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Atherosclerosis is a major contributor to cardiovascular disease, the leading cause of death worldwide, which claims 17.3 million lives annually.
Atherosclerosis is also the leading cause of sudden death and myocardial infarction, instigated by unstable plaques that rupture and occlude

the blood vessel without warning. Current imaging modalities cannot differentiate between stable and unstable plaques that rupture. Peptide
amphiphiles micelles (PAMs) can overcome this drawback as they can be modified with a variety of targeting moieties that bind specifically to
diseased tissue. Monocytes have been shown to be early markers of atherosclerosis, while large accumulation of monocytes is associated with
plagues prone to rupture. Hence, nanoparticles that can target monocytes can be used to discriminate different stages of atherosclerosis. To that
end, here, we describe a protocol for the preparation of monocyte-targeting PAMs (monocyte chemoattractant protein-1 (MCP-1) PAMs). MCP-1
PAMs are self-assembled through synthesis under mild conditions to form nanoparticles of 15 nm in diameter with near neutral surface charge.
In vitro, PAMs were found to be biocompatible and had a high binding affinity for monocytes. The methods described herein show promise for a
wide range of applications in atherosclerosis as well as other inflammatory diseases.

Video Link

The video component of this article can be found at https://www.jove.com/video/56625/

Introduction

Cardiovascular diseases remain to be the leading causes of death globally with approximately 17.3 million deaths worldwide'. Cardiovascular
diseases are contrlbuted by atherosclerosis, a condition in which plaques build up in the arteries, thereby inhibiting blood and oxygen flow to the
cells of the body % The progression of atherosclerosis involves the thickening and hardenlng of arteries by an inflammatory response, irregular
lipid metabolism, and plaque build-up, leading to plaque rupture and myocardial infarction®®. Endothelial cells express cytoklnes and adhesion
molecules, which include MCP-1 that binds to the C-C chemokine receptor (CCR2) found on the surface of monocytes . Oxidized cholesterol
converts monocytes to macrophages during the early stage of plaque formatlon which amplifies the inflammatory response in the region and
leads to tissue injury and the formation of unstable or vulnerable plaques

Traditionally, atherosclerosis is evaluated by assessing luminal stenosis by anatomical imaging using angiography or ultrasound'""? . However,

these methods can only determine severe narrowing of the arterial wall and not the early stage of atherosclerosis, as initial plaque growth
causes arterial remodeling to maintain artery size and blood flow rate'? 1314 . Therefore, angiograms underrepresent atherosclerosis prevalence.
Additionally, noninvasive imaging techniques such as single photon emission computed tomography, positron emission tomography, and
magnetic resonance imaging have recently been used to characterize plague morphology as they can provide initial details and characterization
of plaques. However, these modalities are often limited by the lack of sensmwty, spatial resolution, or require the use of ionizing radiation, making
imaging plaque progression at different stages much more challenglng 51617 Ani imaging delivery system that would specifically identify plaques
at different stages of atherosclerosis remains to be developed.

Nanoparticles have shown to be an emerging platform for in vivo plaque targeting and dlagnostlcs18 192021 particular, PAMs are advantageous

due to their chemical diversity and ability to accommodate a variety of moieties, compositions, sizes, shapes, and surface functionalization®
Peptide amphiphiles (PAs) consist of a hydrophilic, peptide "headgroup" attached to a hydrophobic tail, which are typlcally |IpIdS this amphlphlllc
structure confers self-assembling capabilities and allows for a multivalent display of peptides on the surface of the partlcle 3.24 . The

peptide headgroups can affect the particle shape through folding and hydrogen bonding between peptldes . Peptides that fold through

B-sheet interaction have been shown to form elongated micelles, while a-helical confirmation can form both spherical and elongated
micelleg?223:24:25:26.27 Polyethylene glycol (PEG) linkers that shield the surface charge of the peptide can be placed between the hydrophilic
peptide and the hydrophobic tail of PAMs, enhancing the availability of the nanoparticle in systemic circulation®®2°2%3' pPAMSs are also
advantageous because they are biocompatible and have been shown to have a broad range of applications 3233 The water solubility of micelles
offers an advantage over other nanoparticle-based systems such as certain polymeric nanoparticles that are not soluble in water and have to be

Copyright © 2017 Journal of Visualized Experiments November 2017 | 129 | e56625 | Page 1 of 9


https://www.jove.com
https://www.jove.com
https://www.jove.com
mailto:eunchung@usc.edu
https://www.jove.com/video/56625
http://dx.doi.org/10.3791/56625
https://www.jove.com/video/56625/

L]
lee Journal of Visualized Experiments www.jove.com

suspended in solubilizers for injection334. Additionally, the abilité/ to create PAMs that disassemble in response to a specific stimuli makes PAMs
an attractive candidate for controlled intracellular drug delivery 5,

By binding to the CCR2 receptor and accumulating in the aortic arch, PAMs were previously developed for monocyte targeting to monitor
different stages of atherosclerotic lesions in the aorta®. In ApoE"' mice, monocyte accumulation increases proportionally to plaque progressionae.
Furthermore, it was found that patients with rupture-prone, late-stage plaques contain higher amounts of monocytes37. Therefore, the
modification of PAMs to incorporate MCP-1 is useful because it allows for greater targeting specificity and differentiation between early- and late-
stage atherosclerotic lesions. These proof-of-concept studies also verified that PAMs are safe enough to be used pre-clinically and are cleared
renallysB. Since monocytes and inflammation are characteristic to other diseases, MCP-1 PAMs have the potential to be used for therapeutic and
diagnostic applications in other diseases beyond atherosclerosis®*%4®

Herein, we report the fabrication of highly scalable and self-assembled MCP-1 PAMs that demonstrated the particle's optimal size, surface
charge, and selective targeting to monocytes for enhanced imaging applications in atherosclerosis.

NOTE: Read the MSDS for reagents and follow all chemical safety measures as required by local institution.

1. Preparation of MCP-1 PAMs

1. Preparation of MCP-1 peptide

1. Weigh out 0.25 mmol of Fmoc-L-Lys(Boc)-Wang in a reaction vessel (RV). Rinse the side of the RV with 5 mL dimethylforamide (DMF)
in a chemical fume hood.

2. Load the RV onto an automated benchtop peptide synthesizer. Load pre-packaged amino acid vials, N'-
CYNFTINRKISVQRLASYRRITSS-C', from the C to N-terminus. Include an empty vial at the end for the final deprotection step.
NOTE: A scrambled peptide with sequence, N'-CNNSIIRSKQVLRSTRYFRSATYK-C', can also be synthesized using the same
protocol.

3. Once synthesis is finished, transfer the peptides on resin from the RV to the scintillation vial with 2-3 mL methanol until all of the
resins are transferred. After the resin has sunk to the bottom, remove the methanol supernatant and evaporate the remaining until dry.
Vacuum dry for an additional 2 h or overnight at room temperature.

4. Make 12 mL cleavage solution containing trifluoracetic acid (TFA):ethanedithiol:water:triisopropylsilane at 94:2.5:2.5:1 vol% in a
chemical fume hood. Swirl the cleavage solution to make sure it is evenly mixed.
CAUTION: Because triisopropylsilane and ethanedithiol are air-sensitive, argon purge stock vials of triisopropylsilane and ethanedithiol
for 1 min prior to putting them back.

5. Place the synthesis vessel (SV) onto an arm shaker by clamping near the bottom half of the SV. Transfer peptide-resin to the SV with 2

mL of cleavage solution until all of the peptide-resins are transferred.

Wash the sides of the SV with 3 mL cleavage solution. Close the cap of the SV and shake at 300 oscillations/min for 4 h.

Weigh out an empty 50 mL centrifuge tube. Record the mass.

After 4 h, drain the cleaved peptide solution from the SV into the 50 mL centrifuge tube. Rinse the SV several times with the remaining

cleavage solution.

9. Evaporate cleaved peptide solution with nitrogen until there is less than 4 mL remaining in the centrifuge tube.

10. Add 36 mL of ice-cold ether to the peptide-cleaved solution.

11. Vortex the solution until it is completely white or yellow. Centrifuge at 3,000 x g for 5 min at 4 °C, and decant the supernatant.

12. Add 40 mL ice-cold ether to the tube. Vortex and sonicate again. Repeat the centrifugation process. Decant the supernatant.

13. Dry the crude PA pellet with nitrogen gas purging until the ether is visibly evaporated.

14. Add 20 mL double-distilled water, vortex, and sonicate until the peptide is completely dissolved in solution.

15. Freeze the solution and lyophilize until dry.

16. Once the peptide is dried, weigh out the mass of the centrifuge tube containing the crude peptide. Dissolve the crude peptide in 5 mg/
mL water.

17. Dissolve 25 mg of crude MCP-1 peptide in 5 mL double-distilled water to make a total concentration of 5 mg/mL. Purify the crude
MCP-1 peptide by high-performance liquid chromatography (HPLC) using 0.1% TFA in water (solvent A) and 0.1% TFA in acetonitrile
(solvent B) as mobile phases on a C8 reverse-phase column. Inject the 5 mL of the peptide into the HPLC.

NOTE: The initial mobile phase consisted of 100% solvent A at a flow rate of 9.0 mL/min. Decrease solvent A slowly to 30% in 27 min
and hold at this composition for 3 min. Return the gradient to 100% solvent A over 3 min and hold at this composition for 1 min to give
a total run-time of 34 min. Keep the column temperature at 55 °C. Use positive ion source mode for the analysis. Formic acid can be
used in place of TFA, if TFA is too acidic for the HPLC column. It is recommended that the organic solvent composition ramp speed
should not exceed 2%/min for better separation.

18. Analyze each fraction using matrix-assisted laser desorption/ionization (MALDI) mass spectrometry for the expected product m/z at
2,890.
NOTE: Dissolve a-cyano-4-hydroxycinnamic acid at 1 mg/mL in acetonitrile/water (50:50 vol%) as the matrix solution. Spot 0.75 uL of
matrix solution onto the MALDI plate, followed by 0.75 pL of each fraction. Carry out the analysis using a positive reflective ion mode at
a mass range of 500-5,000 Da.

19. Combine product fractions, blow off acetonitrile, freeze, and lyophilize purified peptides until dry.

oNOo

2. Preparation of MCP-1 PA
1. Prepare a 1.1 molar excess of 1,2-distearoyl-sn-glycero-3-phosphoethanolamine-N-[amino(polyethylene glycol)-2000] DSPE-
PEG(2000)-maleimide to peptide in separate scintillation vials. Dissolve both compounds in double-distilled water to make ~ 15 mg/mL.
Sonicate for 15 min or until both solutions are completely clear.
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NOTE: DSPE-PEG(2000)-Cy5 is synthesized using the same protocol with DSPE-PEG(2000)-amine and N-hydroxysuccinimide (NHS)
ester-functionalized Cy5, except for step 1.2.3, where the pH of the solution is adjusted to 8.5.

Add DSPE-PEG(2000)-maleimide solution to the peptide solution. Vortex and sonicate.

Add 1 M NaOH dropwise (1 pL) at a time until the pH of the solution is 7.

Nitrogen purge solution for 5 min. Stir the solution overnight.

Freeze the solution and lyophilize until dry.

Once the crude product is dried, dissolve the solid in 5 mg/mL water.

Purify with HPLC as described above.

NOTE: Unconjugated peptide and DSPE-PEG(2000) should elute between 15-30% organic concentration (vol%), while DSPE-
PEG(2000)-MCP-1 conjugate should elute between 40-50% organic concentration.

Analyze each fraction using MALDI mass spectrometry for the corresponding m/z. DSPE-PEG(2000)-MCP-1 should have a broad m/z
peak at 5,760.

NOTE: 2,5-dihydroxybenzoic acid is best used as the matrix for DSPE-PEG(2000)-MCP-1 with MALDI.

3. Assembly of MCP-1 PAMs

1.

2.

3.

4.

Dissolve 1.75 mg MCP-1 PAs with 3 mL methanol in a 1-dram vial. Sonicate until the MCP-1 PA is completely dissolved.

NOTE: Cy5 amphiphiles can be incorporated at a molar ratio of 10:90 MCP-1 PA for imaging applications.

Evaporate the methanol under nitrogen in a circular motion while rinsing the remaining methanol off the side of the vial until a uniform
film is formed at the bottom of the vial. Vacuum-dry the film overnight.

Hydrate the film with 3 mL of water or phosphate buffer saline (PBS) to make a 100 uM solution of MCP-1 PAMs. Gently vortex and
sonicate the solution until clear. Incubate at 80 °C for 30 min.

NOTE: The elevated temperature has been shown to accelerate the self-assembly process and allows the peptide component to form
the most stable secondary structure, while lowering the critical micelle concentration (CMC)42'43.

Cool the resulting dispersion to room temperature.

2. Characterization of MCP-1 PAMs

1. Dynamic light scattering (DLS) and zeta potential

1.

2.

Place 100 pM of MCP-1 PAM or scrambled PAM in a cuvette according to the instructions of the DLS or zeta potential instrument.
NOTE: DLS and zeta potential cuvettes can be different based on the instrument's instructions.
Equilibrate the instrument to room temperature. Measure the size and surface charge of the PAM.

2. Transmission electron microscopy (TEM)

1.

2.
3.
4

Add 7 pL of 50 yM MCP-1 PAM or scrambled PAM onto a TEM grid suspended within a self-closing tweezer for 5 min. Wick away the
droplet with a delicate task wipe.

Add 7 pL of water to wash the grid. Wick away the droplet.

Add 7 pL of 1 wt% phosphotungstic acid for 2 min. Wick away the droplet. Repeat step 2.2.2.

Dry the TEM grid prior to TEM analysis.

3. Circular dichroism (CD) spectroscopy

1.
2.
3.

4.

5.
6.

Turn on the nitrogen for 5-10 min prior to use of the instrument.

Place 300 pL of blank (water or PBS) in cuvette.

Measure spectra at 190-265 nm, 0.2 mm path-length with a 1 s integration time, and a 1 nm bandwidth in room temperature. Collect 3
replicates.

Measure 100 pM MCP-1 peptide, MCP-1 PAM, scrambled peptide, and scrambled PAM under the same condition described in step
2.3.3. Subtract from the blank.

Fit the data using a linear interpolation of polylysine basis spectra.

Turn off the instrument. Wait 10 min before turning off the nitrogen.

3. In Vitro Analysis of MCP-1 PAMs

1. Invitro biocompatibility

1.

Culture and expand WEHI 274.1 murine monocytes in Dulbecco's Modified Eagle Medium supplemented with 10% fetal bovine serum
(FBS), 1% penicillin-streptomycin, and 0.05 mM 2-mercaptoethanol in 37 °C under 5% CO,, to passage 5.

NOTE: WEHI 274.1 are suspension cells. When culturing, the media should be replenished every 2-3 days.

Pipet monocytes in media into a sterile 50 mL centrifuge tube. Centrifuge at 300 x g for 5 min at 4 °C.

Aspirate the old media and resuspend in 10 mL fresh media into the centrifuge tube. Mix slowly until cells are evenly distributed in
media. Count the cells using trypan blue staining and a hemocytometer.

Dilute cells such that there are 4,000 monocytes per 90 pL of media per well. Add 90 pL of cells in wells of a 96-well plate. Incubate for
24 h.

NOTE: Avoid using the wells on the exterior edge of the plate to avoid differences in evaporation and thermal changes in the plate. Fill
the exterior wells with 100 pL PBS.

Dissolve 0.15 pmol of MCP-1 peptide, MCP-1 PAM, scrambled peptide, or scrambled-PAM in 150 yL PBS in separate, sterilized
microcentrifuge tubes. Perform serial dilution to make 65 uL of 1, 10, and 100 uM of each sample.

Add 10 yL PBS of each concentration in wells containing WEHI 274.1 (total volume: 100 uL per well, 6 lines, 96 total wells). Incubate
for 72 h.
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7. Add 10 pL (3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium) (MTS) in each well. Incubate for
1h.
8. Analyze the absorbance using a plate reader at 490 nm or based on the manufacturer's instructions.

2. Invitro micelle binding
1. Seed 500,000 monocytes in each well of a 6-well plate in 2 mL of media containing 100 uM Cy5-labeled MCP-1 PAM (10:90 molar ratio
of DSPE-PEG(2000)-Cy5 and MCP-1 PA). Incubate for 1 h.
2. Collect WEHI 274.1 by centrifugation at 300 x g for 5 min at 4 °C. Aspirate the media.
3. Resuspend and wash the cells in 2 mL PBS. Centrifuge at 300 x g for 5 min at 4 °C. Aspirate the PBS. Repeat the washing process
with 2 mL PBS. Aspirate the PBS.
Add 2 mL of cold 4% paraformaldehyde to fix the cells. Incubate at room temperature for 10 min.
Pipet the fixed cells onto a sterile glass coverslip within wells of a 6-well plate. Centrifuge at 400 x g for 5 min.
Remove the paraformaldehyde. Wash and rinse with 2 mL PBS once. Resuspend with 1 mL PB
NOTE: When rinsing, avoid disrupting the cells on the coverslip.
7. Put 10 pL of 90% glycerol in PBS onto a slide. Use a needle and tweezer to pick up the coverslip. Dry the edge of the coverslip. Gently
place the coverslip onto a slide facedown.
8. Gently seal the edge of the coverslip with clear nail polish. Place in the refrigerator until ready for imaging.
9. Use a confocal laser scanning microscope (CLSM) installed with lasers for Cy5 at Agycitation = 650 nm.

Representative Results

Preparation of MCP-1 PAM

The CCR2-binding motif (residues 13-35) of the MCP-1 protein [YNFTNRKISVQRLASYRRITSSK] or scrambled peptide
[YNSLVFRIRNSTQRKYRASIST] was modified by adding a cysteine residue on the N-terminus. The MCP-1 peptide was synthesized by a Fmoc-
mediated solid-phase method using an automated peptide synthesizer. The crude peptide was purified by reverse-phase HPLC on a C8 column
at 50 °C using 0.1% TFA in acetonitrile/water mixtures and characterized by MALDI mass spectrometry (Figure 1). The cysteine-containing
peptide was conjugated onto DSPE-PEG2000-maleimide to yield DSPE-PEG(2000)-peptide conjugates via a thioether linkage. After 24 h at
room temperature, the crude product was purified by HPLC (Figure 2). DSPE-PEG(2000)-Cy5 was synthesized using an NHS ester reaction.
Monocyte-targeting PAMs co-assembled with DSPE-PEG(2000)-MCP-1 and DSPE-PEG(2000)-Cy5 were fabricated by dissolving in methanol
that was then evaporated by N,, and the resulting film was dried under vacuum overnight and self-assembled in water or PBS through the
hydrophobic interactions of the "tail groups" to form MCP-1 PAMs.

o0k

Characterization of MCP-1 PAM

DLS data and TEM images of monocyte-targeting PAMs showed well-dispersed, spherical nanoparticle of 15.3 + 2.0 nm in diameter (Figure 3
and Table 1). Both MCP-1 PAMs and scrambled PAMs showed a slight positive zeta potential of 12.1 £ 3.1 mV and 13.7 + 1.9 mV, respectively
(Table 1). CD showed that the incorporation of the MCP-1 peptide within the micelle enhanced the secondary structure (Table 2, MCP-1 PAMs:
46.2 + 0.9% B-sheet, 53.1 + 1.4% random coil, and free MCP1: 34.2 + 3.5% B-sheet, 65.8 + 3.5% random caoil).

In Vitro Analysis of MCP-1 PAM

In vitro biocompatibility and monocyte binding of MCP-1 PAMs were observed by confocal microscopy. Mouse monocytes were incubated
with increasing concentrations of MCP-1, MCP-1 PAM, scrambled peptide, and scrambled PAM for 72 h, and the cells were found to be viable
and biocompatible up to 100 uM (Figure 4). Furthermore, confocal microscopy showed specific binding of monocytes to MCP-1 PAMs when
compared to scrambled PAMs (Figure 5).
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Figure 1: HPLC chromatogram at 220 nm (wavelength of peptide bonds) and 254 nm (tyrosine wavelength) of MCP-1 peptide (A) and
scrambled peptide (B) (Boxed peak at 7.4 min). MALDI-TOF mass spectrum of MCP-1 peptide (C) and scrambled peptide (D) at a range of
500-5,000 Da showing the peak for [M+H]" at m/z 2,888 (expected 2,890). Please click here to view a larger version of this figure.
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Figure 2: HPLC chromatogram at 220 nm (wavelength of peptide bonds) and 254 nm (tyrosine wavelength) of DSPE-PEG(2000)-MCP-1 (A)
and DSPE-PEG(2000)-scrambled (B). (Boxed peak at 16.9 min). (C) MALDI-TOF mass spectrum of DSPE-PEG(2000)-MCP-1 at a range of
1,000-10,000 Da showing the peaks for [M+H]" at m/z 2,888 (expected 2,890) for MCP-1 and m/z 5,758 (expected 5,760) for DSPE-PEG(2000)-
MCP-1. (D) MALDI-TOF mass spectrum of DSPE-PEG(2000)-scrambled at a range of 1,000-10,000 Da showing the peaks for [M+H]" at m/

z 2,887 (expected 2,890) for scrambled peptide and m/z 5,761 (expected 5,760) for DSPE-PEG-scrambled. Please click here to view a larger
version of this figure.

Copyright © 2017 Journal of Visualized Experiments November 2017 | 129 | e56625 | Page 5 of 9


https://www.jove.com
https://www.jove.com
https://www.jove.com
//ecsource.jove.com/files/ftp_upload/56625/56625fig1large.jpg
//ecsource.jove.com/files/ftp_upload/56625/56625fig2large.jpg
//ecsource.jove.com/files/ftp_upload/56625/56625fig2large.jpg

L]
lee Journal of Visualized Experiments

www.jove.com

(]

Figure 3: TEM images of MCP-1
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Figure 4: In vitro viability of WEHI 274.1 murine monocytes after 72 h exposure to MCP-1 peptide, MCP-1 PAM, scrambled peptide, and

Scale Bar = 20 um. Please click here to view a larger version of this figure.

Figure 5: CLSM images of MCP-1 PAM (A) and scrambled PAM (B) incorporated with 10 mol% Cy5 PA (red) incubated with WEHI 274.1 for 1 h.
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PAMs Number-Ave diameter (nm) PDI Zeta Potential (mV)
MCP-1 156.3+2.0 0.119 £ 0.006 12.1+£3.1
Scrambled 16914 0.232 £ 0.019 13.7+1.9

Measured in PBS buffer. Data are expressed as mean + SD.

Table 1: Size, polydispersity, and zeta potential of PAMs.

a-Helix (%) b-Sheet (%) Random Coil (%)
MCP-1 peptide 0.0+0.0 36.2+22 63.8+1.8
MCP-1 PAM 0.7+0.6 46.2+0.9 53.1+14
Scrambled peptide 0.0+£0.0 43.7+2.1 56.3+35
Scrambled PAM 0.0£0.0 60.7 £0.2 39.3+0.2

Table 2: Secondary structure composition of peptides and PAMs.

MCP-1 PAMs are a promising molecular imaging platform, consisting of a hydrophilic targeting peptide and hydrophobic tail that drives the self-
assembled nature of the nanoparticle. This monocyte-targeting micelle can be prepared by simple synthesis and purification steps of the MCP-1
peptide and DSPE-PEG(2000)-MCP-1. PAMs have many beneficial characteristics for in vivo molecular imaging such as their self-assembly
under mild conditions, intrinsic biodegradability, and structural and chemical diversity allowing for the incorporation of other imaging moieties or
targeting peptides to selectively deliver to a specific site of interest. Their particle size, shape, and composition can be tuned by changing the
peptide, hydrophobic tail, or micelle concentration, allowing optimal chemical and physical properties for a variety of applicationszz'aa.

A few limitations of this protocol should be mentioned. First, since PAMs are driven by hydrophobic interactions, it is necessary to construct
targeting peptides that are hydrophilic, thereby allowing the targeting moiety to be presented on the surface of the micelle. If the peptide
sequence is hydrophobic, an addition of one or two hydrophilic amino acids at the C terminus can be accommodated, but the addition of amino
acids could affect the peptide secondary structure within the micelle, thereby changing the properties of the peptide within its native state in the

protein44'45. Second, at low concentrations, PAMs have poor stabilit)/

in aqueous environments as they are highly dependent on the CMC, the

minimum concentration needed for PAs to form a micellar structure*®. Below the CMC, the micelle disassembles to individual PA monomers, and
limits the micelle to act as a carrier and unload a drug at a specific site*’. To alleviate this drawback, the CMC can be decreased by increasing
the chain length of the hydrophobic tail*84°. Finally, the long-term storage of PAMs in solution is not recommended as PA secondary structure
can change with time, thereby affecting the micellar structure and stability, as well as efficiency in ligand bindin926.

In sum, this protocol demonstrates a robust, self-assembled peptide micelle-based nanomedicine strategy for imaging atherosclerosis. MCP-1
PAMs are biocompatible, biodegradable, and nontoxic as components of the micelle are inspired from elements endogenous to the body.

More importantly, MCP-1 PAMs have preferential binding to monocytes, which increase proportionally to plaque progression, facilitating a non-
invasive approach to differentiating stages of atherosclerotic plaques. Due to the modularity of this platform, PAMs can incorporate therapeutics,
additional targeting peptides, imaging moieties, and nucleic acids. Hence, given such dynamic capabilities of these multifunctional micelles, we
believe that these particles hold great promise for clinical translation in atherosclerosis and other diseases.
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