Self-Assembling MM P-2 Cleavable Hydrogel Drug Delivery Systems

Koss, K; Unsworth, LD

Departof Chemical and Materials Engineerincniversity of Alberta, 11487 89ve, Edmonton, AB, T6G 2N
NanoLife,National Institute for Nanotechnology, NRC, 11<SaskatchewaBbr NW, Edmonton, AB, T6G 2V

Introduction: Peptides are the fastest growing segment of ther@weutical industry, and a
generally considered the ideal therapeutic: spegibtent, small enough for diffusion, etc. T
said, peptide thapeutics suffer from a major drawback, they arelyeateaved by circulating
proteases and are thus short lived; this factorasitthem almost impossible to effectively deli

in vivo. Selfassembling peptide (RAD. nanofibers (NFsare a novel class of biocompaitil
peptides that, upon injection, assemble into a $Brdgel matrix which is capable of stori

water and large molecules. Moreover, it is thought synthesizing peptide therapeuticself-

assembling domains thatsuquently form a hydrogel will afford protection from circaiag

proteases. Utilizing the spatiotemporal profildis§ue resident enzymes affords an-demand’
release strategyUnderstanding the matrix s-assembly and the release of bound pej
therapeutics arevital for successful and reproducible clinical treant. To this endNF

morphology and fractal dimension will be studied using trarssin electron microscoy
(TEM) and degradation of (RAD.4 based hydrogels with matrix metalloproteir-2 (MMP-2)

cleavable bonds will be observed using matrix &sdidaser desorpti/ionization mass
spectrometry (MADLIf® @)

Methods. The peptides made were (RAL;-GG-GPQG+IASQ(CS1 and (RADA)l -GG-
GPQG+PAGQ (CS2)known for their high and low MN-2 sensitivity, respective.® The '+
denotes the scissile bond. These were synthessiad Emoc chemistry with 4+% purity. To
assure NFformation in the reaction conditic used for enzymatic digesti TEM was
performedonsystems containing an ove 0.5%wt/v concentration 025%, 50%, and 75%
(RADA)4; the remainder being either CS1 or CS2 pep. TEM analysis of NF matrix
developmentfolO, 1, 2, 4, 6 and 24 hr time perit was used to determine morphology of
self-assembly as well as Hausdorractal analysis. HausdoFHfactal analy5|s was performed
these images using Mat®. MALDI mass =
spectrometry was usedo enzymatic activity :
through product formatiorupon incubating the &
peptide matricesvith 40nM active MMI-2 at 37C $
for three weeks. Acontrol without MMF-2 was g
also performed. X

Preliminary Results: NFs were present in & |
samples, where Figure illustrates this for 24 |

thickness: (a) (RADA) 15200nm for both (b) B%
CS1, and CS2. CSdoped with (d) 25%, (e) 509 §
and (f) 75% (RADA) hasNF bundles 10-50nm, &%
10-50nm, and 1@00nm, respectively. At 25¢ : rs g
and 50% doping, thesé&lFs are similar to Figure LTEM images at 110 000X magmflcatl(of (@) (RADA)4 (b)
(RADA), while at 75% dopinghese fIDErs are ol cS) somg wit it () sore. (75 canpny) 0 (RADA

- and CS2 doped with (hp2b, (i) 50%, (j 75% (RADA),.
bundle into matted curved sha; CS2 doped



with (d) 25%, (e) 50%, and (f) 75% (RADAhas NF
bundles 10-1000nm, 10-500nm,

(RADA);. At 25% (RADA), this network is more
structured than any other group.

All growth periods preceding 24 hrs show NF~
growth with relatively less bundle development. sThi
was characterized using Hausdorff fractal dimerssion
and is shown in Figure 2. All fractal dimensions
increase as a function of time to their final valadter
2 hours. The highest dimensions are calculated them
pure peptide groups, which are 1.8, 1.7, and 1t7 fo
(RADA)s;, CS1, and CS2, respectively. Other
dimensions are lower ranging from 1.4-1.6. '

MMP-2 cleavage of the NF matrix was observed:
with formation of the product (RADAGG-GPQG 3
using MADLI and is shown in Figure 3. Peaks at®
2525.2m/z for CS1 and 2478.8 m/z for CS2 groups. Th
peak 2125.1m/z is 80% intense as the CS1 subsindte
10% intense as the CS2 substrate.
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Discussion:

and 10-200nm, :
respectively. A matted network is present and is 4/
decreasingly thick and structured with addition of2 2/
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. . Figure 2.Hausdorff fractal dimension as a function of tinfiga)
NF matrices were present in all samples. Onlys; goped with 25%, 50%, and 759%6(RARAING (b) CS2

after 2 hrs did apparent fractal growth cease 1br = dooedwith 25%.50%. and 75%(RADA)

mixtures, which is when growth stability may occu
The 75% CS2 was an intense matted network that r
allow for extended drug release.These NFs formrdeve
morphologies, but there is no evidence to sugdest
some peptides are being excluded from NF formati
Despite this difference in morphologies, prelimya
results show expected product formation upon MMF
digestion.Quantitative analysis of product formatic
needs to be conducted.
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Figure 3.MALDI MS of (a) CS1 and (b) CS2 compared to a

control without MMF-2
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