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Abstract

Endometriosis is a disease characterized by the growth of endometrial tissue outside the uterus and
is associated with chronic pelvic pain. Peritoneal fluid (PF) of women with endometriosis is a
dynamic milieu, rich in inflammatory markers and pain-inducing prostaglandins PGE,/PGF,, and
lipid peroxides, and the endometriotic tissue is innervated with nociceptors. Our clinical study
showed the abundance of oxidatively-modified lipoproteins in the PF of women with
endometriosis and the ability of antioxidant supplementation to alleviate endometriosis-associated
pain. We hypothesized that oxidatively-modified lipoproteins present in the PF are the major
source of nociceptive molecules that play a key role in endometriosis-associated pain. In this
study, PF obtained from women with endometriosis or control women were used for (i) the
detection of lipoprotein derived oxidation-sensitive pain molecules, (ii) the ability of such
molecules to induce nociception, and (iii) the ability of antioxidants to suppress this nociception.
LC-MS/MS showed the generation of eicosanoids by oxidized-lipoproteins similar to that seen in
the PF. The oxidatively-modified lipoproteins induced hypothermia (intra-cerebroventricular) in
CD-1 mice and nociception in the Hargreaves paw-withdrawal latency assay in Sprague-Dawley
rats. Antioxidants, vitamin-E and N-acetylcysteine and the NSAID, indomethacin suppressed the
pain inducing ability of oxidatively-modified lipoproteins. Treatment of human endometrial cells
with oxidatively-modified lipoproteins or PF from women with endometriosis showed up-
regulation of similar genes belonging to the opioid and inflammatory pathways. Our finding that
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oxidatively-modified lipoproteins can induce nociception has a broader impact not only in the
treatment of endometriosis-associated pain but also in other diseases associated with chronic pain.

INTRODUCTION

Endometriosis is a highly debilitating inflammatory disease [37] that afflicts 10-15% of
women of child-bearing age [4; 12]. It is characterized by the presence of endometrial cells
outside the uterus and often presents with pain and/or infertility. Endometriosis is most
commonly associated with dysmenorrhea, dyspareunia, non-cyclic pain and abdominal pain
[73; 77]. Laparoscopic surgery to remove the endometriotic tissue is a major treatment
option to relieve pain, but often results in recurrence of the disease [19; 30]. The relationship
between the severity of the disease and the presence of pain symptoms is not well defined
[43]. It has been hypothesized that the ectopic lesion releases chemotactic molecules that
attract immune cells into the peritoneal cavity, accumulating in the peritoneal fluid (PF) [6;
34]. This triggers the secretion of more cytokines and growth factors, thus sustaining the
growth of the lesion [5].

The cyclooxygenases (COX-1 and COX-2) and 12, 15, or 5-lipoxygenase derived lipid-
mediators from arachidonic acid (AA), such as prostaglandin E, (PGE,) and prostaglandin
Foq [56] and 12- and 15-(S)-hydroperoxyeicosatetraenoic acids (HPETE), 5- and 15-(9)-
hydroxyeicosatetroenoic acids (HETE), and leukotriene B4 are potent activators of
nociceptors [21; 72] and participate in nociception, or the ability to feel pain [84].
Endometriotic tissues expresses COX-2 [11; 36] and PF of patients with endometriosis
contain varying amounts of PGE, and PGF,, [66; 82]. Chronic pain is often attributed to
tissue inflammation and injury resulting from oxidative stress and oxidants such as
superoxide and nitric oxide (NO) play a role in nociception [1; 81].

Non-steroidal anti-inflammatory drugs (NSAIDs) which inhibit COX enzymes and prevent
the enzymatic oxidation of AA to generate prostanoids are the most commonly prescribed
agents to alleviate pain in endometriosis [2; 75]. Interestingly, AA can undergo non-
enzymatic (free-radical mediated) oxidation to generate prostaglandin-like products that may
not be inactivated by NSAIDs [21]. The source or nature of these prostaglandin-like
products, the likelihood of these molecules to play a role in nociception and agents that
inhibit their production is not currently known. This discovery will be highly beneficial in
the treatment of chronic pain.

Studies from our laboratory has shown the importance of oxidative stress in the etiology of
endometriosis [46; 47; 68] and showed increased presence of oxidative and inflammatory
stress markers in the PF of women with endometriosis [68]. Many of these oxidant-sensitive
markers increase inflammatory response and endometriotic lesion growth in animal models
of endometriosis [14; 47], which can be prevented by antioxidant (N-acetylcysteine or
vitamin E) supplementation [57; 60; 67]. Interestingly, our clinical trial showed that
antioxidant (vitamin E and C) supplementation also lowered pain responses in women with
endometriosis [67] thus suggesting that the nociceptive molecules are oxidation-sensitive.
We have shown that women with endometriosis have high levels of lipoproteins (abundant
in AA), in their PF [46; 47; 68]. In the present study, we provide evidence that these
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lipoproteins undergo non-enzymatic oxidation and generate prostaglandin-like molecules
that modulate nociception in animal models of pain. Antioxidants can suppress the
generation of these nociceptive molecules.

MATERIALS AND METHODS

Human subject participants

Approximately, 50 women/group, ages 18-60 years undergoing tubal ligation (control
women, without endometriosis) or undergoing laparoscopy for endometriosis were recruited
from the Department of Obstetrics and Gynaecology, Cabell Huntington Hospital, Marshall
University School of Medicine, Huntington, WV and Emory University School of Medicine,
Atlanta, GA. This HIPAA compliant study was approved by the Institutional Review Board
of the Marshall University School of Medicine and Emory University School of Medicine
and was carried out according to the principles of the Declaration of Helsinki. All patients
were consented prior to the study. All women completed a validated patient history form and
an assessment form of pain using a visual analogue scale for assessment of endometriosis
associated pain (dysmenorrhoea, non-menstrual pelvic pain, dyspareunia, and dyschesia)
(adapted from the validated International Pelvic Pain Society’s Pelvic Assessment Form).
Peritoneal fluid (devoid of blood contamination) was collected on ice during surgery, then
immediately transferred to the research facility and centrifuged at 2000xg to remove any
cellular debris. The supernatant was used immediately for studies or stored at -80°C freezer
for future use. The inclusion criteria for the study included adult non-smoking women, age
18-60 years, with normal menstrual cycles and otherwise in normal health (except for pain
and endometriosis) who had not been on any hormonal medication for at least 1 month
before sample collection. Exclusion criteria included subjects with current medical illnesses
such as diabetes, cardiovascular disease, hyperlipidemia, hypertension, systemic lupus
erythematosis or rheumatologic disease, positive HIV/AIDS, active infection, current
medications such as hormonal/anti-hormonal medications, anti-inflammatory medications
including corticosteroids. Subjects were asked to stop multivitamins that contain high levels
of antioxidants at least one week prior to the surgery. The menstrual phase was calculated
from the last menstrual period data obtained from the patient history forms.

Low Density Lipoprotein (LDL) isolation

LDL was isolated from heparinized blood obtained from normal human volunteers by the
single-spin ultracentrifugation technique using a Beckman Table Top TL100 ultracentrifuge
[17]. Since lipo-polysaccharide (LPS) contaminations can induce inflammatory responses,
careful precautions were used to avoid any auto-oxidation or LPS contamination. LPS free
water and buffers were used for all isolation procedures and the LPS levels were determined
using the LAL assay (Limulus Amebocyte Lysate assay, CapeCod Inc, Falmouth, MA). The
protein concentration of the isolated LDL was measured using Lowry’s method [38].

Oxidation of LDL in the presence or absence of antioxidants or NSAIDs

Briefly, 100ug/mL of LDL was incubated with 5uM of copper sulfate (an oxidant) in ImL
of 1X phosphate buffered saline (PBS, pH 7.4). Lipid peroxidation was initiated by the
reaction between copper and polyunsaturated lipids present in the lipoproteins. The
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oxidation was measured in a Shimadzu UV-VIS spectrophotometer by following the
generation of conjugated-diene products (lipid peroxidation marker) which has a unique
absorption at OD 234nm (Supplementary Figure 1A). The oxidation process was terminated
at specific time points to generate various forms of oxidatively-modified LDL preparations,
by the addition of 50uM of 1mM EDTA (a copper chelator). The LDL preparations
included: (a) native LDL (LO0), (b) minimally-modified LDL-L1 (usually terminated at the
end of the lag time), (c) oxidized LDL-L2 (after the oxidation has reached its plateau) and
(d) completely or fully oxidized LDL-L3 (after 24 hours of oxidation) [51-53]. Control LDL
preparations were incubated without copper and stopped at various time points similar to the
one that goes through oxidation (in the presence of copper) to serve as respective non-
oxidized LDL controls. These various forms of LDL preparations represent LDL that has
undergone oxidation at various levels and thus has undergone changes in both chemical and
biochemical properties [51-54]. Oxidative modification of LDL increases its negative charge
which is reflected by its increased electrophoretic mobility as shown in Supplementary
Figure 1B [3]. These represent heterogeneous LDL molecules that are theoretically possible
to be physiologically present [54]. The various LDL preparations were prepared fresh for
use in nociception and all other studies.

For antioxidant studies, the above LDL preparations were generated in the presence of
antioxidants, N-acetylcysteine (ImM) or vitamin E (50uM) or the COX inhibitor
indomethacin (1pg) (NSAID). Briefly, 100pg/mL of LDL was incubated with 5uM of
copper sulfate in the presence of these agents and the oxidation was followed at OD 234 nm
in a UV-VIS spectrophotometer. These preparations were used in the cell culture
experiments and in Hargreaves nociception assay.

Thiobarbituric acid related substances (TBARS)

TBARS are a measure of the extent of oxidation when lipids undergo peroxidation. TBARS
were measured in all the LDL preparations at the end of oxidation, as an increase in optical
density 540nm using a standardized protocol [83]. The amounts of TBARS were quantitated
using commercially available malondialdehyde (Sigma-Aldrich, St. Louis, MO) as standard
and expressed as nmoles/mg protein. Typically, TBARS levels of the various preparations
range as follows: LO<5 nmoles; L1=15-20 nmoles; L2=35-40 nmoles; L3>35 nmoles.

Agarose and native gel electrophoresis for lipoproteins

Agarose gel electrophoresis (Beckman Coulter Inc., Brea, CA) was used to separate
lipoproteins in the PF and plasma and the various oxidatively modified LDL preparations
(LO, L1, L2 and L3) using manufacturer’s instructions. The lipoproteins were identified
using Fat red O staining. Commercially available LDL and HDL samples were used as
standards. 10% native polyacrylamide gel electrophoresis was used to detect the presence of
apolipoprotein B (Mol weight >200 kd) in the PF samples. Proteins were detected using
Coomassie brilliant blue after separation of the samples on a native PAGE.

Prostaglandin E, (PGE>) and 8-Isoprostane (8-Iso) detection using EIA kits

In order to asses if the non-enzymatic oxidation of lipoproteins can generate PGE,-like
molecules, PGE, and 8-isoprostane levels were detected in both the PF and oxidatively
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modified LDL preparations using commercially available Enzyme Immunoassay (EIA) kits
from Cayman Chemicals (Ann Arbor, MI). 100ul of the LDL preparations were either
directly (no dilution) or after dilutions (10-1000 fold dilution in 1xPBS) and 50 pL of PF
were used in the EIA assays. Manufacturer’s instructions were followed for both the
measurements and post-analysis of PGE, and 8-isoprostanes and expressed as pg/ml. T-test
was used to compare the levels of PGE; in the control PF to the levels in endometriotic PF.
In addition, one-way ANOVA followed by Dunnett’s multiple comparison test was used to
compare the levels of PGE,-like molecules generated in all the oxidatively modified LDL
preparations (L1, L2, L3) to the levels generated in the native LDL (unoxidized LDL-LO)
control preparation.

LC-MS/MS detection

Eicosanoids and 20:4n6 lipids were extracted from PF and LDL preparations using an
acetone liquid/liquid extraction [9; 10; 24] with slight modifications. PF or LDL
preparations (500ul) was extracted with 500ul saline (0.9% NaCl) and 2mL acetone with
deuterium labelled internal standards (100pg PGE,-dg; 500pg PGFoa-ds, LTBy4-ds, TXBo-d4,
5S-HETE-dg, 12S-HETE-dg; 10ng 20:4n6-dg) (Cayman Chemicals) at pH 3.0 followed with
2 mL of chloroform with 0.005% BHT. The extract was dried under nitrogen and re-
dissolved in 12ul of acetonitrile:water (40:60). The LC-MS/MS system consisted of an
ACUITY UPLC pump (Waters; Milford, MA), and a XEVO TQ-S triple quadruple mass
spectrometer (Waters) with electrospray ion source. The autosampler temperature was 8°C.
Ten pL of sample was injected onto an ACUITY UPLC HSS T3 column (1.8uM, 100A pore
diameter, 2.1x150 mm, Waters) with an ACUITY UPLC HSS T3 precolumn (1.8uM, 100A
pore diameter, 2.1x5 mm, Waters). The separation was performed as previously described
[7; 9]. The flow rate was 0.45mL/min and the initial conditions were 39%B (0.1% formic
acid in acetonitrile) and 61%A (0.1% formic acid in water). At 0.5min solvent B was
increased to 40.5% over 6.88min, then increased to 70% over 1.62min, then increased to
75% over 3min, further increased to 98% over 1.5min and held for 5.3min. The solvents
were then returned to initial conditions over 0.2min and held for 2min to re-equilibrate the
column. The mass spectrometer was operated in negative ion mode. The capillary and cone
voltage were 2.3kV and 30V, respectively. The desolvation and source temperature were
550C and 150C, respectively. The nebulizer gas was 7.0 bar and the desolvation and cone
gas flows were 1000L/h and 150L/h, respectively. MassLynx V4.1 (Waters) was used for
instrument control, data acquisition and sample analysis.

PGF,a, TXBy, 20:4n6, LTB,4, and 5-HETE were quantified using PGF,a-d4, TXBy-dg,
20:4n6-dg, LTBy4-d4, and 5S-HETE-dg as an internal standard, respectively, 12-HETE and
15-HETE using 12S-HETE-dg, and all other PG were quantified using PGE,-dg as
previously validated [24]. Analytes were monitored in MRM mode as previously described
[8-10; 24] using the following mass transitions: PGE»-351.18/271.13; 11f-
PGE,-351.18/271.13, 8-isoPGE,-351.18/271.13, PGD»-351.06/271.14; 6-
ketoPGF4,-369.26/163.07; PGF,.-353.07/193.04; TXB,-369.20/169.00;
20:4n6-303.07/259.21; LTB4-335.07/194.99; 5-HETE-319.20/115.20; 12-
HETE-319.10/267.21; 15-HETE - 319.12/219.09; PGE,-dg-360.2042/280.17; PGFy,-
d4-357.16-197.01; TXB,-d4-373.22-173.03; 20:4n6—-dg-310.93/267.21; LTBy-
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d4-339.26/197.06; 5S-HETE-dg-326.86/116.03; 12S-and-HETE-dg-327.12/184.04. The
collision energies used were (eV): PGE,-16; PGD,-16; 113-PGE»-16, 8-isoPGE»-16,6-
ketoPGF1, - 24; PGFy,-20; PGFy-d4-22; TXB,-12; PGEy-dg-14; TXBj-d4-12; 20:4n6-12;
LTB4-14; 20:4n6-dg-12; LTB4-d4-14; 5-HETE-10; 12-HETE-12; 15-HETE-10; 5S-HETE-
dg-14; 12S-HETE-dg-12.

Neuropathic and Inflammatory RT2 PCR Array

Ishikawa cells (Sigma, St. Louis, MO), a human (39 year old female) established
endometrial cell-line, was cultured in T75 flasks in complete media (DMEM/F12, Pen/Strep,
FBS, glutamine). These cells were used since they express similar characteristics of mature
endometrial epithelial cells [15; 35; 76]. About 80% confluent cells were treated with either
PGE; (50ng/ml), 25ug of various LDL preparations, or 100ul of PF from patients with and
without endometriosis for 48 hours. The concentrations chosen were selected from
preliminary unpublished studies. At the end of 48 hours, cells were collected using QlAzol
reagent (Qiagen, Gaithersburg, MD) and RNA was isolated using Qiagen RNeasy Mini Kit.
cDNA synthesis from 1ug of each sample was achieved using Qiagen RT? First Strand Kit.
Nociceptive and inflammatory pathway genes were analyzed in the cDNA samples using the
commercial Human Pain: Neuropathic and Inflammatory RT2 PCR Array (PAHS-162ZA,
Qiagen, Valencia, CA) on the BioRad MyiQ system. Ishikawa cells treated with 1%
charcoal-stripped serum containing media alone (DMEM/F12, Pen/Strep, charcoal-stripped
FBS, glutamine) were used as the control group. Fold change was determined using Pfaffl
equation [2-(dd¢)] for all groups compared to media control using the manufacturers
(Qiagen) algorithm which uses T-test as the default statistics to compare differences
between control and treated groups. A stringent 4-fold cutoff was used to identify
differentially expressed genes in Ishikawa cells treated by various groups compared to the
charcoal-stripped media treated cells (control group).

Body temperature assay (intracerebroventricular injections- hypothermia/hyperthermia)

Intracerebroventricular (i.c.v.) injection of PGE, produces fever (hyperthermia) through an
agonist action at the four subtypes of EP receptors (notably EP3 and EP1). Prostaglandins
interact with these receptors to modulate body temperature (hypothermic or hyperthermic
response) [23; 48]. To assess whether the oxidized LDL preparations function similarly, we
assessed the effect of these lipids on body temperature in mouse models. An IACUC
approval from Louisiana Health Sciences Center Institutional Review committee was
obtained for this study. All investigators were certified to perform animal studies. Groups of
male CD-1 mice (n =8; Charles River, Boston, MA) weighing 34-40g were acclimated to the
testing room for 3 hrs. Baseline body temperatures were taken rectally three times separated
by at least 10 min using a thermistor telethermometer (Cole-Parmer). Only the last
determination was used for statistical comparison. After baseline testing, 5 pl of saline
(control), 1ng/ml PGE,, LDL-L0 (100 pg/ml), or one of the oxidized LDL preparations (L1,
L2, L3) was injected i.c.v. using a 30 gauge needle attached to a Hamilton microsyringe
with PE10 tubing [27]. After injection, body temperature was assessed every 10 min for 1
hr. After the first hour, temperatures were assessed at 120 min, 160 min and 24 hours after
initial injection. Baseline temperatures were subtracted from post-injection temperatures,
and reported as mean change in body temperature. The mice were euthanized at the end of
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the study using IACUC approved procedures. Two-way ANOVA (repeated measures)
followed by Bonferroni’s post-hoc test was used to assess the difference in body temperature
between saline injection and the other treatments over time.

Hargreaves Paw Withdrawal pain assay

To assess whether the non-enzymatically oxidized lipoproteins are a potential source of pain
inducing molecules, we performed a Hargreaves assay of paw withdrawal latency as a
measure of in vivo pain response using known pain inducers (carrageenan and PGE2), and
compared it to native LDL (LO) and its oxidized forms (L1 and L2). The Hargreaves Method
[28] was performed to measure nociception (pain) in rodent models using the IITC Model
390 Plantar Test Analgesia Meter (Woodland Hills, CA). An IACUC approval from
Marshall University Institutional Review committee was obtained for this study. All
investigators were certified to perform animal studies. Male Sprague-Dawley rats (Hill-top
Lab animals, Scottdale, PA), 7-8 weeks of age, were used for this study. Briefly, a beam of
light was directed onto the midplantar (dorsal surface) region of the hindpaws. The operator
turned off the light and recorded the time of withdrawal of the hindpaw from the surface.
The active intensity was set at 25% and the cutoff time as 20 secs. Treatments were
performed through a randomized blinded study. Each treatment sample (100uL) was
injected into the dorsal surface of the hindpaw of the rats and readings (paw withdrawal
time) were measured every 30 minutes for the first hour and subsequently every hour for a
total of 8 hours. An additional measurement was performed after 24 hours, post-injection.
Saline injected on the left paw was used as an internal control to account for volume and
pain related behaviour associated with injection. Treatments included 3% carrageenan (an
irritant that produces pain), 50ng/mL PGE,, 100ul of different oxidatively modified forms of
LDL protein (100ug/mL), PF from women with and without endometriosis (100uL).
Carrageenan served as a positive control to validate the use of the Hargreaves paw
withdrawal pain assay. In order to investigate if antioxidants would mitigate the nociceptive
response mediated by oxidatively-modified lipoproteins, LDLs prepared in the presence of
antioxidants 1mM N-acetylcysteine, and 50uM vitamin E or the COX inhibitor 1ug
indomethacin were also tested for nociception. The paw-withdrawal time was recorded in
triplicates for each treatment per time point per rat. The number of rats used for each
experiment varied according to the treatment and were kept at least n>6 for all treatments.
The rats were euthanized at the end of the pain assessment using IACUC approved
procedures. The data were averaged for each time point and % withdrawal latency was
determined by comparing the treatment response time versus saline response time (equation
1). Thus, % withdrawal latency <100 is indicative of increased pain related behaviour
associated with the stated treatment, whereas a % withdrawal latency >100 is indicative of a
decrease in pain related behaviour with the stated treatment.

% Withdrawal Latency = [average time response to paw withdrawal of treatment]/ Equation

[average time response to paw withdrawal of saline] 1
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Statistical Analysis

Prism® software (Graphpad, Inc., La Jolla, CA) was used for statistical analysis of human
and cell culture studies. T-test was used for detecting differences in eicosanoids (LC-MS),
prostaglandins, 8-isoprostanes (EIA) and electrophoretic mobilities of isolated lipoproteins
between control and endometriotic PF. One-way ANOVA followed by Dunnett’s multiple
comparison test was used to find differences in PGE; levels between unoxidized LDL (LO)
and the oxidized preparations (L1-L3). Two way ANOVA followed by Bonferroni’s post
hoc test was used to detect differences in body temperature (icv) between treatments and
saline (control) over time.

Statistical analysis on results generated by the Hargreaves pain assay was implemented in R
(v 3.0.2) (www.r-project.org). Significance was defined at p-values < 0.05 (two-sided).
Linear mixed effects (LME) models on log10 transformed data were used to identify
significant differences in pain induction between the treatment groups of interest and the
internal control (saline) through time. All models originally contained an interaction term
with the time. Paired t-tests were used to compare differences between treatment and saline
at each time as a follow-up exploratory analysis following LME; however it should be stated
that the use of the paired t-test may increase probability of type 1 error.

Prism® software (Graphpad, Inc., La Jolla, CA) was used for preparation of graphs.

RESULTS

Human Studies

Presence of cyclooxygenase and lipoxygenase generated eicosanoids in PF
of women with endometriosis—EIA analysis was done on the PF samples from
endometriosis and control subjects. There was an increased presence of enzymatically
derived PGE; (p=0.07) (Figure 1A) and free-radical or non-enzymatically derived 8-
isoprostanes (p=0.005, T-test) (Figure 1B) in the PF of women with endometriosis (n=43)
compared to control (n=36) subjects. LC-MS/MS separation of the PF from a representative
number of patients (n=6/group) was done to confirm the presence of eicosanoids (both
enzymatic and non-enzymatically generated). Figure 1C showed higher levels of 12, 15 or 5-
lipoxygenase derived eicosanoids such as 12, 15-HETEs (p<0.05, T-test) or 5-HETEs, and
though not significant, cyclooxygenase derived eicosanoids such as PGE, and PGD in
endometriosis patients compared to control subjects.

Evidence for presence of maodified lipoproteins in the PF of women with
endometriosis—Supplementary Figure 2A shows a typical agarose gel separation of
lipoproteins (LDL, VLDL and HDL) present in plasma (PL), LDL isolated from the plasma
(PI-LDL), peritoneal fluid (PF) and LDL isolated from peritoneal fluid (PF-LDL). As shown
earlier, oxidative modification of LDL increases its negative charge which is reflected by its
increased electrophoretic mobility (Supplementary Figure 1B) [3]. We have earlier shown
that while 90% of the PF samples from subjects with endometriosis were positive for the
presence of lipoproteins (LDL and HDL), only 45% from normal subjects were positive for
lipoproteins [46; 47]. We had also previously shown that plasma LDL and PF-LDL of
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subjects with endometriosis had significantly greater electrophoretic mobilities of 0.87+0.08
and 1.37+0.15cm, respectively (p<0.005, T-test) compared to 0.6+£0.02 and 0.8+0.06cm in
control subjects, respectively [46; 47]. The presence of lipoproteins in the PF of subjects
with endometriosis did not appear to be due to contamination by blood. Supplementary
Figure 2B showed an intact apolipoprotein B (apoB) in the LDL isolated from the PF.

Non-enzymatic oxidation of LDL generates prostaglandin-like molecules—
Figure 2A shows that the non-enzymatically modified LDL preparations generated PGE5-
like molecules measurable using PGE, Enzyme Immunoassay (EIA) kits (Cayman
chemicals, Ann Arbor, MI). Compared to native LDL (L0), the levels of PGE,-like
molecules increased with the extent of LDL oxidation, (2-3 fold=L1, 5-6 fold=L2 and 10-12
fold=L3) (p<0.0001, one-way ANOVA, Dunnett’s multiple comparison test), i.e. the more
the length of oxidation time, the more formation of PGE,-like molecules were observed.
LC-MS/MS studies confirmed the generation of prostanoids PGE,, PGD, and 113-PGE,
and lipoxygenase products 12, 15 and 5-HETEs in the non-enzymatically modified LDLs
(Figure 2B). The prostanoid levels increased whereas LOX products decreased with increase
in extent of LDL oxidation (Figure 2C).

Studies in Rodent model

ICV Injections of LDL in mice model induce thermal response—
Intracerebroventricular (i.c.v.) injection of PGE, (Figure 3), produced a significant (Two
way ANOVA, Bonferroni posttest) increase in body temperature (38° to 40°) within 30
minutes (p<0.001) of injection compared to saline injection. This response lasted until 60-90
minutes (p<0.01 at 90 min). In contrast, LO (native LDL) and its three oxidatively modified
LDLs (L1-L3) all produced an initial drop (hypothermia) in body temperature (-2 to -4
degree Celsius, 38° to 35°) around 30-40 minutes. L0 and L3 injected mice returned to
baseline temperatures (38°C) within 90 minutes however the L1 and L2 injected mice
maintained higher temperature for more than 100-120 minutes (p<0.05 for L1 and p<0.01
for L2 at 120 min and p<0.01 for L2 at 160 min). These results are indicative of these lipids
functioning similar to prostanoids (PGE>) in modulating body temperature either through EP
receptors or others such as opioid receptors [23].

Oxidatively-modified lipoproteins induce pain related behaviour—In the
Hargreaves paw withdrawal assay, all treatments (carrageenan, PGE,, LDL preparations)
injected on the dorsal surface of the right paw of SD rats were compared against the
respective internal saline control (injected on the dorsal surface of the left paw). A paw
withdrawal latency <100% indicates an increase in pain related behaviour induced by the
stated treatment. Figure 4A illustrates a typical % withdrawal latency + SEM (as compared
to saline) curve following injection with known pain inducers, carrageenan or PGE,.
Carrageenan, an irritant (n=5) served as a positive control to validate the use of the
Hargreaves pain assay. Compared to saline, significant reductions in withdrawal latencies
(indicative of increased pain sensitivity) were observed at 60min, 180min and 240min post-
injection with carrageenan (p: 0.013, 0.043 and 0.002, respectively). Compared to saline,
treatment with 50ng/mL PGE, (n=22) induced significant reductions in withdrawal latency
at 30min, 60min, 120min, and 180min post-injection (p: 0.0002, 0.011, 0.025, and 0.0008
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respectively); however, no differences in withdrawal latency were observed beyond 180min.
Figure 4B illustrates the % withdrawal latency + SEM (as compared to saline) following
injection with native-LDL (LO; n=29), minimally modified-LDL (L1; n=44) or oxidized-
LDL (L2; n=37). Compared to saline, treatment with L1 induced significant reductions in
withdrawal latency at 240min (p: 0.0008) and L2 at 60min, 240min, 300min and 360min
post-injection (p: 0.005, 0.045, 0.014, and 0.0472, respectively). LO indicated a reduction in
withdrawal latency at 120min compared to saline.

Raw paw withdrawal response times (seconds) for each treatment group and the respective
saline control over the course of 8 hours is provided in Supplementary Figure 3. Statistical
analysis using LME models comparing treatments to saline (internal control) and with
“time” as the interaction term, showed no significant interaction for saline versus treatment
and time for Carrageenan, L0 and L2. However, comparing PGE, to saline showed a
significant interaction (p: 0.0002) between time and treatment versus saline indicating a
different time course of pain related behaviour for PGE; versus saline. Similarly, comparing
L1 to saline, showed a significant interaction (p: 0.0039) indicative of a different time
course of pain related behaviour for L1 versus saline.

Peritoneal fluid from women with endometriosis induces pain related
behaviour—Figure 4C illustrates the % withdrawal latency £ SEM (as compared to saline)
following injection with PF from women with endometriosis (+Endo; n=8 subjects, in
quadruplicates) or women without endometriosis (-Endo; n=8, in triplicates). Compared to
saline, treatment with PF from women with endometriosis (+Endo) indicated significant
reductions in withdrawal latency (i.e. increased pain related behaviour) at 30min (p: 0.011)
(time at which PGE; induces pain related behaviour, indicated by an arrow in the figure), as
well as at 240min and 300min post-injection (p: 0.003 and 0.005, respectively) (times at
which L1 and L2 induce pain related behaviour, indicated with arrows in the figure,
respectively). No such reduction in paw withdrawal latency was observed for PF (-Endo)
except at 240 min.

Raw paw withdrawal response times (seconds) following injection with PF from women
with or without endometriosis and the respective saline control over the course of 8 hours
are provided in Supplementary Figure 3. Statistical analysis using LME models comparing
treatments to saline (internal control) and with “time” as the interaction term, showed no
interaction between time and treatment when comparing PF from women without
endometriosis (-Endo) and saline, but a significant interaction (p: 0.0027) between time and
PF (+) Endo versus saline was observed.

Effect of antioxidants, N-acetylcysteine or vitamin E and the NSAID,
indomethacin on induction of pain related behaviour by oxidatively-modified
LDL—We hypothesized that if non-enzymatic oxidation of LDL generated oxidation-
sensitive factors of nociception, then oxidation of LDLs in the presence of N-acetylcysteine
(ImM), vitamin E (50uM) or indomethacin (1ug) should decrease the generation of these
nociceptive factors. LDLs oxidized in the presence of these agents were tested for their
nociceptive ability using the Hargreaves assay. Figure 5A illustrates the % withdrawal
latency = SEM (as compared to saline) following injection with minimally-modified-LDL-
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L1 prepared in the presence of antioxidants or NSAID, i.e. L1+1mM N-acetylcysteine
(n=23), L1+50uM vitamin E (n=34), and L1+1ug indomethacin (n=14). Compared to saline,
treatment with L1+1mM N-acetylcysteine indicated a significant reduction in withdrawal
latency at 60min and 360min post-injection (p: 0.005 and 0.045, respectively); however, no
pain related behaviour was observed at 240min post injection (the point in time where L1
alone induced a significant reduction in withdrawal latency (represented by arrow in the
figure). Relative to saline, L1+50uM vitamin E indicated significant reductions in
withdrawal latency at 120min, 180min and 240min post injection. There were no significant
differences in withdrawal latency between L1 + 1pg indomethacin and saline. Figure 5B
illustrates the % withdrawal latency + SEM (as compared to saline) following injection with
oxidized-LDL-L2 prepared in the presence of antioxidant or NSAID, i.e. L2+1mM N-
acetylcysteine (n=18), L2+50uM vitamin E (n=19), and L2+1pg indomethacin (n=10).
Compared to saline, L2+1mM N-acetylcysteine indicated significant reductions in
withdrawal latency at 30min, 180min and 240min post injection (p: 0.040, 0.042 and 0.017,
respectively). Compared to saline, treatment with either L2+50uM vitamin E or L2+1ug
indomethacin did not indicate any significant reductions in withdrawal latency, suggesting
no pain related behaviour response.

Raw paw withdrawal response times (seconds) for each treatment group and the respective
saline controls over the course of 8 hours are provided in Supplementary Figure 4. Statistical
analysis using LME models comparing treatments to saline (internal control) and with
“time” as the interaction term, showed significant interaction (p: 0.037) between L1+1mM
N-acetylcysteine and time versus saline but no such interactions with either L1+50uM
vitamin E or L1+1pg indomethacin to saline.

Human Cell culture Studies

Oxidatively-modified LDL similar to PGE,; modulate genes involved in
nociception—A PCR array for neuropathic and inflammatory genes (Qiagen, Valencia,
CA) was used to assess the similarities in regulation of genes involved in nociception by the
oxidatively-modified lipoprotein preparations (L0-L3) and PGE,. Ishikawa endometrial cells
were either treated with LDL preparations or PGE,. A list of differentially expressed genes
obtained from the Human Pain: Neuropathic and Inflammatory Array is provided in the
Supplemental Section (Supplementary Table 1). The clustergram in Figure 6A shows the
relative expression of the 84 genes in the treatment groups compared to the Control group
(cells treated with 1% charcoal-stripped media alone). Figure 6B shows a breakdown of the
up- and down-regulation of genes within each treated group based on the fold change.
Stringent cut-offs of 4-fold changes compared to the control group were used. In most cases,
the expression of these genes increased with the increasing level of LDL oxidation (L3>L0),
supporting the concept of increased nociception or inflammation with increasing non-
enzymatic oxidation of LDLs. A table of notable genes altered due to various treatments is
given in Figure 6C. Blue indicates a value that is < a 4-fold decreased expression compared
to the control, while red values indicate a >4-fold increased expression from the control.
Amongst the genes responsible for pain conduction, there was a distinct up-regulation in
voltage-gated sodium channel (SCN10A, 11A, 3A and 9A) and opioid receptor (OPRD1 and
M1) genes. About half of the genes associated with synaptic transmission (serotonin-
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HTR2A and glutamate receptors-GRIN2B and GRMS5, calcium channels-CACNA1B)
experienced similar up-regulation as a function of LDL oxidation level. The expression of
key inflammatory genes such as interleukins-1L-2, IL-6, and fractalkine receptor-1-
CX3CR1, also increased in cells treated with increasing oxidation of LDL. PGE; treated
cells compared to other treatments had a higher expression of PGE receptor 3 (PTGER3),
the major receptors involved in PGE, mediated pain and fever.

The array was also used to study the changes in pain and inflammatory related genes in
Ishikawa cells treated with PF obtained from women with (+Endo) and without (-Endo)
endometriosis. Many genes that were differentially expressed by oxidatively-modified LDL
treatments were similarly modulated in cells treated with PF from patients with
endometriosis (Figure 6C) compared to control subjects.

DISCUSSION

The relationship between endometriosis and existence of pelvic pain symptoms is still not
well understood. Hence, treatment still remains a major challenge. Prostaglandins
synthesized by COX-1 and COX-2 are key mediators of pain and nociception which are
induced by cytokines and oxidative stress [4; 37]. Lowering COX-2 levels is correlated to
decreased endometriotic lesion size and number of implants [32; 39]. Peripheral
inflammation increases pain sensitivity and COX-2 expression in the periphery and the
central nervous system [80]. Though NSAIDs are anti-inflammatory and anti-angiogenic in
patients with endometriosis and animal models of endometriosis [2; 22] and used as the first
line of treatment for pain, there is, still no evidence that these agents are completely
effective in relieving pain associated with endometriosis.

Oxidative stress which is implicated in the etiology of several types of pain including
chronic pelvic pain [70], abdominal pain [16] and fibromyalgia [49], induces NFkB and
COX-2 and generates pro-inflammatory cytokines, TNF, IL-18, NGF, nitric oxide (NO) and
prostanoids. Oxidants such as superoxide [81] and NO donors (glyceryl trinitrite, sodium
nitroprusside, SIN-1) can induce pain in humans [1; 56] and NOS inhibitors (NG-methyl-L-
arginine) can reduce inflammatory hyperalgesia in a PGE,-dependent manner [1]. 8-
Isoprostanes are elevated in the prostatic fluid of patients with chronic pelvic pain and in the
serum and plasma of patients with muscle injury [70; 71]. We and others have demonstrated
the potential for an important role for oxidative stress (lipid peroxides) in the etiology of
endometriosis [4; 14; 69]. In addition to cytokines, chemokines, and growth factors, there is
an abundance of oxidative stress markers in the PF of women with endometriosis [14; 59;
68]. We and others have shown the presence of lipoproteins, especially LDL in the PF of
women with endometriosis [46; 47; 58; 79]. Isolated LDL from the PF of women with
endometriosis exhibited a higher electrophoretic mobility (oxidation increases the negative
charge on the protein), lower levels of associated lipid antioxidants such as vitamin E and an
increased ex-vivo oxidizability, thus suggesting that these lipoproteins are already in a
slightly oxidized form (similar to the L1=minimally-modified LDL) [46; 47]. There is an
abundance of transition metals such as copper and iron present in the PF of women with
endometriosis that may contribute to the oxidation process [18; 79]. Our clinical study
demonstrated that vitamin E supplementation not only reduced inflammatory and oxidative
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stress markers in the women with endometriosis, but also reduced their pain symptoms [67],
suggesting the possible role for oxidation sensitive nociception in these women.

Oxidatively-modified lipoproteins can cross-react with antibodies generated against
prostaglandins, PGE, and PGF, [62]. This finding adds to the speculation that oxidatively-
modified lipoproteins can mimic prostaglandin effects. This study demonstrated that non-
enzymatic oxidatively modified lipoproteins (shown to be present in the PF of women of
endometriosis) are similar to prostaglandins in their ability to modulate body temperature,
induce nociception and alter the expression of inflammatory and nociceptive genes. LC-
MS/MS studies revealed that even non-enzymatic oxidation of LDLs generated both COX
and LOX derived oxidation products of polyunsaturated lipids (PGE,, PGD, and 11B3-PGE,
and 12, 15 and 5-HETES). Hence, suppressing the generation of these molecules will
probably necessitate the use of an antioxidant with or without conjunction with a COX
inhibitor (NSAIDSs).

It is known that the systemic inflammatory response to PGE, depends on its dose as well as
its distribution. Centrally, as well as at low doses, PGE, causes fever, whereas peripherally
and at higher doses, it elicits a hypothermic response [45; 65]. Non-prostaglandin
eicosanoids such as seen in the oxidized LDL preparations can also play a role in
thermoregulation [33]. In our study, at the doses tested, i.c.v injection of LDL preparations
resulted in hypothermia in contrast to the PGE, mediated hyperthermic reaction (body
temperature). It has been shown that LPS as well as oxidants such as NO can cause
hypothermia [25; 31; 44]. In Hargreaves assay of nociception we observed a time-sensitive
pain related behaviour by PGE, which peaked around 30 min and had no pain related
behaviour beyond 180min. Oxidized LDL preparations had varying pain related behaviour
responses which correlated with the extent of oxidation (L2>L1>L0). Interestingly, the
oxidized LDL preparations had a dual pain related behaviour response, with an initial early
response (around 30-60 min), possibly due to the presence of PGE, followed by a later
response (around 240-300 min) possibly due to the presence of other oxidized products. This
dual response was similar to the pain related behaviour response seen in the presence of PF
from women with endometriosis (+Endo). These studies suggested both central and
peripheral effects of oxidized LDL metabolites.

Antioxidants when given alone or in combination with analgesics lowered oxidative stress
mediated pain [13; 64]. Oxidized lipoproteins (L1-L2) generated in the presence of
antioxidants N-acetylcysteine (aqueous antioxidant) and Vitamin E (lipid-soluble
antioxidant) or the COX inhibitor (NSAID), indomethacin had no major effect on the initial
pain related behaviour responses (i.e. PGE2 mediated) but had a reduced capacity to induce
pain related behaviour at later time points (i.e. oxidized lipids mediated). The discrepancy in
overall responses can be attributed to the dose of the agents tested as well as the extent to
which these agents were able to inhibit the oxidation of LDL. Overall, our results support
the notion that the use of antioxidants along with NSAIDs or other analgesics can reduce
pain related behaviour induced by oxidatively-modified LDL and may serve as potential
therapeutic options for endometriosis-associated pain or other pain conditions. Though there
were few instances where a null response or negative effect of dietary antioxidants [29; 78]
[50] or other agents such as raloxifene actually increasing chronic pelvic pain [74] was
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observed, majority of the studies with antioxidants had positive effects in ameliorating
pelvic pain in endometriosis [61; 63].

The Nociceptive and Inflammatory Pathway Gene Array revealed potential candidate genes
that might be involved in nociception due to oxidatively-modified lipoproteins. We found
that these lipoproteins do interact with similar receptors as PGE,, but perhaps to a different
extent. For example there was very little change seen in the expression of PGE, receptors
(e.g. PTGE3) when cells were treated with oxidatively-modified lipoproteins compared to
PGE, but had higher induction of the opioid receptors, OPRD1 and OPRM1. DNA
microarray analysis of tissues obtained from patients with deep-endometriosis identified
OPRML1 as one of the top three potential candidate genes involved in pain pathways [40; 42]
and both GnRH agonists and continuous oral progestin treatments reduced the expression of
OPRML in these patients [41]. Other genes that were differentially expressed in oxidized
lipoprotein treated cells included, voltage-gated sodium channels (SCN10A, 3A and 9A)
[20] which are known to be upregulated by COX derived prostanoids after inflammation
[26], and the TRP family of ligand-gated ion channels (TRPV1 and TRPAL) [55].
Inflammatory genes (IL-6, IL-2, CX3CR1) were also activated suggesting a role for these
pathways in nociception. Interestingly, most of the genes that were modulated by
oxidatively-modified lipoproteins were similar to those induced by PF from women with
endometriosis treated cells. The major limitations of our study include the use of non-
endometriosis animal model to test pain responses, use of single doses of the tested agents
and the use of a single nociceptive assay (Hargreaves). However, our findings are significant
enough to support the presence of the oxidized lipid molecules in the PF of women with
endometriosis and their potential role in endometriosis associated pain. The observation that
oxidatively-modified lipoproteins are able to induce pain receptors and have the ability to
modulate nociception makes them ideal candidates as therapeutic targets for pain in
conditions such as the endometriosis-associated pain. Future studies using other animal
models and in humans should explore the therapeutic use of targeting these agents in
nociception.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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LIST OF ABBREVIATIONS

AA Arachidonic Acid

COX-1 Cyclooxygenase-1

COX-2 Cyclooxygenase-2

EIA Enzyme immunoassay

LC-MSMS Liquid Chromatography-Tandem Mass Spectrometry
LDL Low Density Lipoprotein

NSAID Non-steroidal anti-inflammatory drugs
PF Peritoneal Fluid

PGE> Prostaglandin E2

SEM Standard error of mean

TBARS Thiobarbituric Acid reactive substances
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Figure 1. Presence of eicosanoidsin peritoneal fluid
(A, B) Enzyme Immmunoassay-EIA showed the presence of COX generated PGE, and free-

radical generated 8-isoprostanes in the PF. The levels of PGE;, (p<0.07) and 8-isoprostanes
(p<0.005) were higher in the PF from endometriosis patients (n=43) compared to control
women (n=36). Results are expressed as pg/ml = SEM. (C) LC-MS/MS separation of PF
lipids showed the presence of higher levels of both COX generated prostanoids (PGE,,
PGD,) as well as 12, 15, 5-LOX generated 12, 15, 5-HETESs in the PF from endometriosis
(n=6) patients compared to control women (n=6). T-test was used for statistical analysis.
P<0.05 was considered significant.
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Figure 2. Detection of prostaglandin-like moleculesby LC-MSM S
(A) Oxidatively-modified LDL preparations were used to detect the presence of

prostaglandin-like molecules using PGE; EIA kit. The levels of prostaglandin-like
molecules as measured by EIA increased as the level of oxidation of LDL increased, with
LO (control group) having the least level compared to L3 (n=10-12). (B and C) LC-MS/MS
was used to detect eicosanoids generated by non-enzymatic oxidation of LDLs. Both
enzymatic (PGE,, PGD5), and non-enzymatically generated oxidation products were
generated during the oxidation of lipoproteins. One-way ANOVA followed by Dunnetts’
multiple comparison test was used for statistical analysis. P<0.05 was considered significant.
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Figure 3. Oxidatively-modified LDL s and body temperature
Baseline rectal temperatures were assessed in five groups of CD-1 mice (n=10). Mice were

then injected i.c.v. with native LDL (L0O), minimally modified LDL (L1), oxidized LDL
(L2), fully oxidized LDL (L3), or PGE, and temperature assessed every ten min for sixty
min and recorded as a difference from baseline (0 = 38.4°C, SEM = 0.2). PGE, produced a
significant increase in body temperature (38° to 42°C) from 20 min to 50 min after injection,
whereas native LDL (L0) and its oxidized preparations (L1, L2, L3) produced a decrease in
body temperature (38° to 35°) from 10 min through 60 min. Two-way ANOVA followed by
Bonferroni posttest was used to assess differences in body temperature between saline
injection and other treatments over time.

Pain. Author manuscript; available in PMC 2016 March 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Ray et al.

% Withdrawal Latency * SEM

% Withdrawal Latency £ SEM

Withdrawal Latency
(As Compared to Saline)

“|  50ng/mL PGE2

# Carragheenan

T T 1T—No Change

60 120 180 240 300 360 420 480 540 €00
Time (min)
C Withdrawal Latency
(As Compared to Saline)
140
@ PF (+) Endo

i @ PF (-) Endo /H
&0

PGE2 L1 + L2 %%
60

l JLZ
60 120 180 240 300 360 420 480 540 600

Time (min)

% Withdrawal Latency £ SEM

70

Withdrawal Latency
(As Compared to Saline)

Page 23

‘i No Change

180 240 300 360 420
Time (min)

Figure 4. Oxidatively-modified L DL sinduce nociception in Har gr eaves assay
Paw withdrawal latency <100 in the Hargreaves assay indicates increased pain related

behaviour induced by the respective treatment. (A) Illustrates the % withdrawal latencies +
SEM (as compared to saline) following injection with known pain inducer carrageenan (3%)
or PGE; (50ng/mL). Significant reductions in withdrawal latency were observed at 60, 180
and 240 minutes (min) post-carrageenan injection. Significant reductions in withdrawal
latency were observed post-PGE; treatment at 30, 60, 120, and 180 minutes. (B) Illustrates
the % withdrawal latencies £ SEM (as compared to saline) following injection with
100pg/ml LO, L1 or L2. Compared to saline, significant decreases in withdrawal latency
were observed at 120min and 240min for LO and L1 respectively and at 60, 240, 300 and
360min for L2. (C) Hlustrates the % withdrawal latencies = SEM (as compared to saline)
following injection with 100ul PF (+) Endo or PF (-) Endo. Relative to saline, significant
reductions in withdrawal latency were observed at 30, 240 min and 300 min following
treatment with PF (+) Endo and at 240min following treatment with PF (-) Endo. Abbrev;
PGE,: Prostaglandin E2; LO: Native LDL; L1: Minimally modified LDL; L2: oxidized
LDL. PF (+) Endo: Peritoneal fluid from women with endometriosis; PF (-) Endo:
Peritoneal fluid from control subjects; *: <0.05; **: <0.01; ***: <0.005. Arrows and labelled
treatments above the arrow represent points of significant induction of pain related
behaviour by the stated treatment at the respective time points. The line presented at 100%
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indicates no change in response between treatment and saline. Statistical significance was
determined using linear mixed effects models (LME) as described in the methods section.
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Figure 5. Withdrawal latencies of oxidatively-modified L DL s generated in the presence of N-
acetylcysteine, Vitamin E or Indomethacin

(A) Hlustrates the % withdrawal latencies + SEM (as compared to saline) following injection
with 100pug/mL L1 + 1mM NAc, L1 + 50uM Vit. E or L1 + 1ug indomethacin. Compared to
saline, significant reductions in withdrawal latency were observed at 30 and 360min
following treatment with L1 + 1mM NAc and 120, 180 and 240min following treatment
with L1 + 50uM Vit. E. The reductions were lower compared to L1 alone (the time at which
L1 alone induced pain related behaviour-indicated as an arrow in the figure). No differences
in withdrawal latency were observed between saline treatment and L1 + 1ug indomethacin.
(B) illustrates the % withdrawal latencies + SEM (as compared to saline) following injection
with 100pug/mL L2 + 1mM NAc, L2 + 50uM Vit. E or L2 + 1ug indomethacin. Compared to
saling, L2 + 1mM NAc indicated significant reductions in withdrawal latency at 30, 180 and
240 min post injection (arrows represent points of significant induction of pain related
behaviour by L2 alone). No differences in withdrawal latency was observed between saline
and L2 + 50uM Vit E or L2 + 1ug indomethacin. *: <0.05; **:< 0.01; ***<0.005. The line
presented at 100% indicates no change in response between treatment and saline. Statistical
significance was determined using linear mixed effects models (LME) as described in the
methods section.
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Figure 6. Human Pain-Nociceptive and inflammatory PCR array
Human Pain-Nociceptive and Inflammatory PCR array on Ishikawa endometrial cell lines

that were treated with either PGE, (50ng/ml) or the different forms of oxidatively modified
LDLs (25ug/ml), or PF (100pl) from patients with endometriosis (+ Endo) or control women
(-Endo) for 48 hours. (A) Clustergram of gene expression in cells treated with PGE,,
oxidatively modified LDLs and peritoneal fluid. The array includes 84 inflammatory and
nociceptive genes as well as housekeeping genes and quality control standards. (B)
Represents the percent of genes that were classified as up-regulated, down-regulated, or no
change compared to the control treatment based on a 4-fold cutoff of the fold change. (C)
Represents notable genes based on fold change. Potential genes involved in the oxidatively-
modified LDL mediated nociceptive pathway are highlighted with an arrow. While PGE»
and PF from women without endometriosis (-Endo) had very little change in gene
expression, oxidatively-modified LDLs and endometriotic fluid from patients with
endometriosis (+Endo) showed similar trends in induction of several nociceptive and
inflammatory genes. [The supplementary Table 1 lists all the genes measured in the pain
array]. Statistical analysis (T-test) was performed using the algorithm provided by the
manufacturer (Qiagen).
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