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and carboxyl terminal regions (17, 22, 29). To generate a complementary peptide to the car-
boxyl terminal of C5a, we employed the software program COMPEP to target the last 10
amino acids at the carboxyl terminal of C5a (ISHKDMQLGR), which we call Ca-
decapeptide.

MATERIALS AND METHODS

Design of C-peptides.

The computer program, COMPEP, which employs a genetic algorithm, was used to gen-
erate recognition peptides to a peptide target. Each iteration and score was assigned according
to different physicochemical parameters including hydropathy (Kyte-Doolittle) (19), bulki-
ness, and charge.

Several sets of values for bulkiness are available to be chosen in COMPEP. In this ex-
periment we have used the volume of amino acid (28) for calculation. Charge of amino acid

is considered by the side-chain acidity. (Table 2)

Description of Genetic Algorithm

The genetic algorithm is an extraordinary computational tool for optimization used in sev-
eral fields of science and engineering, its main characteristics stemming from natural selection.
The three fundamental operations of selection, crossover and mutation which a GA is endowed
with operate on sets (population) of solutions (chromosomes) encoded as strings of bits. As
for DNA, the four nucleotides are represented as G, C, U, and A; in GA, the bits are repre-
sented by 0, 1, 2 and 3 representatively. In this way, as how an amino acid can be coded by
the codon table, it can also be coded by strings of bits in the GA.

To initiate the first iteration, a population of 500 individuals was generated randomly.
After calculating the scores of the individuals according to the parameters (hydropathy, charge
and bulkiness). Individuals were selected for reproduction using roulette wheel selection
(21). From these selected individuals (parents), mutation and crossover would also be per-
formed to generate new individuals for the next iteration. After 10000 iterations, individuals
with scores larger than 95% of the maximum score would be recorded in the resulting file.

In this study, altogether 25 combinations of parameter scoring were utilized. For each
combination, the best 20 peptides were selected providing a total of 500 peptides, which were
then synthesized by solid phase peptide synthésis. Their interactions with Cba-decapeptide
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TasLe 2. Bulkiness and charge of amino acid. Bulkiness is represented as
volume of amino acid residues (28) and charge is represented by the acid-
ity of amino acid side-chain. (http://en.wikipedia.org/wiki/ Amino_acid)
Positive value represents basic side-chain, negative value represents acidic
side-chain whereas O represents natural. Histidine is only weakly basic so
it is considered O here.

Amino Acid | Residue Volume Charge
A 88.6 0
173.4
111.1
114.1
108.5
138.4
143.8
60.1
163.2
166.7
166.7
168.6
162.9
189.9
112.7
89.0
116.1
227.8
193.6
140.0
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were then determined.
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Solid-phase peptide synthesis: Peptide synthesis on cellulose membranes.

Membranes were obtained from Intavis (Bergisch Gladbach, Germany). Fluorenylmeth-
yloxycarbonyl (Fmoc) amino acids and N-hydroxybenzotriazole (HOBT) were obtained from
Bachem (King of Prussia, PA). N, NV-diisopropylcarbodiimide (DIC) N, NV-dimethyl-
formamide (DMF) and N methylpyrrolidone-2 (NMP), were of the highest available quality
and were tested daily for the absence of contaminating free amines by the bromophenol blue
method. Fmoc amino acids were preactivated daily by incubating 300 ul of a 0. 6 M solution
of the Fmoc amino acid with 150 p! of 1.2 M DIC and 150 ul of 1.2 M HOBT (except for
Fmoc arginine which has to be preactivated for each coupling). The side chains of the Na
Fmoc protected amino acids groups were the following: Pbf (arginine), Trt (asparagine, glu-
tamine, histidine and cysteine), Acm (cysteine), tBu ether (threonine, tyrosine, serine), OtBu
ester (aspartic and glutamic acids) Boc (lysine, tryptophan). All solutions were in NMP. An
ASP 222 robot (ABIMED) was used for the coupling steps. The standard coupling procedure
involved double coupling of a preactivated solution of 0.3 M Fmoc amino acid for 15 min.
After coupling, the membrane was treated with DMF (three times, 2 min), and then 10% (vol
/vol) acetic anhydride in DMF (10 min, or until decoloration of the spots) was added to block
any unreacted amino groups. After piperidine (20% in DMF, vol/vol) deprotection (5 min),
the membrane was treated with a 0. 005% bromophenol blue solution in DMF (two times, 2
rnin); washed with methanol (three times, 2 min), and dried using cold air. For the last cycle,
deprotection with piperidine was performed before acetylation with 10% acetic anhydride in
DMF.

Membrane Probing Protocol-for C5a‘Peptide.

The peptide array membrane was placed in 20 ml of 100% methanol and shaken for 5
minutes, then washed in 50% methanol/PBS for 5 minutes followed by washing with 20 ml
PBS 3 times, each time for 5 minutes. Unspecific binding sites were blocked with 2 % skim
milk in PBS-T (PBS/0.2% Tween 20) at room temp for 2 hours or overnight at4'C. The
membrane was then washed once in PBS for 5 minutes. Biotin labeled C5a-decapeptide or
Biotin solution (for control) was diluted to a concentration of 50 j1g/ml in PBS and incubated
with the membranes overnight at4C. The membranes were washed 3 times for 5 minutes
each with PBS and then incubated for 2 hours with 1 jig/ml Streptavidin-HRP diluted in PBS.
The membrane was then washed again three times for 5 minutes each with PBS. Excessive

buffer was removed from the membranes by placing white tissue paper on the membrane.
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Spots were detected with chemoluminescence detection kit reagents (Chemoluminescence Su-
per Sensitive 2-CHRP substrate Kit BIO-FX 4ml, Piscataway, NJ) after exposure for 60 sec-

onds.

Statistical analysis
Cba binding assay of C-peptides were statistically evaluated with Z score. Z score was

calculated using the following formula:

XU
z (8

which X is the raw score of each sample, |l is the mean of the population and ¢ is the
standard deviation of the population. The Z score indicates how many standard deviations an
observation is above or below the mean. It allows comparison of observations from different

control distributions.

RESULTS

Weighting scheme of parameters

Quantitative analysis of the contribution of several physicochemical parameters to the af-
finity of peptides derived by MIMETIC resulted in depicting mainly three physicochemical pa-
rameters. These are the charges of the amino acids, their bulkiness and the hydropathy index.
However, the amount contributed by each of these parameters to the overall affinity of c-
peptides was difficult to determine in a cut and dry fashion. Consequently to express affinity
among c-peptides, we devised a weighting scheme, shown in Table 1, to optimize the quantita-
tive contribution of each term to the affinity.

Using the last C-terminal 10 amino acids (ISHKDMQLGR) of C5a as target, candidate
c-peptides were generated by COMPEP according to.combinations of the parar!neter scoring
system listed in Table 1. Three physicochemical parameters were included in the scoring sys-
tem, hydropathy, charge and bulkiness. Weighting of the parame{ers was assigned to vary the
percent contribution of the corresponding parameter to the final score. In this study, weighting
of hydropathy was varied from 70% to 100%. Weighting of charge was varied from 0 % to
60% whereas weighting of bulkiness was fixed at 10% due to lack of evidence on how bulki-
ness relates to protein-protein interaction.

Five hundred candidate c-peptides with best scores were selected and all of the peptides
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were synthesized by solid-phased peptide synthesis on an amino group functionalized filter pa-
per. The peptide sheet was incubated with N-terminally biotin-labeled C5a-decapeptide, and
binding was detected with horse radish peroxidase (HRP)-labeled streptavidin.

Binding of c-peptides to CSa

As shown in Fig. 1, 13. 8% of the candidate péptides exhibited significant binding with C
5a-decapeptide (69 out of 500). Some clusters of sequences showed similar binding, suggest-
ing that candidate peptides generated using the same parameter scoring system possess similar
binding affinities towards C5a-decapeptide. The Z scores, densities and amino acid sequences
are listed in Table 3. The Z scores represent the standard deviation of sample values relative to
control values. We also performed multiple alignments by dividing the c-peptides into three
groups. The first group contains c-peptides with Z scores larger than 2.0. The second group
and third group include those with Z scores larger than 3. 0 and 4. 0 respectively. These pep-
tides are aligned using the multiple alignment program ClustalW (8). These 3 groups of
alignments demonstrated that sequences of these peptides are notably conserved, especially at
the middle region (Fig. 2). Based on all alignment results, the c-peptide sequences from the
3" to the 7" residues are generally conserved (LALSL), including the last two residues (GI).

As shown in Table 4, all of the designed complementary sequences are heavily weighted
for hydropathy (W:). Complementarity of amino acid charge did not appear to play a signifi-
cant role since a higher weighting of this parameter caused the designed sequences to interact

more weakly with CHa-decapeptide.
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Fic. 1. Membrane of 500 candidate complementary peptides probed with C5a.

Bach square represents the area where a candidate complementary peptide was probed with C5a, Black
dot indicates that the candidate peptide binds to C5a. The density of a black dot is a reflection of the af-
finity of the candidate complementary peptide with Cba.
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TasLe 3. List of complementary peptides capable of binding with C5a. Their sequences, Z scores,
densities and positions on the membrane are listed.

Z [Density| Position Sequence Z |Density [Position Sequence Z [DensityiPosition Sequence

2649| 0.228 1 RAFALTLQTV|5948] 0.482 | 316 [HTIMLTLHGI!]0.013} 0,024 443 THTLMLTLQ S

0.462( 0.059 3 NALALQLNRI]45892{ 0378 | 317 |QTIMLTFRGI|1.197] 0.118 | 451 HALALTIGS!

1.585] 0.146 S QTLMVYFHGI|0711] 0078 | 359 |[RGLVLPLDGI|4508] 0371 453 |QGIAVSLAGY

0834} 0072 13 RAFAVTLHTV3.657] 0306 | 360 |RTFLLPLQSI{46541 0382 | 454 JQTLALRFQSV

1.62 ] 0.148 14 RAFAISLQRV0S958] 0087 | 365 [RGLLVPLNGVI3.119 0284 ] 455 JHSLAVSLQTI

2114} 0.186 1§ |RGFAFRLHTVI4167] 0345 | 368 |RMLLFSLKGI|4139{ 0343 | 456 |[HTFAISLHGI

0.462| 0.059 18 QMFMISVNS {21191 0187 | 370 [RAFVLWLQSI1689 0.154 | 457 |[QSVALSLQAI

1.14 | a1t 45 HTLALSLQGL|2897] 0.231 374 [RGFLLPLRWV-008f 0017 | 458 |QGIAVTLQGV

0.095{ 0.031 81 QTLOLSLHTI{0.764] 0.084 | 396 [HAAVASAQTI|-0.27] 0002 | 461 [QAVALQlLQG!I

0.572] 0.087 8 (QTLDOLSLHTV|1757| 0159 | 399 [QALALRLHGIDO17/ 0025 | 465 |HMLALTLHTI

211 /0188 | 200 HGLOLYLHSI| 84 | 0672 | 400 | QALALSLHG![0.224} 0.041 467 1QGLALSVQAI

273110234 | 238 INSVDLTLQGV|1.06] 0105 | 404 |[NGLMLSULHT!}0202} 0039 | 471 |QMLALTLNSL

0023] 00251 272 |QSFALSLHGL|0.174} 0.037 405 JQGLALSLHTI|2788] 0238 | 472 |HRLALTLNT!

0527/ 0084 § 277 |QSFAFTFNTI|0687| 0078 | 408 [QALALRLQAV|2849) 0.243 | 473 |HSLALTLNT!

3825/ 0319 | 278 JQSFALSLQML{1.949) 0174 | 412 |QALLLSMQGI2776/ 0238 | 474 [HMLALSIQS!

0958} 0097 § 281 |HAFALQVHTI|{0325] 0048 | 415 |HAALVTAHGI]405110338 ] 476 JQQLAVSVQAIL

18861 0177 | 282 JOWALMSLQAVID.798| 0085 | 426 [QAFAVTVHGI|5113] 0418 | 477 |HMLALTIGQS!

1.251) 012 293 [QALAVHVNSV][0355] 0.051 431 |[HAFALRULHTV|1.315] 0125 | 478 |[QAVALQLQAV

0.605§ 0.07 294 HRFALYIHAI |2356] 0205 432 |QGFALRLHS V2478 0215 | 489 JQRLELSLNTV

002]0022| 305 |QTIMLSLHGI|0.147] 0,035 | 433 [NGLALQLQTI|571| 0464 | 490 [HALALTLQRV

7
2022f 0178 | 312 [HRLALSVHGI|[1.878] 0168 | 435 | HAIALTLNG] [3.269 0276 | 494 [HGFALSLQTL

0241 0005 | 314 |HRLAMTANGI]4918| 0403 | 438 JQMLALRVHTI|0.109] 0032 | 498 JQAVDLGLHGYV

2267|0198 | 315 |[HTLALGLHGV|3445] 0289 | 440 | HALALTLQSI[0157/0035| s00 INRMFIHLQSS

Plotting hydropathies of the 4 complementary sequences of highest Z scores showed a
prominent complementary pattern against that of the target region of Cba-decapeptide (Fig.
3). Four peptides of the 471 peptides, which did not bind to C5a-decapeptide, were chosen
and their hydropathic profiles were also plotted. These plots were not mirror images of the hy-

dropathic profile of Ca-decapeptide.
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Fia. 2. Multiple alignments of complementary peptides with Z scores using ClustalW. Alignment re-
sults are presented here using JalView (9). Left panel: Complementary peptides with Z scores larger
than 2. Multiple alignment shows the consensus result as HGLALSLQGI

Middle panel: Complementary peptides with Z scores larger than 3. Multiple alignment shows the con-
sensus result as +TLALSLQGI.

Right panel: Complementary peptides with Z scores larger than 4. Multiple alignment shows the con-
sensus result as QTLALSL+GL
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Fic. 3. Hydropathy plots of the 4 complementary peptides with the highest Z scores and 4 peptides with-
out detectable binding affinity (control peptides) against C5a. The Kyte-Doolittle hydropathy scale
was adopted (19). Left panel: Sequences of the 4 complementary peptides with highest Z scores from
1*to 4" are QALALSLHGI, HTIMLTLHGI, HALALTLQRYV and HMLALTIQSI.

Right panel: Of 471 candidate peptides without binding activity to C5a, 4 were selected (control pep-
tides). Their sequences are HRADKPAQTV, NAMEKGLQTD, QAVERSAQSD and QAMDR-
SMTGE.

DISCUSSION

We have written a computer program COMPEP for designing c-peptides that interact with
a target peptide. In this study, designed c-peptides able to bind to the C-terminal of C5a. 69
out of 500 c-peptides exhibited significant interactions with Cba-decapeptide and their charac-
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teristics were analyzed. Within different physicochemical parameters used in the program, hy-
dropathy displayed the most significant role, demonstrating that hydropathic complementarity
may be a critical parameter for some protein-protein interactions. This result is consistent with
many published studies (6, 11-12, 25). The Kyte-Doolittle hydropathy scale was employed
since it is widely used in predicting and analyzing secondary structures of proteins (18, 27)
and it has also been adopted for analyzing protein-protein interactions in reported results (16,
20). The molecular recognition theory proposed by Markus and Blalock is also based on hy-
dropathic complementarity (20). It states that peptide sequence translated from the antisense
strand of a gene is able to interact with the peptide sequence translated from the sense strand
due to a tendency that codons of the antisense DNA strand encode amino acids with comple-
mentary hydropathy. Rather than designing c-peptides by exploiting the antisense DNA strand
to the target sequence, which may not be feasible often due to the presence of a stop codon, in
this study we directly incorporated hydropathic complementarity in the calculations. Figure 3
shows that the hydropathy profiles of all 4 highest Z scored peptides displayed mirror images
to that of the Ca-decapeptide. Together with the observation that the candidate peptides that
reacted strongly with Cba-decapeptide were weighted heavily for hydropathy (Table 4), these
results provide remarkable evidence to support the significance of hydropathic complementar-

ity in protein-protein interaction.

TasLe4. The Z score, density, sequence and weighting of physicochemical parameters of complementary
sequences with Z scores larger than 4. W, W and Ws represent weighting for hydropathy, charge and
bulkiness.

4 Density Position Sequence Weighting of parameters (W, W, Wsi)

5.948 0.482 316 HTIMLTLHGI 90,40,10
4.592 0.378 317 QTIMLTFHGI 90, 40,10
4,167 0.345 368 RMLLFSLKGI 100,0,0
8.4 0.672 400 QALALSLHGI 100,20,10
4.919 0.403 436 OMLALRVHTI 100,30,10
4.508 0.371 453 QGIAVSLQGV 100, 40, 10
4,654 0.382 454 QTLALRFQSV 100, 40, 10
4.13%9 0.343 456 HTFAISLHGI 100, 40,10
4.051 0.336 476 QGLAVSVQAI 100, 50,10
5.113 0.418 477 HMLALTIQSI 100,50,10
5.71 0.464 490 HALALTLORV 100, 60,10
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Such observation of how Cba-decapeptide preferred those peptides with inverted hydro-
pathic profile to bind with may be decent evidence provided by the nature to support Blalock’s
theory. As he stated in the molecular recognition theory (5), that the hydropathy of an amino
acid is determined by the second base of a codon, and that many evidences have shown that the
hydropathic profile of a protein is a key to its gross architecture. Considering that the side-
chain of hydrophobic amino acids tend to protrude inwardly to the globular structure, while
those of hydrophilic amino acids tend to protrude outward towards the aqueous environment,
We can speculate that the structure of, at least for short peptides, a pair of peptides with hydro-
pathic profiles inverted with each other, would have gross structures inverted with each other
also. And hence, providing suitable constructs to bind with each other. It is not known for
now how much we can exploit this theory to proteins with complex tertiary and quaternary
structures. Despite of that, it is undeniable that many peptide antagonists have been success-
fully designed.

Amino acid charge did not show significant importance for designing complementary
peptide in this study. Therefore, overall charge complementarity is probably not necessary to
consider in complementary peptide design. However, reports have shown that mutating one or
two charged amino acids to ones of opposite charge can interfere with protein-protein interac-
tions (1, 23). We can speculate on this phenomenon due to that the side chain of charged
amino acid is relatively bulky, complementary charge effect of one single amino acid at the
core of the binding site may enhance the binding infinity if the hindrance of bulkiness of the
corresponding amino acids on both sides is trivial.

Multiple alignment of the complementary peptides revealed a fairly consensus outcome.
The 3" to 5%, 7" and last residues displayed a bias towards hydrophobic amino acids whereas
slightly hydrophilic amino acids were generally adopted at the 6” residue. This may reflect
which positions of complementary peptides are in contact with C5a. !

Further investigation of the effect of these designéd complementary peptides on C5a bio-
logical function and modification of the peptides may afford a new inhibitor of C5a based on
targeting the C-terminal. Together with other CSa inhibitors, targeting other regions of Cba
may remarkably reduce its effect and hence be suited for treatment of diseases caused by gen-
eration of Cba.

Many additional factors may involve in determining whether a peptide can block the bio-
logical function of a protein or not. However, to design a peptide able to bind with the target

protein is inevitable the crucial step when inventing peptide drugs. This computer program, to-
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gether with the solid-phase peptide synthesis and probing, may provide a speedy and inexpen-

sive attempt to achieve it.
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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 CSaR 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 CSaR-agonist PL37-MAP peptide with calcium ion current pulses.
Gonadotropin-releasing hormone (GnRH) producing neurons in slices of the preoptic area of the mice also reacted to the peptide treatment with
inward calcium current. PL37-MAP was able to evoke the inward ion current of GnRH ncurons in slices from ovaricctomized animals. The
amplitude of the inward pulses became higher in slices abtained 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 clevated 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-triggercd
clevation of the intracellular calcimm content in the GT1-7 cells demonsirating that the effect of E2 might be related to the presence of estrogen
receptor. Renl-time PCR experiments revealed that E2 increased the expression of CSaR mRNA in GT1-7 neurons, suggesting that an increased
C5aR 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 inflamatory and neurodegencratory diseases of the hypothatamus and the related neurcendocrine and autonomic
compensatary responses.
© 2007 Elsevier Ltd. All rights reserved,

Keywonds: Hypothalamus; Complement C5a receptor; Neusosecretory neurons; Estrogen

1. Introduction also affect functions of the classical immune organs. In addition

to its known effects modulating, for example, the electric and

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

* Comesponding author. Tel.: +36 [ 210 9400x368; fax: +36 1 210 9944,
E-mail address: farkns@koki.hu (I. Farkas).

0197-0186/$ -~ see front matter © 2007 Elsevier Lid. All rights reserved.
doi:10.1016/j.ncuint.2007.09.014

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, 2006). 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 et 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 ct al,,
2000). Anaphylatoxins including C5a, that can be generated
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.,
1997a,b; VanBeck 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 C5aR in the
hypothalamus, the main central regulator of neurcendocrine
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
immune signals to various endocrine axes,

While the anti-inflammatory and neuroprotective effects of
estrogen are well established (Kovacs, 2005; Suzuki et al.,
2006; Turgeon et al., 2004) recent studies have demonstrated
that this hormone plays a rather complex role in the immune
response of the brain (Sohrabji, 2005; Morale et al., 2006).
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 hypotbalamus 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 CS5aR activation upon
various hypothalamic neurosecretory cells, such as magnocel-
lular 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 controlled 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

Experimental Medicine and the European Community (Decree 86/609/EEC).
Al experimental protocols were reviewed and approved by the Animal Welfare
Committee at the Institute of Experimental Medicine. All efforts were made 1o
minimize animal suffering and the number of animals used.

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

2.2. Estrogen treatment paradigms

Six adult female GrRH-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 I week to decrease endogenous sex steroid levels. Then
thres of them (OVX group) received a single subcutaneous (s.c.; 100 pul)
injection of sunflower oil vehicle. The other three mice (OVX + E2 group)
were injected s.c. with 17B-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
subsatorating dose we could avoid pharmacological responses due to supra-
physiological estrudiof levels,

‘The animals were sacrificed 24 h after receiving Injection, Brain slices were
then prepared for the elecirophysiological recording.

2.3. C5aR-agonist peptide (PL37-MAP)

The amino acid sequence (RAARISLGPRCIKAFTE) of the C5aR-agonist
peplide (PL37-MAP) is a fragment of C5a and represents antisense-homology-
box (AHB) region of C5a (Baranyi et al,, 1995, 1996). The peptide was
synthesized in muliiple antigenic peptide (MAP) form.

‘The main reason to choose PL37-MAP instead of C5a was the carboxypepti-
dase activity existing in the brain slice (Che et al., 2005). 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 C5a (the intact C5a and the desArg-C5a, both of them having
different effect when activating the C5aR) would exist simultancously inthe 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.

24. Cell culture

GTI1-7 cells were cultured in Dulbecco Modified Bugle 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/thyrold- and phenol red-free one and cells were cultured
in this medium for 48 h. Subsequently, tlte cells were treated with water-soluble
E2(SIGMA) at 20 nM and then used at various time points in PCR ("' = 0.5, 2,
8, 24 and 48 h) und calcium imaging experiments (24 h). The control cells were
used after the steroid-withdrawal period of 48 + 1" hours. In order to deter-
mine if estrogen receptor was involved in the observed effects, other control
cells were co-treated with E2 and the estrogen receptor blocker Faslodex (ICI
182,780; 1 uM; Tocris Inc.).

2.5. Reverse transcription

Total RNA samples from control and E2 teeated 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
diluted to reach a final concentration of § pg/pl. From each treatment group 2 g
total RNA was used for cDNA synthesis. cDNA 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 IT Reverse
Transcription System (Promega) according to instructions by the manufacturer.

2.6. Real-time quantitative PCR

Real-time polynierage chain reactions (PCR) were carried out in a Ligit
Cyecler PCR machine (Roche) with the DNA Master SYBR Green I mix (Roche)
following the manufacturer’s protocols. Each RT-PCR experiment was per-
formed in iriplicate. The 10 pl reaction volumes were placed in Light Cycler
glass capillaries (Roche) and composed of 1 pl DNA Master SYBR Green |
(Roche), I pi ¢cDNA 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 variations in amplification efficiency when the
amounts of the C5aR amplicon were calculated.

The standard curves were created by amplifications of oligonucleotides
containing partial sequences of the HPRT and C5aR genes with the same primer
sequences as used 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 quuntification, 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 afier estrogen
treatment, H,O was included as no lemplate control. Real-time PCR conditions
were as follows: HPRT: 95 °C, 5 min for denaturation; 65 cycles: 94 °C, 5s;
§7°C,7 5,72 °C, 10 5; C5aR: 95 °C, 5 min; 65 cyclesfor94 °C, 5 s; 57 °C, 7 sand
72 °C, 10 sand cooling to40 °C, 30 s. Primer sequencesused inthe PCR reactions
were as follows: HPRT forward 5'-tgt aat gat cag tcaacg ggg-3', reverse 5'-tgg cct
gla tec aac act teg-3'; the CSaR primer was §'-tgc cct ggt ggt gig ggt ga-d
(forward) and 5'-agg acg gaa lgg tga gga ge-3' (reverse).

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

2.7. Calcium 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 omt at RT. The PL37-MAP peptide (62.5-250 nM) was pipetted
directly onto the cells in HBSS after a 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 fluid containing E2 and then the diluted peptide
remained in the HBSS-E2 mixture during recording.

The experiments were carried out with a Deltascan Model 4000 calcium
imaging system (Photon Technology International, Princeton, NJ, USA), using
the ratio of the fluorescent signals obtained at excitation wavelengths of 340 and
380 nm to determine changes in the inuacellular 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
recording GnRH-GFP ncurons) were anacsthetized with pentobarbital (35 mg/
kg bw, i.p.) and decapitated. The brains were removed, and then immersed in ice
cold artificial cerebrospinal fluid (ACSF; NaCl (40 mM, KCI 3 mM, MgSO;
1.3 mM, NaH,PO, 1.4 mM, CaCl, 2.4 mM, glucose 11 mM, HEPES S M, pH
7.25) bubbled with 95% 0,-5% CO;. Hypothalumic blocks were dissected from
the rat and mouse brains and 300 am thick slices containing the PVN, SON and
AHA of rats or GnRH neurons in the preoptic area of mice, were seclioned witha
VT-10008 vibmtome (Leica GmBH, Germany) using a sapphire knife (Delaware

Diamond Knives Inc., Wilmington, DE, USA) in ice cold and oxygenated ACSF.
The slices were bisected along the third ventricle and equilibrated in ACSF
saturated with 0/CO, mixture at RT for 1.5 h. In order 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 were as follows: Axopatch 2008
patchclamp amplifier, Digidata-1322A daa acquisition system and pCLAMP9.2
soflware (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 BX51\WI upright micro-
scope {Olympus Co., Japan) equipped with an epifluorescent filter set (excitation
filter: U-HQ450-490; dichroic mirror U-Q495LP; emission filter: U-HQ490-
540) capable of visualizing the GnRH-GFP neurons in the brain slice and a Cohu
4912 CCD camera (Cohu Inc., Sen 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 to a S'Table antivibration table equipped
with a Petra platform (Supertech Co., Hungary-Switzerland). Softwares were run
on an IBM compatible personal computer. The patch electrodes (0.d. = 1.5 mm,
thin wall, Garner Co., USA) were pulled with a Flaming-Brown P-97 horizontal
puller (Sulter Instrument Co., Novato, CA, USA) and polished with an MF-830
microforge (Narishige). Resistance of patch electrodes was 8-10 M{) for GT1-7
cells and 2-3 MQ2 for the neurons in the brain slices,

The solutions for electrophysiological recording were as follows: extra-
cellular solution for GT1-7 cells (HEPES 10 mM, NaCl 140 mM, KCl 5 mM,
CaCly 2 mM, MgCl, 2 mM, glucose 10 mM, pH 7.34) and ACSF for brain slices
(see¢ Section 2.8 for composition of ACSF); imracellular pipette solution
(HEPES 10 mM, KC1 110 mM, NaCi 15 mM, CaCl, 0.1 mM, MgCl, 2mM,
EGTA | 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 epifiuorescent filter set, GnRH-GFP neurons were identified in the
acute brain slices by their green fluorescence, typical fusiform shape and
apparent topographic location in the preoptic area,

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

Electrophysiological recordings started simulianeously with the peptide
(reatment,

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

CoCl, was added 10 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 nieasurements were carried
outonn > 14 cells at each recording using a Prism software package (GraphPad
Software, San Diego, CA, USA). Integration and determining maximum of the
recorded curves were carried out after subtractive baseline correction.

Electrophysiological 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 CS5aR-
agonist PL37-MAP peptide evoked elevation in the intracellular
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Fig. . Calcium imaging measurements of the GT1-7 cells upon treatment with
various concentration of the C5a-agonist PL37-MAP peptide. Application of
the peptide is shown with arrow. Low concentration of the peptide (62.5 nM) (a)
failed to evoke calcium influx. Higher concentrations of PL37-MAP (125 nM)
(b) and 250 nM (c) triggered significant elevation of the intracellular calcium
content. “Ratio™ (vertical axis) refers to the ratio of the fluorescent signals
obtained at excitation wavelengths of 340 and 380 nm to 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. la—c). The peptide did not elevate the calcium content
at62.5 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

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 0.2£0.03 (n=14) at 62.5nM peptide,
235+024 (n=17) at 125nM peptide and 4.55+ 0.8
{(n=17) at 250nM peptide (Fig. 2a), showing significant
increase in the calcium signal (ANOVA: p < 0.0001 and
F =19.26;, Newman—Keuls: p < 0.01 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 GTI-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 contrast to the resuit 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 3.8+£09 (125aM PL37-MAP+E2; n=18;
Newman-Keuls test comparing with the control: p < 0.05),
3.5 £ 1.2 (62.5 nM PL37-MAP + E2; n = 15; Newman-Keuls
test comparing with the control: p < 0.01), 2.0 £ 0.4 (125 nM
PL37-MAP + E2 + Faslodex; n=15; Newman-Keuls test
comparing with the control: p >0.05) and 03 +0.06
(62.5nM PL37-MAP + E2 + Faslodex; n=14; Newman-
Keuls test comparing with the control: p > 0.05), showing
that E2 significantly increased the average maximum amplitude
(ANOVA for 125 nM 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 ¢). 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 CS5a. Whole cell clamp
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Fig. 2. Histograms of the dnta recorded in Fig. |. Maximal amplitude of the curves shows significant (p < 0.01) concentration-dependent elevation (a). The areas-
under-curve representing the net calcium influx also demonstrates significant (p < 0.01) concentration-dependent increase in the calcium content (b). Both
histograms were calculated after baseline subtraction. The areas-under-curve data were then normalized by setting the calculated data recorded at application of
250 nM peptide as 100%%. The mean + S.E.M. values of the “means of maxima® were calculated by first determining the maximum amplitude of calcium recording
of each cell within the same treatinent. Then the calculation of the mean and the §.E.M. was carried out.

measurements demonstrated that 250 nM PL37-MAP evoked
inward ion current pulses in GT1-7 cells (Fig. 5a). Amplitude of
the pulses was 304 & 69 pA (1 = 12). Magnocellular neurons of
the supraoptic (SON) and paraventricular (PVYN) nuclei of rat
brain slices also responded with inward current pulses (SON:
1043 £ 129 pA, n=9; PVN: 1467 + 219 pA, n=10) to the
PL37-MAP (2 11M) administration (Fig. 5b and ¢). Response of
GT1-7 cells to the peptide treatment suggested that GnRH
neurons in the brain slice might also react to the PL37-MAP.

62.5 nM PL37-MAP + 20 nM
estrogen (24h)

Time {min)
126 nM PL37-MAP + 20 nM
estrogen (24 h)
(c) 10.0
o 16
b
x g0

2.5

Time {min)

Therefore, GnRH-GFP neurons of the mice were also treated
with PL37-MAP (2 uM) and, indeed, the peptide could trigger
inward current pulses in these cells (580 £ 82 pA; n=8;
Fig. 5d). In contrast, non-newroendocrine neurons of the
anterior hypothalamic area (AHA; n = 8) did not respond to the
PL37-MAP administration (Fig. 5e) suggesting that these cells
do not possess C5aR in their membrane. After 5 min PL37-
MAP treatment the peptide was washed out and 28% of the
cells recovered, whereas in the other neurons the inward current

62.5 nM PL37-MAP + 1 uM

Faslodex + 20 nM estrogen
(24h)
{b) 10.0 ‘
o 15
-1
& 6.0
25
0.0 ¥ L3 ¥ L 4 ¥
0 ] 10 16 20
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126 nM PL37-MAP + 1 uM
Faslodex + 20 nM estrogen
{24h)
(d) 10.0 -
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Fig. 3. Calcium imaging mensurements of GT1-7 cells pretreated with E2 and then treated with two concentrations of the PL37-MAP. When the cells were pretreated
with E2, even low concentration of the peptide (62.5 nM) evoked calcium influx (a). Higher concentration of the peptide (125 nM) also elicited calcium influx (c).
However, when E2 was co-applied with the estrogen receptor blocker Faslodex, response of the cells was eliminated at low concentration of PL37-MAP (b) and was

attenuated at 125 nM peptide (d). Arrow shows application of the peptide.
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nated intravascular coagulation : DIC), # H 2
A2 (multiple organ failure ; MOF) % ¥ O£ 5%
Yo BUSSE B B (systemic inflammatory response

S = Col

FETRIEN T F RIC KD RIEDFIE

syndrome ; SIRS) B~ LHERT S, BHET T,
W4 LRMEOHYEREF NVAESR, Fhwn
(2L OBHOBRERMATORTELN, VT
ZICEBEOBITBY HRuUlE S LY oBR R SHER
BITEET 2BIEHFREUET I ERAIRY L
T,
ARTIIAR L RERGEHMTAI L 2 HYY
LI S W HEEA 7 F F (complementary
peptide) {IT OV THEH T 5 & & iz, Ml
F FOSBOTRBEILOWTERS,

2. BN TFF

HRYRTF PP OBEShIBRETIE, 5
FART7 2 7BENEAERIESh, FFHC
RYARTFF « P rF by ARTF FORKIC
¥ o T, HEICHIET HEEFHERE b o8BS 258
E$AHZEH, 19959 Baranyi 5i2L H R
XN, CORFET v FEVAKREDY—Hy
2 A (antisense homology box : AHB) L &4 L
o, PYFRVZARTFFREOBRELTEY
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A bA1 R P-4

RETE

Sevan

Mz C5a 7’1“7 17 H?//G)ikml&/ 3v OL.M‘) afm

AT F FRTONA Fastiy -l e &
BIENMENTVS, AHBRHMBT HE VR
R7FFECHEERTAZLICLD, BRiE
OB L HIHFCRELRMELLTWAETHS ) Z
EHERIRL([@EY)., ETCbhbhi,
AHB iH BT 2 Mtk 7F FEREL AL
TERSEHZ LI LY, RAROHEIER R
L2 LEUILTEL HERRTF L
X, BEHARTF FIZR LT, BokiE Y- vt
Hico THBEIC ko TwAZ L, HET A
Bo7 3/ BRAROER (bulkiness) BT
T3I/BALO a RFEN05nm BRICEI T
By, RTIFFEBON Ny I R—- YT
(backbone alignment) D—EiE & &2 ERICLT
BT BT+ FChh, bhbhidfifgiEry
FFERMBHTZAVEa-FTursa
MIMETIC ##EHBT A IR LAY,
REF ¢C, MIMETIC CEEMABRL-#HAR
RT7F FO# 30% PR BEAR OB HlHT
BIEEL b b, HMEATF FORARBHEIIH
DEPRFRECETED®, Thboddrs
Bl RN TF FE2 B L TR
PHEDHTVWS.

3. 777145 bXY 2 Coa DkKE

C5a (fifth component of complement) {4 f&i%

BIEREOFHERTHY, 774 ¥V ¥
(anaphylatoxin) L FEfs 8 h 5 T & {, MAER
BEBOTCY s y 7ERESERET. I, &
B (pg A —F-)CHRP=IN 77— V£
HAL L CTRERDNICEAEN S, interleukin
(IL)-18, 1L-6, tumor necrosis factor (TNF)-a
LEDREWYA I I AV eRWTH. —HT,
BB EEREHRAEL, 7TV ¥—fo
#EEFEBITLAYI bl
HADAF1x—y— IS ED, 61,
Coa MM EMBICEEERL, P-2 V2 F
YRYEOBESTLREBRSES, CoafiBlickd
Ry7u77—-IYhroRMENLIL-18, TNF-a
iR MBS intercellular adhesion mol-
ecule(ICAM)-1 R E-t V2 F %, IL-612Cha
L7y -ORREYREEDH, AR CHIOL
I RRBEETRIELTIEEBI Stk KEM
A4 VAL R ENRLEBRN T AT 2077 —
Y, BHRIBHOZERL bk h s
M, BRHLEEERETREYIO 77—V REF
R, MEREAR»OAXBOSEEF AL M AL
MHMER, Y4 ALY AL ERHTS
(B2). BfE:XeBeciy, fclvi:
DEELRBERENHBRE I NRERTLORE
iICbHah, DIC # MOF & LY OEK L MRIZEST
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W12 | (ThoiREa 1)

Coald B8tk (C5L2)

CSadasArg

CPR
Coa s HER- KA

,_

U e

Cs5aRn etk
{C5aR;C0as)

Ke-hitien
e

—3 |L-128% | (Thoidka |)
Thi/Th2/X5 > AOF5

. EAEITRIC & 5 HEEBROAN

@?

BHER-FEEROBBERRG
(E2% 32 INFoar b0 b= RRH)

B3 PUAF—ERBECSITIBC5a7F7 15 AV ORE

TAHLELLNDY,
4. Cha (i ¥ IMMMUANTFFOIC NI X
Yovay T HERGR

~ Baranyi 5% Cha & Cha ZAMKICH T 55 F
M AHB 2% L, AHB A7 F F#t Cha #ji#tic
LBMBANDAN YT A4 X Y OWAL T
B LERVWAEL, C52-Coa RHEAKRDEEEH
EREBERIZTILEEYHLAY. ZohTRb
MVEEGEELR L C5a ® AHBR7F FTh
% PL37T {234 2@ TF F& MIMETIC
TIRFEL, Coa B L TEOHEER*HET
ZHMERTF F PepA LRI L /. LPS(ipo-
polysaccharide : YRS BHITI ST v b
YFIRVrvav TERBRTEFMIBWC, OV
FI—VCIREFEOI% ThHoDITHL, 4
mg/kg @ PepA R BHREMT A L 2B EHUGT
g0 RSFFRIRRASBREOHEBY S
1}, BRALARENADERMAEVEW)
RENDB, #ZC, PepADNKET I /B
2T EFEL7 AcPepA 2HELCREIL
A, AcPepA R ESLRMDLRMHEXRET A
CLEABIDLNAY, E51Z AcPepA iX, HIE
BOLPS 2HES LA FIXI Vv Yav IRl
BOAIAFNVEEHTELILLEHEINT
BY, BREANOEXAP»hO2H 2,

FARRIRE vol52 no.8 200848 A

5. Coa LR T HHMMUNTFFORT7 LI
¥—-2R

REGEBO—DOTHLIMBLELDT LAY —
HEICH, CoaT7F+ 747 P&V UNELHMEL
Twad, Th2MiRE Y ahiy4 bad
HBARETWRML, IREWNMALELSES. IgE
REFRRCENaEROTAEICEAL, 22
CHEMEET Y, CXFI vkt
LOAF4 -y B ERELFIERE
T, TUVAF—REEIHAREBELT A =
ARELT, TUNT Iy HAB#REY > TWD
BAREEL ISV ERT B BBT, TL
MY AR OB I RERTER
fbEhsZ bmbhTwad, BEoFHEbic
D& L7 Coa idifrhzk, HIRX, KFEisk, Mg
Ra, SEERP T Mzl LoREEOMBIZR
Rah, thooMiitRERFICERSE, B
RE BRI~ MEBRRS, T4 b4 v BLY
LRSI EeRBEES. EHIZ, HECHa
PFRERREREANLT, THERO ThI/Th2 K
BERBLTWD I LNFEONIRoTERY,
Coa i ERLHRMBRECRRALTWA C5a 2
BHICHAL, IL-12%BETHZLI24 ) Th
R HETHOEN, TUALX—EROLI %
Th2 FZ OB, Th2HB»GELEEIS IL4
i2&h, ERALBIRMERO Coa RESORRE
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