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Objectives: The cecal appendix is present in 50 mammalian species, including the domestic rabbit. According to current data, it 

carries out many functions, the main of which is its role as a component of peripheral (secondary) organs of hemo and 

lymphopoiesis. In addition, some studies reported the appendix may function as an equivalent of the avian bursa of Fabricius and 

be a source for the development of B cells in mammals. 

For the determination of the cecal appendix's exact functions as an organ of hemo and lymphopoiesis, immunohistochemical studies 

of its lymphoid tissue are necessary. They enable the identification of its cellular composition and analysis of its role in 

hematopoiesis. Therefore, the aim of our study was to establish the content and localization of hematopoietic stem cells and 

lymphoid subpopulations in the domestic rabbit cecal appendix. 

Materials and Methods: Cecal appendix tissue samples were collected from four 4-months-old Pannon White male rabbits. For 

immunohistochemical studies, monoclonal antibodies CD3, CD10, CD20, and CD34 (DAKO, Denmark) were used. 

Results: We found that lymphoid tissue of the rabbit appendix contains CD34+ cells. They are predominantly in the germinal 

centers of secondary lymphoid nodules and also appear in the domes of lymphoid nodules and diffuse lymphoid tissue. We found a 

few CD34+ cells in the walls of the crypts in the mucosa. CD20+ cells (B cells) predominated among the lymphoid subpopulations in 

the nodular form of lymphoid tissue. It also contained many CD10+ cells (precursors of T cells and B cells), which were mainly 

concentrated in the germinal centers of secondary lymphoid nodules. In the diffuse form of lymphoid tissue, the vast majority of 

cells expressed the CD3 marker (T cells).  

Conclusions: The presence of CD34+ cells in the lymphoid tissue of the rabbit appendix may indicate hematopoietic stem cells. 
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Introduction 

Rabbits are the source of dietary meat and fur. They are also used in laboratory studies as animal models, because their tissues and 

organs are more similar to humans compared to rodents (Mage et al., 2016) (O'Malley, 2005). In particular, many similarities were 

found between gut-associated lymphoid tissue of rabbits and humans. Many comparisons have been made between rabbit and 

human cecal appendix, based on the development of antibodies that take place in them (Haines et al., 2016). The appendix was 

found in 50 of 361 existing mammalian species (Smith et al., 2013). Rabbit is the only animal species frequently used in laboratory 

studies that has an appendix (Girard-Madoux et al., 2018) (Stan, 2014). 

50% of rabbit lymphoid tissue is concentrated in appendix and sacculus rotundus (Hulls, 2015). The rabbit cecum serves as a 

fermentation repository, where microflora breaks down fiber and proteins to short-chain fatty acids (O’Malley, 2005) (Hulls, 2015). 

Therefore, the immune system of the large intestine must control the commensal microbiota, preventing the immune response that 

could lead to its removal (Kuper et al., 2017). 

The main function of appendix is to protect intestine and its microflora from pathogenic agents. It also produces amylase, lipase and 

hormones that are involved in the contraction of the intestinal sphincters and regulate its peristalsis (Aminova, 2019). The appendix 

releases bicarbonate ions into the lumen of the cecum, which act as a buffer for volatile fatty acids formed during fermentation in 

the intestine (Davies & Rees Davies, 2003) (Varga & Harcourt-Brown, 2014) (O’Malley, 2005). It is one of the main sites for the 

production of IgA, which is necessary for the regulation of composition and density of intestinal microbiota. New lymphocytes are 
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formed more intensively in rabbit appendix compared to other organs of lymphopoiesis. Lymphoid nodules in the appendix may play 

important role in obtaining antigenic information about the intestinal content and its distribution to cells responsible for the 

production of antibodies in other organs (Hanson & Lanning, 2008) (Pospisil et al., 2006). Furthermore, the shape and location of 

appendix indicate that it may be a niche for commensal bacteria. It contains a lot of biofilms, from which bacteria are shed into the 

intestinal lumen. The appendix can restore the microbiota of the large intestine after diarrhea (Girard-Madoux et al., 2018) (Kooij et 

al., 2016). 

As early as the 1960s, it was suggested (Archer et al., 1963) that the rabbit appendix might be the equivalent of the avian bursa of 

Fabricius. This hypothesis was supported by studies on rabbits after appendectomy, which showed lower antibody titers in response 

to antigen challenge, fewer circulating lymphocytes in peripheral blood, and reduced lymphopoiesis in peripheral lymphoid tissue. 

The decrease in the B cell pool could not be explained by the loss of B cells located in the appendix during its removal alone 

(Weinstein et al., 1994) (De Coppi et al., 2006). Similarly, bursectomy leads to a significant decrease in the number of plasma cells 

and the humoral response (Dasso et al., 2000). But other researchers have not obtained similar results after appendectomy in 3-

week-old rabbits, suggesting that the appendix may play an important role in the development of the primary antibody repertoire in 

the neonatal period (De Coppi et al., 2006). 

The rabbit appendix, as well as the ileal Peyer's patches in pigs and cattle, is considered to have features of the central (primary) 

organs of hemo- and lymphopoiesis (G.A. Parker & Makori, 2018) (Dasso et al., 2000) (D. Lanning et al., 2000). It is the site of 

development, proliferation and differentiation of B cells and diversification of the primary antibody repertoire (Hanson & Lanning, 

2008) (Pospisil et al., 2006). However, according to other researchers appendix belongs to the secondary lymphoid organs. If we 

consider the appendix as an analogue of the primary lymphoid organ for B cells, then in contrast to the thymus, into which antigens 

do not penetrate, the appendix contains a massive portion of the microbial antigen and the specific gut flora is necessary for 

diversification of the antibody repertoire (Butler & Sinkora, 2013) (D. Lanning et al., 2000). 

Other researchers suggested the possibility of the existence of a period when appendix simultaneously functions as a central and 

peripheral organ of hemo and lymphopoiesis. It functions as the bursa of Fabricius equivalent in early development, and as it 

matures, it develops into a peripheral organ of hemo and lymphopoiesis, similar in microscopic structure, and possibly function, to 

Peyer's patches (Weinstein et al., 1994). 

Other authors suggested that mammalian gut-associated lymphoid tissue located at the ileocecal junction, in the place of the 

highest bacterial concentration, is not the central organ of hemo- and lymphopoiesis for B cells. It may have developed for quick 

response to an encounter with bacteria in newborns before Peyer's patches and mesenteric lymph nodes take over these functions 

(Butler & Sinkora, 2013). 

Understanding the rabbit appendix structure and functions is necessary for the development of alternative approaches to the 

prevention and treatment of rabbit diseases, including the improvement of mucosal vaccines and the treatment of inflammatory 

intestinal diseases (Newberry, 2008). Knowledge about lymphocyte populations in the rabbit appendix remains incomplete (Haines 

et al., 2016). The detection of common antigens of hematopoietic stem cells between different species does not lose its relevance 

for translational studies of their biology (Ishibashi et al., 2016). Therefore, the aim of our study was to establish the content and 

topography of populations of lymphocytes and hematopoietic stem cells in the rabbit cecal appendix. 

 

Materials and Methods 

Four clinically healthy 4-months-old male Pannon White rabbits were used in our study. The animals were kept in the vivarium of 

the National University of Life and Environmental Sciences of Ukraine according to the generally accepted husbandry practices. They 

were fed ad libitum. Euthanasia, necroscopy of rabbits and collection of tissue samples were carried out according to generally 

accepted methods on the basis of the laboratory of immunomorphology of the Academician Volodymyr Kasyanenko Department of 

Animal Anatomy, Histology and Pathomorphology, National University of Life and Environmental Sciences of Ukraine. All 

interventions and euthanasia of animals were carried out in accordance with norms of bioethics and the requirements of the 

European Convention for the Protection of Vertebrate Animals used for Experimental and Other Scientific Purposes (Strasbourg, 

1986) and the resolution of the First National Congress on Bioethics (Kyiv, 2001). 

We used monoclonal antibodies CD3, CD10, CD20, and CD34 (DAKO, Denmark) for immunohistochemical studies. Antigenic sites 

were unmasked using heat induced epitope retrieval with Target Retrieval Solution High pH buffer (DAKO, Denmark) by treatment 

in Pt Module (Dako, Denmark) for 32 minutes at a temperature of 98-99° Celsius. Visualization of primary antibodies was performed 

using the DAKO EnVision detection system FLEX+ (DAKO, Denmark). Mayer's hematoxylin was used for a nuclear counterstaining. 

Preparations were stained for 1-3 minutes followed by placement in Eukitt quick-hardening mounting medium. The obtained tissue 

sections were examined under an “Olympus” microscope (200x, 400x, 1000x) for establishment of localization and content of 

lymphoid populations. The number of positive cells was assessed per 10 randomly selected fields of the microscope (at 

magnification 280x, per conventional unit area). Results are recorded as mean (M) and standard error of mean (m). 

 

Results 

CD34 positive cells were detected in the lymphoid tissue of the rabbit cecal appendix. The content of cell populations expressing 

markers CD3, CD10, CD20, and CD34 differed in nodular and diffuse forms of lymphoid tissue (Table 1). 
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Marker 
Germinal center of 

lymphoid nodule 

Dome of lymphoid 

nodule 

Diffuse lymphoid 

tissue 

CD3 31,67 ± 3,87 57,25 ± 2,8 147,33 ± 8,91 

CD10 73,60 ± 1,47 90,67 ± 3,29 66,75 ± 3,17 

CD20 124,0 ± 8,59 97,0 ± 1,74 66,60 ± 9,33 

CD34 45,25 ± 8,5 16,75 ± 1,99 2,67 ± 1,36 

 

Table 1. The content of lymphoid subpopulations and CD34+ cells in rabbit appendix (cells per conventional unit area), M ± m. 

 

The highest density of T cells (CD3+ population of lymphocytes) was found in the diffuse lymphoid tissue between lymphoid 

nodules, where they represented the largest cell population. A high expression level of this marker characterizes cD3+ cells in this 

form of lymphoid tissue. 

In the nodular form of lymphoid tissue, T cells were located less densely compared to diffuse lymphoid tissue (Fig.  1). Thus, in the 

domes of lymph nodules their content is 2.6 times, i.e., 61.14% lower than in the diffuse lymphoid tissue. The density of cells 

expressing the CD3 marker is higher at the periphery of the dome. 

 
Fig. 1. Localization of CD3+ lymphocytes in the lymphoid tissue of rabbit appendix: 1) CD3+ cells in the germinal center of the 

lymphoid nodule; 2) CD3+ cells in diffuse lymphoid tissue, × 100. 

 

In the germinal centers of secondary lymphoid nodules, CD3+ cells are less densely located, there are many lymphoid cells between 

them that do not express this marker. Mostly membranes of T cells in the germinal centers of lymphoid nodules show the weaker 

intensity immunostaining with CD3 marker compared to those in diffuse lymphoid tissue (Fig.  2). CD3+ cells are mostly in the apical 

part of the lymphoid nodules. The number of CD3+ cells in the germinal centers of the lymphoid nodules is 1.8 times, i.e., 44.68% 

lower than in the domes of the lymphoid nodules. Compared with the diffuse form of lymphoid tissue, the number of cells that 

express the CD3 marker in the germinal centers of lymphoid nodules is 4.7 times, i.e., 78.5% lower. 

 
Fig. 2. Intensity of CD3 marker expression in different lymphoid tissue of rabbit appendix: 1) CD3+ cells in the lymphoid nodule; 2) 

CD3+ cells in diffuse lymphoid tissue, × 400. 
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Clusters of CD3+ cells as chains are also in the walls of the crypts. Single T cells infiltrate the follicle-associated epithelium over the 

lymphoid nodules and the tela submucosa between the lymphoid nodules. 

We registered the largest number of B cells in the nodular form of the lymphoid tissue of the rabbit cecal appendix in the germinal 

centers of the lymphoid nodules. Their number is lower in the basal part of the lymphoid nodules. In this region, cells expressing 

the CD20 marker are less densely located and are predominantly localized in its center. 

B cells have a low density of distribution in the domes of lymphoid nodules. Compared to the germinal centers of the lymphoid 

nodules, the number of CD20+ cells in the domes of the lymphoid nodules is 1.3 times and 21.77% lower. The diffuse form of 

lymphoid tissue has the lowest density of B cells (Fig.  3). Their number is 1.5 times, i.e. 31.34% lower than in the domes of 

lymphoid nodules, and 1.9 times or 46.29% lower compared with the germinal centers. B cells are also gathered in chain-like 

clusters or located as single cells in the walls of the crypts. 

 
Fig. 3. Localization of CD20+ lymphocytes in rabbit appendix: 1) CD20+ cells in the germinal centers of lymphoid nodules; 2) CD20+ 

cells in the domes of lymphoid nodules; 3) CD20+ cells in diffuse lymphoid tissue; 4) CD20+ cells in the walls of the crypts, × 100. 

Cells expressing the CD10 marker are predominantly concentrated in the nodular form of the lymphoid tissue of the rabbit cecal 

appendix. The highest density of B and T cell precursors is characteristic for the domes and germinal centers of lymphoid nodules 

(here their number is 18.83% lower). In the basal part of the lymphoid nodules and the mantle zone, density of CD10+ cells is 

lower, as well as the level of membrane expression of this marker. 

A smaller number of CD10+ cells is found in the diffuse form of lymphoid tissue: it is 9.31% lower than in the germinal centers of 

lymphoid nodules; and 1.4 times, i.e., 26.38% lower compared to the domes of lymphoid nodules. Clusters of CD10+ cells are also 

located in the walls of the crypts (Fig.  4). 

 
 

Fig. 4. Localization of CD10+ lymphocytes in the rabbit appendix: 1) CD10+ cells in the dome of lymphoid nodule; 2) CD10+ cells in 

the walls of the crypts, × 100. 

 



           Immunohistochemical characterisation of lymphoid subpopulations and CD34+ cells in the lymphoid tissue of rabbit appendix 

   

Ukrainian Journal of Ecology, 11(5), 2021 

 

 

The majority of cells expressing CD34 marker is concentrated in the central and apical parts of germinal centers of the nodules (Fig.  

5). The membranous staining pattern is characteristic for CD34+ cells and therefore they have brown rims (Fig.  6). CD34+ cells 

were found in each lymphoid nodule. On the periphery of the lymphoid nodules and in their basal part, there are only single cells 

expressing this marker. The level of membrane expression of CD34 cells in lymphoid nodules varies from weak (mainly in the 

periphery) to medium (in the center). 

 
Fig. 5. Localization of CD34+ cells in the lymphoid tissue of rabbit appendix: 1) CD34+ cells in the germinal centers of lymphoid 

nodules; 2) CD34+ cells in the dome of the lymphoid nodule; 3) CD34+ cells in diffuse lymphoid tissue; 4) CD34+ cells in the walls of 

the crypts, × 40. 

 

 
Fig. 6. Intensity of CD34 expression by cells of the lymphoid nodule of rabbit appendix: 1) medium expression; 2) weak expression, 

× 400. 

 

In the domes of lymphoid nodules, the density of CD34+ cells is lower compared to the germinal centers. Their number is 2.7 times, 

i.e. 62.98% lower. Only a few CD34+ cells were found in the diffuse form of lymphoid tissue. The number of cells expressing CD34 

in diffuse lymphoid tissue is 16.9 times, i.e. 94.1% lower compared to the germinal centers of lymphoid nodules. The difference in 

the number of CD34+ cells in the domes of lymphoid nodules is somewhat less pronounced: in the diffuse lymphoid tissue their 

number is 6.3 times, i.e. 84.06% lower. 

In the walls of the crypts the density of cells expressing CD34 is low, they contain only single CD34+ cells. 

 

Discussion 

Albeit the antibodies used in this study were developed against the corresponding antigens in humans, we know that some 

antigens, such as CD3, are common to many species. It was proven that human markers can be quite effective in mouse studies 

(Rehg et al., 2012). Other researchers have reported that rabbit B cells express markers CD10 and CD20, as well as in humans 

(Yeramilli, 2010). Also, studies have shown the efficiency of human monoclonal antibodies for detection of the rabbit CD34+ 
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hematopoietic stem cells (Vašíček et al., 2018). Confirmation of a positive specific reaction to the antibodies we used was their 

characteristic type of expression (membranous). 

CD3 is a complex structure that consists of several protein chains and associates with the T cell receptor (antigen-specific receptor 

of T cells). It is usually located on the surface membrane of mature T cells and in the cytoplasm of immature T-lymphoblasts, and 

sometimes NK cells. In addition, plasma cells and macrophages can also have non-specific cytoplasmic staining (Naeim et al., 2018). 

The CD10 marker is also known as neutral endopeptidase or common acute lymphoblastic leukemia antigen (CALLA). It is expressed 

on early lymphoid progenitors, disappears during their maturation, and can reappear on activated B lymphocytes. This molecule can 

also be present on fibroblasts, some epithelial cells, granulocytes and follicular dendritic cells (Delves et al., 2011) (Naeim et al., 

2018). 

CD20 is a common marker for identification of B cells. It is a surface molecule embedded into membrane, which plays a role in the B 

cells development and differentiation into plasma cells. This marker appears after CD10 expression in the ontogeny of B 

lymphocytes. CD20 is expressed throughout differentiation of B cells before their terminal differentiation to plasma cells. It can also 

be expressed by follicular dendritic cells (Naeim et al., 2018) (Delves et al., 2011) (Murphy & Weaver, 2017). 

CD34 is a surface glycoprotein expressed on hematopoietic stem cells, progenitor cells and endothelial cells of small vessels. Some 

cells in nervous tissue and embryonic fibroblasts are CD34-positive. Pro-B cells and TdT+ subset of B-cell precursors (pre-B cells in 

which DNA polymerase terminal deoxynucleotidyl transferase is present) also express this marker. Studies suggest that CD34 is 

involved in regulation of migration, differentiation and proliferation of blood cells, possibly as a cell adhesion molecule (Naeim et al., 

2018) (Krause et al., 1996) (Sidney et al., 2014) (Lin et al., 1995) (Sanz et al., 2010) (Weiss & Wardrop, 2010). 

Hematopoietic stem cells are a small group of cells that are maintained throughout life (capable of self-renewal). They give rise to 

hematopoietic progenitor cells that further differentiate into many mature blood cells. Among markers of hematopoietic stem and 

progenitor cells, CD34 is well known for its unique expression on them (AbuSamra et al., 2017). 

Studies indicate that IgM+ B cells with an undiversified repertoire from the bone marrow are transported with the peripheral blood, 

and colonize the appendix in neonatal rabbits (Pospisil et al., 2006) (R. K. Sinha et al., 2006) (R. Sinha, 2004). Under the influence 

of intestinal commensal bacteria, they experience further primary diversification by 3 weeks of age through gene conversion and 

somatic hypermutation, and generate a wide repertoire of antibodies (Girard-Madoux et al., 2018) (R. Sinha, 2004). In the appendix 

B-cell multiplication, diversification of immunoglobulins, clonal expansion and selection take place. Those that survive the selection 

process exit the appendix and form the preimmune repertoire in the periphery (R. Sinha, 2004) (R. K. Sinha et al., 2006). 

In rabbits, the percentage of B lymphocyte precursors in the bone marrow reaches its maximum of 10% at birth, and at 3 weeks of 

age it decreases to 1-3%. This indicates that B lymphopoiesis decreases with age, and is practically absent in adult rabbits. 

Peripheral B cells of adult rabbits might be long lived or self-renewing (Hanson & Lanning, 2008) (Dennis Lanning et al., 2000) 

(Pastoret et al., 1998). 

Although most intestinal lymphocytes are believed to have homed from the periphery, it is possible that some of them have 

differentiated from intestinal hematopoietic stem cell populations (Lynch et al., 2006). 

Both lymphoid progenitors and hematopoietic stem cells have been described in the murine intestine. There is evidence that 

differentiation of T cells also takes place in the human neonatal intestinal tract, and that the adult human intestine may support 

lymphopoiesis. Over 5% of leukocytes isolated from the human intestine also express CD34, which is significantly higher than in 

peripheral blood or bone marrow (Lynch et al., 2006). Among the ileal lamina propria lymphocytes, the percentage of hematopoietic 

stem cells is significantly higher than among intraepithelial lymphocytes (Fu et al., 2017) (Fu et al., 2019). The phenotype of 

intestinal hematopoietic stem cells differs from bone marrow or circulating hematopoietic stem cells and corresponds to their 

functions in local lymphoid development (Urbiztondo, 2010) (Lynch et al., 2006). 

Recent studies have shown that the animal and human appendix is one site where hematopoietic progenitor cells, which are located 

in intraepithelial areas and lamina propria, are most abundant (De Coppi et al., 2006). 

In the intestine, only a single layer of epithelial cells separates the gut lumen from the internal environment of an organism. From 

an evolutionary point of view, the intestinal tract of higher vertebrates may keep some self-supporting system to ensure internal 

integrity (Saito et al., 1998). 

The results of our study show that the rabbit vermiform appendix contains CD34+ cells, which may indicate the presence of 

hematopoietic stem cells in it. They are mostly located in the germinal centers of secondary lymphoid nodules. In the domes of 

lymphoid nodules and diffuse lymphoid tissue their number is 2.7 and 16.9 times lower, respectively. Single CD34+ cells were found 

in the walls of the crypts. Among the lymphoid subpopulations in the nodular form of the rabbit appendix lymphoid tissue, CD20+ 

cells (B cells) predominate. It also contains many CD10+ cells (precursors of T cells and B cells), which are mainly concentrated in 

the germinal centers of lymphoid nodules. In the diffuse form of lymphoid tissue, CD3+ cells (T cells) represent the vast majority of 

cells. 
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