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Plasma AXINI1 expression exhibit negative correlations
with inflammatory biomarkers and is associated with
gastrointestinal symptoms in endometriosis
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Abstract. The cytoplasmic protein AXINI1 is involved in
the Wnt signalling pathway and its expression is increased
in patients with endometriosis compared with healthy
controls. The aim of the present cross-sectional study was
to further assess the levels of AXIN1 and other inflamma-
tory biomarkers in patients with endometriosis. Patients with
laparoscopy-verified endometriosis were recruited (n=172)
and completed a questionnaire regarding socioeconomic
factors, lifestyle habits and medical history. Plasma AXIN1
and high-sensitivity C-reactive protein (hs-CRP) levels
were analysed by ELISA. The levels of calprotectin were
determined in the faeces, and the haemoglobin concentra-
tion and number of erythrocytes, leukocytes and platelets
were determined in the blood in a subgroup of 64 patients
during clinical routine procedures. F-calprotectin expression
was detected in 18 women (28.1%), who had more severe
constipation and more frequently experienced incomplete
evacuation when defecating, and 5 women (7.8%) exhibited
elevated levels. P-AXINI levels were higher in patients who
received hormonal treatment, and correlated inversely with
faecal-calprotectin levels (P=0.003), B-haemoglobin levels
(P=0.030) and the numbers of B-erythrocytes (P=0.033) and
B-platelets (P=0.017), but were not correlated with hs-CRP
levels (P=0.818). Higher levels of AXINI were associated
with the duration of the gastrointestinal symptoms and with
diarrhoea, constipation, vomiting and nausea and the intestinal
symptoms' effect on quality of life, and tended to be associated
with the duration of endometriosis. Hs-CRP expression was
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not associated with the clinical characteristics or symptoms of
endometriosis, but higher levels were associated with obesity
(P=0.002) and hormonal treatment (P=0.011). In conclusion,
P-AXINI expression was negatively correlated with certain
inflammatory biomarkers and was positively associated with
gastrointestinal symptoms. P-AXINI levels were increased
in patients who received hormonal treatment, highlighting
the importance of obtaining native samples for future studies
regarding its role in the development and presentation of endo-
metriosis. However, hs-CRP and other studied biomarkers
seemed to be of no value for the assessment and diagnosis of
endometriosis.

Introduction

Endometriosis is defined as the presence of oestrogen-depen-
dent endometrial tissue outside the uterus and affects 5-10%
of women of reproductive age (1-3). Although endometriosis
is a benign, chronic inflammatory disease, its pathophysi-
ology remains unclear (1-4). Diagnosis of endometriosis is
performed by laparoscopy and confirmed by histopatho-
logical examination of sample biopsies (5). This procedure
in combination with the presence of non-specific symptoms,
such as dysmenorrhea, pelvic pain, dyspareunia, gastrointes-
tinal (GI) symptoms and infertility, lead to diagnostic delays
of 6-7 years (3,4). Specifically, GI symptoms can easily be
misinterpreted for irritable bowel syndrome (IBS), a common
GI disorder affecting ~10% of adults (4). At present, there are
no independent validated biomarkers for diagnosis of endome-
triosis or to explain the GI symptoms, despite the promising
ongoing research in this field (2,6).

A recent study described increased levels of the cyto-
plasmic protein AXINI in patients with laparoscopically
confirmed endometriosis compared with those of the
control subjects (7). AXIN1 downregulates activity of the
Wht signalling pathway, which serves a role in a number of
biological processes, including cellular proliferation, tissue
homeostasis, development of the immune system and other
systemic effects (8-10). Further investigation of AXIN1, and
on its associations with several subtypes of endometriosis may
allow for a deeper understanding of this disease. In addition,
investigation of the potential correlation of AXINI expression
with the expression of other readily measurable inflammatory
markers, such as high-sensitivity c-reactive protein (hs-CRP)
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and faecal-calprotectin (F-calprotectin), may potentially
offer additional diagnostic information, as these proteins
have been demonstrated to be useful biomarkers in detecting
inflammation (11,12). These factors may be altered in chronic
inflammation and are performed as routine analyses in daily
clinical practice (6). Although hs-CRP is irrelevant for the
diagnosis of endometriosis (13), it has been used as a marker
with high sensitivity to diagnose diseases with GI symptoms,
such as IBS (11). Therefore, it could potentially be used to
explain GI symptoms in patients with endometriosis. The
plasma levels of calprotectin have been hypothesized to serve
an important role in a number of gynaecological conditions,
including cervical inflammation (14,15). F-calprotectin is the
biomarker with the highest sensitivity for local inflammation
in the GI tract (16,17). To the best of our knowledge, calpro-
tectin has not been previously measured in faecal samples of
patients with endometriosis, although intestinal involvement is
often noted in this disease (3.4).

The present study measured the expression levels of
inflammatory biomarkers, and examined whether they were
associated with clinical signs of endometriosis, such as dura-
tion, localisation of disease and GI symptoms. To address this
hypothesis, the correlations between plasma levels of AXIN1
and hs-CRP were examined in association with F-calprotectin
and haemoglobin levels, as well as the number of erythrocytes,
leukocytes and platelets in the blood of 64 patients with endo-
metriosis. Furthermore, the correlations and the differences
in the levels of these biomarkers were calculated in associa-
tion with clinical signs and GI symptoms. In a larger cohort
of 172 patients, the associations were examined between
AXINTI and hs-CRP plasma levels and disease characteristics,
clinical symptoms and medical treatment. The aim of the
present study was to investigate the potential relevance of
AXINI expression and of inflammatory biomarkers, including
hs-CRP and F-calprotectin, in patients with endometriosis.
The study further aimed to evaluate the correlations between
these inflammatory biomarkers and the clinical signs and GI
symptoms of the patients with endometriosis.

Materials and methods

Ethics approval and consent to participate. The present study
was performed according to the Declaration of Helsinki (18).
Ethical approval was obtained from the Ethics Review Board
of Lund University [approval nos. 2012/564 (09/10/2012)
and 2016/56 (03/05/2016)]. All participants provided written
informed consent prior to participation.

Study participants. Patients with laparoscopy-verified endo-
metriosis were recruited to the present cross-sectional study
at the Department of Gynaecology, Skane University Hospital,
Malmo, Sweden. The first cohort was recruited between
March 2013 and July 2014 and included 100 women, and the
second recruitment phase was between September 2016 and
March 2017, with 72 women. Therefore, in total 172 women,
median age 38 year (age range 19-50 years), were recruited
for the present study. The details of patient recruitment,
and the inclusion and exclusion criteria are described in
detail elsewhere, along with the basal characteristics of the
cohort (7,19).
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Study design. All participants were interviewed and completed
a questionnaire regarding their sociodemographic factors, life-
style habits and medical history, as well as the validated visual
analogue scale for irritable bowel syndrome (VAS-IBS) (20).
The blood samples were collected and centrifuged at 1,000 x g
for 10 min, at 4°C. Whole blood, plasma and serum were frozen
at -20°C and/or at -80°C, and analysis of the plasma levels of
AXINI and hs-CRP was performed.

In the second cohort of 72 patients, faecal samples were
collected from 64 patients, frozen at -80°C, and analysed
for F-calprotectin according to the clinical routines at the
Department of Clinical Chemistry (21). Therefore, the inflam-
matory markers investigated in blood, such as haemoglobin,
erythrocytes, leukocytes and platelets, were only measured
for those 64 patients, according to the clinical routines at the
Department of clinical Chemistry (21).

Gastrointestinal symptoms. The VAS-IBS questionnaire
assesses the severity of several GI symptoms, such as
abdominal pain, diarrhoea, constipation, bloating and flatu-
lence, vomiting and nausea, psychological well-being and the
effect of intestinal symptoms on the quality of the patients'
life over the last 2 weeks. The severity of these symptoms is
measured on a continuous scale from 0-100 mm, where 100
represents severe symptoms and 0 no symptoms. The scales
were inverted from the original version, prior to the analysis.
In addition, two dichotomous questions probed the experi-
ence of defecation urgency and the sensation of incomplete
evacuation. The replies were determined by ‘yes’ or ‘no’ (20).
The reference values from 52 healthy women, recruited from
hospital staff (median age 44 years, range 22-77 years), who
had not undergone prior abdominal surgery, were used as
controls as previously published (22).

Biological sample analysis. Haemoglobin, erythrocytes,
leukocytes and platelets in blood (B), and hs-CRP levels in
plasma (P) were analysed according to clinical routine proce-
dures at the Department of Clinical Chemistry. The reference
values for healthy individuals were obtained from the same
department using the same methods as described above.
F-calprotectin levels were analysed by ELISA [CalproLab™
ELISA TEST (ALP/HRP); Calpro AS] at the Department of
Clinical Chemistry. The lowest detection levels were 25 mg/kg.
Values <50 mg/kg were considered normal, 50-100 mg/kg was
considered a grey zone and those >100 mg/kg were considered
pathological (21). Values in the grey zone may occur also be
observed in the healthy subjects, and the clinical significance
of values in this range is unclear. Plasma AXINI1 levels
were analysed using sandwich ELISA (cat. no. MBS762601;
MyBioSource, Inc.; lot no. H2497C119) according to the
manufacturer's protocol (7).

Data categorization. Body mass index (BMI) was divided
into normal-weight (<25 kg/m?), overweight (25-29.9 kg/m?) or
obese (=30 kg/m?) according to the WHO classification (23).
Smoking habits were divided into non-smokers (at exami-
nation) and smokers. Physical activity was divided into
<1 h or =h per week. Alcohol consumption was divided into
drinking >1 or at least 1 standard glass of alcohol per week.
The localisation of endometriosis was divided into isolated or
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Table I. Clinicopathological characteristics of the 64 patients in the second cohort with available faecal samples.

Clinicopathological characteristics

Values

Age, year (IQR)

BMI, kg/m? (IQR)

Smoking, n (%)

Alcohol consumption =1 standard glass/week, n (%)
Physical activity =1 h/week, n (%)

Duration of endometriosis diagnosis, years (IQR)
Duration of GI symptoms, year (IQR)

Isolated ovarian endometriosis, n (%)

Bowel endometriosis affecting the GI tract alone or along with other locations, n (%)

Current hormonal treatment, n (%)
Current opioid treatment, n (%)
Abdominal pain, mm
Experimental values
Reference values

Diarrhoea (mm)
Experimental values
Reference values

Constipation (mm)
Experimental values
Reference values

Bloating and flatulence (mm)
Experimental values
Reference values

Vomiting and nausea (mm)
Experimental values
Reference values

Psychological well-being (mm)
Experimental values
Reference values

Intestinal symptoms' affected quality of life (mm)
Experimental values
Reference values

Defecation urgency, n (%)

Incomplete evacuation when defecating, n (%)

38.00 (32.25-42.75)
24.78 (21.92-28.00)
10 (15.6)

24 (37.5)

26 (40.6)
12.00 (5.00-19.25)
16.50 (7.00-21.00)
26 (40.6)

18 (28.1)

40 (62.5)

11 (17.2)

43 (13-72)
5(1-15)

17 (2-60)
3 (0-10)

26 (2-56)
9 (1-22)

61 (19-76)
14 (1-29)

15 (2-50)
2 (0-3)

32 (12-62)
4 (0-16)

51 (16-78)
2 (0-18)

22 (34.4)

37(57.8)

IQR, inter-quartile range; BMI, body mass index; GI, gastrointestinal.

non-isolated ovarian lesions, independent of the localisation
of the spread lesions, and to subjects with or without bowel
involvement. Medical treatment was divided into current use
or not currently using (at examination), independent of the
history of use. Age, duration of disease and GI symptoms as
well as VAS-IBS scales were divided into quartiles for the
calculations with logistic regression.

Statistical analysis. In the present study, two hypotheses
were examined: i) Different inflammatory biomarkers were
correlated with each other; and ii) the levels of inflammatory
biomarkers were affected by disease characteristics, clinical
signs, GI symptoms and medical treatment. The expression

levels of hs-CRP and F-calprotectin that were below the limit
of detection were set to the lowest detectable level (0.6 mg/1
and 25 mg/kg, respectively). All variables were found to be
non-normally distributed and analysis was performed using
a Fisher's exact test, Spearman's correlation test or a Mann
Whitney U test. To further assess the association between the
expression levels of AXIN1 and hs-CRP, binary logistic regres-
sion was performed with the biomarkers as the dependent
variables and stratified according to the median value into
lower or higher levels, and sociodemographic factors, medica-
tion and GI symptoms were the independent variables. The
lowest category was set as the reference. P-values for trend
and for log-transformed, continuous variables were calculated.
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Table II. Inflammatory biomarkers and their correlations with AXIN1 and hs-CRP levels in plasma.

AXIN1 hs-CRP
Pathological Correlation Correlation
Biomarkers Normal range values, n (%) Median (IQR) coefficient P-value coefficient P-value
P-AXIN1 N/A - 390.00 1.00 - -0.053 0.682
(357.50-420.00)
F-calprotectin <50 mg/kg 11 (17.2) 25.00 -0.368 0.003° 0.280 0.028*
(25.00-29.50)
B-haemoglobin 117-153 g/l 12 (18.8) 124.00 -0.276 0.030° -0.041 0.752
(118.00-127.25)
B-erythrocytes 3.9-5.2x10"/1 7 (11.0) 428 -0.271 0.033* 0.019 0.885
(4.08-4.50)
B-leukocytes 3.5-8.8x10%/1 18 (28.2) 7.75 -0.177 0.168 0.288 0.023*
(6.50-9.12)
B-platelets 165-387x10%/1 3@4.7) 265.50 -0.302 0.017* 0.208 0.104
(218.75-324.75)
P-hs-CRP <3.0 mg/l 16 (25.0) 1.10 -0.050 0.758 1.00 -
(0.60-3.22)

P<0.05,"P<0.01. B, blood; P, plasma,; F, faecal; hs-CRP, high sensitivity-C-reactive protein; IQR, interquartile range.

The values are presented as the number (percentage), median
(interquartile range), or odds ratio (OR) and 95% confidence
interval (CI). The data were analysed using SPSS version 25.0
(IBM, Corp.). P<0.05 was considered to indicate a statistically
significant difference.

Results

Basal characteristics. The majority of the 64 patients from
the second cohort (55 patients, 85.9%) had suffered from GI
complaints during the 2 weeks prior to their inclusion in the
study. A limited percentage of the patients (10 patients, 15.6%)
were smokers and 38 patients (59.4%) had a low physical
activity. A total of 40 patients (62.5%), were treated with
hormonal therapy, in some cases with more than one drug.
A total of 20 women (31.3%) were treated with oestrogen
or combined oral contraception, whereas 19 women (29.7%)
were treated with progestin and 7 women (10.9%) were treated
with gonadotropin-releasing hormone (GnRH) analogues. In
addition, 11 women (17.2%) were treated with opioids (Table I).

Inflammatory biomarkers. The majority of the women in the
present study exhibited biomarker levels within the normal
reference range (Table II). P-AXINI expression levels were
negatively correlated with F-calprotectin levels (Table II) and
haemoglobin levels (Fig. 1), as well as the number of eryth-
rocytes (Fig. 2) and platelets (Fig. 3). P-hs-CRP levels were
positively correlated with F-calprotectin levels and the number
of B-leukocytes (Table II).

B-haemoglobin levels were significantly correlated
with age (Fig. 4), whereas patients with physical activity
=1 h/week had a lower number of B-erythrocytes compared
with women with less physical activity [4.20 (4.04-4.32)
x10'/1 vs. 4.38 (4.19-4.64)x10'%/1, P=0.040], without affecting

haemoglobin concentration (data not shown). The expression
levels of B-haemoglobin and the numbers of B-erythrocytes,
B-leukocytes and B-platelets were not associated with BMI,
smoking, alcohol consumption, duration of endometriosis
(based on the date when the diagnosis was performed), duration
or degree of GI symptoms, treatment provided or localisation
of endometriosis (data not shown).

Of the 64 women examined from the second cohort,
18 women (28.1%) presented with F-calprotectin levels
>25 mg/kg, 6 women (9.4%) exhibited grey zone levels, and 5
women (7.8%) had high F-calprotectin levels. The patients with
F-calprotectin values <25 mg/kg (n=46,71.9%) exhibited higher
AXINTI levels [400 (370-430) pg/ml vs. 350 (340-380) pg/ml;
P=0.002] and lower hs-CRP values [1 (0.6-1.8) mg/I vs. 2.7
(0.69-6.35) mg/1; P=0.029], compared with the patients with
measurable F-calprotectin levels. Women with F-calprotectin
levels >25 mg/kg experienced higher degrees of constipation
[50.50 (11.00-71.50) mm vs. 16.50 (2.00-45.50) mm; P=0.048].
These subjects experienced more frequent incomplete evacua-
tion when defecating [n=14 (87.5%) vs.n=23 (50.0%); P=0.009],
compared to women with F-calprotectin levels <25 mg/kg. The
localisation and duration of endometriosis were not associated
with the levels of F-calprotectin (data not shown).

Correlations between AXINI and hs-CRP levels in the
plasma of the patients. To further assess the correlations
between AXINI and hs-CRP levels in the plasma, and their
association with the clinical signs and the GI symptoms of
endometriosis, the total cohort of 172 patients with a median
age of 38 years (age range 19-50 years) and a median BMI of
24.34 (21.80-27.10) kg/m? was used (19). The median levels
of AXINI were 300 (170-380) pg/ml, and for hs-CRP levels
1.10 (0.60-3.25) mg/1. A total of 80 patients (46.5%) were
treated with hormonal treatment. A total of 42 women (24.4%)
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Figure 1. Scatter plot showing the inverse correlation between blood haemo-
globin and plasma AXINI levels. r=-0.368. P=0.03.
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Figure 3. Scatter plot showing the inverse correlation between blood platelets
and plasma AXINI levels. r=-0.302. P=0.017.

were treated with oestrogen or combined oral contraception,
whereas 30 women (17.4%) were treated with progestin and 15
women (8.7%) were treated with GnRH analogues. A total of
30 women (17.4%) were treated with opioids (Table SI). A total
of 92 patients (53.5%) could distinguish between symptoms
from the GI tract and their endometriosis symptoms; whereas
for 49 patients (28.5%), the origin of the GI symptoms could
not be determined.

There was no correlation between AXINI and hs-CRP
levels (r=-0.018; P=0.818). BMI was correlated with hs-CRP
levels (r=0.288; P<0.001). AXINI levels were not correlated
with BMI (P=0.700), but were correlated with the duration
of endometriosis (r=0.172; P=0.047) and the duration of GI
symptoms (r=0.244; P=0.009). Furthermore, significant
correlations were identified between AXINI levels and
the degree of vomiting and nausea (r=0.176; P=0.024) as
well as with the intestinal symptoms' effect on the quality
of life (r=0.222; P=0.004). Hs-CRP levels were not corre-
lated with specific GI symptoms (data not shown). Women
that were treated with hormonal therapy exhibited higher
levels of AXINI and hs-CRP compared with those without
treatment (P=0.036 and P<0.001, respectively). Treatment
with oestrogen, combined oral contraception (P=0.048 and
P<0.001, respectively) and progestin (P=0.010 and P=0.036,
respectively) also affected the levels of the aforementioned
markers (Table IIT). Neither AXINI, nor hs-CRP levels,
were affected by treatment with GnRH analogues (P=1.000
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Figure 2. Scatter plot showing the inverse correlation between blood erythro-
cytes and plasma AXINI levels. r=-0.271, P=0.033.
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Figure 4. Scatter plot showing the correlation between blood haemoglobin
and age. r=0.370, P=0.003.

and P=0.657, respectively) or opioid treatment (P=0.375 and
P=0.423, respectively).

In the women whom did not undergo hormonal treatment
(n=92), there was a significant correlation between their
AXINTI levels and the duration of GI symptoms (r=0.270,
P=0.044) or the effect of intestinal symptoms on quality of life
(r=0.301; P=0.005), whereas, there was no significant corre-
lation between AXINTI levels, the duration of endometriosis
symptoms and the degree of vomiting and nausea (P=0.128
and P=0.337, respectively). Hs-CRP levels were correlated
with BMI (r=0.229, P=0.036), following exclusion of the
patients who underwent hormonal treatment.

Following logistic regression analysis, no associations
were noted between AXINI levels and sociodemographic
factors or other characteristics. However, there was a clear
tendency towards an association with hormonal treatment
(P=0.061; Table IV). The duration of GI symptoms and the
degree of diarrhoea, constipation, vomiting and nausea, and
the effect of intestinal symptoms on quality of life were all
associated with higher levels of AXINI (Table V). Hs-CRP
levels were associated with higher BMI values and with
hormonal treatment. These conclusions remained following
adjustment for both variables [OR, 11.704 (CI, 2.486-55.108),
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Table III. AXIN1 and hs-CRP levels in patients treated with different hormonal treatments.

AXINTI, pg/ml hs-CRP, mg/1
Treatment Median (IQR) P-value Median (IQR) P-value
Current hormonal treatment 0.036 <0.001°
Yes, n=80 340.00 (187.50-400.00) 1.65 (0.74-4.68)
No, n=92 270.00 (160.00-370.00) 0.77 (0.60-2.20)
Current oestrogen or combined oral contraception 0.048 <0.001°
Yes, n=42 360.00 (210.00-400.00) 2.70 (0.99-4.80)
No, n=92 270.00 (160.00-370.00) 0.77 (0.60-2.20)
Current progestin treatment 0.010 0.036°
Yes, n=30 350.00 (260.00-420.00) 1.50 (0.74-4.10)
No, n=92 270.00 (160.00-370.00) 0.77 (0.60-2.20)

1P<0.05, "P<0.001. Hs-CRP, high sensitivity-C-reactive protein; IQR, interquartile range.

P=0.002 for obese individuals compared with normal-weight
individuals and OR, 2.361 (CI, 1.215-4.588), P=0.011 for
hormonal treatment compared with no hormonal treat-
ment, respectively). The localisation of endometriosis did
not affect plasma levels of AXINI (Table IV) or hs-CRP
(data not shown).

Discussion

The primary findings of the present study were that there was
a negative correlation between P-AXINI levels and the levels
of F-calprotectin, B-haemoglobin as well as the number of
B-erythrocytes and B-platelets. Furthermore, there was a
positive correlation between P-AXIN1 levels and the dura-
tion of endometriosis, duration of GI symptoms as well as
the degree of certain GI symptoms. In a logistic regression
model, significant associations were identified between higher
AXINI levels and the duration of GI symptoms, the degree
of diarrhoea, constipation, vomiting and nausea and the
intestinal symptoms' effect on quality of life. Furthermore,
P-AXINI levels were increased in patients with hormonal
treatment. Higher hs-CRP levels were associated with obesity
and hormonal treatment.

AXINI acts as a repressor of the Wnt signalling
pathway (8). Additionally, AXIN1 expression is increased in
women with endometriosis compared with the expression in
control subjects (7). The Wnt signalling pathway is responsible
for a number of biological processes including growth and
proliferation of cells in various organs (9,10). Previous studies
suggested that this pathway enabled tissue regeneration, which
could improve wound repair (9,24). Dysregulation of the Wnt
signalling pathway is attributed to a number of diseases, such
as ovarian cancer, intestinal inflammation, bacterial infection
and autoimmune disorders (9,10,24-29). The mechanisms of
action of the Wnt signalling pathway have been previously
described (8,9,24,26,28,30-32). AXIN1 acts as a scaffolding
protein, whichinteracts with other proteins,such as GSK3,APC,
CKla and p-catenin (9). By building a ‘destruction complex’,
AXINI negatively regulates the Wnt signalling pathway via
phosphorylation of 3-catenin (9,24). It has been suggested that

AXINTI is the rate limiting protein of the destruction complex,
which suggests that the increase in AXINI expression repre-
sents the increased destruction of 3-catenin and the inhibition
of the Wnt signalling pathway (9,26). However, the quantitative
ratios of other proteins involved in the Wnt signalling pathway
or in [3-catenin degradation have to be established to confirm
this hypothesis (9). The findings of the present study showed
there was a negative correlation between AXINI levels and
certain inflammatory markers, which reflects the complex and
intimate regulation between several inflammatory pathways
and the Wnt signalling pathway (9,24,30-32).

It has been suggested that aberrant activation of the Wnt
signalling pathway may promote the development of endome-
triosis through increased cell migration and invasion (33,34).
It remains to be determined whether the increased levels of
AXINI and the downregulation of the Wnt signalling pathway
serve as an initiating step in the development and establishment
of endometriosis, or whether the elevated AXINI levels are a
secondary compensatory mechanism in response to increased
[B-catenin levels. It is also unclear whether AXINT is a pro-
or an anti-inflammatory factor. An anti-inflammatory effect
of AXINI would explain the inverse correlation with other
inflammatory biomarkers. Further research is required in order
to exclude the effects of hormonal treatment on AXIN1 levels,
and to establish the causal link between increased AXINI
levels and decreased levels of other inflammatory biomarkers.
Higher AXINI1 and hs-CRP levels were observed in the treated
patients of the present cross-sectional study. These levels may
hypothetically indicate that hormonal treatment is given to the
patients with the highest levels of inflammation. Furthermore,
the therapeutic effect of hormonal therapy may be mediated
by increased AXINI levels. Blood samples should be collected
before commencing treatment for suspected endometriosis,
and the patients should be re-examined regularly.

AXINI levels were positively associated with several GI
symptoms. Approximately half of the patients could distin-
guish whether the symptoms originated from the GI tract or
whether they were of gynaecological origin. Nevertheless, it is
unclear whether the patients who could distinguish their symp-
toms had only referred to symptoms from the GI tract in their
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Table I'V. Associations between sociodemographic factors and medical history with AXINT1 levels.

AXINI AXINI
<300 pg/ml, =300 pg/ml, 95% Confidence

Characteristics n=82 n=86 QOdds ratio intervals P-value
Age, years, n (%)

<33 21 (25.6) 22 (25.6) 1

33-37 24 (29.3) 20 (23.3) 0.795 0.343-1.847 0.594

38-42 18 (22.0) 22 (25.6) 1.167 0.492-2.767 0.726

>43 19 (23.2) 22 (25.6) 1.105 0.469-2.604 0.819
BMI, kg/m?, n (%)

<25 50 (61.0) 47 (54.7) 1

25-29.9 25 (30.5) 26 (30.2) 1.106 0.562-2.180 0.770

=30 6(7.3) 11 (12.8) 1.950 0.668-5.694 0.222

Missing 1(1.2) 2(2.3) - - -
Smoking, n (%)

No smoking 68 (82.9) 74 (86.0) 1

Smoking 14 (17.1) 11 (12.8) 0.722 0.307-1.699 0.456

Missing 1(1.2) - - -
Alcohol consumption, n (%)

<1 glass/week 53 (64.6) 51(59.3) 1

>1 glass/week 29 (35.4) 34 (39.5) 1.218 0.651-2.281 0.537

Missing 1(1.2) - - -
Physical activity, n (%)

<1 h/week 37 (45.1) 48 (55.8) 1

>1 h/week 45 (54.9) 37 (43.0) 0.634 0.344-1.167 0.143

Missing 1(1.2) - - -
Duration of endometriosis, year, n (%)

<5 21 (25.6) 10 (11.6) 1

5-10 17 (20.7) 18 (20.9) 2.224 0.815-6.064 0.118

11-17 17 (20.7) 10 (20.9) 2.224 0.815-6.064 0.118

>18 15 (18.3) 17 (19.8) 2.380 0.855-6.628 0.097

Missing 12 (14.6) 23 (26.7) - - -
Localisation of endometriosis, n (%)

Ovarian 31 (37.8) 34 (39.5) 1

Outside ovarian 47 (57.3) 50 (58.1) 0.970 0.517-1.819 0.924

Missing 4 (4.9) 2(2.3) - - -
Treatment, n (%)

No hormonal treatment 50 (61.0) 40 (46.5) 1

Hormonal treatment 32 (39.0) 46 (53.5) 1.797 0.973-3.319 0.061

answers, or if the symptoms represented complaints from both
sites. Therefore, it is unclear what the symptoms mean, and
the only evidence presented was that the patient suffered from
GI symptoms, as described previously (3,4). However, inde-
pendent of whether the patient can distinguish their symptoms
from different organs, the GI symptoms may have the same or
similar underlying pathophysiology. Low-grade inflammation
and visceral hypersensitivity are considered important factors
in the aetiology of the GI symptoms in both IBS and endometri-
osis (4,35). The association between GI symptoms and AXIN1
levels seemed to be unique for endometriosis, since AXIN1
levels in patients with MC (7) and IBS (unpublished data) did

not exhibit an association with GI symptoms. However, the
associations may be influenced by psychological factors that
in turn affect both nausea and the influence of symptoms on
the quality of life (36). The lower number of patients may
explain the fact that some correlations disappeared following
exclusion of patients with hormonal treatment. Therefore, the
reduced correlation and loss of significance do not necessarily
indicate the absence of correlations.

Hs-CRP levels were not correlated with AXIN1 levels, or
associated with disease duration or the degree of GI symptoms.
These findings support previous studies stating that hs-CRP
levels are irrelevant in the diagnosis of endometriosis (13). The
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Table V. Associations between GI symptoms and lower or higher AXIN1 levels.

AXINI1 AXINI
<300 pg/ml, =300 pg/ml, 95% Confidence

Characteristics n=82 n=86 QOdds ratio intervals P-value
Duration of GI symptoms, years, n (%)

<5 12 (14.6) 14 (16.3) 1

5-9 15 (18.3) 15(17.4) 1.429 0.499-4.091 0.774

10-19 15 (18.3) 14 (16.3) 1.538 0.532-4.449 0.680

>20 14 (17.1) 14 (16.3) 3.889 1.348-11.216 0.778

Missing 26 (31.7) 29 (33.7) - - -

P for trend 0.763

P for log value 0.036*
Abdominal pain, mm, n (%)

<10 23 (28.0) 18 (20.9) 1

10-39 24 (29.3) 23 (26.7) 1.225 0.528-2.840 0.637

40-71 18 (22.0) 18 (20.9) 1.278 0.520-3.138 0.593

>72 16 (19.5) 25 (29.1) 1.997 0.828-4.813 0.124

P for trend 0.133

P for log value 0.156
Diarrhoea, mm, n (%)

0 31 (37.8) 22 (25.6) 1

2-14 9(11.0) 19 (22.1) 2.975 1.135-7.793 0.027*

15-54 21 (25.6) 20 (23.3) 1.342 0.591-3.049 0.482

>55 20 (24.4) 23 (26.7) 1.620 0.720-3.646 0.243

P for trend 0.407

P for log value 0.285
Constipation, mm, n (%)

0 30 (36.6) 16 (18.6) 1

2-27 12 (14.6) 25 (29.1) 3.906 1.561-9.778 0.004°

28-69.4 20 (24.4) 21 (24.4) 1.969 0.831-4.662 0.124

>69.5 19 (23.2) 21 (24.4) 2.072 0.870-4.936 1.000

P for trend 0.216

P for log value 1.00
Bloating and flatulence, mm, n (%)

<175 22 (26.8) 20 (23.3) 1

17.5-54 19 (23.2) 23 (26.7) 1.332 0.565-3.140 0513

55-79 14 (17.1) 23 (26.7) 1.807 0.736-4.440 0.197

>80 26 (31.7) 18 (20.9) 0.762 0.324-1.787 0.531

P for trend 0.656

P for log value 0.905
Vomiting and nausea, mm, n (%)

0 39 (47.6) 22 (25.6) 1

2-8 5(6.1) 19 (22.1) 6.736 2.209-20.546 0.001°

9-44 19 (23.2) 21 (24.4) 1.959 0.870-4.410 0.104

>45 18 (22.0) 22 (25.6) 2.167 0.961-4.886 0.062

P for trend 0.095

P for log value 0.040*
Psychological well-being, mm, n (%)

<8 22 (26.8) 19 (22.1) 1

8-29 22 (26.8) 21 (24.4) 1.105 0.469-2.604 0.819

30-63.4 18 (22.0) 23 (26.7) 1.480 0.620-3.532 0.378

>63.5 19 (23.2) 21 (24.4) 1.280 0.535-3.063 0.580

P for trend 0.460

P for log value 0434
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AXIN1 AXIN1
<300 pg/ml, =300 pg/ml, 95% Confidence

Characteristics n=82 n=86 Odds ratio intervals P-value
Intestinal symptoms' effect (mm)

<8.5 27 (32.9) 15(17.4) 1

8.5-39 20 (24.4) 21 (244) 1.890 0.784-4.554 0.156

40-74 22 (26.8) 20 (23.3) 1.636 0.682-3.924 0.270

=75 12 (14.6) 28 (32.6) 4.200 1.665-10.592 0.002°

P for trend 0.005°

P for log value 0.007°
Incomplete evacuation

No symptom 36 (43.9) 31 (36.0) 1

Symptom 44 (53.7) 49 (57.0) 1.293 0.689-2.427 0.888
Defecation urgency

No urgency 49 (59.8) 48 (55.8) 1

Urgency 31(37.8) 29 (33.7) 0.955 0.502-1.818 0423

"P<0.05,"P<0.01.

association between hs-CRP levels with higher BMI levels
may reflect low-grade inflammation due to obesity (37).

F-calprotectin has been reported as a marker for the differ-
entiation between IBS and inflammatory bowel diseases (16,17),
and as a potential biomarker for the severity of IBS (12).
Measurable F-calprotectin levels were most often noted in
participants who experienced incomplete evacuation when
defecating, and in participants with a higher degree of constipa-
tion. These conditions are characterized by increased straining,
which may lead to invasion of leukocytes in the mucosa and
measurable calprotectin levels in faeces (38). Therefore,
F-calprotectin may reflect straining, rather than an association
with endometriosis, since bowel involvement of endometriosis
did not affect F-calprotectin levels. However, F-calprotectin
levels in the grey zone, and even high levels, may be found in
some healthy subjects as well. This effect could possibly be
explained by drug intake (39,40). The low number of patients
with measurable F-calprotectin levels in the present study
suggest that it is not of major importance in endometriosis.

Overall, no correlations between the localisation of endo-
metriosis and the levels of inflammatory biomarkers were
found. Therefore, the ability to classify the stage and localisa-
tion of endometriosis is a continuous concern for research and
is considered important in creating a common classification
when comparing case reports and clinical studies.

Several other biomarkers, such as CA-125 and CA-19-9,
have also been analysed in patients with endometriosis (6).
However, no biomarkers were considered to be useful for the
diagnosis of endometriosis (6,41). The usefulness of AXIN1
as a biomarker has to be further examined, independently
of other biomarkers. Furthermore, even if AXINI1 is not a
useful biomarker, it may be an interesting factor to study to
learn more regarding the pathophysiology underlying disease
initiation and/or development and clinical manifestations of
the disease. Thus, the aim of the present study was to not only

to identify biomarkers, but to also understand the mechanisms
underlying endometriosis.

The primary strength of the present study was the large
sample size of the patients with measurable AXINI levels.
The primary limitations are the cross-sectional design without
the prospective follow-up and the inability to describe the
causality of the findings.

In conclusion, in patients with endometriosis, P-AXIN1
levels were negatively correlated with F-calprotectin and
humoral inflammatory biomarkers, with the exception of
hs-CRP. In addition, they were positively correlated with the
duration of endometriosis and the GI symptoms, as well as with
vomiting and nausea and the symptoms' effect on quality of
life. Increased AXINI levels were associated with duration of
GI symptoms and the degree of specific GI symptoms. AXIN1
levels were increased in patients with hormonal treatment. The
measurement of hs-CRP, F-calprotectin and other humoral
biomarkers was determined to be of no value in endometriosis.
Future studies are required to determine the effect of hormonal
treatment on P-AXINI, as well as the potential role of AXINI
in the development of endometriosis and associated symptoms,
and its role as a potential biomarker for the disease.
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