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MOLECULAR PROBES FOR CHEMILUMINESCENCE IMAGING AND IN VIVO
DETECTION OF TARGET MOLECULES

CROSS REFERENCE
[0001] This application claims priority to U.S. Provisional Patent Application No.
62/168,137 filed May 29, 2015, the specification(s) of which is/are incorporated

herein in their entirety by reference.

FIELD OF THE INVENTION
[0002] The present invention relates to chemiluminescence imaging (CLI) and CLI
probes, more particularly to probes for CLI and CLI probes for the in vivo detection

and/or monitoring of biological processes.

BACKGROUND OF THE INVENTION

[0003] In biological applications, chemiluminescence imaging (CLI) is commonly
used for in vitro detection of target molecules, e.g., using techniques such
immunoassays, protein blotting, pharmacological tests, and the like. In many cases,
CLI involves the reaction of luminol and hydrogen peroxide (H20z), which emits light.
Or, CLI may utilize other compounds such as luciferin, aequorin, or others. CLI
probes are presently used for the detection of reactive oxygen species (ROS), such
as hydrogen peroxide, however clinical applications, e.g., in vivo applications, of CLI

beyond ROS detection have been limited.

[0004] Inventors have surprisingly discovered a molecular chemiluminescence
imaging (CLI) probe for use in CLI applications, including in vivo applications. Such
in vivo applications may include but are not limited to the detection of, the
localization of, and/or the quantification of various target molecules of interest, e.g.,

inflammatory molecules or any other appropriate molecule of interest.

SUMMARY OF THE INVENTION
[0005] The present invention features chemiluminescence imaging (CLI) probes. In

some embodiments, the CLI probe comprises a fluorescein molecule linked to a
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luminol molecule (e.g., an amine-less luminol molecule). In some embodiments, the
fluorescein molecule is linked to a luminol molecule via a non-xanthenic aromatic
ring. In some embodiments, the CLI probe is according to Formula 1 (e.g.,

Compound 3/Probe 3) or a derivative thereof.

[0006] For example, in some embodiments, the chemiluminescence imaging (CLI)
probe is according to Formula 1 (see FIG. 1A and see below). In some
embodiments, any of R1-R8 are —H, -OH, -COH, -COOH, or a halide. In some

embodiments, the CLI probe comprises Compound 3 (see Fig. 1B and see below).

Formula 1 Compound 3

[0007] In some embodiments, R1 is —H, -OH, -COH, -COOH, or a halide. In some
embodiments, R2 is —H, -OH, -COH, -COOH, or a halide. In some embodiments, R3
is —H, -OH, -COH, -COOH, or a halide. In some embodiments, R4 is —H, -OH, -COH,
-COOH, or a halide. In some embodiments, R5 is —H, -OH, -COH, -COOH, or a
halide. In some embodiments, R6 is —H, -OH, -COH, -COOH, or a halide. In some
embodiments, R7 is —H, -OH, -COH, -COOH, or a halide. In some embodiments, R8
is —H, -OH, -COH, -COOH, or a halide.

[0008] The CLI probes may be generally soluble, e.g., in PBS or other aqueous

solutions. The CLI probes may be generally non-toxic.

[0009] The present invention also features kits comprising a CLI probe of the
present invention. In some embodiments, the kit further comprises a reactive oxygen
species (ROS), e.g., hydrogen peroxide (H2O) or any other appropriate ROS. In
some embodiments, the kit further comprises a first binding molecule labeled (e.g.,

an antibody, an antibody fragment, ligand, any other appropriate detection/binding
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molecule, etc.). In some embodiments, the first binding molecule is labeled with a
ROS, e.g., H2O, or any other appropriate ROS). In some embodiments, the kit
comprises a CLI probe according to Formula 1 and a first binding molecule labeled
with horseradish peroxidase (HRP) or other appropriate label, e.g., myeloperoxidase
(MPO).

[0010] The present invention also features a method of producing
chemiluminescence. In some embodiments, the method comprises reacting a CLI
probe of the present invention with an ROS (e.g., H2O, or any other appropriate
ROS).

[0011] The present invention also features a method of detecting inflammation in a
subject. In some embodiments, the method comprises introducing to the subject a
CLI probe of the present invention. The method may further comprise introducing to
the subject a first binding molecule labeled with an ROS (e.g., H.O» or any other
appropriate ROS). In some embodiments, the first binding molecule is specific for an
inflammatory molecule. As the CLI probe is adapted to be oxidized by the ROS
thereby emitting chemiluminescence, chemiluminescence may be indicative of the
presence of the inflammatory molecule. In some embodiments, the CLI probe is
administered before the first binding molecule is administered. In some
embodiments, the first binding molecule is administered before the CLI probe is

administered.

[0012] Any feature or combination of features described herein are included within
the scope of the present invention provided that the features included in any such
combination are not mutually inconsistent as will be apparent from the context, this
specification, and the knowledge of one of ordinary skill in the art. Additional
advantages and aspects of the present invention are apparent in the following

detailed description and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1A shows examples of structures of the CLI probe (Formula 1, shown
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on right) of the present invention (note that Compound 3 is an example of Formula
1). The probe is synthesized from starting materials shown on the left.

[0014] FIG. 1B shows synthesis of a CLI probe (compound 3). Its oxidation (1.0 mM
in 0.1 M NaOH) by NaClO produced the excited-state luminophore (compound 2)
that decayed to luminesce vividly in green at Amax = 530 nm.

[0015] FIG. 2 shows the characterization of compound 3: (a) high-resolution mass
spectrometry data; (b) "H NMR spectrum; and (c) ">C NMR spectrum.

[0016] FIG. 3 shows the oxidation of probe 3 leading to the production of
luminophore 2. (a) HRMS of probe 3: [M-H] 415.0555. (b) HRMS of the product from
the oxidation of probe 3 (probe 3 + H,O, + HRP, reacted for 30 min): The peak of
[M-H]- at 419.0409 corresponds to compound 2. (c) Fluorescence spectra of probe 3
(1.0x10-5 M) and compound 2 (1.0x10° M) in aqueous NaOH (0.01 M). (d)
Chemiluminescence spectrum of probe 3 (1.O><1O'5 M probe 3 + 1.0x10° M NaClO).
Disappearance of the m/z peak at 415.0555 and the newly appeared peak at
419.0409 suggested the complete oxidation of probe 3 with compound 2 being the
product. This analysis is consistent with the luminescence studies shown in (c) and
(d) (above): The chemiluminescence peak in (d) matches that of compound 2. It
could be concluded that the oxidation probe 3 lead to the production of the
luminophore, that is, compound 2 at its excited state.

[0017] FIG. 4 shows a schematic representation of in vivo detection of receptor
molecules on a target cell of interest. The present invention is not limited to the
components or methods shown in FIG. 4.

[0018] FIG. 5 shows kinetics of the luminescence resulting from the oxidation of
probe 3 by various ROS. Solutions of 3 and luminol were prepared in 0.01 M PBS
(pH of 7.4). For all ROS other than H»0O;, the reaction was carried out by mixing 200
uL of the ROS solution (1.0x10 M) with 800 pL of the solution of probe 3 or luminol
(1.0x10°® M). The voltage of the photomultiplier tube (PMT) was set at - 400 V. In the
case of HyO,, 200 ulL of its solution (1.O><1O'2 M) was used, and the voltage of PMT
was set at - 800 V; the other conditions were identical to those used for the other
ROS. Non-H;0; ROS, including CIO", HO-, O;" and '0,, all showed much stronger
responses to probe 3 than to luminol with similar kinetics; all reactions completed

within about 20 seconds. The reaction with H,O, displayed a much sluggish kinetics
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despite the fact that the concentration of H,O, was 10 times as much as the other
ROS. In fact, only when the voltage of the PMT was set at -800 V could the
chemiluminescence be detected. For the PMT used in this work, this difference in
voltage, -400 V versus -800 V, is equivalent to 2000-5000 fold of difference in
luminescence intensity. The need to increase the detection voltage of the PMT thus
indicates the insensitivity of probe 3 toward H,O, when compared with the other
ROS. It is noted that for H,O;, the luminescence resulting from the reaction with
luminol decayed to the baseline in about 600 s, whereas that with probe 3 lasted for
more than 18 days. Integrating the areas under the CL decay curves results in the
quantum yield ratios between probe 3 and luminol with various ROS, collected in
FIG. 6.

[0019] FIG. 6 shows in vitro CL response of probe 3 when oxidized by various ROS
(as PBS solution at pH 7.4). The ROS were generated according to literature
procedures. Chemiluminescence decay curves were recorded using a MPI-A
chemiluminescence spectrometer, and the data were integrated by using the
software accompanying the spectrometer. Results shown are the average of three
independent measurements.

[0020] FIG. 7 shows quantification of probe 3 and the oxidation product 2 (ground-
state luminophore) in the urine discharge of test mice. Nude mice (24-26 g) were
anesthetized followed by intraperitoneal injection of 3 or 2 (in 0.01 M PBS pH 7.4)
using a dose of 660 ug of 3 or 2 per kilogram of the mouse body weight. The mice
were housed individually and received food ad libitum. Urine was collected every 1
to 2 hours, and the collected samples were diluted to appropriate concentration with
PBS. Probe 3 in each urine sample was quantified by comparing the intensity of its
chemiluminescence resulting from its oxidation by NaClO with those of standard
solutions. The results are summarized in (a). Compound 2 was quantified by
fluorescence method, and the results were collected in (b). The potential toxicity of
the probe was further evaluated with a sample of 50 mice using a dose of probe 3 at
72 mg/kg body weight of mouse. This amount is 100 fold of the dose used in typical
CLI experiments. No death or abnormal behavior of any of the test mice was
observed after six months of the probe administration, indicating that the acute

toxicity of the probe, if any, is insignificant, and may be attributed to the facile
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discharge through urination.

[0021] FIG. 8 shows the oxidation of probe 3 by H,O, was significantly catalyzed by
a trace amount of HRP. The control reaction with no HRP (blue baseline) is sluggish
with no detectable luminescence (probe 3: 5.0x10° M; H,0, 1.0x10™* M). When a
trace amount of HRP (5.0%x10-5 mg/mL) was added (as indicated by the arrow
pointing at the purple curve), the oxidation reaction was promoted, and within
seconds, progressed rapidly with the intense emission of a green light.

[0022] FIG. 9A shows imaging of HRP with a lower concentration of probe
compound 3. CLI of HRP in the same nude mouse with the use of compound 3 as
probe (7.2 mg per kg body weight, intraperitoneally injected). Against PBS-only
control in the left foreleg, the total activity of HRP introduced into the right foreleg,
the left hind leg, and the right hind leg were 0.0250, 0.125, and 0.250 U,
respectively. The moment when the administration of 3 was completed was set as -
20 min (panel (i)) with 0 min (panel (ii)) being the moment when the subcutaneous
injection of HRP was finished. The circles in panel (ii) indicate both the sites of HRP
introduction and the ROI for which photon-counting integration was performed.

[0023] FIG. 9B shows the brightness of CL produced. The brightness of CL
produced was measured 60 minutes after the administration of HRP. Data
presented as mean * s.e.m. (n = 3 mice per group). o fux = 2.34%10° Upre +
4.9x10°,

[0024] FIG. 10 shows photon counts measured 20, 40, and 60 minutes following the
administration of the HRP-Ab conjugate.

[0025] FIG. 11 shows in vitro sensitive response of probe 3 to phagocyte respiratory
burst. No chemiluminescence was detected in the absence of phorbol 12-myristate
13-acetatefor (PMA) or N-formylmethionyl-leucyl-phenyl-alanine (FMLP). (a) CL
kinetics resulting from the response of probe 3 to respiratory burst of raw 264.7 cells
when stimulated with PMA (100 ug/ml). (b) CL kinetics resulting from the response of
probe 3 to respiratory burst of human monocyte (106 cells/ml) in hank’s when
stimulated by FMLP (100 pg/ml). The kinetics curves were recorded with an MPI-A
Chemiluminescence Analyzer with the use of probe 3 or luminol (5.O><1O'5 M). These
results suggest that probe 3 is a much more sensitive probe for the detection of ROS

than luminol.
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[0026] FIG. 12 shows CLI of acute dermatitis induced by topically daubing
dimethylbenzene onto the head and the right hind leg of the test mice. The right
mouse in each pair is the control with the administration of luminol. Images
numbered 1-4 were taken before probe administration and 30, 60, and 90 min after
the administration of compound 3 or luminol. The dosage of the administered

compound 3 or luminol is 720 pg/kg.

DESCRIPTION OF PREFERRED EMBODIMENTS
[0027] Referring now to FIG. 1-12, the present invention features novel
chemiluminescence imaging (CLI) probes for CLI applications including but not

limited to clinical applications and the in vivo detection of biological processes.

[0028] FIG. 1A shows a CLI probe according to Formula 1. The probe can be
synthesized using starting materials shown on the left of FIG. 1A. Non-limiting
examples of synthesis can be found in FIG. 1B and Example 1 below. FIG. 1B
shows synthesis of a CLI probe of the present invention (compound 3). In some
embodiments, Formula 1 (e.g., Compound 3) comprises a fluorescein molecule and
a luminol analog (e.g., an amine-less luminol molecule) connected via a non-
xanthenic aromatic ring. The probe can be activated by reaction with an oxidant such
as but not limited to ROS to generate a product at its excited state. Light is emitted
when the product relaxes to its ground state. Without wishing to limit the present
invention to any theory or mechanism, it is believed that modification of the
xanthenic moiety of fluorescein with the luminol-like functional group helps the CLI

probe to respond to reactive oxygen species (ROS).

[0029] In Formula 1, substituents R1-Rs may be any common organic group (e.g.
alkyl group, -OH, -COH/R, or -COOH/R, etc.) or inorganic functional group (e.g.,
halides) that are compatible with the synthesis including steric requirement. In some
embodiments, the functional groups may be selected for particular properties, e.g.,
reaction kinetics (e.g., the excitation or oxidation of the probe to the product at its
excited and emissive state, the relaxation from the product at the excited state to the

relaxed state with the accompanying emission of light, etc.), the color of emitted
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light, the ability to tune the color of emission, etc.

[0030] The CLI probe (e.g., Formula 1, e.g., compound 3) is readily soluble in both
alkaline and phosphate-buffered saline solutions (PBS, e.g., pH=7.4). Oxidation of
compound 3 was accompanied by vivid green luminescence when the excited
oxidation product (compound 2) underwent deactivation (see FIG. 1). FIG. 1B
(bottom right corner) shows a bright CL emission resulting from the oxidation of

compound 3 by NaCIO, a representative ROS, in agueous NaOH.

[0031] FIG. 2 shows the characterization of compound 3: (a) high-resolution mass
spectrometry data; (b) '"H NMR spectrum; and (c) *C NMR spectrum. FIG. 3 shows

the oxidation of probe 3 leading to the production of luminophore 2.

[0032] The CLI probes of the present invention may be used in combination with
complexes such as but not limited to ligands (specific for a target of interest) labeled
with HRP or other appropriate molecule. For example, the HRP linked to a ligand
(which may be bound to its target) can catalyze the oxidation of the CLI probe (e.g.,
compound 3). Thus, in some embodiments, the CLI probes of the present invention
may be used for detecting (e.g., amount of or presence of or location of) a biological
event, e.g., the amount and/or location of the chemically generated light can be used

to detect or analyze specific biological events.

[0033] For reference, FIG. 4 shows a non-limiting example of the use of the CLI
probe of the present invention for detection of a target cell of interest. HRP-labeled
antibodies specific for a particular cell receptor on the target cell of interest are
introduced to a subject. The CLI probe (e.g., compound 3) of the present invention is
also introduced to the subject. The oxidation of the CLI probe via the HRP molecule
produces detectable chemiluminescence, thereby detecting the target cell of interest

(and optionally localizing the target cell of interest).

[0034] To test the probe in vivo, a PBS solution of the CLI probe (compound 3) was

administered into nude mice through either intraperitoneal (IP) or intravenous (V)
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injection (IP and IV injection had comparable uptakes). Images showed clear CLI of
endogenous ROS in the mice. The IP-administered probe was found to diffuse
across the peritoneal membrane, be absorbed into the veins, and be delivered to
various sites of interest via blood circulation, e.g., kidney, liver, lungs, brain,
stomach, heart, spleen, intestine. It appeared that compound 3 was more sensitive
to various ROS as compared to luminol (see FIG. 5, FIG. 6). In three hours, about
90% of the probe was cleared by uresis, and in about seven hours the probe in its
original form was completely flushed out (see FIG. 7). Without wishing to limit the
present invention to any theory or mechanism, it is believed that the quantitative
recovery of the intact probe suggests that the oxidation of the probe by endogenous
H20, is kinetically sluggish in the time between its administration and clearance
(e.g., because a live body is a natural producer of H,O, due to the rapid
decomposition of other ROS). A similar profile of clearance was obtained when the
oxidized product (compound 2), the ground-state luminophore, was directly
administered (see FIG. 7). These results suggest that both the probe and its
oxidation product (compound 2) are not quickly metabolized during the imaging
procedure. It does not appear that the probe or the resulting luminophore has

significant acute toxicity.

[0035] In the present invention, it was found that the otherwise sluggish kinetics of
the oxidation of the probe by H,O, could be enhanced by a trace amount of HRP
(see FIG. 8).

[0036] Imaging of HRP was acquired in nude mice pre-injected with compound 3
(720 ng per kg body weight) against a control mouse intraperitoneally injected with
luminol. As compared to a PBS-only control (PBS was injected into the left foreleg),
strong CL emissions were observed in the other legs in which HRP in PBS was
subcutaneously introduced. (The total activity of HRP introduced into the right
foreleg, the left hind leg, and the right hind leg were 12.5, 25.0, and 50.0 U,
respectively; the moment when the administration of compound 3 was completed
was set as -20 min with 0 min being the moment when the subcutaneous injection of

HRP was finished.) In mice, it was found that CL could be detected with a dosage of
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compound 3 of about 2 pg/kg. To achieve significant CL intensity and to assure the
accuracy of photon counting, the probe at a concentration of 720 pg/kg was used in
subsequent studies in nude mice whose right foreleg, left hind leg, and right hind leg
were injected with HRP of a total activity of 12.5 U, 25.0 U, and 50.0 U, respectively.
Significant luminescence was produced and remained stable in a time window of 40
to 120 minutes following the introduction of HRP in each of the legs (data not
shown). Production of CL appeared to be saturated when the activity of the enzyme
was at about 25.0 U and above (without wishing to limit the present invention to any
theory or mechanism, it is believed that this may have been because of the amount

of endogenous H,O; present in the mice).

[0037] In subsequent experiments, a dose of 7.2 mg/kg of compound 3 was used
with which a total activity of HRP as low as 0.025 U could be detected. The CL
produced intensified as the concentration of HRP increased, yielding a positive linear

relationship.

[0038] The use of the probe was validated using an enzyme-linked immunosorbent
assay (ELISA) by imaging in nude mice the HRP-labeled goat anti-mouse IgG (HRP-
Ab), a commercially available and commonly used HRP-antibody conjugate. To
assess the sensitivity of the CLlI, different amounts of the conjugate were
administered to three of the legs of a nude mouse with the left foreleg injected with
PBS only being the control. (Compound 3 was intraperitoneally injected at a dose of
7.2 mg per kg body weight; Against the HRP-Ab-free and PBS-only control in the left
foreleg, the amounts of HRP-Ab administered into right foreleg, left hind leg, and
right hind leg are 0.0030, 0.015, and 0.030 U, respectively.) FIG. 10 shows photon
counts measured 20, 40, and 60 minutes following the administration of the HRP-Ab
conjugate. The brightness of the emission is proportional to the amount of HRP-Ab
present. It appeared that the amount of HRP-Ab present in the right foreleg was
inadequate to produce any significant photon count or luminescence. However, in
the two hind legs, whose total activity of HRP is at 0.015 and 0.030 U, respectively,
the emission of light was vivid, and the reduction in luminescence intensity was only

about 10% after 60 minutes following the probe administration.
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[0039] The use of the CLI probe of the present invention (compound 3) in a clinical
application (e.g., inflammatory response) has been explored. For example, the
phagocyte respiratory burst or the release of ROS was monitored in vitro (see FIG.
11). FIG. 12 shows the in vivo results of CLI for acute dermatitis using compound 3
(luminol was the control). Images were taken 30, 60, and 90 minutes following the
administration of either compound 3 or luminol. It appears that compound 3 was
highly efficient in producing CLI of the acute dermatitis induced by dimethylbenzene,

while luminol failed to produce any detectable signals.

[0040] Additional experiments were carried out using test mice suffering from
gingival hemorrhage and mechanical injury. For example, nude mice were fed with
cooked yolk for 1 week until gingival hemorrhage was visually identified. Various
images were acquired (e.g., 0, 20 (supine position), and 30 min (prone position))
after the injection of 200 pL of 2.0x10™* M probe 3 or luminol (data not shown). The
sites of inflammation were clearly identified by the luminescence at the sites using
compound 3. Also, images of injuries (e.g., mechanical crush and syringe needle
piecing, both on the end to tail) were acquired 0, 20, and 40 min, respectively, after
the injection of 200 uL of probe 3 (2.0x10*M). Again, the sites of inflammation were

clearly identified by the luminescence at the sites using compound 3.

[0041] Furthermore, inflammation caused by intramuscular injection of PBS was
also clearly imaged using probe 3 and in comparison with results using PET/CT
(data not shown). Nude mice were intramuscularly injected with PBS two days prior
to said imaging experiments. For the verification of the induced inflammation, 18-
Fluorodeoxyglucose-Positron emission tomography/Computed tomography (18FDG-
PET/CT) scan, from feet to head, was performed 12 h after the CLI experiment. The
test mouse was anesthetized with isoflurane inhalation followed by intraperitoneal
injection of 3.7 MBq of 8 FDG. An uptake time of 60 min was allowed before
acquisition. As previously described, compound 3 clearly showed inflammation

(images not shown).
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[0042] These results support the use of compound 3 as a sensitive probe for

noninvasive assessment of localized inflammatory responses.

EXAMPLE 1
[0043] Example 1 describes methods and reagents for use in the present invention.
The present invention is not limited to the methods, devices, systems, molecules,

compositions, or other components disclosed herein.

[0044] Reagents. Pyromellitic acid and m-dihydroxybenzene were obtained from
Quzhou Rainful Chemical Co. Ltd.. Luminol (297% HPLC grade), phorbol-12-
myristate-13-acetate (PMA, for molecular biology), horseradish peroxidase (HRP,
BR), and xanthine oxidase (BR) were purchased from Sigma-Aldrich. TNFa(h)
ELISA kit was purchased from Wuhan Boster Bio-engineering Co. Ltd.. Peroxidase-
conjugated affinipure goat anti-mouse IgG(H+L) (ZB2305) was purchased from
ZSGB-Bio Inc.. Hydrogen peroxide (30% aqueous solution), xanthine,
dimethylbenzene and hydrazine hydrate, all of analytical purity, were obtained from
Sinopharm Chemical Reagent Co, Ltd. (SCRC). Isoflurane was obtained from Lunan

Better Pharmaceutical Co., Ltd.

[0045] Preparation of test solutions. Solids of compound 3 or luminol were
dissolved in 0.01 M NaOH to a final concentration of 8.0x10° M, and the resulting
solutions were stored at 4 °C in the absence of light. The solutions were further
diluted by using sterile phosphate-buffered saline (PBS, 0.01 M and pH 7.4) as
desired in various studies. PMA was dissolved in DMSO to prepare 500 ighmi

solution. HRP was freshly prepared by dilution using sterile PBS.

[0046] Instrumentation. NMR spectra were obtained by using a 300 or 600 MHz
spectrometer (Bruker BioSpin International AG, Zug, Switzerland). High-resolution
Mass Spectrometric (HRMS) analyses were performed on an electrospray time-of-
flight tandem mass spectrometer (maXis, Bruker Daltonics Inc. MA, USA).
Chemiluminescence was measured using an MPI-A chemiluminescence instrument

(Remex Analytical Instrument Co. Ltd., Xi'an, China). Fluorescence and
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chemiluminescence spectra were recorded using a 970 CRT
fluorospectrophotometer (Shanghai Analytical Instrumental Ltd., China). The imaging
system used was Xenogen IVIS 200 (Xenogen Corp. CA, USA). "®F-FDG PET/CT
was performed using a Mediso Nanoscan PET/CT (Mediso Ltd. Budapest, Hungary).

[0047] Synthesis of compound 2. (Jiao, G., Castro, J. C., Thoresen, L. H. &
Burgess, K. Microwave-assisted syntheses of regioisomerically pure
bromorhodamine derivatives. Org. Lett. 5, 3675-3677 (2003)). Pyromellitic acid was
dissolved in acetic oxide, and the resulting solution was brought to and maintained
under reflux for 6 h. The reaction mixture was then cooled to room temperature and
filtered. The yellow solid collected, raw pyromellitic dianhydride, was washed with
diethyl ether and dried in vacuo. A sample of this solid (5.45 g, 0.025 mol) was then
added to a melt of resorcinol (5.5 g, 0.050 mol) at 150 °C with vigorous stirring.
Fused ZnCl, (6.80 g, 0.050 mol) was then added slowly, and the temperature of the
resulting mixture was slowly raised to 180 °C over 20 min until the reaction mixture
solidified. The brick red solid was pulverized and extracted in 100 mL of 0.5 M HCI
for 1 h. The red solid was collected, washed with water and dried in vacuo. Crude
product was subjected to column chromatography on silica gel with 1:2 (volume
ratio) concentrated ammonia/isopropanol as the eluting solution. Isolated yield:
31.4%. "H NMR (DMSO-ds, 300 MHz) § 10.17 (s, 2H), 8.29 (d, J = 15.0 Hz, 1H),
7.52 (s, 1H), 6.67 (dd, J = 7.9, 5.5 Hz, 4H), 6.56 (dd, J = 8.7, 2.3 Hz, 2H). *C NMR
(DMSO-dg, 600 MHZz) 5 167.35, 159.73, 154.60, 151.75, 140.51, 133.94, 129.32,
127.49, 125.55, 123.94, 112.70, 108.49, 102.28, 83.47. HRMS [M-H] calcd for
[C22H110q] 419.0401; found 419.0392.

[0048] Synthesis of probe 3. A solution of compound 2 (2.24 g, 0.0050 mol) and
10% hydrazine hydrate (2.4 mL, 0.0050 mol) in 14 mL of triethylene glycol was
vacuumed at 100 °C for 30 min. The solution was then heated to 180 °C and
maintained at this temperature for 1.5 h. The product mixture was subjected to silica
column chromatography using a mixture of
(CH3COOC,H5:CH30OH:HAC=8:0.1:0.0125) as the eluting solvent. Isolated yield:
72.7%. "H NMR (300 MHz, DMSO-dg) 5 11.98 (s, 1H), 10.20 (s, 2H), 8.57 (s, 1H),
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7.76 (s, 1H), 6.71 (d, J = 2.3 Hz, 2H), 6.66 (d, J = 8.7 Hz, 2H), 6.53 (dd, J = 8.7, 2.3
Hz, 2H). *C NMR (MeOD, 600 MHz) & 182.72, 173.44, 161.32, 160.25, 159.20,
144.91, 137.92, 132.29, 131.20, 131.04, 128.78, 128.22, 124.31, 113.14, 104.54,
73.29, 70.88. HRMS (ESI) [M+H]" calcd for [C22H13N207]" 417.0724; found
m/z=417.0729.

[0049] Imaging in mouse models. Nude mice used in this work, each weighing 20—
26 g, were obtained from the Laboratory Animal Center of the Fourth Military Medical
University, China. Research and animal sacrifice protocols are in accordance with
the principles and guidelines adopted by the Fourth Military Medical University. The
mice were kept for an acclimatization period of 7 days under laboratory conditions
(temperature maintained at 22 + 2 °C, 12-hr cycles of alternating illumination and
darkness, and free access to food and water) prior to any imaging experiments.
Nude mice were anesthetized by isoflurane inhalation, following which 200 uL of a
solution of compound 3 or luminol in PBS of pH 7.4 was injected intraperitoneally.
For the imaging of HPR or HRP-ADb, the probe solution (2.0x10° M) was first
injected, followed by the subcutaneous injection 20 minutes after of PBS and HRP
(variable amount in 0.01 M PBS) solutions into the legs of nude mice. The control
experiments with the use of luminol were conducted under otherwise identical
conditions. IVIS 200 bioluminescence imaging system (Caliper Life Sciences) (f/stop,
1; no optical filter) was used for all imaging experiments. Exposure time was set at 5
minutes with moderate sensitivity, and the binning and field of view (FOV) are 8 and
13.3 cm, respectively. Photon counts were integrated by using the system-provided

software.

[0050] Various modifications of the invention, in addition to those described herein,
will be apparent to those skilled in the art from the foregoing description. Such
modifications are also intended to fall within the scope of the appended claims. Each
reference cited in the present application is incorporated herein by reference in its

entirety.

[0051] Although there has been shown and described the preferred embodiment of
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the present invention, it will be readily apparent to those skilled in the art that
modifications may be made thereto which do not exceed the scope of the appended
claims. Therefore, the scope of the invention is only to be limited by the following
claims. Reference numbers recited in the claims are exemplary and for ease of
review by the patent office only, and are not limiting in any way. In some
embodiments, the figures presented in this patent application are drawn to scale,
including the angles, ratios of dimensions, etc. In some embodiments, the figures
are representative only and the claims are not limited by the dimensions of the
figures. In some embodiments, descriptions of the inventions described herein using
the phrase “comprising” includes embodiments that could be described as
“consisting of”, and as such the written description requirement for claiming one or

more embodiments of the present invention using the phrase “consisting of” is met.

[0052] The reference numbers recited in the below claims are solely for ease of
examination of this patent application, and are exemplary, and are not intended in
any way to limit the scope of the claims to the particular features having the

corresponding reference numbers in the drawings.
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WHAT IS CLAIMED IS:

1. A chemiluminescence imaging (CLI) probe according to Formula 1,

Formula 1
wherein any of R4-Rg are —H, -OH, -COH, -COOH, or a halide.
2. The CLI probe of claim 1, wherein the CLI probe comprises Compound 3, as

shown below,

Compound 3

3. The CLI probe of claim 1, wherein the CLI probe is soluble.
4. A kit comprising

a. a chemiluminescence imaging (CLI) probe according to Formula 1,

wherein any of R4-Rg are —H, -OH, -COH, -COOH, or a halide; and
b. afirst binding molecule labeled with horseradish peroxidase (HRP) or
myeloperoxidase (MPO).
5. The kit of claim 4, wherein the first binding molecule comprises an antibody or
a fragment thereof.
6. The kit of claim 4, wherein the first binding molecule comprises a ligand.
7. A method of detecting inflammation in a subject, said method comprising:

a. introducing to the subject a chemiluminescence imaging (CLI) probe

16
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according to Formula 1,

wherein any of R1-Rg are —H, -OH, -COH, -COOH, or a halide; and
b. introducing to the subject a first binding molecule labeled with a ROS,

said first binding molecule is specific for an inflammatory molecule,
wherein the CLI probe is adapted to be oxidized by the ROS thereby
emitting chemiluminescence, wherein chemiluminescence is indicative
of the presence of the inflammatory molecule.

8. The method of claim 7, wherein the ROS comprises HRP.

9. The method of claim 7, wherein the CLI probe is administered before the first

binding molecule is administered.
10. The method of claim 7, wherein the first binding molecule is administered

before the CLI probe is administered.
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