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The aim of the investigation was to study the changes of hydrogen peroxide level and pH level in cytoplasm of cervical cancer cells HeLa 
Kyoto on cytotoxic exposure using genetically encoded sensors of hydrogen peroxide and pH.

Materials and Methods. In the study we used two cell lines of human cervical cancer HeLa Kyoto containing in cytoplasm a genetically 
encoded sensor of hydrogen peroxide HyPer2 and a sensor pH HyPer2-C199S. To assess toxic effect of cisplatin on HeLa Kyoto cells we used a 
standard МТТ assay. The changes of pH and hydrogen peroxide (H2O2) level were determined using fluorescence microscopy by modification in 
proportion between fluorescence intensities at sensor’s excitation at two wavelengths: 500 and 420 nm (F500/F420). During the experiment the 
cells were kept in incubator at 37.0°C in carbonate-free and serum-free medium МЕМ. Cisplatin solution at final concentration corresponding to 
IC50 according to МТТ assay was added directly in culture medium. MEM with no cisplatin added was used as a control medium.

Results. Addition of cisplatin resulted in no changes in hydrogen peroxide and pH level in cytoplasm of HeLa Kyoto cells expressing 
corresponding sensors during the whole period of observation (20 min).

Conclusion. The use of genetically encoded sensors enables to demonstrate cisplatin to have no effect on hydrogen peroxide and pH level 
in HeLa Kyoto cells.

Key words: cisplatin; genetically encoded sensor; hydrogen peroxide; fluorescence microscopy; carcinoma Hela Kyoto cell line; MTT 
assay.
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Chemotherapy (cytotoxic effect on tumor) is one of 
the main treatment modalities of malignancies. The 
understanding of molecular mechanisms causing cell 
death under the effect of various antitumor agents is of 
great importance for the development of pathogenetically 
grounded treatment methods.

Cytotoxic effect, at least partially, is based on 
hypersensibility of tumor cells to oxidative stress [1], and 
reactive oxygen species (ROS) play a key role in the 
realization of antitumor agent effect [1–3]. In this view, the 
most urgent researches are those concerned with the study 
of oxidative stress nature, the peculiarities of its development 
in tumors, as well as the possibility to have an effect on tumor 
oxidative status in order to improve the therapy efficiency.

Until now the participation of some certain ROS forms 
(generation site, main targets, utilization pathways) in 
the development of tumor response to different types of 
antitumor effects have not been yet entirely understood. 
Hydrogen peroxide (Н2О2), which is a signal molecule 
regulating proliferation and migration of both healthy and 
cancer cells, is of particular interest for understanding the 
mechanisms of antitumor effects of pharmaceutical agents 
[4]. Despite the understanding of a key role Н2О2 plays in 
cell damage development under the effect of toxic agents, 
there are some aspects concerning Н2О2 place of origin, 
accumulation and degradation in cells, which are not fully 
understood.

Some researchers along with ROS consider the change 
in intracellular pH level to be a regulation factor of cell 
damage. pH level changes have been shown to contribute 
to cell malignant transformation, growth, invasion, 
neoangiogenesis, metastasis, as well as the formation of 
multiple drug resistance [5]. In addition, there is an opinion 
that intracellular pH level changes in the mechanisms of 
cell death activation mediate ROS effect [6]. One might 
assume that both hydrogen peroxide content changes 
and intracellular pH level changes can play a key role in 
the processes of cell damage under the effect of cytotoxic 

agents. A valid answer to this problem can be received if 
highly sensitive and specific sensors are used in parallel.

the aim of the investigation was to study the changes 
of hydrogen peroxide level and pH level in cytoplasm of 
cervical cancer cells HeLa Kyoto on cytotoxic exposure using 
genetically encoded sensors of hydrogen peroxide and pH.

Materials and Methods. In the study we used two cell 
lines of human cervical cancer HeLa Kyoto transfected 
by genetically encoded cytoplasmic sensor of hydrogen 
peroxide — HyPer2 and pH — HyPer-2C199S (HeLa 
Kyoto–HyPer2 and HeLa Kyoto–HyPer2-С199S). HyPer is a 
chimeric protein consisting of two domains: one — sensitive 
to H2O2 (regulatory domain of transcription factor OxyR 
of Escherichia coli) and another – fluorescent (so called 
circularly permuted yellow fluorescent protein — cpYFP) [7]. 
HyPer2 sensor was produced by point mutation of A406V 
(alanine is replaced by valine in location 406) in HyPer 
protein structure that corresponds to A233V replacement in 
wild type OxyR [8]. HyPer has two excitation peaks (420 
and 500 nm) and one emission peak at 516 nm (Fig. 1). 
When H2O2 level increases, in cells fluorescence intensity 
decreases proportionally at excitation in the range 400–450 
nm and intensity increases at excitation in the range 450–
510 nm that is recorded as the change of a corresponding 
ratio, i.e. HyPer is a ratiometric sensor [7]. Using HyPer 
sensor there was obtain the information on hydrogen 
peroxide role in different biological processes including data 
on the change of its intracellular concentration under the 
effect of epidermal growth factor (EGF) [9].

HyPer2-C199S sensor was produced by point mutation 
of C199S in HyPer2 sensor structure. The substitution of 
cysteine for serine in location 199 prevents the formation 
of disulphide bonds in protein structure in its oxidation. 
HyPer2-С199S is not sensitive to Н2О2 content change. 
The change of this sensor conformation is determined by 
pH level changes only [10].

At the first stage of the investigation we studied the 
peculiarities of cisplatin toxic effect in relation to cell 

lines HeLa Kyoto–HyPer2 and HeLa Kyoto–
HyPer2-C199S aiming to reveal the agent 
concentration causing the death of a certain 
percentage of cells. The study was carried 
out using a standard MTT assay based on the 
capability of mitochondrial dehydrogenases 
in viable cells to convert water-soluble 3-
(4,5-dimethylthiazole-2-il)-2,5-diphenyl-2Н-
tetrazolium bromide (МТТ) in formazan, which 
crystallizes inside a cell. The measurement of 
formazan concentration in the solution after its 
interaction with dimethylsulphoxide (DMSO) 
enables to determine the number of viable cells 
and in cytotoxic studies — assess specific cell 
death induced by a certain agent [11].

HeLa Kyoto cells were seeded into a 96-well 
plate: 3000 cells into each well. The wells were 
then added 200 µl of Eagle's МЕМ medium 
(PanEco, Russia) containing 2 mmol glutamine 
and 10% FBS (HyClone, USA) and incubated 
in СО2-incubator for 24 h (37.0°С, 5% СО2). 
24 h later the initial medium was changed by 

Fig. 1. Excitation and fluorescence spectra of HyPer sensor (www.evrogen.
com)

А.S. Belova, N.M. Mishina, А.G. Orlova, Е.А. Sergeeva, А.V. Maslennikova, А.А. Brilkina, N.М. Shakhova, ...



СТМ ∫ 2013 — vol. 5, No.4  21

 BiomedicAl investigAtions 

Eagle’s МЕМ medium with glutamine and 
10% FBS containing cisplatin. We varied 
cisplatin concentrations from 0 to 15 µg/
ml. A day later we changed the medium 
for medium with МТТ in amounts of 10% 
of the medium volume by 200 µl into 
each well. The plate was placed in СО2- 
incubator for 4 h, after that the medium 
was removed and 100 µl of DMSO was 
added into each well for 40 min while 
stirring continuously. Optical density of the 
obtained formazan solution in DMSO was 
measured on plate spectrophotometer 
Synergy MX (BioTek, USA) at wavelength 
of 570 nm. The staining intensity in wells 
with cells without cisplatin was taken for 
100% survival rate. The dependence 
diagram of the number of survived cells 
against cisplatin concentration was 
averaged according to four experimental 
findings. To study the cell response 
to cisplatin effect we chose cisplatin 
concentration, at which 50% of cells lose 
their viability within 24 h (IC50).

At the second stage of the study we analyzed the 
response of sensors to cisplatin addition. We used 
fluorescent inverted microscope Leica DMI6000 (Leica 
Microsystems GmbH, Germany). Fluorescence was 
stimulated by mercury-halogen lamp interchangeably using 
filters of 427/10 nm and 504/12 nm. Fluorescence was 
recorded using 542/27-nm filter. Fluorescent images were 
recorded every 30 s for 20 min. Hydrogen peroxide and 
pH level changes were determined by the change of F500/
F420 ratio of fluorescent useful signals from cell cytoplasm 
at corresponding excitation wavelengths [12]. F500/F420 
ratio graph for each sensor variant was averaged according 
to fluorescence level of 5 cells.

The cells were plated (on Petri dish with glass bottom) 
and contained in СО2-incubator at 37.0°С under the 
atmosphere containing 5% СО2. The cells were cultured 
in DMEM medium containing 2 mmol glutamine and 10% 
FBS. 24 h later the plate was placed in a micro-incubator 
at 37.0°С. Cisplatin solution in medium was added directly 
to the plate with carbonate-free serum-free solution МЕМ 
(Sigma-Aldrich, USA). 0.1 ml of medium containing cisplatin 
at final concentration corresponding to IC50 according to 
МТТ-test was added to 1.4 ml of medium in the plate. MEM 
of the same volume without cisplatin was used as control.

The findings were presented as mean and standard 
deviations. The data were processed using EMBL ImageJ 
program and license software Excel 5.0.

results. According to MTT-test there we plotted a curve 
demonstrating the dependence of HeLa Kyoto–HyPer2 
and HeLa Kyoto–HyPer2-C199S cell viability on cisplatin 
concentration in medium (Fig. 2). For further study of Н2О2 
content changes in cells we chose cisplatin concentration — 
2.937 µg/ml causing viability loss of 50% of cells.

According to ratiometric monitoring of HyPer2 
fluorescence, addition of cisplatin in the indicated 
concentration caused no changes of F500/F420 ratio 

suggesting no Н2О2 level changes in cytoplasm of 
HeLa Kyoto–HyPer2 cells compared to control (Fig. 3). 
Insignificant growth of F500/F420 ratio immediately after 
the addition was observed in both cases: when MEM was 
added, and after cisplatin addition.

In HeLa Kyoto–HyPer2-C199S cells we found no changes 
of intensity ratio on two fluorescence peaks regardless 
of MEM or cisplatin addition. It indicates non-change of 
intracellular pH level under cytotoxic agent effect.

discussion. Currently, the role of oxidative stress in 
initiation and realization of cell death induced by cytotoxic 
agents based on platinum is being studied in detail using a 
complex of methods [1]. The most researchers describe the 
concentration changes of the whole ROS pool, while the data 
on hydrogen peroxide role in cell response to the contact 
with cisplatin is incomplete and controversy. The authors of 
the study [13] have demonstrated a temporary increase of 
hydrogen peroxide production level when cisplatin is added 
to prostate cancer cells. Other authors in their work [14] have 
shown hydrogen peroxide to take part in initiation of cell death 
by necrosis mechanism but not by apoptosis mechanism.

There are facts that the change of intracellular H2O2 
and pH levels are linked and play a key role in cell death 
processes. In particular, there was shown that the shift of 
balance between such ROS forms as hydrogen peroxide 
and superoxide anion-radical towards H2O2 (hydrogen 
peroxide concentration increase or superoxide anion-
radical concentration decrease) leads to the activation of 
apoptotic pathway components mediated by cytoplasmic 
pH decrease [6]. In addition, cisplatin was found to cause 
rapid (within 5–15 min) pH decrease in the range of 0.1 unit 
in colon cancer cells [15].

In this study with genetically encoded sensors 
we demonstrated the contact with cisplatin in IC50 
concentration to cause no increase of hydrogen peroxide 
level in cytoplasm of cells of HeLa Kyoto–HyPer2 cell line. 

Fig. 2. Cisplatin concentration effect on cell viability of cells of HeLa Kyoto–HyPer2 and 
HeLa Kyoto–HyPer2-C199S cell lines
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The findings correspond to the data of the study [16], the 
authors of which did not find the increase of reactive oxygen 
species forms in osteosarcoma cells SOSN2. Moreover, we 
recorded no changes of cytoplasm pH in cell culture HeLa 
Kyoto–HyPer2-C199S. It provides the necessity for further 
studies of the mechanisms of cisplatin-induced death of 
HeLa Kyoto cells depending on cisplatin concentration.

conclusion. The use of genetically encoded sensors 
enables to demonstrate cisplatin to have no effect on 
hydrogen peroxide and pH level in HeLa Kyoto cells.
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Fig. 3. H2O2 level in cytoplasm of HeLa Kyoto–HyPer2 cells (а) and pH level in HeLa Kyoto–HyPer2-С199S cell cytoplasm (b) after cispla-
tin addition (IC50) and МЕМ with no cisplatin added. The arrow indicates the time cisplatin was added
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