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ABSTRACT

Helicobacter pylori (H. pylori) is a Gram-negative, spiraling, microaerophilic bacteria
that normally infect the stomach of human and produces stomach inflammation which can
develop to gastric ulcers of the stomach or the upper part of the small intestine. Several cellular
signaling pathways such as mitogen activated protein kinases (MAPKSs) and RNA activating
factor 1 (RAF-1) signaling cascade may be involved in H. Pylori infection. MAPKS are a type of
extracellular communication that consists of a chain of proteins that extends from cell receptors
to nuclear DNA. MAPK signaling is usually triggered by cell receptors attaching to epidermal
growth factors (EGF), also known as the growth factor pathway or extracellular signal-regulated
kinase (ERK). By administering HeLa cells with Sorafenib (SOR), a systemic medication for
malignant malignancies, we studied the possibility of inhibiting H. pylori replication. In pre-
treated and infected cells, the expression of RAF-1 and autophagy related 5 (Atg5) was
monitored to see if targeting these factors can disrupt H. Pylori intracellular replication.
Surprisingly, the relative expression of bacterial 16s ribosomal RNA in SOR-treated cells
revealed a competitive suppression of bacterial replication (16srRNA). Furthermore, SOR
therapy successfully controlled the expression of the Raf-1 and Atg5 genes without causing any
toxicity. In addition, SOR therapy lowered the production of tumor necrosis factor (TNF-) in a
dose and time-dependent manner. These data suggest that SOR can disrupt H. Pylori replication
in HelLa cells by suppressing MAPK and autophagy signaling, with minimal TNF- generation
from treated cells.
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INTRODUCTION

Helicobacter pylori usually cause a
life-long infection in the stomach, where it
triggers a strong immunological response
with local lymphocyte and macrophage
infiltration  (Kusters et al., 2006;
Vandenplas, 2000). The  processes
underpinning the onset of additional H.
pylori-implicated lymphomas have been
revealed, and other pathways in
adenocarcinoma induction have been
described (Kim et al., 2011). Although
stomach ulcers are known to be caused by

the H. pylori bacteria, scientists are still
largely in the dark about this crucial health
issue. H. pylori are usually spread from
person to person through saliva or through
feces-contaminated food or water. H. pylori
prevalence occurred throughout childhood in
impoverished nations due to a combination
of causes including contaminated water,
crowded surroundings, and poor hygiene
(Brown, 2000; Kayali et al., 2018).

Several cellular signaling pathways,
including mitogen activated protein kinases
(MAPKSs), protein kinase C (PKC), and
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autophagosome production, are involved in
H. pylori infection (Devenport and Shah,
2019; Islam et al., 2018). PKC is a versatile
serine/threonine  kinase that regulates
biological processes such cell proliferation,
differentiation, and death. The activation of
the PKC signaling pathway results in the
creation of autophagosomes, which protect
cells against death and regulates a variety of
physiological activities (Black and Black,
2013).

RAS, RAF-1, Mekl/2, and ERK
protein Kkinases are examples of MAPK
protein Kinases that autophosphorylate their
serine and threonine residues to activate or
deactivate their substrates (Soares-Silva et
al., 2016). MAPK signaling is important
because it can control a variety of cellular
processes like proliferation, apoptosis,
autophagy, and self-defense. In mammalian
cells, three MAPK signaling pathways have
been identified; ERK1/2, c-JUN N-terminal
kinase 1, 2 and 3 (JNK1/2/3) (Dong et al.,
2002). Hormones, growth factors, and
proinflammatory inducers boost ERK1/2,
whereas  cellular and  environmental
conditions, as well as proinflammatory
stimuli activated JNK1/2/3 and p38 MAPK
(Raman et al., 2007).

In 2006, the FDA authorized
sorafenib (SOR) for the treatment of
advanced renal cell carcinoma. SOR was
licenced as a one-of-a-kind target therapy
for advanced hepatocellular carcinoma
(HCC) in 2007 (Zhu et al., 2017). SOR is a
type of oral multikinase inhibitor that
inhibits ~ cancer  cell  growth and
tumorigenesis-induced  programmed cell
death (PCD) (Gauthier and Ho, 2013).
Autophagy, on the other hand, has been
discovered as a conserving mechanism that
involves mass breakdown and recycling of
unneeded cytoplasmic components via
lysosome delivery (Dahb Hassen et al.,
2017; Khalil et al., 2019). Normally, hunger
and bacterial infection induce the creation of

autophagy vesicles (Abd El Maksoud et al.,
2020; Abdelaziz et al., 2015). Atg5-Atgl2,
Atg6-Atg9, and Atgl6L are autophagy
proteins acquired by pre-autophagosomal
vesicles (Elimam et al., 2020). The cytosolic
Atg8 isoform (LC3-1) is then attracted to
vesicles and converted into the membraned
isoform, LC3-11 (Khalil, 2012).

In the present study SOR was used
on infected HelLa cells to study the probable
inhibitions of H. pylori intracellular
replication and find out the molecular
interaction that might be involved.
Monitoring the cytotoxic effect of SOR in
treated cells was also considered, as was its
effect on cell survival and TNF- production.

MATERIALS AND METHODS

Cells lines

The cervical cancer cell line HelLa
was obtained from (VACSERA, Giza,
Egypt) and cultured in RPMI medium with 4
mM L-glutamine, 4 mM sodium pyruvate,
100 U/ml penicillin/streptomycin, and 10%
bovine calf serum (BCS). The cultivated
cells were incubated at 37°C with a 5% CO,
atmosphere.

SOR bacterial infection and therapy

On 2 ml of RPMI media, cells were
planted at a density of 200000 cells per well
in a 6-well plate and incubated overnight in
a CO2 incubator. The cells were then treated
with either SOR (100 g/well) or 10 ul
DMSO, which served as a control. Infected
cells were infected with H. pylori (MOI of
1) two hours later and incubated overnight
as previously described.

Bacterial strain and infection protocol

For five days, H. pylori strain P12
(wild type, USA) was grown on agar plates
containing 10%  horse  serum in
microaerophilic conditions at 37°C and 10%
CO2. Then, as previously mentioned, the
Brucella broth liquid medium supplemented
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with 10% (v/v) heat-inactivated FBS was
used to culture and grow H. pylori in a
liquid media (Blanchard and Nedrud, 2006).
At -80, different aliquots of the growing H.
pylori in liquid medium were kept. The
bacteria were extracted from culture plates
in  Dulbecco's phosphate-buffered saline
(PBS) (pH 7.4) and the concentration of
bacteria was quantified using a mass
spectrophotometer by optical density at 600
nm, corresponding to 1108 colony forming
units (CFU/ml) (Jung et al., 2015). For 48
hours, the bacterial stock was introduced to
HeLa cells at various multiplicities of
infection (MOI of 1). PBS was incubated
with the cells for the same time periods as a
control. An inverted microscope was used to
monitor cells during infection (Poppe et al.,
2007; Schneider et al., 2011).

Viability of cells and
consequences

The number of living cells and
representative images of cells taken with an
inverted microscope were used to evaluate
cell morphology and viability rate after SOR
therapy. Using an LDH production kit, the
production of lactate dehydrogenase (LDH)
in the medium from treated cells was
evaluated in a 96-well plate. According to
the manufacturer's instructions, the same
volume of sample and LDH buffer (primary
antibody) were incubated for 2 hours, then 1
hour with LDH substrate (secondary
antibody), and the relative activity of LDH
was measured and computed using 470 nm
absorbance values. Triton x-100-treated
cells were employed as a positive control for
cytotoxicity (Khalil et al., 2018).

cytotoxic

Total RNA isolation and cDNA synthesis
In clean and RNase-free tubes,
treated and infected cells were collected
from cell culture plates. TriZol (Invitrogen,
USA) chloroform techniques were used to
isolate total RNA. The concentration of all

samples was adjusted to a final
concentration of 100 ng/ul by dissolving the
isolated RNA in RNase-free water and
resuspending it. Then, using a cDNA
synthesis kit, 10 ul of each extracted and
purified total RNA were utilised to create
cDNA (Qiagen). Total RNA was incubated
with reverse transcriptase and oligo (dT)
primer for one hour at 45°C, followed by
five minutes at 95°C, according to the
manufacturer's instructions. The cDNA was
then stored at -20°C until it was needed
(Farghaly et al., 2018).

Q-RT-PCR investigation parameters

To study the relative expression of
RAF-1 as an indicator of MAPK signaling
and Atg5 as an indicator of autophagic
process, Q-RT-PCR was used to detect the
expression levels of RAF-1 and autophagy
related 5 (Atg5) following treatment. As a
bacterial replication indicator, the relative
gene expression of 16s ribosomal RNA was
measured in treated and infected cells. The
Quanti-Tect SYBR green PCR Kit (Qiagen,
USA) and oligonucleotides specific for each
gene were used in the Q-RT-PCR.
Raf-1-sense-5-TTTCCTGGATCATGTTCCCCT-3,
Raf-1-antisense-5-ACTTTGGTGCTACAGTGCTC A-3,

Atg5-For-5-CGTGTATGAAAGAAGCTGATGC-3,
Atg5-Rev-5-ACGAAATCCATTTTTTCTTCTGGA-3.

The following oligonucleotides were utilized
for 16s ribosomal RNA:
F-5-TCGGAATCACTGGGCGTAA-3, R-5-
TTCTATGGTTAAGCCATAGGATTTCAC-3.
GAPDH levels were amplified using
particular  oligonucleotides, (sense) 5'-
TGGCATTGTGGAAGGGCTCA-3' and (antisense)
5-TGGATGCAGGGATGATGTTCT-3' which
served as an internal control for
normalisation. The real-time PCR reaction
was carried out in a bio-system apparatus at
95°C for 5 minutes, followed by 35 cycles
of 15 seconds each at 95°C, annealing at
60°C (15 seconds), and extension at 60°C
(45 second). SDS 2.2 was used to do data
analysis on threshold cycle (CT) results



288

Tamer Roshdy et al.

(Farghaly et al., 2018; Khalil et al., 2016).

ELISA test

TNF- was measured in infected cells
using a  sandwich enzyme-linked
immunosorbent assay (ELISA) kit by human
ELISA kits as an indicator for the MAPK
signaling cascade (Abcam, 181421). As a
result, cells were seeded in a 96-well plate,
then treated with SOR and infected with
bacterial stock at a MOI of 1. The media
was collected and the concentration of TNF-
was evaluated in a time course experiment
on day 1, day 2, and day 3. Standards and
samples were placed into the 96-well plate
as directed, and the immobilised antibody
bound the given TFN- to the wells.
Biotinylated antibody was added after
washing, followed by HRP-conjugated
streptavidin antibodies. Finally, the wells
were filled with a TMB substrate solution,
and the colour developed in proportion to
the amount of cytokine bound. At 450 nm,
the colour intensity was measured (Khalil,
2012; Khalil et al., 2017, 2018).

Agarose gel electrophoresis

The standard PCR products were
loaded into a 1 percent agarose gel prepared
by dissolving 1 g agarose in 50 ml TAE
(1X) in a graduated cylinder and then
transferring to an agarose flask. The top of
the flask was wrapped with a paper towel
and microwaved until it was fully dry.
Ethidium bromide (10 ul) was added to the
warm gel, which was then poured into the
DNA electrophoresis cassette and allowed to
cool. After putting the samples onto the gel,
electrophoresis was performed for one hour
at 50 volts (Dahb Hassen et al., 2017).

Statistical Analysis:

Microsoft Excel was wused to
construct the final plots and histograms for
our data. The Student's two-tailed t-test was
used to examine the significance of all data

obtained from real-time PCR analysis. Using
delta-delta Ct equations, the qRT-PCT data
was analysed with SDS2.2.2 software to
provide Ct values for putative gene
expression (Khalil et al., 2016; Schmittgen
et al., 2004).

RESULTS AND DISCUSSION

In HeLa cell lines, the Raf-1 inhibitor
sorafenib (SOR) has no cytotoxic effects.

The number of living cells and cell
representative pictures in pre-treated cells
were monitored to assess the potential
cytotoxic effects of SOR treatment on H.
pylori infected HeLa cells. In order to assess
cell viability rate, lactate dehydrogenase
(LDH) production from pre-treated and
infected cells was also measured. LDH is an
enzyme that can be present in all living cells
and During the Krebs cycle in mitochondria,
it is responsible for the conversion of lactate
to pyruvic acid. Importantly, LDH secretion
denotes a systemic toxic effect on cell
proliferation that results in a cell death
programme. HelLa cells were planted at a
concentration of 2 x 105 cells per well in a
6-well plate and incubated overnight. After
that, the cells were treated with SOR at a
concentration of 200g per well. Finally, H.
pylori (MOI of 1) was inoculated into the
pre-treated cells, followed by an overnight
incubation with the same dosage of SOR.
Surprisingly, SOR therapy had no cytotoxic
effects on the treated cells, as evidenced by
cell pictures. as well as the amount of live
cells DMSO treatment, on the other hand,
had a considerable impact on the number of
live cells (Fig. 1A and B). Importantly, pre-
treated cells with DMSO increased LDH
production by up to fourfold, confirming
DMSQ's deleterious influence on cell
growth during H. Pylori infection.
Nonetheless, treatment with SOR resulted in
low levels of LDH production in both
treated and infected cells (Fig. 1C). These
data suggest that, on the one hand, SOR
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administration has no deleterious effect on
HeLa cell growth and, on the other hand,
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Fig. 1. SOR treatment's cytotoxic effects:

SOR

can protect HelLa cells from

cytotoxicity caused by H. Pylori infection.

H.Pylori
DMSO

H.Pylori
SOR

<
o
=
o
=
°
o
2
a
T
o
-
o
>
=]
o
w
o

Mock NT TritonX H.P.DMSO H.P.SOR

A) In comparison to DMSO-treated cells and non-treated cells, representative cell images
indicate cell viability of HeLa cells that were pre-treated with Raf-1 inhibitor (NT).

B) Manually determined number of alive cells after Sorafenib treatment.

C) LDH production from treated cells vs. Triton X-100-treated cells vs. non-treated cells. The
standard deviation (SD) of two independent experiments is indicated by the error bars.

SOR treatment inhibits H.
replication in HeLa cells

HeLa cells were sown at a density of
2x105 cells per well on a 6-well plate to
examine if SOR could disrupt H. Pylori
replication. The cells were then treated with
either 200 g/well of SOR or 20 | DMSO, the
organic solvent used to prepare SOR. After
two hours, all treated cells were infected
with H. Pylori at a multiplicity of infection
of one (MOI=1) and incubated overnight.
gRT-PCR was used to measure bacterial
replication in HelLa cells by quantifying
steady-state mMRNA of bacterial 16srRNA.
As a result, using an RNA purification kit

pylori

(Invitrogen, USA), total RNA was extracted
and purified from treated and infected cells,
followed by the synthesis of its related
cDNA (Fig. 2A). In comparison to DMSO
and control treated and infected cells, our
findings demonstrate that the relative
expression of bacterial-16srRNA in SOR
treated cells was substantially disturbed
(more than 80 percent reduction). This
finding implies that SOR can stop H. Pylori
from replicating in HelLa cells, implying that
it could be employed as an anti-agent of H.
Pylori.
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Fig. 2: Relative expression of H. Pylori indicator 16srRNA

A) Using agarose gel electrophoresis, total RNA was extracted and purified from SOR pre-
treated and infected cells, as well as other control treated and infected cells.

(B) 16srRNA gene expression in HelLa cells treated with SOR vs. other control cells, exhibiting
H. Pylori replication. The error bars show the standard deviation (SD) of two independent

experiments.

SOR regulates of H. pylori replication via
blocking RAF-1 and Atg5 expression

In cancer illnesses, a range of
extracellular and intracellular signaling
pathways are implicated, with protein kinase
C (PKC) playing a key role in several signal
transduction pathways. PKC signaling
involves a number of downstream signaling
pathways, including the activation of
RAS/RAF/MEKI/Erk  oncoproteins  via
mitogen-activated protein kinase (MAPK)
(Bhalla et al., 2002; Griner and Kazanietz,
2007; Koivunen et al., 2006). The relative
expression of RAF-1lhse was measured by
gRT-PCR in SOR-treated cells and control
treated cells to investigate the putative role

of the MAPK signaling pathway in H. Pylori
infection. In addition, the relative expression
of the autophagy-related gene Atg5 in pre-
treated and infected cells was examined. As
a result of SRO treatment in infected HelLa
cells, both the relative expressions of Ra-1
and Atg5 were drastically lowered in a dose-
dependent manner (Fig. 3A and B). SOR
therapy resulted in a competitive inhibition
of H. Pylori replication in HeLa cells, as
well as a significant reduction in Raf-1 and
Atg5 gene expression. As a result, both
MAPK and autophagy signaling are
implicated in H. Pylori replication, and their
modulation can disrupt H. Pylori replication
in infected cells.
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Fig. 3. Relative expression of RAF-1 and Atg5 in pre-treated and infected cells

A) Raf-1 gene expression relative to GAPDH gene expression in HelLa cells that were pre-
treated with SOR compared to other control infected cells. B) In SOR-treated and infected
cells, relative gene expression of Atg5 as an indication of autophagy.

The error bars represent the standard deviation of two independent experiments.

SOR regulates production of TNF-a in
infected cells

Activation of p38 and c-Jun N-
terminal kinase (JNK) has been linked to the
production of pro-inflammatory cytokines
like tumour necrosis factor-alpha (TNF-)
and interleukin-6 (IL-6) as well as anti-
inflammatory ~ cytokines  like  IL-10,
according to several studies (Chi et al.,
2006; Park et al., 2010). In addition, the
RAF-1 signaling pathway is involved in the
replication of H. Pylori, the hepatitis C
virus, and the influenza A virus (Khalil,
2017; Peyssonnaux and Eychéene, 2001;
Pleschka, 2008). To investigate the impact

of SOR as a potential regulator of TNF-, we
measured TNF- production levels during H.
Pylori replication in SOR pre-treated cells.
The lowest concentration TNF- is connected
with SOR treatment throughout day 1, day
2, and day 3 of infection, according to
ELISA results of indicated HelLa cells
alternatively, the highest levels of TNF-
were found in H. Pylori infected cells
(control infection) and infected cells treated
with DMSO (Fig. 4). These findings show
that controlling MAPK signaling controls
pro-inflammatory cytokine release, which in
turn inhibits H. Pylori multiplication in
Hela cells.

Fig. 4. Levels of produced TNF-a in SOR-treated and infected cells
TNF- concentration (pm/ml) in the fluid medium of infected HeLa cells treated with 200 g/ml
SOR for the indicated time periods versus DMSO-treated cells.
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We used gRT-PCR to look into the
molecular effect of SOR on H. pylori
replication, as shown by the relative
expression of the bacterial 16srRNA gene.
In addition, the cytotoxic potential of SOR
on HeLa cells was evaluated based on cell
viability and cellular morphology, as well as
the amount of TNF- generated by pre-treated
and infected cells. Surprisingly, our findings
revealed that SOR therapy inhibited
bacterial replication significantly In SOR-
treated and infected cells, relative expression
of both RAF-1 and Atg5 was significantly
reduced, indicating that RAF-1 and Atg5 are
potential targets of SOR and are important
factors in H. pylori replication. When
compared to DMSO-treated cells, the level
of generated TNF- was lower in SOR-
treated and infected cells, demonstrating that
SOR can modulate the tumorigenesis
activity of H. pylori infection. Infection with
H. Pylori causes a range of cellular singling
that either suppresses or ensures bacterial
multiplication. MAPKSs, autophagy, the
PIBK/AKT pathway, and proinflammatory
cytokines are among the critical cellular
signaling pathways triggered by bacterial
infection.  Autophagy is a  process
characterized by the formation of double-
membraned cytoplasmic vacuoles that
regulate breakdown events and cellular
recycling by transferring cytoplasmic
materials to lysosomes. All animal cells
contain lysosomes, which are membrane-
bound vacuoles (Abdelaziz et al.,2015;
Khalil et al., 2016). They are spherical
vesicles that carry a hydrolytic enzyme that,
when combined with an autophagosome,
may break down nearly any unwanted
molecule. Simply put, a lysosome is a
vesicle with a unique protein composition in
both its membrane and lumen. The pH of the
lumen (4.5-5.0) is ideal for hydrolysis
enzymes, similar to the activity of the
stomach (Luzio et al., 2007). Lysosomes are
engaged in a variety of cell functions,

e- ISSN 2314-5501 (online)
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including secretion, plasma membrane
repair, cellular signaling, and cellular
metabolism, in addition to polymer
degradation (Bonam et al., 2019; Boya,
2012). TNF- is a pro-inflammatory cytokine
that is activated by binding to the tumour
necrosis factor receptor 1 (TNFR1) and
tumour necrosis factor receptor 2 (TNFR2)
receptors (TNFR2). TNF-exact signaling
molecular function, as well as the role of its
receptors TNFR1 and TNFR2, in the
inflammatory response, are unknown. TNF-
has a role in DEP-induced pulmonary
inflammation, according to new research,
and TNFR2 is the most important receptor
in mediating these inflammatory processes
(Kumar et al., 2017). Likely, following
infection of HelLa cells, the pro-
inflammatory  cytokines  TNF-  were
dramatically reduced in response to SOR
administration in a time-dependent manner.
Our findings show that SOR's modulation of
autophagy and inhibition of MAPK
signaling is enough to disrupt H. pylori
infection in vitro.

REFERENCES

Abd EI Maksoud, A.l.; Elebeedy, D.; Abass,
N.H.; Awad, A.M.; Nasr, G.M,;
Roshdy, T., et al. (2020).
Methylomic changes of autophagy-
related genes by Legionella effector
Lpg2936 in Infected macrophages.
Front. Cell Dev. Biol.,, 7: 390.
doi:10.3389/fcell.2019.00390.

Abdelaziz, D.H.A.; Khalil, H.; Cormet-
Boyaka, E. and Amer, A.O. (2015).
The cooperation between the
autophagy machinery and the
inflammasome to implement an
appropriate innate immune response:
Do they regulate each other?
Immunol. Rev., 265:194-204.
do0i:10.1111/imr.12288.

Bhalla, U.S.; Ram, P.T. and lyengar, R.
(2002). MAP kinase phosphatase as



293

Disturbing intracellular replication of Helicobacter pylori by sorafenib treatment in-vitro

a locus of flexibility in a mitogen-
activated protein kinase signaling
network. Science 297: 1018-1023.
doi:10.1126/science.1068873.

Black, A.R. and Black, J.D. (2013). Protein
kinase C signaling and cell cycle
regulation. Front. Immunol., 3: 423.
doi:10.3389/fimmu.2012.00423.

Blanchard, T.G. and Nedrud, J.G. (2006).
Laboratory maintenance of
helicobacter species. Curr. Protoc.
Microbiol., Chapter 8, Unit 8B.
d0i:10.1002/9780471729259.mc08b
01s00.

Bonam, S.R.; Wang, F. and Muller, S.
(2019). Lysosomes as a therapeutic
target. Nat. Rev. Drug Discov., 18:
923-948. d0i:10.1038/s41573-019-
0036-1.

Boya, P. (2012). Lysosomal function and
dysfunction: Mechanism and
Disease.  Antioxidants Redox
Signal., 17: 766-774.
doi:10.1089/ars.2011.4405.

Brown, L. M. (2000). Helicobacter pylori :
Epidemiology and routes  of
transmission. Epidemiol. Rev., 22:
283-297. d0i:10.1093/
oxfordjournals.epirev.a018040.

Chi, H.; Barry, S.P.; Roth, RJ.; Wu, J.J;
Jones, E.A.; Bennett, A.M., et al.
(2006). Dynamic regulation of pro-
and anti-inflammatory cytokines by
MAPK phosphatase 1 (MKP-1) in
innate immune responses. Proc. Natl.
Acad. Sci. U.S.A. 14;103(7):2274-9.,
d0i:10.1073/pnas.0510965103.

Dahb, H.; Bassiouny, K.; El-Shenawy, F.
and Khalil, H. (2017). Epigenetics
reprogramming of autophagy is

involved in  childhood acute
lymphatic leukemia. Pediatric
Infectious Diseases. 2(2):45.

doi:doi:10.21767/2573-0282.100045.
Devenport, S.N. and Shah, Y.M. (2019).
Functions and implications of

autophagy in colon cancer. Cells, 8:
1349. doi:10.3390/cells8111349.

Dong, C.; Davis, R.J. and Flavell, R.A.
(2002). MAP Kinases in the immune
response. Annu. Rev. Immunol., 20:
55-72. doi:10.1146/annurev.
immunol.20.091301.131133.

Elimam, H.; El-Say, K.M.; Cybulsky, A.V.
and Khalil, H. (2020). Regulation of
autophagy progress via lysosomal
depletion by fluvastatin nanoparticle
treatment in breast cancer cells. ACS
Omega, 5(25): 15476-15486.
doi:10.1021/acsomega.0c01618.

Farghaly, H.; Guirgis, A. and Khalil, H.
(2018). Heat shock reduces HCV
replication  via  regulation  of
ribosomal L22 in Alu-RNA molecule
dependent manner. Hepatoma Res.,
4:41

Gauthier, A. and Ho, M. (2013). Role of
sorafenib in the treatment of
advanced hepatocellular carcinoma:
An update. Hepatol. Res., 43:147—
154. doi:10.1111/j.1872-034X.2012.
01113.x.

Griner, E.M. and Kazanietz, M.G. (2007).
Protein kinase C and other
diacylglycerol effectors in cancer.
Nat. Rev. Cancer, 7: 281-294
doi:10.1038/nrc2110.

Islam, S.M.A.; Patel, R. and Acevedo-
Duncan, M. (2018). Protein Kinase
C-C stimulates colorectal cancer cell
carcinogenesis via PKC-
{/Racl/Pak1/B-Catenin signaling
cascade. Biochim. Biophys. Acta -
Mol. Cell Res., 1865:650-664.
doi:https://doi.org/10.1016/j.bbamcr.
2018.02.002.

Jung, S.W.; Thamphiwatana, S.; Zhang, L.
and Obonyo, M. (2015). Mechanism
of antibacterial activity of liposomal
linolenic acid against Helicobacter
pylori. PLoS One 10, e0116519-
e0116519.



Kayali,

Khalil,

Khalil,

Khalil,

Khalil,

Khalil,

Khalil,

294

Tamer Roshdy et al.

doi:10.1371/journal.pone.01165109.

S.; Manfredi, M.; Gaiani, F.;
Bianchi, L.; Bizzarri, B.; Leandro,
G., et al. (2018). Helicobacter pylori,
transmission routes and recurrence of
infection: state of the art. Acta
Biomed., 89:72-76. d0i:10.23750/
abm.v89i8-S.7947.

H. (2012). Influenza A virus
stimulates autophagy to undermine
host cell IFN-B production. Egypt. J.
Biochem. Mol. Biol., 30: 283-299.

H. (2017). The Intracellular
signalling that associated with
influenza a virus infection. Pediatr.
Infect. Dis., 1: 38.
doi:10.21767/2573-0282.100038.
H., Abd El Maksoud, A.l.; Alian, A.;

El-Hamady, W.A.; Daif, AA,;
Awad, A. M. et al. (2019).
Interruption of  Autophagosome
Formation in Cardiovascular

Disease, an Evidence for protective
response of autophagy. Immunol.
Invest.,49:3:249-263.
doi:10.1080/08820139.2019.1635619.
H.; Arfa, M.; El-Masrey, S.; EL-

Sherbini, S. and Abd-Elaziz, A.
(2017). Single nucleotide
polymorphisms  of interleukins

associated with hepatitis C virus
infection in Egypt. J. Infect. Dev.
Ctries, 11: 261-268.
doi:10.3855/jidc.8127.

H.; Maksoud, A.lLA.; El, Roshdey,
T. and El-Masry, S. (2018). Guava
flavonoid glycosides prevent
influenza A virus infection via
rescue of P53 activity. J. Med.
91:1:45-55. doi:10.1002/jmv.25295.
H.; Tazi, M.; Caution, K.; Ahmed,
A.; Kanneganti, A.; Assani, K.; et al.
(2016). Aging is associated with
hypermethylation of  autophagy
genes in macrophages. Epigenetics,
11: 381-388. doi:10.1080/15592294.

2016.1144007.

Kim, S.S.; Ruiz, V.E.; Carroll, J.D. and
Moss, S.F. (2011). Helicobacter
pylori in the pathogenesis of gastric
cancer and gastric lymphoma.
Cancer Lett., 305:228-238.
doi:10.1016/j.canlet.2010.07.014.

Koivunen, J.; Aaltonen, V. and Peltonen, J.
(2006). Protein kinase C (PKC)
family in cancer progression. Cancer
Lett.,235:1:1-10.
doi:10.1016/j.canlet.2005.03.033.

Kumar, S.; Joos, G.; Boon, L.; Tournoy, K.;
Provoost, S. and Maes, T. (2017).
Role of tumor necrosis factor—o and
its receptors in diesel exhaust
particle-induced pulmonary
inflammation. Sci. Rep., 7:11508.
d0i:10.1038/s41598-017-11991-7.

Kusters, J.G.; van Vliet, A.H.M. and
Kuipers, E.J. (2006). Pathogenesis of
Helicobacter pylori infection. Clin.
Microbiol. Rev., 19: 449-490.
d0i:10.1128/CMR.00054-05.

Luzio, J.P.; Pryor, P.R. and Bright, N.A.
(2007). Lysosomes: fusion and
function. Nat. Rev. Mol. Cell Biol.,
8: 622-632. d0i:10.1038/nrm2217.

Park, E.J.; Lee, J.H.; Yu, G.Y.; He, G.; Ali,
S.R.; Holzer, R.G., et al. (2010).
Dietary and genetic obesity promote
liver inflammation and
tumorigenesis by enhancing IL-6 and
TNF expression. Cell., 140(2): 197—
208 doi:10.1016/j.cell.2009.12.052.

Peyssonnaux, C. and Eychéne, A. (2001).
The Raf/MEK/ERK pathway: New
concepts of activation. Biol. Cell,
93:53-62. d0i:10.1016/S0248-
4900(01)01125-X.

Pleschka, S. (2008). RNA viruses and the

mitogenic Raf/MEK/ERK  signal
transduction cascade. Biol. Chem.
389: 1273-1282.

doi:10.1515/BC.2008.145.
Poppe, M.; Feller, S.M.; Romer, G. and



295

Disturbing intracellular replication of Helicobacter pylori by sorafenib treatment in-vitro

Wessler, S. (2007). Phosphorylation
of Helicobacter pylori CagA by c-
Abl leads to cell motility. Oncogene,
26:3462-3472.
d0i:10.1038/sj.0nc.1210139.

Raman, M.; Chen, W. and Cobb, M. H.
(2007). Differential regulation and
properties of MAPKSs. Oncogene, 26:
3100-3112.
doi:10.1038/sj.0nc.1210392.

Schmittgen, T.D.; Jiang, J.; Liu, Q. and
Yang, L. (2004). A high-throughput
method to monitor the expression of
microRNA  precursors.  Nucleic
Acids Res., 32: e43.
doi:10.1093/nar/gnh040.

Schneider, S.; Carra, G.; Sahin, U.; Hoy, B.;

Rieder, G. and Wessler, S. (2011).

Complex cellular responses of

Helicobacter pylori colonized gastric

adenocarcinoma cells. Infect.
Immun., 79: 2362-2371.
doi:10.1128/1A1.01350-10.
Soares-Silva, M.; Diniz, F.F.; Gomes, G.N.
and Bahia, D. (2016). The Mitogen-
Activated Protein Kinase (MAPK)
Pathway: Role in Immune Evasion
by Trypanosomatids. Front.
Microbiol., 7. 183.
doi:10.3389/fmich.2016.00183.
Vandenplas, Y. (2000). Helicobacter pylori
infection. World J. Gastroenterol., 6:
20-31. d0i:10.3748/wjg.v6.i1.20.
Zhu, Y.-J.; Zheng, B.; Wang, H.-Y. and
Chen, L. (2017). New knowledge of
the  mechanisms of sorafenib
resistance in liver cancer. Acta
Pharmacol. Sin., 38:614-622.
d0i:10.1038/aps.2017.5.

sl e plaiiadly iiall (B o sl iShs sSibig) \y Sy SIS Gl )

Jald dala A | bl G pali | daaa (A AA | mdla daa) plasd ) Fgad) daaa el
e 2l il doals i i) e 0Ty 51l Aeigh s g, o) Ll i)

tamer.roshdy@gebri.usc.edu.eg (s "SI 2l oo HI Caalill
tmr.gebri@gmail.com

oaldiall

Gt Glud¥) Bame canai Lo LIe | ol sl A ddia g 4 g jla Adlss L i sk SSL sSilied) s
aal) €L Sl (g ganl aaaly | Aadal) claa¥) (o (s olall ¢ 3al) sl sanall an 8 N (555 38 5 samall gl L Sl
Gl e (s siny oasls Jaal i MAPKS 30 RAF-1 e silly MAPKS s Jie us1all il JLEY) (e
O bl 3ash oe MAPKS @l i) b of sl DNA () daai i LA i (e 1035 03 5 500 (0 Alna
Extra cellular signal regulated .« sl Epidemal ~ Growth Factor w3, EGF 5 LAl colive
HeLa bl LA 0 S Gk e H. pylori LS SIS Jayi 40184l api 4l all oda (825 . Kinase (ERK)

uid ) g o) 53 pla3%ul Colon Cancer cells  (CaCo-2) sond Ol gl JAla (e Agitda e LIS 5 cells
Llal 2y JB LMAN (ATG5E) 5 (RAF-1) oo il uld &3 5 ¢ ol )Y z3ad ¢l 52 54 5 Sorafenib (SOR)
(16SrRNA)  Ge wanill (il Basb (02 (SOR)  25as & LSl SISl (o Jaudii i) < jedal Ly Sl LAY
Jales o (M ALYL ol 536 G50 ATGS 5 RAF-1 s o el ahali 3 zali (SOR) o el s
Gl aakaiin SOR - ¢l 50 O ) mdn 138 IS | e 3l uld e SOR - J 4e s @ 23l e J& TNF— o a3
4 7l e CaCo-2 s Hela =S 4 MAPK& Autophagy — <lolal Ble Bapha (e yiSL sSulil) SIS
Loalloda & TNF- o (e dliia



