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Progranulin: A proangiogenic factor in visceral adipose
tissue in tumoral and non-tumoral visceral pathology
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Abstract. The connection between central obesity and the
development and metastasis of various visceral tumors is
largely accepted and one of the main causes seems to be
the local synthesis of proangiogenic molecules. Progranulin
(PRQG), recently identified as an adipokine, is a novel
pleiotropic growth factor acting on the proliferation and
development of fast-growing epithelial cells, cancer cells, and
also a proangiogenic factor whose expression is induced in
activated endothelial cells. One of the molecules that seems to
trigger the angiogenic activity of PRG is vascular endothelial
growth factor (VEGF). Two groups of human subjects were
considered and adipose tissue was processed for an immu-
nohistochemical and morphometric study after surgery for
abdominal tumoral or non-tumoral pathology. The presence
of PRG in adipose pads of the omentum was analyzed and its
association with VEGF, CD34 and collagen IV in tumoral and
non-tumoral visceral pathology was examined. The results
showed that PRG but not VEGF expression was upregulated in
adipose tissue in tumoral visceral pathology. In conclusion, the
involvement of the proangiogenic activity of PRG and VEGF
in adipose tissue under tumor conditions may be dependent on
the visceral tumor type.

Introduction

Adipose tissue which is widespread in humans is comprised
of 50% of completely developed adipocytes (1) while the
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remaining 50% of adipose tissue consists of a complex
population of immature adipocytes, proinflammatory cells
(macrophages and lymphocytes) and fully differentiated cells
such as endothelial and nerves cells. Two major adipose tissue
varieties are described, with different cell phenotype and func-
tions: white adipose tissue (WAT) and brown adipose tissue
(BAT), the latter being well developed in newborns and small
mammals, with its major function being thermoregulation as
well as playing an anti-obese role (2-5).

As a result of the heterogeneity of their structure and
function, adipose tissues are now considered to form a
complex organ provided with metabolic, endocrine and
immunologic functions (6-8). The normal metabolic functions
of WAT and their disruption involve a mediated crosstalk
between adipocytes and cells from the stromo-vascular
fraction (SVF). This crosstalk is made possible by the active
secretion of adipokines or adipocytokines from the adipose
tissue with metabolic and pro/anti-inflammatory effects (9).
As a consequence, there is a direct link between obesity,
cardiovascular diseases and in the last 10 years cancer
development (1,10,11).

The development of metabolic syndrome and cancer are
not dependent on the total amount of WAT in an organism,
but rather on the distribution of the fat depots (7,12). Visceral
adipose tissue accumulation leading to central obesity is
accepted as a source of inflammatory molecules as well as
‘oncogenic fat’ (11), whereas subcutaneous adipose tissue is
usually considered to be protective (13). The list of central
obesity-related cancers is in active extension, most of
which are hosted in the visceral area (gastric, endometrial,
ovarian, colorectal, prostatic, renal, liver, gallbladder or
esophageal) (11,14,15). Two main mechanisms connect
visceral fat to visceral cancer: i) the dysregulation of
metabolism (through the increase in insulin secretion and
insulin growth factor synthesis in WAT) (16) and ii) mild
chronic inflammation (17,18).

At present, two important findings connect undoubt-
edly visceral fat to visceral cancer: the most common site
for ovarian cancer metastasis is the epiploon, and primary
human omental adipocytes induce in vitro cell proliferation
and invasion for the majority of visceral tumors (19,20).
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Even if cancer-associated adipocytes are demonstrated to
supply energy for tumor development, the role of visceral
adipose tissue from obese or lean subjects in priming tumor
development is still under debate.

The adipose tissue is one of the most plastic organs in adults
gifted with the ability of continuous remodeling, expanding
or retracting according to the energetic balance. Being a
compulsory condition for the expansion of any tissue in order to
provide the substances requested for its survival, angiogenesis
may be considered in a mechanistic approach,a common feature
of adipose and tumor tissue. WAT secretome includes various
pro-angiogenic hormones, cytokines, and growth factors
secreted by the stromo-vascular cells, namely endothelial cells,
and also by adipocytes and preadipocytes (21-23). Visceral
WAT is more vascularized (24). It expresses more adipokines
with angiogenic activity, endothelial cells exhibit more potent
angiogenic molecules and newly emerging adipocytes in
obese conditions are highly angiogenic (25). These are added
to the substances elaborated by the proinflammatory and
mesenchymal cells resident in the stromovascular fraction of
the adipose depots, mainly growth factors (26-28). Adipokines
lead to the establishment of a proangiogenic milieu.

However, it is not clear whether all the substances secreted by
the adipose tissue may have a paracrine or an endocrine effect on
visceral tumor initiation and progression, but the proangiogenic
factors may be truly incriminated, as angiogenesis is a major
common event required both for tumor and adipose development.

Progranulin (PRG), also known as granulin (GRN)-epithelin
precursor (29), proepithelin, (30) or acrogranin (31), is a novel
pleiotropic growth factor acting on the proliferation and
development of fast-growing epithelial cells, cancer cells (32).
It is also a proangiogenic factor whose expression is induced
in activated endothelial cells (33) or in growing placenta (34).
PRG, recently identified as an adipokine (7), is a 68- to 86-kDa
secreted glycoprotein which can be fragmented by some matrix
metalloproteinases (MMPs) into small homologous subunits,
granulins/epithelins (35,36), with proinflammatory activity.
Previous findings emphasize the association between PRG
and type 2 diabetes as well as non-fatty liver disease, and also,
its function in promoting vasodilatation (37). Some studies
demonstrated the connection between PRG, vascular endothelial
growth factor (VEGF) expression and the augmentation of
vascular density in breast cancer (38,39). VEGF is the most potent
angiogenic factor for tumor development and invasion (40,41) and
it is secreted by adipocytes as a proangiogenic factor stimulating
the migration and proliferation of endothelial cells (23,42 43).

The aim of the present study was to examine the possible
relationship between PRG and VEGF in adipose visceral
tissue under tumorigenic or inflammatory conditions. An
immunohistochemical study was conducted to quantify the
expression of the aforementioned markers. In order to assess the
degree of maturation and functional differentiation of the vascular
network in visceral (omental) fat related to PRG and VEGF
proangiogenic activity, an immunohistochemical identification
of vessels with CD34, and collagen I'V (Col IV) was performed.

Materials and methods

Tissue samples. Human adipose tissues were obtained after
abdominal surgery for visceral pathology. The subjects were

included into two groups: Group I included subjects with
non-tumoral pathology (NTP) (n=30): 15 patients with inflam-
matory pathology (gastric ulcer, angiocolitis, peritonitis,
pancreatitis) and 15 patients with obstructive mechanical
pathology (hernia, eventration) and all 15 subjects of the NTP
group were obese; Group II included subjects with tumoral
pathology (TP): 15 patients suffering from visceral cancer
(stomach, liver, ovary, gut) from which 3 were obese.

Obese patients were those with abdominal obesity
(@>94 cm in men and >80 cm in women) and a body mass
index (BMI) >30, according to the criteria of the International
Federation of Diabetes (44). BMI was calculated as weight
divided by the height squared (kg/m?).

Informed consent was obtained from all the participants
included in the study, which was approved by the Ethics
Committee of the University of Medicine and Pharmacy of
Craiova (no. 85/2019).

For each subject a fragment of omental adipose tissue was
obtained and rinsed in saline solution.

Histological staining. Immediately after sampling, the tissue
fragments were fixed in 10% buffered formalin for 24-48 h at
room temperature and then processed for paraffin embedding.
Sections of 3-4 ym were mounted on a glass slide and routinely
stained with hematoxylin and eosin (H&E), and trichrome
Masson according to the producer's data sheet (Bio-Optica).

Immunohistochemistry. Serial sections of 3-4 ym were
dewaxed and rehydrated. Antigen retrieval was performed
after microwave incubation of sections in citrate buffer at
pH 6.0, for 20 min. Endogenous peroxidase was blocked
after incubation with 3% hydrogen peroxide in methanol
solution. After blocking, non-specific binding with 3%
skimmed milk in PBS at pH 7.4-7.6 for 30 min, the sections
were incubated overnight, at 4'C, with one of the primary
antibodies mentioned in Table I. Sections were then rinsed
in PBS and processed for amplification of the immune
signal using a detection labeling polymer [Histofine®
Simple Stain™ MAX PO (MULTI) 414151 Nichirei] as
mentioned in Table I. The immunostaining was detected
with 3,3'-diaminobenzidine (Vector Laboratories), and
finally the nuclear counterstaining was performed with
Mayer's hematoxylin (Bio-Optica). Skimmed milk, the
chemicals used for buffers, solvents and hydrogen peroxide
were purchased from Merck.

For each antibody tested, a negative control was performed
in which the primary antibody was replaced by 10 mM PBS,
pH 7.4-7.6.

The sections were examined and images were captured
with a Nikon Eclipse 55i microscope equipped with a 5 Mp
color-cooled CCD (charge-coupled device) camera, under
the Image ProPlus 7 AMS image analysis software (Media
Cybernetics Inc.).

Each immunostaining section for the antibodies mentioned
above was examined by two different researchers according to
the following: immunohistochemical (IHC) reactions (brown
deposits in labeled structures) were graded as absent (negative
signal) or present (moderate or strong intensity of the signal).
Images were finally processed using the Microsoft Office
Picture Manager.
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Table I. Antibodies and immunohistochemical techniques used for the morphological study.

Antigen Amplification
Antibody Dilution Source retrieval method
Monoclonal anti-human 1:20 Thermo Fisher Citrate buffer HISTOFINE Simple
VEGF Scientific, Inc. pH6.0 Stain MAX PO
JH121 (MULTI) 414151
Nichirei
Monoclonal anti-human 1:30 Dako Citrate buffer HISTOFINE Simple
collagen IV MO0785 pH 6.0 Stain MAX PO
(MULTI) 414151
Nichirei
Monoclonal anti-human 1:20 Thermo Fisher Citrate buffer HISTOFINE Simple
progranulin Scientific, Inc. pH 6.0 Stain MAX PO
2D4-2F1 (MULTI) 414151
Nichirei
Monoclonal anti-human 1:50 Dako Citrate buffer HISTOFINE Simple
CD34 M7080 pH 6.0 Stain MAX PO
(MULTI) 414151
Nichirei

Morphometry. After general examination of the sections, for
each subject and each histological or IHC-stained slide with
the antibodies mentioned above, three different microscopic
fields on the same section were chosen randomly in the area
of interest captured with a x20 objective lens and examined
by two different researchers. A count of the vessels marked
by tagging manually on the field was performed by two
researchers and the averages were used as primary values in
the statistical analysis.

Statistical analysis. Statistical analysis was performed
using Microsoft Excel (Microsoft Corp.), together with the
XLSTAT add-on for MS Excel (Addinsoft SARL) and IBM
SPSS Statistics 20.0 (IBM Corp.) for processing the data. Data
were recorded using Microsoft Excel files, then the data were
statistically analyzed to determine the relationship between
histological parameters of the patients. A descriptive analysis
of the study group (percentages of cases for categorical date,
mean and standard deviation for numerical data) and complex
statistical tests (Chi square and Fisher's exact test, Student's
t-test) were performed using the abovementioned statistical
software.

To test the normality of the data for the parameters involved
in this study (number of blood vessels counted using different
histological markers) the Anderson-Darling test was used. As
the numerical variables investigated had a normal distribution
of data, globally or inside each studied group, parametric
statistical tests such as the Student's t-test were employed
and the results are summarized as the mean value + standard
deviation. P<0.05 was considered to indicate a statistically
significant difference.

Using the Pearson's ‘r’ correlation coefficient for two
normally distributed data sets (or linear correlation coef-
ficient), which measures the degree of relationship between
two variables, the relationship between PRG and VEGF for

the two groups of patients was analyzed. The small number of
obese subjects in the TP group prevented us from performing
a statistically significant correlation between lean and obese
subjects for all the markers.

Results

Hematoxylin and eosin or trichrome staining. Histological
staining with hematoxylin and eosin or trichrome showed
the characteristic distribution of adipose cells in the
adipose lobules. In the samples from the obese subjects a
pronounced heterogeneity of adipose cell dimension was
observed (Fig. 1A).

The Student's t-test did not reveal any significant difference
between patients with mechanical or inflammatory pathology
and those with tumor pathology, in terms of the number of
capillaries identified by trichrome or hematoxylin and eosin
staining (P=0.0787) (Table II).

Each lobule contained some middle vessels (arterioles or
venules) and many very small capillaries (new capillaries)
around the adipose cells (Fig. 1A). All these vessels were
consistently marked with CD34 in inflammatory and in
tumoral pathology (Fig. 1B and K) and inconsistently with
PRG (Fig. 1C) and Col IV (Fig. 1E and F). In both groups,
proinflammatory cells were noted inside the vessel lumen,
perivascular and in the SVF between the adipose cells. In
visceral adipose tissue from the TP group, these stromal cells
were largely positive for PRG and CD34 (Fig. IH, T and L).

The result of the Student's t-test revealed a significant
difference (P=0.0106) between patients with mechanical
and inflammatory pathology (NTP) and those with tumor
pathology (TP) in terms of the number of capillaries identified
by labeling them for PRG (Table I11I).

There was no significant difference between the number of
blood vessels identified in normal-weight and obese patients,
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Figure 1. Microscopic aspects of the adipose tissue sections from patients with non-tumoral pathology (NTP) group and tumoral pathology (TP) group.
Microscopic aspects of the adipose tissue sections from patients with non-tumoral pathology (NTP) group (A-F): (A) Trichrome. Adipose tissue from epiploon,
inflammatory cells were present in vessels and in stromo-vascular fraction (SVF), intermingled with the adipocytes. Magnification, x400. (B) CD34. General
view of an adipose lobule: double positive concentric rings are noted around the vessels. Magnification, x100. (C) PRG. Positive cells for PRG in vessels and
in SVFE. Magnification, x20. (D) VEGF. Endothelial positivity for VEGF in SVF cells and in endothelial cells. Magnification, x40. (E) Col IV. General aspect
of an adipose pad, vessels on the periphery are positive for Col IV. Magnification, x45. (F) Col IV. Few capillaries inside of the adipose lobule immunolabeled
with Col IV. Magnification, x400. (G-L) Microscopic aspects of the adipose tissue sections from patients with tumoral pathology (TP group): (G) VEGF was
positive in endothelial cells and in mature adipocytes. Magnification, x400. (H) Adipose cells and capillaries with intense reaction for PRG. Magnification,
x200. (I) PRG intense positive reaction in vessels. Magnification, x400. (J) VEGF. Positive reaction in vessels walls. Magnification, x400. (K) CD34. Numerous
vessels positive for CD34. Magnification, x100. (L) CD34. New forming vessels and stromal cells positive for CD34. Magnification, x400. SVF, stromo-vascular
fraction; PRG, progranulin; VEGF, vascular endothelial growth factor; Col IV, collagen IV.

not for inflammatory and mechanical pathologies, nor for
tumoral pathologies.

Number of capillaries. CD34 and PRG immune reaction
showed a stronger positivity deep in the lobule than in the

peripheral area and PRG was constantly present in endothelial
cells of the very small neoformation capillaries (Fig. IH and I).
In adipose tissue samples collected from patients of the TP
group, the adipose cells also showed a positive reaction for
PRG (Fig. 1H and I). In the medium vessels, CD34-positive
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Table II. Number of capillaries identified with usual histo-
logical staining.

Pathology vs. Non-tumoral Tumoral
Trichrome/H&E pathology pathology
No. of cases 30 15
Mean 28.23 32.47
SD 8.16 5.64
C.V. (%) 28.89% 17.38%
P-value 0.0787 NS

(Student's t-test)

SD, standard deviation; H&E, hematoxylin and eosin; C.V., coef-
ficient of variation; NS, not significant.

Table III. Number of capillaries labeled with progranulin
(PRG).

Pathology vs. Non-tumoral Tumoral
PRG pathology pathology
No. of cases 30 15
Mean 16.17 22.53
SD 7.00 8.53
C.V. (%) 43.29% 37.88%
P-value 0.0106 NS

(Student's t-test)

SD, standard deviation; C.V., coefficient of variation; NS, not
significant.

cells formed a double circular layer in the endothelium and in
the adventitial lamina (Fig. 1B).

Following the Student's t-test it was found that there
was a high significant difference of the number of capil-
laries labeled for CD34 (P=0.0006) between patients with
mechanical or inflammatory pathology and those with tumor
pathology (Table IV).

VEGF displayed an inconstant positivity in the capillaries
from the NTP group, being also present in some proinflam-
matory cells (Fig. 1D). Additionally, in the TP group all the
vessels, medium and new capillaries and proinflammatory cells
were positive for VEGF (Fig. 1J). By contrast, adipocytes from
the NTP group (Fig. 1D) and more frequently small adipocytes
from the TP group (Fig. 1G) showed positivity for VEGF.

The Student's t-test did not reveal a significant differ-
ence between the number of blood vessels identified in
normal-weight and obese patients for the NTP group (P=0.242)
but we found significant differences for the number of blood
vessels in normal-weight and obese patients in TP group
(P=0.017) (Table V).

After performing the Student's t-test, a significant difference
of the number of Col I'V-positive capillaries between patients
with mechanical or inflammatory pathology, i.e., NTP group
and those with tumor pathology was observed (P=0.0217)

Table IV. Number of capillaries labeled with CD34.

Pathology vs. Non-tumoral Tumoral
CD34 pathology pathology
No. of cases 30 15
Mean 21.63 31.93
SD 9.39 7.60
C.V. (%) 43.42% 23.80%
P-value 0.0006 HS

(Student's t-test)

SD, standard deviation; C.V., coefficient of variation; HS, highly
significant.

(Table VI). Any significant difference was noted between the
number of blood vessels identified in normal-weight and obese
patients neither for inflammatory and mechanical pathologies
nor for tumoral pathologies.

Finally, the relationship between PRG and VEGF for the
two groups of patients, NTP with inflammatory and mechan-
ical pathology, and TP with tumoral pathology, was examined.
For the first group, the Pearson correlation coefficient was
r=0.595, showing a statistically significant direct correlation,
with a significance level of 95% for 30 samples (P<0.05). For
the second group, the Pearson correlation coefficient was
r=-0.378, showing an inverse correlation, without having a
statistical significance for a group of 15 samples (Fig. 2).

Discussion

The development of a newly formed network of blood vessels
through the secretion of angiogenetic factors is a common
attribute of tumor growth and adipose tissue expanding in
the case of a high caloric regime. In both circumstances,
the rapid growth of blood vessels is stimulated by various
tumorigenic-secreted molecules or adipokines synthetized in
excess of caloric intake.

The results provided in the present study sustain the direct
suggestion of progranulin (PRG) as an angiogenetic factor
in omental adipose tissue in subjects developing abdominal
tumors and we compared the proangiogenic activity of PRG
and VEGF in visceral pads under inflammatory and tumoral
conditions.

The results of the present study demonstrated that
the number of vessels positively marked with PRG was
significantly higher in the TP group than that noted in the
inflammatory pathology group (NTP). However, no significant
difference was observed between the lean and obese patients,
for the inflammatory and mechanical pathologies, nor for
the tumoral pathologies. The results may be due to the small
number of obese patients included in the tumoral pathology
(TP) group; on the other hand, two patients from this group
declared during the medical history dialog that they had lost
weight up until the time of the surgery; thus, it may be possible
that they were obese at the onset of the pathology. Youn et al
obtained similar results for the visceral adipose tissue from
obese subjects, demonstrating that the adipocytes and the
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Table V. Comparison between the number of vessels labeled for VEGF between lean and obese patients.

Non-tumoral pathology

Tumoral pathology

Pathology

Weight Normal weight Obese Normal weight Obese
No of cases 15 15 12 3
Mean 20.27 16.07 25.00 17.67
SD 11.07 791 422 3.79
C.V. (%) 54.64% 49.26% 16.88% 21.43%
P-value 0.242 (NS) 0.017 (S)

(Student's t-test)

SD, standard deviation; CV, coefficient of variation; NS, not significant; S, significant.

Table VI. Number of capillaries labeled for collagen IV.

Pathology vs. Non-tumoral Tumoral
Collagen IV pathology pathology
No. of cases 30 15
Mean 22.83 17.80
SD 7.55 4.36
C.V. (%) 33.08% 24.51%
P-value 0.0217 S

(Student's t-test)

SD, standard deviation; CV, coefficient of variation; NS, not
significant; S, significant.

cells from the SVF contribute to PRG expression in adipose
tissue (45). Correlating these results with the serum level of
PRG authors of that study suggested that PRG contributes
to the crosstalk between macrophages and adipocytes in the
adipose tissue and could be one of the molecules involved in
the increase of the macrophage number in the visceral adipose
tissue of obese subjects.

PRG is less expressed in quiescent vessels and more
intensely in tissue with active angiogenesis: in normal tissues
(developing placenta or wound healing) (33,34) or tumoral
diseases (46-48). The results of the present study demonstrated
that the vessels marked with PRG were more numerous in the
adipose pads of the tumoral milieu than in the inflammatory
ones, and the positivity observed from the THC reaction was
not restricted to vessels, but was expressed also in adipocytes
and migrated cells. Thus, PRG overexpression in the vessel
walls and equally in adipocytes and stromal cells may be
induced by proangiogenic molecules synthetized by the
neighboring tumor.

The angiogenic action of PRG seems to be performed at
least under certain circumstances (such as in breast cancer
and breast cancer cell lines) (39) under the influence of the
main proangiogenic factor, VEGF. In order to assess the
collaboration between the two molecules, we performed an
[HC study for the expression of VEGF in blood vessels of
the same lots. A significant difference between patients with

mechanical and inflammatory pathology (NTP) and those with
tumor pathology (TP) in terms of the number of capillaries
identified, similar to PRG, was not evident. However, VEGF
expression showed a significant difference between lean and
obese subjects in the TP group. This aspect may be explained
by the canonical model of vascular development whereby the
oncogenic vascularization and the vascular network in adipose
pads are both induced by the rapid growth of the tissue and
the onset of hypoxic conditions, with an increase in VEGF
expression (49).

As observed in the IHC reactions for PRG and VEGF,
not only the capillaries demonstrate an immune positivity for
the two molecules, but also the adipocytes and cells from
the stromal tissue. Similar results were reported by others
showing that both SVF and mature adipocytes express
VEGEF (24,50).

In obese subjects, when the blood supply becomes deficient,
as in all fast-growing tissues, the whole human adult adipose
tissue can induce angiogenesis from its own cells, adipocytes
or stromal cells, or can recruit distant endothelial cells (24). In
human and animal models, it was demonstrated that VEGF is
produced by adult adipocytes and stromovascular cells (2,51).
Corroborating our results with findings by others (24,52), an
interesting hypothesis to understand the adaptation of the
vascular network density to the adipose pads volume was that
the synthesis of adipogenic factors is related to the variation of
weight rather than to the absolute weight. Our results demon-
strated that weight may influence the expression of VEGF in
tumoral pathology but not in inflammatory or mechanical
diseases, and that weight does not seem to have the same
influence for PRG expression.

The present study was carried out on a small number of
cases, and must therefore be considered a pilot study. Research
on a larger group of patients should be conducted to perform a
comparison with significant results between VEGF and PRG
in lean and obese subjects.

When and how locally secreted PRG and VEGF could
influence individually or by molecular crosstalk the initiation
and the development of visceral tumors is a controversial
subject. It is often emphasized that the tumor microenviron-
ment provides angiogenetic factors released by the tumor cells
or by the stromal cells surrounding the tumors (20,53). VEGF,
leptin and recently described PRG are similarly expressed
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Figure 2. Correlation between PRG and VEGF expression. PRG, progranulin; VEGF, vascular endothelial growth factor.

in adipose tissue and the tumoral vascular network develop-
ment (25,50,54-56). Overexpression of PRG was reported in
renal, breast or ovarian cancers (57-59), organs embedded
in an active metabolic adipose tissue. Tangkeangsirisin et al
demonstrated that PRG could promote tumor angiogenesis and
metastasis in human breast cancer by stimulating the synthesis
of VEGF and MMP9 (39).

In a mouse developmental model, Toh et al demonstrated
that the expression of VEGF and its receptors is compulsory for
early vasculogenesis in embryo, but PRG was expressed later,
its synthesis being instead necessary for vessel growth and
stability and may represent a novel angiogenic pathway (48).
The results reported by Tangkeangsirisin and Serrero for
breast tumors support the hypothesis that the increased VEGF
expression was determined rather than an indirect effect of
stromal cells found in the tumor environment by the PRG
direct stimulation of VEGF expression (39).

The statistical correlations between the two angiogenetic
factors analyzed in our experiment showed interesting
differences. As shown in Fig. 2, for the first group (NTP),
the Pearson correlation coefficient showed a statistically
significant direct correlation (r=0.595), while for the second
smaller group (TP), the Pearson coefficient showed an
inverse correlation, without having any statistical significance
(r=-0.378). The results may indicate that the angiogenetic
factors are simultaneously present stimulating vessel
formation in inflammatory conditions, or in different steps,
thereby correlating our results with the influence of VEGF on
PRG synthesis as emphasized by Toh ef al in the experimental
model (48). An interesting question is whether the duration of
evolution of the disease which induces blood vessel formation
is important for the concomitance or the individuality action
of the angiogenetic factors.

The angiogenesis process includes several chronological
steps; in sprouting angiogenesis, the endothelial cells break
down the existing basal membrane, and during the last step
the formation of the basal membrane (of which the type IV
collagen is a main component) by the newly formed endothelial

cells and probably by the pericytes occurs (60,61). Col IV is the
main constituent of the lamina densa of the basal membrane,
secreted by the endothelial cells and pericytes in the final step
of the sequential angiogenic process (61) and required for
blood vessel maturation and homeostasis (62).

In order to assess the incidence of mature capillaries in the
two lots of subjects we performed an IHC study using the Col IV
antibody. The results showed a significant difference between
patients with mechanical and inflammatory pathology (NTP
group and those with TP), in terms of the number of capillaries
identified. In the TP group, few vessels were labeled inside the
adipose lobules,and those located superficially and the small new
forming vessels were inconstantly positive. Considering Col IV
as a marker for mature functional vascular wall, we may affirm
that in the adipose tissue of the TP group, PRG stimulates the
formation of newly less mature and functional vessels, lacking
a basal membrane. Considering this observation, we supposed
that a proportion of the remaining hidden capillaries may be
newly formed. We used CD34, a major endothelial cell marker
present on hematopoietic stem cells and on progenitor cells (63),
in order to label these presumed capillaries. In terms of the
number of capillaries identified, a highly significant difference
(P<0.001) between patients with mechanical or inflammatory
pathology and those with tumor pathology was found.

Stromal vascular fraction of adipose pads contains a popula-
tion of CD34-positive cells, identified as adipose tissue-derived
stem cells (ADSC), considered adult stem cells which reside in
a perivascular location (64-66). Our results are in accordance
with those of Zannettino et al as we observed the abundance of
CD34-positive cells inside the adipose lobules, in endothelial or
stromal cells (67). In that study, it was found that mesenchymal
cells including adipose stem cells are resident in perivascular
niches. The double circle of CD34-positive cells that authors of
the present study and Lin ez al (65) observed around the lumen
of the arterioles and venules is described as being formed by
endothelial cells in the inner circle and adventitial CD34*CD31
cells in the outer one. In aortic adventitia, this population was
described as vascular progenitor cells (68).
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Considering these results together with the significant
number of vessels marked by PRG in the TP group, we were
able to sustain that in the PRG omental adipose pads had a
significant contribution to induce angiogenesis in a tumoral
ambience, and that this capacity is complementary with VEGF
action in NTP.

In summary, PRG is an adipokine able to act as an
effective proangiogenic factor in visceral adipose tissue, with
the formation of new capillaries in visceral tumors. However,
whether the angiogenic response to PRG synthesis is influenced
or not by inflammation and obesity remains to be determined.

VEGF is more efficient in stimulating the formation of new
vessels in inflammatory conditions depending on weight. The
collaboration of the proangiogenic activity of PRG and VEGF
in the adipose tissue under tumor conditions may be dependent
on the visceral tumor type.
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