
OR I G I N A L R E S E A R C H

Synergistic effect of meta-tetra(hydroxyphenyl)

chlorin-based photodynamic therapy followed by

cisplatin on malignant Hep-2 cells
This article was published in the following Dove Press journal:

OncoTargets and Therapy

Kai Xue1

Yi-Nan Wang2

Xue Zhao1

Hong-Xin Zhang3

Dan Yu1

Chun-Shun Jin1

1Department of Otolaryngology-Head

and Neck Surgery, The Second Hospital

of Jilin University, Changchun 130041,

People’s Republic of China; 2Department

of Gynecology and Obstetrics,

The Second Hospital of Jilin University,

Changchun 130041, People’s Republic of

China; 3Changchun Institute of Optics,

Fine Mechanics & Physics, Chinese

Academy of Sciences, Changchun 130033,

People’s Republic of China

Purpose: Tumor drug resistance limits the response to chemotherapy. Interestingly, sequen-

tial combination therapy enhances the anticancer efficacy of drugs like cisplatin (CDDP) via

synergistic effects. We assayed the synergistic effects of combined photodynamic therapy

programmed death receptor-ligand 1 (PDT) and chemotherapy in malignant Hep-2 cells.

Methods: In the cultured Hep-2 cells, meta-tetra(hydroxyphenyl)chlorin (m-THPC) and

CDDP were administered separately or in combination. The cellular viability and apoptosis

were assessed, accompanied by measurement of the expression of Bax, Bcl-2, ATG-7, and LC3

(LC3-I and LC3-II). Additionally, nuclear chromatin changes, drug retention, and PD-L1

expression were further investigated following different treatments.

Results: The sequential treatment significantly diminished cell viability and induced cell

apoptosis, in consistency with the usage of single therapeutic strategies, as reflected by an

increase in Bax expression and decrease of Bcl-2 expression. Moreover, ATG-7 and LC3-II

/LC3-I ratio were reduced after administration of the sequential treatment. Synergetic effect

of nuclear chromatin configuration, negative effects of cellular drug retention, and a decrease

in PD-L1 expression were observed following the sequential treatment.

Conclusion: The application of sequential treatment of PDT in combination with che-

motherapy offers a promising therapeutic option for cancer treatment, by regulating the

PD-L1 expression, autophagy, and non-mitochondrial pathways.
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Introduction
Chemotherapy is the first-line therapeutic modality for the treatment of cancer.

However, the increasing drug resistance confers the efficacy of ongoing chemother-

apy due to various intrinsic or acquired mechanisms, including tumor heterogeneity,

increased expression of drug efflux transporters, genetic or epigenetic changes

induced by stress from metabolism and tumor microenvironment, detoxification

of cytotoxic agents, increased autophagy, and programmed death receptor-ligand 1

(PD-L1) expression, causing relapse or even metastasis.1–6 In an attempt to over-

come the barrier of chemo-resistance, the combination approach of using different

chemotherapeutic agents or modalities has been explored in order to target different

key signal transduction pathways and to enhance the overall therapeutic efficacy via

synergistic or additive effects.7,8

Photodynamic therapy (PDT) is a type of therapeutic treatment that targets and

destroys malignant cancer tissues upon stimulation of multiple chemical reactions by
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administration of a photosensitizer under direct exposure of

light.9–12 PDT has been clinically approved which led to its

extensive use as a therapeutic strategy for various premalig-

nant and malignant types of cancers worldwide for years.13

In addition, recent evidence supports the use of PDT in

combination with several kinds of chemotherapeutic drugs

for better prognosis of patients. The additive effects of PDT

have been observed along with the adverse reactions that

might arise while conducting this procedure.14,15 Previous

studies have demonstrated increased apoptosis and autop-

hagy as the driving factors for achieving superior efficacious

during the treatment with a combination therapy of che-

motherapeutic agents and PDT.16,17 Moreover, the deleter-

ious side effects on host tissues due to a combination of PDT

and chemotherapeutic therapy can be reduced or controlled

by using smaller doses of chemotherapeutic agents.18

Existing literature has highlighted the efficacy of the

combination use of chemotherapy and PDT in a concurrent

way, and the efficacy of sequential strategy in clinical practice

and the co-treatment of chemotherapy and PDT still requires

further study. Therefore, the following study was planned to

investigate the use of sequential modality with meta-Tetra

(hydroxyphenyl) chlorin (m-THPC)-based PDT followed by

cisplatin (CDDP)-based chemotherapy in the cancer cell line

(Hep-2) and the synergistic efficacy and the potential

mechanisms responsible for this combination therapy.

Materials and methods
Ethical statement
This article does not contain any studies with human

participants or animals performed by any of the authors.

Cell culture
Hep-2 cells (ATCC® CCL-23™, VA, USA) were grown in

total DMEM culture medium (Hyclone, UT, USA) contain-

ing 10% fetal bovine serum (TMS-013-B, Merck Millipore,

Darmstadt, Germany), penicillin (100 units/mL, 516104,

Merck Millipore, Darmstadt, Germany) and streptomycin

(100 μg/mL, 516104, Merck Millipore, Darmstadt,

Germany) at 37°C in humid conditions of 5% CO2 in an

incubator (Heracell 240i, ThermoFisher, Rochester, NY,

USA). Figure S1 represented the experimental procedure.

Cellular viability with m-THPC and PDT
Hep-2 cells were cultured in 96-well plates (Corning, NY,

USA) in 200 µL of total culture medium at a concentration

of 1×104 cells/well. Subsequently, the cells were divided

into six groups with further six sub-groups in each group.

The cells in these six groups were then exposed to the

photosensitizer m-THPC (HY-16488, MedChem Express,

NJ, USA) at concentrations of 0.1, 0.5, 1, 2, 5, and 10 µM,

respectively, and incubated in conditions devoid of light at

37°C with 5% CO2 in an incubator for 24 hrs after seed-

ing. After 24 hrs, the cells in six sub-groups were exposed

to laser of a wavelength of 650 nm (Changchun Institute of

Optics, Fine Mechanics & Physics, Chinese Academy of

Sciences, Changchun, China) with energy delivered at

variable doses (0, 0.1, 0.5, 1, 2, and 5 J/cm2), respectively.

The control group was administered no treatment and was

only cultured in total culture medium. Upon three rinses

with phosphate buffer saline (PBS), fresh culture medium

was added to the cells. After 24 hrs, 3-(4, 5-dimethylthia-

zol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) assay

was performed in order to measure the cellular viability.

The experiments on each m-THPC concentration and laser

energy dose were performed in triplicates.

Cellular viability with CDDP treatment
Hep-2 cells were cultured in 96-well plates at

a concentration of 1×104 cells/well in 200 µL of total

culture medium. The cells were further divided into six

groups. After 48 hrs, CDDP (Yuanye Bio, Shanghai,

China) was added into each group at variable concentra-

tions of 2, 5, 10, 20, 50, and 100 µM, respectively. The

Hep-2 cells in the control group were cultured with total

culture medium without any treatment. Cellular viability

was measured by means of MTT assay at 24 hrs post

treatments. Experiments on each CDDP concentration

were performed in triplicates.

MTT assays
The cells were cultured in 96-well plates (3,000 cells/

well). Upon completion of the culture, MTT solution

(10 mg/mL, Sigma, St Louis, MO, USA) was added to

each well. The viability of the cells was assessed using

a microplate reader at a wavelength of 570 nm.

Investigation of sequential treatment with

PDT followed by CDDP
Treatment groups were set up as follows:

Control group

Hep-2 cells were cultured for 48 hrs in 200 µL of total

culture medium, followed by 3 rinses using PBS, and
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addition of 200 µL fresh total culture medium, after which

cell culture was conducted for 24 hrs.

PDT group

Hep-2 cells were cultured in a 96-well plate at

a concentration of 1×104 cells/well in 200 µL of total

culture medium. The Hep-2 cells were cultured

using m-THPC at the concentration of 0.5 μM for 24 hrs

after 24 hrs of seeding, followed by exposure to a 650 nm

laser at an energy dose of 2 J/cm2. Subsequently, the Hep-2

cells were rinsed using PBS 3 times, followed by the addi-

tion of 200 µL fresh total culture medium and cell culture.

MTT assay was performed for cell analysis after 24 hrs.

CDDP group

Hep-2 cells were cultured in 96-well plates at a concentration

of 1×104 cells/well in 200 µL of total culture medium. After

performing medium replacement with fresh culture medium,

CDDPwas added at the concentration of 5 µM after 48 hrs of

seeding, followed by cell culture for 24 hrs.

PDT + CDDP group

The aforementioned method was repeated for cell culture of

the Hep-2 cells. The Hep-2 cells were then cultured

using m-THPC at the concentration of 0.5 μM for 24 hrs,

after 24 hrs of seeding. Afterward, the Hep-2 cells were

exposed to a 650 nm laser at an energy dose of 2 J/cm2. After

3 rinses with PBS, the cells were cultured in fresh culture

medium containing CDDP at a concentration of 5 μM for

24 hrs. All experiments were performed in triplicates.

Flow cytometry analysis
Hep-2 cells were cultured in 6-well plates at a concentration of

2×105 cells/well. Following the aforementioned treatments

(part of investigation of sequential treatment with PDT fol-

lowed by CDDP), the Hep-2 cells were collected by perform-

ing trypsin detachment, re-suspension in 1× binding buffer

from the Dead Cell Apoptosis Kit with FITC-Annexin V and

PI (BD Biosciences Pharmingen, San Jose, CA, USA) at

a concentration of 1×106 cells/mL and stained using the

Dead Cell Apoptosis Kit with FITC-Annexin Vand PI in strict

accordance following the manufacturer’s protocol. Coulter

Epics XL flow cytometer (Beckman Coulter, Fullerton, CA,

USA) was used for analysis of the stained cells.

Western blot analysis
Western blot method was conducted according to the fol-

lowing procedure: Hep-2 cells were plated in 100 mm cell

culture dishes at a concentration of 2×106 cells/dish,

followed by the addition of 100 µL of RIPA lysis buffer

for performing lysis in cells of each group. A total of 20

µg of proteins were loaded into each lane for preforming

sulfate polyacrylamide gel electrophoresis. Next, the pro-

tein was transferred onto polyvinylidene fluoride (PVDF)

membranes after which membrane blockade was con-

ducted for 1 hr using 5% non-fat milk in TBST. The

membranes were incubated with monoclonal antibodies

(Abcam, Cambridge, UK) against human Bax, Bcl-2,

ATG-7, LC3 (LC3-I +LC3-II), and β-actin overnight at

4°C with agitation. After 3 rinses with TBST, the mem-

branes were incubated with HRP-conjugated goat anti-

mouse or anti-rabbit antibodies (Abcam, Cambridge, UK)

at room temperature for 1 hr. Finally, the membranes were

developed using a Pico Chemiluminescent (Fisher

Scientific, Hampton, NH, USA), and the results were

analyzed on a Tanon 5200 Chemiluminescent Imaging

System (Tanon, Shanghai, China) based on the lumines-

cence values with β-actin serving as a reference gene.

Hoechst 33258 staining for the

observation of nuclear chromatin changes
Hep-2 cells were inoculated into 6-well plates containing

sterile cover glasses (Cat. 12-545-83, Fisher Scientific,

Hampton, NH, USA) at a concentration of 2×105 cells/

well. The cells underwent treatment following the afore-

mentioned protocol. After treatment, the cells on cover-

slips were first stained with Hoechst 33258 (Beyotime,

Shanghai, China) in accordance with the manufacturer’s

protocol. The stained cells were observed under an

Olympus IX71 Fluorescence Microscope (Olympus

Corporation, Tokyo, Japan).

Confocal laser scanning microscopic

analysis of drug retention
For drug retention analysis, Hep-2 cells were inoculated into

6-well plates containing sterile cover glasses at

a concentration of 2×105 cells/well. The cells underwent

the aforementioned treatment protocol with an exception of

the use of CDDP, which was replaced with 1,3,5,7-tetra-

methyl-8-(4-pyridyl)-4,4ʹ-difluorobora-dia-zaindacene

labeled Platinum conjugate (BODIPY-Pt) (donated by Prof.

Zhigang Xie, State Key Laboratory of Polymer Physics and

Chemistry, Changchun Institute of Applied Chemistry,

Chinese Academy of Sciences, Changchun, China) at

a concentration of 30 μM following the guidelines of Xie’s

research.19 Near-infrared fluorescence was exhibited by
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BODIPY-Pt, which was observable under confocal laser

scanning microscopy. After treatment, the Hep-2 cells on

coverslips were stained using Mito Tracker™ Red CMXRos

(Fisher Scientific, Hampton, NH, USA) in accordance with

the manufacturer’s protocol, followed by fixation using 4%

paraformaldehyde and a final process of Hochest 33258

counterstaining. The stained Hep-2 cells were then observed

and analyzed under the Olympus Fluoview FV1000

Confocal Laser Scanning Biological Microscope (Olympus

Corporation, Tokyo, Japan).

In an attempt to estimate complete cell fluorescence,

the cell boundary was identified for confocal slices by

a consistent protocol. First, a rough polygonal region

encompassing the whole cell (with an effective edge to

include the whole cell in all sections) was designated on

one of the middle sections. Next, a threshold operation

was performed to obtain the binary image. Because of

the non-uniformity of fluorescence distribution and the

complexity of morphology, some areas of cells were

designated as “holes” (clusters of black pixels sur-

rounded by white pixels) after thresholding. Since sub-

sequent image processing must be performed on cells

representing adjacent regions, morphological operation

of “filling holes” was performed, followed by “opening”

(smoothing) of the cell boundary to obtain the final

image, IF. The final image was binary, which added the

fluorescence values of the pixels on the original confocal

slice, which became white pixels in IF, to obtain the total

fluorescence in the cell area on the slice. The calculated

total fluorescence values of each section were added in

an attempt to evaluate the overall fluorescence of the

whole cell.

Reverse transcription quantitative

polymerase chain reaction (RT-qPCR)

analysis of PD-L1 expression
Total RNAwas isolated from each sample using the RNeasy®

Mini kit (Qiagen, Valencia, CA,USA). cDNAwas synthesized

and RT-qPCR was performed using the EvoScript Universal

cDNA Master (Roche, Basel, Switzerland) on LightCycler®

480 Instrument II (Roche, Basel, Switzerland) with primers for

PD-L1 (forward: 5ʹ-TGCAGGGCATTCCAGAAAGA-3ʹ,

reverse: 5ʹ-TGCAGCCAGGTCTAATTGTTTT-3ʹ) and β-
actin (forward: 5ʹ-ATTGGCAATGAGCGGTTC-3ʹ, reverse:

5ʹ-TAGCACAGCCTGGATAGCAA-3ʹ) genes. The reaction

system RT-qPCR was set as follows: pre-incubation at 95°C

for 30 s, 45 cycles consisting of 5 s at 95°C and 30 s at 60°C,

followed by the cooling program at 40°C for 30 s.

Statistical analysis
The statistical data were analyzed using the SPSS version

23.0 software (SPSS Inc, IL, USA). The data were ana-

lyzed by applying the Kolmogorov–Smirnov (K-S)

method, and they all conformed to normal distribution.

Student's t-tests were used for numerical data analysis.

The p values less than 0.05 were considered to be statis-

tically significant. All plots were developed using the

GraphPad Prism 6 software (GraphPad, San Diego, CA,

USA). The IC50 of drugs was calculated by means of the

CalcuSyn version 2.0 software (BIOSOFT, FCE, UK). The

results of immunofluorescence were analyzed using the

Image-Pro Plus software (Media Cybernetics, Silver

Spring, MD, USA). The Western blots were analyzed

using Image J (https://imagej.nih.gov/ij/index.html).

Results
Concentration determination of

m-THPC, CDDP, and laser energy dose

for sequential treatment
The independent use of various concentrations of m-THPC

illustrated no evident difference in terms of cell growth

after 24 hrs of culture. At a fixed laser energy dose,

a decrease in cell viability was observable with an increase

of m-THPC concentration, as shown in Figure 1A. When

the energy dose of laser was 2 J/cm2, the IC50 of m-THPC

was 0.74 µM. According to Palumbo’s study,20 0.5 µM

of m-THPC and 2 J/cm2 energy dose of laser for PDTwere

selected for subsequent treatment. According to Figure 1B,

5 µM CDDP was chosen as the following experimental

condition, due to a similar effect on cell viabilities as that

of 0.5 µM m-THPC and 2 J/cm2.

Sequential treatment with PDT followed

by CDDP significantly decreased cell

viability compared to single treatment
As shown in Figure 2, a significant decrease was evident

in the cell viability following the sequential treatment of

modality as compared to individual treatments. The results

of flow cytometry analysis were depictive of Hep-2 cell

apoptosis due to CDDP; however, PDT resulted in necro-

sis (Figure 3). The apoptosis rate from the sequential
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treatment group was higher than that from the PDT treat-

ment group, while no difference was observed in the

apoptosis rate compared with CDDP treatment. On the

contrary, cell necrosis rate from the sequential treatment

group was higher than that from the CDDP group, but no

difference was observed in comparison with the PDT

group. As shown in Figure 3D, the total cell death was

higher in the sequential treatment group than in the single

treatment groups.

Western blot analysis results were indicative of an

elevated Bax expression after sequential treatment, as

shown in Figure 4A and B. The expression of Bcl-2 after

sequential treatment had decreased in comparison with the

PDT treatment, as shown in Figure 4A and C. The afore-

mentioned results signified that the sequential treatment

resulted in the enhancement of Hep-2 cell apoptosis.

Sequential treatment with PDT followed by

CDDP reduced autophagy of Hep-2 cells
As illustrated in Figure 5A and B, the sequential treatment

resulted in a significant reduction of ATG-7 level in com-

parison with PDT or CDDP treatment individually. The

LC3-II/LC3-I ratio of the sequential treatment group was

reduced compared with the PDT group, but these findings

were contradicting in the CDDP group, as shown in Figure

5A and C. These results demonstrated that the sequential

treatment resulted in reduced autophagy levels.

Sequential treatment with PDT followed

by CDDP resulted in the synergetic

destruction of nuclear chromatin
The effects of PDT and CDDP treatments on chromatin of

Hep-2 cells were evident after performing Hoechst 33258

staining (Figure 6). In the control group, about 2% of the

cell nuclei were deeply stained with a dense dye showing

light color with regular configurations while uniform blue

nuclei of the other cells were observed under a fluorescence

microscope. However, CDDP treatment (35%) resulted in

superior extensive destruction of nuclear chromatin in com-

parison with PDT treatment (30%) individually. In the PDT

+CDDP group, about 80% of the cells had irregularly

fragmented nuclei which were stained by dense dye show-

ing light color. Sequential modality highly affected nuclear

chromatin Hep-2 cells, with more intensive nuclear frag-

mentations and irregularities, as illustrated in Figure 6.

Sequential treatment with PDT followed

by BODIPY-Pt had negative effect on

cellular drug retention
Previous research has highlighted that BODIPY-Pt had an

effect on mitochondria. Therefore, we examined the changes

Figure 1 The cell viabilities of various laser dose and concentrations of m-THPC and CDDP using MTT assay. Both (A) and (B) showed that the cell growth decreased as

the dose of laser and concentrations of m-THPC and CDDP increased. Values are expressed as mean percentage ± SD, and the experiment was repeated in triplicate.

Abbreviations: m-THPC, meta-Tetra (hydroxyphenyl) chlorin; CDDP, cisplatin; MTT, 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide.

Figure 2 MTT assay resulted from different treatment groups. The cell viability of

the PDT+CDDP group was significantly decreased compared to PDT and CDDP

groups. Values are expressed as the mean percentage ± SD, and the experiment was

repeated in triplicate (*p<0.05).
Abbreviations: PDT, photodynamic therapy; CDDP, cisplatin; MTT, 3-(4,5-

Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide.
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in the mitochondria following drug treatment. As quantita-

tive analysis of the fluorescence shown (Figure 7A–B), PDT

decreased the fluorescence of Mito Tracker red, which meant

that PDT could decrease the numbers of mitochondria.

Decreased BODIPY fluorescence flagged that it could

decrease the retention of mitochondria-targeted drugs.

Figure 3 Flow cytometry analysis of percentages of necrotic and apoptotic cells in different treatment groups. Values are expressed as the mean percentage ± SD of

triplicates (*p<0.05). (A) The various results of Hep-2 cells of different groups. (B) The rates of cell apoptosis of different groups. (C) The rates of cell necrosis of different

groups. (D) Total cell death of PDT+CDDP group was significantly increased compared to both PDT and CDDP groups.

Abbreviations: PDT, photodynamic therapy; CDDP, cisplatin.

Figure 4 (A) Western blot of Bax and Bcl-2 in different groups. β-actin was used as the loading control. (B) The expression of Bax in different groups was analyzed. (C) The

statistical analysis of Bcl-2 expression in different groups. Values are expressed as the mean relative value ± SD, and the experiment was repeated in triplicate (*p<0.05).
Abbreviations: PDT, photodynamic therapy; CDDP, cisplatin.
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Analysis of PD-L1 expression under

different treatments
With accumulating evidence serving as the basis to sup-

port the vital role of PD-L1 in cancer, we investigated PD-

L1 expression at the levels of gene and protein. RT-qPCR

analysis showed that PDT treatment did not result in an

increase in PD-L1 expression compared to the control

group (Figure 8), whereas an increase in PD-L1 expression

was evident due to 5 µM CDDP in comparison with the

control group (p<0.05). Sequential treatment led to

significant reduction in PD-L1 expression in comparison

to the individual use of CDDP (p<0.05). Western blot

analysis provided further evidence supporting these find-

ings as illustrated in Figure 9.

Discussion
Platinum (Pt) compounds, including cisplatin, carboplatin,

and oxaliplatin, have emerged as the most commonly used

drugs for a wide spectrum of solid tumors.21,22 The com-

bined use of Pt compounds with radiotherapy and/or

Figure 5 (A) Western blot analysis on the expression of ATG-7 and LC3 (LC3-I and LC3-II) from different treatment groups. β-actin was used as the loading control. (B)
The analysis of expression of ATG-7 in different groups. (C) The analysis of ratio of LC3-II/LC3-I in different groups. Values are expressed as the mean relative value±SD, and

the experiment was repeated in triplicate (*p<0.05).
Abbreviations: PDT, photodynamic therapy; CDDP, cisplatin.

Figure 6 Hoechst 33258 staining of different cell groups. The blue areas stained by Hoechst 33258 represent nuclei. (A) Control group, (B) PDT group, (C) PDT+CDDP

group, (D) CDDP groups. Scale bars represent 50 μm in all images. (E) Percentage of cells with deeply dyed nuclei. Values are expressed as the mean value ± SD, and the

experiment was repeated in triplicate (*p<0.05).
Abbreviations: PDT, photodynamic therapy; CDDP, cisplatin.
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surgery has shown remarkable results in a number of

advanced cancers and metastatic tumor cells.23 The use

of CDDP as a chemotherapeutic agent for treating various

cancers such as head-and-neck squamous cell carcinoma

(HNSCC), bladder, cervical, ovarian, testicular cancer,

non-small cell lung cancer (NSCLC), and mesothelioma

was approved several years ago by the US Food and Drug

Administration for clinical use.24

Although Pt compounds are widely used, there is very

little known on the underlying mechanisms involved. The

action of Pt on DNA and further induction of cell

apoptosis is the most widely accepted mechanism regard-

ing the use of Pt in the treatment of tumor.25,26 An existing

research highlighted that Pt was predominantly localized

in the mitochondria.19 Previous studies have speculated

the involvement of other targets in the action of Pt. The

binding of CDDP to RNA results in the atypical cross-

links of RNA, which is representative of a blockade for

reverse transcription.27–29 The ability of Pt to bind to

several cellular proteins, including Hsp90, G-actin, and

ubiquitin, resulted in alternation in normal biological

function.30–32

However, with the usage of a number of the frontline

chemotherapeutic drugs, such as CDDP, the development

of drug resistance has been described.33 Furthermore,

severe side effects from CDDP have restricted the applic-

able dose. Existing literature has explored the capabilities

of combination therapies with different drugs or different

modalities in an attempt to combat drug resistance includ-

ing the combination of chemotherapy and PDT.13–15,34

PDT has been employed as a broad aspect therapeutic

modality for the treatment of various malignancies, includ-

ing head and neck tumors, skin tumors, and digestive

system tumors. PDT only affects areas with the strongest

light illumination, without systemic side effects. Restricted

light penetration limits the depth of tumor destruction

using PDT to 1 cm35 Due to these limitations, PDT is

depicted as an adjuvant therapy. Trials on numerous com-

bination modalities have been proven to be successful for

effective cell apoptosis with fewer side effects.36,37

Conjointly, the results of previous studies and the present

study support the therapeutic effect of the combined use of

Figure 7 Confocal laser scanning analysis of mitochondrial pathway. (A) Upper panel represents BODIPY-Pt treatment group and lower panel represents the group treated

by PDT followed by BODIPY-Pt. Both green and red spots, evoked from BODIPY and Mito Tracker™ Red, respectively, represent mitochondria, while the blue ones stained

by Hoechst 33258 represent nuclei. Scale bars represent 20 μm in all images. (B) Analysis of fluorescence intensity which represents the amounts of mitochondria in

BODIPY-Pt and PDT+BODIPY-Pt treatment group. Values are expressed as the mean fluorescence intensity ± SD, and the experiment was repeated in triplicate (*p<0.05).
Abbreviations: PDT, photodynamic therapy; BODIPY-Pt, 1,3,5,7-tetramethyl-8-(4-pyridyl)-4,4’-difluorobora-dia-zaindacene labeled platinum conjugate.

Figure 8 RT-qPCR analysis of PD-L1 expression in Hep-2 cells in different treat-

ment groups. Data represent the mean value ± SD, and the experiment was

repeated in triplicate (*p<0.05). The relative expression was obtained by normal-

izing to reference gene β-actin.
Abbreviations: PDT, photodynamic therapy; CDDP, cisplatin; PD-1, programmed

death receptor-ligand 1; RT-qPCR, real-time quantitative polymerase chain reaction.
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PDTand CDDP for efficacious synergistic apoptosis of tumor

cells,34,38 highlighting the use of a combination of PDT with

low doses of CDDP as a superior alternative in contrast over

the usage of high doses of CDDP independently. However, the

sequential treatment modality with PDT followed by CDDP is

yet to be identified. This treatment modality is much similar to

the actual clinical practice that uses PDT and CDDP as ther-

apeutic strategies, which has previously been investigated. The

current study collected evidence supporting the synergistic

effect of the sequential treatment modality of PDT followed

by CDDP on both necrotic and apoptotic cell killing.

Drug resistance has been a persistent stumbling block,

which has severely hindered the effectiveness of CDDP in

clinical settings. Reports have implicated the mediation of

tumor drug resistance due to various mechanisms, including

the induction of autophagy and drug efflux.3,37 Under stressful

conditions during chemotherapy, autophagy is upregulated as

a response to increase the catabolic lysis of excessive or

unnecessary proteins and organelles essential for metabolic

homeostasis and appropriate cell growth rate in different

microenvironments.3 Reports have highlighted that m-THPC-

mediated PDT does not induce resistance to chemotherapy,

radiotherapy, or PDTon human breast cancer cells in vitro, and

further flagged PDT as a potential treatment modality to over-

come classical drug resistance or escape pathways.39,40 Our

findings were consistent with the aforementioned reports sup-

porting the functionality PDT as an inhibitor to significantly

decrease the level of ATG-7 and the LC3-II/LC3-I ratio, there-

fore reducing autophagy.

Next, fluorescent BODIPY-Pt was employed so as to

study the drug effect on the mitochondrial pathway, as

CDDP is predominantly localized in the mitochondria.

BODIPY-Pt damages tumor cells through induction of

apoptosis via activation of various signal transduction path-

ways, such as DNA pathway and mitochondrial toxicity.19

Our results show that PDT can decrease the numbers of

mitochondria as shown in Figure 7, suggesting that PDT

decreases the fluorescence of mitochondria marker Mito

Tracker™ Red, consistent with a previous study.41 In addi-

tion, the overlapping effects of sequential treatment of PDT

followed by BODIPY-Pt procedure on mitochondria had

a synergistic impact on Hep-2 cell apoptosis.

PD-L1 is a costimulatory molecule involved in T-cell

inactivation by binding to PD1 (CD279) in an antigen-

independent manner. The interaction between tumor-

associated PD-L1 interacts with PD1 has an inhibitory

effect on the cell-mediated antitumor immune responses

by inducing T-cell energy and apoptosis.42 Reports have

highlighted the upregulation of PD-L1 expression due to

chemotherapeutic drugs.4,43,44 In the present study, we

obtained evidence exhibiting that the sequential treatment

modality with PDT and CDDP significantly reduced PD-

L1 expression in Hep-2 cells, suggesting that the combina-

tion therapy may potentially boost the antitumor immune

response through suppression of PD-L1 expression.

Conclusion
In conclusion, our results demonstrated that the sequential

treatment of m-THPC-based PDT followed by chemotherapy

with CDDP augmented the efficacy of cell apoptosis in vitro,

with the cumulative effect of apoptosis, necrosis, mitochon-

drial destruction, reduced autophagy, and attenuated PD-L1

Figure 9 (A) Western blot of PD-L1 expression in Hep-2 cells in different treatment groups. (B) Analysis of Western blot of PD-L1 expression in Hep-2 cells in different

treatment groups. Data represent the mean relative value ± SD, and the experiment was repeated in triplicate (*p<0.05).
Abbreviations: PDT, photodynamic therapy; CDDP, cisplatin; PD-1, programmed death receptor-ligand 1.
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expression. Therefore, the findings from our study provide

insight for an alternative therapeutic pathway to treat cancer,

with fewer adverse reactions. Although our study is the first

to thoroughly investigate the efficacy and mechanisms of

sequential treatment using PDT and CDDP in vitro, more

studies are required for further validation of our findings.
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Figure S1 Visualization of experimental procedure. (A) Concentrations determination of m-THPC, CDDP, and laser energy dose for sequential treatment. (B)
Experimental procedure of detection in the PDT, CDDP, and sequential treatment groups.

Abbreviations: BODIPY-Pt, CDDP, cisplatin; m-THPC, m-THPC, meta-Tetra (hydroxyphenyl) chlorin; MTT, 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide;

PDT, photodynamic therapy; BODIPY-Pt, 1,3,5,7-tetramethyl-8-(4-pyridyl)-4,4’-difluorobora-dia-zaindacene labeled platinum conjugate; WB, Western blot.
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