
&p.1:Abstract In a previous study using the monoclonal anti-
CD26 antibody MIB-DS2/7 in leprosy and other granu-
lomatous diseases, it was shown that CD26 may be a
candidate for use as an operational marker of a human
Th1-like reaction. In this follow-up study, we compared
seven different monoclonal anti-CD26 antibodies with
respect to their staining pattern in lepromatous and tu-
berculoid leprosy tissues. Three distinct staining patterns
became apparent in this anti-CD26 antibody panel: stain-
ing of T-lymphocytes and of connective tissue; staining
of T-lymphocytes, connective tissue and macrophages;
and almost no staining of T-lymphocytes but staining of
connective tissue and macrophages. The two antibodies
assigned to the first staining pattern, including MIB-
DS2/7, were found to be most suitable for the operation-
al discrimination between Th1-like and Th2-like reac-
tions in leprosy. The antibodies assigned to staining pat-
terns 2 and 3 did not allow this discrimination. Although
all seven monoclonal antibodies investigated were spe-
cific for CD26, only two were found to be useful in iden-
tifying a Th1-like immune reaction in human tissue.
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Introduction

T helper lymphocytes can be divided into two distinct
subsets based on their cytokine profile. The functionally
different subsets of T helper 1 (Th1) and Th2 cells were
originally described in mouse CD4+ T cells [16] and la-

ter in human T cells [20]. The Th1 subset secretes cyto-
kines usually associated with inflammation, such as in-
terleukin-2 and interferon-γ (IFNγ) and induces cell-me-
diated immune responses. The Th2 subset produces cyto-
kines such as interleukin-4 and interleukin-5, which help
B cells to proliferate and differentiate, and is associated
with humoral-type responses [15]. Because their respec-
tive cytokines act antagonistically, these two cell popula-
tions mutually regulate their functions [24], which may
explain a strong bias toward either a Th1 or a Th2 re-
sponse during many infections in mice and humans [17].
The differentiation of Th precursor cells into Th1 or Th2
cells has important implications in terms of susceptibility
or resistance to particular diseases. For instance, in
Leishmania majorparasitic infections in mice there is re-
ciprocal expression of IFNγ and interleukin-4 in mice of
different backgrounds, which correlates with resolution
or progression of the disease [9]. In human immunodefi-
ciency virus-infected individuals a switch from a Th1 to
a Th2 phenotype occurs as symptoms worsen [2]. Be-
cause of the pathophysiological relevance of these T-cell
subsets, an immunophenotypical marker allowing the
discrimination of these cells in immunohistology or flow
cytometric analysis would be of great interest. The
monoclonal antibody MIB-DS2/7 was generated by im-
munizing mice with a human Th1-like T-cell clone and
was selected after screening owing to a high reactivity
with different Th1-like clones and a moderate reactivity
with Th2-like clones. Biochemical characterization of the
antibody revealed it to be specific for dipeptidyl pepti-
dase IV (DP IV, CD26) [22]. Using this antibody, a three-
colour immunofluorescence staining for CD4, CD45RO
and CD26 resulted in the enrichment of Th1-like cells as
defined by their cytokine mRNA expression [21]. To see
whether the strong reactivity of MIB-DS2/7 with Th1-
like T-cell clones is reflected in pathological conditions
ex vivo, immunohistological investigations were per-
formed on tissues affected by granulomatous inflamma-
tory reactions, including leprosy, sarcoidosis and Piring-
er’s lymphadenitis [23]. In leprosy, the clinical forms
constitute a spectrum that closely correlates with the de-
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gree of cellular immunity [15], tuberculoid leprosy repre-
senting one extreme of the spectrum, with a primary
Th1-like reaction, and lepromatous leprosy at the other
extreme, with a predominantly Th2-like reaction [29].
The investigations in leprosy showed strong signals for
IFNγ and CD26 in all cases of tuberculoid leprosy inves-
tigated, in contrast to no or very weak signals in leproma-
tous leprosy. Immunofluorescence double-labelling also
demonstrated the coexpression of CD26 and IFNγ by
identical cell populations [23]. In summary, these investi-
gations suggest that a high expression of CD26, as de-
tected by MIB-DS2/7, is indicative of a Th1-like immune
reaction and that MIB-DS2/7 may be used as an opera-
tional marker of a human Th1-like reaction (Fig. 1).
These observations were confirmed by the investigations
of Willheim et al., who demonstrated a correlation be-
tween high CD26 cell surface expression and the produc-
tion of Th1-like cytokines by T-cell clones [28].

It has been observed that different anti-CD26 antibod-
ies detect varying amounts of CD26 expression on rest-
ing and activated T-cells [6, 14, 21, 25] and also elicit
differing effects in in vitro systems for studying stimula-
tion of T-cells [4, 27]. In addition, up to 11 different im-
munoreactive molecular forms of CD26 were discernible
in cell lysates of activated lymphocytes [12]. Given these
observations, we investigated and compared seven differ-
ent anti-CD26 antibodies with respect to their staining

pattern in lepromatous and tuberculoid leprosy skin bi-
opsies in order to determine their suitability as potential
surrogate markers of a human Th1-like reaction.

Materials and methods

Skin biopsies were obtained from patients suffering from leprosy
and taking part in the leprosy eradication programme conducted
by the Department of Leprosy of the Ministry of Health and Wel-
fare, Paraguay. Patients were classified according to the clinico-
pathological criteria of Ridley and Jopling [19]. All biopsies were
taken from untreated patients; they were snap-frozen in liquid ni-
trogen and stored until use at –80°C.

Cryostat frozen sections were fixed in acetone for 30 min, fol-
lowed by fixation in chloroform for 30 min. After fixation the lep-
rosy sections were preincubated with rabbit normal serum for
30 min to block nonspecific binding. Incubation with the primary
antibody was performed for 30 min, and immunostaining was un-
dertaken according to the APAAP (alkaline phosphatase anti-alka-
line phosphatase) method with New Fuchsin development [3]. Fi-
nally, slides were counterstained with haematoxylin and mounted.
Immunostaining was controlled by the use of only the secondary
reagents and isotype controls to confirm their specificity.

A description of the antibodies used in this study is given in
Table 1. All anti-CD26 antibodies except MIB-DS2/7 [23] and Ta1
[1] were kindly provided by the non-lineage section of the VIth
International Workshop and Conference on Human Leukocyte
Differentiation Antigens, Kobe, Japan, 1996, and were described
as specific for CD26 [7, 8]. The MIB-DS2/7 antibody is available
from Dianova (Hamburg, Germany) and will be freely distributed
by the authors on request.
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Fig. 1 Representative im-
munohistological assessment of
CD26-positive T-cells in A a
case of tuberculoid leprosy
(Th1-like) and B a case of lep-
romatous leprosy (Th2-like) us-
ing MIB-DS2/7. In tuberculoid
leprosy, a high incidence of
CD26-expressing T-cells was
detected in the granuloma. In
lepromatous leprosy, only a
very few CD26-positive cells
could be discerned. Original
magnification 50×&/fig.c:

Clone Iso- Antigen Originator Commercial
type source

MIB-DS2/7 G1k Human Th1 clone [23] Dianova
4EL-1C7 (Ta1) G1 IL-2 dependent human T-cell line EL156 [6] Coulter
202–36 G2b Human T-cell line R. Vilella –
EF5/A3 G1 CD26-positive U937 [11, 18] –
L272 G2a IL-2 dependent human CTL line Becton Dickinson
BA5 G2ak Human T cell clone Immunotech
2A6 G1k Renal cell adeno carcinoma cell line S. Poppema –

&/tbl.b:

Table 1 Monoclonal anti-
CD26 antibodies used in this
study&/tbl.c:&tbl.b:



Results

The results of the staining are summarized in Table 2.
Serial staining of frozen sections of human kidney re-
vealed equal intensity and distribution of staining of
proximal tubular epithelium with all antibodies. The lo-
calization of dipeptidyl peptidase IV in this tissue has
been described [25], and it can thus be used as a CD26-
positive control. In marked contrast to this very uniform
staining, substantial differences between antibodies were
seen in staining intensity and pattern of serial frozen sec-
tions of hyperplastic human tonsils, which were used as
normal lymphoid tissue controls. The differences were
most prominent in the staining of T-lymphocytes, rang-
ing from strong staining (MIB-DS2/7, 2A6) to no stain-
ing at all (202–36, BA5). The situation in Mycobacteri-
um leprae-infected tissue was similarly remarkably di-
verse. The staining of seven different lepromatous and
tuberculoid skin biopsy samples was averaged to give an
individual staining pattern of lepromatous and tubercu-
loid tissue for each antibody included in the study. The
staining pattern was derived primarily by evaluating the
amount and intensity of positively stained T-lymphocytes
as the most important variables. The staining intensity of
connective tissue and macrophages was included in the
staining pattern to evaluate the specificity of the staining
for T-lymphocytes. The inclusion of these criteria in the
evaluation of the staining pattern resulted in three dis-
tinct patterns to which the anti-CD26 antibodies could be
attributed: staining of T-lymphocytes and connective tis-
sue; staining of T-lymphocytes, connective tissue and
macrophages; almost no staining of T-lymphocytes, but
staining of connective tissue and macrophages. The anti-
bodies MIB-DS2/7 and 2A6, both assigned to the first
staining pattern, showed a greatly increased reactivity

with T-cells in the tuberculoid lesions compared with the
lepromatous lesions. Staining of connective tissue and
very faint staining of macrophages did not hinder the ob-
servation of this distinction. Typical staining for CD26,
as seen with MIB-DS2/7 in tuberculoid and lepromatous
leprosy, is shown in Fig. 1. The antibodies EF5/A3, L272
and Ta1, assigned to the second staining pattern, also
showed higher reactivity with T-cells in the tuberculoid
lesions than in the lepromatous lesions. However, in this
group staining of macrophages was also significantly in-
creased, thus making a distinction between tuberculoid
and lepromatous leprosy difficult. The remaining anti-
bodies (202-36, BA5), which were classed as having the
third staining pattern, were found to show very weak
staining of only a small number of T-lymphocytes and no
noticeably more intense staining of T-cells could be dis-
cerned in the tuberculoid granulomas than in the lepro-
matous granulomas. In addition, staining of macrophages
was significantly increased, to the extent that a distinc-
tion between tuberculoid and lepromatous tissue was vir-
tually impossible.

Discussion

The seven different anti-CD26 antibodies used in this
study show striking differences in their staining pattern
of T-cells in normal lymphoid and in the granulomas of
M. leprae-infected tissue. This is somewhat difficult to
explain considering that the staining pattern in normal
human kidney was the same for all antibodies, which
also proved that the antibodies were being applied at op-
timal dilutions. However, the description of multiple im-
munoreactive isoforms of CD26 [12] and splice variants
of CD26 mRNA in activated T-cells [26], and also the
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Antibody Kidney Tonsil LL (n=7) TL (n=7) Staining pattern

MIB DS2/7 ++++ C ++ C ++ C +++
M (+) M (+) M (+) 1
L +++ L + L ++++

2A6 C ++ C ++ C ++

++++ M − M − M − 1
L ++++ L ++ L ++++

EF5/A3 ++++ C + C ++ C ++
M + M (+) M + 1–2
L + L + L +++
C (+) C ++ C +

L272 ++++ M + M ++ M ++ 2
L ++ L + L +++
C − C ++ C +

Ta1 ++++ M (+) M + M ++ 2
L + L + L ++
C − C (+) C (+)

202–36 ++++ M (+) M + M + 3
L − L (+) L +
C − C + C +

BA5 ++++ M (+) M ++ M ++ 3
L − L + L +

Table 2 Staining intensities
and patternsa of seven different
anti-CD26 antibodies on frozen
sections of normal kidney, hy-
perplastic tonsil, and leproma-
tous and tuberculoid leprosy
skin biopsies (+ to ++++ de-
grees of positive staining, (+)
faint staining, – no staining, LL
lepromatous leprosy, TL tuber-
culoid leprosy, C connective
tissue, M macrophages, L lym-
phocytes)&/tbl.c:&tbl.b:

aStaining patterns
1 staining of lymphocytes and
connective tissue,
2 staining of lymphocytes, con-
nective tissue and macro-
phages,
3: staining of connective tissue,
macrophages and virtually no
lymphocytes&/tbl.b:



finding of varying amounts of CD26 detected on resting
and activated T-cells by different anti-CD26 antibodies
[6, 14, 21, 25] lend credence to the differences observed
in this study. There are many possible explanations for
these variations; most are highly speculative, such as the
diversity of the antigens used to generate the antibodies
(Table 1), the specific recognition of differentially glyco-
sylated forms of CD26 [13], or even cross reactivity with
the recently described novel forms of proteins similar to
CD26 [5, 10].

CD26 is a widespread molecule and is found in a va-
riety of cells besides T-cells, including fibroblasts and
macrophages [26]. Since staining of these three cell
types was evident in our study, all three were included in
the evaluation of the staining pattern for the antibodies.
The differences in the staining pattern of T-lymphocytes
played the most prominent part in evaluation of the anti-
bodies for suitability as operational markers of a human
Th1-like reaction, as described for MIB-DS2/7 [21–23].
Staining of connective tissue (fibroblasts) was not found
to obstruct the evaluation of the staining of T-lympho-
cytes, whereas strong staining of macrophages greatly
hindered the assessment of the stained T-lymphocytes
fraction in the tissue. According to these criteria, only
two of the seven antibodies used, MIB-DS2/7 and 2A6,
were found to be suitable for utilization as operational
markers of a Th1-like reaction, showing markedly more
intense staining of T-lymphocytes in tuberculoid leprosy
granulomas (Th1-like) than in lepromatous leprosy gran-
ulomas (Th2-like). Since these two antibodies also
showed much more pronounced staining of T-lympho-
cytes in normal lymphoid tissue and since the lack of
CD26-positive cells in lepromatous leprosy cannot be
explained by the absence either of T cells or of the CD4-
or CD8-positive subset [23], these two antibodies must
recognize an isoform or molecular form of CD26 that is
appropriate for operational Th1-like discrimination in
diseased tissue.

This study confirms and further corroborates the pre-
vious finding that expression of CD26 can be used as an
operational marker of a Th1-like reaction in human tis-
sue. However, restrictions have to be made concerning
the detection of CD26, since seven different monoclonal
antibodies specific for CD26 showed a wide range of re-
activity patterns with normal lymphoid and granuloma-
tous tissue. Thus, only two of the seven anti-CD26 anti-
bodies were found to be useful in discriminating between
a Th1- and Th2-like immune reaction in established tu-
berculoid and lepromatous leprosy.
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