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Abstract
Background. Breast cancer is the most common malignant tumour in women in the whole world. Despite signif-
icant developments in the early diagnosis of breast cancer, there is no effective method which would assure total 
recovery of the patient. Currently available clinical data and laboratory tests indicate a  possibility to introduce 
photodynamic therapy (PDT) to the supplementary treatment of breast cancer.
Objectives. The aim of this study was to assess the influence of PDT with Photolon as a photosensibilizator on 
the expression of apoptosis associated genes (BCL-2, BAX, TP53) in human breast cancer cell lines, preceded by 
assessment of survivorship and proliferative activity in the tested cells after PDT.
Material and Methods. In the present study human breast cancer cell lines MCF-7 and T-47D were used. Photolon 
(chlorin e6 complex: PVP 1:1) was used as a photosensitizer. Assessments of survivorship and proliferative activ-
ity of cells under the influence of PDT (WST-1 test) were conducted along with the expression of selected genes 
involved in the process of apoptosis: BCL-2, BAX, TP53 (RT-QPCR).
Results. PDT limited both survivorship and proliferative activity of breast cancer cells in the two tested lines. In 
case of T-47D cell line was found increase of BAX and BCL-2 genes expression after PDT and sustained activity of 
TP53 gene. Conversely, in MCF-7 cell line a decrease in expression was found for both BAX and TP53 genes, but 
also an increase of BCL-2 gene expression.
Conclusions. A progressing decrease (24, 48 and 72 h after PDT) in the count of culture cells, which suggests the 
occurrence of apoptosis initiated by a photodynamic reaction with simultaneous increase of BCL-2/BAX index, 
indicates activation of a different endogenous apoptosis pathway than the one examined, namely pointing to sui-
cidal death of cells after PDT (Adv Clin Exp Med 2015, 24, 1, 37–46).
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ORIGINAL PAPERS

It is estimated that over a  million women in 
the world have breast cancer diagnosed annual-
ly [1, 2]. Wide-spread availability of educational 
programmes and screening tests which allow ear-
ly detection of breast cancer in cases without clin-
ical symptoms of the disease is aimed at decreas-
ing the high ratio of morbidity related to that type 
of tumour [1, 3]. Currently used methods of treat-
ing of breast cancer are dependent on the degree 

of advancement of the disease. The main method 
of treatment for early tumour lesions within the 
mammary gland is surgical procedure, which has 
undergone significant changes in the last years. In-
stead of a radical amputation of the breast, modi-
fied breast-conserving surgery is conducted while 
the possible removal of the axillary lymph nodes is 
preceded by a  biopsy of the sentinel lymph node 
[1–3]. Additional supplementary treatment in the 
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form of radiotherapy is applied after the proce-
dure in order to reduce the risk of topical recur-
rence of the tumour as much as possible. Irradia-
tion combined with breast-conserving surgery can 
be applied to the whole mammary gland or limited 
to the area where the tumour was removed [2, 4]. 
However, radiotherapy used in treatment of inva-
sive forms of breast cancer usually takes the form 
of palliative care. Additionally, the occurrence of 
metastatic foci in organs distant from the prima-
ry tumour requires, in many cases, a systemic ap-
proach to treatment, which includes both chemo-
therapy and hormonal therapy [1]. None of the 
available methods is fully efficient and some pa-
tients who underwent radical treatment still suffer 
from recurrences [2, 4].

In order to decrease the morbidity rate relat-
ed to breast cancer and improve the quality of pa-
tients’ life, it is necessary to apply a  multidisci-
plinary approach involving prevention, diagnosis, 
anticancer therapy, continuous improvement of 
the treatment standards, as well as to conduct re-
search for new therapeutic methods [3].

Photodynamic therapy (PDT) is an alterna-
tive method of treating tumours and non-cancer-
ous hyperplastic lesions [5]. The advantage of PDT 
over traditional treatment methods used in oncol-
ogy is connected to the relatively small damage of 
tissue which surrounds the pathological lesion, low 
invasiveness and minimal complications after the 
therapy [6]. PDT is conducted in two stages, dur-
ing which a selective elimination of cells occurs in 
the tissue owing to the co-operation of three basic 
factors: a photosensibilizator, light and oxygen [7].

The first stage of PDT comprises of a  topical 
or systemic application of a photosensitizing com-
pound, which then accumulates in the tissue un-
dergoing treatment [5, 8]. After that, light with 
a  wavelength matching the absorption spectrum 
of the photosensibilizator irradiates the tissue and 
generates high levels of reactive oxygen species 
and free radicals [5, 8]. Due to the short half-life 
and limited ability to diffuse the resulting prod-
ucts, the affected area is practically limited to the 
place where the photodynamic reaction was initi-
ated [8].

There are three known biological mechanisms 
which allow PDT to be a mediator in the destruc-
tion of tumorous tissue: cellular, vascular and im-
munological. They are also related to the area where 
the photosensitizer accumulates the most [7, 8].  
In vitro research with use of various cell lines, 
breast cancer among them, confirm the direct cy-
totoxic influence of PDT [9–12]. Both necrosis and 
apoptosis were observed in cultures affected by 
a photosensitizer and then irradiated [12]. It was 
proved that the key factors which influence the 

final effect of PDT (death of cells) are: type and 
concentration of the applied photosensibilizator 
[5], keeping an adequate time span between appli-
cation of the photosensibilizator and irradiation of 
the tumour cells [13, 14], as well as the dose of excit-
ing radiation applied to the cultures [12]. Howev-
er, what seem to play a particularly significant role 
for the effect of PDT are the properties of the cells 
in which the photodynamic reaction takes place. 
One of the features which distinguish normal and 
tumorous cells is change in the profile of expres-
sion of genes involved in the process of apoptosis 
that encode the pro- and antiapoptotic factors. In 
many cases, resistance of tumorous cells to apop-
tosis is the main reason why the applied treatment 
is not efficient. A large part of breast tumours, that 
is approximately 35% of all cases, is related to mu-
tations in TP53  suppressor gene, whose protein 
product is responsible for the reconstruction of 
the DNA and is involved in the regulation of the 
cell cycle [15]. P53  protein (encoded by TP53) is 
also a transcription factor which influences the ex-
pression of many genes and, as such, is responsible 
for keeping the right balance between expression 
of an antiapoptotic BCL-2 gene and a proapoptotic 
BAX gene. Results of research on the application of 
various breast cancer cell lines (e.g. SKBR-3 [16], 
MCF-7 [17], MDA-MB-468 [17] and MCF-10A 
[7]) published in the available literature show a di-
rect influence of PDT on the pro- and antiapoptot-
ic factors belonging to the BCL-2 family which reg-
ulate the internal pathway of apoptosis (dependent 
from the mitochondria).

If PDT is to become one of the main methods 
of treatment of breast cancer, it requires optimiza-
tion of the above described parameters. Many re-
search centres are currently focusing on assessing 
the effectiveness of various photosensitizers used 
during photodynamic reactions on in vitro breast 
cancer cells, including those from metastatic foci 
[9–14].

Photolon® – a photosensibilizator used in the 
research, a  chlorin e6 (Ce6) and polyvinylpyr-
rolidone (PVP) compound with ratio of 1 : 1, is 
a  second generation hydrophile photosensitizing 
compound synthesized by Belmedpreparaty phar-
maceutical company (Minsk, Belarus). As it was 
created by joining Ce6 and PVP, Photolon features 
better stability and solubility in water and, there-
fore, also better bioavailability than Ce6 alone [18]. 
Comparisons of the Ce6-PVP complex with pure 
Ce6 also demonstrated a higher ability of the com-
pound to accumulate in neoplastic tissue and fast-
er removal time from the body [18].

The aim of the study was to assess the influ-
ence of PDT with Photolon on the expression 
of genes involved in the process of apoptosis: 
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antiapoptotic BCL-2  gene and proapoptotic BAX 
and TP53  genes, with prior assessment of the in-
fluence PDT on survivorship and proliferative ac-
tivity in the tested breast cancer cells of MCF-7   
and T-47D lines.

Material and Methods

Cell Cultures

Two cell lines of human breast cancer, MCF-7  
and T-47D, were used in the in vitro tests. Those 
cell lines were purchased from the American Type 
Culture Collection (ATCC). The culture of MCF-7  
line was grown in the Eagle’s Minimum Essential 
Medium (EMEM) medium, while the base growth 
medium for T-47D line of cells was RPMI-1640. 
Both media were enriched with an addition of fe-
tal bovine serum (FBS) and antibiotics: penicillin 
and streptomycin. Bovine insulin with concentra-
tion of 0.01  mg/mL was added to both cultures. 
The cells were grown in the temperature of 37°C, 
the atmosphere with 5% of CO 2 concentration and 
controlled water vapour saturation.

PDT
Photolon® – a chlorin e6 (Ce6) and polyvinyl-

pyrrolidone (PVP) compound with a ratio of 1 : 1  
and a concentration of 0.01 mg/mL in the growth 
medium was used to photosensitize the cells. The 
photosensibilizator was added directly to the me-
dia in which MCF-7  and T-47D cell lines were 
grown. The cells were incubated with Photolon 
for 1 h in darkness and then irradiated with a  la-
ser (PDT-662, Kriomed) with a  wavelength of  
λ = 662 nm and output power of 1–500 mW.

Survivorship and Proliferative 
Activity

MCF-7 and T-47D breast cancer cell lines were 
used for the assessment of survivorship and pro-
liferative activity. The cell cultures were grown in 
plates with 96 wells. The result of the photodynam-
ic reaction was assessed in cultures incubated with 
Photolon and irradiated with doses of 2.5  J/cm2,  
5 J/cm 2, 10 J/cm 2. Additional trials were conduct-
ed in order to analyse the influence of the photo-
sensibilizator and laser light alone.

The assessment of survivorship and the prolif-
erative activity of MCF-7 and T-47D breast cancer 
cells was conducted with the use of WST-1 test by 
Roche Diagnostics GmbH. In order to assess the 
survivorship of the cells, a growth medium without 

FBS was used, whereas a  medium with 10% FBS 
concentration was applied to assess proliferative 
activity. The test was run after 24, 48 and 72 h af-
ter irradiation of the test cells. Absorbance mea-
surements were conducted with a  Biognenet mi-
croplate reader.

Assessment of Expression  
of Genes Selected Among Those 
Participating in Apoptosis

MCF-7 and T-47D line breast cancer cell cul-
tures grown on Petri dishes with 5.5 cm diameter 
were used to assess the influence of PDT on the 
expression of genes selected among those partici-
pating in apoptosis: proapoptotic BAX, TP53 and 
antiapoptotic BCL-2. The cell cultures were incu-
bated for 1 h with a photosensitizer and irradiated 
with a dose of 10 J/cm 2. Additional trials were con-
ducted in order to analyse the influence of the pho-
tosensibilizator and laser light alone on the expres-
sion of those genes.

RNA was extracted from the cells with the use 
of TRIZOL® (Invitrogen) reagent, according to the 
method designed by Chomoczynski and Sacchi. 
The quantitative assessment of extracts was con-
ducted on the basis of absorbance measurements 
at the wavelength of λ = 260 nm (while assuming 
that 1.0 OD 260 corresponds to 40 μg RNA in 1 mL 
of the extract). Spectrophotometric measurements 
were made using a HP 8452A spectrophotometer 
(Hewlett Packard).

In order to establish the number of mRNA cop-
ies of BAX, TP53 and BCL-2 genes in the extracts 
from the total RNA, RT-QPCR in real time meth-
od was used. DNA Engine OPTICONTM fluores-
cence detector (MJ Research) with a  QuantTect® 
SYBR® Green RT-PCR kit (Qiagen) and specific 
complementary starters to amplify the sequence 
were used to run the reaction. Starter sequences 
were designed with use of Primer ExpressTM Ver-
sion 1.0 computer software (ABI Prism), based on 
the data from MEDLINE (http://www.ncbi.nlm.
nih.gov/).

Statistical Analysis
Data distribution for each of trials met the re-

quirements of normal distribution (assessed with 
Wilk-Shapiro test), which gave the basis for a sta-
tistical analysis conducted with use of paramet-
ric tests. The control group and one of the test-
ed groups were compared using t-test, provided 
that the variances of those trials were homoge-
neous or using t-test with separate estimation of 
variance (i.e. Cohran-Cox test) if they were not. 
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Subsequently, the control group was compared 
with three tested groups using Dunnett’s test, after 
prior confirmation (with F-test in variance anal-
ysis) of statistically significant differences in an-
alysed means. Assumptions of variance homoge-
neity were checked with use of Levene’s test. All 
tests were performed with the significance level of  
α = 0.05, using STATISTICA 8.0 software.

Results
Photodynamic therapy causes a decrease in the 

cell count in both cultures of cell lines (Fig. 1, 2).  
Those changes are observed in case of all ap-
plied irradiation doses (2.5  J/cm2, 5  J/cm2,  
10 J/cm2). Statistically significant differences are ob-
servable as soon as 24 h after irradiation (p < 0.001  
in all tested cultures after 24  h). In case of those 
cultures in which the growth factors were elimi-
nated prior to irradiation (media without a serum 
additive), which resulted in limited proliferation 
of the cells, subsequent tests conducted after 24, 
48 and 72 h since PDT yielded cytotoxic effects of 

PDT – a decrease of live cell counts in those cul-
tures. In case of MCF-7, the cell count in the cul-
ture amounted to approx. 40% as soon as 24 h since 
PDT (when compared to the control group) and 
such amount was sustained in the following days 
of the tests (Fig. 1a). In case of T-47D line of cells, 
the cell count decreased to approx. 75% of the ini-
tial number after the first 24 h and it took another 
48 h (72 h in total since the end of irradiation) to 
reach the value of approx. 40% (when compared to 
the control group) (Fig. 2a). It proves that the cell 
destruction process progressed with time. On the 
other hand, an analysis of the cell count in FBS cul-
tures (presence of a growth factor in the medium 
allowed the cells to multiply) showed a significant 
decrease in the proliferative potential of MCF-7 af-
ter PDT in comparison to the control culture (Fig. 
1b). A slight increase in the cell count of T-47D af-
ter 48 and 72 h since the irradiation (when com-
pared to 24 h after it) in all cases of PDT (2.5 J/cm 2,  
5  J/cm  2, 10  J/cm  2) suggests the sustained ability 
of those cells to divide (Fig. 2b), with a simultane-
ous, abovementioned decrease in the survivorship 
of a part of those cells (Fig. 2a).

An analysis of the expression of genes involved 

Fig. 1. Survival (a) and prolifer-
ative activity (b) of MCF-7 cells 
after incubation with photo-
sensitizer, irradiation with laser 
light at different doses and  
PDT – presented as % of control;  
* test probability for the results 
of variance analysis ANOVA 
and Dunnett’s test for control 
cell cultures and cell cultures 
after PDT, p ≤ 0.05.
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in the process of apoptosis (proapoptotic BAX, 
TP53 and antiapoptotic BCL-2) showed in case of 
MCF-7 line that, in the assumed test environment 
(concentration of the photosensitizer, incubation 
time, doze and power of radiation, as well as anal-
ysis sampling time): a  statistically significant in-
crease of BCL-2 (p = 0.035) expression and a de-
crease of mRNA copies count for BAX (p < 0.001) 
and TP53 (p < 0.001) after 3 h since PDT in com-
parison to the control group (Fig. 3) and, in case 
of T-47D, a  significant increase in the activity of 
genes: BCL-2 (p = 0.026) and BAX (p = 0.025) with 
sustained activity of TP53 gene (Fig. 4). The anal-
ysis was conducted on the basis of the number of 
mRNA copies of a given gene when compared to 
the total mRNA count. A comparison of changes 
in expression of BCL-2 and BAX in each culture al-
lowed us to establish that, in the case of both MCF-7  
and T-47D cell lines, photodynamic therapy per-
formed in the assumed test conditions and after 
3 h since the therapy causes an increase of BCL-2/
BAX ratio, where the ratio for MCF-7 reaches the 
value of approx. 5 and the ratio for T-47D reach-
es the value of approx. 3, respectively (Fig. 5). It 

suggests higher mobilization of MCF-7  cells to 
protect against activation of the endogenous apop-
tosis pathway.

Discussion
Photodynamic therapy (PDT) is one of alter-

native methods of treatment for such tumours like 
bladder, esophageal, airway and female reproduc-
tive system cancers [19]. Recent years have given 
us research efforts whose results may in the future 
allow us to include PDT into the group of main 
or supplementary methods of treatment for breast 
cancer. Those efforts include the potential applica-
tion of PDT in the treatment of primary neoplastic 
lesions located within the boundaries of the mam-
mary gland, as well as in the metastatic foci in dis-
tant organs. Results of tests conducted on rats with 
implanted cells of human breast cancer MT-1 al-
lowed Burch et al. to prove that PDT can be ap-
plied as a  therapeutic procedure in the treatment 
of breast cancer metastasis to the skeletal system 

Fig. 2. Survival (a) and prolif-
erative activity (b) of T-47D 
cells after incubation with 
photosensitizer, irradiation 
with laser light at different 
doses and PDT – presented as 
% of control
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a) Fig. 3. Average number of 
mRNA copies of genes BCL-2 
(a), BAX (b) and TP53 (c) 
converted into 1 µg of total 
RNA in MCF-7 cell cultures;  
* test probability for the 
results of t test and Cochran-
Cox test concerning expres-
sion of genes BCL-2, BAX 
and TP53, determined for 
MCF-7 cells after incubation 
with photosensitizer, irradia-
tion with laser light and PDT, 
in comparison to control,  
p ≤ 0.05

[20]. The available literature also contains positive 
results of clinical tests related to the application 
of PDT with Photofrin or Purlytin in metastatic 
breast cancer recurring in the chest wall [2, 21].

Due to the shallow penetration of the light in-
to the tissue, the application of PDT is currently 

limited only to the treatment of lesions at the sur-
face of the skin, internal organ cavities, gastrointes-
tinal tract, urinary system. However, there are con-
tinuous efforts to modify the method in order to 
use it also to fight deeper lesions, for example quite 
simple intratissue needles with fibre optics [22].



Photodynamic Therapy with Photolon 43

0

20000

40000

60000

80000

100000

120000

control Photolon laser 10 J/cm2 PDT 10 J/cm2

nu
m

be
r o

f m
R

N
A

 c
op

ie
s/

1 
µg

 R
N

A

0

500

1000

1500

2000

2500

3000

3500

4000

4500

control Photolon laser 10 J/cm2 PDT 10 J/cm2

nu
m

be
r o

f m
R

N
A

 c
op

ie
s/

1 
µg

 R
N

A

0

500

1000

1500

2000

2500

3000

control Photolon laser 10 J/cm2 PDT 10 J/cm2

nu
m

be
r o

f m
R

N
A

 c
op

ie
s/

1 
µg

 R
N

A

*

*

*

b)

c)

a)

The paper contains efforts to assess the molec-
ular effects of PDT with Photolon in neoplastic cells 
of the mammary gland in in vitro conditions. The 
tests proved that the application of PDT with Pho-
tolon leads to the limitation of both the survivorship 
and proliferative activity of human breast cancer of 

MCF-7 and T-47D cell lines. The obtained results 
confirm what the available literature describes as di-
rect cytotoxic influence of PDT on cells of various 
breast tumour lines in in vitro conditions [9, 10, 11, 
14]. However, this does not explain the mechanism 
of the final effect of PDT, i.e. the death of cells. It 

Fig. 4. Average number 
of mRNA copies of 
genes BCL-2 (a), BAX 
(b) and TP53 (c) con-
verted into 1 µg of total 
RNA in T-47D cell cul-
tures; * test probability 
for the results of t-test 
and Cochran-Cox test 
concerning expression 
of genes BCL-2, BAX 
and TP53, determined 
for T-47D cells after 
incubation with pho-
tosensitizer, irradiation 
with laser light and 
PDT, in comparison to 
control, p ≤ 0.05
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seems that MCF-7  line cells are more susceptible 
and die faster after application of PDT. In the case 
of T-47D line of cells, the destruction is more dis-
persed in time, which suggests that the cells enter 
the apoptosis pathway. Moreover, those cells par-
tially regain their ability to divide with the passage 
of time, yet they never reach that level of activity 
which can be observed in the control cultures.

The mechanism of the terminal effect of PDT, 
that is the death of examined cells is still subject 
to many research efforts. It depends to a  signifi-
cant degree on the conditions in which the photo-
dynamic reaction takes place. Apart from the con-
centration and type of used photosensibilizator, 
it is also important to retain a certain time inter-
val between its application and irradiation of the 
tested cells that determines the intracellular loca-
tion of a photosensibilizator to a certain extend [8, 
13, 14]. In most cases, the accumulation of a pho-
tosensibilizator in mitochondria or endoplasmic 

reticulum leads to the activation of the apoptotic 
pathway in the cell. Huge aggregation of a photo-
sensitizing stain within the cell membrane or li-
posomes creates favourable conditions for necrot-
ic death of it [8]. Marchal et al. made an attempt 
to explain how intracellular concentration of Fos-
can® photosensibilizator influences the antiapop-
totic activity of BCL-2 factor in breast cancer cells 
of MCF-7 line. After a 3-h long incubation of cells 
with the abovementioned photosensibilizator, it 
showed the affinity mainly to the Golgi appara-
tus and the endoplasmic reticulum. However, af-
ter 24  h, Foscan® relocated and the endoplasmic 
reticulum and mitochondria to a lesser degree be-
came its main accumulation focus. That resulted in 
an assumption that endoplasmic reticulum is the 
main organelle which becomes damaged in MCF-7  
cells after PDT with Foscan® is applied [13].

The analysis of participation of the most 
known and commonly described genes during 
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apoptosis, i.e. BAX, TP53 and BCL-2, proved that 
in case of MCF-7 cell line, photodynamic therapy 
with Photolon, in established conditions, causes an 
increase in expression of BCL-2 gene and a decrease 
in expression of BAX and TP53 genes in compari-
son to the control culture, whereas the breast cancer 
cells of T-47D line feature an increase of expression 
of both BAX and BCL-2 genes with an unchanged 
level of mRNA copies of TP53 after PDT treatment.

The P53 protein is considered to be one of the 
most important regulators of the cell cycle and is at-
tributed a great role in the intracellular regulation of 
cellular response to harmful level of radiation [23]. 
Clear proapoptotic activity of P53 protein is known, 
mainly its influence on the expression of various oth-
er proapoptotic proteins, such as BAX or FAS, which 
may attribute to the eventual death of the cell. How-
ever, indisputable and significant contribution of 
P53 to the induction of apoptosis does not exclude 
the possibility that apoptosis exists independent-
ly from that protein [24]. The available literature on 
photodynamic therapy quite frequently describes the 
outcome of such conduct which leads to apoptosis in 
the cells with blocked P53 protein [25, 26].

Photolon – photosensitizer used in the re-
search described here accumulates in the target tis-
sue quite quickly and reaches the maximum con-
centration after approx. 3  h since an intravenous 

injection or after approx. 0.5  to 4  h after topical 
application. It is secreted from the body after 24 to 
72 h after application [27]. Research on the mecha-
nisms of the photodynamic therapy with the use of 
Photolon described in the available literature and 
conducted on an animal model (with a  sarcoma) 
indicate lysosomal damage and necrosis. Those 
observations were partially confirmed by the 
works of Coplej et al. who described an increase 
in the concentration of LDH after PDT-Photo-
lon and no change in the activity of caspase-3 and 
-7 [29]. However, the results acquired during the 
current research tests, that concern changes in 
the cell count in 24-, 48- and 72-h periods after 
PDT, as well as statistically significant changes in 
the expression of genes after PDT (especially those 
where an increase in the number of mRNA copies 
of tested genes is observed), indicate that life func-
tions of cells are preserved immediately after PDT 
and their destruction is dispersed in time. That, in 
turn, may indicate that apoptosis is taking place. 
On the other hand, an increase in the value of the 
BCL-2/BAX expression ratio in cultures with a si-
multaneous decrease of the cell counts in the sub-
sequent days of the experiment prove that a differ-
ent than endogeneous apoptosis pathway exists or 
even that the cells exposed to PDT-Photolon die in 
another active way.
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