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The replication of feline leukemia virus (FeLV) is inhibited by treatment of cat cell cultures 
with crude human leukocyte interferon (HulFN-ct) as evidenced by titration of the infectious 
progeny. The inhibition can be demonstrated in three different cell lines in which the production 
of hemagglutinin by encephalomyocarditis (EMC) virus, and plaque formation by vesicular 
stomatitis virus (VSV) are also inhibited by the HulFN-a.  The dose dependency of the 
inhibition of EMC virus by the HulFN-a  is similar to that obtained with feline interferon in 
each of the three cell lines. VSV and EMC virus are less than 10 times more sensitive than FeLV 
to the inhibitory action of HulFN-a  if responses to a single interferon treatment are compared 
for each of the viruses tested in the most sensitive cell line, FEA. The interferon effect on FeLV 
is more pronounced when it is added within one day after the inoculation of the cells rather than 
applied before cell infection. The induction of focus formation by FeLV can also be inhibited by 
HulFN-~t in cat cells (CCC-81) which contain the murine sarcoma virus genome. 
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Experimental section 

Fel ine leukemia  virus (FeLV)  is a hor izon ta l ly  t r ansmi t t ed  virus of  ou tb r e d  cat 
species which may  induce a var ie ty  o f  diseases inc luding several  types o f  neoplasms 
[7]. F o r  these reasons the virus provides  a useful model  for  the s tudy of  inducible  
mal ignancies  which resemble  those occurr ing  in man,  and  for  eva lua t ion  of  potent ia l  
modes  o f  the rapy ,  such as in ter feron admin i s t ra t ion .  One s tudy suggested that  this 
re t rovirus  might  be much less sensitive to the ant ivi ra l  effects of  in ter feron than o ther  
types of  viruses [9]. The  in ter feron effect on FeLV was de te rmined  by measur ing  the 
reduct ion  in accumula t ion  o f  virus-specif ic  ant igens within infected cells, which may  
not  be the most  sensit ive me thod  of  detect ing the inhibi t ion  o f  the viral  rep l ica t ion  
processes by in ter feron and  pred ic t ing  the possible  consequence  of  in ter feron 
t r ea tment  on the progress  o f  the FeLV infectious process  in vivo. The  present  work  
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was initiated to evaluate the effect of interferon on the production of infectious virus 
after inoculation of cat cells with FeLV. 

Sensitivity of feline cells to interferon 

Three cat cell lines (CCC-81 [ 1 ], FEA [6], and FLF [2]) were found to be sensitive to 
the antiviral action of virus-induced [5] feline interferons produced by fibroblastoid 
(CCC-81) or lymphoblastoid (F422 [8], and FL74 [10]) cell lines and to Sendai virus 
induced crude human leukocyte interferon (HulFN-ct, from Dr. Cantell) as measured 
by reduction in yield of EMC virus hemagglutinin (EMC HA-YR) [3]. The dose 
response patterns for the two species of interferon were similar in a given cell line. 
FEA and FLF cells were similar to each other in their sensitivity, and were about 10 
times more sensitive than the CCC-81 cell line in their response to interferon of either 
species. HulFN-c~ and samples of interferon from three cat cell lines were titrated in 
three lines of cat cells using the EMC HA-YR method. HulFN-c~ inhibited virus 
replication in cat cell cultures about 10 times more than any of the feline interferon 
samples tested. Three tests of a laboratory reference crude HulFN-et with the FEA cell 
line using the EMC HA-YR method measured 85 000 U/ml,  which is comparable to 
the sensitivity of the A549 human cell line using the same interferon. Previously the 
A549 cell line was found to measure 1.8 times the assigned activity of 20 000 reference 
U/ml for the human leukocyte standard G-023-901-527, National Institutes of 
Health; this cell line also detected a geometric mean titer of 55 000 U/ml for the 
laboratory reference HulFN-ct in 84 determinations [4]. 

Inhibition of FeLV by interferon 

The sensitivity of FeLV (Subgroup A of feline leukemia virus produced by F422 
cells [8]) to inhibition by interferon was tested in the three cat cell lines, along with 
VSV and EMC viruses (Table 1). A comparison of their responses is made by 
determining a titer for a single sample of HulFN-a  using inhibition of VSV plaque 
formation, yield of infectious FeLV or of EMC HA in each of the three different cell 
lines. Yields of FeLV were determined by assay of focus formation resulting from the 
rescue of the murine sarcoma virus (MSV) genome from transformed CCC-81 cells 
[ 1]; titers are expressed as focus-forming units/ml (ffu/ml). EMC virus and VSV were 
3 to 50 times more sensitive than FeLV to inhibition by HulFN-ct depending on the 
cell and interferon treatment tested. A single application of interferon for one day 
before virus inoculation was used with VSV and EMC viruses; interferon was applied 
the day before inoculation and again after the attachment period with FeLV. In 
general, exposure of cultures to interferon was terminated when the medium was 
removed prior to inoculation with virus or to take samples for determining virus yield. 
In the FEA and FLF cells, EMC was about 7 to 13 times more sensitive than FeLV, 
and VSV was about 3 to 8 times more sensitive than FeLV. 

One or two treatments of CCC-81 cells with HulFN-a  within two days after 
inoculation with FeLV (day 0) reduced the number of loci of transformed cells 
detectable two weeks alter virus inoculation to 30 to 60% of the number observed in 
untreated infected plates (average count of 60 loci/plate). 
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TABLE 1 

Comparison of interferon sensitivities of three viruses in three cat cell lines by determining the 
titer of a single crude human leukocyte interferon sample 

Cell line Interferon titer, single observation or geometric mean U/ml ~ (number 
of titrations) 

VSV FeLV b EMC 
Day 2 Day 3 

CCC-81 4 400 (2) NT 650 11 000 (10) 
FLF 51 000 (2) 6 800 10 000 60 000 ( 2) 
FEA 33 500 (2) 12 000 6 400 85 000 ( 3) 

a The titer of the interferon is expressed as the reciprocal of the dilution which reduces the 
yield of EMC virus hemagglutinin or FeLV focus-forming units by 0.5 log, or reduces the 
number of VSV plaques to 50% relative to that obtained with the untreated control culture. 

b Virus yields were measured in fluids removed either day 2 or day 3 after inoculation. 
Interferon was applied to the cells I day before, and immediately after the attachment period 
for the FeLV. 

The inhibi t ion o f  F e L V  repl icat ion by in terferon t rea tment  was tested in all three 
cells using a var ie ty  of  schedules for  the add i t ion  o f  HuIFN-ct ,  which was then left in 
the cul ture  medium until  add i t ion  of  virus, or  removal  of  sample  fluid (Table  2). 
Ins tead  of  repor t ing  the yield of  FeLV as a measure  of  relat ive sensit ivity of  FeLV to 
the ant ivi ra l  effect o f  interferon,  the compar i son  of  F e L V  response in the different  
cells under  var ious  condi t ions  was made  by de te rmin ing  titers o f  the HuIFN-c~ sample  
used for all t rea tments .  No  correc t ion  fac tor  was used to account  for  the var iable  
number  of  in terferon add i t ions  made  in the var ious  t rea tment  schedules,  because the 
t ime in the growth  cycle o f  the virus in a par t i cu la r  cell at which in terferon is added  
appea red  to be more  impor t an t  than the number  of  add i t ions  made.  There  was little 
inhibi t ion of  FeLV by the HuIFN-c t  in CCC-81; the apparen t  in terferon titers ranged 
f rom 370 to 800 U / m l ,  when cells were t reated 2 to 4 t imes with H u I F N - a ,  beginning 
one day before inocula t ion  of  FeLV.  Both F E A  and F L F  cells were more  sensitive to 
interferon,  and  appa ren t  titers of  the H u I F N - a  ranged f rom 190 to 15 000 U / m l .  There  
was an obvious  increase in the ant ivi ra l  effect, if the add i t ion  of  in terferon was de layed 
until af ter  the inocula t ion  of  cells with FeLV;  the greatest  level of  inhibi t ion of  
infectious virus yield occurred  abou t  2 to 3 days  after the last add i t ion  o f  interferon.  
A p p a r e n t  titers of  H u I F N - a  ranged f rom 5 200 to 15 000 U / m l  when interferon was 
added  after viral inocula t ion  and virus yield was measured  on day  3 after  inocula t ion.  
The inhib i tory  effect of  two t rea tments  appea red  to be sl ightly greater  than a single 
t rea tment  of  F L F  cells. No str iking increase in inhib i tory  effect was ob ta ined  by a 
second t rea tment  o f  F E A  cells ei ther one day before or  one day after  the app l ica t ion  of  
H u I F N - a  at the conclus ion of  the inocula t ion  process.  

The repl ica t ion  of  F e L V  in CCC-81 cells is ra ther  slow, with a p la teau  of  infectious 
virus reached abou t  3 to 4 days after  inocula t ion  o f  a very sparse  mono laye r  of  rap id ly  
growing cells with app rox ima te ly  0.1 f lu /cel l  (Fig.  1). More  rap id  repl ica t ion  of  FeLV 
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TABLE 2 

Inhibition of FeLV replication in cat cells by human leukocyte interferon 

Cell line Interferon treatments 
given on days: 

Antiviral effect of interferon (U/ml) ~ 
measured at the indicated time after 
FeLV inoculation (day 0) 

- l  0 +1 +2 Day 2 Day 3 

CCC-81 

FLF + 
+ 

FEA Exp. I + 
+ 

Exp. II 

+ + NT 650 
+ + + NT 800 
+ + NT 370 
+ + + + NT 560 

440 190 
÷ 6 800 10 000 
+ 3 600 5 200 
+ ÷ 8 400 9 500 

2 000 270 
+ 12 000 6 400 
+ 12 000 6 700 
+ 2 500 5 700 
+ + 4 400 6 100 

+ 1 900 15 000 

The titer of interferon is expressed as the reciprocal of the dilution which reduced the yield of 
FeLV focus-forming units by 0.5 log~ 0. No adjustment was introduced for the calculation of 
titers in the groups which received multiple additions of interferon. 

was observed  in the F E A  and F L F  cell cultures,  with a p la teau  level of  virus yield 
o b t a i n e d  at abou t  2 days  after  inocu la t ion  for  bo th  cells. D a t a  for F L F  cells were 
s imilar  to results  with F E A  cells (da ta  not  shown).  S imi la r  amoun t s  o f  virus were 
measured  in cul ture  fluids f rom a pa r t i cu la r  cell type whether  or  not  the cell layers 
were washed  immedia te ly  after inocu la t ion  with FeLV;  the yield f rom F L F  cells was 
abou t  0.5 log10 higher  than  f rom F E A  cells. Both  of  the cells suppor t i ng  more  rap id  
viral  rep l ica t ion  were more  sensitive to the ant iv i ra l  ac t ion  o f  HuIFN-c~ measured  by 
F e L V  response (Table  2) as well as by the response  of  VSV and E M C  viruses (Table  1). 
In view of  these observa t ions ,  it is poss ible  that  the appa ren t  in ter feron  sensit ivity of  
FeLV rep l ica t ion  in CCC-81 cells might  be greater  if the virus samples  were taken  as 
the virus p la teau  was app roached ,  e.g. on day 4 or  5 (Table  2). 

F igure  2 shows the d o s e - r e s p o n s e  re la t ionship  of  in ter feron inhib i t ion  of  FeLV.  
The change in yield of  F e L V  (log flu) was roughly  p r o p o r t i o n a l  to the magni tude  of  
change in the in ter feron d i lu t ion  in all three cell lines. Endpo in t s  were in te rpo la ted  at 
the 0.5 log10 reduct ion  in yield of  FeLV on lines p ro jec ted  by l inear  regression using 
three or  more  ad jacent  points  which p roduced  the best  cor re la t ion  with l inear i ty  (as 
indica ted  by the extent  of  the line drawn).  
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Fig. 1. Replication of FeLV in feline cell lines. Cell monolayers were initiated with 1.5 ml of 2.5 
X l0 s cells/ml in a 3-cm well. The next day growth medium was removed and FeLV (4.7 lOgl0 
ffu) was inoculated in 0.5 ml of medium containing polybrene (8 pg/ml); after 1 h adsorption, 
1.5 ml of medium were added (O) or the inoculum was removed, cells were washed and 2 ml of 
medium were added (0 ,  A). Samples collected from the unwashed cultures immediately after 
addition of medium had about 3.6 log ffu/ml; a sample from a washed culture ofCCC-81 cells 
had 1.9 log ffu/ml). Samples were taken at daily intervals by pooling 0.5 ml aliquots from 
duplicate cultures; either a 1-ml sample (O, O)~r  the entire supernatant fluid was removed (A), 
and fresh medium was added to replace that removed. 

We conclude  that  in terferon decreases the yield of  infectious FeLV from infected 
cat cells. The ant ivi ra l  act ivi ty of  HuIFN-c t  is also expressed as a reduct ion  in direct  
FeLV induced focus fo rma t ion  result ing f rom the rescue of  the MSV genome from the 
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Fig. 2. Inhibition of FeLV replication by human leukocyte interferon in feline cell lines. 
Interferon was added to obtain the indicated dilution in the Culture medium one day before and 
immediately after monolayer inoculation for FEA (O) and CCC-81 (0 )  cells; but only after the 
inoculation of cell monolayers for FLF (1 )  and FEA (a)  cells. Interferon was not removed 
from the cultures. Virus yields were measured in samples of supernatant fluids collected on day 
2 from FEA and FLF cells, and on day 4 from CCC-81 cells. Yields obtained in cultures not 
treated with interferon are shown at the top. The arrows (--) indicate the endpoint, or interferon 
titer (U/ml), at 0.5 log below the virus yield in untreated controls. 
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transformed CCC-81 cell line. The fact that this process can be inhibited as late as 1 to 
2 days after inoculation of the cell layer suggests that either interferon may inhibit the 
induction of pseudotype MSV replication and the associated cellular changes may be 
inhibited to some extent, or that the continued presence of" interferon may inhibit 
secondary FeLV production which would otherwise induce some loci. But the latter 
possibility is not supported by observed titration patterns [1]. 

The antiviral action of HulFN-~ on FeLV replication is greatest when it is applied 
after inoculation of virus; as evidenced in virus production measured 2 to 4 days after 
inoculation of cells with virus. 

Although optimal conditions have not been established for determining the relative 
interferon sensitivity of the three viruses studied, comparisons which can be made of 
results obtained with single interferon treatments in the FEA cell line suggest that 
EMC and VSV are less than 10-fold more sensitive than FeLV. Therefore, FeLV 
resembles most viruses in being subject to control by interferon. The interferon 
sensitivity observed for FeLV in these experiments appears to be greater than stated in 
a previous report that VSV is 1000 times as sensitive as FeLV [9]. The different findings 
may depend partly upon both the cell cultures used, and the methods for detection of 
virus replication in the two systems. The use of crude human interferon in this study 
could not account for the relative responses of the three viruses since the effect of the 
interferon is upon the cell, not upon the virus, and the inhibitory effect on all three 
viruses was detected in three different cell lines with somewhat different sensitivities to 
either human or feline interferons. 
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