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ABSTRACT: Targeted near-infrared (NIR) fluorescence probes are playing a
significant role in biomedical imaging because NIR penetrates deeper into tissues
and is associated with reduced autofluorescence compared to visible light
fluorescence probes. Long-wavelength emitting 4,4-difluoro-4-bora-3a,4a-diaza-s-
indacene (BODIPY) is an attractive platform for synthesizing NIR fluorophores
because of its high photostability, high molar absorption coefficient, and sharp
absorption and emission spectra. However, its lipophilicity hampers the conjugation
chemistry necessary to add targeting moieties. In this study, we synthesized a novel
NIR BODIPY derivative, NMP14. Substitutions of ethylene-bridged pyrrole units at
the 3- or 5-position of the parent BODIPY chromophore result in a red shift of more
than 200 nm. However, NMP14 cannot be conjugated to antibodies because of its
hydrophobicity. Therefore, we synthesized NMP13 by adding short poly(ethylene
glycol) to NMP14 and successfully conjugated NMP13 to cetuximab and
trastuzumab. In vitro microscopic studies showed that NMP13 conjugated
antibodies were activated after internalization and lysosomal processing, which means that NMP13 acts as an activatable probe
only turning on after cellular internalization. After the administration of NMP13 conjugated antibodies, mice tumors were detected
with high tumor to background ratios for a long period. These results suggest that NMP13 has potential as an activatable
fluorescence probe for further clinical applications.

■ INTRODUCTION

Fluorescence imaging is a powerful tool in various fields of
biomedical science. In particular, the near-infrared (NIR)
wavelength I region (between 650 and 900 nm) is called the
“biological window” because light in this range penetrates
more deeply into tissues than visible light because of minimal
absorption by water, oxy-hemoglobin, and deoxy-hemoglobin.1

In addition, there are relatively fewer NIR auto-fluorophores in
tissues, leading to reduced autofluorescence. Hence, there is
increased interest in NIR fluorophores for clinical applications.
The ability to target such fluorophores to specific pathologic
tissues increases their potential importance.
4,4-Difluoro-4-bora-3a,4a-diaza-s-indacene (BODIPY) is

one of the most commonly employed dyes because of its
relatively high photostability, high molar absorption coefficient,
and sharp absorption and emission spectra.2 However, typical
functional dyes which rely on the parent BODIPY
chromophore show emission maxima in the wavelength region
from 500 to 550 nm. Therefore, modifications to the BODIPY
structure have been developed to create more red-shifted
emitting derivatives of BODIPY. So far, aryl substitution at the
3- and/or 5-positions of the indacene skeleton,3 styryl
substitution,4 arylethynyl substitution,5 pyrrole substitution,6,7

and aromatic ring fusion8 have been reported to shift

absorption and emission maxima to longer wavelengths.
However, such BODIPY derivatives are highly hydrophobic,
which makes conjugation with targeting moieties, including
peptides and antibodies, very difficult. To improve their water
solubility, the introduction of charged or water-soluble groups
to BODIPY compounds has been attempted.9,10

In this article, we report the synthesis of N-hydroxysucci-
nimide (NHS) esters of an ethylene-bridged pyrrole-
substituted BODIPY derivative (NMP14) and its correspond-
ing PEGylated compound (NMP13), which emit NIR light.
We evaluate their chemical and photophysical properties and
show the feasibility of NMP13−antibody conjugates as
activatable molecular imaging probes.

■ RESULTS
Molecular Design and Synthesis of Fluorophores.

Installation of styryl substituents at the pyrrolic positions is a
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common strategy for obtaining long-wavelength absorbing and
emitting BODIPY derivatives.11,12 Preparation of deep-red or
NIR derivatives (with λabs/em > 675 nm) requires an
attachment of strongly electron-donating groups at the styryl
moiety, among which the dimethylamino group offers the
longest wavelength of absorption/emission (>700 nm).13

However, [4-(N,N-dimethylaminophenyl)]vinyl-substituted
BODIPYs feature a complex dependence of the emission
wavelength and quantum yield on solvent pH and polarity.13

Therefore, we have been searching for analogous, electron-rich
styryl-type substituents, which afford BODIPY derivatives with
NIR of absorption and emission, and high fluorescence
quantum yield, regardless of the environment. Moreover, we
sought for derivatives which can be straightforwardly modified
by hydrophobic or hydrophilic substituents, without altering
absorption and emission properties. We found, that N-alkyl-2-
pyrrolylvinyl-substituted BODIPY derivatives absorb and emit
at ∼700 nm and exhibit a relatively high fluorescence quantum
yield in nonpolar and polar solvents.14 Moreover, N-pyrrole
substitution offers a convenient way to install a variety of
groups. Accordingly, here, we examine two derivatives,
NMP13, possessing a short poly(ethylene glycol) (PEG)
chain as a N-pyrrole substituent, and NMP14, equipped with a
lipophilic N-propargyl substituent. A PEG chain in NMP13 is
installed through click chemistry, and the resulting triazole
moiety additionally increases hydrophilicity of the N-pyrrole
substituent.
NHS esters, NMP13 and NMP14, were synthesized from

corresponding methyl esters, NMP13-OMe14 and NMP14-
OMe,14 through LiOH hydrolysis of ester function and
subsequent EDC-mediated coupling with NHS (Scheme 1).
Absorption and emission data for NMP13-OMe and NMP14-
OMe are presented in Table 1. Structures and spectral profiles
of NMP13 and NMP14 are shown in Figure 1.

Lipophilicity of NMP13 and NMP14. The partition
coefficients of NMP13 and NMP14 were examined to evaluate
their lipophilicity. The log P values (higher values indicate
higher lipophilicity) were 1.80 ± 0.05 and 3.14 ± 0.18 for
NMP13 and NMP14, respectively, which meant that short
PEG linkers successfully reduced the lipophilicity of the
BODIPY-based dye.

Characteristics of NMP13 or NMP14 Conjugated
Antibodies. To evaluate the characteristics of NMP13 or
NMP14 conjugated antibodies, sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) and size-
exclusion chromatography (SEC) were performed. The
position of the NMP13 fluorescence signal coincided with
the position of the antibody band on SDS-PAGE (Figure
2A,C). The result of SEC also showed that the absorption peak
at 700 nm, the maximum absorption wavelength for NMP13,
was detected at the same position as the monomer peak eluting

Scheme 1. Synthesis of NHS Esters NMP13 and NMP14

Table 1. Absorption and Emission Data for NMP13-OMe
and NMP14-OMea,b

compound λabs (nm) λem (nm) Φem
c

NMP13-OMe 697 721 0.40 [0.30]
NMP14-OMe 695 713 0.43 [0.34]

aAll data are taken from ref 14. bAll data determined in toluene. cData
in brackets determined in DMF.

Figure 1. Chemical structures and spectral profiles of BODIPY-based
derivatives, NMP14 (A) and NMP13 (B). Spectral profiles were
measured in toluene. Light at 697 nm wavelength is used for the
measurement of NMP13 emission spectrum. Light at 695 nm
wavelength is used for the measurement of NMP14 emission
spectrum.
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at 13.7 min for both antibodies (Figure 2B,D). These results
indicated that NMP13 was reliably bound to the antibodies.
On the other hand, NMP14 revealed no fluorescence band on
SDS-PAGE or no absorption peak on SEC. These results
indicated that NMP14 was not bound to antibodies. It was
further observed that many water-insoluble aggregates
remained on the gel-filtration column (Figure S1).
The number of NMP13 conjugated to each antibody was

quantified with the 700 nm absorption in the UV−vis system
and the fluorescence intensity ratio of each band in SDS-
PAGE. As defined by SDS-PAGE, the fractions of covalently
bound NMP13 to cetuximab and trastuzumab were 55.5 ±
2.62 and 80.9 ± 4.18%, respectively. The number of covalently
bound NMP13 to antibody was 1.10 ± 0.10 and 1.31 ± 0.031
for Cet-NMP13 and Tra-NMP13, respectively.
Dequenching Capacities of Antibody−Dye Conju-

gates. By adding 1% SDS to antibody−dye conjugates,
dequenching capacities were observed (Figure 3A,B). The
dequenching capacities were 5.73- and 6.34-fold for Cet-
NMP13 and Tra-NMP13, respectively. Cet-NMP13 and Tra-

NMP13 showed 50.1 and 30.9% fluorescence recovery 4 h
after incubation in mouse serum (Figure 3A−C).

In Vitro Observation of NMP13 Conjugates. To
evaluate the binding specificity and fluorescence intensity of
antibody−NMP13 conjugates, flow cytometric analysis was
performed using A431GFP-luc, MDA-MB-468GFP-luc, and
N87GFP-luc cells. A431GFP-luc and MDA-MB-468GFP-luc
cells are known to express human epidermal growth factor
receptor (EGFR). N87GFP-luc cells express human EGFR
type 2 (HER2). The addition of excess nonconjugated
antibody blocked the binding of antibody−NMP13 conjugates
(Figure 4A). Microscopy studies showed that the initial
fluorescence of NMP13 conjugated antibodies was still low
after 3 h incubation but increased over time. These results
suggest that each conjugate is activated after internalization
and lysosomal processing (Figure 4B).

In Vivo Fluorescence Imaging Study. To demonstrate in
vivo pharmacokinetic profiles of Tra-NMP13, an in vivo
imaging study was performed. Tra-NMP13 was administered
to N87GFP-luc tumor-bearing mice, and serial fluorescence

Figure 2. (A) Validation of covalently bound NMP13 or NMP14 to cetuximab by SDS-PAGE (left: colloidal blue staining, right: fluorescence).
(B) SEC analysis of Cet-NMP13 and Cet-NMP14. The absorption of the elution was monitored at wavelengths of 280 and 700 nm. (C) Validation
of covalently bound NMP13 or NMP14 to trastuzumab by SDS-PAGE (left: colloidal blue staining, right: fluorescence). (D) SEC analysis of Tra-
NMP13 and Tra-NMP14. The absorption of the elution was monitored at wavelengths of 280 and 700 nm. HMWS: high molecular weight species.
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images were obtained (n = 7 mice per group) (Figure 5A).
N87 tumors showed minimal fluorescence 3 h after
administration of Tra-NMP13. The fluorescence intensity
gradually increased and reached its peak 72 h after
administration. On the other hand, the fluorescence intensity
in the liver reached its peak 3 h after administration and
gradually decreased (Figure 5B). The initial increase in liver
fluorescence intensity was likely due to noncovalently
conjugated dyes and aggregated dyes. The maximum of
tumor to background ratio was 8.79 on the fifth day, and the
maximum of liver to background ratio was 1.81 (Figure 5C). A
high fluorescence signal was observed in small intestine and
gallbladder, which indicated that NMP13 was excreted via the
biliary tree (Figure 5A,D).

■ DISCUSSION

Substitution of pyrrole at the 3- or 5-position of the parent
BODIPY chromophore is an efficient method to extend the π-
conjugation of the chromophore, resulting in a red shift of
absorption and emission maxima. Substitution of one pyrrole
produces a red shift of around 85−95 nm, and installation of
pyrrole units at both positions brings a larger red shift of ∼180
nm.11 In this study, we have synthesized novel BODIPY-based
dyes by installation of ethylene-bridged pyrrole units at the 3-
and 5-positions of the indacene skeleton of BODIPY. These

dyes could shift their absorption and emission maxima by more
than 200 nm to NIR wavelengths in nonpolar solvents.
Antibodies bind target molecules with high specificity and

high sensitivity; therefore, antibody-based imaging techniques
and drug delivery systems have been well studied.15−17 The in
vitro potency of antibody−dye or antibody−drug conjugates
relies on the conjugation efficiency of dyes or drugs to the
antibody. Hydrophobic ligands avoid exposure to the aqueous
phase by aggregation, resulting in reduced conjugation
efficiency and increasing noncovalent association to proteins.
Contaminating aggregates among antibody−dye conjugates
can result in a high background signal in imaging because
serum albumin acts not only as a conventional binding scaffold
but also as a solubilizer of dye aggregates.18 Accordingly,
hydrophilicity is one of the most important factors in
successful conjugation chemistry, and various molecular
modifications have been attempted to increase hydrophilicity.
To this end, the addition of sulfonic acid, carbohydrate,
carboxylic acid, or ammonium salt motifs to BODIPY-based
dyes has been reported.19−21 PEGylation is also a well-
established method to improve in vivo pharmacokinetics and in
vivo stability by conferring higher water solubility.22−24 In this
study, NMP14 was highly hydrophobic and hardly reacted
with antibodies in the aqueous phase. The addition of short
PEG chains to NMP14 increased hydrophilicity and allowed
NMP13 to conjugate to antibodies.

Figure 3. (A) Serial fluorescence images of dequenching properties in 1% SDS in PBS and mouse serum. (B) Comparison of fluorescence intensity
of NMP13 conjugated antibody in PBS, mouse serum, and 1% SDS in PBS. Data are presented as mean ± SEM (n = 3). (C) Fluorescence recovery
in mouse serum. Data are presented as mean ± SEM (n = 3).
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As shown in the microscopic studies, the fluorescence
intensity of NMP13 increased after internalization and
lysosomal processing, which means that NMP13 is activated
by lysosomal processing which includes protein catabolism.
Additionally, when NMP13 is conjugated to monoclonal
antibodies, the quenching mechanism of the fluorescent signal
relies on the Foster resonance energy transfer (FRET) because
the absorbance spectra after conjugation only showed a
minimal shift to the long wavelength.25 Dequenching of
antibody−NMP13 conjugates depends on catabolism of
antibody molecules in the lysosome that physically separates
NMP13 fluorophores for suppressing FRET. Therefore, it took
three days for fluorescence intensity to reach its peak in vivo.
Additionally, NMP13 maintained high levels of fluorescence
intensity for several days probably due to its lipophilicity.
Conversely, highly water-soluble always-on probes such as
IRDye700DX were reported to reach their peak earlier and be
cleared promptly.26,27 Considering clinical diagnostic use,
sustained accumulation of fluorescence probes in targets can
be of advantage in which a strict administration schedule is not
required.
In conclusion, we synthesized ethylene-bridged pyrrole-

substituted BODIPY derivatives, NMP14 and NMP13.
Although NMP14 could not be conjugated to antibodies

because of its high hydrophobicity, we successfully conjugated
NMP13 to cetuximab and trastuzumab by the addition of short
PEG linkers. NMP13 antibody conjugates achieved a high
tumor to background ratio and persistent fluorescent signal
within tumors following activation.

■ MATERIALS AND METHODS
Reagents. Cetuximab, a chimeric (mouse/human) IgG1

mAb directed against human EGFR, was purchased from
Bristol-Meyers Squibb Co. (Princeton, NJ, USA). Trastuzu-
mab, 95% humanized IgG1 mAb against human EGFR type 2
HER2, was purchased from Genentech (South San Francisco,
CA, USA). All other chemicals were of reagent grade.

Synthesis and Characterization of BODIPY Deriva-
tives (NMP13 and NMP14). NHS esters, NMP13 and
NMP14, were prepared from corresponding methyl esters
NMP13-OMe and NMP14-OMe for which syntheses will be
reported elsewhere.14

NMP13. A mixture of NMP13-OMe (501.8 mg, 0.465
mmol) and CH3OH/H2O (4:1, 9 mL) was stirred and heated
to reflux. In a separate flask, a mixture of LiOH·H2O (1.35 g,
32.3 mmol) and CH3OH/H2O (4:1, 12 mL) was stirred at
room temperature until the base dissolved completely. The
LiOH·H2O solution was transferred to the solution of

Figure 4. (A) Flow cytometric analysis of NMP13 conjugated antibodies. A431GFP-luc cells and MDA-MB-468GFP-luc cells were incubated with
Cet-NMP13 for 2 h. N87GFP-luc cells were incubated with Tra-NMP13 for 2 h. Preincubation with excess nonconjugated antibodies blocked the
binding of NMP13 conjugated antibody. (B) Fluorescence microscopy. A431GFP-luc cells and MDA-MB-468GFP-luc cells were incubated with
Cet-NMP13 for 3 or 8 or 24 h. N87GFP-luc cells were incubated with Tra-NMP13 for 3 or 8 or 24 h. The fluorescent signal on the cell surface was
hardly detected. The fluorescent signal was detected after internalization into the cells after 24 h incubation. Scale bar indicates 20 μm. DIC:
differential interference contrast.
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NMP13-OMe and continued to heat at reflux for 2 h,
protected from light. After reaction completion, the mixture
was filtered and concentrated. The resulting product was
diluted with 15 mL of water and acidified to pH ≤ 2 using 2 M
HCl. The resulting solid was filtered out. The solid was
collected with CH2Cl2, dried (Na2SO4), and concentrated to
afford a dark green film (482.1 mg). The resulting crude acid is
used in the next step without further purification. 1H NMR

(400 MHz, (CD3)2CO): δ 1.45 (s, 6H), 3.24 (s, 6H), 3.47 (m,
33H), 3.84 (m, 4H), 4.52 (m, 4H), 5.43 (s, 4H), 6.21 (s, 2H),
6.75 (d, J = 1.6 Hz, 2H), 6.87 (m, 2H), 7.06 (d, J = 1.9 Hz,
2H), 7.41 (d, J = 16.1 Hz, 2H), 7.65 (m, 4H), 7.88 (d, J = 2.9
Hz, 2H), 8.25 (d, J = 5.5 Hz, 2H). A mixture of a crude acid
(30.1 mg, 0.028 mmol), NHS (32.5 mg, 0.283 mmol), EDC·
HCl (21.7 mg, 0.113 mmol), and DMAP (13.8 mg, 0.113
mmol) in DMF (2 mL) was stirred at room temperature for 24

Figure 5. (A) In vivo serial fluorescence images of the N87GFP-luc tumor-bearing mouse, injected with Tra-NMP13. (B) Time course of
fluorescence intensity in tumors and livers. Data are presented as mean ± SEM (n = 7 animals per time point per group). (C) Time course of TBR
in tumors and livers. Data are presented as mean ± SEM (n = 7 animals per time point per group). (D) Ex vivo fluorescence images of the liver,
kidneys, and N87GFP-luc tumor obtained 96 h after injection. GB: gallbladder.
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h, protected from light. After reaction completion, the solution
was extracted with CH2Cl2, washed with water (10×) and
brine (1×), dried (Na2SO4), and concentrated to afford a dark
green film (38.6 mg, ∼100% yield.) 1H NMR (400 MHz,
CDCl3): δ 1.39 (s, 6H), 2.94 (s, 4H), 3.32 (s, 6H), 3.54 (m,
30H), 3.80 (m, 4H), 4.46 (t, J = 5.1 Hz, 4H), 5.33 (s, 4H),
6.25 (dd, J = 2.7, 3.8 Hz, 2H), 6.55 (s, 2H), 6.83 (dd, J = 1.3,
3.8 Hz, 2H), 6.88 (dd, J = 1.6, 2.5 Hz, 2H), 7.21 (d, J = 16.0
Hz, 2H), 7.38 (d, J = 15.8 Hz, 2H), 7.49 (s, 2H), 7.52 (m,
2H), 8.25 (d, J = 8.4 Hz, 2H). 13C NMR (100 MHz, CDCl3):
δ 15.3, 26.0, 43.4, 50.7, 59.3, 69.6, 70.8, 70.8, 70.9, 72.2, 110.6,
111.9, 116.1, 118.1, 132.6, 124.3, 125.7, 125.9, 130.1, 131.4,
131.6, 132.8, 134.1, 141.0, 145.1, 153.1, 161.7, 169.5. HRMS
(ESI-TOF) m/z: calculated for C58H70BF2N11O12 [M+H]+,
1162.5345; found, 1162.5348.
NMP14. A solution of NMP14-OMe (15.0 mg, 0.0245

mmol) in tetrahydrofuran (2 mL) was heated to reflux. A solid
sample of LiOH·H2O (71.4 mg, 1.70 mmol) was added to the
solution followed by H2O (2 mL). The resulting solution was
heated at reflux and monitored by thin-layer chromatography
until the starting material was fully consumed (3 h). After
reaction completion, the mixture was filtered and concentrated.
The resulting product was diluted with 3 mL of water and
acidified to pH ≤ 2 using 5% HCl. The resulting mixture was
extracted with CH2Cl2. Combined, dried (Na2SO4) and
concentrated to afford a dark green film (21.2 mg). The
resulting crude acid is used in the next step without further
purification. 1H NMR (400 MHz, CDCl3): δ 1.42 (s, 6H),
2.47 (t, J = 2.5 Hz, 2H), 4.78 (d, J = 2.6 Hz, 4H), 6.26 (m,
2H), 6.56 (s, 2H), 6.83 (d, J = 3.6 Hz, 2H), 6.89 (m, 2H), 7.19
(d, J = 15.2 Hz, 2H), 7.47 (m, 4H), 8.23 (d, J = 8.3 Hz, 2H). A
solution of the crude acid, NHS (40.8 mg, 0.354 mmol), EDC·
HCl (27.2 mg, 0.142 mmol), and DMAP (17.3 mg, 0.142
mmol) in DMF (2 mL), was then stirred at room temperature
for approximately 24 h, protected from light. After reaction
completion, the solution was extracted with CH2Cl2, washed
with water (10×) and brine, dried (Na2SO4), and concen-
trated. This work-up was repeated four times to remove as
much free NHS as possible. Then, the resulting solid was
suspended in hexanes and filtered to afford a dark green solid
(12.3 mg, 72% yield.). 1H NMR (400 MHz, CDCl3): δ 1.43 (s,
6H), 2.48 (t, J = 2.5 Hz, 2H), 2.95 (s, 4H), 4.78 (d, J = 2.5 Hz,
4H), 6.26 (m, 2H), 6.59 (s, 2H), 6.85 (m, 2H), 6.90 (m, 2H),
7.21 (d, J = 16.0 Hz, 2H), 7.46 (d, J = 16.0 Hz, 2H), 7.54 (d, J
= 8.3 Hz, 2H), 8.27 (d, J = 8.3 Hz, 2H). 13C NMR (100 MHz,
CDCl3): δ 15.1, 25.8, 36.9, 74.4, 77.8, 86.6, 110.3, 111.9,
116.2, 117.7, 123.7, 124.9, 125.6, 129.9, 131.2, 131.4, 132.7,
134.1, 140.8, 142.8, 153.0, 161.5, 169.4. HRMS (APCI-TOF)
m/z: calcd for C40H32BF2N5O4 [M + H]+, 696.2595; found,
696.2587.
Evaluation of the Lipophilicity of NMP13 and NMP14.

The partition coefficient (log P) was determined in order to
evaluate the lipophilicity of NMP13 and NMP14, as described
previously.22 More specifically, each dye (50 nmol) was mixed
with 1 mL each of 1-octanol and 0.1 mol/L phosphate buffer
(pH 7.4) in a test tube. Three test tubes were used for each
condition. The test tubes were shaken vigorously and
incubated for 20 min at room temperature. This step was
repeated twice to ensure that the reaction had reached
equilibrium. Then, the concentration of NMP13 and NMP14
was determined by measuring the absorption with the UV−Vis
system (8453 Value UV−Vis system, Agilent Technologies,

Santa Clara, CA). The distribution ratios were calculated as the
logarithm value of the octanol-to-buffer ratio (log P).

Synthesis of Fluorophore Conjugated Antibody.
Antibody (1 mg, 6.8 nmol) was incubated with NMP13 or
NMP14 (68.0 nmol in dimethyl sulfoxide) and 0.1 mol/L
Na2HPO4 (pH 8.5) at room temperature for 120 min. The
reactants were purified with the gel-filtration column
(Sephadex G 25 column, PD-10, GE Healthcare, Piscataway,
NJ). Unconjugated or aggregated dyes were removed by
centrifugal filters (Amicon Ultra-4, 10K, MilliporeSigma,
Burlington, MA) and 0.22 μm filter units (Millex-GV,
MilliporeSigma). We abbreviate NMP13 conjugated to
cetuximab as Cet-NMP13, NMP13 conjugated to trastuzumab
as Tra-NMP13, NMP14 conjugated to cetuximab as Cet-
NMP14, and NMP14 conjugated to trastuzumab as Tra-
NMP14.

Liquid Chromatography Analysis. SEC analysis was
performed on a Nexera XR HPLC system (Shimadzu Co.,
Kyoto, Japan). Approximately 25 μg of protein was loaded
onto a TSKgel SuperSW 3000 (4.6 mm × 30 cm, 5 μm) with a
guard column (Tosoh Bioscience, Inc., South San Francisco,
CA, USA) and eluted using an isocratic flow (37 min, 0.25
mL/min) of 200 mM sodium phosphate with 10% of
acetonitrile at pH 6.8. The absorption of the elution was
monitored at wavelengths of 280 and 700 nm.

Quantification of the Number of Covalently Con-
jugated Dyes. The number of covalently conjugated dyes
with each antibody was calculated by the UV−Vis system and
SDS-PAGE. The absorption at 700 nm of each conjugate was
measured by the UV−Vis system. Each conjugate was
separated by SDS-PAGE with a 4−20% gradient polyacryla-
mide gel (Life Technologies, Gaithersburg, MD). After
electrophoresis at 80 V for 100 min, the gel was imaged with
a Pearl Imager (LI-COR Biosciences, Lincoln, NE) using an
IR700 fluorescence channel (Ex; 685 nm, Em; 720 nm).
Fluorescence intensity was quantified with Pearl Cam Software
(LI-COR Bioscience). The gel was stained with colloidal blue
staining to confirm the antibody band.

Determination of In Vitro Dequenching Capacity. The
dequenching abilities of each conjugate were investigated by
denaturation with 1% SDS, as described previously.28 Briefly,
the conjugates were mixed with phosphate-buffered saline
(PBS) and 10% SDS at a ratio of 5:4:1 (the final concentration
of SDS is 1%) and incubated for 20 min at room temperature.
As a control, the samples were incubated in PBS without SDS.
The change in fluorescence intensity was evaluated with Pearl
Imager and Pearl Cam Software.

Fluorescence Recovery in Mouse Serum. Each probe
was mixed with mouse serum at a ratio of 1:1, and the mixed
samples were incubated at 37 °C for 0, 0.5, 1, 2, and 4 h. The
change in fluorescence intensity was evaluated with Pearl
Imager and Pearl Cam Software. Fluorescence recovery was
calculated by the following equation: (fluorescence intensity in
mouse serum − fluorescence intensity in PBS)/(fluorescence
intensity in 1% SDS/PBS − fluorescence intensity in PBS) ×
100.

Cell Culture. A431GFP-luc (a human epidermoid cancer
cell line), MDA-MB-468GFP-luc (a human mammary cancer
cell line), and N87GFP-luc (a human gastric cancer cell line)
were used in this study. These cells were cultured in RPMI
1640 medium (GIBCO, Waltham, MA) supplemented with
10% fetal bovine serum (GIBCO) and 1% penicillin/
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streptomycin (GIBCO) in a humidified incubator in an
atmosphere of 95% air and 5% carbon dioxide.
Flow Cytometry. In vitro fluorescence on cells was

measured using a flow cytometer (FACSCalibur, BD
BioSciences, San Jose, CA) and analyzed with CellQuest
software (BD BioSciences). A431GFP-luc or MDA-MB-
468GFP-luc or N87GFP-luc cells (5 × 105) were incubated
with 1 μg of each conjugate for 2 h on ice. In order to validate
the specific binding of the conjugated antibody, excess
nonconjugated antibodies (50 μg) were added to block the
conjugated antibody.
Fluorescence Microscopic Studies. A431GFP-luc or

MDA-MB-468GFP-luc or N87GFP-luc cells (1 × 104) were
plated on a cover glass bottomed culture plate and incubated
for 24 h. Each conjugate was then added at 10 μg/mL. After 3,
8, or 24 h incubation, the cells were washed with PBS.
Fluorescence microscopic images were obtained with an
Olympus IX81 microscope (Olympus Corp, Tokyo, Japan).
The filter set to detect NMP13 consisted of a 590−650 nm
excitation filter and a 665−740 nm band pass emission filter.
Transmitted light differential interference contrast images were
also acquired.
Animal Models. All animal procedures were performed in

compliance with the Guide for the Care and Use of Laboratory
Animal Resources (1996), the National Research Council and
approved by the local Animal Care and Use Committee.
Female homozygote athymic nude mice were used (Charles
River, NCI-Frederick, Frederick, MD). N87GFP-luc cells (3 ×
106) were subcutaneously injected into the lower flank of mice.
Mice with tumors with a longitudinal diameter of about 8 mm
were used for this study.
In Vivo Fluorescence Imaging. Serial ventral and dorsal

fluorescence images were obtained with Pearl Imager (LI-COR
Bioscience, Lincoln, NE) using an IR700 fluorescence channel,
before and 1, 3, 6, 9, 12, 24, 48, 72, 96, 120, and 144 h after
intravenous administration of 100 μg of Tra-NMP13 (4 mg/kg
injection). For analyzing fluorescence intensities, regions of
interest (ROIs) were manually drawn on tumor and liver. The
average fluorescence intensities of each ROI were measured by
Pearl Cam Software (LI-COR Bioscience). The target to
background ratio (TBR) was calculated by the following
equation: TBR = (fluorescence intensity of target)/(fluo-
rescence intensity of background).
Statistical Analysis. Statistical analysis was performed with

GraphPad Prism version 7 software (GraphPad Software, La
Jolla, CA). Data are presented as mean ± standard error of
mean from a minimum of three experiments unless otherwise
indicated.
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