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ABSTRACT

The morpho-physiological function and
role of milky spots in the greater omentum are
reviewed. These milky spots are composed of
cellular aggregations of mesenchymal cells,
mainly macrophages and lymphocytes,
surrounding capillary convolutions termed
omental glomeruli. Initial lymphatics of the
omentum begin at the milky spots and drain
into lymph collectors. The lymphatic capillaries
in the omental milky spots take part in the
absorption of various substances from the
peritoneal cavity.

Omental milky spots probably act as the
first line of defense in the peritoneal cavity and
therefore are immunologically important. In
human infants, most of the cells in these milky
spots are macrophages (49%); less common are
B lymphocytes (29%) and T lymphocytes (12%).
Whereas macrophages form clusters near the
peritoneal surface of the milky spots and are
oriented toward the peritoneal cavity for
migration, clusters of B and T lymphocytes are
typically found in periarteriolar locations
within the milky spots. This cell zonation
facilitates phagocytosis and processing of
circulating antigens and foreign bodies which
emanate from the peritoneal cavity. During
inflammation, the number and size of omental
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milky spots dramatically increase, and some
develop germinal centers within the lymphatic
Jollicles and produce antibodies. During
intraperitoneal immunotherapy, the omental
milky spots and their cellular elements may be
activated by intraperitoneal administration of
biological response modifiers, and thereby
represent an important immunoregulatory
system for the peritoneal cavity.

Omental milky spots are also closely
linked to the dissemination of cancer cells.
Thus, intraperitoneally inoculated experi-
mental tumor cells selectively invade the milky
spots and proliferate there to form tumor
nodules. This occurrence is relevant to clinical
practice where nodular metastases to the
omentum are common.

Omental milky spots are analogous to
regional lymph nodes and as such are the
omentum-associated lymphoid tissues and
participate in intraperitoneal immune
reactions.

The greater omentum has been called the
“policeman of the abdomen” because of its
protective role within the peritoneal cavity (1).
This “policeman” has numerous tiny white
lymphoid nodules called milky spots. Since
the latter half of the 19th century, such milky
spots have been described in the omentum and
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pleura (2). In Fawcett’s book of histology (3),
the milky spots are described as follows: “In
certain areas, the macrophages and other free
cells accumulate in especially dense masses.
Such macroscopically visible areas are often
arranged along the blood vessels as round or
oval patches called milky spots. These are
sometimes found in the thin net like part of
the omentum. They are especially charac-
teristic of the omentum of the rabbit.” Since
Ranvier (4) named them “taches laiteuses” in
1874, many workers have investigated the
structural organization and functional
significance of the milky spots in the various
animals: mice (5-45), rats (5,6,16,18,21,33,34,
46-68), guinea-pigs (5,12,21,50,69), rabbits (5-
7,13,50,69,70), dogs (6,65,71,72), pigs (5,73),
cattle, chickens, frogs (5), ground squirrels,
cats, bats, moles (6), sheep and goats (74). In
humans, however, milky spots have not been
ordinarily described as integral portions of the
lymphatic apparatus, and their clinical
evaluation has received little attention. In the
human omentum, it is difficult to identify the
milky spots, because they are very small
compared with lymph nodes and are usually
embedded in adipose tissue, particularly in
older subjects. This paper reviews the morpho-
physiological function and significance of the
milky spots as omentum-associated lymphoid
tissue (OALT) in the peritoneal cavity.

LOCATION OF MILKY SPOTS

In mice, milky spots are located not only
in the greater omentum and pleura but also
in special areas: uterine fringe (9), parietal
peritoneum over the pancreas (32), gastro-
splenic ligament and mesenteric root (28).

Seifert (75) reported on the milky spots in
the human greater omentum in 1921. In 1928
Kampmeier (76) showed similar plaques of
macrophages in the mediastinal pleura behind
the heart of a human newborn baby. These
were called Kampmeier’s foci (Fig. 1). Highly
vascularized milky spots on the chest wall
were also reported in human newborn (77).

In the human greater omentum, we
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studied vascularized milky spots (78). In
humans, the number of milky spots per unit
area is the greatest in infancy, and gradually
decreases with age (Fig. 2). In infancy, the
average number of milky spots per square
centimeter of greater omentum is from 30 to
40. As surface area of greater omentum
increases with body growth, the number
becomes lower: 19.6 at 1 year of age, 8.9 at 3
years of age. In children and adolescence, the
number of milky spots decreases to between
3.5 and 5.3 per cm?. In adults, the average
number is approximately 2 per cm?.

VASCULAR SYSTEM OF MILKY SPOTS
Omental milky spots consist of mesen-

chymal cells surrounding blood vessels (Fig.
3). The blood supply is received from the
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Fig. 1. Macrophagal plaque called Kampmeier’s foci
in the mediastinal pleura of a newborn baby (6,76).
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Fig. 2. Age differences of the number of milky spots
per cm?. As the human body grows the intensity of
the milky spots reduces, probably owing to increase
in omental area, except with inflammation (stars).

Fig. 3. Human omental milky spots show numerous
cellular aggregation around small vessels. Bar=1mm.

Fig. 4. Neuropeptide Y fiber (arrow) in the human
omental milky spot immunohistochemically detected
by NPY monoclonal antibody.
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epiploic branches of right and left gastro-
epiploic arteries. The microvasculature of
milky spots, best characterized in rabbits,
consists of a classic succession of feeding
arteriole, precapillary, postcapillary, collecting
venule and venule. Shunt vessels are also
present in the omental modules (69,70). The
omental module probably represents the
vascularization of milky spots called “omental
glomeruli” (43). The drainage veins of the
milky spots enter the epiploic branches of
gastroepiploic veins which drain to the portal
venous system via the superior mesenteric vein
and splenic vein.

Milky spot capillaries are fenestrated
(18,44,74), in contrast to other capillaries in
the omentum which have non-fenestrated
endothelium (18). Kanazawa (37) speculated
that the site pressure per unit area of the more
tortuous capillary is increased in the milky
spots due to the slow velocity of the blood-
stream, in accordance with Bernoulli’s theory.
These characteristics combine to facilitate the
penetration of cells from capillary lumen into
the interstitial spaces of milky spots. This is
especially so under inflammatory conditions,
when the capillary vessels in the milky spots
become hyperemic. Goldsmith et al clarified
the presence of vasoactive neurochemicals in
canine omental tissues (79,80). Edvinsson et al
reported that human omental arteries and
veins are supplied with nerve fibers containing
noradrenaline and neuropeptide Y (NPY)
(81). NPY alone contracts omental veins, but
not arteries. From our observation, NPY is
detected in the human omental milky spot
(Fig. 4). The release of neuropeptide from peri-
vascular sympathetic nerve fibers may influ-
ence the local circulation in the milky spots.

In the thin net-like part of the omentum
in mice, rats and rabbits, there are non-
vascularized milky spots having no relation to
blood vessels (31,46). Such non-vascularized
milky spots increase in number and size after
induction of peritonitis, and are assumed to be
secondary formations mainly composed of
macrophages derived from vascularized milky
spots (31).

Reproduction not permitted without permission of Journal LYMPHOLOGY.



LYMPHATIC SYSTEM OF MILKY SPOTS

Casparis (82) and later Simer (83,84)
clearly demonstrated the lymphatics of the
omentum. Omental lymph channels generally
associate with arterial blood vessels and join
the collecting lymph vessels which lie near the
margins of the fat strips. Foreign particles
introduced into the peritoneal cavity and
erythrocytes produced by intraperitoneal
hemorrhage are partly absorbed into the
lymphatic vessels in the omentum. However,
the role of the omentum in the removal of
materials appears small in comparison with
that in the diaphragm (85).

Webb and Simer (65) described the
relation of lymph vessels to omental milky
spots. In rats and guinea pigs, a plexiform
arrangement of lymph vessels pervades the
milky spots. On the other hand, in dogs and
rabbits, the lymph vessels are larger, less plexi-
form, and distend in some areas. The lymph
from the milky spots may drain into the
cisterna chyli and thence to the thoracic duct.

In the rabbit omentum, blind endothelial
sacculations of terminal lymphatics (30-50pum
wide) are present within milky spots. These
drain into collecting channels (86). Electron
microscopic examination suggests that the
initial lymphatics in the milky spots open into
the peritoneal cavity because the endothelial
cells of lymphatics mesh with the mesothelial
cells within connective tissue of a charac-
teristic structure, similar to that of the macula
cribriformis in the diaphragm described
earlier by Kihara (87).

In human milky spots, Borisov (88)
showed lymphatic capillaries with blind
beginnings demonstrated by means of Georta
blue dye injection. In the larger milky spots,
the diameter of dilated lymphatic capillaries
can reach 150um or more. The lymphatic
capillaries of the milky spots, which are often
superficial in position and close to the
mesothelial cells, emerge from the milky spots
and empty into the efferent lymphatic vessels.
Borisov (88) proposed that lymphatic capil-
laries in the milky spots of the human greater
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Fig. 5. Black stained milky spots (arrows) in the
human greater omentum. Many macrophages in the
milky spots contain numerous carbon particles
within their cytoplasms. Bar=1mm.

Fig. 6. Macrophages in the human omental milky
spot immunohistochemically detected by Leu-M5
(CD11c) monoclonal antibody (interference contact
photomicrograph).

omentum may take part in the absorption of
various substances from the peritoneal cavity.

MILKY SPOT MACROPHAGES AND
PERITONEAL MACROPHAGES

Macrophages, the most numerous cellular
components of milky spots (30-48%) (63,89)
can be recognized by their phagocytic activity.
Mixter (6) injected India ink or trypan blue
into the rat thoracic cavity and designated the
milky spots in the pleura as “macrophagal
foci” owing to the obvious presence of injected
India ink or trypan blue.
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In rats, the milky spots of the greater
omentum can be seen by the naked eye as
black spots as early as thirty minutes after
injecting a carbon suspension of particles less
than 20nm in size (78,90). In a human, the
omental milky spots turned black when a
carbon suspension was inadvertently injected
into the peritoneal cavity (91) (Fig. 5). The day
before gastric resection in a 41 year old man
with a tiny gastric tumor during gastroscopy,
some of this carbon suspension leaked into the
peritoneal cavity. Because of the time of
operation his greater omentum was dotted
with black spots. Histological examination of
the black spots showed that many macro-
phages in the milky spots contained numerous
carbon particles within their cytoplasms.

In infants, under non-inflammatory
conditions, the mean number of cells per
milky spot is 570£33 (meantSD), of which
47.5+7.5% are immunohistochemically stained
by the macrophage specific Leu-M5 (CD11c)
monoclonal antibody (89) (Fig. 6, Table 1). On
the surface of milky spots, the mesothelial
cells which line the peritoneal cavity are often
replaced by macrophages (10,14-16,18,92). In
some instances, these macrophages form two
or three layers and orient toward the perito-
neal cavity for trapping or permitting the
entrance of foreign particles. Electron
microscopic studies confirm the occurrence of
openings between the covering cells of milky
spots which reach into the depths of the milky
spots, providing possible pathways for the
entrance or exit of cells (10,18,33,37,44,58). In
mice, Cranshaw and Leak (44) using both
scanning and transmission electron micro-
scopy, demonstrated that areas perceived as
opening on the mesothelial surface represent
gaps between mesothelial cells which expose
the underlying connective tissue matrix. The
absence of a basement membrane between the
mesothelial cell covering of the milky spots
and the underlying connective fibers (10,14,15,
18,33,44) and discontinuous mesothelial
covering (10,14-16,92) are pertinent. These
structural peculiarities of opening provide
suitable environment for the cells within the

Permission granted for single print for individual use.

milky spots to migrate from the interstitial
spaces into the peritoneal cavity, or vice versa,
without having to penetrate a definitive
impermeable barrier. There have been many
studies on the origin of peritoneal macro-
phages and their relation to the milky spots
(21,33-35,52,68). Dames and de Bakker (35)
described two different types of peritoneal
macrophages on the basis of their origin.
Under inflammatory conditions, most peri-
toneal macrophages derive from monocytes
produced in the bone marrow. However, in the
normal state, peritoneal resident macrophages
derive from locally proliferating progenitor
cells in the milky spots which themselves arise
from specific stem cells in the bone marrow.
On the other hand, Beelen et al (33,34) divided
the milky spot macrophages into three types
(exudate macrophages {[monocytes], exudate-
resident macrophages and resident macro-
phages) on the basis of their different
peroxidase activity pattern. They studied their
localization and the kinetics in the milky
spots. During the normal steady state, the
majority (>90%) of macrophages are resident
macrophages which localize mostly periphe-
rally in the milky spots. Exudate macrophages
or monocytes increase their numbers and
develop into exudate-resident and resident
macrophages, and these cells also contribute
to the different phases of development of the
free peritoneal macrophages. Moreover, under
the inflammatory conditions, even promono-
cytes are localized perivascularly in the milky
spots, which locally serve as a pool of
monocytes and macrophages. They suggested
that at least some of the free peritoneal
macrophages are derived from blood-borne
mononuclear phagocytes in the milky spots,
both in normal state and during inflammation.

MILKY SPOTS AND THE LOCAL IMMUNE
RESPONSE

In 1874, Ranvier (4) considered the
omentum in a sense as a large flattened-out
lymph node, the lymph sinus of which is
represented by the peritoneal cavity. Under
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TABLE 1

Cellular Subsets in the Human Omental Milky Spots*

Percentage of cellular subsets
Macrophages
B lymphocytes
T lymphocytes
Mast cells

Total number of cells per one milky spot

570 £ 33

47.5+7.5%
29.1+52%
11.7 £ 2.4%

6.1+2.6%

inflammatory disease.

*8 month-old infants (males and females) without intraperitoneal

inflammatory conditions, milky spots increase
in their number and size, and act as the first
line of defense in the peritoneal cavity (Fig. 2)
(33,34,39,62,78).

Omental milky spots are immunologically
important in the peritoneal cavity. We
consider them to be highly analogous to
regional lymph nodes (91,92). In humans, the
cellular composition of the milky spots in
infants show that the majority of cells are
macrophages (47.5%). The second major cell
component represents B lymphocytes (29.1%)
and T lymphocytes (11.7%) (89) (Table 1).
Mast cells are rare (6.1%). Since inflammation
appeared absent in our material, our findings
could be regarded as representative cell
numbers in normal human milky spots.
Macrophages covering the milky spots which
face the peritoneal cavity trap and digest the
circulating antigens and foreign bodies which
are introduced into the peritoneal cavity. The
macrophages may transfer information to
lymphocytes in the central part of the milky
spots (91,92). Thus, functional cellular
zonation of omental milky spots corresponds
to the structural relation between macro-
phages lining the lymph sinus wall and
lymphocytes in the germinal center of the
lymph node. In lymph nodes, afferent lymph
vessels lead to a dome shaped network of
lymph sinus around individual follicles. These
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continue directly into a dense medullary
sinusoidal network leading in turn to efferent
lymph vessels which leave the node at the
hilus. From a clinical standpoint of view, the
omental milky spots may function to absorb
antigenic proteins or bacteria which are
introduced into the peritoneal cavity during
gut inflammation, perforation or at operation.
The omental lymphatics which emanate from
milky spots may correspond to the efferent
lymph vessels of the lymph nodes.

Dux et al (40) have analyzed the lymphoid
cell composition of mouse milky spots before
and after intraperitoneal immunization with
sheep erythrocytes. Mouse milky spots contain
surface immunoglobulin-positive B lympho-
cytes, and T cells of the helper and cytotoxic
phenotype. After secondary antigen challenge
the number of lymphocytes increase. The B
and T cells segregate into distinct areas; the B
cell zone is peripheral resembling primary
follicles of lymph node and the T cells are
centrally located resembling the lymph node
paracortex. Therefore, Dux et al concluded
that milky spots act as a peripheral lymphoid
organ in the peritoneal cavity.

It has long been considered that the
omentum takes part in the humoral defense of
the host response to intraperitoneal
“vaccination” (13,20,93). Production of
antibodies in the milky spots may contribute
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to the humoral immunity of the omentum.
Hajdu et al (20) reported that the majority of
the antibody-containing cells are localized
predominantly in milky spots after a booster
injections of antigen. Other studies by
Mandache et al (62) have shown the
appearance of lymphatic follicles, some with
germinal centers after intraperitoneal
stimulation using sodium thioglycolate, China
ink and typhoid vaccine. Therefore, they
proposed that omental milky spots are
subsidiary secondary lymphoid organs.

MILKY SPOTS AND INTRAPERITONEAL
CANCER DISSEMINATION

Gastrointestinal and ovarian cancer
frequently metastasize to the greater omentum,
more or less like experimental tumor cells
spread as metastatic nodules in the omentum.

Dux (16) reported that milky spots
become hypertrophic and congested soon after
intraperitoneal inoculation of Ehrlich ascites
tumor in rats and mice. As the tumor cells
aggregate around the milky spots, plasma cells
accumulate in the central areas of the milky
spots. Finally, after the rejection of tumor
cells, the milky spots are replaced by granu-
lation tissue. He suggested that the milky
spots are the target for the formation of the
small omental nodules in the advanced stage
of Ehrlich ascites tumors. Skurzak and Dux
(53) also demonstrated the immunological
response of rat milky spots inoculated with
Ehrlich ascites tumor cells by immuno-
fluorescence. The number of gammaglobulin
producing cells in milky spots increases from
the second day after tumor transplantation
and reaches 60-70% after 9 days.

Green and Williams (57) observed the
WP1 tumor cell behavior in the rat omentum.
Eight hours after intraperitoneal injection of
WP1 tumor cells, scattered tumor cells were
attached to the surface of milky spots. After
24 hr after tumor injection, the surfaces of the
milky spots compromised a mass of tumor
cells. The mesothelium covering them was
disrupted by an inflammatory response and
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openings were created in their surface,
whereas the mesothelium overlying
surrounding adipose tissues appeared intact.
After 24 hr, tumor cells conspicuously
increased with a progressive inflammatory
response. They suggested that the tumor cell
attachment was closely linked to the host
inflammatory response.

Tobai (59) investigated the mechanisms of
dissemination of Yoshida sarcoma cells after
intraperitoneal inoculation in rats. From 6 to
12 hr after inoculation, numerous Yoshida
sarcoma cells were found in the milky spots
which were enlarged by an increased number
of macrophages, lymphocytes, and neutrophil
leukocytes. Yoshida sarcoma cells proliferated
in the milky spots to form tumor nodules with
neovascularization. Tobai determined the
significance of the milky spots as early targets
for disseminated intraperitoneal cancer. In
humans, cancer cells were also detected in
milky spots (94,95).

Lawrance et al (96) studied the omentum
in the development of tumors at sites of
intraabdominal trauma (anastomotic and
laparotomy wounds) using rat experimental
models. They demonstrated a significant
reduction in the ‘take” of tumor in trauma
sites following intraperitoneal or intraluminal
inoculation when maximal amounts of
omental tissue were removed. Because
stimulation of omental macrophages results in
increased tumor on the omentum (97),
Lawrance et al theorized that macrophage
activity in omental milky spots led to secretion
of polypeptide growth factors which enhanced
tumor growth. Secretion of angiogenetic
factors from the omentum (80,97) may also
result in early neovascularization of seeded
tumor and more rapid growth.

Milky spots may be appropriate as the
target organ in each step of tumor cell
metastasis. Cancer cells usually form clumps
in ascitic fluid (98), and have a high chance of
attaching to the omentum because omentum
takes part in fluid drainage from the
peritoneal cavity. For tumor cell infiltration,
exfoliation of mesothelial cells and degra-
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dation of basement membrane appear to be
essential steps (99,100). Concerning these
steps, milky spots seem to be easily infiltrated
by tumor cells because their surface is not
completely covered by mesothelial cells (10,14-
16,18,92) which lack basement membranes
(10,14,15,18,33,44). These structural
characteristics facilitate invasion of milky
spots by cancer cells.

SIGNIFICANT FEATURES OF
MILKY SPOTS IN INTRAPERITONEAL
IMMUNOTHERAPY

In recent years, intraperitoneal immuno-
therapy has been widely used as adjuvant
postsurgical or palliative treatment of
intraperitoneal malignant diseases (101-103).
Intraperitoneal administration is an
anatomically appropriate route because it
directly introduces the biological response
modifiers (BRMs) to the involved areas in the
peritoneal cavity. This therapy is based on the
concept that the optimal BRMs augment host
resistance to malignant tumors by specific
and/or non-specific immunity. Whereas the
mechanism of immunotherapeutic activity in
the peritoneal cavity has not yet been
elucidated in detail, peritoneal macrophages
are known important effector cells in the host
defense against tumors and metastases. In this
regard, the omental milky spots which gene-
rate peritoneal macrophages have potentially
important anti-tumor host defense activity.

Rasmussen and Seljelid (104) investigated
cytokine release after the intraperitoneal
administration of -1, 3-D-polyglucose treated
microbeads (GDM). They observed numerous
GDM phagocytosed by milky spot macro-
phages 48 hr after administration, and
significant amounts of interleukin 1 (IL-1) and
prostaglandin E2 were released from the
stimulated peritoneal macrophages.

In rats, intraperitoneal administration of a
killed streptococcal preparation, OK-432,
could prove to be an effective BRM for
managing malignant ascites (102) by
activating the milky spots and milky spot
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macrophages (68). OK-432-activated macro-
phages demonstrated increased surface
membrane activity and migration through the
opening of the milky spots into the peritoneal
cavity. The characteristic features of activated
milky spots and milky spot macrophages
suggest they are a valuable but under-utilized
source of macrophages for intraperitoneal
immunotherapy (68).

CONCLUSION

Since the era of Hippocrates (460-388 B.C.)
physicians have been interested in the greater
omentum (105). The omentum has been called
the “policeman of the abdomen,” the “friend in
need” and the “great leucocyte” because of its
protective role within the abdomen.

In the 19th century, milky spots were
initially identified in the greater omentum as
whitish spots formed by cellular aggregation,
and were thought to have the ability to phago-
cytose foreign bodies in the peritoneal cavity.

More recently, however, omental milky
spots have been recognized as omentum-
associated lymphoid tissue which participate
in intraperitoneal immune reactions
(68,91,94). Macrophages covering the milky
spots are oriented toward the peritoneal
cavity, where they trap circulating antigens
and transfer information to lymphocytes in
the central zones of the milky spots. This
functional cellular zonation seems to
correspond to the structural relationship
between macrophages lining the lymph sinus
wall and lymphocytes in the germinal center
of a lymph node. These omental milky spots
likely represent an important
immunoregulatory component for the
peritoneal cavity.
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