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Abstract

Objective. In the current study, we compared the distribution of blood and lymphatic vessels from paraffin-embedded tissues
with those of frozen tissues of normal human and rhesus monkey. Materials and Methods. We performed immunocytochemi-
cal staining for lymphatic and blood vessels using LYVE-1 for lymphatic vessels and von Willebrand factor (F-8) for blood ves-
sels. Results. Normal tissues included spleen, lymph node, liver, pancreas, salivary gland, colon, diaphragm, heart, lung, thyroid,
adrenal gland, kidney, ovary, endometrium, and prostate. Splenic sinusoids were stained for LYVE-1 and F-8 in the frozen sec-
tions, supporting that the sinusoid is a lymphoreticular system and blood vessel in structure and function. In frozen sections,
the lymphatic sinusoids were consistently positive for LY VE-1, while hepatic sinusoids were positive for LY VE-1, but not for F-8.
Thus, lymphatic and blood vessels were more readily detected in frozen tissue sections than in the paraffin-embedded sections.
In the endometrium, lymphatic vessels were not diffusely immunostained in paraffin-embedded sections. However, frozen
sections detected cyclic changes of lymphatic vessels, growing from basalis to functionalis in the menstrual cycle. Lymphatic
vessels were immunostained in many organs using frozen sections. Small pulmonary blood vessels were not immunostained by
F-8 in the periphery of the bronchial vessel tree most likely these smallest blood vessels were not immunostained due to less F-8
attached to their endothelia. Conclusion. The present findings illustrate the differences in the immunostaining of blood vessels
in sections obtained from paraffin-embedded tissues and those from frozen tissue. These new findings may be relevant for the
basic histology and histopathology of lymphatic and blood vessels.
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receptor-1), podoplanin (43 kDa membrane glyco-
protein of podocytes), and VEGFR-3 (vascular en-
dothelial growth factor receptor-3) (1-4). LYVE-1 is

Introduction

Practically every organ is supplied by lymphatic

vessels except the brain, spinal cord, cartilage, bone
marrow, eye lens, and others (1-4). However, the
presence of lymphatic vessels in each organ is not
definitively identified at the histologic levels. Using
immunocytochemical staining for lymphatic and
blood vessels, we had tried to detect lymphatic and
blood vessels using currently available immunocyto-
chemical markers. The currently commercially avail-
able markers for lymphatic vessel endothelia include
proxy-1 (prospero-related homeobox-1), LYVE-1
(lymphatic vessel endothelial hyaluronic acid factor

a transmembrane receptor for hyaluronan, a highly
expressed by lymphatic vessels (3-6). A podoplanin
is a membrane glycoprotein found on the surface of
rat glomerular epithelial cells, podocytes, recognized
by the monoclonal antibody, D2-40 (3). These mark-
ers bind to their own specific binding sites in differ-
ent modes, and they all function in diverse ways at
different stages of tissue growth and development
(2-4). The markers for blood vessels include CD31
(platelet endothelial adhesion molecule PECASM-1,
found on endothelial cells), CD34 (single-class
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transmembrane sialomucin protein, its antibody is
used for hematopoietic progenitor cells, positive for
blood vessel endothelium but not lymphatic vessel
endothelium), and von Willebrand factor (binds
factor-8, F-8, a clotting factor in blood vessel endo-
thelium, platelet aggregation and adhesion to the cell
wall of injured vessels), which are pan-vascular en-
dothelial markers (3).

However, there are truly no specific markers for
lymphatic vessels and blood vessels, respectively,
at present (2, 3, 7-10). We had previously per-
formed such immunocytochemical staining with
normal tissues. We found that frozen sections were
superior for lymphatic and blood vessels immu-
nostaining than the routinely formalin-fixed and
paraffin-embedded sections (11, 12). To anatomic
pathologists, it is crucially important to identify
the precise presence of lymphatic and blood ves-
sels in the normal organs and the pathological tis-
sue specimens, especially in cancer tissues (11, 12).
The classical staining for lymphatic vessels is van
Gieson’s stain for the lining elastic lamina for dis-
tinguishing lymphatic vessels from the small tis-
sue spaces due to the fixation artifacts by buffered
formalin-fixation and paraffin embedding. The
presence of red blood cells in the endothelium lin-
ing vessel lumens supports to identify blood ves-
sels. These two vessel systems supply the organs
for lymph fluid and blood and have crucial roles in
cancer spread and metastasis.

The aim of the current study was to compare the
distribution of blood and lymphatic vessels using
paraffin-embedded and frozen tissue samples of nor-
mal human and rhesus monkey. We employed most-
ly LYVE-1 for lymphatic vessels and von Willebrand
factor (Factor-8, F-8) for blood vessels stains (13).

Materials and Methods

Normal human tissues were collected from surgi-
cally removed organs at the Department of Pathol-

Table 1. Antibodies that Were Used in the Current Study

ogy, University of Kansas Medical Center, Kansas
City. These tissues included colon and pancreas.
Immunocytochemical staining procedures with
paraffin-embedded tissues were previously re-
ported (11, 12). The sources of antibodies used for
immunocytochemical staining and each dilution
of the antibody for routinely formalin-fixed and
paraffin-embedded tissues and frozen sections are
as follows (Table 1).

For frozen sections, normal organ tissues from
Macaca mulatta (rhesus monkey) were procured
by necropsy at the laboratory of Drs. Robert
Brenner and Ov Slayden, Oregon National Re-
search Center, Beaverton, OR. The frozen tissues
were prepared from the liver, spleen, lymph node,
diaphragm, heart, lung, thyroid, adrenal gland,
kidney, ovary, uterus, and prostate. Additionally,
monkey liver and spleen were fixed in a mixture of
1% paraformaldehyde and 1% formalin and were
embedded in paraffin. With spleen and liver, dou-
ble immunocytochemical staining was performed
with paraffin sections for LYVE-1 and F-8 using
brown color by diaminobenzidine tetrahydrochlo-
ride and blue color by Vectastain and Vector SG
(Burlingame, CA). For frozen sections, small fresh
tissues (1 X 1 X 0.4 cm) were embedded in OCT
matrix (Fisher Scientific, Pittsburgh, PA) and were
frozen in liquid propane in the liquid nitrogen
bath as described before (13-18) and were frozen
sectioned at 5-7 microns. Frozen sections were
mounted on Super Frost Plus slides (Fisher Scien-
tific), microwaved-irradiated on ice for 3 sec, fixed
in 2% paraformaldehyde in phosphate buffer at pH
7.4 for 10 to 15 min at room temperature, and im-
mersed twice for 2 min in 85% ethanol (13). To
inhibit endogenous peroxidase activity, sections
were incubated with a solution containing glucose
oxidase (1 U/ml) and sodium azide (10 mmol/
ml) in PBS for 45 min at 25°C (13). Sections were
incubated with blocking serum for 20 min. Then,

Antibody (clone) Manufacturer

Paraffin sections dilution Frozen sections dilution

Goat-anti human LYVE-1 R & D System, Minneapolis, MN 1:100 1:1.200
Mouse monoclonal D2-40 Signet Laboratories, Dedham, Mass 1:100 1:100
Rabbit anti-human F-8 Dako System, Carpenteria, CA 1:100 1:800




sections were incubated with each diluted primary
antibody solution overnight at 4°C. After rinsing
and immersion in blocking serum again, sections
were incubated with a second antibody (1: 200 di-
lution) for 30 min at room temperature. Final vi-
sualization was achieved with the ABC kit (Vector
Laboratories, Burlingame, CA) and 0.025 diami-
nobenzidine tetrahydrochloride in Tris-buffer pH
7.6,0.03% H,0, to induce brown color.

Results
Spleen and Lymph Node (Figure 1)

Frozen sections of the spleen showed diffuse stain-
ing in the sinusoidal endothelia and no staining
in the central arterioles in the germinal center
for LYVE-1, while F-8 staining revealed posi-
tive staining in the central arterioles and adjacent
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larger arteries (Figure 1-A and -B). The positive
F-8 staining in the sinusoidal epithelia was only
achieved in the frozen section, not in the routinely
processed paraffin sections (Figure 1-B and -D).
Double staining for LYVE-1 in brown and F-8 in
blue (Figure 1-C) and F-8 in brown and LYVE-1
in blue (Figure 1-D), both revealed positive stain-
ing in the sinusoidal endothelia for LYVE-1 and
central arterioles staining for F-8. There was no
F-8 staining sinusoids in the paraffin sections (Fig-
ure 1-D). Thus, the red pulp's sinusoidal epithelia
were double-positive for LYVE-1 and F-8 only in
the frozen section (Figure 1-A and -B). The fro-
zen sections of the lymph node showed a few lym-
phatic vessels in the cortex. Simultaneously, there
were numerous slender or round lymphatic vessels
in the medulla and the connective tissue of the hi-
lum (Figure 1-E). There were lymphatic sinusoidal

Figure 1. Spleen and Lymph Node.
The frozen sections of spleen
showed diffuse positive staining
in the sinusoids for both LYV-1 and
F-8 (A and B), and central arteri-
oles and larger blood vessels were
strongly positive for F-8 (B). The
paraffin-embedded sections were
double stained for LYVE-1 in brown
and F-8 in blue, showing positive in
sinusoids for LYVE-1 and positive
in blood vessels for F-8 (C), and in
brown for blood vessels and in blue
for sinusoids (D). There was no posi-
tive staining for F-8 in the splenic
sinusoid in the paraffin-embedded
section (D). The frozen sections of
lymph node showed LYVE-1 posi-
tive staining in lymphatic sinusoids
at the subcapsular-medullary junc-
tion and linear lymphatic vessels in
medulla and hilar connective tissue
(E ), where abundant F-8 positive
blood vessels were present (F). A,
B, E and F=Frozen sections; C and
D=Paraffin-embedded sections, c:
Central artery, s: Lymphatic sinus;
A and E=LYVE-1; B and F=F-8, im-
munostained; C=LYVE-1/F-8; D=F-8/
LYVE-1 double-immunostained.
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epithelia in the subcapsular (marginal)-
medullar junction of the lymph node,
strongly positive only for LYVE-1 (Fig-
ure 1-E). Mostly round thick-walled ar-
teries were less positively stained for F-8
than thin-walled, dilated veins, which
were stronger stained for F-8 with abun-
dant endothelial staining in the small
blood vessels in the medulla and large
blood vessels in the hilum (Figure 1-F).

Liver and Pancreas (Figure 2)

For LYVE-1 immunostaining, the stain-
ing between frozen section and paraf-
fin-embedded section was compared,
showing darker staining in the relatively
broader liver sheets in the frozen sec-
tion (Figure 2-A) than the weaker stain-
ing in the relatively thinner liver sheets
in paraffin-embedded section (Figure
2-B). In the frozen section, pan-lobular
sinusoids were diffusely positive for
LYVE-1 with stronger pericentral sinu-
soids than periportal sinusoids. Some
periportal sinusoids were barely positive
or negative (Figure 2-A). In contrast, the
periportal sinusoids were not stained for
LYVE-1 in the paraffin-embedded sec-
tion (Figure 2-B). For F-8 staining, blood

Figure 2. Liver and Pancreas. Frozen section for LYVE-1 staining showed diffuse pan-
lobular with strong positive staining in the pericentral zone 3 and less positive stain-
ing in the periportal zones 1 and 2 (A) while periportal zone 1 and most of zone 2 were
pn negatively stained in the paraffin-embedded sections (B). Double staining for LYVE-1
and F-8 showed LYVE-1 positive staining in sinusoids and F-8 positive staining in ar-
teries and veins (C and D). Staining for F-8 revealed stronger stained in larger veins
than arteries and smaller veins in paraffin-embedded section (D). Liver cell sheets

appeared broader and larger in the frozen section than in the paraffin-embedded

section (A and B). Frozen sections of pancreas showed barely weakly stained islets by
LYVE-1 (E) and F-8 staining showed islets consisting of round baskets of abundant, entangled F-8 positive capillaries (F).
Paraffin-sections of pancreas showed strong staining in islets and there was no staining for primary non-functioning Pan-
NET (G), metastatic insulinoma in liver (H) and metastatic gastrinoma in lymph node (1). Lymphatic vessels in the pancreatic
stroma (G), hepatic sinusoid (H) and lymphatic sinus (I) were positively immunostained for LYVE-1 (G-l), a: Artery, c: Central
vein, i: Islet, I: Lymphatic vessel, p: Portal area, pn: Pan-NET, v: Vein. A, E, F=Frozen section; B, C, D, G-I=Paraffin-embedded
sections; A, B, E, G-I=LYVE-1, ; C=LYVE-1/F-8 double stained; D=F-8/LYVE-1 double stained; F=F-8 immunostained. Figures
G, H and | are from the reference 33 (Tomita T. Pancreas. 2007;35(4):e18-22).




vessels were strongly stained in larger vessels while
sinusoids were negative in the paraffin-embedded
section (Figure 2-D). Double immunostaining for
LYVE-1 and F-8 showed sinusoidal staining endo-
thelial staining in brown for LYVE-1 and weak F-8
staining in arteries and veins in blue (Figure 2-C)
and vice versa for brown staining for F-8 and blue
staining for LYVE-1 (Figure 2-D).

Frozen section stained for LYVE-1 revealed
weakly stained pancreatic islets (Figure 2-E). In
contrast, F-8 staining revealed numerous pancre-
atic islets, consisting of a round basket of abun-
dant, tangled capillaries, and thick-walled arter-
ies and thin-walled veins were moderately and
strongly stained, respectively (Figure 2-F). Paraf-
fin-embedded tissues stained strongly for LY VE-1
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in pancreatic islets with adjacent lymphatic vessels
but no LYVE-1 staining in 23 out of 25 cases of
pancreatic neuroendocrine tumors (Pan-NETs)
(Figure 2-G), including metastatic insulinoma to
the liver (Figure 2-H) and metastatic gastrinoma
to lymph node (Figure 2-I). Hepatic and lymphat-
ic sinusoids were positively stained for LYVE-1 in
paraffin-embedded sections (Figure 2-H and -I).

Colon, Diaphragm, and Salivary Gland (Figure 3)

In the paraffin-embedded colonic sections, there
were numerous slender lymphatic vessels in the
submucosa, including lymphoid follicle with a
few lymphatic vessels in lamina propria (Figure

H

Figure 3. Colon, Diaphragm and Salivary Gland. Paraffin-embedded sections of colon showed a few lymphatic vessels by
LYVE-1 staining and numerous round blood vessels by F-8 staining in lamina propria while submucosa contained numer-
ous linear lymphatic vessels and many round blood vessels including the lymphoid follicle (A and B). Lymphatic and blood
vessels longitudinally crisscrossed the inner circular and outer longitudinal muscle layer (C and D). Frozen sections of dia-
phragm contained linear and many small lymphatic vessels in the arterial adventitia of fibrous septa (E) and small capillar-
ies at the outer margins of the striated muscle with many blood vessels in the fibrous septa (F). Frozen sections of salivary
gland showed abundant, scattered small linear lymphatic vessels (G) and numerous scattered round blood vessels (H), a:
Artery, i: Inner circular muscle, I: Lymphatic vessel, o: Outer longitudinal muscle, v: Vein. A-D=Paraffin-embedded sections;
E-H=Frozen sections; A, C and G=LYVE-1; B, D, F, H=F-8; E=D2-40 immunostained; Figures A-D are from the reference 12.
Tomita T. Cancer-associated lymphatic and venous vessels in colonic carcinomas. Open J Pathol. 2014;4(2):101-9.
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3-A). There were abundant round, dilated veins
in the mucosa and submucosa, with some inside
the lymphoid follicle (Figure 3-B). Many lym-
phatic and blood vessels penetrated longitudinally
through the two layers of smooth muscles (Figure
3-C and -D). The diaphragm's frozen section was
transversely supplied with a scanty, linear network
of lymphatic vessels in the thin, fibrous septum
and arterial adventitia (Figure 3-E). The striated
muscles were diffusely and richly supplied by cap-
illaries at the outer margins of the muscle bundles.
On the other hand, abundant thick-walled arteries
and thin-walled veins were stained in the endothe-
lia for F-8, with veins stronger stained than arter-
ies (Figure 3-F). The frozen section of the salivary
gland revealed many scattered small lymphatic
vessels in the periductal and interlobular stroma
(Figure 3-G). There were numerous scattered F-8
positive small blood vessels in the inter-lobular
stroma, including thick-walled arteries and thin-
walled veins in the periductal stroma (Figure 3-H).

D E

Thyroid, Adrenal Gland, and Kidney (Figure 4)

In the thyroid, there were abundant linear lym-
phatic vessels in interfollicular septa (Figure 4-A).
In contrast, more abundant larger thick-walled ar-
teries and thin-walled, plump veins were strongly
positive for F-8 in the thyroid septa with veins
stronger stained than arteries in the frozen sections
(Figure 4-B). The adrenal gland contained numer-
ous small lymphatic vessels and larger, dilated blood
vessels in the subcapsular tissue (Figure 4-C and
-D). There were few lymphatic vessels in the corti-
cal and medullary septa (Figure 4 -C and -D). In the
kidney, there were only a few small linear lymphatic
vessels around the glomeruli and very few lymphatic
vessels in the cortical stroma (Figure 5-E). Glomer-
ular capillaries were densely and diffusely stained
for F-8 with positive staining spreading outside
the capillary, suggestive of the leaking endothelia
(Figure 5-F). Both thick-walled arteries and thin-
walled veins were moderately and strongly stained
for F-8, respectively (Figure 5-F).

F

Figure 4. Thyroid, Adrenal Gland and Kidney. Frozen sections of thyroid showed linear and many small lymphatic vessels
in fine fibrous septa (A) and more abundant larger, round blood vessels in the septa (B). Adrenal sub-capsular stroma
contained numerous small, linear lymphatic vessels (C) and larger round blood vessels (D). There were few lymphatic ves-
sels in the cortex and medulla in kidney. Frozen sections of kidney showed a few small, liner lymphatic vessels around the
glomerulus and tubules (E) while glomerular capillaries were densely and diffusely stained for F-8 spreading outside of the
capillary, suggestive of leaking blood vessels. There was strong staining for F-8 in larger veins than in arteries (F), a: Artery,
g: Glomerulus, I: Lymphatic vessel, v: Vein; A-F=Frozen sections; A, C, E=LYVE-1; B, D, F=F-8 immunostained.




Heart, Lung, Ovary, and Prostate
(Figure 5)

Numerous, small, scattered lymphatic
vessels were diffusely present in the full
thickness of the cardiac ventricle, and
much less and a few blood vessels were
present in the sections of the ventricle
with larger vessels in epicardium than
in endocardium (Figure 5A and -B).
In the lung, lymphatic vessels were dif-
fusely scattered in the wall of terminal
bronchioles, respiratory bronchioles,
and alveolar ducts (Figure 5-C). In con-
trast, fewer blood vessels were revealed
by F-8 staining in the wall of mostly
terminal bronchioles and respiratory
bronchioles (Figure 5-D). Numerous
linear lymphatic vessels were present
around the ovarian follicle and inter-
stitial stroma, linear with a narrow lu-
men (Figure 5-E). Likewise, numerous
small blood vessels were present around
the ovarian follicle in the stroma with
plump lumens (Figure 5-F). The pros-
tatic sub-capsule and stroma contained
many scattered small, linear lymphatic
vessels (Figure 5-G). There were more
numerous small blood vessels than
lymphatic vessels in the sub-capsule
and interlobular stroma than lymphatic
vessels (Figure 5-H). There were many
nerve fibers in the prostatic sub-capsule
(5-G and -H).

Macaca mulatta Endometrium, Days
3, 14, and 28 of Menstrual Cycle
(Figure 6)

The cyclic endometrium was stained in
the frozen sections. The endometrium
from the Day 3 of the menstrual cycle
showed thin residual basalis, which
contained some small lymphatic ves-
sels (Figure 6-A) and numerous dilated
blood vessels (Figure 6-B). Day 14 en-
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Figure 5. Heart, Lung, Ovary and Prostate. Frozen sections of heart
showed numerous scattered small lymphatic vessels (A) and less abun-
dant larger blood vessels with larger caliber in the pericardium (B). There
were abundant lymphatic vessels in the wall of terminal bronchioles, re-
spiratory bronchioles, and alveolar ducts (C) while there were less, large
blood vessels in in the wall of terminal bronchioles and respiratory bron-
chioles (D). There was no staining for F-8 in the alveolar capillaries (D).
Frozen sections of ovary showed numerous, scattered small lymphatic
vessels around the ovarian follicle and interstitial stroma (E), and likewise
there were numerous, plump blood vessels in the stroma and around
the follicle (F). Prostate showed many small scattered lymphatic vessels
in the sub-capsular and interstitial stroma (G) and more numerous small
blood vessels in the stroma (H). There were many nerve bundles in the
prostatic sub-capsule (Gand H), e: Endocardium, n: Nerve, p: Pericardium.
A to H=Frozen sections; A, C, E, G=LYVE-1; B, D, G, H=F-8 immunostained.
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dometrium showed many small lymphatic vessels
in the lower stratum functionalis but few lymphat-
ic vessels in the growing upper functionalis (Fig-
ure 6-C). Simultaneously, there were numerous
blood vessels in both lower and upper functiona-

A B
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Figure 6. Macaca Mulatta Endometrium, Day 3, 14 and 28 of Menstrual
Cycle. Day 3 endometrium of the menstrual cycle showed thin resid-
ual basalis, which contained some, small lymphatic vessels (A) and
numerous small blood vessels (B). Day 14 endometrium showed a few
small, lymphatic vessels (C) and numerous elongating blood vessels
in the growing functionalis (D). Day 28 in menstrual cycle, there were
several perpendicular small lymphatic vessels in the upper stratum
functionalis as compared to numerous small lymphatic vessels in the
lower functionalis (E). There were dilated, densely F-8 positive venous
vessels, suggestive of leaking blood vessels, which were located per-
pendicular to the uterine cavity in the upper functionalis (F) as com-
pared to slim elongated blood vessels in the lower functionalis and
basalis (D). In myometrium, there were many perpendicular and trans-
verse lymphatic vessels (A, B, D). b: Basalis; f: Functionalis; I: Lymphatic
vessel; m: Myometrium; v: Dilated vessel; A-F=Frozen sections; A, C,
E=LYVE-1; B, D, F=F-8 immunostained.

lis (Figure 6-D). In the endometrium of the 28th
day of menstrual cycle, there were small scattered
lymphatic vessels in the upper functionalis (Fig-
ure 6-E). There were numerous, dilated, densely
F-8-stained blood vessels spreading outside of the

endothelium, suggestive of leaking blood
vessels located perpendicular to the uter-
ine cavity in the upper functionalis (Fig-
ure 6-F). There were many perpendicular
and transverse lymphatic vessels in the
myometrium (Figure 6-A, -B, -D). There
were even more numerous larger venous
vessels in myometrium than in functiona-
lis and basalis (Figure 6-D).

Discussion

There are many immunologic and immu-
nohistochemical markers for lymphatic
and blood vessels but what we need is just
one solely reliable and specific marker
for lymphatic vessel and blood vessel, re-
spectively. However, there is none for that
purpose at present. The structure-func-
tion relationship of lymphatic vasculature
has been overshadowed and delayed by
a lack of specific markers for lymphatic
vessels (1-4). As shown in the dilution
of the primary antibody, the frozen sec-
tions required a tiny fraction of primary
antibodies with much more diluted solu-
tions, especially for the primary LYVE-1
antibody; thus, frozen section immunos-
taining was much more economical than
paraffin-embedded sections since these
antibodies were expensive. The hind side
of frozen sections is that the frozen tis-
sue preparation is quite cumbersome and
labor-intensive. Only small tissue (1 x 1 x
0.4 cm) may be adequately processed in
our method (13-18). During the freezing
process, the tissue may crack, the larger
tissue tends to crack more often than the
smaller tissue, and the freezing process
needs to be improved for future study. We
used frozen sections of 5-7 pm in thick-




ness, and it was not an easy task to cut thin frozen
sections to see a clear view of vascular vessels, and
the larger the tissue is, the harder it is to cut good
thin sections. Furthermore, frozen sections on the
glass slides stored in a deep freezer may degener-
ate with increasing non-specific staining if kept for
more than four weeks. Liver and kidney sections
are more prone to degenerate during storage in a
deep freezer at -70C°. For the best staining result,
the fresh frozen sections are the best for immuno-
cytochemical staining immediately after section-
ing. The buffered 10% formalin fixation decreased
organ weight by about 10%, but liver sheets were
shrunk more than 10% (Figure 2-A and -B).

The clearly different staining pattern was re-
vealed in the spleen, where paraffin-embedded
sections revealed LYVE-1 positive sinusoidal epi-
thelia, which were large capillaries and were nega-
tive for F-8 (Figure 1-D). Thus, the F-8 positive
staining in the splenic sinusoidal epithelia was
only positively achieved in the frozen sections
(Figure 1-B) but not in the paraffin-embedded sec-
tions (Figure 1-D). There were different staining
patterns between the frozen section and paraffin-
embedded section for splenic sinusoids. In a study
using paraffin-embedded sections, splenic sinus
was reportedly only patchy positive for F-8 and
negative for CD34 (4). The splenic red pulp is lined
by distinctive endothelial cells with a partial his-
tologic function called splenic littoral cells, which
express endothelial markers like F-8, CD 31, WT1
(Wilms’ tumor protein 1), ERG (a member of the
erythroblast transformation-specific family), and
CD68 (a protein highly expressed by the cells in
the monocyte lineage in circulating blood and tis-
sue macrophages) (1-4). Blood is sequestrated in
the splenic sinus in the red pulp under the condi-
tion of portal hypertension. The sinusoid of larger
caliber allows transporting whole blood cells be-
tween the capillary wall and the adjacent tissue. Its
endothelia increase the attachment of F-8 on the
splenic littoral cell surface resulting in strong F-8
staining on the surface (Figure 1-B). Since splenic
sinusoidal epithelia are positive for both F-8 and
LYVE-1, these epithelia are both venous and lym-
phatic endothelia, as seen in the frozen sections.

Tatsuo Tomita: Lymphatic and Blood Vessels in Normal Tissues

They may function as both venous capillaries and
lymphatic capillaries. The human spleen’s sinusoid
is an unusual vessel, which is involved in the re-
moval of damaged erythrocytes and permits the
migration of leukocytes from the cords into the
circulation (4). This endothelium of the sinu-
soids is equivalent to other endothelium in their
immunoreactivity to F-8 and HLA-DR antigens
(4, 19-21). The white splenic pulp, germinal cen-
ter, consists of central arterioles (Figure 1 A-D),
which are surrounded by lymphoid cells, the so-
called periarteriolar sheath (PALS), and adjacent
outpouchings of nodular lymphoid tissue (3, 4,
19-21). The lymph node sections also showed a
different staining pattern for lymphoid sinusoids,
positive for LYVE-1 in the frozen sections. Using
paraffin-embedded sections, the lymphoid sinus
was reportedly positive for CD34 and negative for
CD31 (4). The lymphoid sinusoids are located be-
tween the subcortical (marginal)-medullary junc-
tion (Figure 1-E). Lymph nodes filter protein-rich
lymph fluid through lymphatic sinusoids, while
the spleen filters blood through splenic sinusoids
(3, 4). In lymph nodes, there were abundant arter-
ies and veins in the medullary cord and hilum with
small lymphatic vessels in the periarterial stroma
(Figure 1-E and -F). Double staining for LYVE-1
and F-8 was possible only with paraffin-embedded
sections, and an attempt for double staining with
frozen sections was unsuccessful because of too
much non-specific background staining, which re-
sulted in too dirty to identify vessels at our hand.
LYVE-1 immunostaining is not restricted to
the lymphatic vessels but is expressed in normal
hepatic sinusoids, which are downregulated in he-
patic cancer and liver cirrhosis (22). The hepatic
sinusoids were positively stained for LYVE-1, not
entirely in all zones in paraffin-embedded section
where oxygen-rich zones 1 (periportal hepato-
cytes) was negative but oxygen-poor zones 2 and
3 (pericentral hepatocytes) were positive (Figure
2-A and -B). However, all zones 1 to 3 in some
tissue areas were positively stained for LYVE-
1 in the frozen section. So, zone 3 was stronger
stained than zones 1 and 2 (Figure 2-A). There
are two types of sinusoidal epithelia in the hepa-
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tocytes. Type 1 sinusoidal epithelia are LYVE-1,
CD32MCD14* hepatocyte in the oxygen-rich zone
1, and type 2 sinusoidal epithelia are LYVE-1*,
CD32MCD14*CD36™4" in the oxygen-poor zone
2 and 3 hepatocytes (Figure 2-A and -B) (22-26).
Thus, LYVE-1 staining is mostly stronger stained
in the zones 2 and 3 endothelia, which are venous
capillaries with more LYVE-1 attached in the en-
dothelia, while zone 1 is arterial capillary with less
F-8 attached. Hepatic sinusoids are large capillar-
ies positive for LYVE-1 in zone 3 in the paraffin-
embedded section, but not diffusely for F-8 with
patchy staining in the literature (3, 4, 24, 25). F-8
immunostaining yielded negatively stained in liv-
er sinusoids, while stronger positive staining was
seen in veins with larger caliber vessels (Figure
2-C and -D). In paraffin-embedded sections, zone
1 was positive, and zone 2 was negative for CD34
since CD34 stained stronger for arterioles than ve-
nules, supporting that zone 1 is arterial capillary
(4, 23). The frozen section for F-8 staining did not
yield positive for hepatic sinusoids (25, 26) (Figure
not shown). Comparing the sizes of liver sheets,
the paraffin-embedded section was smaller than
that of frozen sections by more than 10% (Fig-
ure 2-A and -B). Veins with larger calibers were
stronger stained than those with smaller calibers,
and veins were stronger stained than the arteries
of the same caliber. This finding may support that
larger veins have more F-8 attached on the sub-
endothelial surface than that of smaller veins, and
veins with slower blood flow may have more F-8
attached on the endothelia than that of arteries
with faster blood flow. Since all undamaged endo-
thelia of veins and arteries are positively stained
for F-8 (26), F-8 is not necessarily attached to the
damaged vascular endothelia but are attached to
the undamaged endothelia as well.

In the three sinusoids containing organs
(spleen, lymph nodes, and liver), extramedullary
hematopoiesis may occur during fetal develop-
ment and in hematopoietic malignancies (e.g.
chronic myelogenous leukemia and myelofibro-
sis) (4, 27-30). Extramedullary hematopoiesis is a
pathological process in which the differentiation
of hematopoietic stem/progenitor cells occurs out-

side the bone marrow, namely in the sinusoids of
spleen, liver and lymph nodes. In the spleen, mes-
enchymal progenitor-like cells expressing TIX1, an
essential transcription factor for spleen organo-
genesis, are selectively localized in the perifollicu-
lar region of the red pulp and are a major source of
hematopoietic stem cell factors (31). Thus, many
markers of lymphatic and blood vessels may also
show diverse immunohistochemical expressions
depending on the developmental and hematopoi-
etic neoplastic stages (2-4, 32). Hepatic sinusoidal
endothelia separate passenger leukocytes in the si-
nusoidal lumen from hepatocytes and act as a plat-
form for the adhesion of various liver-resident im-
mune cell populations. Thus, the endothelial cells
function as scavengers and pose potent immune
function as sentinel cells to detect microbial infec-
tion (4, 25). The pancreas showed strikingly dif-
ferent staining patterns between the two staining
procedures: frozen sections barely showed LYVE-
1 positive pancreatic islets (Figure 2-E) while par-
affin sections stained LYVE-1 in islets diffusely
and strongly (Figure 2-G). In paraffin-embedded
sections, 23 out of 25 cases of Pan-NETs, includ-
ing non-functioning Pan-NET, metastatic insuli-
noma in the liver and metastatic gastrinoma in the
lymph node, were negative for LYVE-1. Simulta-
neously, the normal tissues, including pancreatic
islets with adjacent lymphatic vessels, hepatic sinu-
soids, and lymphatic sinusoids, were all positively
stained for LYVE-1 (Figure 2-G, -H and -I) (4, 33).
In contrast, eight out of 25 Pan-NETs were posi-
tively stained for D2-40 (Figure not shown) (34).
This strong immunostaining was also observed
for staining pancreatic hormones in the paraffin-
embedded sections but not in the frozen sections
(Figures not shown). LYVE-1 and D2-40 positive
staining in islets support that islets are LYVE-1/
D2-40 filled endocrine organs, with which islets
function as a paracrine endocrine organ in the
lymphatic medium since all four pancreatic hor-
mones are interacting with each other by either
stimulating or inhibiting the secretion of the other
hormones for glucose homeostasis of the whole
body. In the paracrine islet system, insulin inhib-
its glucagon secretion, glucagon stimulates insulin
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Figure 7. Paracrine System of Four Pancreatic Endocrine Hormones. The solid line with an arrowhead signifies stimulatory
effect on the other hormone (s), while the broken line with an arrowhead signifies inhibition on the other hormone (s). For
instance, insulin secretion inhibits glucagon secretion while glucagon secretion stimulates insulin secretion. Somatostatin
(SRIF) secretion inhibits secretion of the three other hormones secretion and PP secretion inhibits SRIF secretion. From the

reference 35 (Tomita, T, Pathol Int. 2002,52(7):425-32).

secretion, somatostatin inhibits insulin, glucagon
and pancreatic polypeptide (PP) section, and PP
inhibits somatostatin secretion (Figure 7) (35). F-8
immunostaining with frozen sections showed bas-
kets of F-8 positive rich, round capillaries in the
islets, showing the presence of numerous, fenes-
trated capillaries in the endocrine pancreas by this
staining (Figure 2-F). Pancreatic islets occupy only
1-2% of the pancreatic tissue volume but receive
10-23% of the entire pancreas’ blood supply, which
supply rich capillaries in the islets (36, 37).

The intestine was technically difficult to cut
good frozen sections, and we used well-fixed par-
affin-embedded sections for immunostaining. The
colonic sections showed a few lymphatic vessels in
lamina propria but showed numerous lymphatic
vessels in the submucosa (Figure 3-A). Kennedy
et al. reported absent lymphatic vessels in lamina
propria of the normal human colon with some lym-
phatic vessels in most cases with inflammation and
neoplasia (12). We believe their negative staining
was due to non-optimal preservation of lymphatic
vessels in paraffin-embedded colonic tissue. Colon
lacks lacteals seen in the small intestine but is well
supplied with lymphatic vessels in lamina propria,
and the highest densities of lymphatic vessels are
found in the submucosa (12). Both lymphatic and
blood vessels penetrated longitudinally through

the colonic muscle wall to the subserosa (Figure
3-C and -D) (11), through which colonic cancer
cells may spread to the pericolonic lymph nodes
(38, 39). Blood vessels were abundant in lamina
propria and submucosal stroma (Figure 3-B)
(12). We observed more non-specific background
staining in the routinely paraffin-embedded sec-
tion than in the frozen sections, as shown in the
colonic muscular layers (Figure 3-C and D) (12).
Lymphangiogenesis occurs in adult tissue during
inflammation, wound healing, and tumorigenesis
(2-4). Colonic carcinoma invades through the lon-
gitudinal lymphatic vessels through the smooth
muscle wall to pericolonic lymph nodes, and some
lymphatic vessels are newly formed peritumorous
lymphatic vessels (12, 38, 39). The diaphragm pre-
pared longitudinally cut, and the sections showed
a few longitudinal LY VE-1 positive lymphatic ves-
sels in the fibrous septum. Simultaneously, there
were numerous small capillaries in the outer mar-
gin of the striated muscle bundle (Figure 3-E and
-F). This rich blood vessel network is thought to
be responsible for the hematogenous spread of
cancers, especially lung cancers to adrenal glands,
which accounts for 40% of metastasis (40). The
route of lung cancer metastasizes to the adrenal
gland is debated, mainly lymphatic route in the
early stage of cancer and mainly hematogenous
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spread in the late stage (40). When lung cancer
metastasizes through the diaphragm, the hema-
togenous spread is more likely through the more
abundant blood vessels than the less abundant
lymphatic vessels (Figure 4-E and -F). Besides, ad-
renal metastasis is usually in the medulla, not in
the adrenal cortex, and is often bilateral. Salivary
glands have the highest rate of lymphatic flow per
weight of tissues of all regions in the gastrointesti-
nal tract (41) as supported by numerous lymphatic
vessels in the gland (Figure 3-G).

The fibrous septum in the thyroid gland con-
tained linear lymphatic vessels and larger round
blood vessels (Figure 4-A and -B). These numer-
ous lymphatic vessels and more numerous blood
vessels are supported by a classic dye injection
study in the dog, in which numerous lymphatic
vessels were detected in the fibrous septa (42).
The adrenal sub-capsule contains numerous small
lymphatic and blood vessels, but few lymphatic
vessels in the cortical and medullary parenchymal
tissue are described by Merklin (43) (Figure 4-C
and -D). The adrenal medulla contains numerous
large blood vessels, which emerge from the hilum
before forming suprarenal veins and are the site of
lung cancer metastasis, bilateral in the rule. When
lung cancer metastasizes to the adrenal gland, the
cancer cells may reach the medulla via circulating
blood through the hilum’s blood vessels (44). Kid-
ney and liver tissues showed the most non-specific
staining in the frozen sections. The kidney tissue
showed a strikingly different distribution of lym-
phatic vessels and blood vessels: a few lymphatic
vessels around the glomeruli and between the tu-
bules (Figure 4-E) (45). Glomerular endothelia
were diffusely and densely stained for F-8, sug-
gestive of leaky capillary, while larger blood ves-
sels were stronger stained (Figure 4-F). Thus, we
stained fenestrated, leaking glomerular endothelia
with F-8 in the frozen sections (Figure 4-F). How-
ever, Pusztaszeri et al. reported completely nega-
tive staining for F-8 in the glomerular endothelia
in the paraffin-embedded sections but were posi-
tive for CD31 and CD34 (4). This is one of the ma-
jor immunostaining differences for F-8 between
frozen sections and paraffin-embedded sections.
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Ishikawa et al. studied formalin-fixed and paraf-
fin-embedded human kidneys fixed and found
abundant D2-40 positive lymphatic vessels in the
stroma around the interlobular and arcuate arter-
ies few sporadic lymphatic vessels in those around
glomeruli and cortical stroma (45). Lymphatic
vessels were seldom present in the medulla (45).
The structure and function of cardiac lym-
phatic vessels are not known. However, the heart’s
lymphatic vessels consist of terminal lymphatics,
of various diameters and lymphatic plexus that
drain continuously subendocardial, myocardial
and subepicardial areas (46) and regulate lymph
transport healing of the infarcted heart (46). There
were numerous small, scattered lymphatic vessels
and less numerous blood vessels in the ventricu-
lar wall in the frozen sections containing pericar-
dial blood vessels (Figure 5-A and -B). Pusztaszeri
et al. described capillaries positively stained for
CD31 and CD34 with some staining for F-8, but
there was no mention of lymphatic vessels in the
heart (4). Kambouchner and Bernaudin studied
pulmonary lymphatic vessels in the paraffin-em-
bedded human lung using D2-40 as a marker and
detected small lymphatic channels within the nor-
mal pulmonary lobules, emerging from intralobu-
lar stroma, and around small blood vessels con-
stituting the para-alveolar lymphatic vessels (47).
With frozen sections, we found numerous lym-
phatic vessels in the wall of terminal bronchioles,
respiratory bronchioles, to alveolar ducts. In con-
trast, lesser blood vessels were noted in the termi-
nal bronchioles to respiratory bronchioles (Figure
5-C and -D). Adenocarcinomas of the lung arise
at the terminal bronchial tree, have easy access to
the rich peribronchial lymphatics, and drain into
the hilar lymph nodes (48, 49). Alveolar capillaries
and arterioles of the lung were reportedly strongly
positive for CD31 and CD34 but negative for F-8
(50), reflecting smaller amount of F-8 attached on
the subendothelial surface. Small- to large-sized
blood vessels were positively stained for F-8 (4).
Bronchial arteries supply bronchial trees down
to the pulmonary alveolus, however, arterial and
venous vessels were not immunostained by F-8 in
the periphery of the respiratory bronchioles, likely




due to less amount of F-8 attached in the small ves-
sel and capillary endothelium.

Ovarian sections showed numerous small lym-
phatic and blood vessels around the Graafian fol-
licle and in the stroma with rich lymphatic vessels
and blood vessels (Figure 5-E and -F). Generally,
lymphatic vessels were slender while blood vessels
were plump with dilated, round lumens (Figure
5-E and -F). The ovaries’ lymphatic drainage path-
ways run via the ovarian and uterine ligaments
and ovarian cancer may spread through lym-
phatic vessels to sentinel nodes, para-aortic and
para-internal iliac arteries nodes (51). The pros-
tate showed numerous small lymphatic vessels in
the subcapsular and interstitial septa, where there
were even more numerous, small blood vessels
than lymphatic vessels (Figure 5-G and -H). There
were rich nerve fibers in the sub-capsule (Figure
5-G and -H). By double staining for blood vessels
and lymphatic vessels, there were numerous CD34
positive blood vessels but only a few LYVE-1 posi-
tive lymphatic vessels in the tissues with benign
prostatic hyperplasia and prostatic carcinoma, in
which the destruction of lymphatic vessels and
angiogenesis occurs (52). Peritumoral lymphatic
vessels are likely to serve as major conduits for
nodal metastasis (53), which spread to the deep
branches of internal iliac lymphatic nodes (54).
Rich vasculature in the prostate provides access
to hematogenous spread of high-grade prostatic
cancer, which is found in 35% of autopsy cases,
frequently involving bones (90%), lung (46%), and
liver (25%) (55).

To study lymphatic vessels in the endometrium
is a special technical challenge to pathologists since
the definite presence of lymphatic vessels had not
been reported using paraffin-embedded tissues:
some reported no lymphatic vessels in human
endometrium (56-58). Red-Horse et al. used 4%
paraformaldehyde-fixed and paraffin-embedded
section using LYVE-1 as a lymphatic vessel marker
and found no lymphatics in the non-pregnant hu-
man uterus (56). Koukourakis et al. studied for-
malin-fixed and paraffin-embedded human uterus
using LYVE-1 and CD31 and found LYVE-1 posi-
tive lymphatic vessels in myometrium only (57).
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Rogers et al. used paraffin-embedded sections of
the human endometrium using D2-40, CD31, and
F-8 for immunostaining. They reported lymphatic
vessels representing 13% of all vessels in functio-
nalis, 43% of basalis, and 28% in the myometrium,
respectively, with no difference in staining inten-
sity between functionalis and basalis lymphatic
vessels (58). Rogers et al. concluded that lymphatic
vessels in functionalis were significantly reduced
compared to basalis across the menstrual cycle
(58-61). Their photomicrographs showed weakly
immunostained lymphatic vessels in the small,
limited tissue areas using D2-40 and VEGF-C as
lymphatic vessel markers (58-62), which were not
to the same degree of staining reported by us using
frozen sections (63, 64). These photomicrographs
appeared to be taken from the much limited, se-
lectively cherry-picked, positively stained tissue
area since there were no large, overview photos of
lymphatic vessels at a lower magnification (58-62).
Indeed, we had a severe limitation to immunos-
tain lymphatic and blood vessels with routinely
processed paraffin-embedded uterine tissues us-
ing currently available commercial antibodies. We
need better antibodies against these vessels usable
for paraffin-embedded tissues of larger than 1 cm?.
The suggestive leaking blood vessels in glomerular
capillaries and Day 28 endometrium blood vessels
were densely immunostained for F-8 spreading
outside the blood vessels. These leaking blood ves-
sels were not observed in the paraffin-embedded
sections (58-61). Rogers et al. prompted us to
pursue the current study despite the elusiveness
of lymphatics presence in the endometrium (58-
60). Arterial changes with the menstrual cycle had
been well established. However, lymphatic vessels’
possible presence remains an enigma, although
lymphatic fluid constitutes a few percent of men-
strual fluid (58, 62). Using LYVE-1 as a lymphatic
vessel marker, we proved that there were also cyclic
changes of lymphatic vessels in the endometrium
in the menstrual cycle where there were few or no
lymphatic vessels in the early proliferative phase
functionalis. In contrast, lymphatic vessels prolif-
erated in the later secretory phase, growing from
basalis to functionalis, which dilated and burst in
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accord with blood vessel bursting during menstru-
ation (63, 64). Thus, the frozen section immuno-
cytochemical staining has validated this method’s
superiority over paraffin-embedded sections for
studying lymphatic and blood vessels. The new
findings from frozen sections will eventually shed
light on the basic histology and histopathology.
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