
US010385380B2 

( 12 ) United States Patent 
Whitney et al . 

( 10 ) Patent No . : US 10 , 385 , 380 B2 
( 45 ) Date of Patent : * Aug . 20 , 2019 

( 54 ) PERSONALIZED PROTEASE ASSAY TO 
MEASURE PROTEASE ACTIVITY IN 
NEOPLASMS 

6 , 592 , 847 B1 
6 , 630 , 351 B1 
7 , 431 , 915 B2 
7 , 985 , 401 B2 
8 , 110 , 554 B2 
8 , 486 , 373 B2 
8 , 642 , 561 B2 * 

7 / 2003 Weissleder et al . 
10 / 2003 Monahan et al . 
10 / 2008 Jiang et al . 
7 / 2011 Jiang et al . 
2 / 2012 Jiang et al . 
7 / 2013 Weissleder et al . 
2 / 2014 Jiang . . . . . . . . . . . . . . . . . . 

( 71 ) Applicant : The Regents of the University of 
California , Oakland , CA ( US ) A61K 49 / 0043 

430 / 270 . 19 
( 72 ) Inventors : Mike Whitney , San Diego , CA ( US ) ; 

Quyen T . Nguyen , La Jolla , CA ( US ) ; 
Roger Y . Tsien , La Jolla , CA ( US ) 

( 73 ) Assignee : The Regents of the University of 
California , Oakland , CA ( US ) 

9 , 072 , 792 B2 7 / 2015 Jiang et al . 
9 , 682 , 151 B2 6 / 2017 Tsien 
9 , 695 , 251 B2 7 / 2017 Tsien 
9 , 808 , 532 B2 11 / 2017 Tsien 

2001 / 0021763 A1 9 / 2001 Harris et al . 
2002 / 0009786 A1 1 / 2002 Tang et al . 
2003 / 0176335 Al 9 / 2003 Zhang et al . 
2004 / 0009122 Al 1 / 2004 Klaveness et al . 
2004 / 0241096 A1 12 / 2004 Bogdanov et al . 
2005 / 0069494 Al 3 / 2005 Li et al . 
2005 / 0042034 A1 5 / 2005 Jiang et al . 
2005 / 0107583 A15 / 2005 Jiang et al . 

( Continued ) 

( * ) Notice : Subject to any disclaimer , the term of this 
patent is extended or adjusted under 35 
U . S . C . 154 ( b ) by 444 days . 
This patent is subject to a terminal dis 
claimer . FOREIGN PATENT DOCUMENTS 

( 21 ) Appl . No . : 14 / 874 , 297 WO 
WO 

WO 01 / 00245 A2 1 / 2001 
WO 01 / 75067 A2 10 / 2001 

( Continued ) ( 22 ) Filed : Oct . 2 , 2015 

( 65 ) Prior Publication Data 
US 2016 / 0160263 A1 Jun . 9 , 2016 

OTHER PUBLICATIONS 

Related U . S . Application Data 
( 60 ) Provisional application No . 62 / 059 , 081 , filed on Oct . 

2 , 2014 . 

( 51 ) Int . CI . 
C120 137 ( 2006 . 01 ) 

( 52 ) U . S . CI . 
CPC . . . . . . . C12Q 1 / 37 ( 2013 . 01 ) ; GOIN 2800 / 7028 

( 2013 . 01 ) 
( 58 ) Field of Classification Search 

None 
See application file for complete search history . 

Abdollahi , A . et al . , “ Inhibition of aVB3 Integrin Survival Signaling 
Enhances Antiangiogenic and Antitumor Effects of Radiotherapy , " 
Clin Cancer Res . , Sep . 1 , 2005 , 11 ( 17 ) , pp . 6270 - 6279 . 
Adams , S . R . et al . , “ Anti - tubulin drugs conjugated to anti - ErbB 
antibodies selectively radiosensitize , " Nature Communications , Oct . 
4 , 2016 , 7 : 13019 , pp . 1 - 11 . 
Advani , S . J . et al . , “ Increased oncolytic efficacy for high - grade 
gliomas by optimal integration of ionizing radiation into the replica 
tive cycle of HSV - 1 , ” Gene Therapy , 2011 , vol . 18 , pp . 1098 - 1102 . 
Advani , S . J . et al . , “ Preferential Replication of Systemically Deliv 
ered Oncolytic Vaccinia Virus in Focally Irradiated Giloma Xenografts , " 
Clin Cancer Res . , 2012 ; 18 ( 9 ) , pp . 2579 - 2590 . 
Aguilera , T . A . et al . , “ Systemic in vivo distribution of activatable 
cell penetrating peptides is superior to that of cell penetrating 
peptides , ” Integr . Biol . , vol . 1 , pp . 371 - 381 ( 2009 ) . 

( Continued ) ( 56 ) References Cited 
U . S . PATENT DOCUMENTS Primary Examiner — Jeanette M Lieb 

( 74 ) Attorney , Agent , or Firm — Morgan Lewis & 
Bockius LLP 

4 , 439 , 356 A 
4 , 452 , 720 A 
4 , 466 , 919 A 
4 , 507 , 389 A 
5 , 066 , 580 A 
5 , 227 , 487 A 
5 , 434 , 073 A 
5 , 543 , 295 A 
5 , 674 , 980 A 
5 , 747 , 641 A 
5 , 750 , 409 A 
5 , 821 , 337 A 
5 , 910 , 300 A 
5 , 936 , 087 A 
6 , 008 , 379 A 
6 , 025 , 505 A 
6 , 080 , 852 A 
6 , 083 , 486 A 
6 , 217 , 866 B1 
6 , 306 , 993 B1 
6 , 316 , 003 B1 
6 , 348 , 185 B1 
6 , 495 , 663 B1 

3 / 1984 Khanna et al . 
6 / 1984 Harada et al . 
8 / 1984 Weingarten 
3 / 1985 Weingarten 

11 / 1991 Lee 
7 / 1993 Haugland et al . 
7 / 1995 Dawson et al . 
8 / 1996 Bronstein et al . 

10 / 1997 Frankel et al . 
5 / 1998 Frankel et al . 
5 / 1998 Herrmann et al . 

10 / 1998 Carter et al . 
6 / 1999 Tournie et al . 
8 / 1999 Benson et al . 

12 / 1999 Benson et al . 
2 / 2000 Lee et al . 
6 / 2000 Lee et al . 
7 / 2000 Weissleder et al . 
4 / 2001 Schlessinger et al . 

10 / 2001 Rothbard et al . 
11 / 2001 Frankel et al . 
2 / 2002 Piwnica - Worms 

12 / 2002 Rothbard et al . 

( 57 ) ABSTRACT 
Disclosed herein , the invention pertains to methods and 
compositions that find use in diagnostic , prognostic and 
characterization of neoplasia samples based on the ability of 
a neoplasia sample to cleave a MTS molecule of the present 
invention . In some embodiments , a MTS molecule disclosed 
herein has the formula ( A - X - B - C ) , wherein A is a peptide 
with a sequence comprising 5 to 9 consecutive acidic amino 
acids , wherein the amino acids are selected from : aspartates 
and glutamates ; B is a peptide with a sequence comprising 
5 to 20 consecutive basic amino acids ; X is a linker ; and C 
is a detectable moiety . 

33 Claims , 75 Drawing Sheets 
Specification includes a Sequence Listing . 



US 10 , 385 , 380 B2 
Page 2 

( 56 ) References Cited 
U . S . PATENT DOCUMENTS 

2006 / 0041105 AL 2 / 2006 Jiang et al . 
2007 / 0041904 AL 2 / 2007 Jiang et al . 
2009 / 0004118 Al 1 / 2009 Nie et al . 
2011 / 0160147 Al 6 / 2011 Dal Pozzo et al . 
2012 / 0014873 A1 1 / 2012 Jiang et al . 
2012 / 0134922 AL 5 / 2012 Tsien et al . 
2012 / 0148499 Al 6 / 2012 Tsien et al . 
2012 / 0148610 Al 6 / 2012 Doronina et al . 
2013 / 0020537 Al 1 / 2013 Maruno et al . 
2013 / 0078188 Al 3 / 2013 Tsien et al . 
2013 / 0176335 Al 7 / 2013 Sugiyama et al . 
2014 / 0010861 AL 1 / 2014 Bancel et al . 
2015 / 0031852 A1 1 / 2015 Liu et al . 
2017 / 0157208 A16 / 2017 Eyer et al . 

FOREIGN PATENT DOCUMENTS 

WO 5 
WO 
WO 
WO 
wo 
WO 
WO 
WO 

WO 2005 / 042034 A 
WO 2006 / 007398 A1 
WO 2006 / 125134 Al 
WO 2011 / 008992 A2 
WO 2011 / 008996 A2 

WO 2399939 A2 
WO 2013 / 019681 A2 

2014 / 120837 A2 

/ 2005 
1 / 2006 

11 / 2006 
1 / 2011 
1 / 2011 

12 / 2011 
2 / 2013 
8 / 2014 

OTHER PUBLICATIONS 

Akashi , Y . et al . , “ The novel microtubule - interfering agent TZT 
1027 enhances the anticancer effect of radiation in vitro and in 
vivo , ” British Journal of Cancer , 2007 , vol . 96 , pp . 1532 - 1539 . 
Albright et al . “ Matrix metalloproteinase - activated doxorubicin 
prodrugs inhibit HT 1080 xenograft growth better than doxorubicin 
with less toxicity ” Molecular cancer therapeutics , vol . 4 , pp . 751 
760 ( 2005 ) . 
Al - Sarraf et al . “ Chemoradiotherapy versus radiotherapy in patients 
with advanced nasopharyngeal cancer : phase III randomized Inter 
group study 0099 " J . Clin . Oncol . 16 , 1310 - 1317 ( 1998 ) . 
Ang et al . “ Randomized phase III trial of concurrent accelerated 
radiation plus cisplatin with or without cetuximab for stage III to IV 
head and neck carcinoma : RTOG 0522 ” J . Clin . Oncol . 20 , 2940 
2950 ( 2014 ) . 
Arnold , D . et al . , “ Substrate specificity of cathepsins D and E 
determined by N - terminal and C - terminal sequencing of peptide 
pools , ” Eur . J . Biochem . , 1997 , vol . 249 , pp . 171 - 179 . 
Atalay et al . " Novel therapeutic strategies targeting the epidermal 
growth factor receptor ( EGFR ) family and its downstream effectors 
in breast cancer ” Annals of Oncology , vol . 14 , pp . 1346 - 1363 
( 2003 ) . 
Ayoub et al . “ Correct primary structure assessment and extensive 
glyco - profiling of cetuximab by a combination of intact , middle - up , 
middle - down and bottom - up ESI and MALDI mass spectrometry 
techniques " mAbs 5 , 699 - 710 ( 2013 ) . 
Bai , R . et al . , “ Dolastatin 10 , a powerful cytostatic peptide derived 
from a marine animal . Inhibition of tubulin polymerization medi 
ated through the vinca alkaloid binding domain , ” Biochem Pharmacol . , 
1990 ; 39 : 1941 - 49 . 
Bartles , J . R . et al . , “ Identification and charactzerization of espin , an 
actin - binding protein localized to the F - actinOrich junctionla plaques 
of Sertoli cell ectoplasmic specializations , " Journal of Cell Science , 
1996 , vol . 109 , No . 6 , pp . 1229 - 1239 . 
Baselga et al . “ Phase II study of weekly intravenous recombinant 
humanized anti - p185HER2 monoclonal antibody in patients with 
HER2 / neu - overexpressing metastatic breast cancer ” J . Clin . Oncol . , 
vol . 14 , pp . 737 - 744 ( 1996 ) . 
Bauvois “ New facets of matrix metalloproteinases MMP - 2 and 
MMP - 9 as cell surface transducers : outside - in signaling and rela 
tionship to tumor progression ” Biochim Biophys Acta 1825 , pp . 
29 - 36 ( 2012 ) . 

Bhorade , R . et al . , “ Macrocyclic Chelators with Paramagnetic 
Cations Are Internalized into Mammalian Cells via a HIV - Tat 
Derived Membrane Translocation Peptide , ” Bioconjugate Chemis 
try , May 1 , 2000 , vol . 11 , No . 3 , pp . 301 - 305 . 
Blum , G . et al . , “ Noninvasive optical imaging of cysteine protease 
activity using fluorescently quenched activity - based probes , ” Nature 
Chemical Biology , vol . 3 , No . 10 , pp . 668 - 677 ( 2007 ) . 
Bonner et al . “ Radiotherapy plus cetuximab for locoregionally 
advanced head and neck cancer : 5 - year survival data from a phase 
3 randomised trial , and relation between cetuximab - induced rash 
and survival ” Lancet Oncol . 11 , 21 - 28 ( 2010 ) . 
Bradley et al . “ Standard - dose versus high - dose conformal radio 
therapy with concurrent and consolidation carboplatin plus paclitaxel 
with or without cetuximab for patients with stage IIIA or IIIB 
non - small - cell lung cancer ( RTOG 0617 ) : a randomised , two - by 
two factorial phase 3 study ” ' Lancet Oncol . 16 , 187 - 199 ( 2015 ) . 
Brand et al . “ AXL mediates resistance to cetuximab therapy ) 
Cancer Res . 74 , 5152 - 5164 ( 2014 ) . 
Breij , E . C . W . et al . , “ An Antibody - Drug Conjugate That Targets 
Tissue Factor Exhibits Potent Therapeutic Activity against a Broad 
Range of Solid Tumors , ” Cancer Res . , Feb . 15 , 2014 , 74 ( 4 ) : 1214 
1226 . 
Bremer , C . et al . , “ In vivo molecular target assessment of matrix 
metalloproteinase inhibition , ” Nature Medicine , Jun . 2001 , vol . 7 , 
No . 6 , pp . 743 - 748 . 
Bremer , C . et al . , “ Optical Imaging of Matrix Metalloproteinase - 2 
Activity in Tumors : Feasibility Study in a Mouse Model , ” Radiol 
ogy , 2001 , vol . 221 , pp . 523 - 529 . 
Bremer , C . et al . , “ Optical Imaging of Spontaneous Breast Tumors 
Using Protease Sensing ‘ Smart ' Optical Probes , ” Invest Radiol . , 
Jun . 6 , 40 ( 6 ) : 321 - 327 ( 2005 ) . 
Buckel et al . “ Tumor radiosensitization by monomethyl auristatin E : 
mechanism of action and targeted delivery ” Cancer Res . 75 , 1376 
1387 ( 2015 ) . 
Buckel et al . “ Tumor radiosensitization by monomethyl auristatin e : 
mechanism of action and targeted delivery ” Cancer research , vol . 
75 , pp . 1376 - 1387 ( 2015 ) . 
Chaudhary et al . “ Genetic polymorphisms of matrix metal 
loproteinases and their inhibitors in potentially malignant and 
malignant lesions of the head and neck ” Journal of Biomedical 
Science , vol . 17 ( 2010 ) . 
Chaurand , P . et al . , " Molecular imaging of thin mammalian tissue 
sections by mass spectrometry , ” Curr Opinion Biotechnol . , 2006 ; 
17 ( 4 ) : 431 - 436 . 
Chen et al . “ Targeted therapy for Hodgkin lymphoma and systemic 
anaplastic large cell lymphoma - focus on brentuximab vedotin " 
Onco . Targets Ther . 7 , 45 - 56 ( 2013 ) . 
Chen , B . et al . , “ Thrombin Activity Associated with Neuronal 
Damage during Acute Focal Ischemia , ” The Journal of Neurosci 
ence , May 30 , 2012 , vol . 32 , No . 22 , pp . 7622 - 7631 . 
Chen , E . I . et al . , “ A Unique Substrate Recognition Profile for Matrix 
Metalloprotinase - 2 , " The Journal of Biological Chemistry , Feb . 8 , 
2002 , vol . 277 , No . 6 , pp . 4485 - 4491 . 
Chen , J . et al . , “ Zipper ' Molecular Beacons : A Generalized Strat 
egy to Optimize the Performance of Activatable Protease Probes , ” 
Bioconjugate Chem . , 2009 , vol . 20 , pp . 1836 - 1842 . 
Cho et al . “ Structure of the extracellular region of HER2 alone and 
in complex with the Herceptin Fab ” Nature , vol . 421 , pp . 756 - 760 
( 2003 ) . 
Choi et al . “ Protease - Activated Drug Development ” Theranostics , 
vol . 2 , pp . 156 - 178 ( 2012 ) . 
Cohen et al . “ Controversies in the treatment of local and locally 
advanced gastric and esophageal cancers ” J . Clin . Oncol . 33 , 
1754 - 1759 ( 2015 ) . 
Cooks , R . J . et al . , “ Ambient Mass Spectrometry , ” Science , 2006 ; 
311 ( 5767 ) : 1566 - 1570 . 
Coussens et al . “ Matrix metalloproteinase inhibitors and cancer : 
trials and tribulations ” Science , vol . 295 , pp . 2387 - 2392 ( 2002 ) . 
Creedon et al . “ Exploring mechanisms of acquired resistance to 
HER2 ( human epidermal growth factor receptor 2 ) - targeted thera 
pies in breast cancer ” Biochem . Soc . Trans . 42 , 822 - 830 ( 2014 ) . 



US 10 , 385 , 380 B2 
Page 3 

( 56 ) References Cited 

OTHER PUBLICATIONS 
Crisp et al . “ Dual targeting of integrin alphavbeta3 and matrix 
metalloproteinase - 2 for optical imaging of tumors and chemothera 
peutic delivery " Molecular cancer therapeutics , vol . 13 , pp . 1514 
1525 ( 2014 ) . 
Damen et al . “ Electrospray ionization quadrupole ion - mobility 
time - of - flight mass spectrometry as a tool to distinguish the lot - to 
lot heterogeneity in N - glycosylation profile of the therapeutic 
monoclonal antibody trastuzumab ” J . Am . Soc . Mass Spectrom . 20 , 
2021 - 2033 ( 2009 ) . 
Derossi et al . , “ Trojan peptides : the penetratin system for intracel 
lular delivery , " Trends in Cell Biology , vol . 8 , pp . 84 - 87 ( 1998 ) . 
Doronina , S . O . et al . , “ Development of potent monoclonal antibody 
auristatin conjugates for cancer therapy , " Nat Biotechnol . , 2003 ; 
21 : 778 - 84 . 
Dotan et al . “ Positive Surgical Margins in Soft Tissue Following 
Radical Cystectomy for Bladder Cancer and Cancer Specific Sur 
vival ” The Journal of Urology , vol . 178 , No . 6 , pp . 2308 - 2313 
( 2007 ) . 
D ' Souza et al . Case - control study of human papillomavirus and 
oropharyngeal cancer N . Engl J Med . , vol . 356 , pp . 1944 - 1956 
( 2007 ) . 
Dutta et al . “ Cellular responses to EGFR inhibitors and their 
relevance to cancer therapy ” Cancer Lett . 254 , 165 - 177 ( 2007 ) . 
Egami , T . et al . , “ Up - regulation of integrin B3 in radioresistant 
pancreatic cancer impairs adenovirus - mediated gene therapy , " Can 
cer Science , Oct . 2009 , vol . 100 , No . 10 , pp . 1902 - 1907 . 
Egeblad et al . “ New functions for the matrix metalloproteinases in 
cancer progression ” Nature reviews Cancer , vol . 2 , pp . 161 - 174 
( 2002 ) . 
Epidermoid anal cancer : results from the UKCCCR randomised 
trial of radiotherapy alone versus radiotherapy , 5 - fluorouracil , and 
mitomycin . UKCCCR Anal Cancer Trial Working Party . UK Co 
ordinating Committee on Cancer Research . Lancet 348 , 1049 - 1054 
( 1996 ) 
Fawell et al . “ Tat - Mediated Delivery of Heterologous Proteins into 
Cells ” , PNAS , vol . 91 , pp . 664 - 668 ( 1994 ) . 
Franklin et al . “ Insights into ErbB signaling from the structure of the 
ErbB2 - pertuzumab complex ” Cancer Cell , vol . 5 , pp . 317 - 328 
( 2004 ) . 
Friess et al . “ Combination Treatment with Erlotinib and Pertuzumab 
against Human Tumor Xenografts Is Superior to Monotherapy ” 
Clin . Cancer Res . , vol . 11 , pp . 5300 - 5309 ( 2005 ) . 
Fujita , M . et al . , “ X - ray irradiation and Rho - kinase inhibitor additively 
induce invasiveness of the cells of the pancreatic cancer line , 
MIAPaCa - 2 , which exhibits mesenchymal and amoeboid motility , " 
Cancer Sci . , Apr . 2011 , vol . 102 , No . 4 , pp . 792 - 798 . 
Futaki et al . , “ Stearylated Arginine - Rich Peptides : A New Class of 
Transfection Systems , ” Bioconj . Chem . , vol . 12 , pp . 1005 - 1011 
( 2001 ) . 
Gallwitz , M . et al . , “ The Extended Cleavage Specificity of Human 
Thrombin , ” PLoS One , Feb . 2012 , vol . 7 , Issue 2 , e31756 , pp . 1 - 16 . 
Garrett et al . “ The Crystal Structure of a Truncated ErbB2 Ectodomain 
Reveals an Active Conformation , Poised to Interact with Other 
ErbB Receptors " Mollecular Cell , vol . 11 , pp . 495 - 505 ( 2003 ) . 
Girish et al . “ Clinical pharmacology of trastuzumab emtansine ( T 
DM1 ) : an antibody - drug conjugate in development for the treatment 
of HER2 - positive cancer ” Cancer Chemother . Pharmacol . 69 , 1229 
1240 ( 2012 ) . 
Giustini , A . J . et al . , “ Ionizing radiation increases systemic nanoparticle 
tumor accumulation , " Nanomedicine 2012 ; 8 : 818 - 21 . 
Golub , T . R . et al . , “ Molecular Classification of Cancer : Class 
Discovery and Class Prediction by Gene Expression Monitoring , " 
Science , Oct . 15 , 1999 , vol . 286 , pp . 531 - 537 . 
Gounaris , E . et al . , “ Live Imaging of Cysteine - Cathepsin Activity 
Reveals Dynamics of Focal Inflammation , Angiogenesis , and Polyp 
Growth , ” PLoS One , vol . 3 , No . 8 , e2916 , pp . 1 - 9 ( 2008 ) . 
Gross et al . “ Multi - tiered genomic analysis of head and neck cancer 
ties TP53 mutation to 3p loss ” Nature genetics , vol . 46 , pp . 939 - 943 
( 2014 ) . 

Hallahan , D . et al . , “ Integrin - mediated targeting of drug delivery to 
irradiated tumor blood vessels , ” Cancer Cell , Jan . 2003 , vol . 3 , pp . 
63 - 74 . 
Hallahan , D . E . et al . , “ Radiation - mediated control of drug delivery , " 
Am J Clin Oncol . , 2001 ; 24 : 473 - 80 . 
Hallahan , D . E . et al . , et al . , “ Spatial and temporal control of gene 
therapy using ionizing radiation , ” Nat Med . , 1995 ; 1 : 786 - 91 . 
Hällbrink , M . et al . , “ Cargo delivery kinetics of cell - penetrating 
peptides , ” Biochimica et Biophysica Acta , vol . 1515 , pp . 101 - 109 
( 2001 ) . 
Hamano et al . “ Physiological levels of tumstatin , a fragment of 
collagen IV alpha3 chain , are generated by MMP - 9 proteolysis and 
suppress angiogenesis via alphaV beta3 integrin ” Cancer Cell , vol . 
3 , pp . 589 - 601 ( 2003 ) . 
Hamblett et al . “ Effects of drug loading on the antitumor activity of 
a monoclonal antibody drug conjugate ” Clin . Cancer Res . 10 , 
7063 - 7070 ( 2004 ) . 
Haque et al . “ Sugical Margins and Survival After Head and Neck 
Cancer Surgery ” BMC Ear , Nose and Throad Disorders , vol . 6 , No . 
2 ( 2006 ) . 
Harir , G . et al . , “ Radiation - Guided Drug Delivery to Mouse Models 
of Lung Cancer , ” Clin Cancer Res . , Oct . 15 , 2010 , 16 ( 1 ) ; pp . 
4968 - 4977 . 
Hauff et al . “ Matrix - metalloproteinases in head and neck carcinoma 
cancer genome atlas analysis and fluorescence imaging in mice ” 
Otolaryngology - head and neck surgery , vol . 151 , pp . 612 - 618 
( 2014 ) . 
Herbst et al . “ Monoclonal Antibodies to Target Epidermal Growth 
Factor Receptor - Positive Tumors ” American Cancer Society , vol . 
94 , pp . 1593 - 1611 ( 2002 ) . 
Herskovic et al . “ Combined chemotherapy and radiotherapy com 
pared with radiotherapy alone in patients with cancer of the esopha 
gus ” N . Engl . J . Med . 326 , 1593 - 1598 ( 1992 ) . 
Hudziak et al . “ p185HER2 Monoclonal Antibody Has Antiprolifera 
tive Effects In Vitro and Sensitizes Human Breast Tumor Cells to 
Tumor Necrosis Factor ” Mol . Cell . Biol . , vol . 9 , No . 3 , pp . 1165 
1172 ( 1989 ) . 
Hussain et al . “ Surgical molecular navigation with a Ratiometric 
Activatable Cell Penetrating Peptide improves intraoperative iden 
tification and resection of small salivary gland cancers ” Head & 
neck , vol . 38 , pp . 715 - 723 ( 2014 ) . 
Hutteman , M . et al . , “ Optimization of Near - Infrared Fluorescent 
Sentinel Lymph Node Mapping for Vulvar Cancer , " Am J Obstet 
Gynecol . , Jan . 2012 , vol . 206 , No . 1 , pp . 89 . el - 89 . e5 . 
Ifa , D . R . et al . , " Ambient Ionization Mass Spectrometry for Cancer 
Diagnosis and Surgical Margin Evaluation , ” Clinical Chemistry , 
2016 , 62 : 1 , pp . 111 - 123 . 
Jaffer , F . A . et al . , “ In Vivo Imaging of Thrombin Activity in 
Experimental Thrombi With Thrombin - Sensitive Near - Infrared Molecu 
lar Probe , ” Arterioscler Thromb Vasc Biol . , 2002 , vol . 22 , pp . 
1929 - 1935 
Jiang , T . et al . , “ Tumor imaging by means of proteolytic activation 
of cell - penetrating peptides , ” PNAS , vol . 101 , No . 51 . , pp . 17867 
17872 ( 2004 ) . 
Joh , D . Y . et al . , “ Selective Targeting of Brain Tumors with Gold 
Nanoparticle - Induced Radiosensitization , ” PLoS One , Apr . 2013 , 
vol . 8 , No . 4 , e62425 , pp . 1 - 10 . 
Kesari et al . “ DNA damage response and repair : insights into 
strategies for radiation sensitization of gliomas ” Future Oncol . 7 , 
1335 - 1346 ( 2011 ) . 
Kohrt et al . “ Profile of immune cells in axillary lymph nodes 
predicts disease - free survival in breast cancer " PLoS Med . , vol . 2 , 
Issue 9 , e284 ( 2005 ) . 
Kumar , A . et al . , “ Increased tyoe - IV collagenase ( MMP - 2 and 
MMP - 9 ) activity following preoperative radiotherapy in rectal 
cancer , ” British Journal of Cancer , 2000 , 82 ( 4 ) , pp . 960 - 965 . 
Kuniyasu et al . “ Relative expression of type IV collagenase , E - cadherin , 
and vascular endothelial growth factor / vascular permeability factor 
in prostatectomy specimens distinguishes organ - confined from patho 
logically advanced prostate cancers " Clin Cancer Res , vol . 6 , pp . 
2295 - 2308 ( 2000 ) . 



US 10 , 385 , 380 B2 
Page 4 

( 56 ) References Cited 

OTHER PUBLICATIONS 

Kwaan et al . “ The apparent uPA / PAI - 1 paradox in cancer : more than 
meets the eye ” Semin Thromb Hemost . , vol . 39 , pp . 382 - 391 
( 2013 ) . 
Laine et al . “ Radiation therapy as a backbone of treatment of locally 
advanced non - small cell lung cancer ” Semin . Oncol . 41 , 57 - 68 
( 2014 ) . 
Lanekoff , I . et al . , " Automated Platform for High - Resolution Tissue 
Imaging Using Nanospray Desorption Electrospray Ionization Mass 
Spectrometry , ” Anal Chem . , 2012 ; 84 ( 19 ) : 8351 - 8356 . 
Laskin , J . et al . , “ Ambient Mass Spectrometry Imaging Using 
Direct Liquid Extraction Techniques , ” Anal . Chem . , 2016 ; 88 ( 1 ) : 52 
73 . 
Lavaud et al . “ Strategies to overcome trastuzumab resistance in 
HER2 - overexpressing breast cancers : focus on new data from 
clinical trials ” BMC Med . 12 , 132 ( 2014 ) . 
Le et al . “ Integrating biologically targeted therapy in head and neck 
squamous cell carcinomas ” Semin . Radiat . Oncol . 19 , 1953 - 1962 
( 2009 ) . 
Lee et al . “ Loss of Fhit expression is a predictor of poor outcome 
in tongue cancer ” Cancer Res . , vol . 61 , pp . 837 - 841 ( 2001 ) . 
Levenson , R . et al . , “ Review Article : Modern Trends in Imaging X : 
Spectral imaging in preclinical research and clinical pathology , " 
Anal Cell Pathol , 2012 , vol . 35 , pp . 339 - 361 . 
Levi , J . et al . , “ Design , Synthesis and Imaging of an Activatable 
Photoacoustic Probe , ” J Am Chem Soc . , Aug . 18 , 2010 , vol . 132 , 
No . 32 , pp . 11264 - 11269 . 
Ley et al . “ Cisplatin versus cetuximab given concurrently with 
definitive radiation therapy for locally advanced head and neck 
squamous cell carcinoma ” Oncology 85 , 290 - 296 ( 2013 ) . 
Li , C . et al . , “ Tumor Irradiation Enhances the Tumor - specific 
Distribution of Poly ( L - glutamate acid ) - conjugated Paclitaxel and 
Its Antitumor Efficacy , ” Clinical Cancer Research , Jul . 2000 , vol . 6 , 
pp . 2829 - 2834 . 
Liang et al . “ Sensitization of breast cancer cells to radiation by 
trastuzumab ” Mol . Cancer Ther . 2 , 1113 - 1120 ( 2003 ) . 
Liauw , S . L . et al . , “ New paradigms and future challenges in 
radiation oncology : an update of biological targets and technology , " 
Sci Transl Med . , 2013 ; 5 : 173sr2 . 
Lin , S . H . et al . , “ Opportunities and Challenges in the Era of 
Molecularly Targeted Agents and Radiation Therapy , " J Natl Cancer 
Inst . , 2013 , vol . 105 , pp . 686 - 693 . 
Linder , K . E . et al . , “ Synthesis , In Vitro Evaluation , and In Vivo 
Metabolism of Fluor / Quencher Compounds Containing IRDye 800CW 
and Black Hole Quencher - 3 ( BHQ - 3 ) , ” Bioconjugate Chemistry , 
2011 , vol . 22 , pp . 1287 - 1297 . 
Liu et al . “ Overexpression of MMP - 2 in laryngeal squamous cell 
carcinoma : A potential indicator for poor prognosis ” Otolaryngology 
Head and Neck Surgery , vol . 132 , Issue 3 , pp . 395 - 400 ( 2005 ) . 
Liu , F - F . et al . , “ Lessons Learned from Radiation Oncology Clinical 
Trials , " Clin Cancer Res . , 2013 , 19 ( 22 ) : 6089 - 6100 . 
Lyon et al . " Self - hydrolyzing maleimides improve the stability and 
pharmacological properties of antibody - drug conjugates " Nat . 
Biotechnol . 32 , 1059 - 1062 ( 2014 ) . 
Ma , D . et al . , " Potent Antitumor Activity of an Auristatin 
Conjugated , Fully Human Monoclonal Antibody to Prostate 
Specific Membrane Antigen , ” Clin Cancer Res . , 2006 , 12 ( 8 ) : 2591 
2596 . 
MacDonald et al . “ Chemoradiotherapy after surgery compared with 
surgery alone for adenocarcinoma of the stomach or gastroesophageal 
junction ” N . Engl . J . Med . 345 , 725 - 730 ( 2001 ) . 
Maitz , M . F . et al . , “ Bio - responsive polymer hydrogels homeostati 
cally regulate blood coagulation , ” Nature Communications , 2013 , 
pp . 1 - 7 . 
Marur et al . “ Challenges of integrating chemotherapy and targeted 
therapy with radiation in locally advanced head and neck squamous 
cell cancer ” Curr . Opin . Oncol . 222 , 206 - 211 ( 2010 ) . 
Maruyama et al . “ Human papillomavirus and p53 mutations in head 
and neck squamous cell carcinoma among Japanese population ” 
Cancer Sci . , vol . 105 , pp . 409 - 417 ( 2014 ) 

Mendelsohn et al . “ The EGF receptor family as targets for cancer 
therapy ” Oncogene , vol . 19 , pp . 6550 - 6565 ( 2000 ) . 
Meric et al . “ Positive Surgical Margins and Ipsilateral Breast Tumor 
Recurrence Predict Disease - Specific Survival after Breast 
Conserving Therapy ” Cancer , vol . 97 , No . 4 , pp . 926 - 933 ( 2003 ) . 
Metildi et al . “ Ratiometric activatable cell - penetrating peptides 
label pancreatic cancer , enabling fluorescence - guided surgery , which 
reduces metastases and recurrence in orthotopic mouse models ” 
Annals of surgical oncology , vol . 22 , 2082 - 2087 ( 2015 ) . 
Miller , S . M . et al . , “ Nanomedicine in chemoradiation , ” Ther Deliv . , 
2013 ; 4 : 239 - 50 . 
Moding et al . “ Strategies for optimizing the response of cancer and 
normal tissues to radiation ” Nat . Rev . Drug Discov . 12 , 526 - 542 
( 2013 ) . 
Moding , E . J . et al . , “ Strategies for optimizing the response of cancer 
and normal tissues to radiation , " Nat Rev Drug Discov . , 2013 ; 
12 : 526 - 42 . 
Modjtahedi et al . “ Phase I trial and tumour localisation of the 
anti - EGFR monoclonal antibody ICR62 in head and neck or lung 
cancer ” British Journal of Cancer , vol . 73 , pp . 228 - 235 ( 1996 ) . 
Montel et al . “ Altered metastatic behavior of human breast cancer 
cells after experimental manipulation of matrix metalloproteinase 8 
gene expression ” Cancer research , vol . 64 , pp . 1687 - 1694 ( 2004 ) . 
Morris et al . “ Interaction of radiation therapy with molecular 
targeted agents ” J . Clin . Oncol . 32 , 2886 - 2893 ( 2014 ) . 
Morris et al . “ Pelvic radiation with concurrent chemotherapy com 
pared with pelvic and para - aortic radiation for high - risk cervical 
cancer ” N . Engl . J . Med . 340 , 1137 - 1143 ( 1999 ) . 
Mubard et al . “ Maturing antibody - drug conjugate pipeline hits 30 " 
Nat . Rev . Drug . Discov . 12 , 329 - 332 ( 2013 ) . 
Mullard , A . , “ Maturing antibody - drug conjugate pipeline hits 30 , " 
Nat Rev Drug Discov . , 2013 ; 12 : 329 - 32 . 
Nagtegaal et al . “ What Is the Role for the Circumferential Margin 
in the Modern Treatment of Rectal Cancer ? ” Journal of Clinical 
Oncology , vol . 26 , No . 2 , pp . 303 - 312 ( 2008 ) . 
Nguyen et al . , “ Surgery with molecular fluorescence imaging using 
activatable cell - penetrating peptides decreases residual cancer and 
improves survival , ” PNAS , vol . 107 , No . 9 , pp . 4317 - 4322 ( 2010 ) . 
Nguyen , Q . T . et al . , “ Fluorescence - guided surgery with live molecu 
lar navigation — a new cutting edge , ” Nature Reviews Cancer , Sep . 
2013 , vol . 13 , pp . 653 - 662 . 
Nguyen , Q . T . et al . , “ Surgery with molecular fluorescence imaging 
using activatable cell - penetrating peptides decreases residual cancer 
and improves survival , " PNAS , vol . 107 , No . 9 , pp . 4317 - 4322 
( 2010 ) . 
No et al . “ Targeting HER2 signaling pathway for radiosensitization : 
alternative strategy for therapeutic resistance ” Cancer Biol . Ther . 8 , 
2351 - 2361 ( 2009 ) . 
O - Charoenrat et al . “ Expression of Matrix Metalloproteinases and 
Their Inhibitors Correlates With Invasion and Metastasis in Squamous 
Cell Carcinoma of the Head and Neck ” Arch Otolayrngol Head 
Neck Surg . , vol . 127 , pp . 813 - 820 ( 2001 ) . 
Ohta et al . “ The FHIT gene , spanning the chromosome 3p14 . 2 
fragile site and renal carcinoma - associated t ( 3 ; 8 ) breakpoint , is 
abnormal in digestive tract cancers ” Cell , vol . 84 , pp . 587 - 597 
( 1996 ) . 
Okeley et al . " Advancing antibody drug conjugation : from the 
laboratory to a clinically approved anticancer drug ” Hematol . 
Oncol . Clin . North Am . 28 , 13 - 25 ( 2014 ) . 
Olson et al . “ In vivo fluorescence imaging of atherosclerotic plaques 
with activatable cell - penetrating peptides targeting thrombin activ 
ity ” Integr Biol ( Camb ) . , vol . 4 , pp . 595 - 605 ( 2012 ) . 
Olson et al . “ In vivo characterization of activatable cell penetrating 
peptides for targeting protease activity in cancer , ” Integr . Biol . , vol . 
1 , pp . 382 - 393 ( 2009 ) . 
Olson , E . S . et al . , “ Activatable cell penetrating peptides linked to 
nanoparticles as dual probes for in vivo fluorescence and MR 
imaging of proteases , ” PNAS , vol . 107 , No . 9 , pp . 4311 - 4316 
( 2010 ) . 
Olson , E . S . , “ Activatable cell penetrating peptides for imaging 
protease activity in vivo , " Electronic Theses and Dissertations UC 
San Diego , 2008 , 152 pages . 



US 10 , 385 , 380 B2 
Page 5 

( 56 ) References Cited 
OTHER PUBLICATIONS 

Oshima et al . “ Suppressing TGFbeta Signaling in Regenerating 
Epithelia in an Inflammatory Microenvironment Is Sufficient to 
Cause Invasive Intestinal Cancer ” Cancer Research , vol . 75 , pp . 
766 - 776 ( 2015 ) . 
Passarella , R . J . et al . , “ Targeted Nanoparticles That Deliver a 
Sustained , Specific Release of Paclitaxel to Irradiated Tumors , " 
Cancer Res . , Jun . 1 , 2010 , 70 ( 11 ) ; pp . 4550 - 4559 . 
Perentes et al . “ Cancer cell - associated MT1 - MMP promotes blood 
vessel invasion and distant metastasis in triple - negative mammary 
tumors ” Cancer research . vol . 71 , pp . 4527 - 4538 ( 2011 ) . 
Plowman et al . " Ligand - specific activation of HER4 / p180erbB4 , a 
fourth member of the epidermal growth factor receptor family " 
Proc . Natl . Acad . Sci . , vol . 90 , pp . 1746 - 1750 ( 1993 ) . 
Poeta et al . “ TP53 mutations and survival in squamous - cell carci 
noma of the head and neck " N Engl J Med , vol . 357 , pp . 2552 - 2561 
( 2007 ) . 
Pretz , J . L . et al . , “ Chemoradiationtherapy : localized esophageal , 
gastric , and pancreatic cancer , ” Surg Oncol Clin N Am . , 2013 ; 22 : 511 
24 . 
Proimmune , “ think peptides® the source for all peptides for your 
research , 2012 , pp . 1 - 15 . 
Raju et al . “ Combined TP53 mutation / p loss correlates with 
decreased radiosensitivity and increased matrix - metalloproteinase 
activity in head and neck carcinoma ” Oral oncology , vol . 51 , pp . 
470 - 475 ( 2015 ) . 
Raleigh , D . R . et al . , “ Molecular targets and mechanisms of 
radiosensitization using DNA damage response pathways , ” Future 
Oncol . , 2013 ; 9 : 219 - 223 
Ratnikov et al . “ Basis for substrate recognition and distinction by 
matrix metalloproteinases " PNAS , vol . 111 , pp . E4148 - E4155 ( 2014 ) . 
Richard et al . “ Cell - penetrating Peptides — A Reevaluation of the 
Mechanism of Cellular Uptake ” The Journal of Biological Chem 
istry , vol . 278 , No . 1 , pp . 585 - 590 ( 2003 ) . 
Rieken , S . et al . , “ Targeting aVB3 and aVB5 inhibits photon 
induced hypermigration of malignant glioma cells , ” Radiation Oncol 
ogy , 2011 , 6 ( 132 ) : pp . 1 - 7 . 
Rothbard , J . B . et al . , " Conjugation of arginine oligomers to 
cyclosporin A facilitates topical delivery and inhibition of inflam 
mation , " Nature Medicine , vol . 6 , No . 11 , pp . 1253 - 1257 ( 2000 ) . 
Rothbard , J . B . et al . , “ Arginine - Rich Molecular Transporters for 
Drug Delivery : Role of Backbone Spacing in Cellular Uptake , ” J . 
Med . Chem . , vol . 45 , pp . 3612 - 3618 ( 2002 ) . 
Ryppa , C . et al . , “ In Vitro and in Vivo Evaluation of Doxorubicin 
Conjugates with the Divalent Peptide E - [ c ( RGDfK ) 2 ] that Targets 
Integrin avB3 , ” Bioconjugate Chem . , 2008 , vol . 19 , pp . 1414 - 1422 . 
Saki et al . “ Acquired resistance to cetuximab is associated with the 
overexpression of Ras family members and the loss of radio 
sensitization in head and neck cancer cells ” Radiother . Oncol . 108 , 
473 - 478 ( 2013 ) . 
Sanderson et al . “ In vivo drug - linker stability of an anti - CD30 
dipeptide - linked auristatin immunoconjugate ” Clin Cancer Res . 
11 , 843 - 852 ( 2005 ) . 
Savariar et al . “ Real - time In Vivo Molecular Detection of Primary 
Tumors and Metastases with Ratiometric Activatable Cell 
Penetrating Peptides , ” Cancer Res . , vol . 73 , pp , 855 - 864 ( 2013 ) . 
Scherer , R . L . et al . , “ Optical imaging of matrix metalloproteinase - 7 
activity in vivo using a proteolytic nanobeacon , " Mol Imaging , 
2008 , vol . 7 , No . 3 , pp . 118 - 131 . 
Sievers , E . L . et al . , “ Antibody - drug conjugates in cancer therapy , " 
Annu Rev Med . , 2013 ; 64 : 15 - 29 . 
Singletary et al . " Surgical margins in patients with early - stage 
breast cancer treated with breast conservation therapy ” vol . 184 , 
Issue 5 , pp . 383 - 393 ( 2002 ) . 
Sivars et al . “ Human papillomavirus and p53 expression in cancer 
of unknown primary in the head and neck region in relation to 
clinical outcome ” Cancer Med . , vol . 3 , pp . 376 - 384 ( 2014 ) . 
Slamon et al . “ Human Breast Cancer : Correlation of Relapse and 
Survival with Amplification of the HER - 2 / neu Oncogene ” Science , 
vol . 235 , pp . 177 - 182 ( 1987 ) . 

Snijder et al . “ Survival in Resected Stage I Lung Cancer With 
Residual Tumor at the Bronchial Resection Margin ” Ann . Thoracic 
Surg . , vol . 65 , pp . 212 - 216 ( 1998 ) . 
Somiari et al . “ Circulating MMP2 and MMP9 in breast cancer 
potential role in classification of patients into low risk , high risk , 
benign disease and breast cancer categories " Int J Cancer , vol . 119 , 
pp . 1403 - 1411 ( 2006 ) . 
Speake , W . J . et al . , “ Radiation induced MMP expression from rectal 
cancer is short lived but contributes to in vitro invasion , ” Eur I Surg 
Oncol . , 2005 ; 31 : 869 - 74 . 
Sperling , C . et al . , “ Thrombin - responsive hydrogels with varied 
cleavage kinetics , ” Society for Biomaterials , 2013 , Abstract # 208 , 1 
page . 
Stary , H . et al . , " A Definition of Advanced Type of Atherosclerotic 
Lesions and a Histologicial Classification of Atherosclerosis : A 
Report From the Committee on Vascular Lesions of the Council on 
Arteriosclerosis , American Heart Association , ” Circulation , Sep . 
1995 , vol . 92 , No . 5 , pp . 355 - 374 . 
Stone , G . W . et al . , “ A Prospective Natural - History Study of Coro 
nary Atherosclerosis , ” The New England Journal of Medicine , Jan . 
20 , 2011 , vol . 364 , No . 3 , pp . 226 - 235 . 
Sun et al . “ Reduction - alkylation strategies for the modification of 
specific monoclonal antibody disulfides " Bioconjug . Chem . 165 , 
1282 - 1290 ( 2005 ) . 
Swanton et al . “ HER2 - targeted therapies in non - small cell lung 
cancer " Clin . Cancer Res . 12 , 43775 - 4383s ( 2006 ) . 
Thou et al . “ Effects of the EGFR / HER2 kinase inhibitor GW572016 
on EGFR - and HER2 - overexpressing breast cancer cell line prolif 
eration , radiosensitization , and resistance ” Int . J . Radiat . Oncol . 
Biol . Phys . 58 , 344 - 352 ( 2004 ) . 
Tishler , R . B . et al . , “ Taxol : a novel radiation sensitizer , ” Int J Radiat 
Oncol Biol Phys . , 1992 ; 122 : 613 - 7 . 
Toth et al . “ Assessment of gelatinases ( MMP - 2 and MMP - 9 ) by 
gelatin zymography ” Methods Mol Biol vol . 878 , pp . 121 - 135 
( 2012 ) . 
Tseng , W . W . et al . , “ Development of an Orthotopic Model of 
Invasive Pancreatic Cancer in an Immunocompetent Murine Host , " 
Clinical Cancer Research , Jul . 15 , 2010 , vol . 16 , No . 14 , pp . 
3684 - 3695 . 
Tsien et al . “ Practical design criteria for a dynamic ratio imaging 
system ” Cell Calcium , vol . 11 , pp . 93 - 109 ( 1990 ) . 
Tsien , R . Y . , “ Indicators Based on Fluorescence Resonance Energy 
Transfer ( FRET ) , ” Imaging in Neuroscience and Development , Jul . 
2009 , vol . 4 , No . 7 , pp . 1 - 7 . 
Tung et al . “ Arginine Containing Peptides as Delivery Vectors ” 
Advanced Drug Delivery Reviews , vol . 55 , pp . 281 - 294 ( 2003 ) . 
Tung , C - H . et al . , “ A Novel Near - Infrared Fluorescence Sensor for 
Detection of Thrombin Activation in Blood , ” ChemBioChem , 2002 , 
vol . 3 , pp . 207 - 211 . 
Ullrich , K . J . et al . , “ Controluminal para - aminohippurate ( PAH ) 
transport in the proximal tubule of the rat kidney , ” Pflügers Arch . , 
1989 , vol . 415 , pp . 342 - 350 . 
Uloza et al . “ Expression of matrix metalloproteinases ( MMP - 2 and 
MMP - 9 ) in recurrent respiratory papillomas and laryngeal carci 
noma : clinical and morphological parallels ” Eur Arch Otorhinolaryngol , 
vol . 268 , pp . 871 - 878 ( 2011 ) . 
Van Berkel , S . S . et al . , “ Fluorogenic Peptide - Based Substrates for 
Monitoring Thrombin Acitivity , ” ChemMedChem , 2012 , vol . 7 , pp . 
606 - 617 . 
Van Dam , G . M . et al . , “ Intraoperative tumor - specific fluorescence 
imaging in ovarian cancer by folate receptor - atargeting : first in 
human results , ” Nature Medicine , 2011 , vol . 17 , pp . 1315 - 1319 . 
Van Duijnhoven , S . M . J . et al . , “ Tumor Targeting of MMP - 2 / 9 
Activatable Cell - Penetrating Imaging Probes Is Caused by Tumor 
Independent Activation , ” J Nucl Med , 2011 , vol . 52 , pp . 279 - 286 . 
Van Vlerken , L . E . et al . , “ Poly ( ethylene glycol ) - modified Nanocar 
riers for Tumor - targeted and Intracellular Delivery , ” Pharmaceutical 
Research , Aug . 2007 , vol . 24 , No . 8 , pp . 1404 - 1414 . 
Vartak , D . G . et al . , “ In vitro evaluation of functional interaction of 
integrin avß3 and matrix metalloprotease - 2 , ” Mol Pharm . , 2009 , 
vol . 6 , No . 6 , pp . 1856 - 1867 . 
Verna et al . “ Trastuzumab emtansine for HER2 - positive advanced 
breast cancer " N . Engl . J . Med . 367 , 1783 - 1791 ( 2013 ) . 



US 10 , 385 , 380 B2 
Page 6 

( 56 ) References Cited 

OTHER PUBLICATIONS 

Visse et al . “ Matrix Metalloproteinases and Tissue Inhibitors of 
Metalloproteinases ” Circulation Research , vol . 92 , pp . 827 - 839 
( 2003 ) . 
Wadia et al . , “ Protein transduction technology , ” Curr . Opinion . 
Biotech . , vol . 13 , pp . 52 - 56 ( 2002 ) . 
Wang , Y . et al . , “ Efficacy and safety of dendrimer nanoparticles with 
coexpression of tumor necrosis factor - aand herpes simplex virus 
thymidine kinase in gene radiotherapy of the human uveal mela 
noma OCM - 1 cell line , ” International Journal of Nanomedicine , 
2013 , vol . 8 , pp . 3805 - 3816 . 
Wang , Y . et al . , “ Visualizing the mechanical activation of Src , " 
Nature , Apr . 21 , 2005 , pp . 1040 - 1045 , vol . 434 . 
Wender et al . , “ The design , synthesis , and evaluation of molecules 
that enable or enhance cellular uptake : Peptoid molcular transport 
ers , " PNAS , vol . 97 , No . 24 , pp . 13003 - 13008 ( 2000 ) . 
Werner , M . E . et al . , “ Preclinical evaluation of Genexol - PM , a 
nanoparticle formulation of paclitaxel , as a novel radiosensitizer for 
the treatment of non - small cell lung cancer , ” Int J Radiat Oncol Biol 
Phys . , 2013 ; 86 : 463 - 8 . 
Wheeler et al . “ Understanding resistance to EGFR inhibitors - impact 
on future treatment strategies ” Nat . Rev . Clin . Oncol . 7 , 493 - 507 
( 2010 ) . 
Whitney , M . et al . , “ Parallel in Vivo and in Vitro Selection Using 
Phage Display Identifies Protease - dependent Tumor - targeting Peptides , " 
The Journal of Biological Chemistry , Jul . 16 , 2010 , vol . 285 , No . 29 , 
pp . 22532 - 22541 . 

Wieder et al . “ Incidence , etiology , location , prevention and treat 
ment of positive surgical margins after radical prostatectomy for 
prostate cancer ” The Journal of Urology , vol . 160 , No . 2 , pp . 
299 - 315 ( 1998 ) . 
Willis et al . “ Extracellular matrix determinants and the regulation of 
cancer cell invasion stratagems ” Journal of Microscopy , vol . 251 , 
pp . 250 - 260 ( 2013 ) . 
Wittekindt et al . “ Expression of matrix metalloproteinase - 9 ( MMP 
9 ) and blood vessel density in laryngeal squamous cell carcinomas ” 
Acta Oto - Laryngologica , vol . 131 , Issue 1 , pp . 101 - 106 ( 2011 ) . 
Xu , W . et al . , “ RGD - conjugated gold nanorods induce Radiosensitiza 
tion in melanoma cancer cells by down regulating avß3 expres 
sion , ” International Journal of Nanomedicine , 2012 , vol . 7 , pp . 
915 - 924 . 
Zanesi et al . “ The tumor spectrum in FHIT - deficient mice ” PNAS , 
vol . 98 , pp . 10250 - 10255 ( 2001 ) . 
Zhang et al . “ Preparation of Functionally Active Cell - Permeable 
Peptides by Single - Step Ligation of Two Peptide Modules ” PNAS , 
vol . 95 , pp . 9184 - 9189 ( 1998 ) . 
Zhou et al . “ Immunoexpression of matrix metalloproteinase - 2 and 
matrix metalloproteinase - 9 in the metastasis of squamous cell 
carcinoma of the human tongue ” Australian Dental Journal , vol . 55 , 
pp . 385 - 389 ( 2010 ) . 
Zhu , L . et al . , “ Dual - Functional , Receptor - Targeted Fluorogenic 
Probe for In Vivo Imaging of Extracellular Protease Expressions , " 
Bioconjugate Chemistry , Jun . 15 , 2011 , vol . 22 , No . 6 , pp . 1001 
1005 . 
Znati , C . et al . , “ Effect of Radiation on Interstitual Fluid Pressure 
and Oxygenation in a Human Tumor Xenograft , ” Cancer Research , 
Mar . 1 , 1996 , vol . 56 , pp . 964 - 968 . 

* cited by examiner 



atent Aug . 20 , 2019 Sheet 1 of 75 US 10 , 385 , 380 B2 

Figure 1 

Ratiometric ACPP sensitive to 
MMP - 2 / - 9 

Ratiometric ACPP sensitive to 
elastase 

consigo št { bloxoxoplo : 



atent Aug . 20 , 2019 Sheet 2 of 75 US 10 , 385 , 380 B2 

Figure 2A 

SU?wpads OSNH VECny ui paseadout Sy vossadxa dWW 

ANA Expression 
L 

YOMN . W OWN IN VIUNX Eclyn 24W € 91MX4ichen Dick 



U . S . Patent Aug . 20 , 2019 Sheet 3 of 75 US 10 , 385 , 380 B2 

Figure 2B LO 

B MMP expression higher in HPV - specimens 

Raw ww . m . m 

jossadu YNU immmmmmmmmmmmmmmmmmmmmmm m w . most 

MMPYAMMER MMP2 MMPIO MMP3 WMP13 MMP 17 MMP16 MMPA 



U . S . Patent Aug . 20 , 2019 Sheet 4 of 75 US 10 , 385 , 380 B2 

Figure 20 

Increased MMP - 2 expression negatively impacts survival of HPV4 patients 

Survival Survival Hei 

w Lowest 25 % ( n = 65 ) 
* Middle 50 % ( n = 193 ) 
Highest 25 % ( nm65 ) 

www . Lowest 25 % ( n = 11 ) 
w * Middle 50 % ( n 29 ) 

P < . 01 - Highest 25 % ( n - 11 ) 
? ?????? ???? ?????????? 

Years Years 



atent Aug . 20 , 2019 Sheet 5 of 75 US 10 , 385 , 380 B2 

Figure 2D 

D Increased MMP - 14 expression negatively impacts survival of HPV + patients 

Survival Survival 
w 

- 06 
* Lowest 25 % ( n65 ) 
Middle 50 % ( n = 193 ) 
Highest 25 % ( n 65 ) 

wengi 
Years 

w Lowest 25 % ( n = 11 ) 
w Middle 50 % ( 1729 ) 

P < . 01 ec Highest 25 % ( n - 11 ) 
Vivo 2 3 4 

Years 
Wewe ni 1 5 



U . S . Patent Aug . 20 , 2019 Sheet 6 of 75 US 10 , 385 , 380 B2 

Figure 3 

aghalo contrast ) . 99 
Ex - vivo RACPP Assay of HNSCC 

22222222222222222 



atent Aug . 20 , 2019 Sheet 7 of 75 US 10 , 385 , 380 B2 

Figure 4 

XX 

Fluorescence ratio in tumor ve normal tongue 

WHY Y11 
. . . . . 
: . . : . . . : 



wwwwwwwwwwwwwww 

. 

K X2 W : . : : . : . : : . : . : . : . : . : . : . : . : . : . : . . : . : : : * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 . , ' : ' : : . . . . . . . . . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Figure 5 

US 10 , 385 , 380 B2 Sheet 8 of 75 Aug . 20 , 2019 U . S . Patent 



atent Aug . 20 , 2019 Sheet 9 of 75 US 10 , 385 , 380 B2 

Figure 6 

MMP14 selective 
RSHP ( Hfe ) TLY ( SEQ ID NO : 19 ) 
RSHG ( Hfe ) FLY ( SEQ ID NO : 20 ) 

SNPYK - Y ( SEQ ID NO : 21 ) 
SNPKG - Y ( SEQ ID NO : 22 ) 
SNPYG - Y ( SEQ ID NO : 23 ) 

CathepsinK 
KLRFSKQ ( SEQ ID NO : 27 ) 

MMP2 
TLSE - LH ( SEQ ID NO : 24 ) 
TIAHLA ( SEQ ID NO : 25 ) 



U . S . Patent Aug . 20 , 2019 Sheet 10 of 75 US 10 , 385 , 380 B2 

Figure 7 

MMP2 selective MMP selective 

ando 

mannsst 515nm / 680nm * * * * * * * 

* * * * 

* 

8 pangang magaganggungngangampanggangan a kulututnaniminintulutmananding 8 tuanananinantutininanananananang 

FAM - e9 - OPEG ( 6 ) - SG ( substrate ) - 19 - ( D - cys ) - NH2 

te 



U . S . Patent Aug . 20 , 2019 Sheet 11 of 75 US 10 , 385 , 380 B2 

Figure 8A 

1 PLGmet?AG - MMP2 , 9 , 14 
2 TLSELH - MMP - 2 selective 
3 TIAHLA - MMP2 selective 
4 CATK - KLRFSKQ 
5 Cit - MMP14 selective 
6 RSHG ( Hfe ) FLY - MMP14 selective 
7 RSHP ( Hfe ) TLY - MMP14 selective 
8 PLGLEEA - MMP12 selective 
9 SNPYKY - MMP - 9 selective 

MMPsubstrates cut with MMP9 

- PLG 
. . . . . . TIS 

Caik 
. . . . . . cit 

majkuma RSHG 
- - - - - - RSHP 
. . . . . TA 

. . . . . . . . ARG 
. . . . . . . EEA 

. YGY 

0 15 30 45 60 75 90 105 120 135 150 165 180 205 



U . S . Patent Aug . 20 , 2019 Sheet 12 of 75 US 10 , 385 , 380 B2 

Figure 8B 

1 PLGmet?AG - MMP2 , 9 , 14 
2 TLSELH - MMP - 2 selective 
3 TIAHLA - MMP2 selective 
4 CATK - KLRFSKQ 
5 Cit - MMP14 selective 
6 RSHG ( Hfe ) FLY - MMP14 selective 
7 RSHP ( Hfe ) TLY - MMP14 selective 
8 PLGLEEA - MMP12 selective 
9 SNPYKY - MMP - 9 selective 

MMP substrates cut with MMP2 

por PLG 
- - - - TLS 

Catk 
sagsins . cit 

com RSHG 
mi km RSHPI 
- - . . . TRA 
maw . ARG 
- . . . . LEEA 

YGY 

* * * * * * * * 

* * * * * * * * * * 

0 15 30 45 60 75 90 105 120 135 150 165 180 205 



U . S . Patent Aug . 20 , 2019 Sheet 13 of 75 US 10 , 385 , 380 B2 

Figure 8C 

1 PLGmet?AG - MMP2 , 9 , 14 
2 TLSELH - MMP - 2 selective 
3 TIAHLA - MMP2 selective 
4 CATK - KLRFSKQ 
5 Cit - MMP14 selective 
6 RSHG ( Hfe ) FLY - MMP14 selective 
7 RSHP ( Hfe ) TLY - MMP14 selective 
8 PLGLEEA - MMP12 selective 
9 SNPYKY - MMP - 9 selective 

MMP substrates Cut with MMP14 ( 10M substrate / 50nM enzyme } 

- - - - PLG 

. . . TLS 
Catk 
cit 

- - - * - - RSHG 22222222222 - - - - - - RSHP 
. . . TA 
m ARG 

* * LEEA 
. . YGY * * 

* * 

û 15 30 45 60 75 90 105 120 35 150 165 180 205 



U . S . Patent Aug . 20 , 2019 Sheet 14 of 75 US 10 , 385 , 380 B2 

Figure 9 

Panc2 supernatant no radiation 2 TL 
LK 11 

PLG 

RSHG 

RSHG 
LEEA 

. . . . . ? 

0 15 30 45 60 75 90 105 120135 150 165 180 

A Witho 

pe 

0 15 30 $ 5 80 75 90 105 120 125 150 165 160 



U . S . Patent Aug . 20 , 2019 Sheet 15 of 75 US 10 , 385 , 380 B2 

Figure 10A 

SNPYK - Y 

Uncut 
* * * MMP - 2 

- MMP - 9 

men 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 



U . S . Patent Aug . 20 , 2019 Sheet 16 of 75 US 10 , 385 , 380 B2 

Figure 10B 

SNPKG - Y 

MMP - 9 
- MMP - 2 

we Uncut 

- - - - - - - - - - - - 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 



U . S . Patent Aug . 20 , 2019 Sheet 17 of 75 US 10 , 385 , 380 B2 

Figure 10C 

SNPYG - Y 

MMP - 9 
MMP - 2 

www Uncut 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 



U . S . Patent Aug . 20 , 2019 Sheet 18 of 75 US 10 , 385 , 380 B2 

Figure 10D 

SNPFKY 

* MMP - 9 
. . . 

MMP - 2 
* * * iiii * * * 

w Uncut - - - - - - - - - - - - - - - - - - - - - - - 

- - - - 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
- . - . - . - . - . - . - . - . - . - . - . - . - . - . - . - . - . - . - . - . - . - , - , - , - , - , - , - , - , - , - , - , - , - , - . - . - . - . - . - . - . . - . - . - . - . - . - . - . - . - . - . - . 



U . S . Patent Aug . 20 , 2019 Sheet 19 of 75 US 10 , 385 , 380 B2 

Figure 114 1 

MMP2 selective substrates 
MMP2 - 1 - - FAM - e9 - dPEG ( 6 ) - SGTLAH - LHTA - 49 - ( D - cys ) - NH2 
MMP2 - 2 = FAM - e9 - dPEG ( 6 ) - SGTLSE - LHTA - 19 - ( D - cys ) - NH2 
MMP2 - 3 = FAM - e9 - dPEG ( 6 ) - SGTISH - LHTA - - 9 - ( D - Cys ) - NH2 
MMP2 - 4 - FAM - e9 - DPEG ( 6 ) - SGTLSH - LHTA - 19 - ( D - cys ) - NH2 
MMP2 - 5 = FAM - e9 - dPEG ( 6 ) - SGTIAH - FHTA - 19 - ( D - Cys ) - NH2 

VOLANVULAN 

5 fold 

520nm / 670nm 
77 . 17 . 777777777777777777777777777777777777777777777777777777777777777777777777777777777777778 

* * * * * 

Original - TIAH - LH ( SEQ ID NO : 25 ) 2012 
( SEO ID NO : 25 ) 



U . S . Patent Aug . 20 , 2019 Sheet 20 of 75 US 10 , 385 , 380 B2 

Panas hold 

MMP2 selective substrates 
MMP2 - 1 = FAM - e9 - dPEG ( 6 ) - SGTLAH - LHTA - 59 - ( 0 - cys ) - NH2 
MMP2 - 2 = FAM - e9 - OPEG ( 6 ) - SGTLSE - LHTA - - 9 - D - cys ) - NH2 
MMP2 - 3 = FAM - 69 - OPEG ( 6 ) - SGTISH - LHTA - - 9 - D - cys ) - NH2 
MMP2 - 4 = FAM - 09 - 0PEG ( 6 ) - SGTLSH - LHTA - 19 - ( D - Cys ) - NH2 
MMP2 - 5 = FAM - e9 - OPEG ( 6 ) - SGTIAH - FHTA - 19 - ( D - cys ) - NH2 

Y " . 

520nm / 670nm 232 

TLAH - LH ( SEQ ID NO : 723 ( SEQ D NO : 72 ) 



U . S . Patent Aug . 20 , 2019 Sheet 21 of 75 US 10 , 385 , 380 B2 

and Nossa KOKTERÉ 

MMP2 selective substrates 
MMP2 - 1 = FAM - e9 - PEG ( 6 ) - SGTLAH - LHTA - 19 - ( 0 - cys ) - NH2 
MMP2 - 2 = FAM - e9 - dPEG ( 6 ) - SGTLSE - LHTA - - 9 - ( D - CYS ! - NH2 
MMP2 - 3 = FAM - 69 - dPEG ( 6 ) - SGTISH - LHTA - - 9 - ( 0 - Cys ) - NH2 
MMP2 - 4 = FAM - 69 - PEG ( 6 ) - SGTLSH - LHTA - 9 - ( 0 - Cys - NH2 
MMP2 - 5 = FAM - 69 - OPEG ( 6 ) - SGTIAH - FHTA - 19 - D - CYS ) - NHZ 

- - - - - - - - - - - - - - - - - 20 fold * * 

520nm / 670nm 

TLSE - LH ( SEQ ID NO : 24 ) ( SEQ D NO : 24 ) 



U . S . Patent Aug . 20 , 2019 Sheet 22 of 75 US 10 , 385 , 380 B2 

+ 

On 

MMP2 selective substrates 
MMP2 - 1 = FAM - e9 - dPEG [ 6 ) - SGTLAH - LHTA - - 9 - ( D - CVS ) - NH2 
MMP2 - 2 = FAM - e9 - dPEG ( 6 ) - SGTLSE - LHTA - - 9 - ( 0 - cys ) - NH2 
MMP2 - 3 = FAM - e9 - dPEG ( 6 ) - SGTISH - LHTA - 19 - ( D - cys ) - NH2 
MMP2 - 4 - FAM - e9 - dPEG [ 6 - SGTLSH - LHTA - 19 - ( D - cys - NH2 
MMP2 - 5 = FAM - 29 - dPEG [ 6 ) - SGTIAH - FHTA - 19 - D - cys ) - NH2 

520nm / 670nm 

TISH - LH ( SEQ ID NO : 73 ) 
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nastante 

MMP2 selective substrates 
MMP2 - 1 = FAM - e9 - dPEG ( 6 ) - SGTLAH - LHTA - 19 - ( D - cys ) - NH2 
MMP2 - 2 = FAM - e9 - dPEG ( 6 ) - SGTLSE - LHTA - 99 - ( D - Cys ) - NH2 
MMP2 - 3 = FAM - e9 - dPEG ( 6 ) - SGTISH - LHTA - 79 - ( D - cys ) - NH2 
MMP2 - 4 = FAM - e9 - dPEG ( 6 ) - SGTLSH - LHTA - 19 - ( D - cys ) - NH2 
MMP2 - 5 = FAM - e9 - dPEG ( 6 ) - SGTIAH - FHTA - 19 - ( D - Cys ) - NH2 

wa mitano XT92 520nm / 670nm 
/ 

TLSH - LH ( SEQ ID NO : 74 ) D 
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Figure 11F 

MMP2 selective substrates 
MMP2 - 1 = FAM - e9 - dPEG ( 6 ) - SGTLAH - LHTA - 19 - ( D - Cys ) - NH2 
MMP2 - 2 = FAM - e9 - dPEG ( 6 ) - SGTLSE - LHTA - 19 - ( D - Cys ) - NH2 
MMP2 - 3 = FAM - e9 - dPEG ( 6 ) - SGTISH - LHTA - 19 - ( D - cys ) - NH2 
MMP2 - 4 - - FAM - e9 - dPEG ( 6 ) - SGTLSH - LHTA - 19 - ( D - cys ) - NH2 
MMP2 - 5FAM - e9 - dPEG ( 6 ) - SGTIAH - FHTA - 19 - ( D - cys ) - NH2 

t 
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wo Figure 12 

FAM - e9 - OPEG ( 6 - XXXXXX - 19 - ( D - cys ) - NH2 - general fomat 
CATK consensus 
substitutions ( SEQ ID NO : 76 ) ( SEQ ID NO : 77 ) ( SEQ ID NO : 78 ) ( SEQ ID NO : 27 ) 

KPACSKQ KKPdska HPdGPQ KLAFSKQ Nezir LQ ( SEQ ID NO : 79 ) 
Uncleaved 

thrombin NO onzyme CAK thrombin NO enzyme thrombin NQ enzyme thrombin NO enzyme thrombin NO enzyme 

1000M enzyme 

2 hours 
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Figure 13A 

1 - KPRGSKO 
( good thrombin ) 

Thrombin 

Em520 / Em670 . . . 
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Figure 13B 

KLRFSKO 14 fold 
* Good Catk * 

Thrombin 
Cathepsink 

Em520 / Em670 
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Figure 13C 

2 = KKPGSKO 
. . . . . . . . . . . . . . . . . . . 

Thrombin 

Em520 / Em670 
< 2 . 1 fold 
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Figure 13D 

HPGGPQ 

Thrombin 

Em520 / Em670 
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< 1 . 4 fold 
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Figure 13E 

ww 5 - NleTLRSLO 
( Good thrombin ) 

Thrombin - - - - - - - - - 

Em520 / Em670 No enzyme 
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Figure 14C 

Original - R - S - cit - G - Hfe - YLY 
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Figure 14D 
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Figure 15 

PLGC ( Me AG ( MMP29 ) + 

PEG12 
Cy7 - NH2 - 69 - Cys - O - RS - Qit ) - G - ( homof } 

YLY - 19 - C ( Oyo ) - CONH2 

RS - cit - G - homof » YLY ( MT1 - MMP ) 
. . . . . . . . . . . . . . . . , 

; 

. ' . ' . . ' . 

- - . . . - - - 
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Figure 16 

2 Skin off images for Cal - 27 tumors 2 
hrs post 10nmole injection 

MT1 - MMP " Cit " PLG 0 - RSHP ( Hfe ) YLY . 

Ai branched peg 12 versions with " Oºn terminal to cleavage site 
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Figure 17B 

Peg6 or Peg12 
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( SEQ ID NO : 81 ) 3 ) SG - SNPYK - Y - TA ( SEQ ID NO : 82 ) 4 ) SG - SNPYG - Y - TA 5 ) Nle TPRSFL 
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Figure 18B 

New PLGC ( met ) AG ( backbone peg12 ) - 

Thrombin 
sonjarnos no Enzyme . . . . . . 
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Figure 18C 

Nle - TPRSFL ( Original branched ) 
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Figure 18D 
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Figure 19 

Cark ( backbone pegs ] We TPRSFL ( Original branched ) 
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Figure 20A 

Cy5 / Cy7 PLGC ( met : AG ( SEQ ID NO : 2 ) 
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Figure 20B 

www gmaneno man 

OL 

MMP2 selective 
TIAHLA 



U . S . Patent Aug . 20 , 2019 Sheet 46 of 75 US 10 , 385 , 380 B2 

Figure 20C 
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Figure 21 

MXP - 2 Cleavage site 

FAM - 99 - 0 - MS - CA - GEYLY - F9 - amide 

* P ( C ) GLAG : - D amis o u ou 
Homo - phenyl - alanine 
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Figure 22 

( SEO ID NO : 4 ) 
TS 

. . 

and M11 - MMP , 

* 

No subsunition 
R $ { C - G - 30WoF - LY ( SEQ ID NO : 4 ) 

Single substitution ( Q tos cit ) 

RS - O - G - ( LomoF ) - YLY Curuline Deso traportant ( SEQ ID NO : 83 ) 

Single substitution F for homof 
RS - ( Cit ) - G - F - YLY 

Double substitution F for homoF and ( Q for cin ) 
RSG - - XL ( SEQ ID NO : 85 ) 

( 10uM peptide , 10nM enzyme ) 
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Figure 23 

( SEQ ID NO : 4 ) 
Cleavage of derivatives of RS - ( Cit ) - G - { homo ) - YLY cut with with MMP - 2 , MMP - 9 

DC Shr 1 2 4 Shri 2 Shri 24 

RS - ( CIO ) - G - LAO ( se clonya Dancing Woman killed activity ( SEQ ID NO : 86 ) 

Cleaved 
RF - C - G - 1 ( loss of selectivity ) addiagPatP3 wake ita decent MMP - substrate ( SEQ ID NO : 87 ) 

different 

( 100M peptide , 10nM enzyme ) RS - L - G - LG ( Redeced clexrage ) 
( SEQ D NO : 88 ) 
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Figure 24 

( SEQ ID NO : 4 ) 
YYYY 

NYX e Clearase o dereito aos of BS in domo en el FA 11 . 

( SEQ ID NO : 84 ) ( SEQ ID NO : 83 ) ( SEQ ID NO : 85 ) 

* * * * * * * * * * * * * * * * * Kombinatio 

( SEQ ID NO : 86 ) ( SEQ ID NO : 87 ) ( SEQ ID NO : 88 ) 
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Figure 25 

. Dye - ruuwwwwwwwww O - R - S - cit - G - Hie - YLY - - - - 9 - dye - acetyi t . . 
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Figure 26 

MMP2 / 9 / 14 ceavage of FAM - e9 - 0PEG ( 6 ) - SG - XXXXXX - TA - 19 - ( D - cys ) - NH2 peptides 
( SEQ ID NO : 89 ) ( SEQ ID NO : 90 ) ( SEQ ID NO : 20 ) 

UC NTI MMPG MMP ? vo WTI MIMPI MUP2 UC M1 MMP , MMP2 

UC NI MMPG UMF2 UC NTI WAPI MP2 isso M9 MM UC 
14 : 

Previous best 

O - R - S - M - P - Hfe - TLY O - RALPHfe - TLY R - S - cit - G - Hfe - YLY 
( SEQ ID NO : 19 ) ( SEO D NO : 91 ) 

( SEQ D NO : 38 ) 
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Figure 27 

Predicted / 
Observed 

( 2hours / 2uM peptide 50nM enzyme 
FAM - e9 - dPEG ( 6 ) - SG - XXXXXX - TA - r9 - ( D - cys ) - NH2 

( SEQ ID NO : 92 ) ( SEQ ID NO : 93 ) ( SEQ ID NO : 94 ) 
YIPLV - YIMMP - 9 SNPFK - YIMMP - 9 ? 
Result MMP - 2 Result 2 and 9 

WMP2 UC MTI MMP MAP9 AMP2 UC MTI NIMPO MPZ UC MTU MMPS NMP2 

UC VTI MMPI MMP2 UC MTU MMPA MIP2 UC MT MUPO MMPZ 

Previous Best substrate 

PLGC { me AG Predicted 
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( SEQ ID NO : 95 ) ( SEQ D NO : 38 ) ( SEQ ID NO : 2 ) 
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Figure 28C 
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Figure 28D 
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Figure 294 

WMP expression is increased in burnan HNSCC specimens 

¿ cu RNA Expression 
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Figure 29B 

MMP expression higher in HPV - specimens 
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Figure 29C 

Increased MMP - 7 expression negatively impacts survival of HPV + patients 
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Figure 29D 

tricreased MMP - 14 expression negatively impacts survival of HPV + patients 
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Figure 30 
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LI Figure 31 
. 22 we OX tumor tumor 
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Fluorescence ratio in tumor vs . normal tongue 
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Figure 32 
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Figure 33 
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Figure 36 
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PERSONALIZED PROTEASE ASSAY TO tant MTS are rich in amino acids such as arginine with 
MEASURE PROTEASE ACTIVITY IN positively charged side chains . Molecules transported into 

NEOPLASMS cell by such cationic peptides may be termed “ cargo ” and 
may be reversibly or irreversibly linked to the cationic 

CROSS REFERENCE TO RELATED 5 peptides . An example of a reversible linkage is found in 
APPLICATIONS Zhang et al . , P . N . A . S . 95 : 9184 - 9189 ( 1994 ) ) . 

MTS molecules are discussed in , for example , Wender et 
This application claims priority to US Provisional Appli . al . , P . N . A . S . 97 : 13003 - 13008 ( 2000 ) ; Hallbrink et al . , Bio 

cation No . 62 / 059 . 081 . filed on Oct . 2 . 2014 . and which is chim . Biophys . Acta 1515 : 101 - 109 ( 2001 ) ; Derossi et al . , 
incorporated by reference herein in its entirety for all pur - 1 tirety for all pur - 10 Trends in Cell Biology 8 : 84 - 87 ( 1998 ) ; Rothbard et al . , J . 
poses . Med . Chem . 45 : 3612 - 3618 ( 2002 ) ; Rothbard et al . , Nature 

Medicine 6 ( 11 ) : 1253 - 1247 ( 2000 ) ; Wadia et al . , Curr . Opin 
STATEMENT OF FEDERALLY - SPONSORED ion Biotech . 13 : 52 - 56 ( 2002 ) ; Futaki et al . , Bioconj . Chem . 

RESEARCH 12 : 1005 - 1011 ( 2001 ) ; Rothbard et al . , U . S . Pat . No . 6 , 306 , 
15 993 ; Frankel et al . , U . S . Pat . No . 6 , 316 , 003 ; Rothbard et al . , 

This work was supported in part by grants from the U . S . Pat . No . 6 , 495 , 663 ; Monahan et al . , U . S . Pat . No . 
Howard Hughes Medical Institute , the Department of 6 , 630 , 351 and Jiang et al . , WO 2005 / 042034 . 
Defense ( W81XWH - 09 - 1 - 0699 ) , National Cancer Institute Cancer Surgery 
( CA158448 - 01 and P50 CA 097007 - DRP ) , NIBIB ( K08 In cancer surgery , positive margins , defined as tumor cells 
EB008122 - 01 ) , and Burroughs Wellcome Fund . The gov - 20 present at the cut edge of the surgical specimen , have been 
ernment has certain rights in this invention . associated with increased local recurrence and a poor prog 

nosis ( Hague R . , et al . , BMC Ear Nose Throat Disord . 16 : 2 
FIELD OF THE INVENTION ( 2006 ) ) . As in most solid tumors , salvage surgery ( i . e . , 

re - excision of the positive margin ) or adjuvant chemo 
This invention pertains to methods and composition that 25 therapy and / or radiation not only cause extra trauma and 

find use in diagnostic , prognostic and characterization of expense but also often fail to remediate the poor outcome 
neoplasia samples based on the ability of a neoplasia sample ( Hague R . , et al . , BMC Ear Nose Throat Disord . 16 : 2 
to cleave a MTS molecule of the present invention . ( 2006 ) ; Singletary S . Am . J . Surg . 184 : 383 - 393 ( 2002 ) ; 

Meric F . , et al . , Cancer 97 : 926 - 933 ( 2003 ) ; Snijder R . , et al . , 
BACKGROUND OF THE INVENTION 30 Annals of Thoracic Surg . 65 ( 1998 ) ; Nagtegaal I D , Quirke 

P . , J . Clin . On . 26 : 303 - 312 ( 2008 ) ; Dotan Z , et al . , J . Urol . 
Introduction 178 : 2308 - 2312 ( 2007 ) ; and Wieder J . A . , J . Urol . 160 : 299 

315 ( 1998 ) ) . 
Cell membranes delimit the outer boundaries of cells , and The reason for this observation is likely multifactorial and 

regulate transport into and out of the cell interior . Made 35 related in part to the difficulty in identifying the residual 
primarily of lipids and proteins , they provide a hydrophilic cancer during repeat surgery . Therefore , development of 
surface enclosing a hydrophobic interior across which mate more sensitive imaging and diagnostic assays for more 
rials must pass before entering a cell . Although many small , accurate detection of positive surgical margins during the 
lipophilic compounds are able to cross cell membranes primary operation would be one of the most effective means 
passively , most compounds , particles and materials must 40 to minimize patient suffering and expense and to improve 
rely on active mechanisms in order to gain entry into a living survival . 

Role of MMPs in Cancer 
Transmembrane Transport MMPs play crucial roles in cancer invasion and metas 

Regulation of transport into and out of a cell is vital for tasis ( Bauvois B . et al . Biochim Biophys Acta . 1825 : 29 - 36 
its continued viability . For example , cell membranes contain 45 ( 2012 ) ) are overexpressed malignant tumors and their 
ion channels , pumps , and exchangers capable of facilitating expression / activity is associated with \ poor patient progno 
the transmembrane passage of many important substances . sis . Increased MMP expression has been shown to correlate 
However , transmembrane transport is selective : in addition with cancer grade ( Wittekindt C . , et al . Acta Otolaryngol . 
to facilitating the entry of desired substances into a cell , and 131 : 101 - 106 ( 2011 ) ) and decreased survival ( Liu W . W . , et 
facilitating the exit of others , a major role of a cell mem - 50 al . Otolaryngol Head Neck Surg . 132 : 395 - 400 ( 2005 ) and 
brane is to prevent uncontrolled entry of substances into the Mallis A . , et al . , Eur Arch Otorhinolaryngol . 269 : 639 - 642 
cell interior . This barrier function of the cell membrane ( 2012 ) ) . In carcinoma of the tongue , increased MMP expres 
makes difficult the delivery of markers , drugs , nucleic acids , sion has been shown to correlate with incidence of lymph 
and other exogenous material into cells . node metastases ( Zhou , C . X . , et al . , Aust Dent J . 55 : 385 
Over the last decade , peptide sequences that can readily 55 389 ( 2010 ) ) . 

enter a cell have been identified . For example , the Tat Heterogeneity / Specificity 
protein of the human immunodeficiency virus 1 ( HIV - 1 ) is Although increased MMP expression has been shown to 
able to enter cells from the extracellular environment ( e . g . , correlate with increased cancer grade and stage and 
Fawell et al . P . N . A . S . 91 : 664 - 668 ( 1994 ) ) . Such uptake is decreased survival ( Wang W L , et al . , Mol Carcinog . 2012 
reviewed in , for example , Richard et al . , J . Biol . Chem . 60 and P . O . C . , Arch Otolaryngol Head Neck Surg . 127 : 813 
278 ( 1 ) : 585 - 590 ( 2003 ) . 820 ( 2001 ) ) , there is significant heterogeneity that exists 

Such molecules that are readily taken into cells may also between patients in terms of absolute MMP levels ( Wang W 
be used to carry other molecules into cells along with them . L , et al . , Mol Carcinog . 2012 ) . This invention describes a 
Molecules that are capable of facilitating transport of sub - method to address this heterogeneity and evaluate the clini 
stances into cells have been termed " membrane transloca - 65 cal utility of ACPPs in cancers from multiple body sites 
tion signals " ( MTS ) as described in Tung et al . , Advanced using an ex - vivo screening assay to determine MMP activity 
Drug Delivery Reviews 55 : 281 - 294 ( 2003 ) . The most impor - for individual human cell line derived and surgical tumor 

cell . 
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samples . MMP activity can also be elevated at some sites of detecting a change in said detectable moiety C , wherein said 
nonmalignant inflammation , such as skin lacerations and change in C is indicative of cleavage and said cleavage is 
atherosclerotic plaques ( Olson E . S . , et al . , Integr Biol indicative of the presence of one or more protease activities 
( Camb ) . ( 2012 ) ) , but these are anatomically remote from in said neoplasia . 
and easily distinguished intraoperatively from tumor mar - 5 In some embodiments , the present invention provides an 
gins and potentially metastatic lymph nodes . In our experi - ex vivo method of determining a treatment regimen based on 
ence , such other sites of MMP activity are unlikely to the protease profile of a neoplasia sample , comprising a ) 
confuse any experienced clinician , just as the enormous 18F combining ex vivo said neoplasia sample from a subject 
signal in normal brain , heart , and bladder during [ 18F1 - FDG with a molecule of the structure A - X - B - C , wherein B is a 
PET scans does not prevent the usefulness of such imaging 10 peptide portion of about 5 to about 20 basic amino acid 
in locating tumors and metastases with high glucose utili residues , which is suitable for cellular uptake , A is a peptide 
zation . Because of the concern that MMP expression is also portion of about 2 to about 20 acidic amino acid residues , 
increased in inflammation / wound healing , part of the study which when linked with portion B is effective to inhibit or 
is to evaluate the threshold of MTS ( activatable cell pen - prevent cellular uptake of portion B , and X is a cleavable 
etrating peptides ; ACPP ) uptake that can reliably distinguish 15 linker of about 2 to about 100 atoms joining A with B , where 
cancer from non - cancer tissue . Besides MMPs which were X is cleavable under physiological conditions and C is a 
the focus of initial studies , MTS have been developed the detectable moiety ; and b ) detecting cleavage of A - X - B - C by 
target other proteases that have been proposed to be involved detecting a change in detectable moiety C , wherein said 
in cancer including , elastases , thrombin , plasmin , legumain , change in C is indicative of cleavage and said cleavage is 
cathepsins . 20 indicative of the presence of one or more protease activities 

All patents and publications , both supra and infra , are and wherein the presence and / or absence of one or more 
hereby incorporated by reference in their entirety . protease activities allows for determining a medical treat 

As the field of molecularly targeting fluorescent markers ment regimen . 
for early cancer detection and intraoperative margin evalu - In some embodiments , the medical regimen is a surgical 
ation progresses and more enzymatically activatable probes 25 regimen . 
( Jiang T . , et al . Proc Natl Acad Sci USA . 101 : 17867 - 17872 In some embodiments , the protease activity is indicative 
( 2004 ) ; Aguilera T . A . , et al . , Integr . Biol . 1 : 371 - 381 ( 2009 ) ; of neoplasia . In some embodiments , the protease activity is 
Olson E . S . , et al . , Integr Biol ( Camb ) . 1 : 382 - 393 ( 2009 ) ; indicative of metastasis . 
Olson E . S . , et al . , Proc Natl Acad Sci USA . 107 : 4311 - 4316 In some embodiments , C is a fluorescent detectable moi 
( 2010 ) ; Nguyen Q . T . , Proc Natl Acad Sci USA . 107 : 4317 - 30 ety . 
4322 ( 2010 ) ; Blum G . , et al . , Nat Chem Biol . 3 : 668 - 677 In some embodiments , C comprises a FRET pair . 
( 2007 ) ; Gounaris E . , et al . , PLoS One . 3 : e2916 ( 2008 ) ; In some embodiments , the molecule of the invention 
Bremer C . , et al . , Invest Radiol . 40 : 321 - 327 ( 2005 ) ) are further comprises a Q moiety , wherein when said Q moiety 
becoming available for clinical use , methods such as a is present , said molecule has the structure Q - A - X - B - C . 
personalized protease assay ( PePA ) would be useful in a 35 In some embodiments , the method of any of the preceding 
variety of diagnostic and prognostic applications . claims wherein C and Q comprise a FRET pair . In some 
As such , there remains a need in the art for additional embodiments , the FRET pair is selected from the group 

diagnosis , prognosis and characterization , including devel - consisting of CFP : YFP ; Cy5 : Cy7 ; FITC : TRITC ; Cy3 : Cy5 ; 
opment personalized protease assays , useful in both in vivo EGFP : Cy3 ; EGFP : YFP ; 6 - FAM : LC Red 640 or Alexa Fluor 
and ex vivo applications . Such methods would allow for the 40 546 ; fluorescein tetramethylrhodamine ; IAEDANS : fluores 
development of better and more personalized treatment cein ; EDANS : Dabcyl ; fluorescein : fluorescein ; BODIPY 
regimens . The present invention meets these needs and FL : BODIPY FL ; and fluorescein : QSY 7 and QSY 9 . 
provides methods for ex vivo diagnosis , prognosis and In some embodiments , cleavage of A - X - B - C is detected 
characterization of tumors which can find use in a variety of by FRET . 
personalized medicine applications . 45 In some embodiments , cleavage of Q - A - X - B - C is 

detected by FRET . 
SUMMARY OF THE INVENTION In some embodiments , the peptide portion A comprises 

about 5 to about 9 glutamates or aspartates . In some embodi 
Methods of use and compositions comprising MTS mol - ments , the peptide portion A comprises about 5 to about 9 

ecules are disclosed . MTS molecules having features of the 50 consecutive glutamates or aspartates . In some embodiments , 
invention include peptide portions linked by a cleavable the peptide portion B comprises about 9 to about 16 argin 
linker portion which may be a peptide . The inventors have ines . In some embodiments , the peptide portion B comprises 
found that these MTS molecules can find use in diagnostic , about 9 to about 16 consecutive arginines . 
prognostic and characterization assays . In some embodiments , the peptide portion A comprises 

In some embodiments , the present invention provides an 55 D - amino acids . In some embodiments , the peptide portion B 
ex vivo method for detecting the presence of one or more comprises D - amino acids . In some embodiments , the pep 
protease activities in a neoplasia sample comprising a ) tide portion A consists of D - amino acids . In some embodi 
combining ex vivo said neoplasia sample from a subject ments , the peptide portion B consists of D - amino acids . In 
with a molecule of the structure A - X - B - C , wherein B is a some embodiments , the peptide portions A and B consists of 
peptide portion of about 5 to about 20 basic amino acid 60 D - amino acids . 
residues , which is suitable for cellular uptake , A is a peptide In some embodiments , the cleavable linker X is a flexible 
portion of about 2 to about 20 acidic amino acid residues , linker . In some embodiments , the cleavable linker X is a 
which when linked with portion B is effective to inhibit or flexible linker about 6 to about 30 atoms in length . 
prevent cellular uptake of portion B , and X is a cleavable In some embodiments , the cleavable linker X is cleavable 
linker of about 2 to about 100 atoms joining A with B , where 65 in an acidic environment . 
X is cleavable under physiological conditions , and C is a In some embodiments , the cleavable linker X comprises 
detectable moiety ; and b ) detecting cleavage of A - X - B - C by a peptide linkage . 
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ns . 

In some embodiments , the cleavable linker X comprises 9 ) , RIGFLR ( SEQ ID NO : 10 ) , RLQLA ( acetyl ) L ( SEQ ID 
aminocaproic acid . NO : 11 ) , RLQLKL ( SEQ ID NO : 12 ) , DPRSFL ( SEQ ID 

In some embodiments , the cleavable linker X is config - NO : 13 ) , PPRSFL ( SEQ ID NO : 14 ) , Norleucine - TPRSFL 
ured for cleavage by an enzyme . In some embodiments , the ( SEQ ID NO : 15 ) , GVAY | SGA ( SEO ID NO : 16 ) , 
enzyme is selected from the group consisting of a matrix 5 YGRAAA ( SEO ID NO : 17 ) , YGPRNR ( SEO ID NO : 18 ) , 
metalloprotease , elastase , plasmin , thrombin , chymase , uro - RSHP ( Hfe ) TLY ( SEO ID NO : 19 ) , RSHG ( Hfe FLY ( SEO 
kinase - type plasminogen activator and tissue plasminogen ID NO : 20 ) , SNPYK - Y ( SEQ ID NO : 21 ) , SNPKG - Y ( SEQ activator . In some embodiments , the cleavable linker X ID NO : 22 ) , SNPYG - Y ( SEQ ID NO : 23 ) , TLSE - LH ( SEQ comprises an amino acid sequence selected from the group ID NO : 24 ) , TIAHLA ( SEQ ID NO : 25 ) , ( RLQLK ( acetyl ) L consisting of PLGLAG ( SEQ ID NO : 1 ) , PLGC ( met ) AG 10 ( SEQ ID NO : 26 ) , and KLRFSKQ ( SEQ ID NO : 27 ) . ( SEQ ID NO : 2 ) , EDDDDKA ( SEQ ID NO : 3 ) , RS - ( Cit ) 
G - ( homoF ) - YLY ( SEQ ID NO : 4 ) , CRPAHLRDSG ( SEQ BRIEF DESCRIPTION OF THE DRAWINGS ID NO : 5 ) , SLAYYTA ( SEQ ID NO : 6 ) , NISDLTAG ( SEQ 
ID NO : 7 ) , PPSSLRVT ( SEQ ID NO : 8 ) , SGESLSNLTA FIG . 1 describes that the ability to cleave RACPPs ( SEQ ID NO : 9 ) , RIGFLR ( SEQ ID NO : 10 ) , RLQLA 15 
( acetyl ) L ( SEQ ID NO : 11 ) , RLQLKL ( SEQ ID NO : 12 ) , ( radiometric MTSs ) to be assayed ex vivo on frozen tissue 
DPRSFL ( SEQ ID NO : 13 ) , PPRSFL ( SEQ ID NO : 14 ) , samples and may differentiate normal from tumor tissues . Y 
Norleucine - TPRSFL ( SEQ ID NO : 15 ) , GVAY | SGA ( SEQ axis indicates rates of change of Cy5 fluorescence ( arbitrary 
ID NO : 16 ) . YGRAAA ( SEO ID NO : 17 ) . YGPRNR ( SEO units ) over time following addition of MMP - and elastase 
ID NO : 18 ) , RSHP ( Hfe ) TLY ( SEO ID NO : 19 ) , RSHG ( Hfe ) 20 sensitive RACPPs to 100 mg homogenized fatty tissue from 
FLY ( SEQ ID NO : 20 ) , SNPYK - Y ( SEQ ID NO : 21 ) , mouse , normal human breast , two mouse breast cancer 
SNPKG - Y ( SEQ ID NO : 22 ) , SNPYG - Y ( SEQ ID NO : 23 ) , grafts ( 4T1 and 8119 ) , and several human head and neck 
TLSE - LH ( SEQ ID NO : 24 ) , TIAHLA ( SEQ ID NO : 25 ) , 
( RLQLK ( acetyl ) L ( SEQ ID NO : 26 ) , and KLRFSKQ ( SEQ FIG . 2A describes Higher MMP expression in tumors 
ID NO : 27 ) . 25 versus normal tissue in TCGA HNSCC . FIG . 2B HPV + 

In some embodiments , the cleavable linker X comprises tumors have lower MMP expression than HPV - tumors . 
a S - S linkage . FIG . 2C and FIG . 2D Higher MMP - 2 / MMP - 14 expres 

In some embodiments , the cleavable linker X comprises sion in HPV + tumors correlates with poorer prognosis . 
a transition metal complex , wherein said transition metal Abbreviations : MMP , matrix - metalloproteinase ; TCGA , the 
complex linker is cleaved when the metal is reduced . 30 Cancer Genomic Atlas ; HNSCC , head and neck squamous 

In some embodiments , the method comprises multiple cell carcinoma ; HPV , human papilloma virus . 
molecules of the structure A - X - B - C and wherein the cleav - FIG . 3 describes RACPP schematic showing ( A ) no 
able linker X comprises a plurality of cleavable linkers X . In tumor - contrast immediately post - injection ; ( B ) high tumor 
some embodiments , the plurality of cleavable linkers X contrast following MMP - dependent cleavage , separating 
linking a portion A to a structure B - C are cleavable by a 35 Cy5 from Cy7 . ( C ) Application of RACPP to HNSCC 
single protease . In some embodiments , the plurality of specimens produces faster Cy5 / Cy7 ratio - change compared 
cleavable linkers X linking a portion A to a structure B - C are to normal tissue . Abbreviations : RACPP , ratiometric acti 
cleavable by more than one protease . vatable cell - penetrating peptide ; HNSCC , head and neck 

In some embodiments , the method comprises an in vivo squamous cell carcinoma . 
method of determining a treatment regimen based on the 40 FIG . 4 describes ( A , B ) RACPP injection produces greater 
protease profile of a neoplasia , comprising a ) providing to a ratiometric fluorescent signal in HNSCC tumor versus nor 
subject a molecule of the structure A - X - B - C , wherein B is mal tissue . ( C ) Uncleavable - control does not produce tumor 
a peptide portion of about 5 to about 20 basic amino acid specific contrast . ( D ) RACPP is sensitive and specific for 
residues , which is suitable for cellular uptake , A is a peptide tumor detection . Abbreviations : HNSCC , head and neck 
portion of about 2 to about 20 acidic amino acid residues , 45 squamous cell carcinoma ; RACPP , ratiometric activatable 
which when linked with portion B is effective to inhibit or cell - penetrating peptide . 
prevent cellular uptake of portion B , and X is a cleavable FIG . 5 describes ( A ) Ratiometric images showing higher 
linker of about 2 to about 100 atoms joining A with B , where fluorescence in tumor ( white stippling ) . ( B ) Corresponding 
X is cleavable under physiological conditions and C is a H & E images confirming tumor burden ( red stippling ) . ( C ) 
detectable moiety ; and b ) detecting cleavage of A - X - B - C by 50 Ratiometric activatable cell - penetrating peptide ( RACPP ) 
detecting a change in detectable moiety C , wherein said uptake correlates directly with tumor burden . 
change in C is indicative of cleavage and said cleavage is FIG . 6 describes select ACPP substrates . 
indicative of the presence of one or more protease activities FIG . 7 describes selectivity for substrates for MMP2 , 9 
and wherein the presence and / or absence of one or more and 14 ( 1 uM peptide 20 nM enzyme ) . A ) MT1 selective 
protease activities allows for determining a medical treat - 55 RSHPHfeTLY ( SEQ ID NO : 19 ) . B ) MMP2 selective 
ment regimen . TIAHLA ( SEQ ID NO : 25 ) . C ) MMP9 selective SNPYKY 

In some embodiments , the medical treatment regimen is ( SEQ ID NO : 21 ) . 
a surgical regimen . FIG . 8A , FIG . 8B and FIG . 8C describe selectivity for 

In some embodiments , the presence of the protease activ - substrate cut with MMP - 2 , MMP9 and MMP - 14 . FIG . 8A , 
ity is indicative of neoplasia . 60 FIG . 8B and FIG . 8C describe 1 PLGmet?AG - MMP2 ( SEO 

In some embodiments , the cleavable linker X comprises ID NO : 28 ) , 9 , 14 , 2 TLSELH - MMP - 2 selective ( SEQ ID 
an amino acid sequence selected from the group consisting NO : 24 ) , 3 TIAHLA - MMP2 selective ( SEQ ID NO : 25 ) , 4 
of PLGLAG ( SEQ ID NO : 1 ) , PLGC ( met AG ( SEQ ID NO : CATK - KLRFSKO ( SEO ID NO : 29 ) , 5 Cit - MMP14 selec 
2 ) , EDDDDKA ( SEQ ID NO : 3 ) , RS - ( Cit ) - G - ( homoF ) - YLY tive , 6 RSHG ( Hfe ) FLY - MMP14 ( SEQ ID NO : 20 ) selective , 
( SEO ID NO : 4 ) , CRPAHLRDSG ( SEQ ID NO : 5 ) , 65 7 RSHP ( Hfe ) TLY - MMP14 selective ( SEQ ID NO : 19 ) , 8 
SLAYYTA ( SEQ ID NO : 6 ) , NISDLTAG ( SEQ ID NO : 7 ) , PLGLEEA - MMP12 ( SEQ ID NO : 30 ) selective , and 9 
PPSSLRVT ( SEQ ID NO : 8 ) , SGESLSNLTA ( SEQ ID NO : SNPYKY - MMP - 9 ( SEQ ID NO : 21 ) selective . 



US 10 , 385 , 380 B2 

FIG . 9 describes selectivity for substrates with A ) Panc2 FIG . 21 describes cleavage of derivatives of RS - ( Cit ) - G 
supernatant no radiation abd B ) without MMP - 2 substrates . ( homoF ) - YLY ( SEQ ID NO : 4 ) cut with MMP - 2 , MMP - 9 

FIG . 10A , FIG . 10B , FIG . 10C and FIG . 10D describe and MT1 - MMP . 
testing of FRET versions of newly optimized MMP - 9 selec - FIG . 22 describes cleavage of derivatives of RS - ( Cit ) - G 
tive substrates . FIG . 10A SNPYK - Y ( SEO ID NO : 21 ) 5 ( homoF ) - YLY ( SEQ ID NO : 4 ) cut with MMP - 2 , MMP - 9 
substrate . FIG . 10B SNPKG - Y ( SEO ID NO : 22 ) substrate and MT1 - MMP . Insertion of Proline at P3 / P4 site makes the 
FIG . 10C SNPYG - Y ( SEQ ID NO : 23 ) substrate . FIG . 10D substrate a good MMP2 substrate . 
SNPFKY ( SEQ ID NO : 31 ) substrate . FIG . 23 describes cleavage of derivatives of RS - ( Cit ) - G 

FIG . 11A , FIG . 11B , FIG . 11C , FIG . 11D , FIG . 11E and ( homoF ) - YLY ( SEQ ID NO : 4 ) cut with MT2 - MMP , Only 
FIG . 11F describe MMP2 FRET substrates based on rational 110 RS - Q - G - ( homoF ) - YLY ( SEQ ID NO : 71 ) shows significant 
substitution of consensus / preferred residues . Peptides cleavage by MT2 - MMP . 

FIG . 24 describes cleavage of derivatives of RS - ( Cit ) - G include : ( homoF ) - YLY ( SEQ ID NO : 4 ) cut with MT2 - MMP , Only MMP2 - 1 = FAM - e9 - DPEG ( 6 ) - SGTLAH - LHTA - r9 - ( D RS - Q - G - ( homoF ) - YLY ( SEQ ID NO : 71 ) shows significant cys ) - NH2 15 cleavage by MT2 - MMP . MMP2 - 2 = FAM - e9 - dPEG ( 6 ) - SGTLSE - LHTA - r9 - ( D FIG . 25 provides a diagram regarding the substitution of 
cys ) - NH2 consensus amino acids to our current best optimal MMT1 

MMP2 - 3 = FAM - e9 - DPEG ( 6 ) - SGTISH - LHTA - r9 - ( D cleavable substrate . 
cys ) - NH2 FIG . 26 describes MMP2 / 9 / 14 cleavage of FAM - e9 

MMP2 - 4 = FAM - e9 - DPEG ( 6 ) - SGTLSH - LHTA - r9 - ( D 20 DPEG ( 6 ) - SG - XXXXXX - TA - r9 - ( D - cys ) - NH2 peptides . 
cys ) - NH2 FIG . 27 describes digestion of new ACPP with MMP2 , 9 

MMP2 - 5 = FAM - e9 - DPEG ( 6 ) - SGTIAH - FHTA - r9 - ( D and 14 from Ratinakov et . al . ( 2 hours / 2 uM peptide / 50 nM 
cys ) - NH2 enzyme . FAM - e9 - dPEG ( 6 ) - SG - XXXXXX - TA - r9 - ( D - cys ) 

FIG . 12 describes design , synthesis and testing of new NH2 . 
Cathepsin K substrates . FAM - e9 - dPEG ( 6 ) - XXXXXX - r9 - 25 FIG . 28A , FIG . 28B , FIG . 28C and FIG . 28D describe 
( D - cys ) - NH2 - general format . generation of new FRET ( FAM / Cy5 ) versions of MT1 

FIG . 13A , FIG . 13B , FIG . 13C , FIG . 13D , and FIG . 13E MMP ( MMP - 14 ) selective ACPPs . FIG . 28A 0 - RSHP ( Hfe ) 
describe design , synthesis and testing of new Cathepsin K TLY - ( SEQ ID NO : 19 ) substrate . FIG . 28B O - RSHG ( Hfe ) 
substrates . FAM / Cy5 FRET versions . FIG . 13A KPRGSKQ FLY ( SEQ ID NO : 20 ) substrate . FIG . 28C Original - R - S 
( SEQ ID NO : 32 ) substrate . FIG . 13B KLRFSKQ ( SEQ ID 30 cit - G - Hfe - YLY ( SEQ ID NO : 38 ) substrate . FIG . 28D 
NO : 33 ) substrate . FIG . 13C KKPGSKQ ( SEQ ID NO : 34 ) PEG6 - SG - ARGIKL - TA ( SEQ ID NO : 37 ) substrate . 
substrate . FIG . 13D HPGGPO ( SEQ ID NO : 35 ) substrate . FIG . 29A , FIG . 29B , FIG . 29C and FIG . 29D describe 
FIG . 13E NleTLRSLQ ( SEQ ID NO : 36 ) substrate . FIG . 29A Higher MMP expression in tumors versus normal 

FIG . 14A , FIG . 14B , FIG . 14C and FIG . 14D describe tissue in TCGA HNSCC . FIG . 29B HPV + tumors have 
generation of new FRET ( FAM / Cy5 ) versions of MT1 - 35 lower MMP expression than HPV - tumors . FIG . 29C and 
MMP ( MMP - 14 ) selective ACPPs . FIG . 14A O - RSHP ( Hfe ) FIG . 29D Higher MMP - 2 / MMP - 14 expression in HPV + 
TLY - ( SEO ID NO : 19 ) substrate . FIG . 14B O - RSHG ( Hfe ) tumors correlates with poorer prognosis . 
FLY ( SEQ ID NO : 20 ) substrate . FIG . 14C Original - R - S - FIG . 30 describes RACPP schematic showing ( A ) no 
cit - G - Hfe - YLY ( SEQ ID NO : 38 ) substrate . FIG . 14D tumor - contrast immediately post - injection ; ( B ) high tumor 
DPEG6 - SG - ARGIKL - TA ( SEQ ID NO : 37 ) substrate . 40 contrast following MMP - dependent cleavage , separating 

FIG . 15 describes making ACPPs that have improved Cy5 from Cy7 . ( C ) Application of RACPP to HNSCC 
selectivity for specific MMPs - Cy5 / Cy7 FRET versions . A ) specimens produces faster Cy5 / Cy7 ratio - change compared 
PLGC ( Me ) AG ( SEQ ID NO : 2 ) substrate ( MMP2 / 9 ) + . B ) to normal tissue . 
RS - cit - G - homoF - YLY ( SEQ ID NO : 4 ) substrate ( MT1 - FIG . 31 describes ( A , B ) RACPP injection produces 
MMP ) . C ) Substrate diagram . D ) Cy5 / Cy7 tumor ratio . 45 greater ratiometric fluorescent signal in HNSCC tumor vs . 

FIG . 16 describes skin off images for Cal - 27 tumors 2 hrs normal tissue . ( C ) Uncleavable - control does not produce 
post 10 nmole injection . PLG , MT1 - MMP “ Cit ” O - R - S - cit - tumor - specific contrast . ( D ) RACPP is sensitive and specific 
G - Hfe - YLY ( SEQ ID NO : 38 ) , MT1 - “ New ” O - RSHP ( Hfe ) for tumor detection . E ) Receiver operating characteristic 
TLY - ( SEQ ID NO : 19 ) substrates . analysis . 

FIG . 17A and FIG . 17B are diagrams of Cy5 / Cy7 FRET 50 FIG . 32 describes ( A ) Ratiometric images showing higher 
probes . fluorescence in tumor ( white stippling ) . ( B ) Corresponding 

FIG . 18A , FIG . 18B , FIG . 18C and FIG . 18D provide H & E images confirming tumor burden ( red stippling ) . ( C ) 
additional comparison data for Cy5 / Cy7 FRET probes with RACPP uptake correlates directly with tumor burden . 
“ branched old ” versus " backbone new ” peg12 . FIG . 18A FIG . 33 describes TCGA data showing that for patients 
PLGC ( met AG ( SEQ ID NO : 2 ) ( Branched Peg12 ) . FIG . 55 with HPV + tumor , mRNA expression of MMP - 2 and MMP 
18B New PLGC ( met ) AG ( SEQ ID NO : 2 ) ( backbone 14 positively correlate . 
peg12 ) . FIG . 18C Nle - TPRSFL ( SEQ ID NO : 15 ) ( Original FIG . 34 describes mouse HNSCC tongue xenografts 
branched ) . FIG . 18D CatK ( backbone pego ) . demonstrate greater MMP2 / 9 activity compared to normal 

FIG . 19 describes a comparison of Nle - TPRSFL ( SEQ ID tongue tissue . Bar graphs display MMP activity of samples 
NO : 15 ) branch PEG with new CatK substrate with back - 60 as a percentage of activity of pure MMP standard . 
bone Peg6 . A ) CatK ( backbone peg ) . B ) Nle - TPRSFL FIG . 35 describes the ratio of tumor : control tissue MMP 
( SEO ID NO : 15 ) ( Original branched ) . expression levels ( red means high ratio , blue means low 

FIG . 20A , FIG . 20B and FIG . 20C describe Synthesis if ratio ) for multiple cancers represented within TCGA . 
MMP selective ACPPs in Cy5Cy7 format . ( Cy7 ) - NH2 - e9 - HNSCC is the first column . 
c ( Peg12 ) - 0 - Substrate - r9 - c ( Cy5 ) - CONH2 . FIG . 20A Con - 65 FIG . 36 provides a graph comparing uPA ( aka PLAU ) 
trol . FIG . 20B MMP2 selective TIAHLA ( SEQ ID NO : 25 ) . mRNA expression levels in TCGA specimens showing 
FIG . 20C MMP9 selective SNPYGY ( SEQ ID NO : 23 ) . increased levels in tumor ( red ) compared to paired normal 
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tissue ( blue ) in multiple cancers including HNSC ( number cleavage assay may be further developed into a personalized 
of specimen pairs analyzed for a given tumor site in paren - screening assay to determine eligibility to use MTSs 
theses , p < 0 . 01 for all tumor types shown ) . ( ACPPs ) during a given patient procedure such as for 

FIG . 37 describes a ) Schematics of regular non - ratiomet example surgery . In some embodiments , the present inven 
ric ACPP ( Standard ACPP ) and RACPP induced tumor 5 tion provides methods for assessing the distribution of 
contrast shown in top and bottom panels respectively . Imme human surgical specimens with respect to their ability to 
diately after IV injection neither configurations produce any cleave the MTSs ( ACPPs ) and the correlation of the MTS 
tumor contrasts ( left panels ) . Within 1 - 2 hr spectacular with clinical grade and outcome . Methods and compositions 
tumor contrast can be obtained with RACPP ( bottom middle useful in such methods are provided below . 
pane ) . However poor pharmacokinetic washout of the 10 
uncleaved probe with the standard ACPP results in modest Certain Definitions 
tumor to background contrast ( top middle panel ) . Longer 
waiting time such as 24 hr after IV injections result in loss The following terms have the meanings ascribed to them 
of tumor contrasts in either configurations ( right panels ) . b ) unless specified otherwise . 
Graph shows the emission spectrum of RACPP1 , measured 15 The terms cell penetrating peptide ( CPP ) , activatable cell 
in mouse plasma in a cuvet spectrofluorometer , before penetrating peptide ( ACPP ) , membrane translocating 
( black solid curve ) and after ( red dashed curve ) treatment sequence ( MTS ) and protein transduction domain are used 
with MMP - 9 . The starting spectrum shows considerable interchangeably . As used herein , the terms mean a peptide 
quenching of the Cy5 peak at 670 nm and re - emission from ( polypeptide or protein ) sequence that is able to translocate 
Cy7 at 780 nm . 20 across the plasma membrane of a cell . In some embodi 

FIG . 38 provides a schematic of RACPPs demonstrating ments , a CPP facilitates the translocation of an extracellular 
the modular nature of the molecule which enables rational molecule across the plasma membrane of a cell . In some 
modification of the cleavable site ( green ) as well as payloads embodiments , the CPP translocates across the plasma mem 
( yellow circles ) . brane by direct penetration of the plasma membrane , endo 

FIG . 39 describes that a ACPP fluorescence can be used 25 cytosis - mediated entry , or the formation of a transitory 
to guide ex vivo examination of surgical specimens . Pho - structure . In some embodiments the MTS is not transported 
tomicrographs showing a representative specimens from across the membrane of a cell , but is employed in an ex vivo 
tumor bearing mice following IV administration of ACPPD . assay or application . 
( A ) Low - power Cy5 fluorescence showing positive ACPPD As used herein , the term “ aptamer ” refers to a DNA or 
uptake ( arrowheads ) . ( B ) The same section as in A stained 30 RNA molecule that has been selected from random pools 
with H & E , confirming the presence of malignant cells in based on their ability to bind other molecules with high 
regions that show increased fluorescence uptake ( arrow affinity specificity based on non - Watson and Crick interac 
heads ) . ( C and E ) Enlarged fluorescence images from the tions with the target molecule ( see , e . g . , Cox and Ellington , 
boxed areas in A , showing the demarcation between high ( * ) Bioorg . Med . Chem . 9 : 2525 - 2531 ( 2001 ) ; Lee et al . , Nuc . 
and low ( arrows ) fluorescence uptake . ( D and F ) Histologi - 35 Acids Res . 32 : D95 - D100 ( 2004 ) ) . In some embodiments , 
cal ( H and E ) analysis of C and E , showing that the areas of the aptamer binds nucleic acids , proteins , small organic 
high fluorescence uptake correspond to malignant cells ( * ) . compounds , vitamins , inorganic compounds , cells , and even 
( Scale bar in A and B : 0 . 5 mm ; C and D : 0 . 1 mm ; E and F : entire organisms . 
0 . 25 mm . ) Adapted from Nguyen et al 2010 . The terms “ polypeptide , " " peptide ” and “ protein ” and 

FIG . 40 shows application of PLGCMAG - RACPP ( SEQ 40 derivatives thereof as used herein , are used interchangeably 
ID NO : 2 ) to HNSCC specimens produces faster Cy5 / Cy7 herein to refer to a polymer of amino acid residues . The 
ratio - change compared to normal tissue . Adapted from terms apply to naturally occurring amino acid polymers as 
Hauff et al 2014 . well as amino acid polymers in which one or more amino 

FIG . 41 shows an increase in Cy5 / Cy7 signal ratio of acid residues is a non - naturally occurring amino acid ( e . g . , 
substrates YGRAAA ( SEQ ID NO : 17 ) upone cleavage by 45 an amino acid analog ) . The terms encompass amino acid 
UPA ( light purple ) compared to MMPs . Whitney et al , chains of any length , including full length proteins ( i . e . , 
manuscript in preparation . antigens ) , wherein the amino acid residues are linked by 

FIG . 42 shows a ratiometric fluorescence RACPP uptake covalent peptide bonds . As used herein , the terms “ peptide ” 
( A ) correlates with H & E evidence of tumor burden ( B ) from refers to a polymer of amino acid residues typically ranging 
Hauff et al , 2014 ) . 50 in length from 2 to about 50 residues . In certain embodi 

FIG . 43 shows a ratiometric fluorescence RACPP uptake ments the peptide ranges in length from about 2 , 3 , 4 , 5 , 7 , 
( A - C ) correlates with more aggressive tumor genotype ( D ) 9 , 10 , or 11 residues to about 50 , 45 , 40 , 45 , 30 , 25 , 20 , or 
( from Raju et al , 2015 ) . 15 residues . In certain embodiments the peptide ranges in 

length from about 8 , 9 , 10 , 11 , or 12 residues to about 15 , 20 
DETAILED DESCRIPTION OF THE 55 or 25 residues . Where an amino acid sequence is provided 

INVENTION herein , L - , D - , or beta amino acid versions of the sequence 
are also contemplated as well as retro , inversion , and retro 

The present invention is based in part on the discovery inversion isoforms . Peptides also include amino acid poly 
that ex vivo cleavage of ratiometric MTSs ( ACPPs ) by mers in which one or more amino acid residues is an 
tumor extract correlates with in - vivo MTS ( ACPP ) fluores - 60 artificial chemical analogue of a corresponding naturally 
cence uptake and increased emission ratio in cancer , par - occurring amino acid , as well as to naturally occurring 
ticularly carcinoma . In some embodiments , measuring the amino acid polymers . In addition , the term applies to amino 
ability of individual tumors to cleave MTSs ( ACPPs ) and acids joined by a peptide linkage or by other modified 
assessing the percentage of enzymatically positive tumors in linkages ( e . g . , where the peptide bond is replaced by an 
a clinical population provides valuable data in that the ex 65 a - ester , a B - ester , a thioamide , phosphonamide , carbamate , 
vivo cleavage data can be correlated with MTS ( ACPP ) hydroxylate , and the like ( see , e . g . , Spatola , Chem . Biochem . 
performance in vivo . In some embodiments , the ex vivo Amino Acids and Proteins 7 : 267 - 357 ( 1983 ) ) , where the 
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amide is replaced with a saturated amine ( see , e . g . , Skiles et The term “ carrier ” means an inert molecule that increases 
al . , U . S . Pat . No . 4 , 496 , 542 , which is incorporated herein by ( a ) plasma half - life and ( b ) solubility . In some embodiments , 
reference , and Kaltenbronn et al . , ( 1990 ) Pp . 969 - 970 in a carrier increases plasma half - life and solubility by reduc 
Proc . 11th American Peptide Symposium , ESCOM Science ing glomerular filtration . In some embodiments , a carrier 
Publishers , The Netherlands , and the like ) ) . 5 increases tumor uptake due to enhanced permeability and 

The term “ amino acid ” and derivatives thereof as used retention ( EPR ) of tumor vasculature . 
herein , refers to naturally occurring and synthetic amino The term “ thrombin ” means an enzyme ( EC 3 . 4 . 21 . 5 ) that 
acids , as well as amino acid analogs and amino acid mimet cleaves fibrinogen molecules into fibrin monomers . Throm 

ics that function in a manner similar to the naturally occur bin , acting through its G - protein coupled receptor PAR - I , is 

ring amino acids . Naturally occurring amino acids are those de 10 a key player in a wide range of vascular and extravascular 
disease processes throughout the body , including cancer , encoded by the genetic code , as well as those amino acids cardiovascular diseases , acute kidney injury , and stroke . In that are later modified , e . g . , hydroxyproline , y - carboxyglu certain instances , thrombin activity increases over the course tamate , and O - phosphoserine . Amino acid analogs refers to of atherosclerotic plaque development . In some embodi 

compounds that have the same basic chemical structure as a ucture as a 15 ments , thrombin activity is a biomarker for atherosclerotic naturally occurring amino acid , i . e . , an a carbon that is plaque development . 
bound to a hydrogen , a carboxyl group , an amino group , and The terms " individual , ” “ patient , ” or “ subject ” are used 
an R group , e . g . , homoserine , norleucine , methionine sul interchangeably . As used herein , they mean any mammal 
foxide . Such analogs have modified R groups ( e . g . , norleu ( i . e . species of any orders , families , and genus within the 
cine ) or modified peptide backbones , but retain the same 20 taxonomic classification animalia : chordata : vertebrata : 
basic chemical structure as a naturally occurring amino acid . mammalia ) . In some embodiments , the mammal is a human . 
Amino acid mimetics refers to chemical compounds that None of the terms require or are limited to situation char 
have a structure that is different from the general chemical acterized by the supervision ( eg constant or intermittent ) of 
structure of an amino acid , but that functions in a manner a health care worker ( eg a doctor , a registered nurse , a nurse 
similar to a naturally occurring amino acid . Amino acids 25 practitioner , a physician ' s assistant , an orderly , or a hospice 
may be either D amino acids or L amino acids . In peptide worker ) . 
sequences throughout the specification , lower case letters As used herein , the term “ medical professional ” means 
indicate the D isomer of the amino acid ( conversely , upper any health care worker . By way of non - limiting example , the 
case letters indicate the L isomer of the amino acid ) . health care worker may be a doctor , a registered nurse , a 
Amino acids may be referred to herein by either their 30 nurse practitioner , a physician ' s assistant , an orderly , or a 

commonly known three letter symbols or by the one - letter hospice worker . 
symbols recommended by the IUPAC - IUB Biochemical The terms " administer , " " administering , " " administra 
Nomenclature Commission . tion , ” and derivatives thereof as used herein , refer to the 

Nucleotides , likewise , may be referred to by their com methods that may be used to enable delivery of agents or 
monly accepted single - letter codes . 35 compositions to the desired site of biological action These 

One of skill will recognize that individual substitutions , methods include , but are not limited to parenteral injection 
deletions or additions to a peptide , polypeptide , or protein ( e g , intravenous , subcutaneous , intraperitoneal , intramus 
sequence which alters , adds or deletes a single amino acid or c ular , intravascular , intrathecal , intravitreal , infusion , or 
a small percentage of amino acids in the encoded sequence local ) Administration techniques that are optionally 
is a “ conservatively modified variant ” where the alteration 40 employed with the agents and methods described herein , 
results in the substitution of an amino acid with a chemically include eg , as discussed in Goodman and Gilman , The 
similar amino acid . Conservative substitution tables provid - Pharmacological Basis of Therapeutics , current ed , Perga 
ing functionally similar amino acids are well known in the mon , and Remington ' s , Pharmaceutical Sciences ( current 
art . Such conservatively modified variants are in addition to edition ) , Mack Publishing Co , Easton , Pa . 
and do not exclude polymorphic variants , interspecies 45 The term “ pharmaceutically acceptable ” and derivatives 
homologs , and alleles of the invention . thereof as used herein , refers to a material that does not 

The following eight groups each contain amino acids that abrogate the biological activity or properties of the agents 
are conservative substitutions for one another : 1 ) Alanine described herein , and is relatively nontoxic ( i e , the toxicity 
( A ) , Glycine ( G ) ; 2 ) Aspartic acid ( D ) , Glutamic acid ( E ) ; 3 ) of the material significantly outweighs the benefit of the 
Asparagine ( N ) , Glutamine ( Q ) ; 4 ) Arginine ( R ) , Lysine ( K ) ; 50 material ) In some instances , a pharmaceutically acceptable 
5 ) Isoleucine ( I ) , Leucine ( L ) , Methionine ( M ) , Valine ( V ) ; material may be administered to an individual without 
6 ) Phenylalanine ( F ) , Tyrosine ( Y ) , Tryptophan ( W ) ; 7 ) causing significant undesirable biological effects or signifi 
Serine ( S ) , Threonine ( T ) ; and 8 ) Cysteine ( C ) , Methionine cantly interacting in a deleterious manner with any of the 
( M ) ( see , e . g . , Creighton , Proteins ( 1984 ) ) . components of the composition in which it is contained . 
As used herein , a " linker ” is any molecule capable of 55 The term " surgery ” and derivatives thereof as used herein , 

binding ( e . g . , covalently ) portion A and portion B of a MTS refers to any methods for that may be used to manipulate , 
molecule disclosed herein . Linkers include , but are not change , or cause an effect by a physical intervention These 
limited to , straight or branched chain carbon linkers , het methods include , but are not limited to open surgery , endo 
erocyclic carbon linkers , peptide linkers , and polyether scopic surgery , laparoscopic surgery , minimally invasive 
linkers . For example , polyethylene glycol ) linkers are avail - 60 surgery , and robotic surgery . 
able from Quanta Biodesign , Powell , Ohio . These linkers The terms “ neoplasm ” or “ neoplasia ” and derivatives 
optionally have amide linkages , sulfhydryl linkages , or thereof as used herein , include any non - normal or non 
heterofunctional linkages . standard cellular growth . Neoplasms can include tumors and 

As used herein , the term " label ” refers to any molecule cancers of any variety of stages , from benign to metastatic . 
that facilitates the visualization and / or detection of a MTS 65 Neoplasms can be primary or metastatic growths and can 
molecule disclosed herein . In some embodiments , the label occur anywhere in a subject . Neoplasms can include neo 
is a fluorescent moiety . plasms of the lung , skin , lymph , brain , nerves , muscle , 
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breast , prostate , testis , pancreases , liver , kidneys , stomach , In some embodiments , the invention provides an ex vivo 
muscle , bone and blood . Neoplasms can be solid and non - method for detecting the presence of one or more protease 
solid tumors . activities in a neoplasia sample comprising a ) combining ex 

The terms “ sample ” or “ samples ” and derivatives thereof vivo said sample from a subject with a molecule of the 
as used herein , include any samples obtained from a subject 5 structure A - X - B - C , wherein cleavage of said A - X - B - C is 
with can be employed with the methods described herein . indicative of the presence of protease activity and wherein B 
Samples can include but are not limited to urine , blood , is a peptide portion of about 5 to about 20 basic amino acid 
lymph , tears , mucus , saliva , biopsy or other sample tissue residues , which is suitable for cellular uptake , A is a peptide 

portion of about 2 to about 20 acidic amino acid residues , samples . Sample can be frozen , refrigerated , previously 
frozen , and / or stored for minutes , hours , days , weeks , 10 which when linked with portion B is effective to inhibit or 

prevent cellular uptake of portion B , and X is a cleavable months , years . Sampling techniques , handling and storage linker of about 2 to about 100 atoms joining A with B , where are well known and any such techniques for obtaining X is cleavable under physiological conditions , and C is a samples for use with the present invention are contemplated . detectable moiety ; and b ) detecting cleavage of A - X - B - C by 
The following symbols , where used , are used with the 15 detecting a with the 15 detecting a change in said detectable moiety C , wherein said 

indicated meanings Fl = fluorescein , change in C is indicative of cleavage and said cleavage is 
aca = ahx = X = ammohexanoyl linker ( HN — ( CH2 ) < rCO - ) indicative of the presence of one or more protease activities 
aminohexanoyl , C = L - cysteine , E = L - glutamate , R = L - ar - in said neoplasia . In some embodiments , one protease activ 
ginme , D = L - aspartate , K = L - lysine , A = L - alanine , r = D - argi - ity can be detected . In some embodiments , 2 , 3 , 4 , 5 , 6 , 7 , 
nine , c = D - cysteine , e = D - glutamate , PEL - proline , L = L - 20 8 , 9 or 10 protease activities can be detected . In some 
leucine , G = glycine , V = valine , I = isoleucine , M = methionine , embodiments , one or more protease activities can be 
F = = phenylalanine , Y = tyrosine , W = tryptophan , H = histidine , detected . 
Q - glutamine , N = asparagine , S = serine , T = threonine , o is In some embodiments , the invention provides an ex vivo 
5 - amino - 3 - oxapentanoyl linker , and C ( me ) is S - methylcys - method of screening for the presence of one or more 
teine . 25 protease activities in a neoplasia sample comprising com 
Methods of Use bining ex vivo said neoplasia sample from a subject with a 

The MTS molecules find use in a variety of ex vivo molecule of the structure A - X - B - C , wherein B is a peptide 
applications as described herein and such MTS molecules portion of about 5 to about 20 basic amino acid residues , 
have been thoroughly described ( see , WO 2005 / 042034 , which is suitable for cellular uptake , A is a peptide portion 
WO / 2006 / 125134 , WO2011008992 and WO2011008996 ; 30 of about 2 to about 20 acidic amino acid residues , which 
all of which are incorporated herein by reference in their when linked with portion B is effective to inhibit or prevent 
entireties ) . As such , according to disclosure contained cellular uptake of portion B , and X is a cleavable linker of 
herein , this invention pertains to methods and compositions about 2 to about 100 atoms joining A with B , where X is 
that find use in diagnostic , prognostic ( e . g . , patient progno - cleavable under physiological conditions , and C is a detect 
sis ) and characterization ( e . g . , histologic grade / stage ) of 35 able moiety ; and b ) detecting cleavage of A - X - B - C by 
neoplasm samples based on the ability of a tumor sample to detecting a change in said detectable moiety C , wherein said 
cleave a MTS molecule of the present invention . change in C is indicative of cleavage and said cleavage is 
Methods of use and compositions comprising MTS mol - indicative of the presence of one or more protease activities 

ecules are disclosed . Molecules having features of the inven - in said neoplasia . In some embodiments the MTS molecules 
tion include peptide portions linked by a cleavable linker 40 can be used in screening assays to determine how many 
portion which may be a peptide . The inventors have found proteases and / or which proteases are expressed by a sample . 
that these MTS molecules can find use in diagnostic , detec - In some embodiments , the screening is small scale , involv 
tion , screening , prognosis ( e . g . , patient prognosis ) and char - ing screening of 1 , 5 , 10 , 20 or 30 samples . In some 
acterization ( e . g . , histologic grade / stage ) assays . embodiments , screening is large scale , and involves screen 

According to the present invention , such methods are 45 ing of 100 , 500 , 1000 , 10000 , 100 000 , 500000 or more 
based in part on cleavage of the MTS molecule and detection samples . In some embodiments , samples are screened for 1 , 
of that cleavage event . The presence of one or more pro 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 or more protease activities using MTS 
teases in a sample from a subject can be detected ex vivo molecules of the invention . In some embodiments , screening 
based on cleavage of the peptide . Such cleavage is detected information can be employed to develop data bases and 
by detecting a change in a detectable label ( detectable 50 incorporated with other bioinformatic information in order 
moiety ) that is part of the MTS peptide . In some embodi - to develop protease profiles of samples . 
ments , the MTS molecule contains a detectable moieties In some embodiments , the invention provides an ex vivo 
which provide for an indication of a cleavage event . In some method of determining the protease profile of a neoplasia 
embodiments , cleavage could be detected by size changes in sample , comprising a ) combining said sample from a subject 
the length of the peptide ( e . g . , gel electrophoresis , size 55 with a molecule of the structure A - X - B - C , wherein B is a 
exclusion , column chromatography , immunoflourescence , peptide portion of about 5 to about 20 basic amino acid 
etc . ) or other biochemical and physical changes that occur to residues , which is suitable for cellular uptake , A is a peptide 
the MTS molecule . In some embodiments , the MTS mol portion of about 2 to about 20 acidic amino acid residues , 
ecule comprises a label which facilitates cleavage detection . which when linked with portion B is effective to inhibit or 
In some embodiments , cleavage could be detected using a 60 prevent cellular uptake of portion B , and X is a cleavable 
FRET - based pair ( a reporter dye and an acceptor dye that are linker of about 2 to about 100 atoms joining A with B , where 
involved in fluorescence resonance energy transfer known as X is cleavable under physiological conditions and C is a 
FRET ) , where a change in fluorescence is indicative of a detectable moiety ; and b ) detecting cleavage of A - X - B - C by 
cleavage event . See , for examples , Examples 1 - 3 . Methods detecting a change in said detectable moiety C , wherein said 
for detecting and monitoring cleavage of proteins are well 65 change in C is indicative of cleavage and said cleavage is 
known and any such methods could be employed in detect - indicative of the presence of one or more protease activities 
ing cleavage of the MTS molecules of the invention . in said neoplasia and wherein the protease profile is devel 
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oped based on the cleavage detected . In some embodiments , terization of the neoplasia is based on the cleavage detected . 
the MTS molecules are employed to develop a protease In some embodiments , the neoplasia is characterized based 
profile for one or more neoplasia samples . Protease profiles on histology , stage , grade , location , type , or any of a variety 
can be employed to develop databases and can be incorpo - of characteristics known to those skilled in the medical arts . 
rated with other information , including for example bioin - 5 In some embodiments , the protease profile is correlated with 
formatic information , in order to develop protease profiles of histology , stage , grade , location , type , or any of a variety of 
neoplasia samples and for protease profiles for patients with characteristics known to those skilled in the medical arts in 
neoplasia . order to characterize the neoplasia . In some embodiments , 

In some embodiments , the invention provides An ex vivo the presence of the protease activity is indicative of neopla 
method of determining a treatment regimen based on the 10 sia . In some embodiments , the presence of the protease 
protease profile of a neoplasia sample , comprising a ) com - activity is indicative of metastasis . 
bining ex vivo said neoplasia sample from a subject with a In some embodiments , the present invention provides a 
molecule of the structure A - X - B - C , wherein B is a peptide diagnostic composition for use in the methods of any of the 
portion of about 5 to about 20 basic amino acid residues , preceding claims comprising : a molecule of the structure 
which is suitable for cellular uptake , A is a peptide portion 15 A - X - B - C , wherein B is a peptide portion of about 5 to about 
of about 2 to about 20 acidic amino acid residues , which 20 basic amino acid residues , which is suitable for cellular 
when linked with portion B is effective to inhibit or prevent uptake , A is a peptide portion of about 2 to about 20 acidic 
cellular uptake of portion B , and X is a cleavable linker of amino acid residues , which when linked with portion B is 
about 2 to about 100 atoms joining A with B , where X is effective to inhibit or prevent cellular uptake of portion B , 
cleavable under physiological conditions and C is a detect - 20 and X is a cleavable linker of about 3 to about 30 atoms 
able moiety ; and b ) detecting cleavage of A - X - B - C by joining Awith B , where X is a cleavable under physiological 
detecting a change in detectable moiety C , wherein said conditions and C is a detectable moiety ; and a diagnostic 
change in C is indicative of cleavage and said cleavage is buffering agent . In some embodiments of the diagnostic 
indicative of the presence of one or more protease activities composition , the cleavable linker X is of between about 6 to 
and wherein the presence and / or absence of one or more 25 about 30 atoms in length , said portion A has between about 
protease activities allows for determining a medical treat - 5 to about 9 acidic amino acid residues , and said portion B 
ment regimen . In some embodiments , the MTS molecules has between about 9 to about 16 basic amino acid residues . 
are employed to determine a treatment regimen . Protease In some embodiments , the present invention provides an 
information and / or protease profiles can employed to array comprising : a plurality of molecules of the structure 
develop databases and can be incorporated with other infor - 30 A - X - B - C , wherein B is a peptide portion of about 5 to about 
mation , for example bioinformatic information , in order to 20 basic amino acid residues , which is suitable for cellular 
develop protease profiles of samples . In some embodiments , uptake , A is a peptide portion of about 2 to about 20 acidic 
such information can be combined with information regard - amino acid residues , which when linked with portion B is 
ing treatment and surgical options know to those of skill in effective to inhibit or prevent cellular uptake of portion B , 
the medical arts in order to determine and develop person - 35 and X is a cleavable linker of about 3 to about 30 atoms 
alize treatment regimens for individual subjects . In some joining A with B , where X is a cleavable under physiological 
embodiments , the medical regimen is a surgical regimen . conditions , and C is a detectable moiety . In some embodi 
After detecting the presence or absence of one or more ments of the array , the cleavable linker X is of between about 
proteases based on MTS molecule cleavage , a determination 6 to about 30 atoms in length , said portion A has between 
of the usefulness of an MTS molecule in surgical procedures 40 about 5 to about 9 acidic amino acid residues , and said 
can be determined . Detection of cleavage of the MTS portion B has between about 9 to about 16 basic amino acid 
molecule would be indicative of the presence of one or more residues . In some embodiments , the array comprises a 
proteases and such information would allow for a determi - plurality of molecules of the structure A - X - B and wherein 
nation of usefulness of the peptide in a surgical procedure in the cleavable linker X comprises a plurality of cleavable 
order to detect tumor borders and assist with surgical 45 linkers X . In some embodiments of the array , the plurality of 
removal as previously described ( See , e . g . , see , WO 2005 / cleavable linkers X linking a portion A to a structure B - C are 
042034 , WO / 2006 / 125134 , WO2011008992 and cleavable by a single protease . In some embodiments of the 
WO2011008996 ) . Non - detection of cleavage of the MTS array , the plurality of cleavable linkers X linking a portion 
molecule would be indicative of the absence of a protease A to a structure B - C are cleavable by more than one 
and the non - usefulness of the peptide in a surgical proce - 50 protease . In some embodiments , an array of the invention 
dure . would contain a plurality of one species ( one type ) of MTS 

In some embodiments , the invention provides an ex vivo molecules . In some embodiments , an array of the invention 
method of characterizing a neoplasia based on the protease would contain a plurality of one species ( one type ) of MTS 
profile of said neoplasia , comprising a ) combining a sample molecules and multiple samples could be screened for one 
of said neoplasia from a subject with a molecule of the 55 protease activity type . In some embodiments , an array of the 
structure A - X - B - C , wherein B is a peptide portion of about invention would contain a plurality of a plurality of species 
5 to about 20 basic amino acid residues , which is suitable for ( multiple types ) of MTS molecules . In some embodiments , 
cellular uptake , A is a peptide portion of about 2 to about 20 an array of the invention would contain a plurality of a 
acidic amino acid residues , which when linked with portion plurality of species ( multiple types ) of MTS molecules and 
B is effective to inhibit or prevent cellular uptake of portion 60 one or more samples could be screened for one or more 
B , and X is a cleavable linker of about 2 to about 100 atoms protease activity types . An array can include but is not 
joining A with B , where X is cleavable under physiological limited to any substrate to which the MTS molecules can be 
conditions and C is a detectable moiety ; and detecting bound , and can include for examples solid substrates , micro 
cleavage of A - X - B - C by detecting a change is said detect - arrays and microchips . Methods for making arrays are well 
able moiety C , wherein said change in C is indicative of 65 known and can even be supplied by commercial suppliers . 
cleavage and said cleavage is indicative of the presence of Arrays can be manually processed and / or automated or a 
more than one protease activities and wherein the charac - combination thereof . Such arrays can be employed in low 
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throughput as well as high - throughput applications and can into the cell interior . This barrier function of the cell mem 
analyze one or more samples , one or more proteases or any brane makes difficult the delivery of markers , drugs , nucleic 
combination thereof . acids , and other exogenous material into cells . 

In some embodiments of the above described methods , As discussed above , molecules including a multiple basic 
ratiometric analysis can be employed to determine the level 5 amino acids , such as a series of basic amino acids , are often 
of enzyme activity and / or to assess the percentage of enzy - taken up by cells . However , the present inventors have 
matically positive tumors in a population . Such ratiometric discovered that molecules having structures including a 
analyses can be based on the ratio of cleaved to non - cleaved basic portion B , a linker portion X , and an acidic portion A 
MTS molecules . In some embodiments , ratiometric analysis are not taken up by cells . An acidic portion A may include 
can be employed to correlate ex vivo cleavage with in vivo 10 amino acids that are not acidic . Acidic portion A may 
cleavage activities . comprise other moieties , such as negatively charged moi 

In some embodiments , the protease information can be eties . In embodiments of MTS molecules having features of 
correlated with histology , grade , type , characterization , etc . the invention , an acidic portion A may be a negatively 
in order to better characterize neoplasias and to provide charged portion , in some embodiments having about 2 to 
personalized prognosis and treatment regimens . Such infor - 15 about 20 negative charges at physiological pH , that does not 
mation can be provided to those of skill in the medical arts include an amino acid . A basic portion B may include amino 
and be employed to develop personalized medical treatment acids that are not basic . Basic portion B may comprise other 
regimens for individuals . moieties , such as positively charged moieties . In embodi 
MTS Peptides ments of MTS molecules having features of the invention , a 

In one embodiment , a generic structure for peptides 20 basic portion B may be a positively charged portion , having 
having features of the invention is A - X - B , where peptide between about 5 and about 20 positive charges at physi 
portion B includes between about 5 to about 20 basic amino ological pH , that does not include an amino acid . Including 
acids , X is a cleavable linker portion , in some embodiments an acidic portion A is effective to inhibit or prevent the 
cleavable under physiological conditions , and where peptide uptake of a portion B into cells . Such a block of uptake that 
portion A includes between about 2 to about 20 acidic amino 25 would otherwise be effected by the basic amino acids of 
acids . In some embodiments of molecules having features of portion B may be termed a “ veto ” of the uptake by the acidic 
the invention , peptide portion B includes between about 5 to portion A . The present inventors have made the further 
about 20 , or between about 9 to about 16 basic amino acids , surprising discovery that cleavage of linker X , allowing the 
and may be a series of basic amino acids ( e . g . , arginines , separation of portion A from portion B is effective to allow 
histidines , lysines , or other basic amino acids ) . In some 30 the uptake of portion B into cells . 
embodiments of molecules having features of the invention , In a further embodiment , a generic structure for peptides 
peptide portion A includes between about 2 to about 20 , or having features of the invention is A - X - B - C , where C is a 
between about 5 to about 20 acidic amino acids , and may be cargo moiety , X a linker , A an acidic portion , and B a basic 
series of acidic amino acids ( e . g . , glutamates and aspartates portion . An acidic portion A may include amino acids that 
or other acidic amino acids ) . A schematic representation of 35 are not acidic . Acidic portion A may comprise other moi 
a MTS molecule having features of the invention comprising eties , such as negatively charged moieties . In embodiments 
a basic portion B , a linker portion X , and an acidic portion of MTS molecules having features of the invention , an 
A is presented in FIG . 1A of WO 2005 / 042034 . In embodi - acidic portion A may be a negatively charged portion , having 
ments , MTS molecules having features of the invention may about 2 to about 20 negative charges at physiological pH , 
be cyclic molecules , as schematically illustrated in FIG . 1B 40 that does not include an amino acid . A basic portion B may 
of WO 2005 / 04203 . Thus , MTS molecules having features include amino acids that are not basic . Basic portion B may 
of the invention may be linear molecules , cyclic molecules , comprise other moieties , such as positively charged moi 
or may be linear molecules including a cyclic portion . eties . In embodiments of MTS molecules having features of 

In some embodiments , a MTS molecule disclosed herein the invention , a basic portion B may be a positively charged 
has the formula A - X - B - C , wherein C is a cargo moiety 45 portion , having between about 5 and about 20 positive 
( including for example a detectable moiety ) ; A is a peptide charges at physiological pH , that does not include an amino 
with a sequence comprising 5 to 9 consecutive acidic amino acid . In some embodiments , the amount of negative charge 
acids , wherein the amino acids are selected from : aspartates in portion A is approximately the same as the amount of 
and glutamates ; B is a peptide with a sequence comprising positive charge in portion B . 
5 to 20 consecutive basic amino acids ; and X is a linker that 50 A cargo moiety C may be , for example , a variety of 
is cleavable by protease . detectable agents , including for example any detectable 

In some embodiments , a MTS molecule disclosed herein moiety for detection in an ex vivo assay , a contrast agent for 
has the formula ( A - X - B - Qn - M , wherein Cis a cargo moiety ; diagnostic imaging , or a chemotherapeutic drug or radiation 
Ais a peptide with a sequence comprising 5 to 9 consecutive sensitizer for therapy . B may be , for example , a peptide 
acidic amino acids , wherein the amino acids are selected 55 portion having between about 5 to about 20 basic amino 
from : aspartates and glutamates ; B is a peptide with a acids , such as a series of basic amino acids ( arginines are can 
sequence comprising 5 to 20 consecutive basic amino acids ; be employed , as well as histidines , lysines or other basic 
X is a linker that is cleavable by thrombin ; and M is a amino acids ) . In some embodiments , X is a cleavable linker 
macromolecular carrier . that is cleavable under physiological conditions . A may be a 

Regulation of transport into and out of a cell is important 60 peptide portion having between about 2 to about 20 about 2 
for its continued viability . For example , cell membranes to about 20 acidic amino acids , such as a series of acidic 
contain ion channels , pumps , and exchangers capable of amino acids . In some embodiments of molecules having 
facilitating the transmembrane passage of many important features of the invention , glutamates and aspartates are 
substances . However , transmembrane transport is selective employed as acidic amino acids for peptide portion A . 
in addition to facilitating the entry of desired substances into 65 The present inventors have made the surprising discovery 
a cell , and facilitating the exit of others , a major role of a cell that including an acidic portion A is also effective to inhibit 
membrane is to prevent uncontrolled entry of substances or prevent the uptake into cells of molecules combining a 
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portion B and a portion C . The present inventors have made embodiments , the acid amino acids are consecutive . In some 
the further discovery that cleavage of linker X , allowing the embodiments , the acid amino acids are not consecutive . 
separation of portion A from portion B is effective to allow In some embodiments , a MTS molecule disclosed herein 
the uptake of portions B and C into cells . Thus , delivery of has the formula ( A - X - B - C ) n - M , wherein C is a cargo 
cargo C can be controlled and enhanced by molecules 5 moiety ; A is a peptide with a sequence comprising 5 to 9 
having features of the invention . consecutive acidic amino acids , wherein the amino acids are 

For example , when peptide portion A contains about 5 to selected from : aspartates and glutamates ; B is a peptide with 
about 9 consecutive glutamates or aspartates , and X is a a sequence comprising 5 to 20 consecutive basic amino 
flexible linker of about 2 to about 100 , or about 6 to about acids ; X is a linker that is cleavable by thrombin ; M is a 
30 atoms in length , the normal ability of a peptide portion B macromolecular carrier ; and n is an integer between 1 and 
( e . g . , a sequence of nine consecutive arginine residues ) to 20 . 
cause uptake into cells is blocked . Cleavage of linker X In some embodiments , a MTS molecule disclosed herein 
allows the separation of portion A from portion B and has the formula ( A - X - B In - D , wherein C is a cargo moiety ; 
portion C , alleviating the veto by portion A . Thus , when 15 Ais a peptide with a sequence comprising 5 to 9 consecutive 
separated from A , the normal ability of portion B to effect acidic amino acids , wherein the amino acids are selected 
the uptake of cargo C into cells is regained . Such cellular from : aspartates and glutamates ; B is a peptide with a 
uptake typically occurs near the location of the cleavage sequence comprising 5 to 20 consecutive basic amino acids ; 
event . Thus , design of cleavable linker X such that it is X is a linker that is cleavable by thrombin ; D is a dendrimer ; 
cleaved at or near a target cell is effective to direct uptake of 20 and n is an integer between 1 and 20 . In some embodiments , 
cargo C into target cells . Extracellular cleavage of X allows D comprises a cargo moiety . 
separation of A from the rest of the molecule to allow uptake In some embodiments of molecules having features of the 
into cells . invention , peptide portion A includes between about 2 to 
AMTS molecule having features of the invention may be about 20 , or between about 5 to about 20 acidic amino acids , 

of any length . In embodiments of MTS molecules having 25 and may be series of acidic amino acids ( e . g . , glutamates and 
features of the invention , a MTS molecule may be about 7 aspartates or other acidic amino acids ) . In some embodi 
to about 40 amino acids in length , not including the length ments , A has a sequence comprising 5 to 9 consecutive 
of a linker X and a cargo portion C . In other embodiments , glutamates . In some embodiments , portion A comprises 8 
particularly where multiple non - acidic ( in portion A ) or consecutive glutamates ( i . e . , EEEEEEEE ( SEQ ID NO : 96 ) 
non - basic ( in portion B ) amino acids are included in one or 30 or eeeeeeee ) . 
both of portions A and B , portions A and B of a MTS An acidic portion A may include amino acids that are not 
molecule may together be about 50 , or about 60 , or about 70 acidic . Acidic portion A may comprise other moieties , such 
amino acids in length . A cyclic portion of an MTS may as negatively charged moieties . In embodiments of a MTS 
include about 12 to about 60 amino acids , not including the molecule disclosed herein , an acidic portion A may be a 
length of a linker X and a cargo portion C . For example , a 35 negatively charged portion , in some embodiments having 
linear MTS molecule having features of the invention may about 2 to about 20 negative charges at physiological pH that 
have a basic portion B having between about 5 to about 20 does not include an amino acid . In some embodiments , the 
basic amino acids ( in some embodiments between about 9 to amount of negative charge in portion A is approximately the 
about 16 basic amino acids ) and an acidic portion A having same as the amount of positive charge in portion B . 
between about 2 to about 20 acidic amino acids ( e . g . , 40 Portion A is either L - amino acids or D - amino acids . In 
between about 5 to about 20 , between about 5 to about 9 embodiments of the invention , D - amino acids are can be 
acidic amino acids ) . In some embodiments , a MTS molecule employed in order to minimize immunogenicity and non 
having features of the invention may have a basic portion B specific cleavage by background peptidases or proteases . 
having between about 9 to about 16 basic amino acids and Cellular uptake of oligo - D - arginine sequences is known to 
between about 5 to about 9 acidic amino acids . 45 be as good as or better than that of oligo - L - arginines . 

Portions A and B may include either L - amino acids or It will be understood that portion A may include non 
D - amino acids . In embodiments of the invention , D - amino standard amino acids , such as , for example , hydroxylysine , 
acids are employed for the A and B portions in order to desmosine , isodesmosine , or other non - standard amino 
minimize immunogenicity and nonspecific cleavage by acids . Portion A may include modified amino acids , includ 
background peptidases or proteases . Cellular uptake of 50 ing post - translationally modified amino acids such as , for 
oligo - D - arginine sequences is known to be as good or better example , methylated amino acids ( e . g . , methyl histidine , 
than that of oligo - L - arginines . The generic structures A - X - B methylated forms of lysine , etc . ) , acetylated amino acids , 
and - A - X - B C can be effective where A is at the amino amidated amino acids , formylated amino acids , hydroxy 
terminus and where A is at the carboxy terminus , i . e . either lated amino acids , phosphorylated amino acids , or other 
orientation of the peptide bonds is permissible . However , in 55 modified amino acids . Portion A may also include peptide 
embodiments where X is a peptide cleavable by a protease , mimetic moieties , including portions linked by non - peptide 
it may be beneficial to join the C - terminus of X to the bonds and amino acids linked by or to non - amino acid 
N - terminus of B , so that the new amino terminus created by portions . 
cleavage of X contributes an additional positive charge that The generic structures A - X - B and - A - X - B - C is effective 
adds to the positive charges already present in B . 60 where Ais at the amino terminus or where is at the carboxy 

In some embodiments , a MTS molecule disclosed herein terminus , i . e . , either orientation of the peptide bonds is 
has the formula A - X - B - C , wherein C is a cargo moiety ; A is permissible . 
a peptide with a sequence comprising 5 to 9 consecutive In some embodiments , a MTS molecule disclosed herein 
acidic amino acids , wherein the amino acids are selected has the formula A - X - B - C , wherein C is a cargo moiety , Ais 
from : aspartates and glutamates ; B is a peptide with a 65 a peptide with a sequence comprising 5 to 9 consecutive 
sequence comprising 5 to 20 consecutive basic amino acids ; acidic amino acids , wherein the amino acids are selected 
and X is a linker that is cleavable by thrombin . In some from : aspartates and glutamates ; B is a peptide with a 
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sequence comprising 5 to 20 consecutive basic amino acids ; may be attached to or near to an end of portion B with linker 
and X is a linker that is cleavable by thrombin . X attached to an opposite end of portion B . A cargo portion 

In some embodiments , a MTS molecule disclosed herein C may also be attached to or near to an end of portion B with 
has the formula ( A - X - B - C ) n - M , wherein C is a cargo linker X attached to or near to the same end of portion B . In 
moiety ; A is a peptide with a sequence comprising 5 to 9 5 some embodiments of the invention , a linker X may link to 
consecutive acidic amino acids , wherein the amino acids are a cargo portion C which is linked to a basic portion B where 
selected from : aspartates and glutamates ; B is a peptide with a MTS molecule having features of the invention comprising 
a sequence comprising 5 to 20 consecutive basic amino a cargo portion C linked to multiple basic portions B , each 
acids ; X is a linker that is cleavable by thrombin ; M is a of which basic portions B are linked to a linker portion X , 
macromolecular carrier ; and n is an integer between 1 and 10 and via the linker to an acidic portion A . 
20 . A linker X may be designed for cleavage in the presence 

In some embodiments , a MTS molecule disclosed herein of particular conditions or in a particular environment . In 
has the formula ( A - X - B ) n - D , wherein C is a cargo moiety , some embodiments , a linker X is cleavable under physi 
Ais a peptide with a sequence comprising 5 to 9 consecutive ological conditions . Cleavage of such a linker X may , for 
acidic amino acids , wherein the amino acids are selected 15 example , be enhanced or may be effected by particular 
from : aspartates and glutamates ; B is a peptide with a pathological signals or a particular environment related to 
sequence comprising 5 to 20 consecutive basic amino acids ; cells in which cargo delivery is desired . The design of a 
X is a linker that is cleavable by thrombin ; D is a dendrimer ; linker X for cleavage by specific conditions , such as by a 
and n is an integer between 1 and 20 . In some embodiments , specific enzyme , allows the targeting of cellular uptake to a 
D comprises a cargo moiety . 20 specific location where such conditions obtain . Thus , one 

In some embodiments of molecules having features of the important way that MTS molecules having features of the 
invention , peptide portion B includes between about 5 to invention provide specific detection of specific proteases 
about 20 , or between about 9 to about 16 basic amino acids , presence is by the design of the linker portion X to be 
and may be a series of basic amino acids ( e . g . , arginines , cleaved by the protease . The linker portion X can be 
histidines , lysines , or other basic amino acids ) . In some 25 designed to be cleaved only by specific proteases or to be 
embodiments , portion B comprises 9 consecutive arginines selective for specific proteases . After cleavage of a linker X , 
( i . e . , RRRRRRRRR ( SEQ ID NO : 97 ) or rrrrrrrrr ) . In some the portions B - C of the molecule are then a simple conjugate 
embodiments , the basic amino acids are consecutive . In of B and C , in some instances retaining a relatively small , 
some embodiments , the basic amino acids are not consecu - inert stub remaining from a residual portion of linker X . 
tive . 30 A linker portion X may be cleavable by conditions found 

A basic portion B may include amino acids that are not in the extracellular environment , such as acidic conditions 
basic . Basic portion B may comprise other moieties , such as which may be found near cancerous cells and tissues or a 
positively charged moieties . In embodiments , a basic portion reducing environment , as may be found near hypoxic or 
B may be a positively charged portion , having between ischemic cells and tissues ; by proteases or other enzymes 
about 5 and about 20 positive charges at physiological pH , 35 found on the surface of cells or released near cells having a 
that does not include an amino acid . In some embodiments , condition to be treated , such as diseased , apoptotic or 
the amount of negative charge in portion A is approximately necrotic cells and tissues ; or by other conditions or factors . 
the same as the amount of positive charge in portion B . An acid - labile linker may be , for example , a cis - aconitic 

Portion B is either L - amino acids or D - amino acids . In acid linker . A linker portion X may also be cleaved extra 
embodiments of the invention , D - amino acids are employed 40 cellularly in an ex vivo reaction . Other examples of pH 
in order to minimize immunogenicity and nonspecific cleav - sensitive linkages include acetals , ketals , activated amides 
age by background peptidases or proteases . Cellular uptake such as amides of 2 , 3 - dimethylmaleamic acid , vinyl ether , 
of oligo - D - arginine sequences is known to be as good as or other activated ethers and esters such as enol or silyl ethers 
better than that of oligo - L - arginines . or esters , imines , iminiums , enamines , carbamates , hydra 

It will be understood that portion B may include non - 45 zones , and other linkages . A linker X may be an amino acid 
standard amino acids , such as , for example , hydroxylysine , or a peptide . A peptide linker may be of any suitable length , 
desmosine , isodesmosine , or other non - standard amino such as , for example , about 3 to about 30 , or about 6 to about 
acids . Portion B may include modified amino acids , includ 24 atoms in sequence ( e . g . , a linear peptide about 1 to 10 or 
ing post - translationally modified amino acids such as , for about 2 to 8 amino acids long ) . A cleavable peptide linker 
example , methylated amino acids ( e . g . , methyl histidine , 50 may include an amino acid sequence recognized and cleaved 
methylated forms of lysine , etc . ) , acetylated amino acids , by a protease , so that proteolytic action of the protease 
amidated amino acids , formylated amino acids , hydroxy - cleaves the linker X . 
lated amino acids , phosphorylated amino acids , or other In some embodiments , X is a cleavable linker . In some 
modified amino acids . Portion B may also include peptide embodiments , a linker X is designed for cleavage in the 
mimetic moieties , including portions linked by non - peptide 55 presence of particular conditions or in a particular environ 
bonds and amino acids linked by or to non - amino acid ment In some embodiments , a linker X is cleavable under 
portions . physiological conditions Cleavage of such a linker X may , 

In embodiments where X is a peptide cleavable by a for example , be enhanced or may be affected by particular 
protease , it may be beneficial to join the C - terminus of X to pathological signals or a particular environment related to 
the N - terminus of B , so that the new amino terminus created 60 cells in which cargo delivery is desired The design of a 
by cleavage of X contributes an additional positive charge linker X for cleavage by specific conditions , such as by a 
that adds to the positive charges already present in B . specific enzyme ( e g , thrombin ) , allows the targeting of 

Cargo portion C may be attached to B in any location or cellular uptake to a specific location where such conditions 
orientation . A cargo portion C need not be located at an obtain Thus , one important way that MTS molecules provide 
opposite end of portion B than a linker X . Any location of 65 specific targeting of cellular uptake to desired cells , tissues , 
attachment of C to B is acceptable as long as that attachment or regions is by the design of the linker portion X to be 
remains after X is cleaved . For example , a cargo portion C cleaved by conditions near such targeted cells , tissues , or 
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regions After cleavage of a linker X , the portions B - C of the In some embodiments , X is about 8 atoms in length . In some 
molecule are then a simple conjugate of B and C , in some embodiments , X is about 10 atoms in length . In some 
instances retaining a relatively small , inert stub remaining embodiments , X is about 12 atoms in length . In some 
from a residual portion of linker X . embodiments , X is about 14 atoms in length . In some 

In some embodiments , X is cleaved by thrombin . In some 5 embodiments , X is about 16 atoms in length . In some 
embodiments , X is substantially specific for thrombin , embodiments , X is about 18 atoms in length . In some 
MMPs or elastates . In some embodiments , X is cleaved by embodiments , X is about 20 atoms in length . In some 
or is substantially specific for MMPs ( PLGLAG ( SEQ ID embodiments , X is about 25 atoms in length . In some 
NO : 1 ) and PLGC ( met ) AG ( SEQ ID NO : 2 ) , RSHP ( Hfe ) embodiments , X is about 30 atoms in length . 
TLY ( SEO ID NO : 19 ) , RSHG ( Hfe FLY ( SEO ID NO : 20 ) , 10 In some embodiments , X is cleaved by thrombin . In some 
SNPYK - Y ( SEQ ID NO : 21 ) , SNPKG - Y ( SEQ ID NO : 22 ) , embodiments , the linker is substantially specific for throm 
SNPYG - Y ( SEQ ID NO : 23 ) , TLSE - LH ( SEQ ID NO : 24 ) , bin . 
TIAHLA ( SEQ ID NO : 25 ) ) , elastases ( RLQLK ( acetyl ) L In some embodiments , the linker has a formula selected 
( SEQ ID NO : 26 ) , plasmin and / or thrombin , cathepsin K from : DPRSFL ( SEQ ID NO : 13 ) , or PPRSFL ( SEQ ID NO : 
( KLRFSKQ ( SEQ ID NO : 27 ) ) . In some embodiments , the 15 14 ) . 
MMP 2 , 9 cleavable or substantially specific sequence is In some embodiments , the linker binds peptide portion A 
PLGLAG and / or PLGC ( met ) AG ( SEQ ID NO : 2 ) . In some ( i . e . , the peptide sequence which prevents cellular uptake ) to 
embodiments , the MMP 14 cleavable or substantially spe - peptide portion B ( i . e . , the MTS sequence ) by a covalent 
cific sequences could include but are not limited to RSHP linkage . In some embodiments , the covalent linkage com 
( Hfe ) TLY ( SEQ ID NO : 19 ) or RSHG ( Hfe ) FLY ( SEQ ID 20 prises an ether bond , thioether bond , amine bond , amide 
NO : 20 ) . In some embodiments , the MMP 9 cleavable or bond , carbon - carbon bond , carbon - nitrogen bond , carbon 
substantially specific sequences could include but are not oxygen bond , or carbon - sulfur bond . 
limited to SNPYK - Y ( SEQ ID NO : 21 ) , SNPKG - Y ( SEQ ID In some embodiments , X comprises a peptide linkage . 
NO : 22 ) , or SNPYG - Y ( SEQ ID NO : 23 ) . In some embodi - The peptide linkage comprises L - amino acids and / or 
ments , the MMP 2 cleavable or substantially specific 25 D - amino acids . In embodiments of the invention , D - amino 
sequences could include but are not limited to TLSE - LH acids are employed in order to minimize immunogenicity 
( SEO ID NO : 24 ) , TIAHLA ( SEQ ID NO : 25 ) . In some and nonspecific cleavage by background peptidases or pro 
embodiments , the cathepsin K cleavable or substantially teases . Cellular uptake of oligo - D - arginine sequences is 
specific sequences could include but are not limited to known to be as good as or better than that of oligo - L 
KLRFSKQ ( SEQ ID NO : 27 ) . In some embodiments , the 30 arginines . 
MMP cleavable or substantially specific sequences could It will be understood that a linker disclosed herein may 
include but are not limited to RS - ( Cit ) - G - ( homoF ) - YLY include non - standard amino acids , such as , for example , 
( SEQ ID NO : 4 ) , CRPAHLRDSG ( SEQ ID NO : 5 ) , hydroxylysine , desmosine , isodesmosine , or other non - stan 
SLAYYTA ( SEQ ID NO : 6 ) , NISDLTAG ( SEQ ID NO : 7 ) , dard amino acids . A linker disclosed herein may include 
PPSSLRVT ( SEQ ID NO ; 8 ) , SGESLSNLTA ( SEQ ID NO : 35 modified amino acids , including post - translationally modi 
9 ) , RIGFLR ( SEQ ID NO : 10 ) elastase cleavable or sub - fied amino acids such as , for example , methylated amino 
stantially specific sequence is RLQLA ( acetyl ) L ( SEQ ID acids ( e . g . , methyl histidine , methylated forms of lysine , 
NO : 11 ) . In some embodiments , the plasmin cleavable or etc . ) , acetylated amino acids , amidated amino acids , formy 
substantially specific sequence is RLQLKL ( SEQ ID NO : lated amino acids , hydroxylated amino acids , phosphory 
12 ) . Thrombin selective substrates DPRSFL ( SEQ ID NO : 40 lated amino acids , or other modified amino acids . A linker 
13 ) , PPRSFL ( SEQ ID NO : 14 ) , Norleucine - TPRSFL ( SEQ disclosed herein may also include peptide mimetic moieties , 
ID NO : 15 ) . In some embodiments , the chymase cleavable including portions linked by non - peptide bonds and amino 
or substantially specific sequence GVAY | SGA ( SEQ ID NO : acids linked by or to non - amino acid portions . 
16 ) . Urokinase - type plasminogen activator ( UPA ) and tissue In some embodiments , a MTS molecule disclosed herein 
plasminogen activator ( TPA ) cleavable or substantially spe - 45 comprises a single of linker Use of a single mechanism to 
cific sequence is YGRAAA ( SEQ ID NO : 17 ) . In some mediate uptake of both imaging and therapeutic cargoes is 
embodiments , the uPA cleavable or substantially specific particularly valuable , because imaging with noninjurous 
sequence is YGPRNR ( SEQ ID NO : 18 ) . tracer quantities can be used to test whether a subsequent 

In some embodiments , a linker consisting of one or more therapeutic dose is likely to concentrate correctly in the 
amino acids is used to join peptide sequence A ( i . e . , the 50 target tissue . 
sequence designed to prevent uptake into cells ) and peptide In some embodiments , a MTS molecule disclosed herein 
sequence B ( i . e . , the TS ) . Generally the peptide linker will comprises a plurality of linkers . Where a MTS molecule 
have no specific biological activity other than to join the disclosed herein includes multiple linkages X , separation of 
molecules or to preserve some minimum distance or other portion A from the other portions of the molecule requires 
spatial relationship between them . However , the constituent 55 cleavage of all linkages X Cleavage of multiple linkers X 
amino acids of the linker may be selected to influence some may be simultaneous or sequential Multiple linkages X may 
property of the molecule such as the folding , net charge , or include linkages X having different specificities , so that 
hydrophobicity . separation of portion A from the other portions of the 

In some embodiments , the linker is flexible . In some molecule requires that more than one condition or environ 
embodiments , the linker is rigid . 60 ment ( " extracellular signals " ) be encountered by the mol 

In some embodiments , the linker comprises a linear ecule Cleavage of multiple linkers X thus serves as a 
structure . In some embodiments , the linker comprises a detector of combinations of such extracellular signals For 
non - linear structure . In some embodiments , the linker com example , a MTS molecule may include two linker portions 
prises a branched structure . In some embodiments , the linker Xa and Xb connecting basic portion B with acidic portion A 
comprises a cyclic structure . 65 Both linkers Xa and Xb must be cleaved before acidic 

In some embodiments , X is about 5 to about 30 atoms in portion A is separated from basic portion B allowing entry 
length . In some embodiments , X is about 6 atoms in length of portion B and cargo moiety C ( if any ) to enter a cell It will 
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be understood that a linker region may link to either a basic tissues suffering from hypoxia enables targeting of portion B 
portion B or a cargo moiety C independently of another and C to cancer cells and cancerous tissues , infarct regions , 
linker that may be present , and that , where desired , more and other hypoxic regions . For example , a linker X that 
than two linker regions X may be included includes a disulfide bond is preferentially cleaved in hypoxic 

Combinations of two or more linkers X may be used to 5 regions and so targets cargo delivery to cells in such a 
further modulate the detection of multiple proteases with a region . In a hypoxic environment in the presence of , for 
single MTS molecule , as well as targeting and delivery of example , leaky or necrotic cells , free thiols and other 
molecules to desired cells , tissue or regions . Combinations reducing agents become available extracellularly , while the 
of extracellular signals are used to widen or narrow the O , that normally keeps the extracellular environment oxi 
specificity of the cleavage of linkers X if desired . Where 10 dizing is by definition depleted . This shift in the redox 
multiple linkers X are linked in parallel , the specificity of balance should promote reduction and cleavage of a disul 
cleavage is narrowed , since each linker X must be cleaved fide bond within a linker X . In addition to disulfide linkages 
before portion . A may separate from the remainder of the which take advantage of thiol - disulfide equilibria , linkages 
molecule . Where multiple linkers X are linked in series , the including quinones that fall apart when reduced to hydro 
specificity of cleavage is broadened , since cleavage on any 15 quinones may be used in a linker X designed to be cleaved 
one linker X allows separation of portion A from the in a hypoxic environment . 
remainder of the molecule For example , in order to detect Necrosis often leads to release of enzymes or other cell 
either a protease OR hypoxia ( i . e . , to cleave X in the contents that may be used to trigger cleavage of a linker X . 
presence of either protease or hypoxia ) , a linker X is linker X designed for cleavage in regions of necrosis in the 
designed to place the protease - sensitive and reduction - sen - 20 absence of hypoxia , for example , may be one that is cleaved 
sitive sites in tandem , so that cleavage of either would suffice by calpains or other proteases that may be released from 
to allow separation of the acidic portion A Alternatively , in necrotic cells . Such cleavage of linkers X by calpains would 
order to detect the presence of both a protease AND hypoxia release the connected portions B - C from portion A , allowing 
( ie , to cleave X in the presence of both protease and hypoxia cargo to be taken up by diseased cells and by neighboring 
but not in the presence of only one alone ) , a linker X is 25 cells that had not yet become fully leaky . 
designed to place the protease sensitive site between at least Acidosis is also commonly observed in sites of damaged 
one pair of cysteines that are disulfide - bonded to each other or hypoxic tissue , due to the Warburg shift from oxidative 
In that case , both protease cleavage and disulfide reduction phosphorylation to anaerobic glycolysis and lactic acid 
are required in order to allow separation of portion A . production . Such local acidity could be sensed either by 
One important class of signals is the hydrolytic activity of 30 making an acid - labile linker X ( e . g . , by including in X an 

matrix metalloproteinases ( MMPs ) , which are very impor - acetal or vinyl ether linkage ) . Alternatively , or in addition , 
tant in the invasive migration of metastatic tumor cells . acidosis may be used as a trigger of cargo uptake by 
MMPs are also believed to play major roles in inflammation replacing some of the arginines within B by histidines , 
and stroke . MMPs are reviewed in Visse et al . , Circ . Res . which only become cationic below pH 7 . 
92 : 827 - 839 ( 2003 ) . MMPs may be used to cleave a linker X 35 Molecules having features of the invention are suitable for 
and so to allow separation of acidic portion A from portions carrying different cargoes , including different types of car 
B and C , allowing cellular uptake of cargo C so that cellular goes and different species of the same types of cargo , for 
uptake of C is triggered by action of MMPs . Such uptake is uptake into cells . For example , different types of cargo may 
typically in the vicinity of the MMPs that trigger cleavage of include marker cargoes ( e . g . , fluorescent or radioactive label 
X . Thus , uptake of molecules having features of the inven - 40 moieties ) and therapeutic cargoes ( e . g . , chemotherapeutic 
tion are able to direct cellular uptake of cargo C to specific molecules such as methotrexate or doxorubicin ) , or other 
cells , tissues , or regions having active MMPs in the extra - cargoes . Where destruction of aberrant or diseased cells is 
cellular environment . therapeutically required , a therapeutic cargo may include a 

For example , a linker X that includes the amino - acid " cytotoxic agent , ” i . e . a substance that inhibits or prevents 
sequence PLGLAG ( SEQ ID NO : 1 ) may be cleaved by the 45 the function of cells and / or causes destruction of cells . In 
metalloproteinase enzyme MMP - 2 ( a major MMP in cancer some embodiments , a single molecule having features of the 
and inflammation ) . Cleavage of such a linker X occurs invention may include more than one cargo portion C so that 
between the central G and L residues , causing cell uptake to a basic portion B may be linked to multiple cargoes C . Such 
increase by 10 to 20 - fold . A great deal is known about the multiple cargoes C may include marker cargoes , therapeutic 
substrate preferences of different MMPs , so that linkers X 50 cargoes , or other cargoes . Multiple cargo moieties may 
may be designed that are able to bias X to be preferentially allow , for example , delivery of both a radioactive marker 
sensitive to particular subclasses of MMPs , or to individual and an ultrasound or contrast agent , allowing imaging by 
members of the large MMP family of proteinases . For different modalities . Alternatively , for example , delivery of 
example , in some embodiments , linkers X designed to be radioactive cargo along with an anti - cancer agent , providing 
cleaved by membrane - anchored MMPs are particularly 55 enhanced anticancer activity , or delivery of a radioactive 
employed because their activity remains localized to the cargo with a fluorescent cargo , allowing multiple means of 
outer surface of the expressing cell . In alternative embodi - localizing and identifying cells which have taken up cargo . 
ments , linkers X designed to be cleaved by a soluble Delivery of cargo such as a fluorescent molecule may be 
secreted MMP are employed where diffusion of cargo C used to visualize cells having a certain condition or cells in 
away from the exact location of cleavage may be desired , 60 a region exhibiting a particular condition . For example , 
thereby increasing the spatial distribution of the cargo . Other thrombosis ( clot formation ) may be visualized by designing 
linkers X cleavable by other MMPs are discussed through a linker X to be cleaved by any of the many proteases in the 
out the application . blood clot formation cascade for delivery of a cargo includ 

Hypoxia is an important pathological signal . For example , ing a fluorescent or other marker to the region . Similarly , 
hypoxia is thought to cause cancer cells to become more 65 complement activation may be visualized by designing a 
resistant to radiation and chemotherapy , and also to initiate linker X to be cleaved by any one or more of the proteases 
angiogenesis . A linker X suitable for cleavage in or near in the complement activation cascades for delivery of a 
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fluorescent or other marker to the region . Thus , fluorescent B including 8 to 10 D - arginines and an acidic portion A 
molecules are one example of a marker that may be deliv - including acidic D - amino acids . 
ered to target cells and regions upon release of a portion A It will be understood that a MTS molecule having features 
upon cleavage of a linker X . of the invention may include non - standard amino acids , such 

A molecule having features of the invention may include 5 as , for example , hydroxylysine , desmosine , isodesmosine , or 
one or more linkers X so that an acidic portion A may be other non - standard amino acids . A MTS molecule having 
linked to portions B and C by one or more linkages . Such features of the invention may include modified amino acids , 
linkages connecting to portion A may be to portion B , to including post - translationally modified amino acids such as , 
portion C , or to both portions B and C . Where a molecule for example , methylated amino acids ( e . g . , methyl histidine , 
having features of the invention includes multiple linkages 10 methylated forms of lysine , etc . ) , acetylated amino acids , 
X , separation of portion A from the other portions of the amidated amino acids , formylated amino acids , hydroxy 
molecule requires cleavage of all linkages X . Cleavage of lated amino acids , phosphorylated amino acids , or other 
multiple linkers X may be simultaneous or sequential . modified amino acids . A MTS molecule having features of 
Multiple linkages X may include linkages X having different the invention may also include peptide mimetic moieties , 
specificities , so that separation of portion A from the other 15 including portions linked by non - peptide bonds and amino 
portions of the molecule requires that more than one con - acids linked by or to non - amino acid portions . For example , 
dition or environment ( “ extracellular signals " ) be encoun - a MTS molecule having features of the invention may 
tered by the molecule . Cleavage of multiple linkers X thus include peptoids , carbamates , vinyl polymers , or other mol 
serves as a detector of combinations of such extracellular ecules having non - peptide linkages but having an acidic 
signals . In some embodiments , MTS molecule having 20 portion cleavably linked to a basic portion having a cargo 
includes two linker portions Xa and Xb connecting basic moiety . 
portion B with acidic portion A . In some embodiments , a The linker portion X may be designed so that it is cleaved , 
cyclic MTS molecule includes two linker regions Xa and Xb for example , by proteolytic enzymes or reducing environ 
connecting basic portion B with acidic portion A . In some ment , as may be found near cancerous cells . Such an 
embodiments , both linkers Xa and Xb must be cleaved 25 environment , or such enzymes , are typically not found near 
before acidic portion A is separated from basic portion B normal cells . In some embodiments , a cleavable linker X is 
allowing entry of portion B and cargo portion C ( if any ) to designed to be cleaved near cancerous cells . In some 
enter a cell . It will be understood that a linker region may embodiments , the cleavable linker is not cleaved near nor 
link to either a basic portion B or a cargo portion C mal tissue . A capable of vetoing cellular uptake of a portion 
independently of another linker that may be present , and 30 B , and of a portion B - C , blocking the entry of cargo into 
that , where desired , more than two linker regions X may be normal tissue . 
included . In some embodiments , the linker portion X may be 

Combinations of two or more linkers X may be used to cleaved , for example , by proteolytic enzymes or reducing 
further modulate the targeting and delivery of molecules to environment found near cancerous cells to deliver a marker 
desired cells , tissue or regions . Boolean combinations of 35 or a drug to cancerous cells . In some embodiments , a MTS 
extracellular signals can be detected to widen or narrow the molecule with a cleavable linker X that is cleaved by 
specificity of the cleavage of linkers X if desired . Where proteolytic enzymes or by the reducing environment near 
multiple linkers X are linked in parallel , the specificity of cancer cells is able to facilitate cargo entry into diseased 
cleavage is narrowed , since each linker X must be cleaved tissue . Thus , the selective cleavage of the linker X and the 
before portion A may separate from the remainder of the 40 resulting separation of cargo C and basic portion B from 
molecule . Where multiple linkers X are linked in series , the acidic portion A allows the targeted uptake of cargo into 
specificity of cleavage is broadened , since cleavage on any cells having selected features ( e . g . , enzymes ) , or located 
one linker X allows separation of portion A from the near to , a particular environment . Thus , molecules having 
remainder of the molecule . For example , in order to detect features of the invention are able to selectively deliver cargo 
either a protease OR hypoxia ( i . e . , to cleave X in the 45 to target cells without doing so to normal or otherwise 
presence of either protease or hypoxia ) , a linker X is non - targeted cells . 
designed to place the protease - sensitive and reduction - sen - In some embodiments , a MTS disclosed herein has the 
sitive sites in tandem , so that cleavage of either would suffice formula ( A - X - B ) n - D , wherein C is a cargo moiety ; A is a 
to allow separation of the acidic portion A . Alternatively , in peptide with a sequence comprising 5 to 9 consecutive 
order to detect the presence of both a protease AND hypoxia 50 acidic amino acids , wherein the amino acids are selected 
( i . e . , to cleave X in the presence of both protease and from : aspartates and glutamates ; B is a peptide with a 
hypoxia but not in the presence of only one alone ) , a linker sequence comprising 5 to 20 consecutive basic amino acids ; 
X is designed to place the protease sensitive site between at X is a linker that is cleavable by thrombin ; D is a dendrimer ; 
least one pair of cysteines that are disulfide - bonded to each and n is an integer between 1 and 20 . In some embodiments , 
other . In that case , both protease cleavage AND disulfide 55 D comprises a cargo moiety . 
reduction are required in order to allow separation of portion In embodiments , a MTS molecule disclosed herein is a 

linear molecule . In embodiments , a MTS molecule disclosed 
D amino acids may be used in MTS molecules having herein is a cyclic molecule , as schematically illustrated in 

features of the invention . For example , some or all of the FIG . 1B of WO 2011 / 008996 ; incorporated herein by ref 
peptides of portions A and B may be D - amino acids in some 60 erence in its entirety . In embodiments , a MTS molecule 
embodiments of the invention . In an embodiment of the disclosed herein comprises a cyclic portion and a linear 
invention suitable for delivering a detectable marker to a portion . 
target cell , a MTS having features of the invention includes A MTS disclosed herein may be of any length . In some 
a contrast agent as cargo C attached to a basic portion B embodiments , a MTS molecule disclosed herein is about 7 
comprising 8 to 10 D - arginines . Acidic portion A may 65 to about 40 amino acids in length , not including the length 
include D - amino acids as well . Similarly , a drug may be of a linker X and a cargo moiety C . In other embodiments , 
delivered to a cell by such molecules having a basic portion particularly where multiple non - acidic ( in portion A ) or 

A . 



H2N - EEEEEDDDDKA - aca - RRRRRRRRR - aca - C ( Fl ) - CONH2 

H2N - eeeeee - aca - PLGLAG - rrrrrrrrr - aca - c ( Fl ) - CONH2 
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non - basic ( in portion B ) amino acids are included in one or - continued 
both of portions A and B , portions A and B of a MTS 
molecule disclosed herein may together be about 50 , or ( SEQ ID NO : 42 ) 
about 60 , or about 70 amino acids in length . A cyclic portion 
of a MTS molecule disclosed herein may include about 125 ( SEQ ID NO : 43 ) 

H2N - EDDDDKA - aca - RRRRRRRRR - aca - C ( Fl ) - CONH2 to about 60 amino acids , not including the length of a linker 
X and a cargo moiety C . For example , a linear MTS ( SEO ID NO : 44 ) 
molecule disclosed herein may have a basic portion B H2N - EEEEEDDDDK ARRRRRRRRR - aca - C ( F1 ) - CONH2 
having between about 5 to about 20 basic amino acids ( SEQ ID NO : 45 ) ( between about 9 to about 16 basic amino acids ) and an H2N - EEDDDDKA - aca - rarrarr - aca - C ( Fl ) - CONH2 
acidic portion A having between about 2 to about 20 acidic 
amino acids ( e . g . , between about 5 to about 20 , between H2N - DDDDDDKARRRRRRRRR - aca - C ( Fl ) - CONH2 
about 5 to about 9 acidic amino acids ) . In some particular ( SEO ID NO : 46 ) 

H2N - EEDDDDKAR - aca - RR - aca - RR - aca - RR - aca - RR - aca 
basic portion B having between about 9 to about 16 basic C ( Fl ) - CONH2 
amino acids and between about 5 to about 9 acidic amino ( SEQ ID NO : 47 ) acids . In some embodiments , A is consecutive glutamates 
( i . e . , EEEEEEEE ( SEO ID NO : 96 ) , E9 , eeeeeeee , or e9 ) , B 
is nine consecutive arginines ( i . e . , RRRRRRRRR ( SEO ID EDA - aca - R , - aca - C ( Fl ) - CONH2 
NO : 97 ) , R9 , rrrrrrrrr , or r9 ) , and X is PLGLAG ( SEQ ID ( SEQ ID NO : 48 ) NO : 1 ) . EDDDDKA - aca - R6 - aca - C ( DOX ) - CONH2 In some embodiments , the MTS is selected from : Suc 
e9 - XDPRSFL - r9 - c ( Cy5 ) - CONH2 ; Suc - e9 - ODPRSFL - r9 - c ( SEQ ID NO : 49 ) 
( Cy5 ) - CONH2 ; and Suc - e9 - Xdprsfl - r9 - c ( Cy5 ) - CONH2 . EEEDDDEEEDA - aca - R9 - aca - Y ( 12SI ) - CONH2 

A MTS molecule disclosed herein may be of any length . ededdAAeeeDDDDKA - aca - R , , - aca - C ( Fl ) - CONH2 
In some embodiments , a MTS molecule disclosed herein is 
about 7 to about 40 amino acids in length , not including the eddedededDDDDKA - aca - RS - AGA - R6 - aca - C ( DOX ) - CONH2 
length of a linker X and a cargo moiety C . In other Ggedgddeeeeeeddeed - aca - PLGLAG - aca - R8 - AAA - Ri 2 embodiments , particularly where multiple non - acidic ( in z 30 aca - C ( F1 ) - CONH2 portion A ) or non - basic in portion B ) amino acids are 
included in one or both of portions A and B , portions A and eeddeeddKA - aca - R7 - aca - C ( F1 ) - CONH2 
B of a MTS molecule disclosed herein may together be eDDDDKA - aca - RGRGRRR - aca - C ( Fl ) - CONH2 about 50 , or about 60 , or about 70 amino acids in length . A 
cyclic portion of a MTS molecule disclosed herein may 26 eddddeeeeeee - aca - PLGLAGKA - aca - R10 - aca - C ( Fl ) - CONH2 
include about 12 to about 60 amino acids , not including the 
length of a linker X and a cargo moiety . eeeeeeeeeeeeeeee - aca - DDDDKA - aca - R20 - aca - C ( F1 ) - 

CONH2 For example , a linear MTS molecule disclosed herein 
may have a basic portion B having between about 5 to about eeeeeeeeeddddd - aca - DDDDKA - aca - R , 7 - aca - Y 
20 basic amino acids in some embodiments between about 10 ( ' 2 < iI ) - CONH2 
9 to about 16 basic amino acids ) and an acidic portion A 
having between about 2 to about 20 acidic amino acids ( e . g . , dddddddddddddddd - aca - PLGLAG - aca - R , 4 - aca - C ( DOX ) - 

CONH2 
between about 5 to about 20 , between about 5 to about 9 
acidic amino acids ) . In some embodiments , a MTS molecule NH2 - eeeeee - ahx - PLG 
disclosed herein may have a basic portion B having between 45 LAG - rrrrrrrrr - ahx - c ( F1 ) - CONH2 , where " ahx " about 9 to about 16 basic amino acids and between about 5 indicates ammohexanoic acid 
to about 9 acidic amino acids . In some embodiments , A is 9 
consecutive glutamates ( i . e . , EEEEEEEE ( SEQ ID NO : 96 ) , ( SEO ID NO : 50 ) 

E9 , eeeeeeee , or e9 ) , B is nine consecutive arginines ( i . e . , EEEEEDDDDKAXRRRRRRRRRXC ( FI ) 
RRRRRRRRR ( SEQ ID NO : 97 ) , R9 , rrrrrrrrr , or r9 ) , and X so * ^ 50 ( SEO ID NO : 51 ) 
is PLGLAG ( SEQ ID NO : 1 ) . 

In some embodiments , the MTS molecule has a formula 
given below . It should be noted that in some instances the ( SEO ID NO : 52 ) 

EDDDDKAXRRRRRRRRRXC ( Fl ) peptide sequence is given by the amino acid symbol and a 
number indicating the number of amino acids ( for example , se ( SEQ ID NO : 53 ) R9 translates to RRRRRRRRR ( SEQ ID NO : 97 ) or nine EEDDDDKARXRRXRRXRRXRRXC ( Fl ) 
consecutive L - argmines ; and r9 translates to nine consecu 
tive D - argmines or rrrrrrrrr ) ( SEO ID NO : 54 ) 

DDDDDDKARRRRRRRRRXC ( F1 ) 

EEEEEDDDDKARRRRRRRRRXC ( Fl ) 

( SEQ ID NO : 39 ) 60 EEDDDDKAXrrrrrrrrrxc ( Fl ) 
EDDDDKA - aca - R9 - aca - C ( F1 ) - CONH2 eeeeeeXPLGLAGrrrrrrrrrxc ( Fl ) 

( SEO ID NO : 40 ) 
Fl - aca - CRRRRRRRRR - aca - EEEEEEEEEC - CONH2 UeeeeeeeeXPLGLAGrrrrrrrrrXk ( F1 ) 

( SEQ ID NO : 41 ) 65 eeeeeeXPLGLAGrrrrrrrrrxc ( Cy5 ) 
Fl - aca - CEEEE - aca - RRRRRRRRRC - CONH2 
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- continued - continued 
UeeeeeeXPLGLAGrrrrrrrrrxc ( Cy5 ) 

( 70 KDa dextran ) - e9 - XPLGLAX - r9 - ( DOTA - ' 111n ) 
UeeeeeeeeXPLGLACorturraXk ( Cy5 ) 

( 11 - KDa - MPEG ) - €9 - XPLGLAG - 59 - K ( DOTA - Gd ) 
11 - kDaPEG ] XeeeeeeeeeXPLGLAGrarrarrXk ( Cy5 ) 

Suc9 - ( 70 KDa dextran ) - 29 - XPLGLAG - r9 - K ( DOT A - Gd ) 
11 - kDa PEG | XeeeeeeeeeXLALGPGrarrarrxk ( Cy5 ) 

Suc9 - ( 70 KDa dextran ) - e9 - XPLGLAX - r9 - K ( DOT A - Gd ) 
F1 - XrarrarrXPLGLAGeeeeeeee - BAla 

Suc9 - ( 70 KDa dextran ) - e9 - XPLGLAG - 59 - K ( DOT A - Gd ) 
F1 - XrarrarrXSGRSAeeeeeeee - Bala 10 

eeeeeeXSGRSAXrrrrrrrrrxc ( Cy5 ) 
cyclic [ succinoyl - PLGLAG - C ( 11 KDa - MPEG ) - e9 
XPLGLAG - 59 - K ] - k ( Cy5 ) 

Fl - rrrrrrrrrc - SS - ceeeeee Cy5 - X - 26 - XPLGLAG - r9 - Xk ( Cy5 ) 

15 Cy7 - X - 26 - XPLGLAG - r9 - Xk ( Cy5 ) succinyl - e8 - XPLGLAG - r9 - Xk , where X denotes 6 
aminohexanoyI 

11 KDa MPEG - e9 - PLGLAG - r9 
[ 11 kDa PEG ] - X - e9 - XPLGLAG - r9 

AC - r9 - k - NH2 
[ 11 - kDa PEG ] - X - 09 - XPLGLAG - r9 - Xk ( Cy5 ) 

MPEG ( 11 kd ) - 09 - XPLGLAG - r9 - Xk - NH2 20 H2N - 26 - XPLGLAG - r9 - Xc ( Cy5 ) - CONH2 , where 
X = aminohexanoic acid e9 - XPLGLAG - r9 - Xk - NH2 

FAM - 09 - PEG ( 6 ) - SGRFPKTVHTA - r9 - ( D - cys ) - NH2 H2N - eeeeee - ( ahx ) - PLG LAG - rrrrrrrrr - ( ahx ) - C 
( Fluor ) - CONH2 

FAM - C9 - APEG ( 6 ) - SGSNPFKYHTA - r9 - ( D - cys ) - NH2 
XeeeeeeeeeXPLGLAGrrrrrrrrxk 25 

FAM - 29 - dPEG ( 6 ) - SGGPQGIAGTA - r9 - ( D - cys ) - NH2 
eeeeeeeeeXLALGPG - rrrrrrrrrxk ( Cy5 ) 

FAM - 09 - JPEG ( 6 ) - SGPLKITRTA - r9 - ( D - cys ) - NH2 
MPEG ( 11 kd ) - S - CH2 - CONH - ahx - e9 - ahx - PLGLAG - r9 - ahx 
k - CONH2 MPEG - S - CH2CONH - e9 - ahx - PLGLAG - r9 
K [ DOTA ( Gd ) ] - CONH2 FAM - 29 - dPEG ( 6 ) - SGIPFFMTTA - r9 - ( D - cys ) - NH2 

30 

FAM - e9 - DPEG ( 6 ) - SGMGPWFMHTA - r9 - ( D - cys ) - NH2 ( 11 KDa - mPEG ) - e9 - XPLGLAG - r9 - [ DPK - 99m Tc ( CO ) 3 ] 

( 70 KDa - dextran ) - e9 - XPLGLAG - r9 - [ DPK - 99mTc ( CO ) 3 ] FAM - 09 - DPEG ( 6 ) - SGSNPYK - YTA - r9 - ( D - cys ) - NH2 
FAM - e9 - DPEG ( 6 ) - SGSNPKG - YTA - r9 - ( D - cys ) - NH2 murine serum albumin ) - e9 - XPLGLAG - r9 - [ DPK 

99MTC ( CO ) 3 ] FAM - 09 - DPEG ( 6 ) - SGSNPYG - YTA - r9 - ( D - cys ) - NH2 
( PAMAM generation 5 dendrimer ) - e9 - XPLGLAX - r9 
[ DPK - " MTC ( CO ) 3 ] FAM - e9 - DPEG ( 6 ) - SG - XXXXXX - TA - r9 - ( D - cys ) - NH2 

TABLE 1 
Cap Macromolecule Polyanion P4 P3 P2 P 1 P1 P2 P3 ' . . . Pn ' Polycation Cargo C - term 
Suc9 X PL G LA K [ DOTA ( Gd ) ] NH2 Dextran 

( 70 KDa ) 
G Suc 

Suc 
Suc 
Suc 
Suc 

C ( Me ) A 
C ( Me ) 
C ( Me ) A 

NH2 
NH2 

L NH2 
Suc 
Suc NH2 
Suc 
Suc 

42 42 

QQQQQQQQQQQQQQ NH2 

X PL 
ThienylAla 

X P F ( 4 - - - CI ) 
X PL 
X P F ( 4 - - - CI ) 
X P F ( 4 - - - Cl ) 
X P F ( 4 - - - CI ) 
X P F ( 4 - - - CI ) 
X P F ( 4 - - - CI ) 
X PL 
X PC ( Me ) 

P ThienylAla 
X P F ( 4 - - - CI ) 
X PK ( Dnp ) 
X PL 
X PL 
X PL 
PL 
PL 

Albumin 

C ( Me ) M 
C ( Me ) Y 
C ( Me ) R 
C ( Me ) PhGly 
C ( Me ) C ( Me ) 
L 

C ( Me ) A 
C ( Me ) A 
C ( Me ) A 
C ( Me ) A 

Suc 

DPK 
DPK 
DPK NH 
c [ Cy5 ] 
c [ Cy5 ] NH 
c [ Cy5 ] NH2 
c [ Cy5 ] 
c [ Cy5 ] NH 
c [ Cy5 ] 
DPK NH2 
c [ Cy5 ] NH2 
c [ Cy5 ] 
c [ Cy5 ] 
c [ Cy5 ] 
DPK 
c [ Cy5 ] 
c [ Cy5 ] NH2 
DPK NH , 
c [ Cy5 ] 
K [ DOTA ( Gd ) ] NH2 

X G 

3 . 3 44 4 3 4 3 4 4 3 4 9 gggggggg 349M 

NH2 
NH2 
NH2 
NH2 

M 

Suc 
Suc 
Suc 

Albumin 
Suc 
Suc 
Suc127 PAMAM - Gen5 
Suc - 
Suc9 Dextran 

( 70 KDa ) 
Suc127 PAMAM - Gen5 e9 

NH2 C ( Me ) 
C ( Me ) 

GL 
G C ( Me ) NH2 

X P L GL NH2 
NH2 — 

Ac127 PAMAM - Gen5 e9 
Suc 

X PL 
? ? 

k [ Cy5 ] 
Xc [ Cy5 ] 
k [ Cy5 ] 
k [ Cy5 ] GL F ( 4 - - - 

NO2 ) 

NH2 
NH 



US 10 , 385 , 380 B2 
33 34 

Cap Macromolecule Polyanion P4 P3 P2 P3 ' . . . Pn ' Polycation Cargo C - term 

TABLE 1 - continued 
P1 P1 P2 
GL A 

G LA 
G LA 
G LA 

X X PL 
X PL 
X P L 
X PL 

k [ Cy5 ] 
k [ Cy5 ] 
DPK 
k [ Cy5 ] 

NH2 
NH2 
NH2 — 
NH2 

GLA X PL 
X PL 

Suc127 PAMAM - Gen5 e9 
Suc63 PAMAM - Gen4 e9 

Albumin 
Suc136 Dextran 

( 86 KDa ) 
Suc 
Suc9 Dextran 

( 70 KDa ) 
Suc9 Dextran 

( 70 KDa ) 
Suc9 Dextran 

( 70 KDa ) 
Suc9 Dextran 

( 70 KDa ) 

k [ Cy5 ] NH , 
K [ DOTA ( Gd ) ] NH , 

X PL K [ DOTA ( G ) ] NH 

GLA 
GL 
GL 
GL 

eg P k [ Cy5 ] NH2 
e9 PL DPK NH 

Suc e8 ? ? 60 NH , 
— ? ? NH2 

k [ Cy5 ] 
k [ Cy5 ] 
k [ Cy5 ] 
k [ Cy5 ] 

NH Suc9 
Suc97 ? ? 

0 0 

NH2 

Albumin 
Dextran 
Dextran 
( 500 KDa ) 
Albumin 
Dextran 
( 70 KDa ) 
Albumin 

eg — 
Suc9 

X PL 
X PL 

GL A G k [ Cy5 ] 
k [ Cy5 ] 

NH2 
NH2 0 CO 

NH , 
Suc 
Suc9 

X PL 
X PL 
X PL Ooo k [ Cy5 ] 

k [ Cy5 ] 
k [ Cy5 ] G LA 

NH2 
NH2 

eg GL NH2 

Dextran 
( 70 KDa ) 
Albumin 
Albumin 
Albumin 
Dextran 
( 70 KDa ) 
nonconj . 
Albumin 

X PL 
X P L 
X PL 
X PL 

G L 

k [ Cy5 ] 
k [ Cy5 ] 
k [ Cy5 ] 
k [ Cy5 ] 

NH2 
NH2 
NH2 Suc9 

Suc 8 X PL GL r9x k [ Cy5 ] NH 
Suc r9X NH2 X 

X 
X 

P 
P 
p 

L 
L 
1 

? L 19 
k [ Cy5 ] 
k [ Cy5 ] 
k [ Cy5 ] 

NH 
el r9X NH2 
ey X PL K [ DOTA ( Gd ) ] NH , 

Albumin 
mPEG 
( 5 KDa ) 
MPEG 
( 11 KDa ) 
mPEG 
( 11 KDa ) 
MPEG 
( 11 KDa ) 
MPEG 
( 11 KDa ) 

e10 X PL e Xr9 k [ Cy5 ] NH 
G LA 
G F ( 4 A 

NO ) 
G C ( Me ) W 

G C ( Me ) W 

Xr9 
Qr9 e10 k [ Cy5 ] NH2 X PL 

X PL el Qr9 k [ Cy5 ] NH 

In some embodiments , cargo C may be a fluorescent mycin , paclitaxel , nitrogen mustards , etoposide , camptoth 
molecule such as fluorescein . Fluorescent cargo moieties ecin , 5 - fluorouracil , etc . ; b ) radiation sensitizing agents such 
enable easy measurement by fluorescence microscopy or 45 as porphyrins for photodynamic therapy , or 1°13 clusters or 
flow cytometry in unfixed cultured cells . However , oli - 1576d for neutron capture therapy ; or c ) peptides or proteins 
goarginine sequences , such as make up portion B , have been that modulate apoptosis , the cell cycle , or other crucial 
demonstrated to import a very wide varieties of cargoes C , signaling cascades . Existing chemotherapeutic drugs may be 
ranging from small polar molecules to nanoparticles and used , although they may not be ideal , because they have 
vesicles ( Tung & Weissleder , Advanced Drug Delivery 50 already been selected for some ability to enter cells on their 
Reviews 55 : 281 - 294 ( 2003 ) ) . Thus , in embodiments of the own . In some embodiments of the molecules of the inven 
invention , a cargo portion C may be any suitable cargo tion , cargoes that are unable to enter or leave cells without 
moiety capable of being taken up by a cell while connected the help of the polybasic portion B may be employed . 
to a basic portion B . Cargo C may include a radioactive moiety , for example a 

For example , for in vivo imaging purposes , C may be 55 radioactive isotope such as 211 At , 1311 , 1251 , 9°Y , 186Re , 
labeled with a positron - emitting isotope ( e . g . 18F ) ) for 188Re , 153Sm , 212Bi , 32P , radioactive isotopes of Lu , and 
positron emission tomography ( PET ) , gamma - ray isotope others . 
( e . g . 99m Tc ) for single photon emission computed tomogra - Cargo portion C may include a fluorescent moiety , such as 
phy ( SPECT ) , a paramagnetic molecule or nanoparticle ( e . g . a fluorescent protein , peptide , or fluorescent dye molecule . 
GdS + chelate or coated magnetite nanoparticle ) for magnetic 60 Common classes of fluorescent dyes include , but are not 
resonance imaging ( MRI ) , a near - infrared fluorophore for limited to , xanthenes such as rhodamines , rhodols and 
near - infra red ( near - IR ) imaging , a luciferase ( firefly , bac - fluoresceins , and their derivatives ; bimanes ; coumarins and 
terial , or coelenterate ) or other luminescent molecule for their derivatives such as umbelliferone and aminomethyl 
bioluminescence imaging , or a perfluorocarbon - filled coumarins ; aromatic amines such as dansyl ; squarate dyes ; 
vesicle for ultrasound . For therapeutic purposes , for 65 benzofurans ; fluorescent cyanines ; carbazoles ; dicyanom 
example , suitable classes of cargo include but are not limited ethylene pyranes , polymethine , oxabenzanthrane , xanthene , 
to : a ) chemotherapeutic agents such as doxorubicin , mito - pyrylium , carbostyl , perylene , acridone , quinacridone , 
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rubrene , anthracene , coronene , phenanthrecene , pyrene , X will allow fluorescence of the fluorescent portion and 
butadiene , stilbene , lanthanide metal chelate complexes , detection of the cleavage . Upon cellular uptake , the fluo 
rare - earth metal chelate complexes , and derivatives of such rescent portion of a molecular beacon will allow detection of 
dyes . Fluorescent dyes are discussed , for example , in U . S . the cell . For example , a quencher Q may be attached to an 
Pat . Nos . 4 , 452 , 720 , 5 , 227 , 487 , and 5 , 543 , 295 . Cargo can 5 acidic portion A to form a MTS molecule having features of 
also include detection agents . the invention Q - A - X - B C where cargo C is fluorescent and 

A cargo portion C may include a fluorescein dye . Typical is quenched by Q . The quenching of C by Q is relieved upon 
fluorescein dyes include , but are not limited to , 5 - carboxy cleavage of X , allowing fluorescent marking of a cell taking 
fluorescein , fluorescein - 5 - isothiocyanate and 6 - carboxy - up portion B - C . The combination of fluorescence dequench 
fluorescein ; examples of other fluorescein dyes can be 10 ing and selective uptake should increase contrast between 
found , for example , in U . S . Pat . Nos . 6 , 008 , 379 , 5 , 750 , 409 , tissues able to cleave X compared to those that cannot cleave 
5 , 066 , 580 , and 4 , 439 , 356 . A cargo portion C may include a X . 
rhodamine dye , such as , for example , tetramethylrhod - In some embodiments , C and / or Q and C for all or part of 
amine - 6 - isothiocyanate , 5 - carboxytetramethylrhodamine , a donor : acceptor FRET pair or a BRET ( bioluminescence 
5 - carboxy rhodol derivatives , tetramethyl and tetraethyl 15 resonance energy transfer ) pair . Donors can include any 
rhodamine , diphenyldimethyl and diphenyldiethyl rhod appropriate molecules listed herein or known in the art and 
amine , dinaphthyl rhodamine , rhodamine 101 sulfonyl chlo - as such include but are not limited to FITC ; Cy3 ; EGFP ; 
ride ( sold under the tradename of TEXAS RED® ) , and other cyan fluorescent protein ( CFP ) ; EGFP ; 6 - FAM ; fluorescein , 
rhodamine dyes . Other rhodamine dyes can be found , for IAEDANS , EDANS and BODIPY FL . Acceptors can 
example , in U . S . Pat . Nos . 6 , 080 , 852 , 6 , 025 , 505 , 5 , 936 , 087 , 20 include any appropriate molecules listed herein or known in 
5 , 750 , 409 . A cargo portion C may include a cyanine dye , the art and as such include but are not limited to TRITC ; 
such as , for example , Cy3 , Cy3B , Cy3 . 5 , Cy5 , Cy5 . 5 , Cy7 . Cy5 ; Cy3 ; YFP ; 6 - FAM ; LC Red 640 ; Alexa Fluor 546 ; 
Some of the above compounds or their derivatives will fluorescein ; tetramethylrhodamine ; Dabcyl ( acceptor ) ; 

produce phosphorescence in addition to fluorescence , or will BODIPY FL ; QSY 7 and QSY 9 dyes . Exemplary FRET 
only phosphoresce . Some phosphorescent compounds 25 pairs can include but are not limited to CFP : YFP ; Cy5 : Cy7 ; 
include porphyrins , phthalocyanines , polyaromatic com FITC : TRITC ; Cy3 : Cy5 ; EGFP : Cy3 ; EGFP : YFP ; 6 - FAM : 
pounds such as pyrenes , anthracenes and acenaphthenes , and LC Red 640 or Alexa Fluor 546 ; fluorescein : tetramethyl 
so forth , and may be , or may be included in , a cargo portion rhodamine ; IAEDANS : fluorescein ; EDANS : Dabcyl ; fluo 
C . A cargo portion C may also be or include a fluorescence rescein : fluorescein ; BODIPY FL : BODIPY FL ; and 
quencher , such as , for example , a ( 4 - dimethylamino - phe - 30 fluorescein : QSY 7 and QSY 9 dyes . 
nylazo ) benzoic acid ( DABCYL ) group . In some embodiments , the cargo moiety C and / or 

In some embodiments , a cargo moiety is all or part of a quencher moeity Q are a fluorescent moiety including but 
molecular beacon . In some embodiments a cargo moeity is not limited to a fluorescent protein , peptide , or fluorescent 
combined with a quencher moiety Q to form all or part of a dye molecule . Common classes of fluorescent dyes include , 
molecular beacon . As used herein , “ molecular beacon " 35 but are not limited to , xanthenes such as rhodamines , 
means a pair of connected compounds having complemen - rhodols and fluoresceins , and their derivatives ; bimanes ; 
tary regions with a fluorophore and a fluorescent quencher coumarins and their derivatives such as umbelliferone and 
so that the fluorescence of the fluorophore is quenched by aminomethyl coumarins ; aromatic amines such as dansyl ; 
the quencher . One or both of the complementary regions squarate dyes ; benzofurans ; fluorescent cyanines ; carba 
may be part of the cargo moiety . Where only one of the 40 zoles ; dicyanomethylene pyranes , polymethine , oxabenzan 
complementary regions ( e . g . , the fluorescent moiety ) is part thrane , xanthene , pyrylium , carbostyl , perylene , acridone , 
of the cargo moiety , and where the quencher moiety is part quinacridone , rubrene , anthracene , coronene , phenanthre 
of the linker X or the acidic portion A , then cleavage of the cene , pyrene , butadiene , stilbene , lanthanide metal chelate 
linker X will allow fluorescence of the fluorescent portion complexes , rare - earth metal chelate complexes , and deriva 
and detection of the cleavage . Upon cellular uptake , the 45 tives of such dyes . Fluorescent dyes are discussed , for 
fluorescent portion of a molecular beacon will allow detec - example , in U . S . Pat . Nos . 4 , 452 , 720 , 5 , 227 , 487 , and 5 , 543 , 
tion of the cell . For example , a quencher Q may be attached 295 . 
to an acidic portion A to form a MTS molecule having In some embodiments , a cargo moiety C and / or quencher 
features of the invention Q - A - X - B - C where cargo is fluo - moeity are fluorescein dyes . Typical fluorescein dyes 
rescent and is quenched by Q The quenching of the cargo 50 include , but are not limited to , 5 - carboxyfluorescein , fluo 
moiety by Q is relieved upon cleavage of X , allowing rescein - 5 - isothiocyanate and 6 - carboxyfluorescein ; 
fluorescent marking of a cell taking up portion B - C The examples of other fluorescein dyes can be found , for 
combination of fluorescence dequenching and selective example , in U . S . Pat . Nos . 6 , 008 , 379 , 5 , 750 , 409 , 5 , 066 , 580 , 
uptake should increase contrast between tissues able to and 4 , 439 , 356 . A cargo moiety C may include a rhodamine 
cleave X compared to those that cannot cleave X . 55 dye , such as , for example , tetramethylrhodamine - 6 - isothio 

A pair of compounds may be connected to form a molecu - cyanate , 5 - carboxytetramethylrhodamine , 5 - carboxy rhodol 
lar beacon or FRET pair , having complementary regions derivatives , tetramethyl and tetraethyl rhodamine , diphe 
with a fluorophore and a fluorescent quencher associated nyldimethyl and diphenyldiethyl rhodamine , dinaphthyl 
together so that the fluorescence of the fluorophore is rhodamine , rhodamine 101 sulfonyl chloride ( sold under the 
quenched by the quencher . Such pairs can be useful as 60 tradename of TEXAS RED® ) , and other rhodamine dyes . 
detection agents and any fluorescent pairs known or Other rhodamine dyes can be found , for example , in U . S . 
described herein can be employed with the present inven - Pat . Nos . 6 , 080 , 852 , 6 , 025 , 505 , 5 , 936 , 087 , 5 , 750 , 409 . A 
tion . One or both of the complementary regions may be part cargo moiety C may include a cyanine dye , such as , for 
of the cargo portion C . Where only one of the complemen - example , Cy3 , Cy3B , Cy3 . 5 , Cy5 , Cy5 . 5 , Cy7 . 
tary regions ( e . g . , the fluorescent moiety ) is part of the cargo 65 In some embodiments , cargo moiety C and / or quencher 
portion C , and where the quencher moiety is part of the moeity Q are fluorophores . Fluorophores are commercially 
linker X or the acidic portion A , then cleavage of the linker available and any known and / or commercially available 
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fluorophore can be employed as the cargo moiety C detect so forth , and may be , or may be included in , a cargo moiety . 
able entity for the present invention . In some embodiments , A cargo moiety may also be or include a fluorescence 
the fluorophore exhibits green fluorescence ( such as for quencher , such as , for example , a ( 4 - dimethylamino - phe 
example 494 nm / 519 nm ) , orange fluorescence ( such as for nylazo ) benzoic acid ( DABCYL ) group . 
example 554 nm / 570 nm ) , red fluorescence ( such as for 5 In some embodiments , a cargo moiety is a fluorescentl 
example 590 nm / 617 nm ) , or far red fluorescence ( such as label . In some embodiments , a cargo moiety C and / or 
for example 651 nm / 672 nm ) excitation / emission spectra . In quencher moeity Q is indocarbocyanine dye , Cy5 , Cy5 . 5 , 
some embodiments , the fluorophore is a fluorophore with Cy7 , IR800CW , or a combination thereof . In some embodi excitation and emission spectra in the range of about 350 nm ments , a cargo moiety is a MRI contrast agent . In some to about 775 nm . In some embodiments the excitation and 10 embodiments , a cargo moiety is Gd complex of [ 4 , 7 , 10 - tris emission spectra are about 346 nm / 446 nm , about 494 ( carboxymethyl ) - 1 , 4 , 7 , 10 - tetraazacyclododec - 1 - yl ] acetyl . 
nm / 519 nm , about 554 nm / 570 nm , about 555 nm / 572 nm , 
about 590 nm / 617 nm , about 651 nm / 672 nm , about 679 Cargo C may include a chemotherapeutic moiety , such as 
nm / 702 nm or about 749 nm / 775 nm . In some embodiments , a chemical compound useful in the treatment of cancer , or 
the fluorophore can include but is not limited to AlexaFluor 15 other therapeutic moiety , such as an agent useful in the 
3 , AlexaFluor 5 , AlexaFluor 350 , AlexaFluor 405 , Alex treatment of ischemic tissue , or of necrotic tissue , or other 
aFluor 430 , AlexaFluor 488 , AlexaFluor 500 , AlexaFluor therapeutic agent . 
514 , AlexaFluor 532 , AlexaFluor 546 , AlexaFluor 555 , Multiple membrane translocation signals ( MTS ) have 
AlexaFluor 568 , AlexaFluor 594 , AlexaFluor 610 , Alex been identified . For example , the Tat protein of the human 
aFluor 633 , AlexaFluor 647 , AlexaFluor 660 , AlexaFluor 20 immunodeficiency virus 1 ( HIV - 1 ) is able to enter cells from 
680 , AlexaFluor 700 , and AlexaFluor 750 ( Molecular the extracellular environment . A domain from Antennapedia 
Probes AlexaFluor dyes , available from Life Technologies , homeobox protein is also able to enter cells . 
Inc . ( USA ) ) . In some embodiments , the fluorophore can Molecules comprising a MTS may also be used to carry 
include but is not limited to Cy dyes , including Cy2 , Cy3 , other molecules into cells along with them . The most 
Cy3B , Cy3 . 5 , Cy5 , Cy5 . 5 and Cy7 ( available from 25 important MTS are rich in amino acids such as arginine with 
Lumiprobes ) . In some embodiments the fluorophore can positively charged side chains . Molecules transported into 
include but is not limited to DyLight 350 , DyLight 405 , cell by such cationic peptides may be termed “ cargo ” and 
DyLight 488 , DyLight 550 , DyLight 594 , DyLight 633 , may be reversibly or irreversibly linked to the cationic 
DyLight 650 , DyLight 680 , DyLight 750 and DyLight 800 peptides . 
( available from Thermo Scientific ( USA ) ) . In some embodi - 30 The uptake facilitated by molecules comprising a MTS is 
ments , the fluorophore can include but is not limited to a currently without specificity , enhancing uptake into most or 
FluoProbes 390 , FluoProbes 488 , FluoProbes 532 , Fluo - all cells . It is desirable to have the ability to target the 
Probes 547H , FluoProbes 594 , FluoProbes 647H , Fluo delivery of cargo to a type of cell , or to a tissue , or to a 
Probes 682 , FluoProbes 752 and FluoProbes 782 , AMCA , location or region within the body of an animal . Accord 
DEAC ( 7 - Diethylaminocoumarin - 3 - carboxylic acid ) ; 7 - Hy - 35 ingly , a need for a MTS molecule with increased in vivo 
droxy - 4 - methylcoumarin - 3 ; 7 - Hydroxycoumarin - 3 ; MCA circulation has been identified 
( 7 - Methoxycoumarin - 4 - acetic acid ) ; 7 - Methoxycoumarin - In some embodiments , a MTS molecule disclosed herein 
3 ; AMF ( 4 ' - ( Aminomethyl ) fluorescein ) ; 5 - DTAF ( 5 - ( 4 , 6 - has the formula A - X - B - C , wherein C is a cargo moiety ; A is 
Dichlorotriazinyl ) aminofluorescein ) ; 6 - DTAF ( 6 - ( 4 , 6 - Di a peptide with a sequence comprising 5 to 9 consecutive 
chlorotriazinyl ) aminofluorescein ) ; 6 - FAM 40 acidic amino acids , wherein the amino acids are selected 
( 6 - Carboxyfluorescein ) , 5 ( 6 ) - FAM cadaverine ; 5 - FAM from : aspartates and glutamates ; B is a peptide with a 
cadaverine ; 5 ( 6 ) - FAM ethylenediamme ; 5 - FAM ethylenedi - sequence comprising 5 to 20 consecutive basic amino acids ; 
amme ; 5 - FITC ( FITC Isomer I ; fluorescein - 5 - isothiocya and X is a linker that is cleavable by thrombin . 
nate ) ; 5 - FITC cadaverin ; Fluorescein - 5 - maleimide ; 5 - IAF In some embodiments , a MTS molecule disclosed herein 
( 5 - Iodoacetamidofluorescein ) ; 6 - JOE ( 6 - Carboxy - 4 , 5 ' - di - 45 has the formula A - X - B - C , wherein C is a cargo moiety ; A is 
chloro - 2 ' , 7 ' - dimethoxyfluorescein ) ; 5 - CR110 ( 5 - Carboxy - a peptide with a sequence comprising 5 to 9 consecutive 
rhodamine 110 ) ; 6 - CR110 ( 6 - Carboxyrhodamine 110 ) ; acidic amino acids , wherein the amino acids are selected 
5 - CROG ( 5 - Carboxyrhodamine 6G ) ; 6 - CR6G ( 6 - Carboxy from : aspartates and glutamates ; B is a peptide with a 
rhodamine 6G ) ; 5 ( 6 ) - Caroxyrhodamine 6G cadaverine ; sequence comprising 5 to 20 consecutive basic amino acids ; 
5 ( 6 ) - Caroxyrhodamine 6G ethylenediamme ; 5 - ROX ( 5 - Car - 50 and X is a linker that is cleavable by thrombin 
boxy - X - rhodamine ) ; 6 - ROX ( 6 - Carboxy - X - rhodamine ) ; In some embodiments , a MTS molecule disclosed herein 
5 - TAMRA ( 5 - Carboxytetramethylrhodamine ) ; 6 - TAMRA has the formula ( A - X - B - C ) n - M , wherein C is a cargo 
( 6 - Carboxytetramethylrhodamine ) ; 5 - TAMRA cadaverine ; moiety ; A is a peptide with a sequence comprising 5 to 9 
6 - TAMRA cadaverine ; 5 - TAMRA ethylenediamme ; consecutive acidic amino acids , wherein the amino acids are 
6 - TAMRA ethylenediamme ; 5 - TMR C6 malemide ; 6 - TMR 55 selected from : aspartates and glutamates ; B is a peptide with 
C6 malemide ; TR C2 malemide ; TR cadaverine ; 5 - TRITC ; a sequence comprising 5 to 20 consecutive basic amino 
G isomer ( Tetramethylrhodamine - 5 - isothiocyanate ) ; acids ; X is a linker that is cleavable by thrombin ; M is a 
6 - TRITC ; R isomer ( Tetramethylrhodamine - 6 - isothiocya macromolecular carrier ; and n is an integer between 1 and 
nate ) ; Dansyl cadaverine ( 5 - Dimethylaminonaphthalene - 1 - 20 . 
( N - ( 5 - aminopentyl ) ) sulfonamide ) ; EDANS C2 maleimide ; 60 In some embodiments , a MTS molecule disclosed herein 
fluorescamine ; NBD ; and pyrromethene and derivatives has the formula ( A - X - B ) n - D , wherein C is a cargo moiety ; 
thereof . A is a peptide with a sequence comprising 5 to 9 consecutive 

Some of the above compounds or their derivatives will acidic amino acids , wherein the amino acids are selected 
produce phosphorescence in addition to fluorescence , or will from : aspartates and glutamates ; B is a peptide with a 
only phosphoresce . Some phosphorescent compounds 65 sequence comprising 5 to 20 consecutive basic amino acids ; 
include porphyrins , phthalocyanines , polyaromatic com - X is a linker that is cleavable by thrombin ; D is a dendrimer ; 
pounds such as pyrenes , anthracenes and acenaphthenes , and and n is an integer between 1 and 20 . In some embodiments , 
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