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Abstract
Purpose During follow-up of acromegaly patients, there is
a discordance rate of 30% between the measurements of
growth hormone and insulin-like growth factor-1 levels.
Further tests are required to determine disease activity in
patients with discordant results. This study was planned to
investigate an association of serum levels of matrix metal-
loproteinase-2, matrix metalloproteinase-9, and cathepsin B
with disease activity in acromegaly patients.
Methods In this study, 64 acromegaly patients followed in
our clinic were divided into two groups according to the
2010 consensus criteria for cure of acromegaly as patients
with active disease (n= 24) and patients with controlled
disease (n= 40). Serum matrix metalloproteinase-2, matrix
metalloproteinase-9, and cathepsin B levels were measured
by the enzyme-linked immunosorbent assay method.
Results The mean serum matrix metalloproteinase-2 level
was significantly higher in the active acromegaly patients
than in the controlled acromegaly patients (150.1 ± 54.5 ng/
mL vs. 100.2± 44.6 ng/mL; p< 0.0001). There was no
significant difference between the active and controlled
acromegaly patients regarding serum matrix
metalloproteinase-9 and cathepsin B levels (p= 0.205 and
p= 0.598, respectively). Serum matrix metalloproteinase-2
levels of 118.3 ng/mL and higher had a sensitivity of 75%
and a specificity of 77.5% in determining active disease.

The risk of active acromegaly was 3.3 fold higher in the
patients with a matrix metalloproteinase-2 level of >118.3
ng/mL than in the patients with a matrix metalloproteinase-
2 level of <118.3 ng/mL.
Conclusions In this study, serum matrix metalloproteinase-
2 level is increased in the active acromegaly patients and a
threshold value in determining active disease was defined
for serum matrix metalloproteinase-2 level. This study is the
first to compare acromegaly patients having active or con-
trolled disease in terms of matrix metalloproteinase-2 and
matrix metalloproteinase-9 levels. The results need to be
confirmed by a study that will be conducted in a larger
patient group also including a healthy control group to
demonstrate the value of this novel marker in disease
activity.

Keywords Acromegaly ● Cathepsin B ● Matrix
metalloproteinase-2 ● Matrix metalloproteinase-9

Introduction

Acromegaly is a progressive chronic disease that develops
due to increase in the level of growth hormone (GH) and
insulin-like growth factor-1 (IGF-1) due to GH-secreting
pituitary adenoma in more than 95% of the patients. Clinical
signs and symptoms in acromegaly may result from the
mass effect of the tumor; moreover, somatic, and metabolic
complications involving many systems in the body can also
be observed due to increased levels of GH and IGF-1 [1].
Treatment of acromegaly includes transsphenoidal
surgery, medical treatment, and radiotherapy; biochemical
response to treatment is assessed by measurements of
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GH and IGF-1 levels [2]. However, in acromegaly patients,
discordance rate of 8.6 and 28.6% have been reported
between GH and IGF-1 measurements after surgery and
during octreotide therapy, respectively [3]. Based on the
measurements of GH and IGF-1 levels by radio-
immunoassay method after treatment, patients having a
basal GH level of ≤2.5 ng/mL and an IGF-1 level within the
normal ranges for age and gender are expected to have a
normal life expectancy [4].

Normal pituitary tissue and pituitary adenomas contain
extracellular matrix (ECM) components. It is thought that
degradation and remodeling of ECM play a role in the
growth of pituitary adenomas [5]. Studies have demon-
strated that ECM and basal membranes, which are the
natural barriers, are degraded during invasion and metas-
tasis processes of cancer. Serine proteases, cathepsins, and
matrix metalloproteinases (MMPs), which are called as
proteases and released from tumor cells, play a role in the
degradation of these barriers [6]. MMPs, also known as
matrixins, are the proteases of endopeptidase family which
contain zinc, are active in neutral environment, have the
ability to degrade all components of basal membrane, and
act in various physiological and pathological processes [7].
MMP-2 and MMP-9 are the members of the gelatinase
subgroup of MMPs. They contain three fibronectin type II
repeats in their catalytic region, which enable them to bind
to gelatin and collagen with high affinity and enhance their
proteolytic activities [8]. Cathepsin B is a member of
cysteine cathepsin family, is active and stable in acidic cell
structures such as lysosome and endosome, and has the
ability to effectively degrade a great variety of substrates
[9]. In the light of this information, studies investigating
MMP expression and invasion of pituitary adenomas have
been conducted. Among these, while there are studies
demonstrating increased MMP-2 and MMP-9 expressions
in invasive pituitary adenomas [10, 11], there are also stu-
dies not suggesting a relation between expression of these
proteases and cathepsin B and the invasion of pituitary
adenomas [12, 13]. In addition to invasion, studies have
also investigated the MMP expression and functional status
of pituitary adenomas. Postoperative immunohistochemical
staining of the anterior pituitary cells has revealed lower
MMP-2 and MMP-9 expressions in non-functional adeno-
mas than in functional adenomas [14]. Páez Pereda et al.
[15] demonstrated that MMPs secreted by the pituitary cells
controlled pituitary cell proliferation and hormone secretion
by leading to release of growth factors from the ECM.
Daroszewski et al. [16] reported significantly higher
cathepsin B and cysteine protease inhibitor activities in
acromegaly patients than in healthy controls.

In the present study, we aimed to investigate serum
MMP-2, MMP-9, and cathepsin B levels in patients with
active and controlled acromegaly, correlation with serum

GH and IGF-1 levels and usefulness of these markers in
identifying active disease.

Materials and methods

Patients who were diagnosed with acromegaly and
followed-up in the Hypophysis Diseases Polyclinic of
Kocaeli University Faculty of Medicine, Department of
Internal Medicine, Endocrinology and Metabolism Division
were included in the present study. Newly diagnosed
patients or patients who were in the postoperative 3-month
period were excluded. Sixty-four patients (34 males and 30
females) included in the study were invited to the polyclinic
by phone calls between January 2011 and April 2011. The
present study was approved by the Research Ethics Com-
mittee of Kocaeli University (date: March 04, 2011) and
informed consents of all patients were obtained.

The disease activity and control status of the patients
were determined in accordance with the criteria published in
2010 by the Acromegaly Consensus Group [17]. According
to these criteria, controlled disease was defined as follows:
(1) age-adjusted IGF-1 level being within the normal ranges
and the lowest GH level being below 0.4 µg/L during oral
glucose tolerance test (OGTT) performed with 75 g glucose
for the drug-free patients or for the operated patients after
3 months of surgery and (2) a basal GH being <1 µg/L and
age-adjusted IGF-1 level being within the normal ranges for
the patients receiving somatostatin analogs and/or dopamine
agonists. In two patients treated with the combination of a
somatostatin analog and pegvisomant, the disease was
considered to be under control if the age-adjusted IGF-1
level was within the normal ranges. Based on these criteria,
acromegaly was considered to be active in 24 patients and
to be controlled in 40 patients.

Past medical files of all patients were reviewed and data
regarding size of adenoma prior to treatment, time elapsed
between the onset of clinical symptoms and diagnosis,
treatment modalities, pre-treatment and post-treatment
pituitary insufficiency, and comorbidities were obtained.
Comorbidities were determined by blood pressure mon-
itoring, OGTT with 75 g glucose, echocardiography, thyr-
oid, and abdominal ultrasonography, colonoscopy,
mammography in females, and prostate gland examination
in males, which are routinely performed in every acrome-
galy patient. The patients with pituitary hormone deficiency
continued to receive their appropriate replacement therapy
regularly.

Blood samples were collected from the patients after an
8-h fasting period on the day of admission. The obtained
blood samples were transferred to the central laboratory
for the measurements of GH and IGF-1 levels. The
blood samples collected for the measurements of MMP-2,
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MMP-9, and cathepsin B levels were centrifuged and serum
samples were then stored at –80 °C to be analyzed later. An
OGTT with 75 g glucose was performed in the drug-free
patients or in the operated patients after 3 months of surgery
and blood samples were then collected at the 0th, 30th,
60th, 90th, and 120th min for the measurement of GH level.

The chemiluminescence immunoassay method (IMMU-
LITE® 2000 immunoassay system; Siemens, United King-
dom) was used for the measurement of GH level.
Recombinant GH IS 98/574, which is the international
standard recommended by the World Health Organization
(WHO), was used as the calibrator. In this method, the
analytical sensitivity was 0.01 ng/mL and the measurement
range was 0.05–40 ng/mL for GH. IGF-1 was measured by
immunoenzymatic assay (IEMA, Immunodiagnostic
Laboratories, Boldon, United Kingdom). In this method, IS
87/518, which is recommended by the WHO as the second
international calibrator, was used. The sensitivity of IGF-1
measurement was 3.1 µg/L. The level of IGF-1 was inter-
preted based on the age-adjusted reference values.

Enzyme-linked immunosorbent assay (ELISA; Ray
Biotech, Inc. Norcross, USA) was used for the measure-
ments of MMP-2 and MMP-9 levels. The sensitivity, intra-
assay coefficient of variation, and inter-assay coefficient of
variation values for MMP-2 measurement were <3.5 ng/
mL, <10, and <12%, respectively. The sensitivity, intra-
assay coefficient of variation, and inter-assay coefficient of
variation values for MMP-9 measurement were <10 pg/mL,
<10, and <12%, respectively. Cathepsin B level was also
measured by the ELISA method (Cusabio Biotech Co., Ltd.
China). The sensitivity and measurement range for cathe-
psin B measurement were <0.08 ng/mL and 0.31–20 ng/
mL, respectively.

Statistical analysis

Data analyses of the study were performed using the NCSS
(Number Cruncher Statistical System) 2007 Statistical
Software (Utah, USA) and the Predictive Analytics Soft-
ware (PASW; SPSS Inc., Chicago, IL, USA) version 18.0
for Windows. In addition to the descriptive statistical
methods (mean, standard deviation) used for the evaluation
of data, independent t-test was used for the comparisons
between the groups and chi-square test and Fisher’s exact
test were used for the comparison of qualitative data. The
relation between numerical variables was determined by
Pearson’s correlation analysis. The area under the receiver
operating characteristics (ROC) curve, sensitivity, specifi-
city, negative predictive value, positive predictive value,
and relative ratio of the variables were calculated to identify
the cut-off value. The results were evaluated at a sig-
nificance level of p< 0.05 and within 95% confidence
interval (CI).

Results

The general characteristics of acromegaly patients with
active and controlled disease are demonstrated in Table 1.
No significant difference was determined between the
acromegaly patients with active and controlled disease in
terms of age and gender distribution. While pre-treatment
adenoma size was significantly higher in the patients with
active acromegaly than in the patients with controlled
acromegaly (p= 0.002), no significant difference was
determined between these patients in terms of presence of
macroadenoma (p= 0.14). Transsphenoidal surgery was
performed at least for once in 58 patients (one time in 44
patients, two times in 9 patients, and three times in 5
patients), whereas 6 patients were followed-up with primary
medical therapy. No difference was determined between the
patients with active and controlled disease in terms of the
number of surgical interventions. In the active acromegaly
group, a total of 11 patients were under follow-up with
medical therapy (somatostatin analog in 6 patients, soma-
tostatin analog + cabergoline combination in 4 patients, and
somatostatin analog + pegvisomant combination in 1
patient). In the controlled acromegaly patients, a total of 9
patients were under follow-up with medical therapy
(somatostatin analog in 8 patients and somatostatin analog
+ pegvisomant combination in 1 patient). The rate of
receiving postoperative medical therapy was higher in the

Table 1 General characteristics of acromegaly patients with active
and controlled disease

Characteristics Patients with
active disease
(n= 24)

Patients with
controlled disease
(n= 40)

p

Age 42.17± 12.66 49.08± 13.94 0.052

Gender

Male 10 (41.7) 24 (60.0) 0.155

Female 14 (58.3) 16 (40.0)

Duration of
diagnosis, year

4.08± 3.75 5.63± 4.51 0.164

Adenoma size, mm 22.17± 9.25 15.23± 7.67 0.002

Macroadenoma 22 (91.7) 31 (77.5) 0.14

Symptom duration,
year

6.17± 1.66 7± 2.22 0.117

Number of surgery 1.29± 0.75 1.15± 0.7 0.448

Postoperative 3rd
month cure

3 (13.6) 20 (55.6) 0.002

Postoperative
medical therapy

11 (45.8) 9 (22.5) 0.048

Radiotherapy 5 (20.8) 7 (17.5) 0.86

Note: Data are presented as mean ± standard deviation or number (%),
where appropriate

The significance for bold values is < 0.05
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acromegaly patients with active disease (p= 0.048). Four
patients received conventional radiotherapy and 8 patients
received gamma-knife therapy. There was no significant
difference between the patients with active and controlled
disease regarding radiotherapy. No significant difference
between the patients with active and controlled disease was
noted in terms of the presence of hypertension, diabetes
mellitus, heart failure, and cancer.

The mean basal GH, IGF-1, and MMP-2 levels were
significantly higher in the active acromegaly patients than in
the controlled acromegaly patients (p= 0.0001). No sig-
nificant difference was determined between the patients
with active and controlled disease in terms of cathepsin B
and MMP-9 levels (Table 2).

A ROC curve was plotted to determine the cut-off value
for MMP-2 in the differential diagnosis of active and con-
trolled acromegaly (Table 3, Fig. 1). The area under the
ROC curve for MMP-2 was found to be 0.780± 0.063
(95% CI: 0.659–0.874). The sensitivity, specificity, positive
predictive value and negative predictive value were 75,
77.5, 66.7, and 83.8%, respectively, for the cut-off value of
118.36 ng/mL. The risk of the disease being active was
found to be 3.3 times higher for a patient with a MMP-2
level of >118.36 ng/mL than for a patient with a MMP-2
level of <118.36 ng/mL. It was demonstrated that IGF-1
and GH levels were statistically superior to MMP-2 level in
the differential diagnosis of active and controlled disease (p
= 0.007 and p= 0.001).

The significant positive relation of MMP-2 level with
GH and IGF-1 levels (r= 0.463, p< 0.01 and r= 0.461, p
< 0.01; Fig. 2) that was determined when all patients were
taken into account could not be demonstrated for the active
group alone (r= 0.183, p= 0.391 and r= 0.371, p= 0.075;
Fig. 3).

Discussion

In this study, the acromegaly patients followed in our clinic
were divided into two groups as active and controlled dis-
ease. Serum levels of MMP-2, MMP-9, and cathepsin B,

which are considered to play a role in the development of
pituitary adenoma and hormone secretion, were compared
between these two groups. The mean serum MMP-2 level
was significantly higher in the active acromegaly patients
than in the controlled acromegaly patients, whereas no
significant difference was determined between two groups
in terms of serum MMP-9 and cathepsin B levels. In
addition to the studies investigating the relation between
expression of proteases in the pituitary tissue and invasion
of pituitary adenomas, there are also studies in the literature
which investigates the expression of proteases and func-
tionality of pituitary adenomas. In a study including 84
patients, of whom pituitary tissues were examined for pro-
tease expression after being resected by transsphenoidal
surgery, expressions of MMP-2, MMP-9, and tissue

Table 2 Comparison of serum
matrix metalloproteinase-2,
matrix metalloproteinase-9, and
cathepsin B levels between
active and controlled
acromegaly patients

Patients with active disease
(n= 24)

Patients with controlled
disease (n= 40)

p

Basal GH (ng/mL) 3± 1.97 0.52± 0.8 0.0001

IGF-1 (µg/L) 379± 159.07 128.36± 51.8 0.0001

Cathepsin B (ng/mL) 0.64± 0.51 0.56± 0.59 0.598

MMP-2 (ng/mL) 150.13± 54.58 100.27± 44.61 0.0001

MMP-9 (pg/mL) 4937.61± 1152.07 5308.18± 1102.67 0.205

GH growth hormone, IGF-1 insulin-like growth factor-1,MMP-2 matrix metalloproteinase-2,MMP-9 matrix
metalloproteinase-9

The significance for bold values is < 0.05

Table 3 Cut-off values according to the receiver operating
characteristic (ROC) curve plotted for matrix metalloproteinase-2

Area under the ROC curve (95% CI)

MMP-2 (ng/mL) 0.780± 0.063 (0.659–0.874)

Cut-off value Sensitivity Specificity PPV NPV +RR −RR

>16.39 95.83 0.00 36.5 0.0 0.96

>63.55 95.83 20.00 41.8 88.9 1.20 0.21

>95.66 91.67 47.50 51.2 90.5 1.75 0.18

>101.48 87.50 47.50 50.0 86.4 1.67 0.26

>103.72 87.50 50.00 51.2 87.0 1.75 0.25

>105.81 83.33 52.50 51.3 84.0 1.75 0.32

>107.14 83.33 55.00 52.6 84.6 1.85 0.30

>110.61 79.17 65.00 57.6 83.9 2.26 0.32

>112.32 75.00 65.00 56.2 81.2 2.14 0.38

>118.36* 75.00 77.50 66.7 83.8 3.33 0.32

>118.47 70.83 77.50 65.4 81.6 3.15 0.38

>120.52 70.83 80.00 68.0 82.1 3.54 0.36

>127.44 62.50 80.00 65.2 78.0 3.13 0.47

>132.1 58.33 82.50 66.7 76.7 3.33 0.51

>152.6 37.50 87.50 64.3 70.0 3.00 0.71

ROC receiver operating characteristic, MMP-2 matrix metalloprotei-
nase-2, CI confidence interval, PPV positive predictive value, NPV
negative predictive value, RR relative ratio
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inhibitor of matrix metalloproteinase-2 (TIMP-2) were
found to be increased in the adrenocorticotropic hormone
(ACTH)-secreting adenomas as compared to the other
adenomas and MMP-2 and MMP-9 expressions were sig-
nificantly lower in the non-functional adenomas as com-
pared to all other adenomas [14]. On the other hand, Liu
et al. [11] failed to demonstrate any difference between GH,
prolactin (PRL) and ACTH-secreting adenomas and non-
functional adenomas in terms of MMP expression. Another
study reported that MMP activity plays a role in tumor
growth and hormone secretion by releasing the growth

factors bonded to the ECM in pituitary cells [15]. Yoshi-
mura et al. [18] investigated the expressions of cathepsin B
and its inhibitor cystatin C in the normal pituitary gland and
in prolactinomas and found the rate of cathepsin B
expression to be 5% and the rate of cystatin C expression to
be 70% in the GH-secreting and PRL-secreting cells of the
normal pituitary gland, whereas they demonstrated strong
cathepsin B expression but weak cystatin C expression in
prolactinomas. Accordingly, they thought that cathepsin B
might play a role in PRL secretion particularly in prolacti-
nomas. Considering the studies, the relation between pro-
tease expression and adenoma function in the pituitary
tissue could not been demonstrated in all studies. The major
reason for this difference between the studies is the lack of
standardization for immunostaining of proteases and their
evaluation in the pituitary tissue. Moreover, to the best of
our knowledge, no study until today has compared serum
MMP-2, MMP-9 levels between active and controlled
acromegaly patients. In the present study, significantly
higher serum MMP-2 level in the active acromegaly
patients than in the controlled acromegaly patients sug-
gested that MMP-2 might play a role in GH secretion.

Daroszewski et al. [16] demonstrated significantly higher
serum cathepsin B and cysteine peptidase inhibitor activities
in the acromegaly patients than in the healthy control sub-
jects; however, they failed to demonstrate a correlation of
serum cathepsin B activity with serum GH and IGF-1
levels. The results of our study were not consistent with the
study by Daroszewski et al. [16] that suggested increased
cathepsin B activity in acromegaly patients. One of the
reasons for this inconsistency might be the fact that acro-
megaly patients were compared with healthy controls in the

Fig. 2 Correlation of MMP-2 level with GH and IGF-1 levels when all acromegaly patients are taken into account

Fig. 1 ROC curve plotted for MMP-2
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study by Daroszewski et al. [16], whereas this study com-
pared the active and controlled acromegaly patients.
Moreover, the two studies were different from each other
also in terms of the method used to measure cathepsin B.
The serum cathepsin B level was measured by the ELISA
method in this study, whereas Daroszewski et al. [16] used
Barrett method to measure the serum cathepsin B activity.
In the review by Berdowska [19] on cathepsins, it was
stated that ELISA method was able to measure all forms of
the enzyme, whereas enzymatic methods could measure the
level of enzyme activity. Accordingly, Berdowska [19]
reported that enzymatic methods were less reliable as they
yielded lesser protease levels than the actual levels due to
interference between the specificity of substrates, unstable
enzyme activity, and interaction with endogenous inhibi-
tors. In the study by Paisley et al. [20], serum MMP-2 and
MMP-9 levels were measured before and after pegvisomant
treatment in 20 acromegaly patients with active disease and
these levels were with those of healthy control group. While
pre-treatment serum MMP-2 level was significantly higher
in the active acromegaly group than in the control group, no
difference was found between the groups in terms of serum
MMP-9 level [20]. Serum MMP-2 level and IGF-1 level
were observed to be decreased after pegvisomant treatment;
however, MMP-9 level remained unchanged [20]. More-
over, a significantly positive correlation was found between
MMP-2 and IGF-1 levels, whereas no correlation was
determined between MMP-9 and IGF-1 [20]. The results of
our study were consistent with the results of the study by
Paisley et al. [20]. Although both studies demonstrated that
serum MMP-2 level was significantly increased in the active
acromegaly patients as compared to the controlled groups,

the difference between the control groups of these two
studies should be kept in mind. Moreover, although serum
MMP-2 level was found to be significantly and positively
correlated with GH and IGF-1 levels when the whole study
population of the this study were taken into account, such a
correlation could not be demonstrated when only the active
patients were taken into consideration. When the statistical
analyses were performed for the correlation between the
MMP-2 and IGF-1 levels in the active acromegaly group, a
p value of 0.075 was achieved. This p value can be accepted
significant with a weak correlation (r= 0.371) due to Type
2 error caused by low number of patients in the active
acromegaly group. The statistical analyses performed for
the correlation between MMP-2 and IGF-1 resulted in a
significant p value of 0.013 and a weak correlation (r=
0.390); this can be the reason for the correlation between the
GH and MMP-2 levels in the whole acromegaly group.
Neither of the two studies could find a significant difference
between the active acromegaly patients and control groups
in terms of MMP-9 concentration although MMP-9 is also a
member of the gelatinase class of MMPs as is MMP-2. In
the light of these findings, MMP-2 might have a role in
hormone secretion in acromegaly patients. Increased MMP-
2 level in active acromegaly patients may be attributed to
the complications such as hypertension, diabetes mellitus,
cardiovascular disease, malignancy encountered during the
course of acromegaly. In this study, however, no significant
difference between the active and controlled acromegaly
patients was determined in terms of these comorbidities.

Levels of GH and IGF-1 should be evaluated together in
monitoring biochemical response to treatment in acrome-
galy patients. In a meta-analysis comprising 7071 patients

Fig. 3 Correlation of MMP-2 level with GH and IGF-1 levels when only active acromegaly patients (n= 24) are taken into account
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from recently published 39 studies, the rate of discordance
between GH and IGF-1 levels was reported as 25.7%. The
predominant format (15.3%) of this discordance was
demonstrated to be increased IGF-1 level and normal GH
level. The rate of discordance was found to be higher in the
patients who were treated with somatostatin analogs and in
whom ultrasensitive GH assay was used [21]. In a study
recently reported from Turkey, which investigated 63
acromegaly patients, while the discordance rate between
GH and IGF-1 levels was found to be 17.5% when the cut-
off value for the nadir GH was taken as 1 ng/mL, the dis-
cordance rate increased and reached up to 26.7% when the
cut-off value for GH was taken as 0.4 ng/mL [22]. The
major reasons for this discordance include failing to provide
standardization for GH and IGF-1 level measurements,
inadequate GH sampling, age and gender effect, presence of
diseases that influence GH and IGF-1 levels such as liver
insufficiency, malnutrition, poorly controlled diabetes, and
thyroid dysfunction, and usage of certain drugs such as oral
estrogen preparations [23]. IGF-binding protein 3 and acid
labile subunit measurements, which are performed to
determine disease activity in patients with discordant GH
and IGF-1 levels, have not provided additional benefit to
IGF-1 measurement alone [24, 25]. Although the present
study also found serum MMP-2 level to be significantly
better than cathepsin B and MMP-9 levels in differentiating
active from controlled disease, serum GH and IGF-1 levels
were found superior to MMP-2. Evaluation of the cut-off
value determined according to the ROC curve revealed that
a MMP-2 level of 118.36 ng/mL showed a sensitivity of
75% and a specificity of 77.5% in differentiating active
from controlled disease. The risk of active disease was
demonstrated to be 3.3 fold higher in the patients with a
MMP-2 level of >118 ng/mL as compared to those with a
MMP-2 level of <118 ng/mL. Based on these results, serum
MMP-2 measurement was not found to be superior to serum
GH and IGF-1 measurements in determining disease
activity. However, significantly higher serum MMP-2 level
in the active acromegaly group suggested that MMP-2
might have a role in GH secretion. Nevertheless, the fact
that increased GH secretion might increase MMP-2 level
needs to be clarified.

In the present study, serum MMP-2 and MMP-9 levels
were not determined to be correlated with tumor size and
invasiveness. The levels of these markers were not mea-
sured before and after treatment; instead, treated patients
were grouped according to their disease activity, which was
determined cross-sectionally. If the expressions of these
markers, MMP-2 in particular, in the pituitary gland after
surgery were studied and their correlations were investi-
gated, a data on the contribution of MMP-2 to the devel-
opment of pituitary adenoma and to GH secretion could be
obtained. Absence of a healthy control group, limited

number of active acromegaly patients, and not using
gender-specific reference values in measuring serum IGF-1
level could be stated as the other limitations of the study.

In conclusion, the present study is the first to demonstrate
higher serum MMP-2 level in active acromegaly patients
than in controlled acromegaly patients and to determine a
cut-off value to assess the disease activity. Nevertheless,
serum MMP-2 level was not found to be superior to GH and
IGF-1 level measurements in distinguishing active disease
from controlled disease and currently it cannot be recom-
mended to be used instead of GH and IGF-1 level mea-
surements. Moreover, the results need to be confirmed by a
study that would be conducted in a larger patient group
including a healthy control group. Studying serum levels of
MMP-2 and its endogenous inhibitor TIMP-2 and their
expression levels in pituitary adenomas would provide more
information about the role of MMP system in the patho-
genesis and functionality of pituitary adenomas.
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