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Abstract 
Acinic cell carcinoma (ACC) is the third most common epithelial malignancy of the salivary glands in adults, exhibiting a low-grade 
malignancy that mainly occurs in the parotid gland and at a relatively younger age than other salivary gland tumors. We performed an 
immunohistochemically study regarding angiogenesis in ACC, by assessing the CD105+ tumor microvessels density and investigating the 
VEGF and its receptors VEGFR1 and VEGFR2 expression in tumor samples. The results indicated an active angiogenesis in ACC, with 
the highest CD105-MVD score recorded in the solid variant. This fact was supported by the reactivity of tumor cells and endothelial blood 
vessel cells for VEGF and its receptors (VEGFR1 and VEGFR2). Thus, we concluded that in ACC do exist autocrine and paracrine VEGF 
loops implicated in growth and progression of this kind of salivary gland tumors. 
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 Introduction 

Acinic cell carcinoma (ACC) is a rare malignant 
epithelial tumor that accounts for about 1–6% of all 
salivary gland neoplasms [1]. It is a low-grade malignancy 
that occurs most often in the parotid gland with a 
predilection for females and presents at a relatively 
younger age than other salivary gland tumors [2]. Despite 
of low malignant behavior, ACC has a tendency to recur, 
to produce metastases (cervical lymph nodes and lungs), 
and may have an aggressive evolution with death rates 
ranging from 1.3% to 26% [2–5]. 

Angiogenesis represents neovascularisation derived 
from the pre-existing vasculature [6] and seems to play 
a crucial role in tumor growth and metastasis [7]. One 
of the most used methods to assess tumor angiogenesis 
is the “hot spot” method for counting microvessels 
density (MVD) introduced in 1991 by Weidner N et al. 
for breast cancer [8]. Since then, this method has been 
widely used for quantifying the neovascularisation in 
many human cancers, including salivary gland tumors 
[9–13]. Unlike pan-endothelial cell markers (e.g., factor 
VIII-related antigen, CD31 or CD34), the CD105 is a 
specific marker for activated endothelial cells, being more 
specific for tumor angiogenesis [11, 13, 14]. 

Among the angiogenic cytokines involved in the 
angiogenic switch occurring in salivary gland tumors, 

vascular endothelial growth factor (VEGF) is the principal 
factor involved. There are some reports of correlations 
between clinicopathological factors and VEGF in such 
tumors [15–17].  

The biological activity of VEGF is dependent on its 
reaction with specific receptors, especially with VEGFR1 
and VEGFR2. However, literature data concerning 
expression of these receptors in salivary gland tumors 
are few and limited [18–20]. 

Therefore, our study has aimed to investigate the 
angiogenesis in ACCs by assessing CD105-MVD, the 
expression of VEGF and its receptors VEGFR1 and 
VEGFR2, and to establish correlations between these 
angiogenic parameters and the major clinicopathological 
variables of these patients. 

 Materials and Methods 

We reviewed medical records from the Laboratory 
of Pathology, Emergency County Hospital of Craiova, 
Romania, and identified those patients who had been 
operated for salivary ACC from 2000 through 2011.  
As clinical data, we noted each patient’s sex, age and 
the site of the tumor and as pathological parameters, we 
look for histologic patterns, involvement at the surgical 
margins, presence of perineural and/or vascular invasion 
and pTNM (Table 1). 
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Table 1 – The major clinicopathological features and angiogenesis quantification results of the investigated ACC 

No. 
Age 

[years] 
Gender Site 

Histological 
pattern 

Surgical 
margins

CD105-MVD
VEGF 

scoring 
VEGFR1 
scoring 

VEGFR2 
scoring 

pTNM 

1. 43 F Parotid Solid - 28±5 1 1 0 I (T1N0M0) 

2. 47 F Parotid Solid - 30.6±6.063 2 1 1 II (T2N0M0) 

3. 52 F Parotid Microcystic - 14.2±4.186 2 1 1 II (T2N0M0) 

4. 32 M Parotid Papillary cystic + 19,8±2.774 1 1 0 I (T1N0M0) 

5. 55 F Parotid Mixed - 17.4±4.774 2 1 0 II (T2N0M0) 

6. 44 F Parotid Solid - 31.2±3.492 2 2 1 III (T2N1M0)

7. 49 M Buccal mucosa Mixed - 11.2±3.346 1 1 0 I (T1N0M0) 

8. 54 M Upper lip Mixed - 12±2.915 1 1 0 I (T1N0M0) 

9. 28 F Parotid Papillary cystic - 20.6±3.049 2 2 1 II (T2N0M0) 

10. 59 M Parotid Solid - 33.6±4.878 2 1 0 III (T2N1M0)

11. 63 M Parotid Mixed - 17.8±3.42 2 2 1 II (T2N0M0) 

12. 51 F Parotid Mixed + 18±3.162 2 2 1 IV (T2N2M0)
 

Paraffin blocks from these patients were process by 
classical histological techniques (HE stain) and for more 
detailed histopathological investigation were stained with 
Masson’s trichrome kit (BioOptica, Albedo, Romania) 
and PAS stain after diastase digestion (PAS-D) using  
α-Amylase from porcine pancreas (Sigma-Aldrich, 
Albedo, Romania) according to the producers’ protocols. 

To illustrate more properly the acinar differentiation, 
we made an immunohistochemical detection for human 
Amylase (G-10, mouse anti-human, monoclonal, Santa 
Cruz, Redox, Romania) without antigen unmasking and 
incubating the slides overnight at 40C with the primary 
antibody diluted as 1:2000. 

The reactions were amplified with LSAB2 (Dako, Redox, 
Romania) and visualized with 3,3’-Diaminobenzidine (DAB) 
(Dako, Redox, Romania). For counterstaining, we used 
Mayer’s Hematoxylin. The resection margins that include 
normal salivary gland parenchyma were used as internal 
control. 

For illustrating the angiogenesis, we use double 
immunohistochemical reactions, using as first primary 
antibodies: CD105 (rabbit anti-human, polyclonal, Santa 
Cruz, Redox, Romania, in dilution 1:50), VEGF (rabbit 
anti-human, polyclonal, Santa Cruz, Redox, Romania, 
in dilution 1:50), VEGFR1 (rabbit anti-human, poly-
clonal, Sigma-Aldrich, Redox, Romania, in dilution 1:50) 
and VEGFR1 (rabbit anti-human, polyclonal, Abcam, 
MST solution, Romania, in dilution 1:50), and as second 
primary antibody the Amylase, with the above-mentioned 
specifications.  

For the first antibody developing, we used citrate pH 6 
heat-induced antigen retrieval, LSAB2 System-HRP and 
DAB as chromogen, according to the manufacturing 
protocols. 

After blocking the endogenous biotin with Avidin/ 
Biotin Blocking Kit (Dako, Redox, Romania) the 
second antibody was visualize with LSAB2 System-AP 
(Dako, Redox, Romania) and Vulcan Fast Red (Biocare, 
Rotest, Romania) as chromogen, according to the 
manufacturing protocols. As external control for these 
angiogenesis markers, were used section of human 
placenta. 

The histopathological criteria for ACC diagnosis were 
those established by WHO (2005) and the images were 
acquired by utilizing a Nikon Eclipse 55i microscope 
(Nikon, Apidrag, Bucharest) equipped with a 5-megapixel 
cooled CCD camera and the Image ProPlus AMS7 
software (Media Cybernetics Inc., Buckinghamshire, 
UK). 

Immunohistochemical assessment 

MVD assessment 

Slides were scanned at low-power magnification (×40) 
to identify five areas with the greatest number of blood 
vessels (hotspots). 

Microvessels were counted under ×200 magnification 
(0.8305 mm2/field), considered the mean number of 
vessels in these areas in each sample. 

Single endothelial cells or clusters of these cells, with 
or without lumen, were considered individual vessels. 
Vessels with muscular walls were excluded. 

Evaluation of VEGF, VEGFR1, and VEGFR2 immuno-
histochemical expression 

Protein expression was quantified in the various 
samples examined using a semi-quantitative scoring 
method. A mean percentage of positive tumor cells was 
determined in at least five areas at a magnification of 
400 × , and assigned to one of the three following scores: 
0 (no reaction), 1 (positive in less than 10% of the total 
tumor cells), and 3 (positive in more than 10% of the 
total tumor cells). 

Statistical analysis 

Statistical analysis was done in SPSS version 16.0 for 
Windows, using the χ2 test for dependence assessment, 
and ANOVA testing for multiple inter-group comparisons, 
the results being considered statistically significant for a 
p-value <0.05. 

 Results 

Clinico-epidemiological data 

According to the data presented in Table 1, the 
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majority of ACCs developed in the fifth decade of life 
(five cases, respectively 41.66%), with an average of 
45.75 years. The youngest patient had 28-year-old and 
the oldest was 63 years. Women were affected more 
frequently than men in a ratio of 1.4 to 1, with no age 
predilection. 

Almost 84% of all ACCs occurred in the parotid 
gland, and only in two cases, the tumors involved the 
intraoral minor salivary glands, respective the right buccal 
and the upper lip mucosa groups [21]. 

In 75% of the investigated cases, the pTNM stage 
was I/II, with no cases of perineural or vascular invasion, 
but with lymph node dissemination presented in only 
three cases. 

Histopathological aspects 

The most frequently encountered histological pattern 
was the solid form present in all investigated cases, but 
extensively in only four (33.33%) cases. In almost 42% 
of the cases, we noticed a mixture of two or more growth 
patterns with the solid/lobular and microcystic patterns 
more frequently associated [21]. 

CD105 expression and MVD assessment 

CD105-positive vascular endothelial cells were clearly 
identified by their brown staining. In the residual normal 
salivary gland parenchyma from the resection tumor 
edges microvessels were rarely expressed CD105 and 
staining was faint and weak (Figure 1A). 

 
Figure 1 – ACC: Angiogenesis, IHC staining, CD105 (brown)/Amylase (red). (A) Residual normal salivary gland 
parenchyma vessels CD105+, ×100. (B and C) Intratumoral and peritumoral vessels CD105+, ×100. (D and E) Tumor 
vessels CD105+ with aberrant morphology, tortuous, with or without clear lumen, ×200. (F) Tumor vessels CD105+ 
predominantly of small-caliber, ×100. (G) The highest density appears to be in the inflammatory tumor stromal areas, 
×100. (H and I) Tumor areas with individual endothelial CD105+ cells, ×100/×400. (J) Tumor cells from solid variant 
positive to CD105, ×400. (K) Tumor cells from microcystic variant positive to CD105, ×200. (L) Tumor cells from 
papillary variant positive to CD105, ×200. 
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These vessels were regularly distributed and had 
regular courses and cross-sectional shapes. We also notice 
a moderate CD105 staining in skeletal muscle cells on 
specimens with muscle invasion. 

CD105 stained intensively intratumoral and peri-
tumoral (at the tumor advancing edge) microvessels 
(Figure 1, B and C). 

The tumor vessels were mostly of aberrant 
morphology, tortuous, with or without clear lumen 
(Figure 1, D and E).  

In addition, they varied greatly in size, predominating 
microvessels of small-caliber (smaller than 15-μm 
diameter) (Figure 1F). 

The highest density appears to be in the inflammatory 
tumor stromal areas (Figure 1G). 

In many tumoral areas, we identified individual 
endothelial CD105 positive cells (Figure 1, H and I). 

Regardless of tumor pattern, we observed a weak 
cytoplasmic reactivity in tumor cells, the highest intensity 
being observed in intercalated duct-like tumor cells 
(Figure 1, J and L). 

Microvessels density varied among tissue samples 
from seven to 41 (median 20). According to the 
histological pattern the highest MVD values were recorded 
in solid variant of ACC with 30.85±4.97, while at the 
opposite was the microcystic variant with 14.2±4.81 MCD 
value (Table 1) (Figure 2). 

 
Figure 2 – Distribution of CD105-MVD in relation to 
tumor histological subtypes. 

Intermediate MVD values were obtained in mixed 
(15.28±4.49) and papillary (20.2±2.78) variants. The 
statistical analysis proved the existence of significant 
difference between the CD105 MVD values for different 
histological patterns, F(3.8)=25.81, p<0.001. 

We did not observe any statistical correlation between 
CD105-MVD and VEGF, VDGFR1 and VEGFR2 scores. 
In addition, we did not reveal any correlation of CD105-
microssels density with gender, sex or pTNM stage. 

VEGF expression and its assessment 

In the residual normal salivary gland parenchyma the 
VEGF reactivity was confined to duct epithelial cells and 
some myoepithelial cells (Figure 3, A and B). In addition, 
an acinar VEGF reactivity was observed especially in 
serous acini (Figure 3C). 

In addition, we recorded a VEGF positive reaction in 

the skeletal muscle fibers invaded or not by tumors, and 
in the blood vessels, and inflammatory cell infiltrate 
both from tumors and normal residual salivary gland 
parenchyma. 

However, VEGF immunoreactivity was mainly 
located in the cytoplasm of the tumor cells (Figure 3, D 
and E) in all investigated ACC cases (100%). 

In five (41.67%) cases, the VEGF staining was 
present in less then 10% of tumoral cells, while in  
the remaining seven cases, the VEGF scoring was 2 
(Table 1). 

As regarding the histological pattern, it seems that 
the microcystic, solid and mixed variants were the most 
reactive to VEGF and at the opposite pole were the 
papillary variants (Figure 3, F–I). 

Related to tumor cell types, the most reactive were 
intercalated duct-like cells and non-specific glandular 
cells (Figure 3J), followed by the tumor cells with 
acinar differentiation (Figure 3K) and last ranged were 
the vacuolated tumor cells (Figure 3L). 

We did not observe any statistical correlation of 
VEGF expression either with CD105-MVD neither with 
the major clinicopathological parameters. However, it 
seems that VEGF score 1 predominated in pTNM stage I, 
while score 2 prevailed in stage II and III [χ2(3, N=12) 
=12, p=0.007]. 

VEGFR1 expression and its assessment 

In the residual normal salivary gland parenchyma, 
the VEGFR1 reactivity was mostly confined to duct 
epithelial cells and some myoepithelial cells (Figure 4, 
A and B). 

We did not observe any acinar VEGF reactivity 
(Figure 3C) but a weak reaction was recorded in some 
blood vessels (Figure 4D), and inflammatory cells 
infiltrate (Figure 4B), both from tumors and normal 
residual salivary gland parenchyma. 

In tumor specimens, we noticed a weak granular 
cytoplasmic reaction in all investigated ACC cases 
(Figure 4, E and F). 

The semiquantitative VEGF assessment revealed 
that in most cases (eight cases, representing 66.66%) 
less than 10% of tumor cells were positive to this 
marker (Table 1). 

In only four cases, we recorded a more intense 
reaction with more than 10% of positive tumor cells. 
This immunohistochemical score 2 was recorded in two 
cases with mixed pattern (Figure 4G), one case of ACC 
with solid pattern (Figure 4H) and one cases with 
papillary pattern (Figure 4I). 

Cytologically, the most intense reaction was noted  
in intercalated duct-like and non-specific glandular cells 
(Figure 4J). 

In the tumor cells with acinar differentiation the 
VEGFR1 reaction was weak (Figure 4K), and it was 
absent in vacuolated tumor cells (Figure 4L). 

The statistical analysis did not reveal any significant 
correlations of VEGFR1 reactivity with any clinical or 
histological investigated parameters. 
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Figure 3 – ACC: VEGF reactivity, IHC staining, VEGF (brown)/Amylase (red). (A and B) Residual normal salivary 
gland parenchyma VEGF reactivity confined to duct epithelial cells and some myoepithelial cells, ×200/×100. (C) Acinar 
VEGF reactivity in serous acini, ×400. (D and E) Microcystic variant of ACC with VEGF immunoreactivity mainly 
located in the cytoplasm of the tumor cells, ×40/×400. (F) Microcystic variant of ACC with VEGF reactivity, ×200.  
(G) Solid variant of ACC with VEGF reactivity, ×200. (H) Mixed variant of ACC with VEGF reactivity, ×100. (I) Papillary 
variant of ACC with VEGF reactivity, ×100. (J) Intercalated tumor duct-like cells positive to VEGF, ×200. (K) Non-
specific tumor glandular cells and acinar tumor cells positive to VEGF, ×200. (L) Vacuolated tumor cells with weak or 
negative VEGF reactivity, ×200. 

VEGFR2 expression and its assessment 

In normal specimens, the VEGFR2 reactivity has 
overlapped on the VEGFR1 reactivity but was much 
weaker. Thus, we noticed a granular cytoplasmic reaction 
in duct epithelial cells and some myoepithelial cells 
(Figure 5, A and B). 

As a characteristic, we noticed a higher VEGFR2 
reactivity on vascular endothelium in both residual 

salivary parenchyma and in tumor specimens (Figure 5, 
C and D). 

In the tumoral samples, VEGFR2 reactivity was weaker 
then VEGFR1 and it was observed in only 50% of the 
ACC investigated cases. 

The semiquantitative VEGF assessment revealed that 
in these positive cases less than 10% of tumor cells were 
reactive for this marker (Table 1). 

We could not establish correlations of VEGFR2 
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reactivity with tumor histological pattern. The intercalated 
duct-like and non-specific glandular tumor cells were 
the most reactive (Figure 5E) and at the opposite pole 
were the acinar tumor cells with a weak reaction 
(Figure 5F), and vacuolated tumor cells, which were 
mainly negative for this marker. 

The only significant correlations regarding VEGFR2 
tumor reactivity were: 

▪ the immunohistochemical VEGFR2 score 0 was 
mostly associated with the VEGF score 1, while VEGFR2 
score 1 status was mostly associated with the VEGF 
score 2, χ2(1, N=12)=6, p=0.014; 

▪ the VEGFR2 score 0 was mostly associated with 
the VEGFR1 score 1, while VEGFR2 score 1 status was 
mostly associated with the VEGFR1 score 2, χ2(1, N=12) 
=6, p=0.014. 

 
Figure 4 – ACC: VEGFR1 reactivity, IHC staining, VEGFR1 (brown)/Amylase (red). (A and B) Residual normal salivary 
gland parenchyma VEGFR1 reactivity confined to the duct epithelial cells and some myoepithelial cells, ×100/×200. 
(C) No acinar VEGFR1 reactivity in serous acini, ×400. (D) Mixed variant of ACC with VEGFR1 reactivity both in 
vessels and tumor cells, ×400. (E) Mixed variant of ACC with granular cytoplasmic VEGFR1 immunoreactivity in the 
tumor cells, ×100. (F) Solid variant of ACC with granular cytoplasmic VEGFR1 immunoreactivity in the tumor cells, 
×400. (G) Mixed variant of ACC with VEGFR1 reactivity, ×200. (H) Solid variant of ACC with VEGFR1 reactivity, 
×200. (I) Papillary variant of ACC with VEGFR1 reactivity, ×200. (J) Intercalated duct-like and non-specific glandular 
cells positive to VEGFR1, ×400. (K) Acinar tumor cells weakly positive to VEGFR1, ×400. (L) Vacuolated tumor cells 
negative VEGFR1 reactivity, ×400. 
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Figure 5 – ACC: VEGFR2 reactivity, IHC staining, VEGFR2 (brown)/Amylase (red). (A and B) Residual normal salivary 
gland parenchyma VEGFR2 reactivity confined to duct epithelial cells and some myoepithelial cells, ×200/×400.  
(C and D) Intense VEGFR2 reactivity in endothelial cells from ACC vessels, ×400. (E) Solid variant of ACC with 
granular cytoplasmic VEGFR2 immunoreactivity in the intercalated duct-like and non-specific glandular tumor cells, 
×400. (F) Mixed variant of ACC with weak granular cytoplasmic VEGFR2 immunoreactivity in the acinar tumor cells, 
×200. 

 Discussion 

So far, angiogenesis of acinic salivary gland tumors 
has received limited attention. The reported MVD 
measurements in such salivary tumors were very few. 
Therefore, when we revised the English PubMed data, 
we discovered only one paper that discusses this problem 
[12] analyzed using automated image analysis and CD34 
as marker of tumor vessels the MVD for 34 patients 
with ACC [12]. The authors found that patients who 
died of this kind of salivary gland cancer had significant 

differences in vessel size, irregularity, staining intensity, 
and density compared with patients who survived 
during the five-year follow-up. Thus, they concluded 
that computer-assisted analysis of CD34-stained micro-
vessels in such tumors might have prognostic value 
[12]. In our study, the CD105 reaction identified an 
active angiogenesis in the investigated ACC cases, the 
tumor vessels being of small-caliber, with aberrant 
morphology, tortuous, with or without a clear lumen. 
The highest density appears to be in the inflammatory 
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tumor stromal areas. Also, we established a significant 
difference between the CD105-MVD values for different 
histological patterns, with the highest MVD values 
recorded in solid variant and the lowest in microcystic 
variant. In addition, we observed a weak cytoplasmic 
reactivity in tumor cells, with the highest intensity 
noticed in intercalated duct-like tumor cells. 

Other studies regarding MVD in salivary gland 
tumors have showed that tumors without myoepithelial 
cells had higher MVD than those containing myo-
epithelial cells [9–11, 13]. It was suggested that myo-
epithelial cells express and secrete high levels of 
angiogenic inhibitors, but very low levels of proangiogenic 
and angiogenic factors [9, 22, 23]. To compensate for 
the low angiogenesis level, it seems that salivary gland 
tumors with myoepithelial cells develop bigger blood 
vessels than those without myoepithelial cells [13]. 
However, Costa AF et al. (2008) [10] pointed out that 
the anti-angiogenic phenotype of myoepithelial cells may 
not play a pivotal role in the lower angiogenesis in 
salivary carcinomas with myoepithelial differentiation 
[10]. 

Unlike other types of cancer, in salivary carcinomas 
the process of angiogenesis seems to be most active in 
intratumoral regions, most likely due to tissue-specific 
tumor features and/or growth rate of the tumors within 
this location [10]. 

According to Dhanuthai K et al. (2012) [11], although 
malignant salivary gland tumors showed higher MVD 
than their correspondent benign neoplasm, MVD itself 
could not be an indicator to distinguish between benign 
and malignant salivary gland tumors [11]. Moreover, 
even if the in vitro study of Zhang J and Peng B (2007) 
[24] has suggested that adenoid cystic carcinomatous 
cells with higher metastatic potential could present a 
greater stimulus to angiogenesis, Costa AF et al. (2008) 
[10] comparing adenoid cystic carcinomas with and 
without distant metastases did not observe an increase in 
CD34-MVD nor in CD105-MVD in the group with 
metastases [10]. In addition, Cardoso SV et al. (2009) 
[9] recorded that the mean intratumoral MVD assessed 
by CD105 was not significantly different between the 
entire samples of malignant tumors that did or did not 
metastasize, and even all of the polymorphous low-grade 
adenocarcinomas and more than half of the adenoid 
cystic carcinomas that metastasized did not present 
CD105 positive vessels. Therefore, the authors suggested 
that angiogenesis is neither an absolute determinant nor 
required for acquisition of metastatic phenotype in these 
salivary gland tumors. One possible explanation for this 
variation in the metastatic potential of salivary gland 
tumors might be the differences in intrinsic properties  
of cancer cells themselves and/or of the tumor micro-
environment [25]. 

All these aspects of salivary gland tumors angio-
genesis must be recognized especially in the light of 
their implication in the field of anti-angiogenic therapy. 
It is well known that CD105 promoter is predominantly 
active in proliferating endothelial cells, and this molecule 
is currently being evaluated as an ideal target for 
antiangiogenic therapies that aim to prevent the 
development of neovasculature [26]. Thus, of this therapy 

could mainly benefit patients with salivary gland tumors 
with high MVD, that express CD105 [10, 11]. 

Vascular endothelial growth factor (VEGF) is the 
main factor promoting angiogenesis and its expression 
may therefore be an indicator for the angiogenic potential 
and biological aggressiveness of a tumor [27]. The main 
salivary gland screening of the VRGF expression was 
conducted especially on mucoepidermoid carcinoma, 
adenoid cystic carcinoma and pleomorphic adenoma. 
Swelam W et al. in their study proved that salivary 
gland cells are capable of producing and secreting 
VEGF under normal conditions. Even more, the authors 
showed an increased VEGF expression in pleomorphic 
adenoma cells, given the fact that these tumors have a 
poor blood supply. Therefore, it was suggested that  
the up-regulation of VEGF due to the hypoxia might 
compensate for the poorly vascularized pleomorphic 
adenoma stroma [18]. Regarding adenoid cystic 
carcinoma VEGF expression, Lim JJ et al. (2003) [16] 
reported correlations with age, size, lymph node 
metastasis, clinical stage, perineural and vascular 
invasion, recurrence, and survival, but no correlation 
with histologic types. Also, Zhang J et al. (2005) [24] 
showed that VEGF expression and MVD had significant 
correlations with the clinicopathologic factors, such as 
tumor size, clinical stage, vascular invasion, recurrence, 
and distant metastasis in adenoid cystic carcinomas. 
Moreover, the authors found that VEGF expression was 
significantly higher in solid type tumors than that from 
tubular and cribriform types, and a tendency towards 
higher VEGF staining was recorded with more cases 
with perineural invasion [24]. Thus, the authors concluded 
that VEGF and MVD might play an important role in 
the prognosis of adenoid cystic carcinomas and that they 
cloud represent important therapeutic targets. 

Our study proved that VEGF reactivity is mainly 
located in the cytoplasm of the tumor cells with the 
highest intensity in intercalated duct-like cells and non-
specific glandular cells, and in the microcystic and solid 
ACC variants. Statistically we observed that the intensity 
of VEGF reaction correlated with pTNM stage with the 
score 2 prevailing in stage II and III. However, we could 
not establish any other correlations. 

Lequerica-Fernández P et al. (2007) [15] suggested 
that VEGF can contribute to the progression of salivary 
gland carcinomas and seems to be associated with neck 
node metastasis, worse survival and poor local control 
of the disease [15]. Moreover, it seems that VEGF and 
angiogenesis could be used in the prevention or treatment 
of salivary cancer metastasis. Such supposition is partially 
supported by the investigation undertaken by Younes MN 
et al. (2006) [20], which treated salivary adenoid cystic 
carcinomas with AEE788, a dual inhibitor of EGF and 
VEGF receptor tyrosine kinases, and they found a reduced 
microvessels density and metastasis [20]. 

Data regarding VEGFR-1 and VEGFR-2 expression 
in salivary gland tumors are scarcer. Thus, in normal 
salivary gland it seems that both receptors had the same 
immunolocalization as the VEGF, namely in duct epithelial 
cells and some myoepithelial cells [18]. In pleomorphic 
adenoma tissues, the same authors revealed that while 
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VEGFR-2 and VEGFR-1 were immunolocalized in stellate 
cells, tumor cells forming tubular structures were more 
intensively positive for VEGFR-2. The simultaneously 
immunopositivity for VEGF, VEGFR-1, and VEGFR-2 
of tumor cells in pleomorphic adenomas, proved that 
these tumor cells seem to survive due to an autocrine 
mechanism through both VEGFR-1 and VEGFR-2 
signaling pathways [18]. Tampouris AI et al. (2012) 
[19] have also supported the existence of an autocrine 
loop implicated in survival, growth and progression of 
salivary gland tumors with myoepithelial differentiation, 
and more particularly, in pleomorphic adenomas [19]. 
In adenoid cystic carcinomas, Younes MN et al. (2006) 
[20] reported a predominantly VEGFR-2 expression in 
the tubular structures of tubular tumor variant and in  
the duct-like structures of the large cribriform pattern of 
this salivary gland tumor. Moreover, the authors proved  
that blockade of EGFR and VEGFR by AEE788 had a 
significant antitumor effects on human salivary adenoid 
cystic carcinomas cell xenografts in nude mice. 

Our investigation regarding the expression of VEGF 
receptors in ACC samples revealed that their reactivity 
was overlapped on the VEGF reactivity. Overall, the 
VEGFR2 tumor reactivity was lower than that of 
VEGFR1 and at the cellular level the most reactive were 
intercalated tumor duct-like and non-specific tumor 
glandular cells. Statistics showed that the lowest values 
of VEGFR2 reactivity corresponded to scores 1 of VEGF 
and VEGFR1 reactivity while the highest VEGFR2 
reactivity corresponded to the highest VEGF and 
VEGFR1 expression. For both receptors, we did not 
establish correlations with other clinical or histological 
investigated parameters, most probable due to the low 
number of cases. The highest VEGFR2 reactivity was 
present mainly in the vascular endothelial cells. 

 Conclusions 

Our investigation ascertained the existence of active 
angiogenesis in ACC, which is dependent on the 
histological variant, with the highest CD105-MVD 
scores in solid tumors. Responsible for this angiogenesis 
seems to be the VEGF and its receptors that were 
expressed in almost all of the investigated cases. In 
addition, their co-expression on tumor cells supported 
the existence of autocrine and paracrine loops implicated 
in the growth and progression of this type of salivary 
gland tumors. 

References 
[1] Ellis GL, Auclair PL, Tumors of the salivary glands, Atlas of 

Tumor Pathology, 3rd Series, Fascicle 17, Armed Forces 
Institute of Pathology, Washington, D.C., 1996, 83. 

[2] Barnes L, Eveson JW, Reichart P, Sidransky D, Pathology 
and genetics of head and neck tumours, World Health 
Organization Classification of Tumours, IARC Press, Lyon, 
2005, 216. 

[3] Lewis JE, Olsen KD, Weiland LH, Acinic cell carcinoma. 
Clinicopathologic review, Cancer, 1991, 67(1):172–179. 

[4] Perzin KH, LiVolsi VA, Acinic cell carcinomas arising in 
salivary glands: a clinicopathologic study, Cancer, 1979, 
44(4):1434–1457. 

[5] Spiro RH, Huvos AG, Strong EW, Acinic cell carcinoma of 
salivary origin. A clinicopathologic study of 67 cases, Cancer, 
1978, 41(3):924–935. 

[6] Folkman J, What is the evidence that tumours are angio-
genesis dependent? J Natl Cancer Inst, 1990a, 82(1):4–6. 

[7] Folkman J, Endothelial cells and angiogenic growth factors 
in cancer growth and metastasis. Introduction, Cancer 
Metastasis Rev, 1990b, 9(3):171–174. 

[8] Weidner N, Semple JP, Welch WR, Folkman J, Tumour 
angiogenesis and metastasis – correlation in invasive breast 
carcinoma, N Engl J Med, 1991, 324(1):1–8. 

[9] Cardoso SV, Souza KC, Faria PR, Eisenberg AL, Dias FL, 
Loyola AM, Assessment of angiogenesis by CD105 antigen 
in epithelial salivary gland neoplasms with diverse metastatic 
behavior, BMC Cancer, 2009, 9:391. 

[10] Costa AF, Demasi AP, Bonfitto VL, Bonfitto JF, Furuse C, 
Araújo VC, Metze K, Altemani A, Angiogenesis in salivary 
carcinomas with and without myoepithelial differentiation, 
Virchows Arch, 2008, 453(4):359–367. 

[11] Dhanuthai K, Sappayatosok K, Yodsanga S, 
Rojanawatsirivej S, Pausch NC, Pitak-Arnnop P, An analysis 
of microvessel density in salivary gland tumours: A single 
centre study, Surgeon, 2012 Aug 6. 

[12] Luukkaa H, Laitakari J, Vahlberg T, Klemi P, Grénman R, 
Morphometric analysis using automated image analysis of 
CD34-positive vessels in salivary gland acinic cell carcinoma, 
Acta Otolaryngol, 2007, 127(8):869–873. 

[13] Soares AB, Juliano PB, Araújo VC, Metze K, Altemani A, 
Angiogenic switch during tumor progression of carcinoma 
ex-pleomorphic adenoma, Virchows Arch, 2007, 451(1):65–
71. 

[14] Hirakawa S, Hong YK, Harvey N, Schacht V, Matsuda K, 
Libermann T, Detmar M, Identification of vascular lineage-
specific genes by transcriptional profiling of isolated blood 
vascular and lymphatic endothelial cells, Am J Pathol, 2003, 
162(2):575–586. 

[15] Lequerica-Fernández P, Astudillo A, de Vicente JC, 
Expression of vascular endothelial growth factor in salivary 
gland carcinomas correlates with lymph node metastasis, 
Anticancer Res, 2007, 27(5B):3661–3666. 

[16] Lim JJ, Kang S, Lee MR, Pai HK, Yoon HJ, Lee JI, Hong SP, 
Lim CY, Expression of vascular endothelial growth factor in 
salivary gland carcinomas and its relation to p53, Ki-67 and 
prognosis, J Oral Pathol Med, 2003, 32(9):552–561. 

[17] Zhang J, Peng B, Chen X, Expressions of nuclear factor 
kappaB, inducible nitric oxide synthase, and vascular 
endothelial growth factor in adenoid cystic carcinoma of 
salivary glands: correlations with the angiogenesis and 
clinical outcome, Clin Cancer Res, 2005, 11(20):7334–7343. 

[18] Swelam W, Ida-Yonemochi H, Maruyama S, Ohshiro K, 
Cheng J, Saku T, Vascular endothelial growth factor in 
salivary pleomorphic adenomas: one of the reasons for their 
poorly vascularized stroma, Virchows Arch, 2005, 446(6): 
653–662. 

[19] Tampouris AI, Kandiloros D, Giotakis I, Gakiopoulou H, 
Lazaris AC, The role of the VEGF-C/-D/flt-4 autocrine loop 
in the pathogenesis of salivary neoplasms, Pathol Res Pract, 
2012, 208(3):151–156. 

[20] Younes MN, Park YW, Yazici YD, Gu M, Santillan AA, Nong X, 
Kim S, Jasser SA, El-Naggar AK, Myers JN, Concomitant 
inhibition of epidermal growth factor and vascular endothelial 
growth factor receptor tyrosine kinases reduces growth and 
metastasis of human salivary adenoid cystic carcinoma in 
an orthotopic nude mouse model, Mol Cancer Ther, 2006, 
5(11):2696–2705. 

[21] Munteanu MC, Mărgăritescu C, Cionca L, Niţulescu NC, 
Dăguci L, Ciucă EM, Acinic cell carcinoma of the salivary 
glands: a retrospective clinicopathologic study of 12 cases, 
Rom J Morphol Embryol, 2012, 53(2):313–320. 

[22] Barsky SH, Karlin NJ, Myoepithelial cells: autocrine and 
paracrine suppressors of breast cancer progression, J 
Mammary Gland Biol Neoplasia, 2005, 10(3):249–260. 

[23] Nguyen M, Lee MC, Wang JL, Tomlinson JS, Shao ZM, 
Alpaugh ML, Barsky SH, The human myoepithelial cell 
displays a multifaceted anti-angiogenic phenotype, Oncogene, 
2000, 19(31):3449–3459. 

[24] Zhang J, Peng B, In vitro angiogenesis and expression of 
nuclear factor kappaB and VEGF in high and low metastasis 
cell lines of salivary gland Adenoid Cystic Carcinoma, BMC 
Cancer, 2007, 7:95. 



Cl. Mărgăritescu et al. 

 

284 

[25] Kumar V, Abbas AK, Fausto N. Chapter 7: Neoplasia. In: 
Kumar V, Abbas AK, Fausto N, Robbins SL, Cotran RS (eds), 
Robbins and Cotran pathologic basis of disease, 7th edition, 
Elsevier Saunders, Philadelphia, 2005, 269–342. 

[26] Duff SE, Li C, Garland JM, Kumar S, CD105 is important for 
angiogenesis: evidence and potential applications, FASEB J, 
2003, 17(9):984–992. 

[27] Ilhan N, Ilhan N, Deveci F, Functional significance of 
vascular endothelial growth factor and its receptor (receptor-1) 
in various lung cancer types, Clin Biochem, 2004, 37(9):840–
845. 
 
 
 

 
 
 
 
 
 
Corresponding author 
Claudiu Mărgăritescu, Associate Professor, MD, PhD, Department of Pathology, Faculty of Dentistry, University  
of Medicine and Pharmacy of Craiova, 2 Petru Rareş Street, 200349 Craiova, Romania; Phone +40740–152 550,  
e-mail: c_margaritescu2000@yahoo.com 
 
 
 
 
 
 
Received: December 18th, 2012 

Accepted: May 16th, 2013 
 
 


