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Abstract

Incomplete characterization of the uterine cervix cancer from molecular point of view represents the main problem for the use of a proper
therapy in this disease. Few data are available about D2-40 expression in lymphatic endothelial cells and also in tumor cells from uterine
cervix cancer. The aim of the present work was to study the involvement of lymphatics in prognosis and tumor progression of the uterine
cervix lesions. We used D2-40 immunostaining to highlight lymphatic vessels from squamous cell metaplasia (n=17), cervical intraepithelial
neoplasia (n=11), carcinoma in situ (n=3), microinvasive carcinoma (n=4) and invasive carcinoma (n=19) using Avidin–Biotin technique
(LSAB+). Type and distribution of lymphatics in different lesions of the cervix were analyzed. We found significant correlation between
lymphatic microvessel density and tumor grade and particular distribution of the lymphatics linked to histopathologic type of the lesions.
Also, differences was found in lymphovascular invasion interpretation between routine Hematoxylin and Eosin staining specimens and
immunohistochemical ones. Our results showed differences in the distribution and D2-40 expression in lymphatic vessels and tumor cells
from the cervix lesions linked to histopathology and tumor grade.
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 Introduction
Cancer of the uterine cervix still represents a
problem in terms of its biological behavior, molecular
factors of prognosis and targeted therapy. The incidence
of this type of tumor was dramatically reduced by the
introduction in many countries of screening programs,
but this aspect mainly refers to as invasive lesions.
Consequently, the rate of precursor lesions was not
significantly changed in last years. In an effort to
prevent the occurrence of precursor lesions and invasive
cancer, few years ago a vaccine against human
papilloma virus was introduced on the market.
On the other hand, few data are available about the
molecular markers and their predictive value for the
development of carcinoma and response to therapy.
Most of the papers published in the field focused the
research to tumor cells, and less attention was paid to
the tumor stroma. It has not to be forgotten that in the
local tumor progression, angiogenesis, formation of new
blood vessels from preexisting, plays a crucial role.
More than 30 years ago, Folkman (1971) showed that in
human, tumors do not grow over 2–3 mm in the absence
of blood vessels. Since than, many studies investigated
the role of angiogenesis in tumor progression and
metastatic spread. In patients with cancer of the uterine

cervix was found a clear correlation between microvessel density, secretion of angiogenic factors and
expression of specific receptors, and stage of the tumor
and survival.
The lymph node status is a well-known prognostic
factor in almost all human tumors and is also very
important in defining therapeutic strategy. Despite the
importance of this element largely accepted and
recognized, lymphangiogenesis was significantly less
investigated [1, 2]. This is probably due to the lack of
specific markers of the lymphatic endothelium, which
were only recently introduced in practice. Moreover,
there are some unanswered questions regarding
lymphatic vessels: (1) Lymphatic vessels (LVs): do they
really originate in the postcapillary venules? (2) Can we
speak about a true lymphangiogenesis in tumors of
the uterine cervix? (3) In which step of uterine cervix
cancerogenesis lymphangiogenesis really begins?
(4) How the tumor cells enter the initial lymphatic
vessels? (5) Does the lymphatic microvessel density
(LMVD) have predictive impact in patients with cancer
of the uterine cervix, as it was demonstrated in tumors
with other locations? Data available about LVs in
tumors of the uterine cervix are rare and controversial,
and moreover, there are almost no references regarding
precursor lesions and normal cervix [3, 4].
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For all these reasons, we investigated a broad
spectrum of neoplastic lesions of the uterine cervix and
we focused on the identification of LVs. The purpose
was to evaluate the prognostic value of LMVD and to
compare values for lymphovascular invasion detected
on routine stained sections and on slides stained for the
most specific marker of the lymphatic endothelium,
D2-40.
 Material and Methods
There were investigated targeted biopsies of the
uterine cervix and specimens taken from conization in
patients with macroscopically detectable lesions.
Specimens were fixed in formalin buffer and paraffinembedded based on the conventional histological
technique. Step sections, 5 µm thick, were performed
for each case. Initial sections were stained with
haematoxylin-eosin, for the pathological diagnosis and
grade of the tumor. Lesions were stratified as follows:
squamous cell metaplasia (n=17), cervical intraepithelial
neoplasia (n=11), carcinoma in situ (n=3), microinvasive carcinoma (n=4) and invasive carcinoma
(n=19). Normal uterine cervix taken from conization
specimens were used as control (n=8). In the subgroups
with microinvasive and invasive carcinoma, the grade of
the tumor was G1 in 11 cases, G2 in eight cases, and G3
in four cases. Additional sections from each case were
stained for D2-40, which recognizes the formalininsensitive epitope of podoplanin. Immunohistochemical technique was based on Avidin–Biotin
technique using LSAB+ working system, which followed after incubation with primary antibody – D2-40,
RTU, DakoCytomation (Denmark) – for 30 minutes.
Basal cells of stratified squamous epithelium of the

cervix and lymphatic endothelial cells were considered
as positive control. Nuclei were stained with Lillie’s
modified Hematoxylin. The entire immunohistochemical procedure was performed with DakoCytomation
Autostainer.
LMVD was calculated based on the hot spot method,
using the following protocol: three hot spots from each
section were chosen at low power magnification and
counting was performed at ×200. The arithmetic media
of the three fields was the final result. The counting
followed all the steps recommended by Weidner N et al.
(1992) [5], and Van der Auwera I et al. (2006) [6].
Microscopic images were captured as JPEG format, and
area of the LVs was calculated using Nikon Lucia G
program of analysis of the microscopic image. Statistic
analysis was performed with SPSS13.0 soft, and
included chi-square and Student’ tests, p<0.05 being
considered as significant.
 Results
Specificity of D2-40
In the normal specimens taken from conization, the
final product of reaction was restricted to the lymphatic
endothelium and did not stained the endothelium of
blood vessels (Figure 1a).
On the other hand, D2-40 was not entirely specific
for lymphatic vessels, because we found positive
reaction in basal cells of the stratified squamous
epithelium of the exocervix (Figure 1b).
The reaction was strong in both instances with membrane enhancement in the case of lymphatic endothelial
cells and diffuse pattern was noticed in basal cells.

(a)

(b)
Figure 1 – Lymphatic vessel with endothelium positive for D2-40 and negative blood vessel (a, ×400). Strong reaction
in basal epithelial cells (b, ×400). D2-40 immunostaining.

Type and distribution of LVs in the normal
uterine cervix

In the muscle layer, LMVD ranged between 5.3 and 7,
with an average of 6.15.

In the superficial lamina propria of the normal
cervix, LVs were very rare and small or even absent
(Figure 1a). In all normal cases, LVs, if found, were
located at some distance from the epithelium. In the
deep lamina propria we noticed the presence of D2-40
positive vessels with density that ranged between 5 and
6.6 vessels/×200, with an average of 5.8 (Figure 2a).

Type and distribution of LVs in precursor
lesions
In squamous cell metaplasia the distribution and
number of LVs was not significantly different from
results found in the normal cervix. A significant
increase in the number of LVs was found in cases with
cervical intraepithelial neoplasia high-grade. In these
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cases, we noticed the presence of many LVs located
close to the epithelium and was associated with a significantly increased expression of D2-40 in basal cells
(Figure 2b). LMVD in CIN ranged between 5.3 and 11,
with an average of 8.15.
Lymphatics in microinvasive and invasive
carcinoma
Intratumoral LVs were found in both microinvasive
and invasive carcinoma (Figure 2, c and d). Intratumoral
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LVs were very rare, small, with narrow lumen, irregular
wall and without content of tumor cells. Peritumoral
LVs were significantly more numerous, large, sinuous,
and occasionally contained tumor cells (Figure 2e).
LMVD in cases with invasive carcinoma ranged
from 0 to 12.3, with an average of 6.15. In microinvasive carcinoma, LMVD has values ranged
between 10.3 and 19.3 with an average of 14.8 vessels/
×200.

(a)

(b)

(c)

(d)

Figure 2 – Lymphatic vessel in the deep lamina propria
(a). Increased number of lymphatic in intraepithelial
neoplasia high-grade (b). Lymphatic vessel in the
tumor area of the microinvasive carcinoma (c). Peritumoral lymphatic vessels in invasive carcinoma (d).
Lymphovascular invasion (e). D2-40 immunostaining,
×400.

(e)

Expression in tumor cells
D2-40 positive tumor cells were found in 19 cases
(82.7%). The reaction was considered positive if more
than 5% of tumor cells were stained, with focal, diffuse
and mix pattern. We defined the diffuse pattern as nests
of tumor cells entirely positive for D2-40, focal pattern
as nests or islands of negative tumor cells surrounded by

one or more intensely stained cell layers, and a
combination for the first two for the mix pattern.
In seven from 23 cases (30.43%), large cords or nests of
negative tumor cells were decorated with one or two
layers of D2-40 positive tumor cells (Figure 3a).
In 10 cases (43.47%), the reaction was positive in all
tumor cells heterogeneous or homogenous (Figure 3b).
Mix pattern was found in only two cases (8.69%)

592

L. Şaptefraţi et al.

(Figure 3c). Notably, small groups with all cells stained
were found in the deepest part of the tumor, at the front
of proliferation. Correlation with the grade of the tumor
of these three expression patterns was not significant for
G1 (p=0.364), but half of these cases had diffuse pattern
of D2-40 expression in tumor cells. Also, G2 (p=0.417)
and G3 (p=0.564) tumor grade failed to correlate with
D2-40 expression in tumor cells. Despite of this lack of
correlation between tumor grade and expression pattern
the diffuse expression pattern was predominant in G1
and G2 cases.

Lymphovascular invasion
On Hematoxylin–Eosin stained slides, lymphovascular invasion was suspected in 11 from 23 cases (47.8%).
When examining sections stained for D2-40, lymphovascular invasion was demonstrated only in six cases
(26%). We found no correlation between histopathology
and LMVD (p=0.631). Concerning the grade and
LMVD, there was a significant correlation between G2
and LMVD value (p=0.044). No significant correlation
was noticed for cases with G1 (p=0.083) and G3
(p=0.222).

(a)

(b)

Figure 3 – Expression of D2-40 in tumor cells. Focal
pattern (a, ×400). Diffuse pattern (b, ×400). Mix pattern
(c, ×100).

(c)

 Discussion
For many years, it was difficult to discriminate
between lymphatic capillaries and blood vessel
capillaries based only on morphological grounds.
The introduction of highly specific markers, as
VEGFR3, LYVE-1, Prox 1, podoplanin and D2-40,
brought new insights into the knowledge of distribution
and morphology of LVs, and allowed their counting on
histological sections. We have chosen D2-40 for the
present study because of its high sensitivity and
specificity in detection of lymphatic vessels, as pointed
out by many other publications [7, 8]. Our results
showed that D2-40 stains lymphatic endothelium and
does not stain blood vessel endothelium. This property
can be used to evaluate LMVD in relation with
conventional prognostic factors in many malignant
tumors.
We also found a strong expression of D2-40 in basal
cells of the covering epithelium of the uterine cervix.
This is in accord with other findings that showed the

expression of this marker in a relatively large variety of
normal cells, like podocyte, osteoblast, alveolar type I,
myoepithelial, dendritic folicular, germ cells, or reserve
cells of the sebaceous gland [9–13]. The spectrum of the
positive reaction in normal tissues showed that in the
normal and pathological uterine cervix only LVs and
basal keratinocytes are expected to be stained.
We found many LVs in the superficial lamina
propria of the cases with high-grade intraepithelial
neoplasia. This aspect, also found by others [14] could
signify an early lymphangiogenesis during uterine
cervix carcinogenesis. The formation of LVs in the
superficial lamina propria could be induced by soluble
factors secreted by basal cells, which in their turn, were
intensely stained with D2-40.
LVs were found in a variety of human tumors, like
prostate adenocarcinoma [15], malignant melanoma
[16, 17] breast cancer [18], squamous cell carcinoma
[12, 19], or gastric cancer [13]. In almost all these
studies, a correlation was found between LMVD, stage
of the tumor, and lymph node status. Another common
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aspect is related to the type of LVs, and there is a
general agreement that peritumoral vessels are signifycantly more numerous than intratumoral LVs [20].
Moreover, in some cases LVs were not found in the
tumor area but only in the peritumoral tissue.
Relatively few studies addressed to lymphangiogenesis in neoplastic lesions of the uterine cervix. From
them, some addressed to the prognostic value of the
lymphovascular invasion in relation with lymph node
status and systemic metastasis [3, 4]. It was found that
lymphovascular invasion is significantly higher in
patients with metastases than in cases without, as
otherwise expected. In the present study, we showed
that lymphovascular invasion was detected on
Hematoxylin–Eosin stained slides in 11 from 23 cases,
and the value decreased to six cases after the
examination of D2-40 stained slides. Our results are in
contrast with data found by others in the endometroid
adenocarcinoma of the uterine body, which found an
overestimation of the lymphovascular invasion using
D2-40 [4]. In another study on squamous cell carcinoma
of the uterine cervix, it was shown a definite
overestimation of the lymphovascular invasion by
routine examination [3], as we found in the present
study. This observation strongly suggests the use of
D2-40 staining method for an accurate diagnosis of
lymphovascular invasion in order to predict lymph node
metastases. There is a general agreement that
lymphovascular invasion accurately predicts lymph
node metastasis, and moreover, its grade seems to be
highly suggestive. The entry of tumor cell in initial LVs
is still a subject of debate. Recent studies showed that in
this process, activation of vascular endothelial growth
factor receptor 3 is crucial for spread via LVs [21, 22].
The prognostic value of LMVD is still controversial
in many human tumors and it was not yet completely
characterized in tumors of the uterine cervix. Some
authors showed that LMVD significantly increases from
the normal uterine cervix to invasive carcinoma [14].
In the present study, it was sometimes difficult to count
LVs because a significant number of cases with invasive
carcinoma showed strong positive reaction in tumor
cells. This is why we took in account only vessels with
definite lumen. We found a significant increase in the
values of LMVD from patients with squamous
metaplasia to intraepithelial neoplasia. This could
indicate that lymphangiogenesis is an early event during
carcinogenesis. LMVD significantly decreased in cases
with invasive carcinoma and this could be due to the
very low number of the intratumoral LVs. Based on
these data, it can be speculated that only peritumoral
LMVD associated with lymphovascular invasion are
strong predictors of lymph node metastasis.
The expression of D2-40 and podoplanin in tumor
cells was reported in a variety of human tumors, like
squamous cell carcinoma [23, 24], mesothelioma [25],
germ cell tumors [26, 27], and brain tumors [28].
In invasive carcinoma of the uterine cervix, D2-40/
podoplanin positive tumor cells were reported in 71% of
the cases (with diffuse staining 12% of cases, and focal
in 59%). A correlation was found between the presence
of D2-40 positive cells, lymphovascular invasion, and
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lymph node metastasis [29]. Surprisingly, in another
work of the same team, it was shown that low podoplanin expression in the initial biopsy from patients
treated by primary irradiation, correlates with high risk
for lymphovascular invasion and lymph node metastasis
[30]. In the present study, we found D2-40 positive
tumor cells in 19 from 23 cases (82.7%). This value is
relatively higher than in the literature, but this aspect
can be explained on one hand by the relatively reduced
number of cases, and on the other it was not a
randomized study. It has to be pointed out that we
introduced a third pattern of D2-40 expression in tumor
cells, the mix variant, which was not reported in the
literature. Our results showed that only a minority of the
cases belong to this group (8.69%). We also found a
significant correlation between D2-40/LMVD and
grade. This correlation was restricted for cases with G2.
These are preliminary data only. Further studies with
high number of cases will be needed to confirm present
findings. In cases with focal pattern, D2-40 positive
cells were located in most instances at the interface with
tumor stroma, and based on this aspect, it could be
speculated that this aspect may indicate progression and
invasion as shown by others [31]. Whether the
expression of D2-40/podoplanin by tumor cells reflects
a low or high risk for lymph node metastasis and
invasion remains to be clarified in large series of
patients.
 Conclusions
We found a high value of LMVD in both
intraepithelial neoplasia and microinvasive carcinoma.
For the latter, the highest LVMD compared with other
histopathologic types suggest that invasion is
accompanied by an activation of lymphangiogenesis,
which might be involved in the progression of the
uterine cervix cancer. Despite of the lack of any
correlation between D2-40 expression by tumor cells
and histopathologic parameters we noticed that diffuse
pattern predominates especially in type G1 invasive
carcinomas. A potential targeted therapy against D2-40
epitope could be based on these findings.
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