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ABSTRACT
Aim: To evaluate the serum levels of anti-carbonic anhydrase I-II antibodies and erythrocyte
oxidative stress markers in endometriosis.
Method: This case-control laboratory investigation was performed in the obstetrics and gynecology
department of a tertiary center. Serum anti-carbonic anhydrase I and II antibodies and erythrocyte
oxidative stress markers (superoxide dismutase, malondialdehyde, glutathione peroxidase and
catalase) were compared with control group (n = 30) in the endometriosis group (n = 33). Correlation
between carbonic anhydrase autoantibodies and oxidative stress markers were tested.
Results: Serum levels of anti-carbonic anhydrase II antibodies were found to be significantly
increased in the endometriosis group compared to controls. The erythrocyte antioxidant enzyme
activities (superoxide dismutase, glutathione peroxidase and catalase) and malondialdehyde levels in
erythrocytes were increased in endometriosis group; but only glutathione peroxidase activity and
malondialdehyde levels were significantly higher in endometriosis group. No correlation was
detected between anti-carbonic anhydrase antibodies and oxidative stress markers.
Conclusions: Our results indicate that erythrocyte oxidative stress and anti-carbonic anhydrase
antibodies may be involved in the pathophysiology of endometriosis.
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Introduction
Endometriosis is the ectopic growth of
endometrial cells. It can be seen in about 10%
of women of reproductive age [1]. The etiology

of endometriosis has not been clarified yet.
However, oxidative stress and malfunction of
cellular and humoral immunity are possible
mechanisms associated with the pathogenesis
[2,3]. Endometriosis patients have diminished
concentrations of antioxidant enzymes
reminding that reduced peritoneal antioxidant
levels may reflect an increase in the levels of
reactive oxygen species (ROS) levels [2].
Recently, biochemical changes like oxidation
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of membranes and glutathione decrement have
been reported in erythrocyte [4].
Antibodies directed against endometrial
antigens and accumulation of complement
system
have
been
demonstrated
in
endometriosis patients. Antigens triggering
such an immune response may develop against
the human chorionic gonadotropin receptor,
including the enzymes carbonic anhydrase
(CA) I and II, CA 125 and transferrin in
endometriosis [3,5].
Carbonic anhydrases (CA; EC 4.2.1.1) activate
the transformation of carbon dioxide and the
bicarbonate ion. In mammals, sixteen
isoenzymes of CA have been described and
those have different tissue distribution and
cellular localization. They participate in
important metabolic reactions including
respiration, transport of CO2 and bicarbonate,
maintenance of carbon dioxide balance and pH,
and excretion of electrolytes [6]. Even though
CA I and CA II exist in the epithelium of
various organs, they are mainly expressed in
erythrocyte. CA I activity is has a remarkably
reduced action than CA II and thus, it is
important the majority of the total CA activity.
Recently, several publications demonstrated the
pattern of autoimmune reaction against CA II in
various pathologies [7-10]. The mechanism
causing antibody creation has not been yet
elucidated but oxidative stress is supposed to be
involved in this etiopathogenesis [11].
In recent years, CA autoantibodies have been
determined in some autoimmune diseases. To
the best of our knowledge, the association
between anti-CA antibodies (Anti-CAA) with
antioxidant enzymes in endometriosis has not
yet been tested in the medical literature
(PubMed). Our aim was to analyze the levels of
erythrocyte oxidative stress markers and antiCAA in endometriosis, and to seek whether
there is a relationship between these indicators

and discuss a possible role of anti-CAA in the
pathogenesis of endometriosis.
Materials and Methods
This case-control laboratory investigation was
done in the Obstetrics and Gynecology
Department of a University Hospital after the
approval of the local Institutional Review
Board (Date and Decision no: 2014/04/17,
2014/65). The rights of all participants were
protected and written informed consents were
obtained before the study according to the
Helsinki Declaration. This study included 33
women with endometriosis and 30 healthy
women. The diagnosis of all patients with
endometriosis was confirmed histologically
after laparoscopy. Patients in the endometriosis
group had at least stage 3 endometriosis.
Control groups consisted of age-matched
healthy, regularly menstruating women without
pain, pelvic anomalies and previous history of
pelvic surgery. In the past, they had at least one
successful pregnancy.
Exclusion criteria consisted of a history of
pregnancy loss, systemic diseases, smoking
habit, use of any medications [such as oral
contraceptives, hormonal drugs, steroids,
aspirin] in the last 3 months and unwillingness
for enrollment in the study. Serum levels of
anti-carbonic anhydrase I and II antibodies and
erythrocyte
oxidative
stress
markers
(superoxide dismutase, malondialdehyde,
glutathione peroxidase, and catalase) were
compared and the correlation between these
indicators were tested.
Measurement of serum Anti-CAA I and AntiCAA II: Human erythrocyte CA I and CA II
isoenzymes were purchased (Sigma Chemical
Co., St. Louis, MO, USA). Serum anti-CAA II
titers were determined by ELISA method as
described in previous publication [8]. Briefly,
127
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ELISA plates (BD Biosciences, USA) were
coated with CA-I and CA-II (50 µL of 10
µg/ml) in carbonate buffer (0.05 mM, pH=9.6)
and incubated overnight at 4°C. The coated
plates were washed phosphate buffer (pH=7).
Skimmed milk (2%) in phosphate buffer was
used for blocking. After washing process,
incubation of the wells with 100 µL of serum
diluted with dilution buffer was carried out
(1:200). Following washing, every well was
incubated with 100 µL of 1:2000 dilution of
peroxidase-conjugated
anti-human
IgG
antiserum (Sigma Chemical, St. Louis, MO,
USA). After the final washing, ELISA wells
were
incubated
with
100
µL
ophenylenediamine solution and this reaction
was quit by 100 µL of 2 M H2SO4. The
absorbance of wells were read at 480 nm. The
assays were performed twice and specific
binding of serum antibody to anti-CAA I or
anti-CAA II was determined by subtraction of
the average absorbance of control wells
(uncoated with CA) from that of antigen coated
wells.

[13]. This method relies on the fact that the
absorbance at 240 nm is diminished due to the
dismutation of H2O2 and results are
demonstrated as k/ g Hb (k, rate constant)
Determination of superoxide dismutase (SOD)
activity: The SOD activity in erythrocytes was
assessed by the method as described in a
previous publication [14]. Formazan formation
was evaluated spectrophotometrically at 560
nm and results were shown as U/g Hb.
Determination of glutathione peroxidase
(GPx) activity: The activity of GPx was
measured with a spectrophotometric assay kit
(Assay Desings, Ann Arbor, MI, USA). In this
kit, the results were expressed as U/g Hb.
Statistical analysis
Data derived from the results of this study was
analyzed using IBM SPSS Statistics 20
program. The normal distribution of data was
assessed using Kolmogorov-Smirnov test. A
comparative analysis of the erythrocyte
superoxide dismutase, catalase, and glutathione
peroxidase and malondialdehyde levels was
carried out via the independent samples T-test.
Mann-Whitney U was employed for the other
non-parametric comparisons. Correlation
between variables was tested using Pearson’s
correlation test. The level of significance was
set at p value < 0.05.

Determination of malondialdehyde (MDA)
levels in erythrocytes: The MDA levels in
erythrocytes were determined as described in a
previous publication (Agilent 1100 series
HPLC systems, Waldbronn, Germany), C18
column was used for measurements (ZORBAX
Eclipse XDB-C18; 4.6 x 150mm; Agilent
Technologies, Santa Clara, CA, USA) [12].
Detection was performed fluorometrically
(excitation 536 nm and emission 555 nm).
Tetraethoxypropane was utilized as MDA
standard (1.25–0.035 Mm) and results were
represented as mM / g Hb.

Results
As indicated in Figure 1 and Table 1, serum
anti-CAA I titers did not differ between
endometriosis and control groups (0.39±0.12
vs. 0.37±0.08; respectively, p=0.41). On the
other hand, anti-CAA II titers were remarkably
increased in endometriosis patients than that in
controls (0.30±0.11 vs. 0.241±0.080; p=0.027)
(Table 1). The absorbance values > 0.401, the

Determination of catalase (CAT) activity: The
catalase activity in erythrocyes was determined
by the method as described in relevant literature
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mean absorbance ± 2 SD of control subjects,
were termed as positive. The positive results
were noted in 7 of 33 endometriosis cases
(Figure 2).

increased in endometriosis group; but only GPx
activity and MDA levels were significantly
higher in endometriosis group (p=0.038, and
p=0.037, respectively) (Table 1). As shown in
Table 2, no correlation was detected between
anti-CAA I and II titers and SOD, CAT and
GPx activities and MDA levels.

Figure 1. Anti CAA I in sera from endometriosis
patients and control subjects.
Table 1. Serum levels of oxidative stress markers
and anti-carbonic anhydrase antibodies in control
and endometriosis groups.
Groups
Variable

p
Value

Control

Endometriosis

Anti-CAA I
(absorbance)

0.392±0.12

0.378±0.98

0.41

Anti-CAA II
(absorbance)

0.241±0.08

0.300±0.11

0.027*

50.99±18.99

62.43±32.51

0.29

68.51±39.52

80.85±39.31

0.24

1.50±0.38

1.67±0.24

0.038*

5.50±0.68

6.03±1.14

0.037*

SOD (U/g Hb)
CAT (k/g Hb)
GPx (U/g Hb)
MDA (mM/g
Hb)

Figure 2. Anti-CAA II in sera from endometriosis
patients and control subjects. The line indicates the
mean value ± 2 SD of control subjects (A480 =
0.401).
Table 2. Correlation analysis of anti-carbonic
anhydrase antibodies to oxidative stress markers in
the endometriosis patients.
r
Value

Variable
Anti-CAA I

Anti-CAA II

Values: Mean±SD; Anti-CAA= Anti-carbonic anhydrase
antibodies; SOD= Superoxide dismutase; CAT=
Catalase; GPx= Glutathione peroxidase; MDA=
Malondialdehyde; *= statistically significant.

p
Value

SOD

-0.205

0.148

CAT

-0.072

0.346

GPx

0.030

0.435

MDA

-0.127

0.244

SOD

-0.006

0.488

CAT

0.163

0.183

GPx

-0.209

0.122

MDA

0.037

0.426

Anti-CAA= Anti-carbonic anhydrase antibodies; SOD=
Superoxide dismutase; CAT= Catalase; GPx=
Glutathione peroxidase; MDA= Malondialdehyde; *=
statistically significant.

The antioxidant enzyme activities (SOD, CAT
and GPx) and MDA levels in erythrocytes were
129
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Discussion
The present study was performed to assess
endometriosis patients in terms of serum levels
of anti-CAA I, anti-CAA II and erythrocyte
oxidative stress markers. Our results have
shown that in subjects with endometriosis antiCAA II frequency [21%] and erythrocytes
oxidative stress markers were higher than
control subjects (Figure 2 and Table 1). We
concluded that there is an increased immune
response to CA II in endometriosis patients.
Increased erythrocyte oxidative stress observed
in endometriosis may be effective in the
mechanism of CA II autoantibody. These
findings were similar to previous results
reported in patients with polycystic ovary
syndrome (26%), systemic lupus erythematosus
(31.2%), Sjögren’s Syndrome (17%), and
rheumatoid arthritis (27.8%) [7,8,15,16].
Endometriosis
was
encountered
in
approximately 20-50% of infertile women that
underwent laparoscopy during their infertility
workup [2]. Since alteration of humoral and
cellular immune systems is a feature of
endometriosis, new diagnostic measures have
focused on immunologic parameters related to
endometriosis [17]. Elevated levels of ROS
were previously reported to be associated with
endometriosis [18,19]. Stimulation and
improvement of mononuclear phagocytes lead
to oxidative stress which causes a localized
pelvic inflammatory process [20]. Szczepańska
et al. reported a noteworthy reduction of SOD
and GPx activities in peritoneal cavity with
endometriosis [21]. In addition, it has been
reported that oxidative stress observed in
endometriosis also affects red blood cells [4].
Our results indicate that erythrocyte GPx
activity and MDA levels were significantly
higher in endometriosis patients compared to
controls. It must be remembered that there is a
critical interaction between oxidative stress and

cytokines, chemokines and antioxidants. The
levels of all of the antioxidants may not be
necessarily altered significantly in order to
eliminate the hazardous effects of oxidative
stress. In addition, their levels may not always
reflect the changes in the microenvironment
influenced directly by the pathology. All in all,
whether and to what extent oxidative stress is
involved in endometriosis remain to be
elucidated in further trials.
Carbonic anhydrases possess a serious function
in gas transportation, acid-base balance and
multiple secretion tasks in tissues [22]. The
endometrium and placenta are well-known
sources of CA-I and CA-II suggesting a
possible role of these enzymes in fertilization
and fetoplacental development [23]. Since CA I
and CA II are the most frequent human
isoenzymes, immunoglobulin G autoantibodies
formed against CA I and CA II have been
identified in various autoimmune diseases
[15,16,24,25]. In our study, serum levels of only
anti-CAA II were signiﬁcantly increased in
women with endometriosis.
The way of antibody formation against CA II
has not yet been clearly elucidated, however,
protein modifications and oxidative imbalance
are important reasons for autoimmunity. Fuji et
al. has reported that elevated oxidative stress in
erythrocytes causes antibody production
against CA II [11]. The final products of lipid
peroxidation such as HNE (4-hydroxy-2nonenal) and MDA bind to proteins and change
their antigenic features. One of the major
targets of these end-products in red blood cells
is CA II [26]. In case of erythrocytes in
endometriosis are prone to oxidative stress, CA
II may gain an antigenic character as a result of
similar alterations. In an experimental study,
anti-CAA II was found to inhibit the enzymatic
activity of CA [27].
130
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From our results, we understood that anti-CAA
II, rather than anti-CAA I, seem to be involved
in
endometriosis.
Identification
and
discrimination of CA I and CA II in terms of
functional and physiological impacts can
provide a better understanding. We found no
correlation between oxidative stress markers
and autoantibodies against carbonic anhydrase
enzymes. The complex interaction between
immune system and antioxidant mechanisms
constitute a challenge for researchers to make
more accurate and precise interpretations.
Further attempts must be directed to explore the
functions of subgroups of antibodies and
antioxidant systems individually.
Conclusion
Erythrocyte oxidative stress and anti-CAA II
may be associated with the pathophysiology of
endometriosis. Taking the complexity of
inflammatory reactions into account, the
beneficial effects of oxidative stress balance
and immunomodulation need to be investigated
further using larger study groups.
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