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A new monoclonal antibody, KP1, against the
CD68 antigen, which labels macrophages and
other members of the mononuclear phagocyte lin-
eage in routinely processed tissue sections, has
been used to stain a range oflymphoid, histiocytic,
and myelomonocytic proliferations. All 20 neo-
plasms of myeloid, myelomonocytic, and pre-
sumed macrophage derivation reacted with anti-
body KPI. None of the 22 cases of T cell neoplasia
hadpositive reactions. Although 14 of41 B lineage
lymphomas and leukaemias were stained by anti-
body KPI, staining was usually confined to small
dots of reactivity, in contrast to the strong and ex-
tensive cytoplasmic staining seen in the neoplasms
ofmyeloidand macrophage/monocyte origin. Fur-
thermore, positive B cell neoplasms were almost all
small cell proliferations, which are unlikely to be
confused with myelomonocytic malignancies. It
was concluded that antibody KPI is a valuable ad-
dition to apanel ofmonoclonal antibodiesforphe-
notyping lymphomas, particularly in routinely
fixed tissues. It should assist the pathologist in the
recognition ofextramedullary presentation ofleu-
kaemia, aid in the diagnosis of suspected cases of
true histiocytic neoplasia, and allow for quan-
titation of macrophages infiltrating lymphomas
and other solid tumors. (Am J Pathol 1989, 135:
1089-1095)

In recent years many monoclonal antibodies capable of
detecting leucocyte-associated antigens in routinely pro-
cessed pathologic material have been reported. Some of

these react with antigens associated with T lymphocytes,
eg, antibodies MT1 and UCHL1,12 whereas others detect
B cell associated antigens in pathologic material. The
most widely studied antibodies are LN1 and LN2, MB1
and MB2, L26 and 4KB5.1 3-7

The availability of antibodies that can stain white cell
antigens in formalin-fixed tissue has been of great interest
to diagnostic pathologists and there have been several
reports on the use of these paraffin reactive reagents for
the categorization of non-Hodgkin's lymphomas into T
and B lineages.'18-'0 Combinations of these antibodies
can also be used to distinguish between benign and ma-
lignant lymphoproliferations in routinely processed tissue
sections.11

A monoclonal antibody capable of detecting macro-
phages and other members of the mononuclear phago-
cyte lineage in paraffin-embedded tissue would be a valu-
able addition to a lymphoma phenotyping panel. It could
be used to identify cases of true histiocytic lymphoma,
and also extramedullary deposits of monocytic leukae-
mia.12 A pan-macrophage antibody of this sort could also
be used to detect macrophages infiltrating lymphomas.
These cells are sometimes present in large numbers and
may complicate the diagnosis and classification of the un-
derlying neoplasm.3 4
We recently described a new monoclonal antibody,

KP1, that fulfills the criteria for a pan-macrophage reagent
when tested on a wide range of routinely processed paraf-
fin-embedded tissues.15 Biochemical analysis showed
that this antibody recognizes a glycoprotein with a molec-
ular weight of approximately 110,000, which is identical
to the molecule detected by a number of previously de-
scribed monoclonal antibodies, eg, Y1/82A, Ki-M6, and
EBM11 .16-19 This molecule was recently designated as
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the CD68 antigen at the Fourth International Conference
on Human Leucocyte Differentiation Antigens (Vienna
1989). However, antibody KP1 differs from these other
CD68 reagents in its ability to stain routinely fixed paraffin-
embedded tissue.

Here we describe an evaluation of the reactivity of anti-
body KP1 on a range of lymphoid neoplasms and on his-
tiocytic and myelomonocytic proliferations, with the aim
of establishing its value in lymphoma diagnosis.

Materials and Methods

Fixed Tissue Samples

Paraffin-embedded sections of formalin-fixed tissues from
101 hematolymphoid malignancies and related condi-
tions were obtained from the authors' departments. All
tissues had been fixed in formol saline with the exception
of bone marrow trephines, which were fixed in formol sa-
line containing 1% glacial acetic acid.

All cases had been phenotyped in cryostat sections
using panels of monoclonal antibodies against CD anti-
gens and other conventionally recognized leucocyte
markers, as described in earlier publications.20 22 Cases
of acute leukaemia were also studied by enzyme cyto-
chemical methods, including staining for myeloperoxi-
dase, Sudan black B, and nonspecific esterase (with and
without pretreatment with sodium fluoride).

Blood Smears

Unfixed blood smears from cases of chronic lymphocytic
leukaemia of B cell origin were obtained from the Haema-
tology Department of the John Radcliffe Hospital.

Monoclonal Antibody KP1

The antibody KP1 was raised against a lysosomal fraction
of human lung macrophages, as described previously.15
Testing on a range of tissues showed that it labels all
types of macrophages (eg, Kupffer cells and alveolar
macrophages) and also myelQid precursors in the bone
marrow.15 The antibody was applied to tissue sections as
undiluted tissue culture supernatant.

Immunoenzymatic Labeling

Tissue sections were stained using the alkaline phospha-
tase:anti-alkaline phosphatase (APAAP) method, a three-
stage immunoperoxidase technique, or both.23'24 Trypsin-

Table 1. Staining ofHuman Hematolymphoid
Neoplasmsfor CD68Antigen with
MonoclonalAntibody KP1

Number of cases
positive/number

Neoplasm of cases testedt

B lineage proliferations*
Small lymphocytic/CLL 4/9t
Follicular, all types

(centroblastic/centrocytic) 0/7
Diffuse small cleaved cell

(centrocytic) 2/2
Diffuse mixed cell

(centroblastic/centrocytic) 0/1
Diffuse large cell (centroblastic) 1/9t'§
Immunoblastic 0/2
Multiple myeloma 0/1
Hairy cell leukemia 7/9t

T lineage proliferations
Lymphoblastic 0/2
Mycosis fungoides 0/1
Peripheral T 0/19§
Lymphomatoid papulosis 1/7t

Leukemias
Acute lymphoblastic 0/1
Acute myeloblastic 6/6
Acute myelomonocytic 10/10
Chronic myelogenous 2/2

Miscellaneous haematolymphoid
proliferations

Systemic mastocytosis 1/1
True histiocytic lymphoma 1/1
Undefined CD30 (Ki-1/Ber-H2)-

positive lymphoma 0/4
Hodgkin's disease 0/7
* B lymphomas are classified according to the Working For-

mulation, with the Kiel classification in parenthesis.
t Reactivity of neoplastic cells in paraffin section (see Materi-

als and Methods)
t Dot-like cytoplasmic staining, fine granular staining, or both.
§ In two B large cell lymphomas and six T large cell lympho-

mas most of the neoplastic cells expressed CD30 (Ki-1/BerH2).

ization of sections increased the number of cells stained
by KP1 and also enhanced the intensity of the labeling
reaction15; this was performed in most cases by incubat-
ing dewaxed, hydrated sections for 20 to 30 minutes in
0.1% trypsin in 0. 1% calcium chloride solution (pH 7.8).25
When using the immunoperoxidase technique, endoge-
nous peroxidase activity was blocked by incubation with
methanol/H202. Blood smears were stained by the
APAAP technique after fixation in acetone:methanol.24

Results

Myeloid and Monocyte/Macrophage
Malignancies

All 20 neoplasms of myeloid, myelomonocytic, and pre-
sumed macrophage derivation were labeled by antibody
KP1 (Table 1 and Figures 1 and 2). The biopsy specimens
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Figure 1. Staining ofa case oftrue histiocytic lymphoma at low
(a) and high(b) magnifcation. There is a dense infiltrate oftumor
cells that are strongly stained for CD68 antigen with antibody
KPl. Note the unstained seminiferous tubules. Figure 2. Deposit
of acute myeloblastic leukemia in the uterine cervix showing
many neoplastic cells stained by antibody KPI. Figure 3. Periph-
eral T cell lymphoma classified on the updated Kiel
classification27 as apleomorphic lymphoma, medium and large
cell type. a: Giemsa stain shows neoplastic cells (arrowed). b:
Staining with antibody KP1 shows a dense infiltrate of macro-
phages that is not obvious in the Giemsa stained section. Figure
4. Chronic lymphocytic leukemia stained with antibody KP1. a:

Stainiing of a paraffin-embedded biopsy showing a strongly stained macrophage (arrowed) and also small lymphocytes with fine
dot-like deposits of antigen. b: A blood smearfrom another case ofB cell chronic lymphocytic leukemia shows a strongly stained
neutrophil and three lymphocytes containing small intracytoplasmic KPl-positive inclusions (arrowed).

from ten of the 20 cases were obtained from extramedul-
lary sites including lymph nodes (four), skin (four), cervix
(one), and testis (one). All cases showed intense, granular
cytoplasmic staining of most of the neoplastic cells with
the exception of two cases of acute myeloblastic leuke-
mia in which a subpopulation of neoplastic cells showed
faint and/or focal granular cytoplasmic staining in addition
to a subpopulation with intense granular staining.

Two cases of myelomonocytic leukemia had initially
been diagnosed as T cell lymphomas. One patient pre-
sented with a skin tumor and the other underwent lymph

node biopsy that showed infiltrates in a T-zone distribu-
tion. Although the expression of CD2 and CD4 in both
cases was consistent with a T cell lymphoma, the subse-
quent peripheral blood and bone marrow findings, as well
as the clinical evolution, were characteristic of myelo-
monocytic leukemia.

The one case of true histiocytic lymphoma studied
was a testicular mass in a 59-year-old man (Figure 1). Typ-
ing in cryostat sections showed previously that the large
neoplastic cells expressed a-naphthyl acetate esterase
activity and the monocyte/macrophage-associated mark-
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ers CD4, CD1 1 c, and CD35. They reacted with the anti-
macrophage antibody EBMl 1, but lacked pan-T and pan-
B antigens.26

In a case of systemic mastocytosis, KP1 labeled not
only the nodular aggregates of oval and spindled cells in
the bone marrow infiltrate, but also numerous early my-
eloid precursors, suggesting an associated myeloprolifer-
ative disorder.

Lymphoid and Related Disorders

Antibody KP1 gave strong and uniform staining of non-
neoplastic macrophages present in cases of lymphoma
and it was noted that the density of macrophage infiltra-
tion varied widely, from rare scattered cells in some
cases, to numerous macrophages in other biopsies (Fig-
ure 3).

In fourteen of 40 B lineage lymphomas and leukemias,
the neoplastic cells themselves were stained by antibody
KP1 (Table 1). The pattern of staining in these cases was
clearly different from the intense granular cytoplasmic
staining observed in myelomonocytic cells, because it
took the form of localized dots, usually only one per cell,
of varying size (Figure 4a). These dots could also be seen
in blood smears made from some cases of B cell chronic
lymphocytic leukemia (Figure 4b). The only exception
was a single case of diffuse large cell lymphoma that
showed diffuse fine granular staining in the cytoplasm of
the neoplastic cells. Of the 14 cases, 13 were small cell
proliferations that one is unlikely to confuse morphologi-
cally with myelomonocytic malignancies, ie, four cases of
chronic lymphocytic leukemia (CLL), two cases of diffuse
small cleaved (centrocytic) lymphoma, and seven cases
of hairy cell leukemia.

None of the 22 T lineage lymphomas was stained by
antibody KP1. Of the seven examples of lymphomatoid
papulosis, one showed weak-to-moderate staining of a
number of atypical lymphoid-appearing cells in a pattern
similar to that seen in the B large cell lymphoma. None of
the cases of Hodgkin's disease or the 12 cases of ana-
plastic large cell lymphoma expressing the CD30 (Ki-1/
Ber-H2) antigen was labeled by antibody KP1.

Discussion

In this study, the monoclonal anti-CD68 antibody KP1
stained all myeloid and monocyte/macrophage neo-
plasms in routinely processed paraffin-embedded tissue
sections. This broad pattern of reactivity on myelomono-
cytic malignancies correlates well with the pattern ob-
served in normal tissues, in which KP1 labeled granulo-
cyte precursors, monocytes, and most macrophages.15

It is of practical interest that KP1 reacted with all myelo-
monocytic neoplasms that presented in extramedullary
sites where they might be confused with lymphoma. In-
deed, two cases of myelomonocytic leukemia were misin-
terpreted as T cell lymphomas. In this context it is relevant
that the T cell associated markers, CD2 and CD4, may
both be expressed by neoplastic cells of monocytoid ori-
gin28; it is possible that some myelomonocytic neo-
plasms, especially those that are localized (as was the
case with one of the two cases referred to above) in the
interfollicular areas of lymphoid tissue, may be miscatego-
rized after phenotyping as T cell lymphomas. Although
we have not performed an extensive study of leukemias,
our study having focused on a limited number particularly
in extramedullary sites, antibody KP1 appears to be a po-
tentially valuable reagent in the histologic diagnosis of my-
eloid leukemic tissue infiltrates. It is superior in terms of
the number of cases of acute myeloid leukemia labeled
for CD15 (Leu-M1), as shown in a study to be reported
elsewhere. It is not clear whether it labels more cases than
chloroacetate esterase, which is itself known to be a bet-
ter marker than CID15,29 and a study aimed at clarifying
this issue would be valuable. However, antibody KP1
offers an advantage over chloroacetate esterase, similar
to that offered by lysozyme, in that it can label myeloid
cells in acid decalcified tissues as well as in those fixed in
B-5 fixative.31 Antibody KP1 may be preferable to lyso-
zyme as a marker of myeloid cells because it labels a
wider spectrum of cells of monocyte/macrophage deriva-
tion.

Our initial experience in staining a variety of normal and
reactive lymphoid lesions with antibody KP1 indicated
that its reactivity is confined to cells of monocyte/macro-
phage and myeloid origin, and we have never observed
normal lymphoid cells in paraffin sections reactive with the
antibody. The positive reactions of a significant number
of lymphomas (14 of 56) by antibody KP1, particularly
those of low grade B cell type, were therefore an unex-
pected observation.15 In general, however, the overall pat-
tern of staining was different from that seen in myelo-
monocytic malignancies, comprising focal dot-like cy-
toplasmic reactivity. Recently, we used KP1 to stain
cytospin preparations of fine needle aspirates and cell
suspensions from lymphoid tissue and noted small dots
of KP1 reactivity in some small lymphocytes (unpublished
observation, 1989). Because we have not observed such
reactivity in small lymphocytes in paraffin sections of nor-
mal and reactive lymphoid disorders, we suspect that fix-
ation and processing render this small amount of antigen
undetectable in paraffin sections. Presumably the amount
of KP1 reactivity that occurs in the dot-like accumulations
of reaction product in small B cell neoplasms is greater
than that occurring in normal lymphocytes. Furthermore,
we noted that the dot-like staining in hairy cell leukemia
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cells in paraffin sections was often not seen when the tryp-
sinization time was shortened to 20 minutes or less, sug-
gesting that this reactivity represents antigen in small
amounts close to the detection threshold.

The different pattern of reactivity that we observed in
myelomonocytic versus lymphoid cells is reminiscent of
the different patterns of reactivity previously observed
with enzyme histochemical reactions for nonspecific es-
terases. For example, alpha naphthol acetate esterase
(ANAE) was initially used as a marker for monocytes and
macrophages32 until several investigators showed that, if
reaction conditions were suitably modified, it was possi-
ble to demonstrate dot-like staining in both normal and
neoplastic T lymphocytes.336 Similar dot-like reactivity
for ANAE was also described in a subset of B cells37 and
low and high grade B cell neoplasms.2839 Furthermore,
we recently observed weak KP1 staining of some epithe-
lial neoplasms in cytospins from fine needle aspirates, a
finding paralleled by the discovery of other researchers
that touch preparations from a variety of epithelial neo-
plasms may show nonspecific esterase activity.40 The tar-
get antigen for this KP1 antibody (CD68) is apparently not
itself ANAE because sequence data for the CD68 mole-
cule shows no homology to known esterases (D. Sim-
mons, unpublished observation, 1988), but it is possible
that the antigen is another lysosome-associated constitu-
ent, as suggested by recent studies of peripheral blood
cells with CD68 antibodies.41

Malignant neoplasms presumed to derive from tissue
histiocytes/macrophages and their precursors have be-
come extremely controversial. Recent studies employing
panels of monoclonal antibodies or probes to antigen re-
ceptor genes suggested that many cases diagnosed as
examples of malignant histiocytosis or true histiocytic lym-
phoma represent unusual B or T cell lymphomas.42-47 An-
tibody KP1 should be of value in resolving such diagnos-
tic uncertainties. It may also be of value in the study of
histiocytosis X, because it has been shown elsewhere
that KP1 may react with the abnormal cell population in
this condition.48 The antibody may also have a place in the
differential diagnosis of histiocytic versus nonhemopoietic
neoplasms (eg, carcinoma and melanoma). The antibody
has been extensively used in the authors' laboratories on
a variety of nonhemopoietic neoplasms, and we have yet
to encounter reactivity with such tumors in paraffin-em-
bedded sections. However, in view of the evidence that
weak staining of epithelial neoplasms in cytologic prepa-
rations can occur (see above), antibody KP1 should be
used in conjunction with other markers (eg, S-100 and
cytokeratin) when staining possible nonhemopoietic neo-
plasms.

Cases of lymphoid neoplasms masquerading as his-
tiocytic tumors include many cases that express activa-
tion antigens such as CD30 (Ki-1/Ber-H2) and that are

often large cell neoplasms of T lymphoid origin. Of note,
in view of the possibility of confusing these neoplasms
with histiocytic tumors, is the finding that none of the
CD30-expressing lymphomas in our study was stained by
antibody KP1. The striking number of macrophages that
may occur in lymphomas may well account for some of
the cases of T and B lymphomas that have been errone-
ously interpreted as histiocytic malignancies.14 Antibody
KP1 appears to be a reliable marker for identifying the
large number of macrophages present in such lympho-
mas, and may, when used in combination with paraffin-
reactive B and T lineage-associated markers, aid in the
diagnosis and the precise classification of other macro-
phage-rich lymphomas. Antibody KP1 should also prove
useful for assessing the number and distribution of mac-
rophages in other malignancies, and thereby should help
in determining their biological significance.
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