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Virological and Immunological Features of Long-Term Human Immunodeficiency
Virus—Infected Individuals Who Have Remained Asymptomatic Compared
With Those Who Have Progressed to Acquired Immunodeficiency Syndrome

By Edward Barker, Carl E. Mackewicz, Gustavo Reyes-Teran, Akihiko Sato, Sharon A. Stranford,
Sue H. Fujimura, Cindy Christopherson, Sheng-Yung Chang, and Jay A. Levy

Infection with the human immunodeficiency virus (HIV)
leads to a decrease in CD4* T cells and disease progression
within a decade of seroconversion. However, a small group
of infected people, despite being infected by HIV for 10 or
more years, remain clinically asymptomatic and have stable
CDA4* cell counts without taking antiretroviral medication. To
determine why these individuals, known as long-term survi-
vors (LTS), remain healthy, the hematological profiles, viral
load and properties, HIV coreceptor genotype, and anti-HIV
immune responses of these people were compared with

sors) over the same time period. Unlike Progressors, LTS
have a low circulating viral load and a low number of
HIV-infected cells. These differences in the levels of the viral
load were not associated with a dominant biologic viral
phenotype, varying growth kinetics of the virus, mutation in
the cellular CCR5 gene, or the presence of neutralizing
antibodies. Importantly, the difference in viral load could be
explained by the enhanced ability of CD8* cells from LTS to
suppress HIV replication.
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those of individuals who have progressed to disease (Progres-

TUDIES SUGGEST THAT 75% of human immunodefi- were obtained and frozen away 70°C) within 2 hours of drawing the
ciency virus (HIV) infections will lead to either a symptom- blood from the subjects to prevent the loss of infectious }A?us._
atic clinical state or acquired immunodeficiency syndrome Flow cytometry. Lymphocyte and CD8 cell populations in the
(AIDS) within 10 years:3 Typically, these individuals have a peripheral blood of LTS and Progressors were analyzed by flow
range of immune defects, high viral loads, and decreasin ytometry using dual-color direct immunofluorescent staining of blood
CD4* cell counts’ However’ about 20% of infe,cted people will ollowed by red blood cell (RBC) lysis* A single laser flow cytometer

. . (FACScan; Becton Dickinson), which discriminates forward and side
remain asymptomatic for more than 10 yéaasd a quarter of it scatter, and two-color fluorescence was used with the Lysys Ii

these will have stable CD4cell counts above 500 cells/L  computer software program (Becton Dickinson) for analysis. Lympho-
without taking any antiretroviral medicatiérThis latter group  cyte gates were confirmed by anti-CD45 and anti-CD14 fluorochrome
of asymptomatic individuals, who have been classified asantibody combination. Complete blood counts and differentials were
long-term survivors (LTS) or long-term nonprogressof§,  performed by the Clinical Laboratories at UCSF using standard
represent an important group to study because of their poterirocedures.

tially unique virological and immunological features. A number _ Isolation of peripheral blood mononuclear cells, CD4ells, and

of parameters have been examined, but only a few characteri&P8" cells. Peripheral blood mononuclear cells (PBMC) were ob-

tics have been found associated with a long-term healthy stat@'ned by Ficoll-Hypaque (Sigma, St Louis, MO) gradient centrifuga-

fter HIV infecti Th includ lati fal t tion of heparinized venous blod8.The CD4" and CD8 cells were
after in ?C Io.n.. €se inc u ea corre.a Ion of a long-term j.)ted from PBMC by positive selection using magnetic beads bearing
asymptomatic clinical state with a low viral load,a 32-bp

ek ‘ ’ anti-CD4 and anti-CD8 monoclonal antibodies (MoAbs) (Dynal, Lake
deletion in the CCR5 coreceptors géhey, differences in the  gyccess, NY}6 Beads were removed from the cells by Detach-a-bead

biological features of the virus (eg, noncytopathic and Cyto-(Dynal) according to the manufacturer’s instructions. The purity of the
pathic)10-12 Determination of attributes unique to LTS may cells obtained by the immunomagnetic bead isolation procedure was
provide insight into approaches to prevent the development 0&=95% CD4", <1% CD8f, <1% CD19", <1% CD56", and <1%
AIDS. The current studies were undertaken to evaluate severdtD14* for CD4* selected cells ane:95% CD8", <1% CD4", <1%
virological and immunological parameters in a well-defined CD19", <1% CDS6', and <1% CD14" for CD8" selected cells as
group of LTS compared with an age-, race-, and sex-matchedetermined by flow cytometry.

group of Progressors infected for the same time period (10

years).
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Blood samples. Blood from LTS and Progressors was collected by ~ The publication costs of this article were defrayed in part by page
venipuncture into Vacutainer tubes containing either EDTA or sodiumcharge payment. This article must therefore be hereby métkerder-
heparin (Becton Dickinson, Franklin Park, NJ). EDTA-treated blood tisement”in accordance with 18 U.S.C. section 1734 solely to indicate
was used for complete blood and differential cell counts and flowthis fact.
cytometric studies. Blood containing heparin as an anticoagulant was © 1998 by The American Society of Hematology.
used for the virological and immunological assays. All plasma samples 0006-4971/98/9209-0050%$3.00/0
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Culture medium and reagentsRPMI 1640 medium (BioWhittaker; Antibody neutralization assay.The ability of plasma to neutralize
Walkersville, MD) supplemented with 10% heat-inactivated (56°C, 30 primary HIV isolates was determined as descriffsthe neutralization
minutes) fetal bovine serum (FBS) (Gemini Bioproducts, CalabasaspfHIV was assessed in duplicate wells using primary virus isolates (100
CA), 2 mmol/L glutamine (BioWhittaker), 100 U/mL penicillin, and TCIDsg) mixed with serially diluted autologous or heterologous plasma.
100 pg/mL streptomycin (BioWhittaker) was used as culture medium.Plasma from some HIV-infected subjects was tested against more than
PBMC and purified CD# cells (3 X 10%/mL) were activated with 3 ~ one heterologous virus isolate. Plasma from HIV-seronegative donors
pg/mL of phytohemagglutinin (PHA; Sigma) in culture medium Wwas used as negative controls. Neutralization of virus by plasma was
containing 10% natural IL-2 (T-stim [Collaborative Biomedical Prod- considered positive if &=66% reduction was observed in the RT
ucts, Bedford, MA] with =20 U/mL of IL-2) or 10 U/mL of activity, compared with the RT activity of control cultures containing
recombinant human IL-2 (Collaborative Biomedical Products). To helpPlasma from HIV uninfected individuals.
facilitate infection of PBMC and CD# cells, polybrene (Sigma; 2 CD8" cell noncytotoxic anti-HIV response.The extent to which the
pg/mL) in the culture medium was added to the cells<(308/mL) 30 CD8" cells from an infected subject can suppress HIV replication was
minutes before inoculation of virus. determined by an acute infection as¥ajsing the cytopathic, syncytium-

Virus levels in the plasma of LTS and ProgressorslV RNA levels inducing, andB-chemokine-insensitive HIVskss strain?® This assay
in the plasma of LTS and Progressors were determined using quantitativé¥aS chosen to measure CD®ell antiviral activity instead of an
competitive polymerase chain reaction (QC-PCR), described previ€ndogenous assay (ie, using naturally infected céltg)cause of the
ouslyl” The lowest level of detection of virus load in the plasma using difficulties of obtaining CD4 cells from Progressors. Briefly, PHA (3
this assay is 50 viral RNA copies/mL. The level of infectious virus in the H9/ML) stimulated CD2 cells from HIV-seronegative donors were
plasma of LTS and Progressors was determined as repdriée p24 infected with 10,000X TCIDsq of HIV-1sg33 After 1 hour of incuba-

antigen levels in the plasma of the study subjects were measured bjjen: the CD4 cells were washed three times and mixed with CD8
ells that were isolated from PBMC stimulated with PHA for 3 days

24-specific enzyme-linked immunosorbent assay (ELISA) accordin
P P Y v ( ) Eﬁefore the acute assay was conducted. The acute assay was performed in

to the methods outlined by the manufacturer (Coulter, Miami, FL). ) > . i
Infectious center assay.The frequency of infected cells in the the presence of 100 U/mL of recombinant human interleukin-2 (IL-2;

peripheral blood of LTS and Progressors was determined using th&ollaborative Biome(jica_l Produgts). The ability of CD&ells to
infectious center assa§19The results are presented as the frequency of SUPPress HIV replication |n+5< 10° |nf_ected cb4 ce.lls Was. evaluated
infected cells in total PBMC which induced a positive reverse transcrip-OVer a range of CDBCD4" cell ratios from 0.25:1 to 4:1 (twofold

tase (RT) activit§° (=10* cpm/mL of culture fluid) in the cultured target dilutions) in 24-well tissue culture plates (Falcon, Linco_ln Park, NJ).
human PBMC. Culture fluid samples taken every 3 days were monitored for RT

activity. The percent suppression was determined by comparing the RT
activity in the culture fluids of the CD8and CD4' cell cocultures with

the RT activity of fluids from the infected CD4cells cultured alone at

the time of peak virus production (6 days following initiation of the
assay}®2” The RT activity from the control-infected cultures was
always=10° cpm/mL of culture fluid.

Statistical analyses. The Mann-Whitney U-test was used to deter-
mine statistical significance of all studies except the evaluation of
neutralizing antibodies and32 mutations in CCR5 which used the
Fisher Exact Test. Spearman’s coefficient of rank correlation was used
0 compare the CD8cell antiviral response with the viral load of LTS
and ProgressorsP values of =.05 were considered statistically
significant.

Isolation and determination of the biological phenotype of primary
HIV isolates. Two tissue culture systems (termed A-culture and
B-culture) were used to measure the production of HIV from PBMC of
LTS and Progressof. Briefly, in the A-culture, the PBMC of
HIV-infected individuals were activated by PHA for 3 days followed 4
days later by the addition of PHA-stimulated PBMC from HIV-
seronegative donors. In the B-culture, the PBMC from HIV-infected
subjects (not activated in vitro) were cocultured with >3 10°
PHA-stimulated PBMC from uninfected donors. Primary virus isolates
obtained from both these cultures were expanded in the PBMC fro
normal donors as described elsewh@rélhe 50% tissue culture
infectious dose (TCIR) of a virus isolate was determined as de-
scribed?® The biological phenotype of the virus isolated from LTS and
Progressors was determined by inoculation onto MT-2 é&fiéThe
virus was classified as syncytium-inducing (SI) phenotype if the RESULTS

inoculated MT-2 cells had a diameter of greater than 3 normal cells and _— . . .
the culture had RT activié) of >10° cpm/mL of culture fluid. Characteristics of the study subjectsThe subjects involved

Detection of the CCR®32 mutation. Cells from each clinical ' this study were betWegn 30 and 65 years old with a median
specimen were resuspended in extraction buffer (10 mmol/L KClI, 10ageiof 44. MOS,t were white and nearly all were malg. All of the
mmol/L Tris-HCI, pH 8.3, 0.05% Tween 20, 0.05% NP40, 0.1 mg/mL subjects were infected for at least 10 years spanning the same
Proteinase K) to a final cell density b2 108 cells/uL and incubated at ~ P€riod in time (2 years) (Table 1). During their infection
100°C for 30 minutes. The cell lysate was then diluted 10-fold with period, LTS remained clinically healthy with a stable CDagll
specimen extraction buffer without Proteinase K and stored7°C. count above 500 cells/pL (Table 1 and Fig 1A). All Progressors
Each 100-pL polymerase chain reaction (PCR) consisted of a cell lysatat the time of the study had an AIDS diagnosis based on the
from =~10* cells or 50 ng genomic DNA in 50 mmol/L KCI, 10 mmol/L 1993 Centers for Disease Control (USA) case crif@neith
Tris-HCI, pH 8.3, 2 mmol/L MgC}, 0.1 mmol/L dATP, dGTP, dCTP, 0.2 <200 CD4" cells/uL (Fig 1). Progressors either had a slow
mmol/L dUTP, 0.4 umol/L each primer, SYC658 and SYC659, 5 U gecrease in CD4cell counts since infection (Fig 1B) or a high
AmpliTag (Perkin-Elmer Corp, Norwalk, COT)' and 2 l_JAmperasoe UNG |avel of CD4" cells for about 8 years followed by a decrease
(Rerkm-EImer). PCR conditions were 50°C for 2 minutes, 95 C_for L (Fig 1C). None of the LTS had received antiretroviral drugs
minute, followed by 30 cycles of 95°C for 20 seconds and finally . .
holding at 72°C, using the Perkin-Elmer Thermocycler 9600. A 177—bp(-!—able D). .Se\(enteen of th? 21 Progressors Wgre tak"?g i.in.tlretro-
and a 145-bp PCR product were amplified from wild-typd éllele and V|ra_1l medication (nucIeosndc_e reverse tr_anscnptase inhibitors),
A32 allele, respectively. The CCRE32 mutation was determined by which V\_/ere taken alqne orin Comb'na_t'on (Table 1). None of
analyzing 5 pL of each PCR reaction on a 3% NuSieve (,:Mcthe subjects was taking HIV protease inhibitors or nonnucleo-
Bioproducts, Rockland, ME) and 1% agarose gel. The frequency oﬁide reverse transcriptase inhibitors. SUbjeCtS from these groups
homozygous mutations in the CCR5 gene in the uninfected populatio®f LTS and Progressors were chosen at random for all the
has been reported to be #%. studies described.
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LONG-TERM SURVIVORS OF HIV INFECTION

Table 1. Demographics of Study Subjects

Long-Term Survivors Progressors
No. of subjects 21 21
Years of age
(mean = SD) 43+ 6 44 +9
Range of age 36-58 30-65
Race 17 Whites 20 Whites
2 African Americans 1 African American
1 Asian
1 Hispanic
Gender (male/female) 19/2 21/0
Year of probable
infection (mean
year = SD) 1981 = 2yr 1982 = 2yr
Year tested seroposi-
tive (mean
year = SD) 1985 = 1yr 1986 = 2yr
Symptoms 21 Asymptomatic 8 Kaposi’s Sarcoma
5 Pneumocystis
carinii pneumonia
2 Thrush
2 Hairy leukoplakia
2 Night sweats
1 Mycobacterium
avium complex
2 Toxoplasmosis
1 Neuropathy
2 Chronic diarrhea
2 Low-grade fever
21 Absolute CD4+ cell
count <200 cells/pL
Antiretroviral medi- 21 None 6 None
cation 12 3’-azido-3-de-
oxythymidine
4 2'.3'dideoxyino-
sine
3 2',3' dideoxycyti-
dine

6 2',3' didehydro-
3’-deoxythymi-
dine

Hematological and lymphocyte profiles of LTS and Progres-
sors. LTS had complete blood counts (CBC) within the range
found in healthy HIV seronegative individuals (Table 2). In
contrast, except for platelets (18X 10°/L), the CBC of
Progressors were below normal and differed significantly from
that of LTS P < .02). Although the differential cell counts of
these two clinical groups were still within the normal range,
LTS had higher neutrophil, lymphocyte, monocyte, and baso-
phil counts than the Progressors (Table 2). The eosinophil count
was lower in LTS than Progressors but not significarily(.63).

Within the lymphocyte population, the percent of CD19
cells (B lymphocytes) was similar among LTS, Progressors, and
HIV-seronegative donors (Table 3). A lower percentage of
CD56/CD16" lymphocytes (natural killer cells) was noted in
the LTS compared with the Progressors, but this difference was

Fig 1. CDA4+ cell counts of LTS and individuals who progressed to
AIDS (Progressors). Examples of CD4+* cell counts over a 10-year
period in the peripheral blood of LTS (A) and Progressors (B and C) are
provided. The hatched region represents the range of CD4+ cell
counts of uninfected individuals.
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Table 2. Complete Blood and Differential Count of LTS cell counts for both groups (1,122812 cells/pL) did not differ
and Progressors significantly @ = .15).
Normal Of the various CD8 cell subpopulations analyzed (Table 4),
LTS Progressors  Range™  PValuet only the percent of CD38cells differed significantly between
WBC (x109/L) 69+23t 43+20 45132 <.01 LTS and Progressors. In LTS, the mean percent of CBBich
RBC (X1012/L) 483 +0.39 4.06 074 4.4-59 .02 were CD38 was 62%, similar to the mean percent of CD8
Hemaglobin (g/dL) 149+11 129+18 136-175 <01 cells which were CD38 in HIV uninfected donors (65%)
Hematocrit (%) 441+28 37663 4153 <01 (Table 4). Of the CD8 cells from Progressors, 96% expressed
Platelets (x10°/L) 268 £ 52 187107 140-450 <01 the CD38 molecule which was statistically different from LTS
Neutrophils (><109/I;) 369 +1.77 2.00+1.09 1.88 <.01 (P < .01). Moreover, a lower percentage of CD&ells
32:12:3251%91/?)“_) 3:23 i 2:;0 égg i 8:?2 ;ii <:8; e_xpressed HLA-DRin LTS compgre.d_ with Progressors but this
Eosinophils (<1091) 015+ 012 042 =120  0-0.8 63 difference was not statistically significar® & .06). In sum-
Basophils (x10%L)  0.07 = 0.04 003+ 002 0-1.3 <.01 mary, aside from differences in the percentage of CD8lls,

- — the LTS in contrast to the Progressors had a significantly lower

*Values for the normal range were provided by the Clinical Labora- .
) ) T o number of CD8 cells expressing the CD38 molecule.

tories of the Medical Center at the University of California, San . K R }

Francisco Quantification of virus in the plasma of LTS and Progressors.
TP values obtained upon comparison of statistical significance Virus levels '_n plasma Were' measu_red by two procedureS:

between LTS and Progressors using the Mann-Whitney U test. Bold QC-PCR?” which measures virus particles by the level of HIV

numbers indicate that the value is considered statistically significant. RNA, and an infection assay,which measures the level of
tMean * SD. infectious virus particles in the plasma. Using the QC-PCR

procedure, the LTS were shown to have significantly lower
not statistically different® = .11). A higher percentage of T levels @ < .01) of HIV RNAn the plasma (mean of 9.5 10°
cells was found in LTS compared to Progressors and seroneg&9Pies/mL) compared with Progressors (mean of 8.6.0°
tive donors (mean percent CD8ells= 81%v 71% [P = .03]).  RNA copies/mL) (Fig 2). Two of the 12 LTS tested hats x
The higher percentage of CB®ells in LTS compared with the 10 RNA copies/mL. All Progressors had levets9.8 X 10*
HIV seronegative donors reflected the increased percentage GtNA copies/mL. o _
CD8" cells (mean CD8/CD3" cells of 46%v 28%, respec- As measured by the infection center assay, the LTS did not
tively). The percent of CD4 T cells in the lymphocyte have detectable infectious virus in their plasma whereas HIV
population was significantly higheP(< .01) in LTS (mean Was detectable in the plasma of all Progressors (Table 5). The
percent CD4/CD3" cells = 35%) compared with Progressors |€vels of infectious virus in the plasma of the Progressors varied
(mean percent CD4CD3"* cells = 4%). In addition, the mean ~ (from titers of 2 to 32) (Table 5). _
absolute CD4 cell count of LTS (834 cells/uL) was signifi- Another means of determining the level quIVlnthe plasma
cantly higher P < .01) than that of Progressors (51 cells/uL) IS by measuring the level of HIV p24 protein. In the plasma of
(Table 3). In contrast to the CD4ells, the percentage of CDg 11 LTS teste_d the viral p24 antigen was belovy the limit of the
T cells in LTS (mean percent CDBCD3* cells = 46%) was ~ @ssay used in our study<g pg of p24 HIV antigen/mL) and
significantly lower P = .03) than Progressors (mean percent Was found to be present in 4 of 7 Progressors (Table 5). The

CD8'/CD3" cells = 63%), although the mean absolute CD8 amount of p24 antigen found in the plasma from the 4
Progressors ranged from 74.4 to 448.9 pg/mL. Overall, our

studies of virus patrticles in the plasma showed that in compari-
son to Progressors, LTS had a lower level of cell-free virus in
their plasma and none was infectious in cell culture.

Table 3. Lymphocyte Distribution of Peripheral Blood Cells
From LTS and Progressors

HIV-
Lymphocyte Seronegative P
Marker LTS Progressors Donors Value* Table 4. CD8* Cell Subsets of LTS and Progressors
CD19 (%) 9 =+ 4% 9+6 11+5 .97 HIV-
CD56/CD16 (%) 14+7 21+ 16 14+7 11 CD8* Cell Long-Term Seronegative
CD3 (%) 81+5 71 + 18 71+8 03 Marker (%) Survivors Progressors Donors P Value*
CD4 (%) 3B *+7 4+3 41+ 6 <.01 CD28 37 = 9f 35+ 17 55 + 16 .34
CD4+ cells/pL 824 + 208 51 + 49 686 + 217f <.01 CD38 62 = 14 96 = 11 65 = 10 <.01
CD8 (%) 46 = 10 63 = 16 289 .03 HLA-DR 54 + 15 67 = 17 198 .057
CD8* cells/pL 1,122 = 476 812 =708 443 * 146 .14 CD45RO 61 = 10 66 = 10 42 + 15 .29
CD4+:CD8* cell CD45RA 56 + 15 53+9 74 + 11 .48
ratio 0.81+031 007*006 163+63  <.01 CD57 52+ 14 48 * 15 20+ 8 70
+ + +
*P values obtained upon comparison of statistical significance cbe2L s2x11 4113 56 > 11 16
. R CD26 157 20 =13 ND .61
between LTS and Progressors using the Mann-Whitney U test. Bold
Lo . . - I CD25 3+3 3*x2 3*x2 72
numbers indicate that the value is considered statistically significant.
CD122 34 =18 52 = 27 52 = 20 .14
tMean = SD.
fValue for the normal range of CD4* cells/uL provided by the *P values obtained upon comparison of statistical significance
Clinical Laboratories of the Medical Center at the University of between LTS and Progressors using the Mann-Whitney U test. Bold
California, San Francisco using standard protocols is 424 to 1,671 numbers indicate that the value is considered statistically significant.

cells/pL. tMean percentage of CD8* lymphocytes = SD.
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Fig2. Level of viral RNA detected in plasma of LTS and individuals
who progressed to AIDS (Progressors). Plasmas from the peripheral
blood of 10 LTS and 13 Progressors were recovered and stored at
—70°C within 2 hours of venipuncture. Each plasma was then
evaluated for the level of virus using quantitative-competitive PCR."
Each point represents the level of HIV in the plasma from a different B
individual. Bars represent the mean value for the plasma of each ’—E\ 800
group of individuals tested. The level of HIV in the plasma of LTS and E
Progressors was statistically different (P < .01) using the Mann- o 4 '
Whitney U test. °
()
o
9 600
Ability to recovered virus from the PBMC and the number of <
infected cells in the peripheral blood of LTS and Progressors.%’ 1 i
The A-culture and B-culture, two standard tissue cultureyg
techniques used to isolate HIV from cells in the peripheral § 4907 hd d
blood2! were used to isolate virus, in vitro, from LTS and & o
Progressors (see Materials and Methods). None of the PBM(,'_C} T ° ®
from 10 LTS tested produced detectable virus in the A-culture §
(mean RT activity of 2.1 1.3 X 10° cpm/mL) (Fig 3A). With ~ § 2007 i ()
the B-cultures, the PBMC from 7 of 10 LTS released HIV (mean ‘q‘) 0
RT activity of 110.3+ 137.3 X 10° cpm/mL) (Fig 3B). All g 1 “".—. °
Progressors produced HIV in both the A- and B-culture (mean 3
RT activity = 58.3 + 35.4 and 285+ 215.6 X 10° cpm/mL, O 0 o"
respectively) (Fig 3A and B). In comparison with the PBMC Long-term Survivors Progressors

Table 5. Infectious Virus and p24 Antigen Detected in the Plasma
of LTS and Progressors

Infectious Virus Titer p24 Antigen

No. of Subjects No. of Subjects

- Level
Subject Negative Positive Titer*

Negative Positive (pg/mL)
LTS 12 0 NA 11 0 NA
Progressors 0 12 undil. (2) 7 4 186.91
2(1) 348.9
4 (8) 74.4
32 (1) 448.9

Abbreviations: NA, not applicable; undil., undiluted.

*Number in parentheses indicates the number of individuals whose
plasma was positive for infectious virus at the highest dilution shown.

tLevel of HIV p24 antigen in the plasma was detected by ELISA (see
Materials and Methods). The four values listed represent the level of
p24 antigen in the plasma of the four positive subjects.

Fig 3. Production of HIV in culture fluids of PBMC from LTS and
individuals who progressed to AIDS (Progressors). Two isolation
methods [A-culture (A) and B-culture (B)] were used to detect HIV
production from PBMC of LTS and Progressors. In the A-culture, the
PBMC from each individual were stimulated with PHA for 3 days.
Seven days later, PHA-activated PBMC from HIV-seronegative donors
were added to these cultures. In the B-culture, PHA-activated PBMC
from HIV-seronegative donors were added to unstimulated PBMC
from LTS and Progressors. Culture fluids were monitored every 3 or 4
days for RT activity.?° Culture fluids were considered to contain HIV if
the level of RT activity was =10* cpm/mL. The amount of HIV in the
culture fluids of A- and B-cultures of LTS and Progressors was found
to be statistically different (P < .01 and P = .02, respectively) using
the Mann-Whitney U test.

from Progressors, the PBMC of LTS produced significantly

lower levels of virus in B-culturesdq(= .02).

To determine the levels of infected PBMC in LTS and

Progressors, infectious center assays were ##@dhe LTS
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Table 6. Biologic Activity of Virus Isolated From PBMC and Plasma
of LTS and Progressors

had almosa 2 log o lower mean frequency of HIV-infected cells
(1in 9.5X 10°) in the PBMC than did Progressors (1 in210*

[P = .01]) (Fig 4). In 7 of 17 LTS examined, the frequency of
infected cells was less than 1 in®1BBMC. In contrast, the
lowest frequency of infected cells found in Progressors was 1 in
1 cells (Fig 4). Thus, the number of infected cells in the s

Phenotype of Primary

Virus/Total Tested*
Source

of Virus NSI Sl

Subject

PBMC 9/10 (90%) 1/10 (10%)

peripheral blood was at least 50 times lower in LTS than progressors PBMC 7116 (44%) 9/16 (56%)
Progressors. Overall, our studies indicate that like the levels in LTS Plasma Not testedt Not testedt
the plasma (Fig 2 and Table 5), a lower frequency of the infected Progressors Plasma 0/8 8/8

peripheral blood cells are present in LTS relative to cells in the =assayed with MT-2 cells as described in Materials and Methods.

Progressors. tinfectious virus could not be isolated from the plasma of the 12
Biological properties of virus isolated from the peripheral individuals tested.

blood of LTS and Progressors.The majority of primary virus

isolates from PBMC of the LTS (9 of 10) did not induce pyrogressors may not explain the differences in the levels of
syncytium formation in MT-2 cells (Table 6), indicating an \irys observed between the two groups.

non-SI (NSI) phenotype. Infectious virus from the PBMC of  prayalence of the CCRA32 mutation in LTS and Progres-
44% of the Progressors was of the NSI phenotype whereas 56%,,5.  Differences in the level of HIV found in LTS and
was of the Sl phenotype. _ Progressors (Figs 2 and 3, Table 5) could be explained by the
~ From the plasma of all eight Progressors evaluated, thgariapility in the expression of HIV coreceptors. The presence
infectious virus rec_overed was of the Sl phenot_ype (Table 6)of the A32 mutation in the CCR5 gene has been shown to be
Notably, the biologic phenotype of HIV present in the plasmagssociated with a favorable clinical state in some infected
did not always correlate with the virus from the PBMC; HIV  inqividuals3 In this study we evaluated whether the presence
isolated from the plasma of two Progressors tested had Virugs the A32 mutation in the CCR5 gene of PBMC could explain

from their PBMC which was of the NSI phenotype.

the different levels of HIV in LTS and Progressors (Table 7).

Dgspite the differences in the frequency of NSl and SI \./iru.ses In the LTS group, 8 of 21 individuals were heterozygous for
obtained from PBMC of LTS and Progressors, the replicationhe A32 deletion in the CCR5 gene. In contrast, only 3 of 20

kinetics in normal PBMC of the primary isolates from LTS (Fig progressors tested had this mutation. This difference was not
5A) and Progressors (Fig 5B) did not differ substantially. Thusvsignificantly different P = .12). Moreover, no statistical

the biological properties of the virus isolated from LTS and gifference was observed between the LTS and a group of HIV
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Fig 4. Frequency of infected cells in PBMC of LTS and individuals
who progressed to AIDS (Progressors). PBMC from LTS and Progres-
sors were serially diluted 10-fold and cultured with PHA-stimulated
PBMC from HIV seronegative donors. The cocultures were evaluated
for the lowest dilution of cells which produced positive particle-
associated reverse transcriptase activity?® (=10* cpm/mL) in the
culture fluids over a 30-day culture period. Each point represents the
result from a different individual. Bars represent the mean value for
the data obtained from the two groups of individuals tested. The
number of infected cells in the peripheral blood of LTS and Progres-
sors was statistically different (P = .01) using the Mann-Whitney U
test.

seronegative donors in which 5 of 24 subjects had3?
deletion in one copy of the CCR5 gerfe £ .12). None of the
infected subjects tested had mutations in both copies of the gene
encoding CCR5.

Neutralizing antibody in LTS and ProgressorsThe level of
neutralizing antibodies in the plasma could also explain the
different levels of virus present in the plasma and peripheral
blood cells of LTS and Progressors. The number of LTS (5 of 7)
and Progressors (5 of 6) whose plasma was capable of
preventing the replication of autologous virus was similar
(Table 8). However, plasmas from 3 of the 7 LTS and none of
the 6 Progressors tested was able to neutralize autologous virus
at dilutions of 1:50 or more, although the difference observed
was not significant® = .1). The number of LTS whose plasma
was capable of neutralizing heterologous virus at dilutions of
1:10 or less was slightly greater against virus from LTS
compared with virus from Progressors (829672%). Con-
versely, the number of Progressors whose plasma samples were
able to neutralize heterologous virus was slightly greater if the
virus was isolated from a Progressor compared with virus from
an LTS (70%v 56%, respectively) (Table 8).

CD8 cell noncytotoxic anti-HIV activity in LTS and Progres-
sors. CD8" cells from HIV-infected individuals have the
ability to suppress HIV replication without killing the infected
cell3* This CD8" cell noncytotoxic antiviral response has been
shown to correlate with the clinical state of the infected
individuals16-32 Progression to disease correlates with a de-
crease in this CD8cell activity32 Here we evaluated whether
the variability in the level of HIV in LTS and Progressors can be
associated with differences in the antiviral activity of their
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Fig 5. Kinetics of replication of primary HIV iso-
lates from LTS and individuals who progressed to
AIDS (Progressors). The ability of primary HIV iso-
lates from 6 LTS (A) and 6 Progressors (B) to replicate
in PHA-stimulated PBMC of HIV seronegative donors
was evaluated over a 2-week period. The PBMC were
infected with 100 TCIDs, of virus, and replication of o9 3 M 5 - s
virus was indicated by the level of reverse transcrip-
tase activity in the culture fluids.?°

s
H

Reverse transcriptase activity (x 1000 cpm/ml)
©
s

Reverse transcriptase activity (x 1000 cpm/ml)

Days infected cells in culture

Days infected cells in culture

CD8* cells. Using the acute assay system we evaluated thbut who have progressed to disease. In the present studies, two
extent to which CD8 cells can suppress HIV replication in well-characterized cohorts were used to assess a large number
CD4* cells infected with theB-chemokine—insensitive cyto- of factors involved in HIV infection that may be uniquely
pathic HIV-1gg33 strain. An average CD8CD4" cell ratio of  associated with a long-term asymptomatic clinical condition.
1:1 was needed for 90% suppression of HIV replication byAttempts were made to rule out any possible influence of age,
CD8" cells from LTS (Fig 6) whereas a mean ratio of 3:1 was gender, ethnicity, or length of HIV infection on the analyses by
needed for the CD8cells from Progressors to suppress HIV closely matching the two clinical groups (Table 1). Emphasis
replication to a similar levelR < .01). The CD8:CD4* cell was placed on hematological profiles and several virological
ratio needed to suppress HIV replication correlated directlyand immunological parameters. Other repGt8 have at-
with the viral load of the infected individual. (Spearman tempted to define some of the viral and immune components
coefficient of rank correlatior? < .01). associated with long-term survival, but either a limited number
Because of the limitation in the number of CD&ells of subjects was used, the subjects were infected for a shorter
recovered from the stimulated PBMC of 8 of the 14 Progres-period of time 10 years), or appropriate controls were not
sors, CD8:CD4 cell ratios of=2:1 were used. Thus, the extent always included.
of CD8" cell antiviral response could not be quantified further. ~Aside from the amount of CD8cells and subset composi-
For example, suppression of virus replication 390% was tion, we found a hematological profile in LTS (Tables 2 through
not achieved in 6 of the 8 Progressors tested at a ratio of 2:14) resembling that of uninfected individuals. The increase in
Therefore, when scoring for statistical analysis we chose taCD8* cells observed in infected individuals compared with
designate the above as suppressing at a 3:1'GTI34" cell HIV uninfected controls appears to reflect the expansion of
ratio. The CD8 cells from 2 of the 14 Progressors did not memory (eg, increased CD45R@nd CD62L") and activated
suppress HIV replication by 90% at the highest CBBD4* (eg, HLA-DR") CD8" cells (Table 4) associated with people
cell ratio tested, 4:1. infected with HIV3°
The only notable difference in the subsets of CD&lls
DISCUSSION between LTS and Progressors was a lower percentage of CD38
LTS represent a small subset of infected individua$%) cells. Asignificantly P < .01) lower percentage of CD38D8"
who, beyond the usual time to develop AIDS (10 yeéfs),
remain healthy without receiving any antiviral medicatfon. Tapie 8. Neutralization of Primary HIV Isolates by Plasma From LTS
Socioeconomic or behavioral characteristics apparently do not and Progressors
account for this long-term healthy st&t&. Moreover, results
suggesting that long-term survival is associated with certain

Virus Isolates

. . S 5 Heterologous Heterologous
major histocompatibility complex (MHC) allel&s¢ have not Plasma Titer  Autologous (LTS)* (Progressors)*
been consistently fourﬁi. . . LTS 0 2729t 2/11 (18) 7125 (28)

In an attempt to define unique features of LTS which enable 10 27 (29) 7111 (64) 15/25 (60)
them to remain clinically healthy, virological and immunologi- 50 17(14) 1/11 (9) 3125 (12)
cal properties of these individuals were evaluated and compared 100 2/7 (29) 1/11 (9) 0/25 (0)
with those of individuals, infected for the same length of time, Progressors 0 16(17) 11/25 (44) 7123 (30)

10 5/6(83) 12/25 (48) 13/23 (57)
Table 7. Heterozygosity for the A32 Mutation in CCR5 From LTS 50 0/6 (0) 5125 (20) 8123 (13)
100  0/6 (0) 0/25 (0) 0/23 (0)

and Progressors

*Plasma from HIV-infected subjects was tested against one or more

CCR5 HIV Seronegative A i
Genotype LTS Progressors Donor heterologous virus isolates.
- 1TThe number of plasma samples which neutralized the HIV isolates
Wild type (+/+) 13 17 19 . . . . L
N was determined by comparison with the effect on virus replication by
A32 Mutation (+/-) 8 3* 5

a plasma pool from control HIV seronegative donors. Number in
*Statistical significance between LTS and Progressors was P = .12; parentheses indicates the percentage of plasma samples which
Fisher’s Exact test. neutralized the virus isolates by at least 66%.
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>4:1 o could not be explained by different growth kinetics of the virus
(Fig 5), differential amounts of neutralizing antibodies (see
below), or mutations in the CCR-5 receptor gene. Although the
frequency of LTS heterozygous for th&32 deletion in the
CCRS5 gene was higher then those observed in the Progressors
(Table 7), it could not account for the healthy clinical state of
the LTS. The majority of infected individuals were without this
mutation (14 of 21 for LTS and 17 of 20 for Progressors) and the
difference in the frequency of the heterozygous mutation in
CCRS5 of LTS and Progressors was not statistically significant
(P =.12).

Although the results of our studies show a trend toward
Progressors having more Sl virus isolates and LTS having more
NSI viruses (Table 6), the characteristics of the dominant virus
strain isolated from LTS and Progressors did not completely
account for the difference in the levels of free virus and infected
cells observed in our study (Figs 2 and 4). Although some
results have suggested that disease progression is associated
with a change in virus phenotype from NSI type to an Sl
typel0ilalmost half the primary viruses isolated from PBMC

41 4 o0

31 4 —_—
>2:1 000000

211 4 [ J [ 1 1]

Lowest CD8+:CD4+ cell ratio to
suppress HIV replication by 90%

0.0

Long-term Survivors Progressors

Fig 6. Suppression of HIV replication by CD8* cells from LTS and

individuals who progressed to AIDS (Progressors). The ability of CD8+
cells from 14 LTS and 14 Progressors to suppress HIV-1g¢3; replication
in CD4+* cells was determined in an acute infection assay over a range
of CD8+:CD4+ cell ratios of twofold dilutions ranging from 0.25:1 to
4:1. The level of antiviral activity of CD8+ cells shown represents the
lowest CD8+:CD4+* cell ratio that achieved =90% reduction of RT
activity relative to that observed in the fluid of CD4+ cells cultured
alone. Each point represents the result from a different individual. A
CD8+:CD4+ cell ratio greater than 2:1 was used in cases where the
number of CD8* cells from Progressors was limited such that the
CD8+:CD4* cell ratio of 4:1 could not be tested. For statistical analysis,
the anti-HIV level was considered to be 3:1 (see Results). Bars
represent the mean values of the data obtained for each group of
individuals tested. The ratio of CD8+:CD4+ cells needed from LTS and
Progressors to suppress HIV replication by 90% was statistically
different (P < .01) using the Mann-Whitney U test.

of Progressors in our study were NSl (Table 6). Moreover, an Sl
virus was recovered from an LTS subject. These results are in
agreement with the recent findings of other investigators who
recovered NSl virus in 50% of Progressors and an Sl virus from
an LTS* Thus, the biologic phenotype of the virus does not
always predict the clinical outcome of HIV infection. It is
noteworthy that in two Progressors, the phenotype of the plasma
and PBMC-derived viruses were different (Table 6). These
findings suggest that different compartments may harbor differ-
ent virus phenotypes.

Because anti-HIV antibody response has been implicated as
being important in controlling the HIV infectiohwe examined
the potential role of neutralizing antibodies in the plasma from

LTS and Progressors to prevent HIV replication. In contrast to
cells was found in LTS compared with the Progressors. Theother studie$® we used autologous virus strains to assess the
percentage of CD8cells expressing the CD38 molecule was neutralizing capacity of plasma. Neutralization measured by
similar between LTS and seronegative individuals. Thesethis method may have greater clinical relevance. An equal
findings are in agreement with those of other investigators whawumber of individuals from both groups had neutralizing
showed an increased percentage of COBB8* cells associ- antibodies directed against homologous and heterologous viral
ated with disease progression in HIV-infected individf8lBhe  strains (Table 8). Thus, although loss of neutralizing antibodies
significance of a higher level of CD&ells expressing CD38in and appearance of neutralization escape viruses have been
Progressors relative to LTS is unclear at this time, but mayassociated with disease progressiothe presence or absence
reflect an increase in the number of cytotoxic T lymphodtes of neutralizing antibodies in the present studies did not account
that could lead to the lysis of uninfected CDdells*2 for the difference in the clinical outcome of long-term HIV

Examination of virological properties of LTS and Progressorsinfection.
indicated that the former group of infected individuals has low The extent of the CD8cell noncytotoxic suppression of HIV
plasma viral loads (Fig 2, Table 5), low numbers of infected replication (Fig 6) can provide an explanation for the low viral
cells (Figs 3 and 4), and is infected with a less cytopathic virusload (Fig 2), stable CD# cell counts (Fig 1 and Table 3), and
strain (Table 6). Some of these observations have been reportddvorable clinical outcome (Table 1) observed in LTS compared
by others in a limited number of subject%*3 In fact, we  with Progressors. This conclusion was supported by two studies
showed in this study that even when using optimal procedureslescribed here. In the first, A- and B-cultures of PBMC from
to recover virus from the plasma, infectious virus could not beLTS and Progressors (Fig 3A) give an indication of the relative
isolated from the plasma of all the 12 LTS evaluated (Table 5).ability of the CD8 cells within the PBMC to suppress HIV
This finding was in contrast to the ability to recover infectious replication3! In the A-culture, PBMC from the infected indi-
virus from the plasma of all 12 Progressors that were tested. Theidual are treated with the mitogen, PHA, which can activate
inability to recover infectious virus (Table 5) in LTS despite the the CD8 cells and increase their ability to control virus
ability to detect HIV RNA (Fig 2) in the plasma most likely replication3® The absence of HIV recovery in the A-cultures
reflects a large number of defective particles found in pla¥ma. from LTS, but the presence of virus in the A-cultures of all
The differences in the levels of virus in the infected individuals Progressors (Fig 3), reflects a diminished C28ll response in
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Progressord! In the B-culture, because of the lack of PHA Incubation period and longitudinal patterns of CB4ymphocytes. J

stimulation and the early addition of fresh permissive cells, theAcquir Immune Defic Syndr Hum Retrovirol 8:496, 1995

CD8" cells are not usually as effective at suppressing virus 4 Barker E, Barnett SW, Stamatatos L, Levy JA: The human

replication. In these cultures, virus was recovered from LTS, admmunodeficiency viruses, in Levy JA (ed): The Retroviridae, vol 4.

well as Progressors, but the level of virus produced by theNeW York, NY, Plenum, 1995,p1 - ,

PBMC of LTS was significantly lower than that of Progressors 5. Easterbrook PJ: Non-progression in HIV infection. AIDS 8:1179,
s - 1994

(P : :02). This finding could reflect .the CDecell antI.VIraI 6. Levy JA: HIV pathogenesis and long-term survival. AIDS 7:1401,

activity as well as the low number of infected cells (Fig 4). In 1993

the second study, the acute infecti_on assay, the pu_rified*CDS 7. Cao Y, Qin L, Zhang L, Safrit J, Ho DD: Virologic and

cells from LTS suppressed HIV replication more efficiently than immunologic characterization of long-term survivors of human immu-

CD8" cells from the Progressors (Fig 6). Moreover, the low nodeficiency virus type 1 infection. N Engl J Med 332:201, 1995

ratio of CD8' to CD4" cells needed to suppress HIV replication 8. Pantaleo G, Menzo S, Vaccarazza M, Graziosi C, Cohen OJ,

by =90% correlated directly with the low viral load in the Demarest JF, Montefiori D, Orenstein JM, Fox C, Schrager LK,

plasma of LTS P < 01) On average, at least three times more Margolick JB, Buchbinder S, G|0rg| Jv, Fauci AS: Studies in SUbjeCtS

CD8* cells from Progressors compared to LTS was needed tgvith long-term nonprogressive human immunodeficiency virus infec-

suppress 90% of HIV replication in CD&ells. In some cases, 10NN EnglJMed 332:209, 1995

9. Michael NL, Chang G, Louie LG, Mascola JR, Dondero D, Birx
the CD8" cells from Progressors were unable to control HIV ) .
N . DL, Sheppard HW: The role of viral phenotype and CCR-5 gene defects
replication (Fig 6).

v . ... in HIV-1 transmission and disease progression. Nat Med 3:338, 1997
These findings strongly support the conclusion that the ability 10 karisson A, Parsmyr K, Sandstrom E, Fenyo EM, Albert J: MT-2

of CD8" cells to suppress HIV replication is important in cel tropism as prognostic marker for disease progression in human
controlling HIV infection, reducing the loss of CD4ells and  immunodeficiency virus type 1 infection. J Clin Microbiol 32:364, 1994
preventing progression to disease in LTS. Progressors infected 11. Koot M, Vos AHV, Keet RPM, de Goede REY, Dercksen MW,
for the same length of time have a reduced capacity to controferpstra FG, Coutinho RA, Miedema F, Tersmette M: HIV-1 biological
HIV replication in culture as shown by the need for many morephenotype in long-term infected individuals evaluated with an MT-2
CD8"* cells to suppress HIV replication (Fig 6). These resultscocultivation assay. AIDS 6:49, 1992

are in agreement with previous findings demonstrating a_12- €onnor RI, Sheridan KE, Ceradini D, Choe S, Landau NR:

. s Change in coreceptor use correlates with disease progression in
correlation between the ability of CD&ells to suppress HIV- ) %o red individuals. J Exp Med 185:621, 1097
replication and a healthy clinical stal&?

: : . . . 13. Pan L-Z, Werner A, Levy JA: Detection of plasma viremia in
In summary, the LTS, despite their length of infection which y\ infected individuals at all clinical stages. J Clin Microbiol 31:283,

generally leads to AIDS in a majority of infected individuals 1993

(>10 years), are clinically healthy without the need for 14. Landay A, Ohlsson-Wilhelm B, Giorgi JV: Application of flow

antiretroviral medication. They usually have low levels of cytometry to the study of HIV infection. AIDS 4:479, 1990

noncytopathic virus typically found in asymptomatic individu- 15. Levy JA, Shimabukuro J: Recovery of AIDS-associated retrovi-

als who were recently infected. But, unlike most asymptomaticruses from patients with AIDS or AIDS-related conditions, and from

infected individuals who eventually progress to AIDS (Progres-clinically healthy individuals. J Infect Dis 152:734,1985

sors), LTS appear to have the ability to maintain low viral 18- Mackewicz CE, Ortega HW, Levy JA: CD8cell anti-HIV

levels, a high CD# cell count, and not develop disease. The activity correlates with the clinical state of the infected individual. J

cD8" I totoxi tiviral t | Clin Invest 87:1462, 1991
cell noncytoltoxic anfiviral response seems 10 play a7 yyger g, McKinney N, Christopherson C, Sninksy J, Greenfield

major part in ensuring I_O'?g'te”_‘n survival. The reSUIt_S Of_ this L, Kwok S: Rapid and simple PCR assay for quantitation of human
study suggest that sustaining this CDill antiviral functionis  immunodeficiency virus type 1 RNA in plasma: Application to acute
important in preventing disease progression and has relevanaetroviral infection. J Clin Microbiol 32:292, 1994

in studies directed at developing anti-HIV immune-based 18. Levy JA, Rowe WP: Lack of requirement of murine leukemia

therapies. virus for early steps in infection of mouse embryo cells by murine
sarcoma virus. Virology 45:844, 1971
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