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The “gepants” are a class of calcitonin gene-related peptide (CGRP) receptor antagonist
molecules that have been developed for the prevention and treatment of migraine.
Rimegepant is reported to act at the CGRP receptor, has good oral bioavailability, and
has had positive clinical trial results. However, there is very little data available describing
its receptor pharmacology. Importantly, rimegepant activity at the AMY1 receptor, a
second potent CGRP receptor that is known to be expressed in the trigeminovascular
system, has not been reported. The ability of rimegepant to antagonize activation of
human CGRP, AMY1, and related adrenomedullin receptors was determined in
transfected in Cos7 cells. Rimegepant was an effective antagonist at both the CGRP
and AMY1 receptor. The antagonism of both CGRP and AMY1 receptors may have
implications for our understanding of the mechanism of action of rimegepant in the
treatment of migraine.
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INTRODUCTION

Rimegepant (BHV-3000; formerly BMS-927711) is a small molecule drug that has recently been
approved as a treatment for migraine (Scott, 2020). It is a member of the “gepant” class of molecules
which antagonize the activity of the neuropeptide calcitonin gene-related peptide (CGRP) (Luo et al.,
2012; Hargreaves and Olesen, 2019). CGRP is a key player in migraine (Hargreaves and Olesen, 2019).
Monoclonal antibodies and orally bioavailable small molecule antagonists, including rimegepant, are
approved as migraine therapeutics (Luo et al., 2012; Hargreaves and Olesen, 2019). These therapeutics
reduce CGRP signaling by preventing receptor activation. The canonical CGRP receptor comprises the
calcitonin receptor-like receptor (CLR) together with receptor activity-modifying protein (RAMP) 1.
CLR also complexes with RAMP2 and RAMP3 to comprise adrenomedullin (AM) receptors 1 and 2
respectively. In addition, RAMPs interact with the calcitonin receptor (CTR) to form AMY1, AMY2, and
AMY3 receptors, which have high affinity for amylin. The AMY1 receptor also has high affinity for CGRP
(Hay et al., 2018). The complex nature of this peptide-receptor family means that understanding the
pharmacology of CGRP receptor antagonists and the role of each of these ligands and receptors in
migraine is important. Rimegepant is frequently reported as a selective CGRP receptor antagonist
(Mullin et al., 2020). However, the rationale for this claim is unclear and primary data describing the
receptor pharmacology of rimegepant is scarce. The ability of rimegepant to antagonize CGRP activity at
the AMY1 receptor has not been published (Hay et al., 2018), although a recent report implied that
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rimegepant can antagonize this receptor (Mullin et al., 2020). Other
“gepants” have activity at the AMY1 receptor, and therefore it is
likely that this is also the case for rimegepant. Activity at the AM
receptors is also unclear for rimegepant. Importantly, both the
CGRP and AMY1 receptors are reportedly expressed at sites
relevant to migraine pathophysiology, notably the trigeminal
ganglia (Walker et al., 2015). AM receptors may also be present
(Walker and Hay, 2013). However the role of these receptors in
migraine is not yet known. Results of clinical studies investigating
whether AM or amylin can trigger migraine are awaited to help
determine the potential role of AM or AMY receptors in migraine
(clinicaltrials.gov: NCT03598075, NCT04111484). Additional
pharmacological profiling at of rimegepant at defined receptors is
needed to allow more accurate understanding of its mechanism
of action.
MATERIAL AND METHODS

Chemical Analysis of Rimegepant
Rimegepant was purchased from Ak Scientific (Union City, CA).
Other reagents were purchased as reagent grade from Scharlau
(Barcelona, Spain), Halocarbon (River Edge, New Jersey), ECP
limited (Auckland, New Zealand) or Sigma-Aldrich (St. Louis,
Missouri) and used without further purification. Analytical
reverse phase high-performance liquid chromatography (RP-
HPLC) was performed on a Dionex Ultimate 3000 (Thermo
Scientific, Waltham, MA) with a C3 analytical column (Agilent
Technologies, Santa Clara, CA; 3.5 mm; 3.0 × 150 mm) using a
suitably adjusted gradient of 5% B to 95% B, where solvent A was
0.1%TFA/H2OandBwas 0.1%TFA/acetonitrile at a flow rate of 0.3
ml/min. ESI-MS spectra were acquired using Agilent Technologies
(Agilent) 1260 Infinity LC equipped with an Agilent Technologies
6120 Quadrupole mass spectrometer (Agilent).

Cell Culture and Transfection
Culture and transient transfection of Cos7 cells were performed as
previously described (Bailey and Hay, 2006; Walker et al., 2015;
Walker et al., 2018). Briefly, Cos7 cells were co-transfected with
plasmids containing human CLR (Hemagglutinin tagged) and
human RAMP1 (myc tagged) to form the human CGRP receptor,
or the human CTR (CT(a); Hemagglutinin tagged) and human
RAMP1 to form the AMY1 receptor. For AM receptors, human
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CLR was co-transfected with RAMP2 (FLAG tagged) or RAMP3
(untagged), generating AM1 and AM2 receptors, respectively.

cAMP Assay in Transfected Cells
Assays were performed as previously described (Walker et al.,
2018). For inhibition (IC50) assays, cells were stimulated with 10
nM aCGRP with or without 0.1 nM to 10 µM rimegepant for
15 min at 37°C. For antagonist shift assays (pA2 or pKB), cells
were stimulated with 1 pM to 1 µM agonists (human aCGRP,
human amylin or human AM) with or without rimegepant (as
detailed in the figure) for 15 min at 37°C. All agonist peptides
were purchased form American Peptide (Sunnyvale, CA) or
synthesized as previously described (Bower et al., 2018).

Data Analysis
All statistical analysis and curve-fitting were performed using
GraphPad Prism 7.0 (GraphPad Software Inc. San Diego, CA).
Agonist pEC50 values for aCGRP and amylin were obtained
through a three-parameter logistic fit of the data. Antagonism
was determined using two different approaches. IC50 values
for the ability of rimegepant to block signaling by 10 nM
aCGRP were determined from individual experiments using
four-parameter logistic fits. pA2 and pKB values were then
determined using Global Schild analysis on individual
experiments. F-tests indicated that the Schild slope was not
significantly different to 1 and the Schild slope was fixed to 1
for all data sets. The data were normalized and combined for
presentation purposes. The mean pEC50, pIC50, pA2, and pKB

values were calculated and significant differences determined
using two-tailed unpaired t-tests. Statistical significance was
defined as p < 0.05. All data points are the mean ± SEM
combined from n independent experiments.
RESULTS

The purity and molecular weight of rimegepant purchased from
Ak Scientific were confirmed using RP-HPLC and ESI-MS
(Supplemental Figures). The molecular weight was consistent
with the reported structure of rimegepant (Figure 1) (Luo et al.,
2012). Rimegepant antagonism at CGRP and AMY1 receptors
was compared with two approaches. Initially, its ability to reduce
cAMP production in response to 10 nM aCGRP was determined.
FIGURE 1 | Structure of rimegepant (BMS-927711) and inhibition of human aCGRP-stimulated cAMP accumulation at human CGRP and AMY1 receptors by
rimegepant in transfected Cos7 cells. Data points are the mean ± SEM of 4 independent experiments.
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Rimegepant completely blocked activation of the CGRP and
AMY1 receptors but was approximately 17-fold more effective at
blocking the CGRP receptor (p < 0.05; unpaired t-test, t = 18.27,
df = 6) (Figure 1).

Schild analysis was then conducted with multiple concentrations
of rimegepant against a range of aCGRP concentrations at both
receptors and amylin concentrations at the AMY1 receptor (Figure
2, Table 1). Rimegepant antagonized signaling through both the
CGRP and AMY1 receptors but was approximately 30-fold more
effective at blocking the CGRP receptor (p < 0.05; unpaired t-test, t =
13.32, df = 6). Interestingly, at the AMY1 receptor, rimegepant was
approximately fourfold less effective at antagonizing amylin
signaling than aCGRP signaling, with mean pKB values ± s.e.m of
7.48 ± 0.19 (n = 5, amylin) and 8.07 ± 0.11 (n = 4, aCGRP),
respectively (p < 0.05; unpaired t-test, t = 2.57, df = 7). The ability of
rimegepant to block AM signaling at the human AM1 and AM2

receptors was determined. Rimegepant (10 µM) did not significantly
antagonize AM signaling at either the AM1 or AM2 receptors
(Table 1).
DISCUSSION

Rimegepant effectively antagonized aCGRP-mediated signaling
through the AMY1 receptor, in addition to the CGRP receptor.
Rimegepant was only 17 or 30-fold more potent at antagonizing
aCGRP signaling at the CGRP receptor than the AMY1 receptor,
depending on the experimental approach. This difference is
similar to telcagepant and consistent with other gepants,
including olcegepant (Hay et al., 2006; Walker et al., 2015;
Walker et al., 2018). Gepants share many structural similarities
and are known to interact with RAMP1 (Moore and Salvatore,
2012; Hargreaves and Olesen, 2019). Therefore the ability of
rimegepant to antagonize two receptors that share this protein is
not surprising. In contrast, rimegepant was ineffective at
blocking AM activity at the AM1 and AM2 receptors, which is
consistent with other gepants (Moore and Salvatore, 2012).

Interestingly, we observed that rimegepant more potently
antagonized aCGRP than amylin at the AMY1 receptor.
Similar reports of agonist-dependent antagonism have been
reported for olcegepant, whereby its potency as an antagonist
Frontiers in Pharmacology | www.frontiersin.org 3
is higher at the AMY1 receptor if aCGRP is used as the agonist,
instead of amylin (Brown et al.; Walker et al., 2018). The reason
for this is unclear, but may be related to subtle differences in the
ability of gepants to block aCGRP and amylin binding or amylin
binding to free CTR, which is not blocked by gepants, alongside
AMY1. These data suggest that the antagonist potency of gepants
at the AMY1 receptor may be underestimated in several studies.
For instance, the potency of ubrogepant and atogepant may be
higher at the AMY1 receptor than currently reported where only
data for amylin is currently available (Hargreaves and Olesen,
2019; Moore et al., 2020).

The potential limitations of this study need to be considered
and further studies are required to realize the therapeutic
potential of targeting AMY1. The current study utilizes
receptor component over-expression cell culture models. These
models may have exaggerated responses, aberrant or unusual
coupling to signaling pathways or in the case of AMY1 have
potentially higher levels of free CTR than an endogenous cell.
The translation of similar findings into primary cultured neuron
models suggests that these limitations are minor in this case
(Walker et al., 2015; Walker et al., 2018). However, the masking
of non-competitive antagonism and similar phenomena by high
receptor reserve should be considered, especially when other
signaling molecules are being examined (Kenakin et al., 2006;
Tasma et al., 2020).
TABLE 1 | Summary data for rimegepant antagonism at human CGRP, AMY1,
and AM receptors in transfected Cos7 cells.

Antagonism
(pA2 or pKB)

Fold difference compared
to the CGRP receptor

CGRP receptor 9.56 ± 0.02 (4)
[0.28 nM]

–

AMY1 receptor 8.07 ± 0.11 (4)*
[8.51 nM]

30

AM1 receptor <5 (4)
[>10 mM]

>36,000

AM2 receptor <5 (4)
[>10 mM]

>36,000
August 2020
The agonist is aCGRP at the CGRP and AMY1 receptors and AM at the AM1 and AM2

receptors. Data points are the mean ± SEM of four independent experiments in
parentheses. Corresponding A2 and KB values are shown in square brackets. *p < 0.05
by unpaired t-test between CGRP and AMY1 receptors. –; no difference.
FIGURE 2 | Rimegepant antagonism of human aCGRP or human amylin-stimulated cAMP accumulation at human CGRP and AMY1 receptors in transfected Cos7
cells. Data are expressed as the percentage of maximum cAMP response. Data points are the mean ± SEM of 4 (aCGRP) or five (amylin) independent experiments.
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Rimegepant is a clinically effective migraine treatment at a dose
of 75 mg (Lipton et al., 2019). This dose is reported to yield ~100
nM free rimegepant in the plasma (Conway et al., 2019). It is
therefore reasonable to speculate that the efficacy of rimegepant at
alleviating migraine pain could be partially attributed to its action at
the AMY1 receptor, in addition to the CGRP receptor. The
importance of this receptor in migraine is not yet known.
Interestingly, eptinezumab, fremanezumab, and galcanezumab
(anti-CGRP antibodies) will block aCGRP activity at both the
CGRP and AMY1 receptors (de Vries et al., 2020). To our
knowledge, the activity of erenumab (anti-CGRP receptor
antibody) has not been examined at a defined AMY1 receptor
(Shi et al., 2016; Walker and Hay, 2016). The AMY1 receptor may
already contribute to the activities of these drugs and future efforts
should aim to determine its importance in efficacy and side-effect
profiles of each class of CGRP blocking agent.

The demonstration that rimegepant is able to effectively
antagonize aCGRP at the human AMY1 receptor serves as
evidence that it is necessary to test the gepant class of CGRP
receptor antagonists at the AMY1 receptor using CGRP as the
agonist. These findings highlight the need to consider the AMY1

receptor when investigating the efficacy and side-effects of drugs
targeting the CGRP system.
DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.
Frontiers in Pharmacology | www.frontiersin.org 4
AUTHOR CONTRIBUTIONS

DH and CW conceived and designed the research. KP and AS
performed the experiments. KP and CW analyzed the data. KP,
AS, DH, and CW interpreted results of experiments and prepared
figures. DH and CW drafted the manuscript. DH and CW edited
and revised the manuscript. All authors contributed to the article
and approved the submitted version.
FUNDING

The authors disclose receipt of the following financial support for
the research, authorship, and/or publication of this article: This
work was supported by a Health Research Fellowship from the
Auckland Medical Research Foundation and an Emerging
Researcher Start-up Award from the Kelliher Charitable Trust
to CW. DH is the recipient of a James Cook Research Fellowship
from the Royal Society of New Zealand. CW is the recipient of a
Sir Charles Hercus Health Research Fellowship from the Health
Research Council, New Zealand. KP was the recipient of a
Summer Studentship award from the University of Auckland.
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fphar.2020.
01240/full#supplementary-material
REFERENCES
Bailey, R. J., and Hay, D. L. (2006). Pharmacology of the human CGRP1 receptor

in Cos 7 cells. Peptides 27 (6), 1367–1375. doi: 10.1016/j.peptides.2005.11.014
Bower, R. L., Yule, L., Rees, T. A., Deganutti, G., Hendrikse, E. R., Harris, P. W. R.,

et al. (2018). Molecular Signature for Receptor Engagement in the Metabolic
Peptide Hormone Amylin. ACS Pharmacol. Transl. Sci. 1 (1), 32–49. doi:
10.1021/acsptsci.8b00002

Brown, J. D., Marshall, F. H., and Brown, A. (2016). A second site of action for the
CGRP antagonist olcegepant, A drug for the acute treatment of migraine. 6th
Focused Meeting on Cell Signalling; 2016. Proceedings of the British
pharmacological society (Leicester, UK). Available at: http://www.pA2online.
org/abstracts/Vol14Issue1abst041P.pdf (Accessed 19 May 2020).

Conway, C. M., Dubowchik, G. M., Croop, R., and Coric, V. (2019). Phase 1 and 2
safety, tolerability and pharmacokinetics of single and multiple dose
rimegepant as compared to the predicted clinically efficacous dose range.
American Headache Society 61st Annual Scientific Meeting. (Philadelphia, PA,
USA). Available at: https://www.biohavenpharma.com/sites/default/files/
documents/rimegepant-phase-1-and-2-safety-tolerability-and-predicted-
clinical-efficacy-ahs-2019.pdf (Accessed 19 May 2020).

de Vries, T., Villalon, C. M., and MaassenVanDenBrink, A. (2020). Pharmacological
treatment of migraine: CGRP and 5-HT beyond the triptans. Pharmacol. Ther. 211,
107528. doi: 10.1016/j.pharmthera.2020.107528

Hargreaves, R., and Olesen, J. (2019). Calcitonin Gene-Related Peptide
Modulators - The History and Renaissance of a New Migraine Drug Class.
Headache 59 (6), 951–970. doi: 10.1111/head.13510

Hay, D. L., Christopoulos, G., Christopoulos, A., and Sexton, P. M. (2006).
Determinants of 1-piperidinecarboxamide, N-[2-[[5-amino-l-[[4-(4-pyridinyl)-
l-piperazinyl]carbonyl]pentyl]amino]-1-[(3,5-d ibromo-4-hydroxyphenyl)
methyl]-2-oxoethyl]-4-(1,4-dihydro-2-oxo-3(2H)-quinazoliny l) (BIBN4096BS)
affinity for calcitonin gene-related peptide and amylin receptors–the role of
receptor activity modifying protein 1. Mol. Pharmacol. 70 (6), 1984–1991. doi:
10.1124/mol.106.027953

Hay, D. L., Garelja, M. L., Poyner, D. R., and Walker, C. S. (2018). Update on the
pharmacology of calcitonin/CGRP family of peptides: IUPHAR Review 25. Br.
J. Pharmacol. 175 (1), 3–17. doi: 10.1111/bph.14075

Kenakin, T., Jenkinson, S., and Watson, C. (2006). Determining the potency and
molecular mechanism of action of insurmountable antagonists. J. Pharmacol.
Exp. Ther. 319 (2), 710–723. doi: 10.1124/jpet.106.107375

Lipton, R. B., Croop, R., Stock, E. G., Stock, D. A., Morris, B. A., Frost, M., et al.
(2019). Rimegepant, an Oral Calcitonin Gene–Related Peptide Receptor
Antagonist, for Migraine. New Engl. J. Med. 381 (2), 142–149. doi: 10.1056/
NEJMoa1811090

Luo, G., Chen, L., Conway, C. M., Denton, R., Keavy, D., Signor, L., et al. (2012).
Discovery of (5S,6S,9R)-5-amino-6-(2,3-difluorophenyl)-6,7,8,9-tetrahydro-
5H-cyclohepta[b]pyri din-9-yl 4-(2-oxo-2,3-dihydro-1H-imidazo[4,5-b]
pyridin-1-yl)piperidine-1-carboxylate (BMS-927711): an oral calcitonin
gene-related peptide (CGRP) antagonist in clinical trials for treating
migraine. J. Med. Chem. 55 (23), 10644–10651. doi: 10.1021/jm3013147

Moore, E. L., and Salvatore, C. A. (2012). Targeting a family B GPCR/RAMP
receptor complex: CGRP receptor antagonists and migraine. Br. J. Pharmacol.
166 (1), 66–78. doi: 10.1111/j.1476-5381.2011.01633.x

Moore, E., Fraley, M. E., Bell, I. M., Burgey, C. S., White, R. B., Li, C. C., et al.
(2020). Characterization of Ubrogepant: A Potent and Selective Antagonist of
the Human Calcitonin GeneRelated Peptide Receptor. J. Pharmacol. Exp. Ther.
373 (1), 160–166. doi: 10.1124/jpet.119.261065

Mullin, K., Kudrow, D., Croop, R., Lovegren, M., Conway, C. M., Coric, V., et al.
(2020). Potential for treatment benefit of small molecule CGRP receptor
antagonist plus monoclonal antibody in migraine therapy. Neurology 94
(20), e2121–e2125. doi: 10.1212/WNL.0000000000008944

Scott, L. J. (2020). Rimegepant: First Approval. Drugs 80 (7), 741–746. doi:
10.1007/s40265-020-01301-3
August 2020 | Volume 11 | Article 1240

https://www.frontiersin.org/articles/10.3389/fphar.2020.01240/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2020.01240/full#supplementary-material
https://doi.org/10.1016/j.peptides.2005.11.014
https://doi.org/10.1021/acsptsci.8b00002
http://www.pA2online.org/abstracts/Vol14Issue1abst041P.pdf
http://www.pA2online.org/abstracts/Vol14Issue1abst041P.pdf
https://www.biohavenpharma.com/sites/default/files/documents/rimegepant-phase-1-and-2-safety-tolerability-and-predicted-clinical-efficacy-ahs-2019.pdf
https://www.biohavenpharma.com/sites/default/files/documents/rimegepant-phase-1-and-2-safety-tolerability-and-predicted-clinical-efficacy-ahs-2019.pdf
https://www.biohavenpharma.com/sites/default/files/documents/rimegepant-phase-1-and-2-safety-tolerability-and-predicted-clinical-efficacy-ahs-2019.pdf
https://doi.org/10.1016/j.pharmthera.2020.107528
https://doi.org/10.1111/head.13510
https://doi.org/10.1124/mol.106.027953
https://doi.org/10.1111/bph.14075
https://doi.org/10.1124/jpet.106.107375
https://doi.org/10.1056/NEJMoa1811090
https://doi.org/10.1056/NEJMoa1811090
https://doi.org/10.1021/jm3013147
https://doi.org/10.1111/j.1476-5381.2011.01633.x
https://doi.org/10.1124/jpet.119.261065
https://doi.org/10.1212/WNL.0000000000008944
https://doi.org/10.1007/s40265-020-01301-3
https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles


Pan et al. Antagonism of CGRP by Rimegepant
Shi, L., Lehto, S. G., Zhu, D. X., Sun, H., Zhang, J., Smith, B. P., et al. (2016).
Pharmacologic Characterization of AMG 334, a Potent and Selective Human
Monoclonal Antibody against the Calcitonin Gene-Related Peptide Receptor.
J. Pharmacol. Exp. Ther. 356 (1), 223–231. doi: 10.1124/jpet.115.227793

Tasma, Z., Wills, P., Hay, D. L., andWalker, C. S. (2020). Agonist bias and agonist-
dependent antagonism at corticotrophin releasing factor receptors. Pharmacol.
Res. Perspect. 8 (3), e00595. doi: 10.1002/prp2.595

Walker, C. S., and Hay, D. L. (2013). CGRP in the trigeminovascular system: a role
for CGRP, adrenomedullin and amylin receptors? Br. J. Pharmacol. 170 (7),
1293–1307. doi: 10.1111/bph.12129

Walker, C. S., and Hay, D. L. (2016). Reply to comment on: A second trigeminal
CGRP receptor: function and expression of the AMY1 receptor. Ann. Clin.
Trans. Neurol. 3 (4), 309–310. doi: 10.1002/acn3.294

Walker,C.S., Eftekhari, S.,Bower,R.L.,Wilderman,A., Insel, P.A., Edvinsson,L., et al.
(2015). A second trigeminalCGRPreceptor: function and expression of theAMY1
receptor. Ann. Clin. Trans. Neurol. 2 (6), 595–608. doi: 10.1002/acn3.197

Walker, C. S., Raddant, A. C., Woolley, M. J., Russo, A. F., and Hay, D. L. (2018).
CGRP receptor antagonist activity of olcegepant depends on the signalling
Frontiers in Pharmacology | www.frontiersin.org 5
pathway measured. Cephalalgia Int. J. Headache 38 (3), 437–451. doi: 10.1177/
0333102417691762

Conflict of Interest: DH is a consultant for Intarcia, Merck Sharp & Dohme and
receives research funding from Living Cell Technologies. CW receives research
support from Living Cell Technologies.

The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

Copyright © 2020 Pan, Siow, Hay and Walker. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with
these terms.
August 2020 | Volume 11 | Article 1240

https://doi.org/10.1124/jpet.115.227793
https://doi.org/10.1002/prp2.595
https://doi.org/10.1111/bph.12129
https://doi.org/10.1002/acn3.294
https://doi.org/10.1002/acn3.197
https://doi.org/10.1177/0333102417691762
https://doi.org/10.1177/0333102417691762
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles

	Antagonism of CGRP Signaling by Rimegepant at Two Receptors
	Introduction
	Material and Methods
	Chemical Analysis of Rimegepant
	Cell Culture and Transfection
	cAMP Assay in Transfected Cells
	Data Analysis

	Results
	Discussion
	Data Availability Statement
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


