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ARTICLE INFO ABSTRACT

Investigation of ultraweak photon emission (UPE) in living mater was started in 1920-s by Russian biologist
A. Gurwitsch discovered mitogenetic radiation (MGR), ultraviolet light emitted from growing organisms that
stimulated similar organisms to grow. MGR attracted enormous interest of the scientific community resulting
in many scientific publications confirming occurrence of permanent and spontaneous biophoton emission dur-
ing natural metabolic processes in diverse living organisms. However, along with studies showing the existence
of intercellular electromagnetic communication resulted in various responses of detector cells there have been
numerous unsuccessful attempts to confirm the biological significance of MGR. Here we reported strong evi-
dence for non-chemical intercellular signaling leading to biological cellular response. We found the ability
of various cell types under conditions of oxidative stress induced by p-benzoquinones to generate death signals,
which can affect target cells over long distances through non-aquatic environments resulting in morphological
alterations and viability loss. We show that detector cells may distinguish and respond the same way to death
signals transmitted from various type of inducer cells and pharmaceuticals may interrupt cellular death
responses. These findings provide strong support for the view that non-chemical signals can provide a prompt
and synchronic response of cell ensembles to noxious stimuli.

1. Introduction

Investigation of ultraweak photon emission (UPE) in living mater
was started in 1920-s by Russian biologist A. Gurwitsch discovered
mitogenetic radiation (MGR), ultraviolet light emitted from growing
organisms that stimulated similar organisms to grow [1,2,3]. MGR
attracted enormous interest of the scientific community resulting in
many scientific publications confirming occurrence of permanent
and spontaneous biophoton emission in the range of a few units to sev-
eral thousand photons during natural metabolic processes in diverse
living organism [4,5,6]. As early as 1934, it was hypothesized that
MGR originates from recombination of free radicals [7]. The following
studies revealed that the emergence of biophotons is due to the biolu-
minescent radical and non-radical reactions of reactive oxygen and
nitrogen species [8,9,10]. However, biophotons may originate from
a coherent emission mechanism and chromatin was suggested as one
of the most essential sources of biophoton emission [11,12]. These
processes are activated at the time of cellular death, resulted in that
radiation is much stronger than that emitted under normal conditions
[13]. However, along with studies showing the existence of intercellu-
lar electromagnetic communication resulted in the stimulation of cell
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division, neutrophils activation, etc., there have been numerous unsuc-
cessful attempts to confirm the biological significance of MGR
[4,6,14]. Here we reported strong evidence for non-chemical intercel-
lular signaling leading to biological cellular response. We found the
ability of various cell types under conditions of oxidative stress
induced by p-benzoquinones to generate death signals, which can
affect target cells over long distances through non-aquatic environ-
ments. These findings provide strong support for the view that biopho-
tons may have biological significance.

2. Results and discussion

To clarify possibility non-chemical cell to cell communication,
human HaCaT keratinocytes were plated (Fig. 1) and treated as
described in “Methods” section. Cells were cultured 24 h and cells via-
bility were analyzed. Almost complete loss in viability of HaCaT cells
incubated with trimethyl-p-benzoquinone (cumoquinone) compared
with viability of cells in rows 2 and 10 (approximate control) was
observed (Fig. 2). However, much to the surprise of the research team,
cells in the wells of neighboring rows (5 and 7) also showed significant
morphological alterations and viability loss (Fig. 2). Similar results
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Fig. 1. The schematic view of the wells and rows arrangement on the
multiwell plate. Filled circles indicate wells were plated with cells. Row 6 (*) -
inductor, rows 5, 7 - detector, rows 2 and 10 - approximate control.

were found with middle passages of lung fibroblasts and MCF 7 breast
cancer cells though no death of MDA-MB-231 breast cancer cells was
found in the wells of neighboring rows (Fig. 2 right panel).

The same experimental protocol was followed for tetramethyl-p-
benzoquinone (duroquinone). The presence of this compound in cul-
ture medium at a concentration 200 pM resulted in inducer cells death
but a loss in viability of neighboring (detector) cells was much lower
than that in experiments with cumoquinone (23.2 = 7.9%
p < 0.001 and 11.2 = 8.2% p > 0.05 for HaCaT cells and fibroblasts
respectively). Thus, the above data clearly show that cell to cell com-
munication may be performed by signals, which have the potential of
spreading through non-aquatic environments and particularly through
plastic material. Consequently it must be admitted that such signals
are non-chemical and cells (inductor) can emit electromagnetic waves
in the spectral range above 300 nm (optical transparency of the used
plate plastic, data not shown) and this radiation can be received by
remotely located cells (detector) as a signal to initiate cell death. Thus,
our data clearly indicate that, along with stimulating effects on prolif-
eration and cellular activity [4-6,15] non-chemical signaling can
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result in cell death. This signaling seems to be very unusual but this
is rational explanation of the above results. One of the essential condi-
tions for initiating of non-chemical signaling is severe oxidative stress
in inducer cells. Cellular oxidative stress may be defined as an imbal-
ance between oxidants and antioxidants in favor of the oxidants, lead-
ing to a disruption of redox signaling and control and/or oxidative
damage to biomolecules [16]. Numerous exposome factors (chemical,
physical, and microbial) can lead to oxidative-mediated stress in tis-
sues and cells [17]. Farhadi at al. revealed that non-chemical intercel-
lular signaling between mechanically separated intestinal epithelial
cells resulting in activation of NFkB pathway in detectors cells may
be activated by exposing inducer cells to high concentration of H>O,
[18]. Apparently, for the biochemical response of the detector cells
certain conditions are necessary, in particular, coherent electromag-
netic fields appears to play an important role in this phenomena
[19,20]. Quinones are widely used as anticancer, antibacterial or anti-
malarial drugs and as fungicides. Oxidative stress arises when the qui-
none is reduced by reductases to a semiquinone radical, which reduces
oxygen to superoxide radicals and reforms the quinone. Most quinones
form GSH conjugates which also undergo redox cycling and oxygen
activation [21]. Among p-benzoquinone derivatives, trimethyl-p-
benzoquinone and tetramethyl-p-benzoquinone has been reported to
possess high cytotoxic activity and ability to induce oxidative stress
[22]. In the present study, addition of each of the substances into cul-
ture media caused cellular oxidative stress and near complete cell
death after 24 h of treatment. However cumoquinone treated cells
were far more efficient as inductors of death signals compared with
duroquinone. This finding predicates that benzoquinones participate
in emitting of death signals not only as nonspecific inducers of oxida-
tive stress but also may specifically enhance non-chemical intercellular
signaling.

Next, we wished to determine whether this signaling could affect
cells that were even further separated. Unlike the previous experiment
with cumoquinone treated human HaCaT keratinocytes, detector cells
were plated not only in wells of rows 5, 7 (1 cm apart from inducer
cells), but also in wells of rows 4, 8 (2 cm apart from inducer cells).
The effect could be seen in detector cells as far as 2 cm away from
inducer cells (Table 1).

To reveal cell-type specificity of this signaling, HaCaT and MCF 7
cells were plated in two 96 well plates in such a way that on the first
plate HaCaT cells were grown in wells of rows 2, 5, 6 and MCF 7 cells
were grown in wells of rows 7 and 10; on the second plate HaCaT cells
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Fig. 2. Representative phase contrast images of control HaCaT cells (1, 2) and detector HaCaT cells (3, 4) at an optical zoom 300 (1, 3) and 200 (2,4) (left panel)
and viability of control, inducer and detector cells after 24 h exposition under conditions given in “Methods” (right panel) *“ - p < 0.0001; *" p < 0.00001 versus

control.
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Table 1
Non-chemical death signals emitted by inducer HaCaT cells can affect target
HaCaT cells over 2 cm distance.

Experimental conditions 24 h viability of cells, %

100.0 = 11.5
1.5+ 11

16.5 = 10.
70,5 = 14.0

Approximate control

Inductor

Detector (1 cm from inducer cells)
Detector (2 cm from inducer cells)

" _p < 0.0001; " p < 0.00001 versus control.

were grown in wells of rows 2, 5 whereas MCF 7 cells were grown in
wells of rows 6, 7 and 10. Then, complete media in all wells was
replaced by serum free media. Additionally, fresh media added to
the wells of row 6 contained 200 pM cumoquinone. With such an
experimental design, HaCaT operated as an inductor on the first plate
and MCF 7 cells played the same function on the second.

From the results presented in Table 2, it may be concluded that
detector cells can distinguish and respond the same way to death sig-
nals transmitted from various type of inducer cells. However, there is
significant difference between normal and cancer cells, namely the
death response of detector cells to non-chemical death signals was less
pronounced in the case of MCF 7 and absent in the case of MDA-MB-
231. We can confidently assume that death of detector cells is due to
apoptosis and this assumption is in good agreement with earlier find-
ings indicating that epithelial malignant cancer cells are often found to
be highly resistant to apoptosis induction by chemotherapeutic drugs
and radiation [23-25].

To show that combined signaling pathway including non-chemical
and biochemical arms may be pharmacologically targeted, detector
cells were treated with caspase-3 inhibitor quercetin[26] and epicate-
chin [27] and with silibinin, which has been reported to influence
apoptosis through the activation of DNA repair machinery [28,29].
Compounds were added to the medium of detector cells (HaCaT)
simultaneously with the addition of cumoquinone to HaCaT cells
employed as inductor. It was found that quercetin and silibinin at con-
centration 50 pM significantly increased viability of detector cells
(Table 3). Thus, pharmaceuticals may interrupt death signaling and
prevent the apoptotic response of detector cells.

Miller and Web [30] explained non-chemical cell-cell communi-
cation as function of genome that can directly send and receive the
electromagnetic information. Recently it was suggested that elec-
troacoustic resonances between similar DNA sequences form the
basis of signaling within the genome and coordinate the function
of the cell [31-34]. We can hypothesize that non-chemical death
signals emitted by inducer cells may be received by detector cells
through sequence-specific resonance signaling in the genome which
in turn trigger apoptosis. Obviously, further integrated, comprehen-
sive studies are needed to verify these hypotheses and to clarify in
detail the mechanism underlying non-chemical signaling are
required. Nevertheless, the above results are convincing enough to
suggest that animal cells are capable of sending and receiving
biologically significant non-chemical signals, which can provide a
prompt and synchronic response of cell ensembles to noxious
stimuli.

Table 2
Lack of cell-type specificity in non-chemical cell to cell death communication.

Inducer cells (24 h viability, %) Detector cells, 24 h viability %

HacCaT cells MCF 7 cells
HaCaT cells (1.0 = 2.0) 5.0 = 55 57.0 £ 6.0%*
MCF-7 cells (1.5 = 1.0) 10.0 = 9.5 66.0 + 8.0%*

**p < 0.0001 versus HaCaT cells.
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Table 3
Influence of pharmaceuticals on death response of detector cells (HaCaT).

Experimental conditions 24 h viability of cells, %

Approximate control 100.0 = 10.5
Inductor 1.6 = 1.2
Detector 25.0 £ 9.5
Detector + 50 pM quercetin 62 +
Detector + 50 pM silibinin 63 +
Detector + 50 pM epicatechin 31 =

**p < 0.0001 versus detector.

3. Methods

The immortalized human keratinocyte cell line HaCaT gifted from
N. E. Fusenig (Deutsches Krebsforschungszentrum, Heidelberg, Ger-
many), human breast cancer cells MCF 7 and MDA-MB-231 purchased
from the American Type Culture Collection, human lung fibroblasts
obtained from the Cell Bank of Belorussian Research and Practical
Center for Epidemiology and Microbiology were maintained in Dul-
becco's modified Eagle's medium (DMEM) purchased from Lonza
(1% glucose) supplemented with 10% heat-inactivated fetal bovine
serum. Non-chemical cell to cell communication was studied using
the following protocol: cells were plated in 96-wells plate (Sarstedt)
as shown in Fig. 1 and allowed to grow to confluence in complete
media. Then, complete media in all wells excepting eight wells of
row 6 was replaced by serum free media with 2% ethanol. Media in
wells of row 6 was replaced with serum-free media containing
200 pM duroquinone or cumoquinone, added as ethanol solution.
The final concentration of ethanol in the medium was 2%. Commercial
duroquinone purified by recrystallization and cumoquinone, prepared
by controlled oxidation of commercial 2,3,5-trimethylhydroquinone
[35,36] were kindly provided by the lab of Prof. Oleg Shadyro (Chem-
ical department, Belarusian State University). In some experiments,
serum-free medium added to wells of row 7 was supplemented with
quercetin, epicatechin or silibinin (Sigma-Aldrich). Cell morphology
and cell viability were analyzed 24 h after media change. Cell viability
was determined by quantitative PrestoBlue Cell Viability Assay (Invit-
rogen Life Sciences, Paisley, United Kingdom). Cell morphology was
evaluated by inverted phase contrast microscopy (Zeiss, Germany).
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