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ABSTRACT

The human immunodeficiency virus tat protein, a transactivator of
viral and cellular genes, is suspected to be involved in the pathogenesis of
acquired immunodeficiency syndrome-associated tumors. We report that

transgenic mice carrying a recombinant DNA containing BK virus early
region and the human immunodeficiency virus tat gene develop skin leio-
myosarcomas, squamous cell papillomas and carcinomas, adenocarcino-
mas of skin adnexa, glands, and B-cell lymphomas. Although the incidence
of hepatocellular carcinoma is low, most animals show a liver cell dyspla-

sia of variable degree. These mice are also affected by skin lesions resem
bling the early stages of Kaposi's sarcoma. The transgene was detected

intact in all the organs of transgenic mice, generally as multiple tandemly
integrated copies. BK virus early region and tat were expressed in essen
tially all tissues and organs of BK \\rusltat transgenic mice. This trans
genic mouse model is representative of the systemic involvement of tat in
human immunodeficiency virus natural infection and may be applied to
investigate the role of tut in malignancies associated to acquired immuno
deficiency syndrome, to study Kaposi's sarcoma pathogenesis and cell of

origin, to characterize preneoplastic conditions established by tat in the
skin and liver, and to assess in vivo the efficacy of antiangiogenic and
anti-tef-specific drugs.

INTRODUCTION

Several types of tumors arise during HIV1 infection and AIDS

(1-3). EpidemiolÃ³gica! investigations have shown a significant in
crease in incidence of NHL and KS in HIV-infected persons (4-6).

Additional tumors such as basal cell and squamous cell skin carci
noma, malignant melanoma, carcinoma of the rectum, and hepatocel
lular carcinoma are frequently detected as a complication of AIDS (7).
These neoplasms are determined by the state of severe immunodefi
ciency accompanying HIV infection and AIDS, as a consequence of
elimination of the immune surveillance on tumor formation. Other
factors, however, may participate in AIDS-associated oncogenesis

such as latent viruses which are reactivated during HIV infection.
NHL in the course of AIDS is frequently related to reactivation of
Epstein-Barr virus infection and to the presence of Epstein-Barr virus

DNA in tumor tissue (8). KS has been associated by serological,
morphological, and molecular evidence to cytomegalovirus (9-12),

retroviruses different from HIV (13), human papillomavirus (14, 15),
and BKV (16-18). Specific HIV proteins may also be involved in the
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pathogenesis of AIDS-associated tumors (3). HIV-infected lympho

cytes and macrophages release viral and cellular factors capable of
stimulating cell proliferation in adjacent and distant tissues. The tal
protein, a potent transactivator of HIV expression (19), that is secreted
by HIV-infected cells and taken up by normal cells (20, 21), is the

most likely candidate to act on cellular genes and to perturb cellular
functions. Tat stimulates growth of KS cells from AIDS patients (22,
23), probably eliciting a paracrine-autocrine loop (24-26) that sustains
cell proliferation and produces dermis hyperplasia and neoangiogen-

esis. This hyperplastic process increases the probability of selecting
secondary mutational alterations that allow progression to a malignant
phenotype. The HIV tat gene, introduced into the germ line of mice,
induces skin lesions closely resembling KS (27). In these tat trans
genic mice, however, tat shows a very tissue-specific localization,

being constantly expressed only in the epidermis and rarely in the
liver. In all the other organs of tat transgenic mice, tat expression was
not detected (27-29). In order to construct an animal model of the role

of tat in AIDS associated tumors, it is desirable to obtain tat expres
sion in all tissues of experimental animals. To address this problem,
we generated transgenic mice with a recombinant DNA containing
BKV early region and the HIV tat gene, directed by its own promoter
enhancer. BKV is a human papovavirus (18) encoding a large T-

antigen which is a potent transactivator of the HIV LTR (30). There
fore, it is expected that in BKV//a/ transgenic mice tat is expressed in
all tissues where the recombinant transgene is integrated.

MATERIALS AND METHODS

Construction of the Plasmid pRPU3R/a/. The expression vector
pRPU3R(fl( was constructed according to standard recombinant DNA tech
niques (31). Its construction was described previously (32). Briefly, tat cDNA
from the HIV strain HTLVIIIB was inserted into the vector pRP-c (33),

containing the prokaryotic plasmid pMLand BKV early region. Tat cDNA has
SV40 small t intron and early region polyadcnilation sequences as 3' tran-

scriptional signals and is directed by the HIV LTR in order to mimic as closely
as possible viral gene expression in the natural infection. The LTR sequence
includes the negative and positive regulatory elements with the transcriptional

enhancer in the U3 region as well as the R region comprising the TAR element
(34, 35). Since the TAR sequence is recognized by tat in order to activate

transcription, this construction will support tat transactivation of the LTR.
leading to higher levels of tat expression. The size of the vector pRPU3R/o/ is
11.5 kilobases.

Generation of Transgenic Mice. To generate transgenic mouse lines car
rying BKV/ÃaÃsequences, established procedures were followed (36, 37). The
vector pRPUSRfai was cut with Â£coRIinto a unique EcoRl site located within
pML sequences. The linear vector DNA was then microinjected into the pro-

nuclei of fertilized eggs from superovulated BDF1 female mice (Charles River
Laboratories). BDF1 mice are a hybrid strain obtained by crossing C57BL/6
females with DBA/2 male mice. After tail DNA screening of offspring for
pRPU3R/ai DNA by dot blot hybridization, seven founder mice were identi
fied. Each founder gave rise to a transgenic mouse line by crossing initially
with normal BDF mice and then with heterozygous transgenic mice of the
same lineage in order to obtain animals homozygous for the transgene. Ho-
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mozygous transgenic mice were later crossed with outbred CD1 mice, a strain
particularly sensitive to the effects of tat (27).

Animal Examination and Tissue Analysis. Animals were examined twice
a week for the appearance of symptoms, new phenotypes, and tumors. When

mice either died of natural causes or were sacrificed for advanced symptoms
or lesions, they were subjected to autopsy and organs were taken for histo
lÃ³gica!and histochemical examination and for Southern, Northern, and West
ern analysis.

HistolÃ³gica! and Immunohistochemical Procedures. Organs and tumors
taken at autopsy were fixed with 10% formalin in PBS for 12-24 h and
embedded in paraffin or were cryopreserved at -80Â°C. Three to five /j.m

paraffin-embedded sections were stained with hematoxylin and eosin and

reacted with periodic acid Schiff. The Warthin-Starry silver stain was carried
out on ulcerative skin lesions. The avidin-biotin-peroxidase complex technique

was used for the immunohistochemical studies performed on paraffin sections.
The panel of monoclonal and polyclonal antibodies included anticytokeratin
AE1/AE3 (Ortho Diagnostics); anti-a-actin (Enzo Diagnostics); anti-SHX);
anticpithclial membrane antigen; antidcsmin, antivimentin, and anti-lighl and
-heavy immunoglobulin chains, all from DAKO. The anti-SHK) was the only

rabbit polyclonal antibody; all the others were mouse monoclonal antibodies.
Briefly, after the removal of paraffin and rehydration, endogenous peroxidases
were blocked with 0.3% HJli in methanol, followed by incubation with pri
mary antibodies for 10-12 h at 4Â°C.Biotinylatcd anti-mouse and anti-rabbit

IgG were used as secondary antibodies followed by incubation with avidin-
hiotin peroxidase-conjugates and development in diaminobenzidine (Sigma).

Specimens for ultrastructural investigations were fixed with glutaraldehyde in

PBS (0.2 M;pH 7.2) for 4 h, postfixed in 1% Osmium tetroxide in PBS for 4
h, dehydrated, and embedded in Araldite. Ultrathin sections were stained with
uranyl acetate and lead citrate and examined in a Siemens Elmiskop I electron
microscope.

Dot, Southern, Northern Blot Hybridization, and RT-PCR. DNA and

RNA hybridization procedures were carried out according to standard tech
niques (31) using pRPU3RfÂ«/, BKV early region, or tat insert DNA probes
labeled with 12Pby nick-translation or by primer extension to a specific activity
of I to 6 X 10" cpm//ig. RT-PCR was carried out as described by Wang et al.

(38). Three to 5 ;xg of total RNA were ethanol precipitated, treated with 5 units
of RNase-free DNase (Promega. Madison, WI) and reverse-transcribed with 10

units reverse transcriptase (Invitrogen, San Diego, CA). The cDNA obtained
was amplified by PCR (39). A 21-mer oligonucleotide (5'-GAAGCATCCAG-

GAAGTCAGCC-3') and a 24-mer oligonucleotide (5'-ACCTTCTTCTTC-
TATTCCTTCGGG-3') were used as primers to amplify a 239-base pair se

quence of tat cDNA. Two 23-mer oligonucleotides (5'-TAGGTGCC-
AACCTATGGAACAGA-3' and 5r-GAAAGTCTTTAGGGTCTTCTACC-3')

were used to amplify a 180-base pair sequence of BKV early region. Condi
tions of amplification for tat were: dcnaturation at 94Â°Cfor 1 min; annealing
at 55Â°Cfor 2 min; extension at 72Â°Cfor 2 min with a final extension at 72Â°C
for 10 min. For amplification of BKV early region, denaturation was at 94Â°C
for 35 s, annealing at 58Â°Cfor 30 s, extension at 72Â°Cfor 16 s, followed by
a final extension at 72Â°Cfor 5 min. The specificity of the amplified products

was proved by hybridization with the complete tat cDNA or an internal BKV
DNA oligonucleotide probe (5'-AATCITCATCCCATTTTTCA-3') terminally

labeled with 12P by polynucleotide kinase.

Detection of CAT Activity. CAT assays were performed as described (40).
Indicator cells and tumor cells were cocultivated 1:1 and cell lysates were
prepared 48 h after cocultivation. The reaction, containing 100 fig of protein
from the extract of the mixed cell culture, was incubated with ['4C]chloram-

phenicol and acetyl coenzyme A for 1 h. Unreacted and acetylated forms of
|'4C]chloramphenicol were separated by ascending thin layer chromatography.

Immunofluorescence for BKV T-Antigen and tat. For indirect immuno-

fluorescence on cell cultures, nearly confluent cells seeded on glass coverslips
were fixed for 10 min in cold acetone, incubated for 1 h at 37Â°Cwith hamster
serum to BKV T-antigen, washed 3 times in PBS, and incubated for I h at 37Â°C

with fluorescein-conjugated rabbit anti-hamster IgG (Antibodies Incorpo

rated). After washing 3 times in PBS and 2 times in distilled water the
preparations were mounted with buffered glycerol. Tat was detected with an
anti-far mouse monoclonal antibody (23) and fluorescein-conjugated rabbit
anti-mouse IgG. The same reagents were used to detect BKV T-anligen and tat
on 5â€”7-fj.mfrozen, aceton-fixed sections of organs and tumors.

RESULTS

Presence and State of pRPU3RÃaÃDNA in Transgenic Mice.
After detection of the transgene by dot blot hybridization, tail DNA
from the seven founder mice was doubly digested with BamHl and
EcoRl, producing four fragments on pRPU3Rra/, and subjected to
Southern blot hybridization. All founder mice showed the presence of
the four BamH\/EcoRl fragments and of additional hybridization
bands (data not shown). Since the molar ratio of the four restriction
fragments, determined by densitometric analysis, corresponds to a.
range of 10 to 50 copies/cell, this hybridization profile is suggestive
of a single integration site containing multiple copies of the transgene
in a tandem array. This hybridization pattern was stably maintained in
subsequent generations of transgenic mice obtained by mating animals
belonging to the same transgenic line. The transgene DNA was de
tected in brain, kidney, thymus, skin, stomach, intestine, lung, liver,
and spleen of animals in all mouse lines as tandem insertions in a
variable number of copies (5 to 20)/cell (Fig. 1).

Phenotypes Manifested in BKV/to/ Transgenic Mice. A number
of phenotypes were observed in transgenic animals (Table 1). Most of
these alterations involved the skin or its adnexa and were obvious at
birth or appeared later in life. A number of animals were hairless at
birth and remained with scarce fur until 2 months of age. Over
denuded areas of the skin some animals developed papillomas or
squamous cell carcinomas (Fig. 2/1). Several animals remained of
small size and underdeveloped up to 2 months of age. Other animals
developed areas of alopecia specifically on the back, on the nose, and
circularly around the eyes in a spectacles-like fashion. A substantial

proportion of animals developed eye lesions that affected the lens with
a degenerative process often associated to panophthalmitis. This result
is in agreement with previous observations (41) showing tat transac-

tivation and expression in the murine crystallin. Most prominent was
a thickening of the skin followed by localized ulcÃ©rationsthat became
confluent in a large ulcerated area on the back of the animals (Fig. 2,
B-D). These skin lesions appeared much earlier in crosses of BDF1 x

CD1 mice than in mice of the BDF1 strain and affected exclusively
males, both in BDF1 and in BDF1 x CD1 crosses, whereas all the
other lesions affected indifferently males and females. Trauma from
fighting was excluded as a cause of skin lesions because isolated

^ 23456789 10
Kb

-9.4
-6.6

-4.4

_2.3-2.0

Fig. 1. Presence of (he BKV/tat Iransgene in various organs of transgenic mice. DNA
was extracled from tissues and analyzed hy Southern blot hybridization with a '2P-labeled

pRPlBRiaf DNA probe. All DNAs (K) /ng) were doubly digested with BamHl and EmRl.
Lane 1. pRPU3R;u< (20 genome equivalents/cell); Lanes 2-10 contain DNA from brain

(Lane 2), kidney (Lane 3), thymus (Lane 4), skin (Lane 5), stomach (Lane 6), intestine
(Lane 7), lung (Lane 8), liver (Lane 9), and spleen (Lane 10). Right, the position of
marker HindUl lambda DNA fragments. Kb. kilobases.
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Table 1 Phenotypes appeared in transgenic mice

SymptomsLack

ofhairUnderdevelopmenl

and slowgrowthAlopecia

(on the hack, nose and aroundeyes)Ocular

lesionsThickening

of skin and cutaneousulcÃ©rationsBDF
malemiceBDF
femalemiceBDF
x CD-I malemiceBDF
x CD-I female miceAnimals

withanomalies/animals
observed21/230(9)Â°18/230(8)35/230(15)43/230(19)48/135(36)0/9529/71

(41)0/60Latency

afterbirth
(months)At

birthAt

birth1-412-206-122-4Duration

of thelesionbefore
reversion(months)222-3No

reversion; progression toblindness2-42-4"

Numbers in parentheses, percentages.

animals also had identical symptoms. Cofactors, however, may par
ticipate in the induction and progression of skin alterations; e.g.,
natural sunlight was shown to induce expression of the tat gene driven
by the HIV LTR (42). All the lesions described above, except the eye
disease, that became progressively more severe and most often ended
in blindness, were reversible. Their duration was generally 2-4

months, and then the animals returned to normality. Even the most
dramatic ulcerative skin lesions were completely cured.

The skin of transgenic mice in the areas showing thickening and
ulcÃ©rationswas subjected to histological and immunohistochemical
examination at different times during progression of symptoms. The
earliest lesion in transgenic male mice was epidermal hyperplasia with
acanthosis and hyperkeratosis (Fig. 3A). At the same time, an in
creased cellularity of the dermis was observed, consisting in prolif
eration of spindle-shaped cells and endothelial cells. Small round
capillary vessels and slit-like vascular spaces lined by thin endothelial

cells were gradually appearing (Fig. 3fl). In the advanced ulcerative
lesions, signs of inflammation were more evident, with infiltrates of
inflammatory cells scattered throughout the dermis and appearance of
a prominent granulation tissue. In the phase of regression, the healing
cutaneous lesions were represented by dermal sclerotic nodules cov
ered by hyperplastic epidermis. Histological examination, Warthin-

Starry silver stain and electron microscopy did not detect infectious
organisms in the skin sections. Therefore, a condition similar to hu
man bacillary angiomatosis (43) was excluded. Skin lesions were
negative for bacteria and fungi when analyzed by bacteriological
procedures.

Tumors and Dysplastic Lesions Arising in BKV/tef Transgenic
Mice. After a latency period of 6 to 22 months, tumors of different
histotypes appeared, with approximately the same incidence, in male
and female transgenic mice (Table 2). Four types of tumors involved
the skin: adenocarcinomas (Fig. 3C); fibrosarcomas (Fig. 3D); squa-

mous cell papillomas and carcinomas (Fig. 3Â£).Adenocarcinomas
were detected on the back, flanks, and ventral surface of the animals.
It is likely that they originated from the adnexa of the skin. Positive
immunohistochemical staining of fibrosarcomas for desmin, a-actin

and vimentin identified these tumors as leiomyosarcomas, probably
derived from the smooth muscle cells of the arterial walls. Several
animals developed lymphomas (Fig. 3F) of abdominal lymphnodes,
involving also the spleen and liver. Immunoglobulin light chain mark
ers defined these tumors as B-cell lymphomas. Finally, most trans

genic mice showed a state of liver cell dysplasia which was never
observed in control normal BDF1 mice. In the dysplastic liver the
normal lobular architecture was maintained but hepatocytes were in-

Fig. 2. View of progressive skin lesions in BKV7
lai BDF1 transgenic mice. A, disturbances in hair
growth and a papilloma (arrow) growing over a de
nuded area. B, localized, small ulcerated lesions scat
tered over the back, with thickening of the skin. C,
thickened epidermis detaching from the underlying
dermis on the back. D, the same animal as in C, after
fall of the hyperplastic epidermis, showing extensive
and confluent ulcÃ©rationof the dermal layer.

B
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Fig. 3. Histological characterization of skin le
sions, tumors, and liver alterations in BKV/ial
BDF1 transgenic mice. A, the normal mouse epi
dermis, with a thickness of 3 cell layers, shows
prominent hyperplasia with acanthosis and hyper-
keratosis. The dermis shows a diffuse hypcrcellu-
larity; X 70. B, higher magnification of the dermis
showing proliferation of spindle-shaped cells, of
small, round capillary vessels, and of slit-like vas
cular spaces lined by thin endothelial cells; X 250.
C, moderately differentiated adcnocarcinoma of
skin adnexa, glands, showing acinar and glandular
structures; X 250. D, dermal s.c. leiomyosarcoma
consisting of irregular bundles of spindle-shaped

cells with great, elongated nuclei; numerous mito
ses are notable; x 160. Â£,epidermal squamous cell
carcinoma of hair follicle origin showing immature
cells derived from the matrix of the pilus (arrows)
with sudden keratinization; X 160. F, diffuse lym-
phoma consisting of small limphocytes and lym-
phoblastic cells; x 250. G, liver with conserved
lobular structure; the hepalocytes are often binucle-
ated or multinucleated with polymorphic and bi
zarre nuclei; X 250. //, moderately differentiated
hepatocellular carcinoma with trabecular structure;
a necrotic area with endosinusoidal thromboses is
visible on the upper-left corner; X 250.
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creased in size and often binucleated, with pleomorphic, enlarged,
irregular nuclei. The nucleoplasm was light, with chromatin aggre
gated in coarse granules often marginated close to the nuclear mem
brane. The hepatic dysplasia was of variable degree up to a severe
state characterized by atypical and bizarre hepatocytes (Fig. 3C). In
spite of this evolution, only one hepatocellular carcinoma was ob-

Tablc 2 Tumors ami dysplastic lesions observed in transgenic mice

Type of tumor or
dysplasticlesionCutaneous

adenocarcinomaCutaneous
leiomyosarcomaCutaneous

squamouscell
carcinomaLymphomaLiver

cell dysplasia'Animals

affected/
Animalsobserved9/78(11.5)''7/78

(8.9)4/78(5.1)10/78(12.8)66/78

(84.5)Latency

after
birth(months)15-202220-2215-226-7Males533437Females"441629

" Incidence of tumors and dysplastic lesions in males and females.
h Numbers in parentheses, percentages.
* One hepatocellular carcinoma appeared with a latency period of 15 months.

served. The tumor was moderately differentiated with a trabecular
pattern and extensive thrombotic necrosis (Fig. 3H). All tumors, ana
lyzed by Southern blot hybridization, were found to contain the trans-

gene in a number of copies comparable to that detected in normal
organs (data not shown).

Expression of BKV Early Region and tat in Tissues and Tumors
of Transgenic Mice. Northern blot hybridization for tat and BKV
early region RNA in tissues and tumors of transgenic mice showed
variable amounts of specific transcripts (data not shown). By RT-PCR

tat and BKV RNA were detected in all tissues except lung which was
negative for tat RNA (Fig. 4, B and C, Lanes 1-10). Tat RNA was

detected in all tumor types and in the T53, T61, and T74 tumor cell
lines derived from two adenocarcinomas of skin adnexa glands and
from a leiomyosarcoma (Fig. 40, Lanes 11-19). BKV RNA was found

in some primary tumors and tumor cell lines, but was absent in others
(Fig. 4C, Lanes 11-19). BKV T-antigen was detected by indirect

immunofluorescence in skin, liver, primary tumors, and tumor cell
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Fig. 4. Analysis of tat and BKV early region RNA by RT-PCR. Total cytoplasmic RNA was extracted from organs, tumors, and tumor cell lines of transgenic mice and transcribed
into cDNA by reverse transcriptase. After cDNA amplification by PCR and migration of the amplified products by agarose gel cleclrophorcsis. specific sequences were identified by
hybridization to ':P-labcled tat cDNA (A and B) or to an oligonucleotide internal to BKV early region sequences (C). Exposure for all three panels was for 1 h. A, reconstruction

experiment to prove amplification of reverse transcribed tat cDNA by RT-PCR. Total cytoplasmic RNA from the tumor cell line T53 was reverse transcribed under the following
conditions: with no DNase and no RT treatment (Lane 2). with DNase and no RT (Lane 3), with RT and no DNase (Lane â€¢¿�/),with both RT and DNase (Lane 5). Lanes 1 and 6 are
amplifications of total and polyadenylated RNA from the J34 cell line constitutively expressing lai (21 ). Identical results were obtained for BKV cDNA reverse transcribed and amplified
under the same conditions. H. analysis of tat RNA in brain (Lane 1 ), liver (Lane 2), lung (Lane 3), spleen (Lane 4). kidney (Lane 5). stomach (Lane 6). gonads (Lane 7). thymus
(Lane fi), skin (Lane 9). a lymphoma (Lane II), an adcnocarcinoma (Lane 12). a Iciomyosarcoma (Lane 13). a squamous cell carcinoma (Lanes Â¡4).the T53 andThl adenocarcinoma
cell lines (Lanes 17 and /#), and the T74 leiomyosarcoma cell line (Lane 19). Lanes 10.15, and 16 contain amplified tat cDNA from J34 cells. The sample in Lane H (thymus) became
positive after a longer exposure. C, analysis of amplified products of BKV early region RNA from the same organs (Lanes 1-9), tumors (Lanes 11-14). and tumor cell lines (Lanes
17-19) as those shown in B. Lanes 10. 15. and 16 contain BKV early region amplified cDNA from the BKV-transformed hamster cell line L578 expressing BKV T-antigcn.

lines (Fig. 5). Tumors and tumor cell lines that did not express BKV
RNA were also negative for BKV T-antigen. Immunostaining of tis

sues and tumors with a tat monoclonal antibody (23) produced fluo
rescence localized to nucleoli and cvloplain (data not shown). When
T53, T61, and T74 tumor cell lines were cocultivated with HL3T1
cells (44, 45) containing an integrated HIV-LTR-CAT construct, a
1()-16% CAT conversion was detected (Fig. 6, Lane 2). A rabbit
polyclonal anti-/Â«/antibody (23), added to the supernatant medium,

eliminated CAT acetylation in the cocultivution assay, indicating that
tumor cells from BKVI tat transgenic mice express and release tat. To
exclude a possible transactivating elicci of BKV T-antigen on the
H1V-LTR in this assay, HL3T1 cells \\erc cocultivated with T-antigen-

positive pRPcTl cells, obtained from a tumor induced by BKV in
BALB/c mice (46). No CAT activity u as observed in this cocultiva-

tion and in HL3T1 cells alone (Fig. 6, Lanes 1 and 3).

Fig. 5. Immunofluorescence staining for BKV T-antigen of cultured cells from adeno
carcinoma T53; X 800.

DISCUSSION

A number of phenotypes appear in transgenic BDF1 and BDF1 x
CD1 mice bearing a BKV/tat transgene. Most prominent are the
alterations observed in the skin. The dermal lesions bear several
significant similarities to KS. In fact, the proliferation of spindle-

3-CAF-

1-CAF-

%CONV. 0 16.5 0.6
Fig. 6. CAT activity of cell extracts from cocullivation of HL3T1 and pRPcTl cell lines

(Lane 1), from cocultivation of HL3T1 and T53 adenocarcinoma cell lines (Lane 2), and
from HL3T1 cell line alone (Lane 3). Numbers below the lanes, percentages of conversion
of chloramphenicol lo 1- and 3-monoacelylated forms (1-chloramphcnicol and 3-chlor-
amphenicol). pRPcTl cells are mouse cells, positive for BKV T-antigcn, derived from a
tumor induced hy BKV in BALB/c mice (46). Since equal amounts of pRPcTl and T53
cells were cocultivated with indicator HL3T1 cells, containing the HIV-LTR-CAT, only
50% of the cell extract supplies CAT activity for chloramphenicol acctylalion. Therefore,
to obtain a real measure of conversion, the value of percentages at the bottom of Lanes I
and 2 must be doubled.
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shaped cells, the increased number of slit-like and round vascular

spaces lined by thin and flattened or plump and enlarged endothelial
cells are reminiscent of the early patch and plaque stages of KS (47).
This finding confirms a previous report (27) in which similar lesions
were described in the dermis of CD1 transgenic mice bearing a tat
transgene driven by the HIV LTR. Consistent with the data in tal
transgenic mice (27, 29) and with the male preponderance of KS (4)
is the exclusive involvement of BKV//af male mice in the skin lesions.
Another analogy of our results with previous observations (28) is the
liver pathology. In tat transgenic mice, 42.2% of male animals show
proliferative liver lesions, characterized by cell dysplasia, hepatic
adenoma, and hepatocellular carcinoma. Females have a very low
incidence (<3%) of liver disease. Hepatocellular carcinoma repre

sents 27% of all liver lesions in this model (28). Although the fre
quency of hepatocellular carcinoma is much lower in our BDF1 BKV/
tat transgenic mice, most of the animals, without sex distinction, are
affected by liver cell dysplasia. This alteration may represent a pre-

neoplastic state.
As in tat transgenic mice (27, 29) skin tumors are predominant in

BKV/tat transgenic mice, except that they are of different histotypes.
In tat transgenic mice, tumors are fibrosarcomas arising over the skin
lesions, apparently as a progressive process of the dermal alteration
initiated by the spindle cell proliferation. In addition to fibrosarcomas,
in BKV//a/ transgenic mice we observed adenocarcinomas of skin
adnexa, papillomas, and squamous cell carcinomas, in agreement with
the recent observation that tat transforms human keratinocytes to a
neoplastic phenotype (48). These tumors do not arise over the skin
lesions and are apparently not related to the dermal proliferation.
Moreover, BKV//ar transgenic mice develop B-cell lymphomas that

were not observed in tat transgenic mice (27, 29). This oncogenic
effect may be due to cooperation between BKV T-antigen and tat

because mice transgenic for BKV early region show a lymphoid
hyperplasia (49). In BKV/tat transgenic mice tumors arise both in
males and females, whereas in tat transgenic mice only males are
involved in oncogenesis (27). For all these reasons, tumors in BKV/tat
transgenic mice may originate by a mechanism different from that
operating in Â¡attransgenic mice.

In all seven transgenic mouse lines only a fraction of the animals
developed skin or eye lesions and tumors. The incomplete penetrance
of the disease, especially the low incidence of tumors, is a well known
aspect of the transgene expression in transgenic mice (50). In our
system it may depend on the long latency from birth to the develop
ment of symptoms or on the insufficient production of cofactors
necessary for BKV and tat expression in the BDF1 environment.
Methylation of the transgene (51) in BDF1 cells cannot be ruled out.
Rare second events such as oncogene activation or loss of tumor
suppressor genes may be rate-limiting for the induction of tumors.

Indeed, primary cultures from normal kidneys of a transgenic mouse
produced colonies of morphologically transformed cells 3 months
after explantation. These cells are immortalized, contain tandem in
tegrations of the transgene in high copy number, and express BKV
T-antigen and tat but are not tumorigenic for nude mice and syngeneic

BDF1 mice. On the contrary, the T53, T61, and T74 tumor cell lines
produce tumors both in nude mice and in BDF1 mice suggesting that
cooperative cellular events are necessary for tumor development and
progression to malignancy in BKV/tat transgenic mice. In spite of the
incomplete penetrance of the disease, the alterations observed were
considered specific, because they were constantly reproducible in all
seven transgenic mouse lines and were not manifested in controls. The
only pathology observed among the 120 control mice affected three
animals that developed suppurative folliculitis in the skin and one
animal that developed cataract in the eye. No spontaneous tumors of

any histotype were observed in controls during the 2-year observation

period of our experiment.
In tat transgenic mice, tat expression is detected only in the epi

dermis (27, 29) and rarely in the liver (28). The alterations of other
organs are assumed to be determined indirectly by the release in the
skin of cytokines and other factors acting on distant tissues through
paracrine and endocrine loops. In BKV/tat transgenic mice, tat is
expressed in all tissues and tumors. Widespread expression of tat may
be due to transactivation by BKV T-antigen on the HIV LTR (30) that

drives tat. The CAT assay with tumor cell lines confirms that tat is
endogenously produced and secreted by tumor cells, in contrast with
tumor cells of tat transgenic mice where endogenous tat expression
was not detected (27, 29).

This transgenic mouse model is not an authentic reproduction of
HIV infection in humans, because tat may be artificially induced by
BKV T-antigen. However, tat expression in many organs of BKV/tat

transgenic mice mimics the systemic involvement of tat in HIV natu
ral infection and may allow to assess the pathogenic role of tat in
various conditions associated to AIDS. These transgenic mice may be
useful to study the cooperation of tat with papovaviruses in the patho-
genesis of KS (16-18), NHL, and other AIDS-associated tumors.

Experimental evidence exists that tat may transactivate cellular genes
(24), thereby perturbing proliferation and differentiation. In particular,
it has been shown that tat specifically transactivates tumor necrosis
factor genes and indirectly increases production of interleukins 1 and
6 (52). In order to detect the cellular targets of tat, work is in progress
in BKV/tat transgenic mice to analyze a series of cytokines in the
various tissues and tumors where tat expression was detected. By
analysis of appropriate cell markers, this system may be used to detect
the cell type secreting the mediators of cell proliferation and to iden
tify the cell of origin of KS which still remains elusive (24). Another
possible application of this animal model is the analysis of preneo-

plastic states induced by tat in the skin and liver. This could be
addressed by treating transgenic mice with skin and liver specific
chemical carcinogens or with oncogenic retroviruses. Recently, anti-
angiogenic and anti-fa/ specific drugs have been reported (53-56) and

proposed for application to AIDS therapy. These transgenic animals
may offer an in vivo approach to estimate the efficacy of such drugs.
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