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We have investigated the in vivo pathogenic properties of two molecularly cloned strains of human immu-
nodeficiency virus type 1 (HIV-1), HIV-1y, 4 ; and HIV-1;;_cgp, in human fetal thymus/liver implants in severe
combined immunodeficient mice. Studies comparing their in vivo replication kinetics and abilities to induce
CD4* thymocyte depletion were performed. HIV-1y; , ; replicated in vivo with faster kinetics and induced
greater levels of CD4" thymocyte depletion than did HIV-1;; sy These results demonstrate that different
viral isolates have different pathogenic properties in this system. In the SCID-hu model, this pathogenesis most
likely occurs in the absence of an immune response. Therefore, we investigated whether the absence of immune
selection resulted in extensive genetic variation and the generation of viral quasispecies. To this end, DNA
corresponding to the fourth variable domain region of the viral envelope gp120 protein recovered from biopsy
samples at 6 weeks postinfection was sequenced. Little genetic variation was noted in either HIV-1;5 (g~ OF
HIV-1y, 4.5-infected implants. The mutation levels demonstrated in both viral strains were more reflective of
the acute rather than the chronic phase of HIV-1 infection in humans. These results suggest that the SCID-hu
mouse model can be used to study the in vivo pathogenicity of different HIV-1 isolates in the absence of host

immune selective pressures.

The biological properties of human immunodeficiency virus
type 1 (HIV-1) that influence its pathogenicity are poorly un-
derstood but are of critical importance to the development of
both vaccines and therapeutic strategies. Viral burden and
syncytium induction have both been proposed as important
factors in the destruction of the immune system and induction
of disease (7-10, 25, 26, 28). Longitudinal studies of HIV-
infected individuals have revealed that a decline in CD4™"
T-cell numbers occurs in the peripheral blood in conjunction
with an increase in viral burden (7, 9, 28). However, not all
studies find a correlation between a switch to a syncytium-
inducing (SI) phenotype and the decline of CD4" T-cells,
leaving the role of syncytium induction in in vivo pathogenesis
unclear (9, 14). In addition, it is unclear whether the decline in
CD4" T cells is a result of the emergence of SI isolates or
whether the loss of immune surveillance allows for the emer-
gence of this viral phenotype.

The SCID-hu mouse (20) is a small animal model for HIV-1
pathogenesis. It employs severe combined immunodeficient
(SCID) mice that are T- and B-cell deficient and therefore
incapable of rejecting xenografts. Implantation of human fetal
thymus and liver under the kidney capsule results in formation
of a conjoint organ (Thy/Liv) capable of supporting the differ-
entiation and maturation of human thymocytes for up to 1 year
(22). The Thy/Liv implant histologically resembles a normal
human thymus (2, 4, 19, 22, 30). Direct infection of the Thy/Liv
implant with HIV-1 results in hypocellularity (2, 4, 30), loss of
cortical-medullary junctions, and depletion of CD4-bearing
cells (2, 4), similar to what is seen in HIV-infected humans. We
have used this model to examine the pathogenic potential of
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prototypes of non-SI (NSI) and SI isolates of HIV-1 with
respect to their replication capacities and CD4* cell decline.
To determine the extent of viral variation that occurs in the
SCID-hu mouse, DNA corresponding to the fourth variable
domain (V4) region of the env gene of provirus was recovered
from infected implants and sequenced. Our results indicate
that a molecular clone of HIV-1 which has an SI phenotype
(HIV-1yy4.3) replicated to higher titer and resulted in more
severe depletion of CD4™ cells than a molecular clone of NSI
phenotype (HIV-1,;_sp)- In addition, strikingly little env se-
quence variation was observed throughout the course of infec-
tion, consistent with the lack of immune selection in this sys-
tem. Thus, it appears that the SCID-hu mouse is an important
system for evaluating the innate pathogenic potential of vari-
ous viral strains in the absence of host-derived immune factors.

MATERIALS AND METHODS

Construction of SCID-hu mice. C.B.-17 mice homozygous for the SCID ge-
netic defect (5) were bred at the University of California, Los Angeles, housed
in a biosafety level 3 animal facility, and maintained free of antibiotics. SCID-hu
mice were constructed as previously described (2, 4, 12, 20, 22). Briefly, human
fetal thymus (~1 mm?) was sandwiched between two pieces (=1 mm?) of human
fetal liver from the same donor and implanted under the left kidney capsule of
SCID mice. Fetal tissue purchased from Advanced Bioscience Resources (Al-
ameda, Calif.) was obtained from fetuses ranging in gestational age from 16 to 24
weeks. Trimethoprim (16 mg/ml)-sulfamethoxazole (80 mg/ml) was administered
in drinking water for 3 days per week to experimental animals as a prophylaxis
for Pneumocystis carinii. Four to eight months postimplantation, implants were
injected with 100 infectious units (IU) of HIV-1yy 4.3 (1) or HIV-1;z_csp (17) in
50-pl volumes (2, 12). In the data presented in the figures and tables, the animals
are identified by numbers. The number preceding the hyphen indicates the fetal
tissue donor, and the number after the hyphen represents the particular mouse
in that transplantation series.

Preparation of virus stocks and infection of SCID-hu mice. HIV-1;;_sg (17)
and HIV-1y; 4.3 (1) have been previously described. Virus stocks were obtained
by electroporation (6) of infectious cloned proviral DNA (50 j.g) into 107 my-
coplasma-free COS cells. Virus stocks were collected 1, 2, and 3 days posttrans-
fection and analyzed for p245“¢ content by enzyme-linked immunosorbent assay
(Coulter, Hialeah, Fla.). Virus stocks were stored at —70°C. Infectious units were
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TABLE 1. Thymocyte subset distribution of HIV-1;g_cgp- and HIV-1y; 4 5-infected implants®
3 wk p.i. 4-6 wk p.i.
Infection % No. showing % No. showing
depletion/ depletion/
CD4* CD4" CD8* CD4~ CD8™ CD8* CD4* CD4* CD8* CD4~ CD8™ CD8* total
Mock 17.8 £ 11.0 723 =165 28 =20 7.0 = 6.6 173 =84 683 *=13.0 63+6.3 8.0*6.1 0/11
HIV-1g csr 241131 65.0 + 144 24+ 1.1 6.8 =438 19.6 = 11.3 659 =135 45+37 8337 2/12
HIV-1,5 162 *114 63.6 +28.9 40+57 142=*151 158 139 109 *+264 452+294 274+236 12/12

¢ Implants infected as indicated were analyzed by flow cytometry for CD4 and CDS8 surface markers. Mock-infected implants were assayed in parallel with
HIV-infected implants at each time point. Quadrants were set by using the mock-infected implants. Values are the averages of 10 to 12 implants per group * standard
deviation. Depletion was scored as positive if CD4 CD8 double-positive thymocytes fell below 51% of the gated population.

determined for each virus stock by limiting dilution analysis using normal human
peripheral blood mononuclear cells (PBMC) previously stimulated for 3 days
with phytohemagglutinin. Leukopacks purchased from the American Red Cross
served as the source of normal human PBMC. Thy/Liv implants were infected
with 100 IU by direct injection of 50 to 100 wl of virus. Mock implants were
infected with 50 to 100 wl of supernatant from mock-electroporated COS cells.
Sequential wedge biopsies of approximately 25% of each implant were obtained
at the indicated times while the animals were sedated. Because of the large
number of animals needed, data presented were obtained from three indepen-
dent experiments comparing infection with the two viral strains in parallel. The
first biopsy was performed 3 weeks postinfection (p.i.), and the second was
performed 4 to 6 weeks p.i. Data obtained were consistent in all three experi-
ments.

Flow cytometry. To determine thymocyte subset distribution in infected and
mock-infected implants, single-cell suspensions obtained from biopsy samples
were washed once in phosphate-buffered saline (PBS), and then 10° cells were
costained with monoclonal antibodies (MAbs) (Becton Dickinson, Mountain
View, Calif.) against CD4 and CDS8 T-cell markers. Anti-CD4 and anti-CD8
MADs were directly conjugated to fluorescein isothiocyanate and phycoerythrin,
respectively. As a positive control, normal human peripheral blood was stained
with anti-CD4 and anti-CD8 MAbs. At all time points, anti-mouse immunoglob-
ulin G1 MAbs (Becton Dickinson), both fluorescein isothiocyanate and phyco-
erythrin conjugated, were used as an antibody isotype control. After staining,
erythrocytes were lysed by incubation in fluorescence-activated cell sorting lysing
solution (Becton Dickinson). Cells were then fixed in 2% paraformaldehyde.
Data were accumulated on a FACStar®'"s flow cytometer and analyzed with the
Lysis II program (Becton Dickinson). Forward versus side scatter analysis of
mock-infected implants was used to gate on the live thymocyte population. A
total of 5 X 10° to 10 X 103 events were acquired, except from implants severely
depleted of CD4-bearing thymocytes.

Quantitative PCR. Single-cell suspensions obtained from biopsy samples were
washed once in PBS and then lysed in urea lysis buffer (4.7 M urea, 1.3% [wt/vol]
sodium dodecyl sulfate, 0.23 M NaCl, 0.67 mM EDTA [pH 8.0], 6.7 mM Tris-
HCI) and subjected to phenol-chloroform extraction and ethanol precipitation.
Total nucleic acids obtained from this procedure were then subjected to quan-
titative PCR as previously described (2, 34, 35). Briefly, HIV DNA was detected
by using the 3?P-end-labeled M667-AA55 primer pair specific for the R/US
region of the long terminal repeat. Twenty-five cycles of amplification were used.
Standard curves for HIV-1 DNA were generated by using four- or fivefold
dilutions of cloned HIV-1;z_csr DNA linearized with EcoRI, which does not
digest viral sequences. The dilutions were made into DNA from normal human
PBMC (10 pg/ml). To quantitate HIV genomes per human cell, replicate sam-
ples were analyzed for human DNA with primers specific for nucleotides (nt) 14
to 33 and 123 to 104 of the human B-globin gene (18, 34), using 21 cycles of
amplification. Standard curves for human B-globin were generated from 3- and
10-fold dilutions of PBMC DNA, and values were obtained by interpolation from
the standard curve, using an Ambis (San Diego, Calif.) radioanalytic imager.

Cloning and sequencing of the V4 envelope region. HIV-1;;_cgp env present in
Thy/Liv implants was amplified, cloned, and sequenced as previously described
(24). A modified version of that protocol was used to amplify, clone, and se-
quence the corresponding env region from HIV-1y; 4 3-infected implants. Briefly,
nested PCR of the env V4 region was performed with the env 5’ primer (5'-
CAGATAGTTGAAAAATTAAGA-3' [sense]; nt 7256 to 7276 of HIV-1yg_csr)
and the env 3" primer (3'-ATAATTCACTTCTCCAATTGT-5' [antisense]; nt
7661 to 7641 of HIV-1,5_csr) as the outside primer pair. Samples were amplified
in 50-ul volumes for 35 cycles of denaturation at 94°C for 1 min, annealing at
55°C for 1 min, and extension at 72°C for 2 min. After the first round of
amplification, nested PCR was performed by removing 10 pl of sample and
adding this to 45 pl of fresh PCR reagents containing env 21 and env 22 primers
(24) as the internal primer pair. Amplification conditions were identical to those
for the previous 35 cycles. An EcoRlI site and a BamHI site were included on env
22 and env 21 primers, respectively, and used for ligation of the amplified

products into Escherichia coli XL1-Blue MRF’ (Stratagene, La Jolla, Calif.).
White colonies were screened by digestion of the DNA at the EcoRI and BamHI
restriction sites, and the products were separated on a 1% agarose gel. DNA
from positive colonies was sequenced by the method of Sanger et al. (27), using
a Sequenase version 2.0 kit (U.S. Biochemical, Cleveland, Ohio).

RESULTS

Pathogenic properties of HIV-1 strains in vivo. To investi-
gate the in vivo cytopathicity of HIV-1y; 4.3 and HIV-1;¢_csp,
Thy/Liv implants were mock infected or infected with 100 IU
of virus. At 3 and at 4 to 6 weeks p.i., implants from all three
groups were biopsied. Thymocyte subset distribution was de-
termined by anti-CD4 and anti-CD8 fluorescent-antibody
staining followed by flow cytometric analysis. No thymocyte
depletion was seen in 10 implants infected with HIV-1,,_~gp at
3 weeks p.i. (Table 1). At later time points, depletion was
observed in two of the 12 HIV-1;,_~gp-infected implants. In
contrast, at 3 weeks p.i., 2 of 10 HIV-1; 4 s-infected implants
showed depletion of both CD4 CD8 double-positive and CD4 ™"
CDS8"™ subsets. By 4 to 6 weeks p.i., severe depletion of all
CD4-bearing thymocyte subsets was demonstrated in 12 of 12
HIV-1y, 4s-infected implants. These data clearly demonstrate
that HIV-1; 4.5 is more cytopathic in vivo, depleting CD4-
bearing thymocytes more rapidly than did HIV-1;5_cgp-

In vivo replication kinetics of HIV-1y, 4.; and HIV-1;;_cgg-
Previous experiments (12) indicated that HIV-1y; 4 ; may rep-
licate to higher titers in vivo in Thy/Liv implants than does
HIV-1;z_csr- To investigate the kinetics of viral replication,
single-cell suspensions obtained from biopsy samples of im-
plants infected with either virus were analyzed by quantitative
PCR as previously described (2, 12, 34, 35). Figure 1A shows
virus load in HIV-1; 4, 5- and HIV-1;;_~gp-infected implants
at 3 and at 4 to 6 weeks p.i. HIV-1y; 45 displayed more rapid
replication kinetics than HIV-1;;_~gp, reaching an ~11-fold
higher titer at 3 weeks p.i. (Table 2). At 4 to 6 weeks p.i., viral
burden in HIV-1,,s-infected implants remained relatively
constant, with ~13,200 copies of HIV-1 DNA per 10° cells.
Virus load in HIV-1,,_~gp-infected implants increased by ~2-
fold (Table 2) but remained ~5-fold lower than in HIV-1 4 5-
infected implants.

As previously reported (2), proviral load drops somewhat
when severe depletion of CD4-bearing cells is observed. Be-
cause CD4™" cells are the primary cell type in which HIV-1
DNA is found in the SCID-hu mouse (2), the depletion of
CD4™ thymocytes would be expected to affect the overall viral
burden in the implant. A comparison between implants in-
fected with HIV-1, 4.5, which are severely depleted of CD4-
bearing cells, and HIV-1;;_~gr-infected implants, which are
not depleted, becomes difficult to interpret. Therefore, viral
burden per 10° CD4" cells was calculated by quantitative PCR
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FIG. 1. In vivo replication of HIV-1y; 4.5 and HIV-1;z_csg. The number of
HIV-1 genomes per 10° human thymocytes (A) or per 10° CD4™ thymocytes (B)
was determined by quantitative PCR of sequential biopsy samples from Thy/Liv
implants. Replicate samples were analyzed for both HIV-1 genomes and human
B-globin sequences to allow quantitation of viral genomes per human cell equiv-
alent. The number of CD4™" thymocytes present per sample was determined by
anti-CD4 staining followed by flow cytometry. Each symbol represents virus load
in an individual implant.

for viral sequences and by two-color flow cytometric analysis
for CD4 and CDS surface markers. As indicated in Fig. 1B,
when the relative number of HIV-1 genomes is calculated per
CD4" thymocyte, the results are even more striking. HIV-
1n14.3-infected implants still demonstrate ~11-fold-higher vi-
ral burden at the 3-week time point than HIV-1;,_~gr-infected
implants, since little CD4™ thymocyte depletion was observed
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at this time point (Table 2). However, at 4 to 6 weeks p.i., when
HIV-1, 45-infected implants had become severely depleted of
CD4™ cells, the calculated viral burden per CD4™ cell in those
implants was ~23-fold higher than at the 3-week time point
(Table 2). This is equivalent to an ~112-fold-greater calculated
viral burden than was achieved in implants infected with HIV-
1;r.csg- These results clearly demonstrate that HIV-1y; 4.5
replicates more rapidly in vivo in the SCID-hu mouse than
does HIV-1;5_csp- Our previous studies (2, 12) suggested that
high virus load (5 to 50% of thymocytes infected) was required
prior to depletion of thymocytes. Our current results suggest
that the differences in replication rates between HIV-1; 4.5
and HIV-1,,_csr in the implants may at least partially contrib-
ute to the differences in pathogenic properties.

Genetic variation in vivo. We next examined whether signif-
icant viral genetic variation occurred in the Thy/Liv implants.
To this end, the env gene region coding for the V4 region and
the CD4-binding region of gp120 was PCR amplified, cloned,
and sequenced from HIV-1y,,5- and HIV-1;,_~gp-infected
biopsy samples. Of the 30 clones derived from two HIV-
1,r.csg-infected implants at 6 weeks p.i., only one nucleotide
change was observed (Fig. 2A). Of the 18 clones obtained from
three HIV-1 4 s-infected implants at 6 weeks p.i., 7 contained
no alteration of the V4 region. Thirteen total nucleotide
changes were found; only two clones demonstrated more than
one change, and nine clones contained only one change. One
of these changes was a nucleotide deletion, and nine changes
resulted in amino acid substitutions (Fig. 2B). The majority of
these changes occurred in the V4 hypervariable region. Slightly
more than half (7 of 12) of the nucleotide changes were de-
tected in clones derived from one implant, 11-8. Only one
nucleotide change was observed more than once (nt 7430;
A—G).

One implant (11-8) was also analyzed for viral sequences at
9 weeks p.i. Of the six clones analyzed, three contained no
changes, and of the remaining three clones, each contained
two nucleotide changes. Four of these two-nucleotide changes
were silent mutations (data not shown). The two nucleotide
substitutions that resulted in amino acid changes were within
the same clone. None of the changes were similar between
clones. To ensure that observed changes were not due solely to
technical manipulations, 11 clones of HIV-1;z ~qr and eight
clones derived from HIV-1y, 4,5 plasmid DNA were amplified,
cloned, and sequenced in parallel with the experimental sam-
ples. No nucleotide changes were observed (data not shown).
These results demonstrate that little genetic variation of the
V4 loop or CD4-binding domain occurred during the 6 weeks
of infection. Although most of the sequence variation occurred
in HIV-1; 4, s-infected implants, the pattern of variation is
consistent with random mutations rather than mutations which
appear following selective pressure. Of the 11 variant geno-
types observed, none is represented more than once. In addi-
tion, the frequency of observed silent mutations (23%) is con-
sistent with the frequency of random mutations and is not

TABLE 2. Viral burden in HIV-1,_cgp- and HIV-1, 4, 5-infected implants®

Copies of HIV genome/10° cells

Copies of HIV genome/10° CD4™" cells

WK p.i.
HIV-1x1.45 HIV-1yp e A(ﬁg;‘;z nfg;d HIV-1y145 HIV-lyg csp ﬁ?&g;ﬂd
3 13,100 1,100 11 16,400 1,500 11
4-6 13,200 2,800 378,400 3,350 112

¢ HIV-1-infected implants were analyzed as described in the legend to Fig. 1. Values are the averages for the implants depicted in Fig. 1. Fold difference indicates
the difference in viral burden between HIV-1y; 4.3 and HIV-1,_cg at the indicated time points.
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A. HIV-13p-csF_env
nucleotide
position

7381 17432
JR-CSF F T CAACACAACTGTTTARTAGTACTTGGAATGATACTGAAAAGTCARGTGGE

clones
1-30

JR-CSF

clones
1-30

17484 17535
JR-CSF AACATGTGGCAGGAAGTGGGAAAAGCAATGTATGCTCCTCCCATTAAAGGAC
clones
1-22

clone 23

clones
24-30

JR-CSF
clones
1-30

FIG. 2. Nucleotide sequence of the HIV-1 V4 region obtained from infected
implants. Implants infected 6 weeks previously with HIV-1y_csr (A) or HIV-
Inp4.3 (B) were subjected to PCR amplification of the V4 loop and CD4-binding
domain of gp120. The amplified product was cloned and sequenced as described
in the text. The sequences shown at the top of the panels are the wild-type
nucleotide sequences located between the primers for HIV-1;z_csr (A) and
HIV-1y14.3 (B). The underlined region corresponds to the V4 region (19).
Nucleotides in boldface and underlined indicate nucleotide changes that result in
amino acid changes. Dots indicate nucleotide deletions.

reflective of selective pressures (13). This higher frequency of
silent mutations was previously observed during the acute but
not the chronic phase of infection in humans (23, 24, 29, 32).

DISCUSSION

Using the SCID-hu mouse model, we examined the patho-
genic properties of two clonal virus strains with different in
vitro phenotypes (SI and NSI). With this model, we demon-
strated that these two strains had different capacities to deplete
CD4-bearing cells and also differed in their replication rates in
this in vivo system. Depletion of CD4-bearing thymocytes was
observed in all implants infected with HIV-1, 4 5, but only in
2 of 12 HIV-1,i_csr-infected implants, at the 6-week time
point. HIV-1, 4.5 not only replicated faster in vivo than did
HIV-1,i_csr but also maintained a higher viral burden over
the 6-week time course. When virus load is examined as ge-
nomes per 10° CD4" cells, the data indicate that, on a per-
target cell basis, viral replication in HIV-1; 4 ;-infected im-
plants does not plateau at the 3-week time point but continues
to increase, leading to a substantially higher viral burden per
CD4™" cell than in HIV-1;;_gp-infected implants. While pre-
sentation of the data in this manner may not take into account
non-CD4™ cells that may be infected, it does demonstrate the
trend toward more rapid replication kinetics of HIV-1; 4.5 in
vivo. Taken together with findings of our previous studies, the
results presented above suggest that higher viral load may
contribute to the more rapid loss of CD4™" cells demonstrated
by the HIV-1y; 4.5 strain. These results are consistent with
those of earlier cross-sectional (8, 26, 29) and longitudinal (7,
9, 28) studies of HIV-infected individuals, which found a tight
correlation between virus load and CD4 " cell depletion. Our
laboratory has recently reported on an HIV-infected individual
with a rapid CD4 decline and no evidence of the acquisition of
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B. HIV-1NL4-3_env

nucleotide
position r’372 17386 r
NL4-3 TTCAACACAACTGTTTAATAGTACTTGGTTTAATAGTACTTGGAGTACTGAAGGGTCAA
11-86A [ [
11-868
11-86C
11-86D
11-86E
11-86F
11-866

7430

11-11A
11-11B
11-11C
11-11D
11-11E
11-11F

11-13A
11-138
11-13C
11-130
11-13E

nucleotide
position
NL4-3
11-86A
11-868
11-86C
11-86D
11-86£
11-86F
11-866G

77490

11-11A
11-11B
11-11C
11-11D
11-11E
11-11F

11-13A
11-13B
11-13C
11-13D
11-13E

position 7491

nucleotide
position 17551 17570
NL4-3 CATCAAATATTACTGGGCTG

11-86A
11-86B
11-86C
11-86D
11-86E
11-86F
11-86G

11-11A
11-11B
11-11C
11-11p
11-11E
11-11F

11-13A
11-13B
11-13C
11-13D
11-13E
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SI isolates. Rather, there was an increase in viral load coinci-
dent with the onset of CD4" T-cell depletion (9). Thus, in
humans, while viral phenotype may influence disease progres-
sion, it appears than an increase in viral load can influence the
progression of disease. The SCID-hu mouse model should
prove useful in modeling these events and investigating ther-
apeutic strategies.

It is possible that the SI phenotype exhibited by the HIV-
1145 strain allows for more efficient viral spread, resulting in
higher viral burden. While the current study did not address
this question, it was recently shown that in the SCID-hu mouse
model, both primary and cloned SI isolates are more patho-
genic than NSI isolates (5a, 15, 16). While identical virus
strains were not tested, these results appear to be in contrast to
what has been observed in the hu-PBL-SCID model (21), in
which NSI isolates are more pathogenic. Interestingly, Koll-
mann et al. (16) showed that the HIV-1gg,,, isolate is rela-
tively nonpathogenic in the SCID-hu mouse, whereas Mosier
et al. (21) found it to be cytopathic in hu-PBL-SCID mice. This
apparent difference may be due to different types and activa-
tion states of the human cells used to reconstitute these two
murine systems.

While minimal depletion was seen at 6 weeks p.i. in implants
infected with 100 IU of HIV-1,,_gp, depletion has been pre-
viously observed by this time point when 10° IU was used (2).
The minimal depletion observed in HIV-1;,_~gp-infected im-
plants with the smaller inoculum used in this study suggests
that the relationship between virus load and CD4™" cell number
is a dynamic interaction. Because thymopoiesis is a self-renew-
ing source of new T cells, replacement of CD4" thymocytes
may occur efficiently enough to replace cells lost to the virus
when viral replication is slow. However, a virus with faster
replication kinetics may disrupt this equilibrium, resulting in
the severe loss of CD4% cells, as observed in HIV-1y; 45-
infected implants. Additional studies in our laboratory, which
examined the pathogenic capacity of accessory gene mutants
of HIV-1, demonstrated that those mutants that are repli-
cation attenuated are also attenuated for pathogenicity (3,
12). Taken together, our results suggest that replication kinet-
ics and pathogenicity are closely tied and that this may be due
to a balance between CD4" cell infection and loss and the
generation of new cells. This inference is consistent with the
elegant studies of Wei et al. (31) and Ho et al. (11), which
showed that the immune system replaces approximately 2 X
10° T cells per day, in an attempt to maintain the balance
between CD4" T-cell infection and loss and T-cell replace-
ment in the periphery. In an HIV-1-infected individual, faster
viral replication would result in more rapid loss of CD4" T
cells both from the periphery and from the lymphoid organs.
The mechanisms of cell replacement (i.e., proliferation of ma-
ture T cells and differentiation of T cells from hematopoietic
precursors) are unable to operate rapidly enough, leaving the
host with a net deficit of CD4™" cells. Our results support the
hypothesis that management of viral burden may provide ther-
apeutic benefit to HIV-1-infected individuals by delaying dis-
ease onset.

Little sequence variation was found in HIV-1,,_cgf isolated
from implants 6 weeks p.i., similar to what is observed after
amplification of the DNA corresponding to the V4 region
during acute retroviral syndrome in humans (23). Although
HIV-1 exhibits extensive genetic variation within an individual
during the chronic phase of disease, little or no sequence
variation is observed prior to seroconversion during the early
phase of the acute infection (23, 33). This lack of extensive
variation is thought to reflect the lack of immune system-
mediated selection. It is unlikely that either a human- or
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mouse-derived immune response is generated within the Thy/
Liv implant of the SCID-hu mouse. Therefore, the lack of
genetic variation observed in HIV-1,,_~gp-infected implants
probably reflects the absence of immune system-mediated
selective pressure. The greater sequence variation exhibited
by HIV-1y;4.5 than by HIV-1; ~sr most likely reflects the
greater number of replication cycles required to reach the
higher viral burden observed in HIV-1y 4 s-infected implants
(Fig. 1 and Table 2). Taken together, our results indicate that
the viral variation observed in the SCID-hu mouse model re-
flects the acute rather than the chronic phase of HIV-1 infec-
tion of humans, and the SCID-hu mouse may therefore serve
as a useful model for addressing questions of early HIV-1
infection and disease and in the testing of early therapeutic
strategies.
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