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Migdałek gardłowy obok kępek Peyera jelita krętego oraz tkanki

chłonnej rozmieszczonej w oskrzelach i w ścianie układu moczo-

wo-płciowego stanowi składową tkanki limfatycznej związanej z

błonami śluzowymi (MALT – mucosa-associated lymphoid tissue).

Błony śluzowe stanowią miejsce inicjacji odpowiedzi immunolo-

gicznej w wyniku zetknięcia antygenów z komórkami układu im-

munologicznego. Istotną rolę w transporcie antygenów do prze-

strzeni MALT odgrywają komórki M. Obecne na powierzchni błon

śluzowych antygeny są wchłaniane przez wyspecjalizowane ko-

mórki M i transportowane w pęcherzykach w niezmienionej po-

staci do przestrzeni podnabłonkowej, gdzie ulegają przetworze-

niu przez makrofagi i komórki dendrytyczne, które z kolei pre-

zentują antygeny limfocytom T.
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The pharyngeal tonsil is the mucosa-associated lymphoid tissue

(MALT) component, apart from the Peyer's patches of the ileum

as well as lymphoid tissue of the bronchi and genitourinary tract

wall. The mucous membranes are the site of immune response

initiation due to the interaction of antigens with immune cells. M

cells play a major role in the transport of antigens to MALT. Anti-

gens present on the surface of the mucous membranes are ab-

sorbed by specialized M cells and transported in follicles in an

unchanged form to the subepithelial space to be transformed by

macrophages and dendritic cells, which in turn present antigens

to T lymphocytes.
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REVIEWS

Human mucosa, mainly in the respiratory and alimen-

tary tract, is the site of interaction with an unlimited

number of antigens from the external environment.

The function of the epithelium that lines the mucous

membranes is to provide an efficient barrier against

infectious and potentially harmful agents [5]. This role

can be fulfilled due to the fact that the epithelium is

built up of cylindrical cells which adhere closely to

one another and thus constitute a mechanical bar-

rier for microorganisms and macromolecules; moreo-

ver, mucus and glycocalyx locally produced on the

epithelial surface [33], and cilia in the respiratory tract,

provide additional support to this mechanical barrier.

However, it is the immune system associated with

the mucous membranes that plays a predominant

role in defense against external threats. The system

works through aggregates of lymph follicles and sin-

gle lymph follicles located in the mucosa and sub-

mucosa. The mucosa associated lymphoid tissue

(MALT) includes gut associated lymphoid tissue

(GULT), bronchus associated lymphoid tissue

(BALT), nasal associated lymphoid tissue (NALT)

containing palatine tonsils and pharyngeal tonsil, and

the lymphoid tissue of the genitourinary tract. The

lymphatic system of the mucous membranes sup-

ports the protective barrier through B-cell produced

IgA which is released onto the mucosa surface [42].

T- and B-cells that are present in the secretion cov-

ering the tonsils in the proportion resembling that

observed in the tonsillar tissue play a similar role,
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although no correlation is noted between the percent-

age of cells in the secretion and tonsillar tissue [2].

Bauer et al. [2] indicate that migration of lymphocytes

from the tonsil to the secretion is an active, selective

process and that bacterial colonization of the mu-

cosal surface and the epithelial immune reaction may

stimulate migration of specific types of cells.

Many authors claim that the immune system of

the mucous membranes is the site of immune re-

sponse initiation [22, 36]. The response can be initi-

ated when antigens interact with immune cells. M

cells (microfolds) constitute the pathway through

which antigens reach MALT [24, 30].

OCCURRENCE M CELL

M cells can be found in the mucosa of the intestines

[11, 20, 34] and tonsils [11]. In the intestines, Peyer’s

patches form domes composed of follicle-associated

epithelium (FAE) projecting above the follicles and

their vicinity. The domes lack intestinal villi and pos-

sess M cells accounting for approximately 10-30%

of cells in this epithelium [30, 41]. In the palatine ton-

sils they are located in the lymphoid epithelium and

are most numerous in the apical surfaces of the crypts

which correspond to the subepithelial lymphoid folli-

cles [18], and in the pharyngeal tonsils between the

ciliary epithelial cells [10].

The origin of M cells has not been fully elucidated

yet. The hypotheses concerning their formation from

mature or immature enterocytes are considered [7,

11, 32]. Gebert et al. [20] suggest that M cells consti-

tute a separate cell line, with a significant role of B

lymphocytes in their formation. However, according

to Mach et al. [30], there are two types of M cells in

the intestine – Mf cells found in the follicle-associ-

ated epithelium (FAE), whose growth is B-cell de-

pendent, and Mv cells, B-cell independent, located

on intestinal villi.

 M cells adhere closely to the surrounding entero-

cytes by binding to them with closing junctions and

desmosomes [16, 26]. In the apical part, M cells,

unlike enterocytes, lack the typical brush border

but instead have variable microfolds [11]. In the

basolateral part, they have cytoplasmic indentations

which increase the cell surface and form pockets.

The pockets house a number of intraepithelial mi-

grating cells [9], with the predominance of T and B

lymphocytes in similar proportions. These are mainly

TCD4+CD45RO+ memory T lymphocytes and sIgD-

CD20+ B lymphocytes. Moreover, dendritic cells and

macrophages can be found in the pockets [5, 14]. In

the basal membrane, below M cells, there are mac-

rophage-like cells that form aggregates. These cells

have a light nucleus, elongated cytoplasm contain-

ing acidophilic lysosomes and remnants of the phago-

cytized bacteria [9, 11, 16, 20, 30]. CD11c+ dendritic

cells present in the pockets and found close to M

cells stimulate antigen transport by M cells via the

production of MIF cytokine (macrophage migration-

inhibitory factor) [31], and thus facilitate passage of

bacteria through the mucous barrier. In the pharyn-

geal tonsils the percentage of dendritic myeloid

CD11c+ cells and plasmoid CD123+ cells is around

0.5% [43].

STRUCTURE M CELL

The solid framework of the internal filaments built up

of cytokeratin and vimentin, forming an arch around

the intraepithelial pocket and a thin network around

the cellular nucleus contributes to the unique struc-

ture of M cells [20, 35]. Their microfolds are irregular

and contain cytoplasm devoid of microfilaments which

are visible in the villi of the adherent cells. They have

a well developed tubular/follicular system, small fol-

licles in the cytoplasm of these cells have been visu-

alized by electron microscopy [16]. Moreover, M cells,

unlike enterocytes, show expression of such proteins

as actin, �-catenin, E-cadherin and �-actin. Brayden

et al. [7] claim that apart from maintaining a tight con-

nection to the surrounding cells, these proteins take

part in the process of endocytosis.

FUNCTION M CELL

The major function of M cells is to transport exogenous

substances from the intestinal lumen or the respiratory

tract to the lymphatic system accompanying the mu-

cous membranes. This function can be performed

thanks to microfolds, thin layer of glycocalyx, lack of

activity of hydrolytic enzymes in the apical part of

the cell membrane and a small number of intercellu-

lar lysosomes [19].

The transcellular transport consists of three steps:

endocytosis through the cell membrane, transport of

absorbed substances in follicles and exocytosis

through the basolateral part of the cell membrane

[11, 12, 32].

The receptors located at the apex of M cells are

considered to be the antigen-binding site. They in-

clude: mucin receptor MUC2 [6], sialylated Lewis

antigen A (SLAA) [21] and lectin receptor [6]. Kyd et

al. [28] believe that the process of antigen absorp-

tion by M cells also involves �5�1 integrin, TLR-4

and PAF receptor. IgA, which is secreted to the sur-

face of the mucous membranes, selectively adheres

to the apical part of the M cells. The significance of

the interaction between IgA and M cells has not been

fully elucidated. One of the hypotheses assumes that
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absorption of the IgA-antigen complex exerts a modu-

latory effect on the adhesion of antigens to the cells

possessing the receptor for the same immunoglobu-

lin [35, 42].

The mechanism, due to which M cells absorb mi-

croorganisms and macromolecules depends on the

character of this material. Large molecules and bac-

teria induce the process of phagocytosis accompa-

nied by cytoskeleton rebuilding, which allows active

formation of structures that resemble pseudopodia.

Viruses and other adhering molecules are absorbed

in the process of endocytosis by clatrin-covered vesi-

cles, whereas non-adhering substances are inter-

nalized in the process of liquid phase endocytosis

[32, 35].

In all cases, further transport of the material is fast,

lasting about 10 min. [35], and the antigens do not

undergo substantial ultrastructural changes [11].

However, the finding by Finzi et al. [15] that M cells

possess enzymes, e.g. cathepsin E, characteristic

of antigen-presenting cells and the presence of MHC

class II on the basolateral part of the cell membrane

[1] may indicate that M cells do not only transport

antigens but also take active part in the early phase

of the immune response induction.

The CaCo-2 cells are the best known line imitat-

ing in vitro human intestinal epithelium [37]. They are

characterized by tight intercellular junctions, show the

expression of characteristic enzymes (alkaline phos-

phatase) and possess transport systems (glycopro-

tein P, cytochrome P-450 3A4) [38].

Many in vitro studies are performed on the func-

tion of M cells using the cell line CaCo-2. The re-

search concentrates, among others, on the immune

response to food allergens [13, 25] and adhesion of

pathogenic bacteria [3, 8, 39] and probiotic bacteria

[4, 29, 39, 40] to the intestinal epithelial cells.

Since the mechanisms of bacterial and viral bind-

ing by M cells vary greatly, which has been shown in

review papers by Holmgren and Czerkinsky [23] as

well as Carr et al. [11], further studies focus on search-

ing for the specific target ligands which by binding to

M cells would allow supply of antigens to the im-

mune system of the mucous membranes, contain-

ing approximately 70% of the human immune cells.

Thus, M cells could become the site for new anti-

gens that induce the antigen-specific immune re-

sponse, which may broaden the spectrum of oral/

nasal vaccines [27].

REFERENCES

1. Allan C.H., Mendrick D. L., Trier J.S.: Rat intestinal M cells
contain acidic endosomal-lysosomal compartments and ex-
press class II major histocompability complex determinants.
Gastroenterology, 1993, 104 , 698-708.

2. Bauer I., Hassmann-Poznańska E., Wysocka J. et al.: Ad-
enoid as a source of lymphocytes in the surface secretions of
nasopharynx. Int. J. Pediatr. Otorhinolaryngol., 2008, 72, 321-
326.

3. Bernet M.F., Brassart D., Nessser J.R. et al.: Lactobacillus
acidophilus LA1 binds to cultured human intestinal cell lines
and inhibits cellcattachment and cell invasion by enterovirulent
bacteria. Gut, 1994, 35, 483-489.

4. Blum R., Reniero E.J., Schiffrin R. et al.: Adhesion studies
for probioties : need for validation and refinement. Trends
Food Sci and Technol., 1999, 10, 405-410.

5. Brandtzaeg P., Baekkevold E. S., Farstad I. N. et al.: Re-
gional specjalization in the mucosal immune system: what
happens in the microcompartmens? Immunol. Today 1999,
20, 141-151.

6. Brayden D. J., Baird A. W.: Apical membrane receptors on
intestinal M cells: potential target for vaccine delivery. Adv.
Drug. Deliv. Rev., 2004, 56, 721-726ium to study nanoparticle
transport by M-cells, Eur. J. Pharm. Sci., 2007,30, 380-391.

7. Brayden D.J., Jepson M. A., Baird A.W.: Intestinal Peyer’s
patch M cells and oral vaccine targeting. Drug Disc. Today
,2005, 10, 1145-1153.

8. Cerquetti M., Serafino A., Sebastianelli A. et al.: Binding of
clostridium difficile to Caco-2 epithelial cell line and to extra-
cellular matrix proteins. FEMS Immunol. Medic. Microbiol.,
2002, 32, 211-218.

9. Chin K., Onishi M., Inamoto T. et al.: Differentiation of epithe-
lial cells to M cells in response to bacterial colonization on
the follicle-associated epithelium of Peyer’s patch in rat small
intestine. J. Vet. Med. Sci. 2006, 68, 1023-1028.

10. Claeys S., Cuvelier C., Quantacker J. et al.: Ultrastructural
investigation of M-cells and lymphoepithelial contacts in naso-
pharyngeal associated lymphoid tissue (NALT). Acta
Otolaryngol. Suppl.,1996, 523, 40-42.

11. Corr S.C., Gahan C.C., Hill C.: M-cells: origin, morphology
and role in mucosal immunity and microbial pathogenesis.
FEMS Immunol. Med. Microbiol.,2008, 52, 2-12.

12. DesRieux A., Fievez V., Theate I. et al.: An improved invitro
model of human intestinal follicle-associated epithel to study
nanoparticle transport by M cells. Euro. J. Pharm. Sci., 2007,
30, 380-391.

13. Eckmann L., Kagnoff M.F., Fierer J.: Intestinal epithelial cells
as watchdogs for the natural immune system. Trends
Microbiol., 1995, 3, 118-120.

14. Farstad I.N., Halstensen T.S., Fausa O. Et al.: Heterogeneity
of M-cell-associated B and T cells in human Peyer’s patches.
Immunology, 1993, 83, 457-464.

15. Finzi G., Cornaggi M., Capella C. et al.: Cathepsin E in folli-
cle-associated epithelium of intestine and tonsils: localiza-
tion to M-cells and possible role in antigen processing.
Histochem., 1993, 99, 201-211.

16. Fujimura Y.: Evidence of M cell as portals of entry for anti-
gens in the nasopharyngeal lymphoid tissue of humans.
Virchows Arch., 2000, 436, 560-566.

17. Fujimura Y., Akisada T., Harada T. et al.: Uptake of
microparticles into epithelium of human nasopharyngeal lym-
phoid tissue. Med. Mol. Morphol.,2006, 39, 181-186.

18. Gebert A.: M cells in the rabbit palatine tonsils: distribution,
spatial arrangement and membrane subdomains as defined
by confocal lectin histochemistry. Anat. Embryol.,1997, 195,
353-358.

19. Gebert A., Rothkotter H.J., Pabst R.: M cells in Peyer’s
patches of the intestine. Int. Rev. Cytol., 1996, 167, 91-
159.

20. Gebert A., Stenmetz I., Fassbender S. et al.: Antigen trans-
port into Peyer's patches. Am. J. Pathol., 2004, 164, 65-
72.

21. Gianasca P.J., Gianasca K.T., Leichtner A. M. et al.: Human
intestinal m cells display the sialyl Lewis a antigen. Infect.
Immun.,1999, 67, 946-953.

22. Hill C.: M-cells; origin, morphology and role in mucosal im-
munity and microbial pathogenesis. FEMS Immunol. Med.
Microbiol., 2008, 52, 2-12.

23. Holmgren J., Czerkinsky C.: Mucosal immunity and vaccines.
Nature, 2005, 11, Med. Suppl., 45-53.

24. Jang M., H., Kweon M-N., Iwatani K.: Intestinal villous M cells:
an antigen entry site in the mucosal epithelium. PNAS, 2004,
101, 6110-6115.



47Int. Rev. Allergol. Clin. Immunol., 2010; Vol. 16, No. 1-2

25. Kerneis S., Caliot E., Stubbe H. et al.: Molecular studies of
the intestinal mucosal barrier physiopathology using
cocultures of epithelial and immune cells: a technical update.
Microbes and Infection, 2000, 2 ,1119- 1124.

26. Kraehenbuhl J-P., Neutra M.R.: Epithelial M cells: differentia-
tion and function. Ann. Rev. Cell. Dev. Biol.,2000, 16, 301-
332.

27. Kuolee R., Chen W.: M cell-target delivery of vaccines thera-
peutics Expert Opin Drug Delivery.,200, 5, 693-702.

28. Kyd J.M., CrippsA. W.: Functional differences between M cells
and enterocytes in sampling luminal antigens. Vaccine, 2008,
26, 6221-6224.

29. Lee Y.K., Lim C.Y., Teng W.L. et al.: Quantitative approach in
the study of adhesion of lactic acid bacteria to intestinal cells
and their competition with enterobacteria, Appl. Environ.
Microbiol., 2000, 66, 3692-3697.

30. Mach J., Hshieh T., Hsieh D. et al.: Development of intestinal
M cells. Immunol. Rev., 2005, 206, 177-189.

31. Man A.L., Lodi F., Bertelli E. et al.: Macrophage migration
inhibitory factor play a role in the regulation of microfold (M)
cell-mediated transport in the gut. J. Immunol., 2008, 181,
5673-5680.

32. Man A. L., Prieto-Garcia M. E., Nicoletti C.: Improving M cell
mediated transport cross barriers: do certain bacteria hold
the keys? Immunology, 2004, 113, 15-22.

33. Maury J., Nocoletti C., Guzzo-Chambraud F. et al.: The
filametous brush border glycocalix, a mucine-like marker of
enterocytes hyper polarization. Eur J. Biochem.,1995, 228,
323-331.

34. Miller H., Zhang J., KuoLee R. et al.: Intestinal M cells:the
fallible sentinels? World J. Gastroenterol. ,2007, 13, 1477-
1486.

35. Neutra M. R., Mantis N. J., Frey A. et al.: The composition
and function of M apical membranes: implications for micro-
bial pathogenesis. Semin. Immunol., 1999, 11, 171-181.

36. Nochi T., Yuki Y., Matsumura A. et al.: A novel M cell-specific
carbohydrate-targeted mucosal vaccine effectively induces
antygen-specific immune responses. J. Exp. Med., 2007, 204,
2789-2796.

37. Olejnik A., Schmidt M., Wojnarowska K. i wsp.: Wpływ
toksycznych metabolitów trawienia na proliferację i
uszkodzenia DNA nabłonkowych komórek jelitowych in vitro.
Żywność. Nauka. Technologia. Jakość , 2006,1 46-57.

38. Pinto S., Robine-Leon M.D., Appay M. et al.: Enterocyte- like
differentiation and polarization of the human colon carcinoma
cell line Caco-2 in culture. Biol. Cell, 1983, 47, 323-330.

39. Tavelin J., Grasjo J., Taipalensuu G. et al.: Applications of
epithelial cell culture in studies of drug transport. Methods in
Molecular Biology W: Epithelial Cell Culture Protocols Vol.
188 - pod red. C. Wise, Humana Press Inc., Totowa, 2001,
233-272.

40. Tuomola E.M., Salminen S.J.: Adhesion of some probiotic
and dairy Lactobacillus strains to Caco-2 cell cultures. Int. J.
Food Microbiol., 1998, 41, 45-51.

41. Tyrer P.C., Foxwell A.R., Kyd J. M. et al.: Receptor mediated
targeting of M-cells. Vaccine, 2007, 25, 3204-3209.

42. Wines B. D., Hogarth P. M.: IgA receptors in health and dis-
ease. Tissue Antigens, 2006, 68, 103-114.

43. Żelazowska -Rutkowska B., Ratomski K., Wysocka J. i wsp.:
Komórki dendrytyczne w tkance przerosłych migdałków
gardłowych u dzieci chorych na wysiękowe zapalenie ucha.
Otolaryngol. Pol., 2009, 63, 348-352.

Correspondence: Justyna Trochim
Department of Pediatric Laboratory Diagnostics
Medical University of Białystok
Waszyngtona str. 17, 15-269 Białystok
Tel: (085) 74-50-511,
e-mail: zelazowskab@wp.pl


