
Clin. exp. Immunol. (1987) 67, 383-390

Immunohistological evidence of lymphokine production and
lymphocyte activation antigens in tuberculin reactions

M. A. FULLMER, J.-Y. SHEN, R. L. MODLIN & T. H. REA Section of Dermatology,
Department of Medicine, University of Southern California School of Medicine Los Angeles,

California

(Acceptedfor publication 28 August 1986)

SUMMARY

Evidence of lymphokine elaboration and lymphocyte activation was sought in tuberculin
skin test reactions at 24 and 48, or 48 and 96 h in patients with active, culture-proven,
pulmonary tuberculosis. Through the use of frozen sections, immunoperoxidase tech-
niques and monoclonal antibodies, anti-interleukin 2 positive cells were found to
constitute 0 4% to 0-6% ofthe dermal infiltrate, and keratinocyte Ta expression at 96 h was
consistent with a marker for interferon-gamma production. Cells bearing the interleukin 2
receptor more than doubled in prevalence from 24 to 48 or 96 h but cells staining with Tal,
an antibody identifying activated lymphocytes, were 10% of the cells of the infiltrate at all
three times. One-half of the cells of the infiltrate were OKM 1-positive, presumably
macrophages, perhaps reflecting the presence of active tuberculosis.
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INTRODUCTION

Cutaneous tuberculin reactions are one of the fundamental expressions of delayed-type hyper-
sensitivity in man (Turk, 1980). As such, it is not suprising that at least seven immunohistological
studies of tuberculin reactions utilizing monoclonal antibodies have already been published
(Scheynius, Klareskog & Forsum, 1982; Poulter et al., 1982; Platt et al., 1983; Konttinen et al., 1983;
Scheynius & Tjernlund, 1984; Gibbs et al., 1984; Kaplan et al., 1986). Although these studies have
not been uniform with regard to antibodies used, specificities sought, events looked for, methods of
analysis or patients studied, in broad outlines a consistent pattern has emerged. Perivascular areas
are characterized by a relatively dense lymphocytic infiltration having by a predominance of the
helper/inducer phenotype, a definite portion of macrophages, and a smaller number of OKT6-
positive cells (putatively dermal Langerhans cells). The epidermis and interstitial areas ofthe dermis
are characterized by a comparatively sparse lymphocytic infiltration. Apart from these areas of
agreement, there are some unresolved conflicts, for example, epidermal Langerhans cells have been
observed to be increased (Poulter et al., 1982; Scheynius & Tjernlund, 1984), unchanged (Platt et al.,
1983) or decreased (Kaplan et al. 1986). Also, potentially important details such as evidence ofT cell
activation or lymphokine production have received little attention, particularly when compared
with that given T lymphocyte phenotypes.

In the present study we have examined tuberculin reactions in patients with active pulmonary
tuberculosis and have emphasized staining reactions which may help to identify activated
lymphocytes and lymphokine production.
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MATERIALS AND METHODS

Patients chosen for study had culture-proven, pulmonary tuberculosis, were on chemotherapy for
less than 3 months, and had been demonstrated to be tuberculin-positive at the time of their initial
medical evaluation. For tuberculin testing, five tuberculin units of purified protein derivative
(Aplisol, Parke-Davis) were used. Tests were applied so that all biopsies were obtained in a 3 h
period and processed in a uniform manner. Six millimeter punch biopsies were bisected; one portion
processed for routine paraffin embedding and the other placed in OCT medium (Ames), snap frozen
in liquid nitrogen and stored at -70'C until sectioned.

The details of the methods used to section and stain tissues have been published in detail
elsewhere (Modlin et al., 1984; Hsu, Raine & Fanger, 1981). Briefly, 6 ,um sections were air-dried
overnight and fixed in fresh, reagent-grade acetone before staining. Application of the primary
mouse monoclonal antibody was followed sequentially by either peroxidase-conjugated goat anti-
mouse and a chromogenic substrate or by biotinylated horse anti-mouse, a complex of avidin,
biotin and peroxidase, and the chromogenic substrate. Haematoxylin was used as a counterstain.

Antibody titres were predetermined by checkerboard titration. The antibodies used, specificities
sought and dilutions employed are listed in Table 1.

To monitor specificity of the antibody directed against interleukin 2 (IL-2), peripheral blood
lymphocytes were stained in the manner described by Steinman et al. (1983) (data not shown).
Specificity of anti-Tac (anti-IL-2 receptor) was monitored by its use upon fetal and adult lymphoid
tissues (Hofman et al., 1985). The specificities of the remaining antibodies were monitored by their

Table 1. Mean percent + s.d. of the cells of the dermal infiltrate staining positively for each specificity tested.

Antibody Specificity Dilution 24 h 48 h 96 h

Leu4 PanTcells 1/60 38+2-9 47+90 52+11.5
Leu 2a T suppressor/ 1/60 9 + 5 4 15+6 8 19+8-2

cytotoxic
Leu 3a T helper/inducer 1/60 36+2-5 49+ 12-7 57+ 12-0
(Leu 3a/Leu 2a) 4-0 3-3 3-0
OKMl Macrophages, 1/100 60+ 10 0 47+ 10-3 55+ 14-7

monocytes,
neutrophils

Anti-IL-2 Interleukin 2* 1/10 0 4+0-15 0-6+222 0-6+0-30
Anti-Tac Interleukin 2 1/1000 3-3+ 1-6 6-7+2-5 8-2+3-0

receptor (Tac)t
H4 (Dr. Ron Ia (HLA-DR) 1/1000 Virtually every cell in the
Billing, UCLA) infiltrate was positive
OKT6 Langerhans 1/50 Positive cells in the infiltrate

cellsj§ were usually in the upper dermis.
indeterminant The distribution was irregular
cells

Tal ActivatedTcellsil 1/50 11-5+6-3 10-8+4-5 9-2+2-8

* Steinman et al. (1983).
t Leonard et al. (1982).
t Fithian et al. (1981).
§ Murphy et al. (1983).
11 Fox et al. (1984).
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staining patterns in normal adult tonsils (data not shown). Normal skin controls consisted of the
clinically normal skin included in routine surgical excisions.

Positively staining cells were semi-quantified by one of three techniques. If greater than 5% of
the infiltrate, the percentage of positive cells was directly estimated by two independent observers,
who were almost always within 5 per cent points of each other. If fewer than 5%, each positive cell
was counted, the area of the section occupied by infiltration estimated with a calibrated reticule, the
number of cells per mm2 of infiltrate determined by averaging the counts in three randomly selected
fields, and the per cent of the infiltrate staining positively calculated. As previously described
(Modlin et al., 1984), intraepidermal Langerhans cells were graded by density, i.e. if greater than
10% of cells exhibited cell-cell contact of dendritic extensions, the Langerhans cells were judged to
be increased.

For staining controls in tuberculin reactions, the primary antibody was omitted, and a primary
antibody of irrelevant specificity was used.

RESULTS

1 uberculin reactions in five patients were biopsied at 24 and 48 h and in four at 48 and 96 h. All
responses biopsied were positive reactions, i.e. 10 mm or greater of induration at 24, 48, and 96 h.
Generally, 48 h reactions were larger than 24 h responses, but no constant kinetic relationship was
discernible between 48 and 96 h test sizes. Conventionally processed tissues showed the anticipated
patchy perivascular infiltration of mononuclear cells (Turk, Rudner & Heather, 1966).

Dermal responses. The patchy nature of the infiltrate was present at 24, 48 and 96 h. None of
these three time points could be distinguished from one another by either the density of cells
infiltrating a given area or by the overall percentage of the dermis infiltrated. A sparse interstitial
infiltrate of lymphocytes was also present.

The mean percentage of the cells of the dermal infiltrate staining positively for each phenotype
used is summarized in Table 1. Fewer T lymphocytes and more macrophages appear to be the case
at 24 h, with near parity at 48 and 96 h. The sum of cells positive for Leu 2a and Leu 3a always
exceeded those positive for Leu 4; this is consistent with the error of the method, but a double-
labelled population cannot be excluded. The ratio of Leu 3a to Leu 2a was greatest at 24 h, 4 0, but
was always close to 3. Lymphocytes and macrophages were always admixed with one another. A
few OKT6-positive cells, putatively Langerhans cells (Murphy et al., 1983), were present in the
perivascular infiltrate particularly in the upper portion of the reticular dermis.

Interleukin 2 positive cells were present throughout the infiltrate (see Fig. 1) and ranged from
04% to 0 6% of the cells of the infiltrate. The positive cells showed thick, cytoplasmic staining
consistent with IL-2 production (Modlin et al., 1984). Cells staining for Tac, the IL- 2 receptor,
constituted 3% of the infiltrate at 24 h but doubled in prevalence by 48 and 96 h (see Fig. 2). Tal-
positive cells were approximately 10% of the infiltrate, ranging from 2% to 20% (see Fig. 3).

Virtually every cell in the infiltrate appeared to bear the Ia antigen.
Epithelial changes. A few lymphocytes bearing Leu4, Leu2a, or Leu3a phenotypes were found

infiltrating the epidermis in all specimens. This was focal in nature and often not evident in the
paraffin-embedded tissues. Some Tac-positive, Tal positive and, rarely, IL-2 positive cells were
found in the epidermis.

At 24 h the dendrites of the Langerhans cells stained readily with OKT6, appearing as a well-
developed syncitium, and the numbers of cell bodies were perhaps increased. At 48 and 96 h the cell
bodies were definitely increased. These changes were present in both epidermis and hair follicles (see
Fig. 4).

In both epidermis and hair follicles at 24 and 48 h, the cells staining for the Ia antigen were
usually readily identifiable as Langerhans cells or as infiltrating mononuclear cells. At 96 h virtually
every follicular or epidermal nucleated keratinocyte appeared to express the Ia antigen, giving a net-
like or reticular staining pattern (see Fig. 5). Such staining was not present at 24 and 48 h. With anti-
Ia staining at 96 h, Langerhans cell cell-bodies were less readily discerned than at 48 h, but were
present in abundance as judged by OKT6 staining (see Fig. 4).
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Fig. 1. A 48 h reaction. An IL-2-positive cell adjacent to an eccrine sweat duct shows thick, cytoplasmic staining
Anti-IL-2, haematoxylin counterstain x 40 objective.

Fig. 2. A 48 h reaction. Tac positive cells in the upper dermis. Epidermal rete are in both upper corners. Anti-Tac,
haematoxylin counterstain, x 25 objective.
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Fig. 3. A 48 h reaction. Ta1 positive cells in an area of lymphocytic infiltration. Anti-Tal, haematoxylin
counterstain, x 40 objective.

Fig. 4. A 96 h reaction. Langerhans cells are increased. The cell bodies are readily apparent, the thickness of the
staining reaction is highly variable, a dendritic configuration is evident and staining between basal cells is not a
common event. OKT6, haematoxylin counterstain, x 25 objective.
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Fig. 5. A serial section of the tissue in Fig. 4. The keratinocytes appear to bear the Ia antigen, giving a net-like
pattern. The staining tends to be of uniform thickness, is often found between the basal cells extending to the
basement membrane region and Langerhans cell bodies are not easily discerned. H4, haematoxylin counterstain
x 40 objective.

DISCUSSION

The present study adds to the others (Scheynius et al., 1982; Poulter et al., 1982; Platt et al., 1983;
Konttinen et al., 1983; Scheynius & Tjernlund, 1984; Gibbs et al., 1984; Kaplan et al., 1986) two new
observations of particular interest concerning tuberculin reactions: the identification of Tal-
positive cells and IL-2-positive cells in the dermal infiltrate. In addition, the observation of
expression of Ta by keratinocytes at 96 but not at 48 h (Scheynius & Tjernlund, 1984) is confirmed,
as is that of an increased number of epidermal Langerhans cells. In contrast to other reports, we
found one-half of the infiltrating cells to be macrophages, the highest prevalence reported, perhaps
reflecting the presence of active tuberculosis.

Approximately one in 200 inflammatory cells appeared to synthesize IL-2. Functionally, IL-2
has two activities of importance in a DTH reaction; it is necessary for proliferation of antigen-
specific T-effector cells (Smith, 1980), and it is a potent inducer of y-interferon (y-INF) production
(Kasahara et al., 1982); y-INF in turn is a potent activator of macrophage microbiocidal
mechanisms (Nathan et al., 1983). The prevalance of one in 200 inflammatory cells as putative IL-2
producers is similar to that of IL-2 positive cells in tuberculoid leprosy and localized cutaneous
leishmaniasis granulomas, where specific delayed-type hypersensitivity is considered strong; but a
prevalence one-order of magnitude smaller is found in lepromatous leprosy and disseminated
cutaneous leishmaniasis granulomas, where specific delayed-type hypersensitivity is absent (Modlin
et al., 1984; Longley et al., 1985; Modlin et al., 1985). Thus the numbers of IL-2 positive cells appear
to be closely associated with the presence or absence of a delayed-type hypersensitivity response.

In the context of lymphokines, keratinocyte Ia expression is a putative marker for y-INF
production: (1) keratinocytes having been proven to synthesize Ia (Volc-Platzer et al., 1984); (2)
keratinocyte Ia having been expressed in graft-versus-host reaction (Lampert, Smitters &
Chrisholm, 1981), and allergic contact dermatitis (Suitters & Lampert, 1982; Mackie & Turbitt,
1983), as well as tuberculin reactions (Platt et al., 1983; Scheynius & Tjernlund, 1984; Kaplan et al.,
1986) and, finally, (3) keratinocyte Ia being induced in vitro (Basham et al., 1984; Volc-Platzer et al.,
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1985) and in vivo (Nathan et al., 1986) by y-INF. Thus the appearance of keratinocyte Ia is a likely
footprint, so to speak, of y-INF production, an opinion shared by others (Scheynius & Tjernlund,
1984; Kaplan et al., 1986).

Two antibodies identified putative activation antigens, Tac or the IL-2 receptor, and Tal. Tac-
positive cells increased in prevalence from 24 to 48 or 96 h in accordance with the finding of Platt et
al. (1983) and this increase appeared to be significant, P < 0 05. At all three times Tal positivity was
present in a mean of 10% of infiltrating cells, a figure similar to that found in tuberculosis lymph
nodes (unpublished data).

This immunohistological study provides new morphological evidence for the role of lympho-
cytes and their products in the pathogenesis of tuberculin reactions. Lymphocytes appear to be
activated by 24 h, bearing Tac, Tal and HLA-DR antigens. Both macrophages and Langerhans
cells are numerous and may participate in the immune response by presenting antigen to these
lymphocytes (Sontheimer, 1985). Lymphocyte products such as IL-2 and perhaps y-INF are
elaborated and reflect the occurence of a delayed-type hypersensitivity reactions. These results may
provide a standard for comparing other skin reactions and diseases in order to determine whether
delayed-type hypersensitivity is present.

This work was supported by grant A122187 from the National Institutes of Health, a grant from the Heiser
Program for Research in Leprosy, by a gift from the Military and Hospitaller Order of St Lazarus ofJerusalem
and a grant from the National Hansen's Disease Center.
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