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Abstract Lymphatic dissemination is one of the most
important pathways for metastasis in many solid tumors,
including head and neck carcinomas. The lymphatic
growth of cancer has been used as a significant independent
adverse prognostic factor and provides information about
tumor progression. Salivary gland tumors present different
prognoses and have the ability to develop metastases;
however, this information regarding the lymphatic spread
is scarce. This paper quantifies the lymphatic microvessel
density (LMD) in benign and malignant salivary gland
tumors and analyzes the relationship between LMD and
tumor expression of vascular endothelial growth factors C
(VEGF-C) and the proliferative index. The results show
that there is no correlation between LMD, VEGF-C and the
proliferative index in the majority of salivary gland tumors
analyzed, apart from polymorphous low-grade carcinoma
which exhibits statistical correlation between LMD and the
proliferative index (p < 0.05). This correlation probably
does not indicate a poor prognosis for this PLGA, since this
is a low metastasizing carcinoma of the salivary glands.
Different from other solid tumors, such as breast or pro-
static carcinomas, there is no correlation between VEGF-C
and LMD in salivary gland tumors, and so these traits are
not able to estimate the metastatic risk or the prognosis of
these tumors.
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Introduction

Salivary gland malignancies account for 6 % of all head
and neck cancers, and 0.3 % of all malignancies [1].
Malignant lesions are heterogeneous and unpredictable in
their clinical behavior. Meanwhile, benign lesions are the
most common lesions [2, 3] in both the major and minor
salivary glands [4].

Different prognoses of these lesions and the ability to
develop metastases have aroused interest of many
researchers searching for biological markers that might
predict biological behavior of salivary gland tumors [5].

The angiogenesis is an important factor in tumor pro-
gression and is believed to be the main feature of meta-
static dissemination [6, 7]. As well as new formed blood
vessels, lymphatic vessels are considered essential in tumor
dissemination and are one of the most important pathways
for metastasis in many solid tumors, including head and
neck carcinomas [8-11].

The spread of tumor cells through the lymphatics to
regional lymph nodes is a significant independent adverse
prognostic factor for patients with squamous cell carci-
noma of head and neck and studies have reported the role
of lymphangiogenesis in the progression of this lesion.
However, the association between lymphatic microvessel
density (LMD) and lymph node metastasis in human
tumors is unclear [12, 13].

Many head and neck salivary gland carcinomas are
capable of dissemination. However, the choice of treatment
is still controversial due to difficulties in safely estimating
lymphangiogenic metastasis, and the fact that there is no
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reliable preoperative predictor. Some authors strongly
advise elective neck dissection for all patients with salivary
gland carcinoma. Meanwhile, another study recommends
this procedure only for patients with high-grade histology
or T3/T4 primary salivary gland carcinoma [14, 15].
However, many studies have tried to better understand how
the lymphatics grow and develop metastasis in a variety of
tumors to predict cell dissemination and avoid unnecessary
overtreatment [16-20].

The lymphangiogenesis consists of the proliferation of
new lymphatics, mediated through vascular endothelial
growth factors C and D (VEGF-C and VEGF-D), which are
connected to an endothelial tyrosine kinase receptor
VEGFR-3, known to primarily mediate lymphangiogene-
sis. There is experimental evidence that expression of these
two factors by malignant tumor cells stimulates prolifera-
tion of lymphatic endothelial cells and promotes lymphatic
invasion and lymph node metastasis [21, 22]. Moreover, a
higher lymphatic vascular density indicates a high
propensity to develop nodal metastasis, and can be ana-
lyzed through the lymphatic endothelial markers, such as
the antibody D2-40 [23, 24].

Cell proliferation is regarded as one of the most
important biological mechanisms in oncogenesis. Prolif-
erative activity measured by Ki-67 has been shown in
numerous studies to be of high prognostic significance in
various types of cancer [25], including salivary gland
neoplasm [26, 27]. Additionally, cell proliferation markers
have been frequently studied and correlated with the clin-
ical course of salivary gland neoplasms, both in the dif-
ferentiation of benign from malignant neoplasms, so as to
assess the prognosis of malignant neoplasms [27, 28].

In view of that described above, we proposed to quantify
the LMD in benign and malignant salivary gland tumors
and analyze the relationship between LMD and tumor
expression of VEGF-C and the proliferative index.

Materials and methods

The Committee of Ethics of Institute of Science and
Technology (ICT)—Brazil, approved the present study.
The immunohistochemical analyses were performed on 56
cases of salivary gland tumors retrieved from the files of
Department of Bioscience and Oral Diagnosis of Institute
of Science and Technology (ICT). Samples were made up
of 24 benign (19 pleomorphic adenoma-PA and 5
Myoepithelioma-Myo) and 32 malignant neoplasms (14
mucoepidermoid carcinoma-MEC, 10 polymorphous low-
grade adenocarcinoma-PLGA and 8 adenoid cystic carci-
noma-ACC). Hematoxylin-eosin stained slides were
reviewed to confirm the pathological diagnosis in accor-
dance with WHO classification [1].
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Immunohistochemical reactions

Paraffin-embedded sections with 3 um thick were obtained
from each case; the sections were mounted on silanized
slides, dewaxed and rehydrated in graded alcohol.
Endogenous peroxidase activity was blocked in 3 %
hydrogen peroxide immersion for 15 min. The sections
were rinsed in distilled water and Tris buffer. Antibodies
anti-D2-40 (clone M3619, Dako Corporation, dilution
1:150), VEGF-C (Clone H-190, Santa Cruz Biotechnology,
dilution 1:20) and Ki-67(Clone MIB-1, Dako Corporation,
dilution 1:100) were used for detection of the number of
lymphatic vessels, lymphangiogenesis pattern and cell
proliferation analysis, respectively. The detection system
based on peroxidase-associated polymer (Nichirei Bio-
science Inc.) was used after the rinsing of primary anti-
bodies. Enzyme  activity was detected using
diaminobenzidine tetrahydrochloride chromogen, and the
sections were counterstained with Mayefs hematoxylin.
Negative controls were achieved by replacing the primary
antibodies with PBS and positive ones according to the
manufacturer’s instructions.

Evaluation of staining

All the Immunohistochemical reactions were analyzed
under an optical microscope.

Lymphatic microvessel density (LMD)

For the analysis of D2-40 immunohistochemical reactions,
five fields of the most vascularized areas (hotspots) at low
magnification (50X) within intratumoral mass were chosen.
Each single endothelial cell or group of these cells, sepa-
rated from adjacent lymphatic vessels, tumoral cells and
connective tissue elements, were considered as a unique
vessel. Branching vessels were counted as single ones.

Quantification of VEGF-C

The positivity of tumoral and stromal cells of each lesion
were considered in VEGF-C analysis.

VEGF-C immunostaining was evaluated by a semi
quantitative analysis in which both the percentage of
stained cells and the intensity of staining were taken into
account. The percentage of stained cells was scored 0—4
(total absence with O score; <25 % with 1; 26 % to 50 %
with 2; 51-75 % with 3; and >75 % with 4), while the
intensity of staining was classified and scored as negative
(score 0), faint (score 1), moderate (score 2) and intense
(score 3). The sum of the percentage and intensity of
staining scores was categorized as the final score: absence
of staining (0), weak (1-4) and strong staining (5-8). Only
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the final score was used to perform the correlation test for
the VEGF-C marker.

Proliferative Index (PI)

Tumoral cells with distinct nuclear staining were inter-
preted as positive. Four fields (hotspots) were chosen with
1000 cells in total, at 200X magnification, to establish the
percentage of stained cells and, consequently, the prolif-
erative index.

Statistical analysis

Data were statistically analyzed by the BioEstat (version
5.0) statistical program. Correlation between D2-40/Ki-67,
D2-40/VEGF-C and VEGF-C/Ki-67, and the comparison
of these markers between benign and malignant tumors
were carried out, respectively, by Spearman and Student’s
t test analysis. A p value <0.05 was considered significant
for both methods.

Results

D2-40 was used to stain the cytoplasm and cytoplasmatic
membrane of endothelial cell of lymphatic microvessels.
The average of intratumoral lymphatic microvessels
stained by D2-40 was 23.4 vessels in PA, 2.4 in Myo, 12.7
in MEC, 5.4 in PLGA and 17.2 in ACC (Fig. 2).

VEGF-C staining was observed in cytoplasm and
membrane of tumor and stroma cells of analyzed cases and
less frequently inside the nuclei of lesions cells. In the PA,
the VEGF-C staining was found in luminal and no-luminal
ductal cells, as well as in cells of sheet areas and scattered
cells inside the hyaline, chondroid or myxoid stroma. In
Myo, the VEGF-C was observed in a homogeneous pattern
throughout the lesion. The VEGF-C positive cells were
found in cystic and solid structures of MEC. The ACC and
PLGA showed a similar pattern of staining, with luminal
and no-luminal ductal and sheet cells stained. However, in
the stromal components the staining was patchy. Repre-
sentative samples of the immunohistochemical staining are
shown in Fig. 1.

Benign tumors did not show any negative case for
VEGF-C. The PA staining exhibited 57.9 % of strong and
42.1 % of weak staining. The Myoepitheliomas showed
80 % of cases with strong and 20 % of weak VEGF-C
staining.

Among malignant tumors, the MEC demonstrated 7.1 %
of negative, 57.1 % of weak and 37.7 % of strong VEGF-C
staining; the PLGA showed 30 % of negative, 20 % of
weak and 50 % of strong VEGF-C staining; and ACC

showed 25 % of negative, 50 % of weak and 25 % of
strong VEGF-C staining (Fig. 2).

The benign lesions (PA and Myo) showed a higher
number of cases with strong expression of VEGF-C and no
cases with absent expression, while malignant tumors
showed absent expression in few cases of all analyzed
lesions (MEC, PLGA, ACC). Among malignant tumors,
the MEC demonstrated the highest number of cases stained
for VEGF-C and the PLGA the highest number of strong
stained cases (Fig. 2).

The average of Ki-67 staining of tumoral cells was
1.0 % in PA, 0.2 % in Myo, 1.2 % in MEC, 3,1 % in
PLGA and 2.1 % in ACC (Fig. 2).

When the correlation was analyzed in benign lesions, no
correlation was found between immunohistochemical
markers (D2-40/Ki-67, D2-40/VEGF-C and VEGF-C/Ki-
67). In the malignant group of lesions, MEC and ACC
showed the same result of benign lesions, with no corre-
lation found. However, regarding PLGA, the correlation
was significant between D2-40 and Ki-67 expression
(p < 0.05), without the correlation of other markers
(Table 1).

The comparison of expression of markers between
benign and malignant tumors demonstrated a statistical
difference of D2-40 and VEGF-C, and no statistical dif-
ference of Ki-67 expression (Table 2). The benign tumors
exhibited higher means of D2-40 and VEGF-C expression
compared with malignant ones. (Table 2; Fig. 2).

Discussion

Molecular signaling for tumor lymphangiogenesis is asso-
ciated with the lymphatic spread of many cancers and is
involved with the VEGF-C/VEGF-D/VEGFR-3 signaling
axis. The VEGF-C activates VEGFR-3 (cell surface
receptor on lymphatic endothelium) which promotes pro-
liferation, migration and apoptotic protection of cultured
lymphatic cells [21].

In many cancers, the tumor cells produce VEGF-C or
recruit monocytes and macrophages into tumor tissue to
become M2-polarized tumor-associated macrophages
(TAMs) which also produce VEGF-C, increasing the
ability to develop lymphatic vessels associated with the
lesion. Simultaneously, during tumor development and
progression, tumor cells and lymphangiogenic factor
derived from normal lymphatic cells (NLC) may interact
and reprogram the gene expression profile to turn NLC into
tumor-derived lymphatic cells (TLC). The TLCs express
specific lymphatic markers, such as VEGFR-3 and Lym-
phatic Vessel Endothelial Receptor 1 (LYVE-1) and form
the lymphatic system in in vivo models. These mechanisms
together could promote cancer metastasis [22].

@ Springer



20

Med Mol Morphol (2017) 50:17-24

Fig. 1 Immunostaining of D2-
40 antibody showed lymphatic
vessels inside the PA (a), Myo
(b), MEC (¢), ACC (d), and
PLGA (e). VEGF-C staining
exhibited nuclear and
cytoplasmatic expression of cell
of ACC (f), MEC (g) and PA (h)

The VEGF-C expression has positive correlation with
lymph node metastasis in oral squamous cell carcinoma
and generates increased invasive potential in head and neck
squamous cell carcinoma cell lines [29].

On the other hand, proliferative activity may be
measured by Ki-67 expression in various types of
cancer, even in salivary gland tumors [27, 28]. A higher
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Ki-67 expression has been found to correlate with poor
overall survival in MEC, ACC and acinic cell carci-
noma [30].

Markers of lymphatic endothelium, such as D2-40 and
LYVE-1 have been used for determining the LMD. The
relationship between LMD and VEGF-C tumor expression
has been used to investigate the role of lymphangiogenesis
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Fig. 2 Percentage of Ki-67,
D2-40 and VEGF-C of analyzed
tumors
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Table 1 Immunohistochemical and statistical findings of marker’s expression in analyzed groups

D2-40 VEGF-C Ki-67 Correlation (p* value)
D2-40 x Ki-67 VEGF-C x Ki-67 D2-40 x VEGF-C

Benign

PA (n =19) 234 £ 142 48£19 104.7 £ 80.3 0.3476 0.7306 0.6981

Myo (n = 5) 24+ 42 6.4 + 1.8 20 £ 28.2 0.7761 0.9270 0.9312
Malignant

MEC (n = 14) 12.7 £ 15.7 48 +£23 120.7 £ 214.0 0.6433 0.8665 0.9755

PLGA (n = 10) 54+ 40 34+£25 111 £ 101.8 0.0367* 0.8935 0.877

ACC (n=38) 17.2 £ 6.1 22421 213.7 £ 141.0 0.6244 0.5454 0.6879

Data are mean + SD
* Significant correlation

4 Spearman test

Table 2 Statistical comparison of D2-40, VEGF-C and Ki-67
markers between benign and malignant tumors

Benign (n = 24) Malignant (n = 32) p* value
D2-40 19.0 £ 154 11.5 £ 11.7 0.031*
VEGF-C 51+1.9 3.7+ 23 0.019*
KI-67 87.0 + 80.1 140.9 + 168.9 0.354

Data are mean + SD
* Statistical difference

a

Student’s ¢ test

in determining the ability of many cancers to spread, such
as colorectal, breast and prostate cancer [31-33].

In prostate cancer, it was demonstrated that the
increased expression levels of VEGF-C are associated with
higher LMD and with positive lymph node status [33].
According to a study of breast cancer, LMD is correlated
with prognostic parameters including lymph node metas-
tasis, while VEGF gene expression (VEGF-C) is correlated
with LMD. Thus, according to the authors, lymphangio-
genesis may have clinical utility for the estimation of
metastatic risk [34].
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Salivary gland carcinomas have variable metastatic
potential, which is usually associated with the tumor his-
tologic type. Although many studies have tried to under-
stand the metastatic mechanism of these lesions, nowadays
there is no reliable prognostic factor.

In this study, we used a lymphatic-specific marker, D2-
40, as a marker of LMD in benign and malignant salivary
gland tumors. Moreover, we evaluated the expression of
the vascular endothelial growth factor C (VEGF-C) in
relation to the mean LMD and proliferative index obtained
by Ki-67 expression, to investigate the relationship
between these factors.

We observed D2-40 positive vessels within the tumor in
84 % of cases, however, the correlation with expression of
Ki-67 was demonstrated only in PLGA and no correlation
was observed with VEGF-C expression in any type of
tumor analyzed.

In a study of 29 cases of ACC of salivary gland, Fujita
et al. performed immunohistochemical assays (D2-40,
VEGF-C, VEGF-D, VEGFR-3) and molecular analysis of
lymphatic vessels and compared them with the normal
submandibular gland. The authors reported that lymphan-
giogenesis does not occur in ACC, because the lymphatic
vessel density stained by D2-40 was not higher in adenoid
cystic carcinoma than in the salivary gland. This infor-
mation would be associated with uncommon lymph node
metastasis in this lesion [35].

In MEC, Gleber-Neto et al. found few cases (23 %) with
intratumoral lymphatic microvessel analyzed by D2-40 and
mean of 0.54 £ 1.15 lymphatic vessels per case [36]. In
contrast, our results exhibited 64.2 % of cases with
detectable LMD and mean of 12.7 & 15.7 per case.
However, data related to VEGF-C were similar between
the above-mentioned study and our findings. Gleber-Neto
et al. observed VEGF-C expression in all cases of MEC,
characterized by moderate to strong staining, and our
results showed VEGF-C expression in 94.8 % of MEC
cases, characterized by the same pattern. These findings
may indicate that there is no clear relation between VEGF-
C and LMD in MEC [36].

A study that evaluated the lymphatic density and
expression of lymphangiogenic growth factors in high and
low/moderate-risk salivary gland carcinomas showed the
same absence of correlation between VEGF-C and LMV
found in our results [37]. According to Mello et al., the
metastatic potential of malignant tumors could be associ-
ated with their capacity to invade the lymph vessel, and not
with ability for lymphatic growth [37].

A recent study analyzed the expression of VEGF-C/
VEGF-D and LMD, both intra and peritumoral, in PA with
different behaviors (non-recurrent, primary-to-recur and
recurrent). The authors reported that only one case of PA
showed weak immunoreactivity to VEGF-C and the mean
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of intratumoral LMV was 0.3. After correlating these data
with a number of peritumoral LMV and VEGF-D expres-
sions, the authors suggested that the lack of VEGF-C and
significant difference of VEGF-D and peritumoral LMV
between groups is not compatible to lymphangiogenic
spread hypothesis to explain the recurrence of PA [38]. Our
findings did not show correlation between analyzed
markers in pleomorphic adenoma and myoepithelioma.

Vasculogenesis is not the only function of VEGF-C,
which also was chemotactic in a transwell migration assay
for murine macrophages. This effect was mediated by
VEGFR-3, since incubation with a blocking antibody
against VEGFR-3, or its neutralization with sR3 protein,
strongly inhibited macrophage migration towards VEGF-C.
M1 polarized macrophages showed a strong upregulation
of Vegfr3 mRNA expression, in contrast to M2-polarized
macrophages where Vegfr3 mRNA was downregulated
[39].

In salivary tumors, myoepithelial cells of pleomorphic
adenoma expressed VEGF-C in the present study. Salzman
et al. [40] showed that neither VEGF-C nor lymph vessel
density supports lymphatic invasion as the mechanism
responsible for local spread of recurrent salivary pleo-
morphic adenoma. According to Tampouris et al. [41],
myoepithelial cell plays a role in the pathogenesis of the
PA, through the autocrine/paracrine loop of the VEGF-C/
VEGF-D/lt-4 axis that is possibly further enhanced by the
poorly vascularized stroma resulting in hypoxia in the PA.

Starek et al. [42] demonstrated that the majority (17 of
20) of adenoid cystic carcinoma revealed concurrently
positivity to VEGF-C and VEGF-D, with scores exceeding
those determined in the normal salivary gland acini. So,
probably lymphangiogenic growth factors were produced
by the adenoid cystic carcinoma cells. However, there was
none correlation between either VEGF-C or VEGF-D
histoscores or LVD.

Although other studies have shown some results similar
to those found in this research, to the best of our knowl-
edge, the absence of correlation between lymphatic den-
sity/lymphangiogenic growth factor and the proliferative
index in salivary gland tumors, as observed in this report
was not shown.

Our analysis also showed the existence of correlation of
LMD and the proliferative index in polymorphous low-
grade adenocarcinoma of the salivary gland. It was
expected correlation of metastasizing potential (highest
observed in mucoepidermoid carcinoma, carcinoma ex-
pleomorphic adenoma and adenoid cystic carcinoma, Yoo
et al. [43]) with the proliferation index and lymphatic
vessels density. In this study, however, correlation was
only demonstrated in PLGA. Despite this correlation, the
mean expression of Ki67 (proliferation index) and D2-40
(LMD) were lower in PLGA than in the other malignant
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tumors. In general, the expression of prognostic markers in
PLGA reflects the low-grade nature of these tumors which
are characterized by a low metastatic potential and a high
survival rate [44]. As PLGA has a limited metastatic
behavior, different from other salivary gland neoplasms,
and a good prognosis [45], the expression of the prolifer-
ation marker and the lymphatic micro density and their
correlation seem to be irrelevant in predicting tumor clin-
ical behavior.

Comparing benign and malignant tumors, our findings
showed statistical differences of D2-40 and VEGF-C
expression between these groups, but with higher means in
benign lesions. The proliferation index (Ki-67) did not
show difference between benign and malignant salivary
gland tumors, so its importance in predicting clinical
behavior is limited. In the future, the authors intend to
evaluate the entire surgical specimens aiming to analyze
the correlation among histological grading and clinical
staging with vascular density and cell proliferation.

Lack of correlation between D2-40 and VEGF-C indi-
cates that lymphangiogenesis does not play an important
role in metastasis development in most salivary gland
tumors. This hypothesis could explain the higher levels of
expression of both markers in benign tumors that do not
present dissemination abilities when compared with
malignant tumors.

Conclusion

The results of the current study demonstrated that no
relationship was identified among lymphatic microvessel
density, lymphangiogenic factor (VEGF-C) and the pro-
liferative index when different types of salivary gland
tumors were compared. The lack of relationship could
indicate that lymphangiogenesis may not perform an
important role in the metastasis of these tumors. The only
correlation observed was of D2-40 and Ki67 in PLGA, but
this probably does not indicate a regional spread for PLGA,
since this tumor has a limited metastatic behavior.
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