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A B S T R A C T Using a monoclonal antibody (A2B5),
which binds to GQ ganglioside, and tetanus toxin,
which binds to GDand GT gangliosides, distinct re-
gions of human and rodent thymic epithelial cells have
been identified. The lymphoid elements of the thymus
do not bind A2B5 or tetanus toxin. The A2B5 and
tetanus toxin-binding cells form a network of thymic
epithelial cells throughout the thymic subcapsular cor-
tex and thymic medulla and contain thymopoietin and
thymosin a-i.

INTRODUCTION
The thymus plays a central role in the differentiation
of T lymphocytes (1). Lymphocytes in various stages
of maturation are found throughout the thymic cortex
and medulla; however, only a minority of thymic lym-
phocytes mature completely and migrate to peripheral
lymphoid organs (2, 3). Thymic epithelial cells are in
intimate contact with thymic lymphocytes and as well,
produce thymic hormones such as thymopoietin and
thymosin a-1 (4-6).

Eisenbarth et al. have recently characterized a mu-
rine monoclonal antibody (A2B5) that reacts with a
complex neuronal GQganglioside expressed on the cell
surface of neurons, neural crest-derived cells, and pep-
tide-secreting endocrine cells (7-9). Tetanus toxin
(TT),' which binds to GDand GT gangliosides (10),
also binds to this neuroendocrine family of cell types
(8). These observations, coupled with previous studies
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' Abbreviations used in this paper: FITC, fluorescein iso-
thiocyanate; MG, myasthenia gravis; RITC, rhodamine iso-
thiocyanate; TT, tetanus toxin.

demonstrating that a portion of thymic epithelium in
fowl is neural crest derived (11), led us to determine
if antibody A2B5 and/or TT bound to cells in human
and rodent thymus. In this study, we demonstrate that
human and rodent thymic epithelial cells express an-
tigens recognized by antibody A2B5 and as well bind
TT. A2B5+ and TTV thymic epithelial cells are found
in two discrete locations-the subcapsular cortex and
medulla. Moreover, using monoclonal antibody A2B5
and rabbit antithymopoietin or antithymosin a-1 an-
tibodies, we showed that A2B5+, TTV thymic epithelial
cells contain thymopoietin and thymosin a-i.

METHODS

Thymic tissue procurement and processing. Human thy-
mus tissue was obtained from six normal adolescents at the
time of corrective cardiovascular surgery for congenital
heart disease, and three adult myasthenia gravis (MG) pa-
tients at the time of therapeutic thymectomy. The pathologic
diagnosis in all three MGthymuses was thymic hyperplasia.
Rodent thymus tissue was obtained from three BB Wistar
female 2-mo-old rats and three BALB/c female 6-wk-old
mice. Portions of human thymus were gently dissociated
from thymic stroma using curved forceps; chunks of tissue
were removed by passing the cell suspension through a gauze
sponge (12). Cytocentrifuge preparations were made, stained
with Wright's stain, and counted under light microscopy for
cell differential. Normal human thymus cell suspensions con-
tained (mean±SEM) 90±1% small lymphocytes, 8±3% large
lymphocytes, 1±0.75% monocytes, and 0.3±0.5% eosino-
phils. Fresh human, murine, and rat thymus was snap frozen
in an ethanol-dry ice slurry, embedded in OCTcompound
(Scientific Products, McGraw Park, IL), and 4-um frozen
sections were cut, fixed 10 min in cold acetone, and stored
frozen at -100°C. Acetone-fixed thymus tissue slides were
incubated for 30 min in a moist chamber with a saturating
amount of monoclonal antibody. After three rinses with cold
phosphate-buffered saline (PBS), a saturating amount (1:100
final dilution) of affinity-pure fluorescein isothiocyanate
(FITC)-conjugated (fluorescein/protein ratio 6.0) goat anti-
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mouse IgG (Tago, Inc., Burlingame, CA) was layered on the
slide. Following three rinses in PBS, the slides were briefly
dipped in distilled water, allowed to air dry, overlayed with
30% glycerol in PBS, coverslipped, and then read on a Nikon
Optiphot fluorescent microscope (13). In each experiment,
background staining with comparable dilutions of PS X 63
ascites fluid and FITC-conjugated goat anti-mouse IgG was
low with thymic lymphoid elements and epithelial elements
(including Hassall's corpuscles) nonfluorescent.

Double indirect immunofluorescence with antithymic
hormone antisera and monoclonal antibody A2B5. For
determination of the simultaneous presence of thymopoietin
or thymosin a-1 and A2B5 reactivity in thymic epithelial
cells, 4-nm acetone-fixed frozen sections of human thymus
from two normal subjects were incubated with a 1:10 dilu-
tion of rabbit antithymopoietin (14) (the gift of Dr. G. Gold-
stein, Ortho Pharmaceutical, Raritan, NJ) or antithymosin
a-i (15) (the gift of Dr. A. L. Goldstein, George Washington
University, Wash. D.C.) antiserum for 30 min at 250C,
washed in cold PBS three times and then incubated with
rhodamine isothiocyanate (RITC)-conjugated goat anti-rab-
bit IgG (Tago, Inc.) for 30 min at 250C. After three washes
in PBS, the thymus section was stained using antibody A2B5
and FITC-conjugated goat anti-mouse IgG as outlined above.

Controls for simultaneous antithymopoietin or antithy-
mosin a-1 and A2B5 reactivity included thymus sections in-
cubated with (a) normal rabbit serum (NRS) RITC-conju-
gated goat anti-rabbit IgG, FITC-conjugated goat anti-
mouse IgG; (b) NRS, RITC-conjugated goat anti-rabbit IgG,
P3 X 63 ascites (1:100 dilution), FITC-conjugated goat anti-
mouse IgG and (c) antithymopoietin or antithymosin a-1,
RITC-conjugated goat anti-rabbit IgG, P3 X 63 (1:100) di-
lution FITC-conjugated goat anti-mouse IgG.

Assay for TT binding to thymus. Rat and human thymus
sections were also incubated with purified TT (kindly sup-
plied by R. 0. Thomsen of the Wellcome Research Labo-
ratories, England), 0.1 Ag/ml diluted in PBS 1% albumin for
30 min at room temperature, washed three times with PBS,
incubated with 1:100 dilution of monoclonal anti-TT anti-
bodies 3D8 and 3B3 (kindly supplied by V. R. Zurawski of
Centocor, Inc., Malvern, PA), washed three times and then
incubated as described above for antibody A2B5 with FITC-
conjugated anti-mouse IgG (8, 9).

Chloroform/methanol extraction or neuraminidase
treatment of thymus tissue frozen sections. In some ex-
periments, antibody A2B5 reactivity or TT binding to human
thymus was determined before and after chloroform/meth-
anol (2:1 vol/vol) extraction of frozen sections of thymus
tissue or after digestion of thymus sections with neuramin-
idase (10 IU/ml) (7) (type V, Sigma Chemical Co., St. Louis,
MO) for 45 min at 370C, in PBS pH 5.5.

RESULTS
Monoclonal antibody A2B5 showed a similar pattern
of reactivity with all human, rat, and mouse thymus
sections tested (Fig. IA). Thymic medullary areas re-
acted strongly with A2B5 and demonstrated a dense
reticular network of epithelial cells (Fig. lB). These
A2B5+ processes went up to and surrounded Hassall's
corpuscles, but the central areas of Hassall's corpuscles
were unreactive with A2B5. As seen in Fig. lC, rat
thymic medulla also showed a similar pattern of reac-
tivity with A2B5. In the thymic cortex, many areas
were completely nonreactive with A2B5 with only a

few scattered A2B5+ cells seen. However, epithelial
cells in the subcapsular cortex area of normal human
thymus stained strongly with A2B5 in a pattern similar
to that seen in the thymic medulla (Fig. ID). In no
areas of the thymus did A2B5 show rim staining of
thymocytes. In addition, single cell suspensions (con-
sisting of lymphocytes) of six normal and three MG
thymuses were studied for the expression of antibody
A2B5 receptors using indirect fluorescence (13).
Whereas in each thymus we had previously seen that
A2B5 reacted strongly with large portions of the thy-
mus, only 3.6±1.1% (mean±SEM) of the thymocytes
were A2B5+, a number consistent with epithelial cell
contamination of the preparation. In contrast, 97±2%
(mean±SEM) of thymocytes were reactive with mono-
clonal antibody 3A1, a reagent previously shown to
bind to the majority of human intrathymic lympho-
cytes (16).

To provide supportive evidence that antibody A2B5
binding in the thymus was via ganglioside molecules
similar to those found in other A2B5+ neuroendocrine
tissues (7-10), A2B5 reactivity and TT binding to hu-
man thymus was determined before and following
chloroform/methanol (2:1) extraction of frozen sec-
tions of thymus tissue or following digestion of frozen
thymus sections with neuraminidase. We found that
chloroform/methanol extraction or neuraminidase
treatment completely removed thymic A2B5 and TT
binding, whereas the glycoprotein antigen 3Al (16)
was unaffected by neuraminidase treatment or chlo-
roform/methanol extraction.

To determine if other components of the human
hematopoietic system reacted with antibody A2B5,
acetone-fixed frozen sections from a large number of
human tissues were tested for A2B5 reactivity. We
found normal lymph nodes (two subjects), normal
adult spleen (one subject), normal fetal spleen (one
subject), normal adult liver (one subject), and normal
fetal liver (one subject) did not contain A2B5 reactive
components. However, the squamous epithelial basal
cell layer in tonsil (two subjects), and the basal epi-
thelial cell layer in skin biopsy sections from three
cutaneous T-cell lymphoma patients and two normal
subjects did react with A2B5. Thus, nonthymic lym-
phoid tissue has been reported to secrete thymopoie-
tinlike factors (17, 18), and regarding lymphoid tissue,
both thymic and tonsil epithelium reacted with anti-
body A2B5.

To correlate A2B5 reactivity with the endocrine
function of the thymus, labeling of thymic epithelium
with rabbit antithymopoietin (14) or rabbit antithy-
mosin a-i (15) + RITC-conjugated goat anti-rabbit
IgG followed by A2B5 + FITC-conjugated goat anti-
mouse IgG was performed (Fig. 2A and 2B). Wefound
essentially a 1:1 correlation of A2B5 reactivity (Fig.
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FIGURE 1 Binding pattern of monoclonal antibody A2B5 to normal human and rodent thymus.
(A) Light micrograph demonstrating regions of a normal thymus lobule. From top to bottom
are the fibrous capsule of the thymic lobule, the subcapsular (SCC) region of the cortex, the
cortex proper, and the medulla. H denotes a Hassall's corpuscle (hematoxylin and eosin stain,
X400). (B) A2B5 in normal human thymus medulla stained cells in a reticular pattern. This
pattern was seen in six normal thymuses and in three MGthymuses. (X400). (C) A2B5 in normal
rat thymus medulla showed a pattern of reactivity identical to that seen in human thymic
medulla. Similar reactivity pattern was seen on all mouse thymuses (X400). (D) Human thymic
cortex showing A2B5 reacting strongly in subcapsular cortex zones, between the thymic capsule
(CA) and thymic cortical lymphocytes (CO). All cortical lymphocytes were nonreactive with
antibody A2B5 (X400).
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FIGURE 2 A2B5 reactive thymic epithelial cells contain thymopoietin. (A) Using filters for
fluorescein excitation (515W, B Nikon) A2B5' thymic medullary epithelial cells fluoresce
brightly (arrows). (B) Using filters for rhodamine excitation (580W, G Nikon), the same cells
that were A2B5' are seen to be strongly positive for thymopoietin (arrows) (X400).

2A) with bright antithymopoietin staining (Fig. 2B)
or antithymosin a-i (data not shown). These experi-
ments were repeated on six thymus specimens with the
same results each time. Some other epithelial cells of
thymic cortex occasionally appeared to be reactive
with antithymopoietin or antithymosin a-i but not
with A2B5, but clearly all A2B5 cells reacted either

with the antithymopoietin or antithymosin a-i anti-
bodies.

Because all neuroendocrine cell types that we have
studied bound antibody A2B5 and also bound TT (8,
9), using indirect immunofluorescence with mono-
clonal anti-TT antibodies we studied TT binding to
thymus tissue. Wefound that TT bound to sections of
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rat and human thymus in a pattern identical to anti-
body A2B5 (Fig. 3A and 3B).

DISCUSSION
Monoclonal antibody A2B5 reacts with a glycolipid of
neurons with the solubility and chromatographic prop-
erties of GQganglioside (7). In a similar manner, TT
reacts with cell surface complex GDand GT ganglio-
sides (10). Receptors for both of these molecules were
initially detected on neurons, but Eisenbarth et al. re-
cently discovered that peptide-secreting endocrine
cells, often derived from the neural crest, also react
with antibody A2B5 and bind TT (8, 9). In this study
we have shown that two major regions of thymic ep-
ithelium-the subcapsular cortex and the medulla-
react with antibody A2B5 and TT. In addition, we
have shown A2B5', TT-binding thymus epithelial cells
contain thymopoietin and thymosin a-i.

Recent studies by Hirokawa et al. (15), Ritter et al.
(19), and Goldstein et al. (20) have suggested that nor-
mal human thymic epithelium exists in two regions-
the subcapsular cortex and the medulla. Ritter et al.
(19) demonstrated that human subcapsular cortical
thymic epithelium expresses Thy-I antigen while med-
ullary thymic epithelium does not. Hirokawa et al.
(15) and Goldstein et al. (20) demonstrated that the
thymosin a-l-containing thymic epithelium is ar-

ranged in two areas-the subcapsular cortex and the
medulla. In contrast, thymosin ,B-3, another thymus-
derived polypeptide, is present only in the subcapsular
cortical epithelial region and not the medullary epi-
thelial region. Additional evidence for antigenically
distinct regions of the endocrine thymic epithelium
comes from the observation of Hirokawa et al. (15)
that during aging, the medullary thymosin a-i-con-
taining epithelial cells atrophy, while the subcapsular
cortical epithelial cells do not. Our studies confirm the
thymosin a-1 localization to the subcapsular cortex and
medullary thymic epithelium and demonstrate a sim-
ilar intrathymic location for thymopoietin. Moreover,
we show that those similar to other neuroendocrine
tissues, thymic epithelial cells bind TT and monoclonal
antibody A2B5. Although the ganglioside nature of
thymic epithelial cell receptors for TT and antibody
A2B5 have not been directly proven in our study, that
these probes bind to GD, GT, and GQgangliosides on
neuronal tissues has been previously demonstrated (7-
10). That chloroform/methanol extraction and neur-
aminidase treatment abrogates A2B5 and TT binding
to thymus epithelium is only suggestive and not de-
finitive evidence for the glycolipid nature of these re-
ceptors in thymus.

All of the cells belonging to the amine precursor
uptake and decarboxylation (APUD) series of cells
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FIGURE 3 Pattern of TT binding to normal human thymus using indirect immunofluorescence.
(A) Subcapsular cortical (arrows) and cortical region of normal human thymus showing TT
reactive subcapsular cortex and negative cortical zone (X400). (B) Medullary thymic epithelium
was strongly TT reactive with negative cortical zone seen at top of photomicrograph. TT-
positive Hassall's corpuscle (H) is seen (X400).
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previously studied including pancreatic islet cells, an-
terior pituitary cells, adrenal medullary carcinomas of
the thyroid, melanomas, and neuroblastomas reacted
with antibody A2B5 and TT (8). Similar to the recent
studies of neuron-specific enolase, a series of nonneu-
ronal APUDcells have been found to express what was
initially considered neuronal antigens (21). Though the
majority of cells reacting with antibody A2B5 are of
neural crest derivation, not all A2B5' cells derive from
the neural crest. In particular, pancreatic islet cells
may not be of neural crest origin (11, 22, 23), yet these
cells and their tumors bind antibody A2B5 and TT
(8, 9). The expression of complex gangliosides by cells,
therefore, may reflect a common (endocrine) function
rather than common embryonic derivation.

The function of surface complex gangliosides on
neuroendocrine cells is at present unknown. The un-
limited quantities of monoclonal antibody A2B5 avail-
able should facilitate studies of the function of these
molecules, and most importantly, allow the isolation
of thymic epithelial cells reacting with antibody A2B5.
A cell surface marker for the endocrine cells of the
thymus will undoubtedly facilitate studies of the role
of these cells in the differentiation of T lymphocytes
and in studies of human immunodeficiency diseases.
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