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Purpose: Dysmenorrhea is a common disorder that substantially disrupts the lives of young

women. To determine whether there is evidence of activation of the innate immune system in

dysmenorrhea and whether the degree of activation may be used as a biomarker for pain, we

compared the responsiveness of peripheral blood mononuclear cells (PBMCs) to toll-like

receptor (TLR) 2 or 4 stimulation. We also investigated whether this effect is modulated by

the use of the oral contraceptive pill (OC).

Patients and Methods: Fifty-six women aged 16–35 years, with either severe or minimal

dysmenorrhea, and use or non-use of the OC, were enrolled. PBMCs were collected on two

occasions in a single menstrual cycle: the menstrual phase and the mid-follicular phase. PBMCs

were exposed to lipopolysaccharide (LPS), a TLR4 agonist, and PAM3CSK4 (PAM), a TLR2

agonist, and the resulting interleukin-1beta (IL–1β) output was determined. Statistical analysis

compared the EC50 between groups as a measure of TLR responsiveness of PBMCs.

Results: The key finding following LPS stimulation was a pain effect of dysmenorrhea

(p=0.042) that was independent of use or non-use of OC, and independent of day of testing.

Women with dysmenorrhea showed a large 2.15-fold (95% CI −4.69, −0.09) increase in IL–1β

release when compared with pain-free participants across both days.

Conclusion: This is the first study to demonstrate an ex vivo immune relationship in women

with dysmenorrhea-related pelvic pain. It provides evidence for the potential of immune

modulation as a novel pharmacological target for future drug development in the manage-

ment of dysmenorrhea.
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Introduction
Dysmenorrhea, or period pain, is a distressing condition that has a global medical,

personal, societal and economic impact. Almost every woman will experience dysme-

norrhea at some time in her life,1 although the severity, duration and persistence will

vary widely. A meta-analysis of 15 studies worldwide2 revealed the substantial life

impact of dysmenorrhea in young women. Pain sufficient to cause distress or absentee-

ism affected between 2% and 29% of young women, depending on study design and

the severity of dysmenorrhea considered. In addition, dysmenorrhea commonly

resulted in emergency department presentation, hospital admission,3 reduced educa-

tional achievement, impaired mental health,4,5 reduced workplace productivity,6 dis-

turbed sleep,7 and reduced quality of life.8 Dysmenorrhea frequently precedes,9 and is

believed to be an etiological factor in, the development of persistent pelvic pain in some
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women.10–12 Hardi et al9 retrospectively reviewed 100

women with dysmenorrhea-predominant persistent pelvic

pain, and found that dysmenorrhea predated the development

of persistent pain by between 1 and 30 years.

Current medical management options include the oral

contraceptive pill (OC), non-steroidal anti–inflammatory

medications (NSAIDs), or progestogens. However, many

young women find these options to be ineffective, contra-

indicated or unacceptable.13 There is an unmet need for

new, effective treatments for dysmenorrhea.

Traditionally, dysmenorrhea in women has been classi-

fied as either primary, where no organic cause has been

identified, and secondary, where an associated condition,

such as endometriosis is present. However, despite the

recognized association and common co-existence of endo-

metriosis with dysmenorrhea, there is no reliable correla-

tion between the severity of endometriosis lesions and the

severity of pain.14 In previous work, our group has demon-

strated the strong association between dysmenorrhea and

a range of symptoms, both within and outside the pelvis,

that include: headache, fatigue, anxiety, low mood, bladder

or bowel symptoms, and nausea.15 These factors strongly

suggest the presence of additional elements affecting the

experience of dysmenorrhea. Compelling epidemiological,

clinical and experimental evidence in both human and

animal studies demonstrates that increased peripheral and

central nervous system (CNS; glial) immune system activ-

ity, via Toll-like receptors (TLRs), is involved in the

development of persistent pain conditions.16 In this

paper, we propose that immune pathology may also be

present in women affected by dysmenorrhea, whether or

not an associated condition such as endometriosis is pre-

sent, and that activation of the immune system in these

women occurs via TLRs. Therefore, the innate immune

reactivity of an individual’s peripheral blood immune cells

may provide insights into the mechanism behind their

disease state.

TLRs are a family of receptors found on the surface

membrane of cells of the innate immune system, such as

macrophages, glia and astrocytes. They recognize molecu-

lar patterns typically associated with microbial pathogens

and facilitate an immune response with the release of cyto-

kines, including interleukin-1beta (IL-1β), both peripher-

ally and in the spinal cord. Lipopolysaccharide (LPS), also

known as endotoxin, is a component of the cell wall of

gram-negative bacteria, which elicits robust immune

responses in animals via TLR4 receptors. PAM3CSK4

(PAM) is a synthetic lipopeptide that elicits strong immune

responses via TLR2 receptors. Altered TLR inflammatory

responses have been demonstrated in visceral medical con-

ditions characterized by persistent pain, such as inflamma-

tory bowel disease and painful bladder syndrome.17,18

Macrophages are cells of the innate immune system that

originate from peripheral blood monocytes and are present

in almost all tissues. These cells alter their physiology,

infiltrate tissues and secrete cytokines including IL-1β19,20

in response to inflammatory mediators.

We hypothesize that peripheral blood mononuclear cells

(PBMCs) from women with severe dysmenorrhea exhibit

enhanced IL-1β release following stimulation of either TLR4

or TLR2 receptors when compared with normal (control)

womenwithminimal, or no, dysmenorrhea.Where confirmed,

this offers the potential for the responsiveness of PBMCs to

TLR stimulation to be used as a biomarker for pain in future

research of dysmenorrhea treatment options.We also hypothe-

size that TLR responsiveness is modulated by use of the OC,

and by the presence or absence of severe pain at the time of

testing.

Materials and Methods
Study Design
This is an observational clinical and laboratory study, with

samples taken from women at two stages of their menstrual

cycle. This studywas approved by the HumanResearch Ethics

Committee of the Royal Adelaide Hospital, Adelaide, South

Australia. HREC/14/RAH/63. RAH Approval No. 140217.

The study was conducted in accordance with the Declaration

of Helsinki.21

Participants
The target population consisted of girls and women aged

between 16 and 35 years of age. Potential participants were

invited to complete a Survey Monkey Questionnaire when

they responded to recruitment notices displayed to the gen-

eral public or following an invitation to enroll through

a private medical clinic, Pelvic Pain SA, Adelaide,

Australia. After selection based on the eligibility criteria,

participants were provided with a study information sheet.

Study exclusion criteria (Table 1) ensured that women pos-

sessing factors that might influence inflammation, TLR

receptor response, the immune system, or the severity of

dysmenorrhea were excluded from the study. Eligible parti-

cipants from the general public were offered the opportunity

of an initial phone interview to provide further information

about the study, to obtain consent for further participation in
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the study, and to arrange a screening assessment visit with the

Principal Investigator (PI). Figure 1 shows the Enrolment

Flow Chart for study inclusion.

Three hundred and sixty women completed the online

questionnaire, with 105 women choosing to provide their

contact details for consideration for study inclusion. Phone

interview assessment by the Principal Investigator further

excluded 44 women based on the presence of exclusion

criteria. Sixty-one women recruited from the general public

and five additional women recruited through Pelvic Pain SA,

Adelaide, Australia proceeded to the Screening Visit, where

they underwent a full clinical assessment, and the appropriate

study group allocation was accurately determined.

Participants below the age of 18 were interviewed in the

presence of their parent or guardian, who co-signed the

consent form with the participant. One participant was

excluded due to previous pregnancy. Thus, a total of 65

women were enrolled in the study. Nine women were

excluded during the study due to a high pre-test level of

C-reactive protein (1), use of marijuana (1), irregular men-

strual cycles (3), non-attendance for testing (2), insufficiently

severe pain (1), and the development of an unrelated neuro-

logical illness (1). Fifty-six women satisfied all inclusion and

exclusion criteria and completed the testing procedures.

Group Allocation

Participants were allocated to seven clinical groups at the

Screening Visit (Table 2; groups 2A and B combined).

Group allocation was determined by the self-reported pre-

sence or absence of severe dysmenorrhea, the use or non-

use of the OC, and the self-reported presence of pelvic

pain for more, or less, than 15 days per month, as reported

at the Screening Visit. Controls were women with self-

reported dysmenorrhea of between 0 and 3 on an 11-point

numerical scale (NRS)22 using anchor points of 0 and 10,

where 0 represented no pain and 10 represented the most

severe pain imaginable on the worst day of their menstrual

period (Groups 1 and 2). Controls who were OC users

(Group 2) were further divided into women who were

pain-free prior to use of the OC (Group 2A), and women

who had self-reported dysmenorrhea of between 4 and 10

prior to OC use (Group 2B). However, as study results for

Group 2A and Group 2B were found to be similar, these

groups were combined to form an enlarged Group 2, as

illustrated in Table 2.

Dysmenorrhea-based pelvic pain participants (Groups 3, 4,

5 and 6) had self-reported dysmenorrhea of 7–10 on an

11-point NRS on the worst day of their menstrual period. As

the number of days affected by pain varied throughout the

severe dysmenorrhea cohort, participants with dysmenorrhea

were further divided into those with pelvic pain for less than

15 days permonth (Groups 3 and 4), and thosewith pelvic pain

for more than 15 days per month (Groups 5 and 6). This

provided an estimate of the severity of life impact of their

dysmenorrhea-based pelvic pain condition. Dysmenorrhea-

based pelvic pain participants (Groups 3,4,5 and 6) were

further divided based on OC use (non-OC users in Groups 3

and 5; OC users in Groups 4 and 6).

Study Visit Schedule

Participants were assessed on two occasions during a single

menstrual cycle: the menstrual phase (Day 1–2 of their

menstrual cycle), a phase associated with high pain in

women with dysmenorrhea; and the mid-follicular phase

(Day 7–10 of their menstrual cycle), a time associated with

low pain in women with dysmenorrhea. At Study Visit 1,

participants attended the Pain and Anaesthesia Research

Clinic (PARC) of the Royal Adelaide Hospital, Adelaide,

Australia on either day 1 or 2 of their menstrual cycle.

Table 1 Study Exclusion Criteria

Dysmenorrhoea on Day 1–2 reported as 4–6 on a 10-point scale

Menstrual cycle length less than 26 or more than 30 days

Irregular menstrual cycles

Previous pregnancy

Use of reproductive hormones (apart from OC)

Use of levonorgestrel-releasing intrauterine device

Use of thyroxine, insulin or corticosteroids

BMI less than 16 or more than 30

Inflammatory process, surgical procedure or infection in previous 4

weeks

Renal, hepatic, cardiac or auto-immune disease

Use of immunosuppressant medications

Use of medications affecting TLR responsiveness, including

amitriptyline and minocycline

Use of analgesics including anti–inflammatory drugs, opioids or

paracetamol for 5 drug half-lives prior to testing

Use of alcohol for 24 hrs prior to testing

Use of opioids or marijuana for 30 days prior to testing

Inability to read or comprehend written information provided
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Participants were expressly requested not to use potentially

confounding medications, including non-steroidal anti–

inflammatory medications, for at least five half-lives of

the drug prior to presentation for testing. At their visit,

participants were asked to confirm the absence of exclusion

criteria including use of confounding medications, report

their current pain score at the time of testing, complete

a survey of pain symptoms, and provide a blood sample

for analysis. Analysis of blood samples included: TLR2 and

TLR4 responsiveness of PBMCs, a measurement of

C-reactive protein (CRP) levels to exclude the presence of

un-recognized pre-test inflammation, and a quantitative

assessment of luteinizing hormone (LH) and follicle-

stimulating hormone (FSH) blood levels to confirm baseline

hormonal status on day 1–2. All blood samples were taken

between the hours of 0830 and 1200. At Study Visit 2,

participants attended PARC on one of day 7, 8, 9 or 10 of

their menstrual cycle. The testing regime was undertaken as

specified above (study visit 1).

Laboratory Methods
Specimen Collection

At each study visit, 35 mL of blood was collected.

Eight mL of blood was collected into a tube containing

clot activator and serum gel separator for the analysis of

CRP, LH and FSH levels (Healthscope Laboratories,

Adelaide, Australia). Twenty-seven mL of blood was col-

lected into tubes containing ethylenediaminetetraacetic

Figure 1 Enrolment flow chart for participant recruitment and study inclusion.
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acid (EDTA), and PBMCs isolated using Optiprep (Sigma-

Aldrich, Castle Hill, NSW, Australia) as directed by the

manufacturer, using the mixer flotation method.

Quantification of PBMC Responsiveness to TLR

Stimulation

To test our hypotheses, we utilized the laboratory techni-

que devised by Kwok et al to measure IL-1β release from

PBMCs following TLR stimulation.23,24 Two analyses

were undertaken: one using the TLR4 agonist LPS, and

the other using the TLR2 agonist PAM.

Isolated cells were diluted to 1 x 106 cells·mL−1 in

enriched RPMI 1640 (10% (v/v) fetal calf serum and 1%

(v/v) penicillin), and plated into 96 well plates (Nunc,

Roskilde, Denmark) using 100 µL per well. Sufficient cells

were obtained from all participants, and plasma was not col-

lected. As no reference range for LPS or PAM concentration is

available for this group, TLR responsiveness was assessed

across a range of concentrations. Triplicate wells were treated

with a dosage curve of TLR agonists: LPS; 12.5 pg·mL−1 to

10 µg·mL;−1 and PAM 12.5 pg·mL−1 to 1 µg·mL−1 (Sigma-

Aldrich, Castle Hill, NSW, Australia). Control wells contained

no TLR agonist. Plates were incubated for 20 hrs at 37 °C and

5% CO2 in a humidified environment (Thermoline Scientific,

Sydney, Australia). IL-1β levels were determined using

a commercially available ELISA kit (IL-1β ELISA; BD

Bioscience, Australia) according to themanufacturer’s instruc-

tions. The absorbance was quantified on a BMG Polarstar

microplate reader (BMG Labtechnologies, Offenburg,

Germany) at 450 nm. The manufacturer’s limit of quantifica-

tion of 0.8 pg·mL−1 was used, with any readings below this

removed from further analysis.

Method for Statistical Analysis
To determine the responsiveness of PBMCs to LPS stimula-

tion, represented by the EC50, concentration-response curves

were fitted to an Emax model using the Hill equation25 and

a non-linear mixed-effects model approach. The slope para-

meter was fixed to 1 to reduce the number of parameters to be

estimated. The model used was of the form:

E ¼ E0 þ Emax
�C

EC50 þ C

where E0 is the response Y at baseline (absence of dose),

Emax is the asymptotic maximum dose effect (maximum

effect attributable to the drug), and EC50 is the concentra-

tion which produces 50% of the maximal effect.

Individual Emax models were fitted for each subject at

each timepoint (Day 1–2 or Day 7–10). Before model

fitting, individual plots of the concentration-response data

collected were used to estimate the EC50, Emax and Emin

for each subject at each timepoint, to assess the applic-

ability of an Emax model. As several participants demon-

strated a maximum response at well below the maximum

concentration tested, potentially associated with reduced

cell stability at higher concentrations of LPS, only con-

centrations up to the observed maximum response were

used in model fitting. For doses above the maximum

response, the maximum response observed was imputed

to force a plateau and facilitate model fit. All model fitting

and all analyses were performed using Statistical Analysis

Software (SAS v 9.4). Starting values were set with Max

representing the maximum response observed for that par-

ticipant at that timepoint, and Min representing the mini-

mum response for that participant at that timepoint. From

the model, estimated values for EC50, Emax and Emin were

obtained for each subject at each timepoint. The results for

EC50 were analyzed using a mixed model for repeated

measures with EC50 as the outcome variable and day

(1–2 or 7–10), OC use (yes or no) and pain (no pain,

Table 2 Summary of Group Allocation Criteria and Demographics

Group Description Number of

Women

Pain

Reported

≥ 7 of 10

Pelvic Pain

>15 Days/

Month

OC

Use

Mean Age

(Years)

Mean

BMI

Pain Score at

Testing

Day 1–2

Pain Score at

Testing

Day 7–10

1 Controls: No OC 8 - - - 23.6 23.9 1.25 0.25

2 Controls: OC 15 - - + 21.9 22.3 0.92 0.31

3 Dysmenorrhea: No OC 7 + - - 25.7 23.1 6.4 0.4

4 Dysmenorrhea: OC 8 + - + 21.3 22.4 5.75 0.25

5 Pelvic Pain: No OC 8 + + - 22.6 22.2 6.9 1.25

6 Pelvic Pain: OC 9 + + + 22.9 20.4 6.9 3.9

Notes: + = present, - = absent.

Abbreviation: OC, oral contraception.
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dysmenorrhea <15 days per month, dysmenorrhea >15

days per month) as factors in the model.

The main effects from the model provide information

on the differences in PBMC responsiveness according to

the presence of pain (irrespective of OC use or menstrual

phase), differences in PBMC responsiveness according to

OC use (irrespective of the presence of pain or menstrual

phase) and differences in PBMC responsiveness according

to menstrual phase (irrespective of the presence of pain or

OC use). Participant was included as a repeated term using

a compound symmetry covariance structure. From the

model the differences in responsiveness of PBMCs to

LPS stimulation were determined, according to the six

clinical groups described in Table 2.

During the analysis, variation in the days per month of

pain was noted within groups 3, 4, 5 and 6 between that

reported at the Screening Visit and that reported at pre-

sentation on study test days. For this reason, further ana-

lysis was undertaken combining Groups 3 and 5 (pain; no

OC use) and Groups 4 and 6 (pain; OC use) together to

include participants experiencing pain regardless of the

number of pain days per month. This analysis allowed us

to consider the effect of three individual factors within the

entire participant group: the presence or absence of pain

(Pain vs No Pain), the use or non-use of the OC (OC vs No

OC), and the menstrual phase of testing (Day 1–2 vs Day

7–10). From the model the differences in Least Squares

(LS) mean values for comparisons of interest were

obtained with 95% confidence limits and relevant

P-values by factor, as shown in Figure 4.

The model was a reasonable fit, with a few outlier

results noted. Outliers were identified through two meth-

ods. Using Method 1, the raw mean and standard deviation

were obtained, and values outside mean ± 2 standard

deviations were flagged as outliers. Using Method 2,

once the model was fitted, the residuals were obtained

together with their standard error. Any value outside ± 2

was flagged as an outlier. The mixed model was then re-

run excluding any value identified by either method as an

outlier. The overall results were not substantially changed,

and further statistical analysis was continued using the full

data set with outliers included.

Results
All participants were aged between 16 and 35 years, had

regular menstrual cycles, no previous pregnancies, nor-

mal body mass index (BMI) and were in good general

health, apart from the presence of dysmenorrhea-

predominant pelvic pain. As described in Table 2, and

using one-way ANOVA and Kruskal–Wallis post hoc

analyses, no significant differences were found for the

age (p=0.52), height (p=0.52) or weight (p=0.68) of the

women in each group. There were no significant differ-

ences in BMI (p=0.38) or age (p=0.60) between those

with and without pain, and there were no significant

differences in BMI (p=0.21) or age (p=0.11) between

users and non-users of the OC. The average menstrual

pain score for each group recorded at the time of testing

was noted to be less than the maximal pain score pre-

dicted by participants during group allocation at the

screening visit.

Table 2 summarizes the group allocation criteria and

demographics.

IL-1β Release Following Stimulation with

PAM and LPS
All participants exhibited minimal IL-1β release in the non-

stimulated state. Both TLR4 agonist LPS, and TLR2 agonist

PAM3CSK4, induced elevations in IL-1β in the isolated

PBMCs from all participants. Inspection of the data showed

that the effect size following PAM stimulationwas smaller and

more variable than the effect size following LPS stimulation

(Figures 2 and 3). The IL-1β response to LPS stimulation

followed a biphasic distribution across the logarithmic con-

centration range of 12.5 pg·mL−1 to 10 µg·mL−1 (Figure 2).

A similar direction of response was seen in PBMCs stimulated

with PAM across the logarithmic concentration range of

12.5 pg·mL−1 to 1 µg·mL−1 (Figure 3) but the response

followed a monophasic distribution with wide variability. In

view of the smaller effect size and higher variability following

PAM stimulation, only LPS responses are analysed further.

Analysis of EC50

The Least Squares (LS) mean values for EC50 and Emax for

the variables Pain, OC use and Day of testing were

obtained from the mixed model. Emax values were vari-

able, consistent with suspected non-specific cellular toxi-

city at high LPS concentrations. As it is the responsiveness

of PBMCs to LPS stimulation that we are investigating,

rather than the absolute Il-1β levels, further analysis con-

siders the LS means for EC50 rather than Emax. EC50 is the

outcome variable we have used to compare the respon-

siveness of PBMCs to TLR4 stimulation with LPS

between participants.

The LS mean values for EC50 by factor with p value are

displayed in Table 3 and plotted in Figure 4. The difference
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in LS means for each main effect factor analysis for EC50 is

represented graphically as a forest plot in Figure 5.

Pairwise Comparisons of IL-1β Release by Factor

(Pain, OC Use and Day)

Pairwise comparisons allow us to compare the variables across

the entire participant cohort. Pairwise comparison of Pain

versus No Pain (Table 3; Figure 5, Line 1) among all partici-

pants showed a statistically significant effect of pain

(p=0.042). The LS mean EC50 in the no pain group (control)

was 4.47 ng·mL−1 compared with 2.08 ng·mL−1 in the pain

group, representing a difference of 2.39 ng·mL−1 (pain – no

pain) with 95% confidence limits from −4.69 ng·mL−1 to

−0.09 ng·mL.−1 When considering the impact of this differ-

ence, the women with dysmenorrhea showed a large 2.15-fold

(95% CI 4.69–0.09) increase in IL–1β release when compared

with pain-free participants across both days.

Pairwise comparison of OC versus no OC (Table 3;

Figure 5, Line 2) for all participants showed no significant

effect of OC use (p=0.98). The LS mean for EC50 in the OC

user group was 3.29 ng·mL−1 compared with 3.26 ng·mL−1 in

the OC non-user group, representing a difference of

0.03 ng·mL−1 (OC – no OC), with 95% confidence limits

from 2.26 ng·mL−1 to 2.33 ng·mL.−1

Pairwise comparison of Menstrual Phase (Day 1–2) ver-

sus Mid Follicular Phase (Day 7–10) (Table 3; Figure 5,

Line 3) for all participants showed no significant effect of

Day (p=0.22). The LS mean for EC50 in the Day 1–2 group,

was 2.80 ng·mL−1 compared with 3.74 ng·mL−1 in the Day

7–10 group, representing a difference of 0.94 ng·mL−1 (Day

1–2 – Day 7–10), with 95% confidence limits from

2.46 ng·mL−1 to 0.59 ng·mL.−1

Pairwise comparison ofMenstrual Phase (Day 1–2) versus

Mid-Follicular Phase (Day 7–10) (Table 3; Figure 5, Line 5)

among pain-free controls who were non-users of the OC

showed no significant effect of Day (p=0.16). The LS mean

for EC50 in the Day 1–2, no pain group was 3.12 ng·mL−1

compared with 5.86 ng·mL−1 in the Day 7–10, no pain group,

representing a difference of 2.74 ng·mL−1 (Day 1–2 – Day

7–10) with 95% confidence limits from 6.55 ng·mL−1 to

1.08 ng·mL.−1
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Figure 2 IL-1β release (Mean ± SEM) following LPS (TLR4) stimulation (12.5 pg·mL

to 10 µg·mL) of PBMC’s obtained from controls: no OC (red circle, solid line),

controls: OC (blue square, solid line), dysmenorrhea: no OC (red triangle, dotted

line), dysmenorrhea: OC (blue upside down triangle, dotted line), pelvic pain: no

OC (red diamond, dashed line), and pelvic pain: OC (blue cross, dashed line).

A four-parameter logistic dose-response curve has been fitted to each graph; data

obtained from day 1–2 and day 7–10 of each individuals’ menstrual cycle.
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graph; data obtained from day 1–2 and day 7–10 of each individuals’ menstrual cycle.
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Discussion
To our knowledge, this data is the first to demonstrate an

increase in systemic immune responsiveness in young

women with dysmenorrhea-related pelvic pain to TLR

agonists. This is a preliminary study with potentially wide-

ranging clinical implications. Our initial hypothesis, that

there would be a “pain response” to severe dysmenorrhea,

as evidenced by a dynamic, increased responsiveness of

PBMCs following TLR stimulation at the time of painful

menstruation, was confirmed. However, the association

was less than that demonstrated by Kwok et al23 in an

older, undifferentiated cohort of both male and female

chronic pain patients. While the direction of response for

both TLR2 and TLR4 stimulation was similar, the effect

size was greater with TLR4 stimulation.

Our research demonstrated a significant difference

between the responsiveness of PBMCs to TLR4 stimu-

lation (Table 3, p=0.042) in women with and without

dysmenorrhea-related pelvic pain. The mechanism

behind the upregulation of the innate immune system

in these women with pain may involve factors that

increase exposure of the uterus or peritoneal cavity to

TLR stimulation, or that impair the immune response to

normal TLR stimulation.

Recurrent Retrograde Menstruation with

Exposure of the Peritoneal Cavity to

Endometrial Immune Cells and

Microorganisms as a TLR Stimulus to the

Innate Immune System
Exposure of the peritoneal cavity to menstrual blood and

debris via the process of retrograde menstruation through the

fallopian tubes has already been demonstrated in 76–90% of

women.26 During the late secretory phase of the menstrual

cycle, an influx of immune cells, including macrophages,

arrives in the endometrium following the normal, pre-

menstrual fall in progesterone. Menstrual fluid that reaches

the peritoneal cavity includes blood, shed endometrial cells,

immune cells and bacteria, including the gram-negative

bacilli with cell walls comprised of LPS.27 As such, retro-

grade menstruation provides multiple opportunities for inter-

action with the innate immune system.28 Menstrual stromal

cells have been identified in lymph nodes draining the uterus

during menstruation providing further evidence of immune

clearance of endometrial cells in menstrual fluid.29 Our

research demonstrated an increased responsiveness of the

innate immune system independent of the day of testing

(Table 3, p=0.22). This supports the presence of immune

activation across the menstrual cycle, rather than purely in

the presence of severe pain. These findings are consistent

with the clinical studies by Slater, Vincent, Payne, Granot

and As-Sanie30–34 who have demonstrated a reduced pain

stimuli threshold in women with dysmenorrhea, present

throughout the menstrual cycle, at both pelvic and extra-

pelvic sites, as measured by pressure pain threshold or

functional MRI change.

Figure 4 Least Squares means for EC50 with 95% confidence limits by factor using

mixed model.
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An Impaired Immune Response with

Reduced Clearing of Menstrual Debris

from the Peritoneal Cavity as a Stimulus

to the Innate Immune System
While all women with an intact uterus menstruate, and

many exhibit retrograde menstruation, not all women suffer

severe dysmenorrhea. A healthy immune response may be

required to clear the pelvis of menstrual debris promptly,

and an impaired immune response may be associated with

reduced clearing of menstrual debris. Persistent chronic

inflammation associated with residual menstrual tissue

could be a mechanism for increased pain. Such an impaired

response would provide prolonged stimulation of TLRs,

Figure 5 Forest Plot for difference in LS means for EC50 with 95% confidence limits by factor.

Table 3 Least Squares Means for EC50 (with 95% Confidence Limits) and Significance (*) by Factor, Derived from Mixed Model Comparing

Participants with Pain/No Pain, OC Use/Non-OC Use, Day 1–2/Day 7–10 in Controls WhoWere Non-OC Users, and Day 1–2/Day 7–10 in

All Participants

Pain [1] No Pain [2] Difference

[1–2]

P

value*

LS mean EC50

(95% CI)

2.08

(0.63–3.53)

4.47

(2.69–6.25)

−2.39

(−4.69, −0.09)

0.042*

OC use [1] No OC use [2]

LS mean EC50

(95% CI)

3.29

(1.85–4.73)

3.26

(1.47–5.05)

0.03

(−2.26, 2.33)

0.98

Day 1–2, no pain, no OC [1] Day 7–10, no pain, no OC [2]

LS mean EC50

(95% CI)

3.12

(−0.31–6.55)

5.86

(2.43–9.28)

−2.74

(−6.55, 1.08)

0.16

Day 1–2 [1] Day 7–10 [2]

LS mean EC50

(95% CI)

2.80

(1.44, 4.17)

3.74

(2.38, 5.11)

−0.94

(−2.46, 0.59)

0.22
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with potential for enhanced immune system activation. Our

finding that there was no significant difference between

TLR4 responsiveness in the menstrual compared with the

mid-follicular phase across our entire participant cohort

(Figure 5, Line 3) suggests that the process of menstruation

itself is not the sole contributor to TLR responsiveness. This

finding was further investigated within the group of pain-

free controls who were non-OC users (Group 1). There was

no significant difference between the responsiveness of

PBMCs in the menstrual compared with the mid-follicular

phase (Table 3, p=0.16) of pain-free controls who were non-

OC users.

Recurrent Stimulation of the Innate

Immune System, via TLRs as a Potential

Driver of Peripheral and Central Pain

Sensitization
It has been proposed that recurrent, monthly, painful

menstruation may lead to the development of persistent

pain states.23 Our study provides evidence that this

effect may act in part via TLR4 mediated mechanisms.

Preclinical models have demonstrated that glia assume

a pro-inflammatory reactive state following activation by

TLRs, and that TLR4 mediated inflammation contributes

to central pain amplification via the dorsal horn of the

spinal cord.35 The established ability of TLR antagonists

to significantly reduce experimentally induced neuro-

pathic pain in an animal model further supports these

findings.36 In human studies, dysmenorrhea appears to

be a central factor in the development of viscero-

visceral hyperalgesia, and pain co-morbidities including

migraine.15,37-39 Multiple studies have shown that even

small peripheral immune challenges have a profound

effect on pain enhancement, even in healthy

subjects.40–42 Doses of LPS as low as 0.4 ng·kg−1

delivered intravenously (IV) can provoke immune

enhancement of pain responsiveness, which is below

the threshold for a clinical response in healthy adults.

This dose is also below the FDA approved level of LPS

contamination (1 ng·kg−1) in drug preparations and

intravenous fluids. Our data, demonstrating an underly-

ing sensitivity of PBMCs to TLR4 stimulation in

women with dysmenorrhea-related pelvic pain provides

a plausible mechanism by which cyclical exposure to

menstruation engendering recurrent innate immune sti-

mulation may predispose some women to chronic pelvic

pain.

The Oral Contraceptive as Treatment for

Dysmenorrhea
Despite its widespread use for the clinical management of

dysmenorrhea, the exact mechanism by which the OC

reduces pain in some, but not all women with dysmenor-

rhea remains uncertain. Our hypothesis that use of the OC

would modulate the responsiveness of PBMCs in women

with dysmenorrhea was not supported. Furthermore, we

found no significant differences in IL-1β release between

women who were users or non-users of the OC (Table 3,

p=0.98). It appears that the benefits some women derive

from OC treatment for the management of dysmenorrhea

is via pathways other than TLR-mediated immune system

modulation. Alternatively, it may be that the OC nor-

malizes the increased responsiveness of PBMCs to pain,

masking the underlying pain pathology.

While our research found no significant difference

between the responsiveness of PBMCs to TLR stimulation

inwomenwhowere users or non-users of theOC, this requires

further research. It is known that the sensitivity of TLR4

receptors is increased by estrogen35,43. The OC is widely

used by young women for a range of hormonal management

and contraceptive purposes apart from dysmenorrhea, and an

improved understanding of its immune effects would have

wide-ranging implications for clinical practice. It is important

to note that the women using the OC in our investigation were

not selected on the basis of clinical benefit of OC use for pain.

This limits the conclusions that can be drawn from our data.

TLR Stimulation of PBMCs as a Blood

Biomarker for Pain in Women with

Dysmenorrhea
While the evidence linking TLRmediated neuro-inflammation

and chronic pain in animal models is compelling,35,44 its rele-

vance to human pain conditions has been lacking, largely due

to the inaccessibility of the human central nervous system

(CNS) and the lack of a reliable, effective, human biomarker

for pain or immune activation. Pain in humans has thus been

a subjective experience, conventionally assessed by patient

reports or rating scales. This lack of suitable biomarker ham-

pers the development of new pain management options. It

reduces our ability to predict which women are most at risk

of pain progression, our ability to monitor the response to pain

therapies and it confounds patient stratification for enriched

clinical trials.

However, given the research findings byKwok et al24 that

the TLR response from PBMCs does indeed mirror similar
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changes in the spinal cord, the demonstration by Kwok et al

and Schrepf et al17,23 that the technique we have used can

indeed differentiate a human cohort of either chronic pain or

bladder pain patients from controls, and our own research

findings, we believe that the measurement of innate immune

responsiveness has the potential to be a useful biomarker for

pain in women with dysmenorrhea. Unlike our study, Kwok

et al24 and Schrepf et al17 found the response to TLR2

stimulation to be a better discriminator of persistent pain

status than the response to TLR4 stimulation. However, the

participant cohort in Kwok and Schrepf’s studies included

confounding diagnostic variables, such as co-morbid medical

conditions, drug or hormone use, male patients, and pain

conditions outside the pelvis. For the potential of this test

as a biomarker for pain to be realized, longitudinal interven-

tion studies, ideally placebo controlled, using the biomarker

would be required. This testing can be performed indepen-

dently of the menstrual cycle stage, simplifying future trans-

lational clinical trial development. However, the wide

variability between individual responses, and the time and

resource intensive requirements of the laboratory procedure

we have used, limit its practical use. While repeating the

study with larger numbers of participants may further refine

the research findings, we do not believe that this should be

undertaken. Advances in TLR testing using single point

analysis provide improved convenience over our research

protocols, despite their lack of ability to measure dynamic

PBMC responsiveness in individual patients. Our study has

demonstrated that testing can be performed independently of

the menstrual cycle stage, simplifying future translational

clinical trial development.

The Association Between Dysmenorrhea,

Endometriosis and the Innate Immune

System
Despite our focus on the role of the innate immune system

and the primary care presentation of dysmenorrhea, it is

recognised that a proportion of our study participants with

pain may have endometriosis. Endometriosis was found in

62% of 880 adolescents undergoing laparoscopy for severe

dysmenorrhea in a meta-analysis of 15 studies.45 However,

dysmenorrhea may occur without endometriosis, endome-

triosis may be present without pain, and pain may persist

despite complete surgical excision of endometriotic

lesions, showing that the association between endometrio-

sis and dysmenorrhea should not be assumed to imply

causality.14,46

Endometriosis is recognized as an inflammatory condi-

tion, with an increase in IL-1β release both at a local and

systemic level.47,48 Increased E. Coli colony formation with

increased endotoxin (LPS) levels has been demonstrated in

both menstrual blood and the peritoneal fluid of women with

endometriosis, with endometrial cell growth enhanced by

LPS administration.27 These findings prompted Khan et al

to propose the “Bacterial contamination theory” for the

development of endometriosis lesions, whereby contamina-

tion of menstrual fluid by E. Coli elicits peritoneal inflamma-

tion and predisposes to the development of endometriosis

lesions.49 The prolonged presence of endometrial cells in the

peritoneal cavity following menstruation has been demon-

strated in women with endometriosis, and ascribed to either

deficient cell-mediated immunity,50,51 or enhanced endome-

trial cell survival. Our research has investigated TLR activa-

tion from a pain, rather than an endometriosis lesion

perspective. Despite this, it is possible that similar mechan-

isms, potentially involving impairment of the innate immune

system and TLR activation, may predispose an individual to

both conditions.

Study Strengths and Weaknesses
A strength of this study is the stringent exclusion criteria

used, the lack of clinical co-morbidities, and the lack of

confounding medications in this young, otherwise healthy,

patient group. Another strength is the sampling at two

stages of the menstrual cycle in each participant. This

enables estimates of within-subject variability to be distin-

guished from between-subject and assay variability. Our

study’s demonstration that testing can be done during both

the menstrual and mid-follicular phases of the menstrual

cycle further enhances the applicability of this test to

research and clinical practice.

Our study is an observational study with small group sizes,

rather than an interventional study with large numbers of

participants. Therefore, firm conclusions cannot be made.

However, our study design was suitable given the exploratory

nature of our research. As our participants were not rando-

mized for OC usage, there is potential for selection bias.

Future studies may choose to stratify groups according to

participant-reported benefit or non-benefit of the OC for pain

symptoms.

Conclusion
To our knowledge, this is the first study to demonstrate an ex

vivo immune relationship in young women with dysmenor-

rhea-related pelvic pain. This response was at an early stage
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of their pain condition, and in a participant cohort free of

confounding medical conditions or medications.

Our study found a significantly increased responsiveness

of peripheral blood mononuclear cells to toll-like receptor

stimulation using lipopolysaccharide (p=0.042). No differ-

ence was found in PBMC responsiveness in women who

were users or non-users of the OC (p=0.98). We propose that

the mechanism of increased pain responsiveness in young

women with dysmenorrhea results from a TLR-mediated

activation of the immune system, after impaired clearing

and prolonged exposure of the peritoneal cavity to menstrual

and bacterial debris. This research provides a basis for the

consideration and future development of novel treatments

for dysmenorrhea and persistent pelvic pain.

Our study makes substantial progress in expanding our

knowledge of the biological basis of dysmenorrhea-related

pelvic pain, a field that has been under-researched when

compared to its impact on individual women and society.

This study identifies key parameters and therapeutic targets

for further research and drug development in this area of

unquestioned need.
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