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Biologic Features of HIV-1 That Correlate with 
Virulence in the Host 

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. 

B IOLOGIC ( I d ) ,  SEROLOGIC (3, 
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 
H N - 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 H N - 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 H N - 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 H N - 1  
was recovered more readily from each indi- 
vidual's PMC as the disease progressed. For 
example, in subject 2, HNSF216 emerged in 
the patient's PMC culture within 12 days 
whereas the previous isolates (HIVSF94 and 
HNSFl1g,) 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 

H ~ s F : !  and HIVSFI3 (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 HNSF13 pro- 
ductively infected primary macrophages and 
both of the B cell lines. Furthermore, 
HNSF13 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 H N - 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, HNsF2 and HNSF13 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 
H N - 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 
(HNSF216) replicated quickly and to high 
titers in all established human cell lines and 
primary macrophages, and also produced 

Table 1. Isolation of HlV-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 t o  30 days as described (13, 16). The 
isolates were subsequently passaged onto fresh 
PMC and when virus titers were high [reverse 
transcriptase (RT) activity 2 lo6 cpmlrnl (1 7 ) ] ,  
aliquots of  filtered virus stocks were frozen at 
-70°C until use. KS, Kaposi's sarcoma; PCP, 
Pneumucystk cavinii pneumonia; LAN, persistent 
lymphadenopathy. 

HIV-1 Month and 
year of 

isolate 
Clinical state 

isolation 

Subject 1 
11/83 
4/84 

11/84 
Subject 2 

3/85 
4/85 

10185 
12/85 

Subject 3 
12/84 
3/86 
9/87 

Subject 4 
4/86 
4/87 

Oral candidiasis 
KS, PCP 
Deceased 

Asymptomatic 
Asymptomatic 
LAN, diarrhea 
Deceased 

Asymptomatic 
LAN 
PCP 

Asymptomatic 
Asymptomatic 
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plaques in the MT-4 cells (Table 3). In 
contrast, the isolate obtained 6 months pre- 
viously ( m S F l l 8 )  replicated in the estab- 
lished human cell lines but showed slower 
kinetics of replication in the Jurkat, CEM, 
and U937 cell lines compared with 
HIVsFz16, and the titers of virus produced 
were lower (Fig. 1). Neither HNSFl18 nor 
an earlier isolate (HIVSm) replicated in 
primary macrophages or induced plaques in 
the MT-4 cell line. HIVSW replicated in the 
HUT-78 cells, but with a much slower 
kinetics (Fig. 1). The isolate HIVsm3 from 
subject 3 did not replicate in any established 
human cell lines over a 30-day culture peri- 
od. The sequential isolates HIVSF328 and 
HIVSm both replicated in the HUT-78 
cells with the same kinetics of replication. 
wSF6,j5, however, was more cyGPathic 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, HNSml,  replicated 
to a limited extent in primary macrophages 
whereas HIVsF488 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 -lob cpm/ 
ml) of HIVsPL [fbnnerly A I D S - d a t e d  retro- 
virus, ARV-2 (16)] and IWSF13 were used for 
infectivity studies. The B cell lines were estab- 
lished in our laboratory by EBV transformation 
of minibxed B cells fiom HIV-1 ~ e c ~ p i t i v e  
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 deemlined as described (1, 4, 11). 
Results represent RT activity in culture supcma- 
tant at day 30. SymboIs: -, no RT activity in 
supernatant; +, RT activity of 20,000 to 50,000 
cpmlrnl; ++, RT activity of >50,000 cpmlml. 
Background was generally at <2,000 cpdml. 
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. 

Properties 

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 mamphaged 

monocytes 
Cytopatholog~ 
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 diftkences in neutralization pat- 
terns. 

We then purified the isolates and subject- 
ed them to imrnunoblot 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 (gp120) displayed variations in 
size among the HIV-1 isolates from the 
same individual. This overall change in size 
of gp120 did not appear to correlate with 
differences in pathogenic properties since 
the same variability in gp120 was observed 
in sequential isolates from subject 4 
(HIVsm1 and WsF488). The changes in 
size of gp120 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 

0 1 0 2 0 3 0 4 0  
Days in culture 

Fig. 1. Kinetics of replication of sequential iso- 
lates from subject 2 in HUT-78 and Jurkat cdls. 
HUT-78 or Jurkat (5 x 105) cells were infected 
with 1 ml of virus-containing fluids (-106 cpml 
ml of RT activity) as described (1). At the time 
points indicated, samples of medium were assayed 
for RT activity (17). HIVsFw in HUT-78 cells 
(O), m S F 1 1 8  in HUT-78 cells (A), mSF216  in 
HUT-78 cells (D), HWSW in Jurkat cells (O), 
~ S F I I ~  in Jurkat cells (A), and HIVsnra in 
Jurkat cdls (W). 

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 HIVsFl3 
compared to HIVSFZ (Fig. 3A) for subject 
1; the gain of a Hind 111 site in HNsm and 
HTVsFz16 compared with w S F 1 1 8 ;  and 
the gain of a Bgl 11 site in HNSm and 
mSFl18 as compared with Wsn16 (Fig. 
3B) for subject 21. The Hind 111 digestion 
patterns fbr isolates fiom subject 2 suggest 
that there was a progressive change from 
the initial (HIVSm) to the intermediate 
(HIVSFIl8) and then to the last isolate 
(HIVsmla). The differences in the isolates 
h m  each of subjects 3 and 4 were also 
limited. In contrast, we observed marked 
heterogeneity when we compared isolates 
among the fbur different subjects (Fig. 3). 
Our data, like those of others (9), suggest 
that the sequential isolates fiom 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 

Fig. 2. Immunoblot analyses of sequential iso- 
lates. Supernatant fluids h m  normal PMC in- 
fected with HIVspw (lane I), mSFl18 (lane 2), 
m s n 1 6  (lane 31, HIVsn3 (lane 41, m s n z n  
(lane 51, mSF6.55 (lane 61, msn41 (lane 7), 
and WSFa (lane 8) were harvested, filtered, 
and pelleted over 20% glycerol. The pellets were 
disrupted in buffer (0.05M tris-HCl,pH 7.8,O. 15 
mg/ml dithiothreitol, 0.1% Triton), and analyzed 
by imrnunoblot on a 10% SDS-polyacrylamide 
gel as described (20). The molecular weights of 
the major viral proteins are noted. 
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Flg. 3. Southcm blot analy- A S  H P B H B IB  scs of H I V - w  cell 
- - - - - -- - - 
1 2  1 2  1 2  1 2  1 2  1 2 3  1 2 3  1 2 3  

DNA. High molecular 9 4 -  
welght w h o l e d  DNA was 

r--p P" * - 
prepared from HUT-78 4 4 -  

- 9 4  
.I 

ceh infktcd with isolates - 4 4  
from subject 1 and normal 

g1!li l5 - ?. - 
PMC infected with isolates 2 3 - - 2 3  
from subject 2 at 10 to 12 
days after infcction. Samples 
(15 M) of each DNA were 
+ted with the restriction enzymes indicated and subjected to elaaophonsis on 0.8% agarosc gels. 
The DNA fragments were blotted onto niaocclluloac membranes, and viral species were detected with a 
radioactive probe representing the entire HN-1 genome. (A) HNsm (lane 1) and H N s ~ l s  (F 2) 
from subject 1; (8) HNSm (lane l), HNSPIIII (lane 2), and HN~m16 (lane 3) from subect 2. 
Enymes: S, Sac I; H, Hind III; K, Kpn I; B, Bgl II, P, Pvu 11. 

Tabk 3. Biologic pmpeaties of sequential isolates h subjects 2, 3, and 4. Eqd amounts of each 
isolatc(RTactivity -106cpm/ml) wereusedtoinfcctthecelltypcslisted.Theprocadurrsusedwereas 
described in Tabk 2. Each assay was pafbrmed at least twice and gave similar results. For replication: 
-, no RT activity in culture supematant; +, RT activity of 20,000 to 50,000 cpm/ml; + +, RT activity 
of >50,000 cpdml. B'ackground was g c n d y  at <2,000 cpdml HUT, HUT-78 cell line; JUR, 
Jutkat cell line; MAC, primary petipheral blood macrophages; CPE, cytopathic e&cts (syncytia 
fbrmation and balloon cell degeneration); PMC, peripheral blood mononudear cells. 

HIV-1 Replication in 

isolate HUT W R  CEM U937 MAC 

snbJcct2 
SF94 ++ - - - - 
SF118 ++ + + + - 
SF216 ++ ++ ++ ++ ++ 

snbju-83 
SF73 - - - - - 
SF328 ++ - - - - 
SF665 ++ - - - + 

CPE in 
PMC 

plasy 
formanon 

infection and had different IeveIs of expres- isolates from subject 1, all isolates were 
sion during the course of infection. Altema- characterized within 3 to 4 weeks of isola- 
tivdy, the virus originally transmitted to the tion. If selection of one isolate occurred, 
host could have undergone genomic then this preferential recovery gave the same 
changes during the course of infection. We results consistently: the three individuals 
do not believe these biologic changes reflect who advanced in disease yielded the more 
the conditions in vim, because, except for 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 beenu reported (15). 

These d t s  suggest that the develop 
ment of disease svmmms in HIV-1-infect- 
ed individuals is'&ated 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 tbr antiviral therapy. 
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