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In the past, feline leukaemia virus (FeLV) infection, and also latent FeLV
infection, were commonly associated with lymphoma and leukaemia. In this
study, the prevalence of FeLV provirus in tumour tissue and bone marrow in
FeLlV antigen-negative cats with these tumours was assessed. Seventy-seven
diseased cats were surveyed (61 antigen-negative, 16 antigen-positive). Blood,
bone marrow, and tumour samples were investigated by two polymerase chain
reaction (PCR) assays detecting deoxyribonucleic acid (DNA) sequences of the
long terminal repeats (LTR) and the envelope (env) region of the FeLV genome.
Immunohistochemistry (IHC) was performed in bone marrow and tumour
tissue. None of the antigen-negative cats with lymphoma was detectably
infected with latent FeLV. The prevalence of FeLV viraemia in cats with
lymphoma was 20.8%. This suggests that causes other than FeLV play a role in
tumourgenesis, and that latent FeLV infection is unlikely to be responsible for
most feline lymphomas and leukaemias.

© 2010 Published by Elsevier Ltd on behalf of ISFM and AAFP.

revious studies have identified haematopoietic
P tumours as the most common primary feline

malignancy. Of these, about 90% are lympho-
mas.! Lymphomas and leukaemias account for about
30% of all feline tumours, which is the highest propor-
tion recorded in any animal species.' > The associa-
tion between feline leukaemia virus (FeLV) and
lymphomas in cats has been established in several
ways. Lymphoma can be induced in kittens through
experimental FeLV infection,® ® and cats naturally in-
fected with FeLV have a higher risk of developing
lymphoma than uninfected cats.®” Some years ago,
most cats with lymphoma were FeLV-positive in tests
that detected infectious virus or FeLV antigen. Thus,
up to 80% of feline lymphomas and leukaemias
were considered FeLV-related.'® '® However, while
54% of all FeLV-positive cats investigated had lym-
phoma or leukaemia at necropsy,'” another study
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found that only 7% of cats with lymphoma were
FeLV-positive.'® The finding of lymphomas without
detectable FeLV infection'® indicates that the associa-
tion of FeLV and lymphoma is not absolute. Yet data
from epidemiological studies suggest that FeLV may
also be involved in the development of some of these
lymphoma cases in which FeLV is not readily detected
by standard diagnostic methods. In multiple cat
households with FeLV exposure, the risk for a FeLV-
negative cat to develop lymphoma is increased up to
40 times.”*?"%!

The incidence of FeLV in naturally occurring lym-
phomas can best be examined using molecular
methods. Polymerase chain reaction (PCR) enables
the detection of latent virus infection and residues of
proviral deoxyribonucleic acid (DNA).

The purpose of this study was to determine the
prevalence of FeLV antigen-positive and antigen-neg-
ative (but provirus-positive) cats and to identify the
role of latent FeLV infection in naturally occurring
cases of lymphoma and leukaemia.

© 2010 Published by Elsevier Ltd on behalf of ISFM and AAFP.
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Materials and methods

Study groups

The population in this prospective study was made
up of cats presented to the Clinic of Small Animal
Medicine, LMU University of Munich, between
1996 and 2008. Cats with a histological diagnosis of
lymphoma or a diagnosis of leukaemia (based on
a bone marrow aspirate) were included into the
study.

FeLV antigenaemia was determined in all cats by
detection of p27 antigen in serum using an enzyme-
linked immunosorbent assay (ELISA) (Feline Leu-
kaemia Virus Antigen/Feline Immunodeficiency
Virus Antibody Test Kit; Idexx, Westbrook, ME,
USA). Only cats that had positive test results, twice
in separate runs, were considered to have positive
FeLV antigen test results. Cats were assigned to two
groups based on FeLV status. The ‘FeLV-negative
lymphoma group’ consisted of FeLV antigen-nega-
tive cats with a diagnosis of lymphoma or/and leu-
kaemia. Inclusion into the group was based on (1)
the presence of lymphoma and/or leukaemia and
(2) two negative FeLV antigen tests. Of the 61 cats
that met these criteria, 55 had lymphoma, two had
leukaemia, and four had lymphoma and leukaemia.
The ‘FeLV-positive lymphoma group’ was made up
of 16 FeLV antigen-positive cats, 12 of these with lym-
phoma, three with leukaemia, and one with bilateral
renal lymphoma and leukaemia. The ‘control group’
consisted of 41 FelLV antigen-negative cats without
malignancies presented for various diseases. The
absence of neoplastic disease in these cats was con-
firmed at necropsy.

T- and B-cell determination

Immunohistochemistry (IHC) was used to differenti-
ate T-cell and B-cell antigens in tumour tissue. Immu-
nohistochemical identification of B- and T-cells was
performed in 28 cats of the FeLV-negative lymphoma
group and in eight cats of the FelLV-positive lym-
phoma group (Table 1) by routine ABC immunostain-
ing methods, using cross-reacting human antibodies
against T cells (CD3: DakoCytomation, Hamburg, Ger-
many) and B cells (CD20: Dunn Labortechnik GmbH,
Ansbach, Germany).

Detection of FelLV proviral DNA

Two different PCR assays (env and LTR) were performed
to detect proviral FeLV DNA in blood, bone marrow, and
tumour tissue. Samples were frozen and stored at —70°C
prior to analysis. DNA isolation from blood was per-
formed using the QIAamp Blood Kit (Qiagen, Valencia,
CA, USA). For isolation of the genomic DNA from bone
marrow samples and fresh tissue samples, the QIAamp
Tissue Kit (Qiagen, Valencia, CA, USA) was used. In
seven cats (one of the ‘FeLV-positive lymphoma group’

Table 1. T- and B-cell determination of the inves-
tigated (n=36) tumours (in numbers) (percent-
ages in parentheses).

FeLV-negative FeLV-positive

lymphoma lymphoma
group group
T-cell positive 18 (64.3) 4 (50.0)
B-cell positive 8 (28.6) 0 (0)
T- and B-cell negative 2 (7.1) 4 (50.0)
Total 28 8

and six of the ‘Fe[V-negative lymphoma group’), only
paraffin-embedded tumour tissue was available. Paraf-
fin-embedded tissue was incubated 20 min in xylol to
remove paraffin and was then rehydrated with serial
ethanol dilutions prior to DNA extraction.

The env PCR used in this study was obtained from
Synbiotics (San Diego, CA, USA). This system detects
a DNA sequence of 312 base pairs in the env region
coding for the gp70 of the FeLV genome (6110—6421).
The LTR U3-PCR used in this study has been described
by Tandon et al.** It detects a sequence of the U3 region
of the LTR specific for exogenous FeLV. Table 2 gives an
overview of all samples investigated by PCR.

Detection of intracellular FeLV p27 antigen

Intracellular FeLV p27 antigen in tumour tissue and
bone marrow samples was detected by IHC. A poly-
clonal goat anti-FeLV p27 antibody (Biodesign Inter-
national, Saco, ME, USA) (diluted 1:2000) was used
as primary antibody, and a rabbit anti-goat immuno-
globulin (IgG) couples with peroxidase (DAKO, Ham-
burg, Germany) (diluted 1:400) as a secondary
antibody. A lymphnode of a FeLV antigen-negative
cat was used as negative control. As positive control,
a lymphnode of a FelV antigen-positive cat was
used. Table 2 gives an overview of the IHC performed
in 99 bone marrow and tumour tissue samples. In all
but eight cats, IHC was carried out of fresh tissue. Of
the eight cats, one belonged to the ‘FeLV-positive lym-
phoma group’, six belonged to the ‘FeLV-negative
lymphoma group” and one belonged to the ‘control

group’.

Statistical evaluation

Statistical analysis was performed using an exact bi-
nominal test for determination of confidence intervals
(CIs). The binominal test was one-tailed and was used
to prove that the prevalence of FelLV antigen was
within the 95% CI. Discrepancies in FeLV antigen
test results in cats with different tumour locations
were statistically evaluated using the x> test. A
P-value <0.05 was considered significant.
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Table 2. Results of the FeLV env PCR, LTR U3-PCR, and IHC in the 118 cats of the study.

Method FeLV-negative FeLV-positive Control group
lymphoma group lymphoma group
(n=61) (n=16) (n=41)
Blood env PCR Tested 17 3 0
Negative 17 0 0
Positive 0 3 0
Blood LTR U3-PCR Tested 3 0 33
Negative 3 0 33
Positive 0 0 0
Bone marrow env PCR Tested 0 0 0
Negative 0 0 0
Positive 0 0 0
Bone marrow LTR U3-PCR Tested 10 3 41
Negative 10 0 41
Positive 0 3 0
Tumour tissue env PCR Tested 49 10 0
Negative 49 0 0
Positive 0 10 0
Tumour tissue LTR U3-PCR Tested 57 11 0
Negative 57 2 0
Positive 0 9 0
Bone marrow IHC Tested 10 3 35
Negative 10 0 35
Positive 0 3 0
Tumour tissue ITHC Tested 39 12 0
Negative 37 0 0
Positive 2 12 0

Env = envelope; PCR = polymerase chain reaction; LTR = long terminal repeat; IHC = immunohistochemistry.

Results

Characteristics and prevalence of FeLV antigen
in cats with lymphoma

A total of 77 cats diagnosed with lymphoma or leukae-
mia were included in this study. The age distribution
of these cats is shown in Fig 1. In the FeLV-positive lym-
phoma group, 7/16 (43.7%) cats were younger than 2
years and 12/16 (75.0%) cats were younger than 4 years,
but only 1/16 (6.3%) cat was older than 10 years. In con-
trast, in the Fe[.V-negative lymphoma group, only 6/61
(9.8%) cats were younger than 4 years, but 24/61 (39.3%)
cats were older than 10 years and 15/61 (24.6%) cats
were older than 12 years. The prevalence of FeLV antige-
naemia in cats with lymphoma or leukaemia was 20.8%
(95% CI. 12.4—31.5). The anatomical distribution of
tumours is depicted in Table 3. In the Fel. V-positive lym-
phoma group, 4/16 (25.0%) cats had thymic lympho-
mas, whereas in the FeLV-negative lymphoma group,
only 1/61 (1.6%) had thymic lymphoma. Tumour loca-
tions differed significantly between the FeLV-negative

and -positive groups (P = 0.002; five degrees of freedom
[df]). Five of the 77 cats had both lymphoma and leukae-
mia. These cats were excluded in the comparison of an-
tigen presence in individual tumour location sites. There
was a statistically significant difference in the presence
of FeLV antigen in the blood of cats with intestinal versus
cats with other forms of lymphomas (x* test: P = 0.006).
There was also a statistically significant difference in the
occurrence of T-cell and B-cell lymphomas between
FeLV antigen-negative and -positive cats (P =0.009)
(Table 1). Eight out of 28 (64.3%) FeLV antigen-negative
cats had T-cell lymphoma and 8/28 (28.6%) had B-cell
lymphomas as detected by IHC. Four out of 8 (50.0%)
FeLV antigen-positive cats with lymphoma were nega-
tive for T- and B-cell markers.

Detection of FeLV proviral DNA

In the FeLV-negative lymphoma group, all cats tested
were negative for FeLV by PCR in blood (20/20) as
well as in bone marrow (10/10). In addition, all tested
tumour tissue samples were negative by env (49/49)
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Fig 1. Age distribution of the 77 cats of the FeLV-negative lymphoma group and the FeLV-positive lymphoma group

(in percent).

and LTR U3-PCR (57/57) (Table 2). Likewise, all cats
tested in the FelV-positive lymphoma group were
positive for FeLV by PCR in blood (3/3) and bone
marrow (3/3). However, the tumour tissue samples
of two cats in this group were negative for FeLV by
PCR. In the control group, all cats were negative for
FeLV in bone marrow (41/41) and blood (33/33).

Detection of intracellular FeLV p27 antigen

Thirty-seven of the 39 investigated tumour samples
and all of 51 examined bone marrow samples of
FeLV antigen-negative cats (FeLV-negative lym-
phoma group) were negative for FeLV p27 antigen
by IHC. In two FeLV antigen-negative cats, a few tu-
mour tissue cells and a few splenic cells, respectively,
were FelLV p27-positive. In the FeLV-positive lym-
phoma group, all cats tested were positive on IHC
of tumour tissue (12/12) and bone marrow (14/14)
(Table 2).

Table 3. Distribution of tumour location (in num-
bers) in 77 cats with lymphoma and/or leukaemia.

FeLV-negative = FeLV-positive
lymphoma lymphoma
group group

Multi-centric 15 4
Intestinal 30 2
Thymic 1 4
Solitary organ 9 2
Leukaemia 2 3
Lymphoma and 4 1
leukaemia

Total 61 16

Discussion

This study confirms the previously reported decrease in
the prevalence of FeLV infection in cats with lym]fhoma
or leukaemia as well as in the general population,'®**~2°
which may be associated with the observed shift in tu-
mour causation in recent years. A past investigation ex-
amining cats in the same geographical region in
Germany™ as the present study, found that 59% of all
cats with lymphoma or leukaemia were FeLV antigen-
positive in the years from 1980 to 1995, consistent with
reports on the prevalence of FeLV in other parts of Eu-
rope (60—70% in cats with lymphoma'*'?). In contrast,
only 21% of cats with lymphoma and leukaemia were
FeLV antigen-positive in the present study
(1996—2008). One major reason for the low prevalence
of FeLV among cats with these haematopoietic tumours
seems to be the decreasing prevalence of FeLV infection
in the overall cat population. Between 1988 and 1994,
prevalence decreased by 50%,” and a very recent study
examining the cat population of Southern Germany
found only 2% FeLV-positive cats.”> The decline in
FelV infection rates may be the result of extensive
FeLV vaccination and testing and elimination
programmes.”

Prevalence of FeLV antigenaemia in cats with lym-
phomas is still higher than in the overall population
and varies with tumour location. Thus, FeLV is found
significantly less often in cats with intestinal lymphomas
than in cats with other lymphomas or leukaemia. Most
studies indicate that multi-centric and thymic lympho-
mas are mainly of T-cell origin, and that cats with these
tumours are FeLV antigen-positive, while intestinal lym-
phomas are mostly ‘FeLV-negative” and of B-cell ori-
gin.>"*"% Estimates on the prevalence of FelV
antigenaemia in cats with intestinal lymphomas range
from 25 to 30%.>">*'?%*! In the present study, however,
only 6% of cats with intestinal lymphomas were Fel.V-
positive, which is only about twice the FeLV prevalence
observed in the entire study population (2.9%). This is
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comparable to the results of two studies in which only
2/67 cats®® and none of 21 cats with gastrointestinal lym-
phomas were FeLV-positive, respectively.”> These
results suggest that today other stimuli in the gastroin-
testinal tract of older cats (such as food components or
inflammatory bowel disease) may act as more important
predisposing factors in oncogenesis.

According to previous reports, 80—90% of cats
with thymic lymphoma are FeLV-positive,'>*'
which coincides with findings of the current study,
in which 4/5 (80%) of cats with thymic lymphoma
were FeLV-positive. The high prevalence of FeLV in-
fection in cats with thymic lymphoma can be ex-
plained by the course of FeLV infection. Most cats
are infected with FeLV early in their lives. In young
cats, virus replication in the thymus occurs at
a very early stage of infection and, thus, predisposes
to tumour development in this organ. In older cats,
on the other hand, the thymus regresses and cats de-
velop some age-resistance against FeLV. Thus, adult
cats usually do not become persistently viraemic if
in contact with FeLV. Consequently, the incidence
of FeLV is higher in younger cats and cats with thy-
mic lymphoma (Fig 1, Table 3).

Of the 28 FeLV antigen-negative cats in this study,
18 (64.3%) had T-cell lymphomas and eight (28.6%)
had B-cell lymphomas as detected by IHC. Of the
eight FelV antigen-positive cats with lymphoma,
four (50%) were negative for T- and B-cell markers.
None of the investigated FeLV-positive tumours
were of B-cell origin. This finding is in accordance
with most reports indicating that ‘FeLV-positive lym-
phomas’ are mainly of T-cell origin and ‘FeLV-nega-
tive lymphomas’ mainly of B-cell origin.>'!262%2%34
Only one study by Jackson et al (1996) identified
B-cell tumours as frequently as T-cell tumours in
FelV-positive cats.>® FeLV transforms mature as well
as immature T cells (prothymocytes), null cells, and
possibly monocytes. As there is a lack of surface im-
munoglobulin expression in feline lymphoma cell
lines and primary tumours,*® transformation of ma-
ture B cells is not thought to occur. Consequently,
the results of Jackson et al (1996)* are very difficult
to explain and are in conflict with current concepts
of FeLV-induced tumour pathogenesis.

According to past studies, FeLV is the major onco-
gen causing lymphoma and leukaemia in cats.'"'®
These studies suggested that FeLV may be responsible
for all lymphomas originating in cats following expo-
sure to the virus, regardless of whether cats remained
FeLV-positive following infection.” Thus, Jackson et al
(1993) as well as Gabor et al (2001) detected FeLV pro-
viral DNA in lymphoma tissue of FeLV antigen-nega-
tive cats indicating that the virus may be associated
with most if not all lymphomas independent of the
antigenaemic status of cats.””*® Various studies have
investigated the potential role of a so-called ‘latent’
FeLlV infection in which re-activatable FeLV provirus
remains integrated in the cellular genome of bone
marrow and potentially other cells without release

of infectious virus or antigens into the blood. Recently,
a sensitive real-time PCR was able to show that even
seemingly immune cats become provirus-positive af-
ter virus exposure.*”*"*! Routine FeLV testin%
methods such as the ELISA** yield negative results*
in these latently infected cats.

For the above reasons, FeLV has been considered by
some to be responsible for all lymphomas irrespective
of whether or not they produce infective virus.” How-
ever, more recent studies suggest that FeLV latency is
not always present in malignancies classically associ-
ated with FeLV.** Thus, intestinal lymphomas have
been described in specific pathogen-free (SPF) cats
never exposed to FeLV.*> Furthermore, lymphomas
have developed in SPF cats following on}ly infection
with feline immunodeficiency virus (FIV). A7

In this study which investigated a large number of
naturally occurring cases of lymphoma and leukaemia,
FeLV provirus was not detected in any of the blood, tu-
mour, or bone marrow samples of FeLV antigen-nega-
tive cats with lymphoma or leukaemia using two
different PCR assays. Moreover, proviral DNA was
not detected in tumour tissue of FelV-negative cats
with lymphoma. One possible explanation may be
that FelV is still responsible for tumourgenesis but
that parts of the FeLV sequence are missing or have
been altered by mutation resulting in a replication-de-
fective virus. If this occurs in a region of the genome
to which the primers bind, PCR would yield negative
results. To reduce the likelihood of this occurrence,
two different PCRs with primers binding to different
regions of the FeLV genome were used in the present
study. Another explanation for the failure to detect pro-
viral FeLV DNA in the tumour tissue of FeLV-negative
cats with lymphoma may be that FeLV is responsible
for tumour development by inducing a cell clone, but
that the virus is not persistently integrated into the ge-
nome of the neoplastic cell and, therefore, has been
eliminated from tumour tissue by the time the tumour
has reached a detectable size. As a third explanation,
FeLV infection may be present in other cells, inducing
oncogenesis via epigenetic mechanisms such as cyto-
kine release or chronic immunostimulation. This expla-
nation, however, is not supported by the results of the
present study in which not only tumour tissue but also
bone marrow was investigated and found negative for
FeLV. Finally and most likely, tumourgenesis in FeLV-
negative cats with lymphoma may be unrelated to
FeLV and caused by other mechanisms. Tumour tissue
samples and both tumour tissue and bone marrow
samples of FeLV antigen-negative cats were negative
by env and LTR U3-PCR, respectively, indicating that
FeLV provirus was not present in these samples, even
in an incomplete form. However, certain exclusion of
the presence of parts of the FeLV genome would
have required sequencing of the genome which was
not performed in this study.

Although tumour tissue of all FeLV antigen-positive
cats with lymphoma was positive by env PCR, two of
11 were negative by LTR U3-PCR. This result may
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have been due to a mutation in the LTR region (al-
though it is highly conserved) of the FeLV strain in
these cats. Another explanation could be the fact
that the LTR U3-PCR sometimes misses FeLV-C-like
LTR sequences.” Also, LTR U3-PCR may have yielded
false-negative results due to low DNA copy-numbers,
especially as in one of these cats the env PCR also only
produced a weak signal. FeLV antigen, however, had
repeatedly been identified in the blood of this cat.

Using IHC, intracellular FeLV p27 antigen was de-
tected in the tumour tissue of all cats that were FeLV-pos-
itive in serum. Interestingly, FeLV p27 antigen was also
detected in the tumour tissue of two of 29 FeLV antigen-
negative cats. These results are difficult to interpret as
the presence of antigen in cells requires the presence of
corresponding sequences of the viral genome. It is con-
ceivable that incomplete integration of provirus or the
presence of gng sequence coding for p27 but absence or
mutation of the sequences detected by the two PCR as-
says™ could explain these unexpected findings. Alterna-
tively, IHC can yield false positive results if the tissue is
too dry at time of fixation or if fixation lasts too long or au-
tolysis of the tissue has commenced. Finally, the discrep-
ancy between IHC and ELISA could be a matter of
sensitivity. IHC investigates single cells, and as only
very few cells were positive in both cases, the antigen
ELISA inblood may have notbeen sensitive enough to de-
tect FeLV infection. However, this explanation appears
unlikely, as both cats were also negative by PCR, which
is considered the most sensitive diagnostic method.

A limitation of the study was that not every test was
performed in all cats as samples could not always be ob-
tained (eg, bone marrow). Additionally, PCR of bone
marrow samples was performed using LTR U3-PCR
only in all specimens. Although the two PCRs used in
this study are very sensitive, it could be possible that
they still were not sensitive enough to detect latent
FeLV infections. This appears to be unlikely, however,
as the LTR U3-PCR used had a detection limit of one pro-
viral copy per 5 ul DNA solution typically correspond-
ing to 50,000 blood leukocytes. In conclusion, this
study clearly demonstrated that latent FeLV infection
was not the cause of oncogenesis in the FeLV antigen-
negative cats of the investigated population. It was
also shown that parallel to the overall decreasing
prevalence of FeLV infection the proportion of FeLV an-
tigen-negative cats with lymphomas (versus FeLV anti-
gen-positive cats with lymphomas) has significantly
increased over the past 20 years. The role of FeLV in
the oncogenesis seems to have been overestimated in
the past and should be reassessed. The results suggest
that other oncogens or epigenetic carcinogenesis are
playing an increasingly important role in tumourgenesis
of cats, and that FeLV should no longer be considered
the major cause of feline tumours.
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