Morphology and functions of cup cells in the epithelium of small intestine
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Abstract

The cup cells are located in the epithelium of the small intestine. They have a specific morphology and are mostly observed in the ileum. They are also most abundant in rabbits and guinea pigs. The brush border of the cup cells is shorter than the absorptive cells, and their cytoplasms have less electron density. In addition, there is a cup-like depression at the lumen margin of the brush border of the cup cells. It has been found that cup cells showed vimentin-positive immunoreactivity in the rabbit ileum. Besides, it has been observed that the mitochondria of cup cells are smaller and the alkaline phosphatase activity at the brush border is weaker than the absorptive cells. The functions of cup cells are unclear. But it has been shown that bacteria were attached to the area above the cup cells. Therefore, it is thought that they have functions associated with the immune response to bacteria. Also, cup cells bind distinctive lectins, lack secretory granules, and do not transport antigens such as M cells. As a result; in this study, the morphological features, distribution, and functions of cup cells were explained. Thus, detailed information about cup cells was presented to researchers working on the subject.
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1. Introduction
The small intestine is the longest section of the digestive tract, starting after the stomach and ending with the large intestine. It consists of three parts: duodenum, jejunum and ileum [1, 2]. The small intestine is an organ in which foods are digested the most in the digestive system. Foods are broken down to the smallest molecules in the small intestine. Chemical digestion of all nutrients is completed in the small intestine. The digested foods are absorbed in the small intestine. In addition, unabsorbed nutrients are transferred to the large intestine [3].
The small intestinal epithelium acts as a barrier between the internal environment of the organism and the intestinal lumen [4]. It plays a role in the body's defense against harmful bacteria that enter through the mouth and are abundant in the intestinal lumen [5]. The small intestinal epithelium consists of different cell types with specific morphological and functional features [6], originating from pluripotent stem cells found in the crypt epithelium [7, 8]. These cells, which are found in different densities in the small intestinal epithelium; are known as enterocytes, goblet cells, enteroendocrine cells, Paneth cells, membranous cells (M cells), tuft cells and cup cells [5, 9].
In this study, it was aimed to provide a resource for researchers who will work on this subject by referring to the morphological and functional properties of cup cells.

2. Light microscopic properties of cup cells
The cup cells are randomly located between the enterocytes in the villus epithelium and have a thin goblet-like morphology. Cup cells are approximately 8-12 µm in diameter and their nuclei are oval, similar to absorptive cells [10]. 
In mammals, cup cells are mostly observed in the ileum [5]. They are very rare in the jejunum and have only been detected in the jejunum of guinea pigs. These cells are most abundant in the ileums of rabbits and guinea pigs. The rate of cup cells in the ileums of guinea pigs and rabbits is approximately 3 to 6 percent [10]. They were rarely determined in the ileum of monkeys [4]. However, they were not found in the ileum of rats [10]. In addition, villus epithelial cells similar to cup cells in experimental animals have been observed in the human small intestine [11]. On the other hand; it has been determined that cup cells were localized in the villus adjacent to Peyer's patches in rabbit ileum. It also has been noted that there were one or two intraepithelial lymphocytes on the lateral surfaces of the cup cells [5, 12].

In histochemical examinations, it has been observed that the microvilli brush border of the cup cells in the ileum epithelium of rabbits stained with toluidine blue was shorter and their cytoplasms were lighter than the neighboring absorptive cells [4, 5, 10]. Similarly, the alkaline phosphatase activity on the brush border of the cup cells was found to be weaker than that of the absorptive cells [4, 5]. In immunohistochemical examinations, it has been determined that the cup cells in the villus epithelium of the rabbit ileum showed vimentin-positive immunoreactivity (Figure 1A) [5, 12, 13]. 
3. Electron microscopic properties of the cup cells
The brush border of the cup cells is shorter than the adjacent absorptive cells and the lumen margin of the brush border has a cup-like depression [4, 10, 13, 14]. Also, the cytoplasm of cup cells has less electron density than adjacent enterocytes (Figure 1B) [4, 10, 13]. Small vesicles have been observed in the apical cytoplasm of the cup cells [13]. It has been thought that these vesicles may partially be pinocytic vesicles. Besides, membrane-bound granules resembling endocrine cell granules have not been found in the apical or basal cytoplasm of cup cells [10]. But it has been noted that there were lysosome-like compartments in the cytoplasm of cup cells [10, 14]. Also, it has been observed that cup cells had less smooth endoplasmic reticulum than adjacent absorptive cells [10]. It has been determined that the mitochondria of cup cells were sparsely distributed in the apical cytoplasm [4, 10]. Cup cell mitochondria are smaller than the mitochondria of absorptive cells. Also, they have large intra-cristal gaps and dense inner mitochondrial matrices indicating a strong metabolic activity. Besides, the nucleus of the cup cells is qualitatively similar to the nuclei of absorptive cells [10]. 
Cup cells are in touch with the basement membrane like absorptive cells [4]. The cup cell and the absorptive cell have been combined by tight junctions and desmosomes. The networks of lateral intermediate filament in both cells are connected to desmosomes [5]. The glycocalyx of the cup cells is more extensive than neighboring absorptive cells [14]. In addition, the terminal web of cup cells is dense but poorly defined [10]. 
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Figure 1. A. Light micrograph of vimentin-positive cup cells in villus epithelium of small intestine (arrowheads) It was modified from Fujimura and Iida [5]. B. Electron micrograph of a cup cell (CC) between two absorptive cells (AC). In absorptive cells, dense cytoplasmic organelles are seen (arrowheads) It was modified from Madara [10].
4. Functions of cup cells
The functions of cup cells are unclear but it is thought that they have functions associated with the immune response against bacteria in the lumen of small intestine. In a study, it has been determined that cup cells acted as a colonization area for an unidentified bacterium species in the ileum of guinea pigs. Also, it has been found that the cup cells demonstrated bacterial association at a rate of 28%. By examining the thin sections, it has been detected that the bacteria were attached to the area above the cup cells [14]. Similarly, it has been stated that cup cells may be intestinal immune system cells, since they are localized in the villi epithelium adjacent to Peyer's patches and have a close relationship with intraepithelial lymphocytes [12]. In addition, cup cells bind distinctive lectins [15] and do not transport antigens like M cells [13]. On the other hand, cup cells lack secretory granules and do not transfer intact protein into the intracellular space. Besides, cup cells pinocytose and poorly absorb lipid-bile salt solutions [10].

As a conclusion, the morphological structure of the cup cells in the small intestinal epithelium was explained at the levels of light and electron microscopy. In addition, the functions of the cup cells were summarized. Thus, it was intended to contribute to the literature about cup cells and to shed light on researchers working in this field.
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