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ABSTRACT

Background: Proton therapy has garnered attention as an advanced radiation treatment modality for breast cancer due to
its ability to deliver highly precise doses to the target area while minimizing exposure to surrounding healthy tissues. The aim
was to detect potential variations in radiobiological response along different parts of the proton depth-dose curve.
Materials and methods: MDA-MB-231 cells were specifically irradiated before, within, and beyond the Bragg peak with
a 5 Gy dose, with photons used as a reference. The radiobiological response was evaluated using clonogenic assays, relative
YH2AX levels, and quantitative polymerase chain reaction (qPCR) analysis of DNA damage response genes.

Results: A trend of increasing magnitude in radiobiological response was observed with increasing depth of cell irradi-
ation, accompanied by a decrease in survival fraction. Furthermore, differences were noted, particularly in yH2AX levels
along the Bragg peak, with higher values of DNA double-strand breaks (DNA DSB) observed at the end of the depth-dose
curve.

Conclusions: These findings suggest that despite administering a consistent proton dose to the target area, there can be
a range of different biological reactions, which might have significant indications for clinical procedures.
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Introduction

Due to precise irradiation (IRR) techniques,
high conformal dosage in the target volume and re-
markably limited doses in the surrounding organs,

proton therapy is becoming a promising method
of treating hard-to-reach tumors [1]. Moreover,
the distinctive radiobiological properties of pro-
ton beams offer a beneficial treatment option for
radioresistant subtypes of breast cancer (BC). This
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alternative could potentially be more cost-effec-
tive than photon radiotherapy (RT), particularly
for patients with increased cardiovascular risks
[2]. The characteristic feature of proton thera-
py is a depth-dose curve called a Bragg peak [3].
Compared to the conventional photon RT, proton
therapy includes protons, which interact differently
with cancer tissue [4]. It is associated with a low
entering dose, deposition of the maximum energy
(Bragg peak) in the target and a minimal dose be-
hind the irradiated target [5]. Because of the closely
located organs during BC irradiation, named or-
gans at risk (OAR), RT planning is still challeng-
ing to achieve the highest possible effectiveness [6].
Standard proton RT uses a spread-out Brag peak
(SOBP) for which dose and biological response
can be measured. Still, it is averaged and comes
from mixed processes responsible for ionization
through different interactions of protons, scattered
electrons and scattered photons with BC cells [7].

Different physical processes are responsible
for energy transfer when protons travel through
the tissues. These interactions cause specific shape
of the depth-dose with a peak (Bragg) at the en-
ergy-dependent depth. Due to different nature of
these interactions the biological response before,
at the peak and after the peak can differ. The dis-
tinctive Bragg peak is linked to protons’ enhanced
deceleration as they traverse a medium, resulting in
a decrease in their speed. Protons interact with mat-
ter through three primary mechanisms: inelastic
nuclear reactions with the medium’s nuclei, caus-
ing scattering [8, 9]. Accuracy, end-of-range ef-
fects (range inconsistency), changes in enhanced
linear energy transfer (LET), and relative biologi-
cal effectiveness (RBE) at the distal edge of proton
beams, which may increase toxicity, are still tech-
nical obstacles for clinicians [10, 11]. Therefore,
clinical evidence still needs to be stronger, as does
the knowledge of physical effects leading to a dose
and its biological effectiveness along different parts
of the depth-dose curve, particularly before, within
and behind the Bragg peak [12].

The methodology of proton therapy includes
the superpositions of multiple beams with dif-
ferent energy levels. The absorption of energy
before, within, and after the Bragg peak across
the depth-dose curve constitutes the dosage de-
livered to the target area. Consequently, the extent
and nature of biological effects induced by proton

beam radiation remain uncertain. This study aimed
to assess any differences in the biological response
of BC cells to radiation from proton beams across
the depth-dose curve.

Materials and methods

Irradiation conditions and dosimetric
verification

The MDA-MB-231 cells were placed and irra-
diated with photon and proton beams in a water
phantom at five locations along the percentage
depth dose (PDD) curve. The MP1 water tank
(PTW Freiburg, Germany) is a small phantom (ex-
ternal dimensions: 320 mm X 370 mm) with a pre-
cise vertical moving mechanism (range: 254 mm
and positioning accuracy: 0.1 mm), designed for
depth dose measurement to determine beam qual-
ities. Its design meets the criteria of the American
Association of Physicists in Medicine (AAPM) TG
51 [13] and International Atomic Energy Agency
(TAEA) TRS 398 [14] reports for reference condi-
tions. The experiment was carried out in two med-
ical facilities: the Greater Poland Cancer Centre,
where a linear accelerator generating a photon
beam with an effective acceleration potential of 6
MYV was used, and at the Skandion Clinic, where
an isochronous cyclotron generating a proton beam
in the range from 60 MeV to 226 MeV was used.

Based on the PDD for 6 MV FF (with flattering
filter) photon beam and 150 MeV proton beam,
measured with Semiflex 3D cylindrical ioniza-
tion chamber (PTW) and Ross plane-parallel
ionization chamber (PTW), attached to the mov-
ing mechanism with a dedicated handle, the opti-
mal location of cell culture bottles, experimental
setup and beam parameters for the irradiation of
biological material with a homogenous (field size:
10 x 10 cm) 5 Gy dose at each point, was determined
(Fig. 2). Selected positions (i.e. the red dots marked
in Fig. 1) correspond to characteristic regions in
the percentage depth dose curve. For photon beam:
P1, P2 — dose build-up region, P3 — maximum
dose, P4, P5 — dose fall-off region, and for proton
beam: P1 — plateau, P2 — dose build-up region,
P3 — maximum dose (Bragg peak), P4, P5 — dose
fall-oft region.

A three-dimensional printer (Prusa Research,
Prague, Czech Republic) was used to print a pur-
pose-built holder (Fig. 2B). This holder was then
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Figure 1. Percentage depth dose for 150 MeV proton beam (black) and 6 MV photon beam (grey). MDA-MB-231 cells were
irradiated in five different locations along the depth-dose curve. Each point was noted with a red dot. The percentage depth dose
(PDD) measurements were performed using an MP1 water phantom, Markus Advanced (proton beam) and Semiflex 3D (photon
beam). Px.Pro — cells position number x for proton beam irradiation; Px.Pho — cells position number x for photon beam irradiation
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Figure 2. Individual elements used to conduct an experiment involving biological material — the MDA-MB-231 cells.

A. Scheme of the experimental setup consisting of a water phantom with precise vertical moving mechanism allowing to
change the depth of the measurement chamber and the bottle with cells to the appropriate position; B. Dedicated T-25
bottle holder, made using 3D printing technology; C. Mounting to dedicated holders in corresponding positions, two
components used to conduct the experiment in a water phantom — measuring chamber and T-25 bottle
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installed in the water phantom in place of the orig-
inal measuring holder with ionization chamber
(Fig. 2A) so that the position of the active volume
of the measuring chamber corresponds to the cen-
ter of the bottle wall on which the cells were sown
(Fig. 2C). During planning the beam parameters,
differences in water equivalence thickness (WET)
for the bottle wall and individual ionization cham-
bers were considered.

Dosimetry pre-verification was performed,
using GAFChromic EBT4 films (Ashland Inc.,
Wilmington, Delaware, USA), which allows
dose measurement in the range of 0.2 Gy to 10 Gy
with high resolution [15]. The films were attached
to one of the walls of the bottle (Fig. 2C), where
the cells will ultimately be located.

All activities using radiochromic films were sub-
ordinated to the recommendations described in
the AAPM TG 235 report. The EBT4 films were
calibrated in solid water phantom against known
doses ranging from 0.5 to 7 Gy. After radiation
exposure, the films were placed in a dedicated en-
velope for 24 hours to allow the post-irradiation
growth to stabilize.

The films were scanned in the same orientation
with a glass plate on top, using the Epson Perfection
10000 XL scanner (Seiko Epson Corporation,
Japan) with the following parameters: no colour
correction, transmission mode, portrait orien-
tation, 48-bit Red-Green-Blue (RGB). The scan
resolution was 72 dpi for calibration and measure-
ments. Scans were then (analyzed using Film QA
Pro (Ashland Inc., Wilmington, Delaware, USA).

Cell culture

In the study, the MDA-MB-231 BC cell line
(ATCC) was used. For MDA-MB-231 cell culture,
DMEM (Biowest, France) supplemented with 10%
of fetal bovine serum (FBS) (Biowest, France),
and the 1% of penicillin/streptomycin complex
(P/S) (Merck Millipore Corporation, Germany) was
applied. Cells were cultured at 37°C in a standard
atmosphere enriched with 5% CO, and saturated
with a water vapor incubator (Binder, Germany).
All experiments were performed under aseptic
conditions in a laminar flow hood.

Cell irradiation
MDA-MB-231 cells were seeded on T-25 bot-
tles (Thermo Fisher Scientific Inc., Waltham,

Massachusetts, USA, catalog no. # 63371). After
24 h, bottles were filled to capacity with PBS re-
moving air bubbles to maintain the homogenous
irradiation dose. Irradiation was performed in
the water phantom. BC cells were irradiated with
the 5 Gy dose on 5 chosen localization along dif-
ferent part of depth-dose curve. The control group
was prepared in the same way as irradiated cells,
but did not received irradiation.

Clonogenic assay

Following irradiation, cells were harvested
and separated to prepare the clonogenic assays.
After 7 days of incubation, cells were washed with
PBS and fixed using denatured ethanol. Next, cells
were stained with Coomassie Blue solution (Merck
Millipore Corporation, Germany) and incubated
for 20 min. After staining, plates were washed with
warm water and left to dry overnight. Clonogenic
tests were photographed applying the ChemiDoc
Touch Bio-Rad system (Hercules, USA). Automatic
colony counting was performed using the Gene
Tools Syngene program.

YH2AX by flow cytometry

After irradiation cells were immediate-
ly transported to the laboratory. Post 1 h, cells
were harvested, washed using PBS and fixed with
the Fixation/Permeabilization Kit (BD Biosciences,
NJ, USA). The 3.5 pL anti-yH2AX antibody (Becton
Dickinson, USA) was applied for cell staining in
the final volume of 20 pL. Samples were incubated
for 30 min at 4°C. Finally, the volume of 180 uL PBS
was added to each samples to cytometric analysis.
For flow cytometry analysis, the Cytoflex Beckman
Coulter cytometer (Beckman Coulter Life Sciences,
ID, USA) was used. Analysis of the obtained results
was performed using FlowJo v10 (FlowJo LLC,
USA). Immunofluorescence of stained cells was
imaged using Olympus IX83 Inverted Fluorescence
Microscope.

Quantitative polymerase chain reaction
(gPCR) analysis

For quantitative polymerase chain reac-
tion (QPCR) analysis, RNA was isolated apply-
ing Direct-zol RNA MiniPrep (Zymoresearch,
Irvine, CA, USA). After 24 h, cells were collect-
ed using TRI reagent (Sigma-Aldrich, St. Louis,
MO, USA). Each cell sample included 1 x 10°
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cells. After obtaining 1 pg of total RNA, the re-
verse transcription was completed using iScript
kit (Bio-Rad, Hercules, CA, USA). The cDNA
was prepared in a total volume of 20 pl and di-
luted 5 times. Next, the expression of genes was
analyzed using RT-qPCR. The RealTime ready
assays were used (Roche Diagnostics, Germany):
GAPHD assay ID: 05190541001, MSH2 assay ID:
11082, PRDKC assay ID: 147005, APEX1 assay
ID: 137234, XRCC4 assay ID: 114754, XRCC1 as-
say ID: 148350, MSH6 assay ID: 145606, RAD51
assay ID: 101531. The reference gene was hu-
man GAPDH to determine relative expression.
The PCR reaction was conducted in CFX96
Touch Real-Time Detection System (Bio-Rad
Hercules, CA, USA) using volume of 10 pl.

Statistical analysis

PQStat Software v.1.8.2 was used for the statisti-
cal analysis. The Shapiro-Wilk test was conducted
to determine the normality of the obtained results.
The one-way ANOVA was used for comparing mul-
tiple groups. Tukey’s post hoc test was amplified to
analyze the diversity for a complex system (more
than two groups) and multiple comparison proce-
dures. If Levene’s test showed that the variances were
not equal across the groups, the unequal variance
t-Test (Welch’s t-Test) was applied. For comparing
two independent groups, the t-student test was ap-
plied. For the correlation analysis the Pearson cor-
relation was used. The p-value = 0.05 was adminis-
tered to indicate whether the data were significant.
The setting of the p-value was *p < 0.05, **p < 0.01,
#0tp < 0.001.

Results

Dosimetric verification

The dose delivered to the cells was validated us-
ing EBT4 GAFchromic films for proton and pho-
ton beam irradiation. Separate calibration curves
were prepared for both beams against known doses
in the same range. A dose of 5 Gy was planned for
each of the experimental points. The obtained re-
sults of dose verification measurements are shown
in Figure 3. Three measurement series were car-
ried out for each point. The volume of interest of
the films included in the analysis was 5 cm x 3 cm.
For the proton beam, the best agreement between
the planned (5 Gy) and measured doses was ob-
tained for P1 located in the plateau area, where
the measured dose was 5.006 + 0.027 Gy. For pho-
tons an agreement was observed for P2 - the mea-
sured dose was 5.007 + 0.025 Gy. The largest differ-
ences between these doses (planned vs measured)
were noted, respectively: for protons in P3,
where the measured dose was 5.101 + 0.046 Gy
and for photons in P5 — the measured dose was
4.877 *+ 0.063 Gy. The relative difference did not
exceed 2.5% at any point, which proves high com-
pliance between the measured and planned doses.

MDA-MB-231 cell surviving fraction
after proton and photon IRR
To assess heterogeneity in biological response
along the depth-dose curve, BC cells were irradiat-
ed with a proton beam in 5 locations along different
parts of the Bragg curve (P1-P5). A decreasing sur-
viving fraction (SF) trend was observed in cells ir-
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Figure 3. The graph shows the results of dosimetric pre-verification of the planned experiment involving biological
material for proton (black bars) and photon beam (gray bars). The dose was measured using EBT4 radiochromic films, each
measurement was performed three times for each point. The error bars represent standard deviation (SD). IRR — irradiation
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Figure 4. The surviving fraction (SF) of MDA-MB-231 cells after proton and photon irradiation (IRR). Cells were irradiated
in 5 different locations along different part of depth-dose curve (P1-P5). The irradiation dose in each point was 5 Gy.
The setting of the p-value was *p < 0.05. The error bars represent standard deviation (SD)

radiated with proton IRR (Fig. 4). In P1, SF reached
26%, while in the deepest P5, the SF was 16%. With
increasing depth at which cells were irradiated,
SF was reduced. In contrast, BC cells indicated
26% and 23% of SF value after photon IRR in P1
and P5, respectively. Considering variable effects
between photon and proton IRR, a statistically sig-
nificant difference was observed for P4. The proton

IRR caused significantly lower SF in BC cells than
the photon IRR (p = 0.024722).

YH2AX levels in MDA-MB-231 cells
after IRR
Following proton and photon irradiation, cells
were analyzed to investigate the yH2AX levels
using flow cytometry (Fig. 5). The increased val-
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Figure 5. yH2AX level generated in MDA-MB-231 cells after 1h post proton and photon irradiation (IRR). Cells were irradiated
in 5 different locations along different part of depth-dose curve (P1-P5). A. The relative yH2AX level was analyzed using flow
cytometry; B. Same cells used for flow cytometry analysis were pictured to compare the yH2AX immunofluorescence visually.
Immunofluorescence of stained cells were pictured using Olympus IX83 Inverted Fluorescence Microscope (magnification
X40). The setting of the p-value was *p < 0.05, **p < 0.01. The error bars represent standard deviation (SD)
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ues of YH2AX were observed comparing differ-
ent irradiation points after proton IRR (Fig. 5A).
The depth-dependent pattern in rising yH2AX lev-
els was noticed, with increasing depth at which cells
were irradiated, the yH2AX level was higher. There
were statistically significant differences in DNA
double strand-breaks (DNA DSB) levels between
P1 vs. P4 and P5 locations (P1 vs. P4 p = 0.034513;
P1 vs. P5 p = 0.032537). Similarly, statistically sig-
nificant differences were noted with P2 (P2 vs. P4
p = 0.049089; P2 vs. P5 p = 0.032537). The yH2AX
value in P3 location did not differ significantly com-
pared to other locations. There was no difference in
DNA DSB level between various irradiation points
in the photon beam. Interestingly, comparing the ef-
fects of proton and photon IRR in one localization
point, the differences were spotted in the P3 and P5
points. The P3 position was where the dose reach-
es 100% in RT. Considering various kinds of IRR,
in each of the abovementioned points, the yH2AX
levels were higher after proton IRR. Statistically,
the p-values of proton and photon beam com-
parisons in one location were p = 0.004386 in P3
and p = 0.007281 in P5. The statistical correlation
between SF and yH2AX levels indicated that as
the location changes along the Bragg peak, there is
a relationship of increasing yH2AX levels with de-

creasing SE. Each analyzed point corresponded to
the irradiation location. The Pearson R’ parameter
was 0.38, while the p-value was 0.006.

Moreover, immunofluorescence microscopy im-
aged the same cells as those used for flow cytome-
try YH2AX analysis (Fig. 5B). A higher intensity of
yH2AX after proton IRR was observed. The yH2AX
foci were visible after both types of IRR, but the size
of each foci was incomparable. Cells were not at-
tached to plates, thus the foci measurements could
not be performed.

The gene expression after IRR

The qPCR analysis was executed for gene ex-
pression investigation (Fig. 6). MDA-MB-231
cells were collected after 24 h post-IRR to assess
whether genes associated with radiobiological re-
sponses differ between various IRR locations along
the depth-dose curve. The expression of the follow-
ing genes was analyzed — MSH2, PRDKC, APEX1,
XRCC4, MSH6, XRCC1 and RAD51. The aim was
to observe potential differences between cho-
sen IRR locations P1-P5. No statistical difference
was observed in the gene expression between
the cells that were irradiated at various depths
along the Bragg peak. The homogenous response
in expressed genes was observed after proton ir-
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Figure 6. Quantitative polymerase chain reaction (qPCR) analysis expression of genes characteristic for radiobiology response.
MDA-MB-231 cells were irradiated using proton (black) and photon (gray) beams in 5 different location along different part

of depth-dose curve (P1-P5). The expression of following genes was analyzed: A. MSH2; B. PRDKC; C. APEXT1; D. XRCC4; E. MSH6;
F. XRCCT; G. RAD51.The setting of the p-value was *p < 0.05. The error bars represent standard deviation (SD)
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radiation. However, a pattern of increased expres-
sion of the PRDKC, RAD51 and XRCCI genes was
observed as the location depth rose. (based on
the slope values of the gene expression/dose trend-
lines). Moreover, the highest value of gene expres-
sion was usually observed in the P4 localization
considering all genes. Considering photon IRR,
the gene response was similar. There was no dif-
ference between cells irradiated on various depths
along the depth-dose curve, apart from one signif-
icant increase (p = 0.046526) between P1 and P2
locations in the PRDKC gene. The gene expres-
sion values were homogenous, analyzing proton
and photon beams with some dominant trends de-
pending on the analyzed gene.

Discussion

Tumors are made up of cells that are distributed
irregularly and react individually to interactions of
ionizing events caused by protons, secondary elec-
trons, or secondary photons. To investigate the ra-
diobiological differences among various parts of
the Bragg curve, we used a highly unique irradia-
tion model for the first time. Usually, analyzed ef-
fects of cell IRR in SOBP, which consists of super-
positions of single Bragg peaks, are not informative
enough to determine the results from individual
Bragg peaks. That is why we located cells in differ-
ent positions along the single Bragg peak, irradi-
ating them with the same dose of 5 Gy. We aimed
to observe possible heterogenic response induced
by ionization through different processes which
are more likely to occur at specific areas of the per-
centage dose depth for a proton beam. The topic
of relative biological effectiveness for proton beams
is widely researched due to the averaged and as-
sumed RBE value of 1.1 compared to photon beams
[16-18]. However, this value can vary depending
on many factors; one is the position relative to
the Bragg peak, characterized by an increased LET
[16]. Therefore, the effect of RBE was not consid-
ered in this experiment.

Our findings, including SF after proton and pho-
ton IRR, were comparable, except for the loca-
tion just after the Bragg peak, where SF reached
a statistically lower value after exposure to the pro-
ton beam. Moreover, a tendency of decreasing SF
with increasing depth after proton IRR was ob-
served. One of the first studies investigating the ef-

fects along the Bragg peak using proton beams was
the research conducted by Bettega et al. [19]. They
used 65 MeV proton beams for irradiating SCC25
eye tumor cells. Results of IRR in 5 chosen points
in SOBP indicated RBE values reaching 1.1-1.2,
whereas at the distal declining edge, values in-
creased to 2. Compared to the applied reference
(photon beam), there was no difference in cell
survival between various IRRs at the first location
(P1) as in our study. Moreover, they showed similar
results to ours, including a comparison of the sur-
vival curves. The results showed that at the same
dose, survival dropped with increasing depth along
the depth-dose curve.

The depth distribution of dose for a proton beam is
primarily influenced by three factors: the enhanced
braking potential of protons as their velocity dimin-
ishes, Coulomb scattering of protons when interact-
ing with the nuclei of the medium, and the energetic
dispersion of the beam due to the statistical nature
of proton ionization and scattering on the nuclei
and electrons of the medium. Various nuclear re-
actions taking place between protons and matter
across the depth-dose curve might result in diverse
radiobiological reactions, depending on the irradia-
tion’s position along the Bragg curve. In our study, as
the depth at which MDA-MB-231 cells were irradi-
ated increased, the number of DNA DSBs was high-
er. The diversities between these effects compared
to the results obtained after photon IRR showed not
only that protons induce a higher level of yH2AX
but also that behind the Bragg peak, there is a prob-
ability of inducing more DNA DSBs than in front
of or in the Bragg peak. In a recent study, another
BC cell line, MCF-7, was irradiated using proton
and carbon beams [20]. Radiobiological parame-
ters, such as Bac/Bc ratio and higher subGl frac-
tion, highlighted that carbon ions were more effec-
tive in decreasing cellular proliferation than proton
IRR, although no statistical variety was observed in
yYH2AX foci. Keta et al. [21] investigated the com-
plex relationship between LET and biological re-
sponse to proton IRR and the conventional pho-
tons and high LET carbon ions. Using MCF-7 BC
cells, HTB140 melanoma and HTB177 non-small
lung cancer cells, they carried out an immunofluo-
rescence based assay to assess the amount of DNA
double strand-breaks (DSB) induced by various
LET values. As in our study, the yH2AX level raised
with the increasing LET at the distal end of SOBP,
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although for the highest LET value in the distal
fall-off part, the yH2AX level decreased. Moreover,
proton IRR was more effective in inducing DSB than
photons in most cases. Calugaru et al. [22] analyzed
of cell killing and the incidence of DSBs using pro-
ton beams. They used two different energy beams,
76 MeV and 201 MeV, for cell IRR. Considering
applied photon beams, the number of DNA DSB
and clustered lesions was higher after proton IRR.
The metastatic potential in MDA-MB-231 cells
after proton IRR was analyzed by Lee et al. [23].
They concluded that the proton beam might cause
a block of the Akt signaling pathway, limiting can-
cer development and metastatic spread by suppress-
ing cyclooxygenase 2 (COX-2) and matrix metallo-
proteinase-9 (MMP-9) expressions.

At the genetic level, we found no indication of
differences between BC cells irradiated at vari-
ous locations. A standard suite of genes related to
the DNA damage response was applied and some
trends in gene expression were observed, but no
direct conclusions can be drawn. Assessing gene
expression is challenging because the time fac-
tor after IRR is crucial. In the future, it would be
necessary to check gene expression at other time
points or focus on possible signaling pathways re-
lated to the induction of DNA DSBs after proton
radiation. A deeper understanding of molecular
radiobiological response was proposed by Choi
et al. [24] who used 10 BC cell lines to assess RBE
results after 230 MeV proton IRR compared to
6 MV X-rays. Cyclin D1 abundance in cells was
linked to proton RBE. Downregulation of RB1 by
siRNA or a CDK4/6 inhibitor increased proton
sensitivity in BC cells but not proton RBE. In con-
trast, cyclin D1 depletion boosted proton RBE in
two TNBC cell lines, MDA-MB-231 and Hs578T.
Their findings provide insights into the cyclin
D1-CDK4-RB1 pathway as a potential target for
proton beam treatment in TNBC.

Conclusion

The cellular response along the Bragg peak is
likely to be highly heterogenic as shown by DNA
DSB level. The diversities between these effects
showed that behind the Bragg peak, there is a prob-
ability of inducing more DNA DSBs than in front
of the peak or in the Bragg peak. The reaction of
cancer cells to proton beam radiation varied signifi-

cantly in both quantity and quality across the dose
build-up and fall-off areas. These results indicate
that even with a uniform proton dose within the tar-
get, the biological response can be diverse, holding
an important indication for clinical practice.
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