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New Enzyme-Activated Solubility-Switchable Contrast Agent for Magnetic Resonance I maging:

From Synthesis to in Vivo Imaging
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We designed and synthesized a novel contrast agent (CA) to image the activity of matrix metalloproteinase-2
(MMP-2) in a tumor, noninvasively using magnetic resonance imaging (MRI). We exploited the concept of
solubility-switchable CAs in the design of a protease-modulated CA (PCA), referred to as PCA2-switch.
This PCA contains a paramagnetic gadolinium chelate (Gd-DOTA), which was attached to the N-terminus
of a MMP-2 cleavable peptide sequence via a hydrophobic chain. The aqueous solubility of the CA depends
on the presence of a polyethylene glycol chain (PEG) on the C-terminus of the peptide. Upon proteolytic
cleavage of the peptide by MMP-2, the PEG chain is detached from the CA, which becomes less water
soluble. This compound and control compounds were successfully tested in an animal model bearing two

tumors with different levels of MMP-2 activity.

Introduction

The matrix metalloproteinases (MMPs) belong to a family
of zinc-dependent proteinases, whose main function is the
degradation of extracellular matrix components (ECM). These
enzymes are present in normal healthy individuals and have a
variety of functions in normal physiological conditions. How-
ever, MMPs are detected as well in pathological states in which
degradation of the ECM is a key element. Their activity has
been implicated in numerous disease processes including tumor
cell invasion and cancer metastasis. The role of MMPs in cancer
was championed by Liotta et al. who indicated that disruption
of the basement membrane, a feature of invasive tumors, allows
tumors to spread locally and distantly. Among over 24 members
of the MMP family, MMP-2 and MMP-9 are primary effectors
of these events because they hydrolyze the basal membrane type
IV collagen.* MMP-2 has been extensively characterized, since
it is an abundant protease overexpressed by many tumors. A
direct correlation between MMP expression and the stage of
tumor progression has been observed in various cancers
including lung, breast, colon, prostate, skin, bladder, ovarian,
and pancreatic cancer.>™** Three MMPs are frequently expressed
at a high level in many human tumors: MMP-2, MMP-9, and
MMP-11. For instance, in human oral squamous cell carcinomas
the expression of proMMP-2 is associated with an increased
frequency of lymph node metastases.’> MMP-11 has been
observed in human breast cancer tissues where its level of
expression correlated with tumor progression.* In melanomas,
the expression of MMP-9 is associated with the conversion from
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radial growth phase to vertical growth phase and subsequent
metastasis.” MMP-2 is expressed on the surface of invasive
tumor cells;® it plays a major role in the proteolysis of the
basement membrane and it is associated with tumor invasion
and metastasis in breast cancer.***® The ability to image MMP
activity is expected to be pivotal in two different areas. First, it
would provide a valuable tool for detecting and measuring the
activity of proteases involved in tumor invasion, potentially
tailoring a treatment regimen for individual patients and for
monitoring treatment response. Second, imaging MMP activity
is believed to be essential in the identification and validation
of anticancer targets as well as in the development of novel
anticancer drugs.*®

One of the most important diagnostic methods used to
visualize soft tissues and tumors in the human body is magnetic
resonance imaging (MRI). Because it does not use ionizing
radiation, this imaging modality is particularly well-suited for
longitudinal studies where the progression of a disease or its
response to treatment can be monitored with minimal risk to
the patient. Unlike optical imaging techniques that have an
inherent probing depth limitation, MRI can visualize tissues
throughout the human body.

Gd-DTPA (diethylenetriamine-N,N,N',N',N"-pentaacetic acid)
and Gd-DOTA (1,4,7,10-tetraazacyclododecane-1,4,7,10-tet-
raacetic acid) were the first CAs to enter into clinical practice,
and they serve as reference compounds for the development
and the evaluation of new agents.'” These low molecular weight
CAs are nonspecific and are rapidly excreted by the kidneys.
“Smart” contrast agents able to report on the activity of a specific
enzyme have been developed.’®'® MRI CAs are indirectly
detected via their effect on the magnetic resonance longitudinal
relaxation time of neighboring water molecules and the detection
sensitivity is low compared with nuclear methods. A strategy
to improve the effectiveness of MRI CAs has been to increase
their sensitivity by incorporating large numbers of Gd(llI)
chelates into high molecular weight structures like polysaccha-
rides, 22 poly(amino acids),?>** dendrimers, 2% and pro-
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Figure 1. Sequence of PCA2-switch. The sequence SPAYYTAA, which is cleavable by MMP-2, is coupled to a PEGg chain and a Gd-DOTA-

G-Ado conjugate.

teins.?® Amino acids® and bioactive peptides®~>® have recently
been coupled to gadolinium chelates to improve MRI CA
selectivity.

In the present study, we designed a novel CA agent based
on a solubility switch activated by the cleavage of a peptide
substrate by a specific enzyme or proteinase. This concept was
recently exploited to successfully detect MMP-7.2% Hereafter
referred to as PCA2-switch, our CA is able to detect the activity
of MMP-2 in a tumor implanted in a mouse in vivo and
noninvasively. MMP-2 was targeted by reason of its key role
in tumor progression and metastasis. A peptide has recently been
reported to be cleaved efficiently and selectively by MMP-2.34
This peptide [SGESPAYVYTA (where “J” indicates the cleavage
site)] was chosen as the basis for the sequence of the substrate
peptide of our CA, which is SPAYVYTAA (Figure 1). A chelator
of Gd was attached to the N-terminus of this peptide via a
hydrophobic alkyl chain. The chelator DOTA was selected
because it forms more thermodynamically and kinetically stable
complexes with lanthanides, including Gd, than other chelators
such as DTPA.**% The hydrophobic alkyl chain (12-amin-
ododecanoic acid, Ado) is intended to provide the desired
decrease in solubility after cleavage by MMP-2 such that the
cleaved CA becomes less water soluble and is retained at the
tumor site.

The water solubility of the CA is dependent upon the presence
of an eight-unit polyethylene glycol (PEGg) chain at the
C-terminus (Figure 1). PEG is a chemically inert synthetic
polymer with unique properties such as high water solubility
and low toxicity. It is widely used to improve solubility of
different compounds including peptides and proteins. It has been
reported that PEG conjugation can mask the surface of proteins,
increases the molecular size of polypeptides, and decreases their
rate of clearance from the blood circulation via intracellular
uptake and kidney filtration. In addition, it modifies the
biodistribution and solubility of peptides and reduces protein
immunogenicity.®”~** However, PEG conjugation may also
reduce the degradation by proteolytic enzymes. On the basis of
these reports, we anticipated that the introduction of PEG to
the CA could be helpful to ensure a water solubility of the parent
(intact or uncleaved) CA and to reduce the rate of clearance
from the blood circulation. Upon cleavage of the peptide by
the target MMP, the PEG chain is detached from the CA, which
then becomes less water soluble and is excreted more slowly
from the activation site within the tumor. There is a competition
between proteolytic cleavage and the excretion of the CA; a
longer circulation time will favor the cleavage event.

As a control, we synthesized a CA resistant to cleavage by
MMP-2 having a scrambled sequence (SYPATAYA) of the

MMP-2-cleavable peptide. This CA will hereafter be referred
to as PCA2-scrambled.

Results and Discussion

Synthesis of the CAs. The novel peptide-based CA was
designed to detect in vivo and noninvasively the activity of
MMP-2. The design is based on a switch of solubility, whereby
the water solubility of the CA is decreased after selective
enzyme cleavage. The introduction of a hydrophobic moiety (a
fatty acid, Ado) was the key element in reducing the solubility
of the CAs after cleavage by MMP-2. To improve the yield
and to facilitate DOTA-tris(t-Bu) coupling, a glycine residue
was introduced between DOTA and Ado into the CA sequence.
Some difficulties were initially observed during synthesis of our
compounds (e.g., incomplete t-Bu esters cleavage, poor yield,
weak response to Kaiser’s test) as previously described in the
literature.**** The yield was improved by increasing the
cleavage time up to 3.5 h. We also increased the ratio of
scavengers such as 1,2-ethanedithiol (EDT?) and thioanisole
(TA) from 2:3 to 4:6 before addition of the cleavage mixture
(TFA/H,O/EDT/TA = 87.5:2.5:4:6 v/v/v/v) and found that this
minimized side reactions. Finally, after purification, high purity
products were obtained (98—99%).

The CAs must be hydrophilic before injection into animals
such that a very hydrophilic C-terminus was designed, including
a (-alanine spacer and hydrophilic components (i.e, PEG and
Arg). The expected molecular masses were found for PCA2-
switch (Clo3H17oGdN25033 [M + H]+f0und = 2444.78, [M +
H]*tcaic = 2443.85 (see Supporting Information Figure 1)) and
PCA2-scrambled (C103H17oGdN25033 [M + H]+f0und = 2444.79,
[M + H]"cac = 2443.85 (see Supporting Information Figure 2)).
These data along with the corresponding HPLC elution times
are reported in Table 2.

Peptide Cleavage Efficiency. The efficiency of enzymatic
cleavage (Kea/Km) by MMP-2 was determined, and the results
are presented in Table 1. The k/K. value of Ac-SGES-
PAYYTA (1) was comparable but slightly smaller than that
reported by Chen et al. for this peptide (called peptide B74P).3
This difference may be explained by the form of MMP-2 used
in the assay. The enzymatic assays of Chen et al. were performed
using the catalytic fragment of MMP-2 produced in their
laboratory, while we used the complete enzyme. The cleavage
efficiency of the peptide Ac-SPAYYTAA-NH, (I1) was also

@ Abbreviations: EDT, 1,2-ethanedithiol; HATU, 2-(1H-7-azabenzotria-
zol-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate; PyBOP, benzo-
triazole-1-yloxy-tris-pyrolidinophosphonium hexafluorophasphate; TIPS,
triisopropylsilane; TBTU, 2-(1H-benzotriazol-1-yl)-1,1,3,3-tetramethyluro-
nium tetrafluoroborate; TFA, trifluoroacetic acid; Ado, 12-aminododecanoic
acid; 5-Ala, B-alanine; Ac, acetyl; i-Pr-OH, isopropanol; WT, wild-type;
KD, knock-down.
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Table 1. Enzymatic Cleavage Efficiency of Peptides

Jastrzebska et al.

peptide number

peptide sequence

kea/Kim (M~* 571

| Ac-SGESPAYYTA-NH,
I Ac-SPAYYTAA-NH,

Il DOTA(Gd)-G-Ado-RSPAYYTAA-PEGs-R--Ala-NH,
v DOTA(Gd)-G-Ado-RSYPATAYA-PEGs-R--Ala-NH,

(16 + 4) x 10%(44 x 10%?
(31 + 6) x 10
(12 + 2) x 10*

(3+2) x 10°

@ keat/ K determined by Chen et al.

Table 2. Characterization of the CAs and Their Fragments

molecular weight® (Da)

peptide number peptide sequence t g (min) calculated found log P ¢

11 DOTA(Gd)-G-Ado-RSPAYYTAA-PEGe-R--Ala-NH, 12.6 2443.85 244478 <—4.18

Y DOTA-G-Ado-RSYPATAY A-PEGs-R-f3-Ala-NH, 12.6 2443.85 2444.79 <—-4.18

A YTAA-PEGs-R--Ala-NH, 9.9 1074.23 1074.94 <—-4.18

B DOTA(Gd)-G-Ado-RSPAY-OH 12.4 1387.64 1388.58 —2.18 £ 0.03
C YA-PEGs-R--Ala-NH, 10.3 902.04 901.91 nd

D AYA-PEGg-R -f-Ala-NH, 10.3 973.12 973.64 nd

E DOTA(Gd)-G-Ado-RSYPAT-OH 12.2 1488.74 1488.41 nd

F DOTA(Gd)-G-Ado-RSYPATA-OH 12.2 1559.82 1559.28 nd

#HPLC retention time (tz). A linear gradient from 0% to 100% CH3;CN (0.1% TFA) in H,0 (0.1% TFA) in 30 min at a flow rate of 1 mL/min was used.

b As found by MALDI-TOF MS. © Partition coefficient (log P values).

similar. The peptide is modified from peptide B74P of Chen et
al. including the seven residues that correspond to P4 to P3'
and adding a C-terminal A as the P4’ residue of the octapeptide
substrate that can be accommodated in the catalytic site of
MMP-2.%® Then we determined whether this peptide was still
efficiently cleaved by MMP-2 after DOTA(Gd) was coupled
to the G-Ado-RSPAYYTAA-PEG;g chain (I11). The cleavage
efficiency of PCA2-switch (I11) was (12 & 2) x 10* M~ s,
which is comparable with the k.,/Kr, of the unmodified peptide.
The reaction products of the enzymatic cleavage were separated
by HPLC and analyzed by mass spectrometry (see Supporting
Information Figure 3). The peaks were identified as YTAA-
PEGg-R-3-Ala-NH, (A) (M + H]*ound = 1074.94, [M + H]* cac
= 1074.23) and DOTA(Gd)-G-Ado-RSPAY-OH (B) ([M +
H]™ found = 1388.58, [M + H]" e = 1387.64), whereas the parent
compound was not detected.

The efficiency of enzymatic cleavage of PCA2-scrambled
(IV) incorporating the scrambled peptide sequence (SY-
PATAYA) was 37.5 times lower (3.2 x 10° M~* s71) than the
nonscrambled analogue 111 ((12 £ 2) x 10* M~ts™%). The parent
compound |V was still detected after incubation with MMP-2
(see Supporting Information Figure 4), although degradation
products were also observed (see Supporting Information
Figure 4). Two pairs of products were identified as YA-PEGg-
R-B-Ala-NH, (C) (IM + H]*touwd = 901.91, [M + H] cac =
902.04), AYA-PEGg-R-B-Ala-NH, (D) (M + H]Ttound =
973.64, [M + H]*cac = 973.12), DOTA(Gd)-G-Ado-RSYPAT-
OH (E) (IM + H] ouna = 1488.41, [M + H]*cac = 1488.74),
DOTA(Gd)-G-Ado-RSYPATA-OH (F) (IM + H]*toums =
1559.28, [M + H]" .. = 1559.82) by mass spectrometry (Table
2). These results indicate that the peptide substrate of the PCA2-
switch is efficiently cleaved by MMP-2 in the expected position.
In contrast, the peptide substrate of PCA2-scrambled was not
efficiently or specifically cleaved.

In Vitro Observation of the Solubility Switch. The relative
amount of a compound dissolved in octanol and in water was
determined using HPLC. Intact PCA2-switch, 111, and PCA2-
scrambled, 1V, are highly water soluble as judged from their
log P values, which were below our measurement uncertainty
(i.e., log P = —4.18) because an HPLC signal in the octanol
phase could not be detected. The cleavage product bearing the
Gd chelate [DOTA(Gd)-G-Ado-RSPAY-OH, B] was less water
soluble with logP = —2.18 + 0.03. These values are in
accordance with predictions of —5.74 and —1.61 calculated from

the Molinspiration Cheminformatics online tool.*® This clearly
illustrates the decrease in solubility upon cleavage of PCA2-
switch.

In Vivo Testing of CAs. The ability of PCA2-switch to detect
the activity of MMP-2 was tested on an animal model with two
tumors, one grown from MC7-L1-WT cells that overexpress
MMP-2 compared to normal tissues and the other tumor grown
from MC7-L1-KD cells, having a MMP-2 activity reduced by
~50%.

MRI results obtained for PCA2-switch, PCA2-scrambled, and
Gd-DTPA (Magnevist, Berlex) injected into animals within the
MRI scanner were reported elsewhere.*” Briefly, an immediate
signal increase was observed in the two tumors for the three
agents, and this is attributed to the blood perfusion of the tumors.
The increase of longitudinal relaxivity (AR;) was normalized
to this early maximum to control for tumor-to-tumor variations
in blood perfusion. After injection of PCA2-switch, the relative
ARy value reached a temporary plateau in the MC7-L1-WT
tumors between 5 and 10 min after injection. This was followed
by a large maximum at around 40 min after injection, whereas
only a continuous decrease is observed in the MC7-L1-KD
tumors. After injection of PCA2-scrambled, the early maximum
was immediately followed by a continuous decrease. An
additional control using Gd-DTPA revealed a similar kinetics
for the MC7-L1-WT and MC7-L1-KD both tumors, indicating
that vascular permeability is comparable for both tumors. A large
signal intensity increase was observed by MRI in the bladder
of animals, which suggested elimination of the CA via the
urinary system. Our interpretation was that cleavage of PCA2-
switch in the MC7-L1-WT tumor resulted in an accumulation
of the cleaved PCA2-switch. This confirmed that the solubility
switch approach is effective in vivo.

In summary, the method for preparation of a novel peptide-
based CA and its in vivo performance are demonstrated. This
compound could provide a unique tool in the noninvasive tumor
phenotyping and guide in the treatment planning for individual
cancer patients. The potential for this agent to monitor the
activity of MMP-2 as a function of treatment response or as a
biomarker of tumor aggressiveness will be investigated.

Experimental Procedures

Materials. All chemicals and solvents were purchased from
commercial sources and were used without further purification.
Analytical high performance liquid chromatography (HPLC) was
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performed on an Agilent 1100 system equipped with a Agilent 1100
series diode array UV/vis detector and a Zorbax Eclipse XDB Cyg
reverse phase column (4.6 mm x 250 mm, 5 um). A linear gradient
from 0% to 100% CH3CN (0.1% TFA) in H,O (0.1% TFA) in 30
min at a flow rate of 1 mL/min was used for peptide conjugates
(20—60% for acetylated peptides).

Semipreparative HPLC was conducted on a Agilent 1100
instrument equipped with a Agilent 1100 series diode array UV/
vis detector on a Zorbax Eclipse XDB Cig reverse phase column
(9.4 mm x 250 mm, 5 um). Acetylated peptides were eluted using
a linear gradient (10 —100%) of CH3CN/0.1% TFA in H,0/0.1%
TFA at a flow rate of 2 mL/min in 40 min.

Preparative scale chromatography was carried out using Cig glass
column at medium pressure. A linear gradient (0—100%) of
CH3CN/0.1%TFA in H,0/0.1% TFA was used, and the separation
was monitored at 254 nm.

The purity of compounds was determined by the ratio of the
integrated HPLC peak area for the compound of interest over the
integrated HPLC peak area for all peaks. For every molecule
synthesized, the purity was >95%.

Matrix assisted laser desorption ionization time-of-flight mass
spectrometry (MALDI-TOF MS) analyses were recorded on a
Micromass TofSpec 2E instrument. Measurements were made in
the linear mode with a-cyano-4-hydroxycinnamic acid as the matrix.

Solid Phase Peptide Synthesis. Solid phase peptide synthesis
was carried out following Fmoc strategy using TentaGel S RAM
resin (in the form of Rink amide). Peptides with the following
sequences DOTA-G-Ado-RSPAYYTAA-PEGg-R-3-Ala-NH, and
DOTA-G-Ado-RSYPATAYA-PEGg-R-5-Ala-NH, were synthe-
sized manually using single step couplings with 2-fold excess of
Fmoc-amino acids, 2-fold excess of TBTU as activating reagent,
and 4-fold excess of N,N-diisopropylethylamine (DIPEA) in N,N-
dimethylformamide (DMF) for 2 h at room temperature. Fmoc-
amido-PEGg-OH was coupled to PyBOP/DIPEA (1:2) in dichlo-
romethane (DCM) and Fmoc-12-Ado-OH with HATU/DIPEA (1:
2) in DMF. Fmoc-AAs were preactivated for 2 min prior to
coupling. The terminal amino groups were deprotected with 20%
piperidine in DMF (1 x 10 min and 1 x 20 min). Deprotection
and coupling steps were followed by Kaiser’s test.*® After each
step the peptide resins were washed with DMF (1x), DCM (3x),
DCM/i-Pr-OH (3x), i-Pr-OH (3x), and DCM (3x). Peptides with
the following sequences Ac-SPAYYTAA-NH, and Ac-SGES-
PAYYTA-NH, were synthesized on a continuous flow peptide
synthesis system (Pioneer) using standard Fmoc protocols with
TBTU couplings. The final N-acetylation was carried out using of
20% acetic anhydride in DCM in the presence of DIPEA for 1 h at
room temperature. The peptide resins were washed with DCM (3x),
DCM/i-Pr-OH (3x), i-Pr-OH (3x), and DCM (3x).

Acetylated peptides were deprotected and cleaved from the
polymer support by addition of TFA/H,O/TIPS (95:2.5:2.5, v/vIv)
for 1 h at room temperature. The resin was removed by filtration
and washed with TFA. Combined filtrates were added dropwise to
ethyl ether. The precipitated peptides were centrifuged, dissolved
in 20% CH3;CN/H,0, frozen, and lyophilized. The crude products
were purified by semipreparative HPLC. The purity of peptides
was verified by analytical HPLC, and their identity was confirmed
with MALDI mass spectrometry.

The final cleavage of the DOTA—peptide conjugates from the
resin together with the removal of the side chain protecting groups
were carried out with TFA/H,O/EDT/TA (87.5:2.5:4:6, VIVIVIV),
where EDT/TA was added first, for 3.5 h at room temperature.
The cleavage mixture was filtered and the resin rinsed with neat
TFA. The filtrates were added dropwise to ethyl ether. The
precipitates were centrifuged, dissolved in 20% CH3;CN/H,0,
frozen, and lyophilized. The crude products were purified on
preparative Cg glass chromatography column at medium pressure.
The purified peptides were analyzed by analytical HPLC and mass
spectrometry.

Preparation of Gd Complexes. The DOTA—peptides were
dissolved in deionized water, and pH was adjusted to 6—7 by adding
0.3% NH4OH (aqg). An amount of 2 equiv of gadolinium chloride
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hexahydrate in 1 mL water was added, and pH was kept stable.
The reaction mixtures were vigorously stirred for 24 h, frozen, and
lyophilized. The complexes were purified by preparative chroma-
tography as described above. The appropriate fractions were pooled,
lyophilized, and characterized by analytical HPLC, and their identity
was confirmed by MALDI-TOF spectrometry.

Partition Coefficients. The hydrophilic/hydrophobic properties
of the compounds were determined by their partition coefficient
(log P) between n-octanol/water. The integrated signal at 240 nm
using a standard volume of sample from both phases in analytical
HPLC was measured. The log P value was calculated by taking
the logarithm of the integral in n-octanol divided by that from PBS.
Experiments were performed in triplicate, and results are presented
as the mean value and the standard deviation from the mean.

Peptide Cleavage by MM P-2. The affinity (K,) and the efficacy
of enzymatic cleavage (k../Kn) of the peptide sequence were
determined. The enzymatic assay was based on the detection by
fluorescamine of the free amino group on the cleaved peptide
sequence of the compounds.*® Background signal from free amines
was subtracted from the fluorescence signal variations recorded after
addition of the enzyme. This assay was adapted to a 96-well plate
from a published methodology,®® and the K, and k../K, were
determined according to the protocol proposed by Fields et al.>*

The K., values were determined by incubating the compounds
at a concentration ranging from 0 to 40 uM with 40 nM MMP-2
in tricine buffer (50 mM tricine, pH 7.5, 50 mM NaCl, 10 mM
CaCl,, 0.05% Brij-35) at 37 °C. The rate of hydrolysis (v) was
determined by measuring the amount of CA cleaved after 30 s for
each CA concentration. At the appropriate time interval, 20 uL
aliquots of the incubation solution were withdrawn and added to
30 uL of 20 mM 1,10-phenanthroline to stop the reaction. A stock
solution of 1,10-phenanthroline at 0.5 M was prepared in DMSO
and diluted to 20 mM in tricine buffer immediately before use. In
a 96-well assay plate, the incubation solution was mixed with 200
uL of fluorescamine at 5 mM. Relative fluorescence units (RFU)
were measured using a 96-well plate reader Synergy HT (BIO-
TEK Instruments, Winooski, VT) set at a Aex = 400 nm and a Aep
= 460 nm. K, was calculated according to the Eadie—Hoffstee
method by plotting the enzymatic rate v (in relative fluorescence
units, RFU/s) vs v/[CA], where the resulting slope is equal to —K,.

The values of k./Kr, were determined by mixing the CA at a
fixed concentration of 10 xM with 40 nM MMP-2 in tricine buffer
at 37 °C. The reaction was stopped at 0.5, 1, 2, 3, 4, 6.5, and 10
min for PCA2-switch and at 0.5, 1, 2, 4, 6, and 24 h for PCA2-
scrambled by mixing 20 uL aliquots of the incubation solution with
30 uL of 20 mM 1,10-phenanthroline as previously described.
Fluorescamine was added and the fluorescence measured. The initial
rate (v;) was calculated from values of less than 40% of CA
hydrolysis by plotting the fluorescence of each sample as a function
of the incubation time. The units were converted to v; = [slope
(RFU/S)][CA (M)]/(A RFU) at 100% hydrolysis. The units of v;
and concentrations were M/s and M, respectively. The k../Kn, values
were calculated using the following expression:

kcat _ Vi
K, [CA]IMMP-2]

The cleavage products were identified by analytical HPLC and
collected and their masses determined using mass spectrometry.

Mouse Model. The CAs were tested on the MC7-L1 mammary
carcinoma mouse model. Balb/c mice were injected subcutaneously
in the left hind limb with 1 x 10" MC7-L1 cells knocked down
(MC7-L1-KD) for MMP-2 as published elsewhere.*” One week
later 2 x 106 wild-type MC7-L1 (MC7-L1-WT) cells were injected
subcutaneously in the right hind limb. The timing and the number
of cells accounted for the more rapid growth of WT cells. After 4
weeks, the average volumes for 4 animals were 235 £ 195 mm?3
for the MC7-L1-WT tumors and 215 4 102 mm?® for the MC7-
L1-KD tumors. The difference was not significant. The activity of
MMP-2 in MC7-L1-KD tumors was reduced by 50% compared
with MC7-L1-KD cells.*
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