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Introduction
RAM11 is a monoclonal IgG1 antibody developed by
immunization of mice with the rabbit alveolar
macrophage extract. The antibody binds a cytoplasmic,
so far unknown antigen and has been used for identifica-
tion of macrophages in rabbit tissues. It does not cross-
react with human, rat and monkey macrophages [1].

RAM11 has been widely used for immunohisto-
chemical demonstration of rabbit macrophages, partic-
ularly in the cellular analysis of the atherosclerotic
lesions as well as in morphological analysis of normal
rabbit arteries [1,2]. RAM11 immunoreactivity was
also described in macrophages of injured skeletal or
cardiac muscle and ocular uvea [3-5]. We previously
demonstrated that RAM11 reacted also with basal cells
of stratified squamous epithelia of rabbit skin, oral
mucosa and esophagus [6]. This suggests the presence
of a common epitope in both rabbit macrophages and
basal epithelial cells – either incidental or indicating
some kind of macrophage-basal cell phenotypic and
functional association. 

During the reparative processes, there is a substan-
tial increase in the proliferative activity of basal layer
cells. It seemed therefore interesting to investigate
expression of the antigen recognized by RAM11 in the
regenerating epithelium and to check its possible asso-
ciation with the processes of proliferation and/or early
differentiation of the epithelial cells.

Materials and methods
We used material collected during a larger study on rabbit oral
wound regeneration. All animal procedures were approved by the
Jagiellonian University Ethical Committee on Animal Experi-
ments. Six μm thick paraffin sections were prepared from the whole
thickness wounds (area 1×1 cm) surgically created in rabbits (New
Zeland White), and excised with the inact margin in the course of
spontaneous healing on days 1, 3, 7 and 14. Some sections were
stained routinely with HE, the others were used for immunohisto-
chemistry. After preincubation with 5% normal goat serum for 40
min at room temperature, sections were incubated overnight with
primary antibodies (Table 1) in a humid chamber at room tempera-
ture followed by goat anti-mouse Cy-3-conjugated antibodies (Jack-
son IR, West Grove, PA, USA, code No. 115-165-146; dilution
1:400) applied for 90 min. Cell nuclei were counterstained with
DAPI (Sigma, Saint Louis, MO, USA). Sections were mounted in
glycerol/PBS solution (pH=8.6). Negative controls were performed
by omitting the primary antibodies during the first incubation. Rab-
bit spleen and human skin malignant melanoma were used as posi-
tive controls for RAM11 and S100 protein, respectively.
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Sections were examined under Olympus BX50 light/fluores-
cence microscope. Images were collected using DP-71 digital
CCD camera (Olympus, Japan) and IBM PC-class computer
equipped with analySIS-FIVE® (Soft Imaging System GmbH,
Münster, Germany) image analysis system. The quantity of
RAM11-immunopositive basal cells was expressed as the per-
centage of the total number of basal cells in regenerating epitheli-
um present in the plane of wound section. 

Results
In normal oral mucosal epithelium, RAM11
immunoreactivity was revealed by almost all cells of
the basal layer. The signal was seen as small fluores-
cent cytoplasmic granules, sometimes preferentially
located in the supranuclear region. 

In regenerating epithelium examined on days 1
and 3 of wound healing, no RAM11-positive cells
were observed (Fig. 1). A weak immunofluorescence
first appeared on day 7 in single basal cells, located
at a variable distance from the wound margin. On day
14, 32% of the basal cells in the regenerating epithe-
lium were RAM11-positive and the intensity of
immunofluorescence was lower than in the intact
epithelium (Fig. 2). The distribution of RAM11-pos-
itive cells was not uniform along the regenerating
epithelium: there were areas with only single
immunoreactive cells and areas where almost all cells
showed mild to moderate RAM11 expression. In the
latter areas, basal cells were cuboidal/columnar (sta-
tionary), whereas in areas containing elongated
(migratory) basal cells, they were mostly RAM11
negative (Fig. 3). Generally, RAM11 was expressed
earlier in cells located closer to the intact epithelium,
although this was not a consistent finding.
Immunoreactivity in the interpapillary zone appeared
stronger than on the papillary tips what corresponded

with the pattern observed in normal epithelium. How-
ever, in the regenerating oral mucosa, papillae were
very irregular and limited in number.

Nuclear expression of PCNA was present in almost
all basal and parabasal cells in both, intact and regen-
erating epithelium (Fig. 4) at all studied stages of the
reparative process.

The immunostaining for S100 protein subunit A
was occasionally found in some cells of intermediate
layer, but only in the intact epithelium. The basal cells
were always negative (Fig. 5).

Discussion
It is difficult to interpret observations presented in this
study as long as the nature of antigen recognized by
RAM11 antibody is not clarified. It is not associated
with melanocytic differentiation, as proven by the
absence of S100 immunostaining in the regenerating
epithelium. RAM11-positive cells have never been
observed in parabasal and intermediate layers of the
epithelium, where Langerhans cells are located. This
means that RAM11 labels oral keratinocytes.

The basal cell layer in oral epithelium is a heteroge-
neous population of proliferating and differentiating
oral keratinocytes including epithelial stem cells, transit
amplifying cells and postmitotic differentiating cells.
The epithelial stem cells are crucial for replenishment of
the wounded epithelium, while their direct progeny,
transient amplifying cells with high proliferative poten-
tial, are committed to generate postmitotic diferentiating
cells which undergo terminal differentiation [7-10].

During epithelial regeneration, expression of basal
cell cytoplasmic antigen revealed by RAM11 antibody
is delayed: it first appears on post-wound day 7 and
even on day 14 only one-third of the basal cells are
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Table 1. Primary antibodies used in the study.

Figs. 1-5. Fluorescence microscopy images of regenerating epithelium (RAM11, PCNA, S-100: red channel images; DAPI: blue chan-
nel image). Positive signals in the connective tissue represent of erythrocytes (autofluorescence, RAM11) and nerve fibers (S-100).
Fig. 1. Regenerating epithelium on day 3, close to wound margin (arrowhead). No RAM11 immunostaining in the basal layer (base of
epithelium arrowed). Fig. 2. Intact epithelium (left) and regenerating epithelium on day 14. Note intense RAM11 immunofluorescence in
the basal layer of intact epithelium and weaker immunoflurescence of some basal cells of the regenerating epithelium located at different
distances from the wound margin (some of them arrowed). Fig. 3. Regenerating epithelium on day 14 showing areas with RAM11-posi-
tive (mostly cuboidal/columnar) and RAM11-negative (mostly elongated) basal cells. Inset: framed area showing DAPI stained cell
nuclei. Note cuboidal/columnar shape of basal cells in RAM11 positive areas as indicated by the arrangement of the nuclei. Fig. 4. PCNA
in regenerating epithelium on day 14. Almost all basal and parabasal cells show nuclear expression of the antigen. Fig. 5. Negative
immunoreactivity for S100 protein in regenerating epithelium on day 14. All bars: 50 μm.
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RAM11-positive. While practically all basal cells in
the intact epithelium are RAM11-positive, this
observation shows that RAM11 labels an antigen
whose expression is suppressed during early repair
process. Furthermore, we found that the earliest,
weak expression of this antigen was revealed by sin-
gle basal cells located at a variable distance from the
margin of the wound. This may suggest that expres-
sion of the epitope recognized by RAM11 antibody
is not strictly related to the regeneration sequence
("age" of cells). Similar observation was made in
case of heat shock protein (Hsp) expression in mouse
skin during wound healing. Changes in Hsp expres-
sion pattern were not related to the time after wound-
ing, being rather dependent on the locations of ker-
atinocytes in particular layers of the regenerating
epidermis [11]. 

The nuclear expression of PCNA was observed in
all basal and parabasal cells in the regenerating epithe-
lium at all studied stages of the reparative process,
what indicates that RAM11 immunoreactivity with its
delayed and limited expression is not related to prolif-
erative activity of basal cells. Stem cells are preferen-
tially located at the tips of dermal papillae [14] and
indeed the intensity of RAM11 immunostaining was
much lower in these areas. The vast majority of
PCNA-positive cells in the basal and suprabasal layers
represent transit amplifying cells. This suggests that
the expression of the studied antigen is associated with
a transient differentiation event occurring in the "late"
transit amplifying cells before they become postmitot-
ic differentiating cells and migrate to higher layers of
the epithelium. 

Since the observed spatiotemporal pattern of
RAM11 immunostaining in regenerating epithelium
does not show intact edge to leading edge continuity,
this expression does not strictly follow the sequence of
events during epithelial repair. It is puzzling but can be
related to the presence/absence of factors produced by
various cells participating in wound healing, and pos-
sibly promoting or suppressing RAM11 expression in
basal cells.

In conclusion, expression of the antigen recognized
by RAM11 antibody in regenerating rabbit oral epithe-
lium begins during maturation of the basal cells. In
addition, it seems not to be associated with either
melanocytes or antigen presenting cells (Langerhans
cells). Our results also indicate that RAM11 can be
regarded as basal cell marker only in mature stratified
squamous epithelia.
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