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OZET

Amag: Sistemik bakteriyel endotoksin maruziyeti hepatik dokularda LUCOGS (“lipopolysaccharide (LPS)-unfolded
protein response (UPR)- calcium overload-gene splicing”) agisindan risk olusturmaktadir. LUCOGS mekanizmasi
ve sepsisle iligkili siireci baglatmak tizere birbirleriyle etkilesimi tam olarak aciga kavusmamustir. Bu in vivo ¢aligma,
hepatik ugbirlestirme ve UPR arasindaki iliskinin aydinlatilmasini amaglamaktadur.

Yontemler: Aydinlatilmis onam sonrasinda hastalarin yanik yaralarindan Pseudomonas aeruginosa izolasyonu ger-
geklestirilmis ve LPS elde edilmistir (hLPS). Erkek c57/BL6 fareler 6 gruba ayrilmugtir: 1. negatif kontrol (steril, api-
rojen normal salin) 2. pozitif kontrol (Tunikamisin) , 3. hLPS (3 mg/kg/intraperitoneal), 4. hLPS+ Dantrolen sodyum
(kalsiyum kanal blokeri, CCI1) (A), 5. hLPS+2-aminometil fenil borinat (1 mg/kg) (CCI2) (B) ve 6. hLPS+CCI1/CCI2
(C). Uygulamalardan 2, 8 ve 24 saat sonra farelerin karacigerleri adaptif UPR aktivasyonunun géstergesi olan XBP-1
birlestirmesinin degerlendirilmesi i¢in ¢ikarilmustir.

Bulgular: hLPS grubuna kiyasla kombine hLPS ve CCl gruplarinda XBP-1 birlestirme sayis1 anlamli olarak artig gos-
termistir. Kontrollere kiyasla en yiiksek XBP-1 birlestirme sayisi, Grup Cde 8 ve 24 saat sonra goriilmistiir.
Sonuglar: Elde ettigimiz veriler, CCl ile kombinasyonun, UPR gen ugbirlestirmesi modifikasyonu araciligiyla hLPS ile
indiiklenmis proinflamatuar aktivasyonu engelleyebilecegini gostermektedir. ki tiir CCl uygulamasi yaklagimu ile in-
diiklenmis endotoksemi sonrasinda hiicre i¢i kalsiyum agir1 yiiklenmesinin engellenmesi miimkiin olabilir. Ayr1 ayr1
uygulanmalarina kiyasla kalsiyum kanal blokerlerinin birlikte uygulanmalari, (pro) inflamatuar siiregleri inhibe etme
etkinligini artirdigindan sistemik dolagimda LUGOGS yiikselmesinin durdurulmasi ve organ yetmezliginin engel-
lenmesi icin yeni bir strateji olarak degerlendirilebilir. One siiriilen bu etkilesim mekanizmasinin in vivo olarak daha
detayl1 ortaya konmast i¢in yeni uygulamanin etkinliginin baska ¢alismalarla desteklenmesi gereklidir.

Anahtar Sozciikler: Endotoksin, yanik deri, inflamasyon, karaciger, kalsiyum kanal inhibitorleri

ABSTRACT

Objective: Hepatic tissues of different patients exposed to systemic bacterial endotoxins are at risk of exposure to so-
called lipopolysaccharide (LPS)-unfolded protein response (UPR)- calcium overload-gene splicing (LUCOGS). The
essential workings mechanism of LUCOGS and their association with each other to start sepsis-related processes are
not elucidated completely. This study aims to unravel the correlation between hepatic gene-splicing and the UPR ma-
chinery, in vivo.

Methods: LPS was extracted from the patients’ burned wounds after Pseudomonas aeruginosa isolation (hLPS), with
informed consent. The male ¢57/BL6 mice were divided into six groups: 1. negative control (received sterile pyro-
gen-free normal saline); 2. positive control received tunicamycin; 3. hLPS (3 mg/kg/intraperitoneal); 4. hLPS+ dantro-
lene sodium (calcium channel inhibitor, CCI1) (A); 5. hLPS+2-aminomethyl phenyl borinate (1 mg/kg) (CCI2) (B);
and 6. combined treatment with hLPS+CCI1/CCI2 (C). Subsequently, mice livers were extracted to evaluate XBP-1
splicing as a marker of the adaptive UPR activation after 2, 8, and 24 hrs.

Results: Compared to the hLPS group, all three CCIs combined with hLPS exhibited a significant increase in the
number of XBP-1 splicing. Compared to controls, Group C showed a maximum increase in the number of XBP-1
splicing after 8 and 24 hrs.

Conclusions: Our results indicated that a combination of both CCIs could prevent the pro-inflammatory activation
induced by hLPS, via UPR gene-splicing modifications. A new recipe of two types CClIs would potentially prevent the
Ca+2 overload intercellular after induced-endotoxemia. Prescription of both CCIs had higher effectiveness than sep-
arately to inhibit (pro-) inflammatory processes and could be considered a new strategy to appropriately manage and
prevent both LUCOGS in systemic blood circulation and organ shutdown. The effectiveness of the new formula needs
complementary studies to further clarify the introduced association mechanism, in vivo.

Keywords: Endotoxin, burned skin, inflammation, liver, calcium channel inhibitors
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INTRODUCTION

Different infected patients exposed to systemic bacterial infections of
their hepatic tissue are at risk of exposure to acute and severe septic-re-
lated processes (SRPs) (1-8). One of the acute side effects is (epi) genet-
ic changes, which aggravate pro-inflammatory responses and increase
tissue damage. (3-7). How endotoxins affect gene splicing, and SRPs is
not elucidated completely.

In our previous study, we showed that both chemical and wild-type lipo-
polysaccharide (LPS) could affect TNF-a and IL-1p levels and increase
the risk of pro-inflammatory response, which could be inhibited by the
appropriate combination of calcium channels inhibitors (CClIs) (8).

In this study, we aim to focus more on details about the so-called
LPS-unfolded protein response (UPR)-calcium overload-gene splicing
(LUCOGS) working system and its side effects, in vivo (Figure 1 depicts
the theoretical model system).

The essential components of the LUCOGS signaling pathway consist of
4 main key phases: 1. Initiating phase; infecting systemic blood circu-
lation, i.e., different effects of lipopolysaccharides (LPS), lipooligosac-
charide (LOS); 2. propagating phase; spreading noxious endotoxins
metabolites, i.e., reactive oxygen species (ROS) and NO+NO2 (NOX)
products, (8); 3. the unfolded protein response (UPR) activation and its
disturbance in managing gene splicing and correlated signal transduc-
tions (9-14) and; 4. terminating phase; increasing toxic calcium over-
load (15-22), hyperactivities of hepatocytes (23, 24), and random organ
shutdown due to severe intoxication (25-27).

Considerable evidence has revealed that after microbial infections and/
or antibiotics cure, LPS is released into the systemic blood circulation
and/or the lymphatic system, acts as a stimulator of the immune system
in certain patients, which can increase the risk of cell and tissue cytokine
release, gene modification, and random organ shutdown (28, 29).

Gram-negative bacterial LPS acts as extremely strong stimulator of
innate or natural immunity, which can increase the risk of septic shock
and death (1-5, 25-27). The mechanisms of LPS’s induced random organ
shutdown and the exact subsequent processes affecting (epi-)genetic
changes in hepatic cells are not elucidated completely, in-vivo. In cer-
tain patients, after tissue damage and burned-tissue-injuries (30), dif-
ferent infections and inflammations are the main fundamental concerns
to treat and/or prevent ultimate consequences. Increased LPS concen-
trations in chronic infections can prime (pro-)inflammatory responses
and SRPs (6-8, 15-20).

One of the most common bacteria causing infection and inflammatory
response is Pseudomonas aeruginosa, playing a certain role as a pat-
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Figure 1. Study hypothesis over LUCOGS.

NO2, ROS: Reactive Oxygen Species.
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hogen in a certain fatal infection by its enriched virulence factors (32-
35). Primary infections caused by P. aeruginosa have been observed in
the respiratory tract, bladder, ears, and ulcers from burns, wounds, and
surgical sites. This bacterium is one of the main nosocomial pathogen,
which can increase the risk of mortality and morbidity rates in outpa-
tients and inpatients (34).

Different biological basic research revealed that LPS might consist of
poly- or oligosaccharide regions, which are anchored in the outer bacte-
rial membrane (1-8). LPS released from attacked and destroyed bacteria
induces the migration of neutrophils from the spleen to the location of
T-lymphocytes (6, 15, 27).

The liver is another systemic organ playing a prominent antitoxic role
against endotoxins and after production of LPS (anti-) inflammatory
responses (23, 24). Increasing the concentration of liver enzymes is con-
sidered a marker in the acute phase of the inflammation process. Ongo-
ing infections and inflammation might occur in systemic blood circula-
tion after infected tissues are harshly damaged, for example, in patients
with severe burns (30, 31).

Different studies have highlighted the lethal role of the Ca*? ions over-
loads intracellularly, which might initiate cell death during exposure to
endotoxins (9-14). However, to overcome the abovementioned cell sur-
vival failure, different strategies were developed by the immune system
i.e. Ca*? jions-related gene expression (36). The shift in gene expression
is even found in the patient’s P. aeruginosa microflora, which displays an
epidemic population structure (37, 38). Different kinds of gene expres-
sion could lead to different outcomes. For example, UPR, in eukaryotic
cells like human cells, is a homeostatic response mechanism, which may
react to certain endotoxins after exposure to LPS via regulated UPR-i-
nositol requiring enzyme-1(IRE-1) sensors (14-17). This response con-
secutively protects the subject from different SRPs and/or random organ
shutdown. Any kind of endoplasmic reticulum (ER) stressors may ini-
tiate unconventional splicing of transcription factor mRNA, i.e., unspli-
ced X-box binding protein-1 (uXBP-1), in the cytoplasm. However, it is
proposed that the RNA ligase removes 26-ribonucleotide intron from
the cytosolic domain of activated IRE-1 to produce spliced X-box bin-
ding protein-1 (sXBP-1). After splicing, the open reading frame shifts
transcriptional actions and changes UPR activity outcomes. The uXBP-1
translation leads to unstable protein production. Conversely, Back SH,
et al. (39) postulated that sXBP-1 was translated to a stable and functi-
onal protein, which could control the transcription of many other cor-
related UPR genes.

There are two different UPRs that each have their own specific function
and activities. The UPR-specific-splicing’s activities (sXBP-1) could be
built in a cellular and molecular system, which acts as a cytoprotective

Cellular
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Overload

There are different inflammatory and antioxidant mechanisms available in the hepatic cell during exposure
to LPS. Ca+2 released by inositol three phosphate receptor (IP3R) increases mitochondrial activity during
endoplasmic reticulum (ER) stress to revert energy imbalance, but if it fails, the cell will die as a result of the
mitochondrial apoptotic cascade. Ca+2 released from ryanodine receptors on the endoplasmic reticulum
could increase the Ca+2 overload pool for IP-3 receptors and lead to an extra inflammatory response.

ROS: Reactive Oxygen Species, UPR: Unfolded Protein Response, LPS: Lipopolysaccharide, NOX: NO and
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Figure 2. Isolated bacterium determination.

Results of the isolated bacteria identification of patients based on
culture, microscopic examination, and biochemical test results.

A: Urease negative test, B: Positive Simon citrate test, C: Sulfur indole
motility (SIM) test, D: Triple sugar iron agar (TSI) test (alkaline/alka-
line), E: Positive cultivation on Blood Agar medium, F: Positive cultiva-
tion and production of specific pigment in cetrimide agar,

G: Gram negative staining in the microscopic examination; and

H: Positive oxidase test.

(adaptive UPR) or leads to cell death (terminal UPR) (40). Different cell
faith can occur after shifting between the abovementioned UPRs form-
ing and sequential activities. For instance, the Ca?* overload could be a
hot point to activate terminal UPR activation that leads to cell death (41).

In this study, we hypothesized that pro-inflammatory activation by LPS
could be prevented by using an appropriate combination of CCls.

METHODS

The whole research study design and materials were divided into two
main research: (I) isolation of human-tissue-derived bacteria and
subsequent extraction of (wild) LPS (hLPS); and (II) investigation of
hLPS-inflammation-induced responses of UPR and XBP-1 splicing. In
short, the first research studies were conducted in 5 consecutive steps:
1. Clinical sampling of patients with severely burned wounds; 2. Bio-
chemical identification, confirmation and analysis of isolated bacteria
P. aeruginosa (Figure 2); 3. Extraction of hLPS from isolated bacteria
and quality control of the extraction method by using HPLC confir-
mation; 4. Construction of novel study design in-vivo-animal mode-
ling to compare wild-purified hLPS versus chemical standard LPS from
Sigma-Aldrich Germany (control), without and with calcium channels
inhibitors (CClIs), i.e. Dantrolene sodium CCI1 (Sigma-Aldrich, Ger-
many) (CCI1), 2-Aminoethyl diphenyl borinate (2A-D) (CCI2), and 5.
Analysis of molecular biologic experiments and evaluation of changes in
the XBP-1 mRNA-gene splicing in mice’s liver.

The Clinical Sampling of Patients with Burned
Wounds

The whole procedure was fully explained to the subjects, and after obtai-
ning informed consent, isolation of the samples was carried out. Patients
with more than 40% severe burned wounds, and probability of infection
with P. aeruginosa infection characteristics were selected. Samples were
collected from patients from the Surgery Department of Velayat Hospi-
tal Rasht, Rasht, Iran, using sterile swabs and immediately transferred
to the Stewart culture medium (Merck, Germany). Swabs were then ino-
culated to the BHI medium (Merck, Germany), separately cultured on
cetrimide (Merck, Germany) and blood agar (Millipore, Germany), in
aseptic conditions and finally incubated at 42°C for 48 hours.

Biochemical Identification of Bacteria Isolated
from Patients

Grown colonies in the cetrimide and blood agar with specific pigmen-
tation were prepared on the slide for the Gram staining kit (Parsian Teb,
Tehran, Iran). Additional biochemical and complementary experiments
were conducted to determine bacterial identities, such as citrate, oxida-
se, indole, urea, and triple sugar iron agar (TSI) (Millipore, Germany).

LPS Extraction

Extraction of endotoxin was carried out by using a specific LPS intron
purification kit based on the manufacturer’s instructions. The extrac-
ted endotoxin was visualized via 12% polyacrylamide gel electropho-
resis (PAGE), stained with silver nitrate, and kept at 4°C until the next
use. Then, high-performance liquid chromatography (HPLC) fractiona-
tion was used to evaluate and confirm the purity of isolated hLPS versus
standard control P. aeroginosa LPS purchased from Sigma, Germany
(SIGMA-Cat.no: 1L.8643).

Animal Modeling and Molecular Biologic Assays

Male ¢57/BL6 mice were randomly selected to be studied (six to eight
weeks o0ld/25 + 1 grams). All animals were equally exposed to 12-12
light-dark circadian cycles and had unrestricted access to water and
food during the experiment. The animals were divided into five groups,
and each group (n=6) was divided into three-time intervals (2, 8, and 24
hrs.) as follows: 1) Negative control; 2) Positive control; 3) Group, which
received CCI1+hLPS; 4) Group, which received CCI2+hLPS, and final-
ly; 5) Group, which received a combination of both calcium channel in-
hibitors (CCI1+CCI2)+hLPS.

Negative control animals received sterile pyrogen-free normal saline.
Animals in the positive controls group were treated with 3 mg/kg/intra-
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peritoneal (IP)-injection of tunicamycin (2.5 mg/kg) to induce ER stress
artificially, and the injection of P. aeruginosa LPS was commercially pur-
chased from Sigma, Germany (3 mg/kg), as proposed by Nemzek et al.
(42), according to the established toxemia model, and based on previous
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studies (Figure 4, A). Animals in Group 3 received hLPS (3 mg/kg, IP)
+CCI1 (40 mg/kg). Animals in Group 4 received CCI2 (1 mg/kg) + hLPS
(3 mg/kg, IP). Finally, the last animal group (group 5) received a combi-
nation of CCI1 (40 mg/kg) + CCI2 (1 mg/kg) + (3 mg/kg, IP). In all ex-
perimental study groups, the beta-actin house-keeping gene (155 bp in
length) was amplified as an internal control of molecular tests.

Along with isolation, verification, quality controls, and immunological
assay, the splicing of the XBP-1 mRNA gene was studied in the isolated
liver tissue of mice. All surgical instruments were sterilized and were set
DNase-RNase free/non-pyrogen for surgical removal and separation of
animal liver tissue. Small 10-mg pieces of the isolated liver were imme-
diately frozen after aseptic transfer to the DNase-RNase free/non-py-
rogen sterile microtube.

The DNA and RNA of all prepared specimens were extracted using
specific kits and according to the manufacturer’s guidelines, and then
RT-PCR was performed. Using the spectroscopic technique (NanoD-
rop-2000c spectrophotometers, Thermo Fisher Scientific, USA), the
purity of the extracted RNA was measured. Prior to the cDNA synthe-
sis of extracted RNAs, RNA samples were treated with a DNase specific
kit (Sina Clone, Iran) to eliminate possible contamination with DNA.
After treatment with a DNase-specific kit, the samples were subjected
to RT-PCR (Thermo Fisher Scientific, USA). For PCR, a sensitive and
specific primer pair was used for test and control groups. XBP-1 forward
primer: 5°GAACCAGGAGTTAAGAACACG3", and reverse primer:
5'AGGCAACAGTGTCAGAGTCC3" (size of PCR product: unspliced
uXBP-1=205 bp and spliced sXBP-1=179 bp) as described (43), and p-a-
ctin housekeeping primers were obtained from Cinna gen, Iran.

The statistics of our descriptive results were reported at three-time in-
tervals at 2, 8, and 24 hours after each injection using the number of
splicing in animals’ livers compared to the total number of animals. The
results of the experiment were analyzed by using the IBM-SPSS software
version 16 via X2 statistic tests at the significant level (p< 0.05). All data
were expressed as mean + standard deviation.

In our previous research study, we showed that hLPS could increase cy-
tokine release (8). However, in the present study, we investigated hLPS
effects on LUCOGS and focused on the UPR machinery and correla-
ted signal transduction inducing gene splicing in mice’s hepatic tissue
(Figure 1).

The isolated bacteria from human burned wounds were confirmed as P
aeruginosa sort, based on culture and biochemical identification obser-
vations and a positive oxidase test (Figure 2, A-H). The PAGE electrop-
horesis data show a different concentration of purified hLPS. The same
samples with an efficient concentration were pooled together and app-
lied for the next steps of the tests.

In addition, Figure 2 depicts how we isolated targeted bacteria and hLPS
from a human wound. In short, after obtaining informed consent from
the patients, burned wound bacteria were isolated and cultured on the
blood agar. Cultured bacteria from specimens grown well in enriched,
specific, and differential media (Figure 2, A-H).

After isolation and validation of human targeted bacteria sort via bio-
chemical tests, the hLPS biologic compound was purified, and its qua-
lity and efficacy were compared to standard chemical LPS using HPLC
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(Figure 3, A and B). We observed that our isolated purified hLPS had
proper purity as standard LPS checked by 12% PAGE silver staining.
Eventually, all hLPS samples were aliquoted and stocked at -70°C for
further supplementary tests (final concentration 3mg/ml).

The molecular results acquired from whole experiments after confirma-
tion of splicing and non-splicing pattern were represented as follows:

In the negative control group, none of the animals exhibited any XBP-1
splicing (Figure 4, A-D). We observed that all six mice showed XBP-1
splicing in the first positive control group (receiving tunicamycin, 2.5
mg/kg), and three out of six mice in the second positive control group
(hLPS, 3mg/kg) 2 hours after the stimulation (Figure 4, A). In mice rece-
iving the combination of hLPS+CCI1, four out of six mice showed spli-
cing (Figure 4, B), but three out of six mice showed XBP-1 splicing in the
group, which received hLPS+CCI2 (Figure 4, C). Surprisingly, all six out
of six mice showed an increase in the XBP-1 splicing after injecting both
CCIs (hLPS+CCI1+CCI2) at the 2nd hour (Figure 4, D).

In the negative control group, none of the animals showed any XBP-1
splicing (Figure 4, A). We observed that all six mice showed XBP-1
splicing in the first positive control group (receiving tunicamycin, 2.5
mg/kg) and two out of six mice in the second positive control group
(hLPS, 3mg/kg) 8 hours after the injection. Four out of six mice that
received the combination of hLPS+CCIl, and three out of six mice
that received hLPS+CCI2, exhibited XBP-1 splicing. Surprisingly, all
six mice showed an increase in the XBP-1 splicing after injecting both
CCIs (hLPS+CCI1+CCI2) for 8 hours stimulations the same as 2 hours

3000 bp

XBP-1u 205 bp
Beta-Actin 155 bp T

I

XBP-1u 205 bp Beta-Actin 155 bp

XBP-15179 bp

(Figure 4, D). It was a statistically significant difference compared to
the hLPS group (p = 0.03).

In the negative control group, none of the animals exhibited any XBP-1
splicing (Figure 4, A). We observed that all six mice showed XBP-1 spli-
cing in the first positive control (receiving tunicamycin, 2.5 mg/kg). Only
one out of six mice in the second positive control (hLPS, 3mg/kg) showed
XBP-1 splicing after 24 hours of stimulation. In mice receiving the com-
bination of hLPS+CCI1, two out of six mice showed splicing 24 hours
after the injection (Figure 4, B). In the hLPS+CCI2 group, only one out
of the six mice showed XBP-1 splicing (Figure 4, C). Unpredictably, in
the CCIs (hLPS+CCI1+CCI2) group, five out of six mice showed XBP-1
splicing (Figure 4, D). There was a significant statistical difference in the
number of XBP-1 splicing and XBP-1s production only in the group that
received both CCI1 and CCI 2 than in the hLPS group (Figure 5).

The important novelty of this study is the use of natural endotoxin pu-
rified from bacteria isolated from infected burn wounds of patients. We
reconstructed this isolated toxin in an animal in vivo model system to
observe pathological effects of LPS clearly. Previously, as another study
group also described, we demonstrated that LPS had cytotoxic effects
on increasing cytokine release from different tissues and cells (8). In this
study, we show that our extracted hLPS from P. aeruginosa can affect
pro-inflammatory XBP-1 related gene splicing. XBP-1 splicing corre-
lates with the UPR activation and calcium overload through cells, and
leads to random organ shutdown.

Many studies have been conducted on the interactions between the Ca**
ion hemostasis and the UPR machinery, and how Gram-negative bacte-
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Figure 5. The number of spliced XBP-1 at different intervals.

XBP-1 splicing results were reported at three-time intervals at 2, 8, and 24 hours after each injection.
The results of the tests were analyzed via the x? statistic test (significant level p< 0.05%). All data have
been expressed as mean + standard deviation. (*) indicate p< 0.05 compared to the hLPS group

control.

ria’s LPS induces septic shock (1, 2). Nonetheless, there are limited stu-
dies, which used purified wild LPS from a human burn wound (which
we called hLPS in this study) and/or from the wild colonized bacteria at
the site of the wound’s infection.

After describing our goals and main objectives, the Medical Science
Committee allowed us to study different aspects of organ shutdown mec-
hanisms using animal modeling as a representative in vivo model system.
In the traditional animal model of cancer, limitations in representing fe-
atures of each cancer patient led to established patient-derived xenograft
(PDX) animal model systems (44), which helped medicine to develop
appropriate drugs. With the same concept, we consider building a mic-
ro-environment of wild bacteria (endotoxins), which is colonized in the
patient’s burn wound. Subsequently, we attempt to extract wild LPS inste-
ad of applying commercial LPS to establish a new animal model of endo-
toxemia with more ‘natural stimulators’ (hLPS vs. commercial LPS) that
might better represent pathophysiologic conditions. We assumed that
this novel animal model would represent a more accurate model system
and could yield real and natural results after experiments.

After establishing the animal model, we focused on our observed data
according to treatment with our target CCIs formulae. The more XBP-1
splicing and XBP-1s production are, the more anti-inflammatory event
may occur. Consecutively, the subject’s biologic system can equip better
itself to respond to endotoxemia appropriately.

Hypothetically, the stress in the eukaryotic endoplasmic reticulum re-
sults in the activation of UPR in response to increased levels of miss-fol-
ded proteins and maintenance of homeostasis caused by endotoxin-in-
duced P, aeruginosa’s LPS, which plays a key role in this pathway.

Furthermore, Ca*? ions, compared to other ions, play an essential role in
the homeostasis of eukaryotic cells (18-22).
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Our study results showed that infec-
tion with P. aeruginosa can be used to
determine the destiny of cells or tis-
sues by encountering one of its major
pathogens secretomes, LPS. This effect
will often indicate its presence, in the
form of increasing the bioavailability of
the living tissue and cell or causing the
death of the cell and ultimately the sub-
ject (23).

Pierobon N, et al. (33) postulated that
the second messenger IP3 elicited Ca?*
signals control many important pro-
cesses in hepatocytes, including mito-
chondrial metabolism, glycogen degra-
dation and gene expression. This signal
is modulated in response to various
molecules that mainly act through the
well-known phosphoinositide cascade.
The essential components of this signa-
ling pathway are the formation of IP3 at
the plasma membrane, binding of IP3
to IP3Rs, and release of Ca** into the
intracellular space of cells.

The use of CCls in this study showed
a significant increase in the splicing of
XBP-1 mRNA, and in the production
of sXBP-1 transcriptomes, which are
important to control pro-inflamma-
tory cytokines. This increment leads
to a beneficial effect on decreasing the
amount of inflammatory mediators,
which play determining roles in dealing with septic shock and sub-
sequently increase (pro-)inflammatory side effects (10, 15, 20).

Many bacterial virulence factors play crucial roles in inflammation and
septic shock. One of these toxic factors is LPS, which after absorption
from different pathways, can cause (pro-)inflammatory cytokine relea-
se, such as IL-1b, IL-7, IL-6, and TNF-a (45). Depending on the target
tissue, these (pro-)inflammatory mediators can determine the severity
and fate of the affected tissue. Usually, these mediators are affected by
cell metabolism through direct and indirect processes.

In the direct pathway, bacterial LPS is attached to receptors, such as
TLR-4 and CD-14. Afterward, nuclear cell signaling leads to product
inflammatory mediators, such as IL- 1, IL-6, and TNFa (25).

In the indirect pathway, the activation of the related pathway is accomp-
lished by absorbing LPS in a path other than the TLR-4 receptor, which
can lead to cell death (26). To cause cell death, calcium overload of cells
occurs in different ways (17-19, 21-23). One of the most important en-
tering routes for these ions is Ca*? channels. The entrance of Ca*? ions
occurs coincidentally in cellular inflammations resulting from LPS (19-
21). The two most important cellular channels in the excessive intake of
Ca*? that lead to cell death are ryanodine and IP3 channel (21). However,
there is no clear evidence for expression or a role of ryanodine receptors
(RyRs) in the liver, but some studies indirectly suggest its involvement.
Furthermore, there is no report about therapeutic and anti-inflamma-
tory effects of CCIs for the endotoxic shock caused by P. aeruginosa’s
LPS (20). P aeruginosa is considered an important opportunistic pat-
hogen in nosocomial infections of burn wounds (4, 20, 46), and it might
be a colonizer in different trauma patients. The results of treatment with
combination of both CCI1 and CCI2 in our study, which are inhibitors
of the ryanodine and IP3 channel, suggest that treating with two diffe-
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rent CCIs exerts much more appropriate inhibitory effects than treat-
ment with separate CCls does (Figure 5). This additive/synergistic effect
directly correlates with the amount of XBP-1 gene transcription factor
mRNA splicing. The CClIs prescription can activate adaptive UPR’s sig-
nals by inducing XBP-1 splicing and producing XBP-1s, and it can play
a crucial role in the maintenance of hepatic cells. It is highly important
to save liver vital capacity owing to its significance as a headquarter of
the detoxification organ in the human body (47).

It appears that the more Ca®* channels become inhibited, the more adap-
tive UPR gene-splicing levels increase subsequently. As described pre-
viously (39) and confirmed with our results, this opportunity could be
enhanced further by increasing the activity of the IRE-1’s sensor and
activating XBP-1 spliced products.

Based on the findings of our study, it can be stated that the combina-
tion of two types of CClIs has a higher potency to prevent the entry of
considerable amounts of Ca** ions into the cell in 8 or 24 hours after
induced-endotoxemia with hLPS. The inhibitory effect of using diffe-
rent CCls in combination is stronger than the use of one type of CCIs
separately.

As to conclude, we showed that in the near future, it could be possible
to study the LUCOGS system in vivo and investigate different aspects
of the signal transductions correlated with (un-)known pro-inflamma-
tory-endotoxemic-UPR-gene-splicing processes by using our human-a-
nimal model system. Moreover, appropriate synergistic combination
drugs of CCIs may prevent SRPs in patients, requiring future investiga-
tions. For future studies to clarify more mechanistic details about func-
tions of CClIs to develop different anti-septic drugs, we strongly recom-
mend conducting more evaluations about UPR biosensors like PERK
and ATF-6 qualitatively and quantitatively, i.e., investigating a certain
protein expression and its related gene activity associated changes.

Written informed consents for publication of their clinical details were ob-
tained from the patients.
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