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A b s t r a c t

Introduction: Blood vessel formation by angiogenesis is essential for goitre development. Angiopoietin 1 (Ang-1),
angiopoietin 2 (Ang-2) and Tie-2 receptor (rTie-2) are involved in part of angiogenesis. Ang-1 and rTie-2 expression
increases in goitre. 
Aim: To determine serum concentrations (SC) of angiogenic cytokines of patients with goitre treated surgically.
Material and methods: Thirty-six patients with goitre aged 29-64 were examined. They were divided into groups: non-
toxic nodular goitre (NTNG) and toxic goitre (TG). Each group was divided into subgroups: before and after surgery.
The control group comprised 10 healthy subjects. Ang-1, Ang-2 and rTie-2 SC were measured in euthyroid subjects by
ELISA. Measurements were performed before the procedure and three months after.
Results: Before surgery Ang-1 median (Me) SC in patients with TG was higher than in patients with NTNG (109 368
pg/ml vs. 71 185 pg/ml) and in controls (109 368 pg/ml vs. 57 815 pg/ml). Ang-1 Me in TG patients was higher prior to
than after surgery (109 368 pg/ml vs. 65380 pg/ml). Ang-2 Me in TG patients was higher after than prior to surgery
(4055 pg/ml vs. 3924 pg/ml). Significant correlations were found between Ang-1 and Tie-2 Me (r = 0.53) and Ang-2
and Tie-2 (r = 0.58) in patients with NTNG before surgery and between Me Ang-2 and Tie-2 in patients with NTNG
after surgery (r = 0.89) and in controls (r = 0.77).
Conclusions: Before surgery in patients with TG SC of Ang-1 was higher than in patients with NTNG and in controls.
After surgery in patients with TG SC of Ang-1 decreased, and SC of Ang-2 increased. Significant correlations were
found between SC of Ang-2 and Tie-2 in patients with NTNG and in controls.
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Introduction

In the areas with borderline iodine sufficiency
numerous focal lesions are observed in the ultra-
sound scan in 0.6% of patients without goitre and in
24% of patients with goitre [1]. In Poland there may
be around 1 000 000 patients with nodular goitre [2].
Although the reasons behind the formation of goitre

are not entirely explained, immunological factors,
genetic and environmental disorders are all taken
into account, iodine deficiency being the most preva-
lent of them. Thyroid enlargement tends to occur
during puberty, pregnancy and physiological lactation
[3]. When concurrent thyroid nodules together with
clinical and biochemical symptoms of hyperthy-
roidism are observed, toxic nodular goitre is diag-
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nosed [4]. Every solid tumour and goitre increase is
possible only when new blood vessels are created,
since they are supplied with oxygen and nutrients.
New blood vessels sprout in the course of angiogen-
esis on the basis of the pre-existing ones. It is a cru-
cial process for human reproduction, growth, devel-
opment and wound healing. The following stages
may be distinguished when a new capillary is
formed: basement membrane degradation of mater-
nal blood vessels, subsequent migration and prolifer-
ation of endothelial cells and newly formed tubular
structures maturation. The last angiogenic stage –
maturation and stabilization of the vessel wall – relies
mostly on angiopoietin activity [5]. Angiopoietin 1
(Ang-1) and angiopoietin 2 (Ang-2) are the best char-
acterized. Angiopoietin 1 is the most crucial agonist
for receptor tyrosine kinase Tie-2. It stimulates cell
survival, maturation and vessel stabilization [6].
Angiopoietin 2 turned out to be a natural antagonist
for the Tie-2 receptor [7]. It is expressed at the sites
of vascular remodelling, where it blocks the stabiliz-
ing effects of angiopoietin 1. It has been proven that
Ang-2, similarly to Ang-1, when highly concentrated,
is capable of stabilizing endothelial cells. Angiopoietin 2
activity is mainly upregulated by vascular endothelial
growth factor (VEGF). Lack of VEGF causes Ang-2 to
mediate vessel regression through apoptosis induc-
tion of endothelial cells. In the case of elevated VEGF
concentration, angiopoietin-2 induces angiogenesis
[8]. Receptor tyrosine kinase Tie-2 is observed in
endothelial cells (endothelium). Tie-2 was also found
in human follicular cells of the thyroid and its
stronger expression was observed in the case of thy-
roid proliferation. Due to receptor Tie-2 presence in
the endothelium, it participates in physiological
angiogenesis and in neoplasm formation. Angiopoi-
etins are also secreted by human follicular cells of the
thyroid, and Ang-1 expression is increased in goitre
induced by iodine deficiency [9]. Research shows that
the Ang/Tie-2 complex appears to act during the lat-
er stages of vessel formation [10]. Not only does it
support the survival and migration of endothelial
cells, but it also regulates the modelling and integrity
of the vessel wall [11]. The thyroid is believed to be
one of the most vascularized organs among all the
endocrine glands [12], and angiogenesis is essential
for goitre formation. Thyroid diseases are surgically
managed by performing subtotal or total thyroidec-
tomy with a classic (open) approach [13] and by
means of miniinvasive procedure [14]. Miniinvasive

procedures include videoscopy without pneumoperi-
toneum formation (minimally invasive video assisted
thyroidectomy – MIVAT) and with pneumoperi-
toneum formation. Minimally invasive techniques are
thought to be equally safe as the classic technique
[15]. Currently, the idea of full thyroid removal has
gradually become a method of choice in surgical
treatment of toxic and non-toxic goitre [16, 17].
A higher concentration of pro-angiogenic factors has
been observed in cases of primary adrenal cortical
carcinoma and in patients with adrenal metastases
in comparison to healthy people [18]. Surgical treat-
ment of adrenal diseases includes videoscopic tech-
niques such as laparoscopic adrenalectomy [19, 20].

Aim

The aim of the study was to determine Ang-1,
Ang-2 and receptor Tie-2 concentration in the serum
of patients with toxic and non-toxic goitre directly
before and 3 months after the surgical procedure and
to investigate the relationship between determined
cytokines. This could be used to learn about mecha-
nisms of one of the angiogenic stages and possibly to
create therapeutic methods supporting preparation
for surgical treatment.

Material and methods

From the 36 evaluable patients, aged from 
29 years to 64 years, 4 were male and 32 female.
They were operated on in the Department of General
Surgery, MSWiA Hospital in Lodz between 2007 and
2008 due to toxic and non-toxic goitre. A few weeks
before the scheduled procedure all the patients ini-
tially qualified for the surgical treatment were inter-
viewed and physically examined. The hormone levels
of TSH and free thyroid hormones in blood – thyrox-
ine (FT4) and triiodothyronine (FT3) – were deter-
mined. Ultrasonography (USG) examination of the
thyroid was performed. In all the patients fine-needle
aspiration biopsy (FNAB) under the control of USG
was performed. Euthyroidism was defined when no
clinical symptoms of thyroid dysfunction were
observed with the correct relationship between hor-
mones instrumental in regulating its function (TSH,
FT3 and FT4 in the serum). Goitre identification and
presence of nodules in physical examination and
USG without accompanying thyroid dysfunction was
defined as non-toxic nodular goitre. Nodular goitre
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identification together with clinical and biochemical
symptoms of thyroid hyperfunction was defined as
hyper-functioning nodular goitre [21]. Consecutive
patients admitted to the department were qualified
for the examination and surgical treatment. The
patients with toxic nodular goitre were treated with
the antithyroid drug thiamazole (Thiamazole, Merck
KgA). The patients with non-toxic goitre did not
receive any treatment. Finally, 36 patients qualified
for the examination. In the patients no other ail-
ments except for goitre were observed. All the
patients who qualified for surgical treatment in the
researched groups were in the euthyroid state. The
patients were chosen randomly for the studied
groups. The patients were divided into two groups on
the basis of the clinical history and initial thyre-
ometabolic state:
– group I (20 patients) contained patients with non-

toxic nodular goitre (18 females and 2 males), 
– group II (16 patients) contained patients with toxic

nodular goitre (multinodular goitre) (14 females and
2 males).

Groups I and II were divided into subgroups A
(patients before the procedure) and B (patients after
the procedure). The mean age was 53 years. The con-

trol group (group III) contained 10 healthy volunteers
aged 27 years to 68 years (average age 38 years). It
included 4 women aged from 28 years to 35 years 
(32 years on average) and 6 men aged from 27 years
to 68 years (27 years on average). In all the patients
a total thyroidectomy was performed. Angiogenic fac-
tors were determined in the blood serum. The con-
centration of angiogenic factors Ang-1, Ang-2 and Tie-
2 receptor in the serum was determined in the
euthyroid patients.

After the procedure all the patients received
a hormone substance ensuring the euthyroid state.
(levothyroxine – Euthyrox N by Merck). ELISA
(enzyme-linked immunosorbent assay) was applied
for the determination of cytokine profiles. Quantikine
kits by R&D Systems were used (R&D Systems, Inc.
614 Mc Kinley Place N.E. Minneapolis, MN 55413;
United States of America). 

Determination was performed twice, on the day
prior to the procedure and 3 months after the thyroid
surgery in order to exclude the influence of wound
healing on the determined values [22]. The permis-
sion no. RNN/458/07/KB was granted by the Com-
mission of Bioethics at the University of Medicine in
Lodz to carry out the research. The obtained results
were statistically analysed by a demo version of 
STATISTICA 8. Shapiro-Wilk test, Kruskal-Wallis test,
Mann-Whitney U test, Wilcoxon test and Spearman
rank correlation test were used for the analysis. Due
to the abnormal distribution of tested parameters’
values, descriptive statistics (median, minimal value,
maximal value) were derived to characterize the
studied groups. The 95% confidence interval was
accepted for the parameters analysed.

Results

Before the procedure, Ang-1 median concentra-
tion in the serum of the patients with toxic goitre
was statistically significantly higher than Ang-1 medi-
an concentration in the serum of the patients with
non-toxic goitre before the surgery (109 368 pg/ml
vs. 71 185 pg/ml) and higher than Ang-1 median con-
centration in the serum of patients from the control
group (109 368 pg/ml vs. 57 815 pg/ml) (Figure 1).

There were no statistically significant differences
observed in Ang-2 median concentration in the
serum among the patients with non-toxic goitre,
with toxic goitre before the surgical treatment and
the control group (Figure 2). There were also no sta-
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Figure 1. Comparison of angiopoietin 1 concentra-
tion in the serum in the studied groups before the
procedure and in the control group (p < 0.05)
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tistically significant differences observed in Tie-2
receptor median concentration in the serum between
the patients with non-toxic goitre and toxic goitre
before the procedure and the control group (Figure 3).
In the series with toxic goitre statistically significant-
ly higher median concentration of Ang-1 in the serum
before the procedure was observed in comparison
with the series with the toxic goitre after the proce-
dure: 109 368 pg/ml vs. 65 380 pg/ml. In the patients
with non-toxic goitre there were no statistically 
significant differences in angiopoietin 1 median con-
centration in the serum observed before and 
after the procedure: 71 185 pg/ml vs. 74 505.0 pg/ml
(Figure 4). In the series with toxic goitre statistically
significantly higher median concentration of Ang-2
was observed in the serum of the patients operated
on than in the patients before the surgery: 
4055 pg/ml vs. 3924 pg/ml (Figure 5).

In the group with non-toxic goitre there was no
statistically significant difference in the median con-
centration of Ang-2 in the serum before and after the
procedure: 4036,5 pg/ml vs. 3849 pg/ml. In the
patients with toxic and non-toxic goitre there were

no statistically significant differences observed in the
median concentration of Tie-2 receptor in both
groups, the patients before the surgery and those
operated on (Figure 6). In the serum of the patients
with non-toxic goitre before the procedure there was
a statistically significant, positive correlation ob -
served between the values of Ang-1 and Tie-2 medi-
an concentration (r = 0.53) and Ang-2 and Tie-2 
(r = 0.58). A high, statistically significant, positive cor-
relation (r = 0.89) between the values of Ang-2 and
Tie-2 median concentration in the serum was
observed in the patients with non-toxic goitre after
the surgery (r = 0.89) and in the control group 
(r = 0.77). In the patients with toxic goitre before the
procedure a statistically significant, average negative
correlation between the values of Ang-1 and Ang-2
median concentration in the serum (r = –0.53) and
a statistically significant, average positive correlation 
(r = 0.5) between the values of Ang-1 and Tie-2 recep-
tor were observed. There was no statistically signifi-
cant correlation observed among median concentra-
tion of Ang-1, Ang-2 and Tie-2 receptor in the patients
with toxic goitre. 
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Discussion

Angiogenesis occurs in several steps, including
proliferation and endothelial cell differentiation and
results from complex interactions between numerous
proangiogenic and anti-angiogenic proteins [23, 24].

Angiopoietins and their receptors involved in the
later stages of vessel formation and stabilization [24,
25] comprise a specific ligand-receptor complex. In
a mouse model, angiopoietins and Tie-2 receptor
deficit lead to severe microvascular defects.

Publications concerning the role of angiopoietins
in endocrine system physiology are few. Studies on
endocrine gland tumours predominate. Malignant
tumours usually occur in the thyroid and adrenal
glands; in the pituitary and parathyroid glands they
are less frequent. Contrary to other neoplasms of the
endocrine system, pituitary tumours are less intense-
ly vascularized than the unchanged gland. Parathy-
roid induced angiogenesis occurs during autotrans-
plantation [26]. In patients with adrenal cortical
carcinoma higher concentration of angiogenic factors

was observed in comparison to healthy persons [18].
Apart from morphological changes in the thyroid
gland (shape and size of thyrocytes), the concentra-
tion of thyroid stimulating hormone (TSH) and free
thyroid hormones in blood constitute a biochemical
proof of euthyroidism. Thyroid stimulating hormone
is secreted by the pituitary gland and it is the best
known stimulus for increasing thyroid growth and
goitre formation [24, 25]. Thyroid stimulating hor-
mone induces the increase in VEGF and secondarily
the change of angiopoietin concentrations [24, 27].
The literature with regard to angiopoietins’ functions
in the physiology and pathology includes studies con-
cerning their expression in the examined organs and
concentration in the body fluids (blood, saliva,
intraperitoneal fluid). The expression of angiogenic
factors (Ang-1, Ang-2, Tie-2 receptor, VEGF) in the thy-
roid gland and their concentration in the blood serum
has been described in a work about immunological
thyroid disease (Graves’ disease) which has been
published only recently [28]. A positive correlation
between mRNA for Ang-2 and Tie-2 in the thyroid
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gland and serum has been observed. Although it is
a single report, the possibility to assess expression of
cytokines in the organ on the basis of their concen-
tration in the body fluids (blood) is promising enough
to base the research discussion on the assumption
that their blood concentration is related to the
expression in the organ examined. In the publication
with an equal concentration of TSH in the patients’
serum, statistically significantly higher concentration
of Ang-1 in the patients with toxic goitre than in the
patients with non-toxic goitre was observed. Such
a situation can be explained both by the fact that in
the case of toxic goitre the process of angiogenesis is
intensified and accompanied by the increase of pro-
angiogenic angiopoietin 1 and also by the proangio-
genic influence of the antithyroid drug [27]. In 2001
Ramdsen and his team presented their research con-
cerning the occurrence and function of angiopoietins
in the thyroid gland [9]. They observed increased
expression of Ang-1 in the human thyroid follicular
cell culture obtained from a goitre after surgical treat-
ment. The research showed higher concentration of
Ang-1 in patients with toxic goitre than in patients
with non-toxic goitre and healthy persons.

The stabilizing effect of angiopoietin 1 on the ves-
sels was confirmed by the examination of COMP
(cartilage oligomeric matrix protein) derived from the
intestinal villi. Ang-1 prevents arterial hypertension
and organ damage caused by high arterial pressure
by the vascular anomalies alternation [29]. The study
revealed considerably lower Ang-1 concentration, and
higher concentration of Ang-2 in serum of patients
with toxic goitre after the surgery, which appears to
contradict the stabilizing function of Ang-2. This may
be the result of goitre and thyroid gland absence as
a source of angiopoietins secreted into blood. 

Angiopoietin 1 remaining after the surgery may
have different properties than Ang-1 in patients with
non-toxic goitre and despite a lower level still has
a positive influence on the vessels. Lower concentra-
tion of Ang-1 was observed in patients with thyroid
tumours than in healthy persons [30]. This observa-
tion results from Ang-1 determination in the tumour
tissue in the area where necrosis is predominant and
new vessel formation is poorly expressed or possibly
vessel creation with Ang-2 is predominant and it
requires VEGF cooperation. After analysing the publi-
cations connected with the influence of different
methods of surgical treatment on angiogenic factors,

it was noted that the treatment duration is diverse (it
varies from a few weeks to a few months) [31-33].
This fact may influence the obtained results. There is
a possibility that after prolonging the observation
period up to e.g. a year, researchers would attain con-
siderably different results, and the concentration of
angiogenic factors in the examined fluids would be
normalized. Tie-2 concentration was higher in
patients with active Graves ophthalmopathy in com-
parison to patients with inactive Graves ophthal-
mopathy and patients without ophthalmopathy [28].
No statistically significant differences in Tie-2 con-
centration in the serum between the studied groups
(toxic and non-toxic goitre) before and after the pro-
cedure were described in the work. In the examined
patients with goitre there was no immunological
process (no TSH antibodies in the serum), which may
explain why there were no changes in Tie-2 receptor
in our study group. Ramsden, in one of his publica-
tions [9] regarding angiogenesis, reported the pres-
ence of Tie-2 receptor in the thyroid follicular cells
and its elevated expression in the human goitre (thy-
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roids from surgical treatment were examined). The
lack of differences observed in our patients may
result from the fact that the study group in Rams-
den’s work might include patients whose angiogene-
sis was mildly intensified due to the length of the dis-
ease and the predominance of reverse processes. 

One of the first publications concerning the influ-
ence of surgical treatment on concentration of angio-
genic factors was a work from 2001 by Polish
authors. They observed VEGF increase after the sur-
gery in the serum of patients treated due to Graves’
disease [33]. Angiogenic cytokines participate in post-
surgical wound healing [22], so their concentration in
the operated tissue and blood increases during the
perioperative period. To learn more about surgical
treatment influence on the concentration of these
cytokines in blood, a control examination was per-
formed at least 3 months after the procedure. In
patients operated on due to breast cancer and then
undergoing chemo- and/or radiotherapy, Caine et al.
observed the normalization of VEGF and Ang-1 
3 months after the combined treatment, and Tie-2 
1 year after the procedure. In the study a fall in Ang-1
concentration in patients with toxic goitre 3 months
after the thyroidectomy was noted. It can be
explained by the absence of goitre as a source of
angiopoietins secreted to the blood, and also perhaps
by the lack of thyreostatic treatment, as a secondary
factor causing stimulation of angiogenesis and
increase of angiopoietins. It could confirm Wollman’s
theory of the proangiogenic effect of antithyroid
drugs [27]. 

The influence of surgical treatment on VEGF in
the blood serum and plasma is not entirely explained.
Kołomecki et al. [33] when examining patients after
strumectomy performed due to Graves’ disease
observed an increase of VEGF on the 7th day after the
procedure. They explained such results by the influ-
ence of repair processes taking place during wound
healing in the thyroid gland. Apart from wound heal-
ing there seemed to be another, additional reason for
this phenomenon. In a Russian-Swedish study where
wound healing after endometriosis surgical treat-
ment was described, VEGF decrease occurred [32].

An American publication from 2007 shows that
VEGF levels in plasma of patients after miniinvasive
surgery of colorectal carcinoma increases. Blood sam-
ples for examination were taken on the 1st, 2nd, 3rd,
and 4th day after the procedure. The assessment of

surgical treatment influence on cytokine concentra-
tions in blood is one of the ways of learning about
angiogenic mechanisms. Due to limited research
with regard to this matter it is difficult to decide
whether the alteration of angiogenic cytokine con-
centrations results from surgical treatment or is sim-
ply accidental. In the studied groups a few statistical-
ly significant correlations were observed. In patients
with toxic and non-toxic goitre there is a statistically
significant, positive correlation between Ang-1 and
Tie-2 receptor concentration in the serum. Caine et al.
observed a correlation between Ang-1 and Tie-2 con-
centration in the serum of patients with breast carci-
noma and benign mammary dysplasia before the
surgical treatment [34]. A positive, statistically signif-
icant correlation between Ang-2 and Tie-2 receptor in
blood of patients with non-toxic goitre was observed.
The same correlation between Ang-2 and Tie-2
occurred only in patients with breast carcinoma
before the surgical treatment. Caine did not include
in the analysis of results of his research the kind and
value of the correlation coefficient after surgical
treatment. The author suggests that the occurrence
of Ang-1 and Tie-2 correlation in both studied groups,
i.e. patients with benign breast dysplasia and breast
carcinoma, suggests physiological, not pathological
character of the relationship. In the research the type
of correlation did not change in patients with non-
toxic goitre after the surgical treatment. In patients
with toxic goitre before the procedure a negative, sta-
tistically significant correlation between Ang-1 and
Ang-2 concentration in blood serum was observed.
Caine, in his other publication regarding breast and
prostate cancer in patients not operated on, also
observed a significant correlation between Ang-1 and
Ang-2 in blood [35]. In his study the correlation was
positive, which may result from the nature of the
investigated diseases, neoplasms, while in this work
benign thyroid diseases were analysed. 

The next interesting relationship is a statistically
significant correlation between Ang-2 and Tie-2 con-
centration in blood of patients with non-toxic goitre
and the control group. It is consistent with Caine’s
results in patients with prostate and breast cancer
and his researched group [35]. The same correlation
between Ang-2 and Tie-2 in blood serum was
observed by Polish authors in patients with anaplas-
tic thyroid carcinoma (ATC) [30].

It should be mentioned here that mathematical
confirmation of the relation does not always prove
a cause and effect relationship between variables.
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Correlation of two events may also result from the
direct influence of a third event. Mexican authors in
their publication from 2009 [26] described a positive
correlation between free thyroxine in the serum and
Tie-2 receptor and angiopoietin 2 concentration in
the blood of patients with Graves’ ophthalmopathy.
They also suggested a biological relationship
between thyroxine and angiogenic cytokine concen-
tration in blood. However, the confirmation of such
a relationship requires further studies focused on the
problem itself. The creation of standardized methods
of tissue expression and angiogenic cytokines in the
examination of body fluids could be used to monitor
both pharmacological and surgical treatment. 

In the research the crucial role of angiogenesis in
hyper-functioning goitre formation, as proven on the
basis of pro-angiogenic Ang-1 concentration increase
before the procedure and the negative correlation
between Ang-1 and Ang-2, having antagonistic effects,
was demonstrated. The increased concentration of
pro-angiogenic factors may have numerous implica-
tions in those patients. The angiogenic process elevat-
ed for many months may stimulate the formation of
dormant carcinoma. Angiogenesis plays an important
role in patients with cardiovascular diseases, which is
why the imbalanced pro- and anti-angiogenic factors
in patients with hyper-functioning goitre, confirmed in
this research, may possibly influence the course of
these diseases. The fact that elevated angiogenesis in
the thyroid gland may cause increased intraoperative
bleeding is also not without significance. The ability to
influence the process of angiogenesis could increase
the safety of surgery performed on patients with huge,
often retrosternal goitre. The proven decrease of Ang-1
concentration suggests postoperational normalization
of concentration of angiogenic factors, which can con-
siderably influence many functions of the patient.
Pharmacological treatment, which does not remove
the goitre, the source of angiogenic factors, cannot
lead to a decrease of angiogenic factors, but to the
euthyroid state. 

Conclusions

1. Better blood supply in patients with toxic goitre
than in patients with non-toxic goitre may be con-
nected with the considerable angiogenesis stimula-
tion.

2. After the surgery, the activity of angiogenic pro -
cesses is increased, which may be connected with

removal of the thyroid gland, the source of pro-
angiogenic cytokines.

3. Numerous correlations between angiogenic factors
exist. 
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