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Summary. - A rat glioma cell line, C6-BU-1, showed differential 
susceptibility to herpes simplex virus  type 1 (HSV-1) and type 2 
(HSV-2), namely, all the  HSV-1 strains tested s o  far  persisted in this 
cell l ine but  the HSV-2 strains did not. T w o  clones were  derived 
f r o m  C6-BU-1 cells and designated C-17 and C-72. T h e  C-72 as  well  
as the parental C6-BU-1 cells supported the replication o f  HSV-1, 
b u t  not that of  HSV-2. In contrast, C-17 w a s  highly resistant to both 
HSV-1 and HSV-2. Hydrocortisone treatment converted C-17 to 
being susceptible to HSV-1, b u t  not to HSV-2. Therefore,  C6-BU-1 
cells consist o f  subpopulations heterogeneous in susceptibility to 
HSV-1 which may b e  possibly interchangeable. 

Key words: rat glioma cell; clonal cells; susceptibility; herpes simplex 
virus; hydrocortisone. 

Introduction 

T h e  in vitro replication of herpes simplex virus type 1 (HSV-1) and type 2 
(HSV-2) varies with the  host cell. Although the  majority o f  cell sys tems 
supports the replication of both HSV-1 and HSV-2, these  viruses  could not  
replicate in some cell lines, such as  Rous  sarcoma virus-transformed cells 
(Docherty et al., 1973) and FRhL-2 cells (Minamishima and Eizuru, 1977). On 
the other hand, both HSV-1 and HSV-2 persist in Raji and BHK-21 cells (Robey 
et al., 1876; Szántó  et al., 1976). A rat glioma cell line, C6, also has  been  reported 
to support presistent infection o f  HSV-1 (Schwartz and Elizan, 1973; Lancz and 
Zettlemoyer, 1976; Rice et al., 1979; Dawson  et al., 1983). During studies of  
virus-cell interaction in C6-BU-1 cells which were  derived f r o m  C6, it w a s  
noted that HSV-1 persisted in these cells with virus production, but  HSV-2 was  
unable to produce virus progeny (Sakihama  et al., 1988). 

*To w h o m  all correspondence should b e  addressed 
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In C6-BU-1 cells persistently infected with HSV-1, only a minority o f  the  
cells showed viral cytopathic ef fect  (CPE) (Sakihama et al., 1988), suggesting 
that these  cells consist of  subpopulations heterogeneous in permissiveness to 
HSV-1. Meanwhile, several investigators (Morhenn  et al., 1973; Paran et al., 
1973; Costa  et al., 1974; Parks et al., 1974; Harrell and Sydiskis, 1982) have 
reported that glucocorticoids influence  in vitro infection with various viruses.  
In fact, Nishiyama and Rapp (1979) demonstrated that hydrocortisone was  
required to maintain the  persistent infection of  HSV-1 in Raji cells. Therefore,  
after  establishment of clones from C6-BU-1 cells, the  interaction of these 
clones with HSV was  investigated in the absence and/or presence of  hydrocor­
t isone.  

Materials and Methods 

Cells and medium. A rat  g l ioma cell l ine, C6-BU-1,  was  der ived f r o m  C6,  which a r e  rat  as t rocytes  
t r ans fo rmed  by N-n i t rosomethy lurea  (Benda  et al., 1968); t h e  cells w e r e  kindly suppl ied b y  D r .  R .  
U e n o  ( U e n o  Pharmaceut ical  Co . ,  Osaka).  C6-BU-1 cells w e r e  grown in Eagle 's  m i n i m u m  essential  
m e d i u m  ( M E M )  supp l emen ted  with 10% foetal  bov ine  s e r u m  (F low Laborator ies  Inc.,  Rockville, 
M D ) ,  kanamycin  (60 / / g / m l )  a n d  0.12 % N a H C O j .  T h e  m a i n t e n a n c e  m e d i u m  fo r  t h e  cells 
con ta ined  2%, instead o f  10%, foetal  bov ine  s e r u m .  V e r o  cells were  g rown in Eagle 's  M E M  supple­
m e n t e d  with  5% calf s e r u m ,  kanamycin  (60 /^g /ml)  a n d  0.12 %NaHCC>3, a n d  w e r e  u sed  f o r  propa­
gat ion a n d  t i trat ion o f  all H S V  strains.  

Virus. Viruses  used  in th is  s tudy  w e r e  a s  fol lows:  t h r ee  laboratory s t rains  o f  HSV-1  (KOS,  H F ,  
and  Pa t ton) ,  two  laboratory s t ra ins  o f  HSV-2 (Savage a n d  YS-2), a n d  9 f r e s h  isolates f r o m  t h e  
clinical mater ia ls  submi t t ed  t o  o u r  laboratory.  T h e  vi ruses  w e r e  plaque-t i t rated as  descr ibed (Saki­
h a m a  et al., 1988). Each f re sh  isolate f r o m  t h e  clinical mater ia ls  was  ident if ied a s  HSV-1 o r  H S V - 2  
by compar ing  t h e  restrict ion endonuc l ea se  cleavage pa t te rn  wi th  t h o s e  o f  laboratory strains.  F ive  
f r e sh  isolates (Mihara ,  H K U ,  Y A M ,  Machiura ,  a n d  M H P )  were  ident i f ied a s  HSV-1 a n d o t h e r f o u r  
isolates (Ishii,  Oishi ,  Muraoka ,  and  F u n a t s u )  a s  HSV-2.  

Virus adsorption. T h e  cells (1.0 x 106) a n d  virus  (1.0 x 105 P F U )  w e r e  mixed  in a f inal  v o l u m e  o f  
1.0 m l  in Eagle 's  M E M  conta in ing  5 % foeta l  bov ine  s e r u m .  Vi rus  stability cont ro ls  consis ted o f  
virus w i t h o u t  cells in t h e  s a m e  m e d i u m .  All t u b e s  w e r e  placed in a wa te r  ba th  a t  37 ° C  a n d  agitated 
a t  regular  intervals.  A t  des ignated intervals,  t h e  samples  w e r e  cent r i fuged a t  3000 r e v / m i n  f o r  5 
m i n  a n d  u n a d s o r b e d  virus  in t h e  supe rna tan t  f luid w a s  immedia te ly  plaque-t i t ra ted.  

Cell cloning. T h e  c lones  w e r e  ob ta ined  f r o m  C6-BU-1 cells according t o  t h e  mod i f i ed  m e t h o d  o f  
Kuroki  (1975). In  brief ,  t h e  cells (1.0 x 102 t o  1.0 x 103) in 1.0 m l  o f  g rowth  m e d i u m  conta in ing  
0.24% sof t  agar  were  s eeded  in to  each 60-mm plastic Petri  d ish  o n  a f eede r  layer consis t ing o f  
growth m e d i u m  and  0.24 % s o f t  agar.  A f t e r  7 days,  each colony was  scraped o f f  a n d  t ransfer red  t o  a 
well o f  t h e  24-well t issue cu l tu re  plate  (Corn ing/ Iwaki  Glass ,  Tokyo) .  

Hormone inducer. Hydrocor t i sone  21-hemisuccinate  s o d i u m  salt (Katayama Kagakukogyo Co. ,  
Ltd. ,  Osaka,  J apan)  was  dissolved in Eagle 's  M E M  at a concent ra t ion  o f  1 m g  p e r  m l  and  t h e n  
f i l tered t h rough  fi l ter  wi th  a po re  size o f  0.45 f i m .  F o r  work ing  solu t ions ,  t h e  stock so lu t ion  was  
d i lu ted  with  m a i n t e n a n c e  m e d i u m  a t  t h e  f inal  concent ra t ion  o f  1, 10, o r  100 / / g / m l .  
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Results 

Replication of HSV in C6-BU-1 cells 
C6-BU-1 cells were  infected with HSV-1 or HSV-2 at a multiplicity (MOI) of  

0.2 and the  virus yields were  titrated at various intervals u p  to 30 days. Every 
strain of  HSV-1 persisted in C6-BU-1 cells; as  infectious virus  (103 to 106 

PFU/ml) it was  detected even b y  30 days p. i., while the infectivity o f  every 
strain of  HSV-2 decreased gradually and disappeared until 20 days p. i. (Table 
1). T o  determine whether HSV-1 and HSV-2 dif fered in efficiency to adsorb to 
C6-BU-1 cells, quantitative experiments were  carried out. A s  shown in Fig. 1, 
the  adsorption patterns revealed no difference between HSV-1 and HSV-2, 
though both adsorbed less-efficiently'to C6-BU-1 cells than to V e r o  cells. 

Replication of HSV in clones derived from C6-BU-1 cells 
T w o  clones, designated C-17 and C-72, were  infected with KOS strain of  

HSV-1 or Savage strain of  HSV-2 at a MOI o f  0.2 and the  virus  yields were  
titrated daily for  10 days. T h e  C-72 as  well as  the parental C6-BU-1 cells 
supported replication o f  HSV-1, but  the  C-17 cells did not (Fig. 2-1). On the 
other hand, neither C-17 nor C-72 did support the  replication of HSV-2 (Fig. 

Table  1. Replication of HSV-1 and HSV-2  i n  C6-BU-1 cells 

Days post-infection* 

2 10 20 30 

HSV-1 
KOS 2.2 x 106  5.8 x 10 4  4.2 x 10 4  4.9 x 10 4  

Patton 4.9 x 10 5  5.3 x 10 3  1.6 x 103  9.9 x 103  

HF 2.5 x 106  1.4 x 10 5  2.0 x 10 6  2.6 x 10 6  

Mihara 2.1 x 10 5  7.4 x 104  4.4 x 104  1.6 x 10 5  

HKU 1.6 x 105  7.2 x 103  4.1 x 10 3  1.1 x 10 4  

Y A M  5.0 x 10 5  5.1 x 104  1.2 x 10 3  5.0 x 10 3  

Machiura 7.6 x 10 5  1.3 x 10 3  4.1 x 102  2.1 x 10 3  

MHP 8.4 x 10 4  1.5 x 10 3  3.7 x 10 3  5.1 x 103 

HSV-2 
Savage 1.4 x 104  1.0 x 10 0 0 
YS-2 3.6 x 104  2.5 x 10 0 0 
Ishii 7.8 x 104  5.0 x 10° 0 0 
Oishi 7.6 x 104  2.0 x 10 0 0 
Muraoka 8.1 x~103 2.0 x 10 0 0 
Funatsu 1.6 x 104  1.2 x 102  0 0 

*The virus  titre w a s  expressed a s  PFU/ml 
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4 0  

HSV-2 to C6-BU-1 and Vero  cells; KOS 
strain o f  HSV-1 ( • )  o r  Savage s t ra in  o f  
HSV-2  (o) t o  V e r o  cells a n d  HSV-1  (A) 

Adsorp t ion  pa t te rns  o f  HSV-1  a n d  
Fig. 1 

16 30 

Incubat ion (min )  

60 

o r  HSV-2 (A) t o  C6-BU-1 cells 

2—II). Both  types  o f  H S V  adsorbed similarly t o  bo th  o f  t h e s e  clones as  well as  t o  
parental  C6-BU-1 cells (data n o t  shown) .  

Effect of hydrocortisone on the replication of HSV in C-17 
T h e  effec t  of  hydrocort isone o n  t h e  replication of  H S V  in C-17 was investi­

gated.  C-17 cells were  infected with strain K O S (HSV-1) o r  with strain Savage 
(HSV-2) at a M O I  of  0.2. A f t e r  o n e  h o u r  adsorption,  t h e  infected cells were  f e d  
with main tenance  m e d i u m  containing 1, 10, o r  100 / ig /ml  hydrocort isone.  I n  
t h e  presence o f  hydrocort isone,  t h e  virus yield of  HSV-1  increased u p  t o  106 -
107 P F U / m l  at 7 o r  8 days p .  i., regardless o f i t s  dose  b u t  n o  replication o j  HSV-1 
occurred in t h e  absence  o f  hydrocort isone (Fig. 3-1). In  contrast ,  hydrocorti-

Days p o s t i n f e c t i o n  D a y s  p o s t i n f e c t i o n  

Fig. 2 
Replication o f  K O S  strain o f  HSV-1 (I) a n d  Savage strain o f  HSV-2 

cells (o)  and  its t w o  c lones ,  C-17 ( • )  and  C-72 
(II) in parental  
( A )  

C6-BU-1 
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p o s t i n f e c t i o n  Days., post infect i o n  

sone showed no ef fect  on the  replication of HSV-2 in C-17 cells (Fig. 3—II). 
Similar differential  e n h a n c e m e n t  of  virus replication by hydrocort isone was  
observed w h e n  several o t h e r  laboratory strains and  f r e sh  isolates of  HSV-1 a n d  
HSV-2 were  tes ted  (Fig. 4). 

1 2  3 4 
D a y s  

Fig. 3 
Replicat ion o f  K O S  strain  o f  HSV-1  (I) a n d  Savage s t ra in  o f  HSV-2  (II) in C-17 in t h e  

absence  (o)  o r  p re sence  o f  1 ( • ) ,  10 (A), o r  100 (A) /^g /ml  o f  hydrocor t i sone  

Discussion 

Raji cells a n d  BHK-21 cells have b e e n  reported t o  suppor t  t h e  persis tent  
infect ion o f  HSV-1  a n d  HSV-2 wi thout  any  artificial manipulat ion (Robey  et 
al., 1976; Szántó  et al., 1976). T h e  limitation was, however, that such persistent 
infection could b e  induced only with certain HSV strains. In our study, C6-
BU-1 cells supported the  persistent infection o f  laboratory strains and also of  
f resh  HSV-1 isolates, b u t  not  of  HSV-2 strains which were  unable to produce 
virus  progeny. Thus,  C6-BU-1 cells showed a differential susceptibility to 
HSV-1 and HSV-2. Linnavuori and Hovi (1983) reported on the importance of  
interferon (IFN) in the  restriction of  HSV replication in human monocyte 
cultures. However, n o  IFN w a s  detected in C6 cells infected persistently with 
HSV-1 (Lancz and Zettlemoyer, 1976; Dawson  etal., 1983) and exogenous  IFN 
had little ef fect  on the  persistent infection in C6 cells (Lancz and Zettlemoyer, 
1976). In addition, the basic pattern of  the  differential susceptibility of  C6-BU-1 
cells to HSV did not change with MOI (data not shown). Therefore,  it is temp­
t ing t o  a s sume  tha t  I F N  does  n o t  play a n  impor tant  role in t h e  differential  
susceptibility of  C6-BU-1 cells. Adsorpt ion exper iments  could n o t  explain t h e  
differential  susceptibility of  C6-BU-1 cells t o  HSV-1 a n d  HSV-2.  Rice  et al. 
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Replication o f  var ious  s t ra ins  o l ' H S V - l  and  HSV-2 in C-17 in t h e  absence  (do t ted  c o l u m n s )  

o r  p resence  (striated c o l u m n s )  o f  10 /vg/ml  o f  hydrocor t i sone  
Vi rus  yields were  d e t e r m i n e d  a t  day 7 p.  i. 

(1979) showed that  minimal  viral D N A  synthesis  occurred in C 6  cells infected 
persistently with HSV-1. There fore ,  t h e  presence o r  absence  of  viral D N A  
synthesis  might  explain t h e  differential  susceptibility of  C6-BU-1 cells t o  
HSV-1 and  HSV-2. 

In th is  s tudy,  it was shown tha t  C6-BU-1 cells consisted of  subpopulat ions  
he te rogeneous  in susceptibility t o  HSV-1. O n e  clone,  C-72, suppor ted  t h e  
persistent infection of  HSV-1 as did t h e  parental C6-BU-1 cells. Similar resul t  
was also reported with HSV-1 versus  h u m a n  B cell l ine JOK-1 (Thiele  et al., 
1989). T h i s  p h e n o m e n o n  may b e  explained by t w o  ways. First,  t h e  susceptibi­
lity o f  C-72 t o  HSV-1 infection may depend  o n  distinct phases  of  cell cycle. 
Second,  s o m e  C-72 cells might  lose the i r  susceptibility and  b e c o m e  resistant t o  
HSV-1 immediately af ter  cloning. A n o t h e r  clone,  t h e  C-17, showed resistance 
t o  b o t h  H S V  types. Hydrocort isone t rea tment ,  however ,  converted th is  clone 
t o  support  t h e  replication of  HSV-1 b u t  n o t  tha t  of  HSV-2. Nishiyama and  Rapp 
(1979) also reported t h e  differential  effect  o f  hydrocort isone o n  t h e  replication 
of  HSV-1 and  HSV-2 in Raji cells, t hough  t h e  mechan i sms  were  n o t  investi­
gated.  Tanaka  et al. (1984 a, b) demonst ra ted  tha t  dexamethasone  enhanced  
t h e  synthesis  of  immediate-early ant igens and  of  viral D N A  of  h u m a n  cytome­
galovirus. A s  men t ioned  before ,  HSV-1 adsorbed at a similar rate t o  b o t h  C-17 
and  C6-BU-1 cells. In addit ion,  even pre t rea tment  with hydrocort isone 
converted C-17 t o  being susceptible t o  HSV-1 (data n o t  shown).  Therefore ,  it is 
t empt ing  t o  say that  s o m e  cellular factor(s) acts at early stage af ter  adsorption 
o n  viral proteosynthesis  o r  D N A  synthesis  enhancing  t h e  replication of  HSV-1, 
though  t h e  precise mechanism remains  unclear.  
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In conclusion, w e  suggest  that subpopulations o f  C6-BU-1 cells were  inter­
changeable becoming f r o m  susceptible t o  resistant  t o  HSV-1  infect ion o r  vice 
versa, which mechan i sm mainta ins  t h e  persis tent  infect ion of  HSV-1  in  C6-
BU-1 cells. 
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