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Abstract: Objective: To analyze morphological features of omental milky spots (MS). Method: Hematoxylin-eosin 
staining and immunohistochemistry technique were used to study the omental MS of gastric cancer (GC) patients 
and rectal cancer (RC) patients. We focused on morphological features of MS and conducted quantitative analy-
sis on the cells number and cellular constituents. Differences in MS parameters between GC and RC were also 
analyzed. Results: Various shapes of MS were mainly round, oval, irregular form in the adipose and perivascular 
annular. The median MS perimeter was 2752 (range 817~7753) computer-based pixels. The median value of im-
mune cells in one MS was 141 (43~650), comprising T lymphocytes (46.1%), B lymphocytes (28.4%), macrophages 
(12.4%) and other immune cells (13.1%). Relatively high density of vessels in MS could be calculated by micro-
vessel density (MVD) as 4 (0~13). The median value of mesothelial cells loosely arranged in the surface layer was 5 
(0~51). There were no significant differences in MS perimeter, MVD, the number of mesothelial cells, total immune 
cells, T lymphocytes and macrophages between GC and RC (P>0.05), while the number of MS B lymphocytes in RC 
was significantly higher than that in GC (P<0.001). Conclusion: MS are primary immune tissues in the omentum and 
structural bases for development and progression of peritoneal dissemination of GC and RC. Analyzing the morphol-
ogy and cellular constituents could help understanding the mechanism of peritoneal metastasis.
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Introduction

Peritoneal carcinomatosis is a kind of regional 
metastatic disease arising from intraperitoneal 
tumors including carcinomas of the stomach, 
colorectum, and ovary [1-3]. After escaping 
from the primary tumor, cancer cells in the peri-
toneal fluid gain access into the peritoneum 
and can potentially infiltrate within a variety of 
peritoneal tissues. The omentum is the major 
site for peritoneal metastasis [4] because of 
more abundant milky spots (MS) than other tis-
sues in the abdominal cavity such as the mes-
entery and the pelvic floor. Interspersed within 
the omentum, MS are specific sites consisting 
of a complex network of capillaries, aggregates 
of immune cells and loosely arranged mesothe-
lial cells atop them. These unique microenvi-
ronment are adaptive for attachment, survival, 

and growth of peritoneal free cancer cells 
(PFCC) to facilitate metastatic colonization with-
in the peritoneal cavity. However, precise cellu-
lar constituents of MS still need to be further 
studied.

This study aimed to conduct quantitative analy-
sis on the histological features, cells number, 
and cellular composition of MS. These data 
could help gain a clear understanding of MS at 
the cytological and histological level to study 
the peritoneal metastasis of gastric cancer (GC) 
and rectal cancer (RC).

Materials and methods

Preparation for human omentum tissues

The omenta were obtained from three GC 
patients and three RC patients, and then fixed 
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in neutral formalin and processed by routine 
histological procedure, with the study protocol 
approved by ethnics committee of hospital. 
According to our previously established techni-
cal procedure [5], tissue sections (4 μm thick-
ness) were treated by deparaffinizing, hydra-
tion, antigen retrieval, and washing in deionized 
water before proceeding to the following imag-
ing studies (Figure 1A).

Immunohistochemistry

The immunohistochemistry (IHC) study was 
conducted to demonstrate mesothlial cells, 
macrophages, T lymphocytes, B lymphocytes 
and vascular endothelial cells. Primary antibod-

Slides were examined under Olympus BX51 
microscope equipped with an Olympus DP72 
camera (Olympus Optical Co., Ltd., Tokyo, 
Japan) at 10, 20 and 40× magnifications and 
the images were captured by DP72 camera.

Using pixel value to calculate the size of MS 

We drew the outline of every MS on HE stained 
images under the guide of expert-pathologist 
(Jing-Ping Yuan). The morphological features of 
MS were shown as different shapes with corre-
sponding proportions. A self-adaptive Otsu 
threshold method was adopted by digital image 
processing computer scientist Ai-Ping Qu [6] to 
convert the obtained images into binary imag-

Table 1. Primary antibodies used in this study 
Primary antibody Clone Source Dilution For
Monoclonal Mouse Anti-Human CD68 PG-M1 Dako, Denmark Ready-to-use Macrophages
Monoclonal Mouse Anti-Human CD3 F7.2.38 T lymphocytes
Monoclonal Mouse Anti-Human CD20cy L26 B lymphocytes
Monoclonal Mouse Anti-Human Calretinin DAK-Calret 1 Mesothelial cells
Polyclonal Goat Anti-Human CD105 P4A4 Santa Cruz, USA 1:500 Vascular endothelial cells

Figure 1. The design and major technical procedures of this study. A. Prepa-
ration of tissue sections. B. CD68, CD3, CD20cy, Calretinin and CD105 were 
imaged based on immunohistochemical method.

ies used were listed in Table 
1. After blocking endogenous 
peroxidase activity with 3% 
H2O2 for 10 min to prevent any 
nonspecific binding, 2% bo- 
vine serum albumin (BSA) was 
used to block the slides to 
decrease background intensi-
ty. Then the slides were first 
incubated with primary anti-
bodies respectively for 2 h at 
37°C, then rinsed and incu-
bated with corresponding se- 
condary antibodies (dilution 
1:300) for 30 min at 37°C. 
The reaction products were 
visualized with diaminobenzi-
dine (DAB, DAKO, Denmark). 
As a negative control, the pri-
mary antibody was replaced 
with Tries-buffered saline on 
sections that were proven to 
be positive for Calretinin, CD- 
68, CD3, CD20cy and CD105 
in preliminary experiments 
(Figure 1B).

Image acquisition 
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es. Then the perimeter of MS region could be 
output as pixel value spontaneously.

Cells counting methods 

IHC stained results showed that outlines of T 
lymphocytes, B lymphocytes and mesothelial 
cells were clear enough to directly count cells 
number, while macrophages were in irregular 
shapes. In order to solve this problem, Imagepro 
Plus 6.0 software (IPP, Media Cybernetics, Inc., 
Washington, USA) [7] was operated to segment 
areas of interesting (AOI), that is brown macro-
phages of MS images as one color, and other 
cells of MS as another color. Then integrated 
optical density (IOD) of both color region could 
be obtained from the data output by IPP. The 
proportion of macrophages area was calculat-
ed subsequently by the equation that IOD 
Macrophages ×100%/IOD MS.

Microvessel density (MVD) was counted accord-
ing to methods reported by Weidner et al. [8]. If 
separated with microvessels nearby or other 
connective tissues, every endothelial cell or 
endothelial cell clusters were treated as one 
microvessel. Formation of apparent lumen or 
exist of red blood cells was not judgment stan-
dard. In addition, blood vessels with lumen 
area more than 8 red blood cells or thick mus-
cular layer were excluded.

Statistical analysis  

Statistical analysis was performed with SPSS 
21.0 software (SPSS Inc. Chicago, IL, USA). 
Results of cellular components number were 
expressed as median value with relevant range. 
Differences between MS from GC and RC were 
calculated by Mann-Whitney U test. Two sided 
P<0.05 was considered as statistically signi- 
ficant.

Figure 2. HE staining of milky spots. The yellow frame is used to show the gross morphology of MS: A. Round. B. 
Oval. C. Irregular form in adipose tissues. D. Perivascular annular. E→F. Using computer methods to convert HE im-
ages into binary images for calculation of MS perimeter. G. Proportions of MS shapes. H + I. Comparison of MS cells 
number and perimeter between GC and RC, respectively. (A→F: 400×, scale bar =20 μm.)
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Results 

Results of HE staining

Morphological features of MS: One hundred 
MS images from GC slides and one hundred MS 
from RC were obtained by HE staining. After 
drawing outlines of every MS, we carefully clas-
sified various shapes as round (14.5%), oval 
(18.0%), irregular form in the adipose (14.0%), 
perivascular annular (11.5%), perivascular 
aggregation (9.0%), sector (4.5%), clostridial 

form (8.5%), arc-shaped along the omental 
edge (5.5%) and others (14.5%) (Figure 2G). 
The former four types were the main shapes 
(Figure 2A-D). It was fairly common to find MS 
within the edge of the omentum in RC images, 
while this phenomenon was not obvious for GC. 
However, all MS were rich in blood vessels and 
a cluster of immune cells.

Cells number and size of MS: The median MS 
cells number for GC was 130, ranging from 43 
to 520. The corresponding data for RC was 

Figure 3. IHC staining of milky spots to analyze the cellular constituents. A. Macrophages are diffusely distributed 
within MS. B, C. Lymphocytes are located intensively in particular position. The location of T lymphocytes is roughly 
complementary with B lymphocytes, as shown by the yellow frame. D. Black arrow heads indicate microvessels in 
MS, while red arrows indicate vessels more than 8 red blood cells in diameter. E. Red arrows indicate mesothelial 
cells stained by Calretinin. Red arrow heads indicate the stomata of MS. F. Different cellular components of MS. 
(A1→D1: 200×, scale bar =50 μm; A2→E2: 400×, scale bar =20 μm.)

Table 2. Comprehensive parameters of milky spots

Parameters
Overall Gastric cancer Rectal cancer

P*
Median (range) Median (range) Median (range)

Total immune cells 141 (43~650) 130 (43~520) 145 (45~650) 0.187
Perimeter (pixels) 2752 (817~7753) 2545 (1104~4836) 2783 (817~7753) 0.125
Mesothelial cells 5 (0~51) 7 (0~17) 5 (0~51) 0.793
Macrophages (%) 12.4 (0.6~75.8) 14.7 (0.6~75.8) 10.7 (2.0~56.1) 0.897
T lymphocytes 65 (17~280) 57 (20~146) 68 (17~280) 0.102
B lymphocytes 40 (7~220) 21 (7~100) 66 (7~220) <0.001
Micro-vessel density 4 (0~13) 4 (0~11) 5 (0~13) 0.358
*: Mann-Whitney U test.
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145, ranging from 45 to 650. There was no sig-
nificant difference in MS cells number between 
GC and RC (P=0.187) (Figure 2H). The median 
MS perimeter for GC was 2545 pixels, ranging 
from 1104 to 4836 pixels. The corresponding 
data for RC was 2783 pixels, ranging from 817 
to 7753 pixels. There was no significant differ-
ence in MS perimeters between GC and RC 
(P=0.125) (Figure 2I).

Results of IHC staining

Macrophages: Macrophages with different 
sizes and irregular shapes were diffusely dis-
tributed among other immune cells (Figure 3A). 
The percentage composition of macrophages 
varies considerably by the output data of IPP 
software. In GC MS, the median macrophages 
percentage was 14.7%, ranging from 0.6% to 
75.8%. The corresponding data of RC was 
10.7%, ranging from 2.0% to 56.1%, with no sig-
nificant difference from GC (P=0.897).

T lymphocytes: T lymphocytes accumulated to 
form cell mass located in particular position in 
MS (Figure 3B). The median T lymphocytes 
number of GC MS was 57, ranging from 20 to 
146. The data of RC was 68, ranging from 17 to 

280. There was no significant difference in MS 
T lymphocyte number between GC and RC 
(P=0.102).

B lymphocytes: B lymphocytes also formed 
accumulations located in particular position 
roughly complementary with T lymphocytes in 
MS (Figure 3C). The median B lymphocytes 
number of GC MS was 21, ranging from 7 to 
100. The data of RC was 66, ranging from 7 to 
220. B lymphocytes number of GC MS was sig-
nificantly higher than RC MS (P<0.001).

Vascular endothelial cells: Micro-vessels exist-
ed mainly in the internal layer of MS (Figure 
3D). The median MVD of GC MS was 4, ranging 
from 0 to 11. The data of RC was 5, ranging 
from 0 to 13. There was no significant differ-
ence in MS MVD between GC and RC (P=0.358). 

Mesothelial cells: The surface layer of MS was 
covered by mesothelial cells (MC) atop the 
aggregates of immune cells and blood vessels. 
The number of MC was approximately 3.6% of 
that of immune cells. MC was loosely arranged. 
Intercellular gaps and pores (stomata) are fre-
quently found, and these openings expose 
underlying connective tissue matrix of MS 

Figure 4. Morphological features of milky spots. A. Immunocytes number in one MS is mainly between 50 and 100. 
B. Immunocytes proportions of MS. C. The structure of MS: Leukocytes comprising macrophages, B cells, and T cells 
are arranged around the omental capillaries that lie directly beneath the discontinuous mesothelium with pores al-
lowing for direct communication with the peritoneal cavity.
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(Figure 3E) and gain access into the abdominal 
cavity. In addition, there are also accumulated 
MC presenting double layer in few MS (Figure 
3J). The median MC number of GC MS was 7, 
ranging from 0 to 17. The data of RC was 5, 
ranging from 0 to 51. There was no significant 
difference in MS mesothelial cells number 
between GC and RC (P=0.793). 

General parameters: The above results of every 
parameter were summarized in Table 2. We 
found cells number of MS in HE images was 
mostly between 50 and 100, accounting for 
24.5% (49/200) of the total studied MS. Based 
on total immune cells number obtained from 
HE images, results of cellular components of 
IHC images showed that the proportion of  
T lymphocytes, B lymphocytes, macrophages 
and other immune cells was 46.1%, 28.4%, 
12.4% and 13.1%, respectively. Based on these 
information of MS morphology and cellular 
components (Figures 3F, 4A and 4B), we 
designed an illustrative diagram of MS struc-
ture (Figure 4C). 

Discussion

Induced by synergistic effect of tumor cells and 
microenvironment [9-11], activating invasion 
and metastasis is one of the six biological capa-
bilities acquired during the multistep develop-
ment of human tumors [12]. Peritoneal metas-
tasis is a frequent cause of death from GC and 
RC, with the great omentum as a predominant 
metastatic site. It is mainly because of the spe-
cific primary immune tissues called milky spots 
(MS), which are interspersed within the omen-
tal environment [13]. In the light of seed-soil 
theory, peritoneal cancer cells dislodged from 
the primary tumor become seeds maintaining 
the ability of invasion and metastasis, and pref-
erentially attach, subsequently survive and 
grow within MS [14]. The intimate and dynamic 
interactions between cancer cells and cellular 
constituents of MS are largely unknown. 

Mesothelial cells in the surface layer of MS con-
stitute the first line of defense against tumor 
cells. The omentum, like the rest of the perito-
neum, is covered by a layer of mesothelial cells 
[15]. These mesothelial cells can be injured by 
external tumor cells and internal macrophages 
of MS [16], then probably undergo transforma-
tion into myofibroblasts in response to TGF-β1 
[17, 18], thus creating a favorable microenvi-

ronment for peritoneal metastasis. In a word, 
the mesothelial cells are strong candidates for 
the preferential attachment of tumor cells on 
MS [13]. 

Immune cells constitute the main body part of 
MS. In our study, T lymphocytes form 46.1%, B 
lymphocytes 28.4%, and macrophages 12.4% 
of the immune cell population. Our quantifica-
tion results differ from those described by Krist 
et al [19], in 1995. They reported a higher per-
centage of macrophages (67.9%±9.4, mean ± 
standard deviation). These differences can be 
explained by the following facts that a much 
higher number of MS are counted, more spe-
cific monoclonal antibodies are applied in our 
study, and MS is influenced by metastatic 
tumor cells to some extent. Other than cells 
proportion, positional relation of immune agg- 
regates is analyzed by IHC technique as well. 
Lymphocytes tend to form accumulations locat-
ed in particular position in MS, and T lympho-
cytes are roughly complementary with B lym-
phocytes. This phenomenon may represent or 
facilitate regional enhanced immunization for 
anti-tumor effect in early stages of metastasis. 
On the contrary, macrophages distribute dif-
fusely in MS and along their border with sur-
rounding tissues. In general, there are two 
forms of macrophages, classically activated 
(M1) and alternatively activated (or polarized, 
M2) [20]. M2 macrophages are also tumor-
associated macrophages (TAM). Roles of TAMs 
vary in distinct microenvironments. TAMs pro-
mote metastasis in stromal and perivascular 
areas and stimulate angiogenesis in hypoxic 
avascular and peri-necrotic areas [21, 22]. We 
need further study of macrophages phenotype 
to distinguish whether TAMs have site-specific 
locations in MS, thus ensuring the correlation 
between the structure and functions of MS.

Finally, the most important requirement for sur-
vival and growth of metastatic tumor cells is a 
high density of vascular system within the tar-
get tissues [23]. Metastatic tumor cells have 
been found to migrate toward the closest 
microvessel and there start dividing [24]. Only 
in this way, these aggressive cells will gain a 
survival advantage for subsequent growth into 
metastatic foci. Based on our results of CD105 
immunostaining, microvessels are mainly locat-
ed in the internal layer of MS. As a proliferation-
associated antigen, CD105 is located predomi-
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nately on vascular endothelial cells undergoing 
active angiogenesis [25, 26]. Therefore, angio-
genesis can be detected in MS once influenced 
by metastatic tumor cells. It also explains why 
MS is suitable for tumor survival and growth.

Except for changes of cellular components, the 
general morphology of MS is also influenced by 
metastatic tumor cells. Gerber et al. [27] have 
proved immune cell clusters in mice omentum 
are disrupted gradually after intraperitoneally 
injected with tumor cells. Once infiltrated with 
metastatic tumor cells, MS initially perform 
anti-tumor effect. After the apoptosis of mature 
cancer cells, remaining cancer stem cells [28, 
29] maintain the ability to proliferate and dif-
ferentiate by releasing varieties of chemokines, 
inducing angiogenesis and so on. MS region is 
replaced by proliferating cancer cells gradually 
after inherent cellular components withering 
away. In our study, round and oval MS are two 
main morphology with the most immune cells 
from HE images. Other MS are either in irregu-
lar shape or with fewer immune cells. Thus, we 
can propose that round and oval shapes repre-
sent the early stages of complete MS. In con-
clusion, the reduction of the number of MS in 
early stages is a sign indicating the progression 
of peritoneal metastasis. 

Conclusion

MS are hotbeds for invasion and metastasis of 
intraperitoneal tumor cells. Quantitative analy-
sis on different parameters of MS can be con-
ducted separately by IHC technique to obtain 
preliminary morphological characteristics, cel-
lular constituents of MS. As preferential sites 
for metastasis of GC and RC, MS deserve to be 
studied furthermore. The proportion and posi-
tional relation of cellular constituents in MS 
become structural basis for development and 
progression of the peritoneal metastasis. 
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