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ABSTRACT
The article reveals the main biochemical mechanisms of immune cascades activation
using plant-derived peptides of the GA-40 preparation. In studies on volunteers, it was
found that peptides GA-40 induce the synthesis of tumor necrosis factor alpha (TNF-ɑ) in
the presence of protein kinases, reduce the intracellular concentration of hydrogen
peroxide and stimulate the activity of factor NF-kB. The results obtained allow us to
reasonably assume that the peptides maintain the necessary balance of inducing and
inhibitory reactions in the cell and, therefore, the activation of immunocompetent
molecules, in particular NF-kB, proceeds along the most efficient pathway. In other words,
in the case of insufficient cell activity in counteracting to damaging factors and pathogens,
regulatory peptides increase the strength of the immune response, and in the case of
hyper-response of cellular systems to damage and when high risks of excessive apoptosis
or autoimmune processes occur, GA-40 reduces the intensity of interactions. This is due to
the unique evolutionarily formed properties of peptides - self-assembling and a tending to
harmonization. GA-40 provides multivector and multilevel interactions in immune
cascades, which are aimed at improving the viability of normal cells and the destruction of
cells dangerous to the macroorganism. This allows to significantly expand the spectrum of
clinical use of the drug: from infectious-inflammatory and autoimmune processes to
hormonal disorders and cancer.
Key words: self-assembling, GA-40, plant peptides, immune cascades, NF-kB, cancer,
apoptosis.

The mechanisms of action of GA-40 have been studied in laboratories and clinics in
different countries for more than 20 years. Of greatest interest are the biochemical
properties of the preparation established during experiments: its ability to increase the
production of the proinflammatory cytokine TNF-alpha (TNF-ɑ) in the presence of protein
kinase inhibitors and tyrosine protein kinases, its ability to influence the intracellular
production of hydrogen peroxide, and also stimulate the detachment of the inhibiting of
p50-p65 subunit from the complex NF-kB, that naturally leads to the implementation of
immune cascades.
GA-40 is the first gene protector and immunocorrector based on regulatory plant
peptides, which is used in clinical practice. It is known that peptides GA-40, due to their
relatively small size (15-98 kDa), can act not only on membrane receptors, but also
penetrate into cells through the pores of the membrane. This allows them to interact with
intracellular structures: regulatory peptides, such as factor NF-kB, various ligands and
enzymes.
The uniqueness of GA-40 lies in the fact that plant peptides under conditions of
reduced antitumor immunity, due to aggressive tumor activity or after antitumor
chemotherapy, restore immune surveillance and promote apoptosis of cancer cells [1].
Under opposite conditions, that is, under conditions of hyperproduction of
immunocompetent molecules in inflammatory processes, in particular in the liver and
kidneys (with hepatitis, cirrhosis, nephritis), plant peptides are able to reduce the intensity
of peptide-peptide interactions and prevent unwanted damage to healthy cells [2,3] . This
paradox can be explained by the evolutionarily formed properties of regulatory peptides self-ordering and the desire for harmonization. The history of the discovery and study of
the immunotropic and genoprotective properties of GA-40 is set forth in the monograph by
Professor George Aleksidze “GA-40. New immunotherapeutic and anticancer drug ”, which
was published in 2014 in the USA - / Lambert Academic Publishing 02/12/2014 /.

Induction of TNF-a synthesis
At a certain stage, the possible mechanisms of the induction of TNF-alpha by the GA40 preparation were investigated, in particular, the dependence of this process on protein
kinases and tyrosine kinases, the main participants in intracellular signal transmission.
Protein kinase C (PKC) is a family of Ca2 + / phospholipid-dependent serine-threonine
kinases that play an important role in signal transmission and regulation of cell growth,
differentiation and apoptosis. [4,5,7,10,11] At least 12 PKC isoforms that differ in structure,
cell diversity and biological functions. [6,8,9]
Tyrosine protein kinases (TPK) are participants in signal transduction involving nuclear
transcription factors at the final stage, resulting in a modification of the expression of
specific genes, the effect of which is manifested in the regulation of cell growth and
differentiation. [12-15]

There are 2 types of TPK: receptor and non-receptor. The first type includes 19 classes
of protein kinases, which are most often receptors of growth factors (epidermal growth
factor, platelet growth factor, insulin, insulin-like growth factor, etc.). Non-receptor TPKs
include 9 families (Jak kinases, Srs kinases, Syk / Zap70 kinases, FAK kinases, etc.).
[16,17]
For inhibitory analysis, staurosporin (antibiotic AM-2282), the main non-selective
inhibitor of PKC and genistein (4 ', 5,7, trihydrodroxy-solflavone), a highly specific inhibitor
of TPK, a competitive inhibitor in various protein kinase reactions, was used.
Materials and methods
The study involved 8 healthy volunteers aged 24 to 33 years.
Blood was taken in the morning on an empty stomach from the ulnar vein into a test
tube with heparin at a concentration of 20 Units / ml.
Mononuclear cells (MNCs) were isolated using a single-stage density gradient of ficollverographin (d = 1.077 (PanEco) by the method of Boyum A., 1968. For this, heparinized
blood was diluted twice with medium 199 (PanEco) and layered on ficoll. The tubes were
centrifuged for 20 minutes 400g at t of 20-25 ° C. Cells at the interphase were sterilely
harvested and washed twice in 199 medium. Cell viability after isolation was 98% -99% (by
staining with 0.1% trypan blue (Serva) solution). diluted to a concentration of 2x106 cells /
ml with complete culture medium (RPM I 1640 (Sigma), 10% inactivated fetal calf serum
(Sigma) and 2 mM L-glutamine (Sigma)).
Staurosporin (Sigma) inhibitors (10, 100, 500 nM) and genistein (Sigma) (1, 10, 100
µM) for 1 h were added to 4x105 cells for 1 h, then activators of the name-α production
(100 ng / ml LPS and 100 μg / ml of “GA-40”) and incubated for 48 hours in 5% СО2 at 37
° С.
The production of TNF-α cytokine was determined in supernatants of cell cultures using
enzyme-linked immunosorbent assay using a commercial test system of the company
"Vector Best" (Russia).
Results.
Pretreatment of MNCs for 1 h with staurosporine in the studied doses caused a
significant decrease in the production of TNF-α stimulated by GA-40, similarly to LPSinduced. Inhibition was dose-dependent in nature and at the maximum doses of
staurosporine (200 and 500 nM) led to a decrease in cytokine synthesis to the background
level during both GA-40 and LPS induction. Spontaneous cytokine production ranged from
0 to 48 pg / ml. With a minimum used dose of staurosporin of 10 nM, the least inhibition of

TNF-α production was observed (4.5 times for GA-40 and 9 times for LPS) (Table 1, Fig.
1).
Genistein, a tyrosine protein kinase inhibitor, also reduced the production of TNF-α in a
dose-dependent manner in all tested doses under the action of the studied drug and LPS
on mononuclear cells. So, with a minimum dose of genistein 1 μM, a similar decrease in
the cytokine synthesis for GA-40 and LPS was 2 times, with a maximum dose of an
inhibitor of 200 μM, almost complete suppression of TNF-α production to a spontaneous
level was noted (a decrease of 16 and 21 times respectively) (Table 1, Fig. 2).
Table 1. Production of TNF-α (PCG / ml) by peripheral blood mononuclear cells of
healthy volunteers. MNCs were pretreated with protein kinase or tyrosine kinase inhibitors
(staurosporine or genistein) for 1 h, then incubated in the presence of GA-40 or LPS for 48
h (M ± m).
Inductor

GA-40,
100 mcg / ml

LPS
200ng / ml

0
10
100
200
500
0
1
10
100
200

534±258,4
118±31,5*
60±19,2*
38±19,9*
26±16,6*
534±258,4
264±194,7*
121±79,3*
58±35,8*
34±9,2*

406±112,2
43±11,4*
15±4,5*
12±3,1*
10±3,8*
406±112,2
209±39,2*
88±39,7*
41±20,6*
19±8,6*

Inhibitor

Staurosporin,
nM

Geninstein,
microns

* - significant differences compared with the values obtained in the absence of
inhibitors, p <0.05

Figure 1. Production of TNF-α (PCG / ml) by peripheral blood mononuclear cells of
healthy volunteers in the presence of staurosporin.

Figure 2. Production of TNF-α (pkg / ml) by mononuclear cells of the peripheral blood of
healthy volunteers in the presence of genistein.

Hydrogen peroxide production
The effect of GA-40 on the intracellular production of hydrogen peroxide by
peripheral blood cells was also studied. It is important to note that the intracellular
accumulation of oxygen radicals indicates an increase in the bactericidal potential of the
cell, activation of a number of signaling molecules that trigger the protective mechanisms
of the immune system. An intracellular increase in the level of hydrogen peroxide is key for

the activation of a number of signaling molecules [Junn et al., 2000; kim et., 2001; Koh et
al., 2001]. The participation of hydrogen peroxide in the activation of an important
transcription factor NF-kB is known [Kamata et al., 2002]. Also, it should be noted that
hydrogen peroxide (H2O2) is a non-radical active form of oxygen that is formed in many
pathological and physiological conditions. At present, hydrogen peroxide is universally
recognized as an important mediator of redox processes. Depending on its spatiotemporal
accumulation profile, this molecule can act as a signal messenger or cause oxidative
damage. The ability of a cell to resist oxidative influences determines its resistance to
carcinogenic and other damaging factors [18,19].
An important aspect is a comprehensive assessment of the data that peroxisomes,
organelles, best known for their role in cellular lipid metabolism, also serve as centers in
the H2O2 signaling network. A deeper understanding of how peroxisomes integrate into
the H2O2 cell signaling network is key to determining the exact the role of production and
removal of peroxisomal H2O2 in normal and pathological conditions. [20,21,24] The
primary messenger effect of H2O2 depends on its ability to oxidize various target proteins
with a high degree of specificity, mainly through a reaction with nucleophilic thiolate
cysteine groups (Cys-S-), which can be found in specific protein microenvironments.
Oxidation of such deprotonated cysteine residues can lead to the formation of unstable
sulfenic acid intermediates (-SOH), which can again be reduced and react with other
proximal thiol groups to form intra- or intermolecular disulfide bonds. [22,23,25]. The
formation of a disulfide bond can cause conformational changes, leading to changes in
macromolecular interactions, protein localization, their functional needs, activity and
stability. [26,27]
The method for assessing the accumulation of intracellular hydrogen peroxide is based
on the ability of fluorochrome to glow after its oxidation by various forms of oxygen
products. The dye, dichlorofluorescein diacetate (DCF-DA), which is initially nonfluorescent, passively penetrating into the cell, is treated with esterases - the acetate
group is cleaved and it passes into the polar compound, which is unable to diffuse back
from the cell. When interacting with hydrogen peroxide generated during an oxygen
“explosion”, DHF-DA turns into a fluorescent compound (green spectrum region), which
allows you to analyze cells by the intensity of the dye glow using flow cytofluorimetry.
Materials and methods
The study involved 8 healthy volunteers. Blood was taken

in the morning on an empty stomach from the cubital vein into a test tube with heparin
at a concentration of 10 U / ml.
To 4 ml of heparinized blood was added 2 ml of 3% gelatin in phosphate-buffered
saline (PBS) (0.15 M NaCl, lM K2HPO4, lM KH2PO4, pH 7.4), stirred and incubated for
10-15 minutes at 37 ° C for erythrocyte sedimentation. White blood cells from the
supernatant were collected and washed twice in phosphate-buffered saline (PBS). The
leukocyte concentration was adjusted to 2x106 / ml for segmented neutrophils in the FSB.

Assessment of the accumulation of intracellular peroxide
A study of the effect of the GA-40 preparation on the production of healthy donors by
the leukocytes of intracellular peroxides was carried out according to the method
described in Bass et al., 1983. Leukocytes were pre-incubated with DHP-DA in the
presence of sodium azide for 20 min., At 37 ° С 96- well plate (Nunc). Then, GA-40 was
added at a concentration of 100, 10, 1 μg / ml, phosphate-saline buffer and phorbol-12myristate-13-acetate (FMA) as a positive control. After a 30-minute incubation at 37 ° C,
the cells were pelleted by centrifugation. The red blood cells were destroyed by lysis buffer
(0.15 M NH4 Cl, 0.01 M NaHCO 3, 0.1 mM Na 2 EDTA, pH 7.4) and the cells were
washed with PBS. Samples were analyzed using a FACSCalibur flow cytometer in the
CellQuest program on channel FL1. As a result of the analysis of the samples, indicators
of the average fluorescence intensity were evaluated.

Results
The results are presented in table 2. It can be seen from the table that the GA-40
preparation of 10 and 100 μg / ml causes a decrease in the level of intracellular hydrogen
peroxide in the neutrophils of the peripheral blood of healthy donors. When using "GA-40"
at a concentration of 100 μg / ml, a significant decrease in this indicator of 27% was
observed, and 1 μg / ml had no effect. Figure 4 presents an example of a cytofluorogram
demonstrating the accumulation of hydrogen peroxide in the neutrophils of a healthy donor
under the influence of FMA and GA-40.
Table 2. The effect of the “GA-40” preparation on the accumulation of intracellular
hydrogen peroxide by neutrophils and peripheral blood monocytes of healthy donors. The
average fluorescence values in the green spectrum are indicated, M ± m.

Test cells

control

«GA-40», μg / ml

FMA

100

10

1

neutrophils

70,5±7,13 377,6±162,55* 51,0±11,07* 58,4±12,86 69,3±25,06

monocytes

53,5±4,84

101,8±9,24*

38,4±5,95

36,0±6,98 43,9±11,52

* - significant differences compared with control, p <0.5

Figure 4. The effect of the GA-40 preparation at a concentration of 100 μg / ml on the
content of intracellular hydrogen peroxide in the neutrophils of the peripheral blood of a
healthy donor, the abscissa axis shows the fluorescence intensity in the green spectrum,
and the ordinate axis shows the number of cells.

NF-Kb expression
Interesting are the results of a study of the expression of Nuclear Factor kB (NF-KB) under
the influence of GA-40. It’s known that the five components of NF-kB families are
prominent mediators of inflammation, acting as key regulators of the transcription of
hundreds of genes. Several signaling pathways activated by various stimuli converge upon
activation of NF-kB, which leads to systemic and complex regulation of immune cascades.
[28.30]. It is increasingly recognized that the number of components that affect the

phenotypic results of signal transmission paths may be higher than those that are taken
into account to date. [29,31,36]. In vertebrates, NF-kB is activated by more than 150
different stimuli - such as stress, cytokines, free radicals, ultraviolet radiation, oxidized
LDL, bacterial or viral antigens. In turn, there is evidence that active NF-kB is involved in
transcriptional control of more than 400 genes. These genes include cytokines,
chemokines and their modulators, immunoreceptors, proteins involved in antigen
presentation, cell adhesion molecules, acute phase proteins, stress response proteins, cell
receptor peptides, apoptosis regulators, growth factors, ligands and their modulators, early
proteins response, transcription factors, their regulators and enzymes that control several
phenomena, such as inflammation, as well as an innate and adaptive immune response.
[32-34]
Given the central role of NF-kB in maintaining cellular homeostasis, it is not surprising
that due to the violation of its finely tuned modulation, different pathologies often develop:
cancer, autoimmune diseases and chronic infectious and inflammatory diseases. [35,37].

Materials and methods
Stimulation of cells and preparation of a nuclear extract: the study was performed on
cells of human monocytic lymphoma U937. Cells were diluted in PCB and incubated with
or without stimulants (LPS E. coli (Sigma) 1 μg / ml, GA-40 100 μg / ml) in microtubes
(Eppendor) in the amount of 1x106 cells per sample in an atmosphere of 5% CO2 at 37 °
C 10 min. Then the cells were pelleted by centrifugation, the supernatant was taken, and
the cell pellet was lysed in 150 μl of hypotonic buffer (10 mM HEPES (Sigma), 10 mM KCl,
0.2 mM EDTA, 10% glycerol, 1 mM phenylmethylsulfonyl fluoride, tablet protease
inhibitors (Sigma), 0, 05% Triton-X100, 1mM dithiothritol) 5 min. in the cold. To precipitate
cell nuclei, the samples were centrifuged at 3000 rpm for 15 min, the supernatant was
collected, and 50 μl of lysis buffer (20 mM HEPES (Sigma), 0.4 M NaCl, 1 mM EDTA
(PanEco), 20% glycerol, 1 mM phenylmethyl sulfonyl fluoride (Sigma) were added to the
precipitate. , tablet protease inhibitors (Sigm), 0.1% Triton-X100, 1mM dithiothritol
(LOBA)). Lysis was carried out for 1 h at + 4 ° C with constant stirring. Then the samples
were mixed with sample buffer (0.5 M Tris-HCl, pH 6.8, DDS-Na 2%, 0.1% bromphenol
blue, 20% glycerol, 0.05% mercaptomethanol) in a 1: 2 ratio and warmed up 5 min at + 95
° C.
Western blotting
DDS electrophoresis was performed on a 12% polyacrylamide gel in an MiniPROTEAN II electrophoresis cell (BioRad), after which proteins were transferred onto a
nitrocellulose membrane (BioRad) in a Trans-Blot® SD dry transfer system (BioRad). The

membrane was blocked in a 2% bovine serum albumin solution overnight at + 4 ° C. The
membrane was then washed with washing buffer (10 mM Tris-HC1, pH 7.4, 0.05% Tween20) and incubated in a solution of anti-NF-kB antibodies (mouse antiNF-kV p65,
Pharmingen) for 2 hours at room temperature with shaking . At the end of the incubation,
the membrane was washed and horseradish peroxidase conjugate solution (antimouse IgHRP, Pharmingen) was added for 1 h at room temperature with shaking. After washing,
the membrane was stained with a substrate mixture with chloronaphthol.
Results
As can be seen from Figure 6, in the samples where the GA-40 stimulation was carried
out, bands corresponding to a molecular mass of 65 kDa and similar to the positive control
applied to antibodies to NF-kB were detected. Moreover, in spontaneous samples, such
bands are of much lower intensity. Based on these results, it can be concluded that the
addition of the GA-40 preparation to the U937 cell line causes the inhibitory subunit to
detach from the NF-kB p50-p65 complex, as a result of which the p65 subunit migrates to
the nucleus, where it was detected as a result of the experiment.
antiNF-kb
98

65
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Figure 6. Nuclear extract of U937 cell line treated with GA-40, duplicates. M - molecular
weight markers, SP - spontaneous expression of NF-kB, GA-40 - treatment with the drug
at a concentration of 100 μg / ml, + - positive control applied to antiNF-kB antibodies

Discussion
The aim of this work was to study the possible mechanisms of action of the drug "GA40". In particular, it was found that the average and high dose of the drug cause a
significant increase in the production of TNF-alpha. Many studies describe the involvement
of kinases of the PKC and TPK family as monocyte / macrophage signal-transmitting
molecules necessary for the production of cytokines in response to LPS. We hypothesized
that PKC and TRK could also participate in GA-40-mediated cell signaling when this drug
induces TNF-a synthesis. To determine the signal components involved in GA-40mediated production of TNF-a by human blood mononuclear cells, we investigated the

contribution of PKC and TPK using pharmacological inhibitors staurosporin and genistein,
respectively.
Staurosporin and Genistein inhibit the production of TNF-a activated by the GA-40 test
drug. This may indicate that PKC and TPK are involved in the regulation of cytokine
production induced by GA-40.
Among PKC, both Ca2 + -dependent and Ca2 + -independent kinases are
distinguished. The first type includes traditional PKC - α, β1, β2 and γ, which require
activation of Ca2 + in the presence of phosphatidylserine - phospholipid, which is part of
the cell membrane. This class of kinases is activated by diacylglycerol (DAG) and phorbol
esters. The second type includes new RKS (δ, ε, η, θ), which are activated by DAG,
phorbol esters or phosphatidylserine, but are Ca2 + -dependent. In addition, atypical PKCs
(ζ, λ, μ, τ) - depend on phosphatidylserine, but are not activated by Ca2 +, DAG, or
phorbol ethers.
From the literature data it is known that intracellular signaling pathways associated with
PKC activation lead to activation of the nuclear factor NF-kB (Yarilin A.A., 1999). NF-kB is
a nuclear transcription factor that plays a key role in the functioning of the immune system.
Cytokine signals (TNF-alpha, IL1), activation of the T-cell and B-cell receptors, CD40
receptor lead to activation of NF-kB, in addition, some non-receptor signals can also
trigger activation of NF-kB (oxygen burst, UV irradiation (Saatapo J., Huter S.A., 2002)).
Considering the data obtained regarding the participation of CSWs and the induction of the
cytokine response with the GA-40 drug, NF-kB seems to be the most likely target of the
GA-40 action. Experimental data confirmed this assumption. First, GA-40, by reducing the
intracellular concentration of hydrogen peroxide, increases the ability of cells to withstand
damaging factors and creates the necessary conditions for an adequate immune response
without excessive release of cells into apoptosis and escalation of inflammation. Peptides
maintain the necessary balance of activating and inhibitory reactions in the cell, and
therefore the activation of immunocompetent molecules, in particular NF-kB, goes along
the most efficient pathway. In other words, in the case of insufficient cell activity in
opposition to damaging factors and pathogens, regulatory peptides increase the strength
of the immune response, and in the case of hyper-response of cellular systems to damage
and when high risks of excessive apoptosis or autoimmune processes occur, GA-40
reduces the intensity of interactions. It is important to note that NF-kB consists of two
subunits with molecular weights of 50 and 65 kDa linked by the inhibitory IkB subunit. This
complex is constantly located in the cytoplasm of the cell. When the activation signal
arrives, IkB detaches and the released subunits migrate to the nucleus, where it binds to
specific sequences of the promoter zones of the target genes (Hayden M.S., 2004). N65subunit NF-kB was found in nuclear extracts of cells of the human monocytic line U937

incubated in the presence of 100 μg / ml of the drug. This fact suggests with a high degree
of probability that the final stage of GA-40-induced signaling is the activation of the
transcription factor NF-kB.
NF-kB regulates the expression of cytokines, growth factors, and enzymes involved in
the formation of reactive oxygen species. Activation of the “oxygen explosion” in the cell
indicates an increase in the bactericidal potential of the cell, activation of a number of
signaling molecules that trigger the protective mechanisms of the immune system. An
intracellular increase in the level of hydrogen peroxide is, in turn, key to the activation of a
number of signaling molecules [Junn et al., 2000; Kim et al., 2001; Koh et al., 2001]. The
addition of the drug to leukocytes in the maximum of the tested concentrations caused a
significant decrease in intracellular hydrogen peroxide. Perhaps this effect is associated
with the antioxidant effect of the drug and confirms the results obtained in previous studies
(effect on leukocyte chemiluminescence). Or, the drug includes other signaling pathways
that suppress excessive cell activation.
NF-kB activation is also expressed in the activation of macrophages and dendritic cells,
their ability to absorb, destroy pathogens and present foreign antigenic material on their
surface. For the effective presentation of a foreign peptide and the activation of T cells, the
presentation of antigenic material as part of the main histocompatibility complex of the
second class (HLA) and the expression of costimulatory molecules (CD40, CD80 / 86) are
necessary. The preparation GA-40 at a concentration of 100 μg / ml during daily incubation
had practically no effect on the expression of these molecules by human macrophages.
However, this does not mean the absence of macrophage activation, perhaps other
unexplored factors are activated, or structures interacting with GA-40 are not represented
on the surface of macrophages.
Conclusions
Thus, it is possible to identify a phased pathway for cell activation under the action of
the preparation "GA-40". The preparation “GA-40” interacts with both membrane structures
- lectin receptors, T-cell receptors, phospholipids, glycoproteins, and with intracellular
systems. As a result, changes in the structure of phosphatidylserine and activation of the
Ca2 + -independent protein kinase C occur. The protein kinase pathway activates the
transcription factor NF-kB and its translocation into the nucleus. Activation of NF-kB is
expressed in increasing the production of TNF-alpha and the subsequent launch of the
immune cascade, which is implemented as a powerful anti-infection and anti-tumor
scenario.
Due to its unique properties - self-ordering and the desire for harmonization - GA-40
peptides provide multivector and multilevel interactions in the regulatory cascades of the

cell, which allows to significantly expand the range of clinical use of the drug: from
infectious-inflammatory and autoimmune processes to hormonal disorders and cancer.

References
1. KA Galakhin, VF Konovalenko, TV Gordienko. New neoadjuvant (GA-40) in
complex treatment of skin melanoma patient. Pathologia. 2008;5(1):28-33.
2. Rohovyy YE, Pechinka AM., Gogitidze ZD, Konovalenko SV. Counteraction in
toxication with heavymetals: the unique nephroprotective effects of plant peptides.
Practicioner. 2019;8(3).
3. Pechinka A, Kakliani L, Gogitidze Z, Konovalenko S, Miroshnychenko I.
Antiinflammatory and antifibrotic effects of plant regulatory peptides in patients with
steatohepatitis and cirrhosis: opportunities of primary liver cancer prevention. J Regen Biol
Med. 2019;1(2):14. Zhang W., Konopleva M., Ruvolo V.R., McQueen T., Evans R.L., Bornmann W.G.,
McCubrey J., Cortes J., Andreeff M. Sorafenib induces apoptosis of AML cells via Bimmediated activation of the intrinsic apoptotic pathway. Leukemia. 2008;22:808–818.
5. Mathew N.R., Baumgartner F., Braun L., O’Sullivan D., Thomas S., Waterhouse M.,
Muller T.A., Hanke K., Taromi S., Apostolova P., et al. Sorafenib promotes graft-versusleukemia activity in mice and humans through IL-15 production in FLT3-ITD-mutant
leukemia cells. Nat. Med. 2018;24:282.
6. Stone R.M., Manley P.W., Larson R.A., Capdeville R. Midostaurin: Its odyssey from
discovery to approval for treating acute myeloid leukemia and advanced systemic
mastocytosis. Blood Adv. 2018;2:444–453.
7. Altman J.K., Foran J.M., Pratz K.W., Trone D., Cortes J.E., Tallman M.S. Phase 1
study of quizartinib in combination with induction and consolidation chemotherapy in
patients with newly diagnosed acute myeloid leukemia. Am. J. Hematol. 2013;93:213–221.
8. Cortes J., Perl A.E., Dohner H., Kantarjian H., Martinelli G., Kovacsovics T.,
Rousselot P., Steffen B., Dombret H., Estey E., et al. Quizartinib, an FLT3 inhibitor, as
monotherapy in patients with relapsed or refractory acute myeloid leukaemia: An openlabel, multicentre, single-arm, phase 2 trial. Lancet. 2018;19:889–903.
9. Planchard D, Besse B, Groen HJM, et al. Dabrafenib plus trametinib in patients with
previously treated BRAF(V600E)-mutant metastatic non-small cell lung cancer: an openlabel, multicentre phase 2 trial. Lancet Oncol. 2016;17:984–993.

10. Mellert H. Early feasibility and development of multiplexed, single-reaction assays
for ALK, ROS1 and RET novel ddPCR RNA fusions. Abstract 1774. Cancer Res.
2017;77(13Supplement):1784.
11. Lee SH, Lee JK, Ahn MJ, et al. Vandetanib in pretreated patients with advanced
non-small cell lung cancer-harboring RET rearrangement: a phase II clinical trial. Ann
Oncol. 2017;28:292–297.
12. Gozgit JM, Chen TH, Song Y, et al. RET fusions observed in lung and colorectal
cancers are sensitive to ponatinib. Oncotarget. 2018;9:29654–29664.
13. Drilon A, Fu S, Patel MR, et al. A phase I/Ib Trial of the VEGFR-sparing multikinase
RET inhibitor RXDX-105. Cancer Discov. 2019;9:384–395.
14. Hegde A, Huang L, Liu S, et al. Responsiveness to immune checkpoint inhibitors in
RET dependent cancers. Abstract #4497 presentet at the Annual American Association for
Cancer Research (AACR) meeting, April 30, 2019; Atlanta, USA.
15. Offin M, Guo R, Wu SL, et al. Immunophenotype and response to immunotherapy
of RET-rearranged lung cancers. JCO Precis Oncol. 2019;3.
16. Papadimitrakopoulou VA, Wu Y, Han J, et al. Analysis of resistance mechanisms to
osimertinib in patients with EGFR T790M advanced NSCLC from the AURA3 study.
Abstract LBA51 presented at the ESMO 2018 Congress; October 19–23, 2018; Munich,
Germany.
17. O'Leary C, Xu W, Pavlakis N, Richard D, O'Byrne K. Rearranged During
Transfection Fusions in Non-Small Cell Lung Cancer. Cancers (Basel). 2019;11(5):620.
18. Stangherlin A., Reddy A.B. Regulation of circadian clocks by redox homeostasis. J.
Biol. Chem. 2013:26505–26511.
19. Kil I.S. Feedback control of adrenal steroidogenesis via H2O2-dependent,
reversible inactivation of peroxiredoxin III in mitochondria. Mol. Cell. 2012;46(5):584–594.
20. Brown J.D. A peroxiredoxin promotes H2O2 signaling and oxidative stress
resistance by oxidizing a thioredoxin family protein. Cell Rep. 2013;5(5):1425–1435.
21. Day A.M. Inactivation of a peroxiredoxin by hydrogen peroxide is critical for
thioredoxin-mediated repair of oxidized proteins and cell survival. Mol. Cell.
2012;45(3):398–408.
22. Paulo E. A genetic approach to study H2O2 scavenging in fission yeast—distinct
roles of peroxiredoxin and catalase. Mol. Microbiol. 2014;92(2):246–257.
23. Benfeitas R., Selvaggio G., Antunes F., Coelho P.M., Salvador A. Hydrogen
peroxide metabolism and sensing in human erythrocytes: a validated kinetic model and
reappraisal of the role of peroxiredoxin II. Free Radic. Biol. Med. 2014;74:35–49.
24. Edgar R.S. Peroxiredoxins are conserved markers of circadian rhythms. Nature.
2012;485(7399):459–464.

25. Holmstrom K.M., Finkel T. Cellular mechanisms and physiological consequences of
redox-dependent signalling. Nat. Rev. Mol. Cell Biol. 2014;15(6):411–421.
26. Rhee S.G., Woo H.A. Multiple functions of peroxiredoxins: peroxidases, sensors
and regulators of the intracellular messenger HO, and protein chaperones. Antioxid.
Redox Signal. 2011;15(3):781–794.
27. Lismont, C., Revenco, I., & Fransen, M. (2019). Peroxisomal Hydrogen Peroxide
Metabolism and Signaling in Health and Disease. International journal of molecular
sciences, 20(15), 3673.
28. House C.D., Jordan E., Hernandez L., Ozaki M., James J.M., Kim M., Kruhlak M.J.,
Batchelor E., Elloumi F., Cam M.C., et al. NFkappaB Promotes Ovarian Tumorigenesis via
Classical Pathways That Support Proliferative Cancer Cells and Alternative Pathways That
Support ALDH(+) Cancer Stem-like Cells. Cancer Res. 2017;77:6927–6940.
29. Mitrakas L., Gravas S., Papandreou C., Koukoulis G., Karasavvidou F.,
Dimakopoulos G., Weingartner K., Karatzas A., Zachos I., Tzortzis V. Primary High-Grade
Non-Muscle-Invasive Bladder Cancer: High NFkappaB Expression in Tumor Specimens
Distinguishes Patients Who are at Risk for Disease Progression. Pathol. Oncol. Res.
2019;25:225–231.
30. Ng K.L., Yap N.Y., Rajandram R., Small D., Pailoor J., Ong T.A., Razack A.H.,
Wood S.T., Morais C., Gobe G.C. Nuclear factor-kappa B subunits and their prognostic
cancer-specific survival value in renal cell carcinoma patients. Pathology. 2018;50:511–
518.
31. Momeny M., Yousefi H., Eyvani H., Moghaddaskho F., Salehi A., Esmaeili F.,
Alishahi Z., Barghi F., Vaezijoze S., Shamsaiegahkani S., et al. Blockade of nuclear factorkappaB (NF-kappaB) pathway inhibits growth and induces apoptosis in chemoresistant
ovarian carcinoma cells. Int. J. Biochem. Cell Biol. 2018;99:9.
32. Sun N.K., Huang S.L., Chang T.C., Chao C.C. TLR4 and NFkappaB signaling is
critical for taxol resistance in ovarian carcinoma cells. J. Cell. Physiol. 2018;233:2489–
2501.
33. Mortezaee K., Najafi M., Farhood B., Ahmadi A., Shabeeb D., Musa A.E. NFkappaB targeting for overcoming tumor resistance and normal tissues toxicity. J. Cell.
Physiol. 2019 doi: 10.1002/jcp.28504.
34. Nakagawa Y., Sedukhina A.S., Okamoto N., Nagasawa S., Suzuki N., Ohta T.,
Hattori H., Roche-Molina M., Narvaez A.J., Jeyasekharan A.D., et al. NF-kappaB signaling
mediates acquired resistance after PARP inhibition. Oncotarget. 2015;6:3825–3839.
35. Wang W., Mani A.M., Wu Z.H. DNA damage-induced nuclear factor-kappa B
activation and its roles in cancer progression. J. Cancer Metastasis Treat. 2017;3:45–59.

36. Ge Q.L., Liu S.H., Ai Z.H., Tao M.F., Ma L., Wen S.Y., Dai M., Liu F., Liu H.S., Jiang
R.Z., et al. RelB/NF-kappaB links cell cycle transition and apoptosis to endometrioid
adenocarcinoma tumorigenesis. Cell Death Dis. 2016;7:e2402.
37. Paul A., Edwards J., Pepper C., Mackay S. Inhibitory-kappaB Kinase (IKK) alpha
and Nuclear Factor-kappaB (NFkappaB)-Inducing Kinase (NIK) as Anti-Cancer Drug
Targets. Cells. 2018;7 doi: 10.3390/cells7100176.

