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Abstract

Iron depletion using iron chelating agents has been recognized as a promising anti-tumor
therapeutic strategy. We herein report a novel theranostic agent for targeted iron chelation cancer
therapy and near IR optical imaging. The theranostic agent was prepared via incorporation of a
polyaminocarboxylated-based cytotoxic chelating agent (N-NE3TA) and a near IR fluorescent
cyanine dye (Cy5.5) into a tumor targeting transferrin. The cytotoxic chelating agent was
conjugated to transferrin (Tf), and the corresponding NE3TA-Tf conjugate was characterized and
evaluated for anti-proliferative activity in HeLa, HT29, and PC3 cancer cells with elevated
expression of transferrin receptor (TfR). The NE3TA-Tf conjugate displayed significant inhibitory
activity against cancer cells (HeLa, HT29, and PC3). The near IR dye Cy5.5 was loaded into the
NE3TA-Tf platform, and the cytotoxic and fluorescent transferrin conjugate (A-NE3TA-Tf-Cy5.5)
was microscopically shown to enter the TfR over-expressing cancer cells. The theranostic
conjugate (M-NE3TA-Tf-Cy5.5) has a potential application for dual use in targeted iron chelation
cancer therapy and near IR fluorescence (NIRF) imaging.
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Introduction

Depletion of cellular iron by iron sequestering agents has been proposed as an effective
modality for treatment of cancers.1~3 The studies have shown that rapidly growing cancer
cells have high demand of iron due to elevated expression of iron-regulatory and iron-
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dependent proteins such as transferrin receptor (TfR) and ribonucleotide reductase (RR)
enzyme.1=3 DFO (desferoxamine) and Triapine (3-aminopyridine-2-carboxaldehyde
thiosemi-carbazone) are iron chelating agents in clinical use.1™ The known chelators DFO
and Triapine have been shown to inhibit the RR enzyme overexpressed in cancer cells, and
iron depletion was proposed as a mechanism for the inhibitory action of the antitumor agents
on the cancer cells.1~5 DFO, a naturally-occurring siderophore, is the first iron chelator that
was approved by the US FDA for the treatment of iron overload.1~* The hexadentate DFO
was shown to be highly selective in binding Fe(l11) over Fe(ll) or other biologically
important metals and exhibit antiproliferative activity in cancer cells.348.7 Triapine is a
thiosemicarbazone-based RR inhibitor, and anti-tumor therapeutic and iron depleting
efficacy of the tridentate chelator was demonstrated in numerous preclinical and clinical
trials.1:3.8.9

We previously reported that triazacyclononane-based polyaminocarboxylate chelate NE3TA
(7-[2-[carboxymethyl)amino]ethyl]-1,4,7-triazacyclononane-1,4-diacetic acid) analogues
exhibited significantly higher anti-proliferative activity against HeLa and colon cancer cells
than the clinically available iron sequestering agent DFQ.10-11

Development of multifunctional drugs that can allow for potent therapy and sensitive
imaging of cancer is of significant interest. Theranostic agents containing both an imaging
probe and a cytotoxic component have been evaluated for simultaneous therapy and imaging
and staging of cancers.12-13 Theranostic agents incorporating a cytotoxic chemotherapeutic
or radiotherapeutic agent and a magnetic resonance imaging (MRI), positron emission
tomography (PET), or optical imaging probe have shown potential of the hybrid modality
for therapy and imaging of various cancers,12-13

In our continued effort to develop multifunctional anti-cancer agents,10:11:14.15 e designed
a tumor-targeting theranostic conjugate containing a bifunctional version of cytotoxic iron-
chelating agent NE3TA (AV-NE3TA, Figure 1), a near IR fluorescent cyanine dye (Cy5.5),
and transferrin (Tf) (Figure 2). We hypothesized that the potential theranostic conjugate (A-
NE3TA-Tf-Cy5.5) can be constructed without significantly compromising biological and
chemical activity of each component in the conjugate. We selected transferrin (Tf) as a
model tumor targeting vector for the present study. Many different types of cancer including
HelLa, colon, and prostate cancers and colorectal liver metastases were reported to
overproduce transferrin receptor (TfR).516-18 The iron binding protein transferrin (Tf) that
can target TfR in the cells has been employed for selective delivery of antitumor drugs in
cancer therapy.>19-20 The theranostic NE3TA-based conjugate is expected to enter the
cancers with elevated expression of TfR and provide simultaneous therapy and near IR
fluorescent imaging and therapeutic monitoring of the cancers.

We herein report preparation, characterization, and evaluation of the new theranostic agent
(M-NE3TA-Tf-Cy5.5) for iron chelating antitumor therapy and near IR optical imaging. The
iron chelating anti-tumor agent A-NE3TA was conjugated to Tf, and cytotoxicity of the
corresponding A-NE3TA-TT conjugate was evaluated using HeLa, HT29, and PC3 cells with
elevated expression of TfR. The new theranostic conjugate (M-NE3TA-Tf-Cy5.5) was
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constructed by loading the near IR cyanine dye Cy5.5 to transferrin (Tf) and further
evaluated for tumor uptake using the cancer cells.

Results and Discussion

Preparation of the new transferrin (Tf)-based conjugates A-NE3TA-Tf and A-NE3TA-Tf-
Cy5.5 is outlined in Scheme 1. The nitro (NO5) group in the chelating agent A-NE3TA10
(Figure 1) was converted to the isothiocyanate (NCS) form for conjugation to a tumor
targeting moiety as previously reported.2! The bifunctional chelating agent A-NE3TA-NCS
(Scheme 1) was conjugated to transferrin (Tf) via reaction of the NCS group in A-NE3TA-
NCS with the amino group of the lysine residues present in Tf.

The concentration of Tf in the corresponding conjugate A-NE3TA-Tf was quantified by UV
spectroscopic method.2! The number of ligand (A-NE3TA) linked to transferrin (L/P ratio =
2.0) was determined by Cu(l1)-AAIIl based UV-Vis spectrophotometric assay.2 The
conjugate A-NE3TA-Tf was evaluated for anti-proliferative activity in the HeLa, HT29, and
PC3 cell lines with elevated expression of TfR (Figure 3), and the cytotoxicity of A-ENE3TA-
Tf was compared to that of the parent chelate A-NE3TA. The known iron chelator DFO was
used as a control.

Among the cancer cells tested, HeLa cells were most sensitive to the cytotoxic effect of the
N-NE3TA-Tf conjugate. When treated with the parent chelating agent A-NE3TA and the A-
NE3TA-Tf conjugate at a low concentration (10 uM), almost all HeLa cells were destroyed
(<3% viability). A-NE3TA-TT (ICsg = 2.4 £ 0.2 uM) exhibited significantly more potent
cytotoxic effect on HelLa cells than A-NE3TA (ICsg = 8.4 + 0.4 uM)10 and DFO (ICsq = >
50 uM)10. The AENE3TA-Tf conjugate (ICsp = 2.8 + 0.1 uM) also displayed an increased
cytotoxicity against the HT29 cells than A-NE3TA (ICsg = 6.8 £ 0.4 uM). Viability of HT29
cells treated with the A-NE3TA-Tf conjugate and A-NE3TA at concentration of 10 pM was
12 % and 26%, respectively. When compared to the HeLa and HT29 cells, an enhanced
viability (25% and 33%, respectively) was observed with the PC3 cells treated with A+
NE3TA-Tf and A-NE3TA at the same concentration (10 pM). The A-NE3TA-Tf conjugate
(IC50 = 7.7 £ 0.7 uM) displayed similar inhibitory activity to the parent chelator N-NE3TA
(IC50 =7.2 £ 0.3 uM) in PC3 cancer cells. The A-NE3TA-Tf conjugate was shown to be
significantly more effective in inhibiting the three cancer cell lines than the clinically
available DFO. DFO was more cytotoxic against PC3 cells (IC5g = 15.8 + 1.6 uM) than the
HeLa and HT29 cells (ICsg = > 36 uM). Viability of PC3, HT29, and Hela cells treated with
DFO (50 uM) was around 23%, 52%, and 56%, respectively. The increased cytotoxicity of
the Tf conjugates relative to the parent chelator AANE3TA seems to be ascribed to efficient
binding of the Tf conjugates to TfR which is more evident in HeLa and HT29 cancer cells.
The cycotoxicity data indicate that conjugation of the antitumor agent A-NE3TA to the
delivery vector (Tf) made no negative impact on inhibitory activity of AANE3TA. The parent
chelator A-NE3TA was not cytotoxic against cancer cells saturated with Fe(ll) or Fe(lll)
(Supporting Information). When HeLa cells were incubated with both AENE3TA (50 pM)
and iron (ferrous chloride or ferric citrate, 50 4/M), very little antiproliferative activity was
observed (>90% cell viability at 72 hr incubation). This underlines that the inhibitory
activity of A©NNE3TA in cancer cells is related to effective chelation of cellular iron.10.22
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To visualize tumor uptake of the A-NE3TA-TTf conjugate, a near IR fluorescent cyanine dye
Cy5.5 was introduced to the Tf conjugate. Cy5.5 N-hydroxysuccinimide (NHS) ester was
reacted with the amino group of the lysine residues present in Tf of the A-NE3TA-Tf
conjugate to provide A-NE3TA-Tf-Cy5.5. The fluorescent A-NE3TA-Tf conjugate was
purified via dialysis and characterized by HPLC (Supporting Information) and UV-Vis and
fluorescence spectroscopic analysis (Figure 4). The formation of A-NE3TA-Tf-Cy5.5
conjugate was evidenced by HPLC traces at around 7 min at 280 nm and 675 nm,
respectively. The unbound Cy5.5 was shown to have the traces at 20 min and 27 min at 675
nm. Two significant absorption peaks at 630 nm and 678 nm along with the peak at 280 nm
shown in UV-Vis spectrum indicate incorporation of Cy5.5 to A-NE3TA-Tf conjugate
(Figure 4a). The maximum fluorescent emission of A-NE3TA-Cy5.5 conjugate was peaked
at 695 nm (Figure 4b). The concentration of Cy5.5 and protein in the conjugate was
determined by UV-Vis spectroscopic method.23 The ratio of dye to protein (D/P = 16.7) in
the purified transferrin conjugates was determined by spectroscopic method based on
absorbance of dye and protein at 675 nm and 280 nm.

NIR Fluorescence and phase contrast images of HelLa, HT29 and PC3 cells incubated with
N-NE3TA-Tf-Cy5.5 conjugate (50 uM) were obtained using a confocal microscope. The
confocal microscopic images indicate that the NIR fluorescent Cy5.5 conjugate was taken
up by HelLa, HT29 and PC3 cells (Figure 5), while control cells without the Cy5.5 dye
showed no fluorescent signals (Supporting Information). The NIR fluorescence images
confirm tumor localization of the transferrin conjugates, and biological activity of transferrin
remained intact after conjugation of Tf with both A-NE3TA and Cy5.5. HeL a cells appears
to take up more conjugates than PC3 and HT29, presumably due to higher binding affinity
of the conjugate to the HeLa cells with elevated expression level of TfR. Nuclear
localization of the Tf-Cy5.5 conjugate was observed by PC3 cells stained with Hoechst
(blue). The transferrin conjugate was shown to produce fluorescence signal, mainly on the
surface of PC3 cells, and no substantial nuclear uptake of the transferrin conjugate was
observed (Figure 6). When PC3 cells with elevated TfR expression were incubated with A-
NE3TA-Cy5.5 along with an excess amount of transferrin, uptake of the fluorescent
conjugate into the PC3 cells was shown to be reduced (Supporting Information). The result
of the blocking experiment suggests a TfR-meditated uptake of the conjugate into the PC3
cells. The A-NE3TA-Tf conjugate was further evaluated for anti-proliferative activity in the
PC3 cells (Supporting Information). After a 72 h incubation, viability of the PC3 cells
treated with the conjugate at concentration of 10 uM was 2.5%. The result indicates that the
N-NE3TA-Tf-Cy5.5 conjugate remains cytotoxic against PC3 cells, and antitumor activity of
N-NE3TA conjugated to Tf was not affected by labeling of the transferrin with the near IR
dye.

Conclusion

A cytotoxic and near IR fluorescent transferrin conjugate (M-NE3TA-Tf-Cy5.5) was
developed for potential theranostic use in targeted iron chelation cancer therapy and optical
imaging. The transferrin conjugate A-NE3TA-Tf was evaluated for cytotoxicity in HelLa,
HT29, and PC3 cancer cells. The cytotoxicity data indicated that conjugation of the potential
iron-chelating agent A-NE3TA to transferrin was well tolerated without negative impact on
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the anti-proliferative activity of the parent chelator AANE3TA. The A-NE3TA-Tf conjugate
exhibited greater cytotoxicity in Hela and HT29 than the parent chelator A-NE3TA, while
N-NE3TA-Tf has similar antitumor activity to A-NE3TA in PC3 cells. The near IR probe
Cy5.5 was successfully incorporated into the A-NE3TA-TT conjugate without sacrificing
antitumor effect of the chelator. High accumulation of the targeted theranostic agent A+
NE3TA-Tf-Cy5.5 in the cancer cells was evidenced by the microscopic observations. The
encouraging /n vitro data suggest the potential of AANE3TA-Tf-Cy5.5 conjugate as a novel
theranostic agent for treatment and detection of cancers.

Experimental Section

Instruments and methods

All absorbance measurements for the protein concentration and ligand protein ratio were
obtained on an Agilent 8453 diode array UV-Vis spectrophotometer (Agilent, Santa Clara,
CA) equipped with an 8-cell transport system (designed for 1-cm cells). Analytical HPLC
was performed on Agilent 1200 (Agilent, Santa Clara, CA) equipped with a diode array
detector (A = 254, 280, and 675 nm) and themostat set at 35 °C. Arsenazo Ill (AAlIl, 2,2-
(1,8-dihydroxy-3,6-disulfonaphthylene-2,7-bisazo) bis-benzenearsonic acid), and copper
atomic absorption standard solution, and diferric (holo) transferrin were purchased from
Sigma-Aldrich (St. Louis, MO) and used as received. A stock solution of holo-transferrin
was freshly prepared and stored at 4 °C. HEPES (N-(2-hydroethyl)-piperazine-N’-
ethanesulfonic acid) buffer (50 mM HEPES, 150 mM NacCl, pH 8.6) was prepared and
stored at 4 °C.

Conjugation of N-NE3TA-NCS to transferrin (Tf)

N-NE3TA in the form of isothiocyanate (A-NE3TA-NCS) was prepared as previously
reported.?! Holo transferrin (29 mg) was dissolved in HEPES buffer (1 mL, 50 mM HEPES,
150 mM NaCl at pH 8.6). 10-fold molar excess of A-NE3TA-NCS was added to a sterilized
test tube containing the resulting Tf solution. The resulting solution was gently agitated
overnight at room temperature. The following day, this solution was placed on an Amicon
C-50 membrane (50,000 MWCO) and spun down to reduce volume. PBS (3 x 2mL) was
added to the remaining solution of the AANE3TA-Tf conjugate, followed by centrifugation in
order to remove unreacted ligand. The volume of purified Tf conjugate was brought to 550
pL for AENE3TA-TT using PBS. The protein concentration in the conjugate was determined
(6.6 x 1074 M, 27.4 mg, 94.5%) by measuring absorbance of the solution at 280 nm.

Spectroscopic Determination of Ligand to Protein (L/P) Ratio for Tf conjugate

All absorbance measurements were obtained on an Agilent 8453 diode array
spectrophotometer equipped with a 8-cell transport system (designed for 1 cm cells). A
stock solution of the Cu(ll)-AAlll reagent in 0.15 M NH4OAc (pH 7.0) was prepared by
adding an aliquot of a 15.5 x 1073 M copper atomic absorption solution (to afford a 5 pM
solution of copper) to a 10 uM solution of AAIII. This solution was stored in the dark to
avoid degradation over time. A UV/Vis spectrometer was zeroed against well-dried blank 8
cuvettes with a window open from 190 nm to 1100 nm. A cuvette was filled with AAIII
solution (2 mL), and the other seven cuvettes with the Cu(I1)-AAIll (2 mL). Cu(ll)-AAllI
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solution (50 L) in the seven cuvettes was removed and discarded. Milli-Q water (50 L)
was added to the second cuvette, and one to five 10 pL additions of A-NE3TA were added to
the five cuvettes to give a series of five different concentrations. The solutions in the third to
the seventh cuvette were diluted to 2.0 mL by adding an aliquot of Milli-Q water. A-NE3TA-
Tf (5.0 L) was added to the eighth cuvette containing Cu(ll)-AAIlll reagent (1950 L) and
water (45 pL). After addition of Tf conjugate to the Cu(ll)-AAlll solution, the resulting
solution was equilibrated for 10 min. The absorbance of the resulting solution at 610 nm was
monitored every 30 seconds over 6 min. The average of the absorbance of each solution was
calculated, and the absorbance data from the Cu(ll)-AAlll solutions containing six different
concentrations were used to construct a calibration plot of Agionm Versus [A-NE3TA] by the
equation, Y = 0.0701-(1.567 x 104)[A-NE3TA] (R? = 0.997)/Y = 0.0665-(4.1818 x 103)[\-
NE3TA] (R? = 0.993), wherein Y = Ag1onm. The concentration of AANE3TA in the Tf
conjugate was calculated (1.3 x 1073 M). The L/P ratio of the A-NE3TA-Tf ([1.3 x 1073 M]/
[6.6 x 10™* M]) was measured to be 2.0.

Preparation of N-NE3TA-Tf-Cy5.5 conjugate

N-NE3TA-Tf (3.0 mg, 39 nmol) in PBS was reacted with Cy5.5 (0.9 mg, 797 nmol) for 30
min at room temperature. The resulting solution was placed on a Centricon C-50 membrane
and spun down to reduce volume. PBS (3 x 2 mL) was added to the remaining solution of
the conjugate, followed by centrifugation in order to remove unreacted Cy5.5. The solution
of the purified conjugate in PBS was diluted to 0.1 mL. The purified conjugate was
characterized by analytical SE-HPLC (TSKgel G3000PW column, Tosoh Biosep) using the
isocratic mobile phase (PBS, pH 7.4, 45 min, flow rate of 1 mL/min, A = 280 and 675 nm).
N-NE3TA-Tf-Cy5.5 conjugate (&g = ~7 min) was eluted earlier than unbound Cy5.5 (& =
~14, 20, 28 min) at 675 nm.

UV-Vis and Fluorescence spectral characterization of N-NE3TA-Tf and N-NE3TA-Tf-Cy5.5

conjugate

A stock solution of A-NE3TA-Tf and A-NE3TA-Tf-Cy5.5 in PBS (pH 7.4) was prepared.
UV-Vis spectra were recorded on an Agilent 8453 diode array spectrophotometer. UV-Vis
measurements were carried out by adding 2 mL aliquot of the stock solution of A-NE3TA-
Tf (1.60 uM) or A-NE3TA-TF-Cy5.5 (0.2 uM) into a quartz cuvette. Fluorescence spectra
were recorded on a Florolog 2 spectrofluorometer (SPEX industries, Inc. Edison, NJ) with
excitation at 633 nm, bandwidth of 5 nm, data collection every 1 nm at 20 °C. The emission
data were collected from 655 nm to 800 nm. The measurement of fluorescence was carried
out by adding 1 mL aliquot of AANE3TA-Tf-Cy5.5 (0.2 uM) into a quartz cuvette.

Spectroscopic Determination of Dye to Protein (D/P) Ratio for N-NE3TA-Tf-Cy5.5 conjugate

To measure concentrations of protein and Cy5.5 in the conjugate, a UV/Vis spectrometer
was zeroed against a cuvette filled with 2.0 mL of PBS with a window open from 190 nm to
1100 nm. A 1 L portion of PBS was removed and discarded, 1 pl of the conjugate solution
was added, and absorbance at 280 nm and 675 nm was noted. Beer’s Law was used to
calculate [HoloTf] in the conjugate using equation A = ebc, where A is absorbance at 280
nm, e is extinction coefficient of transferrin (109,300 M~1cm™1), b is path length (1 cm),
and c is concentration of the protein with dilution factor of 2000. Concentration of Cy5.5 in
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the conjugate was also obtained using Beer’s Law with molar absorptivity?4 of 250,000
M~1ecm= and dilution factor of 2000. Absorbance at 280 nm for the protein concentration
was corrected (Azgg actual = A280,0bserved — (As75 * 0.18)) due to the contribution of Cy5.5 to
the absorbance at 280 nm.23 Concentration of Cy5.5 and Tf in A-NE3TA-Tf-Cy5.5 was
determined to be 1.8 x 1073 M, and the resulting dye to protein ratio (D/P) of 14.4 was
obtained.

Human cervix cancer cell line Hela and human colon cancer cell line HT29 were kindly
provided by Dr. Jialing Xiang (lllinois Institute of Technology, Chicago, IL) and Dr.
Rajendra Metha (Illinois Institute of Technology Research Institute, Chicago, IL),
respectively. The cancer cells were cultured in RPMI-1640 medium containing 10% fetal
bovine serum (FBS) in a humidified atmosphere with 5% CO, at 37 °C. Human prostate
cancer cell line PC3 was obtained from ATCC and cultured under the same condition with
HelLa and HT29 cancer cells.

Antiproliferative activity

Cells were seeded onto 96-well plate at density of 2,000 cells for Hela and PC3 cells and
5,000 cells for HT29 cells per well in complete medium (100 pL) and allowed to attach for
24 h. The medium was replaced with fresh medium (100 L) containing a series of
concentrations (1, 5, 10, 20, 40, 50 and 100 uM, based on concentration) of an anti-tumor
agent. The cells were incubated for 72 h after which the medium was replaced with fresh
medium (100 pL) prior to MTS assay.10 To measure cell proliferation, the Cell Titer 96
aqueous nonreactive cell proliferation assay (Promega Life Sciences, Madison, WI) was
used according to the manufacturer’s instructions. Briefly, MTS (2 mg/mL) and PMS (0.92
mg/ml) were mixed in a ratio of 20:1. The MTS/PMS mixture (20 uL) was added into the
complete medium (0.1 mL) in each well. The plate was incubated for 3 h at 37 °C. Optical
absorbance at 490 nm was then recorded with an enzyme-linked immunosorbent assay
(ELISA) microtiter plate reader (Biotek). Each experiment was performed in triplicate. Anti-
proliferative activity of the test compounds was expressed as the fraction of optical
absorbance of the treated cells relative to the untreated control cells. The data were plotted in
GraphPad Prizm 3.0. Nonlinear regression analysis was used to determine 1Csq values. 1Csq
of the compounds was expressed as the concentration of the drugs inhibiting cell growth by
50%.

Iron Saturation Experiment

HelLa cells were inoculated onto 96-well plates at a density of 2000 per well in 0.1 mL
complete medium and incubated for 24 h. The aqueous solution (50 M) of a chelator was
prepared and mixed with stoichiometric amount of aqueous ferric citrate solution (50 4M) in
complete medium, and the resulting mixture was then added into the triplicate plates.
Control samples containing no ferric citrate were also tested. Plates were incubated at 37 °C
in 5% CO,/95% air for 72 h. After the incubation, cells proliferation rates were evaluated by
MTS assay.10
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Fluorescent image of live cells

50,000 cells were plated in glass-bottom dishes (P35G-1.5-20-C, MatTek) and incubated
with growth media (RPMI 1640 with 10% FBS) in a humidified atmosphere with 5% CO, at
37 °C for 36 h. After incubation of the cells in glass-bottom dishes for 36 h, the media was
replaced with growth media (1 mL). A solution of Cy5.5 conjugate in growth media was
prepared by diluting 50 ug of Tf-A-NE3TA-Cy5.5 in growth media (1 mL), and the resulting
solution of the conjugate was added to the dishes containing cells suspended in growth
media (1 mL). The final concentration of A-NE3TA-Tf-Cy5.5 was 1.5 uM. The cells were
incubated for 3 h. For the blocking experiment, 2 mg (9.5 mg/mL) of purified HoloTf in
HEPES buffer was added to a dish containing A-NE3TA-Tf-Cy5.5 (1.5 pM) in growth
media. The total volume of the resulting solution in a dish was 2 mL. Control cells were
incubated with growth media (2 mL) containing no conjugate. At the end of the incubation
time, cells were rinsed with room temperature PBS five times. For co-injection of Cy5.5
conjugate and Hoechst, a solution of Hoechst (3.2 uM, 1 mL) in growth media was added to
the cells containing Cy5.5 that were washed with PBS and suspended in growth media (1
mL). The final concentration of Hoechst was 1.6 pM (2 mL). The cells were incubated for
10 min and were rinsed with room temperature PBS five times. After washing, cells were
suspended in 30 mM HEPES in the growth media (2 mL) for microscopic observation under
Leica SP5 1l STED-CW Superresolution Laser Scanning Confocal Microscope with a filter
set at 633 nm (excitation) and 670-786 nm (emission) for Cy5.5 and 300nm (excitation) and
400-480 nm (emission) for Hoechst.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 2.
New theranostic N-NE3TA-transferrin-Cy5.5 conjugate for targeted cancer therapy and near

IR optical imaging
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Figure 3.

Effect of A-NE3TA-based anti-tumor agents and clinically available drug DFO on viability
of HeLa, HT29, and PC3 cancer cells. Cell viability data (mean + SD%) was measured in
triplicate. The cell viability data of the known chelators DFO and A-NE3TA in HelLa and
HT29 were cited for comparison.10

ChemMedChem. Author manuscript; available in PMC 2016 November 21.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Kang et al. Page 13

15 - 10000
e N -N E3TA-TF —_

= 3 8000
2 3 = = = N-NE3TA-T-Cy5.5 s
— @

3 § 6000
g . 5

e 05 i E 4000
g "\’ | E

< ) s i 2000

I" \\
0 - Y — T e 0
520 620 720 655 700 745 790
Wavelength (nm) Wavelength (nm)

Figure 4.
UV-Visible and Fluorescence Spectra of A-NE3TA-Tf and A-NE3TA-Tf-Cy5.5 conjugates
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Figureb.
Phase contrast, near IR fluorescent, and composite images of live cancer cells (PC3, HeLa,

and HT29) incubated with A-NE3TA-Tf-Cy5.5 conjugate (1.5 uM) for 3 hr at 37 °C.

ChemMedChem. Author manuscript; available in PMC 2016 November 21.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Kang et al. Page 15

NIR Nuclear

Figure 6.
Nuclear and Near IR images of live PC3 cells incubated with A-NE3TA-Tf-Cy5.5. PC3 cells

were incubated with the conjugate (1.5 uM) for 3 hr at 37 °C, washed with PBS, and
incubated with Hoechst (1.6 pM) for 10 min.
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Scheme 1.
Construction of New Theranostic Agent (M-NE3TA-Tf-Cy5.5) for Near IR Optical Imaging

and Therapy of Cancer
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