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Abstract 
Oral cancers still represent a major health problem; regional lymph node metastases occur in 30–40% of head and neck squamous cell 
carcinomas and are associated with unfavorable prognosis and decreased survival. The study included 35 cases of oral squamous cell 
carcinomas (OSCC), which were analyzed by double reactions to determine the proliferative activity (anti-human D2-40/Ki67) and the 
maturity degree (anti-human D2-40/α-SMA) of lymphatic vessels, both intratumoral (IT) and in the advancing edge (AE), and in relation to 
clinicopathological prognostic parameters. The mean values of D2-40 lymphatic vessel density (LVD) were higher in AE then in IT level. 
Poorly differentiated carcinomas, T3/T4, presented the highest LVD values, both IT and in the AE. LVD was higher in advanced stages and 
metastasizing carcinomas. Ki67 was positive in all cases, Ki67 proliferation index (IP) indicated higher values in poorly differentiated 
carcinoma, T3/T4, metastasizing ones, both IT and in the AE. LVD and IP Ki67 showed a positive linear correlation. D2-40/Ki67-positive 
vessels were identified only at the AE or close to it. D2-40/Ki67 LVD had highest values in advanced stages carcinoma, with metastases. 
D2-40/α-SMA-positive vessels were identified only in the neighborhood of the tumor and LVD highest values were present in early-stage 
carcinomas and without metastases. A negative linear correlation between proliferation and maturity of the lymphatic vessels was found. 
The study indicated a strong association between lymphatic proliferative activity and lymph node metastases, suggesting the need for 
targeted antilymphangiogenic therapies in OSCC. 
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 Introduction 

Oral cancers still represent a major health. In Western 
and Central Europe is estimated that oral squamous cell 
carcinoma (OSCC) mortality rate ranges between 29–40/ 
100 000 inhabitants. Regional lymph node metastases occur 
in 30–40% of head and neck squamous cell carcinomas and 
are associated with unfavorable prognosis and decreased 
survival [1]. 

One of the most important factors with direct impact 
on prognosis and therapeutic strategy in various types of 
cancer is that of lymph node status. Although the relevance 
of this factor is well documented, the mechanisms by 
which tumor cells enter the lymphatic vessels (LVs) and 
give rise to lymph node metastases are not completely 
understood [2]. OSCC early metastasize in cervical lymph 
nodes unlike squamous cell carcinoma of the skin and 
other organs, which makes these metastases to be consi-
dered a prognostic factor for patients with oral cancer 
[3, 4]. Recently, it was suggested that the relationship 
between OSCC and lymphatic metastasis, lymphatic vessels 
play only a passive role in this process and that the 

lymphatic invasion occurs when tumor cells infiltrate peri-
tumoral lymphatic vessels. The tumor-associated lymphatic 
vessels formation plays an active role in metastasis process 
in many human malignancies, including OSCC [5, 6]. 

In many human cancers, detection of tumor metastases 
in tumor-draining lymph node is the first step in the disse-
mination of the tumor and is one of the most important 
markers for patient prognosis and therapeutic strategy. 
Long time, lymphatic vessels were considered simply 
providing channels for transit through of the tumor cells 
in tumor metastasis. However, the discovery of specific 
molecular key markers of lymphatic vessels and the increa-
sed availability for in vitro and in vivo experimental systems 
to study biology of lymphatics emphasized a much more 
complex and active role of lymphatics in metastatic spread. 
D2-40 is a new selective marker of lymphatic endothelium 
in normal tissues and vascular lesions. D2-40 has been 
widely used for tumor lymphangiogenesis and lymphatic 
vessel invasion in human cancers. In recent studies, D2-40 
clone has shown a staining reaction in lymphatic channel 
endothelium, but not in the adjacent capillary [7]. 
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The Ki67 nuclear antigen is associated with cell proli-
feration and is used to grade proliferation rates of tumors. 
The Multiplex immunohistochemistry (IHC) staining D2-40 
and Ki-67 can be used to detect relative lymph vessel area, 
lymph vessel perimeters, and simultaneously used to 
calculate cell proliferation rates in tumors, thus is useful 
in the identification of aggressive types of cancer and 
their potential metastasis [8, 9]. 

Alpha-smooth muscle actin (α-SMA), an isoform typical 
of smooth muscle cells (SMC) and present in high amounts 
in vascular SMC, was demonstrated in the cytoplasm of 
pericytes of various rat and human organs by means of 
immunocytochemistry at the electron microscopic level. 
Pericytes are key cells in vascular development, stabiliza-
tion, maturation and remodeling [10, 11]. The vulnerability 
of newly formed blood vessels has been attributed to 
absence of pericytes as judged by lack of α-SMA-immuno-
reactive cells. Indeed, use of multiple markers has shown 
that pericytes are consistently present on tumor vessels 
[12–14]. 

The aim of this study was to investigate the degree of 
proliferation and maturity of the lymphatic vessels in oral 
squamous cell carcinoma, in different compartments of 
the tumor and in relation to clinicopathological prognostic 
parameters of injuries. 

 Materials and Methods 

The study included a total of 35 cases of oral squamous 
cell carcinomas from patients hospitalized in the Clinic 
of Oral and Maxillofacial Surgery, Emergency County 
Hospital of Craiova, Romania, between 2014 and 2015, 
diagnosed in the Laboratory of Pathology of the same 
Hospital. Biological material was represented by tumor 
resection specimens who were fixed in 10% buffered 
neutral formalin, processed for paraffin embedding and 
Hematoxylin–Eosin (HE) staining. 

The clinico-morphological parameters represented by 
the age, gender, tumor site, degree of differentiation, size 
and depth of invasion (pT), lymph node status (pN) were 
investigated and the tumors were classified according to 
the criteria proposed by the working group from World 
Health Organization (WHO) for oral cavity tumors [15]. 
All patients from this study were without any distant 
metastasis (M0), and also without preoperative chemo-
therapy or radiotherapy. The study was approved by the 
local Ethical Committee, and written informed consent 
was obtained from all the patients. 

For the immunohistochemical analysis, we used the 
following antibodies panel (Table 1): 

Table 1 – Antibodies panel 

Antibody 
Clone/ 
Source 

Dilution 
Antigen 
retrieval 

External 
positive 
control 

Podoplanin 
D2-40/ 
Dako 

1:100 
Citrate 

buffer, pH 6
Tonsil 

Ki67 
SP6/Thermo 

Scientific 
1:50 

Citrate 
buffer, pH 6

Breast 
carcinoma

α-SMA (alpha-
smooth muscle 

actin) 

Clone 1A4/ 
Dako 

1:50 
Citrate 

buffer, pH 6
Colon 

The immunohistochemical analysis was performed by 
double reactions to determine the proliferative activity 

(anti-human D2-40/Ki67) and the maturity degree (anti-
human D2-40/α-SMA) of lymphatic vessels. In these cases, 
we followed sequential protocols, the LSAB2-HRP system 
(code K0675, Dako) and LSAB2-AP System (code K0674, 
Dako) were used for the reactions amplification and 3,3’-
diaminobenzidine (DAB, code 3467, Dako), respectively 
Vulcan Fast Red chromogen (code FR805S, Biocare 
Medical) were used to see the reactions. Between the two 
reactions, the Avidin–Biotin blocking system was used. 
In case of D2-40/α-SMA double reactions, before the 
second sequential reaction, because the primary antibodies 
are from the same species, we used an intermediate step to 
elude the first primary antibody in a glycine–SDS (sodium 
dodecyl sulfate) pH 2 buffer (30 minutes at 500C) [16]. 
For the validity of positive reactions, there were used 
positive external controls and negative external controls, 
by omitting the primary antibody. 

To quantify Ki67 immunoexpression, a proliferation 
index (IP) was done by ratio of marked neoplastic cells 
and the total number of cells counted on 40× microscopic 
field (MF). The lymphatic vessels density (LVD) was 
performed using the “hot spot” method introduced by 
Weidner et al., whereby, the 10× microscope objective 
identifies the most vascularized areas, three fields are 
chosen to count vessels at 20× microscopic field (MF) and 
an average is computed [17]. Vascular microdensity was 
analyzed both intratumoral (IT) and in the advancing 
edge (AE). 

For the statistical analysis, there were used Student’s 
t-test, One-Way ANOVA and Pearson’s correlation index, 
using SPSS 10 software. Average values are reported ± 
standard deviation (SD). Image acquisition was performed 
using Nikon Eclipse E600 microscope and Lucia 5 software. 
Results were considered significant for p-values <0.05. 

 Results 

In the analyzed group, oral squamous cell carcinoma 
predominated in patients aged over 60 years (average 
age of diagnosis was 64.2 years), males (68.6%), being 
located mainly at the lips (54.3%) and tongue (31.4%). 

Histopathological analysis showed the prevalence of 
well differentiated (WD) and moderately differentiated 
(MD) squamous cell carcinomas (37.1%), with dimensions 
less than 2 cm (T1 – 54.3%) without locoregional lymph 
node metastasis (62.9%) (Table 2). 

Table 2 – Cases distribution depending on clinical 
parameters 

Parameter/No. of patients (%) 

Age [years] 
<60 = 8 (22.9) 

>60 = 27 (77.1) 

Gender 
Males = 24 (68.6) 

Females = 11 (31.4) 

Tumor site 
Lips = 19 (54.3) 

Tongue = 11 (31.4) 
Other = 5 (14.3) 

D2-40 immunoreaction 

D2-40 immunoreaction was observed in the membrane 
and cytoplasm of tumor cells and in the lymphatic vessels 
endothelium in all the investigated cases. Also, D2-40 
reaction was observed in the basal layer of the adjacent 
covering epithelium, myoepithelial cells glandular acini 
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and in the outer layer of the hair follicles. In the tumor 
islands, the immunostaining was predominantly present 
uniform in the cells of the periphery, being also observed 
cases with focal or diffuse signal. 

D2-40-positive lymphatic vessels had a medium or 

small caliber, irregular, sometimes with a complex pattern, 
located near the tumor islands. The mean values of D2-40 
LVD were 4.2±1.1/MF at IT level, respectively 5.4±1.4/ 
MF at the AE, statistically significant differences regardless 
of the histopathological parameters analyzed (Table 3). 

Table 3 – Immunostaining medium values in relation with histopathological parameters 

IP Ki67 LVD 
Parameter/No. of patients (%)

IT AE IT AE 

D2-40/Ki67-positive 
vessels 

D2-40/α-SMA-positive 
vessels 

WD = 13 (37.1)
MD = 13 (37.1) 
PD = 9 (25.8) 

21.5±8.3 
29.8±10.4 
40.5±10.7 

24±10.1 
32.9±9.6 
48.3±10 

3.7±1.0 
3.9±0.8 
5.5±0.7 

4.6±1.0 
5.1±1.8 
6.8±1.5 

1.6±0.6 
1.5±0.6 
1.8±0.7 

1.2±0.7 
1.2±0.7 
1.0±0.7 

Differentiation 
degree 

 p=0.000 p=0.000 p=0.000 p=0.005 p=0.492 p=0.712 

T1 = 19 (54.3) 
T2 = 10 (28.6) 
T3 = 4 (11.4) 
T4 = 2 (5.7) 

25.2±9.2 
29.8±11.3 
48.7±10.3 

35 

27.8±10.0 
33.8±11.4 
53.7±10.3 

52.5 

3.8±0.8 
4.1±1.0 
5.7±1.2 

5.5 

4.5±1.1 
5.8±1.5 
7.7±1.7 

7.5 

1.4±0.6 
1.6±0.6 
2.2±0.5 

2.5 

1.3±0.6 
1.1±0.7 

1.0 
0.0 

T category 

 p=0.002 p=0.000 p=0.007 p=0.000 p=0.05 p=0.081 

I = 15 (42.9) 
II = 6 (17.1) 

III = 12 (34.3) 
IV = 2 (5.7) 

26.3±12.9 
22.1±8.9 
36.2±10 

35 

28.7±14.3 
25.3±7.5 
40.6±9.7 

52.5 

4.4±0.8 
3.8±1.3 
4.1±1.4 

5.5 

4.9±0.8 
5±1.2 

5.8±2.4 
7.5 

1.2±0.4 
1.3±0.5 
2.1±0.5 

2.5 

1.4±0.5 
1.5±0.5 
1.2±0.4 

0.0 
Stage 

 p=0.001 p=0.000 p=0.206 p=0.006 p=0.000 p=0.000 

N0 = 22 (62.9) 
N+ = 13 (37.1) 

23.7±8.9 
39.2±10.5 

26±9.2 
46.3±9.7 

4±1.0 
4.7±1.2 

4.6±1.1 
6.6±1.8 

1.2±0.4 
2.3±0.4 

1.5±0.5 
1 Lymph node 

metastasis 
 p=0.000 p=0.000 p=0.055 p=0.001 p=0.000 p=0.000 

IP: Proliferation index; LVD: Lymphatic vessels density; IT: Intratumoral; AE: Advancing edge; WD: Well differentiated; MD: Moderately 
differentiated; PD: Poorly differentiated. 
 

The number of marked vessels was between 2–7/MF 
at IT level, respectively 2–10 vessels/MF at the AE. Thus, 
poorly differentiated carcinomas, which were in category 
T3/T4, presented the highest LVD values, both IT and at 
the AE, statistically significant aspects (p<0.05, One-Way 
ANOVA test) (Table 3; Figure 1). 

In relation to tumor stage and grade, although LVD was 
higher in advanced stages carcinomas and metastasizing 
carcinomas, this aspect was statistically significant only at 
the AE (p<0.05, One-Way ANOVA and Student’s t-test), 
and insignificant at IT level (p<0.05, One-Way ANOVA 
and Student’s t-test) (Table 3). 

Ki67 immunostaining 

Ki67 immunostaining has been identified in all analyzed 
cases in the tumor cells, the mean of IP Ki67 being 29.5± 
12.1 at IT level and 33.6±13.6 at the AE, differences 
that were not statistically significant, which suggests the 
presence of a constant proliferative cell populations in 
both tumor compartments. 

In relation with the analyzed histopathological para-
meters, IP Ki67 indicated higher values in moderately 
and the poorly differentiated carcinoma, found in T3/T4, 
advanced stages and metastasizing ones, aspects statistically 
significant at both IT and the AE (p<0.05, One-Way 
ANOVA and Student’s t-test) (Table 3; Figure 1). 

Analysis of LVD distribution and the IP Ki67 

The analysis of the average values of LVD distribution 
and the IP Ki67 showed a positive linear correlation both 
IT [r(33)=0.583, p=0.000] and at AE [r(33)=0.458, p=0.003], 
the highest LVD values being present in carcinomas with 
high Ki67 IP (Pearson’s test) (Figure 2). 

The analysis of the proliferation of lymphatic vessels 
indicated an average of D2-40+ vessels with endothelial 
cells Ki67 immunostaining about 1.65±0.6/MF. Double 

immunoreaction was identified in all cases. D2-40/Ki67-
positive vessels were identified only at the AE or close 
to it (Figure 3). 

Analysis of D2-40/Ki67 LVD 

The analysis of LVD D2-40/Ki67 in relation to the 
analyzed histopathological parameters indicated significant 
differences on the degree of differentiation and T category, 
and significant differences in relation to tumor stage and 
the lymph node metastases, the highest values being present 
in carcinomas found in advanced stages carcinoma and 
the metastasizing ones (p<0.05, One-Way ANOVA and 
Student’s t-test) (Table 2; Figure 4). 

D2-40+ vessels with α-SMA+ immunostain 

The analysis of the maturity degree of lymphatic 
vessels indicated an average value of D2-40+ vessels with 
α-SMA+ immunostain being about 1.4±0.5/MF. Double 
immunostaining was present in 82.8% of cases. D2-40/ 
α-SMA-positive vessels were identified only in the neigh-
borhood of the tumor, peritumoral tissue, at varying dis-
tances from the AE (Figure 5). 

Analysis of the D2-40/α-SMA LVD 

Analysis of the D2-40/α-SMA LVD values in relation 
with histopathological analyzed parameters indicated 
significant differences in relation with the degree of 
differentiation and T category, and significant differences 
in relation to tumor stage and the presence of lymph node 
metastases, the highest values being present in early-
stage carcinomas and without metastases (p<0.05, One-
Way ANOVA and Student’s t-test) (Table 3; Figure 6). 

At the IT and at the AE, lymph vessels were α-SMA 
negative, indicating the absence of any degree of maturity 
of these vessels (Figure 7). 
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Figure 1 – Squamous carcinomas, D2-40/Ki67 immunostaining, ×200: (A) Well differentiated, intratumoral; (B) Well 
differentiated, advancing edge; (C) Moderately differentiated, intratumoral; (D) Moderately differentiated, advancing 
edge; (E) Poorly differentiated, intratumoral; (F) Poorly differentiated, advancing edge. 

Figure 2 – LVD and IP Ki67 distribution values: (A) Intratumoral; (B) Advancing edge.  
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Figure 3 – D2-40/Ki67 immunostaining, ×200: (A) Peritumoral; (B) Advancing edge. 
 

Figure 4 – LVD D2-40/Ki67 values depending on stage (A) and lymph node metastasis (B). 
 

 
Figure 5 – D2-40/α-SMA immunostaining: (A–C) ×200; (D) ×400. 
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Figure 6 – LVD D2-40/α-SMA values depending on stage (A) and lymph node metastasis (B). 
 

Figure 7 – D2-40/α-SMA immunostaining, ×100. 
 

Analysis of the distribution of the average values of 
lymphatic vessels with proliferative activity (Ki67 positive) 
and of those mature (α-SMA positive) showed a negative 
linear correlation [r(33)=-0.484, p=0.003]. The analysis of 
the distribution of LVD D2-40/Ki67+ and IP Ki67 values 
showed a positive linear correlation, both at the AE [r(33)= 
0.566, p=0.000] and IT [r(33)=0.491, p=0.000], which 
indicates a strong relationship between the tumor and 
lymphatic vessels proliferation. 

In carcinomas with regional lymph node metastases, 
decreased the ratio between the D2-40 and D2-40/Ki67-
positive lymph vessels. Also, in those carcinomas with 
lymph node metastases increased the ratio between D2-40 
and D2-40/α-SMA-positive lymph vessels (Table 4). 

Table 4 – Lymph vessels proliferation and maturity 
depending on the presence of lymph node metastasis 

D2-40/D2-40–Ki67 D2-40/D2-40–α-SMARatio/Lymph  
node metastasis IT AE IT AE 

N0 3.3 3.8 2.6 3.0 

N+ 2.0 2.8 4.7 6.6 

IT: Intratumoral; AE: Advancing edge. 

This aspect indicates a strong association between 
proliferative activity of lymphatic vessels and lymph node 
metastases. Also, the presence of lymphatic vessels with 
varying degrees of maturity adjacent to the tumor seems to 
have a protective effect in relation to the production of 
lymph node metastases. In this regard, all cases with α-SMA-
negative lymphatic vessels had lymph node metastases. 

 Discussion 

Lymphangiogenesis is an ongoing process during 
embryogenesis, but is largely absent in normal physio-
logical conditions postnatal. In fact, the adult lymphangio-
genesis occurs only in certain pathological conditions, such 
as inflammation, tissue repair, and tumor growth [18, 19]. 
In pathological conditions, an important contribution has 
been set for proliferation and sprouting of new vessels 
from pre-existing lymphatic vessels [20, 21]. 

Previous studies have established the role of angioge-
nesis in tumor growth and hematogenous spread. However, 
despite the major role of lymphatic in the initial spread of 
cancer, little is known about the mechanisms by which 
tumor cells enter into lymphatic system and whether lymph 
node metastasis depend on tumor-induced lymphangio-
genesis or preexisting of lymphatic vessels invasion. 

In fact, lymph node metastases are a key factor in 
the evolution of human cancers, and form an important 
prognostic indicator for the treatment by surgical excision 
of the regional lymph nodes and radiation. Dissemination 
of tumor cells is mediated by multiple mechanisms, including 
local invasion, lymphatic or hematogenous spread, and 
direct seeding of body cavities or surfaces. In most of the 
solid tumors, cervical cancer for example, cancer cells 
spread via of lymphatic vessels to regional lymph nodes 
is an early and important event in metastatic disease. 

In our study, D2-40 immunoreaction was observed in 
the tumor cells and in the lymphatic vessels endothelium 
in all the investigated cases. D2-40-positive lymphatic 
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vessels had a medium or small caliber, irregular, sometimes 
with a complex pattern, located near the tumor islands. 
The mean values of D2-40 LVD were higher at the AE 
comparing to IT level, showing statistically significant 
differences regardless of the histopathological parameters 
analyzed. In what it concerns Ki67 immunostaining, it has 
been identified in all analyzed cases in the tumor cells, 
the mean of IP Ki67 being higher at the AE comparing to 
the IT expression, differences that were not statistically 
significant, which suggests the presence of a constant 
proliferative cell populations in both tumor compartments. 
IP Ki67 showed higher values in moderately and the poorly 
differentiated carcinoma, T3/T4, advanced stages and 
metastasizing one, both IT and the AE. 

Recently developed, the D2-40 monoclonal antibody 
detects a podoplanin epitope, which is resistant in the 
formalin fixed tissues and has been shown to be a selective 
marker for the endothelium of the lymphatic vessels 
allowing the specific identification of those in formalin-
fixed and paraffin-embedded tissues, being very useful 
for the study of LVD in solid tumors [7, 22]. 

Here have been considerable controversies about the 
fact that tumors benefit for lymphatic supply and about 
the functional significance of intratumoral lymphatic and 
many investigators studied this process [23]. 

Furthermore, in cases where the intratumoral lymphatic 
system has been identified, they were reported as being 
inoperative based on the measurement results depending 
on the use of the dye. Although some investigators found 
intratumoral lymphatic vessels in tumors to be absent, 
while others have observed intratumoral lymphatic vessels, 
for example in head and neck squamous carcinomas [24, 
25], melanomas [26], and islet cell tumors [27], breast [28], 
pancreatic carcinomas [29]. Our results are in agreement 
with the latter studies and contrast a prior study on cervical 
cancer. 

Many studies revealed that in oral squamous cell 
carcinoma, the presence of intratumoral lymphatics found 
to be correlated with locoregional recurrence of the lesion 
[25]. Some studies on squamous cell carcinoma of the 
cervix reported that intratumoral LVD was higher in those 
cases with lymph node metastasis than in those cases 
without metastases, although the difference was not signi-
ficant, while peritumoral LVD counts were approximately 
the same in patients with or without metastasis [30]. In 
contrast, others proposed peritumoral lymphatic micro-
vessel counts as a prognostic factor in other tumors [31, 32]. 

In our study, the analysis of the LVD distribution and 
the IP Ki67 showed a positive linear correlation both IT 
and at AE, with the highest values being present in cases 
with highest value of Ki67 IP, which probably suggests 
the fact that there are proliferative lymphatic vessels in 
both studied compartments and a higher grade of aggressi-
veness of the tumor may be correlated with lymphatic 
spread. We also analyzed of the proliferation of lymphatic 
vessels by double staining D2-40/Ki67 of the lymphatic 
vessels. Double immunoreactions were identified in all 
cases, but vessels D2-40/Ki67-positive were identified only 
at the AE or close to it. As reference, we have found no 
data reported on this process, except just one study who 
carried out double immunostaining in squamous cell 
carcinoma of head and neck, using as antibodies LYVE-1 
and the proliferation-associated pKi67 nuclear protein 

(MIB1 antibody) to look at the occurrence of dividing 
nuclei among lymphatic endothelial cells within the intra-
tumoral and peritumoral or normal lymphatic vessel popu-
lations. The results have shown MIB1 nuclear staining in 
several small intratumoral lymph vessel endothelial cells 
and, in the tumor cells. In contrast, there were not noticed 
dividing nuclei in lymph vessel endothelia neither peri-
tumoral or normal tissue (data not shown), which suggests 
that intratumoral lymphatics in HNSCC (head and neck 
squamous cell carcinoma) may be for real new prolife-
rating vessels and not preexisting lymphatic vessels that 
were simply surrounded and attached to advancing tumoral 
mass [33]. 

The analysis of D2-40/Ki67 LVD in relation to the 
analyzed histopathological parameters indicated in this 
study significant differences on the degree of differentiation 
and T category, and significant differences in relation to 
tumor stage and the lymph node metastases, the highest 
values being present in carcinomas found in advanced 
stages carcinoma and the metastasizing ones. Most tumors 
have few or no functional lymphatic vessels, yet metastases 
to lymph nodes are common in some types of cancer 
[21]. In a study, Isaka et al. suggested that the growth of 
lymphatic vessels surrounding the tumors requires unda-
maged VEGFR-3 signaling, but does not involve bone 
marrow progenitor cells. A few lymphatic vessels are 
present around tumors in mice with heterozygous mutation 
with loss of function of VEGF-C and no lymphatics are 
present if the VEGFR-3 signaling pathway is blocked [34]. 
This fact may signify that, even when present, lymphatic 
vessels around tumors are abnormal as function, and they 
may not drain in the correct direction. After Cao et al. 
[35], positive correlations between lymph node metastasis 
or lymphatic vessel invasion and VEGF-C expression have 
been reported in patients with a variety of carcinomas 
[36, 37]. 

A large study that used three HNSCC subgroups equally 
lymphangiogenic, showed great variability of those tumors 
capacity to invade the lymphatics. Findings about oro-
pharyngeal carcinoma reveled that a high intratumoral 
LVD correlates with neck node metastasis, which supports 
the hypothesis of the possibility that the intratumoral and 
peritumoral lymph vessels interconnect. On the other hand, 
the same study found that laryngeal and oral cavity 
carcinomas displayed no correlation between LVD and 
nodal metastasis. The main significance of proliferating 
intratumoral lymph vessels is that they could provide a 
possible route for the spread of HNSCC tumors to local 
lymph nodes. In any event, the link between lymphangio-
genesis/lymphoproliferation and dissemination to lymph 
nodes is likely to be complex. This could be attributable 
to differential production/activation of factors such as 
matrix metalloproteinases or tumor growth factor or of 
growth factors, such as VEGF-A, that increase blood 
vessel (and perhaps lymph vessel) permeability. Future 
studies using RNA profiling or proteomic analyses are 
likely to be required to resolve these issues [38, 39]. 

Similar studies speculated that the spread of HNSCC 
tumor cells to lymph node may involve invasion of both 
peritumoral and intratumoral vessels. Indeed, it is possible 
that some of the emboli we observed within peritumoral 
vessels originate from initial invasion of intratumoral 
vessels. Such speculation seems reasonable in light of 
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reports in the mouse that the intratumoral lymphatics of 
VEGF-C- and VEGF-D-transfected tumors frequently 
contained intraluminal emboli [20, 40]. In other types of 
cancers, as for example gastric cancer, it was found is a 
positive correlation between lymph node metastases and an 
unfavorable surgical outcome: poorly differentiated tumors, 
lymphatic invasion, and venous invasion are high risk 
factors for the appearance of lymph node metastases [41]. 
Peritumoral LVD has potential as an independent prognostic 
factor in breast cancer patients [42]. 

We performed the analysis of the maturity degree of 
lymphatic vessels using D2-40/α-SMA double immuno-
staining reactions, which were present in 82.8% of cases, 
but only in the neighborhood of the tumor, in peritumoral 
tissue, at varying distances from the AE. Analysis of the 
D2-40/α-SMA LVD values in relation with histopatho-
logical analyzed parameters revealed highest values being 
present in early-stage carcinomas and without metastases. 
At the IT and at the AE, lymph vessels were α-SMA 
negative, which indicated the absence of any degree of 
maturity. Analysis of the distribution of the average values 
of lymphatic vessels with proliferative activity (Ki67 
positive) and of those mature (α-SMA positive) showed 
a negative linear correlation, which suggests that there 
is not proliferative activity in mature lymphatic vessels. 
The analysis of the distribution of D2-40/Ki67+ LVD 
and IP Ki67 values showed a positive linear correlation, 
both at the AE and IT, which indicates a strong relationship 
between the tumor and lymphatic vessels proliferation. 
In carcinomas with regional lymph nodes metastases, 
decreased the ratio between the D2-40 and D2-40/Ki67-
positive lymph vessels and increased the ratio between 
D2-40 and D2-40/α-SMA-positive lymph vessels. This is 
a very important aspect of a strong association between 
proliferative activity of lymphatic vessels and lymph node 
metastases. Also, the presence of lymphatic vessels with 
varying degrees of maturity adjacent to the tumor seems 
to have a protective effect in relation to the production 
of lymph node metastases. All the investigated cases with 
α-SMA-negative lymphatic vessels of presented lymph 
node metastases. We found no data regarding any study 
of those possible markers being evaluated in the same 
specimens of tumors, as double staining. We only found 
a similar study on patients with oral tongue squamous cell 
carcinoma whose results indicate that α-SMA-positive 
myofibroblasts have important impacts on cancer pro-
gression, metastasis, and survival prognosis. The functions 
of α-SMA-positive myofibroblasts at those patients may 
be associated with promoting tumor cells and lympho-
genesis of metastasis microenvironment [43]. Still, many 
studies suggested that lymphangiogenesis in oral squamous 
cells carcinomas varies depending on the region within 
the tumor tissue. It is not induced in the genuine tumor 
stroma near the invasion front, probably due to the down-
regulation of VEGF-C expression of tumor cells, which 
can have a connection with tumoral lymhangiogenesis 
[44]. 

According to this the appearance of tumor-associated 
of lymphatic vessels is probably critically dependent on 
the host tissues end its pre-existing peritumoral lymphatic 
vessels. These results are very important for therapeutic 
strategies, which targets to block the lymph node meta-
stasis of human cancers [45]. 

 Conclusions 

In our study, lymphatic vessels microdensity and Ki67 
proliferation index increased with the degree of tumor 
aggressiveness, all the tumor analyzed compartments (intra-
tumoral and at the advancing edge). Lymphatic vessel 
proliferative activity is closely associated with the degree 
of tumor proliferation at both intratumoral and in the 
advancing edge. Also, the proliferative activity of lymphatic 
vessels so as their degree of immaturity increased signifi-
cantly in the cases of carcinomas in advanced stages and 
with lymph node metastases. The obtained results confirm 
the role of the lymph vessels in tumor progression and their 
potential to predict the potential for lymphatic metastasis 
of oral squamous cell carcinomas and suggest the need for 
targeted antilymphangiogenic therapies in relation with 
their degree of proliferation and their immaturity. 
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