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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 229E (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 pat tern  formed on a plastic surface. They 
varied also in their virus susceptibility particularly to "difficult" rhinoviruses 
such as RV 9 and SF 1340. One cell clone (HL 1/77 Clone 8), was highly susceptible 
to all these viruses. All cultures were more sensitive to ~SV when maintained 
in F ] 2 K  medium than in MEM, whereas there was no difference for rhinoviruses. 
Influenza A and B and parainfluenza 3 viruses sometimes produced cytopathie 
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 Ad 3; but  the virus could be passed, whereas coxsackie 
virus B 3 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 J K  
coronavirus grew in 7 of 9 and in 6 of 9 clones respectively. 
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Introduction 

H u m a n  embryonic  lung is a complex tissue and  contains  the precursors of a 
var ie ty  of cells ranging from fibrous tissue elements ~nd vascular  endothel ium to 
bronchial  epithelium, histiocytes, macrophages and  pneumocytes ,  including the 
type I I  cells, l~ecently, type I I  pneumocytes  h~ve been separated from the others 
by  cloning techniques,  and  their virus susceptibi l i ty has been studied (9). We 
thought  tha t  it should also be possible to sepg:r~te 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 cul ture of 
lung cells clones which were demons t rab ly  distinct,  as judged b y  their  morphology, 
growth and  o~her characteristics. More impor tan t ly ,  we wished to see if those 
clones were demons t rab ly  dis t inct  in their susceptibi l i ty to infection with a range 
of respiratory viruses. Studies have shown tha t  organ cultures of bronchial  
epi thel ium are generMly susceptible to almost all known viruses, from rhinoviruses, 
and  coronaviruses to influenza and  parainf luenza viruses (5). On the other hand,  
strains of f ibroblasts obtMned by  mass culture of embryonic  lung, such us WI-38 
or MRC-5, are susceptible to some rhinoviruses and  some coronaviruses bu t  no t  
to influenza or parMnfluenza viruses. Earl ier  studies showed tha t  mass cultures 
of f ibroblasts obtMned from m a n y  embryos are re la t ively resis tant  to rhinovirus  
infection (1). We, therefore, hoped tha t  b y  using cloning techniques we would be 
able to detect, and  cul t ivate  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 substratcs for producing virus vsccines or for cul t ivat ing and  
s tudying viruses that ,  ~t present, can be grown only in tracheal  organ culture. 

Materials and Methods 

Yledia 
Cells were, in general, grown in Ham's  F 12K (modified) medium with 10 percent 

fetal bovine serum (FBS) (Flow Laboratories Lot ~00109t).  They were maintained 
in the same medium with 2 percent FBS except where otherwise indicated. 

Tissue and Cell Cloning 
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 eells were seeded in 10 ml of medium into a 
t00 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- l ike"--long,  nalTow 
cells often in whorls, "endo- or epithelial-like"---pavements of polygonal cells or, 
" in t e rmed ia t e" - - 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 unti l  the cells 
were released; they were then pipetted into a 35 mm dish and grown up unti l  they 
filled a plastic flask with a surface area of 75 emK From t~his stock, cells were stored 
in liquid nitrogen in 5 percent dimethyl sutfoxide as a cryoprotectant. Stock cultures 
were trypsinized and passed at about five-day intervals, and each new flask was in- 
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oculaf~ed w i t h  1 × 106 cells in  25 m l  of m e d i u m  c o n t a i n i n g  10 p e r c e n t  FBS .  As  requi red ,  
rol ler  t u b e s  were  p r e p a r e d  u s ing  a b o u t  10 ~ cells in  1 m l  of m e d i m n  c o n t a i n i n g  10 p e r c e n t  
F B S  a n d  Eag le ' s  M E M  buf fe red  w i t h  H E P E S  or in  R a m ' s  modi f i ed  F 12K.  W h e n  
r e q u i r e d  for v i rus  inocu la t ion ,  t ubes  were  c h a n g e d  to  1 m l  of m e d i u m  c o n t a i n i n g  
2 p e r c e n t  F B S ,  or  w h e n  us ing  in f luenza  or  p a r a i n f l u e n z a  v i rus ,  t h e y  were  w a s h e d  t h r e e  
t i m e s  w i t h  1 mI a n d  m a i n t a i n e d  w i t h  1 ml  of se rum-f ree  m e d i u m .  

Approximate Cell Doubling Time 
T 75 f lasks  were  seeded w i t h  106 cells, i n c u b a t e d  for  a b o u t  f ive days  a n d  t r yps in i zed  

as t h e  cell shee t  was  a p p r o a c h i n g  conf luence.  The  cell shee t  was  t ryps in i zed  a n d  t h e  
n u m b e r  of cells was  m e a s u r e d  w i t h  a Coul te r  counter .  The  a p p a r e n t  cell doub l ing  t i m e  
was  c o m p u t e d  f rom these  n u m b e r s .  

Viruses 
All t h e  v i ruses  h a d  b e e n  passed  on ly  a few t imes  since t he i r  i so la t ion  ~rom t h e  

h u m a n  r e s p i r a t o r y  t r ac t .  Deta i l s  conce rn ing  t h e m  are  s h o w n  in  Tab le  1. They  were  
e i t he r  k n o w n  to  be  p a t h o g e n i c  for m a n  or could be  safely a s s u m e d  to be. 

Tests o/ Virus Sensitivity 
Serial  t en fo ld  d i lu t ions  were m a d e  in  Moscona ' s  saline.  E a c h  t u b e  rece ived  0.2 ml  

of i n o c u l u m  a n d  was t h e n  rol led a t  33 o C. Tubes  were e x a m i n e d  u n s t a i n e d  b y  o r d i n a r y  
low-power  l igh t  microscopy.  I n  some expe r imen t s ,  v i ruses  were  "pa s sed  in  d i l u t i o n s " - -  
in  th is ,  serial  d i lu t ions  of v i rus  were inocu la ted ,  a n d  t he  t u b e  wh ich  h a d  rece ived  t h e  

Tab le  1. Respiratory viruses used/or testing cells 

Number of 
passages 
a f t e r  

Laboratory Cultures recovery 
Virus  t y p e  des igna t ion  passed  in  f rom m a n  

R h i n o v i r u s  t y p e  2 (RV2)  

g h i n o v i r u s  t y p e  9 (RV9)  ~ 

R h i n o v i r u s  ? t y p e  

R h i n o v i r u s  ? t y p e  

R e s p i r a t o r y  s y n c y t i a l  v i rus  (RS) 

Coronav i rus  ( H C V p  

Coronavirus 

Adenovirus type 3 (Ad 3) 

Influenza A 

Influenza B 

l~arainfluenza 3 

Coxsaekie virus B 3 

I t G P  H e L a  b 2 

DC H e L a  2 

SF  t340 W I - 3 8  8 

H S  F T  2 

67/77 H e L a  2 

2 2 9 E  MRC-5 2 
F T  1 

J K  OC 2 
hil~C-C 1 

699/77 H e L a  1 

A/Vie t /3 /75  E m b r y o n a t e d  egg 9 

B/Mann/I/70 Various-cloned 14 

779/77 M K  2 

740/77 H e L a  2 

These viruses were passed in tissue culture after being isolated from patients, but 
were administered to volunteers and then reisolated 

b S ~ I z o v ~ -  et al. (8) 

M R C - 5 - - s t r a i n  of h u m a n  e m b r y o  l ung  f ib rob las t s  
F T - - f e t a l  tons i l l a r  s t r a i n  of h u m a n  lung  f ib rob las t s  (4) 

M K - - r h e s u s  m o n k e y  k i d n e y  cells 
O C - - o r g a n  cu l tu res  of h u m a n  r e s p i r a t o r y  ep i the l i um 

M R C - C - - c o r o n a v i r u s  sens i t ive  c o n t i n u o u s  l ine of h u m a n  f ib rob las t s  
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Fig. I. A Part of a colony of susceptible cells from a primary HL2/75 clonal plate 
inoculated with RV9 (128 × ). B Part of a colony of resistant cells from the same plate. 
The plate was inoculated and incubated at 33°C. The plate was fixedwith glutaraldehyde 

and the colonies were photographed with phase contrast optics (128 × ) 
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highest dilution of the virus and showed a substantial cytopathie effect (CPE) was 
frozen wi~h its medium at --70 ° C. I t  was later thawed and seriMly 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 Moseona's 
saline and standing at 4 ° C for 20 minutes or more. 

Virus Titrations 
Virus titrations were usually performed by inoculating rolIer tubes with seriM 

10-fold dilutions of virus and incubating at 33 ° C in a roller drum. 

R e s u l t s  

Experiments With Cell Colonies 

In  the first  exper iments ,  we added  virus to plates which carried up to 50 dis t inct  

colonies. E a c h  colony comprised f rom a dozen to several  hundred  ceils, and these 

var ied  in morphology  from epithelial  to typica l ly  fibroblastic.  Plates  were prepared  

f rom embryos  I l L  1/77 and I~L 1/75. Undi lu ted  virus was added in each case and 

v i r tua l ly  all the  cells on all the  plates were even tua l ly  affected. However ,  it was 

noted tha t  the  cells of some colonies degenera ted  much  earlier than  others. Fig- 

ures 1 a and b show the appearances of two t3q)ieal colonies, one apparen t ly  res is tant  

to R V 9  virus  and the  o ther  highly susceptible. Thus, when colonies from H L  t /75 

were examined  at, an ear ly  stage, we obta ined  the  results shown in Figure  2. 
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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 ceils observed to be rounded up in each colony 

one and two days after inoculation are shown 
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R o u n d e d  cells were a lmos t  only  seen in v i rus  infected cul tures  and t h a t  a t  a t ime 
when some colonies of a cul ture  were la rge ly  des t royed,  o thers  migh t  be, to  all 
appearances ,  normal  and  indis t inguishable  from un inoeu la ted  cultures.  Af te r  
exposure  to  para inf luenza ,  three  colonies likewise var ied  in the  p ropor t ion  of 
haemadsorb ing  cells. S imilar  resul ts  were seen wi th  H L  1/77. As shown in F igure  3, 
the  smal ler  colonies showed more  degenera t ion  t h a n  the  larger  colonies a f te r  
exposure  to HCV, and  similar  resul ts  were seen wi th  RSV and  R V 9  b u t  no t  wi th  
adenovirus .  We  looked also for a re la t ion  between the  morpho logy  of the  cells 
and  thei r  suscept ib i l i ty  to viruses. Endothe l i a l  or epitheliM-like cells t ended  to  
be more  affected b y  R S V  or adenovirus ,  b u t  otherwise there  was no obvious  
re la t ionship  to be seen. Thus,  i t  seemed t h a t  colonies va r i ed  in their  suscept ib i l i ty ;  
bu t  a number  of quest ions r emained  unanswered.  Did  the  lung conta in  popula -  
t ions of cells which were susceptible  or res i s tan t  to viruses in general ,  or were 
there  cells which were specif ieal ly suscept ible  or res i s tan t  to specific viruses ? 
W o u l d  cells t h a t  degenera ted  r ap id ly  af te r  a large inoculum of v i rus  also be 
suscept ible  to  infect ion wi th  a smal l  dose of virus,  i .e .  be sensi t ive de tec to rs  of 
virus  par t ic les  ? To answer these questions,  ~ new me thod  was needed;  so we nex t  
es tabl i shed  cloned popula t ions  of cells, pa r t i cu l a r ly  those present ing  as small  
colonies, and  exposed  subcul tures  of these to serial  d i lu t ions  of virus,  i .e .  t i t r a t e d  
viruses in t h e m  b y  the  endpo in t  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 elonal plates were used as in Figure 2. This plate had 

been inoculated with Human Coronavirus 229E 

The Cloned Cell Strains 

Altogether ,  eleven colonies were selected from a suspension of cells f rom 
embryo  ]?IL 1/77 which had  been s tored  in l iquid  ni t rogen.  These were try~psinized, 
bu t  two fai led to  grow well and  were lost.  The remain ing  nine seemed g radua l l y  
to grow be t t e r ;  and  b y  the  t ime t hey  were establ ished,  t hey  grew ra the r  l ike 
s t ra ins  ob ta ined  b y  mass  culture.  
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Morpho logy  

Al though  t h e y  were d i s t inc t  in appea rance  a t  f irst ,  this  became less obvious  
wi th  t ime;  and  f inal ly  t h e y  all  a p p e a r e d  long and  na r row and  f inely g ranu la r  
a n d  grew in whorls.  

Growth  P a t t e r n  

U n d e r  t he  microscope,  i t  seemed t h a t  the  exac t  p a t t e r n  of the  whorls  va r i ed ;  
a n d  this  could also be seen on n a k e d  eye e x a m i n a t i o n  of cu l ture  bot t les .  However ,  
i t  was mos t  obvious  when the  cell sheet  was s ta ined,  as shown on the  pho tog raphs  
in F igure  4. This shows t h a t  mos t  of the  cells d id  differ from each o ther  to a minor  
ex t en t  in thei r  in terce l lu lar  re la t ionships ,  since t h e y  differ in the  size of the  whorls  
and  the un i fo rmi ty  of the  cell sheet.  I t  is in teres t ing  t h a t  the  cells f rom the  s t r ik-  
ingly  different  colonies are  d is t inc t ive  b y  this  technique.  

Growth  g a t e s  

To begin with,  the  cells grew a t  different  rates .  F o r  example ,  t t L 1 / 7 7  clones 
1, 2, and  3 were t r ans fe r red  to  f lasks ear l ier  t h a n  the  others.  A cell count  was 
pe r fo rmed  each t ime  the  cells were passed ;  and  f rom this,  an  a p p r o x i m a t e  r a t e  of 
g rowth  of each cell s t ra in  could be de te rmined .  I t  is clear t h a t  a f te r  m a n y  passages,  
there  were st i l l  differences in the i r  g rowth  r a t e  (Table 2). The  s t ra ins  were r anked  
according to  the i r  r a t e  of growth.  The  rank ing  was v e r y  s imilar  on successive 
exper imen t s  a n d  the  r ank  corre la t ion  was h ighly  s ignif icant  s t a t i s t i ca l ly  (p < .00t), 
and  sti l l  s ignif icant  when compared  wi th  rank ing  over  10 popu la t ion  doubl ings  
(PD) la ter .  I t  is, thus,  seen t h a t  these  cells could be d is t inguished b y  the i r  re la t ive  
ra tes  of g rowth  in the  med ia  and o ther  condi t ions  used. I f  the  cells were grown 
as a mixed  cul ture  and  these  ra tes  of mul t ip l i ca t ion  were main ta ined ,  i t  is clear 
t h a t  the  "s lower"  cells, l ike HL1 /77  clones 7 and  4 would t end  to  be lost  while 
the  " fa s t "  cells such as H L  1/77 clones 5 and  2 would  t end  to  p redomina te .  

Table 2. Growt~ o/cloned cell strains in ]lasks seeded with 108 cells 

Number of cells ( × 106) recovered 
after five days incubation 
rank order in parentheses b Morphology of 

Clone a original colony Exper iment  I Exper iment  2 

t~L 1/77 
H L  1/77 
H L  1/77 
I-IL 1/77 
HL 1/77 
HL 1/77 
HL 1/77 
HL 1/77 
HL 1/77 

1 Fibroblast ic  t 7 ( 5 ) 12 (6) 
2 Fibroblast ie  23 (2) 16 (3) 
3 Intermediate  16 (7) 10 (7) 
4 Lacy 14 (8) 9.2 (8) 
5 In£ermediate 26 (1) 17 (1.5) 
6 Intermediate  17 (5) 14 (5) 
7 Angular  small 9.5 (9) 7.8 (9) 
8 Fibroblast ie  17 (5) 15 (4) 
9 Intermediate  19 (3) 17 (1.5) 

a The passage levels of M1 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 × ) 
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Li fe -Span  

The a p p r o x i m a t e  cell doubl ing  t ime  was measured  be tween  a b o u t  the  30th 
and  50th popu la t ion  doubl ing  and  was found to increase g radua l ly  wi th  t ime,  
a l though  the  ra te  of increase va r ied  (Fig. 5), The  life span  of the  cells was, there-  
fore, e s t ima ted  b y  measur ing  the  d i s t r ibu t ion  of clones of var ious  sizes as de-  
scr ibed  b y  SMIT~I et al. (7). The  resul ts  are  shown in Table  3 and show life spans  
of rough ly  the  same d u r a t i o n  as t h a t  of mass  cul tm'ed h u m a n  lung f ibroblas ts .  

90 

8c 

7c 

6(: 
re- 

8 
5C 

W 

4C 
Z 
0 

~ 3c n~ 

z 
w 
~ 2c 

A 

• - I '~  1/77 F2 
"-HL 1/77 Lm;y 4 

~o io ~o go go ¢o 
POPULATION OOUBLING LEVEL 

Fig. 5. Generation time as a function of populat ion doubling level of HL 1/77 F 2 and 
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Table 3. Analysis o] colony size distribution o] 9 clones of HL1/77 

Number  of clone Approximate  life span (PD) a 

HL1/77, 1 97.0 
HL1/77 2 101.5 
H L  1/77 3 68.9 
ITL1/77 4 87.9 
HL1/77 5 95.7 
HL1/77 6 75.6 
HL1/77 7 89.1 
I-IL 1/77 8 75.1 

68.1 

a Calculated by  the method of SMITrI et al. (8). The numbers designate estimates of 
to ta l  number  of populat ion doubling~ (PD) 

Three  Dimens iona l  Cul ture  

A b o u t  107 cells of each clone were  depos i ted  onto  each of a series of 2 cm 
squares  of s teri le  ge la t in  sponge. Then  13 ml  of m e d i u m  was added .  A n d  af te r  two 
days ,  t he  med ium was changed,  and  the  cul ture  was rocked  a t  37 ° C. The  cul tures  
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were then  fixed and  prepared for microscopy. The cells produced what  looked 
ra ther  like alveolar tissue within the interstices of a gel. There were some differ- 
ences in the densi ty  of this "t issue" which was most  cellular. Some squares were 
inoculated b y  inject ing 0. i  ml of virus with a tubercu l in  syringe and  needle. 
These were then  rocked at  33°C in 5 percent  CO2. 

Karyology 

All strains were examined for their  karyology by  s tandard  methods.  The 
results showed tha t  all had the normM diploid complement  of chromosomes and  no 
gross ehromosomM abnormali t ies  were apparent .  

Virus Susceptibility 

The effect of viruses on the cells could be es t imated in  two ways. I n  the first, 
pairs of tubes were inoculated with virus;  and  the cytopathic  effect was scored 
each day. Results from one such exper iment  are summarized in Table 4. This 

Table 4. Results o/testing 9 clones with rhinovirus type 9 

Clone 

Average cytopathic effect~ 
3 days after inoculation 
of undiluted virus 

Titer of stock virus 
in indicated cells 
mean of two titrations 

HL1/77 1 0.25 (2) b 1.25 (2) 
H L i / 7 7  2 0.5 (4.5) 2.5 (5.5) 
I~[L 1/77 3 0.5 (4.5) 2 (3.5) 
I~L1/77 4 0.5 (4.5) 2.5 (5.5) 
HL1/77 5 0.5 (4.5) 3.25 (8) 
HLI/77  6 1.5 (8) 2 (3.5) 
I-IL 1/77 7 0 (1) 1 (1) 
HLI/77 8 2.5 (9) 3.5 (9) 
I lL  1/77 9 1.25 (7) 3 (7) 

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

Table 5. Summary o/ results o/ screening 90 combinations o I viruses and cell clones 

Cytopathic effect or 
Virus type haemadsorption a Passage 

Rhinovirus type 2 9/9 b 9/9 
type 9 9/9 9/9 
SF 1340 9/9 9/9 

IZespiratory syncytial 9/9 5/7 
Corona. 229E 9/9 7/7 
Adeno 3 9/9 8/9 
Parainfluenza 3 7/9 (9/9) 0/9 
Influenza A 9/9 (9/9) 0/9 
Influenza B 4/9 (9/9) 0/9 

Coxsaekie ]3 3 0/9 

a l~igures 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 exper iment ,  that the  cells might  be 

ex tens ive ly  changed or des t royed in cultures of one strain at  a t ime when there  

was l i t t le  or no effect in cultures of another  s t rain such as I-ILl /77 clone 7. The 

second me thod  was to  t i t r a te  a pool of virus in the  cells, and this revea led  differ- 

ences of over  one hundred  fold in the  sens i t iv i ty  of different  clones to infection 

by  this virus. There  was a significant degree of agreement  be tween  the  two methods  

in ranking the cultures as more or tess sensitive. All the stock viruses were then  

t i t r a t ed  in each of the cells, and the results are summar ized  in Table  5 and Figure  6. 

HL 1/77 Rhino RSV HCV Influenze l:~re-- Adeno Cox- 
influ- sockie CLO.E i 6 ,¢ A B ~o 3 B3 

6 

~ I N  F-I I N _  
6 

2 ~ N N  N N Fill R a _  

3 i~NN N N Fin [7 N 
6 

: Ne e e Flrq n e 
6 

: ~ N ~  ~ N Fin n m_ 

6 

6 

o m n , 

,o0,o,i  
Fig. 6. Comparison of virus titrations in all nine clones and in optimal cell lines for 
each virus (vertical axis log10 titer). The bars indicate titers found on assaying a stock 
pool of each virus in each cell line. Shaded bars ~ l  indicate that  replication of infectious 
virus occurred, and open bars V~ indicate that  none was detected. (*Experiment @1 
titer was greater than 104 TCD~0. **Experiment  @1 titer was greater than 104 TCD~0; 
SF 1340 passage 9 unavailable for Experiment  @2 so passage 10 virus was substituted 

and a t i tre of 106.5 TCDs0 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 12K, 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". I t  showed unequivocally that  virus replicated and could be 
passaged as indicated in Table 5. I t  atso 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 R, SV when 
tested in MEM; but, unlike rhinoviruses, the titres were higher and more uniform 
in cultures maintained in F 1 2 K  medium as shown in Table 6. HCV also gave 
different titres in different clones, but the results were not affected by the medium 
- - m o s t  clones were infected up to a titer of 103.~ but in one, HL1/77 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 a good deaI 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 ceils 
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; eoxsaekie B 3 virus produced 
no cytopathic effect in any clone. Since some of the clones seemed highly suscep- 
tible to rhinoviruses and corona.viruses, 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 229E 
which was cultivated with difficulty in a highly sensitive cell MRC-C. The results 
are shown in Table 7. 

Cytopathic effects occurred again though these viruses could not be diluted 
as much as the previous strains. There was considerable variation in the responses. 
HLI /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 eases on passage, the virus grew to 
higher titer than on first inoculation. 
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Tab le  6. Sensitivity to respiratory syncytiat virus o/ clones maintained in two media 

log10 t i t e r  of s tock  R S V  in  Clones in  

Clone MEM~ F 12 K • T i t e r  r a t io  

H L  1/77 1 < 1  3 > 2  

H L 1 / 7 7  2 2 2.5 0.5 

H L 1 / 7 7  3 1.5 3.0 1.5 

I l L  1/77 4 1.5 3 1.5 

H L  1/77 5 1 3 2 

H L  1/77 6 < 1  3.5 > 2 . 5  

H L  1/77 7 < 1  3 > 2  

H L 1 / 7 7  8 1 3.5 2.5 

H L  1/77 9 1 ? 4 

B o t h  m e d i a  e o n t M n e d  2 pe r cen t  of fe ta l  b o v i n e  serum.  This  is a s epa ra t e  e x p e r i m e n t  
f rom the  one s h o w n  in F igu re  6. A lower  t i t e r  s ample  of v i rus  was used.  More in- 
fec t ious  v i ru s  gave  a t i t e r  of 4.0 or more  in  all cells in  m e d i u m  F 1 2 K  

Tab le  7. Results o/tests with rhinovirus H S  and coronavirus J K  

log10 of d i lu t ion  p r o d u c i n g  C P E  a f t e r  i n c u b a t i o n  of 

H S  v i rus  J K  v i rus  

Seed F i r s t  Seed F i r s t  
Clone v i rus  passage  v i rus  passage  

I-IL 1/77 1 0 a 0 1 ~ 3 

H L 1 / 7 7  2 1 ~ 3  ~ N e g  --  

H L  1/77 3 0 1 1 2 

H L 1 / 7 7  4 Neg  b --  Neg -- 

H L  1/77 5 0 2 2 2 

H L  1/77 6 1 1 1 ~ 3 

H L  1/77 7 Neg  -- 1 0 

t t L  1/77 8 0 2 0 > 3 

I l L  1/77 9 1 2 Neg --  

Imp l i e s  a t i t e r  of 10 °, i .e.  t h a t  t h e  v i ru s  p r o d u c e d  a C P E  w h e n  used  u n d i l u t e d  
b No C P E  obse rved  a~ a n y  d i lu t ion  10°- -10  -a 

F o r  c o m p a r i s o n ,  we d i d  a few e x p e r i m e n t s  o n  m i x e d  cu l t u r e s .  I n  t h e  f i r s t ,  

we m i x e d  e q u a l  m l m b e r s  of  cells  f r o m  H L  1/77 c lones  1 t o  9 a n d  c a r r i e d  t h e m  to-  

g e t h e r  for  a f ew se r i a l  pas sages .  T h e i r  s e n s i t i v i t y  w a s  i n t e r m e d i a t e  b e t w e e n  t h a t  

of t h e  m o s t  a n d  t h e  l e a s t  s e n s i t i v e  of t h e  c o m p o n e n t  s t r a i n s .  S i m i l a r  r e s u l t s  we re  

o b t a i n e d  w i t h  l u n g  cells  p a s s e d  o n l y  t h r e e  t i m e s  in  m a s s  c u l t u r e ;  t h e  l a t t e r  we re  

a l so  t e s t e d  w i t h  H .  S. a n d  f o u n d  t o  b e  i n s e n s i t i v e .  

Sensi t ivi ty  o] Colonies o] Epithelial  Cells 

I t  was  n o t  p o s s i b l e  to  o b t a i n  a n d  s t u d y  c l o n e d  e p i t h e l i a l  cells, b u t  i t  was  

p o s s i b l e  t o  m a k e  a f u r t h e r  s t u d y  of e p i t h e l i a l  cel l  co lonies .  C l o n a l  p l a t e s  w e r e  

o b t a i n e d  f r o m  a n o t h e r  h u m a n  f e t a l  l u n g  cel l  s u s p e n s i o n  ( H L 2 / 7 7 ) ,  w h i c h  r a p i d l y  

6 Arch. Virol. 61/1--2 
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Fig. 7. A Area, of epitheliM-like cells surrounded by fibroblast, s on a primary clonal 
plate of HL2/77 (128×). B Area of epitheliM-like cells from I-IL2/77 exhibiting a 
cytopathie effect after inoculation with Respiratory SyneytiM Virus. Surrounding 

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

Virus Yield 

We found tha t  the yield of at tenuated poliovirus type 3 per celI in roller tube 
cultures was similar for several cloned cells, HeLa  and pr imary  monkey kidney. 
We have been studying the growth of viruses in organotypic cultures of pr imary 
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 s tudy their growth 
behavior. The cultures were inoculated with RV2 or I tCV and examined four 
days later. In  every case, more virus was recovered than was added. The titres 
varied substantially from 10 5.5 to 10 7.5 per rhinovirus culture and from 10 5 to 
10 7.5 per coronavirus culture. The cultures were sectioned and examined histo- 
logically. There was more degeneration in the cultures inoculated with HCV than 
with RV2. In  each group, some cultures showed no degeneration. There was no 
correlation between the amount  of virus recovered and the extent of the eytopathic 
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 MI~C-5 have been carefully characterized and widely 
used, both for detecting viruses ill clinical specimens and for producing vaccines 
(6). However, it is often observed tha t  when similar cultures are obtained from 
embryos obtained locally, they are less sensitive than these reference cell strains. 
In  earlier work, we showed tha t  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 tha t  sensitivity to the virus 
may  increase in the first few passages (1). I t  has been obvious in the past  tha t  
the composition of a culture would change with serial passage, for instance the 
epithelial cells would be eliminated. I t  has also seemed likely tha t  some change in 
the physiological state of cells would be induced by  artificial culture m e d i u m - - w e  
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 I I  pneumocyte were obtained free of other cells; and 
on serial culture, these retained many  of their characteristics such as the produc- 
tion of surfactant (2, 9). However, our impression now is tha t  the pr imary cultures 
contain a wide var iety of cells which can be distinguished by  their growth pat tern  
and by their resistance to virus infection. They have definite and persistent 
differences in growth rate;  and so it is very  likely tha t  unless separated by  the 
cloning process, all the slower-growing cells would become a small minority of the 

6* 
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cul ture  which would, therefore,  come to consist, l a rge ly  of the  p rogeny  of a small  
range  of fas t -growing cells. The  slow-growing cells e l imina ted  in the  ea r ly  s tages  
of this  process are  pa r t i cu l a r ly  l ike ly  to  be suscept ible  to  m a n y  of the  viruses in our 
tes t  ba t t e ry .  We selected nine clones of slow-growing cells; b u t  even in this  small  
and  selected group,  the  fastest, growing was also r a the r  v i rus  res is tant .  Never-  
theless,  the re  seemed to  be no absolu te  re la t ionship  be tween r a t e  of g rowth  and  
suscept ib i l i ty  to virus  infect ion in genera l  or  to  infect ion with  a n y  one virus.  I t  
may ,  thus,  be a m a t t e r  of chance whether  a virus-sensi t ive  cell p redomina tes  in 
a mass  cul ture  or i t  m a y  depend  on whether  the  embryo  is unusua l ly  suseept, ible. 
Al though  we choose to use lung for s tudies  wi th  r e sp i r a to ry  viruses, the  t issue of 
origin m a y  not  be ve ry  i m p o r t a n t ;  for example ,  a rhinovirus-sensi t ive  s t ra in  of 
eells (FT) was ob ta ined  f rom the  tonsi l  (4). 

t towever ,  even though we s t a r t ed  b y  chance wi th  wha t  would seem to have  
been a r a the r  virus-sensi t ive  cell suspension, we were able  to ob ta in  s ignif icant ly  
more  sensi t ive cul tures  b y  cloning ind iv idua l  cells r a the r  t han  b y  cul tur ing the  
cells together .  I t  seems to us, therefore,  t h a t  in the  future,  such clones should be 
used bo th  as a source of cells wi th  which to cul t iva te  h i the r to  uncu l t i va t ed  
viruses,  a n d  also as subs t ra tes  for vaccines and o ther  biological  products .  They  
have  an  adequa t e  growth  po ten t i a l  and,  if p rope r ly  p repared ,  should be as accept-  
able  to l icensing au thor i t i es  as cul tures  of whole lungs. They  might ,  for example ,  
be useful for  p repar ing  RSV for vaccines.  We  have,  however ,  def in i te ly  fai led to  
cul ture  cells which can be used read i ly  for the  p ropaga t i on  of inf luenza a n d  para -  
inf luenza viruses. We  th ink  this is due to  our fai lure to es tabl ish  cul tures  of 
bronchia l  epi the l ia l  cells. This is, obviously,  a t a rge t  for fur ther  s tudies  ; and  there  
a re  hopeful  signs t h a t  before long, me thods  for cul tur ing this t y p e  of cell m a y  
become avai lable .  

A more de ta i led  s t u d y  of the  origin of these cells and  the  b iochemis t ry  of thei r  
infect ion wi th  var ious  viruses might  help  in the  s t u d y  of the  pa thogenes is  of v i rus  
pneumon ia  and the  reasons t hey  are virus  sensi t ive or v i rus  res is tan t ,  so t h e y  m a y  
be useful  tools  for those  s tudy ing  virus  repl ica t ion  and pa thogenes is  as well as 
those  in te res ted  in cul tur ing viruses  and  mak ing  vaccines.  
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