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Supplementary Methods  
 
qRT-PCR. Total RNA was extracted from HSCs, MSCs and IMS32 cells using the RNeasy Mini 

kit (Qiagen SpA), according to the manufacturer’s protocol. RNA concentration and purity were 

assessed spectrophotometrically by measuring the absorbance at 260 nm and 280 nm. RNA was 

reverse transcribed with the Qiagen QuantiTect Reverse Transcription Kit (Qiagen SpA) following 

the manufacturer's protocol. For mRNA relative quantification, rt-PCR was performed on Rotor 

Gene® Q (Qiagen SpA). The relative abundance of mRNA transcripts was calculated using the 

delta CT method and normalized to GAPDH levels. The sets of primers for human and mouse cells 

are listed in the Table S3. 

 

H2O2 assay. H2O2 was determined by using the Amplex Red assay (#A12222, Thermo Fisher, 

Invitrogen). HSCs or IMS32 cells were plated in 96-well black wall clear bottom plates (Corning 

Life Sciences) (5 × 105 cells/well) and maintained in 5% CO2 and 95% O2 (24 hr, 37 °C). The 

cultured medium was replaced with Krebs-Ringer phosphate (KRP, composition in mM: 2 CaCl2; 

5.4 KCl; 0.4 MgSO4; 135 NaCl; 10 D-glucose; 10 HEPES [pH 7.4]) added with olcegepant (100 

nM), CGRP8-37 (100 nM), SQ22536 (100 μM), L-NAME (10 μM), A967079 (50 μM), PBN (50 

μM) or vehicle (0.1% DMSO in KRP) for 20 min at room temperature. HSCs or IMS32 cells were 

then stimulated with CGRP (1 and 10 μM, respectively) or its vehicle (KRP) added with Amplex 

red (50 μM) and horseradish peroxidase (HRP, 1 U/ml) and maintained for 40 min at room 

temperature protected from light. Some experiments were performed in Ca2+-free KRP containing 

EDTA (1 mM). Signal was detected 60 min after exposure to the stimuli. H2O2 release was 

calculated using H2O2 standards and expressed as nmol/1. 

 

Protein extraction and western immunoblot assay.  HSCs and IMS32 cells were plated on 60 

mm culture dish and maintained in 5% CO2 and 95% O2 (37 °C, until confluence). HSCs and 

IMS32 cells were homogenized in RIPA buffer [NaCl (150 mM), Tris-base (50 mM), EGTA (5 

mM), Triton X-100 (1%), sodium deoxycholate (0.5%), sodium dodecyl sulfate (0.1%)] containing 

dithiothreitol (1 mM) and complete protease inhibitor cocktail. Lysates were centrifuged at 12000 

rpm at 4 °C for 10 min. Protein concentration in supernatants was determined using BCA protein 
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assay (Thermo Scientific). Samples with equal amounts of proteins (20 μg) were then separated 

by NuPAGE 4-12% bis-tris gel electrophoresis (Life Technologies), and the proteins were 

transferred to a nitrocellulose (Bio-Rad). Membranes were incubated with dry milk (5%) in Tris 

buffer [(TBST; Tris (20 mM) at pH 7.5, NaCl (150 mM)] containing Tween 20 (0.1%) for 1 hr at 

room temperature, and incubated with the following primary antibodies: RAMP1 (#ab156575, 

rabbit monoclonal, 1:1000, Abcam), CRLR (#NBP1-59073, rabbit polyclonal, 1:500, Novus 

Biological) or β-actin (#ab6276, mouse monoclonal, 1:5000, Abcam) at 4 °C overnight. 

Membranes were then probed with goat anti-mouse or donkey anti-rabbit IgG conjugated with 

horseradish peroxidase (HRPO, 1:10000, Bethyl Laboratories Inc.) for 2 hr at room temperature. 

Finally, membranes were washed three times with TBST, and bound antibodies were detected 

using chemiluminescence reagents (Pierce™ ECL, Thermo Scientific), and revealed using an 

imaging system (ChemiDoc, BioRad). The density of specific bands was measured using an image 

processing program (ImageJ 1.32J, National Institutes of Health) and normalized to β-actin.  

 

Synthesis of TAMRA-CGRP and endocytosis of TAMRA-CGRP and Cy5-DIPMA 

nanoparticles. TAMRA-CGRP was synthesized by JPT Peptide Technologies (Berlin, Germany). 

A lysine residue conjugated to TAMRA was added to the C-terminus of human CGRPa 

(A1CDTATCVTHRLAGLLSRSGGVVKNNFVPTNVGSKAF37-K-TAMRA). Peptide purity 

was > 94%. HSCs were plated on poly-D-lysine-coated 35 mm glass bottom dishes (MatTek) (50 

× 103 cells/dish) and incubated in 5% CO2 and 95% O2 (overnight, 37 °C). HSCs were transduced 

with the BacMan CellLight Early Endosomes Rab5a-GFP marker (5 µl/dish) and incubated in 5% 

CO2 and 95% O2 (48 hr, 37 °C). HSCs were washed twice in HBSS/HEPES. Cells were incubated 

with the endocytosis inhibitors PS2 or Dy4 (both 30 µM), PS2 inact or Dy4 inact (30 µM), sucrose 

(0.45 M) or vehicle (control) for 30 min. Cells were imaged using Leica SP8 confocal microscope 

(Wetzlar). Images were captured every 15 s. Baseline fluorescence was recorded for 2 min. 

TAMRA-CGRP (1 µM) was added and cells were imaged for 30 min. TAMRA-CGRP 

internalization to early endosomes at 30 min was quantified using ImageJ (National Institutes of 

Health). Regions of interest (ROIs) were defined by thresholding the channel for early endosomes 

(GFP) and particles were analyzed for size (³ 0.2 µm2) and for roundness (0.2-1). ROIs were then 

overlayed on the TAMRA-CGRP channel and mean fluorescence was quantified for each ROI. 

Data are presented as relative fluorescent units (RFUs) per endosome and percentage of CGRP-
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+ve endosomes (endosomes with TAMRA-CGRP fluorescence > 350 RFU) to total endosomes. 

Imaging experiments were repeated 5-7 times per group and a minimum of 4 cells were imaged 

for each experiment. To assess the internalization nanoparticles, HSCs were plated as described 

and incubated with DIPMA-Cy5 nanoparticles (40-60 µg/ml) for 1 hr. Cells were washed and 

imaged as stated. 

 

EbBRET assays of G protein and βARR recruitment to the plasma membrane and 

endosomes cDNAs. Mini-G proteins coupled to Venus were from N. A. Lambert (Augusta 

University). Constructs were modified to replace Venus with Rluc8. Renilla (R) GFP-CAAX 

(prenylation CAAX box of KRas), tdRGFP-Rab5a, Rluc2-βARR2 and human CLR-Rluc8 were 

from M. Bouvier (Université de Montréal).  

 

Transfection. For EbBRET assays of trafficking of mini-G proteins to the plasma membrane or 

early endosomes, HEK293T cells were transfected using JetPEI (Polyplus Transfection, France) 

with bicistronic human myc-CLR-NanoBiT/HA-RAMP1 (0.2 µg) (NanoBiT: 

GVTGWRLCERILA) and Rluc8-mGαsi/s/sq (0.1 µg)1, 2 and either RGFP-CAAX (0.2 µg)3 for cell 

surface activation or tdRGFP-Rab5a (0.15 µg) for activation in early endosomes. Schwann cells 

were transfected using lipofectamine 3000 with bicistronic human myc-CLR-NanoBiT/HA-

RAMP1 (1 µg) and Rluc8-mGαsi/s/sq (2 µg) and either RGFP-CAAX (1.5 µg) or tdRGFP-Rab5a 

(1.5 µg). For EbBRET assays of recruitment of βARR23 to the plasma membrane or early 

endosomes, HEK293T cells were transfected with JetPEI with bicistronic human myc-CLR-

NanoBiT/HA-RAMP1 (0.2 µg) and Rluc2-βARR2 (0.1 µg) and RGFP-CAAX (0.2 µg) for plasma 

membrane recruitment or tdRGFP-Rab5a (0.15 µg) for early endosome recruitment. Schwann cells 

were transfected using lipofectamine 3000 with bicistronic human myc-CLR-NanoBiT/HA-

RAMP1 (1 µg) and Rluc2-βARR2 (2 µg) and RGFP-CAAX (1.5 µg) or tdRGFP-Rab5a (1.5 µg). 

For EbBRET assay of trafficking of CLR from the plasma membrane to early endosomes, 

HEK293T cells were transfected using JetPEI with human myc-CLR-Rluc8 (0.7 µg), human myc-

RAMP1 (0.5 µg) and either plasma membrane marker RGFP-CAAX (0.2 µg) or early endosome 

marker tdRGFP-Rab5a (0.15 µg). 
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BRET assays. HEK293T cells and HSCs were washed with HBSS buffer complemented with 10 

mM HEPES at pH 7.4. Prolume Purple Coelenterazine (2.5 µM, NanoLight Technology) was 

added, and cells were incubated for 5 min at 37 °C. EbBRET was recorded for 22.5 min in a 

Synergy Neo2 Microplate reader (BioTek) (acceptor filter: 515 ± 30 nm; donor filter: 410 ± 80 

nm). Baseline was measured for 2.5 min, and cells were challenged with human CGRPa (100 nM) 

or vehicle. DBRET represents the EbBRET signal in the presence of agonist subtracted by the 

EbBRET signal in the presence of vehicle. To inhibit endocytosis, cells were incubated in HBSS 

containing 0.45 M sucrose or normal HBSS (control) for 30 min at 37°C before EbBRET assays.  

 

Synthesis of P(PEGMA-co-DMAEMA)-b-P(DIPMA-co-DEGMA). The polymer was 

synthesized in a two-step sequential polymerization by the reversible addition fragmentation chain 

(RAFT) method4, as previously described5. First, the hydrophilic block, P(PEGMA-co-

DMAEMA), was synthesized using the RAFT agent, 2-cyanoprop-2-yl dithiobenzoate (CPBD, 

0.0736 g, 3.34 x 10-4 mol) and the initiator azobisisobutyronitrile (AIBN, 0.0054 g, 3.34 x 10-5 

mol) in a ratio of 1:0.1. The monomers poly(ethylene glycol) monomethyl ether methacrylate 

(PEGMA, 6 g, 0.02 mol) and 2-[N,N-(dimethylamino)ethyl] methacrylate (DMAEMA, 0.314 g, 

0.001 mol) were used at a ratio of 10:1. The mixture, dissolved in toluene, was deoxygenated by 

sparging with nitrogen and left to react at 70 °C, 400 rpm for 21 hr. The remaining monomers were 

removed by dialysis (MWCO 3500, Membrane Filtration Products) against acetone for 96 hr and 

the final product was dried for 24 hr in a vacuum oven at 37 °C and 1 mbar. 

The chain extension reaction to incorporate the monomers 2-[N,N-(diisopropylamino)ethyl] 

methacrylate (DIPMA) and di(ethylene glycol) methyl ether methacrylate (DEGMA) was initiated 

by AIBN (0.0009 g, 5.35 x 10-6 mol), using the hydrophilic block P(PEGMA-co-DMAEMA, 

0.4455 g, 3.56 x 10-5 mol) and the monomers DIPMA (0.7603 g, 3.56 x 10-3 mol) and DEGMA 

(0.0738 g, 3.92 x 10-4 mol), at a ratio of 0.15:1:100:11. The mixture was dissolved in toluene, 

deoxygenate d and left to react at 70 °C, 400 rpm for 17.5 hr. The final product, P(PEGMA-co-

DMAEMA)-b-P(DIPMA-co-DEGMA), was purified as described above.  

 

Synthesis of P(PEGMA-co-DMAEMA)-b-P(DIPMA-co-DEGMA-co-Cy5). The chain 

extension of P(PEGMA-co-DMAEMA, 0.5 g, 3.85 x 10-5 mol) was done in toluene by adding 

DIPMA (0.82 g, 3.85 x 10-3 mol), DEGMA (0.080 g, 4.23 x 10-4 mol) and 4,4-dimethyl-2-vinyl-



 5 

2-oxazolin-5-one (VDM, 0.027 g, 1.92 x 10-4 mol), in the presence of AIBN (1 mg, 5.77 x 10-6 

mol) at a ratio of 1:100:11:5:0.15. The mixture was deoxygenated and left to react at 70 °C, 400 

rpm for 18 hr. Cy5 coupling was performed by mixing 250 μl of the reaction with Cyanine5 amine 

(Cy5, 0.008 g, 1.20 x 10-5 mol). The mixture was left to react at room temperature, 400 rpm for 72 

hr under dark conditions and the final product was purified as described above.  

 

Analysis of diblock copolymer 

 

Gel permeation chromatography (GPC). The molecular weights of polymers were determined by 

GPC using a liquid chromatography system equipped with a (RID-10A) differential refractive 

index detector (l = 633 nm) and SPD-20A ultraviolet detector (Shimadzu). Samples were 

fractionated using 5.0 μm bead-size guard column (50 × 7.8 mm) and three Shodex KF-805L 

columns (300 × 8 mm, 10 μm n=bead-size, 5000 Å pore size) in series at 40 °C and eluted in N,N-

dimethylacetamide (DMAC, HPLC grade, with 0.03% w/v LiBr) at a flow rate of 1 ml/min. A 

molecular weight calibration curve was produced using polystyrene standards ranging from 500 

to 2 × 106 Da. 

Proton-nuclear magnetic resonance (1H-NMR). The conversion and composition of polymers 

was assessed by 1H-NMR using a Bruker Avance III 400 Ultrashield Plus spectrometer (USA) at 

400 mHz running Topspin, version 1.3 and deuterated chloroform (chloroform-d) as solvent. 

Conversions (Conv%) and repeating monomer units (n) were calculated using peak integrals (I) 

where the subscript number indicates the location of the peak in ppm (Ix). The Conv% were 

calculated using the 1H-NMR spectra before starting the reactions (t = 0) and after the reactions 

were stopped (t = f) (1H-NMR spectra not shown), with 𝐶𝑜𝑛𝑣% = '1 − *!!.#$	('())
!!.#$('(+)

+, × 100. For 

P(PEGMA-co-DMAEMA), n was calculated using the 1H-NMR spectra with 𝑛"#$%& =
!$.#,'!#.,
!-../-.0

 

and	𝑛	(%&#%& =
!#.,

!-../-.0
 . For P(PEGMA-co-DMAEMA)-b-(DIPMA-co-DEGMA), n were 

calculated using the 1H-NMR spectra with 𝑛(!"%& =
!1)!#.!
*×!$/$.

× (𝑛"#$%&	 	+ 𝑛(%&#%&	) and 

𝑛(#$%& =
!1.10!
!1.1-.

× 𝑛"#$%& (Supplementary Fig. 6) For P(PEGMA-co-DMAEMA)-b-(DIPMA-co-

DEGMA-co-VDM), n was calculated as described for P(PEGMA-co-DMAEMA)-b-(DIPMA-co-

DEGMA) (1H-NMR spectra not shown). 



 6 

 

Self-assembly of nanoparticles (NPs). The diblock copolymer, P(PEGMA-co-DMAEMA)-b-

P(DIPMA-co-DEGMA) was used to self-assemble pH-responsive NPs. For the self-assembly of 

NPs loaded with MK-3207 (DIPMA- MK-3207) a mixture of 5 mg of diblock copolymer and 53.5 

µg of MK-3207 was dissolved in 0.5 ml of dimethylformamide (DMF). Empty NPs (DIPMA-Ø) 

were self-assembled without adding MK-3207. The mixture was then added into 4.5 ml of PBS 

under stirring at a flow rate of 1.2 ml/h, using a syringe pump (Harvard Apparatus). Assemblies 

of DIPMA-MK-3207 and DIPMA-Ø were dialyzed against PBS for 24 hr (MWCO 3500, 

Membrane Filtration Products). The assembly of NPs for live cell imaging and biodistribution 

studies was done as described for DIPMA-Ø using the diblock copolymer P(PEGMA-co-

DMAEMA)-b-P(DIPMA-co-DEGMA-co-Cy5), which couples Cy5 on the hydrophobic block, 

resulting in NPs with Cy5 incorporated in the core (DIPMA-Cy5). 

 

Characterization of NPs 

 

Dynamic light scattering (DLS). The size distribution of DIPMA-MK-3207 and DIPMA-Ø (1 

mg/ml) was determined by DLS (Zetasizer Nano ZS ZEN3600 particle size analyser), using 

polystyrene cuvettes at 25°C and 173° backscatter angle. 

 

Ultra-performance liquid chromatography mass spectrometry (LC-MS). MK-3207 loading into 

the core of NPs was assessed by LC-MS using a Waters Micromass Quattro Premier triple 

quadrupole mass spectrometer coupled to a Waters Acquity UPLC (USA). Freeze-dried DIPMA- 

MK-3207 (1 ml, 1 mg/ml) were dissolved in a mixture of DMSO and formic acid 0.1% (5:2). The 

samples were prepared for analysis by mixing an aliquot of each preparation with internal standard 

solution (diazepam, 5 µg/ml) in a 5:2 proportion and made up to 500 µl with the dilution solvent 

(acetonitrile 50%:formic acid 0.1%, 1:1). Samples were fractionated on a Supelco Ascentis 

Express RP Amide column (50 mm by 2.1 mm, 2.7 µm particle size) equipped with a Phenomenex 

SecurityGuard precolumn fitted with a Synergi Polar cartridge, maintained at 40 °C. MK-3207 

loading was quantified against MK-3207 standards (0.016 to 20 µM). Compounds were eluted 

under gradient conditions with a mobile phase of formic acid (0.05%) and acetonitrile. Mass 
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spectrometry was conducted in positive electrospray ionization conditions and elution of 

compounds were monitored with multiple-reaction monitoring.  

 

Transmission electron microscopy (TEM). The morphology of NPs was determined by TEM 

imaging using a Tecnai F20 transmission electron microscope at an accelerating voltage of 120 

kV at room temperature. Carbon-coated grids were prepared by plasma discharge (35 s). DIPMA-

MK-3207 samples (5 µl, 1 mg/ml) were placed on the grid for 20 s. Samples were negatively 

stained with uranyl acetate (5 µl, 0.5 wt %, 25 s).  
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Supplementary Figures  

 
Supplementary Fig. 1. IMS32 characterization and paw allodynia after periorbital 

treatments. (a) Representative blot and protein content in HSCs and IMS32 cells of RAMP1, CLR 

and S100. Equal protein loading was verified by expression of β-actin (n=4 independent 

experiments). (b) Representative real-time PCR plot and cumulative data for GAPDH, S100, CLR 

and RAMP1 in IMS32 cells (n=3 independent experiments). (c) Ca2+ response in IMS32 cells 
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exposed to AITC (30 µM) in the presence of A967079 (A96, 50 µM) or vehicle (n=4 independent 

experiments). (d) Paw mechanical allodynia after periorbital injection of CGRP (1.5 nmol) or 

vehicle in C57BL/6J mice (n=8 mice per group). (e) Paw mechanical allodynia after intraplantar 

(i.pl.) injection of CGRP (1.5 nmol) or vehicle in Plp1-CreERT+/Ramp1fl/fl or Control mice treated 

with periorbital 4-OHT (n=8 mice per group). (f) PMA and (g) paw mechanical allodynia induced 

by intraperitoneal (i.p.) CGRP (0.1 mg/kg) or vehicle in Plp1-CreERT+/Ramp1fl/fl and Control mice 

treated with intraperitoneal 4-OHT (n=8 mice per group). Mean±SEM. (-) in c represents vehicle 

of A96. ***P<0.001 vs. Veh/Veh and Control-Veh, §§§P<0.001 vs. AITC and Control-CGRP. 1-

way (c) and 2-way (e-g) ANOVA, Bonferroni correction. 
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Supplementary Fig. 2. Mechanisms of capsaicin and SP-evoked allodynia. (a) Paw mechanical 

allodynia after periorbital capsaicin (CPS, 50 pmol) or vehicle in C57BL/6J mice. (b) Acute 

nociception after periorbital CPS (50 pmol) or vehicle in C57BL/6J mice pretreated with L-

733,060 (20 nmol), olcegepant (1 nmol), CGRP8-37 (10 nmol) or vehicles. (c-e) PMA induced by 

periorbital SP (3.5 nmol), CGRP (1.5 nmol), CPS (50 pmol) or vehicles in C57BL/6J mice 

pretreated with astemizole (10 nmol). (f) Acute nociceptive response after CPS (50 pmol) or 

vehicle in Plp1-CreERT+/Ramp1fl/fl or Control mice treated with 4-OHT. Mean±SEM. (n=8 mice 

per group). ***P<0.001 vs. Veh, Veh/Veh and Control-Veh. §§§P<0.001 vs. SP/Veh. Student’s t 

test (b), 1-way (f) or 2-way (c-e) ANOVA, Bonferroni correction. 
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Supplementary Fig. 3. CGRP-induced recruitment of mGα proteins and βARR2 to the 

plasma membrane and early endosomes in HEK-hCLR/RAMP1 cells and HSC-

hCLR/RAMP1 cells. (a-f) Effects of hypertonic (0.45 M) sucrose on CGRP (100 nM)-stimulated 

EbBRET between Rluc8-mGαs, Rluc8-mGαsq, Rluc8-mGαsi, and Rluc2-βARR2 with RGFP-

CAAX (a, b, e, f) and tdRGFP-Rab5a (c, d) in HEK-hCLR/RAMP1 cells. a-d, time course. e, f, 

area under curve (AUC). (g-l) Effects of hypertonic (0.45 M) sucrose on CGRP (100 nM)-

stimulated EbBRET between Rluc8-mGαs, Rluc8-mGαsq, Rluc8-mGαsi and Rluc2-βARR2 with 

RGFP-CAAX (g, h, k, l) and tdRGFP-Rab5a (i, j) in HSC-hCLR/RAMP1 cells. g-j, time course. 

K, L, AUC. Mean±SEM. (n=7 to 10 independent experiments). ns, not significant, parametric 

unpaired t test. 
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Supplementary Fig. 4 Mechanism of CGRP- and capsaicin-evoked allodynia. (a-n) PMA after 

CGRP (1.5 nmol), capsaicin (CPS, 50 pmol) or vehicles in C57BL/6J mice pre-treated (30 min) 

or post-treated (60 min) with olcegepant (1 nmol), CGRP8-37 (10 nmol), Dyngo-4a (Dy4, 500 
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pmol), Pitstop 2 (PS2, 500pmol) or inactive analogs (PS2 and Dy4 inact), H89 (45 nmol) or 

vehicles (n=8 mice per group). (o-r) PMA after CGRP (1.5 nmol), CPS (50 pmol) or vehicles in 

C57BL/6J mice post-treated (60 min) with L-NAME (1 μmol), cPTIO (200 nmol) or vehicle (n=8 

mice per group). (s) Representative real-time PCR plot and cumulative data for GAPDH, S100, 

NOS1, NOS2 and NOS3 in IMS32 cells (n=3 independent experiments). (t) cAMP ELISA in HSCs 

and IMS32 cells exposed to forskolin (FSK) or vehicle, and in the presence of olcegepant (100 

nM), CGRP8-37 (100 nM), SQ22536 (100 µM), L-NAME (10 µM) or vehicle (n=3 independent 

experiments). (u) Nitric oxide assay in HSCs and IMS32 cells exposed to NONOate or vehicle, 

and in the presence of olcegepant (100 nM) or vehicle (n=3 independent experiments). (v) Nitric 

oxide assay in HSCs and IMS32 cells exposed to CGRP or vehicle, and NONOate or vehicle in 

presence of Dy4, PS2 or PS2 inact and Dy4 inact (n=3 independent experiments). Mean±SEM. (-

) dash represents the combination of different vehicles. ***P<0.001 vs. Veh/Veh and Veh; 
§§§P<0.001 vs. CGRP/Veh, CPS/Veh and FSK CGRP 1 µM and 10 µM. 2-way (a-r) or 1-way (t-

v) ANOVA, Bonferroni correction. 
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Supplementary Fig. 5 TRPA1 implication in CGRP- and capsaicin-evoked responses. (a) 

Ca2+ response to CGRP or vehicle in primary culture of Schwann cells derived from Trpa1+/+ and 

Trpa1-/- mice (n=3 independent experiments). (b-d) Acute nociception and PMA after capsaicin 

(CPS, 50 pmol) or vehicle in C57BL/6J mice pre-treated (30 min, left) or post-treated (60 min, 

right) with A967079 (A96, 300 nmol), PBN (670 nmol), ML171 (50 nmol) or vehicle (n=8 mice 

per group). Mean±SEM. (-) dash represents the combination of different veh. ***P<0.001 vs. 

Trpa1+/+ Veh, Veh and Veh/Veh; §§§P<0.001 vs. Trpa1+/+ CGRP, CPS/Veh. 1-way (a-d) or 2-way 

(b-d) ANOVA, Bonferroni correction. 
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Supplementary Fig. 6. Synthesis and characterization of P(PEGMA-co-DMAEMA)-block-

P(DIPMA-co-DEGMA). (a). Characterization of the hydrophilic block copolymers and the 

diblock copolymers by 1H-NMR and gel permeation chromatography. (b). RAFT polymerization 

indicating synthesis of the (i) hydrophilic block using (1) CPDB, (2) PEGMA and (3) DMAEMA 

to form (4) p(PEGMA-co-DMAEMA) and the synthesis of P(PEGMA-co-DMAEMA)-b-

P(DIPMA-co-DEGMA) by the subsequent addition of the pH-responsive monomer (5) DIPMA 

and the charge screening monomer (6) DEGMA to (4) the hydrophilic block to form (7) the diblock 

P(PEGMA-co-DMAEMA)-b-P(DIPMA-co-DEGMA); ii) Addition of (5) DIPMA, (6) DEGMA 

and (8) VDM to (4) the hydrophilic block to form the intermediate (9), followed by the addition 
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of (10) Cy5 to form the final Cy5 conjugated polymer (11) P(PEGMA-co-DMAEMA)-b-

P(DIPMA-co-DEGMA-co-Cy5). (c). Gel permeation chromatography traces showing a shift from 

the hydrophilic block P(PEGMA-co-DMAEMA) to higher molecular weight after chain extension 

to form P(PEGMA-co-DMAEMA)-b-P(DIPMA-co-DEGMA). (d). 1H-NMR spectra of the 

resulting polymers indicating the successful incorporation of the monomers indicated in b. 
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Supplementary Tables  
 
Table S1. Pharmacological agents injected subcutaneously in the periorbital area (10 µl/site) 
 

Agent Target  Dose 
CGRP CLR/RAMP1 Agonist 1.5 nmol 
SP NK1 Agonist 3.5 nmol 
Capsaicin TRPV1 Agonist 10, 50, 100 pmol 
Capsazepine TRPV1 Antagonist 100 pmol 
L-733,060 NK1 Antagonist 20 nmol 
Astemizole H1 Antihistaminic 10 nmol 
Olcegepant CLR/RAMP1 Antagonist 1 nmol 
L-NAME NOS Inhibitor 1 µmol 
cPTIO NO Scavenger 200 nmol 
H89 PKA inhibitor  45 nmol 
A967079 TRPA1 Antagonist 300 nmol 
PBN Spin trap 670 nmol 
ML-171 NOX1 Inhibitor 250 nmol 
CGRP8-37 CLR/RAMP1 Antagonist 10 nmol 
PitStop2 Clathrin Inhibitor 500 pmol 
Dyngo4a Dynamin Inhibitor 500 pmol 
MK-3207 CLR/RAMP1 Antagonist 0.1, 0.3, 1 pmol 
DIPMA-MK-3207 Nanoparticles loaded with MK-3207 0.1, 0.3, 1 pmol 

 
*In some experiments CGRP (1.5 nmol) was injected in the mouse hind paw (20 µl/site, intraplantar) 
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Table S2. Pharmacological agents used in cultured cells. 
 

Agent Target  Concentration 
CGRP CLR/RAMP1 Agonist 1-10-10-5 M 
TAMRA-CGRP CLR/RAMP1 Agonist 3.5 nmol 
Olcegepant CLR/RAMP1 Antagonist 10-12-10-4 M 
MK-3207 CLR/RAMP1 Antagonist 10-8-10-3 M  
DIPMA-MK-3207 Nanoparticles loaded with MK-3207 10-9-10-7 M 
PitStop2 Clathrin Inhibitor 30 µM 
Dyngo4a Dynamin Inhibitor 30 µM 
Sucrose Clathrin-mediated endocytosis inhibitor 0.45 M 
A967079 TRPA1 Antagonist 50 µM 
L-NAME NOS Inhibitor 10 µM 
PBN Spin trap 50 µM 
H89 PKA inhibitor  1 µM 
ML-171 NOX1 Inhibitor 1 µM 
CGRP8-37 CLR/RAMP1 Antagonist 100 nM 
SQ22536 Adenylyl cyclase inhibitor 100 µM 
Forskolin Adenylyl cyclase activator 1-10 µM 
NONOate NO donor 1 mM 
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Table S3. Human and mouse primers used in this study, related to qRT-PCR. 

 
 Sequence (5’ to 3’) 
Human Gapdh (NM_002046) F: ACATCGCTCAGACACCATG 

R: TGTAGTTGAGGTCAATGAAGGG 
Human S100 (NM_006272) F: CACAAGCTGAAGAAATCCGAAC 

R: CACATTCGCCGTCTCCATC 
Human Ramp1 (NM_005855) F: ACCCAGTTCCAGGTAGACAT 

R: CAGCTTCTCCGCCATGTG 
Human Clr (NM_005795) F: GTAACAATCATTCACCTCA CTGC 

R: GCCTTCACAGAGCATCCAA 
Human Nos1 (NM_001204218) F: TCAACTACATCTGTAACCACGTC 

R: AGTCATGCTTGCCATCAGTC 
Human Nos2 (NM_000625) F: GACTGAGCTGTTAGAGACACTT  

R: CACTTCTGCTCCAAATCCAAC 
Human Nos3 (NM_000603) F: CTTGAGGATGTGGCTGTGT  

R: TGGTCCACTATGGTCACTTTG 
Mouse Gapdh (NM_008084) F: AATGGTGAAGGTCGGTGTG 

R:GTGGAGTCATACTGGAACATGTAG 
Mouse S100 (NM_011309) F: TGGATGAAAACGGAGATGGGG 

R: ACAGACTGTGCTCAACTGGT 
Mouse Ramp1 (NM_178401) F: GGGGCTCTGCTTGCCAT 

R: GGATGAGAGTCCCATAGTCAGG 
Mouse Clr (NM_018782) F: TTTCTGGTTCTCTTGCCTCTT 

R: ATTGAGCCGTCATGATCTTGT 
Mouse Nos1 (NM_008712) F: TCAACTACATCTGTAACCACGTC 

R: AGTCATGCTTGCCATCAGTC 
Mouse Nos2 (NM_010927) F: GACTGAGCTGTTAGAGACACTT 

R: CACTTCTGCTCCAAATCCAAC 
Mouse Nos3 (NM_008713) F: CTTGAGGATGTGGCTGTGT  

R: TGGTCCACTATGGTCACTTTG 
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Supplementary Videos 

Video S1. CGRP-evoked cAMP responses in HSCs. cAMP was measured using the CADIS 

assay. Inset shows cAMP signals in individual cells denoted by regions of interest (ROI) 1-6. Cells 

were challenged with 100 nM CGRP followed by 1 µM isoproterenol. 

 

Video S2. Uptake of TAMRA-CGRP in HSCs expressing Rab5a-GFP. Left panel, TAMRA-

CGRP. Right panel, TAMRA-CGRP merged with Rab5a-GFP (endosomes). 

 

Video S3. Inhibition of uptake of TAMRA-CGRP in PS2-treated HSCs expressing Rab5a-

GFP. Left panel, TAMRA-CGRP. Right panel, TAMRA-CGRP merged with Rab5a-GFP 

(endosomes). 

 

Video S4. Inhibition of uptake of TAMRA-CGRP in Dy4-treated HSCs expressing Rab5a-

GFP. Left panel, TAMRA-CGRP. Right panel, TAMRA-CGRP merged with Rab5a-GFP 

(endosomes). 

 

Video S5. Inhibition of uptake of TAMRA-CGRP in sucrose-treated HSCs expressing 

Rab5a-GFP. Left panel, TAMRA-CGRP. Right panel, TAMRA-CGRP merged with Rab5a-GFP 

(endosomes). 

 

Video S6. Uptake of TAMRA-CGRP in HSCs expressing EEA1-GFP pretreated with 

DIPMA-Cy5. Left panel, TAMRA-CGRP. Right panel, TAMRA-CGRP merged with DIPMA-

Cy5 and EEA1-GFP (endosomes). 
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