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The objective of this project was to develop receptor based peptides for diagnostic
imaging and therapy. A series ofpeptides related to cell adhesion molecules (CAM) and immune
regulation were designed for radiolabeling with hTc and evaluated in animal rnodels as potential
diagnostic imaging agents for various disease conditions such as thrombur iciot), acute kidney
failure, and infection/inflammation imaging.

The peptides for this project were designed by the industrial partner, Palatin Technologies,
(formerly Rhomed, Inc.) using various peptide design approaches including a newly developed
rational computer assisted drug design (CADD) approach termed MIDAS (Metal ion Induced
Distinctive Array of StructureÐ. In this approactr, the biological function domain and the hTc
complexing domain are fused together so that structurally these domains are indistinguishable.
This approach allows construction of conformationally rigid metallo-peptide molecules (similar to
cyclic peptides) that are metabolically stable in-vivo. All the newly designed peptides were
screened in various in vitro receptor binding and functional assays to identify a lead compound.
The lead compounds were formulated in a one-step hTc labeling kit form which were studied by
BNL for detailed in-vivo imaging using various animals models of human disease. Two main
peptides using MIDAS approach evolved and were investþated: RGD peptide for acute renal
failure and an immunomodulatory peptide derived from tuftsin @MT-l) for
infection/inflammation imaging.

Various RGD based metallopeptides were designed, synthesized and assayed for their
efficacy in inhibiting ADP-induced human platelet aggregation. Most of these peptides displayed
biological activity in the 1-100 pM range. Based on previous work by others, RGD-I and RGD-II
were evaluated in animal models of acute renal failure. These earlier studies showed that after
acute ischemic injury the renal cortex displays RGD receptor with higher density. The results
have indicated good diagnostic potential for their r¡se in this clinical situation, as an imaging agent
to diagnose ischemic renal injury and diferentiate from other causes.

Very promising results were obtained with rrcwly developed tuftsin related
metallopeptides. A number ofthese peptides displa,'ed high potency (nM range) in imaging
infection. Antagonists were successfülly used to image experimentally induced abscesses in
rodents. One of the agonists, termed hTc-RItdT-I, u/as evaluated in rabbits and dogs for its
applicability as infection/inflamrn¿tion imagrng agent Both in dog and rabbit
infectior¡/inflammation models hTc-RMT-1 .^r¡ld be used for rapid scintigraphic diagnosis. A
very high and rapid uptake was observed in both soft tissue and bone infection providing a good
target to background contrast. The agent also allowed distinction between bone fracture and
osteomyelitis. Atl these results w¡¡rrant human clinical trials with hTc-RùÍT-l which may help
replace hazardous ex-vivo \ryBC hbeling procedures that are current clinical modality for imaging
infection foci.
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Signifi cant Accornplishments:

A series ofpeptides related to cell adhesion molecules (CAM) and an immunomodulatory
peptide were investigated for their efficacy as potential radiodiagnostic agents for thrombus, acute
renal failure, and infection/inflammation imaging. In particular, peptides related to RGD peptide
sequence, laminin peptide fragment YIGSR, and immunomodulating peptide tuftsin analog were
studied.

The peptides ì¡rere designed using two basic approaches. The first approach rilas a
classical approach in which multiple copies of the bioactive sequence were grouped together
either linearly or in a star peptide for.mat so as to increase its binding amniry. The peptides in this
configuration contained a chelator site to facilitate binding of hTc. Various peptide investigated
according to this approach included, RGD and YIGSR based constructs. Both the YIGSR and
RGD peptides synthesized according to this approach resulted in stable complexes with hTc.
However, metabolically these complexes were not verv stable, apparently because of protease
action. This include both linear and YIGSR-star peptides in2,4 and 8 configurations.

The second approach for peptide design \ilas a newly developed rational computer assisted
drug design (CADD) approach termed MIDAS (Metal ion Induced Distinctive Array of
Structures). In this approach, the biological frlnction domain and the hTc complexing domain
are fused together so that structurally these domains are indistinguishable. This approach allows
construction of conforrnationally rigid metallo-peptide molecules (similar to cyclic peptides) that
are metabolically stable in-vivo. AIso because of rigid topography ofthe biologicat function
domain in these molecules, the biological activity is 2-3 orders of magrritude higher than the native
linear peptides. Additionally, this approach gives essentially carrier-free preparations since only
the fraction of molecules complexed to ee'Tc 

are biologically active. The fraction of peptide
molecules that remain unbound to hTc are biologicalty inert and do not bind to receptors sites.
All the newly designed peptides were screened in various in-vitro receptor binding anã functionat
assays to identify a lead compound. The lead compounds were formulated in a one-step hTc
labeling kit form which were zupplied to BNL for detailed in-vivo imaging in animals models of
thrombus, acute renal failure and infectior/inflammation. Two main peptide systems investþated
according to MIDAS approach were RGD peptide and an irnmunomodulatory peptide called
tuftsin.

RGD Pcptides for Imaging of Ischemic Renal Failure:

RGD is a sequence related to CAlvl. It was shown earlier that the adhesive an¡ino acid
sequence ARG-GLY-ASP is oFimportance in the cell-to-cell and bas¿l anchoring of renal tubular
epithelium. As a result of ischr,mic injury the tubular epithelium looses its anchoring and b,rcornes
exfoliated because ischemia causes "re-orientatiort'' of receptor binding sites from base-lateral to
apical. This re-orientation ofbinding sites leads to "promiscuous" cell-to-cell binding forming
tubular plugs, increased tubular pressure and clinic¿l widence ofoliguric renal failure. Pre-
treatment ü'ith RGD caj j.ilrcrease the ischemic injury effect and even completely blr,ock:t. We
have studied the blood clearance of hTc-RGD in several species using normal control animals
and animals with 60 and 120 min. clamping of renal artery (after contra-lateral nephrectomv),



showing that during ischemic injury blood disappearance remains normal because of re-routing of
excretion to the GI tract. Scintigraphic and autoradiographic microimaging revealed the
differences between normal and ischemic kidneys compared to hTc-DTPA" a measure of
golemrular filtration rate, and to hTc-MAG3, a tripeptide compound used routinely for renal
scintigraphy, namely increased binding to cortex ofkidneys exposed to 45 min. ischemic injury.

YIGSR and RGD Peptides for Imaging of Thrombus:

The YIGSR peptides were tested for their abilrty to image experimentally induced clots in
dogs. In-vitro experiments with one of the peptides, YIGSR-II, showed high binding specificity
to clots. The affinity for binding platelets showed marked species specificity. Highest binding
affinity was seen for rat platelets, followed in this order by rabbit, human and dog platelets.
Imaging experimentally induced th¡ombi in dogs (thrombogenic coil) was also investigated with
hTc-YIGSR-I. Good imaged with clot to backgrouhd ratios of 2:l were obtained with very
rapid blood clearance of the radiolabeled pep;ide probably due to its metabolic degradation.
These results indicated that YIGSR-II could be used as a prototype candidate for development of
metabolically more stable agents that are also more specifü for human platelet binding and for
in-vivo clot imaging.

hTc-RGD-II, a peptide designed according to MIDAS approach was metabolically st¿ble
agent that localized in the experimentally induced thrombus. It, howeveq also had a very rapid
blood clearance which together with its low platelet affinity did not give high uptake in thrombus.
Design of peptide species with higher affinity is needed to give better imaging results. At this
tirne a series of such peptides are screened for their efficacy using in-vitro assays, particularly
inhibition of ADP-induced platelet aggregation. The ICro ofpresent compound range l-100 pM.
A suitable lead candidate wo¡ld preferably have I rM activity

A New Approach to Infection Imaging Using a Tuftsin-mimetic Synthetic Leukot¡ctic
Peptide

Tuftsiq a naturally occurring amino acid sequence, has been shown to have diverse action
including the promotion of phagocytosisby PMN and macrophages, and enhances migration to
infection siæs. These immune modulatory effects of native tuftsin are short lived because tufrsin
is quickly digested by proteases. Some ofthe digested segments bind and block receptors
becoming antagonists to further action oftuftsin.

An approach :ntended to decrease the proteoþic wlnerability of tuftsin rvas addressed by
synthesis of analogs ''.hich have different amino acid sequence, yet preserve the p.:ometry needed

for receptor binding. The metalloprotein compound formed after labeling with hTc was found
to have similar binding and overall biological properties similar to tuftsin with receptor affinity
100 times that ofthe cnglnal compound.

A series of rnetallo-peptide constructs related to tuftsin tetrapeptide have been designed

and synthesized. All these peptides share a common designing principle that is the metal ion



(t*Tc) is integral part of the molecule as far as biological aaiwty is concerned. The molecule is
biologically inactive prior to hTc complex¿tion. Apparently, the metal ion complexation
induces a distinct conformational restriction in the molecule's geometrical conformation which is
biologically advantageous. Since the design of compounds is by computer assisted rational design
approach, the amino acid sequence ofrnolecule differs from the n¿tive compound. For this rear¡on
in-vitro assays had to be performed to assess biological activity ofthese new compounds. A
phagoc¡rtosis assay indicated preservation of fi¡nction ofthese molecules (l-5 rrM concentration
range). In addition, few analogs were found to be potent agonists while others u/ere potent
antagonists. Among the potent 4gonists were: hTc-RI{T-I, hTc-PL-642,%Tc-W-703, ud
among antagonistshTc-RM-505 andhTc-RM-625. All these peptides were studied for their
locaiiz¿tion at infection/inflamrnation foci in rodents. Localization ratios as high as (target to
background) 4:1 (30 min.), and l0: I (120 min) were obtained with RMT-I. Imaging could be
performed as early as 15 min and up to 6 hours. Based on these results, hTc-RN{T.-l was
selected for further animal experimentation in rabbits and dogs in infection/inflammation and
osteomyelitis models.

We have demons;ated thathTc-RMT-1, the synthetic analog of tuftsin has properties of
an almost ideal agent for infection localizationby scintigraphy. Soft tissue chemical and bacterial
abscesses could be imaged 20 min. after injection. Moreover bone infectiorl osteomyelitis, could
also be rapidly localized. As opposed to curently used bone scanning with diphosphonate agents
the distinction between bone remodeling due to non-infectiou$ causes (fractureg arthritis, internal
prosthetic devices), is easily made with hTc-RIrfT-l scintigraphy.

The first steps towards obtaining an IND for human trials have been made and witl be
followed througlr.

A large batch ofRMT-l was also produced under GMP for initiating detailed clinical
evalu¿tions. A one-step labeling kit formulation was also produced and subjected to a six month
stability study. The peptide kits were found to be stable during this time frame to give
consistently good radiolabeling profile (90-95% radiochemicat purity) and infeaion foci
localization in mice.

The ir¡feøior¡Ænflammation imaging proJect is now being er¡aluated for a corporate
collaboration for using a number of metallo-peptides for clinical evaluations

Problems Encountered¡

Peptides synthesized aqcording to classical approach r ,ere metabolically unstable. This
group include peptides such as RGD-I, YIGSR-I, YIGSR-II, YIGSR-IU, YIGSR-2-Star,
YIGSR4-Star, and YIGSR-8-Star. In the star peptide series 2-Star was most unstable than 4-
and 8-Star peptides. The metabolic instability was reflected as too fast blood cleara¡rce and
unsatisfactory clot vizualization. This problem üras sc..,!¡¡r by using the alternate MIDAS
approach of peptide design in whichmetal ion thTc) forms integral structural part of the
bioactive molecule.



Industry Benefits Realized¡ Intermediatc Technical Milestones¡

The development of peptide based drugs is severely restricted because oftheir inherent
metabolic instability. MIDAS technology is a big step forward in this direction in that it affFords
metabolically stable molecules by tyrng up the peptide bonds with the metal ion rendering them
uncleavable

MIDAS technology also affords the synthesis of carrier-free radiolabeled preparations in a
pure biological sense. Since the radiometal ion is required to hold the molecule in bioactive
conformation, the fraction of molecules that get labeled with the radiometal ion are biologically
active. Metal uncomplexed molecules remain biologically inert and do not block the receptors
like digested tuftsin fragments do. This allows use of labeled kit without separating labeled
material from the unlabeled species.

MIDAJ technology also allows the substitution of one metal ion r¡i,,h another to obtain
biologically carrier-free met¿bolically stable species for radiotherapy. For example hTc can be
substituted with tffRe or rttRe to obtain a radiotherapeutic agent with similar biologicat
characteristics.

fuiother advantage ofthis technology is use of smaller amount of precursor peptide to
formulate a kit. The metal ion binding domain is structurally optimized to aßcept radiometal ion
with high atrnity. As such small amounts of peptide are sufficient to cause high specific actiwty
preparations. For example 5 ¡rg ofRMT-l is sufficient to bind 80 rnCi or even higher of hTc.
This could be of great advantage in situations where excess ofunlabeled pharmacological agent
migftt be causing undesirable side effects, o.g., neutropenia associated with chemotactic peptides.

Leboratory Benefits Realized :

The development of infection imaging agent based on MIDAS technology is a major
accomplishment ofthis project. The MIDAS technology has wider applications that span outside
radiopharmaceutical field in the development of non-radioactive therapeutics using stable metal
ions. However, co.nmon and parallel development of non-radioactive and radiopharmaceuticals
is a hallmark ofthis approach. In fact, use ofidentical radioactive and non-radioactive species is
beíng considered as a great advantage in drug -esearch and development. The radioactive
versions of the compounds enable study ofmetabolism and kinetics including autoradiography
and scintigraphy.



Rccommended Follow-on \ilork:

Infectior/inflammation imagingusing one ofthe newly developed metallopeptide tuftsin
analogs warrant apilot human clinical trial. High amnity, met¡bolic stabilíty, radiochemical
stability and purity, and low manufacturing costs are some ofthe very important attributes ofthis
class of compounds. This product would be highty welcomed by the clinical community as a non-
hazardous, safe, fast and less expensive alternative to tlrln-WBC imaging protocols.

Development ofRGD based clot ímaging agent based on the etands provided by this work
should give a peptide of desired platelet affinity. The peptides developed so far are metabolically
and radiochemically stable, but have lower platelet affinity. There is a great demand by the
clinical community for a clot imaging agent for deep vein thrombus (DVT) and in particular
pulmonary emboli (PE).

Potential Benefits from Purcuing Follow-on lVorli

A peptide based infection imaging agent will allow faster (minutes to few hours) imaging
of the foci ofinfection/inflammation as compared to present modatity of rrtln-WBC (24 hrs). In
additioq the peptide based technique would also be non-hazardous and eliminate the need of
ex-vivo WBC labeling and handling blood from HIV infected patients, as done now. Additionally,
the peptide based procedure may help bring down the cost significantly. These two factor
together may help increase the wider use of this procedure as compared to rrrln-rilBC scans
currently being performed.

Development of a peptide based imaging agent for PE would be an essential tool in
emergency roorns in hospital to make quicker diagnosis as compared to current practice of
admitting patients for watch.
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