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Biologic Features of HIV-1 That Correlate with

Virulence in the Host

CEeciLiA CHENG-MAYER, DEBORAH SETO, MASATOSHI TATENO,

Jay A. LEvy

Individuals infected with the human immunodeficiency virus type 1 (HIV-1) may be
asymptomatic or have AIDS-related complex or the acquired immuno deficiency
syndrome (AIDS). Little is known about the factors that influence progression of
infection to AIDS. In this study of isolates of HIV-1 obtained at intervals during the
infection of four individuals, the development of disease was found to be correlated
with the emergence of HIV-1 variants that were more cytopathic in vitro as the disease
progressed and that replicated more efficiently in a wide variety of different human
cells. The biologic properties of HIV-1 in vitro thus appear to reflect its virulence in
the host. Further studies of such sequentially isolated viruses may lead to the
identification of viral genes that govern pathogenesis.

I0LOGIC (I—-6), SEROLOGIC (7),
B and molecular (8, 9) studies of the

human immunodeficiency virus type
1 (HIV-1) have indicated that this virus is
highly heterogeneous. Individual isolates of
HIV-1 can be distinguished by their differ-
ential capacity to infect and replicate in a
wide variety of cultured human cells includ-
ing T and B lymphocytes, macrophages, and
brain-derived cells (1, 4, 6, 10, 11). Studies
of the varying abilities of HIV-1 isolates to
replicate to high titers and to induce cyto-
pathic changes in infected cells have indicat-
ed that these characteristics are correlated
with the efficiency of the virus to form
plaques in the MT-4 cell line (12). Differ-
ences in the susceptibility of various HIV-1
isolates to neutralization by HIV-1—positive
sera have also been observed (6, 7, 11).

In the present studies, these biologic and
serologic properties of HIV-1 were used to
examine the possible changes in the virus
over time in the same individuals. Our re-
sults from four individuals show that the
progression of disease is correlated with the
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emergence of HIV-1 isolates that, in com-
parison with the virus isolated initially, are
more cytopathic and replicate to higher ti-
ters in a wide variety of different human
cells. Serologic and genomic restriction anal-
yses indicate that in each individual the
sequential isolates are related. The observa-
tions suggest that certain changes in the
structure of HIV-1 can influence its viru-
lence in the host.

Isolates of HIV-1 were obtained at inter-
vals from peripheral blood mononuclear
cells (PMC) of four subjects selected ran-
domly from a group of seropositive individ-
uals whom we have followed for the past 4
years (Table 1). Three of the four subjects
progressed to more severe disease during the
time of observation; one has remained
asymptomatic (Table 1, subject 4). At the
time of virus isolation, we noted that HIV-1
was recovered more readily from each indi-
vidual’s PMC as the disease progressed. For
example, in subject 2, HIVgg16 emerged in
the patient’s PMC culture within 12 days
whereas the previous isolates (HIVsgg4 and
HIVsp1s) took close to 1 month to be
detected. Similar findings on time of recov-
ery of HIV-1 from PMC have been reported
(12, 13).

We first determined the abilities of

HIVgg, and HIVgg; (from subject 1) to
infect established human T cell lines (HUT-
78 and MT-4), the U937 monocytic cell
line, primary macrophage/monocytes, and
certain established B cell lines (1, 6). These
viruses had been kept in culture for over 3
years. As shown in Table 2, both isolates
replicated in HUT-78 and MT-4 cells and
the monocytic line, but only HIVgg;; pro-
ductively infected primary macrophages and
both of the B cell lines. Furthermore,
HIVggi3 was more cytopathic as reflected
by syncytia formation and balloon degenera-
tion in infected PMC, HUT-78, and MT-4
cells. It also readily induced plaques in MT-
4 cells (Table 2).

Subgroups of HIV-1 isolates have been
identified on the basis of their patterns of
sensitivity to serum neutralization (7).
When tested with three HIV-1 antibody
positive sera, HIVgg, and HIVgg;3 were
neutralized to a similar extent by all three
sera at dilutions of 1:100 or greater.

We then studied the biologic and serolog-
ic properties of isolates from three other
individuals (Table 1). These isolates had
been in culture for only 3 to 4 weeks. As the
disease progressed in subjects 2 and 3, the
HIV-1 isolated had a wider host range and
greater cytopathic and replicative properties.
In subject 2, for example, the isolate ob-
tained 2 months before the patient died
(HIVsg2i6) replicated quickly and to high
titers in all established human cell lines and
primary macrophages, and also produced

Table 1. Isolation of HIV-1 from individuals at
different stages of infection. The isolates were
initially recovered by cocultivation of the individ-
ual’s PMC with PMC from seronegative donors
for 10 to 30 days as described (13, 16). The
isolates were subsequently passaged onto fresh
PMC and when virus titers were high [reverse
transcriptase (RT) activity =10° cpm/ml (17)],
aliquots of filtered virus stocks were frozen at
—70°C until use. K8, Kaposi’s sarcoma; PCP,
Preumocystis carindi pneumonia; LAN, persistent
lymphadenopathy.

Month and
HIV-1 year of Clinical state
isolate . .
isolation

Subject 1
SF2 11/83 Oral candidiasis
SF13 4/84 KS, PCP

11/84 Deceased

Subject 2
SF94 3/85 Asymptomatic
SF118 4/85 Asymptomatic
SF216 10/85 LAN, diarrhea

12/85 Deceased

Subject 3
SE73 12/84 Asymptomatic
SF328 3/86 LAN
SF665 9/87 PCP

Subject 4
SE341 4/86 Asymptomatic
SF488 4/87 Asymptomatic
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plaques in the MT-4 cells (Table 3). In
contrast, the isolate obtained 6 months pre-
viously (HIVgsgy1s) replicated in the estab-
lished human cell lines but showed slower
kinetics of replication in the Jurkat, CEM,
and U937 cell lines compared with
HIVsg216, and the titers of virus produced
were lower (Fig. 1). Neither HIVggy15 nor
an ecarlier isolate (HIVgspgs) replicated in
primary macrophages or induced plaques in
the MT-4 cell line. HIVgpgq4 replicated in the
HUT-78 cells, but with a much slower
kinetics (Fig. 1). The isolate HIVggs3 from
subject 3 did not replicate in any established
human cell lines over a 30-day culture peri-
od. The sequential isolates HIVgg3s and
HIVggess both replicated in the HUT-78
cells with the same kinetics of replication.
HIVspess, however, was more cytopathic in
the HUT-78 cells, replicated in primary
macrophages, and induced plaques in MT-4
cells. The only difference in the biologic
properties of the sequential isolates from
subject 4, who remains asymptomatic, was
that the earlier isolate, HIV gg341, replicated
to a limited extent in primary macrophages
whereas HIVgg4gs did not.

When tested with three HIV-1 antibody—
positive sera, each group of isolates from the
same individual displayed similar patterns of
sensitivity to serum neutralization. These
results, although limited, suggest that the

Table 2. Comparison of isolates recovered from
subject 1. Equal amounts (RT activity ~10°% cpm/
ml) of HIVsk, [formerly AIDS-associated retro-
v1rus, ARV-2 (16)] and I'HVspr_; were used for
infectivity studies. The B cell lines were estab-
lished in our laboratory by EBV transformation
of uninfected B cells from HIV-1 seropositive
individuals (6). The macrophages were main-
tained in medium containing 5% human serum
(3, 11, 18). Replication of the virus over a 30-day
period was determined as described (1, 4, 11).
Results represent RT activity in culture superna-
tant at day 30. Symbols: —, no RT activity in
supernatant; +, RT activity of 20,000 to 50,000
cpm/ml; ++, RT activity of >50,000 cpm/ml.
Background was generally at <2,000 cpm/ml.
Cytopathology was assessed by the presence of
syncytia and balloon degeneration in established
T cell lines. The plaque assay was conducted with
the MT-4 cell line (19); + indicates plaque-
forming ability. Each assay was performed at least
twice and gave similar results.

P l'OpCﬂ]CS I‘HVSFz I‘HVSF|3
Replication in
T cell line (MT-4) ++ ++
T cell line (HUT-78) ++ ++
B cell line (100) ++ ++
B cell line (1000) - ++
Monocytic cell line ++ ++
(U937)
Primary macrophages/ - +
monocytes
Cytopathology + ++
Plaque formation - +
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serologic properties of the virus remained
stable whereas the biologic properties
changed. Further studies, however, may re-
veal some differences in neutralization pat-
terns.

We then purified the isolates and subject-
ed them to immunoblot analyses (Fig. 2).
Since differences in processing of viral pro-
teins have been observed when viruses:are
grown in different cell lines (14), all the
isolates were grown in PMC from the same
seronegative donor. Only the envelope gly-
coprotein (gpl20) displayed variations in
size among the HIV-1 isolates from the
same individual. This overall change in size
of gpl120 did not appear to correlate with
differences in pathogenic properties since
the same variability in gp120 was observed
in sequential isolates from subject 4
(HIVsp3q1 and HIVgp4gs). The changes in
size of gpl120 may be the result of envelope
sequence variations among HIV-1 isolates
leading to differences in glycosylation.

We also analyzed infected cellular DNA
by the Southern blot technique. Although

RT activity (103 x cpm/ml)

0 10 20 30 40
Days in culture

Fig. 1. Kinetics of replication of sequential iso-
lates from subject 2 in HUT-78 and Jurkat cells.
HUT-78 or Jurkat (5 X 10°) cells were infected
with 1 ml of virus-containing fluids (~10° cpm/
ml of RT activity) as described (I). At the time
Fomts indicated, samples of medium were assayed

RT activity (17). HIVgpos in HUT-78 cells
(O), HIVspy g in HUT-78 cells (A), HIVsms n
HUT-78 cells (0), HIVsgss in Jurkat cells (@),
HIVSF]IS in ]urkat cells (A), and I_IIVSFZI6 mn
Jurkat cells ().

we detected some variations in restriction
enzyme patterns among the sequential iso-
lates from each individual, the differences
were limited to the loss or gain of only one
restriction site [for example, the loss of a Sac
I'site and the gain of a Kpn I site in HIV g3
compared to HIVgg, (Fig. 3A) for subject
1; the gain of a Hind III site in HIV g4 and
HIVspzm comparcd with HIVspug; and
the gain of a Bgl II site in HIVgpgy and
HIVSFl 18 aS comparcd with HIVSF216 (Flg
3B) for subject 2]. The Hind III digestion
patterns for isolates from subject 2 suggest
that there was a progressive change from
the initial (HIVgpog) to the intermediate
(HIVsp11s) and then to the last isolate
(HIVsp216). The differences in the isolates
from each of subjects 3 and 4 were also
limited. In contrast, we observed marked
heterogeneity when we compared isolates
among the four different subjects (Fig. 3).
Our data, like those of others (9), suggest
that the sequential isolates from the same
individual are closely related variants of one
another.

These studies indicate that disease pro-
gression correlates with the appearance of
variant viruses that are more cytopathic and
have a wider host range than the original
isolate. The variants we isolated could have
coexisted in each host from the time of

1 2 3 45 6 7T 8

- e

gp 120 — P
p6é5 — L ——
p55 — T - - -
- e ‘
R e
i 4 - - -

Fig. 2. Immunoblot analyses of sequential iso-
lates. Supernatant fluids from normal PMC in-
fected with I'HVSF94 (lanc l), HIVsens (lanc 2),
I'HVSFz16 (lanc 3), I'HVSF73 (lanc 4), I'HVSngs
(lanc 5), I'IIVSl:“s (lanc 6), HIVSlr34l (lanc 7),
and HIVggregs (lane 8) were harvested, filtered,
and pelleted over 20% glycerol. The pellets were
disrupted in buffer (0.0541 tris-HCI, pH 7.8, 0.15
mg/ml dithiothreitol, 0.1% Triton), and analyzed
by immunoblot on a 10% SDS-polyacrylamide
gel as described (20). The molecular weights of
the major viral proteins are noted.
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Fig. 3. Southern blot analy-
ses of HIV-infected cell

DNA. molecular
weight whole-cell DNA was
from HUT-78

cells infected with isolates
from subject 1 and normal
PMC infected with isolates
from subject 2 at 10 to 12
after infection. Samples :
(15 pg) of each DNA were S :
digested with the restriction enzymes indicated and subjected to electrophoresis on 0.8% agarose gels.
The DNA fragments were blotted onto nitrocellulose membranes, and viral species were detected with a
radioactive probe representing the entire HIV-1 genome. (A) HIVsg; (lane 1) and HIVggy3 (lane 2)
from subject 1; (B) HIVgpgy (lane 1), HIVggy g (lane 2), and HIVgg;6 (lane 3) from subject 2.
Enzymes: S, Sac I; H, Hind III; K, Kpn I; B, Bgl II; P, Pvu IL.

Table 3. Biologic properties of sequential isolates from subjects 2, 3, and 4. Equal amounts of each
isolate (RT activity ~10° cpm/ml) were used to infect the cell types listed. The procedures used were as
described in Table 2. Each assay was performed at least twice and gave similar results. For replication:
—, no RT activity in culture supernatant; +, RT activity of 20,000 to 50,000 cpm/ml; ++, RT activity
of >50,000 cpm/ml. Background was generally at <2,000 cpm/ml. HUT, HUT-78 cell line; JUR,
Jurkat cell line; MAC, primary peripheral blood hages; CPE, cytopathic effects (syncytia
formation and balloon cell degeneration); PMC, peripheral blood mononuclear cells.

HIV-1 Replication in CPE in Plaque
isolate  guUT  JUR  CEM U937  MAC  PMC  formation
Subject 2
SF94 ++ - - - - - -
SF118 ++ + + + - + -
SF216 ++ ++ ++ ++ ++ + +
Subject 3
SF73 - - - - - - -
SF328 ++ - - - - - -
SF665 ++ - - - + + +
Subject 4
SF341 - - - - + - -
SF488 - - - - - - -

infection and had different levels of expres-
sion during the course of infection. Alterna-

isolates from subject 1, all isolates were
characterized within 3 to 4 weeks of isola-

tively, the virus originally transmitted to the
host could have undergone genomic
changes during the course of infection. We
do not believe these biologic changes reflect
the conditions in vitro because, except for
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tion. If selection of one isolate occurred,
then this preferential recovery gave the same
results consistently: the three individuals
who advanced in disease yielded the more
cytopathic viruses than the individual who

remained healthy. Finally, most of the iso-
lates were retested after 3 months in culture
and showed the same biologic properties.
The lack of molecular change in HIV-1 after
long-term passage has been reported (15).
These results suggest that the develop-
ment of disease symptoms in HIV-1—infect-
ed individuals is associated with the emer-
gence of more pathogenic virus variants.
Future studies with these isolates should
provide information on the genes that deter-
mine the virulence of HIV-1, and identify
potential targets for antiviral therapy.
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