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SUMMARY A panel of antibodies recognising lymphoid and epithelial antigens in formalin fixed,
paraffin embedded sections was applied to a series of 54 bone marrow trephines decalcified by
formic or edetic acids. Normal trephines and cases infiltrated by myeloid, lymphoid, and epithelial
tumours were included. Patterns of reactivity were distinct and allowed the different diseases to be
distinguished. All lymphoid tumours expressed leucocyte common antigen, with B cell tumours
staining with MB1 and MB2, and T cell tumours staining with MTI and UCHL1. T cell acute
lymphoblastic leukaemia (ALL)/lymphoblastic lymphoma all stained with MTI, but some were

negative with UCHL1. B cell ALL/lymphoblastic lymphoma also stained with MTl, but could be
distinguished by its reactivity with MB1 and MB2. Reed-Sternberg cells did not stain with any
reagent. Normal and neoplastic myeloid cells stained with MTI. Carcinomas stained with CAM 5-2
but were negative for lymphoid markers except MB2 staining in some cases. A case of neu-

roblastoma could be distinguished from ALL/lymphoblastic lymphoma by its lack of reactivity with
all antileucocyte antibodies and its staining with antineurone specific enolase. Although not ideal,
if used together, this panel of reagents may usefully be applied to routinely fixed and processed,
decalcified bone marrow trephines.

Many haemopoietic antigens, which currently can be
shown, do not survive conventional fixation or
decalcification. The examination of bone marrow tre-
phines using immunohistochemical techniques is
hampered by the difficulty of cutting suitable cryostat
sections of calcified bone. Several studies have been
reported which show that such sections can be cut,
and that the information obtained from them may be
of diagnostic value.1`4 Other workers have used
immunohistochemical methods with bone marrow
aspirate preparations.56 As many laboratories do not
have the facilities for sophisticated cryostat methods,
however, and as most trephines are conventionally
fixed, decalcified, and processed, it would be useful
to be able to recognise lymphoid antigens in such
material.

Immunoreactivity of some antigens will survive
decalcification after fixation.7-9 Some studies have
described the use of immunohistochemical methods
in conventionally processed trephines, but these have
largely been concerned with the characterisation of
immunoglobulins,'0'-12 or non-lymphoid tumour
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markers.13 14 Recently several reagents have been
described which permit the reliable demonstration of
lymphoid subsets and epithelial markers in paraffin
section.15-19 This study describes the successful use
of these in a series of conventionally fixed and
decalcified bone marrow trephines.

Material and methods

Cases were selected from the files of the haematology
and histopathology departments at this hospital. All
cases of lymphoid neoplasm had already been charac-
terised immunophenotypically. Trephines had been
fixed in unbuffered formol saline. About half had
been decalcified in saturated edetic acid (10-12%),
with the addition of normal sodium hydroxide until
the solution cleared, and the remainder in 5% formic
acid in distilled water. All trephines were decalcified
for 30 hours. Tissues were processed into paraffin
wax, and consecutive 4pm sections were cut and
attached to glass slides with 0-0I% poly-L-lysine and
dried overnight at 56°C. Endogenous peroxidase was
blocked by treatment with hydrogen peroxide and
methanol.

Table 1 shows details of the monoclonal antibodies
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Table 1 Monoclonal antibodies

Antibody Source Specificity Reference

CAM 5-2 ICRF Low molecular weight
cytokeratin 19

PD7/26 Dakopatts Ltd Leucocyte common
antigen (CD45) 15

MBI Bio-Nuclear
Services Ltd B cell 17 18

MB2 Bio-Nuclear
Services Ltd B cell 17

MT I Bio-Nuclear
Services Ltd Tcell 17 18

UCHLI PCL Beverley Tcell 16 17

which were applied using a simple indirect immuno-
peroxidase technique, with overnight incubation at
4°C. Normal mouse serum was substituted for pri-
mary antibodies as a negative control. Control blocks
of tonsil fixed in unbuffered formol saline were simi-
larly prepared, as were blocks which were fixed, and
then processed through either of the decalcification
regimens. Samples of bone marrow trephine from
negative staging procedures were included as normal
controls.

All slides were independently examined by two of
us (PAH, RL). Excellent interobserver correlation
was achieved.

Results

Acceptable immunostaining similar to that reported
previously5 -19 was reproducibly obtained with all of
the antibodies in material decalcified by both edetic
and formic acids. The use of a methanol/hydrogen
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peroxide blocking step removed most of the endo-
genous peroxidase activity, and comparison with nor-
mal mouse control sections permitted easy
identification of any residual endogenous peroxidase
staining. Haemosiderin was also identified and did
not cause problems of interpretation.

Table 2 shows the results of immunostaining in 54
selected cases.

NORMAL TREPHINES
Staining with antileucocyte common antigen
appeared to be restricted to lymphoid cells, and many
of these reacted with MB1 and MB2 or MT1 and
UCHL1. In contrast, MTI stained all myeloid pre-
cursors and occasional megakaryocytes. Small aggre-

gates of lymphoid cells were composed mainly of cells
that stained with antileucocyte common antigen,
MBI, and MB2. Some cells that stained with anti-
leucocyte common antigen, MT1, and UCHL1 were

associated with these predominantly B cell clusters.

TREPHINES WITH NEOPLASTIC INFILTRATION
No staining was seen with CAM 5 2 in cases other
than known carcinomas. Three of these carcinomas
(one metastatic small cell lung carcinoma and two
metastatic adenocarcinomas) showed cytoplasmic
staining with MB2.

In both acute and chronic myeloid leukaemia stain-
ing with MT1 only was consistently observed. One
case of acute myeloid leukaemia showed weak stain-
ing with leucocyte common antigen, and a single case

of chronic myeloid leukaemia showed staining with
UCHL1.

Table 2 Results ofimmunostaining 54 cases ofdecalcified bone marrow trephines

Monoclonal antibodies

Leucocyte
No of common

Tumour type specimens 5-2 antigen MBI MB2 UCHLI MT]

Normal 5 - +/- ±l- +/- +l- ++
AML 5 - -* - - - ++
CML 5 - _ _ _* + +
ALLTcell 5 - +/+ + - - +-+/+ +
ALLBcell 4 - +/+ +++ +I++ - +/++
CLL 5 - +/+ + +/+ + +/+ + -R -R
HCL 5 - +/+ + +/+ + +/+ + -R -R
NHL Bcell 5 - +/+ + +/++ +/+ + -R -R
NHL Tcell 4 - +/+ + - -+/+ + +/+ +
Hodgkin's diseaset 4 - -R -R -R -R -R
Carcinomat 6 ++ - - -/+
Neuroblastoma I

(NSE positive)

*One case showed weak staining; tReed Stemnberg cells negative with all markers; tIncluding two metastatic small cell carcinomas and four
metastatic adenocarcinomas.
R = staining of reactive lymphoid cells admixed with neoplastic cells;- = no cells staining; + = some cells staining; + + = many cells
staining.
AML = acute myeloid leukaemia; CML = chronic myeloid leukaemia; ALL = acute lymphoblastic leukaemia; HCL = hairy cell leukaemia;
NHL B/T cell = non-Hodgkin's B/T cell lymphoma.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.40.8.870 on 1 A
ugust 1987. D

ow
nloaded from

 

http://jcp.bmj.com/


872
Five cases ofT cell and four of B cell acute lympho-

blastic leukaemia (ALL) zlymphoblastic lymphoma
were examined. All nine cases of ALL were consis-
tently positive with leucocyte common antigen. All
five examples with a T cell phenotype were positive
with MTI, but only weakly positive or negative with
UCHL1. Cases with a B cell phenotype showed stain-
ing with MBI and MB2 of variable intensity, but
three cases also showed staining with MTI.
A consistent pattern emerged in all B cell lympho-

proliferative disorders (chronic lymphocytic leu-
kaemia, hairy cell leukaemia, and B cell
non-Hodgkin's lymphoma), with leucocyte common,
MBl, and MB2 usually labelling the abnormal cells,
and MT1 and UCHL1 being positive on a minor pop-
ulation of admixed reactive lymphocytes. The
intensity of the staining with MBI and MB2 was vari-
able, with MBI generally being weaker than MB2. In
all four cases of T cell lymphoma staining with MTI
and UCHL1 was seen in the neoplastic cells, but the
intensity of staining was variable. No staining by
MB1 or MB2 was noted. In all cases of Hodgkin's
disease, the Reed-Sternberg cells did not react to any
of the markers, while associated lymphocytes stained
with MBI and MB2, or MTI and UCHL1.

In a single case of metastatic neuroblastoma the
staining pattern was clearly distinct from that of lym-
phoblastic lymphoma, with which it might otherwise
be confused. It did not react with any lymphoid
markers but stained with neurone specific enolase.

Discussion

The value of bone marrow trephine biopsy is well
established,20 and several studies have shown the
value of immunotopographic assessment,2 -4 21 22
and the characterisation of antigens such as immu-
noglobulin, - 12 or epithelial markers, which survive
conventional fixation and decalcification.9- 13 In
principle, any antigen which can be shown in con-
ventionally fixed and processed material should be
detectable in decalcified material.7-9 There is, how-
ever, wide variation in how well antigens survive these
procedures,23 and in the effects of different
decalcification methods.9 24 This study shows that the
newly described antilymphoid cell markers active in
formol fixed, paraffin embedded sections can be suc-
cessfully used to show the presence of antigens in
bone marrow trephines decalcified in formic and
edetic acids.
The use of the alkaline phosphatase-antialkaline

phosphatase method has been advocated in the exam-
ination of bone marrow,3 but we and others420
have not found endogenous peroxidase activity or
haemosiderin to cause problems in interpretation.

Pizzolo et a125 reported that some early
haemopoietic precursors express leucocyte common

Hall, Lindeman, Butler, Amess, d'Ardenne
antigen. Staining of occasional mononuclear cells was
seen, but these appeared to be lymphoid cells and
were either MBl, MB2, or MT1, UCHLI positive.
UCHLI 6 and MB217 have previously been reported
as staining some marrow precursors, but in this series
non-lymphoid cells stained rarely. Weak staining of
mature myeloid cells with UCHL1 was seen. MTI, in
contrast, stained most myeloid cells and occasional
megakaryocytes.'8
The staining of leukaemias, lymphoid prolif-

erations, and other tumours was as expected from the
staining of normal marrow, and as reported in pre-
vious studies. 1618 In particular, the staining ofT cell
acute lymphoblastic leukaemia by MTl, and weak or
absent staining by UCHL1, confirms the findings of
previous studies.16 17 The antigen recognised by MTl
is probably expressed earlier in thymic ontogeny than
that detected by UCHLI. In general, T cell ALL also
expresses the leucocyte common antigen and thus,
despite the extensive reaction with myeloid elements,
MT1 can be of value in the immunohistological exam-
ination of bone marrow trephines. The staining of
primitive B cell tumours (B-ALL/lymphoblastic lym-
phoma) by MTI was not described in a previous
study.19 The staining of these tumours by MBI and
MB2 permits the distinction of many primitive B and
T cell tumours.
There was clear and accurate separation of T cell

and B cell non-Hodgkin's lymphomas. It is of particu-
lar interest that the degree of marrow disease in most
cases of non-Hodgkin's lymphoma was shown to be
more extensive than was apparent on simple mor-
phological examination. Bartl et al20 described the
appearances and evolution of lymphoproliferation in
the bone marrow and showed the architectural
pattern and quantity of infiltration was of prognostic
importance. Immunotopographic examination using
these markers may permit more accurate quantitation
of lymphomatous infiltration in decalcified marrow
trephines. It is unlikely, however, that these reagents
will contribute to the problem of assessment of
minimal residual disease.
The use of these reagents, coupled with other anti-

bodies such -as neurone specific enolase and desmin,
may help in the differential diagnosis of bone marrow
disease by "small round cell tumours" seen in child-
hood. The use of frozen section has been advocated
for this,26 but fresh tissue is-often not available.

In summary, we have investigated the use of lym-
phoid markers active in paraffin sections for the
assessment of decalcified bone marrow trephines.
These reagents are not ideal, and will not achieve their
full potential use until the antigens they recognise are
fully characterised. Their careful application, how-
ever, may be of practical value in the investigation of
bone marrow disease.
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