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Intracytoplasmic lysozyme (muramidase) may be readily identified in paraffin sections
of tissues fixed in formalin or Zenker’s acetic acid and in smears of peripheral blood or
bone marrow using an immunoperoxidase technique. Sites of intracell lysozyme in
normal human tissues and in various specimens from patients with myeloproliferative
and lymphoproliferative disorders, hairy cell leukemia, granulomatous diseases, tox-
oplasmic lymphadenitis, and other pathologic processes were defined by this method.
Intracellular lysozyme was demonstrated in mature and immature neutrophilic and
eosinophilic myeloid cells, in monocytic cells, and in some types of histiocytes and had
a limited distribution in normal tissues. The neoplastic cells of hairy cell leukemia were
devoid of intracytoplasmic lysozyme. Identification of intracellular lysozyme, as deter-
mined by the immunoperoxidase technique, was compared with various cytochemical
methods, particularly chloroacetate esterase and a-naphthyl butyrate esterase studies,
for detection and characterization of myeloid cells, monocytes, and histiocytes. (Am J
Pathol 89:351-366, 1977)

LysozyME (muramidase) is an intracellular enzyvme found in
myeloid cells, monocytes, and histiocytes and in some body fluids and
secretions including tears, saliva, human milk, and serum.*** This bacte-
riolytic enzyme acts on walls of susceptible microorganisms by cleavage of
the bond between N-acetvlmuramic acid and N-acetvlglucosamine.
Serum lvsozyme levels apparently reflect liberation of this enzyme by cells
of myeloid, monocvtic, and histiocytic types. Elevated levels of serum
lysozyme have been reported in mveloproliferative disorders,*? partic-
ularly those with monocytic differentiation, and in diseases associated
with granulomatous inflammation, including tuberculosis,® sarcoidosis,®
and Crohn disease.’

In most studies, lysozyme has been detected on the basis of its enzy-
matic activity using Micrococcus lysodeikticus as a substrate.'--5-7:11:12
Immunofluorescent techniques have also been used to define intra-
cvtoplasmic lysozyme.!'*™ Disadvantages of these methods include a) the
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inability to apply these techniques to paraffin sections, b) their failure to
demonstrate localization of lysozyme in a permanent preparation with
good morphologic detail, and c) the requirement of intact enzymatic
activity for some assays. Recently, immunoperoxidase techniques have
been successfully applied to paraffin-embedded tissues for identification
of various intracytoplasmic antigens. Intracellular immunoglobulin, for
example, may be identified and specifically characterized using this pro-
cedure.’™® Mason and Taylor V" have demonstrated that the immuno-
peroxidase technique may also be applied to paraffin sections for detection
of tissue lysozyme.

The purpose of this study is to evaluate the immunoperoxidase method
for identification of intracytoplasmic lysozyme in paraffin sections and
smears of normal human tissues and specimens from a variety of disorders,
particularly those associated with proliferations of myeloid cells, mono-
cytes, and/or histiocytes. The immunoperoxidase technique has also been
compared with cytochemical reactions for identification of these various
cell types.

Materials and Methods

Paraffin-embedded tissues were retrieved from the surgical pathology files of the Peter
Bent Brigham Hospital. All bone marrow biopsies were fixed in Zenker's acetic acid
solution (20:1, v/v) for 4 to 6 hours, washed in running water for 1 hour, then placed in
10% buffered formalin, and processed routinely. All other tissues were fixed in 10%
buffered formalin and processed routinely. Time of storage for paraffin blocks used for
these studies varied from several weeks to 14 years (1 year or less for most specimens).
Smears of peripheral blood and bone marrow aspirates were stored for several days to 3
months prior to studies.

Rabbit anti-human lysozyme antiserum, swine anti-rabbit serum IgG antiserum, per-
oxidase-rabbit antiperoxidase complexes (PAP), normal swine serum, and normal rabbit
serum were obtained from Dakopatts A/S of Copenhagen, Denmark (U.S. agent, Accurate
Chemical and Scientific Corporation, Hicksville, N.Y.). Paraffin sections were cut at 3 to
4 u, deparaffinized in xylene, and placed in absolute alcohol. All smears were initially fixed
in 95% ethanol for 5 minutes. Endogenous peroxidase activity in sections and smears was
blocked, i.e., consumed, by a 30-minute incubation in a 0.5% solution of hydrogen
peroxide in methanol (one volume of 3% aqueous hydrogen peroxide to five volumes of
methanol). Control sections demonstrated that endogenous peroxidase activity was com-
pletely eliminated by the methanolic-peroxide treatment.

The immunoperoxidase technique was performed as previously described.’®!” Briefly,
following the methanolic-peroxide incubation, the sections were sequentially incubated
with rabbit anti-human lysozyme antiserum (1:20 and 1:40 dilutions tested), swine
anti-rabbit serum IgG antiserum (1:20 dilution), and PAP (1:100 dilution). Tris buffer
(0.5 M, pH 7.6) was used for all dilutions. The site of antibody binding was determined
using a diaminobenzidine reaction,'® which detects the peroxidase label. Neutrophils were
present in varying numbers in most sections and provided internal positive controls for
intracellular lysozyme. Control sections, substituting normal rabbit serum for the rabbit
anti-human lysozyme antiserum in the initial incubation, gave negative results.

To verify the specificity of the rabbit anti-human lysozyme antiserum, sections of
normal and pathologic tissues (containing abundant cells with intracellular lysozyme) were
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initiallv incubated with antiserum which had been neutralized with purified human
lyvsozyme (kindly provided by Dr. William Molonev, Hematology Department). No stain-
ing was observed in these sections. Serial sections incubated with nonneutralized anti-
serum of identical titer demonstrated cells with strong cytoplasmic staining for lvsozyme.

In some tissues, particularly those fixed in Zenker's acetic acid solution or specimens
with prominent fibrosis or collagenous stroma (e.g., skin), nonspecific background staining
was observed. As previously described,'” background staining may be effectively elimi-
nated or reduced by incubation of sections with normal swine serum (1:20 dilution) prior
to incubation with rabbit anti-human lysozyvme antiserum. This treatment does not
interfere with subsequent reactions.

All bone marrow biopsies. spleens, lvmph nodes. tissues from mveloproliferative dis-
orders. and peripheral blood and bone marrow smears as available. were also studied by
histochemical techniques. Chloroacetate esterase (CAE) studies. peroxidase determina-
tions, and Sudan black B studies for detection of myeloid cells and a-naphthyl butyvrate
esterase (NBE) studies with and without fluoride inhibition for identification of monocytes
(NBE activity inhibited with fluoride) and histiocvtes (fluoride-resistant NBE activity)
were performed by methods previously described.'*?? Peroxidase studies were performed
only on smears which had been stored for less than 2 weeks.

Results

All tissues examined by the immunoperoxidase technique showed ex-
cellent morphologic detail. Intracvtoplasmic lysozvme was readily de-
tected by dark brown staining at the site of antibody binding, which
contrasted sharply with hematoxylin or methyl green counterstain. Neu-
trophils were present in varying numbers in all tissues and consistently
showed strong cytoplasmic staining.

Distribution of Lysozyme in Normal Human Tissues

The distribution of intracytoplasmic lvsozyvme in a variety of normal
human tissues is presented in Table 1. A total of 68 specimens were
studied and represent two or more samples of most tissues. Eight bone
marrow biopsies, ten spleens, and four lymph nodes were evaluated. Sites
of intracellular lysozyme were relatively limited and mainly included
myeloid cells in bone marrow and spleen, some serous glands of parotid
and submaxillary glands, serous glands of pulmonary bronchial wall,
Paneth cells, renal proximal tubular cells, chondrocytes (hvaline carti-
lage), acinar cells of lacrimal glands, and acinar cells and luminal secre-
tions of lactating breast tissue. Figure 1 illustrates the presence of intra-
cytoplasmic lysozyme in serous glands in the wall of a bronchus.

Chloroacetate esterase studies of paraffin sections showed negative to
weakly positive cytoplasmic staining in the mveloid cells of the Zenker's-
acetic-acid-fixed bone marrow biopsies and moderate to strong staining
of these cells in the formalin-fixed spleen and lvmph node sections. With
the immunoperoxidase technique, myeloid cells could be effectively char-
acterized in paraffin sections of the bone marrow biopsies, lvmph nodes,
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Table 1—Distribution of Intracytoplasmic Lysozyme in Normal Human Tissues as Determined
by Immunoperoxidase Studies

Tissue

Result*

Bone marrow

Small intestine
Stomach
Liver

Lung (bronchus)

Parotid gland
Submandibular gland

Lacrimal gland

Mature myeloid cells and precursors—strongly positive
Other hematopoietic cells—negative

Bone marrow histiocytes—variable positivity to negative
Paneth cells—strongly positive

Occasional epithelial cells—positive

Kupffer cells—variable positivity

Serous glands of bronchial wall—strongly positive
Mucous glands and lung parenchyma—negative

Some serous glands—positive (focal)
Serous glands—positive

Acinar cells—positive

Breast Lactating: Acinar cells and secretions—positive
Nonlactating—negative
Kidney Proximal tubular cells—positive

Chondrocytes in lacunae—strongly positive
Matrix—negative

Hyaline cartilage

Lymph node Macrophages in follicles—weakly positive to negative
Sinus lining cells—variable positivity or negative
Spleen Macrophages in follicular centers of white pulp—weakly

positive to negative
Cord macrophages and sinus lining cells—negative

* Myeloid cells were strongly positive in all tissues evaluated.
The following tissues did not demonstrate intracytoplasmic lysozyme: colon, prostate,
endometrium, cervix, testis, ovary, adrenal, thyroid, cardiac and skeletal muscle, and skin.

and spleens on the basis of intracytoplasmic lysozyme. Lymphoid cells
were negative for lysozyme.

a-Naphthyl butyrate esterase activity was completely inactivated in the
paraffin sections of both formalin-fixed and Zenker’s-acetic-acid-fixed
tissues. In cryostat sections, NBE activity was found in various types of
histiocytes in lymph nodes and spleens. The distribution of intra-
cytoplasmic lysozyme, as detected in paraffin sections of these tissues by
the immunoperoxidase technique, did not parallel NBE activity. Sinus
lining cells in lymph nodes and macrophages in follicular centers of lymph
nodes and spleens showed strong NBE activity but were weakly positive to
negative for intracytoplasmic lysozyme. Similarly, splenic cord macro-
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phages and sinus lining cells demonstrated strong NBE activity but ap-
peared devoid of intracellular lysozyme. These results suggest that overall
detection of histiocytes is better achieved on the basis of NBE activity,
provided that cryostat sections or smears are available. For paraffin-
embedded tissues, the immunoperoxidase technique for intracellular ly-
sozyme represents a more effective means of detecting histiocytes, though
the staining pattern for these cells may be variable.

Evaluation of monocytes in peripheral blood smears from normal
individuals and from a patient with monocytosis demonstrated that these
cells were NBE positive (inhibited with fluoride) and contained intra-
cvtoplasmic lysozyme.

Intracytoplasmic Lysozyme in Various Pathologic Processes
Granulomatous Diseases

In lymph nodes from 7 patients with sarcoidosis and 1 patient with
tuberculous lymphadenitis, most of the epithelioid histiocytes and multi-
nucleate giant cells in the granulomas, and occasional histiocytes near or
between granulomas, were moderately to strongly positive for intra-
cvtoplasmic lysozyme (Figure 2).

In 1 patient with xanthogranulomatous pyelonephritis, the histiocvtic
cells in the infiltrate were also positive.

Toxoplasmic Lymphadenitis

Six lvmph nodes with characteristic histologic features of toxoplasmic
lvmphadenitis showed moderate to strong cytoplasmic staining for ly-
sozyme in epithelioid type histiocytes, present singly or in small clusters
within follicles and in the interfollicular areas. The perisinusoidal mono-
cvtoid cells were negative. Macrophages in the follicular centers and the
sinus lining cells were negative to faintly positive.

Lymphoproliferative Disorders

Recent immunologic and morphologic studies suggest that malignant
lvmphomas of large cell types which have been designated as histiocytic
lvmphomas in the Rappaport classification may actually represent neo-
plasms of large lymphoid cells.?** Fifteen lymph nodes classified as
histiocytic lymphoma were evaluated for intracytoplasmic lysozyme. In all
cases, lvsozyme was absent from the neoplastic cells but was identified in
benign reactive-type histiocytes within the infiltrate of some nodes. Ten
lvmph nodes of other types of non-Hodgkin lymphoma (8 poorly differ-
entiated lymphocytic, 1 mixed lymphocytic-histiocytic, and 1 well-differ-
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entiated lymphocytic) revealed intracellular lysozyme in occasional
phagocytic histiocytes. Lymphoid cells were negative.

Lymphoid cells were uniformly negative for intracytoplasmic lysozyme
in bone marrow biopsies of patients with acute lymphocytic leukemia (2
cases) and in peripheral blood smears of patients with chronic lymphocy-
tic leukemia (7 cases) and lymphosarcoma cell leukemia (1 case).

Hairy Cell Leukemia (Leukemic Reticuloendotheliosis)

Considerable controversy still exists as to whether the cell type involved
in hairy cell leukemia (leukemic reticuloendotheliosis) is of lymphoid or
monocytic origin.®%" Since monocytes may contain intracytoplasmic ly-
sozyme and lymphoid cells appear devoid of this enzyme, the immuno-
peroxidase technique was applied to tissues from 16 patients with charac-
teristic clinical and histologic features of this disorder. Intracytoplasmic
lysozyme was not found in hairy cells of sixteen spleens, eleven lymph
nodes, eight bone marrow biopsies, one liver biopsy, and two peripheral
blood smears. In all tissues studied, myeloid cells were strongly positive
(Figure 3). These results do not support the possibility of a monocytic
derivation for the neoplastic cells of hairy cell leukemia.

Eosinophils

Intracytoplasmic lysozyme was identified in eosinophilic myeloid cells
present in tissues showing a prominent eosinophilic infiltrate, including
two lymph nodes, colonic tissue from a patient with a parasitic disorder,
and colonic tissue with a nonspecific infiltrate. Chloroacetate esterase
studies demonstrated no activity in eosinophils.

Myeloproliferative Disorders

Bone marrow biopsies (thirty-two), spleens (eight), and lymph nodes
(five) from a variety of myeloproliferative disorders were studied using the
immunoperoxidase technique. Bone marrow biopsies included specimens
from patients with acute myelogenous leukemia (sixteen), acute mono-
cytic leukemia (one), chronic myelogenous leukemia (four), chronic
myelogenous leukemia in blast crisis (three), polycythemia vera (three),
polycythemia vera in transition to acute myelogenous leukemia (one),
myelofibrois (three), and erythroleukemia (one). In all bone marrow
biopsies, myeloid cells at various stages of maturation, from pro-
myelocytes to segmented forms, were strongly positive for intra-
cytoplasmic lysozyme. Blasts showed variable positivity or appeared nega-
tive. Figure 4 illustrates lysozyme-positive blasts from a patient with acute
myelogenous leukemia. Erythroid cells, lymphocytes, and plasma cells
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were negative. Megakaryocytes were usually negative but occasionally
showed nonspecific cytoplasmic staining. Some marrows showed apparent
specific background staining associated with a dispersion of cytoplasmic
granules from myeloid cells. In tissues from a subject with acute mono-
cvtic leukemia, immature forms of both monocytic and myeloid types
were positive for intracellular lysozyme. Figure 5 demonstrates cyto-
plasmic staining for lysozyme, predominantly in monocytic cells of this
case. Chloroacetate esterase studies of bone marrow biopsies were nega-
tive or showed focal weak positivity in myeloid cells; NBE studies were
uniformly negative.

Spleens (seven) and lymph nodes (four) with extramedullary hemato-
poiesis, from subjects with myelofibrosis, and a spleen and lymph node
with leukemic infiltration from cases of chronic myelogenous leukemia
were studied. In these specimens, myeloid cells at all stages of maturation,
including eosinophilic types (abundant in cases of chronic myelogenous
leukemia), showed strong staining for cytoplasmic lysozyme (Figure 6).
Chloroacetate esterase studies of paraffin sections of these formalin-fixed
tissues also showed positive staining for mature neutrophilic myeloid cells
and their precursors, but eosinophilic myeloid cells were negative. a-
Naphthyl butyrate esterase studies were uniformly negative.

Extensive studies were performed on a subcutaneous tumor composed
of immature monomyelocytic cells (apparently an unusual variant of
myeloblastoma). The cells comprising this lesion contained round, oval, or
reniform nuclei and showed no distinct cytoplasmic granules by routine
staining. At the time of initial biopsy of this lesion, the patient did not
have findings of a leukemic process in bone marrow or peripheral blood,
though changes evolved after more than a year. Frozen sections and
imprints demonstrated immature cells which were strongly NBE positive
(inhibited with fluoride), CAE positive, Sudan black positive, and per-
oxidase negative. Electron microscopic studies showed immature cells
with features compatible with monocytic and myeloid derivation, with
primary and secondary granules identified in some cells. Paraffin sections
revealed focal CAE activity and were NBE negative. The immuno-
peroxidase method was the most effective means of identifying the imma-
ture cells in paraffin sections, with strong staining for intracytoplasmic
lysozyme evident in nearly all the immature cells (Figure 7).

In a patient with acute myelogenous leukemia presenting with an oral
myeloblastoma, intracytoplasmic lysozyme was detected in leukemic cells
in the paraffin sections. The results of CAE studies were negative (Zen-
ker’s fixed tissue).

The immunoperoxidase technique for identification of intracellular ly-
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sozyme was applied to smears of bone marrow aspirates from 8 patients
with acute myelogenous leukemia and peripheral blood smears from 15
patients with various myeloproliferative disorders, including acute myelog-
enous leukemia (8), acute monomyelocytic leukemia (1), chronic myelog-
enous leukemic (1), chronic myelogenous leukemia in blast crisis (2),
acute monocytic leukemia (1), and myelofibrosis (2). In 11 of 19 cases witk
a predominance of blasts, nearly all blasts demonstrated cytoplasmic
staining for lysozyme. In the other 8 cases, blasts were either negative or
only a few were positive. Myeloid cells at later stages of maturation were
positive, with strong cytoplasmic staining evident in mature myeloid cells
in all specimens. Figure 8 illustrates intracytoplasmic lysozyme in blasts in
a bone marrow aspirate from a patient with acute myelogenous leukemia.

Cytochemical studies were also performed on smears (as available).
Blasts characterized by intracytoplasmic lysozyme generally also demon-
strated peroxidase activity (5 subjects studied) and/or Sudan black posi-
tivity (10 subjects studied). The immunoperoxidase technique was more
sensitive than CAE determinations (15 subjects studied) in characterizing
blasts, in that the latter showed variable staining, both quantitatively and
qualitatively. Except in the patient with acute monocytic leukemia, in
which nearly all blasts showed NBE activity, few NBE-positive blasts were
observed (14 patients were studied). Mature myeloid cells present in all
patients tested showed positive cytoplasmic staining with Sudan black,
CAE activity, peroxidase activity, and the presence of intracellular ly-
sozyme.

Malignant Tumors

In evaluation of undifferentiated malignant tumors, neoplasms of true
histiocytic type or those of myeloid or myelomonocytic origin potentially
may be identified on the basis of intracytoplasmic lysozyme using the
immunoperoxidase technique. To determine if tumors of other cell types
would also yield positive staining, a total of twenty-three malignant
tumors were tested, including colonic (twelve), breast (three), prostatic
(one), renal (two), pulmonary (one), and gastric (one) carcinomas, un-
differentiated carcinomas (two), and mesothelioma (one). Two pleomor-
phic adenomas of the parotid gland were also studied. Intracellular ly-
sozyme was not detected in the neoplastic cells of these tumors.

Comparison of Methods

Table 2 compares the immunoperoxidase method for detection of intra-
cellular lysozyme with CAE and NBE studies for characterization of
myeloid cells, monocytes, and histiocytes in paraffin sections and smears.
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Table 2—Comparison of Immunoperoxidase Studies for Intracellular Lysozyme With Cyto-
chemical Techniques for Characterization of Myeloid Cells, Monocytes, and Histiocytes in
Paraffin Sections and Smears

Myeloid celis Monocytes/histiocytes
Paraffin Paraffin
Method sections Smears sections Smears

-

Intracellular lysozyme + + +
Chloroacetate esterase +1% +3 0
0 0

+
0
a-Naphthyl butyrate esterase +

* Histiocytes show variable positivity, as defined in text.

t CAE activity effectively demonstrated in formalin-fixed tissues but not in Zenker's-fixed
specimens.

1 Eosinophilic myeloid cells do not show CAE activity.

§ NBE activity demonstrable only in cryostat sections.

The immunoperoxidase technique has wider applicability than cvto-
chemical determinations, though the latter will specifically differentiate
between myeloid and monocytic cells in smears. Neutrophilic myveloid
cells may be characterized in smears and in paraffin sections on the basis
of CAE activity, provided that tissues are fixed in formalin rather than
Zenker's solution. Eosinophilic myeloid cells, however, lack CAE activ-
ity and cannot be defined by this technique. @-Naphthvl butyrate esterase
studies may be applied to smears or cryvostat sections for characterization
of monocytes and/or histiocvtes, but NBE activity is not retained in
paraffin sections. For formalin-fixed or Zenker's-fixed. paraffin-embedded
tissues, the immunoperoxidase technique for identification of intracellular
lysozyme represents the most effective method for detection of neutro-
philic and eosinophilic mveloid cells, monocvtes, and histiocytes.
Discussion

The immunoperoxidase indirect sandwich technique represents a sensi-
tive and specific method for identification of intracytoplasmic lvsozvme in
paraffin sections or smears. Compared with immunofluorescent determi-
nations or bioassay techniques, immunohistochemical detection of intra-
cellular lvsozvme has considerable advantages. Immunoperoxidase stud-
ies provide permanent preparations with excellent morphologic detail and
are readilv capable of detecting lvsozyme, even in an enzvmatically
inactive state.

In normal tissues, sites of intracvtoplasmic Ivsozyme, as defined by this
study (Table 1), were similar to those described previously 2 with
several exceptions. Intracyvtoplasmic lysozvme was identified in some
serous glands of the parotid and in occasional gastric epithelial cells in our
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study but was not described in these sites by Mason and Taylor.'” In
previous reports * based on assays of enzymatic activity, eosinophils were
found to have little or no lysozyme. In our study and that of Mason and
Taylor,'” both of which used the same immunohistochemical method,
strong cytoplasmic staining for lysozyme was observed in eosinophilic
myeloid cells in paraffin sections. The discrepancy between the latter
studies and earlier reports may be related to differences in technique.

Different types of histiocytes demonstrated varying staining patterns for
intracytoplasmic lysozyme as defined by the immunoperoxidase method.
Little or no lysozyme was detected in splenic cord macrophages, in sinus
lining cells of spleens and lymph nodes, and in macrophages in follicular
centers of lymph nodes and spleens. However, epithelioid histiocytes
associated with toxoplasmic lymphadenitis and granulomatous diseases
contained easily detectable intracellular lysozyme. Elevated levels of
serum lysozyme in tuberculosis,® sarcoidosis,? and Crohn disease *° pre-
sumably reflect increased production and liberation of lysozyme by the
histiocytes characterizing these granulomatous processes.

The presence of intracellular lysozyme in myeloid and monocytic cells
of various myeloproliferative disorders, as determined by immuno-
peroxidase studies, corroborates earlier reports which were based on bioas-
say, immunofluorescent, and immunoelectrophoretic techniques 214
Increased production and destruction of myeloid and/or monocytic cells
provide a basis for the increased levels of serum lysozyme observed in
these conditions. For characterization of myeloid and/or monocytic cells
in various specimens from myeloproliferative disorders, the immuno-
peroxidase method for identification of intracytoplasmic lysozyme has
wider applicability than CAE or NBE studies (Table 2).

In our subjects with hairy cell leukemia, lysozyme was not detected in
the neoplastic mononuclear cells in bone marrow biopsies, spleens, lymph
nodes, liver, or peripheral blood. The absence of cytoplasmic lysozyme in
these patients fails to support a possible monocytic origin for this disorder,
but correlates well with low serum lysozyme levels reported for patients
with hairy cell leukemia.*** The neoplastic cells in lymph nodes of
patients with “histiocytic” lymphoma also were devoid of intracellular
lysozyme, suggesting that these tumors may not be of histiocytic origin.

Potential applications of the immunoperoxidase method for detection
of intracellular lysozyme include evaluation of myeloproliferative dis-
orders, detection of poorly differentiated neoplasms of myeloid and/or
monocytic derivation, and identification of malignant lymphomas of true
histiocytic type.
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Figure 1 —Bronchus; formalin-fixed paraffin section. Intraceilular lysozyme (black) was identified in serous glands of
bronchial wall by the immunoperoxidase technique. Mucous glands are clearly negative. (Hematoxylin counterstain, X
550) Figure 2—Sarcoidosis. Lymph node; formalin-fixed paraffin section. Intracellular lysozyme (black) is present in
histiocytes and multinucleate giant cells of granulomas. (Hematoxylin counterstain, X 350) Figure 3—Hairy cell
leukemia. Spleen; formalin-fixed paraffin section. Neoplastic mononucilear cells (arrows) within a splenic sinus are
negative for intracellular lysozyme. The strong cytoplasmic staining for lysozyme (black) evident in neutrophils (double
arrows) partially obscures details of segmented nuclei in the illustration. Myeloid cells were readily identified by
microscopic examination of the stained sections. (Hematoxylin counterstain, X 2000)




Figure 4—Acute myelogenous leukemia. Bone marrow biopsy; Zenker's acetic acid fixation, paraffin
section. (Hematoxylin counterstain, X 900) A—The entire cell population consists of blasts which
show strong cytoplasmic staining for intracellular lysozyme (black). B—No cytoplasmic staining
observed in blasts of control section incubated with normal rabbit serum. Section incubated with
rabbit anti-human lysozyme antiserum which had been neutralized with purified human lysozyme
similarly gave negative results. Bone marrow aspirate in this case revealed a predominance of
peroxidase-positive blasts, some of which contained Auer rods. Figure 5—Acute monocytic leu-
kemia. Bone marrow biopsy; Zenker's acetic acid fixation, paraffin section. Monocytic cells pre-
dominate in this section and show strong cytoplasmic staining for intracellular lysozyme (black).
Inset—Higher magnification of immature monocytic cells which contain oval, reniform, or irregular
nuclei. Megakaryocytes and erythroid cells are negative for intracytoplasmic lysozyme. Bone marrow
aspirate demonstrated a predominance of monocytic cells which were NBE positive (inhibited with
fluoride). Serum and urinary lysozyme levels were markedly elevated in this subject. (Hematoxylin
counterstain, X 900; inset, X 1300)
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Figure 6—Spieen with extramedullary hematopoiesis in a patient with myelofibrosis;
formalin-fixed paraffin section. A—At low power, abundant lysozyme-containing
myeloid cells (black) are evident in the red pulp. White pulp (pale staining areas) is
negative for lysozyme. (X 100) B and C—Higher magnifications of myeloid cells at
various stages of maturation illustrating strong staining for intracellular lysozyme
(black) in myelocytes and metamyelocytes (B) and in mature myeloid celis (C). (Methyl
green counterstain, X 2200)




Figure 7—Monomyelocytic tumor. Subcutaneous tissue; formalin-fixed paraffin section.
The entire section is comprised of immature monomyelocytic cells which demonstrate
cytoplasmic staining (black) for lysozyme. Cytochemical studies (cryostat sections, im-
prints, and paraffin sections were evaluated) demonstrated NBE activity (inhibited with
fluoride) and CAE activity in these cells. (Hematoxylin counterstain, X 900) Figure 8—
Acute myelogenous leukemia. Bone marrow aspirate; alcohol-fixed smear. Blasts show
strong staining for intracytoplasmic lysozyme (black). No lysozyme identified in erythroid
cells. (Hematoxylin counterstain, X 2000)



