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The Luck4 renal adenocarcinoma of the 
common leopard frog (Rana pipiens) is par- 
ticularly suitable for studies in oncogenic vi- 
rology [see recent review ( l ) ]  . I ts  suspected 
herpesvirus etiology ( 2 )  not only parallels 
that of other animals (3-5), including man 
(6), but high yields of virus (> loll virus 
particles/g of tumor) can be recovered after 
several months of low temperature treatment 
( 7 ) .  This fact differentiates the Luck6 tumor 
from many other tumor-virus systems. In  the 
above mentioned systems for example, elec- 
tron microscopy reveals virus only in cells 
cultured from the malignancies and rarely in 
the primary tumors themselves. Similarly 
Luck6 tumors display two distinct morpho- 
logical states: the summer, nonviral, noninclu- 
sion state and the winter (virus-containing) 
state exhibiting acidophilic Cowdry type A 
intranuclear inclusions, marginated chroma- 
tin, and a paucity of mitotic activity (8). Up 
to now, detection of virus in the Luck4 tu- 
mor was accomplished only by electron mi- 
croscopy. However, with the availability of 
purified virus preparations, immunological 
techniques became feasible. The present 
study reports the development of a fluores- 
cent antibody technique for detecting viral 
antigen(s) in the winter state of the Luck6 
tumor. 

Materials and Methods. Preparation of an- 
tigen. Viral fractions used for immunization 
were prepared by first homogenizing virus 
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containing winter tumors in a Teflon glass 
homogenizer using 0.2 5 It4 sucrose-TKM 
(0.05 M Tris, 0.025 M KCl, 0.005 M MgC12) 
as a suspending medium. Differential cen- 
trifugation into “nuclear,” “mitochondrial,” 
and “mitochondria1 supernatant” fractions 
was followed by zonal centrifugation of the 
“mitochondrial fraction” on a 10 to 60% 
sucrose gradient cushioned with potassium 
citrate. Twenty-four individual fractions were 
collected and each was centrifuged at  80,OOOg 
to give pellets which were suspended in 2 ml 
of phosphate buffered saline (PBS) . Each of 
these viral suspensions were evaluated by a 
semiquanti tative negative staining method 
using 1:s dilutions of samples in 2% potassi- 
um phosphotungstate (pH 4.5), containing 
0.1% bovine serum albumin. The diluted sam- 
ple was applied to 200 mesh carbon/Formvar 
coated ionized copper grids and viewed in 
the Siemens Elmiscope 1A ( 7 ) .  We thank I. 
Toplin and the John L. Smith Memorial for 
Cancer Research Chas. Pfizer and Co. Inc., 
Maywood, New Jersey for the above virus 
fractionation. For additional details see Ref. 
( 7 ) .  From these 24 fractions two adjacent 
fractions were chosen on the basis of purity 
and high content of virus (> 5 X lOlo virus 
particles/ml) for the subsequent immuniza- 
tion. 

Antisera. An adult rabbit was injected with 
a total of 0.85 mg of protein with complete 
Freund’s adjuvant. Six injections were spread 
over a number of weeks, using both intra- 
dermal and subcutaneous routes. The animal 
was subsequently boostered and bled out. 

Absorption of antisera. The immune rabbit 
serum (IRS) was absorbed 5 times with 
normal frog tissue homogenates (kidney, liv- 
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er, and spleen) and finally with a nonviral 
summer tumor homogenate. Incubation of 
antisera and homogenates was carried out at 
37" for 1 hr and then left overnight a t  4'. 

Fluorescein-conjugated goat antirabbit 
serum (Hyland Laboratories, Lot No. 
2232MOOZAI) was absorbed twice with re- 
hydrated mouse liver powder and once with a 
normal frog kidney homogenate. 

Immunological techniques. Immu- 
no fluorescence and Ouchterlony immunodifl- 
usion. The activity of the heterologous an- 
tiserum was first checked by standard 
Ouchterlony immunodiffusion techniques. In  
all other studies the indirect immunofluores- 
cence technique was employed. Frozen sec- 
tions cut at  6 p on an International cryostat 
were fixed in cold acetone for 15 to 30 min. 
Primary incubation with IRS was carried out 
for 20 min at  room temperature followed by 
three 5 min washings in PBS (pH 7.2). Flu- 
orescein conjugated goat antirabbit serum 
was then applied for an additional 20 min. 
After rewashing in PBS, slides were mounted 
and viewed under a Leitz fluorescence micro- 
scope. An Osram HBO 200 W bulb was used 
as a light source. Primary filters were BG38 
and BG12 with a yellow Kodak Wratten 12 
secondary filter. Occasionally counterstaining 
with Evan's blue (1: 5000) was employed to 
minimize the normal tissue autofluorescence 
(9). 

Controls. Controls consisted of substituting 
preimmunization serum for the immune rab- 
bit serum and nonconjugated goat antirabbit 

FIG. 1. Results of immunodiffusion tests with rab- 
bit anti-Luck6 herpesvirus serum (anti-LV) and: 
(A) herpesvirus from zonal fraction of winter tumor 
(virus recharged at 24 hr ) ;  (B)  herpesvirus 
from zonal fraction of another winter tumor; (C) 
normal frog kidney homogenate (diluted 1:  10) ; (D) 
summer tumor homogenate (diluted 1 : 10). Note 
the two precipitation lines between both ( A )  
and (B) ; the lack of preciptiation between (C) ; 
and the single faint line of precipitation (arrow) 
between (D). (The horizontal tear in the agar oc- 
curred during drying of agar before staining). 

serum (Hyland Laboratories, Lot No. 
8232M002AI) for the conjugated serum. 
Tissue controls consisted of normal frog kid- 
ney and summer (nonviral) tumor sections; 
normal rat kidney was used as an additional 
control. 

Results. Figure 1 demonstrates the anti- 
sera's strong activity against thfo different vi- 
rus fractions similar to those used for im- 
munization. Sera absorbed with normal frog 

TABLE I. Indirect Tmmunofluoreseence Test as Applied t o  Eight Primary Luck6 Renal 
Adenocarcinomas." 

Days a t  Inimuno- Virus 
Tumor 7.5" fluorescence (EM) Comments 

WCIO-70 BCI 
VR9-70 UCX 
VR9-70 TCI 
VR10-69 ACI 
VR10-69 KCI 
VR3-70 E 
VR3-69 I; 
VR5-70 E 

132 
91 

115 
140 
100 
22 

0 
0 

+ + CF, CM, LF + + NF, NM, CF, L F  + NF, NM, CF + + + NM, CF, CM + + CF, CM 
_- - 

a NF, nuclear fluorescence; NM, nuclear membrane fluorescence ; CF, cytopl,asdc fluores- 
cence ; CM, cell membrane fluorescence ; LF, luminal (extracellular) fluorescence. 



9'4 6 LUCKB TUMOR HERPESVIRUS IF TEST 

FIG. 2. Indirect immunofluorescent staining of winter tumor (VR9-70 TCI) cells: This sample 
displays nuclear (arrow), as well as cytoplasmic localization of antigen ; approx X350. 

FIG. 3. Indirect immunofluorescent staining of winter tumor (VR10-69 KCI) cells: In  this 
preparation, the fluorescence is especially prominent in the cytoplasm of cells along the luminal 
surface ; approx X lW. 
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copy confirmed the concentration of virus 
particles in the lumina of these tumors (Fig. 
4). Sirme tumor samples displayed bright 
fluorescence in a large percentage of cells 
throughout the section. Electron microscopy 
again showed this sample to have a similar 
pattern of virus-containing cells. 

Discussion. The exact nature of the anti- 
gen being detected has not yet been elu- 
cidated. That it is an antigen of the herpesvi- 
rus which characterizes the winter state of 
the Luck6 tumor is supported by the follow- 
ing evidence. First, the antiserum was 
prepared against purified virus fractions and, 
secondly, summer (nonviral) tumor antigens 
were absorbed out. Thirdly, the pattern of 
cells containing virus particles as shown by 
electron microscopy corresponded to the pat- 
tern of cells that were positive by immu- 
nofluorescence. Furthermore no fluorescence 
was observed in cells that were known to lack 
herpesvirus (e.g., normal kidney and sum- 
mer tumor). Finally similar studies using an- 
tiserum prepared against purified forms of 
the E-B and Marek’s disease herpesviruses 
show fluorescing cells to contain virus (10, 
1 1 ) . The immunofluorescence test reported 
has proven to be specific for the virus- 
containing state of the Luck6 tumor and thus 
far has been successfully used in quickly 
detecting the virus-containing nature of vari- 
ous tumor samples. 

Summary. Antiserum prepared against 
purified herpesvirus fractions of the Luck6 
tumor has been used in detecting the virus- 
containing nature of various tumor samples. 
Bright fluorescence of winter tumor cells was 
observed when reacted in the indirect immu- 

nofluorescence test with the prepared an- 
tiserum. No staining was observed in tumor 
samples not harboring the herpesvirus or in 
normal frog kidney sections. The evidence 
that the antiserum is specific for a frog her- 
pesvirus antigen (s) is discussed. 
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