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Neutrophil gelatinase-associated lipocalin serum
level

A potential noninvasive biomarker of endometriosis?
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Abstract

Neutrophil gelatinase-associated lipocalin (NGAL, also known as lipocalin-2) is an acute-phase protein expressed in mQ
tissues and plays a role in cell proliferation, regulation, and epithelial-mesenchymal transformation. Therefore, this study aimed
to investigate serum NGAL levels and endometrioma tissue expression in women with endometriosis. This cross-sectional study
was conducted at a university hospital. The endometrioma group included 36 women who underwent ovarian cystectomy for
endometrioma, which was compared with a control group (n = 36) of women who underwent ovarian cystectomy due to benign
persistent cysts (follicle cyst, theca lutein cyst, and serous cystadenoma). NGAL levels were analyzed using both serum enzyme-
linked immunosorbent assay analysis and immunohistochemical tissue staining. Serum C-reactive protein and CA-125 levels
were also evaluated. NGAL serum levels were significantly higher in the endometrioma group than in the control group (P < .05).
C-reactive protein and CA-125 levels were also significantly higher in the endometrioma group (P < .05) and were correlated with
NGAL levels. Immunohistochemical staining for NGAL was also higher in the endometrioma group (P < .001). NGAL may be
considered a potential noninvasive biomarker of endometriosis.

Abbreviations: BMI| = body mass index, CRP = C-reactive protein, ELISA = enzyme-linked immunosorbent assay, NGAL =
neutrophil gelatinase-associated lipocalin.
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1. Introduction diagnosis, and noninvasive biomarkers have been found to be
unreliable for implementation in clinical practice.!®!

In response to tissue damage and inflammation, neutrophil
gelatinase-associated lipocalin (NGAL), also known as lipo-
calin-2, is rapidly released by neutrophils. NGAL is also an
acute-phase protein expressed in various tissues.”! It plays an
essential role in regulating cell proliferation and its expression
has been demonstrated in many types of human cancers.®!
NGAL has also been shown to link with endometriosis patho-
physiology via the epithelial-mesenchymal transition process,
which is the cause of endometriosis development.”’ Moreover,
NGAL, which forms a complex with matrix metalloproteinases
has been demonstrated to protect matrix metalloproteinases
from autodegradation in vitro. Degradation and remodeling
of extracellular matrix with matrix metalloproteinases are

Endometriosis is characterized by the presence of endometri-
al-like tissue outside the uterine cavity, and is associated with
pelvic adhesions and local inflammatory reactions.!! Although
the proposed theories cannot explain all endometriosis cases,
accumulating evidence suggests a clear role of altered immune
homeostasis in the peritoneal microenvironment and a conse-
quent pro-inflammatory reaction.>’! Regardless of its benign
character endometriosis has some characteristics of malignant
neoplasms, such as local invasion, resistance to apoptosis and
angiogenesis.*!

As a complex gynecological disease with unclear etiology,
endometriosis can negatively affect the quality of life.’! To date,
histopathological confirmation remains the gold standard for
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essential processes during cellular migration and tissue invasion
in the pathophysiology of endometriosis.”!

Based on the above relationships, we aimed to evaluate
NGAL as a potential biomarker of endometriosis and also its
associations with Ca-125 and C-reactive protein (CRP). We
belive that our study will make a positive contribution to the
endometriosis researches and literature.

2. Materials and Methods
2.1. Study design

This cross-sectional study was approved by our institutional
review board (approval number:2015/13) prior to enroll-
ment. The study was conducted between November 2015 and
August 2017, in agreement with the Declaration of Helsinki,
the Committee on Publication Ethics guidelines (http://pub-
licationethics.org/), and the Strengthening the Reporting of
Observational Studies in Epidemiology statement available
through the (enhancing the quality and transparency of health
research) network (www.equator-network.org).

Each patient enrolled in this study signed an informed con-
sent form for all procedures and allowed data collection and
analysis for research purposes. The study was non-advertised,
and no remuneration was offered to encourage the patients to
provide consent. In our sample size analysis using GPower soft-
ware (Universitit Kiel, Kiel, Germany), we found that at least
32 patients in each group (a = 0.05, effect size = 0.80) were
required to achieve a power of 95 % (1-f = 0.95). We randomly
selected the study participants to avoid bias.

2.2. Study patrticipants

Seventy-Two reproductive aged (20-45 years) who underwent
surgery for endometrioma or other ovarian cysts were included
in the study. Demographic characteristics such as age, body mass
index (BMI), gravidity, parity, smoking habit, education level,
and presenting symptoms were recorded. The patients were
then divided into 2 groups. The endometrioma group (n = 36)
included women who underwent enucleation of ovarian endo-
metrioma and were classified according to the revised American
Fertility Society as stage III to IV endometriosis. The control
group (n = 36) included women who had undergone ovarian
cystectomy for benign persistent cysts (follicle cysts, theca lutein
cysts, and serous cystadenomas). We evaluated ultrasonograph-
ically that the patients had cysts other than endometrioma, and
we found that they did not have endometrioma intraoperatively
during the operation. In addition, we examined and confirmed
microscopically on the pathology samples that there was no
concomitant endometriosis in the cystectomy materials during
the surgery.

The exclusion criteria were underweighted (BMI < 19 kg/m?),
obesity (BMI > 30 kg/m?), hormonal therapy in the last 3 months
(wash-out period), the presence of acute or chronic inflamma-
tion, autoimmune diseases, and malignancy. NGAL levels were
analyzed immunohistochemically in biopsies taken from cyst
capsules during surgery. In addition, NGAL levels were deter-
mined by enzyme-linked immunosorbent assay (ELISA) in
serum samples obtained from venous blood samples before the
start of surgery, which is always performed in the proliferative
phase of the menstrual cycle. Serum levels of CRP and CA-125
were evaluated using ELISA.

2.3. Biochemical analyses

Serum samples were separated by centrifugation at 825g for
10 minutes. for biochemical analysis. Serum NGAL levels
were determined by ELISA using commercially available kits
(Bioassay Technology Laboratory, China).
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2.4. Immunohistochemical method

Paraffin blocks of the tissue samples were evaluated. Tissue sec-
tions of 3 to 4 micron thickness were obtained from the paraf-
fin blocks. The slides were then placed into a cabin (Ventana
Benchmark XT) to dissolve the paraffin. Then, CC1 (Cell
Conditioner 1) solution was applied to the slides to reveal the
antigen. Hydrogen peroxide was applied for 7 minutes. to mask
for endogenous peroxidases. Subsequently, the primary anti-
body NGAL (Boster Bio-polyclonal anti-lipocalin-2 picoband
antibody, 1/1000) was added and incubated for 30 minutes. The
secondary antibody of the Ultra View Universal DAB Detection
kit was applied for 10 minutes. Counterstaining was performed
using hematoxylin for 8 minutes. and then finalized as back-
ground staining with bluing reagent solution. The slides that
were taken from the cabin were dehydrated with alcohol, made
transparent with xylene, and covered with a coverslip.

2.5. Immunohistochemical evaluation

To prevent inter-individual bias, all tissues were evaluated by the
same pathologist who was blinded to the origin of the samples.
For immunohistochemical staining, semiquantitative evaluation
was performed based on the intensity of staining, as shown in
Figure 1. The intensity of staining was scored between 0 to 3
points according to the expression in the cytoplasm of epithe-
lial cells (no staining,0; weak staining,1; moderate staining,2;
strong staining,3 points). To evaluate the staining score, 0 to 1:
accepted as negative and 2 to 3: was accepted as positive, and
mean histological scores between the groups were compared
using a bar graph in Figure 2.

2.6. Statistical analysis

The data analysis was performed using SPSS version 20.0 (SPSS
Inc., Chicago, IL). The following descriptive statistics were used
to define the study data: mean, median, standard deviation, and
frequency. The Mann—Whitney U test and Spearman correlation
coefficient were used to compare study variables. Statistical sig-
nificance was set at P < .05.

3. Results

The demographic characteristics of the study groups are pre-
sented in Table 1. There were no significant differences between
the study groups in terms of age (P = .11), smoking habits (P =
.20), and BMI (P = .16). Gravidity and parity (P = .003) were
significantly higher in the control group than in the endometrio-
sis group (P = .007 and 0.003, respectively). Symptoms, such as
pain and infertility, were significantly higher in the endometrio-
sis group than in the control group (P = .004).

Differences in serum NGAL, CRP, and CA-125 levels and
immunohistochemical scores between the groups are shown
in Table 2. Serum NGAL levels were significantly higher in the
endometriosis group than in the control group (P < .001). In
addition, CRP and CA-125 levels and immunohistochemical
scores were significantly higher in patients with endometriosis
(P < .08, for all comparisons). The results are shown in Figure 3.
Correlation analysis between NGAL and other parameters
showed a positive correlation (Table 3) between NGAL and
CA-125 (P < .001; R = 0.72), immunohistochemical score (P <
.001; R = 0.53), and CRP (P <.001, R = 0.48).

4. Discussion

Our analysis showed that serum NGAL levels were significantly
higher in patients with endometriosis. Moreover, a significant
correlation was observed between NGAL levels and CRP,
CA-125, and immunohistochemical scores.
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Figure 1. (A) Serous ovarian cyst (H&Ex400), (B) NGAL expression in serous ovarian cyst (NGALx400), (C) endometriotic cyst (H&Ex400), and (D) NGAL expres-
sion in endometriotic cyst (NGALx400). NGAL = neutrophil gelatinase-associated lipocalin.
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Figure 2. Comparision of mean immunohistochemistry scores between endometrioma and control group (1.61+0.54 endometrioma group vs 0.61+0.80

control group, P < .001).

In a comprehensive retrospective cohort study, 15,488 endo-
metriosis patients with endometriosis were evaluated consid-
ering the coexistence of endometrial cancer. The incidence of
endometrial cancer in the endometriosis group was 2.9 times
higher than that in the control group. In addition, estrogen

hormones and chronic inflammation may account, at least in
part, for the relationship between endometriosis and endome-
trial cancer.'"]

The loss of cellular contact and subsequent implantation and
proliferation are related to the pathogenesis of endometriosis,and
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NGAL may be a reliable biomarker for these events in the peri-
toneal microenvironment.'>'* Liao et al®! reported that NGAL
could enable the transformation of epithelial cells into mesen-
chymal cells, one of the initial steps of endometriosis. Moreover,

Demographic characteristics of the patients.

Endometrioma Control group P
group (n = 36) (n =36) value
Age (yr) 31,3+3,78 29,5+4,29 hh
Gravidity 0.25+0,690 0.75+1,07 .007
Parity 0.22+0,59 0.58+0,77 .003
Smoking Yes n (%) 8 (22%) 13 (36%) .20
No n (%) 28 (78%) 23 (64%)

BMI (kg/m?) 259+3,75 24,3+3,55 16
Symptoms Pain n (%) 22 (62%) 16 (44%) .004
Infertility n (%) 10 (28%) 2 (6%)

Other n (%) 1(2%) 8 (22%)

Data are expressed as means + standard deviations for continuous variables, and as n (%) for
dichotomous variables.
BMI = body mass index.

Comparison of neutrophil gelatinase-associated

lipocalin (NGAL), C-reactive protein (CRP), CA-125 and
immunohistochemistry score between endometriosis group and
controls.

Endometrioma Control group P
group (n = 36) (n =36) value
NGAL (ng/dL) 194.09+51.57 57.69+29.52 <.001
CRP (mg/L) 7.95+3.91 4.66+2.37 <.001
CA-125 (U/mL) 45.60+12.56 14.88+6.58 <.001
Immunohistochemistry 1.61+0.54 0.61+0.80 <.001
score

Data are expressed as mean =+ standard deviations.
CRP = C-reactive protein, NGAL = neutrophil gelatinase-associated lipocalin.
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they also suggested that increased NGAL and decreased cyto-
keratin levels might cause further tissue adhesion and account
for disease progression. Joseph et al reported that NGAL may
be associated with the transformation of epithelial cells into
mesenchymal cells in human peritonitis models.!'! In contrast,
Durmus et al"® evaluated serum NGAL levels in patients with
endometriosis and reported no significant difference compared
to control patients. They also reported higher NGAL levels in
stage I-II patients than stage III-IV patients (3.6 vs 1.2ng/dL).
However, they did not evaluate tissue NGAL expression as we
did. Indeed, our study found significantly higher NGAL levels
in serum and tissue samples in the endometriosis group than in
the controls with persistent benign ovarian cysts. Based on our
results, we speculate that NGAL may play a role in endometri-
osis pathogenesis.

To confirm the relationship between NGAL and endometri-
osis, Kobayashi et al,l'”! they evaluated dienogest-resistant and
dienogest-sensitive endometrioma cases. They reported that
NGAL might be an extracted protein, especially in cases of
drug-resistant endometriosis. They also hypothesized that the
pro-inflammatory microenvironment within endometriotic cysts
might be a cause of ovarian cancer development, and NGAL
might play a role in this event because it interacts with other
growth factors responsible for ovarian cancer formation.

There is a need to understand the molecular changes in
chronic diseases, such as endometriosis, which is challenging to
treat due to its chronic course and local aggressive pattern.!'®!”]
In a study evaluating NGAL expression via immunohistochem-
istry, a strong increase in expression was observed in patients
with endometrial hyperplasia.?” In another study, Miyamoto
et al?! showed that the immunohistochemical expression of
NGAL protein was increased in higher grade and advanced
stage endometrioid-type endometrial cancer. They also found
that NGAL is involved in promoting endometrial cell migration
and survival against cisplatin and UV irradiation.?!!

In our study, we evaluated the immunostaining score for
NGAL expression for the first time in the literature and found
that NGAL expression was significantly higher in endometriosis
cases than in the control group. As an example of the immu-
nohistochemical scoring study similar to our study, Loffelman
AC et al? investigated the expression of Claudin 10 in a study
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Comparisons of two groups in terms of NGAL, CA-125 and CRP
Figure 3. Box plot analysis of NGAL, Ca-125 and CRP between endometrioma and control group. (P < .001 for NGAL,Ca-125 and CRP). CRP = C-reactive

protein, NGAL = neutrophil gelatinase-associated lipocalin.
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Correlation analysis of the study variables.

CRP (mg/L) CA-125 (U/mL) Immunohistochemistry score
r Pvalue r Pvalue r Pvalue
NGAL (ng/mL) 0.485 <.001 0.721 <.001 0.534 <.001

CRP = C-reactive protein, NGAL = neutrophil gelatinase-associated lipocalin, r = correlation coefficient.

on human endometrium, endometriosis and adenomyosis tis-
sue samples. Claudins are the major component of tight junc-
tions and play a role in the escape of cancer cells out of the
tissue. They found that the immunohistochemical score values
for Claudin 10 were significantly higher in deeply infiltrating
endometriosis, peritoneal endometriosis, and especially ovarian
endometriosis.

Early diagnosis and treatment of endometriosis both prevent
the development of malignancy and endometriosis-related com-
plications such as infertility and pain. Therefore, it is import-
ant to establish the diagnosis with new, rapid and noninvasive
biomarkers. In a comprehensive review by Bommi JR et al,?*!
electrochemical and optical biosensors, which were specifically
developed to detect the levels of frequently used cancer bio-
markers markers, are very exciting and bring the advantage of
being able to intervene in diseases such as endometriosis in early
period.

Although research on markers for the diagnosis of endome-
triosis continues, CA-1235 is one of the most investigated tumor
markers for the diagnosis of endometriosis, although its evalua-
tion is not recommended in most of the available international
guidelines because of its low sensitivity. Although its increase
could be associated with gynecological and non-gynecological
reasons, CA-125 levels commonly increase in endometriosis
cases.[242¢1,

Our study found that CA-125 levels were significantly higher
in endometriosis patients than in controls, in line with the avail-
able literature. Interestingly, we also detected a positive correla-
tion between CA-125 and NGAL levels, and histological scores.
Although NGAL levels are elevated in some types of cancers, we
observed that the number of studies investigating the relation-
ship between NGAL levels and any tumor markers was not so
much.?” In the study conducted by Hogendorf P et al,l?!! which
is one of the studies investigating this relationship, it was stated
that ca 19 to 9 and CA-125 levels, when the levels are examined
to differentiate chronic pancreatitis and pancreatic adenocarci-
noma, may not always predict pancreatic adenocarcinoma. They
also stated that if the high levels of Ca-125 and Ca 19 to 9 are
accompanied by high levels of NGAL, this elavation was sec-
ondary to pancreatic adenocarcinoma with a higher probability
rather than chronic pancreatitis. In another study by Coticchia
et al,?! patients with ovarian cancer with normal Ca-125 levels
were investigated and it was observed that NGAL levels in the
urine of these patients were found to be high together with some
matrix metalloproteinases, and it was mentioned that NGAL
could be used as a tumor marker in some types of ovarian can-
cer. Both studies mentioned above are important in that they
showed the relationship of NGAL with CA-125 and CA 19t0 9,
which are tumor markers that we use frequently in gynecology
practice.

One of the main limitations of our study could be the small
number of the study population; second, we did include only
women with advanced stage of the disease; third, the endome-
triosis tissue sample were obtained only from endometrioma,
so we do not have data about the expression in deep infiltrat-
ing endometriosis; finally, all the blood samples were collected
before surgery which was scheduled always in the proliferative
phase, so we could not draw firm conclusion about the poten-
tial fluctuation of NGAL levels within the menstrual cycle.

Nevertheless, to the best of our knowledge, this is the first study
to investigate NGAL levels in endometriosis using serum analy-
sis and immunohistochemical expression.

5. Conclusion

Our results demonstrate that NGAL may play a role in endo-
metriosis pathogenesis, although further studies in larger pop-
ulations are needed to investigate its potential as a biomarker.
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