Targeted In vitro Drug Delivery to Human  Caries Ashleyt, Mekensey Buleys, Juewen Liu, Notonsl _ COR

Theresa Lee', Genevieve Phillips', Brandy Laboratories

Hepatocarcinoma via a Virus-like Particle Carrier Crawder’, Tamara Howard', David —

Peabody?, and C. Jeffrey Brinker'3

I\'lelltil'l'.l.] SL’i(.'I'ILK.' ]:(Jllllﬂ.{'.'lli(]['l

THE UNIVERSITY OF N E W MEXICO ALBUQUER QUE University of New l\]exico’,Uni\ersit) of Oklahoma?, and Sandia

The University of New Mexi

National Laboratories®, Albuquerque, NM

=== INTRODUCTION

Virus-like particles (VLPs) possess characteristics that make them well-suited for a variety of biological S u rface B i n d i n g an d I nterna I i Zati on Of M Sz-s P94 CO nj u g ates

and materials science applications:
« VLPs are highly enabling their self bly into well-ordered 2D structures by simple evaporation-driven = MS2-SP94 HAS A 150X HIGHER AFFINITY FOR HEP3B THAN FOR HEPATOCYTES === === INTERNALIZATION OF MS2-SP94 OCCURS PRIMARILY OVER ONE HOUR ==
techniques. All saturation curves represent only SPECIFIC BINDING

5 min. incubation 15 min. incubation 1 hr!incubation

« Phage capsids can be engineered to express non-native peptides with known affinities. These peptides can: (1) nucleate gold, o 6007 = Hep1E
zinc sulfide, etc. from precursor salt solutions (e.g. p#9, which binds gold); (2) condense silica from silicic acid at neutral pH (e.g. € Haps
RS repeat unit from silaffins); (3) detect the presence of surface antigens by (e.9. LP tive peptides); (4) H
produce monoclonal antibodies against a given pathogen (e.g. anthrax protective antigen); and (5) target drug carriers to a s
specific cell type (e.g. SP94, which targets hepatocarcinoma). = o ™
H
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VLPs can be used as a platform for phage display, a i ial-based ique that enabl =
selection of peptides that bind to a specific material (organic, inorganic, biological) from a complex &
random peptide library. =
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human hepatocytes; al binding experiments were performed at 4G to -
3 ’ ‘ Srovent intomalization of MS2 conjugatos: 5
< H
The high affinity of MS2-SP94 for Hep3B is facilitated by multivalent
10 00 10 peptide display
o o Smin. incibation (orthogonal 18'min. incubation 4 hr, incubation (orthogonal
' © ) jew) {orthogonal view) view)
20 hep armay o MDD 510, pariien formed i the presance o1 E2 Alhcugh e Sty of HSZ-S7os o Hepd decreases st ow popise
‘was :nnﬁrmd by in situ GISAXS bacteriophage displaying the RS peptide lensitieslionty [peeiklssperVCH e /necassary/iDIck e Ve iy I Immunofluorescence can be used to determine whelhn‘r MS2-SP94 conjugates are internalized within endosomes and/or I
lysosomos.
e TARGETED VLP-BASED DRUG DELIVERY sy s PEPTIDE CONJUGATION — MS2-SP94 CONJUGATES ARE NOT INTERNALIZED BY HEPATOCYTES ===
V":s"'!‘e di"""'c'es of MS2 :’("" o;; :’,“’e""l"!’gffs are Higher peptide conjugation efficiencies can be achieved
well-suited for use as targeted drug delivery carriers: with QB due to the increased availability of surface lysine Anti-RabS ArtRdET
+MS2 and Op are cheaply produced and purified in farge quantiies residues:
* Their 28-nm capsids self-assemble from 180 copies of coat protein STechehos
 Theircapsids arstolerant ofhigh density peptd csplay Expose MS2 and QB to SMPH (1:4), 1 hr. at 25°C
+Theircapsids se-assembl round RNA genome and wil )
her ; Rinso 3X on a 100kDa MWCO Amicon buffor oxchange fiter
peidate ANA-cargo conjugates
« Their capsids are stable under physiological conditions and are Expose VLP-SMPH to SP94 or control, overnight at 4° C. Incubated with 10
biocompatie
Rinso 3X on a 100kDa MWCO Amicon buffor exchange fiter partilesim_ of MS2-

SP94 at 37° C for >24
MS2 and QB VLPs can be used as targeted drug delivery

v ted dr ) Expose VLP, VLP-SP94, and VLP-control to Alexa Fluor® 555 carboxylic acid
systems by internal and external modification of their % 4C
ids:

capsids
Dye Molecules per Capsid
External Capsid Modification with Targeting Peptides 168
Co-localization of Alexa Fluor 555%-
MS2-SP94-dye 149 labeled MS2-SP94 and Alexa Fluor
* Link surface Lys residues in coat protein to peptides with a C- ViS2-contro-dye e 488°-labeled endosomes and
terminal cysteine residue via a heterobifunctional crosslinker o m 4 J ysosomes
(SMPH) Trsrers - NO INTERNALIZATION IS OBSERVED
e The majority of MS2:SP84 conjugates are endocytosed within 1
s = hour, those that remain surface bound are Intermalized over
T ourea of 12 houre.
A significant portion of Alexa Fluor 555-labeled MS2-SP to be localized in within MS2-SP94 can be used as a biocompatible carrier to d¢ r drugs and other cargo to human hepatocarcinoma cells
Targeting peptide (SP94): - lysosomes as well, indicating that the protein capsid should disassemble upon internalization, thereby releasing the cargo. without affecting the viability of non-cancerous cells.
H,N-SFSIIHTPILPLGGC-COOH g=E o2t n g
ontrol peptide: 2 Q240 p-m.du per
H,N-FPWFPLPSPYGNGGC-COOH g QB (1:

=~~~ ey~ |Future Directions
MS2-SP84  Ms2-Control Qp-sho4 ap-Control — DELIVERY OF QDs AND NPs DELIVERY OF DOXORUBICIN

Doxorubicin is a chemolhnrapeutlc agent that
Various types of cargo can be delivered to Hep3B via conjugation to RNA and idation within MS2-SP94 intercalates dsDNA, thereby inhibiting topoisomerase
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Internal Capsid Modification with Various Cargo

« Link various cargo (drugs, SiRNA, QDs, Au NPs, Fe,05 NPs,
etc.) to thiolated RNA

Lo, A, Lin, C-T and Wu, H-C. (2008). Hepatocellular carcinoma cell-specific peptide
ligand for targeted drug delivery. Mol. Cancer Therapy 7 (3): 570-589.

[ TARGETED MS2 BINDS TO HEPATOCARCINOMA g [= USE OF MULTIPLE TARGETING PEPTIDES —
MAY HELP MITIGATE AN IMMUNE RESPONSE

Hapstocytes + Fras DOX

Hepatocytes + MS2.5P94-00X

Percent Alive

40 { = Hep3 + Free DOX
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g Hep38 + MS2.5904.00X
H Alexa Fluor 555°- 3 >
H psid : 20
5 &
= AuNPs (+ Ag) MS2SPE4DOX causes an 80% 1055 1t el
. = - o Hep3B viability over 36 hours
10 MS2-SP94. 10" MS2-control 2 The MS2 capsid . oxa F eled MS2 capsid separates from Qdot®-565 upon
= £ from 90 copies of dimeric coat protein in the. of o
- presence of RNA silver-enhanced gold nanoparticles. 5 o s 1 15 20 25 30 35
T ] = i : Time (hours)
[ - H : L I the dellvery of cargo, including Fe,0, rods, SiRNA., and ricin toxin A chain. MS2 can encapsidate particles that are I Targeted MS2 VLPs loaded with doxorubicin (100 molecules of DOX per VLP) are cytotoxic to Hep38 but not to I
Cnomratiom ol Conpupste. etk 5 nm In diameter as well as single-stranded and doube-stranded DNA and RNA (<3000 bp). epatocytes. Furthermore, targeted delivery of DOX promotes specific cytofoxicity at lower drug concentrations.

'SP94 Targeting Peptide:
| .- H,N-SFSIHTPILPLGGC-COOH

: e ] — S S The SP94 peptide mediates HIGHLY specific binding to and internalization of virus-like particle (VLP) drug carriers within human hepatocarcinoma Hep3B,
bt cote JN——— f—— e o iy o USTSPat o B otaed oo while minimizing interaction with human hepatocytes. We are currently investigating the delivery of multiple types of cargo: Fe,O, particles, siRNA that
“Alexa Fluor® 555-1abeled MS2-PO4 conjugates bind to Hep3B cells with high specificiy. T el i ramenat o |dent|l|c=(|onofnnmernuse silences cyclin A expression, cholera toxin A chain, and ricin toxin A chain
Filorescenty-abeled WSz and M52 beaing 3 cotrol peld o hot bind ( Hep33 diferent targeting peptices.
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