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Abstract

AIM: To clarify whether perimuscular connective tissue
contains more lymphatic vessels than the shallower
layers in human gallbladders.

METHODS: Lymphatic vessels were stained
immunohistochemically with monoclonal antibody D2-40,
which is a specific marker of lymphatic endothelium, in
representative sections of 12 normal human gallbladders
obtained at the time of resection for colorectal carcinoma
liver metastases. In individual gallbladder specimens,
nine high-power (x 200) fields with the highest
lymphatic vessel density (LVD), termed “hot spots”, were
identified for each layer (mucosa, muscle layer, and
perimuscular connective tissue). In individual hot spots,
the LVD and relative lymphatic vessel area (LVA) were
measured microscopically using a computer-aided image
analysis system. The mean LVD and LVA values for the
nine hot spots in each layer were used for statistical
analyses.

RESULTS: In the mucosa, muscle layer, and
perimuscular connective tissue, the LVD was 16.1 + 9.2,
35.4 £ 15.7, and 65.5 £ 12.2, respectively, and the LVA
was 0.4 + 0.4, 2.1 £ 1.1, and 9.4 £+ 2.6, respectively.
Thus, both the LVD and LVA differed significantly (P <
0.001 and P < 0.001, respectively; Kruskal-Wallis test)
among the individual layers of the wall of the gallbladder,
with the highest LVD and LVA values in the perimuscular
connective tissue. Most (98 of 108) of the hot spots
within the perimuscular connective tissue were located
within 500 um of the lower border of the muscle layer.

CONCLUSION: The perimuscular connective tissue
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contains more and larger lymphatic vessels than
the shallower layers in the human gallbladder. This
observation partly explains why the incidence of lymph
node metastasis is high in T2 (tumor invading the
perimuscular connective tissue) or more advanced
gallbladder carcinoma.
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INTRODUCTION
Gallbladder carcinoma is a highly lethal disease™”. Lymph node

metastasis occurs early and is a major reason for the dismal
prognosis for this disease””. The incidence of lymph node
metastasis increases with the depth of penetration of the pri-
mary tumor; it ranges from 0% to 8% for tumors that are
limited to the mucosa or muscle layer (I'1 disease according
to the TNM staging system'), whereas it ranges from 33%
to 62%"°" """ for tumors that have invaded the perimuscular
connective tissue (I2 disease). This suggests that lymph node
metastasis is frequent once the ptimary tumor has invaded the
perimuscular connective tissue of the gallbladder.

The architecture of the lymphatic system of the
gallbladder has been examined in various experimental
animals, and a well-developed set of lymph channels has
been described in the perimuscular connective tissuel ',
In 1989, Kambayashi reported similar findings for canine
gallbladdersm. The current study was conducted to clarify
immunohistochemically whether the perimuscular connec-
tive tissue contains more lymphatic vessels than the mu-
cosa or muscle layer of normal human gallbladders, using
monoclonal antibody 1D2-40, which is a specific marker of
the lymphatic endothelium*"”, and a computer-aided im-
age analysis system. The goal of the present study was to
suggest the hypothesis that the presence of more and larg-
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er lymphatic vessels in the perimuscular connective tissue
is linked to the reported high incidences of lymph node
metastasis in T2 (tumor invading the perimuscular connec-

tive tissue) or more advanced gallbladder carcinoma®”'",

MATERIALS AND METHODS

Twelve patients with colorectal carcinoma liver metastases
underwent partial hepatectomy combined with chole-
cystectomy between January and December, 2005. The
patient group included eight men and four women, with a
median age of 68.5 years (range, 42-80 years). None of the
patients had a history of biliary disease ot chronic liver dis-
ease. The gallbladder specimens obtained from the patients,
all of whom gave informed consent for histologically exam-
ining the specimens, were included in the present study.

Individual resected specimens were submitted to the
Department of Surgical Pathology in our hospital for gross
or histologic examination, which revealed that none of the
liver tumors involved the gallbladders. The gallbladders
(n = 12) were opened and examined grossly by experienced
surgical pathologists, who found neither mucosal lesions
nor gallstones in any of the viscera. The gallbladder speci-
mens were then fixed in formalin. A single longitudinal
representative section, which passed through both the tip
of the fundus of the gallbladder and the cystic bile duct,
was cut from each gallbladder specimen and embedded in
paraffin. Routine histologic examination with hematoxylin
and eosin staining detected no abnormalities in any of the
representative sections.

Anatomy of the gallbladder

The gallbladder is divided into three equal parts: the fun-
dus, body, and neck. Histologically, the wall of the viscus
comprises three layers: the mucosa, muscle layer, and peri-
muscular connective tissue (subserosal layer) i

Lymphatic vessel parameters

Lymphatic vessel density (LVD) was defined as the num-
ber of lymphatic vessels per mm? a high-power (X 200)
field with the highest LVD in an area was referred to as a
“hot spot”, in line with earlier studies”*'. Relative lym-
phatic vessel area (LVA) was defined as the percentage of
positively stained lymphatic vessel area in a hot spotmzﬂ.

Immunohistochemistry

The paraffin-embedded blocks of the representative sec-
tions (7 = 12) were used for immunohistochemistry. Three
serial sections (3 pum thickness) were cut from each block:
one for routine histologic examination using hematoxylin
and eosin staining, one for immunohistochemical staining
with monoclonal antibody D2-40, and one as a negative
control.

The mouse monoclonal antibody D2-40 (Signet Labo-
ratories, Inc., Dedham, MA) was used at a dilution of 1:200.
The streptavidin-biotin immunoperoxidase method was
used for detecting immune complexes. The sections were
deparaffinized and rehydrated, then microwaved at 500 W
for 7 cycles of 3 min each in 10 mmol/L citrate buffer (pH
6.0) to retrieve antigenic activity. After blocking of endog-
enous peroxidase, the sections were incubated overnight

Figure 1 D2-40 antibody-positive
lymphatic vessels in the wall of a
human gallbladder. The perimuscular
connective tissue contains more and
larger lymphatic vessels (arrowheads),
most of which are located within 500 um
(two-headed arrow) of the lower border
of the muscle layer (broken line), than
the mucosa or muscle layer (Original
magnification, X 100).

at 4°C with D2-40. The sections were then incubated at
room temperature for 30 min with goat anti-mouse im-
munoglobulin conjugated to a peroxidase-labeled amino
acid polymer, as provided in the SAB-PO (M) Kit (Nichirei
Biosciences Inc., Tokyo, Japan). Diaminobenzidine was
used as the chromogen, and the sections were counter-
stained with hematoxylin. Negative controls were treated
in the same manner, except that incubation with the pri-
mary antibody was omitted. Sections of normal human
tonsil were used as positive controls.

Computer-assisted morphometry of lymphatic vessels
The representative sections stained with the D2-40 anti-
body (#» = 12) were examined for LVD and LVA using an
Olympus FX 380 microscope (Olympus Co. Ltd., Tokyo,
Japan). By scanning each representative section at low
power (X 20), a total of nine hot spots, three for each part
of the gallbladder (fundus, body, and neck), was identified
per layer (mucosa, muscle layer, and perimuscular connec-
tive tissue) of the gallbladder. In individual hot spots, the
outlines of individual immunohistochemically stained lym-
phatic vessels were identified and traced using a computer-
aided image analysis system (FlvFs, ver 1.10; Flovel Co.
Ltd., Tokyo, Japan) at X 200 magnification, to measure
LVD and LVA.

Statistical analysis

The mean LVD and LVA for the nine hot spots per each
layer (or per each part) of the gallbladder were subjected
to statistical analyses. The Kruskal-Wallis test was used to
compate the lymphatic vessel parameters (LVD and LVA)
among individual layers (or individual parts). Statistical
evaluations were performed using the SPSS 11.5] software
package (SPSS Japan Inc., Tokyo, Japan). A P value < 0.05
was considered to be statistically significant.

RESULTS

D2-40 antibody-positive lymphatic vessels were found in
all 12 gallbladder specimens (Figure 1). Computer-assisted
morphometric analysis of the lymphatic vessels showed
that both the LVD and LVA values differed significantly
(P < 0.001 and P < 0.001, respectively) among the indi-
vidual layers of the wall of the gallbladder, with the high-
est LVD and LVA values found in the perimuscular con-
nective tissue (Table 1). Most (98 of 108) of the hot spots
within the perimuscular connective tissue were located
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Table 1 LVD and LVA values for individual layers of the wall

of the gallbladder (mean + SD, 7 = 12)

Layer of the wall of the LVD Pvalue’ LVA (%) Pvalue’
gallbladder (per mm?)

Mucosa 161+92 <0.001° 04+04 <0.001°
Muscle layer 354157 2111
Perimuscular connective tissue 65.5+12.2 94 %26

LVD: lymphatic vessel density; LVA: relative lymphatic vessel are; "Kruskal-
Wallis test, "P < 0.001 between mucosa, muscle and perimuscular connective
tissue of the gallbladder for both LVD and LVA.

within 500 um of the lower border of the muscle layer
(Figure 1). The LVD and LVA values did not differ among
the fundus, body, and neck (data not shown; P = 0.837 and
P = 0.756, respectively).

DISCUSSION

The monoclonal antibody D2-40, which was generated
against an oncofetal antigen that is expressed in fetal testes
and in testicular germ cell tumors, is recognized as a highly
specific lymphatic marker that does not react with the
vascular endothelium!*"”, Although it is difficult or some-
times impossible to distinguish morphologically lymphatic
vessels from venules or capillaries on routine histologic
examination, immunohistochemical staining using D2-40
enables easy identification of lymphatic vessels", Using
this method, we have clearly demonstrated that the LVD
and LVA values are significantly higher in the perimuscular
connective tissue than in the mucosa or muscle layer of
normal human gallbladders.

A tumor that invades the deep layers of the gallbladder
generally shows a higher histologic grade (less differentia-
tion) than a superficial tumor™”, Tt is very likely that a less-
differentiated tumor that invades the perimuscular connec-
tive tissue (T2 disease) causes a higher incidence of nodal
involvement than a differentiated tumor within the super-
ficial layers (T'1 disease). Another explanation for the high
incidences of nodal disease in T2 gallbladder carcinoma is

the higher abundance of vessels in the perimuscular con-
22]

nective tissue than in the shallower layers!™
demonstrated in the present study. The presence of more
and larger lymphatic vessels in the perimuscular connective
tissue (Figure 1) may increase the likelihood that the tumor
will permeate the lymphatic vessels. The hot spots were
prominent in the shallow (< 500 um) zone of the peri-
muscular connective tissue of the gallbladder (Figure 1);
this observation may partly explain why lymph node me-

tastasis often occurs even in tumors with shallow (< 2
[12]

, as clearly

mm) subserosal invasion

The results of the current study may provide a basis for
the investigation of lymphangiogenesis in gallbladder car-
cinoma. Recent evidence suggests that lymphangiogenesis
plays a key role in the development of nodal metastases
from various human malignancies, including head and neck

[21] [20,23]
, cutaneous melanoma R

squamous cell carcinoma

2 . 25
P4 and colorectal carcinoma™. However,
to the best of the knowledge, no investigations of this

type have been conducted on gallbladder carcinoma. Fus-

breast carcinoma
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ther investigations into the role of lymphangiogenesis in
gallbladder carcinoma are warranted.

The limitations of the present study include the retro-
spective nature of the analysis, the low number of speci-
mens examined, and the gallbladder specimens taken
from patients with colorectal carcinoma liver metastases.
Despite these limitations, the present work more cleatly
defines than earlier studies the abundance of lymphatic
vessels in the perimuscular connective tissue of the hu-
man gallbladder.

In conclusion, the perimuscular connective tissue (sub-
serosal layer) has more and larger lymphatic vessels than
the shallower layers of the human gallbladder. This obset-
vation partly explains why the incidence of lymph node
metastasis is high in T2 (tumor invading the perimuscular
connective tissue) or more advanced gallbladder carcino-
ma.
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