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NAIR, M. P. N,, N. M. KUMAR, Z. A. KRONFOL, L. A. SARAVOLATZ, R. POTTATHIL, J. F. GREDEN
AND S. A. SCHWARTZ. Selective effect of alcohol on cellular immune responses of lymphocytes from AIDS patients.
ALCOHOL 11(2) 85-90, 1994. —In this study we examined the in vitro effects of alcohol on the proliferative responses of
lymphocytes from healthy donors and AIDS patients to a recombinant fusion peptide, env-gag, corresponding to portions of
the gp 41 envelope (env) and internal core (gag) proteins of HIV. The effects of alcohol (ETOH) on the natural killer (NK)
cell activities of lymphocytes from healthy donors and patients with AIDS were also investigated. Peripheral blood mononu-
clear cells from both normal donors and AIDS patients produced significant levels of lymphocyte proliferative responses to
the HIV env-gag peptide; however, these responses were significantly higher in patients with AIDS, showing the specificity of
the response. The env-gag-induced proliferative responses of lymphocytes from normal subjects were significantly suppressed
when cultures contained only higher levels of ETOH (0.2% and 0.3%), whereas ETOH even at a lower level (0.1%) produced
significant suppression of the env-gag-induced proliferation of lymphocytes only from AIDS patients. Direct addition of
ETOH at concentrations of 0.1%, 0.2%, and 0.3% to cultures of lymphocytes from normal donors and NK target cells did
not produce significant suppression of NK cell activities. However, ETOH at concentrations of 0.2% and 0.3% significantly
suppressed the NK activities of lymphocytes from AIDS patients, and the suppressive effect was observed at all E:T cell
ratios examined. Control peptide from the Escherichia coli expression vector did not produce any significant effect on
lymphocyte proliferative responses or NK activity of both normal donors and AIDS patients. ETOH at various concentrations
(0.1%, 0.2%, and 0.3%) or env-gag (10 ng/ml), when individually added to cultures of NK effector and target cells and
allowed to remain throughout the 4-h assay period, produced no significant suppression of the NK activity of normal
lymphocytes. This suggests a selective inhibitory effect of ETOH on lymphocyte proliferative responses and NK activity of
lymphocytes from AIDS patients. Thus ETOH at intoxicating levels may have immunomodulatory effects on the host’s
immune responses to HIV infection.
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PREVIOUS studies have shown that chronic alcohol con-
sumption is associated with abnormalities of humoral (5,8-
10,21,22) and cellular immunity (6,11,13,14,39), including
dysfunction of suppressor (11,12,15,40,41), helper (18), and
cytotoxic lymphocyte activities (1,7,19,20,33,36) and produc-
tion of soluble immune mediators (31). We have recently re-
ported that lymphocytes from nonalcoholic, healthy donors
precultured in vitro with different concentrations of alcohol

manifest decreased levels of natural killer (NK), antibody-de-
pendent cellular cytotoxic (ADCC), and lymphokine-activated
killer (LAK) cell activities (23).

Infection by the human immunodeficiency virus (HIV)
causes profound dysfunction of cellular and humoral immune
responses (32). It has been reported that many people who are
exposed to or infected with HIV do not necessarily manifest
rapid disease progression to frank AIDS (4), suggesting that,
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in addition to the etiologic agent HIV-1, cofactors may exist
which affect the disease progression. Thus it has been hypoth-
esized that repeated exposure to HIV, malnutrition, coinci-
dent infections, and use of recreational drugs such as heroin,
marijuana, cocaine, alcohol, and so on, alone or in combina-
tion, may increase the susceptibility of the host to HIV infec-
tion. The effect of alcohol alone or circulating HIV peptides
on the immune response of the host to HIV infection and in
the subsequent development of AIDS is not well understood.
This investigation examines the direct effect of alcohol on NK
activities and specific proliferative responses of lymphocytes
from AIDS patients in comparison with age- and sex-matched
normal controls.

MATERIALS AND METHODS

Recombinant HIV env-gag Peptide

The expression and purification of recombinant HIV pep-
tides in E. coli have been described earlier (8,21,34). Env-gag
is a recombinant fusion product that contains an 80-amino-
acid sequence from the gp 41 surface glycoprotein of HIV
and a 190-amino-acid sequence from the HIV internal core
protein, p 24 (5,29).

Normal Donors and AIDS Patients

Male AIDS patients (CDC group 1V) (4) without Kaposi’s
sarcoma and ranging in age from 29 to 41 years were recruited
from the Infectious Diseases Clinic of Henry Ford Hospital,
Detroit. HIV status was determined by enzyme-linked immu-
nosorbent blocking assay (ELISA) and Western blot assays.
The patients and control subjects were age and sex matched
and were not consuming alcohol or any other drugs of abuse
at the time of the study. Donors were apprised of this study
and consents were obtained consistent with the policies of the
appropriate institution and the National Institutes of Health.

Isolation of Peripheral Blood Mononuclear Cells

Peripheral blood from healthy (HIV negative), nonalco-
holic individuals and AIDS patients was drawn into a syringe
containing heparin (20 units/ml). Peripheral blood mononu-
clear cells (PBMCs) were isolated from heparinized venous
blood using a modified method of Boyum (3). Blood was
diluted with an equal volume of normal saline and was centri-
fuged at 400 x g for 30 min at 18°C. The mononuclear cell
band was harvested, washed three times with saline, and re-
suspended in RPMI 1640 medium containing 25 mM N-(2-
hydroxyethyl)piperazine-N’-2-ethanesulfonic acid (HEPES)
buffer supplemented with 10% heat-inactivated fetal calf se-
rum (GIBCO), 80 ug gentamicin/m! (Schering, Kenilworth,
NJ), and 300 pg fresh glutamine/ml (complete medium).

Lymphocyte Proliferation Assay

This assay was performed as described (24). Briefly, 2
x 10° PBMCs were cultured in complete medium in sterile
U-bottom microtitration plates (Dynatech, Alexandria, VA).
Specific cultures received recombinant HIV env-gag peptide
at concentrations of 0, 1, 5, 10, and 50 ng/ml. ETOH USP,
absolute 200 proof, diluted in Hanks balanced salt solution
(HBSS) was added to the cultures to yield final concentrations
of 0.1%, 0.2%, and 0.3% (v/v). ETOH was added directly to
the PBMCs containing HIV peptides at the beginning of the
culture period, and the cells were incubated for 72 h at 37°C
in a 5% CO,/air incubator. Control cultures containing either
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ETOH, HIV peptides, or media alone were concomitantly set
up. [*H]Thymidine (1 uci; 1 Ci = 37 GBq) was added to each
well during the last 24 h of incubation. The cultures were
collected by an automated cell harvester and incorporation of
[PPH]thymidine into lymphocyte DNA was determined with a
scintillation counter. Results are expressed as cpm per 2 X
10° cells.

Preparation of Effector Cells for NK Assay

PBMCs in RPMI 1640 with 10% fetal calf serum were
depleted of adherent cells by passage through a 7-ml column
of Sephadex G-10 beads (Pharmacia Fine Chemicals, Piscata-
way, NJ). After 45 min of incubation at 37°C, nonadherent
peripheral blood lymphocytes (PBLs) were washed through
the column with medium at 37°C. Cell recovery was >70%
of the total input, and monocyte contamination as indicated
by nonspecific esterase staining was <2%.

Tumor Target Cells

The human erythroleukemia cell line, K562, was used as
a target for NK cells. Passaged, 48-h-old target cells were
washed twice with complete medium. Two 0.8-ml aliquots of
complete medium containing 5 X 10° tumor cells, 200 uCi of
ICr as sodium chromate (New England Nuclear, Boston),
were added. The cells were incubated at 37°C for 1 h in a
humidified atmosphere of 5% CO, in air with intermittent
shaking. After incubation, the cells were washed three times
with complete medium and resuspended to a concentration of
2 x 10° cells/ml.

Assay for NK Activity

NK activity was determined in a direct *'Cr-release assay
as described (23). Briefly, varying concentrations of viable
effector cells in complete medium were added to triplicate
cultures of *'Cr-labeled target cells in 0.2-ml volumes in V-
bottomed microtitration plates (Dynatech Labs, Alexandria,
VA). After centrifugation at 40 x g for 2 min the cells were
incubated at 37°C in a humidified atmosphere of 5% CO, in
air for 4 h. Percent cytotoxicity was calculated as follows:

Experimental Release — Spontaneous Release

x 100,
Total Release — Spontaneous Release

% Cytotoxicity =

where total release represents counts obtained in an aliquot of
1 x 10*target cells and spontaneous release represents counts
released into the medium in control wells containing only 1
x 10* target cells. Spontaneous release of *'Cr was always in
the range of 2-5% of total labeling. Because the maximum
releasable counts (total labeling) determined by either lysin
an aliquot of labeled target cells or using unlysed target cell
were the same, the latter method was employed to obtain tota
release. ETOH at a final concentration of 0.1%, 0.2%, o
0.3% was added directly to the reaction mixture of effector
and target cells and incubated for 4 h and the NK activity
was measured. Control cultures containing media instead of
ETOH were examined concomitantly.

RESULTS

Effect of ETOH on Proliferative Responses to HIV env-gag
Peptides of Lymphocytes From Normal Donors and AIDS
Patients

To investigate whether HIV env-gag peptide induces spe-
cific proliferative responses of lymphocytes from AIDS pa-
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tients, lymphocytes from these patients were cultured with
10-ng/ml concentrations of env-gag and their proliferative re-
sponses were determined in comparison with normal lympho-
cytes. Data presented in Table 1 demonstrate that lymphocytes
from AIDS patients produced greater proliferative responses
to env-gag antigen; the magnitude of the response was 26 731
cpm by lymphocytes from AIDS patients compared to 19 316
cpm produced by normal lymphocytes.

We further investigated whether ETOH could produce sig-
nificant suppressive effects on HIV env-gag-induced lympho-
cyte proliferative responses (Table 1). To examine this possi-
bility, lymphocytes were cultured with 10 ng/ml of HIV
env-gag and ETOH (0.1-0.3%) for 72 h and their proliferative
responses were measured. Normal lymphocytes cultured with
env-gag plus 0.1% ETOH (v/v) produced a marginal increase
in the lymphocyte proliferative response (21 390 cpm) com-
pared to env-gag alone-induced lymphocyte proliferation (19
316 cpm), although this effect was not statistically significant
(p < .25). However, ETOH at increasing concentrations of
0.2% and 0.3% produced a dose-dependent inhibitory effect
on the proliferative responses of normal lymphocytes to env-
gag peptide (12 781 ¢cpm, p < .05 and 9131 cpm, p < .01).
Lymphocytes from AIDS subjects cultured with env-gag pep-
tide also showed a significant proliferative response of 26
731 cpm compared to untreated cultures (2832 cpm), and this
response of AIDS patients’ lymphocytes was significantly in-
hibited by ETOH even at 0.1% concentration (19 671 cpm,
p < .05). ETOH at increased concentrations of 0.2% and
0.3% also produced significant inhibitory effects on env-gag-
induced lymphocyte proliferative responses (13 670 cpm,
p < .005 and 12 216, p < .0025). Thus our results show that
a concentration of ETOH as low as 0.1%, which did not
cause any significant effects on env-gag-induced proliferative
responses of normal lymphocytes, did produce a significant
inhibitory effect on env-gag-induced proliferative response of
lymphocytes from AIDS patients. Lymphocytes from both
normal subjects and AIDS patients did not manifest any re-
sponses to either control peptides (a peptide derived from the
Escherichia coli [E. coli] expression vector [HIV I vector 279-
291] used to clone the env-gag recombinant fusion peptide) or
ETOH alone at any concentrations (data not presented).

The observed decrease in lymphocyte proliferation medi-
ated by ETOH was not due to any toxic effects, as ETOH-
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treated cells were as viable as untreated controls. Evaporation
of ETOH from our cell cultures reduced its concentration by
38% after 24 h, 47% after 48 h, and 59% after 72 h as quanti-
tated by gas chromatography. For example, ETOH at initial
concentrations of 0.1%, 0.2%, and 0.3% became 0.06%,
0.12%, and 0.18%, respectively, after 72 h. These concentra-
tions are comparable to levels obtained in vivo at different
stages of intoxication. No attempt was made to maintain a
constant level of ETOH throughout the culture period to
mimic the in vivo situation where ETOH levels in body fluids
tend to decrease with time. Thus the immunosuppressive ef-
fects of ETOH may occur at even lower levels than the starting
concentrations.

Effect of ETOH on the NK Activity of Lymphocytes
From Normal Donors and AIDS Patients

In view of the findings that alcoholics are more susceptible
to various infections and malignancies than nonalcoholics
(28), and since a potential relationship exists between AIDS
and alcohol abuse (17,35,37,38), we examined the direct effect
of ETOH on the NK activity of lymphocytes from normal
donors and AIDS patients.

Data presented in Table 2 demonstrate that direct addition
of ETOH at 0.1%, 0.2%, and 0.3% concentrations did not
produce any significant effect on NK activity of normal lym-
phocytes, the percent cytotoxicities being 20, 18, and 19 com-
pared to 23% cytotoxicity manifested by untreated control
cultures at a 25:1 E:T cell ratio. Lymphocytes from AIDS
patients demonstrated a decreased level of cytotoxicity (11%)
compared to that of normal lymphocytes (23% cytotoxicity).
However, direct addition of ETOH at concentrations of
0.1%, 0.2%, and 0.3% produced a dose-dependent inhibition
of the NK activity of AIDS patients’ lymphocytes, the cytotox-
icities being 8% (p < .05), 5% (p < .01), and 2% (p <
.002), respectively, compared to 11% cytotoxicity manifested
by untreated lymphocytes.

Data presented in Table 3 demonstrate the effect of ETOH
on the NK activity of lymphocytes from AIDS patients at
different E:T cell ratios. Lymphocytes from AIDS patients
produced significantly lower NK activities at all E:T cell ra-
tios, with cytotoxicities of 17%, 13%, and 8%, respectively,
at 50:1, 25:1, and 12.5 E:T cell ratios. However, direct addi-

TABLE 1

EFFECT OF DIFFERENT CONCENTRATIONS OF ALCOHOL ON LYMPHOCYTE
PROLIFERATION RESPONSE TO HIV env-gag BY NORMAL DONORS AND AIDS PATIENTS

Concentrations of ETOH (% v/v)

0.1 0.2 0.3
0 (0.059) (0.118) 0.177)
Normal 19 316 + 2810 21 390 + 1875 12 781 + 1937 9131 + 1560
p<.25 p < .05 p < .01
AIDS 26 731 + 3760 19 671 + 3700 13 670 + 2670 12 216 + 2917
p < .05 p < .005 p < .0025

Two million peripheral blood mononuclear cells from HIV™ and HIV* donors were cultured
with HIV-I env-gag peptides (10 ng/ml) to which different concentrations of ETOH were added,
and the proliferative responses of lymphocytes were determined. Results are means + SDs of
four experiments using 10 normal and 10 AIDS subjects performed in triplicate. Statistical signifi-
cance of differences in mean values was determined by Student’s ¢ test. The concentration of
ETOH in parenthesis is the level of ETOH present after 72 h of culture as measured by gas

chromatography.
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TABLE 2

EFFECT OF DIRECT ADDITION OF ETOH ON THE NK ACTIVITY OF
LYMPHOCYTES FROM NORMAL DONORS AND AIDS PATIENTS

Concentrations of ETOH (%)

Lymphocyte
Donors 0 0.1 0.2 0.3
Normals 233 + 3.8 20.8 + 3.0 189 + 2.8 19.0 + 2.8
(r<.9 (p <.5)
AIDS 119 + 2.0 8.6 £ 0.5 57 +04 2.8 + 0.6
(p < .05) (p < .01 (p < .002)

ETOH at concentrations of 0.1%, 0.2%, and 0.3% was added directly to a mixture of effector
and target cells that was incubated for 4 h, and the natural killer cell activity was measured
against K562 target cells. Values represent mean percent cytotoxicities + SDs of triplicate deter-
minations from four experiments at 25:1 E:T cell ratios using a total of 10 different normals and
10 different AIDS subjects. Statistical significance of differences in the mean values was deter-

mined by a two-tailed Student’s ¢ test.

tion of ETOH at concentrations of 0.2% produced significant
inhibitory effects on their NK activities, the cytotoxicities be-
ing 10% (p < .05), 7% (p < 0.02), and 3% (p < .005), re-
spectively, for 50:1, 25:1, and 12.5:1 E:T cell ratios. These
studies thus showed a specific inhibitory effect of ETOH on
the activities of NK cells from AIDS patients at all E:T cell
ratios, and such effects were not demonstrable with lympho-
cytes from normal subjects.

DISCUSSION

From these studies and others showing the inhibitory ef-
fects of ETOH on various functions of normal lymphocytes,
as well as the clinically observed depressed immune status of
alcoholic patients, it is reasonable to speculate that alcohol
may compromise host immune responses against HIV infec-
tions. We recently reported that lymphocytes from normal
donors exposed in vitro to recombinant HIV peptides show
a dose-dependent induction of IgG production in vitro (24).
However, HIV peptides also paradoxically suppressed poke-
weed mitogen-induced IgG synthesis (24). We also reported
that env-gag, a recombinant fusion product of env and gag

sequences, could inhibit the NK activities of lymphocytes from
AIDS patients (25). This is consistent with the suppressed NK
activity seen in AIDS patients (30).

A number of investigations suggest a potential relationship
between AIDS and alcohol abuse (16,35,37). Recently it was
demonstrated that moderate alcohol ingestion increased the
in vitro susceptibility of normal peripheral blood mononuclear
cells to infection with HIV (2). Another study showed a signif-
icantly higher rate of alcohol consumption among patients
with more advanced HIV disease compared to asymptomatic
HIV-infected individuals (16). Recent studies also showed that
retroviral infections in the murine model also exacerbated the
decreased host immune response to AIDS after retroviral in-
fection (26,40). Since such a potential association exists be-
tween alcohol and HIV susceptibility or disease progression
(16,26,27,35,37), it is possible that alcohol may compromise
normal lymphocyte responses to HIV infection and may also
have an inhibitory effect on the residual NK cell activities of
lymphocytes from AIDS patients.

We report herein that addition of alcohol corresponding to
intoxicating levels in vivo significantly suppresses lymphocyte
proliferative responses to HIV antigens in both normal sub-

TABLE 3

EFFECT OF DIRECT ADDITION OF ETOH ON NK ACTIVITY OF LYMPHOCYTES FROM
NORMAL DONORS AND AIDS PATIENTS AT DIFFERENT E:T CELL RATIOS

E:T Cell Ratios

Lymphocyte Donors 50:1 25:1 12.5:1
Normals —ETOH 37.2 £ 5.0 26.4 + 3.7 200 £ 2.9
(r<.8 (< .8 (p < .5)
+ETOH (0.2% v/v) 35,0 + 49 246 + 2.7 18.7 + 3.1
AIDS —ETOH 17.2 + 2.1 133+ 19 8.7 + 1.8
(p < .05) (p < .02) (p < .005)
+ETOH (0.2% v/v) 10.8 £ 1.0 7.0 £ 0.9 39 + 1.0

ETOH at a final concentration of 0.2% (v/v) was added directly to a mixture of effector cells
and target cells that was incubated for 4 h, and the natural killer cell activity was measured against
K562 target cells at different E:T cell ratios. Values represent mean percent cytotoxicities + SDs of
triplicate determinations from four separate experiments using a total of 10 different normals and
10 different AIDS subjects. Statistical significance of differences in the mean values was determined

by a two-tailed Student’s ¢ test.
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jects and AIDS patients. It should be noted that ETOH at a
lower concentration (0.1%) significantly suppressed (p <
.05) the env-gag-induced lymphocyte proliferation in AIDS
patients, while a similar concentration of alcohol did not pro-
duce any inhibitory effect on normal lymphocytes. Thus a
selective inhibitory effect of ETOH was demonstrable on HIV
antigen-induced proliferative responses of lymphocytes from
AIDS patients. The mechanisms underlying the proliferative
responses of normal lymphocytes from uninfected healthy do-
nors to HIV peptides are not clearly understood.

Earlier we showed that HIV peptides also selectively sup-
pressed the NK activities of lymphocytes from AIDS patients
(25). In the present investigations, direct addition of ETOH
to mixtures of effector cells from normal donors and target
cells did not produce any significant suppression of NK activ-
ity, whereas significant suppression of NK activity was ob-
served when intoxicating levels of ETOH were added directly
to the mixture of effector lymphocytes from AIDS patients
and targets. This demonstrates that lymphocytes from AIDS
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patients may be more susceptible to the suppressive effects of
ETOH, compared to normal lymphocytes. Increased suscepti-
bility of lymphocytes to these effects of ETOH may be one of
several mechanisms of depressed NK cell functions seen in
AIDS patients who use recreational drugs including alcohol.
These studies show that ETOH at concentrations associated
with intoxication in vivo can suppress host immune responses
to HIV antigens in vitro. This observation may have implica-
tions in vivo and may, in part, explain the reduced immuno-
logical response often manifested by HIV-infected patients
(16) as well as murine AIDS models associated with alcohol
ingestion (26,27,40).
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