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Sunnnary 

Cells infected with four strains (LEC, Biken, IP-3 and DR) of subaeute 
sclerosing panencepha]itis (SSPE) virus were compared with wild type measles 
virus (Edmonston) with respect to Citers of extracellular virus, morphology of the 
cytopathic effect (CPE) and occurrence of different measles virus antigens within 
infected cells as determined by immune fluorescence. !V[urine monoelonal anti- 
bodies with specifities for the nucleocapsid (NP), polymerase (P), matrix (M), 
hemagglutinin (H), and fusion (F) proteins as well as specific hyperimmunc sera 
prepared in rabbits against the NP, H and M proteins were used in immune 
fluorescence analyses of the various strains. All of the strains produced large 
amounts of NP and P. Only the NP antigen occurred in nuclei of cells. The Ed- 
monston and LEC strains also showed bright fluorescence with the antibodies 
against the H, F, and M antigens. Immune fluorescent intensity was variably 
reduced in cells infected with the Biken, IP-3, and DR strains labelled with anti M, 
H, or F antibodies. The Biken strain produced moderate Citers of extracellular 
virus and moderate amounts of M, H, and F antigens whereas the DR strain 
produced no extracellular virus and contained no detectable M or F and only 
trace amounts of H antigen. The IP-3 strain was intermediate both in antigen 
expression and in production of extracellular virus. 

Introduetion 

The dynamics of measles virus development in vitro and ultimately the patho- 
genesis of measles virus associated human diseases, such as subacute sc]erosing 
panencephalitis (SSPE), may be better understood by determining the expression 
and intracellular location of individual viral proteins during infection. Such studies 
are most easily performed using monospecifie antibodies directed against the 
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individual vh-a.1 antigens. These antibodies can be used in immune fluorescent and 
ultrastrueturM immunoperoxidase labelling studies to follow the appearance or 
disappearance of individual antigens and to determine their intracellular distri- 
bution. Such information may suggest how variation in the expression of viral 
proteins is related to ehan.ges in the viral replieative cycle seen under different 
conditions of infection, to the various eytopathie changes induced in cells infected 
with different strains of virus, and to the pathogenesis of different infections in 
animals or man. 

We have recently been able to study tile expressions of specific measles virus 
antigens in vivo (11) and in vitro (15) using two sets of highly defined antisera. The 
first set consisted of hyperimmune sera raised in rabbits against purified viral 
nueleoprotein (NP), matrix (M) protein, and hemagglutinin (H). These polyelonal 
monospeeific antisera, as well as an antiserum against purified whole virus were 
used to study the expressions of viral antigens in an experimental model of SSPE 
(3, 10). I t  was possible to show that, both NP and M antigens were produced in 
acutely infected hamster brains; however, as the subacute stage of disease devel- 
oped, the M antigen disappeared. The virus changed from a productive to a cell- 
associated state et the same time. This finding is of interest in relation to the 
apparent  absence of eleetrophoretically demonstrable measles M protein in brain 
cell cultures derived from an SSPE patient  (7) and in brain extracts from three 
patients with SSPE (8). A defective synthesis of M protein has further been shown 
in studies with SSPE virus isolates in cell eultures (12, 13, 18). 

The second set of antisera tha t  have been used by us in the s tudy of measles 
virus antigen expression consists of monoelonal antibodies produced in mice by 
hybridoma technology (15, 20). These monoelonal antibodies have specificity for 
the viral NP, polymerase (P), H, fusion (F) and M antigens. These antibodies were 
used to study cell cultures productively infected with three measles virus strains 
and one ehronieMly infected cell line (15). I t  was shown tha t  the temporal appear- 
anee and location of the various antigens could be determined and tha t  differences 
existed in some of the virus strains tested. Of special interest was the finding tha t  
of the chronically infected ceils, which all were infected, only a limited fraction 
produced detectable amounts of the membrane associated antigens (H, and M and 
in particular P). 

We have now used both sets of immunologic reagents to study cell cultures 
infected with wild-type and four strains of SSPE measles virus including one 
strain (DR) which has never produced infectious virus despite numerous passages 
in cell culture (19). In  comparison with previously employed techniques for 
characterization of the synthesis of virus polypeptides the immune fluorescence 
technique offers the advantage of allowing an evaluation of the occurrence of 
different virus components in individual cells. The present studies show that  
production of cells free virus relates to the presence of envelope antigens, in 
particular M antigen. 

Materials and Methods 

Cells and Virus 
Vero ceils, a continuous line of African green monkey kidney, were used in M1 studies 

and were grown as described previously (6). 



Measles  Vi rus  A n t i g e n  E x p r e s s i o n  in  I n f e c t e d  Cells 257 

The  BIKEN (19) a n d  I P - 3  (2) s t r a i n s  of S S P E  measles  v i rus  were o b t a i n e d  as c rude  
10 pe r  c en t  suspens ions  of suck l ing  mouse  b r a i n  f rom Dr.  P.  A l b r e c h t ;  B e t h e s d a ,  
iV[aryland. T h e i r  t i t e r s  as p l aque  f o r m i ng  u n i t s  ( P F U )  in  Vero cells were  t0a P F U / m l  
a n d  106 P F U / m l  respec t ive ly .  The  or ig in  of t he  L E C  (1) s t r a i n  of measles  v i rus  a n d  
p rocedures  used for  v i rus  s tock  p r e p a r a t i o n  h a v e  b e e n  descr ibed  p rev ious ly  (5). Virus  
s tock  LEC-4  w i t h  a t i t e r  of 108 P F U / m l  in Vero cells was  used.  The  s tock  of E d m o n s t o n  
meas les  v i rus  used  was t he  s n p e r n a t a n t  of a n  in fec ted  Vero cell cu l tu re  a n d  h a d  a t i t e r  
of 10 G P F U / m l  in  Veto  celts. Ve to  cells ch ron ica l ly  i n fec t ed  w i t h  t h e  D R  ( i9)  s t r a i n  
of S S P E  measles  v i rus  was o b t a i n e d  f rom Dr.  I t .  T h o r m a r ,  S t a t e n  I s land ,  New York .  
The  cells were s to red  b e t w e e n  s t u d y  per iods  a t  - - 7 0  ° C in eu l tu re  m e d i a  c o n t a i n i n g  
10 p e r c e n t  fe ta l  cMf s e r u m  a n d  i0  p e r c e n t  d i m e t h y l  sulfoxide.  D u r i n g  passage  of t h e  
cells u n i n f e c t e d  Vero cells were a d d e d  a p p r o x i m a t e l y  once per  m o n t h  in  order  to  
m a i n t a i n  t h e  cu l tu res .  

Production o/Cell-Free In/ectious Virus by the Di]/erent Virus Strains 

Conf luen t  cu l tu res  of Vero cells were in fec ted  a.t a n  i n p u t  m u l t i p l i c i t y  of in fec t ion  
(MOI) of a b o u t  one P F U / c e l l  w i t h  t he  va r ious  s t r a in s  of v i r u s . W h e n  t he  cu l tu res  showed  
m a x i m a l  C P E  (9ff--100 p e r c e n t  i n v o l v e m e n t ) ,  t h e  s u p e r n a t a n t  m e d i a  were  r e m o v e d  
a n d  clar i f ied b y  c e n t r i f u g a t i e n  a t  500 × g for 10 m i n u t e s .  F o r  t h e  D R  s t r a i n  of v i rus ,  
t he  s u p e r n a t a n t  m e d i u m  was r e m o v e d  f rom a cu l tu re  showing  ex tens ive  CPE  ( 4 0 - -  
50 p e r c e n t  i n v o l v e m e n t )  a n d  was  clar if ied as above .  Serial  t en - fo ld  d i lu t ions  of these  
m e d i a  were  t h e n  inocu la t ed  on to  rep l ica te  Veto  cells mono laye r s  (0.1 ml  of m e d i u m  
d i lu t ion  i n to  four  rep l ica te  cul tures) .  These  cu l tu res  were obse rved  for  f i f teen  days ,  
a n d  t i t e r s  of in fec t ious  v i rus  were cMcula ted  as Tissue  Cu l tu re  In fec t i ous  Dose (TCIDs0) 
b y  t he  m e t h o d  of :REED a n d  MUE~Ct~ (16). 

Viral Antigen Detection by Indirect Immune Fluorescence (FA ) 

Cells ~ e le  gro,~n in Fe t i i  d ishes  c o n t a i n i n g  s ter i le  glass coversl ips  a n d  were in fec ted  
w i t h  t h e  va r ious  s t r a i n s  of v i rus  a t  i n p u t  MOI ' s  of 0.05--.0.1 PFU/ce l l .  Cul tures  of 
Vero cells ch ron ica l ly  in fec ted  w i t h  t he  D R  s t r a i n  of v i ru s  were  s imi la r ly  grown.  W h e n  
C P E  was  w idesp read  (50 - -75  pe r  c en t  i n v o l v e m e n t ) ,  t h e  covers l ips  were r emoved ,  
r insed  in p h o s p h a t e  buf fe red  sa l ine  (PBS),  a n d  f ixed in cold ( - - 2 0  ° C) a ce tone  for 
10 m i n u t e s .  Af t e r  a i r  d r y i n g  t h e  covers l ips  were  over la id  w i t h  t he  a p p r o p r i a t e  r a b b i t  
a n t i s e r a  or asci tes  f lu id  c o n t a i n i n g  h y b r i d o m a  a n t i b o d i e s  for 20 m i n u t e s  in  a m o i s t  
c h a m b e r ,  w a s h e d  twice  in  P B S  a n d  i n c u b a t e d  w i t h  e i t he r  goa t  a n t i r a b b i t  7 S g lobul in  
f luorescen t  c o n j u g a t e  (Metoy L a b o r a t o r i e s ;  Spr inglf ied ,  Vi rg in ia)  of f luo rescena ted  
F(ab ' )2  f r a g m e n t  sheep a n t i m o u s e  I gG  (Cappel  L a b o r a t o r i e s ;  Cochranvi l le ,  Pennsy l -  
van ia ) .  B o t h  f luorescen t  con juga t e s  were  used  a t  1 :40 d i lu t ions .  The  coversl ips  were 
t h e n  w a s h e d  w i t h  PBS ,  d ipped  i n to  d is t i l led  I tuO a n d  m o u n t e d  in glass slides in  n e u t r a l  
glycerol.  U n i n f e c t e d  Veto  cell cu l tu res  se rved  as controls .  The  p r e p a r a t i o n s  were  v iewed 
in  a Le i tz  f luorescence microscope  a n d  a p p r o p r i a t e  fileds were p h o t o g r a p h e d .  

T h e  fol lowing sera  were used  in  t h e  F A  tes ts ,  l ~ a b b i t  h y p e r i m m u n e  sera  a g a i n s t  
meas les  NP ,  M a n d  t t  a n t i g e n  p r e p a r e d  as descr ibed  p rev ious ly  (11, 21). Monoclona l  
h y b r i d o m a  a n t i b o d i e s  aga i n s t  5 of t h e  6 meas les  s t r u c t u r a l  componen t s ,  t he  NP ,  P,  
M, H a n d  F p ro te ins ,  were  also employed .  T he  t e c h n i q u e  for  e s t a b l i s h m e n t  of t h e  mouse  
h y b r i d o m a s  a n d  t he  d e t e r m i n a t i o n  of t he  specif ic i ty  of t h e  monoc lona l  an t ibod ie s  b y  
r a d i o i m m u n e  p r e c i p i t a t i o n  assays  was p r e s e n t e d  ear l ier  (15, 20). 

P r e l i m i n a r y  s tud ies  were  p e r f o r m e d  to  d e t e r m i n e  t he  o p t i m u m  d i lu t ions  of r a b b i t  
a n t i s e r a  a n d  asci tes  f luid h y b r i d o m a  an t ibod ie s  for use in  t h e  F A  s tudies .  R a b b i t  hype r -  
i m m u n e  sera  were  d i l u t ed  t : 20 to  1 : 80 a n d  m o s t  asci tes  f luids  were used  in  a d i l u t i on  
of 1 :50.  However ,  a n t i - N P  a n d  a n t i - H  r eagen t s  were d i lu t ed  1:500 a n d  1:100, re- 
spec t ive ly .  P r o d u c t s  f rom two d i f fe ren t  h y b r i d o m a s  w i t h  specif ic i ty  for each of t h e  
s t r u c t u r a l  c o m p o n e n t s  were employed .  

F luorescence  of t h e  in fec ted  cu l tu res  was s e m i - q u a n t i t a t e d  u s ing  t he  fol lowing 
procedure .  The  m o s t  i n t e n s e  f luorescence seen w i t h  a n y  v i ru s  s t r a i n  a n d  a n y  an t i s e r a  
was  a r b i t r a r i l y  d e s i g n a t e d  4-k.  Cul tures  showing  no  f luorescence were des igned  O. 

17" 
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Fluorescence intensities intermediate  between these extremes were graded on a relative 
continuous scale, i .e.  3 + ,  2-~ or 1 @. Trace flurescenee was designated d - / - - .  

Hemad,sorption o/In/ected Cultures 
The procedure used has been described in detail  previously (6). In  summary,  

infected and uninfected control cultures were washed with PBS and overtaid with 
a 0.5 percent suspension of African green monkey erythrocytes (Flow Laboratories;  
Ingelwood, California) in PBS. After incubation for one hour at  37 ° C, the cultures 
were washed and observed microscopicMly. 

Results 

Viral Cytopathic Effects, Production of Infectious Cell.free Virus and Hemadsorption 
of Infected Cultures 

The CPE produced  by  Edmons ton ,  Biken,  and  IP -3  virus  s t ra ins  were s imi lar  
and  consis ted of large, round  spreading syncy t i a  wi th  nuclei  t h a t  collected cen- 
t ra l ly .  Syncy t i a  p roduced  b y  all  three  s t ra ins  spread  and  resul ted  in an  even tua l  
invo lvement  of the  ent i re  cell sheet.  I n  contras t ,  the  D R  virus  s t ra in  p roduced  
smal l  angu la r  syncy t i a  composed of only  a few nuclei  which degenera ted  r a p id ly  
wi thou t  capac i ty  to  spread.  The LEC s t ra in  of v i rus  p roduced  a mix tu re  of 
syneyt ia ,  s imilar  to  those  of the  Edmons ton ,  Biken,  ~ l d  IP -3  strains,  and  rounded  
cells, a CPE t h a t  has been descr ibed prev ious ly  (4). 

Table 1. Measles virus production, hemadsorption, and identi/ication o] speci/ic viral 
antigens using speei]ic rabbit antibodies to NAP, H, and M antigens 

Viral antigens Infectious Hem- 
Virus Whole virus adsorp- 
strain virus NP M I:i titer t ion 

Edmonston 4 +  a 4 +  3 +  3@ 10 6b d- 
LEC 4@ 4@ 3@ 3@ 10 v.~ d- 
Biken 4@ 4@ 1+  1+ 10 a.~ @ 
IP-3 4 +  4 +  @/--  1+  10~ @ 
DR 4 +  4 +  0 0 0 --  

a Relat ive fluorescence intensity,  see Materials and Methods 
b TCIDs0/0.1 ml 

P roduc t ion  of infectious, cell-free virus  b y  the  var ious ly  infected cul tures  is 
shown in Table  1. The  LEC s t ra in  was the  mos t  p roduc t ive  followed b y  the  wild- 
t~pe  E d m o n s t o n  s t ra in .  A considerable a m o u n t  of celt-free vi rus  was p roduced  by  
the  Biken  s t ra in .  The IP -3  s t ra in  p roduced  less v i rus  t han  d id  the  B iken  s t ra in ,  
and  the  D R  s t ra in  p roduced  no de tec tab le  cell-free infectious vinrs.  Cultures  in- 
fec ted  wi th  t i le  Edmons ton ,  LEC, Biken,  and  IP -3  s t ra ins  of virus  showed pos i t ive  
hemadso rp t ion  with  m o n k e y  e ry throcytes .  I n  contras t ,  cells infected wi th  the  
D R  vi rus  s t ra in  showed no adsorp t ion  of the  e ry throcy tes .  

Detection of Viral Antigens by Immune Fluorescence 

Fluorescen t  a n t i b o d y  studies  showed t h a t  the  r abb i t  an t i se ra  were roughly  
equ iva len t  to  the  mouse h y b r i d o m a  product.s in. the i r  c apac i ty  to  de tec t  specific 
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antigens. Table 1 shows the results obtained using the rabbit  antisera against 
separate structural components and a rabbi t  antiserum raised against purified 
whole virus. As expected, all five strains of virus produced large amounts of 
antigens detected by the antiserum against whole virus. Further, all strains 
produced high levels of viral NP antigen. The Biken virus strain clearly expressed 
the viral M antigen, whereas the IP-3 strain produced only trace amounts and the 
D R  strain showed no evidence of M antigen expression. Both the Biken and IP-3 
strains produced small amounts of the viral H antigen, but  none was detected in 
cells infected with the DR strain. Both the viral M and H antigens were produced 
in large amounts by the Edmonston and LEC strains of virus. 

Table 2. Detection o/ measles virus antigens by immune fluorescence using hybridoma 
derivedmonoclonal antibodies 

Viral antigens 

Virus strain NP P H F M 

Edmonston 4 + 4-4- 3 ÷ 2 d- 2 d- 
LEC 4+  4+  3+ 1~- 3+ 
Biken 4d- 4+  2+ 2+  1~- 
IP-3 4+  4+  3+  2+ 0 
DR 4+  4q- -~/-- 0 0 

The mouse hybridoma antibodies detected various viral antigens as noted in 
Table 2. Viral NP  and P antigens were brightly stained in cells infected with all five 
strains of virus. The H and F antigens were less bright, but  clearly detected in the 
cultures infected with the Edmonston, LEC, Biken and IP-3 strains of virus. The 
staining of F antigen usually was much fainter than tha t  of the H antigen. These 
antigens were undetectable or present in only trace amounts in cells infected with 
the DR strain of virus. Viral M antigen was clearly present in cells infected with 
the Edmonston, LEC, and Biken viruses, but  was not detected in cells infected 
with either the IP-3 or DR strain of virus. 

Distribution of Viral Antigens Within Infected Cells 

The intracellular distribution of each antigen was similar in cells infected with 
all five strains of virus. Further,  the antigen distributions were similar when either 
the monospecific rabbi t  antisera or- the hybridoma antibodies were used. Viral 
NP  and P antigens appeared as large cytoplasmic inclusions and as finely granular 
material,  most commonly in a perinuclear location. They did not appear to be 
associated with cellular membranes.  In  agreement with earlier findings (15, 21), 
the NP antigen, but  not the P antigen appeared in the cell nuclei as small punctate 
inclusions. 

Viral H and F antigens had similar intracytopIasmic distributions with the 
antigens appearing as diffuse, finely granular material  par t ly  associated with the 
plasma membrane of the infected cell. Neither of these antigens was observed in 
the nuclei of infected cells. The viral M antigen was commonly expressed in infected 
cells as perinuclear inclusions or as diffuse granular material  in the cytoplasm. 
Only a weak association with cellular membrane could be detected. 
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Discussion 

While monoelonal antibodies are invaluable tools in the analysis of viral anti- 
gens, caution must be exercised in interpreting negative :results of immune- 
fluorescence, immunopreeipitation, and other methodologies employing these 
antibodies. Because of the site specificity of the monoclonal IgG molecules, minor 
variations in tile structure of the viral polypeptides may lead to cheek the mono- 
elonal antibodies no longer recognizing the antigen concerned. In  this s tudy 
monoclonal antibodies against two different antigenic determinants of each compo- 
nent (Sheshberadaran and Norrby, to be published) were used. The fact that, 
comparable negative results were obtained with hyperimmune sera which contain 
antibodies to multiple epitopes on an antigenic molecule is strong evidence tha t  
the polypeptide is absent, altered, or diminished to sub-detectable levels. 

The expression of measles virus antigens was variable in eelIs infected with 
Edmonston virus and four different strains of SSPE virus and the semi-quanti- 
tat ive variability was related to the titer of extracellular virus produced. In  
addition, characteristics of the cytopathic effects of the virus strains were, in part,  
related to the expression of the viral membrane glyeoproteins. In  contrast to 
Edmonston and LEC strains which produced high titers of extraeellular virus and 
expressed all five viral antigens examined, the IP-3 and DR strains that  produced 
little or no cell-free virus were deficient or lacking in the expression of one or more 
of the viral envelope antigens. The Biken strain which produced low, but signifi- 
cant, levels of cell-free virus expressed all five of the antigens, but the presence of 
H, F, and M antigen was notably decreased relative to the more productive 
strains (Tables 1 and 2). 

Cells infected with all five strains of virus examined showed strong immune- 
fluorescence for the NP and P antigens. A similar type of expression of these 
antigens has also been seen in ceils infected with hamster  brMn adapted SSPE 
measles virus (bIBS) and in HeLa  cells chronically infected with Edmonston virus 
(15). The P viral antigen was localized within infected cells in the cytoplasmic 
inclusions in a pat tern indistinguishable from the NP antigen, which suggests a 
close structural relationship between these antigens. 

The expressions of the viral M, H and F antigens showed marked variability 
in cells infected with the various strains of virus and appeared to correlate with 
the production of extraeellular virus and with the type of CPE induced in the 
infected cells. Cells infected with the LEC or Edmonston strains of virus showed 
bright M antigen immune fluorescence as intraeytoplasmic inclusions and in some 
relation to the cell membranes. These virus strains also produced high levels of 
extraeeltular virus. Among the other virus strains, a correlation was seen between 
the level of M antigen expression and the production of the extraeellula,r virus. 
The Biken strain which contained little M still produced significant amounts of 
virus while the IP-3 strain showed very little M and produced only trace amounts 
of ~irus. 

The type of CPE induced by a virus strain appeared to correlate with the 
expressions of the viral F antigen. This protein is known to be the factor respon- 
sible for cell fusion (9). The Biken, IP-3, Edmonston, and LEC virus strains 
expressed F antigen and produced large, spreading syncytia in the infected cells. 
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I n  contras t ,  the  D R  virus  infected cells expressed no de tec tab le  F an t igen  and  
deve loped  smal l  angu la r  s y n c y t i a  which  r ap id ly  degenera ted  and  s loughed f rom 
the  surface of the  ent i re  flask. I n f e c t i v i t y  was, however,  t ransfer red  to unfused 
cells a t  the  pe r iphe ry  of the  s y n c y t i a  because  new syney t i a  formed a t  the  edge of 
the  "hole"  left  b y  the  sloughed syncy t ium,  

The va r i ab i l i t y  of expressions of the  v i ra l  M ant igen  in cells infected with  
var ious  s t ra ins  of measles  and  SSPE  vi rus  is of in te res t  since vira~l M pro te in  is 
a p p a r e n t l y  poor ly  expressed in the  bra ins  of pa t i en t s  wi th  SSPE (7, 8). W i t h  the  
four  S S P E  s t ra ins  used in these studies,  i t  is ev iden t  t h a t  M ant igen  expression can 
v a r y  along a spec t rum wi th  the  ex t remes  being def ined b y  high expression of the  
an t igen  in LEC virus  and  b y  no de tec tab le  expression in D R  virus.  This f inding 
suggests  t h a t  the  an t igen  is sub jec t  to  in te rna l  regula t ing  mechanisms,  the  na tu r e  
of which are unknown.  I n  one s t u d y  (18) i t  was proposed  t h a t  the  expression was 
contro l led  on the  t r ans l a t ion  level r a the r  t h a n  the  t r ansc r ip t ion  level. I t  is of 
in te res t  t h a t  the  expression of the  v i ra l  M ant igen  can be regula ted  by  host  cell 
fac tors  such as the  in t race l lu la r  levels of cAMP (14, 17). W i t h  such a po ten t i a l ly  
complex  sys tem of regu la t ion  for the  vi ra l  M ant igen  as well as t he  H and  F ant i -  
gens which showed similar  spec t rums of expression,  i t  mus t  be no ted  t h a t  most  
v i rus  s trains,  including the  ones used in th is  s tudy ,  ava i l ab le  for s t u d y  have re- 
ceived numerous  passages  in cell cultures.  This fac t  makes  i t  diff icult  to  ascer ta in  
the  role of such va r i ab i l i t y  in h u m a n  disease. F o r  this  reason the  monoclonal  
an t ibod ies  are now being employed  for ident i f ica t ion  of different  measles v i rus  
ant igens  in the  bra ins  of pa t i en t s  ~¢ith SSPE.  
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