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Summary. The existence of a lymphoepithelium 
containing M cells in the bronchus-assmiated lymphoid 
tissue (BALT) of severa1 species has repeatedly been 
questioned. In previous electron microscopical studies 
we failed to ultrastmcturally identify these cells in the 
epithelium covering bronchial lymphoid tissue of adult 
rats. In the present study, we analyze immunohisto- 
chemically the expression of vimentin, an intermediate 
filament, reported to be a sensitive marker for rabbit M 
cells, in both BALT and Peyer's patches. Our results 
demonstrate, however, the absence of vimentin 
expression in the epithelium covering the bronchial 
lymphoid aggregates as well as in the lymphoepithelium 
of the Peyer's patches. On the contrary, both epithelia are 
strongly cytokeratin positive. Furthermore, numerous 
vimentin-positive lymphocytes appear in both lymphoid 
organs. Results are discussed from a view of the possible 
relationship between BALT and the so-called mucosae- 
associated lymphoid tissue (MALT). 
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lntroduction 

The relationship between bronchial-associated 
lymphoid tissue (BALT) and the so-called mucosae- 
associated lymphoid tissue (MALT) is a matter of 
discussion. Apart from other histological differences and 
the extensive variations observed between species, 
follicle-associated cells (M cells) containing short 
microvilli and a few small vesicles presumably involved 
in antigen processing have not been ultrastructurally 
identified in the rat BALT (Femández-Cabezudo, 1990) 
and it has been emphasized that these only appear after 
repeated antigenic stimulation (Racz et al., 1977; Plesch, 
1982; van der Brugge-Garnelkoorn et al., 1986). 

On the other hand, there are no cell markers available 
capable of identifying these cells in other epithelia. 
Owen and Bhalla (1983) reported reduced expression of 
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brush-border alkaline phosphatase in M cells, but a high 
variability in enzymatic activity and intermediate cell 
types, with unknown functional characteristics, have also 
been reported (Bye et al., 1984; Smith et al., 1987, 
1988). In addition, cathepsin E, an aspartic proteinase 
involved in antigen processing (Bennet et al., 1992), has 
also been used to immunohistochemically identify M 
cells in the follicle-associated epithelium of intestine and 
tonsils (Finzi et al., 1993). In the rat BALT, Tatrai et al. 
(1994) found differences in the composition of the 
surface carbohydrate between ciliated bronchial and 
non-ciliated lymphoepithelium. Recently, the protein 
vimentin has been proposed as a sensitive marker for M 
cells of the rabbit ileum and caecum (Gebert et al., 1992; 
Jepson et  al., 1992; Gebert, 1995) and these same 
authors described a few vimentin-positive epithelial cells 
in the lyrnphoepithelium of rabbit BALT (Gebert and 
Hach, 1992). However, M cells from rats, mice and 
humans do not appear to contain vimentin (Jepson et al., 
1992). 

1n order to further analyze the existence or absence of 
M cells in rat BALT and to confirm vimentin as a 
possible universal cell marker for M cells we studied 
immunohistochernically the expression of either 
vimentin or keratin in the lyrnphoepithelium of both 
Peyer's patches and BALT. Our results, in agreement 
with those by Jepson et al. (1992), demonstrate that the 
rat lymphoepithelium covering the bronchial lymphoid 
aggregates, as well as the other cells of the airway 
epithelium, are vimentin negative and cytokeratin 
positive. 

Materials and methods 

Lungs as well as Peyer's patches, aseptically removed 
from adult Wistar Furth rats, were embedded in Tissue- 
Tek and snap-frozen in liquid nitrogen. For 
immunohistochemistry, 7 pm-thick cryostat sections of 
the tissues were cut, air-dried and fixed in acetone at 
room temperature for 10 min. After, they were 
rehydrated in PBS for 5 minutes and incubated for 1 h at 
room temperature with 100 pl of a 1: 100 dilution in PBS 
of the following monoclonal antibodies (mAb): Vim 
13.2 (vimentin-specific; Bio-Genex Laboratories, 
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Dublin, CA) and LEG-1 (cytokeratin specific, gift from 
Dr. Jorcano, CIEMAT, Madrid ). Endogenous peroxidase 
activity was blocked by 15 min incubation in an H202 : 
methanol (150) solution. After washing in PBS for 15 
rnin, rabbit anti-mouse immunoglobulins conjugated to 
horseradish peroxidase (DAKO) were applied to the 
sections at a dilution of 1:40 in PBS for 30 min at room 
temperature. Peroxidase activity was detected as a brown 
colour following 5 min incubation with diamino- 
benzidine (DAB) in PBS containing H202. Sections 
were counterstained with methylene blue, dehydrated 
and mounted in DPX. 

Results 

The BALT of adult rats is  formed by distinct 

Flg. 1. Lymphoid aggregates ln the bronchus of an adult rat. The 
lymphoid tissue (LT) accumulates in the connective tissue and the 
smooth muscle (CM) of the bronchial walls under the bronchial 
epithelium (BE). Note the lack of histological regionalization and 
germina1 centers in the bronchial W e .  x 65 

Fig. 3. Virnentin-positive lymphocytes (+) infiltrate the epithelium which 
covers the bronchial lymphoid tissue. Black circle: bronchial lurnen. 
x 260 

morphological units, named BALUs (Sminia et al., 
1989), consisting of large aggregates of lymphoid tissue 
under the bronchial epithelium. The lymphoid masses 
constitute tnie cell infiltrates in the connective tissue and 
the smooth muscle of the walls of the bronchial ducts, 
rather than isolated organs. Moreover, neither a 
histological regionalization nor germina1 centers were 
observed in the rat BALT (Fig. 1). Immunodetection of 
vimentin in the BALT of adult rats demonstrated the lack 
of staining of the bronchial epithelium after using the 
mAb 13.2 specifically raised against this molecule (Fig. 
2). Nevertheless, numerous small cells, morphologically 
similar to lymphocytes, appeared strongly stained in the 
bronchial lymphoid tissue (Fig. 2) as well as in the 
bronchial epithelium (Figs. 2, 3). On the contrary, the 
epithelium covering the bronchial lymphoid tissue, but 

Flg. 2. Nurnerous vimentin-positive lymphoid cells (+) occur in the 
bronchial lymphoid tissue (LT) and infiltrate the epithelium (BE), 
whereas it remains unstained. CM: smooth muscle. x 130 

Flg. 4. Hornogeneous staining for cytokeratins of the bronchial 
epithelium (+), but not of the underlying lyrnphoid tissue (LT) of rat 
BALT. SM: srnooth muscle; Black cirde: bronchial lumen. x 260 
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not the lymphoid tissue itself, was homogeneously 
stained with a mAb (LEG-1) specific to cytokeratins 
(Fig. 4). Likewise, whereas the lymphoepithelium which 
covered the dome region in rat Peyer's Patches remained 
unstained for vimentin (Fig. 5), numerous vimentin- 
positive small lymphocytes appeared in the intestinal 
lymphoid tissue and infiltrating the lymphoepithelium 
(Fig. 6). 

Discussion 

M cells were described in the lymphoepithelium 
covering the gut-associated lymphoid tissue (GALT) and 
were considered to be involved in the transport of 
antigens from gut lumen to the underlying lymphoid 
tissue. They ultrastructurally exhibit short microvilli and 
contain vesicles in the apical cytoplasm presumably 
involved in antigen uptake (Ermak et al., 1989). The 
existence of M cells in other MALT locations, and more 
specifically in the BALT, is a matter of discussion. In 
fact, the relationship between BALT itself and the 
common mucosa1 immune system is controversial. To 
date, there are important differences in the histological 
organisation of both tissues (van der Brugge- 
Gamelkoorn, 1986; Sminia et al., 1989); a lympho- 
epithelium covering the bronchial aggregates has only 
been observed after extensive imrnunization, especially 
in rodents (Sminia et al., 1989) and attempts to induce 
immune responses in the lung have led to contradictory 
results (for review see Alonso et al., 1994). Our own 
results suggest that the immune response in the 
pulmonary lymphoid tissue is a local phenomenon with 
activation of the systemic immune responses rather than 
of the MALT (Alonso, 1993; Alonso et al., 1994). 

In a series of previous studies, vimentin and 
cytokeratins were demonstrated to appear in the M cells 
but not in the enterocytes of rabbit GALT (Gebert et al., 
1992; Jepson et al., 1992). Later, these authors extended 

their studies to the epithelial cells of rabbit BALT and 
suggested that vimentin might be a cell marker for M 
cells (Gebert and Hach, 1992). However, Jepson et al 
(1992) were unable to observe expression of vimentin in 
rat, mouse and human M cells of either Peyer's pat~hes 
or appendix. Our present results confirm that neither the 
lymphoepithelium of Peyer's patches nor the bronchial 
epithelium associated to lymphoid tissue of adult rats 
express immunohistochemically-identifiable vimentin. 
In agreement, Gebert et al. (1994) have reported the 
absence of vimentin expression by M cells of porcine 
Peyer's patches. On the contrary, they suggested that 
cytokeratin 18 (not tested in the present smdy) would be 
a useful marker for detecting porcine M cells. It is 
important to note that the BALT is very well developed 
in rabbits but is much less abundant in rodents and 
almost irrelevant in pigs (Jericho, 1970; Pabst and 
Gehrke, 1990), dogs (Brownstein et al, 1980) and 
humans (Pabst and Gehrke, 1990). In fact, a clear 
bronchial lymphoepithelium, containing infiltrating 
lymphocytes and non-ciliated cells (Racz et al., 1977; 
Tenner-Racz et al., 1979) with ability to transport 
antigens from the airway lumen to the bronchial 
lymphoid tissue (van der Brugge-Gamelkoorn et al., 
1986) has only been reported in rabbits, whereas in rats 
it only occurs after extensive imrnunization (Sminia et 
al, 1989). Furthermore, many authors consider that 
antigens gain entrance to lung via the parenchyma 
macrophages (Holt et al., 1985; Rochester et al., 1988; 
Reynolds, 1989) (our own unpublished observations) or 
through the lung draining lymph nodes (van der Brugge- 
Gameíkoorn et al., 1985; Sminia et al., 1987; Bice and 
Shopp, 1988). 

On the other hand, numerous vimentin-expressing 
lymphocytes appear in the dome area and infiltrate the 
epithelium of both bronchus and Peyer's patches. Gebert 
and Hach (1992) reported that only using a high 
concentration of a mAb anti-vimentin did lymphocytes 

Flg. 5. Peyer's patches of adult rat. The 
lymphoepithellum (LE) coveiing the lyrnphoid 
tlssue (LT) does not imrnunohistochemically 
express vimentin. x 65 

Flg. 6. Virnentin-posiüve lymphocytes (-+) in 
both the dome and the lymphoepithelium (LE) 
of the Peyer's patches of an adult rat. 
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of both bronchial lymphoid tissue and lymphoepithelium 
express this intermediate filament. In fact, vimentin is 
presumably the only intermediate filament of lympho- 
cytes and other haematopoietic cells (Tsuru et al., 1990). 
It is a growth-responsive gene in T cells (Hombeck et 
al., 1993) which is induced in normal resting murine T 
lymphocytes by diverse factors, including IL-2 (Podolin 
and Prystowsky, 1991). 

Vimentin expression on rabbit M cells has been 
correlated with the origin of M cells, an aspect which is 
also a subject of debate. Some authors suggested these 
are formed from mature enterocytes possibly under the 
influence of lymphocytes (Smith and Peacock, 1982). 
Ermark et al. (1989) demonstrated, however, that M cell 
differentiation may occur independently of lymphocyte 
inductive signals and other authors have claimed their 
direct origin from crypt cells (Bye et al., 1984; Jepson et 
al., 1993). With regard to this, Gebert et al. (1992) 
described an increase in vimentin expression but a 
decrease in keratin expression by these cells in their 
migration from the mouth of the crypts towards the apex 
of the dome area in rabbit Peyer's patches. Nevertheless, 
analysis of the follicle-associated epithelium (FAE) 
differentiation of chicken bursal during ontogeny 
demonstrates that the FAE co-expreses vimentin and 
cytokeratins during the entire penod of embryogenesis, 
but that later vimentin expression disappears (Olah and 
Glick, 1992). 

In summary, vimentin could be useful to characterize 
rabbit M ceils but it is not, obviously, a universal marker 
for this ceil type. On the other hand, although both the 
epithelium covenng bronchial lymphoid aggregates and 
the lymphoepithelium of Peyer's patches do not express 
vimentin, we cannot conclude from the current results 
that they exhibit similar morpho-functional features, as 
members of the common mucosal immune system. 
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