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Abstract Relaxin is a pleiotropic hormone which exerts
its biological functions through its G-protein coupled
receptor, RXFP1. While relaxin is well known for its
reproductive and antifibrotic roles, recent studies suggest
that it is produced by cancer cells and acts on RXFP1 to
induce growth and metastasis. Furthermore, more recently
Silvertown et al. demonstrated that lentiviral production of
a human gene-2 (H2) relaxin analog reduced the growth of
prostate xenograft tumors. The authors proposed that the
lentivirally produced peptide was an RXFPI antagonist;
however, the processed form of the peptide produced was
not demonstrated. In this study, we have chemically
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synthesized the H2 relaxin analog, B-R13/17K H2 relaxin,
and subjected it to detailed chemical characterization by
HPLC, MALDI-TOF mass spectrometry, and amino acid
analysis. The biological activity of the synthetic peptide
was then tested in three different cell lines. It was found to
bind with 500-fold lower affinity than H2 relaxin to RXFP1
receptors over-expressed in HEK-293T cells where it acted
as a partial agonist. However, in cells which natively
express the RXFP1 receptor, rat renal myofibroblasts and
MCF-7 cancer cells, it acted as a full antagonist. Impor-
tantly, it was able to significantly inhibit cell invasion
induced by H2 relaxin in MCF-7 cells consistent with the
results of the lentiviral-driven expression in prostate cancer
cells. The relaxin analog, B-R13/17K H2, can now be used
as a tool to further understand RXFP1 function, and serve
as a template for drug design for a therapeutic to treat
prostate and other cancers.
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Introduction

The relaxin family of peptides in human consists of seven
members: relaxin-1 (H1 relaxin), relaxin-2 (H2 relaxin),
relaxin-3 (H3 relaxin), insulin-like peptide 3 (INSL3),
INSL4, INSLS5, and INSL6. Mammalian non-primate spe-
cies have only two relaxin peptides, relaxin-1 and relaxin-3,
together with INSL3, INSLS5, and INSL6 (Wilkinson
et al. 2005). H2 relaxin is the equivalent of the relaxin-1
peptide in non-primate species which is referred to as
“relaxin.” Relaxin is produced in the corpus luteum and/or
placenta during pregnancy in mammals and is secreted into
the blood where it has numerous essential endocrine
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functions (Bathgate et al. 2006¢). It has an important role
as a cardiovascular hormone during pregnancy with potent
vasodilatory and renal actions (Conrad and Novak 2004;
Samuel et al. 2006). These actions have led to the suc-
cessful use of H2 relaxin in Phase II clinical trials for the
treatment of acute heart failure (Teerlink et al. 2009).
Additionally, relaxin is a potent regulator of collagen
turnover both during pregnancy and as a locally produced
paracrine factor and it has great clinical potential as an
anti-fibrotic agent (Samuel et al. 2007). The receptor for
relaxin is the leucine-rich repeat-containing GPCR LGR7
(Hsu et al. 2002) which is now referred to as relaxin family
peptide receptor 1 (RXFP1) (Bathgate et al. 2006a). There
are numerous potential applications for relaxin mimetics
that activate RXFP1; however, until recently there has been
limited utility for an RXFP1 antagonist and subsequently
none has been developed.

There is now increasing evidence that relaxin is pro-
duced by cancer cells and can act in an autocrine manner
on RXFP1 receptors expressed on these cells. Hence,
relaxin is expressed by endometrial (Kamat et al. 2006),
mammary (Tashima et al. 1994), thyroid (Hombach-
Klonisch et al. 2006), and prostate (Feng et al. 2007,
Thompson et al. 2006) tumors. Elevated serum relaxin
levels have been reported in breast cancer patients and
levels were higher in patients with metastases (Binder et al.
2004). Relaxin has been shown to promote the growth
(Bani et al. 1999; Hombach-Klonisch et al. 2006; Sacchi
et al. 1994) and invasiveness (Binder et al. 2002; Hombach-
Klonisch et al. 2006; Kamat et al. 2006) of numerous types
of cancer cells.

More recently, a potential role for relaxin in prostate
cancer has been highlighted. H2 relaxin mRNA expression
was shown to be significantly higher in recurrent prostate
cancer biopsies (Feng et al. 2007, 2009). Relaxin levels
increase in androgen-independent (AI) prostate tumors and
are particularly high in bone metastases (Thompson et al.
2006). H2 relaxin causes an increase in cell proliferation,
invasiveness, and adhesion of prostate cancer cells in vitro
(Feng et al. 2007; Vinall et al. 2006). Suppression of
relaxin or RXFP1 expression via short interfering RNAs
decreased prostate cancer cell invasiveness by 90-95% and
growth by 10-25% (Feng et al. 2007). Lentiviral expres-
sion of H2 relaxin in PC-3 prostate cancer cells in vivo
increased xenograft tumor growth (Silvertown et al. 2006)
and transgenic mice over-expressing relaxin showed a
decreased survival time in an in vivo model of prostate
adenocarcinoma (Feng et al. 2007). siRNA targeting of
RXFP1 expression in this in vivo prostate cancer xenograft
model resulted in a significant decrease in tumor size and
fewer metastases (Feng et al. 2009). These results suggest
that an RXFP1 antagonist could be a potential therapeutic
to treat prostate cancer.
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However, there has been no report of an RXFP1
antagonist until Silvertown et al. (2007) demonstrated that
lentiviral expression of a H2 relaxin analog caused
decreased prostate cancer xenograft growth. The authors
engineered a lentivirus to express a H2 pro-relaxin peptide
with the arginine residues at positions 13 and 17 on the
B-chain mutated to lysine. These arginine residues had
previously been demonstrated to be essential for relaxin
activity (Biillesbach et al. 1992). Media from cells infected
with the lentivirus, and hence producing B-R13/17K H2
pro-relaxin, demonstrated H2 relaxin immunoreactivity
and were able to weakly antagonize H2 relaxin-induced
cAMP production in THP-1 cells natively expressing
RXFPI1. Importantly, prostate xenograft tumors infected
with lentiviruses expressing this peptide showed markedly
reduced tumor cell growth. The authors suggested that the
lentiviruses were producing B-R13/17K H2 pro-relaxin and
that this peptide was acting as an RXFP1 antagonist.
However, the processed form of the peptide produced by
these lentiviruses was not demonstrated either in vitro or
in vivo.

Consequently, we have chemically synthesized B-R13/
17K H2 relaxin as a heterodimeric peptide like native H2
relaxin and subjected it to comprehensive chemical char-
acterization. The peptide was then tested on cells stably
over-expressing RXFP1 as well as two cell lines which
endogenously express RXFP1, renal myofibroblasts, and
MCEF-7 breast cancer cells. Synthetic B-R13/17K H2
relaxin was demonstrated to be a RXFP1 antagonist in
endogenously expressing cells and was able to inhibit
breast cancer cell invasion induced by H2 relaxin.

Materials and methods
Solid phase peptide synthesis

Each of the A- and B-chains of B-R13/17K H2 relaxin was
prepared as their C-terminal amide forms using continuous
flow solid phase methodology on an automated PerSeptive
Biosystems peptide synthesizer. After TFA cleavage and
purification of the individual chains, use of a previously
reported regioselective disulfide bond formation strategy
(Hossain et al. 2008a, b, 2009) led to the production of the
target peptide, B-R13/17K H2 relaxin.

Peptide characterization

The purity of the synthetic peptide was assessed by
RP-HPLC on analytical Phenomenex C18 column (pore size
300 A; particle size 5 pm, 4.6 x 250 mm) using a gradient
of acetonitrile in 0.1% aqueous trifluoroacetic acid. The
product was confirmed by MALDI-TOF mass spectrometry
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using a Bruker Autoflex II instrument (Bremen, Germany)
in the linear mode at 19.5 kV. The peptide was quantitated
by amino acid analysis of a 24 h acid hydrolysate using a
Shimadzu microbore RP-HPLC system.

Binding assays

Whole cell binding assays using human embryonic kidney
(HEK)-293T cells stably transfected with RXFP1 were
performed as described previously (Bathgate et al. 2006b).
Competition binding experiments were performed with
100 pM '*I-labeled H2 relaxin in the absence or presence
of increasing concentrations of unlabeled hormones. Non-
specific binding was determined by the addition of 500 nM
H2 relaxin. All data are presented as the mean + SE of the
percentage of specific binding of triplicate wells, repeated
in at least three separate experiments, and curves were
fitted using one site binding curves in Graphpad Prism 4
(Graphpad Software). Statistical differences in pICs, values
were analyzed using Student’s 7 test in Graphpad Prism 4.

cAMP activity assays

The influence of the peptides on cAMP signaling was tested
in cells stably expressing RXFP1 and a pCRE-f-galactosi-
dase reporter plasmid as described previously (Scott et al.
2006). Cells were stimulated with increasing concentrations
of peptides in triplicate within each assay and each experi-
ment was repeated at least three times. Additionally, the
ability of B-R13/17K H2 relaxin to antagonize H2 relaxin
signaling was tested in cells stably expressing RXFP1 using
two different paradigms. First, increasing concentrations of
B-R13/17K H2 relaxin were tested in the presence of a dose
of H2 relaxin (1 nM) which gives approximately 70-80% of
the maximum response. Second, increasing concentrations
of H2 relaxin were tested in the presence of a high concen-
tration (1 pM) of B-R13/17K H2 relaxin. Ligand-induced
stimulation of cAMP was expressed as a percentage of the
maximum H2 relaxin response. Concentration response
curves were plotted, and statistical differences in pECsq
values were analyzed, using Graphpad Prism 4.

MCEF-7 breast cancer cell invasion assay

The activity of B-R13/17K H2 relaxin was tested in MCF7
breast cancer cells which have been previously shown to
respond to relaxin (Binder et al. 2002). Hence the effect of
1 uM B-R13/17K H2 relaxin alone or in combination with
16 nM H2 relaxin was tested in an in vitro MCF7 cell
migration assay which has been described previously (Binder
et al. 2002). Briefly, cells were seeded in the upper well of a
Boyden chamber, while the lower well was filled with
RPMI + 10% FCS as a chemoattractant. H2 relaxin alone

(100 ng/ml; 16.8 nM), the B-R13/17K H2 relaxin alone
(1 uM), or 1 uM B-R13/17K H2+ 16.8 nM H2 relaxin was
added to cells 2 h after they had been plated, and renewed
every 24 hup to 96 h of culture in total. Untreated cells were
used as an appropriate control. After 96 h, the floating and
adherent cells in the lower chamber were removed and pel-
leted by centrifugation, then treated and analyzed as described
previously (Binder et al. 2002). The data are presented as
the number of invaded cells per large corner square of a
Neubauer haemocytometer and are representative of the
average of the three experiments performed in quadruplicate.

Renal myofibroblast differentiation assay

Renal myofibroblasts isolated from the obstructed kidneys of
male Sprague—Dawley rats following unilateral ureteric
obstruction express RXFP1 and respond to H2 relaxin by
dedifferentiation into fibroblasts, as measured by decreases in
a-smooth muscle actin («-SMA) production (Masterson et al.
2004; Mookerjee et al. 2009). The effects of a high concen-
tration of B-R13/17K H2 relaxin (1 uM) alone or in combi-
nation with doses of H2 relaxin which have previously been
shown to maximally stimulate renal myofibroblasts (1.68,
16.8 nM) were tested in these cells. Cultures were maintained
in DMEM supplemented with 10% fetal calf serum, penicillin
(50 U/ml), and streptomycin (50 pg/ml) (DMEM-FBS); and
used between passages 13-18 for experimentation. All
experiments were performed three separate times in triplicate.
Cells were seeded into six-well plates at an equal density of
1-2 x 10° cells per well, on cover slips and immediately
treated with H2 relaxin alone (1.68 or 16.8 nM), B-R13/17K
H2 alone (1 uM) or with 1.68 nM H2 relaxin+ 1 pM B-R13/
17K H2 or with 16.8 nM H2 relaxin+ 1 pM B-R13/17K H2
for 72 h in a final volume of 1 ml DMEM-FBS. Untreated
cells cultured for 72 h in 1 ml DMEM-FBS acted as appro-
priate controls. Following the 72 h culture period, all cover
slips were removed, fixed, and immunostained for a-SMA, as
described previously (Mookerjee et al. 2009). Six random
fields per cover-slip were photographed and analyzed by
quantitating the proportion of cells that were a-SMA positive,
as described previously (Mookerjee et al. 2009). The pro-
portion of a-SMA positive cells counted in treated groups was
then expressed as a relative ratio of positive cells counted in
untreated control groups, which was expressed as 1.

Results
Synthesis of the H2 relaxin analog
The H2 relaxin analog, B-R13/17K H2 relaxin, was

chemically synthesized for functional assessment (Fig. 1a).
A highly efficient solid phase peptide synthesis strategy
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using regioselectively S-protected A- and B-chains fol-
lowed by sequential disulfide bond formation was utilized
(Hossain et al. 2008a, b, 2009). The purified final product,
B-R13/17K H2 relaxin, obtained from this chemical syn-
thesis was 1.2 mg with a good overall yield (~10%
starting from the B-chain) given the complexity of this
peptide. The peptide was comprehensively chemically
characterized by analytical RP-HPLC and MALDI-TOF
mass spectrometry. The single peak in the HPLC profile
and MALDI-TOF mass spectrometry confirmed the high
purity of the compound (Fig. 1b, c¢). The observed mass,
[M + H]%s = 5908.34 matched with the theoretical mass,
[M + H]&aqa = 5907.11 (Fig. 1c). The content of the
peptide, which was found to be 69.8%, and the amino acid
composition were determined by amino acid analysis.

Activity of B-R13/17K H2 relaxin in cells
over-expressing RXFP1

The B-R13/17K H2 relaxin analog was tested in HEK-293T
cells stably over-expressing the RXFP1 receptor (Fig. 2).
The data from the competition binding assay showed
that the modified H2 relaxin bound to RXFP1 with a sig-
nificantly lower affinity (P < 0.001) than H2 relaxin
(B-R13/17K H2: pICsy = 6.29 + 0.28, n = 4; H2 relaxin:
pICsp = 8.92 £ 0.05, n = 4; Fig. 2a). Additionally, the
modified peptide was able to stimulate cAMP activity in
RXFP1-expressing cells with activity similar to its binding
affinity (B-R13/17K H2: pECsy = 6.67 £ 0.31, n = 4; H2
relaxin: pECso = 10.34 £ 0.04, n = 5; Fig. 2a, b). How-
ever, the maximum activity of the peptide was only
approximately 70% of that of H2 relaxin suggesting that it
was acting as a partial agonist. The peptide B-R13/17K H2
was then tested for its ability to antagonize H2 relaxin-
induced cAMP signaling (Fig. 3). The peptide did not
decrease cAMP activity induced by 1 nM of H2 relaxin but
was able to augment cAMP signaling at the highest dose of
10 uM (Fig. 3a). Additionally, when the peptide was added
at 1 pM together with increasing amounts of H2 relaxin, it
demonstrated no antagonist activity. It did, however, dem-
onstrate the expected partial agonist activity at low con-
centrations of H2 relaxin without affecting the top half of the
H2 relaxin-induced cAMP dose-response curve (Fig. 3b).

B-R13/17K H2 relaxin antagonizes H2 relaxin-induced
invasiveness of MCF-7 breast cancer cells in vitro

We tested the effects of H2 relaxin in the absence or
presence of B-13/17K H2 relaxin on MCF-7 cell inva-
siveness. H2 relaxin (16.8 nM) was able to significantly
stimulate cell invasion (by two- to threefold) when added
to MCF-7 breast cancer cells over 94 h in culture
(P < 0.001 vs. untreated control group; Fig. 4) in a similar
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(a)

Pimary structure of native H2 relaxin and its analog B-R13/17K H2

H2 relaxin
1
A chain Z-L-Y—S-A-L-A-N-K-C-(II-H-V-G-C-T-K-R-S-L-A-R-F}C

Bchain  D-S-W-M-E-E-V-I-K-L-C-G[R]E-L-V[RIA-Q-I-A-1-C-G-M-S-T-W-$

B-R13/17K H2 relaxin
1
A chain Z-L-Y-S-A-L-A-N-K-C-C-H-V-G-C-T-K-R-S-L-A-R-F-C

Bchain  D-S-W-M-E-E-V-I-K-L-C-GIK}E-L-VIK}A-Q-I-A-1-C-G-M-S-T-W-S

(b)
HPLC trace of B-R13/17K H2 relaxin
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Fig. 1 a The primary structure of native H2 relaxin and its analog
B-R13/17K H2 relaxin. The modified residues are marked in bold and
boxed; Z-pyroglutamic acid. b RP-HPLC profile of B-R13/17K H2
relaxin; eluant A, 0.1% aqueous TFA; eluant B, 0.1% TFA in
acetonitrile; gradient = 20-50% B over 30 min; Phenomenex C18
column, pore size 300 A, particle size 5 pm, 4.6 x 250 mm.
¢ MALDI-TOF mass spectrum of B-R13/17K H2 relaxin with the
correct monoisotopic mass; (M + H]fq = 5907.11; [M + Hlhs =
5908.34)

manner to porcine relaxin as reported previously (Binder
et al. 2002). B-R13/17K H2 (1 uM) alone did not have any
effect on cell invasion, but was able to significantly
antagonize the H2 relaxin-induced cell invasion over 94 h
in vitro (P < 0.001 vs. H2 relaxin alone; Fig. 4).

B-R13/17K H2 antagonizes the inhibitory effects of H2
relaxin on renal myofibroblast differentiation in vitro

H2 relaxin administration to renal myofibroblasts signifi-
cantly decreased x-SMA staining over 72 h in culture, at
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Fig. 2 Activity of B-R13/17K H2 relaxin in comparison to H2
relaxin in HEK-293T cells over-expressing RXFP1 a whole cell
competition binding using 125]_relaxin. b cAMP responses expressed
as the percent maximum H2 relaxin response and represent the
mean £+ SEM of at least three experiments performed in triplicate

concentrations of 1.68 and 16.8 nM (by ~ 10 and ~20%,
respectively, of that measured in untreated control cultures;
both P < 0.05 vs. untreated cultures; Fig. 5). B-R13/17K
H2 (1 pM) alone did not have any effect on basal a-SMA
staining. However, when it was added together with H2
relaxin, it significantly blocked the H2 relaxin-induced
inhibition of «-SMA staining over 72 h in vitro (P < 0.05)
at both 1.68 and 16.8 nM such that the levels of «-SMA
were equivalent to that measured in the untreated control

group (Fig. 5).

Discussion

Until the recent discovery of the potential role of relaxin in
prostate cancer growth and invasiveness, there was limited
utility for a RXFP1 antagonist. Therefore, there are very
few attempts found in the literature concerning the gener-
ation of an RXFP1 antagonist. Studies by Biillesbach et al.
(1992) first reported the importance of Argl3 and Argl7
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Fig. 4 Effects of B-R13/17K H2 relaxin (I uM) on MCF-7 cell
invasion in the presence or absence of H2 relaxin (100 ng/ml;
16.8 nM). The data are presented as the number of invaded cells per
large corner square of a Neubauer hemocytometer and are represen-
tative of the average of three experiments performed in quadruplicate.
#P < 0.001 versus control; *P < 0.001 versus H2 relaxin
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Fig. 5 The relative mean + SE a-SMA staining from untreated rat
renal myofibroblasts versus cells treated with H2 relaxin (1.68 or
16.8 nM) alone, B-R13/17K H2 relaxin (1 pM) alone or with H2
relaxin (1.68 or 16.8 nM) and B-R13/17K H2 relaxin (1 uM), after
72 h in culture. All data were generated from three separate
experiments, conducted in triplicate and expressed as the relative
ratio of the a-SMA-stained positive cells counted in the untreated
(control) group, which was expressed as 1. *P < 0.05 versus control
group; #P < 0.05 versus 1.68 nM H2 relaxin alone treated group;
4P < 0.05 versus 16.8 nM H2 relaxin alone treated group

residues in the B-chain for H2 relaxin activity. In the
mouse pubic symphysis bioassay, synthetic H2 relaxin was
shown to be as potent as native porcine relaxin, whereas
the Argl3 and/or Argl7 mutated H2 relaxin derivatives
had no significant activity at doses up to 40-fold higher
than the effective H2 relaxin standard. In fact, some of the
chemically modified H2 analogs, B-R13/17K H2 relaxin,
B-R17A H2 relaxin, and B-R13/17Citr H2 relaxin, were
completely inactive. However, the analog B-R13/17K H2
exhibited very weak affinity (~2,200-fold lower affinity
than that of native H2 relaxin) in a receptor binding assay
using rat cortical membranes which express the native
RXFP1 receptor (Biillesbach et al. 1992). Since B-R13/
17K H2 relaxin was completely inactive in the pubic
symphysis bioassay while retaining partial affinity for the
receptor, Silvertown et al. (2007) first hypothesized that
B-R13/17K H2 relaxin might act as an antagonist.
Subsequently, the authors demonstrated that a lentivirus
engineered to produce pro-B-R13/17K H2 relaxin exhib-
ited antagonistic properties both in vitro and in vivo by
interfering with H2-relaxin-induced signaling and impair-
ing prostate tumor growth. Although the authors showed
clear antagonistic activity from the viral transduction, they
did not determine the processed form of the peptide pro-
duced by the viral infection. The lentiviral construct
encoded the prohormone form of B-R13/17K H2 relaxin
including the C-chain sequence and would likely have been
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produced as a pro-hormone with the C-chain still present. It
has been previously demonstrated that relaxin peptides
with the C-chain intact retain full activity (Bathgate et al.
2006c, 2008). It is also possible that this virally produced
pro-hormone undergoes proteolytic trimming or post-
translational modification in vitro or in vivo, hence the
precise form of the peptide that produced the antagonistic
effect is unknown. Therefore in this study we have syn-
thesized the B-R13/17K H2 relaxin based on the native
heterodimeric structure of H2 relaxin and tested its activity.

The peptide was first tested in HEK-293T cells which
are stably transfected to over-express RXFP1. In these
cells, B-R13/17K H2 relaxin bound with an affinity 500
times lower than H2 relaxin. This is consistent with
the affinity difference of 2,200-fold reported previously
(Biillesbach et al. 1992). However, in contrast to the studies
using the pubic symphysis bioassay where the peptide was
inactive (Biillesbach et al. 1992), B-R13/17K H2 relaxin
was able to stimulate cCAMP activity in HEK-293T cells
over-expressing RXFP1. The activity of the peptide was
5,000-fold lower than H2 relaxin and importantly was only
able to produce a maximal cAMP level which was 70% of
the H2 relaxin-stimulated level suggesting that it was act-
ing as a weak partial agonist. Further studies where the
peptide was tested in the presence of H2 relaxin high-
lighted that the peptide demonstrated no antagonist activity
but displayed classic partial agonist activity.

We then evaluated the activity of the B-R13/17K H2
relaxin peptide in two cell systems which express native
RXFP1 receptors at levels much lower than in the HEK-
293T cells. The human breast cancer cell line MCF-7 has
been previously been shown to respond to porcine relaxin
in vitro (Binder et al. 2002; Sacchi et al. 1994). Specifically
the ability of B-R13/17K H2 relaxin to stimulate cell
invasion alone, or inhibit H2 relaxin-induced cell invasion,
was tested. B-R13/17K H2 relaxin was not able to stimu-
late cell invasion at 1 pM, a concentration at which it was
clearly active in HEK-293T cells. Importantly, it was able
to significantly inhibit cell invasion induced by 16.8 nM
H2 relaxin. Therefore in MCF-7 cells, B-R13/17K H2
relaxin is acting as a full antagonist consistent with the
results of the lentiviral-driven expression in prostate cancer
cells.

Finally, B-R13/17K H2 relaxin was tested in a com-
pletely different primary cell system which also responds
to H2 relaxin, renal myofibroblasts. H2 relaxin has been
clearly shown to inhibit renal myofibroblast differentiation
by interfering with TGF-betal/Smad2 signaling through
RXFP1 and a nNOS-NO-cGMP-dependent pathway
(Masterson et al. 2004; Mookerjee et al. 2009). In a similar
manner to the MCF-7 cells, B-R13/17K H2 relaxin at 1 pM
had no effect on renal myofibroblast differentiation alone,
but was able to completely inhibit the reduction in renal
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myofibroblast differentiation induced by both 1.68 and
16.8 nM H2 relaxin. Hence in this rat primary cell system,
B-R13/17K H2 relaxin also acted as a full antagonist.

Therefore, we have been able to confirm that B-R13/
17K H2 relaxin is a RXFP1 antagonist in native cell sys-
tems, and it is likely that a pro-hormone form of this
peptide is being produced in the lentiviral-driven expres-
sion studies in vivo or in vitro (Silvertown et al. 2007). It
remains to be clarified why the peptide acts as a partial
agonist in RXFP1 over-expressing cells. Importantly, in the
in vitro studies on lentiviral-driven expression of B-R13/
17K H2 relaxin, the authors also showed a small stimula-
tory effect on cAMP activity in HEK-293T cells over-
expressing RXFP1 (Silvertown et al. 2007). It is important
to note that the HEK-293T cells which over-express
RXFP1 have approximately 50,000-100,000 receptors per
cell (Callander et al. 2009; Sudo et al. 2003) levels which
are 25-250 times higher than native expressing cells such
as fibroblasts (~3,000 receptors/cell; (Palejwala et al.
1998) and THP-1 cells (~275 receptors/cell; Parsell et al.
1996). It is well established that compounds acting as
GPCRs can demonstrate partial agonism when the receptor
levels are high but demonstrate antagonism when receptor
concentrations are low (Hoyer and Boddeke 1993). Addi-
tionally, now it is also known that the same GPCR can
couple to different signaling pathways in different cells and
that binding of the same ligand in different cells can
demonstrate signal pathway-dependent pharmacology
(Baker and Hill 2007). Indeed it has been demonstrated
that the upregulation of matrix metalloproteases by relaxin
in fibroblasts is not associated with cAMP signaling
(Palejwala et al. 2001). The increased invasiveness of
MCEF-7 cells induced by relaxin is due to up-regulation of
matrix metalloproteases; however, the signaling pathways
responsible for this effect are unknown. Renal fibroblast
differentiation induced by H2 relaxin does not likely
involve cAMP (Mookerjee et al., 2009). Hence it is pos-
sible that the partial agonistic effect that is observed with
B-R13/17K H2 relaxin is due to differential signaling in the
different cell systems but is more likely due to the much
higher receptor levels in stably transfected HEK-293T
cells.

In conclusion, we have successfully synthesized and
characterized the relaxin analog, B-R13/17K H2 relaxin
and confirmed that is a RXFP1 antagonist. The outcome
of this study will open a new era in the field of relaxin
research where the relaxin analog, B-R13/17K H2, can
be used as a key tool to further understand H2 relaxin/
RXFP1 signaling and the resulting downstream physio-
logical actions. Most importantly, this peptide has
potential as a therapeutic to treat prostate and other
cancers and as a template for further drug design and
development.
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