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Abstract 
 
Introduction/Aim. A vermiform appendix is an abdominal 
organ which contains the elements of gut-associated lymphoid 
tissue and carries out important immunological functions as a 
reservoir of intestinal microbial flora. It also has a role in the 
normal development of gut-associated lymphatic tissue. The 
aim of this study was to examine the distribution of dendritic 
cell marker CD11c in the human fetal vermiform appendix 
from the 13th to the 23rd week of development. Methods. 
The material in this study consisted of 28 human fetal vermi-
form appendixes from the 13th to the 23rd week of gestagion. 
The tissue samples were routinely processed to obtain paraffin 
blocks, and 5 µm thick tissue sections were stained with hema-
toxylin and eosin, and with rabbit monoclonal antibody against 
CD11c antigen and mouse monoclonal antibody against des-
min. Results. The first CD11c immunopositive cells appear in 
the 14th week of development. They are present in the muco-
sa/submucosa and are interconnected via their cytoplasmic 
processes. Around these cells, a small number of lymphocytes 
can be seen. The first lymphoid aggregations appear in the 16th 
week of development, and lymphocytes are organized around 
the network made of CD11c immunopositive cells. From the 
18th week of development, the lymphoid aggregations are or-
ganized in the form of primary lymphoid follicles, containing 
an extensive network made of CD11c immunopositive cells. 
Conclusion. CD11c immunopositive cells appear first in the 
process of primary lymphoid follicle generation and have a role 
in forming a lattice which will serve as the basis for lymphocyte 
migration. 
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Apstrakt 
 
Uvod/Cilj. Crvuljak je abdominalni organ koji sadrži 
limfno tkivo u submukozi i ima značajnu imunološku 
ulogu kao rezervoar intestinalne mikrobijalne flore. 
Takođe, ima ulogu u normalnom razviću limfnog tkiva 
pridruženog mukozi gastrointestinalnog trakta. Cilj rada 
je bio da se ispita distribucija dendritskog ćelijskog mark-
era CD11c u humanom fetalnom crvuljku od 13. do 23. 
nedelje razvića. Metode. Materijal istraživanja su činila 
28 humana fetalna crvuljka od 13. do 28. nedelje 
gestacijske starosti. Tkivni uzorci su rutinski obrađeni do 
parafinizovanih kalupa, sa kojih su pravljeni preseci 
debljine 5 µm koji su zatim bojeni hematoksilinom i eo-
zinom, kao i zečijim monoklonskim antitelom na CD11c 
i mišjim monoklonskim antitelom na dezmin. Rezultati. 
Prve CD11c-imunopozitivne ćelije se pojavljuju u 14. 
nedelji razvića. Smeštene su u mukozi/submukozi i 
međusobno su povezane citoplazmatskim produžecima. 
Oko ovih ćelija se uočava mali broj limfocita. Prvi agre-
gati limfnog tkiva se uočavaju u 16. nedelji razvića, a lim-
fociti su organizovani oko mreže koju prave CD11c-
imunopozitivne ćelije. Od 18. nedelje razvića limfni agre-
gati se organizuju u vidu primarnih limfnih folikula u 
kojima je prisutna ekstenzivna mreža sačinjena od 
CD11c-imunopozitivnih ćelija. Zaključak. CD11c-
imunopozitivne ćelije se pojavljuju prve u procesu formi-
ranja primarnog limfnog folikula gde imaju ulogu u 
formiranju mreže koja će služiti kao osnova za migraciju 
limfocita.  
 
Ključne reči: 
fetus; apendiks; ćelije, dendritične; leukociti; biološki 
pokazatelji; antigeni; cd11. 
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Introduction 

The vermiform appendix is an abdominal organ, classified 
as a part of the large intestine, which was considered for a long 
time to be a vestigial remnant of the caecum, without any 
specific function in humans, especially having in mind that it is 
not involved in the processes of digestion and intestinal 
peristalsis1. However, some more recent studies have shed a 
different light on the function of this organ, suggesting the 
importance of its immunological roles, especially regarding its 
being a haven for microbial flora of the intestines, releasing it in 
cases when its repopulation is required 1. This is especially 
important in cases when the normal intestinal flora has been 
destroyed after some viral or bacterial infections. Furthermore, it 
is believed that the presence of bacterial flora in the vermiform 
appendix is important for tolerance induction against the 
indigenous flora, as well as for the stimulation and normal 
development of gut-associated lymphoid tissue 2. 

The vermiform appendix is the intestinal derivative of the 
midgut. The development of the vermiform appendix is closely 
related to the midgut development, which can be summarized to 
take place in three phases 3. In phase one, which occurs during 
the sixth week of development, the midgut elongates considera-
bly, which results in the formation of a hairpin-shaped loop. Due 
to insufficient space in the embryo, this loop extends into the ex-
traembryonic coelom of the umbilical cord forming the physio-
logical umbilical hernia 3. During this phase, the intestinal loop 
rotates 90 degrees around the superior mesenteric artery. The 
phase two occurs during the tenth week of development and is 
characterized by back-positioning of the intestinal loop inside 
the embryonic cavity, closure of the physiological umbilical 
hernia and by additional rotation of the intestinal convolute for 
180 degrees 3, 4. During the third phase that occurs in the twelfth 
week of gestation, the midgut is fixated in the peritoneal cavity. 
The bud-like complex of the early caecum and appendix appears 
during the phase two of midgut development on the right-hand 
side of the upper abdominal cavity 3–5. The process of colon 
elongation consequently leads to the descent of caecum and ap-
pendix, as they become finally positioned in the right iliac fos-
sa 3, 4. The appendix vermiformis can be observed at the eighth 
week of gestation, while the first accumulations of the lymphatic 
tissue develop during the weeks 14 and 15, at first as a few lym-
phatic cells located below the epithelium 3, 5. Lymph nodules 
appear approximately during the 4th and 5th months of devel-
opment and they continue to increase, with a peak in the 28th 
week of development. The components of gut-associated lym-
phoid tissue (GALT) continue to grow up to puberty 3, 5, 6. The 
colonization of vermiform appendix with bacterial flora begins 
approximately two weeks after birth 2. 

The lymphoid tissue of vermiform appendix consists of 
multiple solitary lymphoid follicles, whose cellular content 
comprises B lymphocytes and a small number of T lympho-
cytes, dendritic cells and macrophages 7. 

Some authors suggest that the nerves of the enteric nervous 
system (ENS) might play a role in the regulation of 
immunological functions of the gut-associated lymphoid tissue, 
including the vermiform appendix 8. The immune system and 
ENS interact with each other and some studies have revealed 

that nerves can act as inflammation modulators in the intestinal 
tissue 9. Moreover, it has been reported that higher levels of 
neuropeptides in the vermiform appendix might provoke acute 
abdominal pain without any signs of acute appendicitis 10. 

Bearing in mind the importance of lymphoid tissue in the 
vermiform appendix, the aim of this paper was to examine the 
expression of CD11c antigen in its tissue during the second tri-
mester of fetal development. CD11c is one of the classical 
markers of dendritic cells, but is also expressed on the neutro-
phils, macrophages and some B lymphocytes 11, 12. 

Methods 

The material consisted of 28 vermiform appendixes of the 
fetuses from the 13th to the 23rd week of gestational age (Table 
1). The material was obtained from the Clinic of Pathology, 
Clinical Centre Niš, Serbia, after spontaneous miscarriages or 
abortions performed for medical reasons. None of the fetuses in-
cluded in this study had any congenital malformations or gastro-
intestinal disorders. Gestational ages were estimated by the ana-
tomical criteria according to the Carnegie Staging system and 
the parameters of crown-rump length, head circumference and 
foot length. The study was approved by the Ethics Committee of 
the University of Niš, Faculty of Medicine, and was performed 
according to the guidelines of the Declaration of Helsinki. 

Table 1 
The gestational age and number of vermiform  

appendix samples used as a material 
Gestational age 

(week) Number of samples 

13 2 
14 3 
15 3 
16 2 
17 3 
18 3 
19 3 
20 2 
21 2 
22 3 
23 2 

 
All vermiform appendix samples were fixed in 10% buff-

ered formalin and routinely processed to paraffin blocks. From 
each paraffin block, 5 µm-thick sections were obtained using a 
Leica microtome. The obtained paraffin sections were deparaf-
finized (in the thermostat at 64°C and xylene) and rehydrated in 
a series of descending concentrations of alcohol (100%, 96%, 
and 75%) and distilled water. The sections were stained with 
hematoxylin and eosin (HE), and immunohistochemically by 
using the rabbit monoclonal antibody against CD11c antigen 
(Abcam, ab52632, 1 : 100) and the mouse monoclonal antibody 
against desmin (Dako, M0760). The incubation with the anti-
body was performed overnight at 4°C. As a visualization sys-
tem, EnVisionFLEX, HighpH (Agilent, K8000/8002) was used. 
The photo documentation, used for microscopic analysis, was 
obtained using an Olympus BX50 light microscope equipped 
with a Leica DFC295 digital camera (Leica Microsystems, 
Germany). 
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Results 

The analysis of HE sections of vermiform appendix 
samples showed that their histological structure correspond-
ed well to the week of gestational age. In the 13th week of 
development, all the layers of the wall (mucosa, submucosa, 
muscularis and serosa) were present on all the examined 
samples. All vermiform appendixes had the intestinal glands 
with crypts present in their mucosa; however, the lamina 

muscularis mucosae was absent. The lamina muscularis mu-
cosae appeared first in the 18th week of development in the 
form of scattered smooth muscle cells between the mucosa 
and submucosa. The muscular layer was composed of well-
developed circular and thin longitudinal sublayers (Figure 
1A). Until the 23rd week of development, the lamina muscu-
laris mucosae was well developed and the longitudinal mus-
cle sublayer became thicker (Figure 1F). 

Lymphatic tissue or CD11c immunopositive cells were 

 
Fig. 1 – A) Appendix vermiformis in the 16th week of development. Circular and longitudinal muscular sublayers are 

stained with antibody against desmin (sm-submucosa, cm-circular muscle sublayer, lm – longitudinal muscle 
sublayer, x250); B) Mucosa/submucosa of the appendix vermiformis in the 14th week of development. Arrows point 

to the few, scarce CD11c immunopositive cells (immunohistochemical staining with CD11c antibody, x500);  
C) Appendix vermiformis in the 16th week of development. Arrows point to the CD11c immunopositive cells  

(sm-submucosa, cm-circular muscle sublayer, lm–longitudinal muscle sublayer. immunohistochemical staining with 
CD11c antibody, x250); D) Appendix vermiformis in the 18th week of development. Lymphoid tissue aggregation is 

encircled. Within the lymphoid aggregation CD11c immunopositive cells form a network (sm-submucosa, cm-circular 
muscle sublayer, lm – longitudinal muscle sublayer; immunohistochemical staining with CD11c antibody, x250);  

E) Appendix vermiformis in the 20th week of development. Primary lymphoid follicle containing an extensive 
network of CD11c immunopositive cells is encircled (sm-submucosa, cm-circular muscle sublayer, lm – longitudinal 
muscle sublayer; immunohistochemical staining with CD11c antibody, x250); F) Appendix vermiformis in the 23rd 

week of development. Primary lymphoid follicle is encircled (sm-submucosa, cm-circular muscle sublayer,  
lm – longitudinal muscle sublayer. immunohistochemical staining with CD11c antibody, x250). 
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absent in the samples in the 13th week of development. Rare 
CD11c immunopositive cells were first observed in the ver-
miform appendixes in the 14th week of development (Figure 
1B). These cells were seen in small groups with focal distri-
bution in the mucosa/submucosa layer. Their morphology 
revealed the presence of cytoplasmic processes with whom 
they were interconnected. CD11c immunopositive cells were 
surrounded by rare, scarce lymphocytes that were not seen in 
the areas between the groups of CD11c immunopositive 
cells. The first lymphocyte aggregations, resembling the 
primary lymphoid follicles, were observed in the samples in 
the 16th week of development (Figure 1C). The lymphocyte 
aggregations were organized around the network made by 
CD11c immunopositive cells. The number of CD11c im-
munopositive cells was markedly higher and the network 
they form was more extensive. As the development contin-
ued, the number of CD11c immunopositive cells and lym-
phocytes gradually increased (Figure 1D). Until the 20th 
week, the primary lymphoid follicles were completely 
formed (Figures 1E, F). CD11c immunopositive cells were 
present inside the lymphoid follicle, where they formed a 
network around which the lymphocytes were situated. 

Discussion 

The morphology of the vermiform appendix from the 
13th to the 23rd week of development showed that all the lay-
ers of its wall were present, as well as the intestinal glands and 
two sublayers in its muscular layer. The lamina muscularis 
mucosae was observed only in the samples from the 18th week 
of development. The longitudinal muscle sublayer was very 
thin in the 13th week of development, but it became thicker 
and both muscle sublayers were clearly visible until the 23rd 
week. These findings were in accordance with the results of 
other authors who studied the development of this organ 13, 14. 
However, in the literature there has been different information 
concerning the appearance of lymphatic tissue in its muco-
sal/submucosal layer 15–17. Our findings suggest that the first 
lymphocytes can be observed already in the 14th week of de-
velopment, and that lymphoid aggregations are clearly visible 
in the 16th week. CD11c immunopositive cells were first ob-
served in the 14th week of development. According to their 
morphology, these cells corresponded to the dendritic cells in 
the gut-associated lymphoid tissue. Dendritic cells are a nor-

mal constituent of the lymphoid follicles and have a crucial 
role in facilitating the immunological function of gut-
associated lymphoid tissue. They are interconnected via their 
cytoplasmic processes and are present in the form of a lattice 
in the locations where the future lymphoid follicles will devel-
op. The available data show that CD11c immunopositive den-
dritic cells are largely present in the gut-associated lymphoid 
tissue 18. However, due to a complex molecular profile of these 
cells, they have still not been fully characterized. Another 
problem with the examination of dendritic cells lies in the fact 
that they are comprised of more cellular subtypes which differ 
in their expression of their molecular markers. Summers et 
al. 19 showed that three out of five DC subtypes in the palatine 
tonsil, found both in diffuse lymphatic tissue and germinal 
centers, expressed CD11c. Experimental models suggest that 
the formation of primary lymphoid follicles is a multistep pro-
cess that involves both B lymphocytes and dendritic cells 20–22. 
The first step in this process appears to depend on the secretion 
of LTα1β2 by B lymphocytes, which is responsible for the for-
mation of a network of dendritic cells 22, 23. When the network 
of dendritic cells is formed, the migration of B lymphocytes is 
facilitated and the quantity of lymphatic tissue increases, thus 
forming a morphologically distinctive primary lymphoid folli-
cle 22. 

Conclusion 

Our results give the morphological evidence that a 
network of CD11c immunopositive cells of the future 
primary lymphoid follicle arises before the appearance of 
lymphoid aggregates in the vermiform appendix, suggesting 
thus that these cells are crucial in the process of lymphoid 
follicle generation. 
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