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New marker of B lymphocytes, MB2: comparison with
other lymphocyte subset markers active in
conventionally processed tissue sections
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SUMMARY The use of the murine monoclonal antibody MB2 for identifying B lymphocytes in
routinely processed tissue was evaluated and contrasted with the use of the monoclonal antibody
UCHLI for identifying T cells. One hundred and sixty eight surgical biopsy specimens were im-
munostained with these antibodies, including a wide range of normal and neoplastic non-lymphoid
tissues, as well as normal lymphoreticular tissues and lymphomas. Sixty four non-Hodgkin's lym-
phomas were also examined, of which 51 had been previously phenotypically defined. In selected
cases the results were compared with those obtained using two other monoclonal antibodies MB1

and MT1, used for identifying B and T cells, respectively, in paraffin sections. MB1 stained a smaller
proportion of B cell tumours than MB2 and staining was, in general, weaker, except in one case of
centroblastic lymphoma. MT1 immunoreactivity was comparable with that of UCHL1, except in
one case of T lymphoblastic lymphoma (MT1 positive, UCHL1 negative). None of the antibodies
is ideal, but, if used as a panel, they permit the separation of B cells and T cells in paraffin sections.

The use of monoclonal antibodies has greatly
enhanced the understanding of lymphoreticular dis-
orders, but until recently cryostat sections have been
required as most lymphoid antigens have not survived
conventional fixation and processing.' `- This
imposes a serious limitation on the study of lymphoid
disease as most routine histological tissue arrives at
the laboratory in fixative. Moreover, the handling of
fresh material may put laboratory staff at risk of
infection; the tissue requires careful freezing and
storage and the morphology of cryostat sections is
inferior to that of paraffin sections. The use of
the immunogold-silver method,4 petiodate-lysine-
paraformaldehyde fixation with low temperature
embedding,5'6 and freeze drying techniques7 have
been advocated to circumvent the requirement for
cryostat sections, but these methods are unlikely to be
suitable for most routine laboratories.

Several antibodies have been described recently
that identify lymphoid cells,8 their major subsets,9 - 3

and related antigens'0 "' in conventionally fixed and
processed tissue sections. We investigated a further
new murine monoclonal antibody (MB2) that recog-
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nises a cytoplasmic antigen in reactive and neoplastic
B lymphocytes and contrasted its staining with that of
a T lymphocyte marker, UCHL1. In selected cases
we compared the characteristics ofMB2 and UCHL1
with those of the previously described reagents MBl
and MTI.'2 13

Material and methods

MB2 is a murine monoclonal antibody of IgGI sub-
class produced by Dr S Poppema (available from Bio-
Nuclear Services Ltd and EuroDiagnostic Ltd),
which recognises a neuraminidase resistant 28 kD
antigen, strongly expressed on B cells and weakly on
T cells (S Poppema, personal communication). MBI
and MTI (BioNuclear Services Ltd) are murine
monoclonal antibodies that react with 200, 110,
lOOkD, and 100 and 1O0kD antigens on B and T
cells, respectively. UCHL1 is an IgG2a murine mono-
clonal antibody (supplied by Dr PCL Beverley),
which recognises an antigen of 180-185 kD present
on a subpopulation of T cells.'5

Unbuffered, formal saline, paraffin embedded
blocks from normal (n = 19) and neoplastic (n = 77)
lymphoreticular tissues and other normal (n = 36)
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Fig 1 Strong MB2 immunostaining ofmantle zone and
weak staining ofgerminal centre cells (left).
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Fig 2a

Fig 2b

Fig 2a Strong MB2 immunostaining is present in serous
cells but is absentfrom mucous cells ofsalivary gland. Ducts
are weakly stained.

Fig 2b In renal cortex MB2 immunoreactivity is present in
distal but not proximal tubules, and granular staining is
present in glomeruli.

and neoplastic (n = 36) tissues were retrieved from
the files of St Bartholomew's Hospital and 4pm sec-

Fig 3 (a) Nasopharyngeal carcinoma (haematoxylin and
eosin) stained with (b) CAM 5-2, an antibody to low
molecular weight cytokeratin. (c) Weak MB2
immuunostaining is present in neoplastic epithelial cells.

tions cut. Tissue obtained from routine ton-
sillectomies was snap frozen in isopentane and stored
in liquid nitrogen until required when 6pm cryostat
sections were cut and air dried before staining.

All paraffin sections were stained using the indirect
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Lymphocyte subsets in paraffin section
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Fig 4b

Fig4 Immunoblastic lymphoma (a) haematoxylin and
eosin) showing strong MB2 cytoplasmic imnmunoreactivity,
(b) indicating B lineage. This was independently confirmed
by cryostat inmunophenotype studies.

immunoperoxidase method"6 with overnight incu-
bation of primary antisera at their optimal dilutions
(MB2, 1/25; UCHL1 1/10; MBI 1/100; and MT1 1/5).
Enzyme digestion was not required. Cryostat tonsil
sections were incubated for 30 minutes with neat
MB2.

All cases of non-Hodgkin's lymphoma were
classified according to the Kiel classification. Except
for T lymphocytic lymphoma, mycosis fungoides, and
T immunoblastic lymphoma, peripheral T cell lym-
phomas were not further divided. Sixty four cases of
non-Hodgkin's lymphoma were immunostained with
MB2 and UCHLI and the results of cryostat or cell
suspension phenotype were available in 51 (81%) of
these cases. Twenty seven selected cases were addi-
tionally stained with MBI and MTI.

Results

NORMAL AND REACTIVE LYMPHORETICULAR
TISSUES
In cryostat and paraffin sections MB2 stained
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Table 1 Non-lymphoid tissues exhibiting MB2
immunoreactivity

Epitheium:
Salivary glands (serous cells and ducts)
Stomach
Small intestine
Large intestine
Pancreas (small ducts and acini)
Bile ducts
Kidney (distal tubule and collecting ducts)
Bladder
Prostate
Endometrium
Cervix (suprabasal layers)
Skin (granular layer of epidermis and eccrine glands)

Endocrine:
Adrenal cortex
Anterior pituitary (selected population of cells)

Gonads:
Ovary (stroma)
Testis (spermatocytes)

Vascular:
Endothelium
Glomerular mesangium ("dot-like")

Other:
Smooth muscle
Skeletal muscle
Nerve

Table 2 Reactivity ofMB2 with non-lymphoid neoplasms

No ofcases
examined MB2

Adenoma of:
Rectum I +
Thyroid 2 +

Leiomyoma I +
Meningioma I +
Adenocarcinoma of:
Rectum 2 +
Stomach 2 +
Pancreas 2 +
Breast 2 +
Kidney 2 + focal
Prostate 2 +

Transitional cell carcinoma 2 +
Nasopharyngeal carcinoma 1 +
Squamous carcinoma of:

Skin I +
Cervix 2 +

Basal cell carcinoma I +
Melanoma 2 +
Oat cell carcinoma 2
Medullary carcinoma of thyroid 1
Secondary carcinoma of marrow 2 +
Pleomorphic adenoma 1 + focal
Phaeochromocytoma I
Thymoma 1 +
Neuroblastoma I
Ewing's sarcoma I

strongly the cytoplasm of mantle zone cells and most
germinal centre B cells, although less intensely (fig 1).
Marginal zone lymphocytes in spleen were similarly
positive. There was also staining ofsome lymphocytes
in the interfollicular areas of all normal lymphoid tis-
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Table 3 Results ofimmunostaining with MB2 and UCHLI in non-Hodgkin's lymphomas

MB2 positive UCHLI positive No ofcases with
Kiel subtype Lineage No ofcases cases cases phenotype

Lymphocytic B 5 5 0 4
T 1 0 1 1

Hairy cell leukaemia B 2 2 0 2
Lymphoplasmacytoid B 8 8 0 7
Centroblastic/centrocytic B 8 8 0 7
Centrocytic B 3 3 0 3
Centroblastic B 9 8 0* 7
Immunoblastic B 4 2 0t 3

T 3 0 2 2
Burkitt's lymphoma B 2 2 0 2
Lymphoblastic B 2 2 0 2

T 3 0 2 2
Mycosis fungoides T 2 0 2 1
Peripheral T cell T 10 31 9 7
Unclassified ? 1 0 0 0
Myeloma B 1 0 0 0

*Three of nine cases gave cytoplasmic staining; tone of four cases gave cytoplasmic staining; tweak focal staining in some tumour cells.

sue. In the thymus cells of the cortex were not stained
by MB2, but some cells in the medulla were MB2
positive. In addition, MB2 gave weak cytoplasmic
staining in Hassell's corpuscles. Plasma cells, tingible
body macrophages, follicular dendritic reticulum
cells, interdigitating reticulum cells and granulocytes
were all negative, as were sarcoid granulomata in one
reactive node. In contrast to MB2, the monoclonal
antibodies UCHLI, MBI, and MTI all produced
membrane rather than cytoplasmic staining of lym-

phocytes. UCHL1 and MTI reacted with lympho-
cytes in T cell areas of normal lymphoid tissues, and
MBI reacted with lymphocytes in B cell areas. Stain-
ing with MBl was, in general, weaker than with MB2,
and, like MB2, immunoreactivity was weakest with
germinal centre cells.

NORMAL AND NEOPLASTIC NON-LYMPHOID
TISSUE (TABLES I AND 2)
Cytoplasmic MB2 immunoreactivity was found
extensively in non-lymphoid tissues. In particular,
there was widespread staining of normal and neo-
plastic epithelia (figs 2 and 3). This was usually weak
but of differential intensity in different sites-for
example, pancreatic acini showed weak MB2 stain-
ing, while small ducts showed strong cytoplasmic
staining. The large ducts were negative, except for
weak luminal margin staining. Islets were not stained.
UCHL1 also showed weak staining ofcytoplasm of

numerous non-lymphoid tissues, including the epi-
thelium of gut, breast, pancreas, urinary tract, endo-
metrium, squamous epithelium, salivary ducts,
hepatocytes, smooth muscle and trophoblast. Weak
cytoplasmic immunostaining with UCHL1 was also
seen in a leiomyoma, four gastrointestinal carci-
nomas, and two pancreatic carcinomas. Reactivity of
MBI and MTl with non-lymphoid tissues was not
systematically investigated.

LYMPHORETICULAR NEOPLASMS
Non-Hodgkin's lymphoma (tables 3 and 4)
Cytoplasmic MB2 staining was present in forty of
forty four B cell lymphomas (fig 4) but absent in two
B immunoblastic lymphomas, one centroblastic
tumour, and a case of myeloma. The number of
tumour cells staining with MB2 and the intensity of
immunostaining was variable, both between and
within cases. Three cases of peripheral T cell lym-
phoma contained foci of neoplastic cells with weak
cytoplasmic MB2 staining.
Table 4 Results ofstaining in tumour cells in selected cases
examined with MB2, MBI, UCHLI and MT]

Kiel subtype MB2 MBI UCHLI MTI

Lymphocytic B* 2 0 0 0
T* 0 0 2 2

Hairy cell leukaemia B* 2 2 0 0
Lymphoplasmacytoid B* 3 0 0 0

B* 3 1 0 0
B* 2 2 0 0

Centroblastic/
centrocytic B* 2 2 0 0

B* 2 2 0 0
B* 2 2 0 0

Centrocytic B* 2 2 0 0
Centroblastic B* 3 2 0 0

B* 2 3 0 0
B* 0 0 0t 0
B* 1 0 0 0

Immunoblastic B* 3 0 0 0
B* 3 2 0 0
B' 0 0 0 0

Lymphoblastic B* 3 3 0 0
T* 0 0 0 2

Mycosis fungoides T 0 0 3 3
Peripheral T cell T* 0 0 3 3

T* 0 0 3 3
T* 0 0 3 2
T 0 0 0 0
T 1 1 2 2

Unclassified ? 0 0 0 0
Myeloma B* 0 0 0 0

*Phenotype known; tcytoplasmic staining present; 0 = no cells,
I = some cells, 2 = many cells, 3 = all cells staining.
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Lymphocyte subsets in paraffin section

Membrane staining with UCHL1 was not found in
the neoplastic cells in any case of B cell lymphoma.
Three of nine centroblastic and one of four B-
immunoblastic tumours, however, did exhibit cyto-
plasmic staining with this antibody. Scattered reactive
cells were UCHL1 positive in most cases. Three of
19 T cell lymphomas failed to show any UCHLI im-
munoreactivity (T lymphoblastic, T immunoblastic,
peripheral T cell lymphoma). The 16 other cases

showed strong membrane staining in most tumour
cells.

Table 4 shows the results of immunostaining with
MBI and MTI in 27 selected cases. Of the 18 B cell
tumours, MB2 was negative in two and MBI was also
not demonstrable in these cases. MBI was negative in
a further four cases and was weaker than MB2 in four
cases. MBI staining was stronger than MB2 in one

case, a centroblastic lymphoma. With the exception
of a case of T lymphoblastic lymphoma, where
UCHLI was negative and MTI positive, the staining
with UCHLI and MTI was comparable. A high
grade unclassified lymphoma without phenotypic
data was not stained with any marker, nor was a cen-

troblastic tumour, nor one case of myeloma.

Hodgkin's disease
All four antibodies failed to react with Sternberg-
Reed cells in all 13 cases of Hodgkin's disease exam-

ined. These included the following subtypes:
lymphocyte predominant (n = 3); nodular sclerosing
(n = 4); mixed cellularity (n = 3); lymphocyte
depleted (n = 3). In all cases the surrounding lym-

phocytes showed immunoreactivity with UCHLI and
MTI, or MBI and MB2, with varying proportions of
each.

Discussion

The ability to show specific lymphoid subset antigens
in conventionally fixed and processed sections would
be of great value to the histopathologist and would
lessen the need to obtain fresh tissue for phenotypic
studies. Although a wide range of reagents are avail-
able for the recognition of lymphoid and accessory
cell antigens in cryostat sections,2 at present few
monoclonal antibodies can be applied to paraffin sec-

tions.8'-' To be of maximal value any new mono-

clonal antibody should be tested in a wide variety of
tissues, and detailed biochemical and immunological
characterisation of the antigen is required. We exam-
ined the immunoreactivity of MB2 and UCHLI on a

wide range of normal and neoplastic tissues and com-

pared the staining given by MBI and MTI in selected
cases.
Our results indicate that MB2 recognises a cyto-

plasmic antigen expressed in mantle zone, and less
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strongly in germinal centre cells. It is also present in a
small proportion of cells in the interfollicular areas. It
is not certain whether these interfollicular cells are of
B cell or T cell lineage but it is known that the MB2
antigen may be weakly expressed on some T cells.17
MB2 immunoreactivity is widely distributed in

non-lymphoid tissues and their neoplasms. Whether
the antigen recognised here is the same as the 28 kD
antigen shown in B lymphocytes is not known. That
the non-lymphoid tissue distribution is not a non-
specific phenomenon is indicated by the selective
nature of immunostaining observed in some tissues
such as kidney and pancreas. The observation of non-
lymphoid staining is of practical importance: if a
tumour is not initially confirmed as being lymphoid-
for example, by the presence of leucocyte common
antigen-then the presence of MB2 immunoreactivity
may lead to erroneous conclusions.
The distribution of UCHL1 in normal and neo-

plastic tissues in our study confirms the findings of
Norton et al."1 Weak cytoplasmic staining, however,
was seen in cases of centroblastic and immunoblastic
lymphoma, and hence we emphasise the importance
of only accepting ring like membrane staining as evi-
dence of T cell lineage.
When used in parallel, MB2 and UCHL1 provide

useful tools for the recognition of B and T lympho-
cytes in paraffin sections. Neither is, however, an ideal
reagent, as MB2 is expressed weakly on T cells'7 and
UCHL1 is not found on all T cells.'5 Rare T cell
neoplasms are UCHL1 negative, and thus the absence
of staining does not exclude the possibility of a T cell
phenotype. Similarly, occasional B cell tumours are
MB2 negative, and a negative result therefore cannot
exclude a B cell phenotype.
The results obtained with MBI and MTI are simi-

lar to those reported by others.'2 13 Both are mem-
brane markers, with MBI having a similar
distribution in lymphoid tissues to MB2, and MTI
being similar to UCHL1. The distribution of MBI
and MB2, or MTI and UCHL1 in lymphoid neo-
plasms is similar, although occasionally one marker
may be more strongly expressed than the other. In
particular, MBI tended to be weaker than MB2. In
some cases only one marker was positive on tumour
cells-MTI was positive on the cells of a case of T
lymphoblastic lymphoma in which UCHL1 was nega-
tive. Rare cases failed to express any detectable
marker despite being morphologically and
immunohistochemically-that is, leucocyte common
antigen positive-of lymphoid origin.
As MBI, MB2, MTI and UCHL1 seem to recog-

nise different antigens there are clear advantages in
using all four reagents as a panel to assess the B cell or
T cell nature of lymphoid neoplasms. Although none
of the reagents is ideal, they can, if used carefully,
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permit the separation of B and T cells in formalin
fixed paraffin embedded sections.

Addendum

Since submission of this manuscript we have observed
staining of Reed-Sternberg cells with MB2 in cases of
lymphocyte predominant Hodgkin's disease of nod-
ular subtype.

PA Hall is an ICRF Clinical Research Fellow and AJ
d'Ardenne and AG Stansfeld are supported by the
ICRF. We acknowledge the generosity of BioNuclear
Services Ltd and EuroDiagnostic Ltd for supplying
antibodies, and we are grateful to Dr P Beverley for
the gift of UCHLI.
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