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ABSTRACT
Background and oObjectives: Treatment for triple negative breast cancer (TNBC) remains a big significant challenge due to a lack of specific targeted drugstargeted therapies. Whilst pPhotodynamic therapy (PDT) has been a valuable utilized as a treatment approach for several types offor cancer,. The addition of 5-aminolevulinic acid (ALA) might assist the treatment of the endogenous production of protoporphyrin IX in the mitochondria catalyzed by heme synthase. The ooxyphotodynamic therapy (OPDT) is a novel method that improves the treatment efficacy by increasing local oxygen concentration. Metformin (MET) works as anhas demonstrated utility as an anti-tumor agent by acting through the adenosine monophosphate-activated protein kinase (AMPK) pathway. We hypothesized that MET in , while combination of with heme, a byproduct of ALA, maycan increase the cytotoxicity of for cancer treatment. This study aimed to investigate the synergistic effect of MET and ALA under with PDT or OPDT by combining with ALA on TNBC tumorigenic cellss.
Study dDesign and/Materials and mMethods: The treatment efficacy of and phototoxicity for of PDT or OPDT was determined using an MTT assayby tetrazolium (MTT) assays. PDT/OPDT experiments were carried out in 9 groups based on different combinations and concentrations of ALA or(and)and/or MET. To calculate the synergistic effect for different groups, cells were incubated with ALA and(or)and/or MET was added with theat the following different concentrations (0, 0.25, 0.5,1, 2, 4, 8, 16, 24 and 32 mM) for each group. The fluorescence of 5-ALA-induced protoporphyrin IX (PpIX) and green mitochondrial fluorescent proteinMitoTracker Green were evaluated observed under a confocal microscope.	Comment by Calina Betlazar-Maseh [2]: Briefly mention CompuSyn calculations here? They are mentioned in the Results below. 
Results: The optimized therapeutic concentration ratio of ALA and MET was determined to be 1:1. The measured inhibition of cancer growth (IC50) of for each group was 14.03, 10.62, 7.71, 18.27, 22.09, 23.96, 4.57, 10.20 and 8.18 mM, respectively. The combination index (CI) values (fa=0.5) of the last three combination groups (groups 7, 8 and 9) were 0.44, 1.70 and 1.47, respectively. The groups 1, 3, 7, and 9 were stained with MitoTracker green fluorescent probe. The redPpIX fluorescence intensity of group 9 (ALA-MET-OPDT group) remained the highest among all the groups, indicating an enhanced therapeutic effect..
Conclusions: This study demonstrated that OPDT increased the therapeutic effects of PDT. This study introduces OPDT as a novel anti-tumor therapy for TBNC. Furthermore, The combination of ALA and MET increased the inhibition efficacy, CI (fa = 0.5)<1, while PDT and OPDT showed a similar trend.the combined use of ALA and MET had a synergistic anti-tumor effect in TBNC cells when combined with OPDT.
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IINTRODUCTION
For over decades, light has been used for treatingin the treatment of several diseases. With theThe isolation of porphyrins and the discovery of theirand their localization characteristics in phototoxic effects onin tumors, along with the discovery of their phototoxicity on tumor tissue, led to the development of the development of modern photodetection (PD) and photodynamic therapy (PDT)has been done[1]. This is a newPhotodynamic therapy is a therapeutic technique that combines the photosensitizing effecta photosensitizing agent with the correspondinga light source to generate reactive oxygen species (ROS) to, which selectively destroy the pathological tissues[2]. When the photosensitizers are illuminated, the oxygen pressure levels in thein tissues decreases more rapidly and significantly. Reduction of tissue oxygen limits the generation of ROSthe response, thus affecting reducing the the killing effect oftherapeutic efficacy of PDT[3]. Various light source facilitiess and nanoparticles causes tissuecan induce tissue reoxidation, but these procedures is cumbersomecan be inefficient[4]. At present, aA large number of studies have focused on the third generation photosensitizers, which included various nanoparticles, such as hemoglobin and, ferric oxide, etc[5-9], which can subsequently improve the effect efficacy of PDT by alleviating hypoxia of the tumor cell microenvironment. Oxyphotodynamic therapy (OPDT) is a high-end and novel medical treatment developed in recent years that , which is fully compatible with biology and healthcare, providesutilizes accurate medical treatment, and includes intelligent systems and high-end medical equipment. Five treatment technologies use light emitting diodes as the light source of PDT. Lasers areis regarded as an ideal lightchoice source due to its their single wavelength and high energy level. Through Using a synchronous light emitting diode lens array and, an external physical oxygen production source, OPDT can overcome the problem of tissue hypoxia which has traditionally faced PDT and synchronous output of irradiation light, the problem of tissue hypoxia and light sequence irradiation in traditional PDT can be resolved. This OPDT, like traditional PDT, technology contains all characteristics of PDT, and produces reactive oxygen speciesROS when photosensitizers are exposed to a light source,  especiallyparticularly  the singlet oxygen free radicals, when the photosensitizers are exposed to the corresponding light spectrum. The reactive oxygen speciesROS produced from OPDT might affect all theaffects cellular components, including proteins and DNA, leading to necrosis or apoptosis.	Comment by Calina Betlazar-Maseh: Is there a reference for this statement? 	Comment by Calina Betlazar-Maseh: Reference? 
But the sThe second -generation photosensitizer , 5-aminolevulinic acid (ALA), has no photosensitizingis a precursor of activity, as the endogenous protoporphyrin IX (PpIX), a photosensitizer.  that isPpIX is produced in the mitochondria has beenand is catalyzed by heme synthase due toin the the presence of ALA[10]. When the irradiation of the light source matches the absorption spectrum of the photosensitizer with sufficient intensity, then the ALA of the two ALA molecules that are catalyzed by 5-aminolevulinic acid dehydratase condenses intoto form bilirubin and produces tetrapyridine porphyrin III, which is a common precursor of all tetrapyrrolelide substances[8]. This in turn forms protoporphyrin in the mitochondria and binds to iron ions to form ferrous hemoglobin. 	Comment by Calina Betlazar-Maseh: Do you mean porphobilinogen?	Comment by Calina Betlazar-Maseh: Reference?
Heme was extracted from the blood by scientists in 1853 and was used for treating diseases[11]. The main anticancer target of heme is a transcription factor called bach1[12]. BThis bach1 targets mitochondrial metabolism and controls the transcription rate of DNA by binding to specific DNA sequences,by which thus inhibitsinhibiting the transcription of mitochondrial electron transporttransfer chain genes (the which is the key source of cellular  energy). Metformin (MET) is one of the most widely used oral hypoglycemic drugs globally. In addition to lowering blood sugar, MET also acts on the mitochondriathrough transporters[13]. On one hand, MET inhibits the expression of DNA damage repair factors andwhich  accelerates the apoptosis of cancer cells[14]. , and on the other hand, Iit can also activates adenosine monophosphate-activated protein kinase (AMPK) to promote the decomposition of lipids, inhibits the synthesis of related proteins, and, limitts the energy supply of cancer cells, which consequently inhibits cancer cell proliferation and growth, and then inhibits the growth and proliferation of cancer cells[15]. At the same time, activatedActivated AMPK also regulates the expression of downstream factors, which leads, leading to to stagnation of cancer cell cycle arrest, and promotes cancer cell apoptosis and autophagy, thereby acceleratingultimately accelerating cancer cell death. In addition, the activated AMPK also inhibits angiogenesis-related factors and angiogenesis in the tumor tissues, thereby blocking the nutritional supply of cancer cells. Recent studies revealed that heme sensitizesmakes triple negative breast cancer (TNBC) tumors sensitive to MET by degrading inhibiting bach1 expression. Therefore, the combination of heme and MET may becomes anbe an important means for treatingtherapeutic treatment approach for TNBC. As a precursor compound of heme, ALA synergizes with MET through a series of intermediate signaling pathways to synthesize heme. 	Comment by Calina Betlazar-Maseh: Reference needed	Comment by Calina Betlazar-Maseh: Reference needed	Comment by Calina Betlazar-Maseh: Reference needed
TNBC is more prone to recurrence and metastasis of all thecompared to other breast cancer subtypes and, and lack endocrine and targeted therapyhas fewer treatment options, and so hence chemotherapy is is considered as the main treatment approach[16]. PDT is one of thean important and effective methods for treating breast cancer recurrence and metastasis[17]. However, due to a low amount of protoporphyrin IX entering the mitochondria, TNBC MDA-MB-231 cells are not as sensitive to PDT. Hence, in this study, physical external oxygen production was added to alleviate hypoxia in cells and increase the effecefficacyt of PDT. This was , and is also combined with MET and ALA to achieve greater therapeutic efficacy in for TNBC.
MATERIALS AND METHODS
Reagents and machineinstruments
[bookmark: _Hlk25617772]ALA compound was purchased from Sigma-Aldrich (St. Louis, MO, USA). MET was purchased from Beyotime Biotechnology (Haimen, Jiangsu, China). The MTT kit was purchased from Solarbio Science & Technology (Haidian district, Beijing, China). The OPDT instrument was obtained from Race Medical & Beauty Equipment (Guangzhou, Guangdong, China). MitoTracker Green FM was obtained from GeneBank (Guangzhou, Guangdong, China).
Cell line and cell culture
The MDA-MB-231 cell line was obtained from the Transformational Medical Center of the Second Affiliated Hospital of Sun Yat-sen University. It wasCells were cultured in Dulbecco's Mmodified Eagle's Mmedium (DMEM) supplemented with 10% fetal bovine serum (Hyclone), 100U/ml penicillin (Squirrel Biotechnology, Guangzhou, Guangdong, China) and 100 µg/ml streptomycin (Sigma-Aldrich, St.LouisSt. Louis, MO, USA) at and kept at 37ºC in a humidified atmosphere of (5% CO2.). 	Comment by Calina Betlazar-Maseh: Company details?
OPDT Oxyphotodynamic Therapy 
For OPDT, the cells were seeded into in 96-wellwell plates (10,000 cells/well) and grown overnight in complete medium. After incubation with various concentrations of 5-ALA and/oror(and) MET (0, 0.5, 1, 2, 4, 8, 16, 24 and 32 mM) at 37ºC for 4 hours, the cells were irradiated with a 630 nm laser light. The light source used was a diode laser with a 633 nm wavelength emission of red light. After irradiation, the cells were incubated with fresh complete medium for another 72 hours until further analysis.
Cell vViability aAssay
	MTT [3(4,5-dimethyl-thiazoyl-2-yl)2,5 diphenyl-tetrazolium bromide] assay was used to measure the activity of mitochondrial dehydrogenases, which can reducereduces the water soluble tetrazolium salt to a purple insoluble formazan product. Briefly, at the desired time point, the cultureCulture medium was removed and replaced with serum free DMEM medium (100 ml/well) containing 0.4 mg/ml MTT. The cCells were further incubated with MTT for 4 hours and, then lysed with DMSO after removing the medium. The amount of formazan product was analyzed spectrophotometrically at an absorbance of 490 nm. 
Fluorescent Fluorescence staining
The MTGMitoTracker Green (MTG) staining solution was prepared and diluted to 1:200. After incubation with various concentrations of ALA or(and and/or) MET at 37ºC for 4 hours, PDT or OPDT was givencells were irradiated, and then incubated for another 4 hours. After that, the cultureCulture medium was then discarded, cells were washed twice with PBS, then stained (1:200) with MTG for 15 minutes. , and followed byAfter washing twice with PBS, cells were permeating permeabilised with triton-100 for 10 minutes, fixing fixed with glycerol and sealeding.

Statistical aAnalysis
All experiments were repeated at least thrice three times with 6 parallel wells. The resulting values are expressed as the relative number of cells per well when compared to the control groups. The results were averaged for experiments performed under similar conditions and were expressed as means±SD. The OPDT mediated by ALA and MET was quantitatively determined for synergism [combination index (CI<1), antagonism (CI>1) and additive effect (CI =1)] in vitro. The theoretical algorithm and the CompuSyn software simulation have been used to illustrate step-by-step for the combination of two anti-cancer agents.	Comment by Calina Betlazar-Maseh [2]: CompuSyn needs its own section in the Methods.

RESULTS
OPDT and /PDT effects on MDA-MB-231 cell viabilitys under at different energy intensity radiationradiation energies
To investigate the effects of OPDT and /PDT with using different light radiation energy intensities, the MDA-MB-231 cells were incubated for 24 hours, and then added withincubated with 1 mM ALA for 4 hours. The cCells were treated withexposed to different energy intensities of the OPDT and /PDT light sources. The cell survival rateCell survival was analyzed by using an MTT assay 72 hours after irradiation. The Rresults showed that with the increasing irradiation intensity (0 J/cm2, 2 J/cm2, 6 J/cm2, 12 J/cm2, 24 J/cm2, 36 J/cm2), the cell survival rates were gradually decreased (Figure 1). OPDT has aresulted in slightly higher lower cell inhibition rateviability than PDT. T-test analysis of cell survival rate under different energy intensities showed no significant differences between each group, with their respective p values of 0, 0.82, 0.77, 0.55, 0.47 and 0.22.
OPDT and /PDT effects on MDA-MB-231 cell viabilitys with in combination with different concentrations of ALA
MDA-MB-231 cells were incubated for 24 hours, addedwere incubated with different concentrations of ALA for 4 hours, and, then treated with OPDT or /PDT (12 J/cm2). The cellCell survival rate was analyzed by using an MTT assay after irradiation for 72 hours after irradiation. The Rresults showed that with the increasing concentrations of ALA, the cell cell survival rate was gradually decreased (Figure 2). OPDT resulted in slightly lower cell viability than PDTOPDT has a slightly higher cell inhibition rate than PDT, and though showed no statistical difference between each group, with respective p values of 0, 0.99, 0.81, 0.16 and 0.81.
Effects of ALA-mediated OPDT and /PDT on MDA-MB-231 Cells cell viability
The MDA-MB-231 cells were seeded into in 96-well plates at a density of 7500 cells/well in 150 μl DMEM medium. When the cellsthey reached to 70% confluence, cells were incubated with different concentrations (0 mM, 0.25 mM, 0.5 mM,1 mM, 2 mM, 4 mM, 8 mM, 16 mM, 24 mM, 32 mM) of ALA were supplemented to cells for 72 hours. The cCells were divided into 3 groups: Group 1 (: 5-ALA), Group 2 (: 5-ALA-PDT) and Group 3 (: 5-ALA-OPDT) as shown in Figures 3A-3C. The IC50 value of each group was 14.03±1.10 mM, 10.62±1.22 mM and 7.71± 1.26 mM, respectively (Figure 3D). 
Effects of MET-mediated OPDT and /PDT on MDA-MB-231 Cellscell viability
MDA-MB-231 cells were seeded into 96-well plates at a density of 7500 cells/well in 150 μl DMEM medium. When the cellsthey reached to 70% confluence, cells were incubated with different concentrations (0 mM, 0.25 mM, 0.5 mM,1 mM, 2 mM, 4 mM, 8 mM, 16 mM, 24 mM, 32 MM) of MET were supplemented to cells for 72 hours. The cCells were divided into 3 groups: Groups 1 (: MET), Group 2 (: MET-PDT) and Group 3 (: MET-OPDT) (Figures 4A-4C). The IC50 value of each group was 18.27±1.04 mM, 22.09±1.05 mM and 23.96±1.05 mM, respectively (Figure 4D).

Cell Survival survival Rate rate Analysis analysis of ALA and MET Combined combined with OPDT and /PDT
The MDA-MB-231 cells were seeded into 96-well plates at a density of 7500 cells/well in 150 ul DMEM medium. When the cellsthey reached to 70% confluence, cells were incubated with different concentrations (0 mM, 0.25 mM, 0.5 mM,1 mM, 2 mM, 4 mM, 8 mM, 16 mM, 24 mM, 32 mM) of both 5-ALA and MET were supplemented to cells for 72 hours. The cCells were then divided into 3 groups: Group 1 (: ALA-MET), Group 2 (: ALA-MET-PDT) and Group 3 (: ALA-MET-OPDT). The concentration ratio of ALA and MET was 1:1. When the concentration was up to Concentrations of 24 mM and 32 mM , the combined use resulted in complete cell death (Figure 5A-5C). 

Drug Concentration concentration Design design and Computerized computerized simulation by CcompuSyn
The prerequisite for synergism or antagonism determination is to understand the “potency” as well as the “shape” of the dose-effect curve for each drug. Therefore, it is necessary to calculate the does-effect parameters of each drug alone [m1, (Dm)1, m2 and (Dm)2] as well as in combination [m1,2, (Dm)1,2], and thereby to determine the CI value. The above parameters can be easily and automatically determined by the median-effect equation using CompuSyn software (Available for free download from To determine the synergism or antagonism of the drug combination of ALA and MET in OPDT/PDT, the median-effect equation using CompuSyn software was utilized. Dose-effect parameters of each drug alone [m1, (Dm)1, m2 and (Dm)2] as well as in combination [m1,2, (Dm)1,2] were calculated to determine the CI value[18-20]. The ratio of the combination of the two drugs depends on the ratio of IC50 values. In this study, the IC50 values of ALA and MET were 14.03±1.10 mM and 18.27±1.04 mM, respectively. Therefore, combination therapy was carried out according toin a 1:1 ratio. At the same timeConcomitantly, the combined effect of the two drugs was compared after OPDT and PDT. Under different conditions (control, PDT and OPDT), the effect of ALA combined with MET was quite significantly different. In the absence of light, ALA and MET played a synergistic role (Table 1 and Figure 6A-6B), with CI<1. But inIn the OPDT and PDT groups, ALA and MET played a synergistic or antagonistic role (Tables 1 and Figure 7A-7B, 8A-8B).	
OPDT and /PDT induced Mitochondrial mitochondrial phototoxicityPhotodamage
To determine the effect of ALA-PDT and ALA-OPDT with or without MET, MDA-MB-231 cells were stained with MTG (1:200) for 4 hours following PDT or OPDT. The fluorescence of PpIX and MTG was obtained by different excitation wavelengths under a confocal microscope. The Ffaint fluorescence of PpIX was oalso observed in the ALA (2 mM) treated group, whenand ALA-MET (2 mM) was added alonegroups, but thewith no fluorescence showed no significant increases (Figure  .9D-9F). However, When when OPDT or PDT (200 J/cm2 fluence) were combined with ALA and MET, the fluorescence intensity of PpIX was significantly enhanced, and OPDT was the most obvioushad the greatest effect (Figure .9JG-9L).
DISCUSSION
OPDT is one of thea novel methods for treating breast cancer[17]. Using the principle of targeted recognition of photosensitizers, it demonstrated a good effect in the treatment of locally recurrent breast cancer tumors. However, for TNBC, especially in MDA-MB-231 cells, the therapeutic effect is not good[21]. As one of the three elements of In PDT,  i.e., the photosensitizers can degrade the intracellular oxygen more rapidly under laser irradiation, keeping the cells in a hypoxic state[22]. In this study, pure oxygen was transported to athrough a specially designed gas, light and electricity irradiator through using novel physical oxygen production technology. The three factors do not interfere with each other, and. oOxygen and the irradiation light source synergistically acted act in the treatment target area. The problem of photodynamic tumor hypoxia was solved bycan be overcome using OPDT equipment and drugsoptimized photosensitizing drug concentrations, finally thereby improving the negative breast cancer treatment effect. 	Comment by Calina Betlazar-Maseh [2]: Not sure if this reference is correct here? Not to do with OPDT? 
As shown in Figure 10, the exogenous ALA generates PpPIX through a series of intermediate linksreactions. Excitation of PpPIX is a spontaneous fluorescent substance that generates a large number of singlet oxygen and free radicals under the action of light. In the absence of light, PpIXPPIX and ferrous ions produce form hemeheme, catalyzed by  by iron chelating enzymes., and then the hemeHeme is decomposed into NO, iron and biliverdinverdin under the action ofthrough HO-1 catalysis. Heme interacts with MET to exert a synergistic effect and regulate the apoptosis and proliferation of cancer cells[12]. As an upstream product of heme, ALA combines combined with MET to induce the synergistic effects in demonstrated in the presentthis study (figure 3D), and the IC50 values of ALA and MET were 14.03 ±1.10mM and 18.27±1.04mM, respectively. . According to the compusyn CompuSyn software[23, 24], the ratio of combination of ALA and MET was calculated to be the ratio of IC50 values of the two drugs, and the concentration remained as diluted as possible. The inhibitory rate of the ALA group was gradually increased with increasing doses. When the concentration reaches reached to 2 mM, the inhibitory rate of ALA group was significantly higher than that of the control group, indicating that ALA alone had an  slight anti-tumor effect. ALA-mediated PDT and OPDT not only produce simple anti-tumor effects, but also the exogenous ALA enters into the mitochondria to synthesize PPIX, and ultimately producing singlet oxygen and oxygen free radicals to destroy cancer cells. The IC50 values of the two drug groups also confirmed that with the development of PDT orfor OPDT, the oxygen supply could improveimproves the hypoxic state of the cells, increasing the production of oxygen free radicals or monomorphic singlet oxygen, and decreasing the inhibitory rate of cellsthereby decreasing cancer cell viability. Under confocal laser microscopy, the fluorescence intensity of PpIX under OPDT was significantly stronger than that of traditional simple PDT.
MET is a classical hypoglycemic drug. In addition to its hypoglycemic effectmechanism of action, it achieves also has anti-tumor effects by via the AMPK signaling pathway[15]. However, the anticancer activity ofpotential of MET with in its conventional anti-diabetictherapeutic dosage (in the range of mM) is very littlsmalle. Previous studies have confirmed that the concentration of MET with anticancer activity in thethat has the greatest anti-cancer potential in preclinical models is within the range of mM[25], which is higher than that of the serum MET with conventional anti-diabetic dosage. An entire order of magnitude undoubtedly produces a very great toxicity to the body. Therefore, whether it is the anti-tumor effect of METfor or PDT-resistant tumors, combination therapy with MET should be used has become the only choiceto have maximal therapeutic efficacy.
MET does not belong to the category of photosensitizers. The results of this experiment study showed no significant difference in the cell survival rates between laser irradiation and non-laser irradiation. Even in the PDT and OPDT groups, laser irradiation stimulates the release of  somecertain cytokines, causing certain repairreparative effects on the damaged cells. Oxygen supply promotes the energy metabolism of mitochondria[13]. When the exogenous ALA enters the cells, the synthesis of heme increasesheme synthesis increases, and the synergistic effect of ALA and MET significantlywas obviously increased. PDT makes and PPIX PpIX and oxygen to synthesize ainduce the generation of a large amount of singlet oxygen and reactive oxygen species, and the cells are in a serious hypoxic statecausing the cells to be in a hypoxic state. During ALA-OPDT treatment, a continuous external physical oxygen production effectively alleviates the hypoxic state in cells. However, whether combined withfor both ALA-PDT or ALA-OPDT, the exogenous ALA enters the mitochondria. Under laser irradiation, more PPIX PpIX decomposes into reactive oxygen species, induces apoptosis and necrosis, reduces heme synthesis, and reducesloses the synergistic effect of ALA and MET. MET also protects the cells from hydrogen peroxide damage through the AMPK/C/EBP B/MIR-1A-3P/GRP94 signaling pathway, and also inhibits the production of reactive oxygen species, reducing the killing effect of PDT/OPDT on cancer cells[26, 27]. Therefore, the fluorescence expression of ALA-MET-PDT or ALA-MET-OPDT group was significantly stronger than that of the combination group. As shown in Figures. 5A-B, the combination of ALA-MET-PDT or ALA-MET-OPDT showed a synergistic effect. The compusyn CompuSyn software was used to calculate the CI, which was >1. The A low dose of reactive oxygen species can activate the Wnt signaling transduction pathway and promote cell proliferation and differentiation. This was evident in MDA-MB-231 cells, which are were insensitive not sensitive to ALA-PDT. Therefore, tThe effective concentration of reactive oxygen species should reach 2 mM to achieve the purpose of tumor inhibition. 	Comment by Calina Betlazar-Maseh: It is hard to follow the meaning of this paragraph. Which results are we trying to highlight here? It seems like the statements are contradictory 
In summary, this study introduces Generally speaking, both PDT and OPDT are composed of photosensitizers, oxygen and light source. OPDT provides physical oxygen production while consuming oxygen to ensure a stable oxygen-rich state of cells. The photosensitizer ALA was mainly metabolized in the mitochondria, and the monomorphic oxygen and the oxygen free radicals that are produced mainly inhibited the growth of cancer cells by interfering with the energy metabolism of the mitochondria. OPDT is as a newa novel anti-tumor therapy for TBNC method. The concept of OPDT was introduced for the. first time in this study, and Iit not only has the a similar mode of action toch aracteristics of PDT, but also additionally, it solves the problem of hypoxia during the treatment coursetumor hypoxia by generating external oxygen. The mechanisms of of the therapeutic effect of OPDT killing tumor cellsis are summarized as follows: 1. the Rreactive oxygen speciesOS components are produced, especially the singlet oxygen, which can directly kill the tumor cells (induce apoptosis or necrosis); 2. OPDT directly activates the body's anti-tumor immune response; and 3. OPDT ddamages  the vascular system associated withsurrounding the tumors, leading to ischemic death of tumortumour shrinkages. However, at the cellular and molecular levels, the mechanism of OPDT for treating tumors still remains unclear. This study also demonstrated that tThe combined use of ALA and MET in the treatment of TNBC MDA-MB-231 cells has confirmed ahad a  clear synergistic anti-tumor effect at the cellular level.in TBNC cells when combined with OPDT. Further studies that elucidate the underlying cellular and molecular mechanisms of OPDT in treating tumors are warranted.  
However, the combination of ALA-PDT and ALA-OPDT with MET showed an antagonistic effect, which was mainly related to the activation of AMPK signaling pathway by MET, but the specific mechanism warrants further research.
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Figure 1. Cell viabilitySurvival Rate afterunder iIrradiation of dDifferent Energy energy iIntensities 
MDA-MB-231 cells were incubated with 1 mM 5-aminolevulinic acid (ALA) under and irradiatedion of under different energy intensities (0 J/cm2, 2 J/cm2, 6 J/cm2, 12 J/cm2, 24 J/cm2, 36 J/cm2) of diode laser with a 633 nm wavelength emission. T-test analysis was performed between the two groups at the same energy intensity (. ns means no statistical difference, (p>0.05, n=4).











Figure 2. Effects of photodynamic therapy (PDT) and oxyphotodynamic therapy (OPDT)OPDT/PDT on cCell sSurvival Rate underafter incubation with dDifferent cConcentrations of 5-aminolevulinic acid (ALA). MDA-MB-231 cells were incubated with different concentrations of ALA (0 mM, 0.3 mM, 1 mM, 3 mM, 10 mM), and then were treated with OPDT/PDT (12 J/cm2). T-test analysis was performed between the two groups at the same concentration (. ns means no statistical difference, (p>0.05, n=4).
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Figure 3. Cell viability of MDA-MB-231 cells following photodynamic therapy (PDT) or oxyphotodynamic therapy (OPDT) and incubation with Effects of different 5-aminolevulinic acid (ALA) concentrations on OPDT and PDT. (3A) Inhibitory effects of ALA on MDA-MB-231 cells at different concentrations; (3B) Inhibitory effects of ALA-PDT on MDA-MB-231 cells at different concentrations; (3C) Inhibitory effects of ALA-OPDT on MDA-MB-231 cells at different concentrations; (3D) cell Cell survival rates in the foregoing aforementioned 3 groups at different concentrations of ALA. Each group was compared with the control group (0 mM), (*<0.05, **<0.01, ***<0.001).
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Figure 4. Cell viability of MDA-MB-231 cells following photodynamic therapy (PDT) or oxyphotodynamic therapy (OPDT) and incubation withEffects of different concentrations of metformin (MET) on OPDT and PDT.  (4A) Inhibitory effects of MET on MDA-MB-231 cells at different concentrations; (4B) Inhibitory effects of MET- PDT on MDA-MB-231 cells at different concentrations; (4C) Inhibitory effects of MET-OPDT on MDA-MB-231 cells at different concentrations; (4D) Ccell survival rates in the aforementionedforegoing 3 groups at different concentrations of MET. Each group was compared with the control group (0 mM), (*<0.05, **<0.01, ***<0.001).
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Figure 5. Cytotoxicity Cell viability of MDA-MB-231 cells following photodynamic therapy (PDT) or oxyphotodynamic therapy (OPDT) and various treatmentsincubation with different concentrations of combined ALA and MET for 72 hours, as measured bymeasured with the MTT assay. (5A) ALA-MET (5B) ALA-MET-PDT (5C) ALA-MET-OPDT. Each group was compared with the control group (0 mM), (*<0.05, **<0.01, ***<0.001).	Comment by Calina Betlazar-Maseh [2]: I think this caption could use more detail. What are the main results we are trying to highlight here? 
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Figure 6. The gGraphical representations obtained from the CompuSyn Report for the ALA and MET combinations (see Supplementary Materials). (A)A. Dose-effect curves; (B). Median-effect plot.
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Figure 7. The gGraphical representations obtained from the CompuSyn Report for the ALA-PDT and MET-PDT combinations (see Supplementary Materials). (A)A. Dose-effect curves; (B)B. Median-effect plot.
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Figure 8. The gGraphical representations obtained from the CompuSyn Report for the ALA-OPDT and MET-OPDT combinations (see Supplementary Materials). (A). Dose-effect curves; (B). Median-effect plot.
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Figure 9. Confocal microscopyic analysis of cellular (A) Protoporphyrin IX (PpIX) and (B) MitoTracker Green (MTG) fluorescence in MDA-MB-231 cells after oxyphotodynamic therapy (OPDT). Cells were incubated with 2 mM ALA-OPDT then irradiated atof 12 J/cm2 and then with MTG for 25 minutes.. (C): Co-localization offor mitochondria. Fluorescence photographs images were taken captured through the control of a monochromator under the conditions of 610 ± 20 nm for protoporphyrin IX and 530 ± 30 nm for MTG.



[image: ][image: ]Figure 10.		Comment by Calina Betlazar-Maseh [2]: Needs a caption.
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