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SUMMARY

Cell-mediated immunity (CMI) to human immunodeficiency virus-l (HIV-1) was assessed in a

blinded fashion for a patient group (n = 79) representing Walter Reed (WR) stages 1-6. At the same
time, viral load was quantitatively measured by two different methods, specifically, virus isolation
and HIV viral DNA copy number as measured by the polymerase chain reaction (PCR). After
unblinding it was determined that the ability to generate a lymphoproliferative response to an

inactivated gpl2O-depleted HIV (HIV-ag) and tetanus toxoid diminished with advancing WR
staging, with complete anergy to HIV-ag and tetanus at stage 6. As a group, individuals whose
peripheral blood mononuclear cells (PBMC) proliferated to HIV-ag were either virus isolation

negative or produced low levels of virus as measured by p24 antigen (<250 pg p24) on day 7.
Similarly, HIV DNA copy number in the HIV-ag responders was low (< 200 copies/4 x 105 PBMC).
In contrast, antigen proliferation to tetanus toxoid did not correlate with virus load. Thus, clinical
progression as defined by the WR staging system appears to coincide with a loss of CMI to HIV.
More importantly, the low viral load measured in HIV-ag responders suggests a link between viral
burden and CMI to HIV which might be exploited in the design ofimmunotherapies for HIV-infected
individuals.

INTRODUCTION

The clinical progression to acquired immune deficiency syn-

drome (AIDS) in the human immunodeficiency virus (HIV)-
infected individual is most notably characterized by a steady
decline in CD4 lymphocytes.' Efforts to categorize the stages of
progression to AIDS have been made to provide insight into the
sequence of events which leads to the onset of life-threatening
opportunistic infections in the HIV-infected individual.23 Co-
incident with this clinical decline is an array of immunological
abnormalities such as hypergammaglobulinaemia, delayed
cutaneous hypersensitivity (DCH) anergy, and a gradual loss of
cell-mediated immunity (CMI) to HIV and subsequently other
antigens.4-"

Serum p24 levels in newly infected individuals would suggest
that virus replication in the acute phase of infection is quite
high.8 These levels then fall dramatically and maintain a steady
level typically referred to as an asymptomatic state until a rise in
serum p24 viral antigen occurs, heralding the onset of opportu-
nistic infection. While no clear-cut association regarding virus
burden and clinical progression has been demonstrated, recent
evidence would suggest that an increase in virus burden as
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estimated by measurements of HIV-1 DNA by polymerase
chain reaction (PCR) is correlated with progression to clinical
disease.9"0

CMI responses to HIV-1 and other antigens have been
extensively employed to study the decline of CD4+ T-cell
function in HIV-infected individuals.""' Measurements of the
lymphoproliferative response to specific antigens suggest that
the HIV-specific response is lost very early in the course of the
infection.'4 To gain insight into the relationship between viral
burden and immune function, particularly to HIV, we have
analysed the cellular responses to HIV-I in a cohort of HIV-
infected individuals representing Walter Reed (WR) stages 1-6.
These data were then compared to two estimates of viral burden:
(1) virus isolation through co-cultivation with seronegative
target peripheral blood mononuclear cells (PBMC) and (2) viral
DNA as estimated by a quantitative PCR assay. We report here
a correlation of cellular immunity to HIV and viral burden in
individuals comprising WR stages 1-6.

MATERIALS AND METHODS

Patient selection
Patients were selected to represent all stages of HIV-related
clinical disease as assessed by WR staging system.3 Forty
millilitres of whole blood from each of 79 HIV-seropositive and
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eight HIV-seronegative Navy personnel were drawn into hepar-
inized vacutainer tubes. Samples were given a blinding code and
delivered within 2 hr from phlebotomy to The Immune
Response Corporation Laboratories. Cells were separated over

Ficoll-Paque (Pharmacia, Alameda, CA) and assayed immedi-
ately for viral burden and CMI. The patient breakdown was as

follows: 27 WRl, 10 WR2, 16 WR3, eight WR4, 10 WR5, and
eight WR6. It should be noted that these individuals were

recently boosted with tetanus toxoid in accordance with military
procedures. Seven additional seronegative PBMC samples were

also used in this study (one for each assay) as negative controls,
thus the total number of seronegative samples studied was 15.

T-cell proliferation assay

PBMC from either HIV-seropositive or HIV-seronegative
individuals were seeded in round-bottom 96-well plates (Costar,
Pleasanton, CA) at 2 x 105 cells/well (140 lil) of RPMI (ICN-
Flow, Costa Mesa, CA) containing 10% human AB- serum and
1% antibiotics (complete media). The response to HIV-1 was

assayed using a density gradient purified HZ321 virus.'5 This
virus preparation was inactivated by 13-propiolactone (BPL;
1:4000 dilution in complete media at 370 for 5 hr) and 6"Co-
irradiation (4 5 Mrads of frozen pelleted virus). The gpl20
envelope glycoprotein was depleted as a consequence of the
purification process, i.e. freeze thawing and multiple sucrose

gradients. The gpl2O content in the resulting highly purified
virus stock was measured by a quantitative gpl20 capture
ELISA kit (American Biotechnologies Inc, Cambridge, MA).
Total gpl 20 remaining in the virus stock was determined to be
< I ng gpl20/ml. Results from previous experiments demon-
strated that the optimum concentration of HIV antigen for
lymphoproliferation was 5 pg/ml (1 yig/2 x 105 cells), so this
concentration was employed throughout this study. Tetanus
toxoid (Massachusetts Department of Public Health) was

freshly prepared as a 50 ,l stock solution. The final concentra-
tion of tetanus was 0250 ,ug/2 x10 cells. All assays were

performed in triplicate. After 6 days incubation the cells were

labelled with 30 ,l of [3H]thymidine (Amersham Radiochemi-
cals, Arlington Heights, IL) at 0 5 ,uCi/ml, specific activity 45-5
Cu/mmol, in complete RPMI. On day 7 prior to harvest 20 ,ul of
BPL (1:4000 final concentration) was added to the well to
neutralize any virus produced during the incubation period.
Cells were harvested (Ph.D. Cell Harvester, Cambridge Tech-
nology, Watertown, MA) after 2 hr incubation in BPL and
incorporated label was determined by scintillation counting.
Results are expressed as a 'stimulation index' (SI) which is the
geometric mean c.p.m. of the cells plus antigen divided by the
geometric mean c.p.m. of the cells without antigen. The mean SI
for the 15 seronegative samples was 101 [±006 (standard
error)] with a range of 0-83-1 29. The 95% confidence interval
was 0 88-1*14. An SI equal to or greater than 2 was considered a

positive response to the HIV-ag based on analysis of the
response of 15 seronegative individuals (P<0-0001). Tetanus
was also considered positive if a SI of > 2 was measured.

Determination of viral burden
The methodology for the quantitative PCR assay for HIV and
the virus isolation assay has been previously described. 16 Briefly,
PBMC were isolated by Ficoll-Hypaque and washed in sterile
saline. A standard curve of HIV DNA was generated by serial
dilution of the 85-14-F2 cell line (gift of S. Z. Salahuddin,

Table 1. Proliferative response to HIV-ag and tetanus toxoid in WR 1-6
individuals

WR stage (n)* % HIV+ (%) % TET+ (%)

SNt 15 0 86
1 27 22 70
2 10 30 70
3 16 12-5 56
4 8 12-5 50
5 10 10 30
6 8 0 0

* No. of individuals/group.
t SN, both the seronegative blinded and control PBMC samples.

University of Southern California, CA), which contains one
truncated HIV genome/cell. The standard curve was generated
by analysis of 1000 cells to 10 cells in a background of 4 x 105
seronegative PBMC. Cell lysates of either the standard curve
samples or patient PBMC were treated with proteinase K for 1
hr and boiled for I hr. Oligonucleotide pairs from the gag region
of HIV (SK38, SK39) were used as primers. Direct detection of
the PCR product was obtained by end-labelling one of the
primers (SK39) with y [32P]ATP (6000 Ci/mmol). PCR was
performed on 4 x 105 cells in a total volume of 50 kl in PCR
buffer (10 mM Tris, pH 8-3, 50 mM KC1, 2-5 mm MgCI2, 0-22 mM
dNTP, 33 pm of SK38, 5 pM 5 end-labelled SK39, 1 U Taq
polymerase from Cetus/Perkin-Elmer, Emeryville, CA). After
30 years (950, 1 min; 650, 2 min) the samples were separated by
PAGE. For quantitative analysis, the 115 base pair (bp) HIV
PCR product was cut from the gel and incorporated c.p.m.
determined by scintillation counting. A set of standard curve
samples was run with each set of patient PBMC. A statistical
program (STATPACK) was employed to generate the regression
coefficients used to calculate HIV copy number.

Virus isolation
PBMC were purified by Ficoll-Hypaque gradient centrifuga-
tion. Cultures were initiated by adding 1 x 107 patient PBMC to
5 x 106 PBMC from an HIV-l-seronegative individual which
had been stimulated for 24 hr with phytohaemagglutinin
(PHA). Cultures were fed weekly with a complete media change
and 3 x 106 PHA-stimulated PBMC from the same donor were
added to the cultures. PBMC from HIV-1-seronegative indi-
viduals were obtained weekly from blood bank donors and were
stored at -70° after PHA stimulation for use as feeders. All
seronegative PBMC were also infected with a standard stock to
HIV-1 to assure similar susceptibilities to HIV-l infection
between blood bank donor cells. Co-cultivations were tested for
p24 antigen by the Coulter p24 antigen capture assay (Coulter
Immunology) on a weekly basis.

RESULTS

Lymphoproliferative response

To determine the extent of the CMI response to HIV and
tetanus, PBMC isolated from patients were tested for their
ability to respond to HIV-ag and tetanus toxoid by cell
proliferation. Each assay also included an HIV-seronegative
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Figure 1. Correlation of antigen levels detected on day 7 of virus
isolation with HIV- I DNA copy number: viral p24 antigen levels at day
7 of co-cultivation of patient PBMC with seronegative feeder PBMC
were segregated into either high (> 250 pg/ml) or low (< 250 pg/ml) p24
antigen producers. Viral DNA as assessed by quantitative PCR.

PBMC sample. Blinded samples contained at least one HIV-
seronegative bleed with every set of samples. Through the
course of this study none of the seronegative samples responded
to HIV-ag in any of these assays. Control (no antigen) c.p.m.
ranged from 419 to 4106 for the seronegative (SN) group and
292 to 3650 for the HIV-seropositive (SP) group. The ranges of
c.p.m. in response to antigen and mitogen were as follows: HIV-
ag c.p.m. ranged from 415 to 4079 for the SN group and 309 to
6962 for the SP group; tetanus c.p.m. ranged from 1336 to
23,727 (SN) and 377 to 46,192 (SP).

After the analysis was completed the clinical data for the
patient group were unblinded and the lymphoproliferative data
were segregated according to WR stage. We determined that a

stimulation index of > 2 represented a significant positive
response to the HIV-ag based on the response to HIV-ag
measured in the seronegative control samples. As can be seen in
Table 1, the proliferative responses to tetanus and HIV
generally declined with advancing WR stage. By far the bulk of
the responders (52%) were found in WR stages 1 and 2. These
stages are comprised of HIV-l-seropositive individuals with
PGL who have greater than 400 CD4 cells/mm3.3 It is interesting
to note that the response to HZ32, for healthy seropositive
individuals is comparable to that obtained with HIVII1b.'2 Thus,
immunity to this isolate accurately reflects immunity to HIV-I
in the patient population studied. All HIV-ag responders
demonstrated an intact tetanus response suggesting, as has been
described earlier,'4 that the ability to respond to HIV is
compromised before other antigen responses in HIV-infected
individuals.
A proliferative response to HIV was seen in 16% (13/79) of

the individuals studied. Responsiveness to tetanus also declined
with advanced disease stage paralleling the decline in reactivity
to HIV, with complete anergy to HIV-ag and tetanus observed
in all WR6 individuals. A profound drop in reactivity to tetanus
was seen in WR5 individuals, with only 30% of patients from
this stage responding to tetanus in vitro compared to 70% in
WRI or 2. These data are in agreement with the WR staging
criteria of partial to complete anergy to skin test antigen in WR5
individuals.3 These patients were also skin tested for responsive-
ness to tetanus as part of the CMI multitest panel (Merieux

Pasteur) on the day blood was drawn, providing an in vivo
measure of the CMI response to tetanus. A comparison of the in
vivo and in vitro measurements ofCMI to tetanus demonstrated
a 74% correlation of the cell proliferation data with the skin test
results from these individuals (data not shown).

Determination of virus burden

Patients' viral burden was independently determined by two
methods, virus isolation through co-cultivation of seropositive
PBMC with seronegative feeder cells and quantitative PCR for
HIV DNA. Both estimates of viral burden demonstrated an
increase in virus as clinical staging increased.'6 Viral burden for
values in this group of patients as measured by virus isolation
could be segregated into high (> 250 pg/ml) and low (< 250 pg/
ml) p24 antigen producers on day 7 of co-cultivation. A
comparison of the amount of virus produced on day 7 of co-
cultivation and HIV DNA copy number revealed a significant
difference (P < 0 005) in the amount of viral DNA between the
high (>250 pg/ml) and low (<250 pg/ml) p24 antigen pro-
ducers on day 7 (Fig. 1). Thus, these assays demonstrated
comparable values for viral burden and provided two indepen-
dent methods of determining the viral burden in infected
individuals.

To assess the relationship between virus isolation and CMI,
we compared the antigen levels from the day 7 co-cultivation
with the ability to respond to either the HIV-ag or tetanus
toxoid. As shown in Fig. 2, there is a striking correlation ofCMI
to HIV-ag with low viral load as determined by virus isolation at
day 7 (P< 0-05). Of the 13 individuals who were stimulation
positive (SI> 2), 12 produced low or no HIV p24 on day 7.
Similarly, all 13 SI-positive individuals had low ( < 200 copies/
4 x I05 PBMC) HIV DNA copy numbers (P<0 001). Tetanus
responders showed no such correlation for either measurement
of viral burden (P> 0-05), with 40% of the tetanus responders
producing > 250 pg of p24 in the virus isolation assay by day 7.
Thus, it appears that specific immunity to HIV is strongly
associated with low viral burden at all stages of infection, since
this relationship is observed in WRI-6 individuals.

DISCUSSION

We have analysed the CMI response to HIV and tetanus toxoid
in a cohort of HIV-seropositive individuals representing WR
stages 1-6. The goals of this study were twofold. First, we

wished to establish in a blinded study if our in vitro measure-

ments of CMI to HIV-ag and tetanus correlated with a clinical
segregation of HIV-infected individuals, specifically the WR
clinical staging system. Second, we wanted to determine if a

correlation existed between the CMI response to HIV-ag and
viral burden. With regard to the CMI analysis presented here, it
is well documented that the CMI response to HIV and other
antigens decline as a consequence of HIV infection.'7-'9 Thus, it
was important to confirm this observation in order to validate
correlations with viral burden, which was the ultimate goal of
this study.

Through the course of this analysis we observed that the
CMI to HIV- 1, as measured by the ability to respond to a gp 120-
depleted inactivated HIV- 1 antigen, steadily declined with each
progressive WR stage. This observation is in agreement with the
current view of immune dysfunction in HIV-infected indi-
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Figure 2. Correlation of the CMI response to HIV-ag and tetanus with viral burden. The level of virus in the supernatant is represented
as the amount ofp24 antigen detected on day 7 ofco-cultivation of patient PBMC with PHA-stimulated seronegative PBMC. Ifno p24
antigen was detectable by day 7, the level of viral antigen was scored as 0. The amount of viral DNA as determined by PCR was

determined according to Materials and Methods. The CMI response to HIV-ag and tetanus was scored positive ifthe stimulation index
was equal to or greater than 2.

viduals. The fact that no response could be detected in any ofthe
WR6 individuals, while striking, is not surprising. Explanations
that have been proposed to account for the drop in the CMI
response to antigens as a consequence of infection include a

specific loss of memory cells,20 anergy to interleukin-2 (IL-2),2'
elicitation of suppressor factors from infected macrophages,22

suppressor cell activity,23 decreased accessory cell function,2425
as well as direct suppression via HIV-encoded gene products
such as TAT.26

Recent reports have focused on the increase in viral load in
HIV-infected individuals as a potential indicator of clinical
progression.9"0 When the proliferation data were compared
with two independent measurements of viral burden to deter-
mine whether specific immunity to HIV correlated with the viral
load, we observed a much lower viral load in individuals
responding to the HIV-ag in vitro. Our results extend the
hypothesis that the cell-mediated compartment of immunity to
HIV- I may be the critical component in the control of viral
burden in HIV-infected individuals. Given the central role that
CD4+ cells play in initiating and amplifying the immune
response, a protective effect as a consequence of HIV- 1 antigen-
specific cells would be expected. For example, this response
could translate into antiviral activity through the production of
soluble immunopotentiating factors such as IL-2 and/or inter-
feron-y (IFN-y), which have the effect of expanding both
cytotoxic T cells and natural killer (NK) cells.27 Cytotoxic

activity of CD4+ cells has also been described28 which could
contribute directly to the control of virus-infected cells.

The observation that immunity to HIV as measured by the
cell-mediated response to HIV-ag and low viral burden appear

to correlate, while intuitively obvious, is clearly demonstrated
here. However, the dynamics between the immunity to HIV and
viral burden are far from being understood. We have demon-
strated, as have others, that functional antigen-specific CD4+
cells can be found at their highest levels in the early stages of
infection. However, two scenarios may be proposed to explain
the correlation between low viral burden and HIV-specific CM1.
On the one had, it is possible that HIV CMI is detectable in

individuals with low viral load simply because a limited ailiount
of virus is present to cause cytopathic effects in CD4 cells.
resulting in the eventual decay of CMI to HIV. Alternatively.
these results could suggest that the correlation ot HIV CMI to
low viral burden is a consequence of the HIV-specific CMI and
hence immunity to HIV. The observation that immunity to
HIV-1 but not tetanus correlates with low viral burden would
seem to support the latter hypothesis since immunity to tetanus,
which was even more robust than the HIV-ag response in these
individuals, did not appear to be associated with low viral
burden. The fact that the CD4 cell dysfunction, i.e. the loss of
CMI to HIV-I as well as other antigens, generally precedes the
drop in CD4 cell number in clinically declining patients would
also be in agreement with this hypothesis.
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In conclusion, our results suggest that the immunological
control of virus does contribute directly to the maintenance of a
low viral burden in the initial stages of infection and throughout
the asymptomatic phase. The strong association of HIV
antigen-specific cells with low viral burden suggests that thera-
pies directed at qualitatively improving the HIV antigen-specific
CD4+ cell compartment may provide a measure of immunity
capable of stemming the progression to disease.
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