
Although angiogenesis is considered to be indispensable for continuous tumour growth, only very few
studies have been published performing microvessel quantification during tumour progression. We mea-
sured the tumour vascularity in different stages of rat pancreatic carcinogenesis induced by azaserine and
promoted by raw soya flour-containing pancreatotrophic diet. Besides the tumour samples taken at 6
(atypical acinar cell nodules), 15 (adenomas) and 20 (localised adenocarcinomas) months after carcino-
gen initiation, we also investigated 3 control groups: tumour-bearing host tissue of azaserine-treated rats
and normal tissue of untreated rats kept on standard or pancreatotrophic diet. In contrast with the usual
microvessel counting on hot spots, we determined microvascular surface density (SV) and volume den-
sity (VV) by electron microscopic morphometry. There was no significant difference in these respect
between the control groups. At month 6 after the azaserine induction SV and VV showed slight, non-
significant decrease as compared to the host control. Both values remained unchanged until the 15th
month and increased significantly by the 20th month. These results may indicate comparable growth rate
of tumour and new microvessels in the premalignant stages of carcinogenesis while a more intense angio-
genesis than tumour growth afterwards.
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INTRODUCTION

Now it is generally accepted that angiogenesis, the development of new capillaries
from pre-existing vessels, is essential for continuous tumour growth [6, 9]. Although
in the recent years, a large number of studies on quantification of the tumour vascu-
larity have been published there are hardly any data about quantitative microvascu-
lar changes during tumour progression. The reason is that in most investigations the
degree of vascularity was assessed in human tumours and in these cases the onset of
carcinogenesis obviously could not be determined. Therefore, only groups of
tumours with diverse histological structure or with benignous and malignous feno-
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types are comparable and samples from different time points of tumour progression
cannot be compared. There were some experiments in which tumour vascularity was
quantitated in animal tumours but these studies are usually concentrated on the effect
of various treatments and not on changes during the course of carcinogenesis. By
means of the azaserine-rat model [22] we investigated the microvascular network
morphometrically at different time points after the chemically-induced tumour pro-
gression, i.e. in different stages of pancreatic adenocarcinoma. These stages have
been determined by Longnecker [11] according to the tumour size: the smallest neo-
plastic lesions that can be seen only under light microscope are called atypical acinar
cell nodules (AACNs), the tumours of macroscopic size are named adenomas under
7 mm or adenocarcinomas above 7 mm in diameter.

The most frequently used method for quantitative characterisation of the tumour
vascularity is based on immunohistochemical staining of the endothelial cells (usu-
ally with antibody against factor VIII-related antigen, CD31 or CD34) after which
the number of microvessels per unit area (called microvessel count or microvessel
density) is counted under light microscope in some areas of the most active neovas-
cularization (so-called hot spots) [4, 8, 21]. This method has disadvantages: a) selec-
tion of the most vascularized areas are often subjective (except using computer-
assisted image analyser) and it may lead, as a consequence, to different results in case
of experienced and inexperienced investigators [19] or between repeated counts by
the same observer [3]; b) microvessel counts obtained by various antibodies are
sometimes significantly different [17] and thus not comparable; c) although the num-
ber of capillary profiles on a histological section has been proved to be a prognostic
marker of many types of tumours [4, 7, 8, 21], it is not representative for the factors
needed for tumour progression (for example the quantity of the blood circulating in
the tumour or the surface provided for proliferation of the tumour cells, etc.) and it
depends on the tortuosity of vessels [2]. Our present approach to the problem, which
is the assessment of microvascular surface density (outer surface of microvessels in
unit tumour volume) and microvascular volume density (volume of microvessels in
unit tumour volume) by electron microscopic morphometry [20], eliminates the
aforementioned problems.

MATERIALS AND METHODS

Animals and treatments

Five-week-old male Wistar rats (Humán Co., Gödöllõ, Hungary) were kept on stan-
dard laboratory diet (Charles River Hungary Ltd., Budapest, Hungary) for 2 weeks,
and then the animals were divided into three groups. First group (12 rats) was given
30 mg per body weight azaserine, an initiator of pancreatic carcinogenesis [22], by
an i.p. injection of the aqueous solution (Sigma-Aldrich Ltd., Budapest, Hungary),
and changed to semisynthetic diet containing 25% (w/w) raw soya flour which pro-
motes the development of pancreatic cancer [12]. The vitamin and salt premixes



(BIO-SERV Co., Holton Industries, Frenchtown, NJ, USA) needed for the semisyn-
thetic diet were prepared according to the recommendation of the American Institute
of Nutrition [1]. The other two groups (3�3 rats) were control groups, these animals
did not receive azaserine-injection and from the age of seven weeks they were kept
on the aforementioned raw soya flour-based diet (soya control) or remained on the
standard laboratory diet (normal control). Food and water were available for the ani-
mals ad libitum throughout the experimental period. Four rats of azaserine-treated
group and all rats of the control groups were sacrificed by decapitation 6 months after
the carcinogen initiation and 4�4 azaserine-treated rats were killed by the same way
15 and 20 months after the injection. The pancreas was removed from the animals
and processed for electron microscopy.

Morphological and morphometrical methods

Tissue pieces were fixed in sodium cacodylate-HCl-buffered (pH = 7.2) 1% glu-
taraldehyde, post-fixed in cacodylate-buffered 1% osmium tetroxide solution, con-
trasted in 2% aqueous uranyl acetate and embedded in Durcupan (Fluka Chemie AG,
Buchs, Switzerland). Semithin sections were made from the tissue blocks and they
were stained with toluidine blue-Azur II with the purpose of morphological investi-
gations. This staining proved to be useful also for detecting the small premalignant
lesions (AACNs) in the samples taken 6 months after the carcinogen initiation. In the
older animals there were bigger tumours (adenomas or adenocarcinomas) visible to
the naked eye which were fixed and embedded separately from the tumour-bearing
host tissue (host control). In case of each control group (normal control, soya control
and host control) and each tumour stage (6, 15 or 20 months after the azaserine-injec-
tion) 12�12 tissue blocks were chosen for ultrathin sectioning. Five electron micro-
graphs per sample were taken at a primary magnification of 1400× by the use of a
Jeol JEM-100 CX II electron microscope operated at 60 kV. On micrographs with
final magnification of 4200× morphometrical measurements were carried out by
Weibel�s point counting method [20], using a grid consisting of 1350 points in qua-
dratic arrangement. The microvascular surface density (SV) and volume density (VV)
were determined according to the next equations described by Weibel [20]:

I is the number of intersections between test lines and outlines of microvessels
L is the length of test lines enclosed in the test area altogether
Amv is the number of test points enclosed in the area of microvessel profiles
At is the total number of test points enclosed in the test area
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The test area was the whole section of exocrine pancreas, and in Fig. 1 SV was
expressed as 1/mm and VV as percentage. From data of the 60 micrographs the means
for SV and VV were counted for each experimental group. The Mann-Whitney u-test,
a nonparametric alternative to the t-test, was used for the statistical evaluation of the
results, because the primary data did not show normal distribution.

RESULTS

Histological investigations

On the basis of semithin sections, morphology of the samples taken from normal
control, soya control or host control is very similar and shows the typical features of
normal pancreas. Six months after the azaserine-injection only small premalignant
lesions can be seen under light microscope in the pancreas. These AACNs consist of
enlarged cells with decreased basophilia, increased nuclear size and hypertrophic
zymogen zone [15]. Fifteen months after the initiation adenomas with diameter of
3�5 mm can even be found which still have acinar structure and often a thin con-
nective tissue capsule, too. By month 20 adenocarcinomas appear which are even
larger and show disintegration of the acinar structure and anaplasia [18]. Since signs
of invasion could not be found, we termed this type of tumour localised anaplastic
adenocarcinoma.

Quantification of tumour vascularity

Microvascular density cannot be easily estimated in semithin or histological sections
of pancreas, because it is not possible to recognize all capillaries due to their very
small size. Their diameter is usually comparable to that of the nucleus of an acinar
cell. Using electron micrographs we avoided this difficulty and the determined
microvascular surface density (SV) and volume density (VV) values are presented in
Fig. 1. The results indicate that there is no significant difference between the appro-
priate SV and VV values of the 3 control groups. Therefore, we correlated the differ-
ent tumour stages only with the host control. Six months after the carcinogen initia-
tion SV and VV decreased, but not significantly, compared to the host control and until
the 15th month both of them remained at the same level. By the 20th month SV and
VV increased significantly as compared to the 15th month. In spite of the observed
changes in the degree of vascularity during the tumour progression, only one of the
SV or VV values of the tumour stages proved to differ significantly from the results
obtained in case of the host control. This can be explained with the very large stan-
dard deviations originating from the difference between animals or tumours, respec-
tively.



DISCUSSION

The changes in SV and VV are in good correlation with each other except in case of
the tumour stage 15th month when SV significantly decreased but VV remained
unchanged compared to the values of 6th month. It is conceivable that the average
diameter of the microvessels varied between the two aforementioned stages. The fact
that there is no significant difference in the examined parameters of vascularity
between the control groups suggests that raw soya diet and azaserine do not influence
the angiogenesis. In the beginning of the tumour progression (6th and 15th month)
SV and VV definitely decreased and remained unchanged at least until month 15. In
other words, vascularization of the premalignant stages was of the same degree indi-
cating a similar rate of tumour and microvessel growth. At some time period after
month 15 this equilibrium must have shifted towards microvessel growth leading to
an increased vascularity of the month 20 anaplastic adenocarcinomas. Our prelimi-
nary results seem to support the angiogenic switch theory of malignisation [9]. It is
generally accepted now, that the induction of some angiogenic factors is initiated by
hypoxia [16]. Oxygen deficit itself, however may slow down tumour cell growth in
larger tumours [5, 13], which also may explain in part of the increased share of
microvessels from tissue volume in our adenocarcinomas. Quantitation of the rate of
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Fig. 1. Microvascular surface density (Sv) and microvascular volume density (Vv) values in control tis-
sues and tumour stages at given time-periods after the azaserine-injection. AACN � atypical acinar cell
nodule, A � adenoma, AAC � anaplastic adenocarcinoma. Data are represented by arithmetic mean and
SEM (error bar) of 60 values. ° significant difference compared with host control (p < 0.05), * significant

difference compared with previous tumour stage (p < 0.05)
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proliferating endothelial and tumour cells in our samples is needed to confirm this
explanation.

Comparison of our results with those of other laboratories involves difficulties
since our method for the assessment of tumour vascularity is entirely dissimilar to the
usual counting of microvessels, nevertheless, it has many advantages. Using electron
microscope we could avoid the uncertainty in recognition of capillaries which
emerges in case of light microscopic immunohistochemistry due to the small vessel
size and imperfect staining. In addition, morphometric measurement of microvascu-
lar surface and volume density is more reliable and results in a more exact quantifi-
cation of microvessels compared to counting them on hot spots. Estimation of vas-
cular surface density (VSD) under light microscope in different tumour stages was
published in cases of prostatic and renal cell carcinomas [2, 10] where samples with
3 various degrees of differentiation were compared. VSD in the control tissue proved
to be lower than in the 2 tumour grade with higher degree of differentiation but it was
as large as or higher than in the third (less differentiated) tumour grade. Relative cap-
illary volume (corresponding to volume density of capillaries) was evaluated using
light microscope in moderately and poorly differentiated carcinomas of the esopha-
gus [14]. It was significantly lower in carcinomas than in normal tissue and showed
no correlation with tumour progression. These results are partly in contrast with ours
and besides these experiments there are essentially no other data, to our knowledge,
about measurements and comparison of vascular surface or volume density in dif-
ferent tumour stages. Consequently, further investigations should be performed to
clarify the contradictions. Examination of new time points in our model system will
contribute to a deeper understanding quantitative microvascular changes during
tumour progression.
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