
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



Ann. Virol. (Inst. Pasteur) 
1983, 134 E, 207-220 

OF 

SOME P R O P E R T I E S  

T H E  E P I T H E L I O M A  P A P U L O S U M  C Y P R I N I  

CELL L I N E  FROM CARP C Y P R I N U S  C A R P I O  

(EPC) 

by  N .  Fi jan  (0, D. Sul imanovid  (0, M. Bearzot t i  (2), D. Muzin id  (0, 
L. O. Z wi l l e nbe rg  Q), S. C h i l m o n c z y k  (0, J- F. Vau thero t  (5) 

and P. de  Kinke l in  (2) ( ,)  

) Veterinarski Fakultet, Zavod za Biologiju i Patologiju, 
(1Riba i Pcela, Heinzelova 55, 41001 Zagreb (Yugoslavia), 

(0 Minisldre de l'Agricullure, INRA,  Groupe de Laboraloires de Pathologic Animale, 
Pathologie des Poissons, Route de Thiverval, 78850 Thiverval-Grignon (France), 

(3) Medicinski Fakullet, Centar za Medicinsku Genetiku, 
Pedijalrijska Klinika cc Rebro )), Kispaticeva 12, 41001 Zagreb (Yugoslavia), 

(4) Hoch[eldslrasse 34, CH 3012, Bern (Suisse), and 
(5) Laboratoire de Virologie (same address as 2) 

SUMMARY 

A cell line, named Epithelioma papulosum cgprini (EPC) and originatin 
from carp epidermal herpes virus-induced hyperplastic lesions, was esta 
blished and has now given rise to more than 80 subcultures. It grows 
within a wide temperature range (15-33 ~ C), survives between 7 and l0 G C 
for several months without alterations in its further virus susceptibility 
and growth characteristics, and degenerates at 370 C. Its karyotype is 
2n = 96. It propagates most of the systemic infection viruses of the fish 
families Salmonidae, Cgprinidae, Anguillidae and Esocidae, as well as 
Indiana-type vesicular stomatitis virus. 

Despite the origin of EPC cells, we were unable to demonstrate the 
presence of herpes virus in them. Their transformation was reflected in 
their karyotype (normally 2n = 100) and by their growth ability in soft 
agar medium; monolayer growth, however, was inhibited at a density of 
3 x 106 cells/cm ". 

The temperature growLh range, good splitting ratio (1/10) and virus 
susceptibility make EPC cells a highly suitable material both for fish 
pathology and for comparative virology studies. 
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I N T R O D U C T I O N  

During experiments on the etiology of carp pox carried out  in 1969 in 
Yugoslavia by  two of us (N. F. and D. S.), a cell line was ini t iated and 
called Epithelioma papulosum cgprini (EPC) because of the origin of the  cells. 

Despite our failure to cult ivate the so-called carp pox virus, EPC 
culture procedures were continued because of the potential  interest  of 
obtaining a cell line as a useful tool in diagnosis and research on viral 
diseases of the carp, one of the most  widespread freshwater  fish species in 
the  world. 

This paper describes the  establ ishment  of the  EPC cell line, which has 
now been maintained for 12 years  over 80 subcultures,  and discusses its 
growth properties and virus susceptibility. 

M A T E R I A L S  AND M E T H O D S  

Melhod of eslablishmenl. 
Two carp  weighing  a b o u t  750 g each, which  o r ig ina ted  f rom a lish f a rm and  

exh ib i t ed  p ro l i f e ra t ive  skin  lesions t y p i c a l  of carp  pox,  were  k e p t  for  10 days  in an 
a q u a r i u m  suppl ied  wi th  free-f lowing ae r a t e d  water ,  chlor ine  con ten t  0.2 mg/1. 

Severa l  ep i t he l i oma tous  ou tg rowths  of t he  skin  were s ampled  wi th  a scalpel  
and  minced  in a beake r  wi th  scissors. Tissue f r agmen t s  were  washed  th ree  t imes  in 
Eag le ' s  m i n i m a l  essent ia l  m e d i u m  (MEM) s u p p l e m e n t e d  wi th  2,000 i. u. of pen i -  
c i l l in /ml  and 2,000 ~g of s t r e p t o m y e i n / m l ,  and  subse que n t l y  k e p t  in  t h a t  m e d i u m  
for 1 h a t  22 ~ C. Af t e r  wash ing  in p H  7.2 phospha te -buf fe red  sal ine (PBS) ,  minced  
skin  samples  were t r e a t e d  ove rn igh t  a t  4 ~ C b y  t r y p s i n  0.25 % in P B S  [23]. H a r -  
ves ted  cells were cen t r i fuged  in t he  cold a t  300 g for 30 min ,  t hen  washed  once in 
P B S  and  f inal ly  suspended  in g rowth  m e d i u m  cons is t ing  of MEM s u p p l e m e n t e d  
wi th  10 % foetal bovine  se rum plus  200 i. u. of penic i l l in  and  200 [zg of stre.pto- 
m y c i n / m l .  Buffer  was sod ium b i c a r b o n a t e  ( p H  7.2-7.6). Cell suspens ions  
(106 cells/rot)  were  d i s t r i b u t e d  in glass t ubes  (2 m l / t u b e )  and  i n c u b a t e d  a t  22 ~ C. 

S u b c u l t i v a t i o n  of the  p r i m a r y  cu l ture  was ach ieved  b y  E D T A - t r y p s i n  solu- 
t ion  [19], and  subcu l tu res  were grown e i ther  in MEM as p rev ious ly  descr ibed ,  or, 
a f te r  the  52nd subcul tu re ,  in S toker ' s  m e d i u m  [18] ( E u r o t r o p h  Eurob io )  buffered 
b y  t r i s - H C l  0.16 M a t  p H  7.4, and  s u p p l e m e n t e d  wi th  10 ~o foetal bov ine  serum,  
10 ~o t r y p t o s e  p h o s p h a t e  b r o t h  and an t ib io t ics ,  as above .  

Virological checking o[ the celts'. 
Because  herpes  v i rus  had  been d e m o n s t r a t e d  in skin  p ro l i fe ra t ions  of the  

so-cal led carp pox  [17], a t t e m p t s  were m a d e  to  assess t he  presence of such a v i rus  
in EPC cells. 

CPE ~ cell-plating efficiency. 
EM ~ electron microscope. 
FHM ~ fathead minnow. 
IHN = infectious haematopoietie necrosis. 
IPN ~ infections pancreatic necrosis. 
i .u .  = international unit. 
MEM = minimal essential medium. 

NDV = Newcastle disease virus. 
PBS = phosphate-buffered saline. 
PFI~ ~ pike fry rhabdovir~s. 
pfu = plaque-forming unit. 
SVC ~ spring viremia of carp. 
VSV = vesicular stomatitis virus. 
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First, the culture medium of subcultures 3 and 10 was inoculated onto pr imary  
cell cultures of carp ovary  [11]. Medium from subculture 15 was then inoculated 
into fathead minnow (FHM) cells [5], and two subsequent blind passages were 
performed. 

Next,  ultrathin sections of different subcultures were examined in electron 
microscopy both in Switzerland (by one of us: L. O. Z.) and in France (by S. C.). 
The first cell sample was taken after 15 subcultures and fixed in situ by 4 % for- 
maline in Millonig's phosphate buffer for 30 rain, then scraped off with a rubber  
policeman pelleted by  centrifugation, post-fixed in 2 % osmium tetroxide, dehy- 
drated in ethanol, prestained in 1 ~o uranyl acetate, washed in ethanol and embed- 
ded in epoxy-eosin (( Dureopan ACM ,. Samples were sectioned with an (~ L K B - I I I  ~) 
ul t ra tome and the ultrathin sections were post-stained with lead citrate and exa- 
mined in a (( Philips 2 0 0 ,  electron microscope (EM) under 80 kV. 

The second examination involved cell cultures sampled between subcultures 62 
and 72 fixed in 1.6 % glutaraldehyde in Sorensen's buffer (pH 7.2) for 30 min at 
4 ~ C and subsequently processed as previously described, except tha t  they were 
embedded in Epon, sectioned with , L K B - I I I  )) ul t ra tome and observed in a 
~( Philips 300 , EM. 

Recently, EPC cells used in several American laboratories have been reported 
to be chronically infected with a syncytia-indueing eoronavirus [9]. Since such a 
condition appeared only at incubation temperatures  above 30 ~ C, ten successive 
subcultures were carried out at  one-week intervals. Each time, samples of cells 
grown on glass coverslips were collected, Giemsa-stained and microscopically 
examined for syncytia. Coverslips from the final subculture were also tested by  
indirect immunofl~orescence [19] for presumptive infection by  a eoronavirus 
belonging either to OC49 or to the 229E group [22]. Parallel to this, coverslip 
cultures from cells which had not undergone previous storage at  high tempera ture  
were infected with a bovine enteric coronavirus strain (OC43 group) at multi-  
plieities of infection of 2 and 10 pfu/eell, respectively, then incubated at  35 ~ C and 
fur ther  examined either for syncytia or for immunofluorescence plaques. 

Ctuvmosomal analgsis. 

One-day old cells of subculture 65 were treated with Colcemid (0.02 tzg/ml), 
then dislodged with versene, t reated hypotonically with PBS diluted 1/5 in dis- 
tilled water  and fixed with methanol-glacial acetic acid 3/1 before Giemsa-staining 
and karyological analysis [7]. 

Growlh curves. 

Cell growth at  various temperatures  was studied in duplicate 25-era 2 flasks 
(Corning) seeded with 8 • 106 cells in 6 ml of Stoker 's  medium, which were first 
held at 30 ~ C for 2 h to allow them to at tach,  and then fur ther  incubated a t  7, 10, 
15, 20, 30, 33 and 37 ~ C. Two flasks of each series were sampled at various intervals, 
and the number  of viable cells was determined using the t rypan  blue exclusion 
technique and haemocytometer  counts. 

Cell growth as a function of the initial cell number  was studied by seeding 
1 m l  o f  a 2-fold dilution of a cell suspension primari ly containing 1.6 • l@ cells/ml 
into 25-cm~ flasks, each containing 5 ml of Stoker 's  medium. Five series of flasks 
containing 1.6 • 107, 8 • 106, 4 • 106, 1 • 106 and 0.25 • 106 cells, respectively, 
were incubated at 30 ~ and cells counts in duplicate flasks were performed at  
various dates between days 2 and 21 post-seeding. 

All growth experiments were performed with subcultm'es 62 to 65. 

Cell storage, 

Cell preservation was achieved by  freezing at  - -  196 ~ C. For tha t  purpose, 
EPC cells undergoing the logarithmic phase of their  growth curve were harvested, 
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centrifuged at 300 g for 5 rain and resuspended at a cell density of 25 million 
cells/ml in Stoker 's  medium containing 10 % foetal bovine serum and 10 % t ryp-  
tose phosphate broth supplemented with 10 % dimethyl  sulphoxide (v/v). The 
cell suspension was distributed per millilitre into plastic tubes designed for nitrogen 
freezing (Nunc). Gradual lowering of the tempera ture  (0.5-1 ~ C per min) was 
achieved by placing the tubes into cylindrical channels bored in a polystyrene 
block stored in a freezer ( - -70 ~ C). Three h later, the frozen tubes were transferred 
into a nitrogen tank.  

Plating elliciencg and cloning. 

A suspension of EPC cells was obtained from a monolayer of EPC (62nd sub- 
culture) and serially diluted 10-fold until suspensions of approximate ly  1,000, 100 
and 10 cells/ml were obtained. Oue-ml volumes of each suspension were distri- 
buted into 6 cm diameter Petr i  dishes (Falcon), and 3 ml of Stoker's medium were 
added to the dishes, which were incubated at  30 ~ C without  being moved, except 
for one which was checked every two days for cell a t tachment .  After 16 days, 
the cell culture medium was withdrawn and the remaining microcolonies were 
rinsed, then fixed for 2 h in 10 ~o formalin, stained with 1 ~o crystal  violet and 
enumerated. A microcolony from an unfixed dish was sampled in 150 ~1 of 0.04 % 
versene in PBS, transferred to a plastic cell-culture tube (Nunc) and subsequent ly  
sampled 7 times in 25-cm 2 and 75-cm ~ flasks before being checked for plat ing 
effmieney, virus propagat ion and freezing. 

Growth in semi-solid suspension cullure. 

The degree of au tonomy acquired by  EPC ceils had previously been tested by  
the soft agar culture technique [13]. Namely, EPC cells were suspended in 0.5 % 
agar (Difco Bacto-agar)  Stoker 's  complete medium kept  at  44 ~ (one volume of 
cells per two volumes of medium); 2 ml of this suspension was layered onto the 
surface of solidified 0.5 % agar Stoker 's  medium in 25-cm ~ duplicate plastic culture 
flasks (Corning). Cell number  had previously been adjusted to obtain cell densities 
of 10 a and 10 ~ cells per ml, respectively, with both uncloned and cloned EPC cells. 
Parallel series of flasks received the same amount  of cells in agar medium supple- 
mented with DEAE-dext ran  (50 ~,g/ml) [13]. 

Virus propagation. 

EPC cell susceptibility to fish viruses was tested with the following virus strains 
previously grown either in FHM cells or in BTG-2 cells [24], or directly extracted 
from diseased fish: Egtved virus strains of several serotypes [21, 12], infectious 
haematopoietic necrosis ( IHN)  virus [1], spring v i remia  of carp (SVC) virus [5], 
pike fry rhabdovirus (PF13) [10], eel rhabdoviruses [16, 2[, infectious pancreatic 
necrosis virus strains of the serotype American-type culture collection VR 299 
and serotypes Sp or Ab [20]. 

Three virus strains of warm-blooded vertebrates,  namely, vesicular stomati t is  
virus (VSV) Indiana grown in B H K  cells, Newcastle disease virus (NDV) grown 
in chick embryo cells and Reovirus 3 grown in L cells were also inoculated into 
1-day old EPC cells. The virus yields were t i t rated by  plaque assay either under a 
0.4 % agarose overlay for fish viruses and VSV, or in liquid medium for NDV and 
Reovirus. 

All viruses tested were allowed to adsorb on the cells for 1 h at  the usual incu- 
bation tempera ture  (table II); inocula were then withdrawn and the cell sheet 
rinsed 3 times with Stoker 's  medium before adding the final medium containing 
2 % foetal bovine serum. 
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I/FSUI~TS 

Eslablishmenl of EPC cell iine. 

In 30 pr imary tes t - tube culLures, cells adhered well, bu t  during the first 
7-10 days most  degenerated and became necrotic. Occasional small groups 
of replicating fibroblast-like cells appeared in a few test  tubes  between 
day 6 and day 20. After  60 days, a confluent sheet of predominant ly  tibro- 
blast-like cells was formed in one tube,  which was subcult ivated.  The iirst 
four splittings of monolayers were performed at ratios of 1/1 at 20-22 ~ C. 
Thereafter,  the  splitting ratio was 1/2 to 1/4. 

During the first 13 passages, EPC cells were predominant ly  fibroblast- 
like. After the 13th passage, epitheliaMike cells predominated.  Such cells 
were cult ivated both in Yugoslavia and in France. The morphology of the  
Zagreb strain began to change to a fibroblast-like morphology from the 
41st passage on bu t  this strain was lost. All other  strains of EPC ceils had 
an epithelial-like morphology (fig. 1). 

Fro.  1. - -  Aspec t  o[ a 2-da!l old cul ture in a 75-crn 2 plast ic  f lask  seeded 
with 3.2 • 105 cells~era "z (phase conlrast objective 10 x ) .  

Virological checking of lhe EPC-cell line. 

Neither prilnary cultures of carp ovary nor F H M  cells inoculated with 
the medium nor cell extracts  horn an early or late subcul ture  of EPC 
developed any cylopathic  effect, even through further  blind t:assages. 
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All of these assays were performed both at  15 and at  30 ~ C. In addit ion,  
viral particles were never found in the ul tra- thin sections of EPC ceils 
examined by EM. 

Likewise, all examinations under taken to reveal a coronavirus infection 
remained unsuccessful. No syncyt ia  appeared, and no fluorescent plaques 
were observed following several subcultures at 33 ~ C. Finally, none of the 
a t tempts  to provoke infection by the OC49 virus strain resulted in fluo- 
rescent plaques. 

Chromosome number.  

Approximately  2 1 %  of the 137 metaphases from the 65th EPC sub- 
culture (table I) had the modal number  of 96 chromosomes. Most of the 
other metaphases (48 %) had between 94 and 99 chromosomes. Chromosome 
frequencies between 84 and 93 were found in 18 % and those between 
100 and 107 in 13 % of metaphases.  

TABLE I. - -  Distribution of the  c h r o m o s o m e  n u m b e r  
following enumeration in 137 cells. 

Chromosome n u m b e r  84-90 91 92 93 94 95 96 97 98 99 100 101 102-107 

N u m b e r  of cells 6 4 8 7 17 11 29 14 12 12 6 4 7 

Growth curves. 

As soon as cells a t tached to the  flask surface, they  exhibited a loose 
confluency. 

The results of the experiments on cell growth as a function of the incu- 
bat ion temperature  are reported in figure 2. EPC cells were viable from 
7.5 ~ C up to 33 ~ and were able to grow between 15 and 33 ~ C. The optimal 
growth temperature  was 300 C, at which temperature  cells underwent  one 
division at approximate 2-day intervals until t hey  reached a t ight  conflu- 
ency leading to densi ty-dependent  growth inhibition D. When seeded 
with 8 million cells/25-cm' flask, i. e. 3.2 x 10 ~ cells/era ~, this occurred 
within 6-7 days, at  which t ime the cell number/era 2 ranged between 2.6 
and 3 million cells with each cell dividing about 3 times. Once the plateau 
was reached, some cells began to degenerate, rather  slowly during the  
first month  and more rapidly thereafter.  At  330 C, the decrease in viable 
cell number  became severe after 3 weeks, with 15.4 million remaining on 
day 28 a n d  none remaining on day 60. At  200 C, the  kinetics of growth 
was about half tha t  at  30 ~ C, which is consistent with such biological 
mechanisms; the  final cell harvest,  however, was unmodified, and the same 
final result was obtained at  15 ~ C. At  7 and 10o C, EPC cells survived but  
did not divide. They remained perfectly viable, and when transferred to 
300 C on day 60, underwent  the same growth as previously reported at  
this temperature,  exhibiting the same susceptibility to viruses as t ha t  of 
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LOG O F  C E L L  N / F L A S K  
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FIa.  2. - -  E P C - e e l l  growth as a f u n c t i o n  o] the incuba t ion  temperature .  

C u l t u r e  f l a s k s  ( C o r n i n g  25  c m  2) c o n t a i n i n g  6 m l  o f  S t o k e r ' s  m e d i u m  w e r e  s e e d e d  w i t h  8 m i l l i o n  
ce l l s  a n d  d i v i d e d  i n t o  6 g r o u p s ,  e a c h  i n c u b a t e d  a t  o n e  o f  t h e  f o l l o w i n g  t e m p e r a t u r e s :  7 ~ C = A ; 
10 ~  = � 9  15 ~  ~ m e e m ;  20  ~  ~ o ;  3 0  o C  = � 9  33  ~  = [ ] ;  37 ~  = . . - - m .  

D u p l i c a t e  m o n o l a y e r  c u l t u r e s  w e r e  s p l i t  a t  w e e k l y  i n t e r v a l s  d u r i n g  t h e  f i r s t  m o n t h  a n d  a t  t h e  
e n d  o f  t h e  s e c o n d .  R e s u l t s  a r e  e x p r e s s e d  as  t h e  n u m b e r  o f  v i a b l e  c e l l s p e r  f l a sk ,  w i t h  p e r c e n t  
o f  v i a b i l i t y  o f  e a c h  h a r v e s t  e s t i m a t e d  b y  t h e  t r y p a u  b l u e  e x c l u s i o n  m e t h o d .  

f resh ly  s u b c u l t i v a t e d  cells. On t h e  con t r a ry ,  E P C  cells did n o t  su rv ive  a t  
37 o C and  no v iab le  cells were  f o u n d  a f t e r  10 days.  

Growth  occurr ing  in flasks seeded a t  var ious  cell densi t ies  (fig. 3) and  
i n c u b a t e d  a t  30 ~ C a lways  led to  t h e  same final va lue ,  i. e. 2.6 to  
3 • l0  s cel ls /cm ~. This  s a t u r a t i o n  dens i ty  was r eached  wi th in  14 days  in 
flasks seeded wi th  4 • 10 s cells, and in 24-26 days  in flasks seeded w i th  
1 x 10 ~ and  0.25 • 10 ~ cells, r e spec t ive ly .  W i t h  t h e  two  h ighes t  inocula ,  
saturaLion dens i ty  was r eached  wi th in  less t h a n  8 days ,  which  is cons i s ten t  
wi th  resul ts  r e p o r t e d  in f igure 2. 

Cell preservation. 

The  r e c o v e r y  of v iab le  cells was h igher  t h a n  98 % fol lowing rap id  
t h a w i n g  a t  37 ~ C, seeding in to  S toker ' s  m e d i u m  and incubat ion  a t  30 ~ C. 
The  q u a n t i t y  of cells con ta ined  in a f rozen  tube ,  w h en  seeded in to  a 75-cm ~ 
flask, led to  a cell h a r v e s t  of 200-250 mil l ion cells wi th in  7 days.  



LoG.  OF CELL N / FLASK 

214 N. FIJAN AND COLL. 

I I I I 

2 10 15 N ~ OF DAYS 

Fro.  3. - -  Celt growth as a func t ion  of the inocu lum.  

Cul ture  flasks were seeded wi th  0.25, 1, 4, 8 and  16 mil l ion cells, respect ively ,  and  incuba t ed  a t  
30 ~ C for 10 days  for t he  3 la ter  inocula  and  21 days  for t he  2 former .  Cell p roduc t ions  in 
dupl ica te  flasks were per iodical ly  ha rve s t ed  and  e n u m e r a t e d  as in figure 2. 

Plaling efficiencg. 
Before cloning, plating efficiency was 3 % (table II). In comparison, 

plating efficiency of the  progeny cells of the selected microcolony reached 
about  30 %, which is considered critical for culture on a microcarrier [4]. 

T A B L E  I I .  - -  C o m p a r i s o n  o f  t h e  p l a t i n g  e f f i c i e n c y  o f  E P C  ce l l s  
b e f o r e  a n d  a f t e r  c l o n i n g .  

Nb  of colonies ob ta ined  af ter  3 weeks  

Nb of Cloned EPC 
seeded cells EPC,  8 subcu l t u r e s  Cloned EPC 

per  Pet r i  d ish  62nd subcu l t u r e s  pos t -c lon ing  af ter  t h a w i n g  

10 1, 0 4, 3 ND 
100 6, 2 31, 25 31, 18 

1,000 23, 41 3 0 6 , 2 8 2  207, 155 

ND --  no t  done.  
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Growth in semi-solid suspension culture. 

No differences in cell growth were recorded when DEAE-dex t r an  
was added in the  medium [13] bu t  the  density of cell colonies was noti- 
ceably higher in cloned EPC than in normal EPC (fig. 4).  

F r o .  4. - -  Fourteen-day old microcolonies o/EPC cells in Stoker's medium containing 0.5 % agar. 

S e e d i n g  d e n s i t y  w a s  10 4 c e l l s / c m  2. A = u n c l o n e d  ce l l s ;  B = c l o n e d  ce l l s  ( o b j e c t i v e  4 x ) .  

Virus propagation. 

Among fish viruses tested,  the Ab serotype of IPN virus was the only 
one which did not replicate onto EPC cells. The other viruses provided 
virus yields higher than l0 s pfu/ml (table III). When used for plaque 
assays with salmonoid fish rhabdovirnses (i. e. Eg tved  and IHN viruses), 
the  plaque number  was usually higher in EPC cells than  in salmonoid 
RTG-2 cells. 

VSV Indiana was the only one of the  warm-blooded ver tebra te  viruses 
able to induce a severe cytopathic  effect within 24 h at 30 ~ C following 
inoculation of the  cells at  infection multiplicities ranging from 1 to 10 -3 pfu/  
cell. 

On the  contrary,  no cytopathic  effect was obtained with NDV or 
Reovirus,  even after two successive blind passages; a t tempts  at  virus 
ti Lration from the EPC-cell  culture medium revealed no virus multiplication 
two days after  the  final inoculation. 

Ann. Virol. (lnst. P~steur), 134 E, n o 2, 1983. 15 
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TABLE I I t. - -  Susceptibility of ~.PC cells to viruses. 

Virus 

Mult i -  
p l i c i t y  Incubat ion  

of t empe-  Onset  Cell sy s t em Average  
I n o c u l u m  infect ion rature  of CPE Ior v irus  v i r u s t i t r e  

Source (pfu/cel l )  (~ (h)  t i t ra t ion  (p fu /ml )  

Egtved  F H M  10-2-10 -a 15 40-44 E P C  > 10 s 
R T G  

? 

I H N  F H M  10-2-10 -8 15 60 E P C  > l 0  s 
IRTG 

SVC or  P F R  F H M  10 2 20 ~ 24 E P C  > 1 0  s 

E e l r h a b d o v .  B12 Elver  10 2 15 60 E P C  l 0  s 

Eel  rhabdov.  R T G  10 ~ 20 40 E P C  > 10 s 

I P N  Sp R T G  10 -2 15 40 I l T G  > 108 

I P N  A b  1RTG 102-10 -2 15-20 n o n e  I l T G  < 1 0 1  

I P N  N i t  299 B T G  10 -2 15-20 30 I ~ T G  > 10 s 
E P C  

N S V  Indiana B H K  10 -1 30 20 E P C  106 

N D V  Chick  1-10 30 none  Chick < 101 
embryo  emb ry o  

i l e o v i r u s  L cells 1-10 30 none  L < 101 

C P E  = cell p lat ing  efficiency. 

DISCUSSION 

EPC cells originally isolated from carp skin hyperplastic lesions have 
now reached the 80th subculture, which represents at least 200 cell divi- 
sions of the primary cells. Thus, EPC cells may be considered as an esta- 
blished Cell line. L i k e m o s t  established cell lines, they are transformed, 
and display an unusual  number of chromosomes: 96 instead of 100 in the 
normal carp cell [14]. The degree of transformation attained by EPC cells 
allowed them to grow in soft agar medium, and was more marked after 
cloning. But  their density-dependent growth inhibition still remained. 

The failure to detect herpes virus in any of the examinations performed 
on EPC cell cultures does not necessarily imply its absence; however, 
reagents are unavailable for such detection, and the herpes ~Tirus observed 
in skin lesions always failed to grow in vitro. In the future, additional 
at tempts  will be made using indirect immunofluoreseence with serum 
from a fish which has recovered from the so-called pox. In addition, EM 
screening of the cells revealed no myeoplasmie contamination,  and attempts  
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at mycoplasma culture on P P L O  agar (Difco) with cells previously sub- 
cul t ivated three t imes wi thout  antibiotics in the medium, remained nega- 
tive. These cells const i tuted our frozen seeding stock (subculture 62). 

Until  now, all a t tempts  at  assessing the  presence of a eoronavirus in 
our EPC cells have been negative. On the  basis of the  absence of syncytia ,  
this seems to indicate tha t  our cell line was kep t  free of such contamination,  
which is also subs tan t ia ted  by  the failure of iinmunofluorescenee checking. 
The lack of any effect after  inoculation with the  0C49 virus strain can 
only be explained by  the fact  t ha t  this eoronavirus t ype  has not  been 
involved in chronic infection of EPC cells reported elswhere [9]. 

The susceptibil i ty of EPC cells to fish viruses is similar to tha t  of F H M  
cells; however,  the  la t ter  also propagate  echovirus l l  [6] and Sindbis 
virus [3], which have not  been looked for in EPC cells. 

Like all cell cultures of poikilothermic origin [25], EPC cells are able 
to grow and survive over wide tempera ture  ranges and to retain high virus 
susceptibil i ty as long as they  are subcul t iva ted  when the growth curve 
reaches the  beginning of the  plateau. Thus, for cell maintenance,  we recom- 
mend a seeding densi ty of 3.2 • 105 cells/cm ~ which, in plastic vessels 
corresponds to a splitting ratio of 1/8-1/10. At  such a ratio, cells undergo 
three divisions before the  onset of saturat ion density and, when incubated 
at 15 ~ C, this leads to one subcul ture  per month,  which consti tutes an 
efficient means of maintaining both  subcul ture  frequency and division 
number  at a low level. 

During the  period of our studies, two cyprinid fish cell lines were des- 
cribed. The first [15], which originated from goldfish Carassius auralus 
skin, appears to have a more narrow tempera tu re  range than  EPC cells, 
and its splitting ratio is also significantly lower. Like EPC, the goldfish 
cell line exhibits a reduced chromosome number  (n = 94). However ,  its 
virus susceptibil i ty was not thoroughly  checked, since it was shown to 
replicate only IPN and I H N  viruses. The second, originating from Carassius 
auratus langsdorfii skin [8], also had an impaired chromosome number:  
3n = 153, instead of 156 (Since th is  species is polyploid). At  the  t ime it 
was described, the  cell line had undergone only 30 subcultures,  and no 
other  data  w e r e  available. At present, no other  cyprinid fish cell line is 
known [26]. 

If we compare EPC cell characteristics with those of cyprinids or other  
fish cell lines, it is evident  tha t  t hey  offer good possibilities for virological 
investigation both  in the  field of fish disease and in comparat ive virology; 
their  wide tempera ture  growth range permits studies on thermo-sensi t ive 
events  which might  be impaired by  the normal physiology of warm- 
blooded ver tebra te  cells. 

Although this work deals primarily with EPC cells, it  also represents 
the first published report  on a t t empts  to isolate the  herpes virus, which 
had previously been seen [17] in carp pox tissue. This virus may  have been 
responsible for the  cell plating efficiency (CPE) in pr imary carp-pox cell 
cultures, bu t  this CPE was not transmissible to pr imary carp cell cultures 
and F H M  cells. 
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RIs 

I S O L E M E N T  ET CARACTERISATION DE LA L I G N E E  C E L L U L A I n E  

(( E P I T H E L I O M A  PAPULOSUM C Y P R I N I  )) (ECP) DE LA CARPE 

La sSparation enzymatique des cellules d 'une l~sion cutan~e hyper- 
plasique de la carpe induite par un virus de type  herpes, a conduit  h l 'obten- 
t ion d 'une lign~e cellulaire ~pith~liode appel~e EPC (Epithelioma papu- 
losum cyprini) qui a main tenant  a t te in t  sa 80~ subculture. Cette lign~e 
se d~veloppe entre 15 et 33 ~ C, survit  sans inconv~nients pour son compor- 
t ement  ult~rieur entre 7 et 10 o C et d~g~n~re rapidement  h 37 ~ C. A 30 ~ C, 
l 'ensemencement de 3 • 105 eellules/cm ~ dans du milieu de Stoker, addi- 
tionn~ de 10 % de phosphate de t ryptose  et  de 10 % de s~rum d 'embryon 
de bovin, est suivi d 'un d~cuplement du nombre initial des cellules en 6 

7 jours, qui conduit  h la densit~ de saturation. Le hombre moyen de chro- 
mosomes est de 96 au lieu de 100 dans les cellules primaires de carpe, et 
leur t ransformation leur permet de se d~velopper en suspension dans un 
milieu g~lifi~. Le virus herp~tique present dans la l~sion d'origine n'a 
jamais pu ~tre retrouv~ au cours des contr61es effectuSs, et l ' infection locale 
qu'il  induit  chez son h6te est d'ailleurs b~nigne. 

Les cellules EPC sont sensibles h tous les  rhabdovirus de poissons d'eau 
douee aetuellement d~crits ainsi qu'h deux des s~rotypes du virus de la 
n~crose pancr~atique infectieuse (Sp et VR299) et au virus de la s tomati te  
v~siculeuse de type  Indiana. 

Lear  large plage thermique de croissance et leur sensibilit~ /~ de nom- 
breux virus en font un mat6riel de choix en pathologie virale des poissons 
comme en virologie compar6e. 

MOTS-CLI~S : Epithelioma papulosum cyprini, Variole de la carpe, 
Virus herp~,s, Culture cellulaire; Caryotype, Rhabdovirus,  Pathologie des 
poissons. 
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