. Biochim. et Biophys. Acta 25: 
UJ4-9-I4-50.

Makino, S., and Kano, K. (1953) Cytological Studies of 
Tumors. IX. Characteristic Chromosome Individuality in Tumor Strain Cells in Ascites Tumors of 
Rats. J. Natl. Cancer Inst. 13: 1213-1235*

Moscona, A. (1952) Cell Suspensions from Organ Rudiments of Chick Embryos. Exptl. Cell Res. 3: 
535-539.

Nowell, P.C. (1960) Phytohemagglutinin: An Initiator of Mitosis in Cultures of Normal Human Leucocytes. 
Cancer Res. 20: i4.62-I4.66.

Osgood, E.E., and Rigas, D.A. (1955) Purification and Properties of the Phytohemagglutinin of Phaseolus 
Vulgaris. J. Biol. Ghem. 212: 607-616.

Parker, R.C. (1955) Cultivation of Tumor Cells In Vitro. Canad. Cancer Conf. 1: k2~5k»

Prescott, D.M. Personal Communication.
Quaglino, D., and Hayhoe, F.G. (1962) Cytochemical

Observations on the Effect of Phytohemagglutinin 
in Short-Term Tissue Culture. Nature 196: 338-
3U-0.

Rothfels, K.H., and Siminovitch, L. (1958) An AirDrying Technique for Flattening Chromosomes in Mammalian Cells Grown In Vitro. Stain Technol.
33: 73-77.



35

Rothfels, K.H., and Parker, R.C. (1959) The Karyotypes 
of Cell Lines Recently Established from Normal 
Mouse Tissues. J. Exptl. Zool. lij.2: 507-520.

Sanford, K.K., Earle, W.R., and Likely, G.D. (19i|8)
The Growth In Vitro of Single Isolated Tissue Cells. 
J. Natl. Cancer Inst. 9: 229-21̂ .6.

Sanford, K.E., Earle, W.R., Evans, V.J., Waltz, H.K., 
and Shannon, J.E. (195D The Measurement of Pro
liferation in Tissue Cultures by Enumeration of 
Cell Nuclei. J. Natl. Cancer Inst. 11: 773-795*

Sanford, K.K., Merwln, R.M.., Hobbs, G.L. , Young, K.M., and Earle, W.R. (1959) Clonal Analysis of Variant Cell Lines Transformed to Malignant Cells in Tissue Culture. J. Natl. Cancer Inst. 23: 1035
1059.

Swim, H.E., and Parker, R. (1957) Discussion: Cells in Continuous Culture. Spec. Publ. N.Y. Acad.
Sci. 5: 351-355.

Swim, H.E. (1959) Microbiological Aspects of Tissue Culture. Ann. Rev. Microbiol. 13i H4.I-I7 6.



36

VII. Appendices



Appendix I

Puck* s N-16 Medium
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Puck’s N-lfe Medium

Chemical g/llter

Argenine. . . *
Histidine . . .  
Lysine HC1 . • •Tryptophane. . .B phenyl-H-alanine 
Methionine . . .
Threonine. • . .
Leucine. . . . •
Isoleucine . . .
Valine ..........
Glutamic Acid . .
Aspartic Acid . .
Prollne. . . . «
Glycine..........
Glutamine. . . •
Tyrosine . . . .Cysteine . . . .
Glucose..........Hypoxanthine . .
Thiamine HC1 . .
Riboflavin . . .
Pyriloxin HCl . •
Folic Acid . . .
Biotin. . . . .
Choline . . . .
Ca Pantothenate . 
Niacin amide . .
i-Inositol . . .
NaCl.............
KC1 . . . . . .MgS0^.7H20 . . .
CaCl2.2H2Q . . .
Na2HP0^.7H20 . .
kh2po^ ......................
NaHCO^...........
Phenol Red . . «

0.0375
0.0375
0 .080
0.020
0.025
0.025
0.0375
0.025
0.025
0.050
0.075
0.030
0.025
0 .1 0 0
0.200
0.014.0
0.0075
1.100
0.025
0.005
0.0005
0.0005
0.0001
0.003
0.003
0.003
0.0030.001
7.400
0.285
0.154
0.016
0.290
0.083
0.120
0 .200
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