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Development of a Silicon Phthalocyanine Analogue for Near-
Infrared Photoimmunotherapy and its Application to HTLV-1-
infected Leukemic Cells 
Yoshikazu Fuse,a Eita Sasaki,a Masaharu Tamaki,c, d Shunto Kawamura,c, d Hisashi Ohno,a Sota 
Yamada,a Masahiro Yasunaga,e Hideo Takakura,f Hirofumi Hanaoka,f Hisataka Kobayashi,f, g Hideki 
Nakasone,c, d and Kenjiro Hanaoka*a, b

Near-infrared photoimmunotherapy (NIR-PIT) employing an antibody labeled with a silicon phthalocyanine dye, IR700, was 
approved as a minimally invasive treatment for unresectable recurrent head and neck cancer in Japan in 2020. However, 
further derivatization of IR700 is needed to increase the efficiency of cancer treatment. Here, we developed SiPc-1 as an 
IR700 analog, in which the linker was constructed using click chemistry to simplify the synthetic scheme and its position was 
switched from α to β on the benzene ring of phthalocyanine to eliminate intramolecular steric repulsion. We evaluated the 
cleavage rate of the water-soluble axial moieties of SiPc-1 upon photoirradiation, the cytotoxicity, and the morphological 
change (blebbing) of treated cells upon photoirradiation. We performed gene expression and protein expression analyses 
to find a target antigen selectively expressed on cells infected with human T-cell lymphotropic virus type 1 (HTLV-1), the 
causative virus of adult T-cell leukemia/lymphoma (ATL), and identified CD25 as a suitable target antigen. An anti-CD25 
antibody, basiliximab, labeled with SiPc-1 (bas-SiPc-1) showed selective toxicity towards HTLV-1-infected cultured cells and 
ATL patients’ peripheral blood mononuclear cells upon photoirradiation.

Introduction
Near-infrared (NIR) light shows high tissue penetration and 
causes minimal tissue damage. To take advantage of these 
features, NIR light has employed in photodynamic therapy 
(PDT) for cancer treatment, using photosensitizers that 
generate singlet oxygen in response to NIR light irradiation,1 
thereby inducing the necrosis of cancer cells.2,3 However, since 
the photosensitizers do not have high tumor-targeting ability, 
normal cells surrounding tumor cells may also be damaged. To 
overcome this issue, near-infrared photoimmunotherapy (NIR-
PIT) has been developed to induce NIR light-dependent cell 
death in target tumor cells by using conjugates of monoclonal 

antibodies with the photosensitizer IR700 (Ab-IR700).4,5 Cancer 
targeting is achieved by utilizing antibodies targeting antigens 
that are selectively expressed on cancer cells. These antibodies 
direct the conjugates to the target cells, and consequently 
activation of IR700 upon NIR photoirradiation selectively kills 
tumor cells in the irradiated areas, affording a therapeutic 
effect.4,5

In NIR-PIT, the photoirradiation cleaves the hydrophilic 
moieties of the dye, transforming its character from hydrophilic 
to hydrophobic.4 This results in membrane damage of the target 
cells, probably due to the aggregation of Ab-IR700 and the 
target antigen, leading to cell death.4 Moreover, after NIR-PIT 
treatment, the release of damage-associated molecular 
patterns (DAMPs) activates antitumor immunity, providing 
secondary therapeutic effects.6 In 2020, the NIR-PIT drug, 
Akalux®7,8 was approved for unresectable locally advanced or 
locally recurrent head and neck cancer in Japan. Furthermore, 
clinical trials on esophageal and uterine cervical cancers are 
currently underway, and this therapeutic approach may also be 
extended to other types of cancers.

However, NIR-PIT still has some limitations. For example, 
the penetration depth of NIR light in tissues is limited to a few 
centimeters, making its application to deep-seated tumors or 
large tumor masses difficult. Moreover, some patients 
experience transient acute edema after the treatment,9,10 
which may be due to the release of reactive oxygen species 
(ROS) from IR700 upon NIR light irradiation.11,12 Therefore, 
there is a need for photosensitizers that have a longer 
absorption wavelength than IR700 and can be activated with 

a.Graduate School of Pharmaceutical Sciences, Keio University
1-5-30, Shibakoen, Minato-ku, Tokyo 105-8512, Japan
E-mail:  khanaoka@keio.jp.

b.Human Biology-Microbiome-Quantum Research Center (WPI-Bio2Q), Keio 
University, Tokyo 108-8345, Japan

c. Division of Hematology, Jichi Medical University Saitama Medical Center 
1-847, Amanuma-cho, Ohmiya-ku, Saitama 330-8503, Japan

d.Division of Emerging Medicine for Integrated Therapeutics (EMIT), Center for 
Molecular Medicine, Jichi Medical University, Shimotsuke, 329-0498, Japan

e. Division of Developmental Therapeutics, Exploratory Oncology Research and 
Clinical Trial Center, National Cancer Center, Chiba 277-8577, Japan

f. Near InfraRed Photo-ImmunoTherapy Research Institute, Kansai Medical 
University, 2-5-1 Shin-machi, Hirakata, Osaka 573-1010, Japan

g.Molecular Imaging Program, Center for Cancer Research, National Cancer 
Institute, National Institutes of Health, Bethesda, Maryland 20892-1088, United 
States

Supplementary Information available: [details of any supplementary information 
available should be included here]. See DOI: 10.1039/x0xx00000x

Page 1 of 9 RSC Chemical Biology

R
S

C
C

he
m

ic
al

B
io

lo
gy

A
cc

ep
te

d
M

an
us

cr
ip

t

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

5 
A

ug
us

t 2
02

5.
 D

ow
nl

oa
de

d 
on

 8
/1

1/
20

25
 7

:4
9:

15
 A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.

View Article Online
DOI: 10.1039/D5CB00150A

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5cb00150a


ARTICLE Journal Name

2 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx

Please do not adjust margins

Please do not adjust margins

lower doses of NIR light. In this study, we designed a IR700 
analogue, SiPc-1, to meet these requirements, and developed a 
shorter synthetic route compared to the scheme employed for 
IR700. Our results suggest that SiPc-1 and related IR700 
analogues may be promising candidates as photosensitizers for 
improving the therapeutic efficacy of NIR-PIT.

Results and discussion
Design and Synthesis of SiPc-1

In designing the synthetic scheme for IR700, we focused on the 
following two points. i) Steric repulsion impedes the synthesis 
of the phthalocyanine skeleton from a linker-substituted 
monomer and three unsubstituted monomers (Fig. 1a), 
probably because the unsubstituted monomers react with each 
other preferentially, making it difficult to produce the 1+3-type 
phthalocyanine containing a linker-substituted monomer. To 
overcome this problem, we changed the location of linker 
substitution from the α-position to the β-position of the 
phthalocyanine backbone. ii) In the synthesis of IR700, 
elongation of the linker moiety is performed after the water-
soluble axial moieties are conjugated to the silicon 
phthalocyanine skeleton. However, this involves four steps. 
Thus, we aimed to reduce the number of steps by utilizing click 
chemistry, i.e., Huisgen 1,3-dipolar cycloaddition, to synthesize  
the linker moiety. We therefore designed the synthetic 
procedure shown in Scheme 1 for the synthesis of SiPc-1.

To obtain SiPc-1, we firstly synthesized the linker-
substituted monomer 2 in two steps, whereas five steps are 
needed for the synthesis of the linker-substituted monomer in 
the synthetic scheme for IR700. The linker-substituted 
monomer for IR700 is protected by PMB (p-methoxybenzyl) 
group, which has to be deprotected for the linker elongation in 
a later step. However, 2 has an alkyne group, which does not 
require a deprotection step for the linker elongation. 

Compound 2 reacted with the non-substituted monomer (1,3-
diiminoisoindoline) in a 1 : 2 molar ratio, affording 3 as a 
mixture. Next, 6 was synthesized from 3 in three steps using a 
similar method to that employed for IR70013. 

Fig. 1 (a) Comparison of the structures of SiPc-1 and IR700. (b) 
Absorbance spectra of SiPc-1 (1 µM) and IR700 (1 µM) in Dulbecco’s 
phosphate-buffered saline (DPBS) (pH 7.4). (c) Fluorescence spectra 
of SiPc-1 (1 µM) and IR700 (1 µM) in DPBS (pH 7.4).

Scheme 1 Synthesis of SiPc-1.
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Compound 7 was obtained by Huisgen 1,3-dipolar 
cycloaddition with 6 and 5-azideveraric acid. Finally, NHS 
esterification of 7 was performed to obtain SiPc-1 (8 steps, 
total yield: 0.6%), which is an amino-reactive form.

Assessment of Photophysical Properties

We first examined the absorption and fluorescence spectra of 
SiPc-1. Compared to IR700, the wavelengths of maximum 
absorbance and fluorescence of SiPc-1 were blue-shifted by 9 
nm and 10 nm, respectively (Table 1, Fig. 1b, c). The 
fluorescence quantum yields were 0.29 for SiPc-1 and 0.26 for 
IR700 (Table 1). Thus, SiPc-1 has very similar photophysical 
properties to IR700.  Further, the log Po/w of SiPc-1 was −0.48, 
which indicates that SiPc-1 is very hydrophilic. Furthermore, 
the absorption spectra of 7 in PBS (pH 7.4) with or without 4% 
w/v human serum albumin (HSA) were measured and the 
spectral change was not observed, suggesting that SiPc-1 does 
not interact with HSA in aqueous solutions (Figure S2). 

Table1. Photophysical properties of SiPc-1 and IR700 in PBS (pH 7.4)

ɛ (mol -1 cm -1) λabs (nm) λflu (nm) Φfl 
a) ΦΔ

b)

SiPc-1 224,000 681 694 0.29 0.11

IR700 201,000 690 704 0.26 0.12

 a: Absolute fluorescence quantum yield, b: Singlet oxygen production quantum 

yield. 

Next, we examined whether SiPc-1 undergoes a 
photochemical reaction in which the water-soluble axial 
moieties are cleaved (Fig. 2a), followed by aggregate 
formation, upon photoirradiation with NIR light (690 nm) in 
the presence of electron donors, cysteines. It has been shown 
that loss of the axial moieties changes the character of IR700 
from hydrophilic to hydrophobic, and this photochemical 
reaction is the key to NIR-PIT.4,15–18 

Loss of the water-soluble axial moieties was confirmed by 
HPLC analysis of an NIR-photoirradiated solution of SiPc-1 (Fig.  
2b) and the formation of aggregates after the photochemical 
reaction could be seen with the naked eye (Fig. 2c). We further 
examined the efficiency of this photochemical reaction 
compared with that of IR700. The absorption and fluorescence 
intensity of the SiPc-1 solution both decreased dependently 
upon the irradiated light dose, in essentially the same manner 
as those of IR700 (Fig. 2d, e and Figure S1). These results 
confirm that SiPc-1 exhibits IR700-like photosensitivity. On the 
other hand, in the absence of cysteine, the decrease of 
absorption and fluorescence intensity of SiPc-1 under the light 
irradiation was slight (Figure S3). This result suggested that the 
electron donors such as cysteine are necessary to cleave the 
axial ligands of SiPc-1 same as IR700.4 Further, the stability of 
SiPc-1 in aqueous solutions with 5 mM cysteine or 10 mM 
reduced glutathione (GSH) was examined. As a result, SiPc-1 
was stable in aqueous solutions without the light irradiation at 
least for 3 h (Figure S4). 

Fig. 2 (a) Photochemical reaction resulting in cleavage of the axial moieties of SiPc-1. (b) HPLC analysis of DPBS (pH 7.4) solution containing 
compound 7 (5 µM) and L-cysteine (5 mM) with (red) or without (black) NIR light irradiation (16 J/cm2) at 690 nm. (c) Aggregation of SiPc-
1 was apparent to the naked eye in the SiPc-1 solution (20 µM) in DPBS buffer after the NIR light irradiation (64 J/cm2) at 690 nm. (d,e) 
Absorbance (d) and fluorescence intensity (e) of SiPc-1 and IR700 were measured after NIR irradiation at various light doses (n = 3, error 
bar: SEM).
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Fig. 3 (a) Assay of cytotoxicity against A431 cells (n = 4, error bar: SEM, *p < 0.01). (b) The light-dose-dependent cytotoxicity of 
cet-SiPc-1 and cet-IR700 towards A431 cells (n = 4, error bar: SEM, *p < 0.01). (c) Blebs were formed after photoirradiation (640 
nm) of A431 cells treated with 10 µg/mL of cet-SiPc-1. Fluorescence images of SiPc-1 and Calcein are also shown. The 
fluorescence of Calcein disappeared after the photoirradiation, probably because of cell-membrane damage following the cell 
blebbing (indicated by arrows). cet-SiPc-1 channel (Ex. 640 nm, Em. 650–750 nm); Calcein AM channel (Ex. 488 nm, Em. 500–
540 nm). 

Application of SiPc-1 to Cultured Cells

We then examined whether SiPc-1 is suitable for NIR-PIT. As 
models, we employed EGFR (epidermal growth factor 
receptor)-overexpressing A431 cells derived from a human 
epithelial carcinoma, and DiFi cells, a human colorectal cancer 
cell line with a Braf mutation, obtained as previously 
reported.19

First, we prepared an anti-EGFR antibody, cetuximab, 
labeled with SiPc-1 (cet-SiPc-1) at a drug-to-antibody ratio 
(DAR) of 2.7 (Figure S5a, b). We then assessed the specificity 
of cet-SiPc-1 for EGFR. Cells treated with cet-SiPc-1 exhibited 
strong fluorescence derived from the phthalocyanine 
structure of SiPc-1. Pre-treatment with an excess amount of 
cetuximab quenched this fluorescence, indicating that cet-
SiPc-1 retains the antigen specificity of the antibody (Figure 
S6). 

We next examined the cytotoxicity of cet-SiPc-1 towards 
A431 and DiFi cells upon NIR photoirradiation delivered by a 
full-plate LED-type NIR light irradiation device (670-710 nm 
emission, Ebisu Electronics Co., Ltd., Japan) (Figure S7). 
Although neither cetuximab nor SiPc-1 alone showed any 
cytotoxicity, cet-SiPc-1 showed clear cytotoxicity to both A431 
and DiFi cells (Fig. 3a and Figure S8a). The cytotoxicity 
increased in a light dose-dependent manner (Fig. 3b and 
Figure S8b). 

We also observed the morphological change of A431 and 
DiFi cells treated with cet-SiPc-1 by fluorescence microscopy. 
Upon photoirradiation at 640 nm, the cells treated with cet-
SiPc-1 showed the formation of "blebs" similar to those 
observed with cet-IR700 (Fig. 3c and Figure S8c). Bleb 
formation is a shape change characteristically seen in NIR-
PIT4,5. Moreover, to evaluate whether the cell membrane is 
damaged after bleb formation, the cells were loaded with a 
live-cell-staining fluorescent dye, Calcein-AM, which diffuses 
cytosolically inside the cells, and were irradiated at 640 nm 
after treatment with cet-SiPc-1 (Figure S8c). As a result, the 
fluorescence of Calcein disappeared following bleb formation, 
indicating that the cell membrane was compromised, allowing 
Calcein to leak out from the cells. These results demonstrate 
that antibodies conjugated with SiPc-1 can induce bleb 
formation on the cell membrane, leading to membrane 
damage, similarly to IR700. Thus, SiPc-1 is a promising 
candidate as a photosensitizing dye for NIR-PIT. Furthermore, 
A431 and DiFi cells treated with cet-SiPc-1 in the absence of 
Calcein dyes were also observed by confocal laser microscopy. 
Although their morphology was normal before the NIR light 
irradiation, the fluorescence of SiPc-1 decreased upon light 
irradiation, and bleb formation similar to that shown in Fig. 3c 
and S5c was observed (Figure S9). This result suggests that the 
bleb formation in this experiment is not caused by Calcein, but 
by the activation of cet-SiPc-1 upon NIR light irradiation.
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Comparison of Cytotoxicity Between SiPc-1 and IR700

Next, we compared the cytotoxicity of cetuximab conjugated 
with IR700 and with SiPc-1. Cetuximab was labeled with 
average of 2.7 molecules of IR700 or SiPc-1 (cet-IR700 or cet-
SiPc-1). After treatment of A431 or DiFi cells with these 
conjugates, the cells were washed and irradiated with NIR 
light. The cytotoxicity of both conjugates was comparable at 
the irradiation dose of 2 J/cm² or higher. However, at lower 
doses (0.5, 1 J/cm²), cet-SiPc-1 exhibited slightly lower 
cytotoxicity than cet-IR700 (Fig. 3b). This difference could be 
due to easier cleavage of the axial moieties or to higher singlet 
oxygen production of IR700, compared to SiPc-1. However, 
the singlet oxygen production quantum yield of SiPc-1 under 
light irradiation at 690 nm was determined to be 0.11, while 
that of IR700 was 0.12, indicating that SiPc-1 produces singlet 
oxygen at a similar level to IR700 (Table 1). This suggests that 
the difference in cytotoxicity between SiPc-1 and IR700 is not 
due to a difference in the efficacy of singlet oxygen 
production. 

We also examined the cytotoxicity in the presence of 20 
mM sodium azide, a singlet oxygen quencher. The results 
indicated that cet-SiPc-1 showed almost the same cytotoxicity 
as cet-IR700 (Fig. 4, S7). This indicates that the lower 
cytotoxicity of SiPc-1 compared to IR700 may be due to lower 
aggregation capability after photoirradiation. SiPc-1 contains 
a triazole group, which likely inhibits the π-π stacking and the 
hydrophobic interaction between phthalocyanine rings, and 　
these interactions may be important for aggregate formation, 
which induces the cell-membrane damage during NIR-PIT. It 
should be noted that the wavelength of the irradiation light in 
this experiment (690 nm) corresponds to the absorption 
maximum of IR700 but not SiPc-1 (681 nm) and this may also 
contribute to the cytotoxicity difference between SiPc-1 and 
IR700.

Fig.  4 Comparison of the cytotoxicity of cet-SiPc-1 (10 µg/mL) 
and cet-IR700 (10 µg/mL) towards A431 cells upon NIR light 
irradiation in the presence of a singlet oxygen quencher, NaN3 
(20 mM) (n = 4, error bar: SEM, *p < 0.01).

Application to ATL

We next investigated whether SiPc-1 might be available to 
treat adult T-cell leukemia/lymphoma (ATL). ATL is a 
hematological malignancy caused by long-term infection with 
human T-cell leukemia virus type I (HTLV-1)20–23 and features 

CD4-positive T cells. Existing treatment options include 
combination chemotherapy and allogeneic hematopoietic 
stem cell transplantation (Allo-HCT).24,25 However, the 
therapeutic effect of the multidrug combination 
chemotherapy is limited by the development of drug 
resistance and there is a high relapse rate.

Furthermore, ATL patients are generally old, and Allo-HCT 
is contraindicated for many older patients.26–28 Therefore, the 
development of novel therapeutic strategies is required. We 
expected that NIR-PIT with SiPc-1 would contribute to the 
treatment of ATL in terms of greater safety and specificity. We 
first searched for target antigens that are selectively 
expressed on HTLV-1-infected cells, in order to select suitable 
antibodies to be used in NIR-PIT for the treatment of ATL. 
Gene expression analysis by RNA-seq was performed on HTLV-
1-infected cell lines (MT-1, MT-2, MT-4 and ATN-1) and non-
infected control T-cell lines (MOLT-4 and TALL-1) (Fig. 5a). As 
a result, CD25 (IL2RA), IL21R and CCR7 were identified as cell-
surface antigens selectively expressed in HTLV-1-infected 
cells.
　

Fig. 5 (a) RNA-seq analysis of HTLV-1-infected cells (MT-1, MT-
2, MT-4, ATN-1) and uninfected control cells (MOLT-4, TALL-1 
(n = 3). A clustering heatmap of GEP using the top 400 
differentially expressed genes (DEGs). (b) Flow-cytometric 
analyses to examine the protein expression level of CCR7, 
CD25 and IL21R in HTLV-1 infected cells and uninfected control 
cells (n = 4).
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Fig. 6 (a) Cytotoxicity of bas-SiPc-1 (10 µg/mL), basiliximab (10 µg/mL) and SiPc-1 (0.5 µM) towards HTLV-1-infected cells (MT-1, 
MT-2, MT-4, ATN-1) and uninfected control cells (MOLT-4, TALL-1) under NIR light irradiation (32 J/cm2) at 690 nm (n = 4, error 
bar: SEM, *p < 0.01). (b) NIR light-dependent cytotoxicity of bas-SiPc-1 and bas-IR700 towards MT-1 cells. The cells were incubated 
with bas-SiPc-1 (10 µg/mL) or bas-IR700 (10 µg/mL) at 37°C for 1 hour. Various doses of NIR light (690 nm, 0, 0.5, 1, 2, 4, 8, 16, 32 
and 64 J/cm²) were applied to irradiate the cells (n = 4, error bar: SEM, *p < 0.01). (c) Cytotoxicity towards the tumor cells from 
ATL patients treated with either basiliximab (10 µg/mL) or bas-SiPc-1 (10 µg/mL) with or without NIR light irradiation (64 J/cm2) 
at 690 nm. The cytotoxicity towards the CD25+CD4+ fraction was evaluated. CD25 is the membrane protein targeted in this study, 
and CD4 is a marker for helper T cells transformed into ATL tumor cells. In contrast to the bas-SiPc-1-treated, light non-irradiated 
group and the basiliximab light-irradiated group, light irradiation of the bas-SiPc-1-treated cells selectively damaged the 
CD25+CD4+ cell fraction. The percentages shown in the figure indicate the rate of cell counts within each quadrant relative to the 
total number of analyzed live cells. 

We also examined the protein expression of these antigen 
candidates in HTLV-1-infected cells (MT-1, MT-2, MT-4, and 
ATN-1) and non-infected control cells (MOLT-4, and TALL-1) by 
flow cytometry (Fig. 5b). Our findings confirmed that CD25 is 
highly and selectively expressed in HTLV-1-infected cells, in 
accordance with previous findings.29 We therefore selected an 
anti-CD25 antibody, basiliximab, as a suitable antibody for NIR-
PIT for the treatment of ATL.

Cytotoxicity of bas-SiPc-1 against ATL

Basiliximab was labelled with SiPc-1, and the labelled antibody 
was purified by size-exclusion chromatography, then analyzed 
by SDS-PAGE (Figure S5c). The drug-to-antibody ratio (DAR) of 
bas-SiPc-1 was calculated to be 2.4 based on BCA assay and the 
absorbance spectrum (Figure S5d). We then incubated HTLV-1-
infected cells (MT-1, MT-2, MT-4, and ATN-1) and uninfected 

control cells (MOLT-4, and TALL-1) with bas-SiPc-1, irradiated 
them with NIR light at 690 nm, and evaluated the cytotoxicity of 
SiPc-1 by WST-8 assay. Bas-SiPc-1 selectively killed all HTLV-1- 
infected cell lines under photoirradiation (690 nm, 32 J/cm2), 
while basiliximab or SiPc-1 showed no cytotoxicity under these 
conditions (Fig. 6a). Further, the cytotoxicity of bas-SiPc-1 to 
MT-1 cells increased in a light-dose-dependent manner.  SiPc-1 
and IR700 showed similar cytotoxicity in this experiment (Fig. 
6b).

Finally, we applied SiPc-1 to clinical samples from ATL 
patients. Bas-SiPc-1 was added to peripheral blood 
mononuclear cells (PBMC) isolated from one acute-type ATL 
patient (patient 1) and two chronic-type ATL patients (patients 
2 and 3) (Table S1). PBMC were treated with bas-SiPc-1 or 
basiliximab, exposed to light irradiation, and analyzed by flow 
cytometry within one day. In flow cytometry, the cells were 
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firstly gated based on PBMC, followed by gating based on 7-
AAD-negative live cells. The gated cells was used for further 
analysis (Figure S11). PBMC from patients 1 and 2 showed high 
percentages of CD25+CD4+ cells (treated with basiliximab: 79% 
and 75%, treated with bas-SiPc-1: 76% and 78%, respectively), 
while patient 3 showed a low percentage of CD25+CD4+cells 
(treated with basiliximab: 19%, treated with bas-SiPc-1: 23%) 
(Figure S12a). In addition, CCR4 is a marker of HTLV-1-infected 
cells,30 and patients 1 and 2 also showed high percentages of 
CD25+CCR4+ cells (treated with basiliximab: 75% and 71%, 
treated with bas-SiPc-1: 73% and 69%, respectively), while 
patient 3 showed a low percentage (treated with basiliximab: 
14%, treated with basiSiPc-1: 17%) (Figure S12b). These results 
suggest that patients 1 and 2 had more advanced ATL than 
patient 3, and confirm that CD25 can be employed as a target 
membrane protein for ATL. 

Next, PBMC samples from the ATL patients were treated 
with bas-SiPc-1 and irradiated with NIR light (690 nm, 64 or 0 
J/cm2), and other samples treated with non-labeled basiliximab 
were irradiated with NIR light (690 nm, 64 J/cm2) as well. The 
samples were incubated at 37°C for 24 h after the 
photoirradiation, then analyzed by flow cytometry. Treatment 
with basiliximab and light irradiation or bas-SiPc-1 without light 
irradiation hardly killed CD25+CD4+ cells (treated with 
basiliximab with light irradiation: patient 1: 76%, patient 2: 57%, 
patient 3: 41%; treated with bas-SiPc-1 without light irradiation: 
patient 1: 71%, patient 2: 43%, patient 3: 39%). On the other 
hand, the tumor cell fraction (CD25+CD4+) was specifically 
decreased by bas-SiPc-1 treatment with light irradiation in 
patients 1, 2 and 3 (2.5%, 5.4% and 8.1%, respectively), while 
the other cell fractions were not decreased (Fig. 6c). We also 
found that the CD25+CCR4+ fraction was selectively killed by 
bas-SiPc-1 treatment with light irradiation (patient 1: 1.7%, 
patient 2: 2.8%, patient 3: 1.6%, respectively), while basiliximab 
with light irradiation or bas-SiPc-1 without light irradiation did 
not decrease the CD25+CCR4+ fraction  (treated with 
basiliximab with light irradiation: patient 1: 73%, patient 2: 54%, 
patient 3: 36%; treated with bas-SiPc-1 without light irradiation: 
patient 1: 67%, patient 2: 33%, patient 3: 32%) (Figures S13). 
These results suggest that bas-SiPc-1 can selectively kill tumor 
cells derived from ATL patients.

Conclusions
In conclusion, we designed SiPc-1 by changing the linker 
position of IR700 from the α-position to the β-position of the 
phthalocyanine structure and we shortened the synthetic route 
by employing click chemistry to construct the linker moiety. The 
synthesis was completed in 8 steps. SiPc-1 exhibits similar 
photophysical properties to IR700 as regards absorption and 
fluorescence spectra, and fluorescence and singlet oxygen 
production quantum yields. Although the efficacy of cleavage of 
the axial moieties of SiPc-1 by photoirradiation at 690 nm was 
slightly lower under low-light-dose conditions compared to that 
of IR700, the suitability of SiPc-1 for NIR-PIT was confirmed by 
the ability of cet-SiPc-1 to induce cell damage accompanied by 
bleb formation in a light-dependent manner. We further 

applied SiPc-1-based NIR-PIT to tumor cells from ATL patients. 
Through RNA-seq gene expression analysis and protein 
expression level analysis by flow cytometry, CD25 was identified 
as a suitable target antigen for HTLV-1-infected cells. By labeling 
an anti-CD25 antibody with SiPc-1, we prepared bas-SiPc-1, 
which selectively killed tumor cells in both in culture and in 
human clinical samples. These results suggest that SiPc-1 will be 
effective for NIR-PIT. 

Furthermore, the developed synthetic procedure is 
expected to be available for the synthesis of a range of IR700 
analogues, and thus should contribute to the further 
development of NIR-PIT therapy. Work along this line is 
currently under way. Recently, the photoimmunotherapy using 
compounds other than IR700 has been attempted31. 32, and we 
expect that our study would also contribute to these studies.
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article have been included as part of the ESI.
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