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Tumor vasculature is irregularly sized and arranged in a disorganized manner, where they share characteristics of arterioles, capillaries, and
venules simultaneously. Studies on microvessels of tissues (from mastopathy to human breast cancer) embedded in Epoxy resins using a
light optical microscopy method were performed and human breast cancer microvessel images getting on semithin epoxy slices gave a new

opportunity in the studying of this disease.
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INTRODUCTION

The normal microvessels consist of arterioles, capillaries
and venules, and form a well-organized, regulated and
functional architecture,! but tumor vasculature is
unorganized and has trifurcations and branches with uneven
diameters. The vessel wall structure is also abnormal in
tumors.? The formation of new blood vessels (angiogenesis)
is required for the growth of most tumors. Angiogenesis in
breast cancer helps fulfill the metabolic demands of the
progressing tumor and plays a critical role in tumor
metastasis.

Extensive laboratory data suggest that angiogenesis plays
an essential role in breast cancer development, invasion, and
metastasis.®> Angiogenesis precedes the transformation of
mammary hyperplasia to malignancy.™* One of the most
well-studied angiogenesis factors is called vascular
endothelial-derived growth factor (VEGF). VEGF or other
angiogenesis factors produced by tumor cells or nearby cells
can cause the development of blood vessels that feed the
growing tumor.>® Hyperplastic murine breast papillomas
and histologically normal lobules adjacent to cancerous
breast tissue,’® support angiogenesis in preclinical models,
suggesting that angiogenesis precedes transformation of
mammary hyperplasia to malignancy. Switch from sprouting
angiogenesis to intussusceptive angiogenesis is an escape
strategy from radiation-induced damage to the tumor
vasculature.'® Intussusception is another adaptive response
of the tumor cells to stress and hypoxia. The transformation
of one form of angiogenesis to another one will show the
type of transformation of angiogenesis at human breast
cancer.

However, it is still not clear how the alterations of large

vessels could lead to such changes. This research aims to
study microvessels of tissue (from mastopathy to human
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breast cancer) embedded in Epoxy resins using a light
optical microscopy method.

MATERIALS AND METHODS

Reagents and chemicals: powdered paraformaldehyde,
osmium tetaroxide, sodium cacodylate trihydrate; 96 %
ethyl alcohol, acetone, Epon 812, Epon Hardener MNA,
Epon Hardener DDSA, Epon accelerator DNP-30, Azur Il
and sodium borate were of analytical grade and purchased
from Sigma Chemical Co. (USA).

In a current study at surgical procedures of primary
operable human breast cancer, the biopsies of tissue located
close to cancer tissue (3 patients control tissue ), core biopsy
(1 case of mastopathy), and core biopsy of breast cancer (10
patients) were taken. All procedures involved human subject
were approved by the institutional review board/bioethical
committee (Erevan State Medical University, RA)
conformed to the Legal Aspects of Research Ethics and
Science in European Community directive (2001/20/EC

Small pieces of tissue have immediately put in a cold mix
of paraformaldehyde in a sodium cacodylate buffer and
glutaraldehyde for 12 hours at 4 °C with following post-
fixation in 1% OsO4 solution for 2, then dehydration in
ascending series of spirits; saturation in a mixture of acetone
and Epon resins of different proportions to make gelatinous
capsules were performed. Observation under a light
microscope: semithin epoxy sections with up to 1
micrometer thickness were made using ultra cut Reichert
(Austria) stained with Azur 1l (patent 2844 RA) and
studied under light microscope supplied with 40 x10 ocular
lens.

RESULTS

As have shown the results of our study, using the current
method of staining the material (human breast cancer tissue
embedded in epoxy resins) by Azur Il (patent 2844 RA)
gives us very informative images of blood vessels for study.
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At mastopathy, the blood vessels have insignificant lumen  with a high quantity with a different lumen wideness and
widening. Some capillaries have sprouted. The tendency of  shape. Many of them have sprouted.
growing angiogenesis occurs.

Figure 1. Capillaries at mastopathy Figure 3. Human breast cancer x400

In studied cases at the Il stage of cancer takes place the
increasing of the quantity of large vessel profiles by
intussusceptions (have one wall and different profiles shape).

Figure 2. The control tissue of primary operable breast cancer

Blood vessels of breast tissue close to the primary
operable tumor are large. Blood capillaries are presented  Figure 4. Stage 11 Human breast cancer tissue
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Some of the capillaries with very narrow profile lumen
increasing in quantity by intussusceptions.  Areas of
incompletely divided capillaries are observed.

DISCUSSION

Tumor vasculature is markedly distinct from normal
vasculature in that blood vessel that supply tumor tissue are
irregularly sized and arranged in a disorganized manner,
where they share characteristics of arterioles, capillaries, and
venules simultaneously, However, in tumor vasculature,
sporadic blood flow is observed, leading to damaged
capillary network systems.!>4 At the same time, the
mechanisms leading to it remain unknown.

Angiogenesis in breast cancer helps fulfill the metabolic
demands of the progressing tumor and plays a critical role in
tumor metastasis. Therefore, various imaging modalities
have been used to characterize tumor angiogenesis.®
Sprouting  angiogenesis, the  oldest ~model of
microcirculation, is the de novo vessel formation from
preexisting blood vessels. Splitting and hijacking, also
known, respectively, as intussusception and cooption, are
alternative models that account for tumor resistance to
antiangiogenic therapy.® Despite exposure to antiangiogenic
therapy and a subsequent significant decrease in
microvascular density, mammary carcinoma had a rapid
recovery  post-treatment cessation, in  virtue of
intussusceptive pruning. Intussusceptive vessel growth
involves bilateral centripetal protrusion of opposite
endothelial cells lining the vessel wall.*® Once in contact,
the opposite vessel walls fuse and tiny apertures in the
endothelial lining of the vessel walls form, ultimately
leading to the splitting of the two newly formed vessels.1®
In contrast to sprouting angiogenesis, splitting angiogenesis
is an energy-conserving mechanism as it does not dependent
on a high rate of proliferation or basement membrane
degradation and invasion, therefore saving energy and
permitting the survival of the tumor despite hypoxia and
stress.16:18

Tumor vasculature may be visualized using parametric
imaging of specific morphological and physiological
characteristics that collectively describe its properties.®

There is still uncertainty about angiogenesis as a
prognosticator in breast cancer, with publications of
conflicting results.’® The tumor growth dependency on
angiogenesis,'??° makes the hypothesis of angiogenesis as a
prognosticator attractive.?* Studies of the assessment of
angiogenesis have mainly been based on this hot-spot
approach, preferentially using the technique of counting
microvessel profiles by all immunohistochemically stained
distinct endothelial cells or cell clusters in a microscopic
field.?

By the way dates of alteration takes place in large vessels
are not taken into consideration at this very effective method,
which becomes possible by staining of Azur 2 of semithin
epoxy slices

In recent studies of tumor samples taken from 66 patients
with T1-2 stages of invasive breast cancer of a non-specific
type were stained with hematoxylin by Mayer and eosin, as
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well as by immunohistochemical method using antibodies to
CD34 (the focus is on the evaluation of blood capillaries
based on methodological facilities).?> However, practice of
tissue staining by Azur Il on semithin epoxy slices does not
ask using specific markers, sources, or involving additional
methods for obtaining vessel images,'! let us observe the
vascular network of microvascular beds.

As have shown the results of this study, the alteration
takes place in arterioles by the type of intussusception that
can lead to damage to capillary network systems.

Beginning with the canonical sprouting angiogenesis
vasculogenesis and intussusception, and finishing with
vasculogenic  mimicry, the need for different
neovascularization mechanisms is further explored.?*

CONCLUSION

Obtaining human breast cancer microvessels images on
semithin epoxy slices gives new opportunities for further
study of this disease.
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