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Abstract 
Milky spots are opaque patches in the greater omentum. They were first described by von Recklinghausen (1863) in the omentum of 
rabbits. In man, milky spots are relatively uniform, highly vascularized accumulations of mononuclear cells. The objective of this study was 
to describe in human omental lymphoid tissue components with S-100. Tissue samples (greater omentum) were collected from 14 patients 
operated with different reasons in our Department of General Surgery, in order to histologically present the presence of S-100 in the cells 
making up the milky spots in human omentum tissue. Tissue samples were cut approximately 5–8 micrometer thick with frozen-sections 
and stained with an indirect immunoperoxidase technique, as described previously. Then milky spots were examined by light microscopy. 
These data indicate that unstimulated milky spots in the human greater omentum are to a great extent just a preformed specific 
accumulation of primarily macrophages within the stroma of the greater omentum, secondarily B- and T-lymphocytes. In addition to these 
cells, we observed that a few mast and reticular cells were seen in the milky spots by S-100 reactive cross-sections of greater omentum. 
In the human omentum tissue that was stained with indirect immunoperoxidase method using anti S-100 monoclonal antibody, an arteriole 
cross-section in the center, reactive nerve cross-sections in the adjacent stroma and endogenic peroxidase reactivity in a few granulocytes 
in omental tissue were observed. 
Keywords: milky spots, omenthal lymphoid tissue, light microscopy, S-100. 

 Introduction 

Omentum-associated lymphoid tissue (OALT) was 
first described by von Recklinghausen in 1863 after 
monitoring white spots in omentum of rabbits, as milky 
spots surrounding capillary network that are intense 
accumulation of connective tissue cells [1]. 

In animal studies, including rats, rabbits, swine, 
dogs, squirrels, cats, bats, moles, cattle, chicken, frogs, 
sheep and goats, milky spots have been shown to be 
essentially made up of lymphocytes and macrophages 
with or without blood vessels [2–6]. Presence of OALT 
in humans was first discovered by Seifert in 1921 [7]. 
Milky spots were very few in number and buried in 
adipose tissue especially in older subjects [1]. Several 
studies have described the function of milky spot 
macrophages to clean microorganisms and carcinogenic 
cells, especially in peritoneal cavity [3–5]. Furthermore, 
other than reactions against intraperitoneal stimuli, 
milky spots have been considered to play a role in 
ontogenesis of B-cells, therefore function as primary 
lymphoid organ similar to thymus in intestines [6, 7]. 
Since milky spots are a rich growth factor source, 
omentum is known to have an important capacity in 
wound healing, thus to present an advantage in 
abdominal surgery [8]. Omentum limits infection by 
adhering to perforation and inflammation regions [4]. 
Omentum is a region within peritoneum only, except for 
diaphragm pores that have the ability to absorb bacteria 

and foreign particles [9, 10]. Milky spots lymphocytes 
are able to enter and exit the peritoneal cavity via 
mesothelial pores. Milky spots are specialized lymphoid 
structures that have an important function in immune 
defense of the peritoneal cavity [1]. Cell aggregation in 
omentum, known as milky spots, is a source of 
polymorphonuclear leukocytes, macrophages and 
lymphocytes. Milky spots composed of mesenchymal 
cells that are located in curves surrounding the capillary, 
named omental glomerulus and they are observed as 
woolly cotton mass with the naked eye [9, 11–13]. 

S-100 is a calcium-binding protein primarily 
produced and released by astrocytes in the central 
nervous system (CNS). It has neurotrophic and 
gliotrophic actions, possibly having important roles in 
normal CNS development and recovery after injury [14, 
15]. S-100 has been shown to be a useful neuro-
biochemical marker of brain damage in cardiac arrest 
[16, 17] stroke [18], subarachnoid hemorrhage [19], and 
traumatic head injury [20]. Neuron-specific enolase 
(NSE) is a glycolytic enzyme that is localized primarily 
to the neuronal cytoplasm. Because NSE is not physio-
logically secreted, an increase in its serum and cerebro-
spinal fluid concentrations can be associated with 
structural damage to neuronal cells, as reported in 
traumatic brain injury [2], cardiac arrest [16], and 
Parkinson disease [15]. 

Purpose of this study is to analyze human omentum-
associated lymphoid tissue components with S-100. 
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 Material and Methods 

Tissue samples were obtained from 14 patients 
operated in Department of General Surgery, Faculty of 
Medicine, Dicle University, with different reasons, in 
order to histologically present the presence of S-100 in 
the cells making up the milky spots in human greater 
omentum tissue. Most S-100 proteins are homodimeric, 
consisting of two identical polypeptides held together 
by non-covalent bonds. Although S-100 proteins are 
structurally similar to calmodulin, they differ in that 
they are cell-specific, expressed in particular cells at 
different levels depending on environmental factors.  
To contrast, calmodulin is a ubiquitous and universal 
intracellular Ca2+ receptor widely expressed in many 
cells. The study was approved by the Hospital Ethical 
Committee. 

Fresh tissue samples were immediately frozen in 
liquid nitrogen and kept at -700C until sectioned. Using 
the immunoperoxidase procedure described in detail 
previously by Kishimoto T et al. [21], the sections were 
fixed in acetone for 10 minutes and air-dried for at least 
30 minutes. They were then incubated for 60 minutes in 
1:100 dilutions of the primary antibody for S-100. After 
washing with a 0.01 M phosphate-buffered saline (PBS) 
at pH 7.4, the sections were covered with 1:200 dilution 
of anti-mouse Ig peroxidase (Sigma, Catalogue No.  
A–0168, St. Louis, MO), in PBS containing 0.2% 
bovine serum albumin (Sigma, Catalogue No. A–7034,  
St. Louis, MO) and 1% normal human serum. After 
washing the sections in PBS, they were stained for 
peroxidase activity with 3,3’-diaminobenzidine-
tetrahydrochloride (Sigma, Catalogue No. D–5637,  
St. Louis, MO) in 0.5 mg/mL Tris-HCL buffer, pH 7.6, 
containing 0.01% H2O2. Counterstaining with 
Hematoxylin was then carried out. A double control 
staining was performed by omitting the primary 
antibody step and using a nonspecific control mouse 
IgG. The stained sections were then examined and 
photographed using an Olympus BH2 conventional light 
microscope. 

 Results 

The compact structure of the milky spots was 
characterized by a cellular reticulum sustained by 
adjoining fine bundles of collagenous fibers, but this 
reticulum was populated by macrophages, B- and  
T-lymphocytes, a few mast and reticular cells. Further, 
endothelial cells formed fenestrated and discontinuous 
capillaries to which nerve fibers were seen in close 
proximity (Figures 1 and 2). 

Cell clusters 

In the non-vascularized and vascularized clusters of 
cells were seen in sections. A very small number of 
clusters of cells of up to approximately 80 cells were 
present around arterioles (Figure 3). And also, a very 
small number of clusters more than one hundred cells 
were present around venules (Figure 2). When we 
compared the sizes cells around arterioles (Figure 3) to 
venules (Figure 2), sizes cells around arterioles were 
larger than venules. The cells sizes around arterioles and 

adipose cells were almost the same (Figure 3). 
However, adipose cells usually were seen in clusters, 
alone adipose cell were also seen seldom (Figures 1 and 
4). The distribution of cells around adipose cells were 
irregular (Figures 1, 2 and 4), although those of cells 
were regular around arterioles (Figure 3) and venules 
(Figure 2). 

Macrophages 

In the milky spots, macrophages were found disper-
sed within the meshes of the reticulum cells, as well as 
on the surface of the mesothelial cell layer (Figure 3). 
Occasionally, a macrophage was spotted. Unlike the 
mesothelial cells of the greater omentum, the meso-
thelial cells of the milky spots had openings between 
them through which cells passed (Figure 2). Very small 
number of macrophages was found randomly dispersed 
over the entire greater omentum. Shape of macrophages 
had a round, oval, or elongated cell-shape (Figure 5). 
The relatively immature macrophages were found 
mainly perivascularly inside the milky spots (Figures 2 
and 3), whereas the more mature forms were present in 
high numbers on the mesothelial cell-layer (Figure 1). 

Lymphocytes 

B-lymphocytes with a round nucleus and a small rim 
of cytoplasm could be seen throughout the milky spots, 
but no plasma cells were present. Specific orientation or 
clustering of lymphocytes was noted. B-lymphocytes 
were localized near reticulum cells of the milky spots 
(Figure 1). T-lymphocytes were stained more darker 
than the B-cells have a distribution between neighboring 
adipose cells (Figures 1, 2 and 5). No cells in B-cell 
follicles and T-cell areas were observed in lymphoid 
organs with the immunoperoxidase method of S-100. 

Mast cells 

Mast cells had a small round nucleus and an abun-
dance of cytoplasm filled in the milky spots. The mast 
cells had no specific location within the milky spots 
(Figure 1). 

Other structures 

In all specimens the greater omentum was character-
ized by a continuous lining of mesothelial cells on both 
sides (Figure 3), and a widely meshed cellular reticulum 
sustained by fine bundles of collagenous fibers in  
which blood vessels and nerve fibers were sporadic 
(Figures 1–6). The endothelial cells of the blood vessels 
in the greater omentum and in the milky spots were the 
same with the following exceptions. The endothelial 
cells of the greater omentum rested on a continuous 
basal lamina whereas the endothelial lining of the blood 
vessels in the milky spots was discontinuous (Figure 3). 
Observing human omentum tissue that is stained with 
indirect immunoperoxidase method using anti S-100 
monoclonal antibody, adipose cells, omentum-associated 
lymphoid tissue showing minimal infiltration and cross-
sections of two nerves showing strong S-100 reactivity 
are visible (Figure 4). In the human omentum tissue that 
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is stained with indirect immunoperoxidase method using 
anti S-100 monoclonal antibody, an arteriole cross-
section in the center, reactive nerve cross-sections in the 
adjacent stroma and endogenic peroxidase reactivity in 
a few granulocytes in omental tissue are observed 
(Figure 3). In low magnification of omentum cross-
section, omentum-associated lymphoid tissue (milky 
spot), stromal region richer than adjacent adipocyte and 
S-100 reactive cross section of a small nerve fiber 

within a smaller lymphoid region adjacent the venule in 
the upper left corner were seen (Figure 1). In a similar 
region, adipocytes, two venules and omentum-associa-
ted lymphoid tissue around the lower venule are visible. 
Cross sections of periphery nerves are seen to show 
strong S-100 immunoreactivity (Figure 2). In higher 
magnification, cross-section of nerve fiber in another 
region, adipocytes, lymphoid tissue cells and fibroblasts 
can be differentiated (Figure 6). 

 

Figure 1 – One cross-section of a milky spot demon-
strating the lining of mesothelial cells (mc), the 
reticulum cells of the greater omentum (rc), macro-
phages (m), B-lymphocytes (arrows), T-lymphocytes (t) 
were stained more darker than the B-lymphocytes 
(arrows) have a distribution between neighboring 
adipose cells (t), mast cells (double arrows) which were 
triangularly shaped and formed adherent junctions in 
contact areas with collagen fibers (cf), adipose cell (y), 
omentum-associated lymphoid tissue (*), lipid-cell-rich 
stroma (str) and nerve fiber (s). (Indirect immuno-
peroxidase technique – immunoperoxidase-counter-
stained with Hematoxylin staining, original magnifi-
cation, ob. ×10). 

Figure 2 – One cross-section of a milky spot demon-
strating the lining of mesothelial cells (mc) interrupted 
by macrophages (m) and B-lymphocytes (arrows), 
arteriole (Aa), venule (Vv), adipose cell (y), omentum-
associated lymphoid tissue (*), S-100 immunoreactivity 
in nerve cross-section (s). (Indirect immunoperoxidase 
technique – immunoperoxidase-counterstained with 
Hematoxylin staining, original magnification, ob. 
×10). 

 

Figure 3 – One cross-section of a milky spot demon-
strating arteriole (a), nerve cross-section (s), S-100 
reactivity in granulocytes (gr) and the endothelial cells 
of the greater omentum rested on a continuous basal 
lamina (double arrows), whereas the endothelial lining 
of the blood vessel (a) in the milky spots was disconti-
nuous (arrow). (Indirect immunoperoxidase technique 
– immunoperoxidase-counterstained with Hematoxylin 
staining, original magnification, ob. ×10). 

Figure 4 – One cross-section of a milky spot demon-
strating mainly macrophages (m), adipose cell (y), 
omentum-associated lymphoid tissue (consist of mainly 
macrophages) (*), nerve cross-section (s), B-lympho-
cytes (arrows), which are dispersed throughout the 
milky spots. (Indirect immunoperoxidase technique – 
immunoperoxidase counterstained with Hematoxylin 
staining, original magnification, ob. ×10). 
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Figure 5 – One cross-section of a milky spot demon-
strating B- (arrows) and T-lymphocytes (t), nerve 
cross-section (s) and adipose cell (y) with S-100, which 
are dispersed throughout the milky spots. (Indirect 
immunoperoxidase technique – immunoperoxidase-
counterstained with Hematoxylin staining, original 
magnification, ob. ×40). 

Figure 6 – One cross-section of a milky spot demon-
strating macrophages (m), T-lymphocytes (t), adipose 
cell (y), nerve cross-section (s) and fibroblast cells (f) 
with S-100. (Indirect immunoperoxidase technique – 
immunoperoxidase-counterstained with Hematoxylin 
staining, original magnification, ob. ×40). 

 

 Discussion 

The objective of the present immunochemical study 
was to show unstimulated milky spots in the human 
greater omentum, and to determine whether these milky 
spots should be considered as secondary lymphoid 
organs. Second lymphoid organs are specialized structu-
res in which antigen is presented to a population of 
recirculating lymphocytes. Our data show that unstimu-
lated milky spots in the human greater omentum are 
uniform, the milky spots are consist of mainly vascular-
rized accumulations of macrophages, a few lympho-
cytes and mast cells within the stroma of the greater 
omentum. These cell types were localized in the milky 
spots. Cell clusters of macrophages were localized 
vascularized and non-vascularized areas. Macrophages 
situated around vessels were immature, but not in the 
milky spots. Specific B-cell areas or T-cell areas could 
be distinguished in the milky spots. While B-lympho-
cytes were localized near reticulum cells of the milky 
spots, T-lymphocytes stained more darker were locali-
zed between neighboring adipose cells. 

Milky spots are opaque patches in the greater omen-
tum. They were first described by von Recklinghausen 
(1863) as white spots in the omentum of rabbits and 
were named “taches laiteuses” by Ranvier (1874). 
Milky spots have been described in a variety of 
mammals [22]. Different studies have described the 
involvement of milky spots in the clearance of particles, 
tumor cells and bacteria from peritoneal cavity [8, 23]. 
Cellular elements of human milky spots are clearly 
observed. They can easily be counted, as complete 
peripheral smears preparates of the large omentum are 
transparent. Milky spots are elliptic with a diameter of 
756±22 µm. Diameters of cells in vary between 15 and 
20 µm. Macrophages are the cellular components of 
milky spots that are the largest in number (47.54±7.5%) 
and they exhibit a special arrangement within the milky 
spots. Second common cellular components are B-lym-
phocytes (29.1±5.2%) and T-lymphocytes (11.7±2.4%). 
Diameters of T- and B-lymphocytes vary between 7 and 

10 µm. Mast cells that are the cells lowest in number 
(6.1±2.6%) in the human milky spots can easily be 
observed due to being very well stained with Toluidine 
Blue. Their diameters are 10–15 µm and are placed 
along capillary vessels [1]. Our quantification results 
differ from those described by Shimotsuma M et al. [1]. 
They found a lower percentage of macrophages 
(47.5±7.5%, mean ± standard error), a higher percentage 
of B-lymphocytes (29.1±5.2%) but almost the same 
percentage of T-lymphocytes (11.7±2.4%) in human 
milky spots. However, our results compatible with those 
described by Krist LF et al. [22]. Krist LF et al. showed 
that macrophages in fully-grown milky spots form about 
70% of the cell population [22]. They were reported that 
based on immunohistochemical and ultrastructural 
criteria, milky spots in the human greater omentum are 
to a great extent just a preformed specific accumulation 
of primarily macrophages and cannot be classified as 
true secondary lymphoid tissue. In according to our 
result, we also observed that cell clusters were consist of 
mainly macrophages, a few lymphocytes and mast cells. 
In a different immunoperoxidase study, they examined 
specimens of human greater omentum were obtained 
from fetuses of 20 to 40 weeks gestation and one 
newborn 3-day-old. As in their result, small accumula-
tions of cells with about 50% monocytes/macrophages 
were presented at 20 weeks of gestation. With increa-
sing gestational age the number of clusters of cells were 
increased significantly (p<0.01) as well as their size 
(p<0.01). Starting at 29 weeks, vascularized clusters  
of cells were seen; true milky spots were presented at  
35 weeks. A significant (p<0.05) increase in the per-
centage of mature macrophages was found in develop-
ing milky spots, whereas no activated macrophages 
were seen. The percentage of B-lymphocytes and  
T-lymphocytes were found in the clusters of cells and 
milky spots increased significantly (p<0.05) but did not 
exceed 10% of the total number of cells [24]. When we 
compared our findings with this study, the percentage of 
B-lymphocytes and T-lymphocytes was not exceed 10% 
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of the total number of cells. In addition, rest of the cells 
of the milky spots was consisting of immature and 
mature macrophages. However, we also determined that 
activated macrophages area was seen in our section 
(Figures 1 and 4). In according to the percentage of  
B-lymphocytes and T-lymphocytes in Krist LF et al. 
[24], we understand that the milky spots is not consi-
dered as secondary lymphoid organs even at 20 weeks 
of gestation. Previous work suggested that the omentum 
had an immunological function and showed that plasma 
cells could be found in the omentum after intraperito-
neal immunization with T-independent antigens [25, 26] 
as well as classic T-dependent antigens [3, 27, 28]. 
Nevertheless, some authors have concluded that the 
milky spot should not be classified as secondary 
lymphoid organ [3, 29, 30]. Solvason N and Kearney JF 
[7] demonstrated that the human greater omentum is a 
primary site of B-cell development. They found a 
decrease of pre-B-cells in the investigated period up to 
23 weeks and suggested that development of B-cells in 
the fetal omentum is a transitory process. Beelen RH 
studied unstimulated milky spots in adults and found the 
cellular quality to be approximately 70% macrophages, 
10% B-lymphocytes and 10% T-lymphocytes and mast 
cells. B- and T-lymphocytes are aggregations close to 
peritoneal surface of milky spots. They are directed 
towards peritoneal cavity and stay ready for migration 
[13]. In our study, despite the percentage of B- and  
T-lymphocytes were lower than those of Beelen’s  
study [13], the same findings were found in an adult 
milky spots. 

In animal studies, too, it has been shown that milky 
spots develop in the fetus [31, 32]. Moreover, in pigs 
[31] and sheep [32] the same pattern of development is 
seen as in humans concerning the monocyte/macro-
phage population in milky spots. However, the presence 
of B-cells and T-cells varies considerably. In developing 
milky spots, B-cells appeared late in pigs and were 
absent in sheep, whereas T-cells were present in sheep 
and rarely present in pigs. It has been shown that the 
intra-abdominal status, like infection or tumor growth, 
has a profound influence on the type and percentage of 
cells present in milky spots [13, 33, 34]. The presence 
of disease in the abdominal cavity could have influen-
ced the data presented by Shimotsuma M et al. [1].  
Our results are largely in accordance with the results of 
animal studies; macrophages are the predominant cells, 
with lymphocytes and mast cells also present [13, 33]. 
Granulocytes were absent in our study in contrast with 
animal studies [12, 35]. In animals and humans, milky 
spots are primarily an accumulation of macrophages;  
B-cells and T-cells form but a small portion of the cells 
are present. This indicates that the development of 
milky spots in humans and animals as a macrophage 
organ is comparable. However, in different species the 
milky spots might have a different function in respect to 
the lymphocyte populations. As we used S-100 in this 
study, it was also used for different organs. S-100 is 
released into the peripheral blood because of an 
impaired blood–brain barrier injury due to ischemia and 
edema with high intracranial pressure [36]. In some 

cases, even a short period of anoxia was followed by an 
immediate leakage of S-100 into the serum. This initial 
rise may reflect reversible brain edema combined with a 
disturbance of astroglial cell membrane integrity and 
blood–brain barrier function [16]. 

Earlier researchers that studied omentum-associated 
lymphoid tissue made various comparisons in order to 
classify milky spots with different components. For 
instance, Renault J divided milky spots in their studies 
into two as primary milky spots containing blood 
vessels and secondary milky spots not containing blood 
vessels and stated that primary milky spots lost their 
association with blood vessels in time and were 
converted into secondary milky spots [37]. Similarly, 
Imai Y et al. [38] divided milky spots into two accor-
ding to presence of lymphoid follicles. Type 1 milky 
spots do not contain lymphoid follicles, are not associa-
ted with blood vessels or adipose tissues and are only 
located in connective tissues of serous membranes.  
On the other hand, type 2 milky spots are stated to be 
associated with lymphoid follicles and located in 
adipose tissues near capillary networks. Furthermore, 
Borisov AV examined milky spots in human omentum 
in autopsy tissue samples and showed presence of milky 
spots in fetus omentum and that number of these 
decrease with increasing age [39]. 

 Conclusions 

Our data show that unstimulated milky spots in the 
human greater omentum are consist of mainly macro-
phages, B- and T-lymphocytes, a few mast cells, highly 
vascularized adipose tissue, omental lymphoid tissue, 
granulocytes, and nerve fiber within the stroma of 
greater omentum. Various cells were randomly locali-
zed in the human greater although milky spots in the 
human greater omentum are well vascularized, they do 
not show characteristics of peripheral lymphoid organs 
and cannot be classified as true lymphoid tissue or 
secondary lymphoid organs. In result, we think that 
milky spots may only play a role in bactericidal and 
tumoricidal functions due to accumulation of mainly 
macrophages. 

References 
[1] SHIMOTSUMA M, TAKAHASHI T, KAWATA M, DUX K, Cellular 

subsets of the milky spots in the human greater omentum, 
Cell Tissue Res, 1991, 264(3):599–601. 

[2] SHIMOTSUMA M, HAGIWARA A, TAKAHASHI T, KAWATA M, 
SHIELDS JW, Surface structure and cell zonation in human 
omental milky spots, Lymphology, 1990, 23(4):207–208. 

[3] VAN VUGT E, VAN RIJTHOVEN EA, KAMPERDIJK EW,  
BEELEN RH, Omental milky spots in the local immune 
response in the peritoneal cavity of rats, Anat Rec, 1996, 
244(2):235–245. 

[4] DULLENS HF, RADEMAKERS LH, CLUISTRA S, VAN OS R,  
DUX K, DEN BESTEN PJ, DEN OTTER W, Parathymic lymph 
nodes during growth and rejection of intraperitoneally 
inoculated tumor cells, Invasion Metastasis, 1991, 
11(4):216–226. 

[5] HAGIWARA A, TAKAHASHI T, SAWAI K, TANIGUCHI H, 
SHIMOTSUMA M, OKANO S, SAKAKURA C, TSUJIMOTO H,  
OSAKI K, SASAKI S, SHIRASU M, Milky spots as the implant-
ation site for malignant cells in peritoneal dissemination in 
mice, Cancer Res, 1993, 53(3):687–692. 



A. Yildirim et al. 

 

764 

[6] KOTEN JW, DEN OTTER W, Are omental milky spots an 
intestinal thymus?, Lancet, 1991, 338(8776):1189–1190. 

[7] SOLVASON N, KEARNEY JF, The human fetal omentum: a site 
of B cell generation, J Exp Med, 1992, 175(2):397–404. 

[8] LIEBERMANN-MEFFERT D, WHITE H, Defense mechanisms. 
In: LIEBERMANN-MEFFERT D, WHITE H (eds), The greater 
omentum. Anatomy, physiology, pathology and surgery, 
with a historical survey, Springer, Berlin–Heidelberg–New 
York, 1983, 90–92. 

[9] HEEL AK, HALL CJ, Peritoneal defences and perito- 
neum-associated lymphoid tissue, Br J Surg, 1996, 
83(8):1031–1036. 

[10] CRANSHAW ML, LEAK LV, Milky spots of the omentum:  
a source of peritoneal cells in the normal and stimulated 
animal, Arch Histol Cytol, 1990, 53 Suppl:165–177. 

[11] BEELEN RH, The greater omentum: physiology and immuno-
logical concepts, Neth J Surg, 1991, 43(5):145–149. 

[12] WIJFFELS JF, HENDRICKX RJ, STEENBERGEN JJ,  
EESTERMANS IL, BEELEN RH, Milky spots in the mouse 
omentum may play an important role in the origin of perito-
neal macrophages, Res Immunol, 1992, 143(4):401–409. 

[13] BEELEN RH, EESTERMANS IL, DÖPP EA, DIJKSTRA CD, 
Immunological characteristics of milky spots in the 
omentum of rats, Adv Exp Med Biol, 1988, 237:745–750. 

[14] DONATO R, Intracellular and extracellular roles of S100 
proteins, Microsc Res Tech, 2003, 60(6):540–551. 

[15] SCHAF DV, TORT AB, FRICKE D, SCHESTATSKY P, PORTELA LV, 
SOUZA DO, RIEDER CR, S100B and NSE serum levels  
in patients with Parkinson’s disease, Parkinsonism Relat 
Disord, 2005, 11(1):39–43. 

[16] ROSÉN H, SUNNERHAGEN KS, HERLITZ J, BLOMSTRAND C, 
ROSENGREN L, Serum levels of the brain-derived proteins  
S-100 and NSE predict long-term outcome after cardiac 
arrest, Resuscitation, 2001, 49(2):183–191. 

[17] HACHIMI-IDRISSI S, VAN DER AUWERA M, SCHIETTECATTE J, 
EBINGER G, MICHOTTE Y, HUYGHENS L, S-100 protein as 
early predictor of regaining consciousness after out of 
hospital cardiac arrest, Resuscitation, 2002, 53(3):251–257. 

[18] WUNDERLICH MT, WALLESCH CW, GOERTLER M, Release of 
neurobiochemical markers of brain damage is related to the 
neurovascular status on admission and the site of arterial 
occlusion in acute ischemic stroke, J Neurol Sci, 2004, 
227(1):49–53. 

[19] OERTEL M, SCHUMACHER U, MCARTHUR DL, KÄSTNER S, 
BÖKER DK, S-100B and NSE: markers of initial impact of 
subarachnoid haemorrhage and their relation to vasospasm 
and outcome, J Clin Neurosci, 2006, 13(8):834–840. 

[20] VOS PE, LAMERS KJ, HENDRIKS JC, VAN HAAREN M,  
BEEMS T, ZIMMERMAN C, VAN GEEL W, DE REUS H, BIERT J, 
VERBEEK MM, Glial and neuronal proteins in serum predict 
outcome after severe traumatic brain injury, Neurology, 
2004, 62(8):1303–1310. 

[21] KISHIMOTO T, KIKUTANI H, VON DEM BORNE AEG, GOYERT SM, 
MASON DY, MIYASAKA M, MORETTA L, OKUMURA K, SHAW S, 
SPRINGER TA, SUGAMURA K, ZOLA H (eds), Leukocyte typing 
VI. White cell differentiation antigens, Proceedings of the 6th 
International Workshop and Conference, 1996 November 
10–14, Kobe, Japan; Garland Publishing, New York–
London, 1997, 1155–1211. 

[22] KRIST LF, EESTERMANS IL, STEENBERGEN JJ, HOEFSMIT EC, 
CUESTA MA, MEYER S, BEELEN RH, Cellular composition  
of milky spots in the human greater omentum: an 
immunochemical and ultrastructural study, Anat Rec, 1995, 
241(2):163–174. 

[23] MANDACHE E, MOLDOVEANU E, SAVI G, The involvement  
of omentum and its milky spots in the dynamics of 
peritoneal macrophages, Morphol Embryol (Bucur), 1985, 
31(2):137–142. 

[24] KRIST LF, KOENEN H, CALAME W, VAN DER HARTEN JJ,  
VAN DER LINDEN JC, EESTERMANS IL, MEYER S, BEELEN RH, 
Ontogeny of milky spots in the human greater omentum: an 
immunochemical study, Anat Rec, 1997, 249(3):399–404. 

[25] ANSEL KM, HARRIS RB, CYSTER JG, CXCL13 is required for 
B1 cell homing, natural antibody production, and body 
cavity immunity, Immunity, 2002, 16(1):67–76. 

[26] HA SA, TSUJI M, SUZUKI K, MEEK B, YASUDA N, KAISHO T, 
FAGARASAN S, Regulation of B1 cell migration by  
signals through Toll-like receptors, J Exp Med, 2006, 
203(11):2541–2550. 

[27] DUX K, JANIK P, SZANIAWSKA B, Kinetics of proliferation,  
cell differentiation and IgM secretion in the omental 
lymphoid organ of B10/Sn mice following intraperitoneal 
immunization with sheep erythrocytes, Cell Immunol, 1977, 
32(1):97–109. 

[28] HAJDU I, HOLUB M, TREBICHAVSKÝ I, The sequence of 
appearance of antibodies in mouse omentum plasma cells, 
Exp Cell Res, 1972, 75(1):219–230. 

[29] SZANIAWSKA B, Changes in the greater omentum of mice of 
different strains after intraperitoneal immunization with 
sheep erythrocytes. I. Production of IgM immunoglobulins  
in milky spots, Arch Immunol Ther Exp (Warsz), 1974, 
22(5):585–593. 

[30] SZANIAWSKA B, Changes in the greater omentum of mice of 
different strains following intraperitoneal strains following 
intraperitoneal immunization with sheep erythrocytes. III. 
Determination of the percentage of thymus-dependent  
cells in the omental milky spots in mice by the application of 
anti-o serum, Arch Immunol Ther Exp (Warsz), 1975, 
23(1):19–24. 

[31] TREBICHAVSKÝ I, HOLUB M, JAROSKOVÁ ML, MANDEL L, 
KOVÁRŮ F, Ontogeny of lymphatic structures in the pig 
omentum, Cell Tissue Res, 1981, 215(2):437–442. 

[32] SHIMOTSUMA M, SIMPSON-MORGAN MW, TAKAHASHI T, 
HAGIWARA A, Ontogeny of milky spots in the fetal lamb 
omentum, Arch Histol Cytol, 1994, 57(3):291–299. 

[33] DUX K, ROUSE RV, KYEWSKI B, Composition of the lymphoid 
cell populations from omental milky spots during the 
immune response in C57BL/Ka mice, Eur J Immunol, 1986, 
16(8):1029–1032. 

[34] MANDACHE E, MOLDOVEANU E, NEGOESCU A, Lymphatic 
follicle-like structures in the stimulated omental milky spots, 
Morphol Embryol (Bucur), 1987, 33(4):285–289. 

[35] BEELEN RH, FLUITSMA DM, HOEFSMIT EC, Cellular compo-
sition of omentum milky spots and the ultrastructure of milky 
spot macrophages and reticulum cells, J Reticuloendothel 
Soc, 1980, 28(6):585–599. 

[36] BRVAR M, MOZINA H, OSREDKAR J, MOZINA M, NOC M, 
BRUCAN A, BUNC M, S100B protein in carbon monoxide poi-
soning: a pilot study, Resuscitation, 2004, 61(3):357–360. 

[37] RENAULT J, Les cellules connectives rhagiocrines, Arch 
Anat Microsc, 1902, 9:475. 

[38] IMAI Y, KASAJIMA T, MATSUDA M, Electron microscopic study 
on the peritoneal macrophage and milky spot in the 
omentum, Recent Adv Res, 1971, 11:54–84. 

[39] BORISOV AV, Lymphatic capillaries and vessels of milk 
spots of the human greater omentum, Arkh Anat Gistol 
Embriol, 1963, 44:115–120. 
 

 
 
Corresponding author 
Ayfer Aktaş, Assistant Professor, PhD, Department of Histology and Embryology, Faculty of Medicine, Dicle 
University, Diyarbakir, Turkey; Phone +90 (412) 2488001, Fax +90 (412) 2488440, e-mail: aaktas@dicle.edu.tr, 
fuldic@gmail.com 
 
 

Received: June 4th, 2010 

Accepted: October 27th, 2010 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


