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Method for Establishing Human Cells in Culture: Susceptibility to

Poliomyelitis after Prolonged Cultivation.*

(20423)

H. E. Swim anp R. F. PARKER.
From the Department of Microbiology, School of Medicine, Western Reserve University, Cleveland, O.

The application of tissue culture technics to
the study of mammalian viruses has received
renewed impetus since Enders and his asso-
ciates showed that the viruses of poliomyelitis
would multiply in cultures of human tissues
(1). Quantitative studies have been greatly
restricted by the existing tissue culture tech-
nics for virus propagation, which usually de-
pend on the explantation of fresh tissue for
each virus passage. It would obviously be of
great value, therefore, to have established cell
strains susceptible to viral infection. Of the
established cell cultures, the “L”" strain
(Earle) has been shown to be susceptible to
infection with the virus of Rous sarcoma(2),
and to pseudo-rabies and herpes simplex(3).
Recently, Scherer, Syverton, and Gey(4) have
described a strain of cells susceptible to polio-
myelitis. The technics described by Earle for

* Aided by a grant from The National Foundation
for Infantile Paralysis,

the initiation of cell strains on glass or cello-
phane surfaces have not been widely used.
The purpose of this communication is to de-
scribe a simple technic for establishing human
cells in mass culture and to show how such
cell strains may be maintained. These cul-
tured cells appear to retain their initial sus-
ceptibility to viral infection.

Methods. The standard technic for cul-
tivation of tissue in roller tubes has been em-
ployed. The lower two-thirds of an 18 x 150
mm culture tube is coated with 0.05 ml
chicken plasma. The desired number of tis-
sue fragments are placed on the side of the
tube and 0.05 ml chick embryo extract (EE
50) is added and mixed with the plasma. The
plasma-extract mixture is then rolled over the
surface of the tube, allowed to drain for a few
seconds, and the excess is removed, leaving
the tissue embedded in a very thin clot. The
tube is allowed to stand for 5-30 minutes and
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then 3 ml of nutrient fluid consisting of 85%
Fischer’s V-614 solution(35), 10% horse serum
and 5% EE 30 are added and the tube stop-
pered and incubated at 37°C. The nutrient
fluid is changed at intervals determined by
the decrease in pH from the initial value of
7.6 to approximately 7.0, usually every 2 or
3 days. After one to 10 days, new growth ap-
pears in the clot around the explanted frag-
ments. The time depends on the type of tissue
and its previous treatment. When growth is
well established, the original explants are dis-
lodged and removed with the fluid when the
latter is changed, usually within 3 to 4 weeks.
By this time, the surface of the tube is cov-
ered with a thin sheet of cells. Where lysis
of the plasma coagulum has occurred, cells
grow freelv over the glass. The initial cell
population is subcultured by dislodging the
cells with a platinum wire bent to fit the
curvature of the tube. This procedure yields
a suspension containing large masses of cells.
These cell masses are largely broken up by
drawing the fluid into a serologic pipette and
then forcefully expelling it. The pooled sus-
pension from several tubes is centrifuged at
175 g for 10 minutes and the supernatant is
discarded. The cells are suspended in a small
volume of EE 50 and added to tubes contain-
ing chicken plasma in the manner already de-
scribed.  Microscopic examination reveals
that single cells and small clumps of cells were
carried over and are now embedded in the
very thin plasma coagulum lining the culture
tube. After the first hour of incubation, the
cells have assumed their characteristic appear-
ance and can be seen migrating from the small
cell masses. Multiplication begins promptly.
Cells which have been subcultured in this
manner for 4 to 6 months continue to grow
well,

Examination of the original culture tube re-
veals that many individual cells and small
sheets of cells remain on the inner surface. If
nutrient fluid is added to the tube, these cells
will multiply, and within a short period of
time the tube is again lined with cells. These
cells, which have grown directly on. the glass,
can be dislodged as already described and
further treated by repeated expulsion from a
pipette, or by vigorous shaking, to yield a
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suspension that contains primarily single cells
or small masses (2-12 cells) with an occa-
sional larger fragment. These suspensions
may be centrifuged and the cells resuspended
in EE 50 and planted in a thin plasma coagu-
lum, or the cells may be planted directly on
glass, as described by Shannon and Earle(6).
In the latter case, there is a longer interval
between planting and the initiation of growth;
also, many of the larger cell clumps do not
adhere to the glass and are lost when the fluid
is changed. After each successive harvest, a
sufficient number of cells are left behind on
the glass to restore the cell population. In
this way, a mother tube may serve as a source
of cells over an indefinite period. In our ex-
perience, the effect of repeated harvesting
from a single tube has been to increase the
tendency of cells to grow from isolated cells on
the tube wall, or from increasingly smaller
clumps, with the ultimate effect of reducing
the size of the clumps in the cell harvest. This
factor influences the efficiency of transplanta-
tion of cells to glass, as has been noted by
Earle, Waltz, and Shannon(7).

Results.  Skin-muscle cells of human em-
bryonic origin which were cultivated for 6
months in the manner described were tested
for their susceptibility to the cytopathogenic
effect of the MEF, strain of poliomyelitis
virus. The cells obtained from 6 mother
tubes were suspended in 25 ml of nutrient
fluid. After removing the larger cell clumps
from the suspension, it was dispensed in 1 ml
volumes into 13 x 150 mm tubes. The tubes
were stoppered, inclined at an angle of ap-
proximately 5, and incubated in stationary
racks. After 3 days, when cell growth was
well established, the nutrient fluid was re-
placed with Mixture 199 of Morgan, Morton,
and Parker(8), and 0.1 ml of the appropriate
dilution of virus suspension was added to each
tube. The viral suspension used in this ex-
periment consisted of the fluid phase from a
culture of MEF; poliomyelitis virus(9) in
uterine tissue. The tubes were placed in the
roller device and incubated at 37°C. After
3 days the cultures were examined for evi-
dence of cytopathogenic effects. The results
are recorded in Table I, and indicate that a
very small amount of virus is capable of in-
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TABLE L. Susceptibility of Human Embryonic Skin-Muscle Cultures to the MEF, Strain of

Poliomyelitis.
Virus dilution (log) 0 1 2 3 4 5 6 No virus
Results 2/2% 2/2 2/2 3/3 3/3 2/3 1/3 0/3

* Denominator represents number of tubes inoculated with 0.1 ml virus suspension; numera-

tor, the cultures showing degeneration in 3 days.

ducing cytopathogenic effects in a cultured
strain of skin-muscle fibroblasts.

The thin clot technic has been successful
with all the tissues so far studied, including
adult human uterus and testicle, and embry-
onic skin-muscle, liver, lung and kidney. It
appears, however, that for the optimum
growth of each cell strain that may be studied,
the nutritional requirements, the pH range and
other factors will need to be established.
Thus, for example, embryonic skin-muscle
fibroblasts seem to be more easily maintained
in roller tubes than in stationary cultures,
whereas testicular and uterine cells may be
maintained under either condition. Also, skin
fibroblasts appear to maintain undiminished
vigor in nutrient fluid containing chick em-
bryo extract, whereas uterine fibroblasts seem
to do better in beef embryo extract. On the
other hand, it appears that while fibroblasts
of testicular origin can be cultured initially
in fluid containing chick embryo extract, their
rate of growth eventually declines and can be
restored to normal by substitution of beef
embryo extract. '

L Type Cultures Isolated from Streptococei.*t

Summary. A technic is described by which
human tissues may be established readily iz
vitro either on glass or in thin plasma clots.
Susceptibility to infection with the MEF,
strain of poliomyelitis is retained after pro-
longed cultivation.
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Pleuropneumonia-like colonies and larger
colonies of similar structure corresponding to
L type colonies of various bacteria grow usual-
ly in cultures made from the human mouth,

* Expenses of this investigation defrayed in part
by grants from the Commonwealth Fund and the
U. S. Public Health Service.

t This is publication No. 147 of the Robert W.
Lovett Memorial Foundation for the study of Crip-
pling Disease.

especially from tooth scrapings, if bacterial
growth is inhibited by penicillin. The ob-
servations to be described originated from an
effort to determine the origin of these colonies
and their eventual connection with bacteria.
Numerous colonies of various types of bac-
teria were picked from anaerobic mouth cul-
tures and were tested for the production of L
forms. None of the bacteria produced L
type colonies similar to those of the oral pleuro-



