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INTRODUCTION

We owe to Clemens Von Pirquet the initial immu-
noclinical and immunopathological description of an-
ergy (1). Anergy has been generally defined as: “The
state of an organism that has lost the ability to specif-
ically react with an antigen to which it was previously
sensitized.” At this point, we must emphasize that we
are focusing on abnormalities of the secondary or
“memory” phase of the immune response. Commonly,
anergy is demonstrated by the inability to mount a
delayed-type hypersensitivity (DTH) response to a bat-
tery of recall antigens (cutaneous anergy). For many
years, the physiopathology of anergy remained un-

“ known, but the probable mechanisms related to the

onset and natural history of anergy were linked to a
broad defect in cell-mediated immunity (CMI).

The CMI defect underlying the clinical expression of
anergy has been stressed in numerous reports [re-
viewed in Ref. (2)]. Many of those reports are contra-
dictory and conflicting. Potential pitfalls in assessing
anergy in both chronic and infectious diseases include:
the use of poorly standarized and/or unrelated antigen
preparations, the use of fresh peripheral blood mono-
nuclear cells (PBMC), and the inclusion of treated pa-
tient populations. In the last 10 years, it has been pos-
sible to accumulate an increasing body of evidence
which casts serious doubts on the established lines of
reasoning in relation to the etiopathogenesis of the
“anergic phase” in human diseases (3—-11).

It is the purpose of this review to discuss recent ob-
servations on the immunopathology of systemic an-
ergy. In order to explain some basic issues related to
anergy, we recently proposed to define anergy as: “The
state of an organism where its T cells have lost their
ability to specifically react to an antigen to which it
was previously sensitized” (3).
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Our proposal emerged from research conducted in
several laboratories, including our center (12-15),
based primarily on infectious and tropical diseases.
One of the critical questions addressed as whether an-
tigen-specific unresponsiveness, rather than a general-
ized CMI depression, was the underlying mechanism to
explain the lack of in vivo and in vitro responses from
sensitized T cells in this group of patients.

We initially selected active or inactive patients with
paracoccidioidomycosis (PCM) (12). Precultured cells
from active, anergic PCM patients (also exhibiting
high titers of serum anti-PCM antibodies and elevated
levels of circulating immune complexes) not only
showed a vigorous blastogenesis to phytohemaglutinin
but an intact memory response to the PCM antigen.
Remarkably, Mohagheghpour et al. have recently re-
ported similar observations in patients with leproma-
tous leprosy (6). Leprosy is considered to be the para-
digm of clinical anergy, with absent CMI responses to
products of Mycobacterium leprae. However, these in-
vestigators found that although fresh T cells from most
lepromatous leprosy were unresponsive to M. leprae
antigen, after a 48-hr preculture period, the same cell
preparation, in the absence of the bacilli, expressed a
distinct and significant blast transformation response
to the specific antigen. The effect of preculture was spe-
cific for the response to M. leprae and was limited to the
CD4 cells of nonresponder lepromatous patients. It
should be mentioned that the presence of M. leprae
reactive T cells in lepromatous patients has been pre-
viously reported (16-18). Furthermore, recombinant
IL-2 enriched T cell-conditioned media could also re-
verse the unresponsiveness of lepromatous leprosy
(19). More recently, we found that tuberculosis pa-
tients (15) with a significant depression of T cell reac-
tivity to PPD improved such a capacity after their
PBMC were precultured, confirming the observations
in PCM and leprosy.

Based on these findings, our working hypothesis on
the probable immunopathology of systemic anergy has
been related to immunomodulation of in vivo cell be-
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havior arising from humoral and cell-mediated events
that follow antigen—host interaction.

Within this context, we will focus on some of the
possible immunomodulatory factors and their relation-
ship to systemic anergy.

AUTOLOGOUS SERUM FACTORS (ASF)

In the late 1960s, the Hellstroms clearly showed that
ASF added to in vitro cultures could block cellular cy-
totoxicity in the Moloney sarcoma virus model (20). We
conducted studies on ASF in selected clinical models by
exposing precultured PBMC (responding to the differ-
ent kinds of stimuli) from patients or controls to autol-
ogous heat-inactivated serum. ASF were almost uni-
versally present, inhibiting or, less frequently, enhanc-
ing blast transformation. This bimodal property of ASF
could be predominantly inhibitory (12-15) as well as
nonspecific since ASF commonly also inhibited PBMC
responses from controls. ASF with the same character-
istics have been found in malignant tumors [reviewed
in Ref. (2, 8-9, 21)], systemic lupus erythematosus
(SLE) (22—24), non-Hodgkins lymphomas (25), and lep-
rosy (4, 5, 26, 27). This modulatory action of ASF has
been explored in depth in SLE. Williams et al. reported
in 1973 the inhibitory action of lupus sera on alloge-
neic MLC as well as on PHA and Con A stimulation
(22). Horwitz et al. showed a relationship between im-
paired cellular immunity and ASF (28) and Okudaira
et al. demonstrated that IgG and IgM present in the
sera of active SLE patients blocked the binding of
monoclonal anti-Ia to Ia positive target cells and that
IgG also blocked the autologous MLC (24). We con-
firmed these findings, which were more pronounced
with precultured cells and also reported that in some
SLE patients, ASF may enhance in vitro proliferation
to alloantigens (29, 30). More recently, Kerr et al. (4)
and Hussein et al. (5), investigating lepromatous lep-
rosy sera, showed the blocking capability of IgG on the
recruitment of cells into the growth cycle, probably ex-
erting its influence early in the cell cycle through a
distinct membrane structure. Using cloned T cell lines,
Janeway and co-workers showed that monoclonal an-
tibodies reacting with epitopes of the T cell receptor
can inhibit or enhance the activation of these cells,
depending on the molecular characteristic of the inter-
acting epitope (31). The nature of ASF remains un-
known. However, one of the possibilities relates to cir-
culating immune complexes (CIC). CIC are particu-
larly prevalent in the anergic “polar” form of many
chronic or infectious diseases. For instance, in patients
with lepromatous leprosy, disseminated forms of tuber-
culosis, leishmaniasis, paracoccidioidomycosis, etc.,
high levels of CIC are frequently detected (12, 32, 33).
Moreover, using the Raji cell assay (34) and a Clqg-
binding microassay (35), we found immune complex-
like material in preculture supernatants of PBMC
from patients with onchocerciasis (13).
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AUTOLOGOUS CELL FACTORS (ACF)

Another potential immunomodulatory mechanism .

capable of significantly modifying T cell function re-
lates to the cell subpopulations and their soluble prod-
ucts which actively participate in the host response to
antigens. In lepromatous leprosy, cloned CD8 cells iso-
lated from skin cell infiltrates could suppress blast
transformation to concanavalin A and to M. leprae (36).
Moreover, Ottenhoff et al. (37) showed that M. leprae-
induced T suppressor clones were able to inhibit re-
sponses of both peripheral blood and cloned T helper
cells, reacting to M. leprae and related mycobacterial
antigens.

To further investigate the possible role of ACF on in
vitro cell responses, we selected three different clinical
models. First, Amerindian carriers of active untreated
onchocerciasis (a filariasis caused by Onchocerca vol-
vulus). Findings in this unique group of patients (13)
showed that some of the precultured lymphocyte were
hyporeactive to alloantigens. Coculture experiments
were performed in which allogeneic responses of lym-
phocytes from healthy donors were tested in the pres-
ence of 10 different patient cells and were compared
with the response in cocultures with cells from third
party healthy donors. The Amerindians PBMC inhib-
ited the response to alloantigens by cells from normal
controls.

Second, patients with recent or chronic Schistosoma

mansoni infection were studied (14), focusing on their .

proliferative response to adult worm antigen (SAWA).

Precultured peripheral CD4 cells showed a signifi-
cantly higher response to the specific antigen when
compared to fresh cell preparations. Furthermore, the
addition of each patient’s serum to the in vitro response
to both SAWA or recall antigens produced strong inhi-
bition (also exerted on allogenic cells derived from
healthy subjects). In addition, adherent monocyte—
macrophage cells, rather than CD8 cells, inhibited
CD4 proliferation to SAWA, the latter finding was ini-
tially postulated by Tood et al. employing nonpurified
mononuclear cells (38).

Lastly, 10 patients with current active pulmonary
tuberculosis were investigated and compared with 10
BCG-immunized healthy individuals. It has been es-
tablished that patients with advanced tuberculosis
commonly show antigen-specific anergy (39, 40). ASF,
ACF, and redistribution of peripheral T cell pools have
been proposed as major factors influencing cell behav-
ior against M. tuberculosis challenge (41-43). Besides
investigating the response of precultured cells to PPD
and other recall antigens and the influence of ASF, we
concentrated on the action of autologous isolated ad-
herent monocytic cells and the in vitro synthesis of IL-2
and serum-soluble IL-2 receptor levels (IL-2R). The al-
terations found in relation to IL-2 synthesis and solu-
ble IL-2R, associated to the specific PPD hyporeactiv-
ity, even at this early clinical status, suggested the
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possibility of lymphocyte preactivation which may pre-
vent blastogenic responses to antigen added in vitro.
Further, high levels of soluble IL-2R in patient sera
may reflect such a state of lymphocyte preactivation.
Upon stimulation with PPD, in vitro IL-2 synthesis
was significantly lower, as reported by Toosi et al. (44),
in patients with advanced tuberculosis. Both soluble
and membrane IL-2 receptors have the ability to bind
circulating IL-2. Thus, an excess of soluble IL-2R may
prevent IL-2 from binding to membrane receptors, in-
terfering with de novo IL-2 synthesis and the response
of an expanded antigenic-specific lymphocyte pool. In
addition, diminished IL-2 production could also be re-
lated to the presence of activated macrophages with
supressive action (45). Furthermore, depletion of ad-
herent cells increased IL-2 synthesis in tuberculosis
patients considered high responders to tuberculin (44,
45). The monocyte—macrophage inhibitory influence
has been related to prostanglandin E, (46-48). Within
this context, we found that the addition of naproxen (a
prostaglandin E, inhibitor) to the cultures increased
the cell responses to PHA and PPD in a similar fashion
as compared to the depletion of adherent cells (15). -

FREE ANTIGEN

Antigen, by itself, may exhibit significant immuno-
modulatory properties. Several examples illustrate
this fact. In the leprosy model, Menhra et al. demon-
strated that the terminal trisaccharide found in M. le-
_ prae glycolipid-I was an active inducer of CD8 suppres-
sor cells, in patients with both lepromatous and bor-
derline leprosy (49). In addition, Mohagheghpour et al.
showed, in lepromatous patients, that preincubation
with varying concentrations of the M. leprae antigen
significantly reduced the precultured CD4+ lympho-
cyte-mediated blastogenic response to standarized
amounts of the same antigen (6). In tuberculosis, Ell-
ner et al. demonstrated that the mycobacterial D-ara-
binomannan extract suppressed blast transformation
and migratory inhibitory factor production in appro-
priately sensitized donors (50). Parasite products with
similar activity have been described by Capron et al. in
culture supernatants of S. mansoni (51), and Arango et
al. showed a positive correlation between circulating
antigen and lack of DTH reactions in onchocerciasis
(52). Cholera toxin (CT), which is a potent oral immu-
nogen (53, 54), has been found to exhibit distinct im-
munomodulatory properties. Lycke ef al. recently re-
ported that CT provoked a strong inhibition of cell pro-
liferation, early after mitogen stimulation, whereas
later, after Con A stimulation, CT promoted the pro-
liferation of T cells (55). In their recent report, Mo-
hagheghpour et al. (56) found a potent T and B immu-
nostimulatory M. leprae fraction, suggesting a concen-
tration-dependent bimodal effect of M. leprae in T cell

~= cultures.
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NEW PERSPECTIVES

We have attempted to review and stress the need to
reassess our current understanding of the immunopa-
thology of systemic anergy in infectious diseases. In
most instances, the “lack of reactivity” of T cells ap-
pears to be a secondary phenomenon to a very complex
array of internal immunomodulatory influences, trig-
gered by the antigen—host interaction, which may in-
hibit or less frequently enhance T cell responses. It is
our belief that in infectious diseases, where the nature
of the antigenic source is known, a primary T cell de-
fect (generalized or specific) is improbable. Reduction
of the antigenic load, periods of sustained clinical re-
mission, or the proper handling of in vitro cell culture
conditions may reveal an intact capability in the host
to express a memory response to the sensitizing anti-
gen. In Table 1, we have depicted a revised version of
the previously proposed clinical classification of sys-
temic anergy (3). Acquired immunodeficiency syn-
drome (AIDS) is also included, as the only clinical ex-
ample thus far of CMI unresponsiveness, due at least
in part to the active destruction of immunocompetent
lymphoid cells.

The recent description of migration of antigen-
specific T cells to the site of disease activity and the
subsequent redistribution of effector cell pools is also
broadening our comprehension on the dynamics of an-
tigen-driven specific immune responses in the different
body compartments and its implications in the immu-
nopathology of systemic anergy.

In patients with active tuberculosis and a peripheral
lack of response to PPD, a preferential sequestration of
antigen-specific T lymphocytes to the pleural space has
been reported, showing local T helper cells responding
to PPD. After successful drug therapy, both PBMC and
DTH responses to PPD became positive (43). The im-
munomodulatory influence arising from these redis-
tributed cell compartments in terms of peripheral

TABLE 1
Clinical Classification of Systemic Anergy

1. Primary
Chronic lymphocytic leukemias
2. Secondary
2.1 Immunomodulation (antigen—host interaction)
a. Infectious diseases
b. Lymphoproliferative disorders
c. Cancer
d. Granulomatous diseases
2.2 Immunosenescence (aging)
2.3 Active lymphoid cell destruction
a. AIDS
2.4 Induced
a. Malnutrition
b. Burns
c. Surgery
d. Uremia
e. Immunosuppressive drugs
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blood cells responses may prove to be of distinct signif-
icance in the induction of systemic anergy.

Modlin et al. determined that 2% of the lymphocytes
in tuberculoid leprosy skin lesions could proliferate in
response to M. leprae, while only 0.02% of PBMC were
responsive to the same antigen. The ratio of helper
cells (CD4, CD29) to suppressor—inducer cells (CD4,
CD45R) was 1.2:1 in peripheral blood but was 14:1 in
the skin lesions (57), further stressing the need to mon-
itor redistribution and homing of mononuclear cells as
a significant mechanism underlying both inflamma-
tory and anergic responses.

Based on the accumulated evidences discussed
above, we propose a unifying approach to better under-
stand the induction of systemic anergy in infectious
diseases. This approach stresses the role of ASF and
ACF, the redistribution of sensitized lymphocytes, and
the influence of free antigen in the final outcome of T
lymphocyte response. Furthermore, it seems plausible
to assume that all of these immunomodulatory influ-
ences may not only coexist in the same host but may
also act simultaneously. The result of the influence of
inhibitors and/or enhancers on T cell responses should
determine the immunoclinical characteristics of the
disease. The implications of the complexity of these
and other possible internal immunomodulators, which
in the susceptible host determine the presence of clin-
ical systemic anergy, are multiple; their systematic
study and further characterization seems essential.
This, in turn, may provide not only new diagnostic
tools but a different concept on the natural history of
the anergic phase in infectious diseases. The rationale
underlying the current treatment of these anergic pa-
tients also requires reassessment. Therapeutic mea-
sures to remove the immunomodulators associated
with remission could be lifesaving in the acutely ill
anergic patient. Finally, the current efforts to apply
immunotherapy or vaccines in the treatment of these
anergic patients may prove to be a costly failure, un-
less the existence in these patients of an intact capa-
bility to be sensitized and to show memory responses is
realized and proper measures are taken to deal with
the perturbing influences of internal immunomodula-
tors.
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