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Abstract. Background/Aim: Developments in imaging have
improved cancer diagnosis, but identification of malignant
cells during surgical resection remains a challenge. The aim
of this study was to investigate the pacifastin family of
peptides for novel activity targeting tumor cells and the
delivery of either imaging or therapeutic agents. Materials
and Methods: Variants of pacifastin family peptides were
generated, chemically modified and tested in human tumor
xenografts. Results: A tumor-homing peptide-dye conjugate
(THP1) accumulated in tumors in vivo and was internalized
into cells. Examination of related peptides revealed residues
critical for accumulation and allowed the engineering of
improved tumor-targeting variants. A THPI-drug conjugate
carrying the microtubule inhibitor, MMAE, showed limited
activity in vitro and no difference compared to vehicle
control in vivo. Conclusion: Although there are some
obstacles to developing pacifastin-derived peptides for
therapeutic activity, these optimized peptides have great
promise for cancer imaging.

Radiation and chemotherapy have played critical roles in
cancer therapy since the 1940’s but surgery remains an
essential element in the treatment of most cancers with the
extent of resection playing a significant role in patient
outcomes (1-3). Imaging — such as MRI and PET scans — have
been invaluable in visualizing the extent of tumors prior to
surgery and evaluating the potential for a successful and
complete resection (4). Antibody-based imaging has proven to
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be critical in identifying tumor cells in ex vivo tumor sections,
but to date, solid tumor imaging has generally relied on small
molecular probes such as gadolinium or '8F-FDG (5, 6). The
limited use of antibody-based tumor imaging results from the
challenge clinicians and researchers encountered when
attempting to identify cancer-specific cell surface targets. Other
challenges include the heterogeneity of target expression,
increased interstitial pressure limiting solid tumor penetration,
and other aspects of solid tumor physiology (7, 8).

As an alternative to therapeutic antibodies and antibody drug
conjugates (ADCs), there has been increasing interest in the use
of peptides as therapeutic delivery vehicles (9). A number of
groups have identified novel tumor-homing peptides that could
be used as targeting agents, but none have achieved all of the
requirements for clinical utility (10). Recent clinical development
of imaging agents, such as tozuleristide (aka Tumor Paint/BLZ-
100), seek to improve detection of solid tumors in real-time, so
that surgeons can determine how to maximize tumor removal
while minimizing damage to critical non-cancerous tissue (e.g.
healthy brain tissue) (11). This peptide-based approach shows
promise in an area where there has been a surprising dearth of
antibody-based therapies. An ideal tumor-homing peptide will
be proteolytically stable, will achieve sufficient pharmacokinetic
properties in serum, and will hit tumor cells at a higher ratio than
normal tissue (12). Cystine-knotted peptides address these
challenges and are of interest for tumor delivery (13). Examples
include RGD-containing peptides, such as EETI 2.5F, and
chlorotoxin, a variant of which is the targeting component of
tozuleristide (14-16). Differences in protein expression between
cancer cells lead to variable sensitivity to targeting agents (17,
18). An expanded array of tumor-homing peptides could be used
as tools for basic science research in cancer biology or developed
as clinical tools that will benefit patients.

With the goal of identifying peptides with novel activity
targeting tumor cells, we investigated cysteine-knotted
peptides for use as imaging agents. Indeed, an LCMI-II variant
delivered a fluorescent molecule to solid tumors with as much
as 30-fold specificity over non-cancerous tissues. The
pacifastin class of peptides, which includes LCMI-II, is known
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to have protease-targeting activity (19), and we theorized that
increased protease expression driving metastasis in cancerous
tissues could provide a target for these peptides. Within this
class, we focused on variants of LCMI-II, a high-affinity
inhibitor of the serine proteases chymotrypsin and elastase,
and derived from a component of the innate immune system
of the migratory locust (20-23). We investigated the potential
of LCMI-II variants as molecular scaffolds to target cancer
cells and to deliver not only imaging agents but also a
cytotoxic payload with therapeutic potential.

Materials and Methods

Materials, cell lines and reagents. RH28 (MD Anderson, Houston,
TX, USA) and Ramos, A375, A204, and A673 cells (ATCC,
Manassas, VA, USA) were cultured in DMEM (Gibco, Waltham,
MA, USA) supplemented with 10% fetal bovine serum (FBS) at
37°C in 5% CO,.

Peptide production. All L-amino acid peptides were produced using
a lentivirus-based mammalian protein expression system as described
elsewhere (24). Purified peptides were assessed under non-reduced
and reduced conditions by RP-HPLC and SDS-PAGE gel for purity
and stored lyophilized at —20°C. The D-amino acid form of THP1
was ordered from Bachem and synthesized according to published
protocols (21). AF647 conjugation reactions were done in 50 mM
sodium bicarbonate at pH 7.6. Alexa Fluor 647 NHS Ester (Thermo,
Waltham, MA, USA) was resuspended at 10 mg/ml in DMSO and
mixed with an equimolar amount of peptide at 2 mg/ml. This
reaction proceeded at room temperature for 4 h, additional peptide
was added if free dye remained and/or purification occurred via RP-
HPLC. Concentration was determined by using AF647 absorption at
650 nm with the extinction coefficient 270,000 cm—! M-1.

Animal studies and xenografts. All studies were conducted in
accordance with protocols approved by the Institutional Animal Care
and Use Committee (IACUC). Xenografts were established in athymic
nu/nu mice (Harlan) by subcutaneous injection on 5 million cells
suspended in 100 pl of a 1:1 mixture of serum-free media and Matrigel
(BD Biosciences, Franklin Lakes, NJ, USA). Tumors were then allowed
to grow to 250-500 mm?3 before testing for tumor accumulation.

In vivo and ex vivo optical imaging. Mice were injected by tail vein
with 100 pl of peptide solution with 10 nmol of fluorescently-
labeled sample. In the competition experiment, mice were injected
with 2 nmol of fluorescently-tagged peptide and 98 nmol of
untagged peptide. Mice were euthanized at indicated time points and
imaged on an IVIS (Caliper Life Sciences, Hopkinton, MA, USA)
with excitation at 640 nm and emission measured at 680 nm.
Confocal microscopy was done using the Zeiss LSM 780 LMO
microscope on sections cut from live, unfixed RH28 flank tumors
30 min after IV injection of with 10 nmol THP1-AF647.

Synthesis of 14C methylated peptide. Peptides were labeled with 14C
methyl groups via reductive amination using 14C labeled
formaldehyde (25). Briefly, peptides were resuspended in water and
10x PBS was added followed by 1% !4C formaldehyde (1 mCi 14C
formaldehyde per 6 mg of peptide). Sodium cyanoborohydride was
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added, mixed, and incubated for 4-48 h. Purification was performed
using StrataX columns (Phenomenex, Torrance, CA, USA). Labeled
peptide was eluted with 2% formic acid in methanol. The solvent
was then evaporated with a blowdown evaporator, and assessed
analytically using liquid scintillation counting and HPLC equipped
with an in-line scintillation detector.

Whole body autoradiography. Frozen carcasses were allowed to off
gas hexane overnight at —20°C and then embedded in chilled 2%
carboxymethylcellulose (Sigma Aldrich, St. Louis, MO, USA) and
sectioned sagittally at a thickness of 40 um on a H/I Bright 8250
Cryostat (Hacker Instruments). Radioactive control guides were
drilled into each block to verify even cutting depth along the length
of the section. The radioactive guide consisted of 4C-Glycine
(American Radiolabeled Chemicals, St. Louis, MO, USA) at 0.5
uCi/ml in 0.5% BSA (Sigma Aldrich, St. Louis, MO, USA) in PBS.
Sections were collected onto 4-inch wide tape (Scotch 821, ULINE)
at 2-4 depths to sample approximately 30 tissues. Collected sections
were freeze dried in the cryostat for 48-72 h then mounted on sturdy
paper and covered with a single protective layer of cellophane
(Reynolds Food Service Film). Mounted sections were exposed to
phosphor imager plates (Raytest) along with a radioactive standard
Curve (146S-PL, ARC) for 7 days, scanned on a Raytest CR-35 at
“25 um sensitive” setting.

Cell viability. Cells were seeded in a 96-well plate at 5,000 cells per
well and grown overnight at 37°C in 5% CO,. Cells were then treated
in triplicate with 100 pl of DMEM+10%FBS containing varying
concentration of MMAE or THP1*-MMAE and incubated for 3 days
at 37°C in 5%. Cell viability was measured using the CellTiter Glo
Assay (Promega, Madison, WI, USA) by adding 100 ul of
reconstituted reagent to each well and incubating with shaking for 10
min. Fluorescence was then measured using a Synergy H4 plate
reader (BioTek Instruments, Winooski, VT, USA). Cell viability was
expressed as a percentage relative to untreated cells. We subtracted
the background by determining the fluorescence of wells containing
no cells but only media and CellTiter Glo reagent. Percent viability
was reported as (sample-background)/(untreated control-background)
with error bars representing standard deviation.

Statistical analysis. All data were presented as the average valuex
the SD of n independent measurements. Graphs were made using
GraphPad Prism. Two-tailed Student’s #-tests were used to evaluate
and statistical significance was assigned for p-values of <0.05.

Results

To identify a novel peptide for the purposes of cancer
targeting, we tested a small panel of cystine-knotted peptide
derivatives for their ability to express at a high-level and as
a single product with fully oxidized disulfide bonds. The
LCMI-II derivative THP1 passed our screening criteria and
we used it as a starting scaffold for a series of peptides to
optimize for tumor accumulation. To enable production and
selective labeling, LCMI-II was modified at the N-terminus,
and lysine residues were replaced with arginines. The N-
terminal modification allows high-efficiency isolation of
cleaved LCMI-II following expression as a fusion-protein.
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Figure 1. THPI is well-folded and accumulated in human sarcoma flank xenografts. A) RP-HPLC of non-reduced (blue) and reduced (red) THP1
showing a shift in retention time upon reduction. B) SDS-PAGE of non-reduced (left) and reduced (right) THP1 demonstrating a single-product
with a shift in migration upon reduction. C) Mice bearing RH28 flank xenografts were dosed with 10 nmol of AF647 or 10 nmol of THPI1-AF647
and euthanized 4 h following injection. Quantification of imaging signals, reported in average radiant efficiency comparing the tumor signals in
the RH28 xenograft as well as the tumor:liver ratios of the mice. n=3. D) Whole-body autoradiography images comparing the biodistribution of
THPI1* and THP1*-AF647 at 24 h in mice bearing RH28 flank tumors.
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The lysine to arginine modifications allow selective chemical  protein in mammalian cells and was easily purified following
conjugation to the only remaining primary amine at the cleavage from the carrier protein. The purified THP1 peptide
N-terminus of the peptide. This modified form of LCMI-II, was a single-peak by HPLC under reducing and non-
termed THP1, was expressed at a high-level as a fusion reducing conditions, suggesting a single species with a
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Figure 2. THPI accumulated in multiple tumor types. A) Images of representative tumors comparing the A375, Ramos, and RH28 tumor lines
between the three injection groups. B) Quantitation of signals in tumor and tumor:liver ratios in each of the tumor types. n=3. C) Confocal
microscopy showing 10 nmol THP1-AF647 internalized in RH28 tumor cells 30 min following in vivo injection.
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Figure 3. Peptide—drug conjugate was toxic to tumor cells in vitro and in vivo. A) In vitro cell viability assay quantified using CellTiterGlo. Cells
were treated for 72 h and compared to vehicle-treated cells. B) Whole-body autoradiography images demonstrating the biodistribution of THP1*-
MMAE at 24 h in mice bearing RH2S8 flank tumors. C) Immunohistochemistry showing cleaved caspase-3 in select tissues from uninjected mice or
mice treated with 100 nmol of THP1*-MMAE conjugate. Mice were treated 48 h prior to necropsy.
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uniform disulfide bonding topology (Figure 1A and B).

To assess the ability of THP1 to deliver an imaging payload
to tumors, we labeled THP1 with the dye, Alexa Fluor 647
(AF647). Mice were dosed via tail vein injection with 10 nmol
of AF647-labeled THP1 (THP1-AF647) and tissues were
imaged ex vivo after 4 h. The dosage and time point were
selected based on previous experience demonstrating optimal
signal-to-noise in tumor as compared with normal tissue for dye-
conjugated chlorotoxin in mouse models. THP1 showed 3.2-fold
higher (p<0.01) tumor uptake than AF647 alone in the RH28
sarcoma cell line (Figure 1C). Additionally, tumor specific
uptake had an 8.3-fold higher delivery to tumor than to liver.
While THP1-AF647 has 60-fold higher fluorescent signal
observed in the kidneys when compared with AF647 treated
mice this accumulation is often seen following glomerular
filtration of small peptides (26). To investigate the biodistribution
of the THP1, both with and without conjugation to AF647, we
evaluated a further modified form, termed THP1* and containing
a single-lysine (K18), by using whole-body autoradiography.
THP1* was prepared with and without a single AF647 conjugate
and radiolabeled by reductive-methylation using '*C
formaldehyde. Mice bearing RH28 human sarcoma flank tumors
were dosed with 2 uCi of a radiolabeled form of THP1* and
THP1*-AF647. The mice were subsequently embedded,
sectioned, and exposed to phosphoimager plates (Figure 1D).
Qualitatively, the biodistribution does not differ when comparing
THP1* to THP1*-AF647 in these mice. This demonstrates
tumor delivery of both the peptide and peptide-dye conjugate.

We next assessed the ability of THP1-AF647 to accumulate
in a panel of tumor types. In RH28 sarcoma, Ramos lymphoma,
and A375 melanoma, THP1-AF647 showed a 3.2-, 3.5-, and
2.2-fold higher signal relative to AF647 alone, respectively.
Further, the THP1-AF647 signal was 5- to 8-fold higher in
tumors compared to liver (Figure 2A and B). We next
determined whether THP1-AF647 is internalized into tumor
cells in vivo. Mice were dosed with 10 nmol of THP1-AF647,
the tumor was harvested 30 min post-injection to maximize
tumor signal, and live tissue was sectioned without fixation and
imaged via confocal microscopy. THP1-AF647 indeed
penetrated into RH28 cancer cells and was observed as punctate
staining inside the majority of tumor cells (Figure 2C). From
these data, we conclude that THP1-AF647 accumulates in a
number of tumor types and is internalized in tumor cells in vivo.

Peptide internalization into cancer cells is a requirement for
any candidate considered for delivery of chemotherapy agents
that act on intracellular targets. Given that THP1* accumulated
inside of cancer cells in vivo, we assessed the ability of this
cystine-knotted peptide to deliver chemotherapy as a cleavable
peptide-drug conjugate by testing it in a tumor cell line and
mouse model. To test whether THP1* would be effective as a
drug delivery agent, we designed a peptide-drug conjugate
using a Val-Cit-PABA (VCP) cleavable linker attached to the
microtubule inhibitor monomethyl aurostatin E (MMAE). This
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Figure 4. Comparison of the L- vs. D- Amino Acid forms of THPI. A)
Mice bearing RH28 flank xenografts were dosed with 10 nmol of
AF647, THP1-AF647 or D-THP1-AF647 (D-amino acid peptide) and
euthanized 1 h following injection. Select tissues were imaged ex vivo
and quantified by IVIS imaging. B) Quantitation of signals in organs,
reported in average radiant efficiency. n=3.

combination of linker-payload has been shown to have clinical
utility in hematopoietic liquid tumors, as the FDA approved
brentuximab vedotin (27). MMAE and THP1*-MMAE were
tested for their ability to inhibit the growth of Ramos lymphoma
cells in vitro. Ramos cells have traditionally been tested with
MMAE conjugates because of their sensitivity to microtubule
inhibitors (28). MMAE inhibited growth of Ramos cells with
IC5 values between 100 and 1000 pM, similar to prior reports
(Figure 3A). However, THP1*-MMAE was ~1,000-fold less
potent than MMAE alone at growth inhibition of Ramos cells
with ICs values from 100-1,000 nM. This potency reduction is
also seen with brentuximab vedotin, which sees potency losses
of up to 30-fold in antigen-positive cells when compared with
MMAE alone (26). In order to assess activity in models of
chemotherapy resistance, we generated Ramos-250 and Ramos-
1000 sublines (resistance to 250 nM and 1,000 nM doxorubicin,
respectively) by continuouly exposing them to increasing
concentrations of doxorubicin. Doxorubicin-resistant Ramos
sublines (Ramos-250 and Ramos-1000) were resistant to both
MMAE and THP1*-MMAE, presumably due to multi-drug
resistance mechanisms. While the poor efficacy of THP1*-
MMAE did not bode well for in vivo efficacy, it was still of
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Figure 5. Uptake of THPI variants in RH28 Flank Tumors. A) Sequences of the native cystine-knotted peptide LCMI-11, modified LCMI-1I and variants
are shown. Disulfide bonding pattern is illustrated at the top as well as known functional sequence motifs. B) Mice bearing RH28 flank xenografts
were dosed with 10 nmol of THP1-AF647 or 10 nmol of THP1 variant-AF647 and euthanized 4 h following injection. Select tissues were imaged ex
vivo and quantified by 1VIS imaging. C) Quantitation of signals in tumor and tumor:liver ratios for each of the variant peptides. n=3-6.
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interest to learn whether THP1* could deliver a candidate
chemotherapeutic agent to tumors in vivo or whether targeting
activity was impaired by the payload.

To evaluate the biodistribution of THP1*-MMAE, the
molecule was 4C methylated, and 2 uCi were administered to
mice bearing Ramos flank tumors. After 24 h, the mice were
euthanized, sectioned, and exposed to phosphoimager plates
(Figure 3B). The MMAE bioconjugate accumulation in tumors
and normal tissues was similar to radiolabeled THP1 alone;
however, the overall signal of the bioconjugate was 3- to 4-fold
lower than radiolabeled THP1 in all tissues. Due to the low
levels of bioconjugate accumulation in the tumors in vivo, we
turned to immunohistochemistry as a more sensitive measure of
pathway engagement. Following exposure to THP1*-MMAE,
we examined whether the apoptotic pathways (as measured by
cleaved caspase 3 signal) were activated in Ramos tumor cells
in vivo. Mice were treated for 48 h with 100 nmol of THP1*-
MMAE before tissues were harvested and assessed for cleaved
caspase-3 (CC3) by immunohistochemistry (Figure 3C). Not
surprisingly, scattered (<10%) CC3 was seen in the tumor of
both control and drug-treated mice with little to no (<5%) CC3
seen in liver or kidney. Together, these data indicate that while
THP1 is delivered to tumors, THP1-MMAE is minimally active
in vitro and in vivo.

To address whether the mechanism of THP1 accumulation
in tumors is driven by peptide charge and size, an all D-amino
acid form of THP1 was synthesized and termed D-THP1. We
then tested for accumulation in RH28 flank tumors. Mice were
dosed IV with 10 nmol AF647, THP1-AF647, or D-THP1-
AF647, and tissues were imaged ex vivo after 1 h, as earlier
time points demonstrated a greater ability to detect signal
decreases in the tumor (Figure 4). THP1-AF647 had a
significant (p<0.01) increased tumor accumulation when
compared with D-THP1-AF647. The enhanced tumor
accumulation found in THP1-AF647 (in comparison to the D-
amino acid form) suggests that enhanced accumulation
resulted from the peptide sequence rather than size or charge,
and led us to explore sequence variants of THP1.

A panel of 27 variants were generated to characterize the
ability of THP1 to act as a scaffold for peptide engineering.
Mutations focused on: 1) charge-reversal point mutations; 2)
mutation of an asparagine residue critical for folding; and 3)
using peptide sequences from close homologs identified by
BLAST. This panel was assessed for by HPLC under non-
reduced and reduced conditions and characterized as either a
“well-folded” or “mixed” product. Sixteen of the 27 tested
peptides were well-folded and formed single products by HPLC,
which shifted upon reduction; 7 of the 16 were based on
homologous peptides and 9 were point mutations. We tested the
7 well-folded homologous peptides, with 50-90% amino acid
sequence homology when compared to THP, for their ability to
enhance tumor accumulation in RH28 human sarcoma flank
tumors (Figure 5). Mice were dosed IV with 10 nmol of peptide-
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Figure 6. In vivo competition between THPI and THP7. A) Mice
bearing RH28 flank xenografts were dosed with 2 nmol of AF647,
2 nmol of THP1-AF647, or 2 nmol of THP1-AF647 with 98 nmol of
unlabeled THP7 and euthanized 1 hour following injection. Select
tissues were imaged ex vivo. B) Quantitation of signals in organs,
reported in average radiant efficiency. n=3.

AF647 conjugate and tissues were imaged ex vivo after 4 h.
Tumor accumulation of THP7-AF647 increased 2.1-fold
(p<0.05) in comparison to THP1-AF647. Additionally, tumor-
to-liver ratios were elevated 1.9-fold (p<0.05) and 3.1-fold
(p<0.01) compared to THP1-AF647 for THP6-AF647 and
THP7-AF647, respectively. To test whether these peptides hit the
same molecular target in a competitive manner, mice were dosed
with AF647, THP1-AF647, or both THP1-AF647 and a 50-fold
excess of unlabeled THP7 (Figure 6). Tissues were imaged ex
vivo and tumor signal was decreased 2.2-fold (p<0.05) following
the addition of the unlabeled competitor, THP7. This suggests
that the yet to be identified molecular target is shared and binds
to these peptides in a competitive manner.

Discussion

In this study, we identified a novel peptide-dye conjugate
derived from the LCMI-II protease inhibitor that accumulates
in multiple cancer types. Whole-body autoradiography showing
qualitatively similar distribution of THP1* with or without a
dye conjugate suggests that the peptide plays a dominant role
in biodistribution, and that a payload, such as AF647, does not
interfere with tumor localization. We determined that the
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accumulation of the THP1-AF647 bioconjugate is both
stereospecific and saturable. We identified modified forms that
accumulate in tumors with more favorable ratios of tumor-to-
normal tissues (e.g. liver tissue).

LCMI-II is highly tolerant to mutation, as has been seen
in cystine-knotted peptides such as EETI, MCoTI, AgRP, and
others (29-31), with some residues more tolerant of mutation
than others. We have identified the sensitivity to mutagenesis
of a number of residues in the THP1 scaffold. These variants
of THP1 were assessed for tumor accumulation, and THP7
was identified as a variant with significantly enhanced tumor
accumulation. Additionally, THP7 showed a tumor:liver ratio
of 30:1, demonstrating high specificity. Tumor accumulation
of the variants and the observed competition between THP1
and THP7 has shown us certain residues of LCMI-II-related
peptides that are important for tumor accumulation.

The binding of THP1 on the tumor occurs via a competitive
and stereospecific process, suggesting that THP1 is targeting a
specific protein receptor on these cells. The native sequence of
LCMI-I is a high affinity inhibitor of both chymotrypsin and
elastase. Of the candidate protein receptors, the most intriguing
is the potential for pacifastins to bind to cancer-associated
serine proteases. The structure of chymotrypsin in its co-crystal
structure with LCMI-II has a highly-conserved backbone and
binding site in comparison to cancer-associated serine proteases
(32). Specifically, the type II transmembrane serine proteases
matriptase, hepsin, TMPRSS2, and TMPRSS4 have been
found to be overexpressed in many cancers, predominantly
studied in prostate, breast, and ovarian cancers (33). Binding
to these transmembrane proteins has the potential to trigger
endocytosis and internalization of peptide-dye and peptide-drug
conjugates that lead to payload delivery. While beyond the
scope of the current work described here, in the event that
THP1 is developed for imaging or therapeutic purposes, it will
be necessary to distinguish between these possibilities.

We conducted proof-of-concept experiments with THP1-
MMAE bioconjugates to assess whether the peptide-drug
conjugate is able to release a drug and trigger cell death. Despite
observing cell death in vitro, the fraction of apoptotic cells in
THP1-MMAE-treated tumors in vivo was no different than
vehicle controls. The lack of efficacy observed with the delivery
of MMAE or other potent drugs may be a result of: 1) short
serum half-life of the peptide-drug conjugate; 2) delivery of an
insufficient number of MMAE molecules to be therapeutically
effective (THP1* carries only one payload, whereas antibody-
drug conjugates typically carry 4-8 payloads); 3) premature
release of the drug in serum during distribution; 4) reduced
potency of the bioconjugate (e.g., incomplete linker cleavage);
or 5) intracellular trafficking routes, such as endosomal
trapping, that prevent MMAE from reaching microtubules. The
reduced potency of THP1-MMAE compared to unconjugated
MMAE in vitro suggests that drug release is also an issue.
Future efforts toward therapeutic peptide conjugates will require

significant work on pharmacokinetic optimization (e.g.,
extending serum half-life) and potency (e.g., providing a carrier
of multiple MMAE or therapeutic payloads). Additional work
on intracellular trafficking will also be necessary to understand
whether the payload has access to its target.

In our study, our goal was to identify a new cystine-knotted
peptide that accumulates in tumors. In future experiments, we
plan on identifying ways of extending the half-life of peptide-
drug conjugates to increase their exposure to tumors.
Additionally, we plan to utilize computational design to
generate high-affinity ligands for the cancer-associated
proteases based on our starting scaffold THP1. In our work
described here, we have shown the potential for using LCMI-
II-derived cystine-knotted peptide to deliver imaging agents
to tumors, and we have established the foundation for the
development of peptide-drug conjugates.
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