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SUMMARY

Angiogenesis is one of the six originally constituted hallmarks of cancer that has been extensively studied in the last two decades. The aim
of our study is to assess the microvessel and macrophageal density in laryngeal carcinoma and its clinicopathological correlations. We im-
munohistochemically assessed microvessel density (CD34) and macrophage count (CD68) using microarray techniques and then looked
for clinicopathological correlations. The mean micro-vessel density in the study group was 14.27 + 12.92 vessels in a x200 field with a
mean macrophageal infiltration density of 5.19 + 4.32. Median microvessel density was significantly higher in patients with metastasis
than in patients without metastasis. Additionally, linear regression established that macrophageal infiltration density could predict micro-
vessel density in laryngeal carcinoma. We found no association between either factor and recurrence rate or other clinical characteristics.
Our study adds additional data to a problem that has been widely studied during the last two decades, even if controversies in this area still
remain.
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RIASSUNTO

L’angiogenesi e uno dei sei principali meccanismi alla base del cancro, ed ¢ stato studiato approfonditamente negli ultimi 20 anni. L’obiet-
tivo del presente studio ¢é stato quello di determinare sia la densita capillare sia I’infiltrato macrofagico nei campioni di carcinoma laringeo
e di determinarne la correlazione con gli aspetti clinici e patologici. Sia la densita capillare (CD34) sia 'infiltrato macrofagico (CD68)
sono stati determinati con metodiche immunoistochimiche mediante microarray. Il nostro campione ha mostrato una densita capillare
media di 14,27 + 12,92 vasi su campo ingrandito a 200x, e l'infiltrato macrofagico medio é stato di 5,19 + 4,32. La densita capillare si é
dimostrata superiore nei pazienti metastatici. Inoltre uno studio di regressione lineare ha mostrato che I’entita dell’infiltrato macrofagico
poteva predire la densita capillare del campione di carcinoma laringeo preso in esame. Non abbiamo invece individuato una correlazione
fra ambo i fattori studiati e l'incidenza delle recidive o gli altri fattori clinici presi in esame. Il nostro studio aggiunge dati ad un problema
che per quanto studiato a fondo negli ultimi 20 anni resta nella sostanza controverso.
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ligands. These include vascular endothelial growth fac-
tors (VEGF), placental growth factor (PIGF), fibroblast
growth factors (FGF-1 and -2), platelet-derived growth
factor (PDGF), hepatocyte growth factor (HGF), angi-

Introduction

Angiogenesis is one of the six originally constituted hall-
marks of cancer that has been extensively studied in the
last two decades '. It is an intricate multistep process of

endothelial migration and proliferation, capillary matura-
tion, anastomosis and lumen development along with ex-
tracellular matrix remodelling 23. Numerous studies have
demonstrated that highly vascularised tumours show a
higher potency to produce metastases compared to less
angiogenic neoplasms *°. Angiogenesis requires the ac-
tivation of many receptors by their respective cognate

opoietins (Ang-1 and -2), epidermal growth factor/trans-
forming growth factor-o. (EGF/TGF-a) and others. VEGF
is known to play the most important role in angiogenesis.
The most common antibodies used for microvessel stain-
ing at present are against Von Willebrand Factor (Factor
VIII), CD31 and CD34.

Macrophages with other inflammatory cell types provide
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growth factors, cytokines, proteolytic enzymes, proteo-
glycan, lipid mediators and prostaglandins. All of these
factors cause marked changes in inflammatory loci by
interacting with epithelial, mesenchymal and vascular en-
dothelial cells’. Almost 150 years ago, Rudolf Virchow
first indicated the concept that lymphoreticular infiltration
reflects the origin of cancer at sites of chronic inflamma-
tion, suggesting a close connection between inflammation
and the development of cancer. Nowadays, the features
shared by cancer and inflammation have been highlighted
by proposing novel therapeutic strategies targeting the in-
flammatory responses in tumour stroma. A recent study
demonstrated that stromal interactions between malignant
cells and inflammatory cells may be closely associated
with angiogenesis and progression of cancer?.

The aim of our study was to assess microvessel and mac-
rophageal density in laryngeal carcinoma and its clinico-
pathological correlations.

Materials and methods

Patient recruitment and assessment

The study was carried out in the ENT department of Uni-
versity Hospital “Queen Jovanna”, Sofia, Bulgaria in co-
operation with the Molecular Medicine Center at Medical
University of Sofia over the period 2010-2013. Fifty-two
patients with histopathologically verified carcinoma of
the larynx were enrolled in the study. Informed consent
was obtained from all patients and the protocol of the
study was approved by the Ethics committee of Medical
University of Sofia. A standardised clinical history was
obtained for each patient. Detailed descriptions of the en-
doscopic/microscopic direct laryngoscopy findings were
recorded along with the results of CT scans. All patients
were followed for at least two years after their operation
and any locoregional recurrences and death events were
recorded.

Tissue microarray constructionandimmunohistochemistry
In this study, paraffin tissue microarray construction was
conducted as routine method. Briefly, a section was cut
from each paraffin block and stained with haematoxylin
and eosin (H&E). Each donor block was overlaid with the
corresponding H&E slide and observed by experienced
pathologists. The area in the donor block for tissue mi-
croarray sampling was verified according to the H&E
slide and marked. An automatic tissue arrayer (Beecher
Instruments Inc., USA) was used for array construction.
Three representative 1.0-mm cores were removed from
each donor block and transferred to a premolded recipient
paraffin block with designated orientation. Monoclonal
antibody CD31 was used for visualisation of microves-
sel density and CD68 for macrophageal infiltration den-
sity (Dako, Agilent Technologies Inc.). Visualisation was
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performed with an EnVision FLEX, Mini Kit, High pH
(Dako, Agilent Technologies Inc.).

Assessment of tumour microvessel density and
macrophageal infiltration

Microvessel density scoring was based on modification of
the method described by Weidner et al. ' in which large
microvessels and any single brown-staining endothelial
cell clearly separated from adjacent microvessels, tumour
cells and other connective tissue elements were consid-
ered a single, countable microvessel. Branching struc-
tures were counted as 1, unless there was a break in the
continuity of the vessel, in which case it was counted as 2
distinct vessels. Microvessel density was scored by count-
ing the number of vessels in three x200 fields. Positivity
for CD68 was scored quantitatively according to the num-
ber of positive stromal cells by an experienced pathologist
without knowledge of patient characteristics.

Results

The mean age of the study group was 60.15 + 7.4 years
(range 41-76). There were two female patients. All pa-
tients had histologically verified squamous cell carcinoma
of the larynx. Distribution according to TNM classifica-
tion was as follows: one patient was staged T1 (1.92%),
six T2 (11.54%), 19 T3 (36.5%) and 26 T4 (50%). Thir-
teen patients (25%) had histologically verified lymph
node metastases at the time of surgery.

The mean microvessel density in the entire study group was
14.27 £ 12.92 vessels, x200 field, and the mean macropha-
geal infiltration density was 5.19 +4.32 (Fig. 1). There was
no statistically significant difference for in vessel densities
between the different tumour stages (p = 0.268, p = 0.441).
A Mann-Whitney U test was run to determine if there were
differences in microvessel density between patients with

G

Fig. 1. CD31+ immunohistochemical visualisation of microves-
sel density in laryngeal carcinoma (A, B). CD68+ immunohi-
stochemical visualisation of macrophageal infiltration density in
laryngeal carcinoma (C, D).
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Fig. 2. Microvessel density in patients with and without lymph
node metastasis at the time of surgery.
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Fig. 3. Linear correlation between microvessel and macropha-
geal infiltration density in laryngeal carcinoma.

histologically verified metastasis and patients without me-
tastasis at the time of surgery. Median microvessel density
was significantly higher in patients with metastasis (33.04
mean rank) than in those without metastasis (24.32 mean
rank), U = 338.5, p < 0.05 (Fig. 2).

Spearman’s rank-order correlation was run to assess the
relationship between microvessel density and macropha-
geal infiltration density in the studied group. The relation-
ship was monotonic, as assessed by visual inspection of
a scatterplot. There was significant positive correlation
between both variables, r = 0.333, p < 0.05.
Additionally, linear regression established that mac-
rophageal infiltration density could statistically signifi-
cantly predict microvessel density in laryngeal carcinoma
(Fig. 3), F (1, 50) = 43.034, p < 0.0005 and macrophageal

Macrophageal infiltration and microvessel density in laryngeal carcinoma

infiltration density accounted for 46.3% of the explained
variability in micro-vessel density (R*> = 0.463). The re-
gression equation was: microvessel density = -3.704 +
2.035 x (microvessel density).

We found no association between recurrence rate or other
clinical characteristics and microvessel or macrophageal
density.

Discussion

The role of the immune system as an important factor that
significantly influences the process of tumour neovascu-
larisation, is well-established 2. Despite this fact, we could
not find any studies that report data on microvascular den-
sity and macrophageal tumour density in laryngeal car-
cinoma. The results from our study undeniably suggest
that the tumour-associated macrophages in laryngeal car-
cinoma have a significant role in inducing the process of
angiogenesis described in other malignancies '°.

When we consider the density of tumour angiogenesis as
a prognostic clinical factor, three potential associations
should be discussed. (1) Correlation between microvessel
density and primary lesion stage (T-stage); (2) Correlation
between micro-vessel density and the process of metastasis;
(3) Correlation between microvessel density and locore-
gional recurrences. This is a widely studied area of interest
in oncology and after a thorough research of the published
literature we have found 15 publications that report results
for microvessel density in laryngeal carcinoma. For all three
associations, we have found controversial findings. The re-
sults from our study suggest that there is no relationship be-
tween microvessel density and T-stage, which is supported
by the findings of Hagedorn " et al. and Tse et al. '2. Kyzas
Petal. ", Lentsch et al.'* and Zvrko et al. > reach the oppo-
site conclusion, showing that higher T-staged tumours also
have a higher density of microvessels. Similarly, conflict-
ing evidence have been reported regarding the correlation
between microvessel density and dissemination of metas-
tasis. In our study group, patients with higher microves-
sel density also showed a higher percentage of metastasis
at the time of surgery, which was also reported by Murray
et al.'s. Later, Tse et al. '> and Kyzas et al. * found no such
associations in their studies. The prognostic value of neo-
vascularisation is one of the most studied prognostic factors
for locoregional recurrences, which according to our results
have no relationship with tumour vessel density. Published
studies are divided on this aspect. Hagedorn et al. ' and Tse
et al. 2 confirm our findings, whereas Teknos et al. 7 and
Marioni '® suggest that higher rate of neovascularisation is a
poor predictor of locoregional recurrence.

Conclusions

Our study adds additional data to a problem that has been
widely studied during the last two decades. Despite this,
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the controversies in this area remain and additional stud-
ies are necessary.
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