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Lipid droplets (LDs), an extremely important cellular organelle, are responsible for the
storage of neutral lipids in multiple biological processes, which could be a potential target
site for photodynamic therapy (PDT) of cancer. Herein, a lipid droplet–targeted
photosensitizer (BODSeI) is developed, allowing for fluorescence imaging–guided PDT.
Owing to the location of lipid droplets, BODSeI demonstrates enhanced PDT efficiency
with an extremely low IC50 value (around 125 nM). Besides, BODSeI shows good
biocompatibility and high photostability. Therefore, BODSeI is promising for droplet-
location PDT, which may trigger wide interest for exploring the pathway of lipid
droplet–location PDT.
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INTRODUCTION

As a basic unit of cells, subcellular organelles play significant and indispensable roles in diverse
biological processes (Chorlay et al., 2019; Dalhaimer 2019; Soltysik et al., 2019; Cruz et al., 2020;
Dubey et al., 2020). These subcellular organelles show different functionality and closely contact to
form organelle interaction networks. LDs as highly dynamic organelles exert multiple and diverse
effects in many cellular processes, including membrane synthesis, cellular energy homeostasis,
trafficking, and protein degradation (Farese and Walther 2016; Goodman 2018; Xu et al., 2018;
Nguyen and Olzmann 2019; Jin et al., 2020). They also interact with Golgi apparatus, mitochondria,
endoplasmic reticulum, autophagic–lysosomal system, peroxisomes, and cytoskeleton (Klecker et al.,
2017; Guo et al., 2021). Maintaining lipid metabolism homeostasis is essential for living cells. Thus,
the destruction of LDs could disarrange cell metabolism and result in cell apoptosis, which could be a
potential target for the treatment of diseases, such as cancer, one of the most lethal lesions.

Photodynamic therapy (PDT) is one of the most promising approaches for treating cancer, which
requires three key elements including light, oxygen, and photosensitizers (PSs) (Chen et al., 2020;
Jana et al., 2020; Tang et al., 2020; Wang et al., 2020; Xu et al., 2020). During treatment, PSs are
activated upon light irradiation, which convert molecular oxygen to reactive oxygen species (ROS) to
kill tumor cells. To date, various organic PSs have been developed, which are based on naphthalimide
(Nguyen et al., 2019), cyanine (Ji et al., 2018), phthalocyanine (Abrahamse and Hamblin 2016),
boron dipyrromethene (BODIPY) (Zhou et al., 2018; Chinna Ayya Swamy et al., 2020; Nguyen et al.,
2020; Sitkowska et al., 2020), iridium, and ruthenium complexes (Wang K. N. et al., 2021; Lin et al.,
2021; Yuan et al., 2021; Zhao et al., 2021). Among different dye scaffolds, BODIPY has been
extensively studied as a potential PS candidate due to its excellent photochemical stability, highmolar
extinction coefficients, high quantum yield, and facile modification. However, pristine BODIPY
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demonstrates low triplet quantum yields; thus, promoting the
intersystem crossing (ISC) of BODIPY derivatives is of great
importance to achieve enhanced PDT effect (Xiong et al., 2018;
Wang and Qian 2019; Radunz et al., 2020). There are several
approaches that have been reported to enhance the ISC. These
include constructing photoinduced electron transfer (PET) (Zhao
et al., 2020) and spin–orbit charge transfer ISC systems in the PSs
(Lei et al., 2020), as well as introducing heavy atoms to the
molecules (Feng et al., 2020; Liu and Li 2020). Due to longer
triplet lifetime and simple synthetic way, the approach that
introduces heavy atoms like bromine (Br) or iodine (I) has
been most commonly used in the design of PSs (Xue et al.,
2018; Yuan et al., 2020). In fact, not only the ROS generation but
also the cellular location of PSs affects the PDT efficiency. Until
recently, although a number of PSs have been reported which
demonstrate nucleus, mitochondrion, or lysosome location (Wu
et al., 2015; Zeng et al., 2017; Li et al., 2019; Xu et al., 2019; Li et al.,
2020; Wang R. et al., 2021), few PSs for LD location are also
reported (Tabero et al., 2020; Zhang et al., 2020; Tan et al., 2021a;
Tan et al., 2021b; Zhang et al., 2021). More importantly, the LD-
targeted PDT mechanism is under deeper research.
Consequently, it is crucial to develop an LD-targeted PS to
explore a new way of PDT in cancer treatment.

Herein, based on BODIPY and the heavy-atom effect, we
designed and synthesized a highly efficient PS BODSeI for lipid
droplet–targeted PDT (Figure 1). The photochemical properties,
bio-imaging, ROS photogeneration, photostability, and
cytotoxicity with/without light irradiation of BODSeI have
been investigated in this work. The cell imaging experiments
demonstrated that BODSeI shows LD-targeting ability. In
addition, the introduced reagent N-iodosuccinimide improved
the ISC of BODSeI, resulting in a high single oxygen yield of 0.58,
which is higher than that of the previously reported BODIPY PS

(Li et al., 2017; Wang et al., 2019; Wang and Qian 2019).
Importantly, the cell viability test suggested the superior
performance of BODSeI in imaging-guided PDT with an
extremely low IC50 value (around 0.125 nM) for three kinds
of tumor cells, which could guide further design of PSs for LD-
targeted PDT in cancer treatment.

MATERIALS AND METHODS

Materials
All solvents and reagents were purchased from commercial
suppliers and used without further purification. MTT [3-(4,5-
dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide]
and 1,3-diphenylisobenzofuran (DPBF) were purchased from
Bide Pharmatech Ltd. Green fluorescence dye BODIPY493/503
lipid droplets were purchased from GlpBio Co. (Hoechst33342).
LysoTracker Green DND 26 and MitoTracker Green FM were
purchased from Life Technologies Co. Calcein-AM/Propidium
Iodide (PI) Detection Kit was purchased from Beyotime
Biotechnology Co. (China). Annexin V-FITC/Propidium
Iodide (PI) Apoptosis Detection Kit was purchased from
KeyGEN BioTECH Ltd. Human epithelial carcinoma HeLa
cells, human breast cancer MCF-7 cells, and mouse breast
cancer 4T1 cells were purchased from the Institute of Basic
Medical Sciences (IBMS) of the Chinese Academy of Medical
Sciences.

Methods
1H-NMR and 13C-NMR spectra of all compounds were
performed on a Bruker Avance III 400/500 spectrometer. Mass
spectrometric (MS) data were carried out using Agilent 1260-
6230 instruments. UV and fluorescence spectra were performed

FIGURE 1 | Schematic illustration of the LD-targeted strategy for photodynamic therapy.
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on a Lambda 35 UV-visible spectrophotometer (PerkinElmer)
and a Varian Cary Eclipse fluorescence spectrophotometer (Serial
No. FL0812-M018), respectively. Fluorescence imaging was
performed on Olympus FV3000.

Experiments
Compounds a and b were synthesized according to the reported
method in Jiao et al. (2010).

Synthesis of BOD
Under Ar atmosphere, compound b (358 mg, 2 mmol), 2,4-
dimethylpyrrole (206 μL, 2.0 mmol), and POCl3 (188 μL,
2.0 mmol) were added into a 50 ml round bottom flask
containing 20 ml DCM, and the mixture was stirred for 0.5 h
at room temperature. Then, triethylamine (5 ml) was added
dropwise. Then, boron fluoride etherate (5 ml) was added into
the above mixture, which was stirred for another 12 h. Finally, the
mixture was washed with saturated sodium chloride and
extracted by DCM. The solvent was evaporated in vacuum,
and the resulting crude product was purified by silica gel
column chromatography (hexane/EtOAc 5:1) to obtain BOD

as a dark red solid (395 mg, 65%). 1H-NMR (400 MHz,
CDCl3) δ � 7.79 (d, J � 8.2, 1H), 7.75 (d, J � 8.2, 1H), 7.54 (t,
J � 7.5, 1H), 7.34 (s, 1H), 6.05 (s, 1H), 2.57 (s, 1H), 2.30 (s, 1H).
MS: [M] calcd. for C15H15BN2ClF2: 304.08; found 304.10.

Synthesis of BODSe
BOD (400 mg, 13.5 mmol) and selenomorpholine [218 mg,
14.5 mmol, synthesized according to the reported method (Xu
and Qian, 2019)] were added into a flask containing 10 mL DCM,
which were stirred at room temperature, and the reaction was
monitored by thin layer chromatography. After the reaction was
finished, the solvent was removed, and the crude product was
purified by silica gel column chromatography (hexane/EtOAc: 5:
1–2:1) to obtain a deep red solid yield (330 mg, 60%). 1H-NMR
(400 MHz, CDCl3) δ � 7.79 (d, J � 8.0, 1H), 7.75 (d, J � 8.3, 1H),
7.52 (t, J � 7.5, 1H), 7.32 (m, 2H), 7.06 (s, 1H), 5.93 (s, 1H), 4.43
(m, 4H), 3.06 (m, 4H), 2.49 (s, 3H), 2.26 (s, 3H). 13C-NMR
(101 MHz, CDCl3) δ � 143.85, 137.36, 130.63, 128.94, 128.44,
127.97, 126.60, 125.79, 123.74, 119.49, 114.74, 109.71, 54.52,
17.93, 11.03. HRMS: [M] calcd. for C19H20BF2N3Se: 419.0884;
found 419.0892.

SCHEME 1 | Synthesis route of BODSeI.

FIGURE 2 | (A) Comparison of the molecular weight and Clog P of BODSeI, BOD, BODSe, Nile red, and BODIPY493/503. (B) Absorption and fluorescence
spectra of BODSeI (1 μM) in DCM. Exicted at 535 nm, slits: 2.5/2.5 nm.
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Synthesis of BODSeI
BODSe (60.0 mg, 0.143 mmol) and N-iodosuccinimide (48.3 mg,
0.214 mmol) were dissolved in 10 ml DCM and stirred for 1 h at
room temperature. After that, the mixture was extracted with
saturated sodium thiosulfate solution to remove iodine. The
crude product was purified by silica gel column
chromatography (DCM:PE � 1:1) to afford BODSeI as a
purplish red solid (35 mg, 45%). 1H-NMR (400 MHz, CDCl3)
δ 7.78–7.76 (m, 2H), 7.56 (t, J � 7.3, 1H), 7.38 (d, J � 7.7, 1H), 7.04
(s, 1H), 4.48 (m, 4H), 3.04 (m, 4H), 2.52 (s, 3H), 2.21 (s, 3H).
13C-NMR (126 MHz, CDCl3) δ 153.66, 143.46, 140.54, 134.91,
131.47, 129.06, 127.70, 126.74, 122.18, 119.29, 116.89, 31.45,
29.71, 15.37, 13.67. HRMS: [M] calcd. for C19H19BF2IN3Se:
544.9850; found 544.9851.

RESULTS AND DISCUSSION

Synthesis of BODSeI
The synthetic route of BODSeI is presented in Scheme 1. The
benzene ring was introduced to expand the conjugated system of
BODIPY. As is widely acknowledged, heavy atoms like bromine
and iodine, which enhance the spin–orbit coupling (SOC),
promote the intersystem crossing (ISC) rate and increase the
single oxygen production yield via the so-called heavy atom
effect. Thus, an iodine atom was incorporated into the
BODIPY scaffold to ensure high singlet oxygen production
yield. In addition, a selenomorpholine group was attached to
the conjugated system of BODIPY to adjust the lipophilicity and
hydrophilicity for LD targeting. Clog P was defined as the

calculated log p (n-octanol/water partition coefficient) value.
For instance, Clog p > 5 is usually located in lipid droplet
specificity. The Clog p values of BODSeI, intermediate BOD,
BODSe, and the commercial lipid droplet fluorescent dyes (Nile
red and BODIPY493/503) were compared. As shown in
Figure 2A, compared with Nile red (4.62), BOD (5.39),
BODSe (4.67), and BODIPY493/503 (5.02), Clog p of BODSeI
is 5.94, indicating that the PS could possess good lipid droplet
targeting. The absorption and fluorescence spectra of BODSeI in
DCM was firstly investigated. As shown in Figure 2B, the
maximum absorption and fluorescence emission wavelengths
of BODSeI were 534 and 582 nm, respectively. Compared with
BODIPY493/503, BODSeI demonstrated a larger Stokes shift and
longer emission wavelength. We further investigated the
influence of pH on the absorption and the fluorescence
intensity of BODSeI. As shown in Supplementary Figures S2,
S3, the absorption and fluorescence spectra of BODSeI did not
show obvious change under different pH conditions (pH 4–9).
Thus, BODSeI demonstrated good stability, which could be
promising for LD imaging and thus could result in precious
PDT via fluorescence imaging–guided treatment.

ROS Detection in Solution and in Cells
The ability of BODSeI to produce ROS was studied. Methylene
blue served as a reference (Φ△ � 0.52 in DCM, absorption change
of MB with DPBF is shown in Supplementary Figure S1), and
DPBF was used as the single oxygen detector.With the irradiation
time increased, the absorbance of DPBF decreased gradually
(Figure 3A). Meanwhile, the absorbance peak of BODSeI
almost unchanged, which indicated that BODSeI possesses

FIGURE 3 | (A) Time-dependent photodegradation of DPBFwith BODSeI in DCM. (B)DPBF degradation rates at different time points (the commercial PS; MBwas
used as a reference). (C) Fluorescence imaging of ROS detection with/without BODSeI (1 μM) and light irradiation (550 nm, 20 mw/cm2, 10 min) in MCF-7 cells [DCFH-
DA (10 μM) was used as the fluorescence detector, and 50 μM NaN3 was used as the single oxygen quencher].
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high photostability without photobleaching. According to the
DPBF degradation rate curves (Figure 3B), the single oxygen
quantum of BODSeI was calculated to be 0.58, which is higher
than those of the most previously reported PSs. Encouraged by
the result of single oxygen generation in solution, the single
oxygen production was examined in cells by using 2,7-
dichlorodihydro-fluorescein diacetate (DCFH-DA) as the
probe and NaN3 (50 μM/L) as the single oxygen quencher
(Figure 3C). Only the group that coexisted with light
irradiation and BODSeI showed strong green emission,
indicating the ROS is generated. In addition, the group treated
with BODSeI, light irradiation, and NaN3 showed low
fluorescence emission, suggesting that the produced ROS is
single oxygen.

Subcellular Co-Localization
The effective inhibition of tumor cells was closely related with not
only the production of ROS but also the distribution of PSs in
cells. Thus, the subcellular co-localization experiments of
BODSeI were studied, by comparison with commercial cell
organelle location dyes including MitoTracker Green

(mitochondria), LysoTracker Green (lysosomes), BODIPY493/
503 (lipid droplet), and Hoechst33342 (nucleus). As shown in
Figure 4, fluorescence imaging of BODSeI was distributed in
cytoplasm and in accordance with the lipid tracker. The Pearson
co-localization coefficient between BODSeI and lipid droplet
commercial dyes was 0.91, which was higher than those of
other organelles (lysosomes: 0.43, mitochondria: 0.63). The
results demonstrated that BODSeI was mainly located in lipid
droplets.

In Vitro PDT Efficacy Evaluation
In order to assess the PDT effect of PSs, the cytotoxicity
experiments of human liver carcinoma cells (HepG2), human
breast cancer cells (MCF-7), and mouse breast cancer cells (4T1)
were examined by a thiazolyl blue tetrazolium bromide assay.
According to Figures 5A–C and Supplementary Figure S4,
BODSeI and BODSe showed nearly no cytotoxicity under dark
condition. More importantly, compared with BODSe, BODSeI
demonstratedmuch enhanced cytotoxicity under light irradiation
[xenon lamp equipped with a 550 nm filter (20 mW/cm2,
10 min)], and the viability of all these tumor cells decreased

FIGURE 4 | Co-localization imaging of MCF-7 cells. The cells were incubated with BODSeI at 37°C for 30 min in the serum-free medium, then treated with
commercial fluorescence dyes at 37°C for another 30 min, and finally washed with PBS three times before confocal imaging. From top to bottom lines are commercial
dyes, BODSeI, and merge channel. The concentration and excitation/emission wavelengths are provided in parentheses as follows: BODSeI (1 μM, λex � 546 nm, λem:
560–600 nm), MitoTracker Green (0.5 μM, λex � 488 nm, λem: 500–540 nm), LysoTracker Green (0.5 μM, λex � 488 nm, λem: 500–540 nm), BODIPY493/503
(0.5 μM, λex � 488 nm, λex � 500–530 nm), and Hoechst33342 (0.5 μM, λex � 405 nm, λem: 430–470 nm), respectively. Scale bar: 50 μm. The Pearson correlation
coefficient (Rr) was calculated by Olympus FV3000 software Cell-Lens.
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with the increasing dosage of BODSeI. Meanwhile, the half-
maximal inhibitory concentration (IC50) of BODSeI for these
tumor cells was around 125 nM, which indicated that BODSeI
was able to kill tumor cells at low dose and showed a broad-
spectrum anti-tumor character. To further visualize the
effectiveness of phototherapeutics of BODSeI, live–dead cell
staining was carried out through treatment with calcein-AM
(green, live cells) and propidium iodide (red, dead cells). As
expected, cells in the control, PS-only, and light-only groups
showed strong green fluorescence (Figure 5D), suggesting that
BODSeI demonstrated low dark toxicity and good
biocompatibility. Almost all the tumor cells were killed in the
experiment group of coexistence with BODSeI and light (550 nm,
20 mW/cm2, 10 min), which was due to the LD location and
efficient 1O2 generation. Thus, BODSeI is promising for PDT via
the location of LDs in cancer cells.

CONCLUSION

In summary, we designed and synthesized BODIPY-based PS
(BODSeI) for droplet-location PDT. The co-localization
fluorescence imaging in subcellular experiments confirmed
that BODSeI can specifically damage lipid droplets in cancer
cells under light irradiation. Obvious phototoxicity was achieved
in three different tumor cells including MCF-7, HepG2, and 4T1
with a lower IC50 (around 125 nM), which is lower than those of
most commercial PSs. Easy acquisition, negligible dark toxicity,
and good biocompatibility combined with efficient anti-cancer
ability made BODSeI a potential phototherapeutic agent for
further clinical studies. The design of LD location of PSs will

be able to stimulate future design of more PS molecules with
enhanced properties in cancer treatment.
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FIGURE 5 | Cell viability of MCF-7 (A), HepG-2 (B), and 4T1 (C) cells incubated with different concentrations of BODSeI with or without light irradiation (550 nm,
20 mW/cm2, 10 min). (D) Live–dead cell staining with calcein-AM (green) and propidium iodine (red) after different treatments. Green light irradiation (550 nm, 20 mw/
cm2, 10 min) was conducted after the cell was incubated with BODSeI (1 μM) for 30 min.

Frontiers in Chemistry | www.frontiersin.org June 2021 | Volume 9 | Article 7017716

Xia et al. LD-Targeted Photodynamic Therapy

https://www.frontiersin.org/articles/10.3389/fchem.2021.701771/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fchem.2021.701771/full#supplementary-material
https://www.frontiersin.org/journals/chemistry
www.frontiersin.org
https://www.frontiersin.org/journals/chemistry#articles


REFERENCES

Abrahamse, H., and Hamblin, M. R. (2016). New Photosensitizers for
Photodynamic Therapy. Biochem. J. 473 (4), 347–364. doi:10.1042/bj20150942

Chen, H., He, C., Chen, T., and Xue, X. (2020). New Strategy for Precise Cancer
Therapy: Tumor-specific Delivery of Mitochondria-Targeting Photodynamic
Therapy Agents and In Situ O2-Generation in Hypoxic Tumors. Biomater. Sci.
8 (14), 3994–4002. doi:10.1039/d0bm00500b

Chinna Ayya Swamy, P., Sivaraman, G., Priyanka, R. N., Raja, S. O., Ponnuvel, K.,
Shanmugpriya, J., et al. (2020). Near Infrared (NIR) Absorbing Dyes as
Promising Photosensitizer for Photo Dynamic Therapy. Coord. Chem. Rev.
411, 213233. doi:10.1016/j.ccr.2020.213233

Chorlay, A., Monticelli, L., Veríssimo Ferreira, J., BenM’barek, K., Ajjaji, D., Wang,
S., et al. (2019). Membrane Asymmetry Imposes Directionality on Lipid
Droplet Emergence from the ER. Dev. Cel 50 (1), 25–42.e27. doi:10.1016/
j.devcel.2019.05.003

Cruz, A. L. S., Barreto, E. A., Fazolini, N. P. B., Viola, J. P. B., and Bozza, P. T.
(2020). Lipid Droplets: Platforms with Multiple Functions in Cancer
Hallmarks. Cell Death Dis. 11 (2), 105. doi:10.1038/s41419-020-2297-3

Dalhaimer, P. (2019). Lipid Droplets in Disease. Cells 8 (9), 974. doi:10.3390/
cells8090974

Dubey, R., Stivala, C. E., Nguyen, H. Q., Goo, Y.-H., Paul, A., Carette, J. E., et al.
(2020). Lipid Droplets Can Promote Drug Accumulation and Activation. Nat.
Chem. Biol. 16 (2), 206–213. doi:10.1038/s41589-019-0447-7

Farese, R. V., Jr., and Walther, T. C. (2016). Lipid Droplets Go Nuclear. J. Cell Biol
212 (1), 7–8. doi:10.1083/jcb.201512056

Feng, G., Zhang, G.-Q., and Ding, D. (2020). Design of superior Phototheranostic
Agents Guided by Jablonski Diagrams. Chem. Soc. Rev. 49 (22), 8179–8234.
doi:10.1039/d0cs00671h

Goodman, J. M. (2018). Understanding the Lipid Droplet Proteome and Protein
Targeting. Dev. Cell 44 (1), 1–2. doi:10.1016/j.devcel.2017.12.017

Guo, L., Tian, M., Zhang, Z., Lu, Q., Liu, Z., Niu, G., et al. (2021). Simultaneous
Two-Color Visualization of Lipid Droplets and Endoplasmic Reticulum and
Their Interplay by Single Fluorescent Probes in Lambda Mode. J. Am. Chem.
Soc. 143 (8), 3169–3179. doi:10.1021/jacs.0c12323

Jana, B., Thomas, A. P., Kim, S., Lee, I. S., Choi, H., Jin, S., et al. (2020). Self-
Assembly of Mitochondria-Targeted Photosensitizer to Increase Photostability
and Photodynamic Therapeutic Efficacy in Hypoxia. Chem. Eur. J. 26 (47),
10695–10701. doi:10.1002/chem.202001366

Ji, C., Gao, Q., Dong, X., Yin, W., Gu, Z., Gan, Z., et al. (2018). A Size-Reducible
Nanodrug with an Aggregation-Enhanced Photodynamic Effect for Deep
Chemo-Photodynamic Therapy. Angew. Chem. Int. Ed. 57 (35),
11384–11388. doi:10.1002/anie.201807602

Jiao, L., Yu, C., Liu, M., Wu, Y., Cong, K., Meng, T., et al. (2010). Synthesis and
Functionalization of Asymmetrical Benzo-Fused BODIPY Dyes. J. Org. Chem.
75 (17), 6035–6038. doi:10.1021/jo101164a

Jin, Y., Tan, Y., Zhao, P., and Ren, Z. (2020). SEIPIN: A Key Factor for Nuclear
Lipid Droplet Generation and Lipid Homeostasis. Int. J. Mol. Sci. 21 (21), 8208.
doi:10.3390/ijms21218208

Klecker, T., Braun, R. J., and Westermann, B. (2017). Lipid Droplets Guard
Mitochondria during Autophagy. Dev. Cell 42 (1), 1–2. doi:10.1016/
j.devcel.2017.06.018

Lei, Y., Chen, K., Tang, G., Zhao, J., and Gurzadyan, G. G. (2020). Bodipy-
Phenylethynyl Anthracene Dyad: Spin-Orbit Charge Transfer Intersystem
Crossing and Triplet Excited-State Equilibrium. J. Photochem. Photobiol. A:
Chem. 398, 112573. doi:10.1016/j.jphotochem.2020.112573

Li, X., Lovell, J. F., Yoon, J., and Chen, X. (2020). Clinical Development and
Potential of Photothermal and Photodynamic Therapies for Cancer. Nat. Rev.
Clin. Oncol. 17 (11), 657–674. doi:10.1038/s41571-020-0410-2

Li, X., Zheng, B.-D., Peng, X.-H., Li, S.-Z., Ying, J.-W., Zhao, Y., et al. (2019).
Phthalocyanines as Medicinal Photosensitizers: Developments in the Last Five
Years. Coord. Chem. Rev. 379, 147–160. doi:10.1016/j.ccr.2017.08.003

Li, Z., Liu, Y., Chen, L., Hu, X., and Xie, Z. (2017). A Glutathione-Activatable
Photodynamic and Fluorescent Imaging Monochromatic Photosensitizer.
J. Mater. Chem. B 5 (22), 4239–4245. doi:10.1039/c7tb00724h

Lin, M., Zou, S., Liao, X., Chen, Y., Luo, D., Ji, L., et al. (2021). Ruthenium(ii)
Complexes as Bioorthogonal Two-Photon Photosensitizers for Tumour-specific

Photodynamic Therapy against Triple-Negative Breast Cancer Cells. Chem.
Commun. 57. 4408-4411. doi:10.1039/d1cc00661d

Liu, M., and Li, C. (2020). Recent Advances in Activatable Organic Photosensitizers
for Specific Photodynamic Therapy. Chempluschem 85 (5), 948–957.
doi:10.1002/cplu.202000203

Nguyen, T. B., and Olzmann, J. A. (2019). Getting a Handle on Lipid Droplets:
Insights into ER-Lipid Droplet Tethering. J. Cel Biol 218 (4), 1089–1091.
doi:10.1083/jcb.201902160

Nguyen, V.-N., Qi, S., Kim, S., Kwon, N., Kim, G., Yim, Y., et al. (2019). An
Emerging Molecular Design Approach to Heavy-atom-free Photosensitizers for
Enhanced Photodynamic Therapy under Hypoxia. J. Am. Chem. Soc. 141 (41),
16243–16248. doi:10.1021/jacs.9b09220

Nguyen, V. N., Yim, Y., Kim, S., Ryu, B., Swamy, K. M. K., Kim, G., et al. (2020).
Molecular Design of Highly Efficient Heavy-Atom-Free Triplet BODIPY
Derivatives for Photodynamic Therapy and Bioimaging. Angew. Chem. Int.
Ed. 59 (23), 8957–8962. doi:10.1002/anie.202002843

Radunz, S., Wedepohl, S., Röhr, M., Calderón, M., Tschiche, H. R., and Resch-
Genger, U. (2020). pH-Activatable Singlet Oxygen-Generating Boron-
dipyrromethenes (BODIPYs) for Photodynamic Therapy and Bioimaging.
J. Med. Chem. 63 (4), 1699–1708. doi:10.1021/acs.jmedchem.9b01873

Sitkowska, K., Hoes, M. F., Lerch, M. M., Lameijer, L. N., van der Meer, P.,
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