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Abstract

Gonadotropin,, inhibitory hormone (GnJHhuman homologue of RFR®) suppresses
gonadotropin,secretion in animal models, but its effeat®not been studieih the human

Obj ective

We testedhe hypotheseghat exogenou&nliH inhibits LH secretiona) in postmenopausal

womenjandb)tin menconcurrently administered exogenous kisspeptin
Design

Following In vitro and in vivo pre<linical studiesto functionally characterizethe GnIH
peptide a dosefinding study (humanGnIH 1.5 to 150ug/kg/h, iv for 3h) was undertaken,
and 50ug/kg/hselected for furtheevaluation

Five postmenopausal women were administer@gig/kg/h iv infusion for 3h or vehicleon

two separate’days.

Four menwere, administered kisspepti® (03 ug/kg iv bolug with simultaneous infusioof
GnlIH (50 pg/kg/h, iv for 3h) or vehicle.

Participants.
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Healthy postmenopausalomen(mean age 58+2eas, LH: 30.8+2.9 IU/L, FSH: 78.7+6.4
IU/L, estradiol: <50 pmol/L)and men (39.84+2.1 gars, meartotal testosterone 12.1+1.8
nmol/L, LH 2.2+0.2 IU/L).

Primary Outcome
Changdansareaundercurve of LHduringGnlH vs.vehicle.
Results

During GnlH.administratiorin postmenopausal women, LH secretitecreasedA AUC -
9.9+1.8IU/3h)wvs. vehicle A AUC -0.5£1.71U/3h) (P= 0.02). KisspeptiflO stimulated LH
responsginsmenwas notaffected byGnlH co-administration(60-min AUC of LH 6.2+0.8
IU/h with kisspeptinl0 alone£.3+1.0 1U/h kisspeptinl0 with GnlIH, P = 0.72).

Exogenous'GnlH wasell toleratedwith no adverse events reported.
Conclusions.

GnlH decreasedLH secretion in postmenopausal woman this firstin-human study.
Kisspeptinstimulated LH secretion in men was not inhibited during concomitant

administration ofGnlH.

Introduction

Pulsatile),secretion ofonadotropinreleasinghormone (GnRH)stimulatesthe secretion of
gonadotropins (LH and FSH) aride downstream secretion of gonadal stetmidmones™

Gonadotropin inhibitory hormone (GnlH) is a hypothalamic neuropeptide initiallp\dsed
in birds@as*antinhibitor of LH secretibhut its activity has not been studied ihumars. We

reportthefirstshuman studiesnthe effect of exogenous GnlH on LH secretion.

The avian GnlH peptide (SIKPSAYLPLRFNH,) has one human homologuewhich is
inactive and two orthologueswhich have the characteristic carboxyl terminal-&fide.
RFRP41 (MPHSFANLPLRFNH;) and RFRP3 (VPNLPQRFNH,), were isolated and
structirally identified in the human hypothalamusGnIH inhibits GnRH-stimulated
mobilization f intacellular calcium iraviarf, ovin€® and boviné gonadotropesn vitro —
suggesting a pituitary locus of actidfhesedata andotherevidencerom a range ofpecied

814 reviewed recentlyelsewher®, indicate thatGnlH is a specific inhibitor of gonadotropin
secretionn mammalssignalingthroughthe GnlH receptor (GnlHR, GPR147 via inhibition

of cyclic AMP production GnlH neurons display close appositit;m GnRH neurons in
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sheep® , nonhuman primat¥ and inhumari hypothalami, suggesting that GniHay also

directly regulate GnRH secretion.

Following preclinical studies to characterize the activity of the GnlH peptidétro and in
the ovariectomized ewe, we investigated the effect of GnIH on LH secretigmo ihuman
models/ of increased GnRH secretion: postmenopausal women, aitd in healthy men

administered exogenous kisspeptin

M ethods

GMP kisspeptin and GnlH

Kisspeptinl0 and GnlHpeptideswere custom synthesized to GMP standards (Bachem
GmBH, Weil am Rhein, Germany). Purity was assessed by HPLC at 97% with a mass
balance_of 98.8%Both peptidesvere made up within the hour before injection/infusion by
diluting 1 mg of lyophilized peptide in 5 ml sterile normal saliide bolus dose of
kisspeptinl0.(0.3 ng/kg) was selected for acute Lstimulation tests based on our previous

dosefinding study of kisspeptir10*® and other published data

Characterisation of GnlH in vitro

The objective of thesén vitro studies wago comparethe biological activity of the custom
synthesisedsnlH peptide used in the present studigh that of GnlH previously used in
publisheddatainvolving northuman speciesVhole-cell receptor binding and CRIEciferase
assays were carried out in parallel using ¢hstomsynthesizedsMP GnlH and acustom

synthesizegreparation (EzBiolab, Carmel, IN, USA3¥ed extensively by our laboratory

Whole-cellsreceptor binding assay

The methods are described in detail elsewfiérat in brief, COS7 cellswere electroporated
with 10.4g-NPFFR1 GPR147 and seeded in 12 well plateBorty eigh hours post
transfection cells were incubated in HEPBRIEM with 100000 cpm'*3 radiolabelled
RFRR3/well_and increasing concentrations of -remfiolabelled peptide in the range of 0
1uM fersdsshours at 4°C. Cells were themapidly washed twice with cold BS
(+MgCl2/CaCl2). hereafter, 0.5mL 0.1M NaOH was added to the cells and incubated at
room temperature for 15 minutés lyse the cells. Cell lysates were transferred to plastic

tubes‘and bound radioactivity counted with a Berthold LB2111 gamma counter for 1.minute

CRE-L uciferase Assay

HEK 293T cells were seeded in 24 well plates coated with Matfi®j@|Biosciences) The
next day, cells were chemically transfectedt@meGENE HP DNA Transfection Reagent
(Roche)) with GPR147 and CRERic reporter gene plasmid DNA in a 1:1 DNA ratio. Plates
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were incubated for 24 hours post transfection and then washed twigehadinatebuffered

saline PBSH). Thereafter starving media (DMEMDulbecco’s modied Eagle's medium],

1% pen/strep, 4mM dglutamine, 10mM4-(2-hydroxyethyl}1-piperazineethanesulfonic acid;
HEPES was added to the cells overnight. Media was aspirated and replaced 0.5mL of
compound dilutions prepared in starving media. Plates were incubated for 6 h8udrsGit

after whichsthey were transferred to ice and washed with cold PBi#ted massive lyss

buffer 20 pb) was added to each wedhd pates placed on a shaker at 1050 rpm for 15
minutes.at.roem temperature. Lysates were dilatdcind 20 pL was transferred to a white,

flat bottomed 96 well plate. Luciferase activity was measured for 10 se@né@ Lumat
LB950Ldzuminometer after 100 uL LARII was added to each well.

LH inhibition by GnlH in ewes

Animals and peptide infusion regime

Groups of 4 pvariectomised ewes were held in single pens and both jugular veins were
cannulated on the day prior ¢@perimentation to allow blood sampling and infusion. Venous
blood samples were taken at 10 min intervals fohdws in 2.5hour blocks, before, during

and after infusion of either GnlH or vehicle (saline). The animalswede loading dose of

1mg and then an infusion of 1 mg/h, using an infusion rate of 1Al/lovine experiments

were carried out at the University of Monash (I1JC) in compliance with regulatidnetlaical

standards:

Radidimmunoeassay of ovine LH

LH in plasma was measured as previously descfihesing NIHoLH-S18 as the standard
and NIDDK-antioLH-I as the antiserum. lodinated ovine I(E25 I-NIDDK-AFD-9598B)

was usedrasytracer. Assay sensitivity was 0.1 ng/ml-&ssay coefficient of variation (QV
was<10% between 0.6 and 13.7 ng/ml and katesay CV was 7.8% at 10.4 ng/ml and 9.5%
at 20.3 ng/mk*

LH Pulseanalysisin ovine studies

An LH'pulsefwas defined as having occurred when the assay value of a given sample
exceededstherassay value of the previous sample by at least 3 standaighdeaistwell as
other criteriadetailed previousfy using error estimates generated by the computer program
of Salamonsén et.Al Comparisons of LH pulse amplitude, infailse interval, and mean LH

between,groups infused with GnlH and vehicle were made using/aycAANOVA.
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Human studies

Participants

Five healthy postmenopausal women (mean age 58+2 yrs, 12.4+2.6 yrs since lastainenst
period, LH: 30.8+2.9 IU/L, FSH: 78.7+6.4 IU/L, estradiol: <50 pmol/L) and four healthy
adult 'men*(mean age 39.8+2.1 yrs, total testosterone 12.1+1.8 nmol/2.2tB.2|U/L and

FSH 4.8+12 1U/Ltook part in the study.H, FSH and testosterongere all within normal
range in“the“men and this was confirmed on at least one additional morning sample
Baseline physical examination, full blood count, renal function, liver function, amense
electrolytes were within normal limit&ll volunteers provided written informed consent to
take part in this studywhich wasapproved by the South East Scotland Research Ethics
Committee {0/S1101/58 The study waslsoapprovedby the Edinburgh ClinicaResearch
Facility Phase 1 and First-Human Study Review Committee (Ref E10903).

Peptide infusion,protocols for human studies

First, we'setto establish a safe and effective tluseachieved nanomolar concentrations of
RFRP3in the peripheral circulatiorwhen administered as an intravenous infusionwo
postmenopausal womefdose finding sudy). Second, the effectsf the maximally effective
dose {dentified from thedosefinding study asapproximately50 pg/kg/h) was studied i3
additionalpostmenopausal wometo give a total n=5 for this das€hird, four healthy men
were given_intravenous bokesof kisspeptin in the presence absence o6GnlH 50 pg/kg/h

administerectoncurrentlyasintravenous infusioiiKisspeptinGnlH Study)
Effectsof GnlH on LH in post-menopausal women

a) Dose-finding study
The median ihhibitory concentration &hlH at its cognate receptor (GPR147) i€ hM.
The objective ofthis studywas thereforeto identify a dose at which circulating GnlH

concentrations greater thaml¥l wereachieved.

Two healthy Jpostnenopausal womemvere admittedsix timesto our clinical research
facility, withsa=minimum intetvisit interval ofa week. Each of these visits involveid hours

of frequent _(everyl0O-min) venous blood sampling to assess effects on LH secretion. After
three hours«of baseline samplingn infusion of GnIH (1.5, 5, 15, 50 and 150g/kg/h) or
vehiclex(normal saline)was administeredor a further threehours. At the start of this
infusion, an intravenous bolus @nlH (25% of hourly infusion dosedr vehicle was
administeredsimulaing the studies in which GnlH was effective in ovariectomised efs
safety reasons, doses were administered in increasing iorder unblinded mannearnder

medical supervision and participamtereobserved in the research facility for at least an hour
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after the infusion completettH sampling waspportunisticallycontinued at 16nin interval

during this additional hour of safety monitoring

In addition to collection of serum for hormone assays, plasma samplescolreted
immediately before as well ad regularintervals up tdour hours (at 30, 60, 120, 150, 179,
190, 200, 210, 220, 230 and 24inhutes after commencing the infusidar pharmacokinetic
assessmenb ‘quantify circulating GnlHGnIH concentrations werestimated usindiquid
chromatography tande mass spectromgtr A DPRIV inhibitor (Diprotin A, 0.1mM final
concentration; Sigma 19759and protease inhibitor cocktail (Sigma P8340, 1x final
concentrationboth sourced from Sigmaldrich, St. Louis, MO, USAwere added to these

samples to inhibit breakdown &lH after serum collectian

Blood pressure, pulse rate, and peripheral oxygen saturations were measured déifd stan
automated techniques. Full blood count, serum electrolytes, liver and reetibfuwere

checked athe beginning and end efch visit.

b) Effectsof'50ug/kg/h intravenous GnlH in post-menopausal women

In additien.to.the two womewho particpaed in dosdinding studg, three more healthy
postmenopausal womemreceived50 pg/kg/h intravenous infusion®f GnlH (with a 12.5
ug/kg intravenous bolus at the start of the infusiangl vehicle for three hours each two

separatedays, at least a week apaitg theLH samplingprotocol outlined above.

LH pulsatility in all five women during th&0 ng/kg/h of GnlH was compared with the

pulsatility observed during the infusion of vehicle.

Effects ohiGnlH on kisspeptn-10 stimulation of LH in healthy men
The objective)of this study was to test the hypothesis thatioonistration of GnlHvould

attenuate thsetimulatoy LH response elicited by kisspeptin.

Healthy. male volunteers (n=4) were admitted twice to our clinical reséacdhy for 7.5
hours and LH samples obtained at-rbihute intervals. Two intravenous boluses of
kisspeptinl0 (0.3ug/kg, 23 pmol/kg were administered at 8@inutes and 270 minutes. On
the first visit, /an intravenous infusion of saline was started at 240 miriethe second
visit, a 50 ug/kg/h intravenousnfusion of GnlH was commencedt theidentical timepoint
(240fminutes}o that of vehicle infusioralongwith a 125 pg/kg intravenous bolusf GnIH
administered at the start of this infusiahich continued for 180 minute$his protocolis
identical to theb0 pg/kg/h infusion protocol used in the defieding andreplication studies

described above
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Human LH pulsatility analysis and statistical comparisons

Blood samples were centrifuged immediately at 4 C for 10 min at 3000 rpm and serum froze
at-20 C until analysis. LH was determined by ELISA as previously itestf. Interassay
coefficient of variation for all hormonal assays was less than 5% at the concentrations
measured. Intrassay coefficient of variation of LH was 2.9%. All samples from eacheof th

study visits,were analyzed together.

Areaundercurves (AUC) of LH was calculated using trapezoid integration. In studies to
assess the impact of exogend@rsiH on LH secretion180-min AUC before and during the
infusion“of GnlH were calculatedo derive AAUC LH - the arithmetic difference of AUC
over threehours before and during the infusion. Pair&tudent’st tests used to compare
AAUC LH during vehicle andsnlH infusions.

In the kisspeptirGnIH study, 66min AUC was calculatedluring three periods: Bsdine
(first hour ofythe study) and @@in after each of the kisspeptl® boluses Repeated
measures ANOVA was used to assess variance -miBOAUC and multiple comparisons
made using Fishers Least Significant Difference (LSB). We have previously showthe

sensitivty of this approacho detect LH response to kisspeptid'® 2> %,

LH pulses were identifiednd masperpulse (MPP) and basal LH secretigailculatedusing
a deconvolution algorithm using cluster analysis with 93% sensitanty specificity on
blinded datdPaired Student’s t test was used to assess changes in pulse frequassy

perpulsesand:basal LH secretion

Data are presented as me8&M. A twosided P<0.05 was regarded as statistically
significant for all analysed he statistical software package Graphpad Prism 6 for Mac OSX
(GraphpadLaJolla, CA 9287 USA) was used.

Results

In vitro'studies

GMP custorrsynthesised GnIHBachem)and comparator peptidg=Zbiolab) induced an
inhibition of forskolinrinduced accumulation of cAMP with similar potenc{8sipplementary
Fig 1)» Both peptidesalso displayed high affinity for the receptor with no statistically

significant difference in the IC5@ata not shown)

In summary, te GnlHpeptideused in thgresenhumanstudythushas identical binding and
signalling characterstid® a peptidepreparatiorpreviouslyused innon-humanstudiesat the
GPR147 receptor
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LH Inhibition by GnlH in Ewes

Infusion of GnlH significantly reduced the amplitude of LH pulsesvariectomised ewes
(Supplementaryig 2). LH pulse amplitude decreased frdn®+0.1 ng/ml beforethe GnlH
infusion to 0.40 ng/ml duringit (P <0.002) and returned to baselin€0.7+0.1 ng/ml)
following discontinuation.In the control vehicle infusiorgroup, LH pulse amplitude
remainedsunchanged at 1+0.1 ng/ml before, 1.3+0.2 ndimhg and 1.3£0.3 ng/ml after

infusion.

There wereno significantchangesn LH pulse frequency or mean L#turing either GnlH or
vehicle infusionsGnlH infused sheep had830.25 pulses before, and040 pulses during
the infusion, and £+0.4 pulses inthe postinfusion study period Control animals infused
with vehicle,were observed to have 3.5+0.5, 3.75+0.25 and 3.75+0.5 pulses during

corresponding sampling windows.

Individual animallevel data on LH secretion in both GnlH and vehicle treated grates

tabulated in supplementary table 1.
Effects ofiGnalk on LH in postmenopausal women

Dose finding study

All doses ofGnlH were well tolerated, with no adverse eveltsth women showed modest
but dosedependant suppression of LH secretion during GnlHsinfuOne subject achieved
maximal‘reduction in AUC of LH &at5 ug/kg/h dose (A AUC -9.7 IU/L/3h) and the other at

50 pg/kg/h (A AUC -10.91U/L/3h) (Fig 1A).

During infusion of 50 pg/kg/h, circulating concentratiosof GnlH rose frombelow the limits
of quantification(1ng/mL) before adhinistration t02.4 +0.4 rg/ml during the infusior(range
1.2-3.8 ngiml;1.23.9 nM) and 6.51.8 ng/ml (range 1.911.9ng/ml; 212.3 nM) in the two

women/GnlH becameaindetectable 10 minutes after the end of the infusion.

The highest dose studied (1p@/kg/h) resulted inhigher plasma concentrations GhiH
(10.1+1.5ng/mL; 10.4+1.5 nN) and (11.1+2.5 ng/mk. 11.5£2.6 nN) in the two subjects
However, this increase in circulating peptide concentration was not assositteldrger
reductions insliH secretiothan that observed with the 50 pug/kg/h dose. Therefore, the lowest
dose that achievedanomolar concentrations peripheral circulationi.e. 50ug/kg/h, was

selected for further studies.

LH inhibition by GnlH in post-menopausal women
GnlH infusion (50 pg/kg/h) significantly decreased LH secretion (A AUC -9.9£1.81U/3h)
when compared to the infusion of vehicle (A AUC -0.5+1.71U/3h) in the five women(p=
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0.02 Fig 1B). Decreases in mean LH was observed in four out of the five women studied.
Individual volunteerlevel data onmeanlLH secretion before, during and after saline and

GnlH treatments are tabulated in supplementary table 2.

There was no effect on pulsatile lddcretion(figure 2). Baseline pulse frequenof 0.8+0.1
pulse/hremained unchangeduring GnlH treatmentat 0.8+0.1 pulse/lNevertheless, ass
perpulseshowed a numerical increasemm 20.2+4.5 |Ul at baselingo 27.8+6.4 Ul during
GnlH infusion (P'= 0.052).Consistent with these, the total pulsatile secretion of LH also
showeda numerical increase without statistical significancat 100.6+26.6 1UL/3h at
baselingo 139.1+38.2 [UL/3h (P = 0.124)during GnlH infusion.

Co-administration of GnlH and kisspeptin-10in men

Kisspeptinl0 bolus(0.3 pg/kg iv) significantly increased LH secretion, with-6n AUC of

LH increasing from 2.8+0.8J/L/h to 6.5+0.9 after each of the two boluses in the control
visit. (ANOVA\ P = 0.005, Fisher's LSOP = 0.003 baseline vs. kisspeptin bolusés9%

(comparing the two kisspeptin boluses), Biy

During coneutrent administration of GnJHooth boluses of kisspeptlt0 also elicited
significant increases in LH secretion, with-8n AUC of LH increasing from 3.1+0.5
IU/L/h ton6.2+0.8I1U/L/h with kisspeptirl0 alonevs. 6.3£1.01U/L/h with kisspeptinl0 in

the presence’ of GnlHespectively (Fisher's LSOP <0.005). There was no statistical
difference_between responses to the two kisspdftiholuses administered before or during
GnlH"infusion” (Fisher's LSDP = 0.715), Fig3B. Individual volunteeilevel 60-min AUC
during baseline and after the two kisspefihboluses are tabulated in supplementary table
3. Figurendsprovides exemplar LH profiles from a participant during GnlH and vehicle

infusiongVisits:

Safety of GnlH

GnlIH infusions were well tolerated with no serious adverse events reported. Heartdate
blood pressure, which were monitored intensely dustugly visits showed no significant
change. Serum electrolytes, renal function, full blood count and liver function monitored at

all study visits also remainathchanged

Discussion

The present study provides fhisthuman data othe effects okexogenoussniH effects on

LH secretion in women and men, in paradigms of increased GnRH secrétion
postmenopausal women, GnlH administration resulteda imodestsuppression of LH

secretim, while it did not affect kisspeptistimulated LH secretion in me@nlH was well
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tolerated by men and women who took part in this first in man study, providing reassuranc

about its safety for future clinical studies.

Infusionsof GnlH (up to thedoseof 150pug/kg/hin two postmenopausal womeb0 pg/kg/h

in all other men and womem)r three hours weresell tolerated Serum concentrations in the
low nanomolar range were achieved with continuous intravenous infusi@nleéf at 50
ug/kg/hfand associate with significant decrease in LH secretigAUC of LH) in post
menopausal'womewWe demonstrated that the circulating concentrations ei2.2 nM/L
achievedare sufficiento bind to the GPR147 receptor and inhibit forskedtimulated cAMP
generatior(Fig 1).

Our resultssare consistent with decreased LH secretion observed in large animal meels (e
and calves)exposed toGnIH.% 7 In rodents the effects ofGnIH appear to show sexual
dimorphism Male rat§ ** and hamstefsrespond with gonadotropin suppressiavhile
female rats showed no change in LH or FSH when the peptide was administered

intracerebroventricularly®

The patterngoef eductionin LH secretionobserved inpost menopausalomenin our study
during GnIH administrationappears to bebroadly concordant withthat observed in
previously ‘publishedbviné® and bovinemodeld. Postmenopausal women in the present
study _showed no change ibH pulse frequengy the corresponding dave model
(ovariectomised sheeplsoshowed noreduction in pulse frequendyg the present study as
well ‘asinprevious studie$ A previous study using a bovine model did shereduction in
pulse frequencybut in that studyGnlH was administered as multiple boluses rather than
infusion. Furthermore, the bovine models used were castrated males, ddgshnot allow

dired comparison with the data the present study

The magnitude of reduction of LH in human volunteiershe present study appears to be
lower than the marked reduction in serum LH observed in ovariectomised®shieere is
considerable intespecies difference in the effects®hlH?°, which may explain some of the
differences.__Therefore, thaost parsimonious explanation for the differential responses in
ovine models ;and human volunteerpdentialinter-species variabilityFurthermore, as our
study was based only on a small number of paditis, the true effect size of LH response to
GnlH in_a wider population cannot be reliably extrapolated. In addiadministration of
exogenous peptide hormones, i.e., the experimental paradigm employedsheot an
appropriate technique to study tphysiological role of the peptidélowever, even when
taking study limitations into consideratiothe limited suppression of LH observed in the
presentstudy suggests that pharmacologi@plication ofGnIH (or its agonists) ifuman

disordes of excesd.H secretion may not bieasible

This article is protected by copyright. All rights reserved



351
352
353
354
355
356
357
358
359

360
361
362
363
364
365
366

367
368
369
370
371
372
373

374
375
376
377
378
379
380
381
382
383
384

GnlIH had no effect okisspeptinstimulated LH secretion in mén the present study where

50 ug/kg/h was administereds continuous intravenous infusioim addition to its main
objectives, the present study also assessed the effects of repeated doses of Ki€speptin
boluses within the same individualfour boluses on twaeparatestudy days These data
showed;thathere was remarkable intmadividual consistency ilLH responsdo kisspeptin

10 (supplemental table 3This is distinct from the tachyphylaxis observed on repeated dosing
of kisspeptin54®> or with longeracting kisspeptin analogu&s This finding could lend
suppertferthe.continuingdevelopment of kisspeptib0 as aphysiologicprobe to ascertain

GnRH functionin or as a potential therapeutic option to stimulate GnRH endogeriously

We chase kisspeptihO administrationas a model of LHstimulationto study the effects of
GnlIH on_LH.secretion in merKisspeptinacts via endogenous GnRH secretion masdilts in
a doubling inperipheralLH concentrationscomparable t@n endogenoukH pulse and is
thus a meregphysiologically relevant stimulus than exoge@mRH, whichelicits aound a
10-fold rise.in LH® Furthermore, we have previously shown that the acutedsgonse to
kisspeptinsinemen is not affected by prevailing-seeroid statu$’ LH response to kisspeptin

remained,unchanged with concurrent administration of GnlH

With the limited LH suppressionbservedin these firstin-man studies inboth men and
women, it is reasonable to speculidiat the roleof GnlH in the regulation of LH secretion in
the humanmay be less robust than in other spgcidevertheless these studibave

limitations ™ As a firstin-human studywith associated safety consideratiptiee exposure to
human volunteers in the stugaslimited to 3 hoursand onlya smallnumber of volunteers
were studiedFurthermore, we disghot undertake a separate ddiseling study in men, but

have assumed similar pharmacokinetics in men and women.

GnRH-induced gonadotropin subunit gene transcriptiosuppressed by GnlH orthologues

by inhibiting adenylate cyclase/cAMP/protein kinasedépendent ERK activatioh This
transcriptionaleffect suggestshat a longer exposure paradigmay haveachievel greater
suppression‘of LH secretioHowever, the rapid clearance @hlH from circulation observed
heremakes it'challenging to deliver sufficient quantitieshef nativepeptide intravenously to
maintain"stable serum concentrations over long durafidns.challenge has been effectively
overcome'for GnRH and other small peptide hormones by incorporatioraofifiv acids to

reduce proteolytic degradation and by formulating in biodegradable polymers which can
deliver efficacious levels of peptide for up to one y&aerapeutic potential of GnlH to treat
disorders characterised by increased LH secretion (e.g. PCOS, menopausal hot flushes,

precocious puberty) needs to be assessed in context of emerging data on kisspeptin and
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neurokinin B modulation. Prima facie, GnlH appears to be a less potent tool in gamgari
3,32
S

these apprazhes:

In conclusion, in this firsin-human study, we have demonstrated that exogegous
administeredsnlH has asuppresive effect onLH secretion in postmenopausal women and
that kisspeptisl0 mediated LH secretionin men is unaffected during concomitant
administration) ofGnlH. Further studies, are required to fully elucidate the physiological

mechanisms and the therapeutic potential for GnlH.
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Figure 1» Reductions in 18@ninute Areaundercurve (AAUC) of Luteinising Hormone in
postmenopausal womerministered GnlHA, AAUC of LH in two postmenopausal women
administered vehicle an@nlH infusions at 1.5, 5, 15, 50 and 150 pg/kg/h. Each of the data
series represents data from an individual voluntéach series represents a single woman
receiving allfive dosesand vehicle One subjecbnly had 0.07unit decreaseB, AAUC of

LH in fivespostmenopausal women administered vehigidite column)and RFPR3
infusion@t 50 pg/kg/h (black column) The data include those of the 50 pg/kg/h from the two

women reeeiving the various dosé# @bové and four additional womeft P=0.02

1A
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414  Figure 2. LH jpulse profiles of five postmenopausal women administered 50 mcg/kg/hour
415  GnlH (red.squares) and saline infusions (blue triangles). Blood samples were dravwni@at 10
416  intervals throughouthe study. Intravenous infusion of GnlH wasintainedor three hours,

417  from 0 to 180"min, and an intravenous bolus of Gnll.b ug/kg) was administered at time
418 0.
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421  Figure3. L cretion(60 minute AUGC IU/h) at baselineandduring the houafter healthy
422  men were administerdabluses okisspeptinl0 (0.3 pg/kg). Co-administration of vehicle (A)
423  or GnlH (B) did not impact on the stimulatory effect of kisspeptin on LH secretion0*Qb<
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428  Figure4: LH pulseprofiles of one of the male volunteers on the two days wehicle

429  (squarepand-GnlH (circles) were administered for three hedirsm O min to 180 min.

430 Patientsshad one hour of LH profiling at the beginning of each session to quantify baseline
431  LH secretion{240 to -180 min). Kisspeptin was administered 280 and +30nins during

432  both thesesstudy visits, to quantify-6tin areaundercurve of LH following each of these.

433
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Supplementary data
Mean LH Number of IPI
Pulse Amplitude

(19)] Pulses (V) (Min)
Sheep 1 {*Prior to infusion 1.85 3 1.34 36.7
During infusion 2.6 4 1.94 43.3

After infusion 2.74 3 2.07 50
Sheep 2 | Prior to infusion 3.67 3 3.36 36.7
During infusion 3.68 4 4.59 42.5

After infusion 3.93 4 3.31 42.5

Sheep 3 /| Prior to infusion 1.17 4 0.74 35
During infusion 1.38 4 0.53 37.5

After infusion 1.39 5 0.43 32

Sheep 4 |"Prior to infusion 2.66 3 2.1 40
During infusion 2.83 4 2.9 42.5

After infusion 2.98 3 4.72 43.3
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Sheep 5 | Prior to infusion 2.71 4 212 35
During infusion 2.36 4 0.89 40
After infusion 3.33 3 6.74 43.3
Sheep 6 | Prior to infusion 2.79 4 1.53 35
During infusion 3.31 4 1.89 40
After infusion 3.38 4 2.31 40
Sheep 7 | Priorto infusion 1.74 5 1.61 30
During infusion 1.97 4 1.96 35
After infusion 1.86 5 1.01 34
Sheep 8 | Prior.to infusion 3.5 3 2.94 46.7
During infusion 3.89 3 2.43 43.3
After infusion 3.95 4 2.21 42.5

547  Supplementary table 1: LH secretory parameters (mean LH, pulse frequency, pulse
548  amplituderand inter-pulse interval (IPl) in ovariectomised sheep administered GnlH (1mg/hr)

549 or vehicle. Sheep 1, 4, 7 and 8 were controls to sheep 2,3, 5 and 6 receiving GnlH.

550

Mean LH (1U/L) Mean LH (1U/L)

Saline administration | GnlH administration

Subject 1 Prior to infusion 21.8+0.9 20.4+0.5

During infusion 22.840.7 17.7+0.4
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After infusion 24.5+£0.7 20.1+0.4
Subject 2 | prior to infusion 26.0+0.5 26.70.6
During infusion 28.3+0.5 26.7+0.9
After infusion 27.3%0.5 28.610.9
Subject 3 | Prior to infusion 33.1+0.3 28.4+0.2
During infusion 33.3+0.3 27.8+0.3
After infusion 32.6+0.3 27.810.3
Subjeet 4 | prior to infusion 40.3+0.9 42.4+1.0
During infusion 40.0+0.6 38.8+1.0
After infusion 39.2+0.6 36.7+1.0
Subjeet 5 | prior to infusion 25.4+0.5 23.0+0.6
During infusion 23.4+0.4 21.6+0.5
After infusion N/A 19.0+0.5

551

552  Supplementary table 2: Mean LH concentrations in five post menopausal women
553 administered”GnIH (50 mcg/kg) or saline infusions for 180 min. Data expressed as Mean
554  +SEM ofuperipheral LH concentrations obtained at 10-min intervals for the 180 minutes

555 preceding and 60 minutes following infusion.

556
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Saline administration visit

GnlH administration visit

60-min 60-min 60-min 60-min 60-min 60-min
AUC AUC after AUC after AUC AUC after AUC after
Baseline first second Baseline first second
kisspeptin kisspeptin
kisspeptin kisspeptin
bolus bolus
bolus bolus
Subject 1,1 2.0 8.1 8.4 3.7 7.4 8.4
Subject2 | 5.1 6.8 6.9 3.4 6.5 6.4
Subject3 |/2.8 6.9 6.6 3.6 7.0 6.8
Subject4 | 1.3 4.1 4.2 1.8 3.8 3.7

Supplementary.table 3: Area-Under-Curve (IU/hr) in four male volunteers administered

GnlH orisaline infusions concurrently with kisspeptin-10 boluses. Increase in AUC after first

kisspeptin-10.bolus indicates the stimulatory effect of kisspeptin-10 (0.3mcg/kg) on its own.

The second bolus was administered concurrently with GnlH (50mcg/kg) or normal saline.

AUCsfollowing.these second boluses of kisspeptin-10 were comparable to the first,

suggesting a lack of modulatory effect of GnlH on kisspeptin-stimulated LH release.

Supplementary Figures
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Supplementary Figure 1. In vitro comparsionof biological activity of the custom
synthesisedGMP gradehumanGnlIH used in the present study with that of GnlH previously
used in published data involving nrbaman speciesBoth peptidesinduced an inhibition of
forskolinrinduced accumulation of cAMP with similar potenciet. U= relative luciferase
units. N=3.
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Supplementary Figure 2: LH pulse amplitude before (B), during (D) and after yahicle or
GnlH (1mg/hr) infusions in ovaectomised ewes (n=4) each. Significant reduction in the

amplitude of LH pulses (ANOVA p<0.002) was observed during GnlIH infusion.
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