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Antibodies to C5a have proven to be effective in treating experimental septic
primate models'’. A 17 amino acid peptide (ASGAPAPGPAGPLRPMF) named
PepA binds to C5a and prevents complement-mediated lethal shock in rats®
AcPepA harboring an acetyl group at the N-terminal alanine showed increased
inhibitory activity against C5a*. Cynomolgus monkeys destined to expire from a
lethal dose of bacterial endotoxin (4mg/kg) were rescued by intravenous
administration of AcPepA. AcPepA could have interfered with the ability of C5a to
stimulate C5L.25¢ which is responsible for HMGB1 release and stimulation of
TLR4™ as an endogeneous ligand with LPS behavior. The suppression of HMGB1
release by AcPepA administration to LPS-shock monkeys is likely responsible for

rescuing the animals.

Sepsis is a systemic inflammatory response syndrome (SIRS) that causes
disseminated intravascular coagulation (DIC) and multiple organ failure (MOF).
Antibodies to C5a have proven to be effective in treating experimental septic primate
models™’. We generated an inhibitory peptide of C5a composed of an amino acid

sequence ASGAPAPGPAGPLRPMEF named PepA®. Acetylation at the N-terminal

alanine of PepA improved the C5a inhibitory capacity and was named AcPepA*“.
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Under anesthesia with sodium pentobarbital, 10 cynomolgus monkeys (weighing
about 5 kg) were intravenously administered 4 mg/kg LPS within 30 min. Three
monkeys for the control group were infused with 15 ml saline during 3 hrs after the LPS
injection. Seven experimental group monkeys were infused intravenously with 15 ml of
2 mg/ml AcPepA starting at 30 min after LPS injection for 3 hrs (2 mg/kg/hr for 3 hrs).
Six hrs after LPS administration, anesthesia was terminated when the blood samples
showed leukocytosis and increased CPK in all monkeys. Monkeys were observed for
their status. All of the 7 AcPepA treated monkeys returned to a healthy condition by the

following day, while the 3 control monkeys died within two days.

Despite the increased TNFo and other cytokine levels, high mobility group box 1
(HMGB1)>® which is an endogenous stimulator of TLR4”® did not increase in the

AcPepA infused animals (Fig. 1).

Furthermore, AcPepA could suppress pathophysiological events and prolonged
survival time of sepsis piglets induced by cecal ligation and perforation (CLP)™.
Survival times were longer in the AcPepA treated group than in the CLP alone group
(19.3hrs + 2.7hrs vs. 9.9 hrs + 0.7 hrs, P<0.005). In this case, AcPepA also delayed the

HMGB-1 surge.

These above results indicate that suppression of C5 anaphylatoxin interferes with
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the induction of a cytokine storm. Since Cba has the capacity to cause release of

HMGRB1 following stimulation of the second C5a receptor termed C5L2 generated on

113 inhibition of C5a successfully interferes with the above release

activated monocytes
which has the capacity to generate inflammatory cytokines stimulating TLR4 as an
endogenous ligand (Fig. 2).

Recently, thrombomodulin (TM) administration has been shown to rescue septic
shock animals™, The enhanced activity of thrombin when complexed with TM should
have caused activation of thrombin activatable fibrinolysis inhibitor (TAFI) which then

% resulting in

inactivates C5a anaphylatoxin by removing the C-terminal arginine'™
suppression of HMGB1 release. Therefore, the therapeutic effect of TM on sepsis

should also be due to inactivation of C5a anaphylatoxin which initiates a cytokine

storm through HMGRBI1 release.

This work was supported in part by a Research Grant from the Japanese Ministry of

Health, Welfare and Labor (08062893).
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Figure 1. Increase in HMGB1 in plasma of LPS- injected monkeys.

Six cynomolgus monkeys intravenously infused with a lethal dose of bacterial LPS
(4mg/kg) destined to death were treated with intravenous administration of 2 mg/kg/h of
AcPepA for 3h starting 30 min after the lethal LPS injection (#5 and #8).. Control
monkeys (#1 and #10) were infused only saline in stead of AcPepA following LPS

injection. Despite the increased TNFa and other cytokine levels, high mobility group
box 1 (HMGB1) which is an endogenous stimulator of TLR4’ did not increase in the

AcPepA infused animals (#5 and #8).
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(Fig. 2)
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Figure 2. Possible role for C5a in a positive feedback inflammatory circuit.

Following bacterial infection, LPS stimulates TLR4, and C5a generated during

complement activation stimulates C5aR resulting in expression of C5L2 on leukocyte

membranes. Stimulation of C5L2 by C5a on activated leukocytes induces release of

HMGB1 which then reacts with TLR-4 on other leukocytes, as did LPS, resulting in

further recruitment of activated leukocytes that express C5L2. These reactions create an

inflammatory amplification circuit.
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Abstract

In the present study we examined presence of the complement C5a receptor (C5aR) in hypothalamic neurosecretory neurons of the rodent brain
and effect of estrogen on CS5aR expression. Whole cell patch clamp measurements revealed that magnocellular neurons in the supraoptic and
paraventricular nuclei of hypothalamic slices of the rats responded to the C5aR-agonist PL37-MAP peptide with calcium ion cument pulses.
Gonadotropin-releasing hormone (GnRH) producing neurons in slices of the preoptic area of the mice also reacied to the peptide treatment with
inward calcium current. PL37-MAP was able to evoke the inward ion current of GnRH neurons in slices from ovariectomized animals. The
amplitude of the inward pulses became higher in slices obtained from 17B-estradiol (E2) substituted mice. Calcium imaging experiments
demonstrated that PL37-MAP increased the intracellular calcium content in the culture of the GnRH-producing GT1-7 cell line in a concentration-
dependent manner. Calcium imaging also showed that E2 pretreatment elevated the PL37-MAP evoked increase of the intracellular calcium
content in the GT1-7 cells. The estrogen receptor blocker Faslodex in the medium prevented the E2-evoked increase of the PL37-MAP-triggered
elevation of the intracellular calcium content in the GT1-7 cells demonstrating that the effect of E2 might be related to the presence of estrogen
receptor. Real-time PCR experiments revealed that E2 increased the expression of C5aR mRNA in GT1-7 neurons, suggesting that an increased
C3aR synthesis could be involved in the estrogenic modulation of calcium response.

These data indicate that hypothalamic neuroendocrine neurons can integrate immune and neuroendocrine functions, Our results may serve a
better understanding of the inflammatory and neurodegeneratory diseases of the hypothalamus and the related newroendocrine and autonomic
compensatory responses,
© 2007 Blsevier Ltd. All rights reserved.
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1. Introduction

Multidirectional communication exists between the neu-
roendocrine and immune systems. Inflammation, for example,
suppresses pulsatile gonadotropin-releasing hormone (GnRH)
secretion resulting in disruption of the ovarian cycle and
fertility (Karsch et al., 2002). Reversely, endocrine hormones

* Corresponding author. Tel.: 436 1 210 9400x368; fax; +36 1 210 9944,
E-mail address: farkas@kokihu (1. Farkas),

0197-0186/% — see front matter & 2007 Elsevier Ltd. Al rights reserved.
doi: 10.1016/fneuint. 2007.09.014

also affect functions of the classical immune organs. In addition
to its known effects modulating, for example, the electric and
endocrine functions of neuroendocrine cells (Farkas et al,
2007; Thakur and Sharma, 2007), estrogen increases the levels
of inducible nitric oxide synthase, nitric oxide and interferon-y
in splenocytes (Karpuzoglu and Ahmed, 2000). However, very
little is known about the mechanism whereby hormones of
endocrine glands modulate immune responses in the brain,
The central nervous system (CNS) utilizes its own protection
systems including the complement system (C) to eliminate
invading microorganisms. Numerous cell types, such as
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neurons, endothelial cells, astrocytes, microglia and oligoden-
drocytes (Thomas el al., 2000; Gasque et al,, 2000) have been
identified as sources of complete and functional C in the brain. In
addition, expression of various components of C has also been
detected in affected neurons of Alzheimer's disease (AD)
patients (Shen et al., 1997; Terai et al,, 1997; Strohmeyer et al.,
2000). Anaphylatoxins including CSa, that can be generaled
during activation of C, have also been identified in the brain. C5a
is a 74 amino acid-long peptide, which is cleaved from the C5
component of C during inflammation (Rother et al., 1998).
Binding of C5a to its receptor (C5aR) evokes several responses
such as increased intracellular calcium content, phagocytosis,
chemotaxis, degranulation and the synthesis and release of
various inflammatory mediators (Konteatis et al., 1994; Rother
et al., 1998), Expression of C5aR has been revealed in astrocytes
and microglia of the CNS (Gasque et al,, 1995, 1997). Neurons of
the hippocampal formation, pyramidal cells of the cerebral
cortex, Purkinje cells in the cerebellum and a subset of thalamic
neurons equally synthesize this receptor in rodents (Stahel et al.,
1997ab; VanBeek et al, 2000). Likewise, C5aR has been
revealed in human hippocampal and cortical pyramidal neurons
and neuroblastoma cells {Farkas et al,, 1998b, 1999, 2003;
O'Barr et al., 2001). In contrast, only limited information is
available about the expression and role of CSaR in the
hypothalamus, the main central regulator of neuroendocrine
axes and autonomic functions. The axonal processes of the
hypophysiotrophic parvicellular neurons and also those of the
magnocellular neurosecretory cells terminate outside the blood-
brain barrier, in the median eminence and the posterior pituitary,
respectively. Therefore, these neuroendocrine cells occupy an
ideal anatomical position to sense and mediate the peripheral
imimune signals to various endocrine axes.

While the anti-inflammatory and neuroprotective effects of
estrogen are well established (Kovacs, 20035; Suzuki et al,,
2006; Turgeon et al., 2004) recent studies have demonstrated
that this hormone plays a rather complex role in the immume
response of the brain (Sohrabji, 2005; Morale et al,, 2000).
Compelling evidence has been provided to prove that estrogen
is required for a proper immune response in the CNS (Soucy
et al., 2005) including the hypothalamus that is known to
control the neuroendocrine axes and the autonomic nervous
system. In the present study we addressed the issue of whether
neuroendocrine cells synthesize functional C5aR. Whole cell
clamp electrophysiology, real-time PCR and calcium imaging
were used to examine the effects of C5aR activation upon
various hypothalamic neurosecretory cells, such as magnocel-
{ular neurons and GnRH-producing neurons. In addition, the
modulatory effect of estrogen was studied on the response
triggered by activation of C5aR in hypothalamic neurons.

2, Methods
2.1. Experimental animals and cell line
Rats and mice were housed in light- and temperature controfled environ-

ment with free access to food and water and treated in accordance with the legal
requirements of the Animal Care and Use Committee of the Institute of
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Experimental Medicine and the European Community (Decree 86/609/EEC).
All experimenial protocols were reviewed and approved by the Animal Welfare
Committee at the Institute of Experimental Medicine. All efforts were made to
miinimize animal suffering and the number of animals used.

Magnoceltular neurons of the paraventricular (PVN) and supraoptic (SON)
nuclei and GnRH-producing cells of the preoptic area were chosen as model
systems lo examine the effects of C5aR activation on neurcendocrine cells.
Magnocellular neurons of the PYN and SON could be easily visualized in the rat
brain slice by their characteristic location, shape and size, The immontalized
GT1-7 neuronal cell line which produces GnRH was generated and kindly
provided for these siudies by Dr. Pamela L. Mellon (Mellon et al., 1990), In
order to visualize GnRH neurons in the brain slices, GnRH-enhanced green
fluorescent protein (GuRH-GFP) transgenic mice (kind gift by Dr. Suzanne
Moenter) were chosen in which the GrRH promoter drives selective GFP
expression in the majority of GnRH neurons {(Suter et al,, 2000).

2.2. Eswrogen treatment paradigms

Six adult female GnRH-GFP mice at the age of 100 days were ovariecto-
mized (OVX) bilaterally under pentobarbital anesthesia (35 mg/kg bw, i.p.) and
allowed to survive for | week to decrease endogenous sex steroid levels. Then
three of them (OVX group) received a single subcutancous (s.c.; 100 pl)
injection of sunflower vil vehicle. The other three mice (OVX + E2 group)
were injected s.c, with 178-estradiol (E2; 2 ng/g body weight) in vehicle. This
dose of estradiol was chosen because a saturating dose of estradiol is approx.
3.6 ng/g bodyweight (BW) in rats (Brown et al,, 1992). Applying the 2 ng/g
subsaturating dose we could avoid pharmacological responses due to supra-
physiological estradiol levels.

The aninials were sacrificed 24 b after receiving injection, Brain slices were
then prepared for the electrophysivlogical recording.

2.3. C5aR-agonist peptide (PL37-MAP)

The amino acid sequence (RAARISLGPRCIKAFTE) of the C5aR-agonist
peptide (PL37-MAP) is a fragment of CSa and represents antisense-homology-
box {AHB) region of CSa (Baranyi et al, 1995, 1996). The peptide was
synthesized in multiple antigenic peptide (MAP) form.

The main reason to choose PL37-MAP instead of C3a was the carboxypepti-
dase activily existing in the brain slice (Che et al,, 2K5). Carboxypeptidase
removes Arg from the C-terminal of C5a, therefore, the effective concentration of
the intact C5a changes quickly. In addition, due to the carboxypeptidase activity,
two active forms of C35a (the intact C5a and the desArg-C5a, both of them having
different effect when activating the C5aR) would exist simultaneously in the brain
slice during the experiment. The unpredictably changing ratio of the two forms
would make the sound measurement difficult, We could avoid this difficulty by
using the C5aR-agonist PL37-MAP.

During the experiments the PL37-MAP peptide was pipetted directly into
the bath fluid of the cells to be recorded.

2.4, Cell culture

GT1-7 cells were cultured in Dulbecco Modified Eagle Medium (DMEM)
containing high-glucose and supplemented with 10% fetal calf serum (FCS) and
5% horse serum (HS). Before estrogen treatment the culturing medium was
replaced with a steroid/thyroid- and phenol red-free one and cells were cultured
in this medium for 48 h. Subsequently, the cells were treated with water-solable
E2{SIGMA) at 20 nM and then used at various time points in PCR ("1 = 0.5, 2,
8. 24 and 48 b) and calcium imaging experiments (24 h). The control cells were
used after the steroid-withdrawal period of 48 + “#** hours, In order to deter-
mine if estrogen receptor was involved in the ohserved effects, other control
cells were co-treated with E2 and the estrogen receptor blocker Faslodex (ICI
182,780; | pM; Tocris Inc.).

2.5. Reverse transcription

Total RNA samples from control and E2 treated GT1-7 cells were isolated
with TRIzol LS reagent {Invitrogen) according to the manufacturers instructions.
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RNA from three equivalent cultures were mixed and the RNA solutions were
dilated to reach a final concentration of 1 pwg/pl. Fromeach treatment group 2 pg
total RNA was used for eDNA synthesis. ¢DNA reaction mixtures (40 pl}
contained oligodT, random hexamers and 1.5 mM MgCl.. Reverse transcription
was performed in a Perkin-Elmer thermal cycler with the ImProm Il Revemse
Transeription System (Proniega) according to instructions by the manufacturer.

2.6. Real-time quantitative PCR

Real-time polymerase chain reactions (PCR) were carried out in a Light
Cycler PCR machine (Roche) with the DNA Master SYBR Green | mix (Roche)
following the manufacturer’s protocols. Bach RT-PCR experiment was per-
formed in triplicate. The 10 pl reaction volumes were placed in Light Cycler
glass capillaries {(Roche) and composed of 1 gl DNA Master SYBR Green 1
(Roche), 1 pl ¢DNA mix, 4 mM MgCl, and 0.3 pM specific primers, The
transcript of the house keeping gene hypoxanthine-guanine phosphoribosil
transferase (HPRT), which is not regulated by estrogen, was used as an internal
control to compensate for varations in amplification efficiency when the
amounis of the C5aR amplicon were calculated,

The standard curves were created by amplifications of oligonucleotides
containing pantial sequences of the HPRT and C35aR genes with the same primer
sequences as ysed for the amplification of experimental samples. The oligonu-
cleotide standards were prepared using serial 1: 10 dilutions with TE buffer, overa
concentration range spanning the sample concentrations. Por quantification, the
test oligonucleotide was used at a dilution close to the sample concentrations and
the reverse transcribed RNA isolated at 0, 0.5, 2, 8, 24 and 48 h after estrogen
treatment. H;O was included as no template control. Real-time PCR conditions
were as follows: HPRT: 95 °C, S min for denaturation; 63 cycles: 94°C, §s;
57°C,7 5,72 °C, 10 5, C5aR: 95 °C, 5 min; 635 cycles for94 “C, 5 5; 57 °C, 7 sand
72 °C, 10 s and cooling to 40 °C, 30 5. Primer sequences used in the PCR reactions
wereas follows: HPRT forward 5'-1gt aat gat cag tea acg ggp-3', reverse §'-tgg cet
gta tce aac act teg-3'; the C5aR primer was 5'-ige oot ggt ggt gig ggt ga-3
(forward) and 5-agg acg pan tgg tga gga ge-3 (reverse).

The relative amount of the products was determined from the log phase of
the reaction.

2.7. Calchwm imaging

Cultured GT1-7 cells were loaded with the calcium-sensitive fluorescent
dye Fura-2 AM (1 pM; Molecular Probes, Eugene, OR, USA} in loading buffer
containing 0.1% DMSO (Molecular Probes) in 1,5 h at room temperature (RT).
After washing with Hanks’ Balanced Salt Solution (HBSS), the experiments
were carried out at RT, The PL37-MAP pepiide (62,5-250 nM) was pipetied
directly onto the cells in HBSS after z 4 min baseline recording and then the
diluted peptide remained in the HBSS during recording. In the case of E2
pretreatment, the cells were pretreated with E2 as described in Section 2.4 and
all of the rinsing and extracellular solutions contained the same concentration of
E2. After the 4 min baseline recording the PL37-MAP peptide (62.5-125 nM)
was introduced into the bath fuid containing E2 and then the dilated peptide
remained in the HBSS-E2 mixture during recording.

The experiments were carried out with a Deltascan Model 4000 calciam
imaging system (Photon Technology International, Princeton, NI, USA), using
thie ratio of the fluorescent signals obtained at excitation wavelengths of 340 and
380 nm w determine changes in the intracelivlar calcium concentration.

2.8. Brain slice preparation

Animals (22 & 5-day-old male Wistar rats for recording in the SON, PVN and
anterior hypothalamic area [AHA] and 110 12-day-old female mice for
reconding GnRH-GFP neurons) were anaesthetized with pentobarbital (35 mg/
kg bw, L.p.) and decapitated. The brains were removed, and then immersed in ive
cold artificial cerebrospinal fluid (ACSF; NaCl 140 mM, KCl 3 mM, MgSO,
1.3 mM, NaH,PO; 1.4 mM, CaCl; 2.4 M, glucose 11 mM, HEPES 5 mM, pH
7.25) bubbled with 95% 0,-5% CO,. Hypothalamic blocks were dissected from
the rat and mouse brains and 300 yum thick slices containing the PVN, SON and
AHA of rats or GnRH neurons in the preoptic area of nvice, were sectioned with a
VT-10008 vibratome (Leica GmBH, Germany) using a sapphire knife (Delaware

Diamond Knives Inc., Wilmingion, DE, USA) in ice cold and oxygenated ACSE,
The slices were bisected along the third veniricle and equilibrated in ACSF
saturated with 0./CO, mixtore at RT for 1.5 h. Inorder to record the neurons, the
equilibrated hemi-slices were placed in an immersion-type recording chamber.

2.9. Whole cell clamp experiments

The cells were voltage clamped at RT using a whole cell clamp configuration.
The instruments used for electrophysiology swere as follows: Axopatch 200B
patch clamp amplifier, Digidata-1322A data acquisition system and pCLAMP 9.2
software (Axon Instruments-Molecular Devices Co., Sunnyvale, CA, USA), the
headstage of the amplifier was fitted to a MHW-3 hydraulic micromanipulator
{Narishige Co., Japan). The cells were visualized by a BXSIWI upright micro-
scope (Olympus Co., Japan} equipped with an epifluorescent filter set (excitation
filter; U-HQ450-490; dichroic mirror U-Q495LP; emission filter: U-HQ4%0-
540) capable of visualizing the GnRH-GFP neurons in the brain stice and a Cohu
4912 CCD camera (Cohu Inc., San Diego, CA, USA) driven by a Scion Image for
Windows Beta 4.0.2 software {Scion Co., Frederick, MD, USA). The microscope
and the micromanipulator were fitted 1o a S'Table antivibration table equipped
with a Petra platform (Supentech Co., Hungary-Switzerland). Softwares were nun
on an [BM compatible personal computer. The patch electrodes {o.d. = L5 mm,
thin wall, Gamer Co., USA) were pulled with a Flaming-Brown P-97 horizontal
puller {Sutter Instrument Co., Novato, CA, USA) and polished with an MF-830
microforge (Narishige). Resistance of pateh electrodes was 8~10 M{2 for GT1-7
cells and 2-3 M{} for the neurons in the brain slices.

‘The solutions for electrophysiological recording were as follows: extra-
celular solution for GT1-7 cells (HEPES 10 mM, NaCl 140 mM, KCi 3 mM,
CaCly 2 mM, MgCla 2 mM, glucose 10 mM, pH 7.34) and ACSF for brain slices
(see Section 2.8 for composition of ACSF); intracelinlar pipette solution
{HEPES 10 mM, KC1 110 mM, NaCl 15 mM, CaCl, 0.1 mM, MgCl; 2 mM,
EGTA 1 mM, pH 7.25). The brain slices were oxygenated by bubbling the
extracellular solution with O,/CO, gas mixture during recording at RT.

Using the epifluorescent filter set, GnRH-GFP neurons were identilied in the
acute brain slices by their green fluorescence, typical fusiform shape and
apparent fopographic location in the preoptic area.

Holding potential was —50 mV at the GT1-7 cells and —70mV at the
neurons in the brain slices. Pipette offset potential, series resistance and
capacitance were compensated before recording. Only cells with fow leakage
were used for electrophysiological measurements. The cells requiring any leak
subtraction were omitted.

Electrophysiological recordings started simultanecusly with the peptide
treaiment,

Complement CSa (5 pg/ml, human recombinant; Sigma) treatment was
carried out by adding C5a to the extracellular solution. The cells were exposed
to C3a for 10 min before the patch clamp recording.

CoCl, was added to the bath solution at 0.5 mM.

2.10. Statistical analyses

Data are presented as mean £ S.EM,

Statistical analyses (one-way parametric ANOVA and Newman-Keuls
multiple comparison test) of the calcium imaging measurements were carried
outonn > 14 cells at each recording using a Prism software package (GraphiPad
Software, San Diego, CA, USA). Integration and determining maxinwm of the
recorded curves were carried out after subtractive baseline correction.

Blectrophysiological recordings were carried out on at least eight cells for
each experiment. The average of maximum values of the recorded ion currents
was calculated using the PClamp 9.2 software then Student’s #-test of the Prism
software was applied to perform the statistical analysis.

3. Results

3.1. Calcium imaging

Experiments showed that extracellularly applied CSaR-
agonist PL37-MAP peptide evoked elevation in the intracellular
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Fig. 1, Calcium imaging measurements of the GT1-7 cells upon treatment with
various concentration of the CSa-agonist PL37-MAP peptide. Application of
the peptide is shown with arrow. Low concentration of the peptide (62.5 nM) ()
failed to evoke calcium influx. Higher concentrations of PL37-MAP (125 aM)
(b) and 250 nM (c) triggered significant elevation of the intraceliular calcium
content, “Ratio™ (vertical axis) refers to the ratio of the fluorescent signals
obtained at excitation wavelengths of 340 and 380 nm lo determine changes in
the intracellular calcium concentration.

calcium content in the fura 2-AM loaded neurons of the
gonadotropin-releasing hormone (GnRH) producing GT1-7 cell
line (Fig. 1a-¢). The peptide did not elevate the calcium content
at 62.5 nM (Fig. 1a) whereas change could be recorded at higher
concentration of PL37-MAP (125 and 250 nM) (Fig. 1b and ¢).
Elevation started within 2-5 min after introducing the peptide
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into the bath fluid. Peak amplitude of the ratio value increased
with increasing concentration of the PL37-MAP added. After
baseline correction, the average maximum peak amplitude of the
ratio value was 024003 (n=14) at 62.5nM peptide,
235+024 {(n=17) at 125nM peptide and 455108
(n=17) at 250nM peptide (Fig. 2a), showing significant
increase in the calcium signal (ANOVA: p < 0.0001 and
F = 1926, Newman-Keuls: p < 0.0l for each comparison).
The integrated area of the recorded curves representing the net
changes in the intracellular free calcium content also revealed
significant increase in the calcium signal (Fig. 2b) (ANOVA:
p < 0.0001 and F = 179.3; Newman-Keuls: p < 0.001 for each
comparison).

In order to examine whether estrogen interacted with the
calcium signal mediated via the C5aR, the GT1-7 cells were
pretreated with E2 (20 nM) then effect of the PL37-MAP was
recorded (Fig. 3a—d) at two concentrations of the peptide (62.5
and 125 nM). In conirast to the result shown in Fig la, at
62.5nM the peptide elevated the intracellular calcium
concentration if the cells were pretreated with E2 (Fig. 3a)
showing that E2 potentiated the C5aR-related response of the
cells. Similarly, when 125 nM PL37-MAP was applied, E2
increased the calcium influx (Fig. 3c). In order to demonstrate
that the effect of E2 could be mediated via estrogen receptor, E2
was co-administered with the estrogen receptor blocker
Faslodex (1 pM). Under this condition the response of the
cells to 62.5 and 125 nM PL37-MAP did not differ from the
calcium signal recorded without E2 showing that Faslodex
inhibited the potentiating effect of E2 (Fig. 3b and d). Faslodex
alone did not affect the response and the recorded curve was
similar to the one measured without E2 (not shown). After
baseline subtraction, the average maximum of the recorded
curves was 3.84+09 (125aM PL37-MAP+E2;, n=18;
Newman-Keuls test comparing with the control: p < 0.05),
3.5 + 1.2 (62.5 sM PL37-MAP + E2; n = 15; Newman-Keuls
test comparing with the control: p < 0.01), 2.0 &= 0.4 (125 oM
PL37-MAP + E2 + Faslodex; n=15; Newman-Keuls test
comparing with the control: p>0.05) and 0.3 +0.06
(62.5nM PL37-MAP + E2 + Faslodex; n=14; Newman-
Keuls test comparing with the control: p > 0.05), showing
that B2 significantly increased the average maximum amplitude
{ANOVA for 125 oM PL37-MAP: p = 0.0098 and F =4.196;
for 62.5 nM: p = 0.0065 and F =4.571) and that effect of E2
was abolished by Faslodex (Fig. 4a and c). The normalized
areas-under-curve representing the net changes in the
intracellular free calcium content also showed significant
increase when PL37-MAP was administered to GT1-7 cells
pretreated with E2 in the absence of Faslodex (Fig. 4b and d).
Increase in the calcium signal of the E2-pretreated cells started
in 2-5 min after applying the peptide. The time to start did not
differ significantly from the curves recorded without E2,

3.2. Whole cell clamp measurements
Electrophysiology provided further evidence that hypotha-

lamic neurons express functional C5aR and estrogen interacts
with the signal activated by the C5a. Whole cell clamp



