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ABSTRACT

The in vitro immune response to herpes simplex virus (HSV),
type 1, strain 539, HSV type 2, strain 316D, and cytomegalovirus
was studied in 20 patients (14 with acquired immune deficiency
syndrome, four with the acquired immune deficiency syndrome-

related symptom complex, and two sexually active asymptomatic
homosexuals) and 18 heterosexual healthy controls. Peripheral
blood mononuclear cells were cultured with 2 x 10s plaque-

forming units of heat-inactivated viruses, their lymphocyte blas-
togenic responses were measured after 5 days in culture by [3H]-

thymidine incorporation, their interferon production was mea
sured after 24 hr and 5 days, and natural killer (NK) cell activation
was measured after 24 hr and 5 days of culture. Blastogenic
responses to viruses were significantly low for only HSV, type
1:1.75 x 103 cpm in patients' cells compared to 6.36 for controls.

Interferon responses to all three viruses were significantly low at
both 24 hr and 5 days; e.g., HSV, type 1: 139 ID/ml in patients'

cells compared to 777 for controls at 24 hr. NK cell responses
of patients were lower than those of controls when tested fresh
and after 24 hr of incubation: 6.1 versus 11.7% and 9.2 versus
16.8% target cell lysis, respectively. Exposure to viruses boosted
NK cell responses of both patients' and controls' cells, but

boosting was generally greater among the normal rather than
the patients' cells. The abnormalities of response were present

in all three patient groups. Addition of interleukin-2 in vitro

increased the patient and control blastogenic and NK responses
but did not augment the interferon responses. The in vitro
responses to both HSV, type 1, and HSV, type 2, correlated
significantly with our conventional assays of the percentage and
absolute level of T4+-helper lymphocytes in the blood and the

blastogenic responses to mitogens, such as phytohemagglutinin,
pokeweed mitogen, and concanavalin A. This system should be
useful for the study of host defense in acquired immune defi
ciency syndrome patients and those in high-risk groups, and also

for the in vitro evaluation of immunomodulators.

INTRODUCTION

AIDS* has become a major epidemic in the United States (1).
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The overall mortality from the associated Kaposi's sarcoma and

opportunistic infection is 40%. Approximately 3200 cases have
been described in the United States in the last 3 years. The
immunodeficiency has been well described in these patients.
Recently, it has become evident that a much larger number of
individuals have a disease entity which may precede the devel
opment of AIDS (21). This is a syndrome characterized by fever,
night sweats, lymphadenopathy, weight loss, diarrhea, and fa
tigue with similar immunological findings to those seen in AIDS.
This has been referred to as the ARC. In addition, it appears
that patients in at least one of the high-risk groups for the

development of ARC and AIDS may also have similar immuno
logical abnormalities (17). Some of the abnormalities include
impaired delayed hypersensitivity, low relative and absolute lev
els of helper cells, inverted helpersuppressor ratio, impaired
lymphocyte blastogenesis, impaired NK cell activity, elevated
serum thymosin-o! (9), serum /32-microglobulin (26), serum lyso-

zyme (17), hypergammaglobulinemia, and circulating immune
complexes (18). One of the prime immunological defects appears
to be the low peripheral blood T-helper cells with an inverted
ratio of T-helper to T-suppressor cells.

The etiology of the disease is unknown, but a transmissible
viral agent superimposed on a preexisting immune deficiency
has been hypothesized. A leading candidate at present is human
T-cell leukemia virus (2, 4, 5). The fundamental mechanism of
the immunodeficiency is also not well understood but presumably
relates to a direct immumnosuppressive effect of the virus. The
consequences, of course, are the development of opportunistic
infection and unusual cancers.

Several workers have attempted to investigate the mechanism
and have demonstrated recently impaired IL-2 production and
response (25), impaired helper cell activity with impaired im-

munoglobulin synthesis (11), and augmented suppressor cell
activity (7). In addition, impaired production of interferon upon in
vitro stimulation with herpes simplex viruses has been noted in
AIDS patients (14).

Because of the high incidence of opportunistic viral infections
in these patients, associated with T-cell immunodeficiency and
the above-noted findings, we elected to further study the mech

anism by characterizing the in vitro response to 2 viruses which
have been associated with AIDS. Peripheral blood leukocytes
from patients were exposed in vitro to CMV and HSV, and the
lymphocyte-proliferative responses, the generation of NK cells,

and the induction of interferon were studied. Also, the effects of
IL-2 added in vitro on these parameters were also studied.

MATERIALS AND METHODS

Twenty patients were studied. They were chosen at random from a
group of 300 sexually active homosexual men between the ages of 20
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and 50 being followed in the Cancer Prevention Clinic at M.D. Anderson
Hospital and Tumor Institute. None was receiving treatment at the time
of study. Fourteen had AIDS; 4 had ARC; and 2 were symptom free,
had never had AIDS-related symptoms or significant prior medical his
tories. These symptom-free patients were included, since we have
demonstrated that these high-risk patients have the same type of ab

normalities as ARC and AIDS patients. Eighteen heterosexual normal
controls, aged 20 to 50, were also studied. None of the patients was on
therapy nor had any received prior therapy for AIDS. The individual
controls were studied concurrently with one or 2 of the patients studied.

The viral materials were prepared as follows. HSV-1, strain 539, and
HSV-2, strain 316-D, were replicated in rabbit skin cells to a titer of
approximately 2 x 107 plaque-forming units/ml. Cellular debris was

removed by centrifugation at 2500 x g for 30 min. Supernatant fluid was
heated at 56Â°for 60 min to inactivate virus. The virus pool was aliquoted
in 1-ml volumes and stored at -70Â° until used. Control antigen consisted

of supernatant fluid from rabbit skin cells treated identically to the virus
preparation.

H-CMV and H-CMV control antigen were prepared as follows. A stock
laboratory strain of H-CMV (AD169) was grown to confluence in human

foreskin fibroblast-containing flasks. Cellular debris was removed by

centrifugation at 2500 x g for 30 min. Supernatant fluid was heated at
56Â°for 30 min to inactivate the virus. Aliquots of the virus pool were
stored at -75Â° until used. Control antigen was prepared from uninfected

human foreskin fibroblast monolayers that received the same treatment
as virus-infected cells.

Lymphocyte cultures were set up as follows (8). Peripheral blood was
obtained by venipuncture and defibrinated by swirling with glass beads.
RBC were removed, and peripheral blood mononuclear cells were pre
pared by FicollrHypaque density solution centrifugation. Leukocyte sus
pensions were washed 3 times in HBSS and resuspended in RPM11640
medium with 10% fetal bovine serum. Cells were cultured in round-
bottomed Microtest-ll plates (Falcon). Each culture contained 1.5 x 10s

peripheral blood mononuclear cells and 0.2 ml of complete medium.
Lymphocytes were cultured either unstimulated or stimulated with PHA,
CON-A, PWM, CMV control antigen, CMV, HSV control antigen, or HSV-
1, strain 539, and HSV-2, strain 316-D. The antigen doses used had
been demonstrated previously in preliminary dose-response studies, to

be optimal for the induction of lymphocyte proliferation. The antigen dose
was approximately 7 x 105 viral plaque-forming units/ml of lymphocyte

culture. Selected cultures were also treated with partially purified IL-2

obtained from Cellular Products, Inc. (Buffalo, NY) (10% added by
volume) or from Immunomodulator Laboratories, Inc. (Houston, TX) (5
growth-supporting units/ml added). These concentrations had been
shown previously to optimally maintain proliferation of IL-2-dependent T-
cell lines. Cultures were incubated for 4, 24, or 48 hr or 5 days at 37Â°in

5% CO2 in air and were assessed at appropriate times for lymphocyte
blastogenic responses, NK cell activity, and Â¡nterferontiter.

Blastogenic responses were measured after 5 days of culture by
adding 1 ^Ci of [3H]thymidine 8 hr prior to harvest with multiple-sample

harvester. Incorporated radioactivity was counted in a liquid scintillation
counter. Results were recorded as net cpm per well (12). NK cell activity
was measured by a standard chromium release assay as follows (8).
The K562 cell line was used as a target cell. Effectortarget ratio was
25:1 with 10s effector cells per well. This ratio was selected because

preliminary experiments showed it to be optimal. Other ratios were not
studied. Effector cells were also obtained from 4-, 24-, and 48-hr control,
control antigen, and virus-stimulated cultures. Target cells were labeled
after washing 3 times in HBSS by incubation for 30 min at 4Â°with 100
fiC'i of 51Cr and washing twice. Cocultures of target and effector cells

were incubated for 4 hr at 37Â° in an atmosphere of 5% CO2 in air.

Supernatants were obtained from these cultures, and the percentage of
target cell lysis was calculated.

Serum Â¡nterferontiters were measured by a bioassay cytopathic effect,
as described previously, using human WISH cells as targets of ence-

phalomyocarditis virus.

Interferon titers were expressed as reciprocals of the dilutions pro
ducing a 50% reduction of virus cytopathic effect. All samples were
corrected to a human interferon-a standard (G023-901 -527 reagent from

the National Institute of Allergy and Infectious Diseases, NIH, Bethesda,
MD)(19).

At the approximate time of their evaluations, all patients had complete
immunological evaluations as described previously (17). These included
delayed hypersensitivity skin tests, enumeration of leukocyte cell surface
markers (including T11, T3, T4, T8, and T10) using Orthomune reagents,
and measurement of serum lysozyme and serum thymosin-Â«i. In addi

tion, a complete laboratory evaluation including complete blood count,
blood chemistries, "-CMV titer, and Epstein-Barr virus titers was per

formed. These data were utilized to correlate the results obtained in the
study with the clinical and immunological status of the patients.

Significance of difference between study groups was tested by the
Kursall-Wallace one-way analysis of variance. Differences between

treated and untreated cultures were tested by the Wilcoxon signed rank
test, while correlations of various parameters were calculated by the
Spearman rank correlation test.

RESULTS

Table 1 shows the lymphocyte blastogenic responses to the
control antigen preparations, the viruses, and the mitogens. The
control antigen preparations induced little, if any, blastogenic
response. The majority of patients' and control subjects' cells

showed some degree of blastogenic response to the virus prep
arations. The responses of the control subjects' cells to virus

were significantly higher than those of the patients only for HSV-
1 but not for HSV-2 or for H-CMV. In contrast, the PHA, CON-A,
and PWM responses of the control subjects' cells were signifi
cantly higher than those of the patients'. The virus responses

were modest, being in the 1000 to 6000 average CPM range,
compared to the 30,000 to 60,000 average cpm range for PHA.

Table 2 shows the Â¡nterferontiters at 24 and 120 hr. Both the
patients' and controls' cells showed only a very weak Interferon
response to CMV. The normal subjects' cells showed a vigorous

Â¡nterferonresponse to both strains of HSV. It was significantly
less by the patients' cells. This was true in both the 24- and 120-

hr cultures. Thus, there was a major deficiency in the Interferon
induction in the patients' cells.

Table 3 shows the relevant NK cell data. Peripheral blood
leukocytes were incubated for 4 and 24 hr without any additives
and in the presence of viral control antigen or the viral prepara
tions. In general, the patients' unstimulated cells showed signif-

Tabtel
Mean in vitro blastogenic responses (cpm x 10'3/culture) to virus-associated

antigenic preparations and mitogens in AIDS patients and normal subjects

All mitogen and antigen responses were significantly higher than appropriate
unstimulated controls (p < 0.01) by the Wilcoxon signed-rank test. Patients and
controls were compared by the Kursall-Wallace analysis of variance test.

CulturestimulantHSV

control antigen
HSV-1HSV-2H-CMV

control antigen
"-CMVUnstimulated

controlPHACON-APWMPatients0.32

1.752.070.27

3.130.3038.2613.325.08Normals0.43

6.116.360.48

3.380.4562.0532.3522.10PNSÂ«

0.05NSNS

NSNS0.0010.0010.002*

NS, not significant.
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Table2
Mean inferieron levels (lU/ml) in culture supernatants of leukocyte cultures

stimulated in vitro with virus-associated antigenic preparations in AIDS patientsand normal subjects

CulturestimulantControlHSV

control antigen
HSV-1HSV-2H-CMV

control antigen
H-CMV24-hr

culturesPa

tients00

138.8118.005.9Nor

mals00

776.5564.7018.6PNSaNS<0.001<0.001NS

0.036120-hr

culturesPa

tients01.8

170.985.902.9Nor

mals00

736.0474.708.7PNSNS<0.001<0.001NSNS

* NS, not significant.

icantly lower NK cell activity than did the normals. Both patients'
and normals' cells showed significant boosting of NK cell activity

after 24-hr incubation with one or both of the HSV strains but
not with the H-CMV, which boosted only the NK responses of
the normals' cells. In addition, the level of NK activity achieved

in the boosted patient cells was still far below that of the normals
with p values comparing patients to normals generally below
0.03.

The addition of IL-2 to virus-stimulated cultures was studied
(Table 4). IL-2 added at the initiation of the cultures markedly
boosted the blastogenic responses of the nonantigen-stimulated
and virus-stimulated cultures of the patients. In contrast, it
boosted the control antigen-stimulated cultures but did not boost
the responses to the virus of the normals' lymphocytes, presum

ably because these responses were already vigorous. IL-2 did

not boost the interferon responses of the patients or the normals
on the average. However, in the patients, IL-2 boosted the HSV-
1 interferon responses in 4 patients and the HSV-2 responses in
3 patients by at least 2 serial 2-fold dilutions. In contrast, only

one normal subject was similarly boosted. NK cell activity was
markedly boosted in patients and normals. However, the pa
tients' boosted NK levels were still below those of the normals.

Furthermore, the levels of NK activity in the control antigen
cultures treated with IL-2 were only slightly lower than those in
the HSV- and H-CMV-treated cultures, suggesting that NK acti

vation by virus or IL-2 was near maximal, and there was minimal,

although significant, additive effect.

Table 5 shows the correlations of the various immunological
parameters with the responses to HSV-2. Correlations with the
responses to HSV-1 were similar and are not shown. Only

significant correlations are shown. Significant correlations were
observed between the NK cell activity, interferon production, and
the blastogenic responses. The response parameters for each
virus also correlated significantly with the level of lymphocyte or
T-cells, the level of helper cells, the helpersuppressor ratio, and

the mitogen responses. Boosting of NK cell activity and interferon
production was also correlated in normals (data not shown).

For each of the major parameters of response to virus (blas
togenic response, NK cell response, and interferon production),
the 6 symptom-free and ARC patients were compared to the 14

AIDS patients. There were no differences between these 2
groups (data not shown), suggesting that the defects in re
sponses to the virus were as severe in early patients as in those
with advanced disease.

All patients but one had a positive antibody titer to CMV
(measured within 4 weeks of the studies described herein), which
ranged from 1:64 to 1:4096 with a median of 1:1024, and all but
4 of the patients had an EBV titer which ranged from 1:160 to
1:2560 with a median of 1:640. There was no significant corre
lation between these titers and the degree of response of the
patients to either virus in terms of blastogenesis, NK cell activa
tion, or interferon induction.

DISCUSSION

A number of groups have focused studies of AIDS on the
function of various leukocyte subsets. Evidence has already been
developed which suggests that various cytokines, such as IL-2,
may be produced in abnormally low levels by the lymphocytes
of patients with AIDS and that their impaired immunological
function in vitro may even be corrected by exogenous adminis
tration of IL-2 (25). While these AIDS patients often manifest an
abnormal acid-labile circulating Interferon-Â« (19), the possibility

exists that they are not capable of producing interferon normally,
since they have a high susceptibility to viral infection. This has
been confirmed in one recent report (14). A generalized failure
of cytokine production might be responsible for the impaired
lymphocyte proliferation, the low levels of NK cells, as well as
the impaired in vivo delayed hypersensitivity.

Tabte3
Stimulation ol increased NK cell activity by virus-associated antigens in AIDS patients and normal subjects

Data shown are mean values.

4-hr cultures 24-hr cultures

Patients Normals Patients Normals

CultureadditivesControlHSV

control antigen
HSV-1HSV-2H-CMV

control antigen
H-CMVtoxicity6.15.8

5.96.94.1

3.7SignificanceNS"'"0.03"NS*toxicity11.714.6

17.918.811.0

12.4caneeNS"o.os"NSC0.0030.007

0.0050.0050.018

0.002toxicity9.27.112.311.37.17.7Significance0.001o0.001"NSCtoxicity

Significance16.818.8

28.30.005"22.1

NS"15.5

24.0 0.03C0.0290.003

0.0020.0060.011

0.003"
NS, not significant.

" p to HSV control.
c p to CMV control.
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Table 4
Effect of IL-2 addition at the initiation of cultures on blastogenic, Interferon,and NK cell responses

Data shown are mean values.
Blastogenesis (cpm/culture x 103)at 120hrHSVcontrolantigenPatientsNo

IL-20.32IL-2
2.88p

0.05NormalsNo

IL-20.43IL-2
1.25p
0.05"

NS, notsignificant.Variable

1IFN*
responsetoHSV-2

at 24 hrH-CMVcontrolHSV-1

HSV-2 antigenH-CMV1.75

2.07 0.273.134.09
3.44 3.305.700.02
0.03 0.020.026.11

6.36 0.483.386.92
3.75 1.153.75NS
NS 0.03NSTablesSpearman

rankcorrelationsVariable

2Absolute

lymphocytesAbsolute
T11

AbsoluteT4T4%HSVcontrolantigen04.50.0706.0NSr0.490.570.680.54T8%

-0.41Ti-TH
ratin t\InNK

cell response to
HSV-2 at 24hrLBR

responsetoHSV-2
at 120hrâ€¢IFN,

interferon; LBCPHACON-ANK

NK toHSV-2LBR
to HSV-20.610.560.55

0.810.59Absolute

T4 0.78
T8%-0.69T4:T8

ratioPHA

CON-AIFN
toHSV-2LBR
toHSV-2Absolute

T4T4%T4:T8IFN

toHSV-2NK
toHSV-2,

lymphocyte blastogenic response.0.530.81

0760.810.770.610.670.720.64

0.590.77Interferon

(ID/ml)at 24 hr NK cell activity (% of target cell lysis)at 24hrHSV-1138.8142.7NS"776.51376.0NSP0.040.01

0.010.020.08

0.010.030.04

0.010.010.01

0.010.060.01

0.010.010.010.010.010.010.01

0.010.01H-CMV

HSVH-CMVcontrol

controlcontrolHSV-2
antigen H-CMV antigen HSV-1 HSV-2 antigenH-CMV118.0

0 5.9 7.1 12.3 11.3 7.17.7120.0
2.5 10.0 14.9 15.6 16.3 8.110.0NS
NS NS 0.01 0.03 0.01 NS0.03564.7

0 18.6 18.8 28.3 22.1 15.524.0896.0
1.4 62.9 26.2 33.5 33.2 25.931.4NS
NS NS 0.01 0.01 0.01 0.020.02tion

associated with AIDS and ARC disease entities. Inorderthat
this objective be achieved, it will be necessary todefinecarefully

the patient subgroups whose cells can or cannot pro
duce these cytokines and to define the interaction betweenthecytokines

simultaneously administered at different in vitro con
centrations and their separate and combined in vivotoxicities.The

measurement of blastogenic, interferon, and NKresponsesto
these viruses may also be useful in staging and prognosticat

ing for these patients. Finally, observations made in AIDSmayhave
important application to various cancers with anincreasedsusceptibility

to viral infection, such as leukemia andlymphoma.That
IL-2 augmented the NK cell response and slightly aug

mented the interferon response suggests that someinterferon-7
production was induced (3). It is known thatinterferon-7augments

NK cell activity, which can be blocked by the appro
priate anti-interferon antibody (24). Another functionaugmentedby

interferons, particularly the 7 species, is monocyteactivation(16)
and cytotoxicity to virus infection (13) and tumor (15)cells.This
poor interferon production itself, or a failure of thecellulardefense

mechanism directed at virus-infected or-transformedcells,

might facilitate the proliferation of a variety ofvirusespossibly
related to AIDS or AIDS-related Kaposi's sarcomaorcentral

nervous system lymphoma (10, 20, 23).

The results reported in this paper indicate that there is indeed
impaired, but measurable, lymphocyte proliferation in these pa
tients to the viruses used. Exposure of their lymphocytes to
viruses associated with AIDS (such as H-CMV and HSV) does

not, however, induce normal lymphocyte production (14) and
also does not induce normal IL-2 production (25). Failure of

production of these 2 cytokines would explain the lack of NK cell
boosting in these patients. IL-2 production was not studied
concurrently in our patients. Also, since the autologous mixed-

lymphocyte reaction generates NK activity (6) and the autologous
mixed-lymphocyte reaction is deficient in AIDS (22), it may play

a role in the described deficient viral response. Impaired NK cell
activation would decrease host control of virus infection and
might promote the development of cancer, such as Kaposi's

sarcoma and lymphoma. However, their NK cell precursors can
clearly still be activated, since addition of exogenous IL-2 induced

vigorous NK cell activity in at least some patients.
The data presented in this paper indirectly suggest that ex

ogenous interferon and exogenous IL-2 may be useful in the
management of the host-defense failure and opportunistic infec-
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