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Using D2-40 immunohistochemistry, we examined the morphology of lymphatic 
vessels (LVs) in, along and around the uterus of 10 donated female cadavers 
(mean age, 85 years). All these women had 1 or 2 children with vaginal delivery, 
but the other obstetrics information was unknown. When compared with the 
bladder, vagina and the subperitoneal tissue, the percentage area of LVs in a 3 × 
2 mm square including the hot spot was extremely high along the uterine artery 
and superficial uterine vein, in spite of the silent physiology of the elderly uterus. 
Notably, the LVs along the uterine artery and superficial uterine vein were highly 
dilated and embedded in the tight connective tissue around the artery and vein. In 
contrast, the LVs were separated from the artery and vein in the so-called vesico-
-uterine ligament. Thus, surgical separation of the LVs from the artery and vein, 
i.e., skeletonisation, appears very difficult along the uterine artery and superficial 
uterine vein. This may become a major factor limiting the future application of 
robot-assisted surgery for uterine cancers. (Folia Morphol 2016; 75, 2: 232–239)
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INTRODUCTION
According to classical macroscopic studies of in-

fants and children [18, 22], the lymphatic vessels 
(LVs) from the uterus take several courses at various 
levels on the superficial (subperitoneal) to deep (sa-
cral) side of the pelvis, although lymphatic tissues 
are well developed in the young. Recently, however, 
in an excellent injection study using fresh adult ca-
davers, Ercoli et al. [3] demonstrated that the su-
praureteric lymphatic route along the uterine artery 
and superficial uterine vein plays a major and critical 
role in metastasis of cancer from the uterine cervix, 

in contrast to the infraureteric route along the deep 
uterine vein as well as the neural paracervical route in 
the nerve-rich deep part of the cardinal ligament. In 
fact, using D2-40 immunohistochemistry of cardinal 
ligament specimens removed from cervical cancer 
patients, Hoffman et al. [8] demonstrated discon-
tinuous micrometastases in the soft tissue around 
the uterine artery and superficial uterine vein and  
a cluster of carcinoma cells in a lymphatic vessel adja-
cent to the uterine artery. Recently, Weber et al. [31] 
confirmed similar micrometastasis in LVs in patients 
with endometrial cancer. 
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Surprisingly, the injection study by Ercoli et al. [3]  
using adult cadavers was the first of its kind and  
rather limited in scope. This situation is clearly dif-
ferent from other viscera, such as the lung and oe-
sophagus [20], mammary gland [26] and stomach 
[16, 23]. Thus, application of sentinel node biopsy 
for carcinomas of the uterus [11, 12] appeared to 
precede descriptions of normal adult anatomy of the 
lymphatic drainage routes. Likewise, to our knowl-
edge, no or few studies have demonstrated the LVs 
around the normal uterus using D2-40 immunohisto-
chemistry, in contrast to the extensive accumulation 
of knowledge of D2-40-positive LVs in other normal 
viscera (e.g., oesophagus [34], prostate [6], kidney [9] 
and others [7]). Rather than LVs around the uterus, 
endometrial LVs have been a major focus of interest 
for researchers in relation to the sexual cycle [19, 21, 
28]. Consequently, the aim of the present study was 
to clarify the morphology of LVs in, along and around 
the human uterus. 

MATERIALS AND METHODS
The study was performed in accordance with 

the provisions of the Declaration of Helsinki 1995 
(as revised in Edinburgh 2000). We examined 10 
donated female cadavers ranging in age from 73 to 
100 years, with a mean age of 85 years. All these 
women had 1 or 2 children with vaginal delivery, but 
the other obstetrics information was unknown. The 
cause of death had been ischaemic heart failure or 
intracranial bleeding, and we confirmed that none 
of the individuals had undergone surgery during 
life by reference to medical documents as well as 
macroscopic observation upon opening the abdom-
inopelvic cavity. These cadavers had been donated 
to Tokyo Dental College for research and education 
on human anatomy, and their use for research had 
been approved by the university ethics committee. 
The cadavers had been fixed by arterial perfusion 
with 10% v/v formalin solution and stored in 50% v/v 
ethanol solution for more than 3 months. In these 
cadavers after fixation, we did not find any types of 
pelvic organ prolapse. From one cadaver, we pre-

pared one large tissue block including the posterior 
half of the bladder, the whole uterus, the upper part 
of the vagina, parts of the rectum, the lower end of 
the ureter, and any connective tissue around these 
viscera. Five to seven macroscopic slices (15 mm 
thick) were prepared from each of the hemiblocks 
after bisection along the midsagittal line. After per-
forming routine procedures for paraffin-embedded 
histology, 5 to 7 large sections (70 × 50 mm) stained 
with haematoxylin and eosin (HE) were prepared at 
2–3-mm intervals from each of the macroslices. The 
sectional planes corresponded to tilted horizontal 
planes according to Tamakawa et al. [27] in order 
to show together the bladder, uterus (or vagina) 
and rectum in a single plane. After observation of  
a large section, we prepared normal-sized sections for  
D2-40 immunohistochemistry near the plane used 
for the large section. In this manner, we gradually 
acquired a combination of large HE histology prepa-
rations and several immunohistochemical sections 
ranging from the surface of the paraffin block to 
the bottom, covering a thickness of almost 15 mm.

The primary antibody (monoclonal anti-human 
podoplanin; Nichirei D2-40, code No. 413451,  
Tokyo, Japan; 1:100 dilution) was used after immer-
sion in a ligand activator (Histofine SAB-PO Kit, code 
No. 415211, Nichirei, Tokyo, Japan) with autoclave 
treatment (105°C, 10 min). The second antibody (Dako 
Chem Mate Envision Kit, Dako, Glostrup, Denmark) 
was labelled with horseradish peroxidase, and anti-
gen-antibody reactions were detected using horse-
radish peroxidase catalysis with diaminobenzidine. 
Counterstaining with haematoxylin was performed on 
the same samples. A negative control without a first 
antibody was set up for each of the specimens. Ob-
servations and photography were usually performed 
with a Nikon Eclipse 80, but photos at ultralow mag-
nification (with an objective lens of less than ×1) were 
taken using a high-grade flat scanner with translucent 
illumination (Epson® scanner GTX970).

Using cross-sectional histology with D2-40 im-
munohistochemistry, we took photos at hot spots 
of LVs [32] in each of the sections to allow compari-

Table 1. Percentage area of lymphatic vessels at hot spots in sections

Uterine arteries1 Vesical arteries2 Subperitoneal3 Paravaginal4 Myometrium Bladder5 Ureter5

18.7 ± 3.8 16.0 ± 5.1 15.3 ± 7.3 19.1 ± 5.6 7.7 ± 5.4 12.7 ± 2.4 5.7 ± 1.7

Mean ± standard deviation (% in 6 mm2 including accumulation of lymphatic vessels); 1Along and around the uterine artery and its branches; 2Along and around the superior vesical 
arteries and veins; 3In the subperitoneal tissue in the broad ligament of the uterus; 4In the paracolpium or paravaginal tissue 3–4 cm below the uterine cervix; 5In smooth muscles of the 
bladder or ureter.
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son among the 7 sites (Table 1). After tracing of the 
D2-40-positive vessels, we measured them using the 
ImageJ version 1.45 software package (developed at 
the United States. National Institutes of Health and 
available on the internet at http://rsb.info.nih.gov/ij/). 
We calculated the cross-sectional area of the vessels. 
Analysis of pixel colour distribution allowed us to 
determine the percentage area concentration of each 
stained tissue component [13]. The present target 
colour was black after manual tracing of LVs on the 
photos. We measured the density as a percentage of 
black colour pixels in a rectangular area (3 × 2 mm 
under a 4× objective lens) of each tissue, i.e., the 
percentage area. The scanned (Adobe Photoshop®) 
images of each site were processed using ImageJ. We 
deleted structures other than LVs digitally as well as 
manually. As a control for the uterus, we measured 
LVs in the ureter, bladder and rectum. 

RESULTS
To provide a better understanding of the topo-

graphical anatomy of the present histological sections 
used for D2-40 immunohistochemistry, ultra-low 

magnification views of the large sections are shown 
in Figure 1. The present figures show 4 of 10 speci-
mens examined, although the immunohistochemistry 
was performed successfully for all specimens. The 
immunoreactive lymphatic endothelium was often 
detached or fragmented, possibly due to lag-time 
after death, but we were able to identify the original 
lumen around the positive membranous structures. To 
improve the contrast, D2-40-positive LVs are labelled 
yellow in Figures 2–5. LVs from the uterus, bladder 
and rectum ran along the feeding artery and drainage 
vein. However, along and around the vaginal wall, we 
often found LVs separated from or independent of 
the artery and vein: some LVs ran transversely along 
the anterior or posterior wall of the vagina, but most 
of them appeared to run along the longitudinal axis. 
Notably, in contrast to LVs from the vagina, bladder 
and rectum, LVs near the uterus were embedded in 
tight connective tissue surrounding branches of the 
uterine artery and tributaries of the superficial uter-
ine vein (Figs. 2, 3D, 4A). Thus, the vascular sheath 
of the uterine vessels was not laminar or fascial, but 
appeared to be an irregularly-arrayed fibrous mass. 

Figure 1. Topographical anatomy of the present histo-
logical sections for D2-40 immunohistochemistry; hae-
matoxylin and eosin staining. Tilted horizontal sections. 
A. An 83-year-old woman. The vesico-uterine pouch 
of the peritoneal cavity; B. An 80-year-old woman. 
The posterior fornix of the vagina (V); C. A 73-year-old 
woman. The superficial part of the cardinal ligament;  
D. A 73-year-old woman. A cross-section of the body of 
the uterus (UT); D. The obturator internus muscle (OI) 
was partly detached during the histological procedure; 
E. A 100-year-old woman. A cross-section of the broad 
ligament of the uterus (arrow with R or B indicates the 
rectal side or bladder side of the panel); F. A 73-year-old 
woman. The paracolpium or paravaginal connective 
tissue; B — bladder; LA — levator ani muscle; P — 
peritoneum; R — rectum; UA — uterine artery;  
UR — ureter.
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The tight connective tissue rarely contained nerves 
(figures not shown). Because of the highly tortuous 
courses of the arterial branches, LVs formed a complex 
network. Along the uterine arterial branches as well 
as in the broad ligament of the uterus, most of the 
LVs were dilated. In contrast, abundant thin LVs ran 
beneath the peritoneum (Fig. 3B).

In the bladder, intramural LVs were distributed 
evenly in the smooth muscle layer, ran along and 
around the smooth muscle bundles and joined col-
lecting vessels along the thin intramuscular artery and 
vein (Fig. 5). Thus, abundant LVs were independent 
of, and separated from, the artery and vein in the 
bladder. In contrast, in the myometrium and vaginal 
wall, any LVs tended to run along thin arteries and 
veins in the smooth muscle (Fig. 4). In spite of the low 
percentage area in the myometrium, the percentage 
area of LVs along the uterine arterial branches was 
greater than that along the superior vesical arteries 

and concomitant veins (Table 1). In the loose para-
colpium or paravaginal tissue, we found no significant 
difference in the percentage area between the anteri-
or and posterior sides of the vagina. The percentage 
area of LVs was low in the ureter smooth muscle 
and high in the bladder smooth muscle. As the small 
standard deviation indicated (Table 1), the bladder 
intramuscular LVs were consistently well developed, in 
contrast to those in the myometrium. Neither valves 
nor smooth muscle layers were found in the present 
LVs in, along and around the female pelvic viscera. 
Likewise, we were unable to find the open initial end 
of LVs in the myo- and endometrium of the uterus.

DISCUSSION
The present study may be the first histological 

demonstration of LVs in, along and around the pelvic 
viscera of elderly human females without cancer. The 
smooth muscles of the bladder consistently contained 

Figure 2. Lymphatic vessels along branches of the 
uterine artery near the uterus (UT); A. A higher-magni-
fication view of the square in Figure 1A (an 83-year-old 
woman); B. Corresponds to the square in Figure 1B 
(an 80-year-old woman); C. Displays the square in 
Figure 1C (a 73-year-old woman); D. Corresponds to 
the square in Figure 1D (a 73-year-old woman). Most of 
the lymphatic vessels (coloured yellow) are embedded 
in tight connective tissues (stars) along the arterial 
branches. Arteries are indicated by “a”.
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abundant LVs in all parts, possibly having a functional 
role other than drainage, such as filling the spaces 
between smooth muscle bundles to maintain their 
configuration when relaxed. However, in spite of the 
advanced age of the subjects, in whom no function-
al demand would be expected, the LVs along and 
around the uterus and vagina were well developed 
and often dilated, occupying in high percentage area 
of the sections. The most striking finding was that LVs 
from the uterus were embedded in tight connective 
tissue along the uterine artery and superficial uterine 
vein. This vascular sheath was quite different from  
a loose, laminar or fascial structures surrounding 
the LVs from the bladder and rectum. The tight vas-
cular sheath appeared to be absent in the so-called 
vesico-uterine ligament, which has been one of the 
important targets of dissection in radical hysterec-
tomy, especially in Japan [4, 33]. LVs in the female 
pelvis, especially around the uterus, seemed unlikely 

to be involved in active drainage because they lacked 
valves and smooth muscle in contrast to the tight 
sheath. Due to the physiologically silent nature of 
the uterus and vagina in the elderly, the abundant 
dilated LVs might act as a reservoir of lymph in the 
pelvis, although this is hypothetical. In addition, being 
different from Zöltzer [35], we did not find open initial 
ends of LVs in and around the uterus.

Ueno et al. [29] demonstrated extranodal micro-
scopic foci of cancer metastasis in surgical specimens 
of perirectal loose tissues from patients with rectal 
cancer. These metastatic foci were discontinuous with 
either the lymph nodes or the primary cancer lesion. 
We consider these to represent metastasis along LVs 
independent of any artery or vein. In contrast, most 
of the LVs from the uterus and vagina seemed to 
accompany the artery and vein, and were highly di-
lated without any dynamic change of flow. Thus, 
micrometastases in LVs from carcinomas of the uter-

Figure 3. Lymphatic vessels beneath the peritoneum  
(P) and near the bladder (B) and ureter (UR); A. Dis-
plays the broad ligament of the uterus and corresponds 
to a higher-magnification view of the square in Figure 1E 
(a 100-year-old woman); B (subperitoneal tissue),  
D (the ureter). Display the squares in Figure 1C,  
respectively (a 73-year-old woman). Near the ureter, 
lymphatic vessels (coloured yellow) are embedded in 
tight connective tissue (stars in panel D) along an artery;  
C. Corresponding to the square in Figure 1F (a 73-year- 
-old woman), exhibits lymphatic vessels along the ar-
teries to the bladder. Arteries are indicated by “a”.
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Figure 4. Lymphatic vessels in the myometrium and the 
vaginal wall; A. Corresponding to a higher-magnification 
view of the square in Figure 1E (a 100-year-old woman); 
B. Corresponding to the square in Figure 1A (an 83-year- 
-old woman), show lymphatic vessels in the myometrium 
(UT — uterus). The uterine arterial branches accompany 
tight connective tissue containing lymphatic vessels 
(stars in panel A); C (anterior wall), D (posterior wall). 
Corresponding to the squares in Figure 1F, respectively 
(a 73-year-old woman), display lymphatic vessels in the 
vaginal wall. Arrows indicate the vaginal squamous epi-
thelium (C, D). Arteries are indicated by “a”.

us, if they occur, are likely to become resident and 
grow. Micrometastasis along the uterine artery and 
superficial uterine vein has recently been considered 
a prognostic factor in patients with cervical and en-
dometrial cancers [1, 10, 30].

In general, “skeletonisation” of the artery and 
vein (i.e., complete removal of the vascular sheath 
containing LVs) appears to be one of the basic tech-
niques for radical and extended lymphadenectomy 
in cancer surgery, although it often creates side 
effects due to removal of autonomic nerves [15]. 
Smith et al. [24] reported laparoscopic skeletoni-
sation of the uterine artery for conservative man-
agement of cervical carcinoma. In their excellent 
injection study using fresh cadavers, Ercoli et al. [3] 
demonstrated the supraureteric lymphatic route 
along the uterine artery and superficial uterine vein 
plays a major and critical role in cancer metastasis 
from the uterine cervix. However, because of the 

tight entrapment of LVs close to the artery and 
vein, as shown in the present study, preservation of 
the uterine artery during complete removal of the 
lymphatic route would seem to be difficult. In fact, 
the mode for management of the uterine artery has 
been a focus of discussion in recent proposals for 
a new, more anatomically precise, classification of 
the radical hysterectomy procedure [14, 17]. Howev-
er, the first surgical priority in patients with cervical 
cancer should be minimizing the possibility of fail-
ure to remove isolated paracervical neoplastic foci. 
Therefore, nerve-sparing radical hysterectomy [5, 33]  
seems to offer the most effective balance between 
oncological safety and surgery-related complications, 
and would be particularly useful in selected patients 
such as those with early-stage disease but a high risk 
of paracervical involvement. Robotic lymphadenec-
tomy including skeletonisation of the artery and vein 
has been tried at several hospitals for gastric cancer 



238

Folia Morphol., 2016, Vol. 75, No. 2

Figure 5. Lymphatic vessels in the smooth muscles 
of the bladder; A. A higher-magnification view of the 
square in Figure 1B (an 80-year-old woman), displays 
lymphatic vessels (arrows) along a vein draining to the 
external surface of the bladder; B. Corresponding to the 
square in Figure 1A (an 83-year-old woman), exhibits 
lymphatic vessels along and around loosely arranged 
smooth muscle bundles; C. Corresponding to the 
square in Figure 1F (a 73-year-old woman), the vessels 
are scattered among tightly arranged smooth muscle 
bundles. 

surgery [2, 25]. However, the future application of 
robot-assisted surgery for uterine cancer may be diffi-
cult when it includes complete resection of LVs along 
the uterine artery and superficial uterine vein, due to 
the tight nature of the connective sheath. 

CONCLUSIONS
Since most of the LVs along the uterine artery 

and superficial uterine vein were embedded in the 
tight connective tissue sheath of the artery and vein, 
surgical separation of the LVs near and around the 
uterus seemed to be difficult in women who had 
children with vaginal delivery.
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