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Mouse tissue sections were stained by monoclonal anti-
bodies to macrophage antigens (Mac-1 (M1/70), Mac-2
(M3/38), Mac-3 (M3/84) with the use of immunoper-
oxidase. Mac-1 was located diffusely in the cytoplasm
of round cells in a high percentage of alveolar macro-
phages, resident peritoneal and bone marrow cells, in
splenic red pulp, and in rare perivascular cells in the
thymus. Mac-1 was absent in epithelial cells and
Langerhans cells. Mac-2 was strongly positive in many
dendritic cells in the thymic medulla, more than the
cortex, in paracortex and medulla of lymph nodes,
sparing the follicles, and in the marginal zone of
spleen. There were a few positive cells in germinal
centers. Mac-2 was located in a low percentage of bone
marrow and a high percentage of resident peritoneal
cells. When positive in sections Mac-3 always showed

granular cytoplasmic staining. Bone marrow showed a
high percentage of cytoplasmic staining (>50%), as
compared with low surface staining (<1%). It was
found in hematopoietic cells, and in all endothelium,
including postcapillary venules and lining of sinuses. It
was probable that the resulting dendritic staining pat-
tern for Mac-3 in paracortex of lymph node, white and
red pulp, thymic cortex, and medulla included den-
dritic cells other than endothelial cells. Alveolar
macrophages and Kupffer cells were positive for Mac-2
and Mac-3. Mac-3 also stained bile canaliculi. Clearly
different staining patterns were found in epithelial cells
for Mac-2 and Mac-3 in kidney tubules, intestinal
mucosal lining, bronchi, choroid plexus, and epider-
mis. (Am J Pathol 1983, 111:112-124)

MACROPHAGES AND MONOCYTES are a
heterogenous group of cells distinctive for their abil-
ities to phagocytize and to carry out various func-
tions in the immune response. Recently it became evi-
dent that several groups of morphologically dendrit-
ic cells, including Langerhans cells,"” interdigitat-
ing dendritic cells in the lymph node,*™** follicular
dendritic cells,’**s lymphoid dendritic cells**™*® of
lymphoid cell suspensions, and the thymic mesenchy-
mal cells,2°2* should be regarded as distinct from
ordinary macrophages. Although some of these cells
share features in common with macrophages, such as
cell membrane adenosine triphosphatase (ATPase),
Ia antigens, and Fc and C3b receptors, they differ in
their dendritic shape, location, and the presence of
certain surface antigens (recently reviewed by Thor-
becke et al*® and Tew et al*¢). OKT6 has been shown
to be present on Langerhans cells and on some
dendritic cells in the paracortex as well as 70% of

thymocytes, but not on monocytes.®**’ S100 was
previously thought to be limited to nerve tissue and
is absent from monocytes but has been recently
shown to be present on Langerhans cells and inter-
digitating dendritic cells.?®*°

In the present study we were interested in looking
at the tissue distribution of certain recently described
murine macrophage antigens to determine whether
distinctive subsets could be found and in particular,
whether these antigens would also be present on some
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of the dendritic cells. A set of mouse macrophage cell
membrane antigens (Mac-1, Mac-2, Mac-3) are iden-
tified by rat anti-mouse monoclonal antibodies
M1/70, M3/38, M3/84, respectively. The presence of
the antigens on hematopoietic cell surfaces has been
previously determined by immunofluorescence. Mac-
13°-32 js an antigen containing 95,000 and 170,000 M,
subunits and is present on resident peritoneal macro-
phages, splenic macrophages, granulocytes, mono-
cytes, and 50% of bone marrow cells. It is also pres-
ent on peritoneal exudate cells elicited by thiogly-
collate, protease peptone, lipopolysacchdride (LPS),
concanavalin A (Con A), and Listeria monocytogenes.
Thymocytes and peripheral lymph node cells lack
Mac-1. Mac-3,%%34 a 110,000 M; polypeptide, is pres-
ent on unelicited peritoneal macrophages and on
peritoneal exudate macrophages elicited by a wide
variety of agents. Thymocytes, peripheral lymph
node cells, and greater than 95% of bone marrow
cells are negative. Mac-2,%*% a 32,000 M; polypep-
tide, is not on resident peritoneal macrophages but is
present on thioglycollate- and on 20% of protease
peptone-induced peritoneal exudate cells. It is not
present on peritoneal exudate cells induced by LPS,
Con A, or L monocytogenes, as shown by immuno-
fluorescence, but 10- to 30-fold lower quantities than
on thioglycollate-elicited cells can be detected by
35S-methionine labeling and immunoprecipitation.
Mac-2 is negative by immunofluorescence and
355-methionine incorporation in lymph node lympho-
cytes, and is also negative by immunofluorescence on
splenic macrophages, granulocytes, thymocytes, and
>95% of bone marrow cells.

Materials and Methods

Animals

BALB/c mice were purchased from Charles River
Breeding Laboratories, Inc., Wilmington, Massa-
chusetts.

Monoclonal Antibodies

The derivations of subcloned lines M1/70,3° M3/
38,3435 M3/84%34 M5/114,% M1/89,3 M17/5,% and
2.4G2% have been described previously. In brief,
spleen cells from rats immunized to mouse spleen
cells (M1/70, M5/114, M1/89) or thioglycollate-
elicited peritoneal exudate cell glycoproteins depleted
of previously recognized antigens with monoclonal
immunoabsorbents (M3/38, M3/84, M17/5) or J774
cell line (2.4G2) were fused with the mouse myeloma
NSI or P3Ul. The cells were grown in Dulbecco’s
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Modified Eagle’s medium supplemented with 10%
horse serum or 5% fetal calf serum. The culture
supernatants were harvested and used as the source
of monoclonal antibodies.

Tissue Sections

BALB/c mice were sacrificed by cervical disloca-
tion and portions of lymph nodes, thymus, spleen,
bone marrow, kidney, liver, intestine, lung, brain,
and skin were taken for processing in paraffin and in
polyester wax (BDH Chemicals Ltd., Poole, En-
gland) and for frozen sections. Resident peritoneal
exudate cells were obtained by washing the peritoneal
cavity with heparinized RPMI 1630 (GIBCO, Grand
Island, New York). The cells were pelleted by centri-
fugation and processed for polyester wax and frozen
sections.

Tissue for paraffin was fixed in Carnoy’s fixative
for 45 minutes, transferred to 60% ethanol, processed
in an 8-hour cycle in an Auto-Technicon Ultra from
alcohol to paraffin (Paraplast, Brunswick Company,
St. Louis, Mo) and finally embedded in paraffin. Tis-
sue for polyester wax was fixed in cold ethanol for
2 hours and subsequently processed through alcohol,
alcohol/polyester wax, and polyester wax at 37 C.
Four-micron sections were cut from the paraffin- and
polyester-wax-embedded tissues. Tissue for frozen
sections was placed in OCT compound (Miles Lab-
oratories, Naperville, IlI), frozen, and cut to ap-
proximately 6 u in a cryostat (Ames Cryostat II,
Miles Laboratories). The sections were stored in a
freezer at —20 C until stained.

Epidermal Sheets

The mice were killed by cervical dislocation,
shaved, depilated, rinsed with saline, and skinned.
The pelts were cleaned of underlying tissue, cut into
1-sq cm pieces, and floated dermal-side-down on 1 M
sodium bromide for 30 minutes at 37 C. The epi-
dermis was peeled from the dermis with fine forceps.
The sheets were rinsed in phosphate-buffered saline.

Immunoperoxidase

Sections were deparaffinized in xylene and alcohol
or dewaxed in alcohol. Frozen sections were thawed
and dried, and the OCT compound was then re-
moved in water. The sections were incubated in 0.3%
hydrogen peroxide in methanol for 30 minutes to
eliminate endogenous peroxidase activity. The sec-
tions were incubated with the primary antibody, fol-
lowed by the bridge antibody and then rat peroxi-
dase-antiperoxidase complexes. The primary anti-



114 FLOTTE ET AL

body was either M1/70, M3/38, M3/84, M1/89,
M17/5, 2.4G2 (diluted to 1-10 ug/ml), normal rat
serum (diluted 1:10), or purified rat IgG (diluted to
10 ug/ml, Pel-Freez Biologicals, Rogers, Ariz). The
bridge antibody was rabbit anti-rat y1, y2a, or y2b
(diluted 1:20, Pel-Freez Biologicals). The rat peroxi-
dase-antiperoxidase complexes (Sternberger-Meyer
Immunocytochemicals Inc., Jarretsville, Md) were
diluted 1:100. The incubations in antiserums were
separated by washing in two changes of Tris-buffered
saline (0.05 M, pH 7.6). The sections were stained
with 0.075% diaminobenzidine tetrahydrochloride
(Sigma Chemical Co., St. Louis, Mo) and 0.003%
hydrogen peroxide in Tris-buffered saline for 7
minutes. The reaction was terminated by washing
with water. The sections were counterstained with
methyl green.

Epidermal sheets were stained with the use of simi-
lar protocols except that the epidermal sheets were
floated on 50 ul of the appropriate reagents. The
reagents, antibodies, and washing solutions con-
tained 0.1% sodium azide. Incubations and washes
were performed at 4 C for 1 hour and 20 minutes,
respectively. The sections were fixed in 5% neutral
buffered formalin. No counterstain was used.

Results
Effects of Processing

BALB/c lymph nodes were processed for paraffin,
polyester wax, and frozen sections as described in
Materials and Methods. Sections of lymph nodes,
thymus, spleen, bone marrow, skin, and kidney were
stained by the immunoperoxidase method for Mac-1,
Mac-2, Mac-3, and Ia antigens. The frozen sections
showed staining for all four antigens, but the mor-
phologic characteristics were not as well preserved as

Table 1 — Primary and Secondary Lymphoid Organs
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with the other methods. The polyester wax sections
showed staining for Mac-2, Mac-3, and Ia antigens,
but not for Mac-1. The morphologic characteristics
were better than those of frozen sections, although
not as good as those of paraffin sections. The paraffin
sections only showed staining for Mac-2. Therefore,
in this study, frozen sections were used for the study
of the distribution of Mac-1, paraffin for Mac-2, and
polyester wax for Mac-3 and Ia antigens. It should be
emphasized that the staining characteristics, ie, gran-
ular or diffuse, and pattern were not altered by the
method of processing. ‘

Antigen Distribution

The staining patterns seen in lymphoid and non-
lymphoid organs are described in Tables 1 and 2 and
illustrated in Figures 1-4. The staining of the cyto-
plasm of the cells was diffuse and homogeneous for
Mac-1 and Mac-2, whereas it was discrete and granu-
lar for Mac-3.

The previously described immunofluorescent sur-
face staining and 35S-methionine incorporation
studies?*-32-3 and the immunoperoxidase staining of
sections in the present study corresponded well for
both Mac-1 and Mac-2 antigens. The weakly positive
staining for Mac-2 in resident peritoneal macro-
phages in sections could represent a true difference
between surface and cytoplasmic localization. It
could also represent the greater sensitivity of the im-
munoperoxidase technique than of the immuno-
fluorescence technique. This interpretation is in
agreement with the finding that resident peritoneal
cells are negative by immunofluorescence but weakly
positive by immunoprecipitation of *sS-labeled an-
tigen.>® The intracellular distribution for Mac-3
differed from that previously obtained by surface im-
munofluorescence. Bone marrow cells showed <5%

Organ Mac-1

Mac-2 Mac-3*

50% positive cells

Bone marrow
Thymus

Spleen

Lymph node

Gut-associated lymphoid
tissue
Resident peritoneal cells

40% positive cells

Rare round positive
perivascular cells

Round cells in marginal
sinus, red pulp

Round cells in marginal
sinus, medullary cord

Few positive round
cells
80% positive

5% positive cells

Dendritic cells, more in medulia than in
cortex

DC in white pulp, round cells in marginal
zone, red pulp, few in germinal centers

Numerous DC paracortex, medullary
cords, round cells in marginal sinus

Dendritic cells in T cell areas and scat-
tered round cells

5% strongly positive, remainder weakly
positive

Dendritic pattern in cortex and medulla

Dendritic pattern in white pulp, many
cells in red pulp including hemato-
poietic cells

Dendritic pattern in paracortex, endo-
thelial cells in sinuses, medullary
cords and postcapillary venules,
50% of round cells in marginal sinus

Dendritic pattern

80% positive

* Mac-3 antigen was found in lymphatic and vascular endothelial cells in every organ. It was not possible to be certain whether the dendritic
pattern represented dendritic cells and endothelium or endothelium alone.
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Table 2— Nonlymphoid Organs
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Organ Mac-1 Mac-2 Mac-3*
Liver Negative Celis lining the sinusoids Cells lining the sinusoids, bile canaliculi
Lung Alveolar mac- Alveolar macrophages, bronchial epi- Alveolar macrophages and lining cells, bronchial
rophages thelium epithelium ,
Intestinal villi Round cells in  Round cells in lamina propria, cytoplasm Round cells in lamina propria, luminal border of epithelial
lamina of epithelial cells increasing from bases cells evenly distributed
propria to tips of villi
Kidney Negative Only some tubules stained, all levels of Luminal borders of all renal tubular epithelia were
the tubular epithelium and urothelium positive but much stronger in cortex than medulia,
were positive glomeruli positive
skinT Negative Keratinocytes, hair follicles, sweat ducts Keratinocytes, hair follicles, sweat ducts positive
positive
Braint Negative Choroid plexus and ependyma positive Choroid plexus and ependyma positive

* Mac-3 antigen was found in lymphatic and vascular endothelium in every organ.
t Langerhans cells received special attention. They were unstained with Mac-1, but they could not be definitively evaluated for Mac-2 and

Mac-3 because of the keratinocyte staining.

¥ In view of the paucity of microglia in normal brain, a definitive statement regarding microglial staining is not possible.

surface staining® and 50% cytoplasmic staining in
sections.

The staining of lymphoid organs was different for
each antibody. Lymphocytes were not stained by any
of the antibodies in any organ. Round, free-lying
macrophages, such as peritoneal, alveolar, red pulp,
marginal sinus, and medullary cord macrophages,
stained with all three monoclonal antibodies. Mac-1
stained only these cells and did not stain any den-
dritic cells (Figure 3).

Dendritic cells were stained both by Mac-2 and
Mac-3, but in two different patterns (Figure 1). Mac-
2 stained more cells in the thymic medulla than in the
cortex, and in peripheral lymphoid tissue more cells
in the paracortex and white pulp, sparing the folli-
cles, than in the medulla and the red pulp. The few
positive cells in the germinal centers were large, had
the typical appearance of tingible body macrophages,
and were not in the location of the follicular dendritic
cells (corona) described by Nossal and co-workers.**
There were many more positive cells in the lymph
nodes than in the spleens. Mac-2 stained a subpopu-
lation of 5% resident peritoneal cells strongly and the
remainder weakly. This appears to correlate with the
finding that peritoneal macrophages elicited by
different techniques vary 30-fold in the quantity of
Mac-2 expressed.?*

Mac-3 stained dendritic cells that were more evenly
distributed between the thymic medulla and the cor-
tex and that were also present throughout the lymph
nodes and splenic white pulp, sparing only the folli-
cles. The staining of lymphatic and vascular endo-
thelium made the interpretation of the Mac-3 pattern
difficult, since it was not certain whether it included
dendritic cells and endothelium or endothelium alone
(Figures 1 and 2). Our interpretation was, however,
that the staining was too extensive to be limited to en-

dothelium and, indeed, represented both endothe-
lium and dendritic cells. The endothelium of the
postcapillary venules and the lining cells of the
sinuses in the medulla were among the cells staining
darkest for Mac-3 in the lymph node (Figure 2).

Staining for Ia antigens in the thymus showed a
pattern of dendritic cells throughout the cortex and
medulla that was far greater than that for either Mac-
2 or Mac-3, which is consistent with previous reports
that Ia antigens are expressed on both epithelial and
mesenchymal dendritic cells.?*

In nonlymphoid organs, the Mac-1 antigen was not
located in the nonlymphoid tissues such as epithelia
(Figures 3 and 4). It was present on the classical
macrophages in lymphoid infiltrates such as in the
lamina propria of the gut and in alveolar macro-
phages but not in Kupffer cells.

Mac-2 was present in some cells of lymphoid infil-
trates, alveolar macrophages (Figure 3), and cells lin-
ing the sinusoids (Figure 4), as well as in certain epi-
thelial cells. Even within a single organ the epithelia
did not stain uniformly (Figure 4). Intestinal epi-
thelial cells at the base of villi stained weakly, where-
as those at the tips of the villi stained stronger. This
pattern for Mac-2 in the intestine is similar to the
degree of cytoplasmic eosinophilia. The differential
ability to absorb fat from the lumen follows a similar
distribution.** Some renal tubules stained, whereas
others did not. The pattern was apparently unrelated
to the level of the tubule involved. Glomeruli were
negative.

Mac-3 was present in many more cells than Mac-2.
In the lung, staining was seen in alveolar macro-
phages, bronchial epithelium, and -alveolar lining
cells (Figure 3). In the liver, bile canaliculi as well as
the cells lining the sinusoids stained (Figure 4). In the
intestinal epithelium, Mac-3 was evenly distributed
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Figure 1a—Mac-2 staining of thymus. More positive dendritic cells are present in the medulla (M) than in the cortex (C). b— Mac-3 staining
of thymus. There is a relatively even distribution of positive cells, but if anything, they are more frequent in the cortex. - ¢— Mac-2 staining
of spleen. Dendritic cells in the white pulp (W) and dendritic cells and macrophages in the red pulp (R). Notice the positive “tingible” body
macrophages in the germinal center (GC). d— Mac-3 staining of spleen. Dendritic cells in the white pulp and dendritic and round cells in
the red pulp. The round cells are hematopoietic cells, including megakaryocytes, and macrophages. (Immunoperoxidase, nuclear staining by
methyl green, x250)



Vol. 111 » No. 1 DENDRITIC CELLS IN TISSUE SECTIONS 117

fod
¥,

\ -
1
"OI

q ’-Y. .
W, N L

Figure 2a— Mac-2 staining of lymph node cortex. Many positive cells are present in the paracortex (P), while few are positive in the follicle (F).
Notice that the postcapillary venule (V) is negative. b— Mac-3 staining of lymph node cortex. There are many positive dendritic cells in the
paracortex, but also a few staining cells in the follicle. Notice the positive postcapillary venule. ¢ — Mac-2 staining of [ymph node medulia.
Note many positive tissue macrophages in the medullary cords and some free lying cells in sinusoids. d —Mac-3 staining of lymph node
medulla. Many positive cells are seen lining the sinuses and lying free in the sinusoids. The cytoplasmic processes of the cells lining the

sinuses are clearly visible. (Immunoperoxidase, methyl green, x 250)
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Figure 3a—Mac-1 staining of thymus. Scattered, round, positive cells are most frequent in cortico(C)-medullary (M) junction. b—Mac-1
w). c— Mac-1 staining of lymph

staining of spleen. Round, positive cells are present in the red pulp (R) and absent from the white pulp (

node. Round positive cells are seen in the medulla (M). The follicles and paracortex (P) are negative. d— Mac-1 staining of lung. Alveolar
macrophages are positive. Bronchiolar epithelium (B) is negative. e — Mac-2 staining of lung. Alveolar macrophages and bronchiolar epi-
thelium are positive. f—Mac-3 staining of lung. Alveolar macrophages, bronchiolar epithelium, and alveolar lining cells are positive.

Although not well-illustrated here, free-lying macrophages are also positive. (Immunoperoxidase, methyl green, x 250)
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Figure 4a —Mac-2 staining of liver. The cells lining the sinusoids, including Kupffer cells, are positive. b —Mac-3 staining of liver at the
same magnification as a. The cells lining the sinusoids, including Kupffer cells and the bile canaliculi are positive. ¢—Mac-1 staining of
small intestine. There are positive, round cells in the lamina propria. The epithelium is negative. d — Mac-2 staining of small intestine.
Note positive, round cells in the lamina propria. The cytoplasm of epithelial cells shows increasing staining from the base to the tips of villi.
e —Mac-3 staining of small intestine. There are positive cells in the lamina propria. There is staining of the luminal borders of epithelial cells
evenly distributed from the base to the tips of villi. f— Mac-2 staining of kidney. Some tubules are stained in both the cortex (C) and the
medulla (M). g— Mac-3 staining of kidney. Positive staining is seen in the glomeruli (arrow) and tubules in the cortex: Medulla is predomi-

nantly negative. (Immunoperoxidase, methyl! green, a-e, x 250; f and g, x 150)
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from the base of the villi to the tips. The cortical
renal tubules were positive, but the medulla was not.
Glomeruli were positive.

Epidermis was studied with the use of both sec-
tions and epidermal sheets. No staining of epidermis,
either of Langerhans cells or of keratinocytes, was
seen in frozen sections or epidermal sheets for Mac-1.
Sections and epidermal sheets stained for Mac-2 and
Mac-3 showed diffuse staining of the keratinocytes. It
could not be determined by light-microscopic exami-
nation of these slides whether Langerhans cells were
also positive. Epidermis stained by monoclonal anti-
bodies for the common leukocyte antigen (Figure 5),
Fc receptors, and Ia antigens (Figure 5) all show
suprabasalar dendritic cells in sections and nonover-
lapping dendritic pattern with increased density
about hair follicles, characteristic of Langerhans
cells, in epidermal sheets.

Discussion

Our results highlight two technical points of inter-
est. First, the method of processing the tissue has
marked effects on the results produced. Paraffin and
frozen sections are the most common methods of
processing tissues. However, polyester wax can pro-
vide better preservation of morphologic characteris-
tics than frozen sections. It also removes or destroys
fewer antigens than does paraffin embedding because
of its lower melting point (37 C), and because it is
miscible with alcohol, it thus requires no clearing
agents such as xylene. Second, there are an ever in-
creasing number of antibodies being produced to sur-
face antigens. These antibodies are generally only
screened for surface staining in cell suspension or for
absorption by cells or insoluble membranes. This
study demonstrates the dramatic differences that can
be seen when the antibodies are also screened on tis-
sue sections, where they may demonstrate a predomi-
nantly cytoplasmic localization not realized previ-
ously. Expression of antigens on the surface and in-
tracellularly is not unexpected. Recyclable receptors
are an interesting class of proteins found both on cell
surface and in intracellular compartments. For
example, the phosphomannose receptor, with trans-
fers extracellular phosphomannosyl enzymes to ly-
sosomes, is found 10% in plasma membranes and
90% in endoplasmic reticulum, Golgi bodies, and
lysosomes.*°

Immunoperoxidase staining of lymphoid and non-
lymphoid tissues for macrophage antigens with rat
anti-mouse monoclonal antibodies showed interest-
ing patterns of distribution. While none of the anti-
bodies stained lymphocytes, they did define at least

AJP o April 1983

two populations of cells. The first group shows stain-
ing for all three macrophage antigens tested, Mac-1,
Mac-2, Mac-3. Morphologically, these cells are
round and usually have abundant cytoplasm. They
also tend to have limited contact with the surround-
ing tissues, such as is the cdse for alveolar, perito-
neal, and sinus macrophages. This group is com-
posed of those cells that are generally thought of as
“classic” macrophages. An exact definition may be
those cells that express both Mac-1 and Mac-2 anti-
gens. Mac-1 alone would almost be the best defini-
tion, except that it is present on granulocytes and
50% of bone marrow cells. Mac-2 is present on a
variety of cells but not on granulocytes or on 95-99%
of bone marrow cells. Therefore, the expression of
both Mac-1 and Mac-2 appears to be limited to those
cells that have been thought of as “classic” macro-
phages. The second population consists of dendritic
cells located in primary and secondary lymphoid or-
gans and liver. These cells do not contain Mac-1 but
do contain Mac-2. Mac-3 is most likely present in
these cells, but that cannot be stated with certainty,
because in most organs the abundance of endothelial
cells that definitely stain with Mac-3 precludes a clear
evaluation of the staining of other dendritic cells,
such as the ones stained by Mac-2.

Langerhans cells were shown to express the com-
mon leukocyte antigen and Fc receptors but not
Mac-1. The common leukocyte antigen is equivalent
to Ly-5 (T. A. Springer, unpublished observations)
and is expressed by all leukocytes and hematopoietic
stem cells but not by nonhematopoietic tissues.*'**
This represents further evidence of the hematopoietic
origin of these cells. Other experiments* using epi-
dermal cell suspensions have shown that Langerhans
cells express Mac-2 and Mac-3 antigens.

The relation of the dendritic cells stained by these
antibodies to the previously described dendritic cells
is not clear. The thymus contains two dendritic cell
populations,?°~>* the mesenchymal and the epithelial,
both of which are thought to express la antigens. The
reported staining pattern for Ia antigens,?* as well as
that seen in our laboratory, is much more extensive
than that seen for either Mac-2 or Mac-3. Therefore,
these antibodies must be recognizing only one of the
[a+ populations or a subset of one. In the lymph
node and spleen one can find at least three types of
dendritic cells, the follicular,'*** interdigitating,®™!
and reticular cells.** None of the antibodies stained
the follicular dendritic cells. Mac-2 and probably
Mac-3 antigens were found in the interdigitating den-
dritic cells in the T-cell zones as well as in additional
cells located in red pulp and medullary cords, which
may or may not include the reticular cells. The loca-
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Figure 5a and b— |-A staining of skin sheets from BALB/c mice showing positive Langerhans cells. candd—CLA stai‘ning of skin sheets
showing positive Langerhans cells. (immunoperoxidase without counterstain, a and ¢, x 100; b and d, x250)
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tion of Mac-3 in the spleen was also difficult to eval-
uate because of the staining of hematopoietic cells.

The lymphoid dendritic cell characterized by Stein-
man, Cohn, and co-workers,'*** has not been local-
ized in tissue sections and therefore cannot be in-
cluded in the present study. However, it is interesting
to note that Steinman et al** find more of these cells
in the spleen than in the lymph node suspensions,
whereas Mac-2 is demonstrated in a greater number
of cells in the lymph node than in the spleen sections
in the present study. Steinman et al** have previously
reported these cells to be negative for Mac-1.

The patterns of lymph node and splenic staining
for Mac-2 showed striking similarities to the staining
for S100 in human tissues. S100 was previously
thought to be limited to nerve tissue; however, it has
recently been shown to be present in other tissue.
Staining for S100 has been shown in dendritic cells in
the paracortex of the lymph node, in the thymic
medulla, and in fewer cells in the spleen.” It stains
Langerhans cells (LC) in the skin but not keratino-
cytes.2® Mac-2 is present on both keratinocytes and
LC.® Mac-2 does not stain astrocytes. Thus, al-
though there are similarities between Mac-2 in the
mouse and S100 in the human, important differences
in their distributions also exist.

It is interesting to compare the wide yet specific dis-
tributions of Mac-1, Mac-2, and Mac-3 with three
other antigens defined by monoclonal antibodies.
Their distributions overlap, but no two are the same.
Unfortunately, each of the three other monoclonal
antibodies that have been described to stain dendritic
cells of the lymphoid system is directed against a
different species. OKT6, a mouse anti-human re-
agent, stains Langerhans cells, some of the dendritic
cells in the paracortex, as well as 70% of thymo-
cytes.®*?” MRC OX2, a mouse anti-rat antibody, re-
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acts with follicular dendritic cells, marginal sinus
cells, endothelium of postcapillary venules, B cells
(weakly), smooth muscle, peripheral nerves, brain,
spinal cord, and thymocytes.* It precipitates a glyco-
protein of 60,000 molecular ,weight. 33D1, a rat anti-
mouse reagent, reacts with lymphoid dendritic cells
as studied in cell suspensions of spleen and lymph
node.* It is negative on cell suspensions of thymus,
peritoneal exudate cells, and blood monocytes. Un-
fortunately, no information is available regarding the
distribution of 33D1-positive cells in tissue sections.

The staining patterns of epithelial structures ob-
served with Mac-2 and Mac-3 were€ entirely different.
Staining of lymphoid and nonlymphoid tissue by the
same antibodies raises the question of whether the
monoclonal antibodies are recognizing the same
molecule in all tissues. It has been recently reported
that a monoclonal anti-mouse Thy-1 cross-reacts
with an intermediate filament, probably vimentin.*’
Although these two molecules have very different
molecular structures, they apparently share a com-
mon antigenic determinant to which the antibody is
directed. While a definitive statement in this regard
cannot be made about either Mac-2 or Mac-3, it
seems likely that M3/84 (anti-Mac-3) is recognizing
the same antigen in the lymphoid and nonlymphoid
tissues, since the distinctive granular staining is very
similar in both. We know of no specific organelle that
would account for the distribution in all tissues. It
seems likely that it is at least present in secretory
granules and lysosomes.

Table 3 presents the data from this and previous
studies, comparing the dendritic cells of the lym-
phoid system. The Mac-1, 2, 3 phenotypes divide the
cells into three categories that have other correlates in
addition to these antigens. The Mac-1%, 2+, 3* pheno-
type is limited to macrophages. The Mac-17, 27, 3+

Table 3—Comparison of Properties of Various Dendritic Cells and Macrophages

Interdigitating Follicular Lymphoid
Langerhans dendritic dendritic dendritic Kupffer
Species Property/antigen Macrophage cell cell cell cell cell
Rodent la 4/ +4 +4 —s0 +19 +5
Mac-1 +3 - - — _s2 _
Mac-2 +3% +4 + - ND +
Mac-3 +3 +4 +* - ND +
Ly-5 +4 + ND ND +52 ND
MRCOX2 —8 ND —4 +48 ND ND
FcR +5 +t ND 450 -8 +5
C3R 450 +5 ND +50 — +5
ATPase +58 459 ND 458 7 ND
Human la +/—%0 +5 49 ND 461 4+ 82
OKT6 -9 +7 +/=9 - - ND
S100 —2 +28 +2 - ND ND

* The staining pattern observed is most consistent with the interpretation that these cells are positive.
t Demonstrated both by binding of immune complexes® and by staining with the 2.4G2 monoclonal anti-Fc-receptor (this study).
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phenotype includes Langerhans cells, interdigitating
dendritic cells, and thymic dendritic cells. These cells
have all been shown to contain Birbeck granules,
S100, Ia, are only minimally phagocytic and have in-
teractions with T cells. Kupffer cells are also Mac-1-,
2*, 3* but can be very phagocytic; they thus appear
to have properties intermediate between macro-
phages and the other dendritic cells with this pheno-
type. The third phenotype, Mac-1-, 27, 37, is found
on follicular dendritic cells. These cells differ from
the other dendritic cells, in expressing MRC OX2, by
electron microscopy, and in their location in B cell
areas. Unfortunately, the Mac-1, 2, 3 phenotype for
lymphoid dendritic cells is not yet known, but other
surface properties such as FcR™, C3R", and ATPase”
make them much different from other dendritic cells.
The manner in which these cells are obtained in cell
suspensions may select for less mature cells than are
seen in tissue sections.
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