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We report, to our knowledge, the first HIV type 1 (HIV-1) transgenic
(Tg) rat. Expression of the transgene, consisting of an HIV-1
provirus with a functional deletion of gag and pol, is regulated by
the viral long terminal repeat. Spliced and unspliced viral tran-
scripts were expressed in lymph nodes, thymus, liver, kidney, and
spleen, suggesting that Tat and Rev are functional. Viral proteins
were identified in spleen tissue sections by immunohistochemistry
and gp120 was present in splenic macrophages, T and B cells, and
in serum. Clinical signs included wasting, mild to severe skin
lesions, opaque cataracts, neurological signs, and respiratory dif-
ficulty. Histopathology included a selective loss of splenocytes
within the periarterial lymphoid sheath, increased apoptosis of
endothelial cells and splenocytes, follicular hyperplasia of the
spleen, lymphocyte depletion of mesenteric lymph nodes, inter-
stitial pneumonia, psoriatic skin lesions, and neurological, cardiac,
and renal pathologies. Inmunologically, delayed-type hypersensi-
tivity response to keyhole limpet hemocyanin was diminished. By
contrast, Ab titers and proliferative response to recall antigen
(keyhole limpet hemocyanin) were normal. The HIV-1 Tg rat thus
has many similarities to humans infected with HIV-1 in expression
of viral genes, immune-response alterations, and pathologies re-
sulting from infection. The HIV-1 Tg rat may provide a valuable
model for some of the pathogenic manifestations of chronic HIV-1
diseases and could be useful in testing therapeutic regimens
targeted to stages of viral replication subsequent to proviral
integration.

IV type 1 (HIV-1) infection is marked by a constellation of

pathologies in addition to a variety of secondary infections
(1). These include central and peripheral neuropathies (2),
follicular lymph node hyperplasia (particularly early in infection;
ref. 3), lymphoid depletion (at least in part involving apoptosis;
refs. 4 and 5), interstitial pneumonitis (especially in pediatric
cases; refs. 6 and 7), tubulointerstitial nephritis, glomeruloscle-
rosis (8-10), wasting (11), and heart disease (12).

To establish a small-animal model for HI'V-associated pathol-
ogies, several HIV transgenic (Tg) mice have been established.
A Tat transgene was reported to cause dermal lesions resembling
Kaposi sarcoma (13) or lymphoid hyperplasia in spleen and
lymph nodes, and B cell lymphoma (14) when expression was
regulated by the viral long terminal repeat (LTR) or a heterol-
ogous promoter, respectively. Expression of a nef transgene
driven by the HIV-1 LTR also resulted in dermal lesions (15).
More recently, Tg mice expressing nef under the control of a
human T cell-specific promoter and mouse enhancer developed
immunodeficiency with loss of T cells and alterations of T cell
function (16). Tg mice also have been constructed with a
gag-pol-deleted HIV-1 provirus regulated by the viral promoter
and are characterized by wasting/runting, psoriatic skin lesions,
cataracts, and nephropathy. Some HIV-1 gene expression occurs
in most tissues, but is highest in skin and muscle (17, 18).
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Despite replicating some of the pathologies in humans, viral
expression in many existent HIV-1 Tg mouse models is regulated
either by heterologous promoters, resulting in expression in
atypical tissues, or by the viral promoter, which gives the highest
expression in skin. The viral promoter does not function nor-
mally in mice, in part because mouse cyclin T does not interact
functionally with Tat (19). We report here the construction of Tg
rats that contain a gag-pol-deleted HIV-1 provirus regulated by
the viral promoter. Unlike mice with the same transgene,
efficient viral gene expression occurs in lymph nodes, spleen,
thymus, and blood, suggesting a functional Tat. The Tg rat thus
may offer significant advantages as a noninfectious small-animal
model of HIV-1 pathogenesis.

Materials and Methods

Construction of HIV-1 gag-pol-Tg Rat. The construction of the
plasmid from which the transgene was derived has been de-
scribed (17). Briefly, a 3-kbp SphI-Mscl fragment encompassing
the 3’ region of gag and the 5’ region of pol was removed from
pNL4-3, an infectious proviral plasmid, to make the noninfec-
tious HIV-18%79! clone pEVd1443. A 7.4-kbp Eael-Nael frag-
ment containing the provirus and host cell flanking regions was
microinjected into fertilized one-cell Sprague—Dawley X Fisher
344 /NHsd F1 eggs as described (20). The experimental protocol
was approved by the University of Maryland Biotechnology
Institute Institutional Animal Care and Use Committee.

Macrophages and B and T Cell Isolation. Splenocytes were purified
on Histopaque-1083 (Sigma), counted, divided into 3 aliquots of
1.5 X 107 cells, and stained with primary mAbs by standard
procedure (21). Each aliquot was labeled for 45 min at room
temperature with a 1:100 dilution of anti-rat mAbs ED1
(MCA341R,; Serotec), CD45SRA (MCA340R; Serotec), or CD3
(22011D; PharMingen), which are specific for rat macrophages
and B and T cells, respectively. Cells (107) were magnetically
labeled with 20 wl of magnetic activated cell sorting (MACS) rat
anti-mouse IgG1 (471-02) or goat anti-mouse IgG (484-02)
(Miltenyi Biotec, Auburn, CA) for 15 min at 6-12°C. The
magnetically labeled cell suspensions were separated by pos-
itive selection on MS+ separation columns placed in a Vari-
OoMACS magnet (Miltenyi Biotec), using the manufacturer’s
recommendations.

Abbreviations: DTH, delayed type hypersensitivity; H&E, hematoxylin and eosin; HIV-1, HIV
type 1; KLH, keyhole limpet hemocyanin; PALS, periarterial lymphatic sheath; Tg, trans-
genic; LTR, long terminal repeat; Th, T helper.
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Histology, Immunochemistry, and Apoptosis. Tissues from Tg and
non-Tg littermates and Fisher 344 /NHsd Sprague—Dawley con-
trol rats were fixed in 10% neutral buffered formalin and
embedded in paraffin. Five-microgram tissue sections were used
for hematoxylin and eosin (H&E) staining, immunohistochem-
istry, and apoptosis assays. A modified avidin/biotin method was
used for immunohistochemical localization of HIV gene prod-
ucts (22). Paraffin sections were processed as described, exposed
to antigen unmasking solution (Vector Laboratories), incubated
in 3% H,0; for 20 min, and treated with avidin/biotin blocking
solution (Vector Laboratories) and nonimmune sera appropri-
ate for blocking the secondary Ab at a 1:5 dilution. Primary Abs
(all from Advanced Biotechnologies, Columbia, MD, except
where noted) included HIV-1 gp120 goat antiserum (13-202-
000), diluted 1:50 and 1:100; HIV-1 rabbit anti-HIV gp120
antiserum (13-204-000), diluted 1:100; mouse anti-HIV-1 gp120
mAb (NEN, Boston, MA; NEA 9301), diluted 1:150; mouse
anti-HIV-1 Tat mAb (13-162-100), diluted 1:50 and 1:100; and
mouse anti-HIV-1 Nef (13-152-1000), diluted 1:50 and 1:100.
Biotinylated secondary Abs were incubated for 2 h at room
temperature with anti-mouse IgG (rat-absorbed), anti-rabbit
IgG, and anti-goat IgG (Vector Laboratories), at dilutions of
1:200-500, and labeled with Vecta Stain Elite ABC kit (Vector
Laboratories), followed by addition of 3,3’-diaminobenzidine
tetrahydrochloride (DAB) peroxidase (Sigma) or the 3-amino-
9-ethylcarbazole (AEC) substrate system (Dako) to visualize the
immunolabel.

Immunization of Rats. Tg and Fisher 344 /NHsd control rats were
immunized i.p. with 100 wg of keyhole limpet hemocyanin
(KLH; Pierce) with complete Freund’s adjuvant (Difco). Four
weeks later, sera were collected, and anti-KLH end-point titers
were determined by ELISA. Microtiter plates (NUNC Maxi-
Sorp, Roskilde, Denmark) were coated with 2 pg/ml KLH
overnight at 4°C. Plates were washed, blocked with 5% milk
powder, and incubated with serially diluted rat sera at 37°C for
2 h. Bound IgG was detected with horseradish peroxidase-
conjugated anti-rat IgG Ab. For detection of delayed type
hypersensitivity (DTH), rats were challenged intracutaneously 4
weeks after immunization with 50 ng of KLH, and the size of the
induration was measured 24 h later.

Proliferation Assays. Splenocytes (2.0 X 10°) were cultured in 0.2
ml of RPMI medium 1640 with 10% (vol/vol) FBS in a microtiter
plate with 50 pg/ml of KLH or 10 ug/ml of phytohemagglutinin.
The cells were pulsed with 1 wCi of [*H]thymidine (6.7 Ci/mmol;
NEN) for 18-24 h and harvested onto glass fiber filters with a
Micron 96-cell harvester (Skatron, Lier, Norway). Incorporation
of [*H]thymidine was measured with a liquid scintillation
counter. All experiments were in triplicate.

Statistics. The mean number of apoptotic splenocytes per high
power field, DTH measurements, and KLH end-point titers
between phytohemagglutinin-stimulated and unstimulated cells
from Tg and normal offspring were compared by using an
independent Student’s ¢ test for samples exhibiting normally
distributed values. A Wilcoxon rank sum test was used for
samples exhibiting non-normal distribution. Two-tailed P values
were considered significant at P < 0.05.

Results

Preliminary Analysis of HIV-1 Tg Rats. One female founder was
produced that had very opaque cataracts. Mating with a wild-
type Fischer 344/NHsd produced several F1 Tg and normal
offspring. F1 offspring had very opaque (line 1) or very mild
cataracts (line 2). The Tg animals were grouped according to
cataract phenotypes, and DNA was prepared from tail tips,
digested with EcoRI, and analyzed by Southern blotting (ref. 23;
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Fig. 1. Detection and expression of transgene. (A) Detection of transgene.
A Southern blot was performed on EcoRI-digested DNA from tail snips of a
normal rat (15 pg; lane 1) or Tg rats with mild (20 n.g; lane 2) or very opaque
(5 ug; lane 3) cataracts. The blot was hybridized to an a-32P-labeled 7.4-kb
Eael-Nael fragment from pEVd1443. (B) Expression of transgene RNA. A
Northern blot was performed on total RNA isolate from various tissues and
analyzed by Northern blot as described (32). HIV-specific transcripts (7-, 4-, and
2-kb) were detected with an a-32P-labeled 1.3-kbp (Bg/ll/Bglll) fragment from
pHXB2, containing gp41 and nef coding regions. HIV transcripts were quan-
tified with a Storm 840 Phosphorlmager (Molecular Dynamics) and normal-
ized for hybridization to 18S rRNA by using an appropriate probe. RNA was
from the axillary (lane 1) and mesenteric (lane 2) lymph nodes, thymus (lane
3), liver (lane 4), kidney (lane 5), and spleen (lane 6) of transgenic rat with
highly opaque cataracts. The positions of the 7.0-kb full-length mRNA, 4-kb
singly spliced env mRNA, and 2-kb multiply spliced mRNA are indicated.

Fig. 14). EcoRI cuts the transgene once. As shown in lanes 2 and
3 of Fig. 14, the hybridization patterns of DNA representing the
two phenotypes differed. Both gave bands corresponding to a
full-length transgene, as indicated by the arrow, suggesting that
both integration sites contained two or more tandem copies of
the transgene. Other bands, presumably representing transgene—
host junction bands or head-to-tail multiple tandem integrated
transgenes, differed, suggesting that the transgene had inte-
grated at two independently segregating sites, one resulting in
the opaque cataract phenotype and the other in mild cataracts.
A brother-sister mating of F1 Tg rats from line 2 produced
offspring with mild cataracts only. Southern blots of EcoRI-
digested DNA from offspring were identical to those of the
parents. As judged by the relative intensity of hybridization to
Southern blots of Tg DNA compared with serial dilutions of
known amounts of plasmid DNA quantified with a Phospho-
rImager (Molecular Dynamics), Tg rats from line 1 contained
20-25 copies, whereas those of line 2 contained only a few.
Subsequent studies focused only on line 1 HIV-1 Tg rats.

HIV-1 Transgene Expression. RNA from numerous tissues was
analyzed for viral transcripts. Expression levels were generally
highest in lymph nodes, spleen, kidney, and thymus. A repre-
sentative Northern blot of lymph node RNA (Fig. 1B) shows
three viral-specific bands, representing full-length 7.4-kb
mRNA, 4.0-kb singly spliced Env mRNA, and multiply spliced
2-kb mRNA transcripts for Nef, Tat, and Rev. The presence of
Tat mRNA in the 2-kb band from spleen RNA was confirmed
by reverse transcription-PCR amplification and DNA sequence
analysis (not shown). Formalin-fixed paraffin-embedded 5-um
sections of spleen from line 1 (Fig. 1B) Tg rats were analyzed by
immunohistochemistry for Env gp120, Nef, and Tat. All three
proteins were evident in cells within the red and white pulp of
the spleen (Fig. 2 A-C). Gp120 was present in cellular lysates of
spleen-derived macrophages and B and T cells as judged by
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Fig. 2.

Pathology and transgene expression. A section of Tg rat spleen was
stained for HIV gp120 (A), Nef (B), and Tat (C). Cytoplasmic staining (dark
brown) is evident for all three proteins (original magnification = X60).
H&E-stained sections of control (D) and Tg (E) lung are shown (x20). Arrow in
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Fig. 3. Transgene expression in splenocytes. Seven micrograms of protein
from extracts of spleen-derived macrophages (lane 3), B cells (lane 4), or T cells
(lane 5) was fractionated on a 4-12% NuPage gel (NOVEX, San Diego) and
analyzed by Western blot, using a 1:100 mouse anti-HIV-1 gp120 mAb (NEA
9301, NEN). Proteins were visualized by using the enhanced chemilumines-
cence (ECL) plus Western blotting system (Amersham Pharmacia). Lane 1
contained extract from a normal control spleen, and lane 2 contained 30 ng of
recombinant gp120 as a positive control.

Western blotting (Fig. 3). The animals were also antigenemic. As
measured by ELISA, sera contained 100-200 pg/ml of gp120
(Table 1). Thus, in marked contrast to Tg mice with the same
proviral transgene (17, 18), Tg rats express viral gpl20 in
macrophages and B and T cells and shed it into peripheral blood.

Pathology of Tg Rats. Cataract formation ranged from mild to
highly opaque. Some Tg animals (>50%) presented with highly
angiogenic corneas. Their lenses had marked vacuolization,
liquefaction, and fragmentation (not shown). In addition to
cataracts, HI'V-1 Tg rats developed many clinical manifestations
of AIDS by 5-9 months of age, including weight loss, neurolog-
ical abnormalities, and respiratory difficulty. Generally, neuro-
logical abnormalities were characterized by circling behavior and
hind-limb paralysis. Often (>70%), the lung showed mild inter-
stitial pneumonia characterized by mild to moderate interstitial
fibrosis and mononuclear cell infiltration (Fig. 2 D and E).
Mesenteric lymph nodes (>40%) were generally enlarged, and
many histological sections showed lymphoid depletion and fi-
brosis (Fig. 2 F and G). Many Tg rats (>20%) had focal to
extensive ulcerative skin lesions (Fig. 2 H and I). Histologically,
the lesions were hyperkerototic, with elongation of the rete
ridges. The kidneys from clinically ill rats (>90%) were diffusely
pale, and the capsular surface was pitted, similar to what is seen
with HIV-1 associated-nephropathy. H&E-stained kidney sec-
tions showed a spectrum of renal disease varying from mild to
severe. Generally, glomeruli in Tg rats contained increased
periodic acid/Schiff reagent (PAS)-positive material, with either
segmental or global sclerosis. Some glomeruli showed mesangial
hypercellularity and enlargement of visceral epithelial cells.
Silver staining confirmed that the PAS-positive tissue within the

E indicates area of interstitial thickening. H&E-stained sections of control (F)
and Tg (G) mesenteric lymph node (X 10) are shown. Note normal follicle (*, F)
and hemorrhage, lymphoid depletion, and vascular proliferation in Tg section
(G). Gross tail and foot lesions (H) and H&E-stained Tg skin (x60). Note
psoriatic skin lesions with hyperkeratosis and mononuclear cell infiltrate
(arrow, /). H&E-stained control kidney shows normal glomerulus (*) and renal
tubule (arrow, J); Tg kidney shows focal glomerulosclerosis (*) and tubuloin-
terstitial disease (+, K; xX60). H&E-stained heart section (L) shows myocardial
inflammation with mononuclear cell infiltration (arrow) (X60). Astrocytes
from normal (M) or Tg (N) brains were stained for glial fibrillary acidic protein
(GFAP; Xx40). Staining for GFAP was as reported (22), using anti-GFAP Ab
(U7038; Dako). Staining of normal brain was limited, but Tg brain was heavily
stained, indicating reactive gliosis, a marker for central nervous system dam-
age. (O) Blood vessels in Tg brain were stained with ApopTag (x60); arrow
indicates vascular endothelial apoptosis.
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Table 1. Serum gp120 in Tg rats

Tg rats gp120, pg/ml*
Tgno. 1 151
Tg no. 2 129
Tgno. 3 121
Tgno. 4 85
Tgno.5 172
Tgno.7 235
Tgno.8 164
Tgno.9 217

The expression of gp120 envelope protein in the serum was assayed by
ELISA antigen capture assay. The average gp120 concentration in the serum of
hemizygous rats (n = 9) was 141 pg/ml (A).

*Capture ELISAs were done in triplicate on Tg rats with negative controls (n =
8). A mean adjusted value (76.6) for negative controls was subtracted.

glomeruli was composed of matrix material (not shown). The
renal tubules showed microcystic tubular and tubulointerstitial
pathology characterized by tubular degeneration, interstitial
fibrosis, and mononuclear cell infiltration (Fig. 2 J and K). The
heart generally was round and pale in color (not shown). Some
hearts from Tg rats showed evidence of endocarditis and myo-
cardial inflammation characterized by necrosis, mononuclear
cell infiltrates, and multiple vascular abnormalities (Fig. 2L).

Tg rat brains with or without clinical neurological signs were
grossly unremarkable. However, pathologic changes were evi-
dent in rats with clinical signs. Capillaries and endothelial cells
presented with atypical changes, such as microscopic hemor-
rhages and endothelial cell apoptosis, in a multifocal distribution
(Fig. 20). Foci of gliosis together with neuronal cell death were
noted, particularly in animals with clinically observable signs
(Fig. 2N). For comparison, Fig. 2M shows a normal section of
brain. Although the distribution of these changes seemed ran-
dom, when they occurred with increased severity in focal areas
of the brain, corresponding neurological deficits were noted. For
example, animals with motor problems presented with greater
severity of changes in the caudate putamen and substantia nigra.

Tg rat spleen was generally normal in size. Spleen tissue
sections showed a loss of splenocytes within the periarterial
lymphatic sheath (PALS), expansion of the marginal zones,
follicular hyperplasia, and apoptosis of endothelial cells and
splenocytes (Fig. 4 A and B). Apoptosis of splenocytes was
evaluated by counting ApopTag (Intergen, Purchase NY)-
positive cells per high-powered field in 5-month-old male rats
and was significantly elevated compared with age- and sex-
matched non-Tg controls (P < 0.01; Fig. 4C).

Immune Function of HIV-1 Tg Rats. To evaluate immune function,
Tg rats and age-matched controls were immunized with KLH,
and the resultant KLH-specific DTH responses and anti-KLH
Ab titers were determined. The DTH response was determined
from the extent of induration present at 24 h. The induration was
significantly lower relative to controls (P < 0.01; Table 2). In
contrast, there was no significant difference in anti-KLH-specific
Ab titers, suggesting that the Tg rats have an abnormal T helper
(Th)-1 response but normal Th2 function. The mean prolifera-
tive response of spleen cells from adult Tg rats to nonspecific
mitogen (phytohemagglutinin) was significantly increased after
6 days compared with littermate controls (P = 0.0062; Table 3).
However, there were no statistical differences in the T cell
proliferative response of splenocytes from vaccinated rats to a
recall antigen (KLH).

Discussion

We report, to our knowledge, the first HIV-1 Tg rat. The
transgene, consisting of an HIV-1 provirus deleted for gag and
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Fig. 4. Pathology and apoptosis in Tg rat spleen. (A) H&E-stained control

spleen. Note T cell region (PALS) (*) and B cell region (marginal zone) (+)
(original magnification x60). (B) H&E-stained Tg rat spleen (x60). Note loss of
T cells within the PALS (*). The two + show the marginal zone. (C) Five-
microgram tissue sections were assayed in situ for apoptosis by using an
ApopTag kit. Spleen sections from 5-month-old male Tg and Fisher 344/NHsd
control rats were taken from 3 animals per group, and apoptotic cells from
each section were enumerated 3 times at X400 by using a Nikon Labophot-2
light microscope. The entire tissue section was counted by using a stage
micrometer to pick successive nonoverlapping fields. The * shows the statis-
tically significant difference between HIV-1 transgenic rats and age-matched
controls.

pol, is expressed in lymphoid tissues, including lymph nodes,
spleen, thymus, and blood. The Tg rats exhibit pathologies and
immune irregularities characteristic of HIV-1 infection of
humans.

The tissue-specific pattern of viral gene expression is of
interest. To model viral gene expression in infected humans, we

Table 2. Antibody and DTH responses to KLH in HIV-1 Tg rats

Exp. Anti-KLH Anti-KLH DTH,

group Observations Ab titer mm diameter SE
Tg* 12 7.4 NA 0.19
Control* 6 7.9 NA 0
Tgt 10 NA 3.5% 0.7
Control® 6 NA 10.8 1.4

NA, not applicable.

*Tg and non-Tg rats were immunized i.p. with 100 pg of KLH with complete
Freund’s adjuvant. Four weeks later, sera was collected, and end-point
anti-KLH Ab titers were determined by ELISA. The results are expressed as
mean * SE (logarithm 10) of end-point titers.

fImmunized rats were challenged with 50 ug of KLH intracutaneously, and the
size of the induration was measured 24 h later. Results are expressed as
mean * SE of diameter of induration (mm).

*Indicates a statistical significance between HIV-1 Tg and non-Tg rats.

Reid et al.



Table 3. Proliferative response of splenocytes from Tg

[3H]thymidine incorporation of
stimulated spleen cells, Acom

Exp. group Observations PHA KLH SE

Tg* 8 28,289* NA 7,201
Control* 5 2,138 NA 1,070
Tg* 4 NA 89,202 18,147
Controlt 3 NA 92,475 24,260

NA, not applicable.

*Spleen cells (2 X 10%) from HIV-1 Tg or non-Tg rats were cultured with 10
ng/ml of PHA at 37°C for 6 days.

Spleen cells (2 X 10°) from HIV-1 Tg or non-Tg rats immunized with KLH 4
weeks previously were cultured with 50 ng/ml KLH at 37°C for 5 days. All cells
were labeled with 1 uCi [3H]thymidine for the last 18-24 h, harvested, and the
incorporated radioactivity counted. The results are expressed as mean = SE of
thymidine incorporation in triplicate cultures.

*Indicates a statistical significance between Tg and non-Tg rats.

used the viral LTR to regulate the transgene. LTR-regulated
gene expression depends on transactivation by the viral Tat
protein, which requires cellular cyclin T as a cofactor. Mouse
cyclin T is not functional with Tat, and LTR-driven expression
in Tg mice differs from expression in humans, with the highest
levels in skin and muscle. In contrast, viral genes are efficiently
expressed in lymphoid tissues of Tg rats, similar to infected
humans, suggesting that rat cyclin T is functional. A similar
suggestion has been made by Bieniasz and Cullen (24). Three
sizes of viral transcripts can be detected, including a 7.4-kb
unspliced mRNA, a 4.3-kb singly spliced (env) mRNA, and a
2-kb multiply spliced (tat, rev, and nef) mRNA, similar to
infected human cells, suggesting that Rev, a viral protein that
regulates splicing, can also function in rats.

Clinical manifestations, similar to those in humans infected
with HIV, are evident in the Tg rats, including neurological
changes, respiratory difficulty, and cataracts. The neuropathol-
ogy includes reactive gliosis, neuronal cell loss, lymphocyte
infiltration, and alteration of endothelial cells with loss of
blood-brain barrier integrity. There is a degeneration of pe-
ripheral nerves and skeletal muscle atrophy similar to that in
infected humans. The Tg rat could be a useful model of
HIV-central nervous system interactions, because the neuro-
anatomy, neurophysiology, neuropathology, and behavior of rats
are well studied.

Pneumonitis associated with HI'V-1 infection is common in
pediatric cases of AIDS (6); however, its pathogenesis is not well
understood. Most cases of pneumonia in people infected with
HIV-1 are characterized by lymphocytic interstitial pneumonitis.
Respiratory difficulty in the Tg rats is correlated with a mild
expansion of the lung interstitium by a mononuclear infiltrate.
The pneumonia in the Tg rats is unlikely to be caused by
opportunistic infections, because of their pathogen-free status,
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sterile housing conditions, and certified diet, suggesting that
pathogenesis is mediated directly by the HIV-1 transgene.

Cardiac disorders including myocarditis and cardiomyopathies
have been reported in patients infected with HIV, but their
etiopathogenesis is uncertain (12, 25, 26). The cardiac pathology
seen in the Tg rats is grossly and microscopically similar to that
in infected people, suggesting that this could be a useful model
for the study of HIV-associated cardiac disease. There is con-
troversy about the role of HIV as the primary etiology of cardiac
pathology; opportunistic infections, cardiotoxic substances, nu-
tritional deficiencies, and autoimmune reactions have been
suggested as contributing factors. Because the Tg rats are
pathogen-free, the observed cardiac abnormalities are likely
caused by viral gene product activity rather than opportunistic
infections.

Renal abnormalities are frequently seen in AIDS, especially in
African-American patients (8, 27, 28). The most typical is HIV-1
associated-nephropathy (HIVAN), occurring in 10-15% of all
infected African-American patients. HIVAN includes proteinuria,
nephrotic syndrome, focal or segmental glomerulosclerosis, and
tubulo-interstitial disease, rapidly progressing to end-stage renal
disease. The pathogenesis is not completely understood but likely
involves the direct effects of HIV-1 and cytokines such as basic
fibroblast growth factor (bFGF) and transforming growth factor
(TGF)-B (28) that are secreted by infected cells (29). The Tg rat
offers a potential model for HIVAN and related conditions.

HIV-1 Tg rats have selective immune abnormalities. There is
a markedly decreased DTH response but Ab titers and the
proliferative response of splenocytes to KLH antigen is normal.
Lymphoid tissues manifest an AIDS-like histopathology, includ-
ing lymphocyte depletion in lymph nodes, severe splenic hyper-
plasia with loss of cells around the PALS, and increased apo-
ptosis of splenocytes. Viral proteins are expressed in spleen T
and B cells and monocytes. This hyperplasia and cell loss may be
caused in part by abnormal trafficking of cells or by abnormal or
selective proliferation and loss of lymphocyte subsets. It has
recently been shown in mice that CD8a™ dendritic cells and
naive and Thl T cells concentrate within the PALS, whereas
CD8a ™~ dendritic cells and Th2 cells form loose rings around the
outer PALS in close proximity to the B cells (30, 31). It is
tempting to speculate that the loss of T cells around the PALS
and in lymph nodes, the increased apoptosis in spleen, and the
diminished DTH reaction are the results of a common mecha-
nism affecting Th1 development or trafficking. Taken together
with the pattern of pathologies that occur, the HIV-1 Tg rat
is potentially a highly useful small-animal model for AIDS
pathogenesis.
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