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Summary 

Cell lines have been established from measles infected mouse brains. They 
grow more readily than do cultures from similar uninfected animals and cyto- 
plasmic inclusions, typical of measles, are present in H and E stained preparations. 
Minimal amounts of measles virus can be isolated from the culture fluids and 
measles infection in a proportion of the cells can be demonstrated by immuno- 
fluorescence. No detectable interferon is produced and the cells are not damaged 
by measles antiserum and complement. 

1. Introduction 

Recent studies suggest strongly that measles virus is in some way associated 
with subaeute selerosing panenccphalitis (SSPE) (F~EEMA~ et al., 1967; LEGG, 
1967). High titres of measles antibodies have been reported in the serum and 
cerebral spinal fluid of cases with SSPE, while measles antigens have been 
demonstrated in the brains (Co~NoLLu et al., 1967, 1971; DAY,iN et al., 1967) 
and infectious measles virus has been isolated from brain biopsies (CHE~ et al., 
1969; ttORTA-B~aBOSA et al., 1969). 

An experimental model of a persistent infection with measles virus in brain 
tissue should, therefore, prove useful in the study of this and other "slow" infections 
of the nervous systcm. RUSTIOIAX (1966 a, b) produced a persistent infection in 
HeLa cells with measles virus which could be demonstrated by immunofluorcscence. 
Infectious virus was released from these cells, but when cultured in the presence 
of measles antiserum, a elonal line was obtained, characterized by the synthesis 
of incomplete measles virus even when the cells were afterwards cultured in anti- 
body-free medium. 

1 Present address: Virus Reference Laboratory, Central Public Health Laboratory, 
Colindale Avenue, London N.W. 9., England. 
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T h e  p re sen t  w o r k  descr ibes  pe r s i s t en t  in fec t ion  w i t h  meas les  v i rus  in cell 

l ines e s t ab l i shed  f r o m  t h e  b ra ins  of mice  in fec ted  in vivo w i t h  a mouse  a d a p t e d  

s t ra in  of meas les  vi rus .  

2. Materials and Methods 

2.1. Virus Strains 

Mouse adapted measles virus was received from Professor F. Rapp (Pennsylvania 
State  Univers i ty)  and passaged three t imes  in one- to three-day-old  Webs te r  Swiss 
mice by  int racerebral  inoculat ion of a 109o bra in  suspension. The  Edmons ton  strain 
of measles virus  was k indly  supplied by Dr. S. D. Gardner  (Public Hea l th  Labora to ry  
Service) while a locally isolated (RVI) strain was obta ined f rom Dr. P. S. Gardner.  
Both  strains were passaged in secondary rhesus monkey  k idney  cells (RMK) (received 
f rom the  Nat iona l  Ins t i tu te  for Medical Research, Holly Hill,  London) and t i t red  in 
LLC-MK~ cells. 

2 .2 .  A n t i s e r u m  

Two young  rabbits  were bled f rom the  ear and the  p re - immuniza t ion  serum stored 
at - -70~ Each rabbi t  was then  inocula ted wi th  1 ml of R V I  measles virus  in the  
la teral  ear ve in  twice weekly for four  weeks. Ten clays after the last inoculat ion,  the  
rabbits  were again bled f rom the  ear and the  i m m u n e  serum stored at -- 70 ~ C. 

The  neutrMisat ion t i t re  of the  ant iserum against  100 TCDs0 of measles virus 
(Edmons ton  strain) in LLC-MK 2 cells was 1:1280. An a l iquot  was adsorbed wi th  
homogenized  human  foetal  bra in  overnight  at 4 ~ C, prior  to use in immunofluorescence 
test ing.  

2 .3 .  G r o w t h  of  C e l l  C u l t u r e s  

E igh t  one- to three-day-old  Webs ter  Swiss mice were inocula ted in t racerebral ly  
wi th  0.03 ml  of a 10% mouse bra in  suspension of mouse adapted  measles virus.  Fore- 
control  mice were inocula ted wi th  the  same amount  of a 107/o normal  mouse bra in  
suspension. Af ter  four  to six days, when the measles- inoculated mice were beginning 
to show signs of illness, infected and control  animals  were ki l led and the  brains re- 
moved.  

Explan t s  (eight to ten  pieces, approx imate ly  1 m m  cubes) of the  brains were placed 
in 6 cm Pe t r i  plates (Escoplastic) conta ining med ium 199 wi th  20% foetal  bovine  
serum and incubated  at 36~ in a humid i f i ed  5~o CO~ atmosphere.  Medium was changed 
once weekly and stored at - -70~ for virus assay. The explants  grew out and when the  
monolayers  became confluent,  the  cells were t ryps in ized  (0.125% t ryps in  Difco 
1:250 in 0.02~o versene) and redispersed in plast ic  Pe t r i  plates. Once established as 
cont inuously growing cultures, they  were passaged when the  monolayers  became 
confluent.  

Monolayers of cells grown on glass coverslips were f ixed in cold acetone for immuno-  
fluorescence, or Formal  Ringer  for histological  staining.  

2 .4 .  I m m u n o f l u o r e s c e n c e  

Fol lowing f ixat ion in cold acetone, the  frozen coverslips bear ing  cell monolayers  
were immersed  in a buffered saline solution to warm at room tempera ture .  Excess 
saline was dra ined and the  coverslips placed in a moist  chamber  where measles anti- 
serum (adsorbed against  normal  mouse bra in  tissue) was layered on to one of each 
pair  and left  for one hour  at 20~ The other  was covered wi th  adsorbed pre - immun-  
izat ion (normal) serum. The coverslips were then  washed in buffered saline for 15 
minutes,  f ixed in cold absolute alcohol for 10 minutes  followed by  buffered saline 
for 5 minutes.  Af ter  dra ining excess f luid the  coverslips were replaced in the  mois t  
chamber,  and an ant i - rabbi t  g a m m a  globulin-fluoreseein i so th iocyanate  (FITC) 
(Hoeehst  Pharmaceut icals)  was applied to each for half  an hour  at 20~ The cover- 
slips were then  washed in 2 changes of buffered saline for 5 minutes  each and a th i rd  
change for one hour.  They were moun ted  in buffered glycerol on glass slides for 
microscopic examinat ion .  
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2.5.  A t t e m p t s  to  I s o l a t e  M e a s l e s  V i r u s  

Culture fluids stored at --70~ were tested for the presence of measles virus. 
Cells were also frozen and thawed in an at tempt to recover the virus. Each sample 
of fluid was inoculated in 0.2 ml amounts into tube cultures of human embryo brain 
(HEB), human embryo kidney (HEK), rhesus monkey kidney (RMK) or LLC-MK 2 
cell cultures. The tube cultures were kept for periods of up to 35 days and were 
examined regularly for the presence of measles cytopathic effect (CPE) or syncytia 
formation. 

2.6.  N e u t r a l i z a t i o n  

Fluids from the cultures which had produced CPE in RMK and LLC-MK~ cells 
were tested for neutralization of CPE by measles antiserum. Infected fluids from the 
first passage of these cultures in LLC-MK2 monolayers were also neutralized and tested 
for the presence of measles virus. 

Undiluted samples of the supernatant fluids were mixed with equal amounts of 
either pre-immunization rabbit serum or measles antiserum (diluted 1:64) for one 
hour at room temperature. Each mixture was then inoculated in 0.4 ml amounts into 
LLC-MK 2 rolled monolayer cultures and examined daily for two weeks for measles 
CPE. 

2.7. I n t e r f e r o n  A s s a y  

Fluid from two of the cultures was removed 15 days following trypsinization and 
six days after a change of medium. The supernatant fluids were taken from two other 
cultures 24 hours after trypsinization. All four samples were tested for the presence of 
interferon. 

The samples were diluted in two-fold dilutions, 1:2 to 1:8 in medium 199. The 
interferon assay was performed on four-day-old secondary mouse embryo fibroblasts 
(MEF). Each dilution was inoculated in 2.5 ml amounts onto 6 cm plastic Petri  plates 
containing confluent monolayers of MEF cultures and incubated overnight at 37~ 
The MEF cultures were then washed with phosphate buffered saline, challenged with 
60--80 P F U  of Semliki Forest virus and overlaid with an agar overlay medium. After 
48 hours the cell cultures were stained with neutral red (0.01%) and the plaques 
counted. 

2.8.  E f f e c t  of A n t i b o d y  a n d  C o m p l e m e n t  

The effect of antibody and complement on the cell cultures was determined by 
adding adsorbed antiserum (diluted 1 : 64 in growth medium) and 20 units of guinea 
pig complement. Control cultures received antiserum alone, complement alone or 
growth medium alone. The cultures were incubated at 35~ and examined micro- 
scopically over a period of seven days. 

3. Results 

3 .1 .  G r o w t h  of  C u l t u r e s  

Table 1 summarizes  the growth his tory  of the  control  and measles infected 

mouse brain cultures. Of the four controls, one did not  grow. Two grew for periods 

of six to nine weeks but  then  began to degenerate  and were discarded between 

15 and 19 weeks. The remaining cul ture is still growing well af ter  ten months  
and is now at  its f if th passage level. 

Of the eight cultures grown from explants  of mouse brains infected in vivo 
with measles virus, three of the  cultures are growing well after 10 months.  Two 

of the  cultures began to degenerate  after 13 and 15 weeks and were discarded 

at  16 and 22 weeks, respectively.  The remaining three cultures became contamin-  
a ted after  9, 33 and 34 weeks of growth.  One of these con tamina ted  cultures 

(N 6l)  had  been passaged ten  t imes when it  was discarded. These results show 
t h a t  explant  cultures of measles-infected brains grew significantly be t te r  (P ~- 
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Table 1. History o/ Mouse Brain Explant Cultures 

Culture Number of Dnration of Time to 
Passages cell growth degeneration 

Tz N 53 1 6 weeks 15 weeks 
4~ ~ N 54 1 9 weeks 19 weeks 

N N 55 0 no growth 
o ~ N 56 5 10 months growing+ 

N 57 1 13 weeks 16 weeks 
N 58 0 9 weeks oo 

~ N 59 1 33 weeks oo 
~ N 60 1 15 weeks 22 weeks 

-2 N 61 l0 34 weeks oo 
c~ N 62 6 10 months growing+ 

N 63 l l  10 months growing+ 
N 64 9 l0 months growing+ 

oo Cultures were discarded because of contamination. 
+ Cultures are still growing. 

0.036) than  did similar cultures f rom uninfected mice when comparison of their  

survival  t imes was made  by the  Mann-Whi tney  non-parametr ic  test  for small 
samples (SIEGEL, 1956). 

No CPE was detected at  any t ime in any of the cell cultures a l though 

occasionally large mul t inuclcate  cells were seen in the measles-infected cultures. 

There was a tendency,  too, for these measles infected cells to overlie one another  

ra ther  than  form t rue  monolayer  cultures, though no clear plaques of " t rans-  

fo rmed"  cells were visible. The appearance of the cultures following haematoxyl in  

and eosin staining is shown in Figures 1 a and 1 b. One or more cytoplasmic 

Fig. la .  Normal 6 day old mouse brain explant, 10 months in culture. H and E • 180 
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Fig. 1 b. Brain explant from 6 day old mouse infected with mouse adapted measles 
virus. 10 months in culture. Note the high cellularity and the tendency of cells to 

overlie one another. H and E • 180 

inclusions, t yp ica l  of measles virus, were present  in a p p r o x i m a t e l y  one qua r t e r  
of the  cells in the  infected cul ture  (Fig. 2). 

3 .2 .  F l u o r e s c e n t  A n t i b o d y  S t u d i e s  

The control  cell culture,  N 56, was examined  b y  immunofluoreseence for 
measles an t igen  af ter  the  second  and  th i rd  passages.  No fluorescence was de tec ted  
on e i ther  occasion. 

The measles- infected cultures,  N 61, N 62, N 63, and  N 64 all  showed in t ra-  
cy toplasmic  fluorescence when t r e a t ed  with  measles an t i se rum (Fig. 3). Cells 
which appea red  morphologica l ly  similar  somet imes showed m a r k e d l y  different  
virus  conten t  (Fig. 4). No fluorescence was de tec ted  when the  cells were t r e a t e d  
with  t he  p re - immuniza t ion  an t i se rum (Fig. 5). W h e n  examined  under  phase 
cont ras t  microscopy the  cells which showed immunof luorescent  s ta ining t ended  
to be more  g ranu la r  t h a n  those which d id  no t  stain.  

Only a small  number  of the  cells in each cul ture  was s ta ined  and  the  fluorescence 
t ended  to  be perinuelear .  No fluorescence was observed  in the  passage four level 
of the  N 64 cells. However ,  a t  passage seven, occasional  cells showed in t raey to-  
plasmie fluorescence. The large mul t inuc lea te  cells were i nva r i ab ly  s tained.  No 
in t ranue lea r  fluorescence was observed in any  of these  cultures.  

3 .3 .  A t t e m p t s  to  I s o l a t e  M e a s l e s  V i r u s  

Several  a t t e m p t s  have  been m a d e  to isolate measles v i rus  from the  cells of 
exp lan t s  up to  10 mon ths  old. Virus was de tec ted  only  oeeasinal ly  and  then  a t  

A r c h ,  ges .  V i r u s f o r s c h .  37/1 4 
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Fig. 2. Detail of Fig. 1 b showing cells with typical measles inclusion bodies. Many cells 
contain multiple inclusions, eosinophilic or occasionMly rather basophilic. H aild E 

X 720 

Pig. 3. Cell from measles-infected mouse brain culture, 8 months in vitro. Stained with 
anti-measles hyperimmune rabbit serum followed by anti-rabbit gamma g'lobulin 

(fluoreseein iso-thioeyan~te conjugated) 
(a) viewed in U.V. microscope 

(b) in phase contrast 
Note perinuclear measles antigen material co-extensive with the more granular part 

of the cytoplasm • 1600 
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Fig. 4. Culture similar to Fig. 3. Note cells with identical morphology but  markedly 
different virus antigen content 
(a) viewed in U.V. microscope 
(b) in phase contrast • 1600 

Fig. 5. Culture similar to Fig. 3. Stained with serum from rabbit before immunisation 
with measles virus. Note absence of fluorescence. • 1600 

(a) viewed in U.V. microscope 
(b) in phase contrast 

the l imit  of assay sensi t ivi ty (0.5--2 TCDs0/0.1 ml TC fluid). This par t icular  
s train grows very  poorly in tissue culture and  it  appears tha t  measles virus is 
released from these cell lines in minute  amounts .  Table 2 il lustrates the isolation 
at tempts .  

4* 
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Table 2. Attempted Isolation o] Measles Virus ]rom Cultures 

Culture 
T ime  after  
E x p l a n t i n g  N 57 N 58 N 59 N 60 N 61 N 62 N 63 N 64 

2 weeks . . . .  N N N N 
5 weeks N + -~- + 7- -[- N N 
3 months -- C + + + -- 

months D C N N -- N N N 
6 months D C N D + N N N 
8 months D C C D C N -[- -b 

+ Measles Virus isolated. 
- -  No Virus Isolated. 
C Culture lost by contamination. 
D Culture degenerated. 
N Not Tested. 

I n  all eases tes ted  measles an t i se rum neut ra l ized  the ey topa th ie  effect of the  
i so la ted  virus. 

3 .4 .  A t t e m p t s  t o  D e t e c t  I n t e r f e r o n  

The cell cul tures  do no t  appear  to produce  de tec tab le  amounts  of interferon.  

3 .5 .  A n t i s e r u m  a n d  C o m p l e m e n t  

There  appea red  to  be no effects of an t i se rum and  complement  on the  cell 
cultures.  Af ter  one week of exposure  no visual  cell damage  could be observed in 
the  l ight  microscope. 

4 .  D i s c u s s i o n  

This repor t  describes the  es tab l i shment  of cell lines der ived  from the  bra ins  
of mice inocula ted  in t racerebraUy wi th  a mouse -adap t ed  s t ra in  of measles virus.  
The cultures are charac ter ized  b y  the  d iscont inuous  produc t ion  of ve ry  low 
yields of measles virus, cy toplasmic  inclusions typ ica l  of measles,  and  the  presence 
of measles ant igen.  Immunof luorescen t  s tudies revealed t h a t  only  a small  pro- 
por t ion  of cells possessed measles ant igen.  Those which conta ined  measles ant igen 
were more granular  t han  the  others  and  granula t ion  and  fluorescence bo th  tended 
to be perinnelear .  The large mul t inue]ea ted  cells which were occasional ly  seen 
also conta ined  measles antigen.  

HO~TA-BA~BOSA et al. (1969) were unable  to  ob ta in  complete  measles v i rus  
from h u m a n  b ra in  cells cu l t iva ted  from the  b iopsy  of a case of SSPE a l though 
measles v i rus  ant igen was demons t r a t ed  in the  cells b y  immunofluorescence.  
I-Iowever, when these cells were mixed  with  H e L a  cells and  cul tured  together ,  
complete  infectious virus  was released. I n  the  present  work,  i t  was possible to 
de tee t  min imal  virus  p roduc t ion  wi thou t  cell-cell associat ion procedures.  

The a d a p t a t i o n  of measles virus  to  grow in mouse bra in  renders  i t  much less 
cy topa th ic  t han  the  E d m o n s t o n  or wild strains.  I t  appears  t h a t  the  na tu r a l  
a d a p t a t i o n  in man  which occurs wi th  the  s trains  present  in SSPE is ve ry  similar.  

The presence of measles neut ra l iz ing a n t i b o d y  and  complement  had  no visible 
effect on the  cells. This m a y  be because too few of the  cells are infected a l though 
a 10% CPE should have  been obvious. Al te rna t ive ly ,  there  might  be incomple te  
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cell infection, wi th  insufficient measles  an t igen  incorpora ted  into the  cell 
m e m b r a n e  for damage  to  occur. 

I n  SSPE  the  measles a n t i b o d y  levels (both IgG and  IgM) are  high at  the  
onset  of the  illness and  in some cases the  t i t res  cont inue to rise as the  disease  
progresses (ADELS et al., 1968; CONNOLLu et ctl., 1971). I f  there  is a slow release 
of min imal  quant i t ies  of complete  infectious virus in SSPE,  as there  is in the  
measles infected mouse bra in  t issue cultures,  then  the  rise in a n t i b o d y  levels to  
a hype r - immune  s ta te  wi th  persis t ing IgM is r ead i ly  explained.  Similar ly,  as the  
ar t i f ic ia l ly  p roduced  r abb i t  hype r immune  serum has no effect on the  in  vitro 
measles- infected bra in  cells, i t  is reasonable  to suppose t h a t  there  will be no ir~ 
vivo effect. 

Unpub l i shed  work  (B~T,L, COWSI~ALL, and FIELD) suggests t h a t  different  
s t rains  of measles virus  m a y  produce  different  degrees of morphologica l  change 
in h u m a n  embryo  bra in  cell cul tures  and  t h a t  va ry ing  amounts  of infectious 
measles virus  m a y  be produced.  I t  seems possible t h a t  subt le  s t ra in  differences 
m a y  cont r ibu te  to  va ry ing  persis tence in the  nervous  system, those  subjects  in 
whom the  virus  adap t s  well and  becomes a "s low" agent  going on to develop 
SSPE or perhaps  even mul t ip le  sclerosis (reviewed by  ADAMS and BI~OW~, 1969). 
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