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Comparison of lymphatic vessel density and expression of VEGF-C and VEGF-D 
lymphangiogenic factors in Warthin’s tumours and oncocytic adenomas

Jiri Hozaa, Richard Salzmana, Tomas Bakaja, Ladislava Kucerovab, Ivo Stareka

Objectives. To compare the density of lymphatic vessels and VEGF-C and VEGF-D expression in Warthin’s tumours 
(WTs) and oncocytic adenomas (OCAs). 
Methods. Twenty three WTs and 13 OCAs of the parotid gland were analyzed. Lymphatic vessels were detected us-
ing the D2-40 antibody. For evaluation of the intratumour and peritumour lymphatic vessel density (iLVD and pLVD, 
respectively) the area of greatest vascularisation (hot spots) was chosen, using a ×40 field, and the number of vessels 
per square millimeter was counted in a ×200 field. The staining intensity for VEGF-C and VEGF-D immunoreaction in 
the tumour cells was graded from 0 to 3. 
Results. The mean iLVD and pLVD values in WTs was 4.7 (range 1-8) and 6.9 (range 3-10), those in the OCAs 1.0 (range 
0-3) and 5.8 (range 2-8), respectively. The differences in the iLVD, but not pLVD between the two tumour groups were 
statistically significant. In both entities, the pLVD markedly outnumbered the iLVD. The intratumour vessels in the WTs 
were present exclusively in the lymphoid stroma. In the group of 23 WTs, 13 (56.6%), 17 (73.9%) and 10 (43.4%) samples 
revealed positive VEGF-C, VEGF-D and both immunoreactions, respectively. 10 of 13 (77%) cases revealed VEGF-D im-
munoreaction and in none of them was the VEGF-C reaction present. 
Conclusion. The tumours had a comparable high density of peritumorous lymphatic network. However, WTs markedly 
differed from OCAs in the number of the intratumorous vessels. These were abundant solely in the stroma of WT, while 
practically lacking in the neoplastic epithelium of the WT and relatively rare in OCAs. We suggest that homeostasis in 
both entities is mediated mainly by peritumorous lymphatics. The lymphatic drainage in WTs is also fostered exclu-
sively by stromal lymphatics, whereas in stroma poor OCAs by the vessels present in their neoplastic epithelium. We 
also believe that WTs stimulate proliferation of pre-existing lymphatic capillaries by means of the paracrine secretion 
of VEGF-C and VEGF-D in the neoplastic as well as reactive stromal cells, while in the OCAs only the latter factor takes 
part in their lymphangiogenesis. 
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INTRODUCTION 

Lymphatic vessels play an important role in tissue 
homeostasis, inflammations, regeneration and wound 
healing. They also serve as conduits by which tumour 
cells colonize regional lymph nodes and hence invade 
the blood circulation. Formation, growth and function 
of lymphatic vasculature are promoted by many cytokines 
among which vascular endothelial factor C (VEGF-C) 
and D (VEGF-D) are crucial1. These two ligands activate 
tyrosine kinase vascular endothelial growth factor recep-
tor-3 (VEGFR-3) of lymphatic endothelial cells2. In this 
way, the intracellular transduction cascade is launched, 
resulting in their blockage of apoptosis, proliferation and 
migration3,4,5. The sources of lymphangiogenous factors 
in tumours are neoplastic cells. Recently, it has been 
demonstrated, that in some carcinomas, including those 
originating in the head and neck region, forced VEGF-C 
and -D expression and density of associated newly formed 

lymphatic network are significant predictors of nodal in-
volvement and prognosis6-23.

Particular histopathologic types of salivary carcino-
mas show different propensity to nodal metastasis24. 
This, along with the relative scarcity of these tumours 
is probably the reason why little attention has been paid 
to their lymphangiogenesis so far. Mello et al.25 in 75 
various salivary carcinomas found both intratumorous 
and peritumorous lymphatic vessels. Consequently, he 
concluded that lymphangiogenesis occurred in these ma-
lignancies. On the other hand, in the Fujita’s26 series of 
29 salivary adenoid cystic carcinomas only sparse peri-
tumourous but no intratumorous lymphatics were seen, 
implying this entity was incapable of stimulating their 
formation. Their findings are in contradiction with our 
previous study demonstrating the presence and prog-
nostic relevance of the latter channels in adenoid cystic 
carcinomas27. Soares et al.28 assumed that intratumorous 
lymphatics represented an additional pathway increasing 



Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2018 Mar; 162(1):47-53.

48

the metastatic potential in widely invasive carcinoma ex 
pleomorphic adenoma.

In some malignant and also benign salivary neoplasms, 
expression of vascular endothelial growth factor (VEGF) 
was detected29,30,31. This cytokine (now referred to as 
VEGF-A) belongs (along with the VEGF-B, VEGF-C and 
VEGF-D) to the superfamily of platelet-derived growth 
factor. It is known to induce active proliferation not only 
of tumour associated blood but also lymphatic vessels32. 
A number of authors have confirmed the prognostic rel-
evance of VEGF expression and associated density of 
blood microvessels in various tumours33-36. However, the 
reported VEGF expression and its correlation with lymph 
nodes metastasis and prognosis of salivary carcinomas is 
controversial37-43.

In general, information on the lymphatic network in 
benign tumours is rather sporadic. Not surprisingly, it is 
especially valid for relatively uncommon salivary gland 
adenomas. Of these mainly pleomorphic adenomas have 
been analyzed. Neither primary nor recurrent lesion 
showed any intratumorous lymphatics44, 45. Remarkably, 
Soares et al.46 demonstrated significantly higher density 
of the intratumorous lymphatic network in basal cell ad-
enomas than that of pleomorphic adenoma. Up to now, 
only one paper was found on the lymphatics in Warthin’s 
tumour (WT), revealing a rich lymphatic network in the 
lymphoid component, exceeding that in the adjacent pa-
rotid parenchyma and lymph nodes47. The authors con-
cluded that the formation of lymphatic microvessels was 
stimulated by the epithelial cells of that entity. However, 
in their study, no relevant lymphangiogenic factors were 
tested.

As VEGF-C and VEGF-D are believed to be essential 
in the process of tumour lymphangiogenesis (vide supra), 
the purpose of this study was to compare the expression of 
these factors and lymphatic environment in WT and the 
monomorphic oncocytic adenoma (OCA). Both benign 
lesions are composed of oxyphyllic ductal cells. However, 
they differ from each other in architecture and stromal 
abundance. While in WT, the epithelium is arranged in 
double rows and the number of stroma individually varies, 
the cells in oncocytomas show solid, trabecular or tubular 
formations with practically absent stroma. Moreover, the 
former tumour is completely free of neoplastic myoepithe-
lial cells, whereas in the latter they may be very sparsely 
scattered. 

MATERIAL AND METHODS 

In the WT group, 2 females and 17 males, aged from 
46 to 82 (mean 65.4) years, were enrolled. Two of the 
19 patients presented with bilateral double and single tu-
mours, respectively. A total of 23 WT were thus analyzed. 
All tumours originated in the parotid tail. Surgical treat-
ment consisted of simple enucleation (10 pts.), partial (7 
pts.) or (in a patient with multiple lesion) of superficial 
parotidectomy. 

In the OCA group, 13 cases (5 females and 8 males, 
aged from 55 to 75, mean 61years) were analyzed. Except 

for one deep lobe case, all tumours were localized in the 
superficial part of the parotid. In 10 and 3 patients par-
tial and superficial parotidectomies, respectively, were 
performed. 

VEGF-C AND VEGF-D 
IMMUNOHISTOCHEMISTRY

Sections of 4μm thickness were cut from each ar-
chived paraffin embedded tissue sample. The sections 
were deparaffinised and rehydrated in graded alcohol. 
Endogenous peroxidase was blocked in hydrogen peroxide 
for 15 min. The sections were rinsed in distilled water 
and subsequently with Tris/Tween buffer. Anti-VEGF-C 
and anti-VEGF-D (Abcam, 330 Cambridge Science Park, 
Cambridge, United Kingdom, dilution 1:50 and 1:100, 
respectively) and the D2-40 anti-podoplanin (Dako 
Denmark, Produktionsvej 42, Glostrup, Denmark, di-
lution 1:100) antibodies were employed. Detection was 
achieved using the EnVision and Dual System HRP. 
Enzyme activity was visualized with diaminobenzidine 
tetrahydrochloride, and the sections were counterstained 
with haematoxylin. Positive controls were prepared ac-
cording to the manufacturer's recommendations.

The staining intensity for VEGF-C and VEGF-D im-
munoreaction in the tumour cells was assessed as follows: 
the intensity equal to that of lymphatic endothelial cells 
as grade 2, absent, weaker, and stronger reactions as 0, 1, 
and 3, respectively.

Evaluation of lymphatic vascular density
Lymphatic microvessels were identified through im-

munohistochemical staining using the D2-40 antibody. 
Observation of both intra- and peritumorous (i.e. in the 
capsule or in the tumour margins if the former was ab-
sent) vascularisation was performed throughout the whole 
specimen in all tissue samples. For evaluation of density, 
the area of the highest vascularisation (hot spots) was 
chosen, using a ×40 field, and the number of vessels per 
square millimeter was counted in a ×200 field.

Statistical analysis
For comparison of intratumorous and peritumorous 

lymphatic vessel density (iLVD and pLVD, respectively) 
within and between tumour groups paired t-tests were 
used. The analysis was performed with STATISTICA v. 
10.0 (Statsoft Inc). A P value of <0.05 was considered 
statistically significant.

RESULTS

Lymphatic vessel density
In WTs, lymphatic capillaries were demonstrated in 

the capsule (Fig. 1) and the lymphoid (Fig. 2) but not in 
the epithelial component. Moreover, there was a D2-40 
positive reaction in basal epithelial cells and in follicular 
dendritic cells of the germinal centers in these entities 
(Fig. 2). Both peri- and intratumorous lymphatics were 
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also seen in oncocytomas, the sparse myoepithelial cells 
of which also stained with the D2-40 antibody (Fig. 3). 
The mean iLVD and pLVD values in WTs were 4.7 (range 
1-8) and 6.9 (range 3-10), those in the OCAs 1.0 (range 
0-3) and 5.8 (range 2-8), respectively. The differences in 
the iLVD, but not pLVD between the two tumour groups 
were highly statistically significant. In both tumours, 
iLVD markedly outnumbered pLVD (Table1).

VEGF-C AND VEGF-D 
IMMUNOHISTOCHEMISTRY

In the group of 23 WTs, 13 (56.6%) samples showed 
VEGF-C positivity. The immunoreaction was found in 
the nuclei of stromal lymphocytes, macrophages and on-

cocytes. In some of the latter, cytoplasm immunoreaction 
was also focally present (Fig. 4). Seventeen (73.9%) cases 
revealed VEGF-D immunoreaction in the nuclei of, lym-
phocytes, macrophages and oncocytic cells (Fig. 5). Ten 
(43.4%) tumours showed simultaneous reactions. In the 
OCAs, there was no VEGF-C reaction. Ten of 13 cases 
(77%) revealed moderate nuclear VEGF-D immunoreac-

Table 1. Values of iLVD, pLVD in WTs and OCAs.

WTs OCAs
iLVD 4.7 (±2.1) 1.0 (±1.3) P< 0.001
pLVD 6.9 (±2.2) 5.8 (±1.5) P= 0.10 

P<0.001 P<0.001

Fig. 1. Warthin’s tumour.
Mostly dilated D2-40 positive lymphatic capillaries are seen 
in the capsule (black arrows). In the adjacent parotid paren-
chyma, myoepithelial cells around ducts (white arrow) and acini 
(double arrow) also stain positively. 

Fig. 2. Warthin’s tumour.
Mostly compressed D2-40 positive lymphatic vessels are seen in 
the lymphoid stroma (black arrows). Positive immunoreaction 
reveal also follicular dendritic cells in the germinal center (as-
terisk) and basal cell of the epithelial component (white arrow). 

Fig. 3. Oncocytoma. 
Dilated D2-40 positive lymphatic vessel (black arrow) is present 
in the tumour capsule. Two smaller channels are placed in the 
parenchyma (white arrow), in which faintly stained myoepithe-
lial cells (arrowhead) are scattered. 

Fig. 4. Warthin’s tumour.
Moderate VEGF-C immunoreaction is seen in the nuclei mostly 
of the inner layer of oncocytic cells (black arrow), some of 
which also show focally weak staining of the cytoplasma (white 
arrow). Inset: weak to moderate VEGF-C positivity in the nuclei 
of stromal lymphocytes (double arrow). 
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Fig. 5. Warthin’s tumour.
Weak VEGF-D immunoreaction in the nuclei of both layers of 
some oncocytic cells (black arrow), moderate to strong nuclear 
positivity in stromal lymphocytes (white arrow). 

Fig. 6. Oncocytoma. 
Moderate VEGF-D immunostaining in the nuclei of the major-
ity of oncocytes (black arrow). Weak cytoplasmatic reaction is 
focally present in some cells. Negatively stained cells are rare 
(white arrow). 

tion of neoplastic cells, the cytoplasma of some of which 
showed very weak focal positivity (Fig. 6). 

DISCUSSION 

The relevance of expression of lymphangiogenic fac-
tors and associated lymphangiogenesis for nodal metas-
tasis and the prognosis of many human carcinomas has 
been unequivocally documented7. Initially it was suggested 
that only peritumorous lymphatics were involved in the 
dissemination of neoplastic cells with other authors not 
finding functional intratumorous lymphatics in various 
tumours23,48-51. However, recent research has shown that 
the latter channels may be present in some carcinomas, in-
cluding those originating in the head and neck region52-55, 
thus contributing to the lymphatic spread of neoplastic 
cells. On the other hand, the role the lymphatics play 
in the viability of cells in malignant as well as benign 
tumours is not clear. These vessels are suggested to drain 
colloids from the tumours contributing thereby - along 
with blood vessels - to the establishment of a specific stro-
mal microenvironment that fosters tumour growth2,56. We 
demonstrated, that in both the WTs and OCAs, there 
were peritumorous lymphatics of comparable, relatively 
high density. Their number was markedly greater than 
intratumorous ones. Analogic distribution of lymphatic 
network has been reported not only in WT (ref.47) but also 
in pleomorphic adenoma28,44 and basal cell adenoma46. In 
our cases of WT, the intratumorous lymphatics were seen 
solely in the lymphoid stroma. However, they were de-
tected by Teymoortash et al.47 to be very thinly dispersed 
among and in close contact with the oncocytic cells of 
this entity. We found significant difference in the density 
of intratumorous capillaries of WTs and OCAs. They were 
numerous in the stroma of the former lesions, but very 
sporadic in the latter. Scarcity of these lymphatics has 
been reported in primary and recurrent pleomorphic ade-

nomas, too44,28. In basal cell adenoma, the number of intra-
tumorous vessels was also shown to be low, but exceeding 
that in pleomorphic adenoma46. In general, the minimal 
number or even absence of intratumorous lymphatics is 
considered to be due to the growth of neoplastic cells that 
increases interstitial pressure, thereby collapsing and/or 
pushing these vessels to the tumour periphery57,58. Soares 
et al.45 suggested that in pleomorphic adenomas, the ana-
logic effect was exerted by their abundant myxochondroid 
stroma. In this study, the majority of WTs showed positiv-
ity of both VEGF-C and VEGF-D, while only the latter 
immunoreaction was present in the OCAs. Information 
regarding the expression of the major lymphangiogenic 
factors in salivary gland tumours is very limited. In our 
two previous papers, we demonstrated moderate to strong 
VEGF-C and VEGF-D immunoreactivity in all cell types 
of salivary adenoid cystic carcinomas27 and expression of 
only the latter cytokine in the cells of epithelial as well as 
mesenchymal component of pleomorphic adenomas44. 
Moreover, moderate expression of primarily haemangio-
genic VEGF(A), known to cooperate with VEGF-C in the 
regulation of lymphangiogenesis59 was reported in the epi-
thelial and some stromal lymphoid cells of WTs by Faur et 
al.29 and Nakamura et al.30. The last named authors could 
confirm VEGF immunoreactivity also in the epithelial 
and all phenotypic variants of neoplastic myoepithelial 
cells of pleomorphic adenoma. Similar results were pub-
lished by Swelam et al.31, who suggested that the cells 
of pleomorphic adenoma produced VEGF for their own 
proliferation and that the strong expression of this cyto-
kine was controlled by hypoxia. This conclusion was later 
confirmed by Soares et al.45. In their subsequent study46, 
these authors reported stronger VEGF immunoreactivity 
in basal cell adenoma than in pleomorphic adenoma. This 
finding corresponded to the markedly lower intratumor-
ous lymphatic vessel density in the latter lesion. As it is 
evident from the presented and previously published stud-
ies28,44,46, pleomorphic adenoma, oncocytic adenoma and 
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basal cell adenoma reveal similar predominance of the 
peritumorous capillaries over the scarce intratumorous 
ones. This is not surprising considering that the latter are 
found in higher number only in some carcinomas, thus, 
increasing their metastatic capability. The explanation of 
the abundance of stromal lymphatics in WTs can be seen 
primarily in the plentitude and specific character of their 
stroma composed (i.a.) of lymphoid follicles containing 
lymphocytes and macrophages. In our study, both reactive 
cell types expressed either tested lymphangiogenic factors, 
stimulating in this way the proliferation of the pre-existing 
lymphatic vessels. The lymphangiogenetic role of macro-
phages in WT is further supported by Kerjaschki et al.60 
who demonstrated that these cells are capable of direct 
trans-differentiation into endothelial cells and secretion 
of VEGF-C. Besides the cells of the epithelial component, 
moderate to strong expression of VEGF(A) was reported 
in the lymphocytes of WT (ref.29,30,61). The differences in 
intratumorous vessel density in WTs and other benign 
salivary adenomas probably also reflects their diverse bio-
logical character. While the latter are genuine neoplasms, 
the nature of WTs is a matter of controversy. Due to the 
demonstrated polyclonality of the oncocytic cells, this 
tumour is considered by some authors to be a tumour-like 
lesion47,62. On the other hand, Rabia et al.63 and Nakamura 
et al.30 believe that Warthin's tumour represent a true neo-
plasm. Nonetheless, the oncocytic cells of either lesions 
evoke immunologic response in their stroma. This reac-
tion may stimulate proliferation of lymphatic and blood 
vessels, similar to ordinary inflammatory conditions. 
This assumption seems to be supported by the analysis 
of blood vasculature in benign and malignant salivary tu-
mours29. Of these, the highest vascular density was found 
in WT. The OCAs and WTs have a very low proliferation 
rate of neoplastic cells, and the metabolic requirements of 
the tumours are thus minimal. Consequently, analogical 
density of the lymphatics in the neoplastic epithelium of 
both entities can be anticipated. However, in our study, 
their almost total absence in WTs contrasted to their oc-
currence in the OCAs. We, therefore, assume that in the 
latter entities these channels are responsible for main-
taining their tumourous homeostasis, while in WTs it is 
mediated by stromal lymphatics. 

CONCLUSIONS

Both tested tumours reveal comparable density of peri-
tumorous lymphatic network, primarily providing their 
lymphatic drainage. However, WTs markedly differ from 
OCAs in the number of the intratumorous vessels. These 
are abundant solely in the stroma of WTs, while very 
rare in the neoplastic epithelium of the WTs and OCAs. 
Our results suggest that homeostasis in both entities is 
mediated primarily by peritumorous lymphatics. The 
lymphatic drainage in WTs is further fostered by stromal 
lymphatics, whereas in stroma poor OCAs by the vessels 
in their neoplastic epithelium. We also believe, that WTs 
stimulate proliferation of pre-existing lymphatic capillar-

ies by means of the paracrine secretion of VEGF-C and 
VEGF-D in the neoplastic as well as reactive stromal cells, 
while in OCAs only the latter factor takes part in their 
lymphangiogenesis. 
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