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Summary

Colonies of cells were obtained from human fetal lung tissue and exposed to
recently isolated respiratory viruses. There was a considerable variation in the
number of rounded cells found in different colonies exposed to rhinovirus types 2
and 9 (RV2 and 9), human coronavirus 229 E (HCV), adenovirus type 3 (Ad3)
and respiratory syncytial virus (RSV). Smaller colonies had more rounded cells
than larger colonies. Clones were established from 9 out of 11 colonies. They
varied in their rate of growth and the pattern formed on a plastic surface. They
varied also in their virus susceptibility particularly to “difficult” rhinoviruses
such as RV 9 and S¥1340. One cell clone (HL1/77 Clone 8), was highly susceptible
to all these viruses. All cultures were more sensitive to RSV when maintained
in F12K medium than in MEM, whereas there was no difference for rhinoviruses.
Influenza A and B and parainfluenza 3 viruses sometimes produced cytopathic
effect, and always produced haemadsorption, but unlike the previous strains could
not be passed serially and presumably produced little infectious virus. All clones
were rather insusceptible to Ad3; but the virus eould be passed, whereas coxsackie
virus B3 produced no CPE. Substantial yields of coronavirus and rhinovirus were
obtained in gelatin sponge cultures. Two ‘“very difficult” respiratory viruses
which had just been adapted to tissue culture; namely, HS rhinovirus and JK
coronavirus grew in 7 of 9 and in 6 of 9 clones respectively.
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Introduction

Human embryonic lung is a complex tissue and contains the precursors of a
variety of cells ranging from fibrous tissue elements and vascular endothelium to
bronchial epitheliur, histiocytes, macrophages and pneumocytes, including the
type II cells. Recently, type II pneumocytes have been separated from the others
by cloning techniques, and their virus susceptibility has been studied (9). We
thought that it should also be possible to separate out some of the other cells using
the same basic techniques, and this report summarizes the results of our efforts.
We wished to determine whether we could separate from a mixed culture of
lung eells clones which were demonstrably distinet, as judged by their morphology,
growth and other characteristics. More importantly, we wished to see if those
clones were demonstrably distinet in their susceptibility to infection with a range
of respiratory viruses. Studies have shown that organ cultures of bronchial
epithelium are generally susceptible to almost all known viruses, from rhinoviruses,
and coronaviruses to influenza and parainfluenza viruses (5). On the other hand,
strains of fibroblasts obtained by mass culture of embryonie lung, such as WI-38
or MRC-5, are susceptible to some rhinoviruses and some coronaviruses but not
to influenza or parainfluenza viruses. Earlier studies showed that mass cultures
of fibroblasts obtained from many embryos are relatively resistant to rhinovirus
infection (1). We, therefore, hoped that by using cloning techniques we would be
able to detect and cultivate virus-susceptible lung cells which would otherwise
be lost if the usual methods of mass culture were used. These susceptible cells
might be useful as substrates for producing virus vacecines or for cultivating and
studying viruses that, at present, can be grown only in tracheal organ culture.

Materials and Methods

Media
Cells were, in general, grown in Ham’s F 12K (modified) medium with 10 percent
fetal bovine serum (FBS) (Flow Laboratories Lot $001091). They were maintained
in the same medium with 2 percent FBS except where otherwise indicated.

Tissue and Oell Oloning

Lungs were obtained from fetuses up to 72 hours after hysterotomy. The tissue
was chopped and dispersed with collagenase, trypsin and chicken serum as described
elsewhere (9); and a first passage in mass culture was performed, and the resulting
cells were stored in liquid nitrogen. The cells were then thawed, and established in
viable culture. Cells from these cultures were counted using the erythrosin B dye
exclusion technique. Four hundred viable cells were seeded in 10 ml of medium into a
100 mm petri dish and kept without disturbance in a humidified incubator at 37° C.
Cultures were examined with an inverted microscope equipped with phase contrast
optics. In certain experiments, cells were classified as “fibroblast-like” —long, narrow
cells often in whorls, “endo- or epithelial-like” —pavements of polygonal ecells or,
“intermediate’’—a varied range of cells between these extremes. Selected colonies
were isolated with a silicone-treated penicillin assay cylinder. They were washed
twice with saline and then incubated with 0.25 percent trypsin: EDTA until the cells
were released; they were then pipetted into a 35 mm dish and grown up until they
filled & plastic flask with a surface area of 75 cm?. From this stock, cells were stored
in liguid nitrogen in 5 percent dimethyl sulfoxide as a eryoprotectant. Stock cultures
were trypsinized and passed at about five-day intervals, and each new flask was in-
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oculated with 1 X 106 cells in 25 ml of medium containing 10 percent FBS. As required,
roller tubes were prepared using about 10° cells in 1 ml of medium containing 10 percent
FBS and Eagle’s MEM buffered with HEPES or in Ham’s modified F12K. When
required for virus inoculation, tubes were changed to 1 ml of medium containing
2 percent FBS, or when using influenza or parainfluenza virus, they were washed three
times with 1 ml and maintained with 1 ml of serum-free medium.

Approximate Cell Doubling Time

T 75 flasks were seeded with 106 cells, incubated for about five days and trypsinized
as the cell sheet was approaching confluence. The cell sheet was trypsinized and the
number of cells was measured with a Coulter counter. The apparent cell doubling time
was computed from these numbers.

Viruses

All the viruses had been passed only a few times since their isolation from the
human respiratory tract. Details concerning them are shown in Table 1. They were
either known to be pathogenic for man or could be safely assumed to be.

Tests of Virus Sensitivity
Serial tenfold dilutions were made in Moscona’s saline. Kach tube received 0.2 ml
of inoculum and was then rolled at 33° C. Tubes were examined unstained by ordinary
low-power light microscopy. In some experiments, viruses were ‘‘passed in dilutions” —
in this, serial dilutions of virus were inoculated, and the tube which had received the

Table 1. Respiratory viruses used for testing cells

Number of
passages
after
Laboratory Cultures recovery
Virus type designation passed in from man
Rhinovirus type 2 (RV 2) HGP HeLab 2
Rhinovirus type 9 (RV 9)2 DC Hela 2
Rhinovirus ? type SF 1340 WI-38 8
Rhinovirus 7 type HSs ET 2
Respiratory syneytial virus (RS) 67/77 HeLa 2
Coronavirus (HCV)2 229K MRC-5 2
FT 1
Coronavirus JK (810, 2
MRC-C 1
Adenovirus type 3 (Ad3) 699/77 Hela 1
Influenza A A/Viet/3/75 Embryonated egg 9
Influenza B B/Hann/1/70  Various-cloned 14
Parainfluenza 3 779/77 MK 2
Coxsackie virus B3 740/77 HelLa 2

@ These viruses were passed in tissue culture after being isolated from patients, but
were administered to volunteers and then reisolated
b STRIZOVA ef al. (8)

MRC-5—strain of human embryo lung fibroblasts
FT—{fetal tonsillar strain of human lung fibroblasts (4)
MEX —rhesus monkey kidney cells
OC—organ cultures of human respiratory epithelium
MRC-C—-coronavirus sensitive continuous line of human fibroblasts
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Fig. 1. 4 Part of a colony of susceptible cells from a primary HL 2/75 clonal plate

inoculated with RV 9 (128 x ). B Part of a colony of resistant cells from the same plate.

The plate was inoculated and incubated at 33°C. The plate was fixed with glutaraldehyde
and the colonies were photographed with phase contrast optics (128 %)
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highest dilution of the virus and showed a substantial cytopathic effect (CPE) was
frozen with its medium at —70° C. It was later thawed and serially diluted again and
the dilutions inoculated into separate tubes which were incubated and observed as
before. Cultures inoculated with influenza and parainfluenza viruses were tested for
haemadsorption by adding 0.5 ml of 1 percent washed human group A cells in Moscona’s
saline and standing at 4° C for 20 minutes or more.

Virus Titrations

Virus titrations were usually performed by inoculating roller tubes with serial
10-fold dilutions of virus and incubating at 33° C in a roller drum.

Results

Experiments With Cell Colonies

In the first experiments, we added virus to plates which earried up to 50 distinct
colonies. Each colony comprised from a dozen to several hundred cells, and these
varied in morphology from epithelial to typically fibroblastic. Plates were prepared
from embryos HL1/77 and HL1/75. Undiluted virus was added in each case and
virtually all the cells on all the plates were eventually affected. However, it was
noted. that the cells of some colonies degenerated much earlier than others. Fig-
ures 1a and b show the appearances of two typical colonies, one apparently resistant
to RV 9 virus and the other highly susceptible. Thus, when colonies from HL1/75
were examined at an early stage, we obtained the results shown in Figure 2.

Effect of viruses on colonies of human
embryo lung cells
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Fig. 2. Clonal plates of a fifth population doubling level of HL 1/75 were inoculated
with various viruses. The percentages of cells observed to be rounded up in each eolony
one and two days after inoculation are shown
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Rounded cells were almost only seen in virus infected cultures and that at a time
when some colonies of a culture were largely destroyed, others might be, to all
appearances, normal and indistinguishable from uninoculated cultures. After
exposure to parainfluenza, three colonies likewise varied in the proportion of
haemadsorbing cells. Similar results were seen with HL1/77. As shown in Figure 3,
the smaller colonies showed more degeneration than the larger colonies after
exposure to HCV, and similar results were seen with RSV and RV 9 but not with
adenovirus. We looked also for a relation between the morphology of the cells
and their susceptibility to viruses. Endothelial or epithelial-like cells tended to
be more affected by RSV or adenovirus, but otherwise there was no obvious
relationship to be seen. Thus, it seemed that colonies varied in their susceptibility;
but a number of questions remained unanswered. Did the lung contain popula-
tions of cells which were susceptible or resistant to viruses in general, or were
there cells which were specifically susceptible or resistant to specifie viruges?
Would cells that degenerated rapidly after a large inoculum of virus also be
susceptible to infection with a small dose of virus, i.e. be sensitive detectors of
virus particles ? To answer these questions, a new method was needed ; so we next
established cloned populations of cells, particularly those presenting as small
colonies, and exposed subcultures of these to serial dilutions of virus, i.e. titrated
viruses in them by the endpoint method.
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Fig. 3. The relation of the percentage of observed rounded cells to the total number of
cells in each colony. The same clonal plates were used as in Figure 2. This plate had
been inoculated with Human Coronavirus 229 E

The Cloned Cell Strains

Altogether, eleven colonies were selected from a suspension of cells from
embryo HL1/77 which had been stored in liquid nitrogen. These were trypsinized,
but two failed to grow well and were lost. The remaining nine seemed gradually
to grow better; and by the time they were established, they grew rather like
strains obtained by mass culture.
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Morphology

Although they were distinet in appearance at first, this became less obvious
with time; and finally they all appeared long and narrow and finely granular
and grew in whorls.

Growth Pattern

Under the microscope, it seemed that the exact pattern of the whorls varied;
and this could also be seen on naked eye examination of culture bottles. However,
it was most obvious when the cell sheet was stained, as shown on the photographs
in Figure 4. This shows that most of the cells did differ from each other to a minor
extent in their intercellular relationships, since they differ in the size of the whorls
and the uniformity of the cell sheet. It is interesting that the cells from the strik-
ingly different colonies are distinctive by this technique.

Growth Rates

To begin with, the cells grew at different rates. For example, HIL1/77 clones
1, 2, and 3 were transferred to flagsks earlier than the others. A cell count was
performed each time the cells were passed; and from this, an approximate rate of
growth of each eell strain could be determined. It is clear that after many passages,
there were still differences in their growth rate (Table 2). The strains were ranked
according to their rate of growth. The ranking was very similar on successive
experiments and the rank correlation was highly significant statistically (p <<.001),
and stil]l significant when compared with ranking over 10 population doublings
(PD) later. It is, thus, seen that these cells could be distinguished by their relative
rates of growth in the media and other conditions used. If the cells were grown
as a mixed culture and these rates of multiplication were maintained, it is clear
that the “slower” cells, like HL1/77 clones 7 and 4 would tend to be lost while
the “fast” cells such as HI.1/77 clones 5 and 2 would tend to predominate.

Table 2. Growth of cloned cell strains in flasks seeded with 106 cells

Number of cells ( x 108) recovered
after five days incubation

Morphology of rank order in parentheses®

Clone® original colony Experiment 1 Experiment 2
HLt1/77 1 Fibroblastic 17 (5) 12 (6)
HL1/77 2 Fibroblastic 23 (2) 16 (3)
HL1/77 3 Intermediate 16 (7) 10 (T)
HL1/77 4 Lacy 14 (8) 9.2 (8)
HL1/77 5 Intermediate 26 (1) 17 (1.5)
HL1/77 6 Intermediate 17 (5) 14 (5)
HL1/77 7 Angular small 9.5 (9) 7.8 (9)
HL1/77 8 Fibroblastic 17 (5) 15 (4)
HL1/77 9 Intermediate 19 (3) 17 (1.5)

* The passage levels of all strains were similar in each test (PDL from 30—40 Exp. 1;
49— 62 Exp. 2)
b Spearman rank correlation coefficient rs = 0.954 p <.001



Fig. 4. Comparison of growth patterns of nine clones of HL 1/77. All nine clones were
of approximately the same population doubling level (23 X}
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Life-Span
The approximate cell doubling time was measured between about the 30th
and 50th population doubling and was found to increase gradually with time,
although the rate of increase varied (Fig. 5). The life span of the cells was, there-
fore, estimated by measuring the distribution of clones of various sizes as de-
scribed by SmrrH ef al. (7). The results are shown in Table 3 and show life spans
of roughly the same duration as that of mass cultured human lung fibroblasts.
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Fig. 5. Generation time as a function of population doubling level of HL 1/77 F' 2 and
HL1/77 Lacy 4

Table 3. Analysis of colony size distribution of 9 clones of HL1)77

Number of clone Approximate life span (PD)2
HL1/77 1 97.0
HL1/77T 2 101.5
HL1/77 3 68.9
HL1/77 4 87.9
HL1/77 5 95.7
HL1/77 6 75.6
HL1/77 7 89.1
HL1/77 8 75.1
68.1

2 Calculated by the method of SmiTH ef al. (8). The numbers designate estimates of
total number of population doublings (PD)

Three Dimensional Culture
About 107 cells of each clone were deposited onto each of a series of 2 em
squares of sterile gelatin sponge. Then 13 ml of medium was added. And after two
days, the medium was changed, and the culture was rocked at 37° C. The cultures
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were then fixed and prepared for microscopy. The cells produced what looked
rather like alveolar tissue within the interstices of a gel. There were some differ-
ences in the densgity of this “tissue” which was most cellular. Some squares were
inoculated by injecting 0.1 ml of virus with & tuberculin syringe and needle.
These were then rocked at 33°C in 5 percent COs.

Karyology

All strains were examined for their karyology by standard methods. The
results showed that all had the normal diploid complement of chromosomes and no
gross chromosomal abnormalities were apparent.

Virus Susceptibility

The effect of viruses on the cells could be estimated in two ways. In the first,
pairs of tubes were inoculated with virus; and the cytopathic effect was scored
each day. Results from one such experiment are summarized in Table 4. This

Table 4. Results of testing 9 clones with rhinovirus type 9

Average cytopathic effecta Titer of stock virus
3 days after inoculation in indicated cells
Clone of undiluted virus mean of two titrations
HL1/77 1 0.25 (2)» 1.25 (2)
HL177 2 0.5 (4.5) 2.5 (5.5)
HL1/77 3 0.5 (4.5) 2 (8.5)
HL1/77 4 0.5 (4.5) 2.5 (5.5)
HL1/77 5 0.5 (4.5) 3.25 (8)
HL1/77 6 1.5 (8) 2 (3.5)
HL1/77 7 0 (1) 1
HL1/77 8 2.5 (9) 3.5 (9)
HL1/77 9 1.25 () 3N

2 On an arbitrary scale in which 2 = about 50 percent of cells affected
» Rank order of clone response. Spearman rank correlation coefficient rs = .708 p <0.05

Table 5. Summary of results of screeming 90 combinations of viruses and cell clones

Cytopathie effect or

Virus type haemadsorption® Passage
Rhinovirus type 2 9/9» 9/9

type 9 9/9 9/9

SF 1340 9/9 9/9
Respiratory syncytial 9/9 5/7
Corona 220K 9/9 77
Adeno 3 9/9 8/9
Parainfluenza 3 719 (9/9) 0/9
Influenza A 9/9 (9/9) 0/9
Influenza B 4/9 (9/9) 0/9
Coxsackie B3 0/9

2 Figures in parentheses show results assessed by haemadsorption
b Numerator = number showing a positive response; denominator = number tested
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shows, as was observed in the previous experiment, that the cells might be
extensively changed or destroyed in cultures of one strain at a time when there
was little or no effect in cultures of another strain such as HL1/77 clone 7. The
second method was to titrate a pool of virus in the cells, and this revealed differ-
ences of over one hundred fold in the sensitivity of different clones to infection
by this virus. There was a significant degree of agreement between the two methods
in ranking the cultures as more or less sensitive. All the stock viruses were then
titrated in each of the cells, and the results are summarized in Table 5 and Figure 6.

HL /77  Rhino RSV HCV Influenzo Poro- AdmoCo;:(—,
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Fig. 6. Comparison of virus titrations in all nine clones and in optimal cell lines for
each virus (vertical axis logio titer). The bars indicate titers found on assaying a stock
pool of each virus in each cell line. Shaded bars [///lindicate that replication of infectious
virus oceurred, and open bars [ indicate that none was detected. (*Experiment 1
titer was greater than 104 TCDso. ** Experiment #:1 titer was greater than 104 TCDse;
SF 1340 passage 9 unavailable for Experiment 32 so passage 10 virus was substituted
and a titre of 108.5 TCDso was found) ’
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These show that all the rhinoviruses grew in all the clones, and that the clones
were roughly equally sensitive to rhinovirus type 2, but varied in sensitivity to the
SF 1340 virus as well as to type 9. The titrations were done in cultures maintained
in MEM and repeated in cultures maintained in F 12X, and the results were very
similar and are averaged in the figure. The culture of each cell strain which received
the highest dilution and showed a CPE was frozen and then serially diluted, and
each dilution was inoculated into fresh cultures of the same cell. This was called
“passage in dilution”. It showed unequivocally that virus replicated and could be
passaged as indicated in Table 5. It also showed on a number of occasions a
“prozone’” phenomenon, in that the first dilutions produced little or no CPE
whereas high dilutions produced a definite effect. This phenomenon, possibly
due to the presence of defective interfering (DI) particles, was often seen with
rhinoviruses, e.g. it appeared during passages of rhinovirus type 2 in 5 of 9 clones.
There were substantial differences in the sensitivities of the clones to RSV when
tested in MEM ; but, unlike rhinoviruses, the titres were higher and more uniform
in cultures maintained in F12K medium as shown in Table 6. HCV also gave
different titres in different clones, but the results were not affected by the medium
—most clones were infected up to a titer of 103-5 but in one, HL.1/77 clone 8,
reached a titer of 105. This clone was also highly sensitive to rhinoviruses and to
RSV. The other clones showed a variety of profiles of sensitivity to the viruses.
Although it was not possible to say exactly how many were the same or different,
there was no doubt that some showed real differences; for example, HL1/77
clones 2, 5, 7 and 8. There was evidence of s good deal of specificity in virus
susceptibility. For instance, HL1/77 clones 1 and 5 were rather resistant to
rhinoviruses but sensitive to HCV. There was even some degree of specificity
in response to different rhinoviruses; SF1340 generally grew better in all cells
than did RV9, but both viruses grew equally well in HL1/77 clones 1 and 5.
Influenza A and B viruses produced some cytopathic effect in many of the clones
and uniformly produced haemadsorption as tested about five days after inocula-
tion. However, there was no evidence that these viruses could be passaged. Para-
influenza 3 virus produced similar effects; there was a little haemadsorption in
the tube given undiluted passage material but too little to indicate that the virus
was definitely replicating. On the other hand, although Ad3 did not infect in
high dilution, it produced rapid CPE on passage; coxsackie B3 virus produced
no cytopathic effect in any clone. Since some of the clones seemed highly suscep-
tible to rhinoviruses and coronaviruses, they were tested with viruses which have
been only recently adapted to tissue cultures; namely, the HS rhinovirus which
has previously been detected only by its effect in organ cultures of human nasal
or tracheal epithelium (5), and J. K. which is a coronavirus resembling 229 E
which was cultivated with difficulty in a highly sensitive cell MRC-C. The results
are shown in Table 7.

Cytopathic effects oceurred again though these viruses could not be diluted
as much as the previous strains. There was considerable variation in the responses.
HL1/77 clone 4 was resistant to both viruses whereas HL1/77 clones 2, 7 and
9 were resistant to one each. HL1/77 clone 7 had seemed rather resistant to
rhinoviruses in the previous tests. In most cases on passage, the virus grew to
higher titer than on first inoculation.
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Table 6. Sensitivity to respiratory syncytial virus of clones maintained in two media

log1o titer of stock RSV in Clones in

Clone MEM-= F12Ks Titer ratio
HL1/77 1 <1 3 >2
HL1/77 2 2 2.5 0.5
HL1/77 3 1.5 3.0 1.5
HL1/77 4 1.5 3 1.5
HL1/77 5 1 3 2
HL1/77 6 <1 3.5 >2.5
HL1/777 7 <1 3 >2
HL1/77 8 1 3.5 2.5
HL1/77 9 i ? 4

2 Both media contained 2 percent of fetal bovine serum. This is a separate experiment
from the one shown in Figure 6. A lower titer sample of virus was used. More in-
fectious virus gave a titer of 4.0 or more in all cells in medium F 12K

Table 7. Results of tests with rhinovirus HS and coronavirus JK

logio of dilution producing CPE after incubation of

HS virus JK virus
Seed First Seed First
Clone virus passage virus passage
HL1/77 1 Qa 0 1 >3
HL1/77 2 1 >3 > Neg —
HLi/7T 3 0 1 i 2
HL1/77 4 Neg? — Neg —
HL1/77 5 0 2 2 2
HL1/77 6 1i 1 1 >3
HL1i/77 7 Neg — 1 0
HL1/77 8 2 0 >3
HL1/77 9 1 2 Neg —

& Implies a titer of 10°, i.e. that the virus produced a CPE when used undiluted
b No CPE observed at any dilution 10°—10-2

For comparison, we did a few experiments on mixed cultures. In the first,
we mixed equal numbers of cells from HL1/77 clones 1 to 9 and carried them to-
gether for a few serial passages. Their sensitivity was intermediate between that
of the most and the least sensitive of the component strains. Similar results were
obtained with lung cells passed only three times in mass culture; the latter were
also tested with H. 8. and found to be insensitive.

Sensitivity of Colonies of Epithelial Cells

It was not possible to obtain and study cloned epithelial cells, but it was
possible to make a further study of epithelial cell colonies. Clonal plates were
obtained from another human fetal lung cell suspension (HL2/77), which rapidly

6 Arch. Virol, 61/1—2



g. 7. A Area of epithelial-like cells surrounded by fibroblasts on a primary clonal
plate of HL2/77 (128 X ). B Area of epithelial-like cells from HL2/77 exhibiting a
cytopathic effect after inoculation with Respiratory Syncytial Virus. Surrounding

fibroblasts remain unaffected (128
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became overgrown with fibroblasts; nevertheless, colonies of epithelial cells
remained clearly visible (Fig. 7a). These were exposed to viruses as before, and
it was noted that the epithelial cells were usually affected when there was little
effect on the fibroblasts (Fig. 7bh}). Further, there appeared to be differences in
the sensitivity of different colonies of epithelial cells (not shown). So it may be
that if epithelial cells are finally cloned, it will be found that they differ in their
virus sensitivity also.
Virus Yield

We found that the yield of attenuated poliovirus type 3 per cell in roller tube
cultures was similar for several cloned cells, HeLa and primary monkey kidney.
We have been studying the growth of viruses in organotypic cultures of primary
human embryo lung (3, 9), so we also inoculated some of the cultures in gelatin
sponge which we had prepared with the cloned cells in order to study their growth
behavior. The cultures were inoculated with RV2 or HCV and examined four
days later. In every case, more virus was recovered than was added. The titres
varied éubstantially from 105-5 to 1075 per rhinovirus culture and from 105 to
107-5 per coronavirus culture. The cultures were sectioned and examined histo-
logically. There was more degeneration in the cultures inoculated with HCV than
with RV 2. In each group, some cultures showed no degeneration. There was no
correlation between the amount of virus recovered and the extent of the cytopathic
effect.

Discussion

In the past, strains of fibroblasts have been obtained from human embryo
lung by trypsinizing the whole tissue and preparing a mass culture from it. The
strains WI-26, WI-38 and MRC-5 have been carefully characterized and widely
used, both for detecting viruses in clinical specimens and for producing vaccines
(6). However, it is often observed that when similar cultures are obtained from
embryos obtained locally, they are less sensitive than these reference cell strains.
In earlier work, we showed that cultures prepared by very similar techniques
from a series of embryos might vary a thousand fold in their sensitivity to rhino-
viruses, even when allowance was made for the fact that sensitivity to the virus
may increase in the first few passages (1). It has been obvious in the past that
the composition of a culture would change with serial passage, for instance the
epithelial cells would be eliminated. It has also seemed likely that some change in
the physiological state of cells would be induced by artificial culture medium —we
observed this in the acceleration of growth rate and the loss of distinctive morphol-
ogy. There has been a general impression that, as a result, the cells obtained
became “dedifferentiated” to a basic fibroblast which would then determine the
behavior of the culture. Recently, by using improved techniques of cell cloning,
the descendants of the type II pneumocyte were obtained free of other cells; and
on serial culture, these retained many of their characteristics such as the produe-
tion of surfactant (2, 9). However, our impression now is that the primary cultures
contain a wide variety of cells which can be distinguished by their growth pattern
and by their resistance to virus infection. They have definite and persistent
differences in growth rate; and so it is very likely that unless separated by the
cloning process, all the slower-growing cells would become a small minority of the

6%
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culture which would, therefore, come to consist largely of the progeny of a small
range of fast-growing cells. The slow-growing cells eliminated in the early stages
of this process are particularly likely to be susceptible to many of the viruses in our
test battery. We selected nine clones of slow-growing cells; but even in this small
and selected group, the fastest growing was also rather virus resistant. Never-
theless, there seemed to be no absolute relationship between rate of growth and
susceptibility to virus infeetion in general or to infection with any one virus. It
may, thus, be a matter of chance whether a virus-sensitive cell predominates in
a mass culture or it may depend on whether the embryo is unusually suseeptible.
Although we choose to use lung for studies with respiratory viruses, the tissue of
origin may not be very important; for example, a rhinovirus-sensitive strain of
cells (FT) was obtained from the tonsil (4).

However, even though we started by chance with what would seem to have
been a rather virus-sensitive cell suspension, we were able to obtain significantly
more sensitive eultures by cloning individual cells rather than by culturing the
cells together. It seems to us, therefore, that in the future, such clones should be
used both as a source of cells with which to cultivate hitherto uncultivated
viruses, and also as substrates for vaccines and other biological products. They
have an adequate growth potential and, if properly prepared, should be ag accept-
able to licensing authorities as cultures of whole lungs. They might, for example,
be useful for preparing RSV for vaccines. We have, however, definitely failed to
culture cells which can be used readily for the propagation of influenza and para-
influenza viruses. We think this is due to our failure to establish cultures of
bronchial epithelial cells. This is, obviously, a target for further studies; and there
are hopeful signs that before long, methods for culturing this type of cell may
become available.

A more detailed study of the origin of these cells and the biochemistry of their
infection with various viruses might help in the study of the pathogenesis of virus
pneumonia and the reasons they are virus sensitive or virus resistant, so they may
be useful tools for those studying virus replication and pathogenesis as well as
those interested in culturing viruses and making vaccines.
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