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AbstractThe ultimate goal of cancer therapy is to develofitémor agents that will destroy selectively tunoetls while
sparing the health cell of the patient. Herein, meported a novel tumor-specific and lysosome dagdted NIR
photosensitizer, Se-Biotin, by conjugating a bidigmand into benzo[a]phenoselenazinium derivatiye dor selective
destruction of tumor cells.Attractively, co-cultureodel showed that Se-Biotin could selectively ¢artgp and retainin biotin
receptor-overexpressed tumor cells, which as altreggnificantly minimized the side effects towambrmal cells. As
confirmed by the in vitro anticancer mechanismerttellular internalization, upon irradiation, teffectivé0, generation
(@, = 0.69severelydisrupted the lysosomalintegrity and sqbeetly led to apoptotic cell death. Benefitingnfradhese
merits, Se-Biotin successfully achieved a supeaiticancer performance with theshGs low as 85 nM, only under a low
light dose irradiation (12 J/n660 nm). Therefore, these result demonstrated&&Biotin will be a promising PDT agent
for targeted cancer photodynamic therapy.
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1. Introduction ligands, only overexpressed in tumor cells butexgiressed in
Cancer is still the most frequently diagnosed amtbor cause health cells, which can be used to deliver photsisieer into

of death in the world with high invasion, recurrenand  tumor tissue. During the past several years, varitumor-
metastasi€:® The world incidence of cancer is increasing at anspecific receptors, such as antibod$** receptor ligand, and
average annual range of 3 % to 3‘¥@herefore, the treatment peptides,?® * have been explored and employed to develop
of malignant tumors has become a major issue ofmumm novel tumor-selective photosensitizers with impaeverall
concern in all countries. Photodynamic therapy (PBas been  pDT efficacy, which results increasing deliveryRIDT agents
emerged as new cancer therapeutic modality fotiigga wide to the neoplastic tissue and avoiding its undekirab
variety of malignant tumors before or after chereodiby, phototoxicity and systemic toxicif§?>* However, these
surgical section and radiotherdpy. PDT is a two-step tumor-targeted vectors have sill several drawbacks.
approach that uses a combination of light-activatedConsidering the high cost, poor penetration inttidswmors
photosensitizer, light and molecular oxygen to mgstumor  and low clearance of antibodies, small-moleculeduspecific
cells and tumor vasculature by generating reactixggen ligands are also investigated and found that Vitemi
species (ROS), mainly singlet oxygeé®{).®*” And also PDT  including vitamin B12, biotin, riboflavin and foliacid, would
has high site-specificity and the advantages otatgrl dose serve as excellent biomarkers for tumor-targetedig dr
tolerancé™"! Despite the clinical cancer treatment technology.delivery®?" The biotin receptor is a growth promoter at the
the clinically available conventional PDT agentsnmat  cellular level which is highly overexpressed on theface of
distinguish malignant cells from the normal celisdaalso  cancer cells or tumor vasculature than that in mbissug?®
showed low photostability”*“This poor tumor-selectivity of 3 Recently, biotin receptors have been found oveesged in
photosensitizer and UV-Vis light excitation becong&snajor many cancer cells more than folate and vitamin B-12
issue in clinical application, which leads to uridese  receptord™

cytotoxicity and photodamage to surrounding nortissue™>  Moreover, organelle-localized PDT agents can rgpidimage

'l Therefore, the development of tumor-targeted guetiic  the organelle function under photoactivation, lagdio tumor
photosensitizer for malignant cells is essentialifoproving  cell deathd®™ Lysosome is a key degenerative organelle in the
overall antitumor effect of PDT. cell, and lysosomal enzymes are pivotally involvéd

To overcome the above drawback, many researchee hawpoptosis initiation and execution in cancer d&lis®
focused on developing novel tumor-targeting PDTné®dy  Photosensitizers that target lysosome other thaochondrial
conjugating a photosensitizer to various tumorg&ling  and/or nucleus were found in high demand due ti ther



dark toxicity and low potential of DNA mutatiofi$.**Adding
on, photooxidative damage of lysosomal membrandslaa
release of proteolytic acidic enzymes into cytoplagnd
causes a lysosomal membrane destabilization neguli
organelle dysfunction and then leads to cancerdeslth, either
through apoptosis or necrosis, finally initiatec ttysosomal

using quanturus-QY instrument (HAMAMATSU, Japan)l A
Cellular reagents including 2,7-dichlorofluoresaitiacetate
(DCFH-DA), MTT, Annexin V-FITC, propidiumiodide (I
and Calcein-AM were purchased from the Key GEN.Bio
TECH Co., Ltd. (Nanjing, China). Cell imaging waasiged out
with Olympus FV-1000 confocal laser scanning flszence

rupture®® Herein, we report a novel tumor-selective andmicroscopy.

lysosome-tracking dual-targeted NIR PhotosensitiZ8e-

Biotin, scheme 1) by conjugating a biotin receptor into2-2. Synthesisof Se-Biotin

benzo[a]phenol-selenazinium derivative dye owningtheir
excellent photophysical property, including a sgratsorption
in the NIR region (650-700 nm), good water solwilihigh
singlet oxygen quantum yield and excellent photogbel
stability ***"Se-Biotinexhibited high’O,yield (@, = 0.69 in
PBS/ethanol solution, 1:1 v/v), and can cause attargeted
apoptosis of cancer cells via lysosomal-disruptpathway,
which is an important PDT agent for improving aaticer
effect in clinical application.

2. Experimental Section
2.1. Materials and Reagents

All solvents and reagents were of analytical grade used
directly without further purification. 1,3-diphenstbenzofuran
(DPBF) was obtained from J & K Scientific. The U¥sv
absorption spectra  were measured  on
spectrophotometer (HP 8453-UV3100, Agilent, USAheT
fluorescence spectra were recorded on a FP-6506e8luence
spectrophotometer (Jasco, Japan). The fluorescgunastum

yield of Se-Biotin and NBSe-C6-NHvere measured directly
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Scheme 1. Synthetic route of Se-Biotin

2.2.2. Synthesis of compound 2

Compound 2 was synthesized via nitrosylating oéléiside 2

according to Foley, J. \t.al"*?

2.2.3. Synthesis of of Compound 3

2.2.1. Synthesis of of Compound 1

A flame-dried test tube containing a magnetic istiytbar was
charged with Cul (38 mg, 0.2mmol),sRO, (424.54 mg, 2.0
mmol), Se (158 mg, 2.0 mmol), 1 (275.13 mg, 1.0 mnand
2 mL of DMSO under nitrogen atmosphere. The mixtwes
heated at 10°C for 24 h and allowed to cool to room
temperature and then treated with water. The iaguthixture
was extracted with ethyl acetate (3 x 20 mL). Thenkined
organic layer were dried over anhydrous sodiumaseland
then concentrated under reduced pressure. Theueesics
purified by silica gel column chromatography with eluent
consisting of petroleum ether and ethyl acetatgite yellow
oil in 78 % yield (354.41 mg)H NMR (500 MHz, DMSO)
7.06 (t,J = 8.0 Hz, 2H), 6.83 (s, 2H), 6.79 @~ 7.6 Hz, 2H),
6.54 (ddJ = 8.4, 2.3 Hz, 2H), 3.25 (dd,= 14.0, 7.0 Hz, 8H),
1.01 (t,d = 7.0 Hz, 12 H)**C NMR (126 MHz, DMSO-d6p

UV-visi48.11, 130.31, 116.62, 113.22, 111.03, 43.81,818BMS

for CHxN,Se [M+H]'calculated: 457.0656; found:
457.0662.
NH/\/\/\/NH2
3
OO 2
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20.0 mmol of 1-bromonaphthalene (4.2 g), 40.0 mofol6-
diaminohexance (4.7 g) and 30 ml 2-methoxyethanak w
added into 100 ml dried flask containing a magnseticer.
Then, Cul (191 mg, 1.0 mmol) and .C&; (4.5 g, 15.55
mmol) was charged and the reaction mixture waseldeat



refluxed temperature and continue stirring at 125d¢r 12 h.
after completion of the reaction, the reaction pidwas
cooled to room temperature. The solid was filtevéido yield
a pale yellow solution and removed the solvent umdéuced

4.33 — 4.18 (m, 2H), 3.71 — 3.54 (m, 6H), 3.24 693(m,
4H), 2.92 — 2.76 (m, 4H), 1.97 (dt,= 39.4, 13.1 Hz, 6H),
1.77 (d,J = 33.7 Hz, 4H), 1.36 (ddl = 65.3, 31.9 Hz, 8H),
1.27 — 1.08 (m, 4HYC NMR (126 Hz, DMSO-d6p 12.76,

pressure.The crude product was purified by colummps 39 26.14, 28.10, 28.64, 29.32, 35.13, 38.1714445.31,

chromatography with C}€I,/CH;OH (10:1) and obtains the
desired compound 3 as yellow oil (3.5 g, 65 % yieldH
NMR (500 MHz, CDCJ) & 7.87 — 7.81 (m, 2H), 7.52 — 7.45
(m, 2H), 7.39 (tJ = 7.9 Hz, 1H), 7.27 (d] = 8.2 Hz, 1H), 6.65
(d,J=7.5Hz, 1H), 4.38 (s, 1H), 3.32 {t= 7.1 Hz, 2H), 2.77
(t, J = 6.9 Hz, 2H), 2.03 (dd] = 26.3, 6.8 Hz, 2H), 1.83 (di,
= 14.6, 7.2 Hz, 2 H), 1.54 (dd,= 10.8, 4.1 Hz, 3H), 1.51 —
1.40 (m, 3H)*C NMR (126 MHz, CDCJ): 5 143.85, 134.40,
128.50, 126.42, 125.42, 124.35, 123.51, 119.73,.1P17
104.06, 44.11, 41.10, 31.33, 28.69, 27.12, 26.98.ME: m/z
calcd for GgH,N, [M+1] *: 243.1856, found: 242.1825.

2.2.4. Synthesis of NBSe-C6-NH,

Compound 2 (1.02g, 1.0 mmol), compound 3 (1.36 .§, 6
mmol) and 15 ml of 2,2,2-trifluoroethan-1-ol wetgacged into

a flame-dried round bottom flask containing a maigretirring
bar. After 10 min of stirring, the mixture was hegto reflux
temperature. After refluxing for 1.5 h, the solveras removed
under vacuum and the resulting blue waxy solid diasolved

in a mixture of aqueous sodium hydroxide (1 N) 8oiuand
CH,Cl,. The color of the solution turned bright magenta,
indicating that deprotonation of dye had occuriBue organic
layer was washed twice with brine. Then, the dyes wa
regenerated as a deep blue chloride salt by adilgnL of
concentrated hydrochloric acid to the magenta@j$olution.
After removing the solvent and excess hydrochladid under
vacuum, the desired product was obtained by sj@acolumn
chromatography using GBH/CH,CI, (1:10 to 1:5). Yield 68 %
of NBSe-C6-NH as blue waxy solid*H NMR (500 MHz,
DMSO-df 6 7.83 (ddJ = 9.6, 7.6 Hz, 2H), 7.63 — 7.40 (m,
2H), 7.38 (tJ = 7.9 Hz, 1H), 7.30 — 7.22 (m, 2H), 6.66 {d,
= 7.5 Hz, 1H), 3.74 (s, 1H), 3.34 (m, 2H), 3.32 (@H),
2.46 (m, 2H), 1.89 — 1.74 (m, 12H), 1.64 — 1.55 @H).
C NMR (126 Hz, DMSO-d6j 12.63, 27.01, 28.28.17, 28.41,
19.06, 41.72, 45.02, 49.64, 110.38, 11.57, 11618).01,
120.85, 123.73, 124.59, 129.48, 130.87, 131.11,8031.33.90,
136.59, 146.27, 158.85.HR MS: m/z calcd fogHG:CIN,Se
[M+1] *: 516.1559, found: 516.1542

2.2.5. Synthesis of Se-Biotin

A mixture of NBSe-C6-NH (169 mg, 0.35 mmol), biotin (103
mg, 0.42 mmol), EDCI (135 mg, 0.7 mmol), HOBI® (61
mg, 0.45 mmol), and DIPEA (0.2 mL, 1 mmol) in DMFRasv
stirred at room temperature under nitrogen for 24The
solvent was removed under vacuum, and the crudtuptavas
the subject to silica gel column chromatographyngsi

55.54, 59.16, 61.12, 103.36, 105.40, 106.86, 11612@.01,
129.24, 131.25, 131.87, 133.56, 136.63, 139.47,585053.11,
162.95, 172.95.HR MS: m/z calcd fog8.,CINsO,SSe [M+1]
*: 707.2641, found: 707.2618.

2.3 Singlet oxygen quantum yield (®,)

The stock solutions of NBSe-C6-NHand Se-Biotin were
prepared in 1 mM in dimethyl sulphoxide (DMSO), walhiis
then further diluted to the desire working concatidns. The
UV-vis absorption spectra and emission spectra wnegerded
in in different solvents. The photodegradation rodtlof 1,3-
diphenlisobenzofuran (DPBF) was employed for
measurement of singlet oxygefOfquantum yield ¢,) of
NBSe-C6-NH and Se-Biotin in PBS/ethanol (1:1 v/v) solution
according to the literature methBd. Briefly, the absorption
spectral intensity of DPBF at 410 nm was adjustediltout
1.0. Then after, a solution of Se-Biotin or NBSelgid,was
added to the cuvette and their absorbance intensdg
adjusted to approximately 0.2. Subsequently, ealtltisn was
exposed 660 nm red light for 10 second intervale Th
photodegradation of DPBF spectra at 410 nm was toeui
immediately with time. Thé&O, quantum yield of both NBSe-
C6-NH, and Se-Biotin were calculated using Methylene Blue
(®r» v& = 0.52 in PBS/ethanol (1:1 v/v)as the reference
photosensitizer using the following equation:

the

(DASe-BiotirF cI)AMB- (KSe-BiotinFMB/ KMBFSe-Biotir)

Where, Ksegioin and Kygare the decomposition rate constants
of DPBF at 410 nm in the presence of test photdtesisand
reference, respectively. The slop of absorbande cétDPBF

at 410 nm via irradiation time over 10 s intenvalsegarded as
decomposition rate constantsclioi, and Fgrepresent the
absorption correction factor of Se-biotin and MBspectively,
which is given by F = 1-18, where OD is the optical density
value.

2.4. Fluorescence Imaging of Living Cells

Human breast adenocarcinoma (MCF-7) and adherenk&jo
Kidney fibroblasts (COS-7) cell lines were culturad
Dulbecco’s modified Eagle medium (DMEM) medium
supplemented with 1% penicillin-streptomycin and/d etal
bovine serum. All cells were maintained at 5%.,@0d 95%
air at 37 °C for 1-2 days to reach approximately 90%
confluence. All drugs and dyes were incubated endéark. For
intracellular fluorescence imaging, cells (~1 X)Mere seeded

CH,CL/CH,OH (20:1 v/v) as eluents. The product was isolated®” & 9lass-bottom culture dish and cultured forh2dinder

as a dark blue solid (78 % yielthh NMR (500 MHz, DMSO)
5 8.87 (d,J = 8.1 Hz, 1H), 8.67 (d] = 8.0 Hz, 1H), 7.96 —
7.70 (m, 2H), 7.52 — 7.36 (m, 2H), 6.44 — 6.26 @Hl),

normal condition. After removing the old medium|lsevere
incubated with the Se-Biotin or NBSe-C6-MEbntaing fresh
medium (5 pM) for 10 min. Subsequently, cells weresed
with PBS three times before imaged with an Olympaser



Scanning Confocal Microscopy (Japan). To investigtte
cellular uptake of Se-Biotin by cancer cells, acotture model
of MCF-7 cells and COS-7 cells were plated in DMEMture

medium. Furthermore, the cellular uptake of SedBidty

MCEF-7 cells was also investigated in the preserncabsence
of free biotin receptor (1 mM).

2.5. Colocalization Experiment

Following cell plating in the glass-bottom cultutfish, the cells
were co-incubated with 2.5uM Se-Biotin and 1uM Lltyacker
green (Life Tenchnology), for 30 min in DMEM highdagose
medium. Then cells were washed with phosphate-tedfe
saline (PBS) two times before imaging. Cell imagesre
collected with 488/520 nm for Lyso-tracker greend &40
nm/700 nm for Se-Biotin.

2.6 Detection of Singlet Oxygen (*O,) in Vitro

PDT-mediated singlet oxygen generation in MCF-1scelas
evaluated using fluorogenic dye 2,7-dichloroflucies
diacetate (DCFH-DA) according to the manufactupgtstocol.
Briefly, MCF-7 cells were seeded in 35-mm glasstdmot
culture dishes and then incubated for 24 h underC&% and
95% air condition at 37C. After removing the old medium,
cells are treated with Se-Biotin or NBSe-C6-NHr 20 min as
follow: Group 1: untreated, Group 2: treated with-Eotin
(2.5 pM), Group 3: treated with Se-Biotin (2.5 pkt)d NaN
(50 uM) group 4: treated only NaN50 uM). Like Se-Biotin,
NBSe-C6-NH-induced'O, generation was also treated under
same condition. After treatments, the cells wershed with
fresh medium, and then stained with DCFH-DA (2.5)piM
fresh DMEM medium for 30 min at 3T. Then the cells were
irradiated with or without 660 nm LED red light foror 1 min.
Then, cell imaging was performed after washing wWRBS
solution (two-times) using Olympus FluoView Lasentocal
scanning microscopy under 488 nm excitation wagleand
500-530 nm emission wavelengths.

2.7 Phototoxicity Assay

The Methyl thiazolyltetrazolium (MTT) chemical ags&! was
used to evaluate the phototoxicity of Se-Biotin ingh the
cancer cells and normal cells. MCF-7 and COS-7sosttre
seeded at approximately 4 x*tells in a 96 well plate per well
and incubated for 24 h at 37°C in a humidified apiwere of
5% CG. 2uL stock solution of test photosensitizer (5 rirM
DMSO) was diluted into 4mL using DMEM medium to meak
standard solutions. The standard solution was durtfiluted
with DMEM medium to the desired final concentraticarying
from 0.02 to 2.5 pM (less than 0.001% DMSO conthimethe
final solution). The cells were treated with vasou
concentration of Se-Biotin. NBSe-C6-NHor commercial
photosensitizer Ce6, and incubated for 1 h at°G7Then the
cells were immediately irradiated to different ligtose (0, 3, 6
and 12 J/c) of 660 nm LED red light. After further
incubation for 24 h, 20 pL of 5 mg/mL MTT solutiomas
added to each well and the cell were incubatedfather 4h.

Finally, the medium was removed out carefully, &) pL
DMSO was added to each well to dissolve blue foamabDark
control groups were performed in parallel for congmn. The
phototoxicity was then determined by measuring dizste at
570 nm with a microplate reader and the cell vigbilvas
obtained by the following equation: Cell viabil¥ = (OD,eated
—ODbIank)/ODcontrol - C)Dblank) X 100%1 where Ogated ODcomrol
and ODR. represents the optical density of sample, cellg on
and culture medium, respectively. Measurements ewer
performed in triplicate wells and data were comguas the
percentage survival of photosensitizer-treatedscetimpared
with that of the untreated control.

2.8. Cell Apoptosis Assay

Annexin V-Fluorescein isothiacyanate-Propidium éaeli(AV-
FITC-PI) apoptosis assay protocol was used to ataline cell
death induced by Se-Biotin or NBSe-C6-NBriefly, MCF-7
cells were plated with a density 5 x°¥r well in 24-well
plate for 24 h at humidified atmosphere (21 % &6 CQ, 37
‘C). After replaced the old medium with 1.5 mL freskdium,
0.5 mL PBS (as control), NBSe-C6-MKR.5 pM) or Se-Biotin
(2.5 uM) was added to each well as appropriate.cBfie were
further incubated for 1 h under humidified atmosphat 37C.
The cell plates were irradiated with or without 668 red light
(6.0 J/cr) and incubated under the same condition for 12 h.
Then, cells were co-stained with AV-FITC-Pl Apopgoassay
according to the manufacture protocol before amalyasing
flow cytometry.

2.9. Dead/Live Staining

Se-Biotin-mediated cell death was also further stigated
using Calcein-AM/propidium iodide (Pl) co-stainedsy. the
MCF-7 cells were seeded with a density of 5 X déllinto 35-
cell culture dish for 24 h in an atmosphere comair21 % Q,
5% CQ, 37°C. After replaced with fresh medium, cells aver
treated with Se-Biotin (1.0 uM) for 1 h at 7. Next, the cells
were irradiated at 660 nm red light for 10 min (L0/cnf) and
incubated for 12 h under the same condition. THtr,aVICF-

7 cells were co-stained with calcein-AM/P| accoglito the
protocol manual for 30 min under standard conditifter
washing cells with PBS three times, MCF-7 cellsevienaged
using Olympus Fluoview confocal laser fluorescence
microscopy with Calcein-Am Afyen488/515) and Pl Aysen
559/617).

2.10 Lysosomes Disruption Assay

Acridine orange (AO) staining assay was used t@stigate
the Se-Biotin-mediated cell death mechanism. Since
Photooxidative damage of lysosome leads to releafse
proteolytic acidic enzymes into cytoplasm, leads dell
necrosis or apoptosi&*® For lysosomes disruption assay, the
MCF-7 cells were treated with different groupslassirated in

the following; Group 1: treated with 660 nm LED hig(6.0
Jlent, NIR light only); Group 2: treated with 2.5 uM NBS
C6-NH, for 30 min (NBSe-C6-Nkonly); Group 3: treated



with 2.5 pM Se-Biotin for 30 min (Se-biotin only,niy);
Group 4: treated with 2.5 pM NBSe-C6-blfor 30 min and
then irradiated with 660 nm LED Light (6 J/GnNBSe-C6-
NH, + Light); Group 5: treated with 2.5 uM Se-Biotinr f80
min and then irradiated with 660 nm LED Light (6rd, Se-
Biotin + Light) After respective treatment conditioall group
of cells were incubated with AO (2.5 pg/mL) for &bn and
subsequently, cells were imaged with Olympus caafoc
fluorescence microscopy and images were collectiéld 488
nm excitation wavelength, and emission wavelendttb10-
540 nm for the green channel and 620-670 nm forréoe
channel.

3. Result and Discussion
3.1. Photophysical Property of Se-Biotin

All compounds weresynthesized (scheme 1) and coatr
carefully, and the analog, NBSe-C6-NHcking biotin moiety
was used as control. The absorption and emissientrsp of
Se-Biotin and NBSe-C6-NH were recorded in different
solvents. As shown in Figure 1a and 1c, Se-Biotid BIBSe-

C6-NH, shows a sharp absorption spectrum at 660-670 nm

Upon the excitation of 660 nm, as shown in Figube Se-
Biotin shows a strong fluorescence emission at B0-nm
similar to NBSe-C6-NKFigure 1d). The photophysical and
photochemical properties of both Se-Biotin and NESeNH,
was recorded in PBS/ethanol (1:1 v/v) solution wmmmarized
in Table 1. This both excitation and emission warmgth of
Se-Biotin in the range of NIR region results a mmiom
background absorbance and autofluorescence in larellu
experiments, reduced photodamage
increased tissue PDT depth application. This caunsetigible
skin photosensitivity after PDT treatments.
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The efficiency of singlet oxygen generation of b&#-Biotin
and NBSe-C6-NH were evaluated using 1,3-diphenliso-
benxofuran (DPBF) as photobleaching agent (Figuread

to biosamples an

Figure 2b). The photooxidation of DPBF Bbg,, Figure 2c,
with different irradiation time results in decredsabsorbance
and therefore provides a means of controlfi@ggeneration®

Table 1. Photophysical property of Se-Biotin and3¢BC6-NH

PDT }‘ab[a] xab[a] € o f['3‘] (I)A[C] ICs O[d]
Agent | (nm) | (nm) | (Mcm?) (0, | (nM)
Se- 670 710 52x16 | 0.026 | 0.69 85
Biotin

NBSe- | 670 710 53x16 | 0.021| 0.68 82
C6-NH,

@ Absorption/emission in PBS (1 % DMS®)The absolute fluorescence

quantum vyield? Relative singlet oxygen '@, quantum yield in
PBS/ethanol (1:1 v/v)¥ The half-maximal inhibitory concentration ¢
value. Methylene Blue (MB) was used as standard.

As shown in Figure 2d, th&e-Biotin-mediated solution of
DPBF shows a rapidly decreased in absorbance upon
irradiation of 660 nm over 120 s time interval. Samy,
NBSe-C6-NH2-mediated solution was shown a simi&sutt
like it's biotin-conjugated but much higher decagerthan MB.
For quantitative evaluation, th®, quantum vyield @,) of
bothSe-Biotin and NBSe-C6-NHwvere also calculated using
methylene blue (MB), as the reference PDT agént< 5.2 in
ethanol/HO, 1:1 v/v), to be 0.69 and 0.68, respectively.
Notably, such high'O, yield was relatively rare over
conventional light-sensitized agents, is importamtimprove

PDT efficacy during clinical application.
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3.2 Cellular uptake of Se-Biotin in Live Cell

Since the biotin-ligand has been reported to behlhig
expressed in several cancer cells, including MCH&pG2,
and HelLd’ *! Based on this concept, it can be assumed that
Se-Biotin can selectively target cancer cells thadrexpressed
the biotin receptor, and poorly target the nornals¢ such as
COS-7 cells. Thus, the cellular uptake of Se-BidtynMCF-7



cells was assessed in the absence and presenceedbibtin
receptor. The fluorescence microscopy of MCF-7scekated
with Se-Biotin displayed an intensive fluoresce(fEigure 3a),
indicating that binding of the Se-Biotin on the fage of the
MCF-7 cells and also localized in endocytic vesclén
contrast, cells incubated first with 1mM free biofFigure 3b),
as competitive inhibitor of cellular uptake, an@nhSe-Biotin
displayed only very weak fluorescence indicatingt ththe
presence of free biotin receptor can inhibiteduptake of Se-
biotin by the cells. Furthermore, the role of citface biotin
receptors in Se-Biotin was also assessed by inicgpatith
MCF-7 cells (positive biotin receptor) and COS-7llce
(negative biotin receptor) together in co-culturedmm. As
shown in Figure 3c and 3d, more than 90-fold flgoemt
enhancement was obtained in MCF-7 cells than C@8Hg.
This indicates that conjugation of biotin can imgrothe
uptake of Se-Biotin by the biotin-receptor positoancer cells,
and can selectively damage the tumor cells withrawed
antitumor activity

Se-Biotin + 1mM free biotin

Se-Biotin

(c)

Red Fluorescence

(d)

Bright field

)

Dark PS + Liaht PS + NaN, + Light NaN, + Light

[ park

Se-Biotin

N BSe-CG-NHz

(b)
I Ps + Light

I Ps + Light + NaN4
[ NaN 5 + Light

w
S
S
=3

500

DCF Fluorescence Intensity

NBSe-C6-NH2

Se-Biotin

Figure 4. Se-Biotin-mediated Intracellular ROS gatien
with DCFH-DA staining: (a) Confocal fluorescenceaiges of
DCF in MCF-7 cells incubated with Se-biotin (2.0 ubdr
NBSe-C6-NH2 (2.0 pM) in different condition aftexceiving
660 nm laser exposure for O or 1 min. (b) Integtate
fluorescence intensity of DCF in each group. (cheoatic
illustration of DCFH-DA conversion into Green flescent
DCF. A green channel emission was collected at58ID-nm
upon excitation at 488 nm. Sodium azide (Mab0 puM) is
used as singlet oxygen quencher. Scale: 50 pm.

Upon 660 nm light irradiation, a strong DCF green
fluorescence was observed $e-Biotin treated MCF-7 cells
(Figure 4a and 4b), demonstrating that abunt@ngeneration
occurred in cells. A very week green fluorescenfcBOGF was
observed in the absence of light illumination or-Bsetin
treated cell only. As a control, sodium azide (MaiNas used
as 'O, quenchel? which was added to the medium and
results a negligible green fluorescence of DCFhia tells
treated withSe-Biotin, indicating that the inhibition ofloz
generation by NalNcauses to prevent the cell death. The DCF
fluorescence intensity generated in cells were aismtified to
analysis the ROS generation. In comparison to thetral

Figure 3.Fluorescence image of MCF 7 cells incubated withgroup, high'O, concentrations were produced in cells treated

Se-Biotin (5 pM). Cells were treated in the absefaeor (b)
presence (b) of free biotin receptor (1 mM). (c)c@dture of
MCF-7 cells and COS-7 cells (c) Red Fluorescenod, (@)
Bright field. A¢, = 640 nm\, = 650-750 nm.

3.31n Vitro Se-Biotin-mediated 'O, Generation

To prove the ROS induced by Se-Biotin for antiturefiect of
cancer cells, 2Z7’-dichlorodihydrofluorescein diacetate (DCFH-
DA) was used to dete¢D, generated during PDT treatment.
Owing to its excellent cell membrane permeabil@ZFH-DA
could easily enter into cells and deacetylated bjlular
esterase into a nonfluorescenf72dichlorodihydrofluorescein
(DCFH,) compound® which is later reacted with 'O,
generated to form green fluorescerifr'alichlorofluorescein
(DCF) upon excitation at 488 nm (Figure 4c). AfleDT
treatment, the ROS generations in cells were exasnirsing
confocal fluorescence microscopy.

with Se-Biotin like its precursor molecule. Thessults clearly
confirmed thatSe-Biotin could severely damage the cancer
cells selectively whereas leaving adjacent normoséls
intact.

3.4. Phototoxicity of Se-Biotin

A successful antitumor PDT photosensitizer is treg¢ needs
to kill tumor cells as effectively as possible wvehiexhibit
negligible cytotoxicity to the patient, leading eptimize the
therapeutic PDT index and high endocytic interraian into
tumor lesio™ And it should have also a strong absorption
peak in the therapeutic spectra window (650-800, nh&reby
minimizing the skin photosensitivity. The PDT adivof Se-
Biotin and NBSe-C6-NKwas evaluated using MTT Tetrazole
assay in both concentration-dependent and lighte-dos
dependent manner. Se-Biotin is almost non-toxisaih MCF-
7 cells and COS-7 cell without irradiation undee ttested



concentrations (Figure 5a). In contract, the darkicity of
NBSe-C6-NH is little higher than that of Se-Biotin against
MCF-7 cells but exhibited high phototoxicity und&80 nm red
light irradiation (Figure 5b).The toxicity effecf tight treated
only was also found to be negligible (data is rimiven).
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Figure 5. (a) Dark toxicity of Se-Biotin against MQ cells
and COS-7 cells. (b) NBSe-C6-Mrhediated phototoxicity
against MCF-7 cells with or without light irradiati (12.0
Jienf). (c) Se-Biotin-induced toxicity against MCF-7 lsel
incubated over a varied concentration (0.01 to | 2\M) with

different power dose (0, 3, 6 and 12.0 Fjcat 660 nm red
light irradiation. (d) Comparison of cytotoxicityffects on
MCF-7 cells treated with NBSe-C6-NH2, Se-Biotinda@Ge6
with a 660 nm red-light illumination (12.0 J/&mData are
expressed as mean + standard error of the mean,(8EN3).

Furthermore, Se-Biotin-induced phototherapy alsaliated
over wide range of Se-Biotin concentration (0.022t6 puM)
with light-dose dependent manner (0, 3, 6.0 an® Izni).
As illustrated in Figure 5c, Se-Biotin-treated MCFeells
showed significant phototoxicity under 660 nm riggdH
irradiation in all concentration ranges and alsovsla positive
phototoxicity correlation either with Se-Biotin amentration or
different light dose. The half-maximal inhibitorgrcentration
(ICs0) values of NBSe-C6-Nfand Se-Biotin are summarized
in Table 1. Remarkably, the Se-Biotin toxicity eféincy was
compared with Ce6 potent clinical photosensitifégire 5d).
The 1G, of Se-Biotin (0.085 uM) is much lower than that of
Ce6 (1.42 pM), which is in nanomolar range. Themf&e-
Biotin can act as a powerful photosensitizer owiog its
minimal background toxicity and severe phototoyiaiinder
NIR light illumination, which is of a great importafor the in
vivo tumor therapy.

3.5. Se-Biotin-induced Cell Apoptosis

To explore the Se-Biotin-induced cancer cell ddatlowing
PDT treatment, we further investigated the cell tdea
mechanism using live/dead cell staining assay. Rbgecell
apoptosis, such as Annexin V-FITC/ Pl assay andeoal
AM/PI assay, have been engaged in PDT studievdtuate
the cell death after exposure to PDT lifit.
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Figure 6. (a) AV-FITC /PI stained MCF-7 cells tregtwith or
without Se-Biotin (2.5 uM) in the absence or preseof 660
nm red light irradiation (6 J/cth (b) Calcien-Am/PI stained
MCEF-7 cells treated with or without Se-Biotin (24M) with or
without illuminated to 660 nm red light (6 J/@mConfocal
fluorescence imaging was carried out with calceM-A
(ExX/Em: 488/515 nm) and Pl (ExX/Em: 559/617 nm).|&ca0
pm.

To quantify the Se-Biotin-induced cell death, th®TP
treatment effect of MCF-7 cells was determined giginnexin
V-FITC/ PI cell apoptosis kit. After cells exposeal 660 nm
red light (6 J/crf), cells were double stained with AV—FITC/PI
for 5 min before analyzing with flow cytometery. Alsistrated
in Figure 6a, the Se-biotin treated cell alone @&mdther
control groups showed a negligible cell apopto&d (%),
whereas, a significant enhanced apoptotic cell2(B&) were
found in cells treated with 660 nm NIR light irraton, which
is consistent with the cell viability experimentedsult. In
addition, low necrotic cells (11.29 %) were foundaimst
MCEF-7 cells treated with NIR light. As shown in Eig 6b,
cells treated with Se-Biotin displayed green flsmence
without light irradiation. When Se-biotin-treateells were
exposed to 660 nm red light (6 JAmsignificant dead cells
with red fluorescence was found. These resultstifies that
Se-Biotin with NIR light irradiation showed excelleabilities
to kill tumor cells. Therefore, all results of tha vitro
experiments confirmed that the tumor targeting 8s#Bcould
effectively enhance the antitumor PDT effect irlsel

3.6. Se-Biotin-Mediated PDT Antitumor Effect

To understand the detailed mechanism of antitunffeceof
Se-Biotin, we then further studied the intracellula
colocalization using commercial available Lyso-Gré&eacker.
As manifested in Figure 7a, the red fluorescenc€esBiotin
overlapped well with the green fluorescence of Oyscke
Green (correlation coefficient of 0.84), indicatinigat Se-
Biotin intracellular localized in lysosome.In coet, very poor
correlation coefficients (~0.22 and~0.080) were aotsd
between our NIR PDT agent (Se-Biotin) and green
MitoTracker FM or Hoechst 33342, respectively, @ioly due

to its hydrophobic and weak basic nature of



dialkylaminobenzophenoselenazine scaffolds andakimilar  suggesting the lysosomal functions were still intatpon 660
results obtained to the previous related wéf&! Recently, nm light illumination, the AO red fluorescence was
many researches, including ours, have reported thatisappeared in the cells treated with Se-Biotidjdating that
acridineorgange (AO) dye was used as the PDT-irducethe integrity of lysosomes was several disrupteduie 7b).
lysososmal membrane destruction indic&tor® therefore, we These result demonstrated that Se-biotin-mediated
used AO as lysosome integrity indicator to asséss $e- phototherapy could damage the lysosome '@a generation
Biotin-mediated lysosome dysfunction. For contraimples, under 660 nm light irradiation, leading to apoptatell death
including untreated, Se-Biotin and light-treatedllscean  via lysosome-disruption pathway.
obviously red fluorescence (yellow arrow) of AO ebsed,

Lyso-Green Tracker Se-Biotin Merged Coefficient Spectra overlap

Lysctracker green
e Se-Biotin
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Figure 7. (a) Co-localization of Se-Biotin (2.5 puMith Lyso-Green tracker (1.0 uM). Green Chanigl£ 488 nmp.,, = 510-550
nm), and Red Channély = 640 nm,\., = 650-700 nm). (b) AO staining and imaging of MZ¢ells treated with Se-Biotin or
NBSe-C6-NH with or without PDT light at 660 nm light (6 J/&n Cells were stained with AO (2.5 puM). All imagesre
acquired from CLSM, excitation wavelength was fix@d488 nm, and the emission region scanned bet&®8:545 nm (green
channel) and 610-640 nm (red channel).
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In summary, we have successfully synthesized aundlolged a

new dual NIR photosensitizerSe-Biotin, by conjugating AUTHORINFORMATION
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difficult co-culture conditions, indicating its eadtent tumor- and 21406028).

targeting ability. The lysosome-targeting ability $e-Biotin
can further lead to the lysosome of the cancescdirectly
induce lysosome-disruption pathway, and then cace . A benzo[a]phenoselenazine-based dual-targeted NIR
apoptosis and necrosis. TheJ@alue of Se-Biotin is about 85 photosensitizer, Se-Biotin, is synthesized.

nM toward biotin overexpressed tumor cells withrafbw

photodynamic action (12 J/éin the NIR region. In addition, *Se-Biotin exhibits excellent discrimination betwe®CF-7

the dark toxicity of Se-biotin toward tumor cellasvmuch cells and Cos-7 cells, and also improved antiturafiect
lower than its non-targeted precursor, NBSe-C6;NH compared to classical photosensitizer Ce6.

suggesting that Se-Biotin may be a safer PDT agEmése

result demonstrated that Se-Biotin will be a prongsPDT +Se-Biotin-mediatedO, generation can disrupt lysosomes of
agent for development of novel tumor and lysosornal-d ~cancer cells.

targeted photosensitizer for cancer treatmentsdriuture.

Highlight

*Se-Biotin-mediated PDT can induce cell apoptosid death
via lysosomal-disruption pathway.
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