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M cell in vitro model and its application in oral delivery of
macromolecular drugs
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Abstract: The oral administration of bioactive macromolecular drugs such as proteins, peptides and nucleic
acids represents unprecedented challenges from the drug delivery point of view. One key consideration is how
to overcome the gastrointestinal tract absorption barrier. Recent studies suggest that microfold cell (M cell), a
kind of specialized antigen-sampling epithelial cell which is characterized by a high endocytic rate and low
degradation ability, may play an important role in macromolecule oral absorption. The development of an in vitro
M cell coculture system and its modified models greatly advanced the study of M cells and the development of
oral delivery system for macromolecular drugs. The special structure, function and formation characteristics,
and biomarkers of M cell are summarized in this review. The applications of in vitro M cell models in developing
oral delivery system of bioactive macromolecular drugs are discussed.
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Figure 1 Schematic structure of enterocytes and M cell. M:
M cell; E: Enterocyte; MA: Macrophage; L: Lymphocyte; N:
Nucleus; TJ: Tight-junction; AP: Apical; BA: Basolateral
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Figure 2 The protocols for developing in vitro M cell model.  A: Caco-2 and lymphocytes of Peyer’s patch (PPL) co-culture procedure;
B: Caco-2 and Raji B cells co-culture procedure in a normally orientation; C: Caco-2 and Raji B cells co-culture procedure in an inverted
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Table 1 Characteristics of human M-like cells compared with monocultured Caco-2 cells. AP: Alkaline phosphatase; SI: Su-
crase-isomaltase; SLAA: Sialyated Lewis antigen A; ICAM-1: Intercellular adhesion molecule 1; VCAM: Vascular cell adhesion

molecule
Characteristic Indicator Changes compared with monocultured Caco-2 Reference
Cell morphology Microvilli Fewer and shorter [7,19]
Tight-junction TEER Lower [19, 20]
Enzyme activity AP Lower [2,15,21]
Lactase Lower [17]
Sucrase Lower [17]
SI Lower [15,22]
Receptor expression f1-Integrin Up regulated in the apical membrane [6, 13, 23, 24]
Villion Redistributed from the apical surface to the cytoplasm [2,21]
asfi-Integrin Up regulated and restricted to the apical surface [2, 21, 24]
TLR-4 Restricted to the apical surface [25]
Cell adhesion molecule ~ ICAM-1 Up regulated [13]
VCAM Up regulated in the basolateral membrane, no expression in the apical membrane [13]
CD9 Up regulated [21, 24]
Special marker SLAA Up regulated [13, 20, 22]
Galectin-9 Up regulated [17,26]
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