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Abstract

The “cavitary” type of angiogenesis in patients with gastric cancer (GC) is described for the first
time. Material and methods: The samples of tumour and adjacent gastric mucosa (GM) in 73
patients with GC who had undergone radical surgery were being studied. The sections were
stained with hematoxylin and eosin (H&E) and immunohistochemically (IGH) using antibodies to
CD34. Results: A new type of vessel formation consists of the appearance of cavitary structures
(CS) in tumours and the adjacent GM, which are then lined by endothelial cells and merged into the
blood vessels of the organ. We believe that the CS can be formed by means: |) of the abruption of
layers of epithelial cells (both normal and tumoral) from their underlying foundation and their
desquamation into the lumen of the “obliterated” gastric glands (GG); 2) of the dilatation of the
GG and thinning of their walls; 3) of the formation of “cavity” directly in the lamina propria of GM
or in the tumoral stroma. It was noted that only the presence of multiple “cavitary” vessels (CV) of
type-1 had been associated with the decrease of 3-year overall survival (OR=15,0,
95%Cl1=2,96-76,31) and relapse-free survival (OR=14,93, 95%CI=4,34-51,38). We also observed
the improvement of the long-term outcomes in patients with GC having received antibacterial
therapy (AT) before surgery that can be associated with its influence on the formation of CV
type-|l. Conclusion: The described new type of angiogenesis is of great clinical importance.

Key words: gastric cancer, angiogenesis, vessels morphology, antibacterial therapy, clinical signif-
icance

Introduction

The key role of angiogenesis in the progression
of malignant neoplasms has been shown in a large
number of studies [1-3]. However, the conducted re-
searches allowed to find that the tumoral vasculature
is non-homogeneous in its structure, the degree of
maturity of the vessels and their origin. To date, sev-
eral types of blood vessel formation by tumoral
growth are known: sprouting angiogenesis [4-5],
vessel co-option [6], vasculogenic mimicry [7-8], in-
tussusceptive angiogenesis [9], and vasculogenesis
involving progenitor cells [10-11].

In studies of the features of angiogenesis in pa-

tients with GC we encountered an interesting phe-
nomenon which was considered as a new, previously
undocumented type of vessel formation. According to
it, the aim of the present study was to give a mor-
phological characteristics and a clinical evaluation of
this new type of vessel formation GC.

Material and methods

Patients

74 patients with GC who had undergone radical
surgery (RO) in the Orenburg Regional Clinical On-
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cology Center between January 2009 and July 2010
were included in this prospective study. There were
43 men (58.9%) and 30 women (41.1%). The average
age of the patients was 61.21£9.3 years (from 34 to 78
years, the median - was 61 years). The involvement of
the upper third of the stomach was in 14 patients
(19.2%), the middle third - in 18 patients (24.7%), the
lower third - in 39 patients (53.4%), and the total gas-
tric cancer was in 2 patients (2.7%). In accordance with
the TNM classification of malignant tumours [12] the
distribution of patients according to the stages of the
disease was as follows: T1-2NOMO was in 33 patients
(44,2%), T3NOMO - in 10 (13.7%) and T2-4N1-2MO - in
30 (41.1%). Intestinal and diffuse-types of GC were in
41 cases (56.2%) and 32 cases (43.8%) respectively.
Tumours were good-differentiated (G1) in 27 patients
(36.9%), moderate (G2) - in 14 (19.3%), and poor (G3) -
in 9 (12.3%), and 23 patients (31.5%) had signet ring
cell carcinoma. Subtotal distal resection was per-
formed in 56 cases (76.7%), subtotal proximal resec-
tion - in 10 cases (13.7%), and gastrectomy - in 7 cases
(9.5%). D2 volume lymphadenectomy was performed
in all patients, with D3 elements - in 38 patients
(52.0%).

28 of the 73 patients (38.4%) have received AT
before the surgery apropos of the preliminary diag-
nosis of gastritis or stomach ulcer. The presence of AT
was taken into account only if the treatment had been
in a period of 1 to 1.5 months before surgery, duration
of not less than 7 days, with the appointment of 2 or
more antibiotics. The patients received most com-
monly a combination of the following drugs: clar-
ithromycin + amoxicillin, amoxicillin + clarithromycin
+ metronidazole, amoxicillin + metronidazole.

Patients with decompensation of chronic dis-
eases, acute infection pathology, severe allergic pro-
cesses were not included in the study as well as the
ones who received corticosteroids, antihistamines,
non-steroidal anti-inflammatory drugs and neoadju-
vant chemotherapy.

Histological analysis

After removal of stomach (within 30 minutes) a
greater curvature of the organ was opened and biopsy
samples were taken from the tumour and the adjacent
macroscopically non-tumorous mucosa at a distance
of 3-5 cm from the tumour margin. Taken specimens
were fixed in buffered formalin, embedded in paraf-
fin. 4 um thick slices were stained with Mayer’s he-
matoxylin and eosin. Histological slides were studied
by light microscopy (Optika B-350 microscope, con-
nected to a ScopeTek DCM500 camera, Italy). To suit
the Updated Sydney System's requirements, the de-
gree of atrophy, intestinal metaplasia and dysplasia
were evaluated as “none”, “mild”, “moderate” and

“severe”. The severity of polymorphonuclear cell in-
filtration (PCI) was calculated as density of cells on
area unit equal to 0.42 x 0.28 mm?2. The number of
lymphoid follicles (LF) and "cavitary" type vessels in
the GM and tumour was assessed by visual analog
way (none, single - no more than two in the field of
view, and multiple - more than two in the field of
view). The histological type of GC was assessed ac-
cording to the Lauren's classification.

Immunohistochemistry

The sections were dewaxed and rehydrated by
sequential immersion in xylene and graded ethanol
and water. For antigen retrieval, the sections boiling
for 10 min in citrate buffer (pH 6) and endogenous
peroxidase activity was blocked with 30 mL/L hy-
drogen peroxide solution. Adjacent slides were incu-
bated with Anti-CD34 (QB-END/10, Novocastra La-
boratories Ltd) monoclonal antibodies in diluted at
1:50 for 1 h at room temperature. The visualization
system has included DAB and Hematoxylin counter-
staining. For negative control sections, primary anti-
body was replaced with phosphate-buffered saline
and processed in the same manner.

The obtained data were compared with clinical
features of GC: stage, sizes, localization, histological
type of tumour, the presence of AT in the anamnesis
and 3-year overall survival (OS) and relapse-free sur-
vival (RFS).

Statistics

Statistical analysis was performed using the Sta-
tistica 6.0 software. The correlations between different
data were evaluated using nonparametric Spearman’s
rank correlation or gamma correlation. Chi-square
tests were carried out to analyze the difference of dis-
tribution among the categorized data. The survival
was analyzed by the Kaplan-Meier method. The
log-rank test was used to compare survival curves
between subgroups of patients. Cox's proportional
hazards model was used for multivariate analysis of
prognostic factors. The association between the 3-year
survival (OS and RFS) and both the number of “cavi-
tary” vessels in tumour and the presence of AT in
anamnesis was estimated using an odds ratio (OR)
and a 95% confidence interval (CI). A value of P< 0.05
was considered statistically significant.

Results

The performed study allowed us to establish a
previously undocumented type of vessel formation by
GC. It has been named as “cavitary type of neoangi-
ogenesis” based on the general peculiarities of the
vessel formation. They consist in the formation of
cavitary structures (CS) in tumour and the adjacent
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GM (1 stage), which are then lined by endothelial cells
(2 stage) and merged into blood vessels of the organ (3
stage). We believe that there are three different types
of the formation of the described CV:

CV type-1

The first type of CV formation is associated with
the abruption of layers of epithelial cells from their
underlying foundation and their desquamation into
the lumen of the “obliterated” gastric or tumour
glands. The formation of CS type-1 can be observed in
the areas of GG located adjacent to the tumour of the
GM (Fig. 1A), cancerous glands (Fig. 1B) and discrete
groups of tumour cells (Fig. 1C). By IHC staining we
can observe that the internal surface of the described
CS can be fully or partially lined by endothelial cells
expressing CD34 (Fig. 1D). The cytoplasm of these

cells is being stained unevenly with the marker and
has an uneven surface with a number of protuber-
ances. Sometimes it seems that the inner lining of the
CS appears very early, while the desquamated cell
masses are still contained in their lumen (Fig. 1C). In
this case the cytoplasm of the lining cells does not
express CD34 and is difficult to be distinguished on
the light-optical level. The cells with large, light,
oval-shaped nuclei are sometimes observed in the
structure of such endothelial lining. The CS and a
newly formed CV type-1 can have a different shape,
generally the same as the gastric glands next to them
have got (Fig. 1E). In the lumen of the CV type-1 tu-
moral and epithelial emboli are often detected (Fig.
1F).

Figure |. The morphological features of “cavitary” vessels of type-1. A shows the abruption of layers of epithelial cells from their underlying foundation (arrows) and their
desquamation into the lumen of the gastric glands and tumour glands (B): H&E stain, bars = 100 um; C - the “cavitary” structures (CS-/) in area of the discrete groups of tumour
cells. The cytoplasm of the lining cells (black arrows) does not express CD34. The some cells of endothelial lining have large, light, oval-shaped nuclei (red arrows): immun-
operoxidase staining, bars = 20 ym; D — the “cavitary” structures in tumour stroma with a partial endothelial lining, cells of which express CD34. The cytoplasm of these cells
has an uneven surface with a number of protuberances (arrows): immunoperoxidase staining, bars = 20 um; E — the “cavitary” structures (1) and the vessels of type-1 (2) in
tumour stroma having different shapes and sizes: immunoperoxidase staining, bars = 00 um; F - the “cavitary” vessels Of type-1 (arrows) with the epithelial emboli in their lumen:

H&E stain, bars = 100 pm.
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CV type-2

The second type of CV formation is associated
with the dilatation of normal or tumoral glands and
the thinning of their walls. In this case the height re-
duction of the epithelial cells and their gradual flat-
tening are observed (Fig. 2A). The lumen of the dila-
tated GG often contains a characteristic secret made
up of leukocytes and eosinophilic structureless mass-
es. Sometimes abnormal large cells (up to 30-45 pm)
having a different shape with strongly eosinophilic
cytoplasm and a small hyperchromatic nucleus can be
seen in it. These cells are also found in the lamina
propria of the GM and on the surface of epithelial cells
(Fig. 2B). The thinning of the walls of the GG possibly
leads to their purely mechanical confluence with the
intimately adjacent blood vessels. Perhaps, in this case
the endothelial lining may be formed over the epithe-
lial cells since double lining is sometimes seen in
vessels of this type (Fig. 2A). The vessels of such type
often have an irregular, bizarre shape, similar to that
of the adjacent GG. In some cases in one slide there
can be observed the formation of the vessels both of
the first type and the second one (Fig. 2C).

We suppose that sometimes the formation of CV
type-2 can occur without the dilatation of the gastric
glands. In this case size, shape and localization of such

vessels geometrically conform to the abovementioned
parameters of the GG located near (Fig. 2D). The cells
lining the described vessels have round or
oval-shaped nuclei, often hyperchromatic with the
presence of polychromasia. Sometimes above the de-
scribed cells the cells with flattened, elongated nuclei,
possibly endothelial ones can be observed.

CV type-3

The third type is associated with the formation of
CS directly into the lamina propria of the GM or the
tumour stroma. This supposition is due to the fact that
in the some cases we observed a characteristic cellular
structure of the connective tissue of the lamina pro-
pria of GM (Fig. 3A), often combining with the ex-
pressed phenomena of diapedesis of erythrocytes and
associating with a number of clinically relevant fac-
tors. Most often than not the described CS were ob-
served in the GM at the level of gastric pits or directly
in the stroma bordering upon tumour tissue. Some-
times the cavities with endothelial lining were re-
vealed. The cytoplasm of the cells of such lining
weakly expressed CD34 and was characterized by the
presence of a number of protuberances and in-
tracavitary growths (Fig. 3B).

Figure 2. The morphological features of “cavitary” vessels of type-2. A shows the reduction of the epithelial cells height and their flattening (red arrows) in the dilated tumoral
gland. The lumen of gland contains the characteristic secret made up of leukocytes and eosinophilic structureless masses. The adjacent “cavitary” vessel of type-2 has the inner
(black arrows) and the outer (green arrows) lining: H&E stain, Bars = 20 um; B — the abnormal large cell (46 um) with strongly eosinophilic cytoplasm and a small hyperchromatic
nucleus is located on the surface of epithelial cells: H&E stain, Bars = 20 um; C - the “cavitary” structures of type-| (1), the dilated gastric glands (2) and the “cavitary” vessels of
type-2 (3) in the stroma bordering upon tumour tissue: immunoperoxidase staining with the anti-CD34 monoclonal antibody, bars = 100 um; D shows the confluence of the
“cavitary” vessel of type-2 (black arrow) and the adjacent blood vessels (red arrow). The cells lining the “cavitary” vessel have oval-shaped hyperchromatic nuclei with the

presence of polychromasia: H&E stain, bars = 30 ym.
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Figure 3. The morphological features of “cavitary” vessels of type-3. A shows the “cavitary” structures (CS-3) in the lamina propria of the gastric mucosa at the level of gastric
pits: H&E stain, bars = 20 um; B - the cytoplasm of cells lining the “cavitary” structures (CS-3) weakly expresses CD34 and has a number of protuberances and intracavitary
growths (arrow): immunoperoxidase staining with the anti-CD34 monoclonal antibody, bars = 20 pm.

Clinical significance of “cavitary” type of
angiogenesis

The Spearman rank correlation analysis (p) and
gamma correlation coefficient test (gamma) showed
that the number of CV type-1 correlated with sizes
(p=0,316, t=2,81, p=0,006), histological type (gam-
ma=0,344, z=2,51, p=0,01), degree of tumour differen-
tiation (gamma=0,318, z=2,79, p=0,005), stage (gam-
ma=0,524, z=4,27, p=0,00001), nodal stage (gam-
ma=0,520, z=4,19, p=0,00003), three-year overall sur-
vival rate (OS) (gamma=-0,778, z=-4,64, p<0,00001)
and Relapse-free survival (RFS) (gamma=-0,766,
z=-5,81, p<0,00001). Also the correlation between the
number of CV type-1 and CV type-3 was noted
(gamma=0,577, z=4,47, p<0,00001).

In the cases with multiple CV type-1 compared
to the cases without them or when they were single,
the size of the primary tumour was significantly
larger (Fig.4) and diffuse type, poor differential forms
of GC, advanced stage and nodal stage N2 more fre-
quently occurred (Table 1). 3-year OS and RFS were
practically identical if the CV type-1 in tumour stroma
were single or absent, and significantly worse when
the CV type-1 were multiple (Fig. 5A-B). With or
without the multiple CV type-1, the 3-year OS was
52.7% and 93.9% respectively (t=0,0013, OR=15,0, 95%
CI=2,96 - 76,31), and the RFS was 32.4% and 87.7%
respectively (t=0,0001, OR=14,93, 95% CI=4,34-51,38).

The presence of CV type-2 correlated only with
the degree of GM metaplasia (gamma=0,580, t=3,18,
p=0,002). For mild degree of metaplasia the CV type-2
were absent, single or multiple in 88.2%, 11.8% and
0%, respectively, whereas at moderate or marked de-
gree of metaplasia - in 67.6%, 18.9 % and 13.5%, re-
spectively (x2 = 6,15, p = 0,046).

Table |. Frequency of CV type-| according to the clinical char-
acteristics

Clinical characteristics Number of CV type-1 Chi-squared test
none  single multiple (two-sided)
n % n % n %

Lauren predominant type

Intestinal 20 48,8 11 26,8 10 24,4 x2=342
Diffuse 10 31,28 25014 437 p=0,18
Differentiation

G1 16 5934 2597 148 x2=9,64
G2 4 2864 2866 429 p=014
G3 2 2501 1255 625

Ring cell carcinoma 8 3337 2929 375

Stage

T1-2NOMO 22 51,213 3028 18,6 x2=13,01
T3NOMO 4 4442 2223 333 p=001
T2-4N1-2M0 4 1914 19113 618

Nodal stage

NO 19 57,610 30,3 4 12,1 x2=12,35
N1 3 30,03 3004 400 p=0,01
N2 8 2676 20016 533

In its turn, the CV type-3 correlated only with the
histological type of tumour (gamma=0,403, z=2,68,
p=0,008). By the diffuse and intestinal type of GC they
were revealed in 55,9% and 44,1% cases respectively
(x2=3,24, p=0,07).

The multivariate Cox proportional hazard re-
gression analysis indicated that TNM stage (p=0,003),
nodal stage (p=0,013), the number of CV type-1
(p=0,005) and the presence of AT in the anamnesis as
to the preliminary diagnosis of gastritis or stomach
ulcer (p=0,001) were significantly independent prog-
nostic factors in patients with GC. It was established
that the presence of AT in anamnesis significantly
correlated with 3-year OS (gamma=0,727, z=4,27,
p=0,00002) and RFS (gamma=0,987, z=4,65,
p=0,000003). The 3-year OS rate was 100% and 67.8%
respectively (t=0,0014, OR=0,15, 95% CI=0,04-0,58),
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and the RFS rate was 89.5% and 56.3% (t=0,002,
OR=0,08, 95%CI=0,01-0,67) respectively in patients
who have received and not received AT (Fig. 6A-B)
Still more differences in survival rate were observed
in a group of patients with local advanced GC (stages

T3NOMO-T2-4N1-2MO0). In this group the 3-year OS
rate was 100% and 574% (p=0,003, OR=0,14,
CI=0,03-0,65) and the RFS was 78.0% and 34.6%
(p=0,005, OR=0,097, CI=0,01-0,85) with or without AT
in anamnesis respectively (Fig. 7A-B).
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It is important to note that the recurrence of the
disease during of the first year after surgery occurred
in 12 of 44 patients, who had not received AT (60% of
all cases of relapse in this group). In the group of pa-
tients having received AT there was no cases of re-
lapse during this period. It was also found that the
level of polymorpho-cellular infiltration of GM was
below in patients with advanced GC having received
AT (8.75+3.56 and 10.88+3.64 cells on the conditional
area unit in patients receiving and not receiving AT
respectively, p=0.03) and the multiple CV type-1 were
being detected more rarely (in 18,2% and 58,3% re-
spectively, p=0,02) as well.

Discussion

A large number of studies testify that the vascu-
lature in a tumour is heterogeneous in a structure and
different types of vessels may respond differently to
the various effects including the use of drugs [4, 6-7].
This fact can be a main reason that the results of the
human clinical trials with a wide variety of angio-
genesis inhibitors to treat of malignant neoplasm have
been very disappointing. In view of these data the
relevance of new researches for understanding of
mechanisms of tumoral vessels formation does not
cause doubts.

In the present study we are describing a new
way of angiogenesis characterized by the formation of
the CS in the tumour stroma and adjacent GM, then
being lined by endothelial cells and merged into the
blood vessels of the organ. The analysis of the ob-
tained data allowed us to propose the existence of
three possible variants of the formation of such CS.
The first one is associated with the abruption of layers
of epithelial cells from their underlying foundation
and their desquamation into the lumen of the “oblit-
erated” GG or tumour glands, the second - with the
dilatation and thinning of the walls of GG, and the
third one is associated with the formation of CS di-

rectly in the lamina propria of the GM or the tumour
stroma. It is conceivable that the important role in the
formation of the cavitary type of vessels can play in-
flammatory changes in the tumour stroma and the
adjacent GM. It is known that an active inflammatory
process is connected with the increased secretion by
immune cells of cytokines, chemokines, growth fac-
tors and proteases [13-14] that promote the activation
of tumour angiogenesis on the one hand [15-16], in-
fluence the adhesive properties of tumour cells on the
other [17-18]. Besides, the some studies have shown
that the immune cells may be directly associated with
tumor progression and invasion [19-22].

It can be predicted with certainty that the pre-
viously described “Retraction Artifact” (it is a space
between tumour cells and their surrounding stroma)
has a direct relationship to the type-1 of “cavitary”
angiogenesis. The prognostic significance of “Retrac-
tion Artifact” as a factor associated with tumour pro-
gression was mentioned in a number of studies
[23-25]. However, in contrast to the cited sources, we
succeeded to link this phenomenon to a previously
undocumented type of angiogenesis and to show that
tumoral emboli in blood vessels can be formed at the
expense of the abruption of tumour cells from their
adjacent stroma and of their desquamation directly
into the lumen of the vessel of “cavitary” type. The
morphological features of the CV type-1 testify that
the disorder of the adhesive properties of tumour cells
is of the key importance in their formation. The focal
disruptions in the tumor capsule [26-27] associated
with increased immune cell infiltration [19-20] can
have also attitude to the formation of the CV type-1.

It is possible that another important factor asso-
ciated with the formation of CV type-1 and type-3 is a
phenomenon of the increased vascular permeability
that on the one hand may influence the process of
stroma retraction and on the other - promote the for-
mation of a fibrin matrix and a migration of endothe-
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lial cells [28]. There is a good reason to believe that the
parallel processes of formation and lysis of stroma
that more actively occurring at the boundary between
tumour and adjacent tissue may contribute to the
formation of CV type-3. Taking into account the sim-
ilarity in the morphology of cells lining CV type-1 and
CV type-3 (the absence or weak expression of CD34,
an uneven surface with a number of protuberances
and intracavitary growths), it is impossible to exclude
their common origin and the participation of progen-
itor cells in this type of angiogenesis. Their increase
was noted in many malignant tumours [10-11].

When considering the role of angiogenesis in the
progression of GC it is important to bear in mind that
the surgery itself contributes to tumour progression
through the activation of inflammation and neoangi-
ogenesis factors [2, 29]. Perhaps a large number of
relapses during the first year after surgery among the
patients having not received AT is attributable to this
fact. It can be assumed that the administration of AT
before surgery contributes to the reduction of the in-
flammatory process activity and normalization of the
adhesive properties of tumour cells, which in turn
decreases metastasis risk and improves the long-term
results of the treatment of GC. The decrease in the
density of PCI in the GM and the reduction of the
number of cases with multiple CV type-1 in the tu-
mour stroma in patients after receiving the AT testify
in favour of this hypothesis, as well as the data liter-
ature on the improvement of the long-term results of
malignant tumours treatment when using antibacte-
rial drugs [30-32].

Summary

Thus, the results of the current study testify that
the described “cavitary” type of angiogenesis possibly
play a key role in the progression of GC. This follows
from the fact that the presence of multiple CV type-1
is closely associated with the presence of metastases
in RLN and the decrease of RFS and OS of patients
with GC. It is conceivable that a violation of the ad-
hesive properties of tumour cells, inflammatory
changes in the tumour stroma and the adjacent GM
and microvascular hyperpermeability may be associ-
ated with the formation of CV type-1. We believe that
further studies should be carried out to investigate the
mechanisms of “cavitary” type of neoangiogenesis
and the role of AT in the treatment of malignant tu-
mours.
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