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Abstract: Near-infrared (NIR) fluorescent sensors have emerged as promising molecular tools
for cancer imaging and detection in living systems. However, cancer NIR fluorescent sensors
are very challenging to develop because they are required to exhibit good specificity and low
toxicity as an eligible contrast agent. Here, we describe the synthesis of a new heptamethine
indocyanine dye (NIR-27) modified with a glycine at the end of each N-alkyl side chain, and
its biological characterization for in vivo cancer-targeted NIR imaging. In addition to its high
specificity, NIR-27 also shows lower cytotoxicity than indocyanine green, a nonspecific NIR
probe widely used in clinic. These characteristics suggest that NIR-27 is a promising prospect
as a new NIR fluorescent sensor for sensitive cancer detection.
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Introduction

Noninvasive imaging with light photons represents an intriguing avenue to explore
for cancer detection and diagnosis.' In particular, much attention has been paid to
near-infrared (NIR) fluorescence imaging within the wavelength range of 700-900 nm
due to its low absorption and autofluorescence from organisms and tissues in the
NIR spectral range, rendering minimal background interference, deep tissue penetra-
tion, and high sensitivity for cancer imaging.>* The heart of NIR imaging lies in the
development of fulfilling fluorochromes, which must have a high molar absorption
coefficient for intense fluorescence, good biocompatibility with low toxicity, and
sufficient stability and water solubility in the complex biological environment. Most
importantly, a qualified cancer NIR sensor should have high specificity for cancer-
selective detection. However, to the best of our knowledge, none of the NIR probes
meet all the requirements mentioned above. For example, indocyanine green (ICG), the
only clinically approved NIR heptamethine indocyanine dye, has been used for over 50
years with non-specificity.* Moreover, there have been reports of few side effects due
to administration of ICG.>” There is an urgent need to develop specific and low-toxic
NIR sensors for cancer-sensitive imaging.

In order to achieve cancer-targeted NIR imaging, a number of researchers have
designed and synthesized various ICG derivatives, which are modified with some
functional groups available for further conjugation of cancer-specific ligands, such as
folate,®® cyclic RGD peptide (cRGD, a target for the avB3 integrin)'®!! and cancer-
targeting antibodies.'*!* Despite the fact that the conjugation strategies described above
demonstrate some efficacy, the specificity for drug delivery, the potency of cancer
therapeutics, and the potential for clinic application still remain unsatisfactory.'"* On
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the one hand, chemical conjugation may alter the functional
activities of targeting ligands, imaging agents, or therapeutic
agents.'"> On the other hand, conjugation strategy means addi-
tional synthetic steps and costs, more convoluted behavior
and effects in vivo, and also greater regulatory hurdles in
applying for clinic trials and extensive applications.'®
Recently, we reported on two heptamethine NIR cyanine
dyes (IR-780 and IR-808) characterized with tumor-targeted
accumulation without the requirement of chemical conju-
gation to tumor-specific ligands.'”* Their tumor-targeted
abilities have been verified in a broad spectrum of tumor
cell lines and tumor xenografts, providing a new strategy
and promising prospects for simultaneous cancer targeting
and imaging. However, both of them exhibit high lipophilic-
ity and cytotoxicity when a high dosage is used, inevitably
impeding their clinical adoption. Amino acids are a water-
soluble group and exist extensively in living creatures as the
essential nutrients for cell growth. In particular, amino acids
have recently been explored as a tumor-targeted moiety for
cancer targeting and imaging.?! Based on our previous find-
ings, we herein develop a new glycine-modified heptamethine
cyanine dye (NIR-27) to obtain a water-soluble and good
biocompatible NIR probe with high tumor specificity.

Materials and methods

Apparatus and materials

Apparatus

Nuclear magnetic resonance spectra ("H NMR and *C NMR)
and high-resolution mass spectra (HRMS) were used to structural
characterization. 'H NMR and "*C NMR were recorded with a
nuclear magnetic resonance spectrometer (600MHz NMR;
Varian Corporation, Palo Alto, CA, USA) in either CDCI, or
CD,OD by using trimethylchlorosilane as an internal standard.
The NMR signals were described with symbols s for singlet,
d for doublet, t for triplet, m for multiplet. Chemical shifts (8)
were reported in ppm and coupling constants (.J), are reported
in hertz (Hz). HRMS was recorded with a Bruker BioTOFIIIQ
system (Bruker Corporation, Billerica, MA, USA). Fluorescence
spectroscopy was determined by using a Varian fluorescence
spectrophotometer (Cary Edlipse; Varian Corporation). NIR
absorption spectroscopy was determined by using a Shimadzu
Spectrophotometer (UV-3600; Shimadzu Corporation, Kyoto,
Japan). NIR imaging was performed by using a Kodak In-Vivo
FX Professional Imaging System (Rochester, NY, USA).

Materials
Glycine (98%), 6-bromohexanoic acid (98%) and
2,3, 3-trimethyl-3H indole (98%) were purchased from ACROS

(Beijing, People’s Republic of China). Rhodaminel23 was
purchased from Sigma-Aldrich Co (St Louis, MO, USA). Thin
layer chromatography was used to monitor chemical reactions
with GF254 silica gel plates. Products were purified with
silica gel flash chromatography. Arium pro ultrapure water
(18.2 MQ cm; Sartorius Stedim Biotech GmbH, Goettingen,
Germany) was used throughout the analytical experiments.

Synthesis and characterization of NIR-27
Methyl 2-(6-bromohexylamino)-2-oxoacetate
(compound 4)

According to a reported protocol?? for preparing its ana-
logues, compound 4 was synthesized to give 7.70 g of
pure production with a yield of 60%. Melting point (Mp):
51°C-52°C '"HNMR (400 MHz, CDCl,) 6: 5.99(s, 1H), 4.06
(d,J=5.1Hz, 2H), 3.77 (s, 3H), 3.41 (t, J=6.7 Hz, 2H), 2.27 (t,
J=1.5 Hz, 2H), 1.86 (m, 2H), 1.69 (m, 2H), 1.49 (m, 2H).

2-(6-bromohexanamido) acetic acid (compound 5)

A mixture solution of tetrahydrofuran/H,O (120 mL:
30 mL) was added to lithium hydroxide monohydrate (1.02
g, 0.02 mol). After the stirred solution was cooled to 0°C,
compound 4 (6.0 g, 0.02 mol) was added, then stirred for
another 3 hours. The reaction mixture was neutralized with
5% diluted hydrochloric acid and extracted with ethyl acetate
(3%50 mL), The combined extracts were washed with brine
(350 mL), dried over anhydrous Na,SO,, and removed under
reduced pressure to yield a faint yellow oil. Recrystallization
from ether yielded a white solid of pure product (4.14 g,
75%). Mp: 76°C-78°C; '"H NMR (400 MHz, CDCl,) 6: 8.56
(s, 1H), 6.33 (s, 1H), 4.08 (d, 2H), 3.41 (t, 2H), 2.31 (t, 2H),
1.86 (m, 2H), 1.57 (m, 2H), 1.49 (m, 2H).

| -(6-(carboxymethylamino)-6-oxohexyl)-2,3,3-
trimethyl-3H-indolium bromide (compound 7)
According to a reported protocol® with some modifica-
tion, compound 7 was synthesized. Briefly, a mixture of
2,2,3-trimethyl-3H-indolenine (3.84, 0.02 mol), compound
5(7.70,0.03 mol), and toluene (30 mL) was heated at 110°C
under argon in a 50 mL flask for 12 hours. The reaction
mixture was cooled to room temperature, and the toluene
was evaporated under reduced pressure to yield a reddish
0il (5.08, 50%). The crude product was used for synthesis of
NIR-27 without further purification.

Synthesis of NIR-27
In a 100 mL round flask, 2-chloro-1-formyl-3-
hydroxymethylene cyclohexene (0.67, 3.87 mmol), quaternary
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salt compound 7 (5.08 g, 7.75 mmol), and sodium acetate
(0.66 g, 7.75 mmol) were mixed in 40 mL of absolute ethanol
under argon and heated at 70°C for 1 hour. After completion of
the reaction, the ethanol was evaporated under reduced pres-
sure and the green residue was dissolved in a small amount
of dichloromethane. The crude product was precipitated from
dichloromethane by the addition of a triple amount of ether.
The pure product of NIR-27 (0.51 mg) was obtained by silica
gel column chromatography (eluent solvent; chloroform:
methanol 5:1), with a yield of 15%. Its purity was character-
ized with high-performance liquid chromatography (98.9%).
'HNMR (600 MHz, CD,OD) &: 8.420 (d, 2H), 7.511 (d, 2H),
7.412 (d, 2H), 7.339 (d, 2H), 7.283 (d, 2H), 6.290 (d, 2H),
4.180 (s, 4H), 3.719 (s, 4H), 3.299 (s, 4H), 2.721 (s, 4H),
2.262 (s, 4H), 1.956 (s, 2H), 1.853 (s, 4H), 1.719 (s, 4H),
1.491 (s, 4H); "C NMR (300 MHz, CD,0D): 176.83, 175.35,
174.14, 150.98, 145.41, 143.58, 142.57, 129.94, 128.02,
126.55, 123.51, 112.36, 102.40, 50.62, 48.36, 45.08, 44.51,
36.61, 28.31, 28.15, 27.38, 26.35, 22.13. ESI-HRMS: m/z
Calcd 797.4039 [M-Br]*, found 797.3896 [M-Br]*.

Optical properties

Optical properties of NIR-27 in methanol, serum, and
phosphate-buffered saline (PBS) were determined by the
methods reported previously.?*? To evaluate stability in serum,
10 uM NIR-27 was incubated in 100% fetal bovine serum
at 37°C for 96 hours. Fluorescence intensities were detected
in black 96-well plates by a Biotek Synergy H4 Hybrid
Microplate Reader (740 nm excitation, 800 nm emission with
9 nm slit width; BioTek US, Winooski, VT, USA).

Cell lines and cell culture

Human lung cancer cells (A549), human bronchial epithe-
lial cells (HBE), human leukemia cells (HL-60), and green
fluorescent protein (GFP)-labelled HL-60 (HL-60 cells with
stable GFP expression) were maintained in Roswell Park
Memorial Institute 1640 culture media. Gastric cancer cells
(MKN-45), human hepatoma cells (HepG2), and human
hepatocyte cells (LO2) were cultured in Dulbecco’s Modified
Eagle’s medium culture media. All of the above culture media
were supplied with 10% fetal bovine serum, 100 U/mL peni-
cillin, and 100 pg/mL streptomycin. All of the cells were
incubated at 37°C with 5% CO,. At 70% confluence, cells
were split with 1:3 ratios.

Tumor xenograft models
To establish MKN-45, A549, and GFP-labelled HL-60 tumor
xenografts, male athymic BALB/c nude mice (4—6 weeks old)

were injected subcutaneously in the left or right flank with
5%10° MKN-45, A549, or GFP-labelled HL-60 cells sus-
pended in 200 uL PBS. All the experiments were done in
triplicate. The nude mice were purchased from the laboratory
animal center of the Third Military Medical University. In the
process of operation, the animal protocols strictly complied
with the “Animal Care and Use Committee Guidelines of the
Third Military Medical University”.

In vivo and ex vivo optical imaging

After injection with NIR-27 dye, whole body optical
imaging was taken using a Kodak In-Vivo FX Professional
Imaging System at different time points. All the settings
were applied as described previously.!” The nude mice
bearing MKN-45, A549, or GFP-labelled HL-60 tumor
xenografts were used and the dosage of NIR-27 dye was
0.3 mg/kg. To evaluate the dynamic dye accumulation and
retention in tumors, the contrast index values were calcu-
lated as described in the literature.?® In order to calculate
the fluorescent intensity, the Kodak MI software 5.0.1 was
used. After the tumor-bearing nude mice were sacrificed,
dissected organs and tumors were obtained for fluorescent
imaging.

Biodistribution of NIR-27 in normal mice
After intravenous injection of NIR-27 at a dose of
0.3 mg/kg, the normal mice were sacrificed at 0, 24, 48, and
96 hours (n=3 at each time point), and the dissected organs
were subjected to NIR imaging by a Kodak In-Vivo FX
Professional Imaging System to identify tissue distribution
of NIR-27.17:4

Subcellular localization of NIR-27

To observe the subcellular localization of NIR-27 in cancer
cells, a mitochondrial specific tracking dye, rhodamine 123,
was co-stained with NIR-27 and imaged with confocal laser
scanning fluorescence microscopy. Briefly, HL-60, MKN-
45, and A549 cells were seeded into a 35 mm petri dish at
a density of 2x10* cells/well, respectively. After incubation
for 24 hours, the cells were incubated with NIR-27 at a
concentration of 50 UM in serum-free medium for 30 minutes
at 37°C, followed by the addition of 10 uM rhodamine 123
for an additional 10 minutes. Finally, nuclei were stained with
Hoechst stains (Sanofi-Aventis, Bridgewater, NJ, USA).

Cytotoxicity assay
The cytotoxicity of NIR-27 and ICG were performed on
A549, HBE, HepG2, and LO2 cells with the cell counting
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kit-8 (CCK-8) assay as described previously.”” The CCK-8
was purchased from Dojindo Laboratories (Kumamoto,
Japan), and ICG from Sigma-Aldrich Co. In brief, the cells
were cultured at a density of approximate 3,000 cells per well
in a 96-well plate at 37°C with 5% CO, for 24 hours. Then
cells were treated with the various formulations at a range of
concentrations for 48 hours. After this incubation period, cell
viability was monitored by using the CCK-8 assay according
to the manufacturer’s instructions. All the experiments were
done in sextuplicate.

Acute toxicity of NIR-27 in rats

To assess the acute toxicity of NIR-27 in vivo, nine
healthy male rats (100-130 g) were randomly divided into
three groups: control group, 3 mg/kg NIR-27 group, and
30 mg/kg NIR-27 group. The control rats were injected
with the 300 pL of saline via the tail vein. In the treated
animals, deviations in normal behavior, coat condition,
feces, movements, and mortality were monitored daily, and
body weight changes were recorded within 7 days. All rats
were sacrificed at the seventh day after administration of
NIR-27, and the blood samples were collected to examine
for blood cell counts and biochemical indicators. All tis-
sues were fixed by 4% formaldehyde, made into paraffin
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Figure | Synthetic route of NIR-27.

sections, and hematoxylin and eosin staining was carried
out for histological examination.

Results and discussion

As shown in Figure 1, synthesis of NIR-27 was started
with 6-bromine hexanoic acid as the initial material, and
completed in five steps that could be scaled up to gram-
level production. NIR-27 was easily purified by column
chromatography. The structure of NIR-27 was characterized
using '"H NMR, *C NMR, and HRMS (see Figures S1-S3).
In contrast to IR-780 and IR-808, NIR-27 can be easily
dissolved in water. The absorption and fluorescence spectra
of NIR-27 were investigated in methanol, serum, and PBS
(Figure 2A and B). The absorption and emission peak of
NIR-27 in different media (methanol, serum, and PBS)
lie in the NIR region (700-900 nm). The molar absorption
coefficient (€, mol™ cm™ L) in methanol was calculated up
to 300,000 mol™ cm™ L. The emission intensity of NIR-27
and ICG in serum was much higher than in PBS (Figure 2C).
The total fluorescence intensity of NIR-27 and ICG in serum
was maintained at a stable level for 90 minutes, which indi-
cates that NIR-27 and ICG are quite stable in serum (Figure
2D), suggesting that they have promising potential as an NIR
probe in biomedical imaging.
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Abbreviations: NIR-27, heptamethine indocyanine dye; TEA, triethylamine; EtOH, ethanol; THF, tetrahydrofuran; NaOAc, sodium acetate.
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mean + SD (n=3).

Abbreviations: FBS, fetal bovine serum; ICG, indocyanine green; NIR-27, heptamethine indocyanine dye; PBS, phosphate-buffered saline; SD, standard deviation.

Multiple human tumor xenograft models were used to
investigate the tumor preferential accumulation of NIR-27 in
vivo. Athymic BALB/c nude mice with human MKN-45, A549,
and GFP-labelled HL-60 tumor xenografts in the subcutaneous
spaces were established and subjected to NIR imaging after
a single dose administration of NIR-27 at 0.3 mg/kg through
intravenous injection. Figure 3A shows that NIR florescence
signals associated with the implanted MKN-45, A549, (see
Figure S4) and GFP-labelled HL-60 tumor xenograft sites can
be clearly visualized with low background interfering signals
after injection with NIR-27. Furthermore, fluorescence of NIR
and GFP can be observed to be co-localized in the area of the
tumor. The NIR fluorescence signals of the dissected organs
further confirmed the cancer-targeting ability of NIR-27 in vivo
(Figure 3B). Moreover, the cytosol accumulation of NIR-27 in
GFP-labelled HL-60 tumor cells was identified by histopatho-
logic analysis of the tumor specimens (Figure 3D). In addition,
we also observed that the fluorescent signals continued for
14 days after a single injection of NIR-27 in the athymic nude
mice bearing HL-60 tumor xenograft (see Figure S5). These
results suggest NIR-27 can not only be preferentially accumu-
lated in multiple tumors, but also maintain stable retention for
a long time. The subcellular localization of the dye in tumor

cells further showed that NIR-27 exclusively accumulated in
the mitochondria of a variety of tumor cells by co-localization
with mitochondrial tracker rhodamine 123 (Figure 3C).
Therefore, we consider this dye as a potential diagnostic agent
for sensitive and noninvasive cancer detection.

The cytotoxicity of NIR-27, compared with ICG, was
evaluated after incubation with the A549, HBE, HepG2, and
LO2 cells at different concentrations for 48 hours (Figure 4A).
Then the cell viabilities were assessed using the colorimetric
CCK-8. As shown in Figure 4A, no significant decrease in
viability was observed in either of the two dyes, proving that
NIR-27 and ICG did not exhibit obvious growth inhibition
effects on the four kinds of cells we tested. On HBE and
LO2 cells, the cell viability declined as the concentration of
ICG increased, suggesting that ICG more easily killed some
normal human cells than NIR-27 in the higher concentrations.
The high viability values determined from the cells suggest
that even a high concentration of 120 uM NIR-27 does not
generate obvious cytotoxicity. Such a concentration is much
higher than the highest concentration used for cell staining
and NIR imaging. In further in vivo studies, the acute toxicity
of the NIR-27 probes in rats was assessed. We chose doses
of 10- and 100-fold of the imaging dose to observe the acute
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Figure 3 The preferential accumulation of NIR-27 in tumor xenografts.

Notes: (A) Images of the preferential accumulation of NIR-27 in athymic nude mice bearing pre-established GFP-labelled HL-60 tumor xenografts were shown. The mice
were successively subjected to NIR imaging, GFP imaging, and X-ray imaging with the Kodak in vivo imaging system FX Pro after administration of NIR-27 at a dose of
0.3 mg/kg (n=3). The point-like accumulation far from the main tumor were general skin abrasions in the nude mouse. (B) The fluorescent intensity of dissected organs
further confirmed the preferential accumulation of NIR-27 in tumors. (C) Subcellular localization of NIR-27. Co-localization of NIR-27 with mitochondrial-specific tracker,
rhodamine 123, in cultured HL-60, MKN-45, and A549 tumor cells as imaged by confocal microscope. (D) Histopathologic analysis of GFP-labelled HL-60 tumor specimens
by confocal microscope. Nuclei were stained with DAPI (blue). The bars in (C and D) indicate 20 um.

Abbreviations: DAPI, 4’,6-diamidino-2-pheny|indole; GFP, green fluorescent protein; NIR, near-infrared; NIR-27, heptamethine indocyanine dye.
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Figure 4 Cytotoxicity assay and acute toxicity of NIR-27 in rats.

Notes: (A) The viability of A549, HBE, HepG2, and LO2 cells cultured with NIR-27 in comparison with ICG at the same dose. The data are presented as the mean + SD
(n=6). (B) Histological studies on the major organs of the NIR-27 injected mice after 7days.

Abbreviations: HBE, human bronchial epithelial cells; ICG, indocyanine green; NIR-27, heptamethine indocyanine dye; SD, standard deviation.

[292  submit your manuscript Drug Design, Development and Therapy 2014:8

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Synthesis and characterization of a glycine-modified heptamethine dye

toxicity of NIR-27 in rats. The effect of NIR-27 on the physi-
cal activities and the body weight of the rats was monitored
first. There were no animal deaths or symptoms of poisoning.
The body weights of the control set and the two experimental
sets of rats maintained similar increasing trends for 7 days
(see Figure S6). To reveal any potential toxic effect of NIR-
27 on the treated rats, blood biochemistry analysis and
hematology was carefully performed, including: white blood
cell count, red blood cell count, hemoglobin, platelet count,
serum alanine aminotransferase, aspartate aminotransferase,
alkaline phosphatase, blood urea nitrogen, creatinine, and
total cholesterol. There were no statistically significant dif-
ferences in any of these parameters (see Table S1). These
results were also confirmed by the histopathologic analysis
of the main organs (lung, liver, spleen, heart, kidney, and
testes) dissected from NIR-27-treated rats, which showed
no abnormality in comparison to host organs harvested from
control rats (Figure 4B).

Conclusion

In summary, we have synthesized a new heptamethine dye
(NIR-27) modified with two water-soluble glycine moieties at
the end of two N-alkyl side chains. NIR-27 was active in the
NIR spectral range and fairly stable in serum. It showed cancer-
targeting NIR imaging properties in multiple human tumor
xenografts without the necessity of chemical conjugation. Addi-
tionally, NIR-27 was demonstrated to have lower cytotoxicity
than ICG, and acute toxicity was not observed when its dosage
was increased by 100-fold of the imaging dose. These charac-
teristics make NIR-27 a promising prospect as a biocompatible
NIR fluorescent sensor for sensitive cancer detection.
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Abbreviation: NIR-27, heptamethine indocyanine dye.
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Figure S2 *C NMR of NIR-27.
Abbreviation: NIR-27, heptamethine indocyanine dye.
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Figure S3 HRMS of NIR-27.
Abbreviations: HRMS, high-resolution mass spectra; NIR-27, heptamethine indocyanine dye.

A Cc

Color image Merged Color i image_

’IOO 00 225.00 350.00 475. 00 600. OO 100.00 325.00

N \\(\ w2
5 \_?:G" 60 0((\ OQQ \,\\‘B

ST

100.00  150.00 200.00 250.00 300.00 100.00 200.00

Figure S$4 The preferential accumulation of NIR-27 in tumor xenografts.

Notes: Images of the preferential accumulation of NIR-27 in athymic nude mice bearing pre-established human MKN-45 tumor xenografts (A) and athymic nude mice with
human A549 tumor xenografts (C) were shown. All of the animals were successively subjected to NIR imaging and X-ray imaging with the Kodak In-Vivo Imaging System FX
Pro after administration of NIR-27 at a dose of 0.3 mg/kg, and the two images were merged for tumor localization. Images showed all the tumors at 72 hours after NIR-27
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injection. The fluorescent intensity of dissected organs further confirmed the preferential accumulation of NIR-27 in tumors (B and D).

Abbreviations: NIR, near-infrared; NIR-27, heptamethine indocyanine dye.

Table S| Blood physiological and biochemical indexes of rats treated with NIR-27 at the doses of 3 and 30 mg/kg and the control group

Group WBC  RBC HGB PLT ALT AST ALP (IUIL) BUN Cr TCHO
(x107L) (x10'YL) (g/L) (x107/L) (IU/L) (IUIL) (mmol/lL) (pmol/L) (mmoliL)
3mgkg 8.88+l4l 4.50.I 824265 401.33+181.64  47+173 146334611 4636745372 7.57+0.5 27+1 1.79+0.15
30 mglkg 6.6610.15 4.33%0.14 79.67+4.62 417.33+11429 44.67+1.15 151.67+1553 401.67+121.63 7.67+031 25.67+2.89 1.77+0.08
Control  838+1.79 471022 89.67+3.79  492+134.64 582498 202.33+43.13 720.33146.52 7.97+0.57  29+1.73 1.59+0.26

Notes: n=3; All the values are expressed as mean = standard deviation.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; Cr, creatinine; HGB, hemoglobin; PLT, platelet count; RBC, red

blood cell; TCHO, total cholesterol; WBC, white blood cell.
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Figure S5 NIR fluorescence images of mice bearing a HL-60 tumor within 14 days after intravenous injection of NIR-27 at a dose of 0.3 mg/kg.
Abbreviations: NIR, near-infrared; NIR-27, heptamethine indocyanine dye.
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Figure S6 Body weight changes of the male rats treated with NIR-27 at the dose of 3 and 30 mg/kg (corresponding to 10- and 100-fold of the imaging dose) through tail
vein at different time points.

Notes: Age-matched rats were intravenously injected with saline as the control set. Error bars were based on standard deviations of three rats per group.
Abbreviation: NIR-27, heptamethine indocyanine dye.
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