Int J Clin Exp Pathol 2017;10(3):2939-2949
www.ijcep.com /ISSN:1936-2625/1JCEP0043312

Original Article
Local and systemic angiogenic and antiangiogenic
response in rats after 70% hepatectomy

Dauren Sarsenov?, Ahmet Bllent Dogrul?, Kemal Kosemehmetoglu?, Mehmet Bulent Tirnaksiz!, Osman
Abbasoglu*

Departments of ‘General Surgery, 2Pathology, Hacettepe University School of Medicine, Hacettepe University Sih-
hiye Campus, Ankara, Turkey

Received October 27, 2016; Accepted February 7, 2017; Epub March 1, 2017; Published March 15, 2017

Abstract: Angiogenesis accompanying liver regeneration is regulated by both proangiogenic and anti-angiogenic
effectors. This study investigated angiogenesis at both local and systemic levels also targeting measurement of end-
ostatin’s local expression during hepatic regeneration. Methods: 64 female rats underwent 70% hepatectomy and
were sacrificed on the posthepatectomy days 1, 3, 5, 7, 10, 14 and 21. Local angiogenesis and anti-angiogenesis
were defined by immunoreactivity to VEGFR-2 and endostatin respectively. Systemic VEGF and endostatin were
identified by ELISA with corresponding antibodies. Results: Both VEGF and VEGFR-2 began to rise on day 3. On day
5 VEGF reached local peak with 260.60 pg/ml while VEGFR-2 expression became 3.63 degrees. At day 21 both pa-
rameters returned to corresponding basal levels. Peak values of systemic endostatin (68.83 ng/ml) were detected
on day 7. Local endostatin expression in tissue was found to be high through groups from 7" to 14" days. On day 14
through 21 when tissue endostatin went decreasing systemic one stayed high. Conclusions: throughout liver regen-
eration expression of endostatin in extracellular matrix was high and related to angiogenesis. Systemic presence of
endostatin was correlating with in situ expression of endostatin which should play a role in regulation of endocrine
effects of angiogenic factors like VEGF.

Keywords: Vascular endothelial growth factor, endostatin, angiogenesis, anti-angiogenesis, liver regeneration

Introduction

Angiogenesis plays a pivotal role in many physi-
ologic and pathologic states. Any trauma or,
more precisely, alteration leading to tissue loss
exploits angiogenesis in physiological limits to
provide regeneration. Angiogenesis related fac-
tors for many years attract a great attention to
local paracrine effects of the process with its
possible systemic derivatives [1-9]. In some
pathological states angiogenesis is character-
ized by altered production of effectors which
are normally produced on physiological back-
ground. Many studies were focused on discov-
ering the principal role of angiogenesis and
factors playing fundamental role in processes
accompanying tumorigenesis, metastasis for-
mation, some chronic and progressive connec-
tive tissue diseases [10-16].

Studies of angiogenesis established a range
of methodologies for experimental modelling
of angiogenesis. One of most reproducible and

easily performed methodologies is angiogene-
sis model on liver regeneration model in rodent
species. The very process of liver regeneration
being a multifactorial in nature is shown to be
angiogenesis dependent process [17-22]. Re-
gulation of liver regeneration together with re-
gulation of angiogenesis taking place during
liver regeneration has both auto- and paracrine
pathways along with endocrine ones. This pro-
cess emphasizes a universal mechanism of
neutralizing effects of outer world on the inner
world providing homeostasis and showing
almost infinite reserve capacity of the liver.
Evolutionary background of this function is
substantiated by possibility of damage to liver
by aggressive and potentially harmful agents
entering enteral system which consequently
leads to hyperplasia and proliferation [17, 18,
23-26].

The measure of hepatic proliferation is thought
to be dependent on liver-body ratio. It is well
known that liver maintains proliferation till met-
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abolic demand of the body is provided [17, 18,
21, 23-27]. In its turn, angiogenesis is induc-
ed due to hypoxic hepatocytes suffering from
growing oxygen demand in parenchymal islets
isolated from normal vasculature. Being inva-
sive in nature angiogenic pathway is up-regulat-
ed by a variety of factors with major contribu-
tion of VEGF ligand produced by hypoxic pool
of hepatocytes [28-31]; therefore switching
endotheliocytes’ extravasation on; which pro-
vides degradation of extracellular matrix by
means of expression of various types of MMP
family proteinases [32-35]. Dogrul et al. in their
study showed that during liver regeneration,
cessation of regeneration process was related
to anti-angiogenic activity which was evaluated
using RT-PCR detection of collagen-18 mRNA
[36]. Levels of collagen-18 mRNA were peaking
on day 10 having progressive lowering down
through day 14. Angiogenesis driven proteolytic
matrix degradation results in proteolytic cleav-
age of collagen-18 yielding in production of
endostatin shown to have potent anti-angio-
genic effect [17, 18, 21, 23, 24, 26, 28, 37-39].

The aim of this study was to evaluate local
expression of endostatin in liver during regen-
eration and systemic effect of local angiogene-
sis in rats after 70% hepatectomy setting the
link between local markers of angiogenesis and
anti-angiogenesis and systemic ones.

Materials and methods

Sixty four Sprague-Dawley female rats weighing
around 230-320 g were included in study and
were fed with standard diet and water ad libi-
tum and kept under standard room tempera-
ture of 22-24°C and in 12 hour long circadian
cycle. The study was approved by Institutional
Committee of Ethics in Animal Research under
Ne2012/6-1 in accordance with Institutional
Declaration and “Helsinki Declaration on Use
of Laboratory Animals”. Study’'s funding was
provided by Scientific Research Unit of Hacet-
tepe University (project number 012 DO6 101
013).

Experimental design

Animals were distributed into 8 groups. Groups
were numbered after day of sacrification (sham
group = 0). Hepatectomy was performed ac-
cording to procedure described by Higgins and
Anderson [40] under general anaesthesia with
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Ketalar (5% ketamine hydrochloride) and Alfa-
zyne (2% xylazine). Sacrification was perform-
ed by inducing general anaesthesia followed
by desanguination for obtaining blood speci-
men (5-10 ml). Extirpated livers which under-
went regeneration were placed in 10% formal-
dehyde and kept for 1-2 days. Tissue blocks
were obtained by selecting and cutting widest
portions of grossly regenerated liver lobes.
Paraffin embedded sections were cut for 4 ym
thickness.

Blood samples were frozen after centrifuga-
tion at 1000 rpm for 4 minutes, whereupon
all upcoming serum samples were kept under
-80°C until obtaining all blood samples from
all groups sacrificed.

Immunohistochemical evaluations were per-
formed using standard staining protocols.
Staining was applied on formalin fixed tissue
blocks embedded in paraffin cut in 4 ym sec-
tions. Antigen retrieval was done in boiling
citrate buffer (pH = 6.0). After incubation with
primary antibodies sections were subjected for
biotin-streptavidin-DAB (Acu-Stain™ Mouse +
Rabbit HRP Kit (Genemed Biotechnologie, 458
Carlton Court, South San Francisco, CA 94080)
and Mouse specific HRP/DAB detection IHC Kit
(Abcam PLC, 330 Cambridge Science Park,
Cambridge, United Kingdom (ab64259) in case
of endostatin antibodies) sequence according
to manufacturer’s instructions.

Evaluation of regeneration

Regeneration of liver was evaluated according
to immunoreactivity to PCNA (NeoMakers (Cat.
#MS-106-P), Labvision Corporation, Fremont,
California, ABD). Nuclei stained in brown were
evaluated as positive and were counted under
x40 magnification among 1000 cells giving
proportion in percents.

VEGFR-2 expression

Angiogenic activity was assessed by immuno-
reactivity to VEGFR-2 (Hemangioblast marker -
ab2349, 500 ul; rabbit polyclonal; anti-Rat,
Abcam PLC, Cambridge, UK). Sections were
evaluated according to cells having brown
staining and counted as number of rows formed
around vessels’ cross-sections including portal
and central veins. Degree of expression was
calculated as an average through whole speci-
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men. One row of positive cells around vessels
in average was accepted as +1. Average of 2
rows was accepted as +2, and 3 rows as +3.

Anti-angiogenesis assessment

Immunoreactivity to Abcam Anti-Endostatin an-
tibody (Anti-Endostatin antibody [4i37] -ab64-
569, 100 ul at 0.1 mg/ml; Mouse monoclonal;
anti-Rat, Abcam PLC, Cambridge, UK) was as-
sessed. Sections were assessed under x40
maghnification detecting brown staining in peri-
sinusoidal spaces. Estimation was performed
according to the following scale: very low in-
tensity staining in all fields or mid intensity
staining in one field - +1; mid intensity in all
fields or high intensity staining in a single field
- +2; homogenous high intensity staining in
all fields - +3; very high intensity staining in
all fields - +4. Evaluated fields were well away
from fields of necrosis, edges and artefacts.

Defining systemic angiogenesis parameters

Systemic angiogenesis parameters were evalu-
ated by immunoreactivity to anti-VEGF antibod-
ies using VEGF Rat ELISA Kit (ab100787 - 1x96
Well Plate, Abcam PLC, 330 Cambridge Science
Park, Cambridge CB4 OFL, United Kingdom).
Previously centrifugated blood samples were
stored at -80°C. After defreezing all collected
samples were processed at once. Standard
solution was prepared according to manufac-
turer’s instructions with serial dilution giving 10
plates with concentration range of 0-500 pg/
ml. Detection antibody in amount of 100 ul was
diluted with distilled water up to 80 times.
Hundred pl HRP-streptavidin were diluted with
12 ml of assay diluent (giving 120 times dilu-
tion). Detection antibody was incubated with
sample serum and standard solution under
room temperature for 2.5 hours. Serial wash-
ing with biotin and consequent streptavidin
incubation lasted for 1 hour and 45 minutes
respectively under room temperature. Tetrame-
thylbenzidine (TMB) was used as staining agent
and was added to plates and left under room
temperature in darkness. Thereafter, stop solu-
tion was added in amount of 50 ul and pro-
cessed in spectrophotometer under 450 nm
wavelengths.

Defining systemic anti-angiogenesis param-
eters

Systemic level of endostatin was defined us-
ing Rat ES ELISA kit (CSB-EQ7975r - 1x96 Well
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Plate, Cusabio PLC, Incubator Building 4™ floor,
Wuhan University Science Park, No.te-1, Da-
xueyuan Road, Donghu Hi-Tech Development
Area, Wuhan, Hubei Province 430223, P. R.
China). Previously centrifugated blood samples
were stored at -80°C. After defreezing all col-
lected samples were processed at once. Basic
standard solution was prepared according to
manufacturer’s instructions after 30 seconds
centrifuging under 10000 rpm and adding 1
ml of sample diluent forming stock solution.
Further serial dilution gave 8 plates with con-
centration range of 0-400 ng/ml. Detection
antibody in amount of 100 ul was diluted with
distilled water up to 80 times. Hundred pl HRP-
streptavidin were diluted with 12 ml of assay
diluent (giving 120 times dilution). Detection
antibody was incubated with sample serum
and standard solution under room temperature
for 2.5 hours. Serial washing with biotin and
consequent streptavidin incubation lasted for 1
hour and 45 minutes respectively under room
temperature. Tetramethylbenzidine (TMB) was
used as staining agent and was added to pla-
tes and left under room temperature in dark-
ness. Thereafter, stop solution was added in
amount of 50 pl and processed in spectro-
photometer under 450 nm.

Statistical analysis

SPSS package 20 (IBM Corp.) was used for sta-
tistical analysis.

Variables were investigated using visual (histo-
grams, probability plots) and analytical meth-
ods (Kolmogorov-Smirnov/Shapiro-Wilk’s test)
to determine whether or not they were normally
distributed.

Difference between parametric variables was
analysed using one way ANOVA test. Differences
between ordinal variables were assessed using
Kruskal-Wallis and Mann-Whitney U test.

Correlation analysis of systemic and local mark-
ers of angiogenesis and anti-angiogenesis was
performed assessing graphic data and using
Pearson’s test.

In-situ expression of VEGFR-2 and endostatin
was assessed using standard technique for
evaluation of potentially non-quantifiable vis-
ual data gathered from immunohistochemi-
cal microimages. Due to the fact that visual
assessment of immunohistochemical images
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Figure 1. Upper row - local VEGFR-2 expression; A. Absence of expression; B. Low expression; C. Moderate expres-
sion; D. High expression. Lower row - local expression of endostatin; E. Low expression; F. Moderate expression; G.

High expression; H. Very high expression.

can give pseudocontinuous integer-based spe-
ctrum of values (0-4) VEGF and endostatin ex-
pression was assumed to be parametric (not
ordinal) and delt respectively (Figure 1). Sig-
nificance level was accepted as P < 0.05.

Results
Regeneration

According to sham group first day’s group
showed statistically significant level of expres-
sion with mean of 57.2% (P < 0.05). Third day
group also showed statistically significant le-
vel of expression with mean of 28.0% (P <
0.05), while fifth day expression with 5.15%
was assumed to return to basal proliferation
activity (P = 0.87).

Local angiogenesis

According to sham group having mean expres-
sion of VEGFR-2 of 5.13 units 1%t day group
had significant decrease in expression with
2.3 units (P = 0.005), 3™ day expression with
2.6 units was also significantly different (P =
0.02). On fifth day VEGFR-2 having expression
level of 3.6 and having P = 0.13 after which
7" day showed lowest expression of 1.6 with
P = 0.02. In consequent 10" day’s group ex-
pression started to grow (3.3 units) showing
insignificant difference having P = 0.08, while
expression on 14™ day was 2.6 with P = 0.07.
Finally VEGFR-2 expression went back to basal
levels with 4.1 units (P = 0.34).

2942

Local anti-angiogenesis

Basal level of endostatin expression in tissue
in sham group was high with mean of 3. First
day group showed mean expression of 2 with
P = 0.08, on third and fifth day expression was
2 and 1 respectively with P values of 0.04 and
0.007 respectively. On 7™ day expression sh-
owed level of 2 with P =0.07. On day 10 and 14
expression was high (2 units) with P values of
0.40 and 0.44 respectively and finally expres-
sion on day 21 had mean of 1 with P = 0.08.

Systemic angiogenesis

Systemic levels of VEGF ligand were evaluated
in serum. Sham group’s levels were accepted
as basal (mean concentration = 212.39 pg/
ml). On 15t day level was 277.61 with P = 0.21,
third day mean level was 202.84 with P = 1.00,
fiftth day mean level of VEGF was 260.60 with P
= 0.51. Seventh day mean level was 242.73
pg/ml with P = 0.90, while 10" and 14" days’
groups were having mean levels of 230.23
and 275.05 pg/ml respectively with P values
of 0.99 and 0.25 respectively. Twenty first day
mean level was 230.36 pg/ml with P = 0.99.

Systemic anti-angiogenesis

Systemic endostatin levels taken as mean con-
centration through groups were assessed ac-
cording to the sham group (11.18 ng/ml) evalu-
ating statistical significance as well. First day
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cally insignificant correlation
(p=-0.22; P=0.64) on day 3
and day 5 (p = -0.37; P =
0.37). Day 7 group came up
with positive correlation (p =
0.31; P = 0.50) whereupon on
days 7 and 10 negative corre-
lation again showed up (p =
-0.18; P =0.67 and p =-0.49;
P = 0.22 respectively). Last
point of intersection showed
positive intermediate correla-
tion power still being statisti-
cally insignificant (p = 0.52; P
= 0.23). Graphic interpreta-
tion relating to spoken points
showed anticipated distribu-
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Figure 2. Note day 5, 7, 10 and 14" trends where we can observe initial
overexpression of VEGF with accompanying rise in VEGFR-2 expression

5 tion curves for VEGF ligand
concentration binding to in-
vestigated receptor VEGFR-2
making it unavailable to work-
ing antibodies (Figure 2).

which leads to consequent saturation of VEGF-receptors with VEGF reflecting

day 7™ local minimum. Day 10" decrease in circulating VEGF demonstrates
angiogenesis’ downregulation due to anticipated decrease of hypoxic cell
pool. The latter, in turn makes VEGFR-2 gradually release VEGF into systemic

Correlation between local
and systemic anti-angiogen-
esis

circulation with consequent metabolization until pre-angiogenesis systemic

equilibrium is established.

group had mean of 36.15 ng/ml (P = 0.50),
third day group had mean concentration of
18.90 ng/ml (P = 0.99). Fifth day mean was
53.24 ng/ml (P = 0.07), while actual peak value
was observed on day 7 when mean concentra-
tion was 68.83 ng/ml (P = 0.008). On day 10
concentration was still high with 63.24 ng/ml
with P = 0.014 and on day 14 mean concen-
tration decreased to the level of 37.85 ng/ml
(P = 0.43). On 21t day mean became 38.72
ng/ml with insignificant difference (P = 0.40).

Correlation between local and systemic angio-
genesis

A calculation of correlation between local and
systemic angiogenesis was performed. Pear-
son’s test for correlation failed to reveal statis-
tically strong correlation. On day 1 VEGF con-
centration rising to 277.61 ng/ml being op-
posed to 2.25 units of expression for VEGFR-2
shows weak correlation without statistical sig-
nificance (p = 0.074; P = 0.86). Further oscilla-
tions of VEGF concentration and VEGFR-2 ex-
pression showed weak negative and statisti-
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Correlation  between local

and systemic anti-angioge-
nesis was done between endostatin in-site and
serum endostatin and endostatin-like ligands.
This kinetics was expected to be parallel due to
the fact that endostatin after expression of col-
lagen-18 and its sequential proteolytic cleav-
age should be washed out to systemic blood
flow giving delayed correlation with curves of
systemic endostatin following local one with
slide of the curve to the right (Figure 3).

On day 1 correlation showed to be negative and
weak (p =-0.055; P = 0.90) after that on day 3
correlation got stronger (p = -0.67; P = 0.10).
Through days 5, 7 and 10 correlation was most-
ly weak without being statistically significant (p
=0.14;P=0.74,p=0.06; P=0.91, p=0.44; P
= 0.33 respectively). On days 14 and 21 corre-
lation became negative without statistical sig-
nificance (p = -0.05; P = 0.91 and p = -0.25;
P = 0.54 respectively). Graphic interpretation of
correlation is much more confining showing
systemic kinetics being similar to local expres-
sion graph (Figure 3). Analysis of graphic cor-
relation shows the general trend of interrela-
tionship seeming pretty direct.
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pool. Our study’'s timeline
was normalised over regener-
ation landmarks which finally
showed anticipated regenera-
tion similar to that of other
studies on this subject with
rates which were peaking in
between 24-48™ hours and
getting to basal level on day
7 [24, 36, 41, 42].

It was shown that during an-
giogenesis hepatocytes form
islets composed of newly pro-
liferating mass of cells which
start to produce VEGF to up-
regulate endotheliocytes’ in-
vasion into extracellular ma-
trix [21, 26, 29, 30, 43]. In

Sham (0)

Figure 3. Please note systemic endostatin rapidly increasing in systemic cir-
culation which is supposed to be related to surgical trauma on the day 1
leading to depletion of tissue endostatin as systemic grows through days
1, 3 and 5. Between days 5 and 7 in-situ endostatin production becomes
upregulated by angiogenesis contributing to even more exaggerated rise in
systemic endostatin concentration persisting throughout days 7-10. Days 14
and 21 show signs of prolonged systemic activity of endostatin which could
be explained by necessity for endocrine downregulator of pro-angiogenic ac-

tivity driven by systemic VEGF.

VEGF and endostatin correlation

Correlation between VEGF and endostatin in
systemic blood was also performed exploiting
Pearson’s test (Table 1). First day reveals strong
negative correlation close to being significant
(p =-0.69; P = 0.06) becoming insignificant on
days3and 5 (p=-0.36;P=0.43,p=0.43;P=
0.29 respectively). Day 7 reveals strong nega-
tive correlation being also statistically signifi-
cant (p = -0.85; P = 0.02). Day 10 comes with
intermediate correlation power becoming insig-
nificant (p = -0.62; P = 0.10). On days 14 and
21 correlation again becoming significant and
strong negative (p =-0.83; P = 0.01, p =-0.98;
P < 0.001). Analysis of graphic correlation (Fig-
ure 4) is performed in the discussion part.

Discussion

Partial hepatectomy in rats is a well known and
widely investigated model for angiogenesis
studies. Regeneration process starting imme-
diately after hepatectomy mostly depends on
expression of promoters of hepatic proliferative
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our study angiogenesis track-
ed by change in VEGFR-2 re-
ceptor’s local expression and
systemic change in VEGF li-
gand concentration, showed
to obey a non-linear dynam-
ics. Basal VEGFR-2 tissue ex-
pression was detected to be
high, possibly defining high
basal expression on endothe-
liocytes’ membranes seen in
sham group. VEGFR-2 expression was then dra-
matically decreasing on day 1 probably reflect-
ing binding of some VEGF ligands which show a
local peak of concentration at the same time,
possibly due to surgical trauma as it was sh-
own in studies by Saitou Y et al. And Dogrul AB
et al. [20, 36], thus changing conformation of
receptors hiding VEGFR-2 sites from immunos-
taining antibodies (Figure 2).

As angiogenesis starts to gain momentum on
day 3 we can see VEGFR-2 expression rising,
while systemic marker of angiogenesis, VEGF
hits local minimum. After that on day 5 VEGF
and VEGFR-2 have simultaneous peak of their
expression which can be explained in two ways:
first is that hypoxia drive slows down and
VEGFR-2 expression ceases and receptors get
freed from VEGF ligands which in turn contrib-
utes in simultaneous systemic VEGF level rise;
and the second way to explain this phenome-
non is that hypoxia drive gets to its maximum
resulting in highest expression of VEGFR-2
receptors (throughout the experimental time-
line, excluding basal level) and highest level of

Int J Clin Exp Pathol 2017;10(3):2939-2949
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Table 1. Correlation of systemic VEGF and endostatin

Sham 1stday 39day 5"day 7"day 10"day 14""day 21t day
Serum VEGF (mean) 212.39 27761 202.84 260.60 242.73 230.23 275.05 230.36
Serum endostatin (mean) 11.18 36.15 18.90 53.24 68.83 63.24 37.85 38.72
Correlation coefficient (p)* 0.24  -0.69** -0.36 0.43 -0.85**  -0.62 -0.83** -0.98**
P-value 0.57 0.06 0.43 0.29 0.02 0.10 0.01 <0.001

*Pearson’s correlation rho (p) calculated for each group. **Statistically significant strong negative correlation.
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high level of endostatin ex-
pression, known to strongly
inhibit endothelial cell migra-
tion and expression of VEG-
Lo FR-2 [12, 15, 35, 46-50] (Fig-
ure 4). Thereafter, on days 10
through 14, level of expres-
sion of VEGFR-2 starts rising
and on day 10 corresponds to
systemic VEGF level reaching
local minimum where some
turn point takes place. After
day 10 local expression of
VEGFR-2 is rising up to the
20,0000 day 21 reaching its actual
basal level, when VEGF in its
turn states its third maximum
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Figure 4. Concluding all above figures this figure demonstrates how expres-
sion of pro-angiogenic factor (VEGF) leads to consequent upregulation of
matrix-derived antiangiogenic factor (endostatin) forming trends perfectly
opposite to each other since the day 5 through 7, 10 and 14. Correlation
analysis using Pearson’s rho showed statistically significant strong negative
correlation between serum VEGF and endostatin on days 1, 7, 14 and 21.

VEGF systemic concentration providing high
rate of angiogenesis. The latter seems to be
verified by simultaneous rise of endostatin
curves for local and systemic expression prob-
ably meaning that angiogenesis process came
to its maximum invasiveness leading to corre-
sponding expression of endostatin (Figure 3).
Indeed, studies by Michalopoulos et al., Tanigu-
chi et al., Dogrul et al. show that angiogene-
sis really does peak throughout 1-3 days of
regeneration [36, 44, 45]. Day 7 brought low-
est value for expression of VEGFR-2 together
with descending concentration of systemic
VEGF showing either down-regulation of angio-
genesis or total occupation of aggregate pool
of binding sites of VEGFR-2 receptors (Figure
2). However, down-regulation seems to be more
likely to be recruited due to possible effect of
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ation

s on day 14 for some not clear
reason. We think it could
be explained by those VEGF
ligands detaching from bind-
ing sites of VEGFR-2 receptor
pool. On day 21 both recep-
tor and VEGF are trending to
reach initial levels of expre-
ssion.

Anti-angiogenesis in situ showed similarity to
earlier studies showing same dynamics as did
collagen-18 expression earlier processed us-
ing PCR-RT protocols. Earlier spoken study by
Dogrul et al. [36] did actually show the level
of mRNA expression without showing the real
ratio of MRNA translated into collagen-18 which
finally was reaching its target destination in
ECM. Our study was not considered to reveal
the rate of mRNA conversion into endostatin,
but to show relative amount of expressed end-
ostatin. There are many ways to actually track
the rate of m-RNA translation into collagen-
18 finally yielding endostatin. Some of them
are quantifying, others are relative, only show-
ing the correlation between production of end-
product (here, endostatin) and collagen-18 m-
RNA. The reason why we did not prefer quanti-
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fying method for detection of tissue endostatin
in our study, was the natural limitation of the
only available in our institution method for pro-
tein quantification - Western blot, which works
with disrupted tissue lysate. And since we de-
cided to specifically detect tissue expression
of endostatin in liver we preferred immunohis-
tochemical staining of sample section with fur-
ther correlation of detected expression rates
with the time scale of the experiment (groups
according to the day of sacrification).

Dynamics of endostatin tissue staining was
compatible with findings of initial washing out
to systemic blood flow proved by systemic in-
crease of endostatin on day 1 through 3. On
day 3 through 5 local and systemic endostatin
showed antiparallel dynamics when local end-
ostatin expression was decreasing, while sys-
temic continued to rise. On day 5 local expres-
sion of endostatin due to assumed (ever-rising
activation of angiogenesis) intensive local pro-
teolysis must be high, but we can see that end-
ostatin levels are not high at all. Instead we
have low levels of local endostatin and high
levels of systemic one which could be simply
explained by intensive washing out of end-
ostatin from impaired extracellular matrix into
systemic bloodstream. Rates of collagen-18
MRNA expression in study by Dogrul et al.,
did actually show similar dynamics for days 5
through 7 being low until day 10 where colla-
gen-18 mRNA expression rised to form most
prominent peak [36]. They showed the actual
level of production of mMRNA’s but not the real
expression of collagen-18 as it would be clear-
er to see the amount of collagen-18 produced.
So, there must be some equilibrium between
de novo production of collagen-18 and wash-
ing out of endostatin yielding from proteolytic
cleavage of collagen-18, which is perfectly con-
firmed by high level of systemic endostatin. We
think that this parallel rise in both systemic
VEGF and systemic endostatin is fitting the
concept of negative feedback system aiming
to maintain local processes without impairing
systemic homeostasis. Thus, when we have
angiogenesis in its most invasive and aggres-
sive phase, we just have to have high level of
by-product of the very process of angiogene-
sis, which is endostatin avoiding systemic up-
regulation of neoangiogenesis to prevent re-
mote side effects of VEGF [7, 11].

To better substantiate latter considerations,
here, we have to remind well known principle
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in enzyme kinetics - generally the product of
reversible reaction becomes inhibitor of prima-
ry reaction [51]. Endostatin here appears to be
the by-product of proteolytic cleavage during
matrix degradation [52]. So, here is another
consideration - to find a negative feedback reg-
ulator of some process one has to look at the
“meaning” of the process. That means, in our
case, that extracellular matrix being degraded
by MMP’s, it is matrix which is virtually resist-
ing invasive character of angiogenesis, thus
constantly producing by-products capable of
inhibiting angiogenesis-related or angiogene-
sis-driven processes. And, as a consequence,
those products must be matrix main compos-
ers related products, just as we see endostatin
deriving from collagen, angiostatin from plas-
min, etc. [53, 54]. Systemic endostatin on day
7 comes to maximum level probably opposing
to newly breaking peak of angiogenesis there-
after (VEGF) bending downwards (days 5 th-
rough 7 - Figure 4). Consequently local endos-
tatin starts gaining mass due to combined ef-
fect of washout and progressively decreasing
proteolytic cleavage. On day 10 through 21 sys-
temic endostatin trends down but not actually
reaches sham’s level which corresponds to ear-
lier studies by Colakoglu et al. and Dogrul et al.
[36, 41]. Local endostatin on day 10 through
21 shows process of restoring in-tissue depot
peaking on day 14 and decreasing by some fac-
tor on day 21. Statistical analysis of Pearson’s
correlation between local and systemic end-
ostatin does give statistically significant ratios.

In contrast to above spoken correlations; the
correlation between systemic VEGF and end-
ostatin in our study showed great concordance
both statistically and graphically. Correlation
analysis using Pearson’s rho showed statisti-
cally significant strong negative correlation be-
tween serum VEGF and endostatin on days 1,
7, 14 and 21. In other words increase in VEGF
serum concentration will mean decrease in en-
dostatin serum concentration and vice versa.
Being interconnected both angiogenesis and
anti-angiogenesis were represented by VEGF
and endostatin in serum with negative corre-
lation on certain days of the experiment. Ana-
lysing the timeline of the experiment we can
see that first day peak was observed for both
VEGF and endostatin relating to surgical trau-
ma as other studies assume [19, 20, 36]. Day
three came out with significant decrease for
both parameters which can be explained by
starting liver regeneration but still without sig-
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nificant pool of cells suffering from hypoxia;
thus not serving as a reason for up-regulation
of VEGF expression. Day 5’s systemic peak of
VEGF corresponds to rising level of endostatin
showing that VEGF being a derivative of local
hypoxia and driving proteolytic cleavage of
collagen-18 is providing high systemic level of
endostatin which is still going high even after
VEGF starting to go down on days 7 through
10. On day 14 we can see a local maximum for
VEGF which is actually to be controlled on the
matter of being an artefact (further investiga-
tions needed). So, summing up we just came
to a new way of evaluating angiogenesis. All
conditions related to angiogenesis up-regula-
tion were assessed in previous studies using
only one link of angiogenesis chain, namely
either VEGF or endostatin thus leading to a
lack of productivity/reproducibility when they
were trying to evaluate the predictive mean-
ing of spoken systemic angiogenesis effectors.
Our calculations show that when we assess
angiogenesis with two consequent and univer-
sally expressed steps of the same process
more precise results can be achieved, which,
of course is to be studied and verified in fur-
ther research.

Some researchers like Schips et al. in their clini-
cal study on renal cell cancer (RCC) patients
were trying to determine if VEGF and endostatin
would be a good predictor of survival in RCC
patients. There was no statistically significant
difference between RCC patients and control
groups in terms of VEGF and no difference in
terms of endostatin levels between spoken
groups at all. No correlation (Spearman’s rho)
was revealed between levels of VEGF and end-
ostatin among RCC patients [2]. Both parame-
ters failed to show any prognostic significance
in predicting survival. In other study by Teh et
al. we can see population composed of breast
carcinoma patients who were found to have
statistically significant decrease in tumor vas-
cularisation in group having higher preopera-
tive systemic endostatin levels [7]. This kind of
studies shows correlation between invasive-
ness of angiogenesis (read; local changes) and
systemic levels of endostatin as a representa-
tive of angiogenesis. Zhang et al., in their study
tried to reveal if VEGF and endostatin can be
of any meaning for differentiation of benign
and malignant pathologic processes. They sh-
owed that patients with pleural effusions fur-
ther (post factum) revealed to be of malignant
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origin had significantly higher serum levels of
VEGF and endostatin. Authors also state that
combination of VEGF/endostatin and CEA mea-
surements together can significantly increase
the value of diagnostic pleural effusion analy-
sis [3]. It is clear that clinical studies need reli-
able markers of angiogenesis. Our study de-
monstrates the possibility for elaboration of
such a marker based on evaluation of syste-
mic angiogenic and anti-angiogenic factors.

Conclusion

Local expression of endostatin during angio-
genesis model demonstrated its high accor-
dance with earlier estimations of collagen-18
mMRNA expression throughout timeline of liver
regeneration in rats. Systemic endostatin sh-
ould be playing important role in endocrine inhi-
bition of systemic angiogenesis staying highly
expressed in blood serum at the late stages
of the liver regeneration. And finally, antagonis-
tically working factors like VEGF and endos-
tatin both originating from the same process
can be mutually calibrated in order to obtain a
more verifiable marker for systemic evaluation
of angiogenesis.
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