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Conclusion

Endometriosis pain (in mice) is likely attributed to increased IGF -1 release by immune cells that aggregate in the endometriosis
tissue (outside of the uterus). This aggregation of macrophages (immune cells), leads to the recruitment of neuron projection s that
allow that tissue to be sensitized to pain - this sensitization to pain may also be widespread (increased susceptibility to pain).

Blocking IGF-1 may reduce pain sensation.
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ABSTRACT: Endometriosis is a common incurable inflammatory disorder that is associated with debilitating pelvic
pain in women. Macrophages are central to the | iology of end. iosis: they dictate the growth and
vascularization of endometriosis lesions and muml\u:nll} have been shown Iupnlmo«. lesion innervation, The aim
of this study was to determine the mechanistic role of macrophages in producing pain associated with end.clmeA

triosis. Herein, we show that macrophage depletion in a mouse model of insi can reverse ab
fllansesmpam havior. We identified that disea dified phages exhibit i pressi oFIGF'I
in an i witre model of endometriosis-associated macrophages and i 1 ion by lesi ident mac-
mphages in mme and um:nen. Concentrations of IGF-1 were eleﬁ aled in penlmal fluid from women with endo-
late with their pai M i that h derived
IGF-1 p i i 1nd nerve itization in mrw Finally, we show that Ihe lglvl receptor

inhibitor linsitinib reverses the pam behavior observed in mice with endometriosis. Our data support a role for
macrophage-derived IGF-1 as a key neurotrophic and sensitizing factor in endometriosis, and we propose that
lherame-.sthatmod.fy macrophage ph pe may be ive therapeutic options for the women with
endometriosis-as ted pain—Forster, R., Sarginson, A., \"tlldlkm'a, A, IIugg. C.,, Doming, A, Home, A, W,
Saunders, P. T. K., Greaves, E. Macrophage-derived insulin-like growth factor-1is a key neurotrophic and nerve-
sensitizing factor in pain associated with endometriosis. FASEB J. 33, 11210-11222 (2019), www. fasebj.org
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Endomietrioss is a chronic incurable estrogen-dependent chronie pelvic pain and infertility and can slgmﬁumlh'
inflammatory disorder affecting an estimated 176 million i Jated] quality of life (2-4). Fr
ment and growth of

tissue cutside the uterine cavi osis lesions],
and current treatment options are llrmbs:d w yulg)nl abla-
tiom or excision of kesions or medical management to sup-
press ova roduction. However, symptoms
recur within 5 yrin 40-: fwiomen following surgery (5),
and medical management often has unwanted side-effects
and is contraceptive (6), There is an urmet clinical reed for
new m:.\lu.ll Ir\-.xm\mL-. for wmm.n with :.-ndom«n

wamen worldwide (1). It is associated with debilitating
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shown in other chronic pain conditions to cause nerve sen-
ation: an enhanced resporsiveness of afferents (10),
wling to o resultant increase in exctability of the ner-
stem and triggering pain hypersensitivity or allo-
(11, 12). In a mouse model of endometriosis (13) that
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Endometrial-like tissue is a grouping of endothelial cells; meaning, a grouping of
“"lining" cells that typically line the uterus. Endometriosis is the formation of that
grouping outside of the uterus.

Endometriosis calls out to the nervous system to send neural projections to the
misplaced endometrial tissue/cells. This is where the pain comes from, as the
neurons are then able to send pain signals back to the rest of the body.

Interaction between these recruited pain receptor neurons (nociceptors) and
communication proteins/molecules (cytokines) released by inflammatory cells
and other cells leads to chronic pain by sensitizing the neurons to pain
signaling.



recapitulates changes in sersory bebavior and mirrors the
range of palnful manifestations observed in women WIﬂ‘\

{Encapsula MNanoSciences, Brentwood, TN, USA} or saline jcon-
hu:l-t} were m,a.‘ted intraperitoneally in 100 plvolume. Liposomes

is, we have d d molecular al
along the pain axds resulting from the presence of endome-
trivsis lesions (14).

Monocytes and macrophages in tissues are known o
play active roles in pain by producing a range of pronoci-
ceptive molecules. These include cytokines, n hirs,
and prostaglandins that can activate nerves by binding to
their cognate receptors, triggering intracellular signaling
cascades thal induce sensitization by activation or up-
regulation of nociceptive ion channels such as transient re-
ceptor potential cation channel (TRP) A1, TRI'V1, and the
sodlium on channels Nav1.7-1.9 (10, 15, 16). The extent to
which signals from macrophages generate changes in sen
sory behavior is d dent on the cause of pain; mech
hypersensitivity caused by sterike incision as a model of
tissue injury based inflammation is rescued by macrophage
depletion, whereas monocytes seemingly have o effect
(17} However, in a model of chematherapy-induced new-
ropathic pain, monocytes migrate into peripheral nerves
and produce reactive oxygen speces that generate pain by
activating TRIATL (18). In disease models of pain, macro-
phages play a key role, For example, in an osteoarthritis
mieclel, C-C motif chemokine receptor 2 (Cer2) signaling, a
ey driver of mﬂcr\:)phage recruitment, is required for

i pain behaviors (19), and in mice
prone o ]upua (ystemic lupus erythematosus), blocking
macrophage calony stimulating factor (m-csf; a factor crit-
)caliormacmphage dsurvival) can
thermal hyp {20 In rats with diabeti rveumpaﬂ'\y
m.nm)pbag\.s h.m_ also been implicated in eliciting a pain

ion of macrophages after traumatic or
metabolic nerve injury r.ugnlﬁrantl\-' reducﬁ ar prwpms the
progressicon of mechanical hy and allodynia (21).

every 48 h. Lineitingd, an I recepior
HLF 1R inhibitor with modest activ ity of the insulin receptor
(40 g kg Selleckchem, Howston, TX, USA), or vehicle (3075
}ml}dh)lexa ghyeol 400, 05% Tween-80), and 5% mp\lene aly-
ool w oral v 24 ice h

tofm\d and water ad it Aml:m:nt hnv\;\crmn. and humidity
were 21°C and 50, respectively.

Meouse model of endometriosis

Endometric
Greaves

vas induced in mice as previously described by
I bried, dumlrmux wen.-mdured [ undengn
klewen ima {27}, Do mmice
were culled, ard the endometrial rvsnn was collected by opening
the decidualized nmnne hom and scraping the endometrium
away fmm...g Y PP dy 40 mg
i injected inko the | cavity of Ex-
primad (300 ng Bz valerate) recipient mi periment 1 (mac-
mphmc dt:p]rtlonk 21 d post endometrial nssuc m)c(nun mice
=213 asslgned o1
of 2 groups: lipmsomal clodronate (i = 17) or saline (1 = 14).
Behavior assessments wene performed o ascertain pretreatment
recordings. Macrophage depletion was started on d 21 of the
d is protocol and imed for an addit
7 d (21-28 d). At 28 d, mice were culled, and the following
samples were recovered (see Fig, 1 for flow diagram scoounting
for sample size for each endpointy peritomeal lavage {r = 14 and
17: recovered by injecting 7 ml ice-cold DMEM into the peritoneal
cavity followed by gentle massage and recovery), perttoneal bi-
apsy (12 = 10 each group), endometrinsis lesions (r = 13 and 9),
lumbar spinal cord (T13-L5; 0 = 7), and medial prefrontal cortes
{brain; i = 7). Samples were also collected from naive (n = 10) and
sharn-treated (ovariectomy + E: + inhafenbmml injection of
PBS; 5 = 9) animals. Semples were collected into RNAlster
{Therme Fisher Sv:|('nt|l|rr Walthaln MA, USA) and frozen for

PCR {gP'CR) spinal coed, and
brmm] mulml-buﬁ’med formalin for paraffin embedde., and
analysis fosis lesions). Sus-

Macrophages are considered central anLru in the
pathophysiology of endometriosis, dictating both pro-
liferation and vascularization of lesions (22, 23), They are
observed clustered around nerve fibers in endometriosis
lesions (24), and we have demonstrated a functional 2-way
interaction between macrophages and nerves i endo-
metriosis that is mediated by Fp (25), a ligand that is gen-
erated in lesions by overexpression of steroidogenic
enzymes, mclud]ng aromatase (26). Specifically, an E-
dependent increase in chemakine ligand 2 (Cel -2) by nerve
fibers. rucruns mncmpmgps, which exhibit an increase in

of b I factor (Bdnf)
and ne'umtmphln -3 (Mt-3), leading to cuncnmmm new-

pected lesions were stained wsing ‘rp'ma:my]m and eosin and
assessed for the presence of stroma’* glands, Biopsies that did
not include either epithelial or stromal compartments were not
inchudid in any further analysis. Experiment 2 (Igf-1r inhibition):
In a separate experiment, mice with induced endomitriosis [ =
24) were randomly assigned to 1 of 2 groups (vehicle, n = 12 or
linsitind, 1 = 12), and behavior assessments were performed.

Behavior assessments
Behavior d as we have f Ly
hescribed in detail (14). |r| thi: -.r||||v behavioral were:

performed in a blinded fashion, andd all animals wene acelima-
tied to the apparatus and handling prior to the initiation of be-
havior analysis. and activity) and evoked

iy promote nerve gmm‘.h n L'miom‘.'tnusls lesions, it is
not known if they insis-associated
pain. Thus, we hypothesized that macrophages contribute
to endometriosis-associated pain by secreting factors that
encourage nerve growth and sensitization.

MATERIALS AND METHODS

Animals and reagents

{mechanical hyperalgesia messured wsng von Frey flaments)
behavions were recorded. Experiment 1: Assessments were per-

formed on 31 mice with induced endometriosis {saling, & = 14;
liposomal, 1 = 17). Groups of naive (r = 10} and sham-treated

(owariectomy + E ! i PR 1t =
e inctuded i all xperiment 2

on 24 mice with is (vehiche, o = 12;
]Iﬂ:lllnfb 1 = 1Z), naive i = 12), and sham-treated (i = &) mice.

Patients and recovery of tissue and fluid samples

C57BL/ & mice were fased from Harlan (Ind, N, End, fosis lesions (i = &; proli phase, i = 4; and se-
USAL T achieve macrophage depketion, lipesomal J...J,mm- cretory phase, i peri fluich (FF} {10 =13; proliferati
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Took out ovaries of two sets of mice and then gave them hormonal therapy (estrogen and
progesterone), then isolated endometrial cells from one uterus and injected them into one of the sets
of ovariectomized (ovary removed) mice. Then, the researchers allowed the outer-uterine endometrial

cells to grow into growths like that seen in endometriosis.

Macrophages are cells of the immune system.



Figure 1 Flow diagram of mice
wsed for each  cxperimental
endpoint, Contrel mice [a =

;maive (o= 100; shanereated Maive [10)
mice (@ = 9] and mice with
induced endometriosis [n
l'ncl-J (= 14}, Endo +
1711 were used for be
sessanents and flow cyton
wis of macrophage

pnpulaunn& Of these, spinal
i | b

pinal cond and beain
were (u".ul(.d from w = 7, and nes
wieal biopsies were col-

Canlrol rrice (n = 19)

Sham ()

Mice with induced endometriosis (n= 31 )

-~ -~

Enda (14) Endo + Liga {17}

. » *
|
~

n=7CNS n=10 n=7CNS n=10

0 Enco and

grne cxpression sis wsitg
qPCR, We recovered lesions [ gy
from 13 (out of 143 Endo mice
and @ (o of 170 Endis + Lipo

mice, and these were wsed for ”

ence. (NS, cen-
wral nervons sysem (spinal cord ‘ Behavior

anl brain; Lipo, liposomes,

p‘msl:. 71 = 6 secretory phase, n = 7) were collected from women
for chronic pelvic pain
with presence of endometriosis mnﬁrmed at rhe time al surgery.
PF wiss also collected from wormen bor

Figure 1: Control mice were split into two groups: Naive, meaning these mice had nothing done to
them; Sham, meaning these mice underwent the same procedures as the treatment mice without
actually being given the treatment (for example, being injected with the liquid containing a drug, but
not the drug, itself). These control mice a way to see if some of the manipulations inherently cause
some effect (you hope that they do not so you can surmise that any witnessed effect is due to
treatment alone).

These mice were observed for behavior changes, as well as has had their spinal cord removed (after
death), as well as their peritoneum (a sac that encompasses the organs in the abdomen) to run
genetic screens on these two tissues.

pertoneum pesitoneun
n=13 n=9
. —
Fo= ]
Flow cylometry  QPCR on CNS QPCR on Immunofluorascence
on peritoneal fluid Peritoneal biopsy on lesion

20ng/ ml IFMN-y and 50 ng/ml LPS to generate proinflammatory:
rophages and others were activated with 20 ng/ml 1L-3,
IL-10, and TGF|'.\ [ ,,enelahe pmlepalr A AZES; LNAC-

chromic pebvic pain with the absenoe of enclomictricsis (n=9;
proliferative phase, n = 5 sc\'mtor}' phase, n = 4). None of the
women had Laken fior =3 mo at the 1
sampling. Sarmples were collected, stored, and processed in ac-
ordance with Endometriosis Phenome and Binbanking Har-
monisation Project (EIHect) guidelines (28-31). Endometriosis
lesions were fixed in 4% neutral-buffered formalin and paraffin
embedded. PF sam) were centrifuged to pellet any cells
and debris, divided into aliquots, and frosen at —80°. Tain
scores were cleulated using the Endometricsis Health Profile 30
questionnaire.

In vitro generation of endometriosis-
associated macrophages

Ta isolate mononuckear leukooytes, blood was processed wsing
dextran sedimentation and separated on a Percoll (GE Health-
care, Waukesha, W1, USA) geadient with negative selection as
previously described by Greaves e al. {25). Adherent monocytes.
were cultured on tisse cultune plates in the presence of 4 ng'ml
MACSF 1 for 7 d to generate monocyte-derived macrophages
(MDMs). Cells were cultured in DMEM (Thermo Fisher Scien-
tific) containing 10% AB human serum (AMS Biotechnology,
Milton, United King in 12-well pl. ined at 37°Cin

tivated dy) were also included as
controls, Conditioned medism was collected by removing PFor
medium containing cvtokines, washing omoe in fresh medium,
and then incubating in medium for an additional 24 h. The con-
ditiooed medium was collected and frozen inalsquots at Octd-800C.

Human stem cell diffs iation to

SENsOry Neurons

Human embryonic stern cells (hESCs), strain HY (WiCell, Madi-
son, W1, USA} were maintained and differentiated into sensory
meurons wsing srmall molecule inhibitors as previously described
m refs, 32 and 33, Differentiation was verified by c\lnﬁrmmg
of the plurip marker oct;
uansmpmn factor 4 and 1 up-regulation of the nociceptive: gm
tachykinin precursor 1 (TACL), sodium voltage-gated channel
(SCN) 9A, and SCNT1A. Funchionality of sensory nesmons was
confirmed by stimulating cells with 4 nM capsaiscin (Milli-
reSigma, Burlington, MA, USA) and recording intracellular
calcium fux using a caleium indicator kit (BD Biosclences, San
Jose, CA, USA), with cakeium flux captured using a Novostar
microplate flucrometer (BMOG Labtech, Cary, NC, USA)

5% OO, After differentiation o macrophages, MOMs were ac-
tivated with PF from patients with {n = 7; secretory phase) or
without (i = & secretory phase) endometriosis diluted 101 in
medivim for 24 b, Macrophages activated with PF from patients
with endometriosis are referred o as i wibo generated
endometriceis-associated lmcmﬂ\ages (EAMsJ We also in-
cluded scally polarized trols; from

‘assay

Emibryonic rat dorsal root ganglia (DRGs) were isolated as pre-
wviously described by Greaves ef al. {34). Whole-ganglion explants
were plated ot poly-orysine- and Matrigel-coated wells (8D
Rioscienoes) in 48-well plates and incubated in DRG medium
(I\Igh-glmose DMEM supplemented with 0.01% penicillin-

. 1% fetal m]an\J Positive controls were sup-

wach blmd parats g 2 i 1 with
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I J with nerve grovwth factor (NGF) {Bio-Rad, Hercules,
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Figure 1: Mice with induced endometriosis are either left alone (Endo) or injected every two days with
an artificial ATP (cellular energy) that inhibits the mitochondria of macrophages (immune cells)
leading to their death and depletion (essentially, removing the immune component to see if it has an
effect).

The same experiments done in the control mice were performed here, as well as taking out the
lesion/endometriosis tissue and probing it for various substances/molecules (described later).




CA, USA) plus recombinant IGF-1 [Ré&D Systems,

MN, USA} (2-200 s/ al) + 125-500 i Pacropocdopliyllin (PFP:
Tocris Binscience, Bristol, United Kingdom). Some DRGs wene
incubated in PF or macrophage-conditioned medium diluted 1:1
in DRG medium = 500 nb PPP. 1 of explants were cap-
fured using an Axiovert microscope Earl Zevss, Dberkochen,
Germany], an Axicvision camers, :md softwane.

Flow cytometry

Red blmd oells wese lvsed Imm itoneal Lav and
D25 g C D16/ 2 e

'1} BioLegend, San Dicgo, CA, USA and then stoinedd wl.lh a

Table1.F m
I and megative controls were used bo confimn gating strahegles
Just prioe to analysis, DAPLand 123count eBeads allowing ab-
solute numbers of cells to be determined (Thermao Fisher Scien-
tific) were added to samples, Samples were acqulred uslng an

Sections were antigen retrieved using citrate buffer, heat, and
pressure (pH 6.0 for CO68 or pH 1 for IGF-1) or trypsin tablets
dissolved in dHO {for F4,/80, ) incubated with
sections for zn i at Rl &cbnns were blocked for endoge-

-« m-mp\.wu P

3,

diluted 1:5in Tri
and incubated with primary antibody {Table 3) al 4°C overnight.
Antibody detection was performed using a secondary EAb b
[ P ) 4 e siomal amulificat

systern kit with cyanine (Cy) 3 or fuonescein (1:50 dilution; Per-
KinElmer, Waltham, MA, USA). For detection of the second an-
tigen in dual sections Doiled in citrate
butfer, and the seond primary antibody was applied ovemight
and detected as before, Prior to mounting in Permafluor (Thermae
Fisher Scientific), sections were counterstained with DAL Im-
ages were caphured wsing an LSMT10 confocal microscnpe and
Axiolam calrm{Cari Zeiss). Human o mouseferus was useed

LSRFortessa with FACSDiva software (BD -
alyzed with Flowlo v.9 software (Flow]o, Ashland, OR. UsAL
Analysis was performed on single live cells determined wsing
forward scatter height o5, area and negativity for live or dead
(DAPI).

Real-time qPCR

RNA was extracted from human and mouse tissues by ho-
mogenization in Trizol reagent and chloroform phase sepa-
ration prior to processing using an RNAeasy Kit {Qhﬁem
Hilden, Germany). RNA was extracted from cells using RLT
{lysis) buffer and an RN Aeasy Kit. Concentration and purity
were assessed using a Nanodrop 1000 (Thermo Fisher Sci-
entific). A standard curve was generated by E?olmg -
diluted RNA samples and pesforming four 10-fald dilutions.
cDNA was synthesized using SuperScript Vilo Eneyme
(Thermao Fisher Scientific) with 100 ng starting template in a
20-pl reaction. PCRs (10 pl) were performed using the Roche
Universal Library {Roche, Basel, Switzerland) and Express
qI"CR Supermix (Thermo Fisher Scientific), cDNA was added
at 1l per reaction, forward and reverse primers (Table 2)

s, and negative
the pnmm'y mnbody.

IGF-1 ELISA

1GF-1 levels were detected in conditioned medium and PF using
a Human IGF-1 DucSet ELISA [R&D Systems) according to the
manufacturer's instructions.

Statistics
Initially, data Sh, Wilk and
Kolmogosow-Smirmoy tests. Statistical analysis was performed
usinga Stuckent’s st or Mann-Whitney U est (nonnarmal data)
to compare 2 experimental groups or a 1-way ANOVA with a
Tukegfs multiple comparison test o compare =3 experimental
For von Frey data, medians were ploted, and a
Kruskal-Wallis test with a Dunn’s multiple comparison test was

med,

d for normali i

Study app

were added at 20 M, and thermal cycling diti were
performed on a 7000 Fast real-time PCR machine (Thermo
Fisher Scientific) in 384-well plabes with technical duplicates
performed. 185 (Therme Fishm Scientific) was selected as the
reference gene, Data were analyzed using the relative stan-
dard curve method, and samples were normalized to 1 con-
sistent samphe.

TABLE 1. Flmp exdowmelry antitodis

Mouse experiments were permitted under liceree by the United

m Home Office and were approved by the University of
Edinburgh Animal Welfare and Ethical Review Body (Edin-
Burgh, United Kingdom). Behavior assessments were performmed
in ! ith the Guididines of the Commil Resasarch

Antibssehy Target el Flusrhrenmm: Supplicr Dilutivar {41
ons T eells Biolegend 1:1M
B B cells BiolLegend )
MEpG ME cells Biolegend

Siglec-F Ecsinophils B} Bioscicnces

il Granulucytes i Bieslegrened

Cnis Lenkoeytes PE/ mmcﬁsl 1] Biolcgend

Lt Monocvies Pacific Blue BioLegend

Ladics Neutropils PESCYT BioLegend

Cellle L ritic cells PERCE /(A5 Biolegend

Fil /80 Macrophages Alexa Fluor 4585 Biolcend

DAPL

APE, allophycacvaning BVES, Beilliant Vieler 650; Ly, lmphecyie antigen 6 comples, Jocis G

PE, phmrm erviliring PEI
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TABLE 2. Primer seguences

Primer sequence, §'=3

Forward

UL pirate

45
25
Ee !
Bb
44
(irg
Bh

2
B

Cane-, oychoonygenase-2; UPL, Universal Probwe Library,

and Ethical lsues of the International Association for the Study
of ain. For the colkection of patient biopsics, the study was a)

proved by the Lothian Research Ethics Committee (LREC 11/
ALS0E76), and all samples were collected after informed consent
was obtained in accordance with EFHect gusdelines (29, 3).
Human venous blood was collected from healthy female vol-
umteers (1 = 7) with informed consent and approval from the
Local Lothian Reseasch Ethics Committee (AMREC 15-HV-013).

RESULTS
Macrophages play a key role in

in mice with induced endometriosis

In C57BL/6 mice with induced endometriosis, macro-
phages were depleted on d 21 post tissue injection using
liposomal clodronate. Injections were repeated every 48 h
(d 23,25, and 27) to maintain depletion, and the mice were
culled on d 28 (Fig, 24). To confirm depletion of macro-
phages, we performed flow cytometry on cells isolated
from peritoneal lavage. Among CD45°, CDA7, CD19,

NKpd6, Siglec-F |, lymphocyte antigen 6cnrrnp|Ex. Tocus
G (Ly6l), and cditb’ cells, 4 populations wene sepa-
rated based on expression of F4/80 and lvmphocyte an-
tigen b complex, locus C{LyAC) (Fig- 23: 'I'hﬁpwsl@]alge
peritoneal macrophages (LpMs; F4,/807, Ly6C ), a pop-
ulation of F4/80™ LysC* cel]sthnrllkelyrepmsemasubset
of transient MDMs, and small peritoneal rrwt.mph.ng}:s
(SpMs; F4/80%, LyrC ) and monocytes (F4 /80, LyeC').
Administration of liposomal clodronate induced a 5
icant depletion of L.p\d:. (Fig. 2C; I = 0.001) and transient

of mﬂcmphay:. in mice with endometriosis induced a

e in the number of monocy
with naive and sham-treated mice (Fig, 2F), but mnnocy

numbers were not significantly different to (nondepleted)
mice with endometricsis. We observed a significant in-
erease in the number of Lphs in mice with endometriosis
compared with naive animals (Fig. 2C; P = 0.01). We re-
covered lesions from 13 {out of 14) mice treated with saline
and Y {out of 1?] mice treated wn‘h Ilpmnmal clodronate.
Using i ence, we identified a reduction in
Fa/80" mac ges present in insis lesions
compared with control animals (Fig. 2G, H; P < 0.05), Mice
with endometrivsis exhibited increased levels of sponta-
neous abdominal grooming (Fig. 20; P < (01} and de-
creased levels of activity (Fig. 2f; P < 0.01) as well as
decreased abdominal retraction (Fig, 2K; P < 0.001) and
paw withdrawal thresholds (Fig. 20; P < 0001} when
stimulated with a punctate stimulus (von Frey filaments;
an evoked measure of mechanical hyperalgesia) com-
pared with naive or sham-treated animals [eonsistent with
what we have observed previously (14]]. Following mac-
rophage depletion with liposomal clodronate, the levels of
grooming in the endometriosis mice declined such that
they were no longer different to those observed in naive
and sharm-tresbed animals(Fig, 21 P < 005 compared with
mice with induced endometriosis). Macrophage depletion
did not rescue activity levels in endometriosis mice (Fig.
2J). However, there was a significant difference in ab-
dominal retraction threshold between nondepleted and
macrophage-depleted endometriosis mice (Fig. 2K; P <
0.001), with endometriosis mice withdrawing from a
lighter mmulus than depleted animals. Deple’hon m‘

MDMs (Fq,. 20; P = 0.05). There was no si dif-
ference in numbers of SpMs (Fig, 2E), Llpem\:\l depletion

TACTOp aw
in mdmutnusus mice (Fig, 20; P < 0005 compared with

TABLE 3. Primary antibodies wied in wminofluorscence

Antibedy Flast Species Supplier Dikuticn {.+]

Fi IJ‘ND Rat Maomse Therma Fisher Scientific 1R
Maonse Human Drakor [E]
Rabbit Humian Santa Crog Blotechnology L:150

Newrofilament Chicken Rat Comance L: 1M
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Figure 2A: As described in my notes previously, mice had their ovaries removed (OVX) and were put
on a controlled hormone protocol (addition of estrogen and progesterone) to removal hormonal
fluctuations as a confounding variable (a factor that throws off the results). Then, after 7 days, one
group of mice had their endometrial cells taken (donor) and injected into another group of mice
(recipient) to form endometrial cell tissue formation outside of the uterus (an endometriosis model).
After being given a few weeks for those cells to form into lesions, the mice with endometriosis
(recipient) had their behavior assessed, and then some of them were injected with the immune
suppressor (Liposomal clodronate: kills macrophages).

Figure 2B: This is a flow cytometry experiment; meaning, the cells are stained for particular markers that
identify them within peritoneal samples. In this case, the cells being investigated are macrophages (immune
cells). This tells us the amount of macrophages present (by a F4/80 stain that is a specific marker for
macrophages) in an equal sample loaded. The samples loaded are a control sample from mice that received!
an injection, but not the drug (saline) and mice that received an injection of the drug (clodronate liposomes).
The more color and spots you see, the more macrophages are present.

Take Away: The drug treatment drastically decreases macrophage amount.
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Figure 2C-F: This is the same experiment as Figure 2B, but only showing the quantification, as well as
testing a variety of different i immune markers. Remember the naive and sham conditions are control mice
(not given the drug or endo isthe er mice, and endo + lipo is
endometriosis mice + the addition of the drug that reduces immune cell amount.

2C: This is a quantification of the number of macrophages. It is severely decreased with the addition of the
drug.

2D: This is a quantification of large monocytes (also immune cells, but these turn into macrophages;
however, they are unique in that they circulate in the blood stream, unlike macrophages that typically hang
out inside tissue). Endometriosis seems to increase the number of circulating monocytes.

2E: Another measure of macrophages, but a smaller subset of macrophages (that are typically large cells) -
no differences were detected.

2F:A quannflcanon of the number of small monocytes. These are elevated with endometriosis and the drug
additiol

Take Away: The drug used (liposomal clodronate) is specific to macrophages (as it should be) and does not
affect monocytes.

Figure 2J-L: Remember, the naive and sham conditions are control mice (not given the drug or endometriosis),
endo condition is the endometriosis mice, and endo + lipo is endometriosis mice + the addition of the drug that
reduces immune cell amount.

2J: The researchers are measuring the amount of activity (movement) of the mice. The endometriosis and the
endo + lipo/drug (immune inhibition) mice were less active.

2K: Researchers measured the effect of touch stimulus on the abdomen (retraction implies pain sensitivity). The
endometriosis mice had earlier retraction of the abdomen when stimulated and the immune inhibited mice (Endo
+ Lipo) had recovery of basal/control sensitivity (meaning, they were less sensitive/felt less pain).

2L: Researchers measured the effect of touch stimulus on the paw (retraction implies pain sensitivity). The
endometriosis mice had earlier retraction of the paw when stimulated and the immune inhibited mice (Endo +
Lipo) had partial recovery of basal/control sensitivity (meaning, they were less sensitive/felt less pain).

Take Away: Endometriosis mlce are Iess active (cannot delermlne why, but possibly due to more pain) and the
inhibition of the macropt the er induced sensitivity to pain (felt pain at
normal amounts to normal pain stimulus).
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nendepleted endometriosis mice). Thus, it appears that
macrophages play a key role in altered sensory behavior in
mice with endometriosis.

Depletion of "
markers of inflammatory pain
hypersensitivity in the CNS of mice
with induced endometriosis

We have previously shown that the presence of endome-
tricsis lesions leads to increased expression of nodceptive
and inflammatory markers (Trpvl, Senl1A, and Cox-2)in
DRGs and spinal conds and the brains of mice with en-
dometriosis {14). Cox-2 has previously been implicated as
a marker of infl v pain hyp itivity (35). In
line with our previous findings, endometriosis mice
exhibited increased mRNA expression of Cov-2 (Fig, 34;
< 0101} as well as T (Fig. 38; P < 0.05) in the spinal
cord compared with naive and sham-treated animals, and
these levels were attenuated following macrophage
pletion using liposemal clodronate. Tl‘l. medial prm‘rtmlﬂ]

Spinal cord
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cortices of the brains of mice with end iosis also
exhibited apparent increased mRNA expression of in-
flammatory genes, with Cox-2 being significantly different
to controls (Fig. 3C; P < 0.05). Exprmsiun of Cov-2 was
reversed by macrophage depletion (P < 0.05), Trf levels

Masive Enam Enda Enco + HMava Bham Endo Endo+
Lipa L

Figure 3. Perpheral macrophages mediae endome
mssociated inflammation in the € TR amalysis re
idence of apparcnt danges in ihe m

is-
aled

in the brain were not significantly altered foll i mac-
rophage depletion (Fig. 30). We conclude that detectable
molecular markers of inflammatory pain in the nervous
system of mice with endometriosis can be attenated by
macrophage depletion.

Disease-modified macrophages in
exhibit
expression of IGF-1

To madel EAMs in vitro, we activated human peripheral
blood MDMs (see Supplemental Fig. 51 for characteriza-
tion of monocyte-macrophage differentiation) collected
from healthy female volunteers with PF from patients with
endometrioss (Fig. 4A). Mis, pmnr\ﬂanumlur\-’ macro-

¢ genes in e spinal (TIHLS segments) and
medial p lI|\nlI.|| cortey arca of the brains of mice with
A) In the spinal cords of mice with endome
triosis (0 = 1] Lo 2 mRNA was significantly elevaed (P <
L] mn-p.nml with naive {5 = 51 and shamereated (5 - ﬁJ
This was auenuated following

depletion (n
were increased

depletion reduced _expre
increased bt nos significant
depletion reduced expression levels. Cr
Lipu, liposommes; RQ, vebative quant

ence (Fig. 4£). We also confirmed ex-

phages [M{LPS+IFN-y)], . phages [M{TGE-
B + IL-10 + IL-4)], and macrophages activated with PE
from women without endometriosis [M{No Endo)] were
included for compart In order to i igate factors
pmd uced lv_', mal.mplugeﬂ |hal rmy contribute Lo pain in

we RNA of key
nEurUtmphlc genes. mRNA expr&mn of BONF was ele-
vated in EAMs campared with M{No Enda) (Fig. 48; P <
005), Concentrations of NT-3alsoexhibit elevated levels in

pression of lgf-1 in F4/80° macrophages in mouse endo-
metriosis lesions using immurofluorescence (Fig, 4% In
support of these findings, we also demonstrated that IgF1
mRNA concentrations were elevated in peritoneal bi-
opsies of mice with endometriosis, and kevels were sig-
nificantly atteruated when macrophages were depleted
{Fig. 4G; P < 0.001).

EAMS but this data did not reach statistical signi
(Fig. 4C). mRNA concentrations of IGF-1 were signifi-
cantly elevated in EAMs (P < 0.001) compared with all
other macrophages, including macrophages activated
with PF from women without endometriosis [M{No
Endoj; P < 0,05, Fig. 40)]. We aimed to further validate
these data using patient biopsies. In endometricsis le-
sions recovered at surgery from women during the se-
cretory {progesterone-dominated) phase, we could detect
mac ges (CD68) that d IGF-1 using dual
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 in the PF of women
iosis an
wlth their pain scores

IGF—1 is el

We aimexd to further explore the importance of TGF-1in the:
mechanism behind endometriosis-associated  pain in
women using human samples of PF. IGF-1 protein con-
centration was significantly elevated in the PF of women
with endometriosis compared with those without disease
(Fig. 54; P = 0.05) regardless of cycle phase (Supplemental

FORSTER FT AL

Figure 3A-D: Remember, the naive and sham conditions are control mice (not given the drug or endometriosis),
endo condition is the endometriosis mice, and endo + lipo is endometriosis mice + the addition of the drug that
reduces immune cell amount. Here the researchers are using PCR, which measures how much genes are
expressed. The measures are for Cox2 (cyclooxygenase) and TNFa (Tumor Necrosis Factor alpha) [both are pro-
inflammatory markers] and measured in spinal cord and brain of the mice.

3A & B: Cyclooxygenase and TNFa are both increased with the endometriosis condition, but return to baseline
when the clodronate liposomes (drug that inhibits inflammatory cells) is injected.

3C & D: Cyclooxygenase is elevated in the brain (same as A & B), but TNFa is not statistically significantly
increased in the brain. However, | imagine the difference is true/real and close to statistically significant.

Take Away: Endometriosis likely increases pro-inflammatory markers, but either these markers are ameliorated by
the drug, because there are fewer macrophages, or the communication signals for inflammation are alternatively
inhibited.
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P peritencal biopsics recovered

from endometriosis mice (0= 10, gPCR analyas revealed thiot mBNA concentrtion of fgt 5 was elevaed (8 105) compared with

naive (n =3} and shamareated (n = G) ani
expression (F < 0K, RO, relarive quantificati

}-" 524). Wealso found that concentrations of IGF-1 in PF
vely correlated with patient-reported
{mllu texd prior to surgery) in women with pelvic pain but
no endometricsis and women with endometriosis and
pelvic pain (Fig. 58; P < 0.05). Thus, we hypothesized that
macrophage-derived IGF-1 might bea key factor involved
in procucing pain in endometriosis,

Mm:rq_:hage-derived IGF-1 enhm?:es .

P 8 NEUrcgenesis and nocicey
gene expression in vitro

IGF-1 is a known neurotrophic and sensitizing factor
(36, 37). To determine potential mechanistic roles for
m'|cn:)p}|ﬂ§,'\.‘-den\-td IGF1 in tﬂ(‘omﬁ.‘h’]lt1b€|ﬁs\‘cl'|'t‘d
pain, plored the effects of EA di 1 medium
on peuronal cell cultures. Rm!mhmnnl FGF-1 (200 ng)
stimulated sprouting neurogenesis in embryonic rat
whole DRG explants (P < (L001); this was specifically
inhibited by 500 nM PPP (IGF-1R inhibitor; P < 0.05; Fig,
&4, B). PF from women with endometriosis (PF Endo)and
conditioned medium from EAMs also stimulated nerve
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e depletion in endometrioss mice (g = 1) signifi
ARG, * 8 < (L, =4 P < 0,001

iy reduced fgi 1

growth compared with PF from women without disease
{PF Mo Endu; Fig. 64, B; P < 001) or conditioned medium
from macrophages activated with PF from women with-
out disease [M({No Endo); P < (0001]. Sprouting neuro-
genesis was inhibited following addition of 500 nh FPF in
each case (P < 005 and P < (.01, respectively). Thus, the
neurotrophic effects of PF and macrophages in endome-
tricsis are at least in part mediated by IGF-1. hESC-derived
sensory neurons (Fig. 6C) express ion channels that are
functionally active (32, 33). Incubation with EAM-
conditioned medium enhanced mENA expression of the
nockeptive sodium voltage-gated on channels SCN9A
{Fig. 60 P = 0.01) and SCNILA (Fig. 6E; P < 0.001) but mot
SCM3A, the vanilloid channel TRPY, or the purinergic
channel purinergic receptor P2X 3 {Supplemental Fig,
534-C), The neuropeptide Substance T {encoded by the
gene TACT) was significantly up-regulated (Fig. 6F; ' <
0.001), but calcitonin gene-related peptide was not (Sup-
plemental Fig. 530). Changes in gene expression were
attenuated by IGF-1R inhibition vi PPF (P < 0.01). Thus,
we have shown a role for IGF-1 derived from EAMs in
contributing to nerve growth and sensitization in pitro.

11217

Figure 4A: Took macrophages (immune cells) and put them in peritoneal fluid (fluid surrounding the organs within
the abdomen of the body) of endometriosis patients (humans). Then, researchers tested the RNA (gene expression)
of these macrophages after being in this peritoneal fluid for 24 hours. They did the same experiment with the
peritoneal fluid of non-endometriosis sufferers.

Figure 4B-D: The ran the in Figure 4A, then added different comparison sets of
macrophages like MO (resting state macrophages); LPS + IFNy (pro-inflammatory macrophages); TGF + IL-10 + IL-4
(Resting slale macrophages) No endometriosis (macrophages from women with no endometriosis); EAM

from endometriosis patients). Then, researchers measured amounts of
RNA/gene expresslon of three dlfferent genes - BDNF (Brain Derived Neurotrophic Factor - neuron/nerve cell growth
stimulator); NT3 (Neurotrophin - neuron/nerve cell growth stimulator); IGF-1 (Insulin Growth Factor - general growth
factor/stimulator).

4B: iosis 1ages expl higher levels of BDNF vs non-endometriosis macrophages.
4C: There were no statistically slgnlﬂcant changes in NT3 in any macrophage condition.

4D: IGF-1 is increased in every macrophage state compared to the activation state, but the highest IGF -1 expression
was shown in the endometriosis cells.

Take Away: Endometriosis immune cells express the highest levels of neuronal growth factors (presumably, to
increase neuron migration to them - this is the proposed mechanism).

o S{antiele. issue getls




A IGF-1 B IGF-1 ws Pain
150 N 0 .

7 gl - .

5 00 g I

= Ead « . .

oL D, g

g Y I =

o o
Ma Endo Endo a 100 200 00|

1GF-1 fnghnL)

l'-‘igu—e 5 IGF-D s ‘In.uul in lh( ] F ol women w|l]i endomnme-
orrelae with
nddometricsis (1=
005} in protein
-1 compared with patients without

e |1|||Iu| pain_sore [in

Pelvic pain is the most o f
endometriosis (33). The pain is Ihrvught o L‘ae a mamfe’»—
tation of a 2-way dialogue between the nervous system
and endometriosis lesions: the presence of endometrial-
like tissue in the pelvie cavity of women with endometri-
osis causes inflammation (39), and lesions are innervated
by sensory nerve fibers that sense this peripheral in-
flammatory environment and generate a nociceptive re-
sponse resulting in pain perception. ages are the
most abundant immune cell present within the pelvic
cavity (#0], and in women with endometriosis, an increase
in the number of macrophages both in the PF (41, 42)
and in lesions (43} is evident; thus, these cells may con-
tribute significantly to the inflammatory milieu present in
the disease. In our study, we used an established mouse
model of endometricsis o demonstrate that macro-
phage dEpI.ehnn usmg liposomal clodronate can attenu-

tricsis (pink
cI.uh] mcl chronie pelic with no obwiows pathology cl:lm
elests) ] sl TGE-1 PrOLEN concentrations. Statistieal analysis was
pertormed using ucdent’s ¢ test or Pearson’s ¢ lest for
an, P 005,

Igf-1r inhibiti h laesi
iin mice with induced endometriosis

To further explore the role of I[gfl i mice with

endometriosis-associated pain, we inhibited Tgf-1r using

]msmmh a selective IGF-1R lnlllhllol that prevents auko-
h ion and activati

ate sociated L ing and
mechanical hyperalgesia (bol:h Tocally and ata m-ferred
site). This finding complements and extends studies car-
ried out in other rodent models of disease-related chronic
pmn that report a mlE fur macmphnyz. and monocytes in

the g of p iors (19-21),
We have pnwmusly established lhal the presence of
lesions in ses molecular changes in

the CNS (14). In this study, we demunstmbed that Cox-2
and Tnf-o were significantly elevated in the spinal cords
and brains of mice with endometriosis and that d‘pl&

Treatment ofmdou'mm)sls mice wn:h4‘U mg,-"lq;lmhnlb
decreased grooming levels in mice with endometriosis
(Fig. 74; I' = 0.05). Although activity was reduced in mice
with endometriosis, treatment with linsitinib did not res-
cue this behavioral change (Fig, 75). Abdominal retraction
(P = 0.01) and paw withdrawal thresholds (P < 0.05) were
higher in endometriosis mice treated with linsitinib com-
pared with vehicle-treated mice (Fig. 7C, D) such that there
was no significant difference between linsitinib-treated
and control animals. These findings indicate that in-
hibition of Igf-1 signaling in mice with endometriosis can
& P

DISCUSSION

Endometriosis is & common incurable disease with dev-
astating impacts on health-related quality of life. Despite
its prevalence, there remains only limited treatment op-
tions, and new therapeutic strategies are an area of unmet
clinical need. Using a combination of it sive, ex-uive, and i
witry models, we show t]\al maxmp]mges play a key role

tion of peripheral macrophag, of
these infl v markers. The explwmn of proin-
flammatory c}'huk]nes and Cox. Zm&ECNSuablomarker
af spinal ion and i

tory pain (12, 35, 44, 45). Our data suggest that macro-

ages present in the pelvic cavily and in endometriosis
lesions play a key role in establishing maladaptive changes
in the CNS that are associated with enhanced pain per-
ception. It was surprising that these changes could be re-
versed, suggesting that in our model and at the time-points.
analyzed, (_Nb aJteratmr\ﬁ are d}marmc The extent of
spmal is remains un-
known, although recently it was shown that in a mini-
mally invasive model, mice with endometriosis exhibit
astrocyte activation and subtle changes in immunoreac-
tivity of microglia {46). Further characterizations of spinal
malﬂdaphhm s characteristic of neuroinflammation in en-
dometrisis are warranted,

Macrophages play diverse roles in health and disease in
all tissues of the body and consequently exhibit tissue- and
disease-specific transcriptional profiles (47). In line with
this, peritoneal macrophages from women with endome-
tricsis esdublt an enhanced activation state characterized

in that disease- by enhanced exy of pro- and anti

modified macmphagef. Etrhll:ll “increased expression of cymkmeq {48). Studies in mice have demonstrated that

lL.I’l and that i of macrophage-derived IGF-1 ident macropk exhibit a phenotype that
nerve growth and expression of nocgeeptive promates lesion grow: th and enhances vaseularization of

gene:g in vitro. Finally, we demonstrate that inhibition  lesions (22, 23), suggesting that EAMs exist as a disease-

4

of lgf-1r in mice with iosis can hyper-

dified population that exhibits a wound-healing phe-

algesia. Chur study suggests that macrophages or signaling
resulting from factors that they produce such as IGF-1
could be targeted to alleviate endometricsis-associated
pain in women.
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notype. To investigate factors produced by macrophages
that may be implicated in contributing to endometriosis-
associated pain, we analyzed mRNA concentrations of

ins in in pitro EAMs. We identified
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Figure 5 A&B: Researchers tested the amount of IGF-1 molecule (Insulin-like Growth Factor, general growth
stimulator) in the peritoneal fluid of women with and without endometriosis. In 5B, they plotted the subjective pain
rating these women said they were experiencing according to the amount of IGF-1 amount to establish an association
between the two.

5A: IGF-1 molecule amount if elevated with endometriosis.
5B:IGF-1 has a direct correlatior ion with pain sensation (the more IGF-1, the more pain
sensation).

Take Away: IGF-1 is related to greater pain sensation; again, feeding the story that thee growth factor are present to
recruit more neurons (supposedly - no direct evidence).
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Effect of IGF-1 o neuronal growth

Normalsed neuranal
cutgrowth scare

«>° & & 055’09
é'é\*’ & épé' 0 I}Q&’
& &S

<

Figure 6. Macrophage-derived
IGF-1 enhances newronal out
growth and nodiceplive gene
expression in vitre. A) Quantifi-
cation of neuronal outgrowth
from rat DRG explants (be-
tween 18 and 40 explants per
group from embryas derived
from 5 pregnant dams). Oue
growth was maximal in the
presence of recombinant NGF
stive control; £ < 0,001
ipared with negative con
trol, which  was DR
dium in the absence of N
Recombinant 1GE-1 (200 ng)
alsa supported newronal out
growth (P < 0,05 compared

FF Endo FPr with negative control), and this

brogated by coincubstion
0 oM PPP (specific 1GF
IR inhibitor; < 0.05), PF from
patients with endometriosis (=
7) sgnibcanty enbanced neu-
ronal outgrowth compared with
PF from paticnts without endo-
metriosis (1 = & P < 0.05). This
outgronth was reduced follow-
ing addition of PPP. Condi

D SCNIA E SCNITA
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ed medium.

tioned medinm from i vitro
generated FAMs (n = 7) signif-
icantly enbanced neuronal ou
sgrowth (F < 0.05) compared
with conditioned medinm from
macrophages activated with PF
from patents without endome-
triosis [M(No Endo)]; this was
reduced following addition of
PPP, ) Representative images
of whole DRG explants follow-
ing incubation under different
conditions. +ve, DRG medium
with recombinant NGF, —ve
DRG medium  without  NGF;

L 200 pM. €) Human sensory neurons were differentiated from H9 hESCs using small

molecular inhibitors as previously described by Chambers o al (32), Axons are visialized using with nearofilament (red), and

nuclei are stained with DAPL 1) F) qPCR analysis v
induced an increase in MRNA concentrations off SC
0.001) (£} this incres
TACT {encodes substans
with PPP, *F < 0.03, **

001, **+p < 0,001

that IGF-1 was significantly up-regulated in E \M~ com-

91 (encodes N
e was abrogated following incubation with PPP ¢
) were increased following incubation with EAM<conditioned medinm (7< 0.001); this was reduced

aled that incubation of sensory neurons with EAM<onditioned medium

0.01) (D) and SCNI LA (encodes Navl 9 P <
0.01). F) mRNA concentrations of the neuropeptide

\nmulalmy, the growth of and preventing apoptosis of

pared with control macroph Of note, of

I-like cells (51). In riotic stromal cells,

1is a key characteristic of macrophages exhibiting a
tissue-repair or wound-healing phenotype (49). This sup-
ports the historical hypothesis that EAMs are prorepair
(23). We confirmed expression of Igf-1 in lesion-resident
macrophages in women with endometriosis and mice
with induced josis, and we hypothesized that

IGF-1 up-regulates expression of estrogen receptor f§ and
aromatase, important drivers of endometriotic pathogen-
5. Ithough these limited studies have inferred a

esis (52).
role for IGF-1 in the pathophysiology of endometriosi:
;um»nl study is the first to implicate a role for IGl
er i ssociated pain. In support of our findings,

macrophage-derived Igf-1 islikely to play a key role in the
pathogenesis of the disease.

PF concentrations of IGF-1 have previously beenshown
to be elevated in patients with endometriosis compared
with those without (50), and we confirmed this in the
current study. IGF-1 present in the I’F is thought to pl(\\
a role in the pathophysiology of endometrio:
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we identified a positive correlation between PF G
concentrations and self-reported pain score in women
with chronic pain with and without endometriosis, al-
though there was no correlation with disease stage. There
is increasing evidence that Igf1 contributes to pain hy-
persensitivity through binding to Igf-1r and activating
Igf-Ir-mediated PI3K, ERK, protein kinase B, or MAPK
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Figure 6A&B: The researchers bathed neurons from rats with a variety of different factors/molecules to get some
reference of IGF-1 (Insulin-like Growth Factor, a general growth factor) effect in neuronal growth. The molecules
were : NGF (Nerve Growth Factor - a neuron/nerve cell growth factor/stimulator); IGF-1 directly (Insulin-like Growth
Factor); IGF + PPP (IGF + an IGF inhibitor/PPP); PF No Endo (Peritoneal fluid from non-endometriosis women); PF
Endo + F‘F'F' (Endomelrlusls peritoneal fluid + |nh|b|tor of IGF-1); M (macrophage media/growth liquid); EAM

quid); EAM + PPP (EAM + inhibitor of IGF-1). B is the imagery of the
amount of neuronal growth occurnng with each described condition.

Various growth factors (NGF, IGF), as well as peritoneal fluid from endometriosis patients increased neuronal growth.

Take Away: Because of the similarity between the NGF, IGF, and Endometriosis conditions and the amelioration of
their effect when inhibitors were used, this data implies that endometriosis peritoneal fluid has growth factors leading
to neuronal growth (a stimulatory signal for neuronal migration to the endometriosis tissue).
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in pitre models, We demonstrated that EAMs enhance
sprouting neurogenesis in rat DRG explants as well as
promaote increased expression of nociceptive genes in hu-
man stem cell-derived sensory neurons, IGF-1R inhibition
attenuates these abserved changes, Critically, enhanced
expression of noclceptive genes is one of the first steps in
generating primary affmm sﬂmn:atlnn (10). We Ih?r'\‘.L
fore suggest that in endc lesions macrof
derived [GF-1 contributes to pain by promoting nerve
growth in lesions and by sensitizing nerves by enhancing
nockeplive gene expression.

Global inhibition of IGF-1 or IGF-1R is likely to have
many off- effects due to the pleiotropic robes of IGF-1.
Thus, we suggest targeting discase-promoting macro-
phages as a potential future treatment for endometri-
asis, Wenrkan(m lhal mannphagef.plava keym]sm
growth, vascul and inner
lesions as well as generating endometriosis-associated
pain, placing these cells at the center of the pathophysiol-
opy of a complex disorder. There are many pre- and early
clinical trials in cancer that are successfully testing im-
and key areas to tanget macrophages are vt

Figure 7. Iei-Ir inhibition in mice with P —
isassociated changes in sensory Ixhanm.
e treated with veh
witini (n = 12) and companed wi
shamareated (= 6} animalk. A) In C57RL/6 mice with
endometriosis, treamment with linsitinib sgnificantdy reduced
spontancous abdominal grooming compared with vehicle-

i U3). B Exploratory

o with endometrinsis
v naive (P < 008} and sham-reated controls
b wreament did not alwer this. € Dy
Mechanical wathdrmwal threshold shown by von l"l\'\' filament
testing was messured on the abdomens [r.

with end ] The

lnhlhlhm UF ru:rultrmﬂl, direct kll]lr\g, or reeducation of
. However, before this
Can bea Wﬂbl]lry, it is vital for ur. o know maore about
EAMs, their heterogeneity, and how they differ from
healthy macrophages required for normal physivlogic
processes,

In = v, our study supp iously un-
recognized critical role for mau'nphager.m endnmenmr.—
associated hyperalgesia. The data suggest that
macrophage-derived IGF-1 isa key driver of hyperalgesia
in the dwrder by pmmolmg neurogenssis and nerve

paws (D) of mic
threshold {g) on both abdomen and hindpaw is decreased in- 05 By Ir.?n:n ble b:;"“:"""
Sometsiosis compared with nave (< 0001 PAges | ""‘T'?“P“ais gL, we Imﬂg’a EvElOp
reated (P L < () animals. Linsitinib for the | pain asso-
cased abdominal (P < 0010 and  ciated with lhus common, incurable disease,

ner
warl lhmhulcl-. P DAy compared with
A singde time poing {d 24) that el
n sensory helador ioshown, Statistical
analysis was performed uung a laway ANOVA amad Tukey
multiple mmp.mwn st B or a KnskalWallis non-
L with Dunn's mullj comparon wst (G0,
inib, *F < (L05, #4P < (001, #4907 < (0.

Ium!—puw \mhclu
ol

intracellular signaling pathways (53), Tghlr is widely
expressed in small medlum and Iarge DRG neurons (37,
54}, and inc jury models,
Igf-1 signaling enhances t.hermal and mechﬂmml hyper-
algesia (54, 55). Moreover, inhibition of Igf-1r can reverse
mechanical allodynia and thermal hyperalgesia in a rat
model of cancer bone pain (36). In the current study,
Igf-1r inhibition had a profound eifect an endm'nemmﬁ-
associated hyperalgesia by
associated sp ing as well as
and hind-paw hvpﬂ'ﬂlgesm thus validating a strong as-
sociation between IGF-1 signaling and endometriosis-
associated pain.

Finally, we were able to infer a strong link between
macrophage-derived IGF-1 and the cbserved endometriosis-
associated changes in sensory behavior using mechanistic

5 rivsis-
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Figure 7A-D: Mice conditions previously described (Naive + Sham being controls), Endo being the endometriosis
suffering mice, and a new condition, Endo + Linsit, which is the endometriosis mice given an IGF-1 receptor blocker
to stop the action of IGF-1 (Insulin-like Growth Factor, previously described). The researchers are looking at
grooming behavior (A), overall activity (B), and reactivity to touch in the abdomen (C) and hindpaw (D).

The IGF-1 blocker returned all metrics, except activity back to normal.

Take Away: This offers some functional measures that pain is indirectly mediated by IGF-1 effect in neurons.
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