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The transmembrane receptor for advanced glycation end products (RAGE)
is a signaling receptor for many damage- and pathogen-associated mole-
cules. Activation of RAGE is associated with inflammation and an increase
in reactive oxygen species (ROS) production. Although several sources of
ROS have been previously suggested, how RAGE induces ROS production
is still unclear, considering the multiple targets of pathogen-associated mol-
ecules. Here, using acute brain slices and primary co-culture of cortical
neurons and astrocytes, we investigated the effects of a range of synthetic
peptides corresponding to the fragments of the RAGE V-domain on
redox signaling. We found that the synthetic fragment (60-76) of the
RAGE V-domain induces activation of ROS production in astrocytes and
neurons from the primary co-culture and acute brain slices. This effect
occurred through activation of RAGE and could be blocked by a RAGE
inhibitor. Activation of RAGE by the synthetic fragment stimulates ROS
production in NADPH oxidase (NOX). This RAGE-induced NOX activa-
tion produced only minor decreases in glutathione levels and increased the
rate of lipid peroxidation, although it also reduced basal and B-amyloid
induced cell death in neurons and astrocytes. Thus, specific activation of
RAGE induces redox signaling through NOX, which can be a part of a cell
protective mechanism.

Introduction

activation is considered to be involved in the onset

The transmembrane receptor for advanced glycation
end products (RAGE) is a multiligand receptor able to
bind number of abnormal peptides and proteins,
including advanced glycation end-products (AGEs)
which gave the name of the receptor, amphoterin, cal-
granulins and amyloid-beta (AB) peptides. Expression
of the RAGE is shown in many tissues and cells,
including neurons and astrocytes [1]. Although RAGE

Abbreviations

and progression of proinflammatory or proapoptotic
cell responses [2], the role of RAGE in physiological
processes such as cell differentiation, glutamate release
and calcium signaling has been demonstrated [3,4].
Redox signaling is based on the activation of the
redox reactions and production of the reactive oxygen
species (ROS) for signaling purposes in various

AB, B-amyloid; DPI, diphenyleneiodonium chloride; GSH, glutathione; HBSS, Hanks' balanced salt solution (HBSS); HEt, dihydroethidium;
MCB, monochlorobimane; NOX, NADPH oxidase; PI, propidium iodide; RAGE, receptor for advanced glycation end products; ROS, reactive

oxygen species.
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enzymes of the cells [5]. Changes in the balance
between production of ROS and efficiency of antioxi-
dant system in brain cells can be a trigger for pathol-
ogy and cell death that also can possibly be regulated
by intracellular signaling [6]. One of the major pro-
ducers of ROS in the brain cells, NADPH oxidase, is
involved in processes of physiology and pathology [7-9].
Although activation of NADPH oxidase (NOX) in
different cells is shown through receptor dependent
and receptor independent pathways, as a result of
involvement in phagocytic processes, it can be acti-
vated by abnormal peptides and proteins, including
AP [8,10]. RAGE was shown to be able to increase
expression of the major NOX isoforms in the brain:
NOX2, NOX 4 and NOXI1 [11-13]. However, it can
work in an opposite direction and inhibitors of NOX
reduce RAGE expression [14]. Most of the RAGE
activators that are used as RAGE agonists, including
AP, have multiple targets and it is difficult to separate
the activity of these peptides or molecules on RAGE
from other effects.

Recently, we used a range of synthetic peptides cor-
responding to the fragments of the RAGE V-domain
in various experiments and have found that the syn-
thetic fragment of V-domain (60-76) protects the
memory of bulbectomized and transgenic mice exhibit-
ing major features of Alzheimer’s disease, penetrating
into the mouse brain [15,16]. Moreover, in in vitro
experiments, it also activates glutamate release from
astrocytes and induces calcium signal in neurons [4]
and protects neurons against AP induced apoptosis
[17]. Considering that all the in vitro effects of the syn-
thetic fragment (60-76) were dependent on the RAGE
inhibitor, we suggested that this RAGE peptide (60—
76) could possibly interact with the same domain of
the RAGE receptor. In the present study, we also used
the short fragments of peptide (60-76) and the pro-
tected analogue of the RAGE peptide (60-76), which
was previously discovered to demonstrate a more pro-
longed effect on the state of the memory of bulbecto-
mized and transgenic mice compared to the free
peptide (60-76) [16,18].

Here, we investigated the effect of the RAGE pep-
tides on the reactive oxygen species production in pri-
mary neurons and astrocytes and acute brain slices.
We have found that only the RAGE peptides (60-76)
and Ac-(60-76)-NH, induce ROS production in
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neurons and astrocytes via the RAGE-dependent
activation of NOX, but not its short fragments. This
activation of NOX did not induce oxidative stress and
cell death. Thus, RAGE activation plays important
role in redox signaling through activation of NOX.

Results

Two RAGE peptides induce activation of ROS
production in acute brain slices

Because of the complexity of brain bioenergetics based
on complicated intercellular neuron—glia interaction,
acute brain slices appear to be the most relevant model
for the research of receptor-linked processes [19]. ROS
production rate was assessed using dihydroethidium
(HEt), which transforms to fluorescent ethidium with
exciting at 530 nm after oxidation by mainly superox-
ide anion. For detecting the possibility of activating
ROS production, six RAGE peptides solutions
(10 um) were added after recording the basal increase
in ethidium fluorescence (Fig. 1A-F). The degree of
peptides-based ROS production activation was calcu-
lated as a percentage of the basal level (Fig. 1G). As
can be seen, RAGE peptides (60-76) (P1) and Ac-
(60-76)-NH, (P7) are characterized by the significant
increase in HEt oxidation rate (221 + 76%, n =3
slices, P =10.002 and 487 4+ 55%, n =3 slices, P =
0.001 respectively) compared to other peptides P2—P5.

Two RAGE peptides induce activation of ROS
production in primary co-cultures of neurons and
glial cells

Determination of the ROS production source that can
be activated by the RAGE peptides requires a complex
of in vitro experiments with a number of selective
inhibitors. Yo ensure that stimulation effect of pep-
tides identified ex vivo can be registered in a cell cul-
ture, we assessed the HEt oxidation process in
the presence of RAGE peptides in primary co-cultures
of cortical neurons and glial cells (Fig. 2A-F). In
full compliance with the data presented above, P1 and
P7 demonstrate 1.7-fold (P <0.001) and 1.8-fold
(P < 0.001) activation of ROS production, whereas no
significant change in HEt oxidation rate was registered
in the case of the other fragments (Fig. 2I). Consequently,

Fig. 1. RAGE peptides activate ROS production in cortical acute slices. (A-F) Representative traces of HEt fluorescence intensity from singe
cells increase before and after the addition of peptides (10 um). (G) Quantification of the changes in HEt oxidation rate after peptide addition
(data are shown as a percentage of the basal level of HEt fluorescence increase rate before peptide addition). Arrows in the traces continue
the basal rate of HEt fluorescence. Data are presented as the mean + SEM.
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Fig. 2. Activation of ROS production in cortical neurons and astrocytes by RAGE peptides P1 and P7 in vitro. (A-F) Representative traces of
HEt fluorescence intensity increase before and after peptide addition (10 pm). (G) Application of the 100 pm ATP and 10 pm glutamate for
activation of ROS production and identification of the astrocytes and neurons in cortical co-culture. (H) Effect of peptide fragments P1, P3
and P7 on the rate of Het fluorescence in pure primary culture of astrocytes. (I) Quantification of the changes in HEt oxidation rate after pep-
tide addition (data are shown as a percentage of the basal level of HEt fluorescence increase rate before peptide addition). Each line corre-

sponds to a single cell. Data are presented as the mean + SEM.

the two most active peptides, P1 and P7, were chosen for
further research. Non-active short peptide P3 was used as
a negative control peptide.

Neurons and astrocytes could be activated by spe-
cific neurotransmitters and gliotransmitters that specifi-
cally induce ROS production in these cells [20,21]. Tt
should be noted that Pl induced activation of ROS
production in both neurons and astrocytes. Neuronal
activation was confirmed by the selective response of
these cells to 10 pm glutamate (Fig. 2G) and astrocytic
signal by activation of these cells with 100 um ATP
(Fig. 2G). The stimulating effect of Pland P7 but not
short peptide P3 on the rate of ROS production on
glia cells was also confirmed in the experiments with a
pure primary culture of astrocytes (Fig. 2H).

RAGE fragment-induced increase in ROS
production is mediated by NOX activation

Among the ROS intracellular sources, activation of
NOX or xanthine oxidase appears to be the most
probable reason for peptide fragment-based stimula-
tion of HEt oxidation in cytosol. To determine the
role of these enzymes in redox balance change after
the influence of RAGE peptide fragments, primary
co-cultures of cortical neurons and glial cells were
incubated for 30 min with the NOX inhibitor, diphe-
nyleneiodonium chloride (DPI) (0.5 um) and xanthine
oxidase inhibitor oxypurinol (20 pum) before the experi-
ments with HEt oxidation (Fig. 3A-D). Calculations
performed show no increase in ROS production in the
presence of DPI in the case of peptides P1 and P7, as
well as control P3, and after the influence of phorbol
12-myristate 13-acetate, a protein kinase C activator.
At the same time, inhibition of xanthine oxidase by
oxypurinol did not have any effect on the ability of
RAGE peptide (60-76) (P1) or P7 with respec to acti-
vating the ethidium fluorescence growth rate (Fig. 3E).

Peptides (60-76) and Ac-(60-76)-NH, increase
ROS production through direct RAGE activation

NOX-based increase in ROS production after influence
of RAGE peptides may be the result of direct RAGE
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activation or be mediated by the other intracellular
signal pathways. Pre-incubation of the cells with the
selective antagonist, blocker of RAGE V domain-
mediated ligand binding, FPS-ZM1 (1 pum) (Fig. 4A-C),
effectively blocked the increase in ROS production
induced by peptides P1 and P7 (Fig. 4D) and had
no influence on the stimulation effect of phorbol
12-myristate 13-acetate (Fig. 4A). Previously, we have
shown that P1 can activate glutamate receptors in neu-
rons that also can activate NOX [4]. Pre-incubation
(20 min) of the neurons and astrocytes with CNQX
(10 pm) and MK-801 (10 pm), AMPA /kainate and
NMDA receptor inhibitors did not change the effect
of RAGE activation on NOX and application of Pl
led to a two-fold (m =3 coverslips, N =39 cells,
P <0.001) and four-fold (n =3 coverslips, N =16
cells, P < 0.001) increase in the HEt oxidation rate in
the presence of AMPA /kainate, as well as NMDA
receptors inhibitors, respectively (Fig. 4E-G). It should
be noted that both CNQX or MK-801 had no effect
on the P7-induced increase in ROS production in neu-
rons and astrocytes (Fig. 4G).

Activation of RAGE induces ROS production but
not oxidative stress

To detect possible changes in redox balance after
RAGE activation by peptide, we unraveled the effect
of the peptides on the level of glutathione (GSH)
(Fig. SA-E) and lipid peroxidation rate (Fig. SF—-M).
Two hours of incubation of primary co-culture of
cortical astrocytes and neurons with Pl led to a
minor decrease in GSH content (73.7 &+ 0.7% of
control cells, n=3 coverslips, N =2800 cells,
P < 0.0001) (Fig. SE) and an increase in lipid perox-
idation rate (187 £ 23% of basal level, n = 3 cover-
slips, N =27 cells, P =0.01) (Fig. 5F,L), which also
can be blocked by DPI (Fig. 5SI,M). P3 and P7 show
no decrease in GSH content (Fig. SE) and no accel-
eration of lipid peroxidation (Fig. 5G.H,L). How-
ever, minor changes in GSH and lipid peroxidation
level by P1 and no changes by P7 are not indicative
of the development of oxidative stress leading to cell
death.
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RAGE activation does not induce cell death in
primary neuroglial co-cultures

Incubation of primary co-cultures of cortical neurons
and glial cells with P1 did not increase the percentage
of propidium iodide (PI)-positive cells (8.0 = 1.4%,
n =3 coverslips, N =21 fields of view) compared to

cells without any exposure (12.8 + 1.7%, n = 3 cover-
slips, N =47 fields of view) (Fig. 6). The dead cells
level in P7-treated culture was higher than in the con-
trol experiment (19.3 £+ 2.6%, n = 3 coverslips, N = 31
fields of view, P = 0.003) but equal to that in the cul-
ture incubated with P3 (19.6 + 2.6%, n = 3 coverslips,

Fig. 4. The increase in ROS production in brain cells after application of P1 and P7 is mediated by specific activation of RAGE. Incubation of
primary co-culture of cortical astrocytes and neurons with a RAGE antagonist suppressed the activation of HEt oxidation rate by peptide P1
(A) and peptide P7 (C) and did not impact the effect of control peptide P3 (B). ROS production after incubation with FPS-ZM1 (1 pm) and P1,
P3 or P7 was comparable to the baseline level taken as 100% (D). Blocking AMPA receptors (E) and NMDA receptors (F) by pre-incubation
with CNQX (10 um) and MK-801 (10 pm), respectively, does not suppress the increase in HEt oxidation rate after treatment with P1. (G) The
peptide-based increase in ROS production rate is shown after incubation with NMDA receptor and AMPA receptor antagonists (data are
shown as a percentage of the basal level of HEt fluorescence increase rate before peptide addition). Each line corresponds to a single cell.

Data are presented as the mean + SEM.
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Fig. 5. Activation of RAGE leads to a decrease in GSH levels and increases the rate of lipid peroxidation in cortical cells. Representative
confocal images of MCB-loaded primary co-culture of cortical astrocytes and neurons without any exposure (A) (control) and after preincu-
bation with peptide P1 (B), P3 (C) and P7 (D). Scale bar = 200 um. (E) Fluorescence intensity of MCB in cortical cells after pre-incubation
with peptides, normalized to the level of control group cells without incubation. Changes in the oxidation rate of C-11 BODIPY 581/591
after addition of P1, P3 and P7 only (F-H, L) and after pre-incubation with NOX inhibitor DPI (0.5 pwm) (I, J, K, M). Data were normalized
to the basal level of lipid peroxidation rate taken as 100%. Each line corresponds to a single cell. Data are presented as the
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mean + SEM.
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Fig. 6. RAGE activation protects brain cortex cells from cell death. Representative confocal images of Hoechst 33342- and Pl-loaded cortical
cells without pretreatment (A) (control) and after incubation with peptide P1 (B), P3 (C) and P7 (D) for 24 h. Scale bar = 200 um. (E) The
fraction of Pl-positive cells normalized to the fraction of dead cells in the control group without peptide incubation. Data are presented as
the mean £ SEM.
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N = 21 fields of view). The results indicate no patho-
logical consequences of ROS production activation by
RAGE fragments.

Activation of RAGE by peptides (60-76) and Ac-
(60-76)-NH, protects cells from BA-induced death

Significant acceleration of intracellular ROS produc-
tion by NOX is one of the pathological processes lead-
ing to BA toxicity. A two-fold decrease (P < 0.007) of
the BA-induced activation of HEt oxidation after cells
incubation with FPS-ZM1 (Fig. 7A—C) indicates that
BA toxicity is partly associated with binding of BA
with RAGE. Incubation of primary co-cultures of cor-
tical neurons and glial cells with BA and P1 leads to a
statistically significant decrease in the PI-positive
cells level compared to the experiment with BA only
(14.8 £ 9.7%, n =3 coverslips, N = 21 fields of view
and 26.2 + 16.8%, n =3 coverslips, N = 58 fields of
view respectively) (Fig. 7D-F.I). Application of con-
trol P3 as well as P7 did not show a significant
decrease in dead cells percentage (19.5 +£ 2.8%, n=3
coverslips, N =11 fields of view and 32.6 £+ 16.7%,
n =13 coverslips, N =31 fields of view respectively)
(Fig. 7G-1).

Discussion

Dialogue about the possible regulation of NOX in
brain cells by RAGE activation has been ongoing
for a relatively long time considering the increase in
ROS production in response to damage-associated
and pathogen-associated molecules [22-24]. However,
most of the damage-associated and pathogen-
associated molecules able to activate RAGE are
shown to be able to induce ROS in NOX through
various mechanisms excluding RAGE, but, at the
same time, inhibitors of this enzyme are protective in
AGE-pathologies [8,25,26]. In the present study, we
used short peptides from the RAGE V-domain that
are unable to induce any cell death in primary co-
cultures of neurons and astrocytes (Fig. 7). At the
same time, these peptides stimulate RAGE-induced

E. S. Seryogina et al.

production of ROS in NOX. These results confirm
that NOX in brain cells can be activated by RAGE
and that ROS production from this enzyme plays
role in redox signaling rather than induction of
pathology and cell death.

Previously, we have shown that peptide 60-76 (P1)
can induce RAGE-dependent activation of glutamate
release from astrocytes that induced a calcium signal
in neurons [4]. However, RAGE-induced activation
of ROS was independent of glutamate antagonists
(Fig. 4), although we cannot exclude the possible
effect of ROS production on glutamate release in
astrocytes.

AP is known to induce massive ROS production in
NOX and this effect could be induced even with a
nanomolar concentration of the oligomers [8,27]. The
effects of peptide-RAGE-induced activation of NOX
are much smaller compared to the effects of AP
(Fig. 7). However, only peptides P1 and P7 that previ-
ously demonstrated the protective activity in vivo
[15,16,18] were able to induce ROS production. It was
also shown that fragments of the V-domain of RAGE
protect neurons against AP induced apoptosis [17] and
necrosis (Fig. 7). These protective effects could be
induced by binding of peptide to AP and/or by direct
binding of the peptide to RAGE.

Activation of the NOX through RAGE in our
experiments lead to a decrease in GSH level and acti-
vation of lipid peroxidation that may be accepted as
oxidative stress. However, this activation led to basal
reduction in cell death and protection against AP cell
death. The redox balance in the brain is significantly
different between brain regions and neurons and astro-
cytes [21], which suggests different thresholds for the
initiation of oxidative stress. Lipid peroxidation is
essential for activation of phospholipase-dependent
calcium signaling [28,29] and RAGE-induced activa-
tion of NOX and lipid peroxidation can be a part of
the physiological signaling cascade including an effect
on calcium stores [30].

The protective effect of the short peptide of RAGE
is via binding with a possible RAGE agonist (includ-
ing B-amyloid) and activation of RAGE following

Fig. 7. RAGE activation is protective against B-amyloid neurotoxicity. Ap-induced ROS production activation (A) is reduced in the presence
of RAGE antagonist (B) and does not change after pre-incubation of cells with peptide P1 (C). Each line corresponds to a single cell.
Quantification of the AP influence on ROS production rate without additional exposure (control) and after pre-incubation of primary co-
culture of cortical astrocytes and neurons with RAGE antagonist and peptide P1 (D). Representative confocal images of primary co-
culture of cortical astrocytes and neurons loaded with Hoechst 33324 and Pl without any additional exposure (E) and after preincubation
with AB (F), a mixture of AR with P1 (G), AR with P3 (H), and AB with P7. Scale bar = 200 um. (I) Quantification of the Pl-positive cells
fraction after different exposure conditions normalized to the fraction of dead cells in the control group without incubation. Data are pre-
sented as the mean + SEM.
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activation of a signaling cascade and NOX that is less
likely accessed by application of full exogenous RAGE
peptide.

Materials and methods

Synthetic peptides

RAGE fragments (Table 1) were derived from the
sequences of human RAGE (Q15109 UniProtKB/Swis-
sProt). The RAGE peptides were synthesized by solid
phase method as described previously [15,18].

Animals

For the experiments, 12-weeks male Wistar rats (250-
300 g) and Wistar rat pups 2-4 days post-partum were
used. Adult rats were housed with free access to water and
food under a 12 : 12 h light/dark photocycle in an air-
conditioned room at 22-24 °C. All of the animal proce-
dures were performed in compliance with the ARRIVE
guidelines and approved by the Institutional ethical com-
mittee of Orel State University (No. 18 dated 21.02.2020)
in compliance with Russian Federation legislation.

Primary co-culture of neurons and preparation of
glial cells

Co-cultures of cortical neurons and glial cells were isolated
from pups as described previously [31] with modifications.
After decapitation, the cortex was removed into an ice-cold
Versene solution (Gibco, Waltham, MA, USA). The tissue
was minced and trypsinized (Gibco) (0.05% for 15 min at
37 °C) and triturated. The mixed neurons and astrocytes
suspension was plated onto polyethylenimine-coated
22 mm coverslips. Cells were maintained in Neurobasal A
medium (Gibco) supplemented with B-27 (Gibco), 2 mm
GlutaMax Supplement (Gibco) and 1% of penicillin/strep-
tomycin. Cultures were maintained at 37 °C in a humidified
atmosphere of 5% CO, and 95% air for a minimum of
12 days before experimental use. Neurons were easily dis-
tinguishable from glia: they appeared bright using phase
contrast, had smooth rounded somata and distinct pro-
cesses, and lay just above the focal plane of the glial layer.

Table 1. Amino acid sequences of the RAGE fragments.

Abbreviation  Number Amino acid sequence

P1 60-76 AWKVLSPQGGGPWDSVA

P2 60-70 AWKVLSPQGGG

P3 60-62 AWK

P4 60-65 AWKVLS-G

P5 65-76 SPQGGGPWDSVA

P7 Ac-(60-76)-NH,  Ac-AWKVLSPQGGGPWDSVA-NH,
12
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Cells were used at 12-16 days in vitro. The ratio of neu-
: astrocytes was 60 : 40%.

Isolated cortical astrocytes were prepared as previously
described [30]. Cerebra taken from 2-5-day-old Sprague—
Dawley rats (University College London breeding colony).
The cerebra were chopped and triturated until homogenous
and trypsinized (50 000 U-mL~" porcine pancreas; Sigma,
St Louis, MO, USA) with 336 U-mL~' DNAse | (bovine
pancreas; Sigma) and collagenase 1.033 U-mL ™' (Sigma) at
37 °C for 15 min. After the addition of fetal bovine serum
(10% of final volume) and filtering through 140-um mesh,
the tissue was centrifuged through 0.4 m sucrose (400 g for
10 min) and the resulting pellet transferred to Dulbecco’s
modified Eagle’s medium supplemented with 5% fetal calf
serum, 2 mM glutamine and 1 mm malate in tissue culture
flasks pre-coated with 0.01% poly-p-lysine. The cells
reached confluency at 12-14 days in vitro, and were har-
vested and reseeded onto 24-mm diameter glass coverslips,
precoated with 0.01% poly-p-lysine for fluorescence mea-
surements and used for 2—4 days.

rons

Acute brain slices

Acute brain slices were prepared as described previously
[32]. After rat decapitation, the brain was extracted and
placed into an ice-cold Hanks’ Balanced Salt Solution
(HBSS) (Gibco) (pH 7.4 and 4 °C), followed sagittal sec-
tion and preparation of cortical slices with a thickness of
300-500 pm. Slices were kept in an ice-cold HBSS with
slight oxygenation. Before the experiments, slices were
removed in HBSS (pH 7.4 and 37 °C) and stored for at
least 1 h at 37 °C.

Live cell imaging

Fluorescence measurements were performed using a LSM
900 confocal microscope (Carl Zeiss Microscopy GmbH,
Jena, Germany) and a 63x oil immersion objective.

Cytosolic ROS

HEt (5 pm) (Invitrogen, Carlsbad, CA, USA) was used for
measurement of cytosolic ROS production in acute brain
slices, as well in primary co-cultures of cortical neurons
and glial cells. No preincubation (‘loading’) was used to
limit the intracellular accumulation of oxidized products
and HEt was presented in the solution during the experi-
ment. The fluorescence of oxidized form of dihydroethi-
dium was excited at 561 nm with detection above 575 nm.

Reduced GSH

Co-cultures of neurons and glial cells were incubated with
50 um monochlorobimane (MCB) (Invitrogen) for 40 min
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in HBSS prior to imaging. Then cells were washed with
HBSS and images of the fluorescence of the MCB-GSH
were acquired with excitation at 405 nm and emission at
435-485 nm.

Lipid peroxidation

For assessing lipid peroxidation, cells were loaded with
S uM ratiometric probe C11-BODIPY 581/591 (Invitrogen)
for 15 min and washed with HBSS. Excitatation at 488 and
561 nm and detection from 505 to 550 nm and above
580 nm were used for oxidized and reduced forms of the
probe, respectively. Lipid peroxidation was calculated as
the rate of increase of the 581/591 ratio.

Cell death

For measurement of necrotic cell death, co-cultures of neu-
rons and glial cells were incubated with 5 um Hoechst
33342 (Invitrogen) and 5 um PI (Invitrogen) for 30 min at
37 °C, with subsequent washing with HBSS. Fluorescence
of Hoechst 33342 and PI was excited at 405 and 561 nm
with detection at 410-550 and 570-700 nm, respectively.
Hoechst stains the total number of nuclei, whereas PI
stains only cells with a disrupted plasma membrane. Dead
cells (PI positive) were counted as a fraction of the total
(Hoechst positive). In each experiment, 10 random fields
were analyzed.

Statistical analysis

Data were analyzed with oRIGIN PrRO 2018 (MicroCal,
Northampton, MA, USA) and are presented as the mean
+ SEM. A Mann—Whitney test was used to estimate statis-
tical significance between experimental groups.
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