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SUMMARY The reactivity of a monoclonal antibody against human T lymphotropic retrovirus (anti-
body 12/1-2, recognising the HTLV- -p19 internal core viral protein) with benign and malignant
cutaneous biopsy specimens was examined and compared with results obtained on normal skin, on
various other human cells and tissues, and on immunoblotted extracts of tonsil squamous epi-
thelium. In keeping with previous studies, 12/1-2 labelled a proportion of the thymic epithelial
stroma and the entire layer of basal cells in stratified non-keratinised and keratinised epithelium.
Furthermore, antibody 12/1-2 reacted with basal cell carcinomas and showed an essentially identi-
cal staining pattern in normal skin, cutaneous T cell lymphomas, and a range of benign dermatoses.
The dot blot preparations showed that 12/1-2 recognised an antigen associated with keratin inter-
mediate filaments. These data indicate that antibody 12/1-2 forms a useful marker for subsets of
epithelial cells, which presumably participate in T cell education, and that a range of cutaneous
disorders ofwidely different aetiology show no abnormalities in epithelial expression of this antigen.

In recent years the molecular characteristics of the
exogeneous human T cell leukaemia and lymphoma
retrovirus (HTLV-1)l have been extensively
investigated, and the amino acid and DNA sequences
of the major HTLV-1 internal core viral proteins
(p24, p19) are now known.2-4 Furthermore, mono-
clonal antibodies have been produced against both
proteins. 5 8
Whereas all of the former (anti-p24) reagents seem

to be strictly HTLV-l specific,7 several of the anti-p19
antibodies have shown reactivity with normal human
cgll types,8'-0 including lymphocytes, brain, and a

range of epithelial cells (antibody HTLV-2); kidney
(antibody HTLV-4); and the neuroendocrine com-

ponent of the thymic epithelial stroma and tonsil
squamous epithelium (antibody 12/1-2). Further-
more, more recently the 12/1-2 antigen has also been
detected in normal epidermis. 1' This finding has been
of particular interest because the properties of T cell
education have been ascribed not only to the thymic
stroma,'2 but also to tonsil epithelium"3 and epider-
mal cells.'4
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In this study 12/1-2 expression, in a range of be-
nign and malignant cutaneous biopsy specimens, was
investigated and compared with that of normal skin,
various other human organs, and dot blot prepara-
tions of tonsil squamous epithelium extracts.

Material and methods

CELLS AND TISSUE
Skin punch biopsy specimens from benign or malig-

Table 1 Details ofcutaneous biopsy specimens studied

Disorders studied Diagnosis No of
samples

Normal and benign biopsies Normal 7
Patch test biopsies 3
Eczema 2
Psoriasis 3
Lichen planus 2
Atopic dermatitis 1

Malignant lymphomas Mycosis fungoides 10*
Sezary syndrome 4

Solid tumours Basal celi carcinoma 3
Squa*aous cell carcifnoma 3
Malignant melanoma 4

*Comprised four patients with antibodies against HTLV-I, as
determined by the use of an indirect ELISA assay."i
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Table 2 Source and specificity ofmonoclonal antibodies

Antibody Specificity Source (and
reference)

12/1-2 HTLV-1 p19; epithelial Gallo RC' 1011
cells

Le6l 40-45 kd keratins Lane EBl8
KLI 55-57 kd keratins Viac J19
PK63 50-67 kd keratins Pulford KAF
PKI 10 50-67 kd keratins Pulford KAF
PKI41 46-59 kd keratins Pulford KAF
anti-HLA-DR HLA-DR Becton Dickinson
KB90 Macrophages (the Mason DY

p150,95 molecule)

nant cutaneous disorders (Table 1) were obtained
from patients attending the dermatology department
at the Finsen Institute. Normal skin and blood mono-
nuclear cells were obtained from healthy adult volun-
teers. Samples from various other types of normal
human cells and tissues, including bone marrow, thy-
mus, spleen, lymph node, tonsil, lung, salivary gland,
oesophagus, stomach, large intestine, liver, kidney,
bladder, prostate, endometrium, thyroid, adrenal,
pancreas, testis, and ovary were drawn from the
frozen tissue banks of the departments of pathology
at the John Radcliffe Hospital or the Finsen Institute.
All the samples from the normal organs had been
obtained either from fresh surgical excision specimens
or at necropsy no later than six hours after death. In
the cutaneous lymphomas the presence of serum anti-
bodies against HTLV-1 was assessed by the use of
an indirect enzyme linked immunosorbent assay
described previously."5

PREPARATION OF CRYOSTAT SECTIONS
The tissue samples were embedded in OCT com-
pound (Tissue-tek II, Miles Laboratories), frozen,
and stored in liquid nitrogen. Cryostat sections (6 pm)
were fixed in acetone, air dried overnight at room
temperature, and either stained immediately or
wrapped in aluminium foil and stored at -20°C until
staining.16 After storing at -20°C the preparations
were allowed to warm to room temperature before
unwrapping. Cytospin preparations of Lymphoprep
isolated blood and bone marrow cells were prepared
as described previously.17

ANTIBODIES
Table 2 shows monoclonal antibodies used in this
study. Immune complexes of alkaline phosphatase
and mouse monoclonal antialkaline phosphatase
(APAAP complexes) were prepared as described pre-
viously.17 Unconjugated rabbit antimouse immu-
noglobulin, peroxidase conjugated rabbit antimouse
immunoglobulin, and peroxidase conjugated swine
antirabbit immunoglobulin were purchased from
Dakopatts, Copenhagen, Denmark.

Raiflciaer, Pulford, Gatter, Wantzin, Mason

IMMUNOENZYMATIC STAINING OF CRYOSTAT
SECTIONS AND CYTOSPINS
Staining was performed by an immunoperoxidase
method in three stages16 or by an alkaline phos-
phatase:antialkaline phosphatase (APAAP) tech-
nique.17 Endogeneous tissue alkaline phosphatase
activity was inhibited by adding 1 mM levamisole
(Sigma) to the substrate solution.20

TISSUE EXTRACTION
Squamous epithelium was dissected out from fresh
tonsil, taking care to include as little lymphoid tissue
as possible. This tissue was minced, homogenised in
25mM Tris hydrochloric acid (pH7-4) at 4°C, and
centrifuged for 10 minutes at 10000g, yielding a
supernatant containing water soluble proteins.21 The
pellet was resuspended and homogenised in 20 vol-
umes of 25mM Tris hydrochloric acid (pH 7.4) con-
taining %O/o Nonidet P40 (BDH), agitated at room
temperature for 10 minutes, and centrifuged.18 This
supernatant comprised the Nonidet P40 soluble frac-
tion. The keratin proteins were extracted from the
remaining pellet by boiling for five minutes with 10
volumes of the Tris buffer containing 10mM dith-
iothreitol (Sigma) and 1% SDS.21 All solutions used
contained the proteolytic inhibitors 2-5 mM
iodoacetamide and 2mM phenylmethyl-sulphonyl
fluoride (Sigma).
DOT BLOT PREPARATIONS
Samples of the water soluble proteins, the Nonidet
P40 fraction, and the keratin extract obtained after
boiling were placed on to nitrocellulose paper
(Schleicher-Schull, 0-45 pm pore size) in 8pm ali-
quots. The paper was allowed to dry for 10 minutes at
room temperature. The free protein binding sites of
the paper were then blocked by incubation with 3%
bovine serum albumin and phosphate buffered saline
for 30 minutes at 37°C. The paper was subsequently
incubated with antibody 12/1-2 or with control anti-
body KB90 (of irrelevant specificity, Table 2) for 10
minutes, washed, and stained with the APAAP
method,17 using a modification of the method de-
scribed by Leary etal.22 Briefly, 5mg nitroblue tet-
razolium salt (Sigma) dissolved in 13 ml 1 M
diethanolamine (pH 9 8) at 37°C was added to 2mg
5-bromo-4-chloro-3-indoyl-phosphate (Sigma) dis-
solved in 50.ul dimethylformamide. This solution was
then poured on to the dot blot preparations. The re-
action was allowed to proceed in the dark for five to
15 minutes and terminated by washing in tap water.

Results

IN SITU REACTIVITY OF ANTIBODY 12/1-2
Skin biopsy specimens
In normal skin antibody 12/1-2 labelled the cyto-
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Reactivity of monoclonal anti-HTLV-I pl9 with epithelial cells
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Fig. I 1211-2-positive basal cells in epidermis (a) and tonsil
squamous epitheliwn (b). x 400

plasm of basal keratinocytes, whereas the superficial
epidermal layers were negative (Fig. 1). Essentially
identical staining patterns were seen in a range of
benign dermatoses (Table 1) and also in cutaneous T
cell lymphomas. In particular, no differences were

identified in normal compared with hyperplastic (pso-
riatic) epidermis.
Whereas 12/1-2 usually labelled the entire layer of

basal cells, a focal basal cell staining pattern was

observed in biopsy specimens from lichen planus, a

condition associated with areas of destruction of the
basal keratinocytes. A similar pattern was also found
in some cutaneous T cell lymphoma cases in which
the malignant cells showed a very pronounced ten-
dency to infiltrate or destroy epidermal cells.

In accordance with the staining pattern found in
normal epidermis, antibody 12/1-2 labelled basal cell
carcinomas and was negative both with squamous cell
carcinomas and malignant melanomas. None of the
antikeratin antibodies showed a similar reactivity pat-
tern, either in normal skin or in cutaneous epithelial
tumours (Table 3).

In all skin biopsy specimens labelling with antibody
12/1-2 was confined to keratinocytes. In particular,
the lymphocytes in both HTLV-1 positive and
HTLV-1 negative cutaneous T cell lymphoma cases
were 12/1-2-negative.

Thymus
As expected, antibody 12/1-2 reacted with dendritic
cells in the thymic subcapsular and medullary regions
and also stained scattered cells in the cortical area

(Table 3 and Fig. 2). Serial sections stained with anti-
bodies against HLA-DR, and keratins contained
numerous cells of similar shape and tissue distribu-
tion, indicating that 12/1-2 reacted with the HLA-
DR positive cells which constitute the thymic
epithelial stroma. It was also evident, however (by
comparing the reactions of 12/1-2 with those of anti-
HLA-DR and antikeratin antibodies) that 12/1-2 was

Table 3 Proportion and distribution of12/1-2-positive epithelial cells in skin and thymus compared with anti-keratin and
HLA-DR antibodies

Antibody Normal thymic epithelium Normal epidermis Cutaneous carcinomas

Subcapsular Cortical Medullary Hassel's Basal Cells above the Basal Squam
cells cells cells corpuscles cells basal layer cell cell

12/1-2 + +/- + - + - + -
Le61 - +/- + - - - - -

KLI +/- + + + - + + +
PK63 - + +- +
PK1I - - - + - + - +
PKI41 - +/- +/- + - + - +
anti-HLA-DR + + + + - - - -

+ = labelling of most of the cells.
+ /- = labelling of a proportion of the cells.
- = negative.
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Fig. 2 12/1-2-positive epithelial cells in subcapsular and medullary regions ofthymus. Note also
scattered 12/1-2-positive cortical cells and negative Hassal's corpuscles (arrow). x 150.

expressed on only a proportion of the cortical stromal
cells (Table 3). Furthermore, in contrast to the anti-
keratin antibodies KL1, PK63, PKlO and PK141,
12/1-2 did not react with Hassall's corpuscles (Fig. 2).

Other human tissues
Immunostaining of various other types of human tis-
sues showed that antibody 12/1-2 also labelled the
cytoplasm of basal cells in stratified non-keratinised
epithelium in tonsil (Fig. 1), oesophagus, and large
salivary ducts, whereas all simple and glandular epi-
thelia as well as all non-epithelial cells were negative.

Nitrocellulose dot blot preparations
Preparations of the water soluble proteins and the
Nonidet P40 extract of the tonsil squamous epi-
thelium gave negative or very weak reactions with
12/1-2, whereas the keratin proteins extracted from
the detergent insoluble pellet by boiling gave reac-
tions of moderate or strong intensity (Fig. 3). Control
antibody KB90 (against the p150,95 molecule on
macrophages) did not show any staining of the kera-
tin proteins in the dot blot preparations.

Discussion

Fig. 3 Dot blot preparation ofwater soluble proteins (a),
Nonidet P40 soluble proteins (b), and boiled keratin extracts
(c) from tonsil squamous epithelium. 12/1-2 reactivity is
confined to keratin proteins present in (c).

The results reported above extend other recent
investigations8- 1 and indicate that monoclonal anti-
body 12/1-2 (against HTLV-1 p19 and its precursor
protein)5 8 also reacts with normal human epithelial
cells present in the thymic stroma and in the basal
layers of stratified non-keratinised and keratinised
epithelium. Furthermore, antibody 12/1-2 labels
basal cell carcinomas and shows an essentially identi-
cal staining pattern in normal skin, benign der-
matoses, and cutaneous T cell lymphomas.

Several explanations for the reactivity of antibody
12/1-2 with both HTLV-1 and normal human cells
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have been considered in the past, including the possi-
bility of a host origin of HTLV-1 p19.'O There is now
definite evidence from amino acid and DNA sequence
analysis, however, that HTLV-1 p19 is a gag region
encoded viral protein.24 Furthermore, it has been
shown that the normal 12/1-2positive thymic cells do
not show gene sequence homology with HTLV-1.L
While these studies have not precluded that expres-
sion of identical epitopes in HTLV-1 and normal epi-
thelial cells may reflect homology between exogenous
and endogenous retroviral DNA sequences,23 they
have provided conclusive evidence that antibody
12/1-2 reacts with both viral and host proteins.
Even though there are, as yet, no data available

concerning the molecular characteristics of the
12/1-2positive epithelial antigen, the DNA sequence
studies mentioned above have strongly suggested that
the 12/1-2positive viral and host proteins are unlikely
to be similar. This is supported by the finding in this
investigation that the 12/1-2positive epithelial anti-
gen is present in conventionally prepared keratin ex-
tracts.18 It is not yet clear whether the determinant
forms part of the filament core or may be present on
an associated molecule, although there is indirect evi-
dence from this and previous studies in favour of the
second possibility. First, in thymic epithelial cells the
epitope is exposed on cell surfaces.'0 Second, unlike
keratin,24 the antigen detected by antibody 12/1-2
shows an essentially identical distribution in normal
and hyperplastic (psoriatic) epidermis; and third, the
staining pattern of 12/1-2 with normal and neoplastic
epithelial cells differs considerably from that of a
range of antibodies against different keratin classes.
The hypothesis that antibody 12/1-2 may detect a

keratin associated component obviously does not pre-

clude the possibility that "antigen masking" of kera-
tins in tissue sections25 may have contributed to the
staining results obtained in this and previous stud-
ies.'°"- Nevertheless, in the intact organisms the
12/1-2 epitope is exposed in only certain types of epi-
thelial cells (see above), and it has been proposed that
the epitope may define related epithelial cells with
common properties in T cell differentiation." In
keeping with this assumption is the finding that
12/1-2positive epithelial cells contain thy-
mopoietin,26 express neuronal ganglioside,27 and
share a number of other phenotypic properties." 28
Furthermore, several other independent observations
have provided increasing evidence that epidermis may
have a similar functional role in T cell differentiation
to that of the thymic stroma. 14 29 30
The fact that HTLV-1 infected T lymphocytes

share a cell surface membrane associated epitope3l
with normal epithelial cells, which presumably par-

ticipate in T cell education, also raises the intriguing
possibility that immune reactions against the normal

cells may occur during HTLV-1 infection,7 and that
these could result in impaired T cell maturation. Even
though it has been well documented, however, that
antibodies against the 12/1-2 epitope are often pro-
duced during HTLV-l infection,32 their role in natu-
ral immune responses is as yet not fully understood.3'
This aspect will require clarification in future in-
vestigations. This also applies to antibodies against
other antigenic sites coexpressed by HTLV-1 p19 and
normal human cells, such as those defined by anti-
bodies HTLV-2 and HTLV-4.8
Our present study indicates that antibody 12/1-2

detects a keratin associated component and that it
forms a useful marker for subpopulations of epi-
thelial cells, which may share functional properties in
T cell maturation. Neither benign dermatosis nor cu-
taneous T cell lymphomas show immunohistological
abnormalities in epithelial expression of the antigen
detected by antibody 12/1-2.
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