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Antisera against epitopes resistant to denaturation on
T3 (CD3) antigen can detect reactive and neoplastic T
cells in paraffin embedded tissue biopsy specimens
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SUMMARY Polyclonal rat antisera, raised against affinity purified CD3 antigen, gave strong
immunoenzymatic labelling of T cells in routine paraffin embedded sections, with negligible
background staining. The specificity of these reactions was confirmed by staining biopsy specimens
from 21 previously phenotyped non-Hodgkin's lymphomas (including 14 ofT cell origin and six ofB
cell origin). It is suggested that the ability of the polyclonal anti-CD3 antisera to detect T cells in
paraffin sections is due to the presence in these sera ofantibodies against fixation resistant epitopes on
CD3 antigen, and that immunisation with purified denatured preparations of other white cell
associated antigens may broaden the range of antibodies suitable for the phenotypic analysis of
leucocytes in routine histological samples.

The production of monoclonal antibodies has led to
the identification of several antigenic molecules asso-
ciated with different white cell lineages (such as T cells,
and B cells).' These cellular markers (many of which
are now well characterised at both the biochemical and
DNA level) have proved of great value in clinical
research; they allow white cell populations and their
functions to be studied with a high degree of precision.
Furthermore, many laboratories now routinely use
monoclonal antibodies against human white cell
antigens for the diagnosis and the characterisation of
leukaemias and lymphomas.

Despite the clinical usefulness of white cell antigens
a major obstacle to their wider exploitation remains in
that most do not survive tissue processing-that is,
formalirn fixation and paraffin embedding-in a form
which is detectable by most monoclonal antibodies
currently available. Therefore it is usually only possi-
ble to detect white cell antigens when living cells, fresh
cell smears, or sections of frozen tissue are available.

In this paper we describe the use of polyclonal
antisera raised against purified denatured T3 (CD3)
antigen to detect reactive and neoplastic T cells in
routinely processed lymphoid tissue samples. The
ability to detect this well characterised T cell-
associated molecule in such material opens up the
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possibility of performing extensive retrospective
studies (even when biopsy material has been stored for
many years) on topics such as the prevalence of T cell
neoplasms in different populations and the number of
T cells present in reactive lymphoid infiltrates.

Material and methods

Routinely processed paraffin embedded biopsy sec-
tions were obtained from the histopathology depart-
ments of the John Radcliffe Hospital and the Upstate
Medical Centre. Sections were prepared for routine
histological diagnosis and then dewaxed and stained
by an immunohistological procedure. All the samples
of non-Hodgkin's lymphoma (with the exception of
one thymoma) were selected on the basis that they had
previously been immunophenotyped in cryostat sec-
tions or in cell suspension using well characterised
monoclonal antibodies and techniques.23

IMMUNOHISTOLOGICAL LABELLING
Before labelling, paraffin sections were dewaxed,
hydrated, and incubated with trypsin for 20 minutes
as previously described.4 No staining was obtained
on non-trypsinised sections. Sections were stained by
the APAAP immunoalkaline phosphatase labelling
procedure,5 by applying the following sequence
of reagents (with intervening brief washes in Tris
buffered saline): polyclonal rat anti-T3 anti-
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serum, diluted 1/100; monoclonal mouse anti-rat
immunoglobulin, undiluted; rabbit anti-mouse
immunoglobulin, diluted 1/20; and APAAP immune
complexes, undiluted.
The last two steps were then repeated briefly (10

minutes each) and the alkaline phosphatase labelling
shown by a fast red:naphthol AS-MX substrate or a

hexazotised new fuchsin procedure.

ANTI-CD3 ANTISERA
The T3 (CD3) antigen was purified as described
elsewhere.6 Briefly, microsomes prepared from human
tonsils were solubilised in 1% Nonidet-P40, pre-

cleared with mouse IgG:Sepharose, and then adsorbed
with anti-CD3 (antibody UCHT1) bound to
sepharose CL-4B. Following repeated washings,
adsorbed protein was eluted with 50 mM diethyl-
amine, 05% sodium deoxycholate, pH 11-5, and
lyophilised. After removal of detergent the individual
CD3 polypeptides, including one of 18 kD molecular
weight, were separated by sodium dodecyl sulphate
polyacrylamide gel electrophoresis (SDS-PAGE) and
used to immunise Sprague-Dawley rats.67 The
specificity of the antisera was analysed by Western
blotting against tonsillar microsomes or affinity
purified CD3 antigen after SDS-PAGE. Most of the
results reported in this paper were obtained using a rat
antiserum raised against the 18 kD band which proba-
bly represented a degraded form of the £ chain
(19 kD). This antiserum reacts strongly both with the
18 kD polypeptide and with the intact £ chain.6 Two
other rat antisera were also used, one (raised against
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the denatured whole £ chain), which reacts strongly
with the e polypeptide and weakly with the chain,
and a second reagent (raised against the denatured 6

chain) which reacts strongly with both the and e

chains.

Results

NON-NEOPLASTIC TISSUE

When paraffin embedded sections from a variety of
biopsy specimens containing reactive T cells (lymph
node, skin, ileum) were stained with the anti-CD3
antiserum all gave strong staining of cells of lymphoid
morphology. T cell areas of lymphoid tissue showed
extensive staining contrasting with B cell follicles (fig
1) in which the only positive cells were scattered small
lymphoid cells, presumably reactive T cells. The
staining patterns on normal tissue were essentially
identical with those seen in cryostat sections of the
same type of biopsy sample. In paraffin sections of
normal thymus anti-CD3 antisera gave strong staining
of lymphoid cells in both the medulla and cortex

(fig 2).
A range of normal human tissues was analysed with

the anti-CD3 antiserum for evidence of staining of
non-lymphoid cells. Such reactions were absent or

very weak, with the exception of squamous epithelium
which tended (principally in epidermis and Hassall's
corpuscles) to show weak diffuse cytoplasmic staining.
Non-lymphoid cells did not show the peripheral ring-
like pattern of membrane staining seen on normal T
cells.

Table Immunohistological reactivity ofpolyclonal anti-CD3 antiserum on 21 paraffin embedded non-Hodgkin's lymphomas

Histological type Phenotype (fresh tissue) Reactivity with polyclonal anti-CD3

Tcell neoplasms: CD3 CD41CD8
I Thymoma NT NT Positive
2 Lymphocytic Positive CD4 Positive
3 Mycosis fungoides Positive CD8 Positive
4 Lennert's lymphoma Positive NT Positive
5 Lymphoblastic Positive CD8 Positive
6 Lymphoblastic Positive CD8 Positive
7 Lymphoblastic Positive Negative Positive
8 Lymphoblastic ND Negative Positive
9 Lymphoblastic Negative Negative Positive
10 Lymphoblastic Positive CD4 + CD8 Positive
II Large cell lymphoma Positive Negative Positive
12 Large cell lymphoma Positive Negative Positive
13 Large cell lymphoma Positive Negative Positive
14 "Malignant histiocytosis" of the intestine (MHI) Negative Negative Negative

B c-ell neoplasms: CD3 CD19/22
15 Centroblastic Negative Positive Negative
16 Centroblastic Negative Positive Negative
17 Centroblastic, centrocytic Negative Positive Negative
18 Large cell Negative Positive Negative
19 Immunoblastic Negative Negative Negative
20 Myeloma Negative Negative Negative

Unclassified:
21 Pleomorphic large cell (Ki- lymphoma) Negative Negative Negative

Positive and negative refers to the labelling reactions of the neoplastic cells: in all cases scored as negative strongly reactive normal lymphocytes
were present.
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Detection ofreactive and neoplastic T cells in paraffin embedded biopsy specimens
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Fig I Tonsil: (a) strong staining ofT cell areas and ofscattered T cells in B ceilfollicles. (b) High power view ofsame tissue
showing clear contrast between strongly labelled T cells and adjacent unstained B cells in germinal centre.

X ,,,'-t'.S ¢-t- ; LYMPHOID NEOPLASMS

, A total of 21 routine paraffin embedded biopsy
specimens from previously phenotyped lymphomas

.@Gz\, > *s* * t¢ .t=-:ds were analysed. The results are summarised in the table
i 4,$t .^ L * (figs 3-6).

Phenotyping of fresh tissue was performed on
-'P,'.;2it.9A " cryostat sections with the exception of cases 7 to 1 1,

which were all phenotyped in cell suspension by
- -~Ra h 9 4 S surface fluorescence. Classification as T or B cell
tXF<. v 2,! @4 jr _ _ neoplasms was based on reactivity with a panel of

monoclonal antibodies against well established CD
antigens, but only data for CD3, CD4, CD8, CDl9

Xv̂ r k; 9\U sJF h i and CD22 are included in the table.
>a X *i**-jCase 14 was classified as a T cell neoplasm on the

basis of phenotype and T cell receptor gene rearran-
Fig 2 Thymus: strongly labelled thymocytes in cortex (to gement. Case 19 was classified as B cell immunoblastic
the right and above) and, more sparsely distributed, in lymphoma on the grounds of morphology and
Pnedulla. Note unstained Hassall's corpuscle. negativity for CD3, 4, and 8. It was negative for the

CD22 B cell marker and was not tested for the pan-B
marker CDl 9.
The anti-CD3 antiserum labelled neoplastic cells in

A1t e tt ;Tall cases of previously assigned CD3 positive lym-
.9. ^ #-*0t - ,^,,phoma. In contrast, B cell and null cell neoplasms gave
$ t\ xie os5-ê 4 *negative reactions. In some cases of T lymphoblastic

lymphoma the neoplastic cells seemed to contain CD3
;*,A tS ;ef 6_Zl=p _ r * antigen in the perinuclear space (fig 5). In one case of

- s# ilF^^ l:llvlarge cell lymphoma of T cell type CD3 positive
intracellular inclusions seemed to be present in a few of

( _ the neoplastic cells.

Discussion

>+; 1; tThe results indicate that polyclonal antisera against
*s;; mf E v QX gj j#the purified, denatured, individual polypeptides of the

--' - - CD3 antigen can be used, by immunoenzymatic
Fig 3 Thymoma: note contrast between strongly stained staining, to show T cells in routinely processed paraffin
neoplastic T cells and unlabelled epithelial elements in embedded human tissue samples. Of particular note is
tumour. the high intensity of labelling obtained, associated
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Fig 4 T cell lymphoma (large cell): (a) extensive staining ofneoplastic cells. Note unlabelled vessels; (b) high power view of
one of these vessels.

Fig 5 T cell lymphoma (lymphoblastic): labellingfor CD3
antigen outlines the nuclear periphery in the neoplastic cells.
Indented nuclear profile ofseveral cells is clearly seen.
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Fig 6 B cell lymphoma (centroblastic): scattered reactive
T cells are seen among unstained neoplastic cells.

with minimal non-specific background staining. The
ability to identify normal and neoplastic T cells
specifically in paraffin sections is of considerable
practical importance for two reasons. Firstly, the
morphological preservation of cellular detail in this
type of material is clearly superior to that seen
in cryostat sections. Consequently it may now be
possible to undertake immunohistological studies
which have previously been hampered by the poor
preservation of morphological detail in cryostat sec-
tions (such as on the T cell nature of Reed Stemnberg
cells). Secondly, the possibility arises of extensive
retrospective studies of reactive and neoplastic T cell
populations in stored tissue blocks.

There have been several reports of monoclonal
antibodies capable of detecting T cells in routinely
processed paraffin embedded tissue.8'3 The best
characterised of these reagents (in terms of the target
antigen) is antibody UCHL1, which recognises the T
cell-associated variant of the leucocyte common
antigen.894 Although the antibody reacts with most T
cells, it also recognises a minor population of B cells
(and also some histiocytes). In keeping with this
pattern of reactivity, it has been shown to detect not
only most T cell lymphomas, but also some B cell
neoplasms.912 Another reagent which may be similar
to UCHLI is monoclonal antibody MTI, which was
reported by the laboratory from which it originated to
recognise a 190 kD antigen." 3 Although this
molecular weight is appropriate for the T cell-
associated variant of the leucocyte common antigen,
antibody MTI (unlike UCHLI) has not been investi-
gated in any ofthe workshops on leucocyte differentia-
tion antigens and its specificity for this molecule
remains unproved, but it resembles antibody UCHLI
in that it reacts with proportion of B cell neoplasms."

In contrast to these reagents, the polyclonal antisera
reported in the present paper react with an antigen
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(CD3) which in the course of extensive analyses has
never been found on B cells. The antigen was first
detected more than seven years ago and was given the
designation CD3 at the first international workshop
on human leucocyte differentiation antigens in 1983,'5
although it is also widely referred to as "T3 antigen",
after the name of the first reported monoclonal anti-
CD3 antibody.'6
The CD3 antigen seems to be unique to the T cell

lineage. The only possible exception is its reported
weak expression in Purkinje cells in the brain'7; but
within haemopoietic and lymphoid tissue there is no
evidence for the molecule's existence on any cells other
that those ofT lymphoid origin. It appears early in T
cell maturation, initially within the perinuclear space
(at the precortical thymocyte stage)'8 and then sub-
sequently, in post-cortical T cells in the cell surface
membrane. It has been suggested that the appearance
of small amounts of intracellular CD3 indicates the
earliest sign ofcommittment to the T cell lineage. 9 The
T cell lymphomas in this study, in which CD3 antigen
appeared to be localised around the cell nucleus, may
therefore have arisen from early stages of T cell
maturation (while the case showing probable CD3
inclusion bodies may reflect a block in the insertion of
the antigen in the surface membrane).

Biochemical studies have shown that the CD3
antigen consists of at least three polypeptide chains.
These are designated y, 6, and E, having molecular
weights of 26, 21, and 19 kD respectively.?"2' Genes
coding for each of these chains have now been
identified,7 22 23 and it is evident that whereas the y and 6
chains show considerable homology to each other in
their amino acid sequences, the E chain shows a much
more remote association.7 Additional chains in the
human CD3 complex may also be recognised as the T3
antigen in mice apparently comprises at least five
different polypeptide chains-that is, three chains
equivalent to the human y, 6, and £ chains, plus
additional 21 and 16 kD chains.24 There has been a
recent report claiming to identify the human
equivalent of the 16 kD chain.25 The CD3 polypeptide
chains are closely associated in the T cell membrane
not only with each other, but also with the T cell
antigen receptor.26 It is likely that CD3 plays a crucial
part in the response of T cells to antigenic stimuli by
delivering a biochemical signal to the cell interior
following binding of antigen to the receptor.25 In this
context it may be of relevance that stimulation of T
cells by specific antigen, polyclonal mitogens, or
phorbol ester causes rapid selective phosphorylation,
especially of the y chain of the CD3 complex.2728
Previous studies of fresh cell and tissue samples have

indicated that the CD3 antigen is present on many T
cell neoplasms.'7213' In keeping with the fact that it is
initially an internal cell constituent its demonstration

in leukaemias and lymphomas of thymic phenotype
requires a technique which shows intracellular
antigen, such as staining of cytospin preparations or
tissue sections.32 In the present study this phenomenon
is probably epitomised by the lymphoblastic lym-
phoma (case 9) which was CD3 negative when tested in
cell suspension, but strongly positive when stained in
paraffin sections.
The specificity of the CD3 antigen for the T cell

lineage and its appearance very early in T cell matura-
tion make it an obvious candidate as an optimal pan-T
marker for detecting T cell neoplasms. No
laboratories, however, have previously convincingly
shown that the antigen can be detected reliably in
formalin fixed paraffin embedded tissue. It must
therefore be concluded that most, if not all, existing
monoclonal anti-CD3 antibodies recognise epitopes
which are destroyed by tissue processing. In keeping
with this we have found, when screening 20 antibodies
of this specificity from the third international work-
shop on human leucocyte differentiation antigens,
that none of these reagents was capable of staining
routinely processed paraffin embedded lymphoid
tissue.
The strong labelling forCD3 obtained in the present

study suggests that the polyclonal CD3 antisera
contained antibodies directed against epitopes of the
CD3 complex resistant to denaturation. It may be
relevant that the antisera were raised against isolated
CD3 chains which had been purified from lymphocyte
membranes by immunoaffinity chromatography and
subsequent elution after SDS-PAGE of the purified
antigen. The antisera thus differ from existing mono-
clonal CD3 antibodies, most, if not all, of which were
raised against living or lightly fixed T cells. Exposure
of the CD3 antigen to denaturing agents (high pH,
SDS) during its isolation may expose or induce
epitopes which are not found in the native molecule,
but which are present in formalin fixed tissue sections.
In this case a proportion of the anti-CD3 antibodies in
the polyclonal antisera would be expected to recognise
these epitopes. This hypothesis is supported by the fact
that the anti-CD3 antisera gave strong reactions by
Western blotting as well as on paraffin sections but
showed negligible reactivity when tested against living
T cells (in which all epitopes would be in the native
conformation) (Krissansen G, unpublished observa-
tion). This discrepancy might also be accounted for, at
least in part, by the presence in the polyclonal antisera
of a predominance of antibodies specific for intracyto-
plasmic portions of the CD3 polypeptides (which
would not be accessible on the surface of whole cells).

While the antiserum raised against the denatured 6
chain recognised this chain, it also possessed a strong
reactivity with the £ chain. Furthermore, as the anti- 18
kD serum is specific for the 18 kD and E chains, the
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epitope(s) resistant to denaturation are probably an
inherent feature of the a chain. Interestingly, the
cytoplasmic domain of the E chain would be
anticipated to possess an unfolded structure as it is rich
in glycine and proline residues and likely to be
relatively resistant to denaturation.

Finally, the present study is of potentially much
wider relevance than in the context of CD3 antigen
alone, as it raises the possibility ofdetecting denatura-
tion resistant epitopes on other well characterised
molecules specific for different white cell lineages-for
example, CD4, CD5, CD8, CDl9, CD22, etc-and
thereby greatly widening the scope of immunocyto-
chemistry in the study of routine histological material.
This is particularly relevant in the typing of T cell
neoplasms as CD3, although a reliable member of
early T cells, is absent on up to 20% of post-thymic T
cell lymphomas.303'33 An effective strategy for the
production of such reagents is likely to be immunisa-
tion of animals with purified antigen that has been
deliberately denatured during isolation so as to
increase the likelihood of producing antibodies
against determinants which resist tissue processing. It
will also be ofvalue to produce monoclonal antibodies
which duplicate the specificity of the polyclonal anti-
CD3 antisera described in this paper. This would
ensure the reproducibility of reagents for detecting
CD3 in routine biopsy specimens, facilitate their large
scale production, and avoid the weak non-specific
staining reactions-for example, of squamous epith-
elium-associated with the present polyclonal anti-
sera.
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