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ABSTRACT

The modulatory effect of C-Vx, a novel therapeutic agent, on the immune system of COVID-19 patients was investigated.
The functions of T and NK cells of COVID-19 patients with different disease severity were evaluated by flow cytometry in
response to C-Vx stimulation. The levels of pro- and anti-inflammatory cytokines were detected by multiplex assay in
supernatants after cell culture with C-Vx. Bradykinin, IRF3, and IFN-a levels were also measured by ELISA in the
presence or absence of C-Vx stimulation. As a result, increased CD107a expression was observed on NK cells in
response to C-Vx addition. The proliferation of T cell subsets was increased by C-Vx, decreasing by disease severity.
IL-4 and IL-10 levels were elevated while IFN-y and IL-17 levels were reduced in T cells following C-Vx stimulation.
However, the levels of pro-inflammatory IL-1(3, IL-6, IL-8, IFN-y and GM-CSF were significantly increased upon C-Vx
stimulation. IFN-a levels tended to increase after incubation with C-Vx. These findings support an immunomodulatory
action of C-Vx on the immune system of patients with a mild and moderate phase of COVID-19.
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Introduction

Severe Acute Respiratory Syndrome-Coronavirus-2
(SARS-CoV)-2, the cause of Coronavirus Disease
(COVID)-19, is an extremely contagious virus and a
large part of the population is vulnerable to the infec-
tion with this virus. It has affected over 530 million
people and caused the death of 6 million people world-
wide to date.

SARS-CoV-2 can lead both to asymptomatic car-
riers as well as to patients expressing various pathog-
nomonics from mild, moderate, and severe
conditions - even death [1,2]. Hematological (lym-
phocyte and neutrophil count), inflammatory (C-reac-
tive protein (CRP), procalcitonin (PCT)), and
biochemical (D-dimer and ferritin) biomarkers
which are critical for diagnosis and treatment, have
been identified in association with COVID-19 [3].

After being infected with SARS-CoV-2, the
immune system essentially launches a “combat” with
the pathogen. Specifically, CD8" T and natural killer
(NK) cells as primary cytotoxic lymphocytes, have a
critical role in the management of infections by

mediating cellular immunity and cytotoxicity [4,5].
Recent studies have shown a decreased number of T
and NK cells in severe cases, and the exhaustion and
reduced functional diversity of T cells could contrib-
ute to the progression of COVID-19 [6-8]. On the
other hand, excessive immune responses might lead
to serious complications of the disease including
inflammation-induced lung injury, respiratory failure,
and death [9,10].

So far, there is no current specific and effective
treatment for COVID-19. Along with the vaccines
which have been developed to date, various thera-
peutic methods are also being investigated against
COVID-19. In this context, it is considered important
to redesign or improve existing natural and/or
pharmaceutical treatments to deal with the virus
threat.

The main ingredient of C-Vx was originally formu-
lated for cancer treatment by Pharma-USA in con-
junction with Miracle Labs Pharmaceutical Industry
(unpublished data), and with the emergence of the
COVID-19 pandemic, the scientific team has made
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modifications in the formula. Currently, C-Vx is
patented as an active immunostimulant product
(Patent Number: 17/497, 295). C-Vx is a repurposed
vaccine combination containing anti-viral adjuvants
and vitamins against SARS-CoV-2. The measles
virus vector, which is used therapeutically against can-
cer as it replicates preferentially in and destroys cancer
cells, and activates anti-tumour immune responses
[11], was used also in C-Vx. According to the latest
research, measles, mumps, and rubella vaccines
might prevent or reduce the severity of COVID-19
[11,12]. Thus, bits of mumps and rubella viruses
were added to the formula to improve the impact of
C-Vx against SARS-CoV-2. The unique and novel for-
mulation of C-Vx is expected to provide effective con-
comitant therapy against active COVID-19 infection.
The prophylactic use of products is thought to be a
useful therapeutic approach for the prevention or
treatment of the disease [13]. Thus, treatment oppor-
tunities for COVID-19 are much needed. This study
aimed to explore the immunological aspects of the
novel C-Vx substance and its possible contribution
to the prevention and treatment of COVID-19. In
order to see the action of the C-Vx as an immunomo-
dulatory substance in COVID-19 patients, we aimed
to better characterize and understand the status and
functionality of immune cells by in vitro assays.

Material and methods
Study design and participants

COVID-19 patients [(n=31); male (n=15) and
female (n=16)] admitted to the pandemic clinic of
Istanbul University, Istanbul Faculty of Medicine
were enrolled in this study. All patients enrolled in
this study were directed to laboratory immediately
after clinically diagnosed and PCR-positivity was
confirmed, they had COVID-19 for the first time
and neither of the patients were vaccinated against
SARS-CoV-2. This study was completed before the
mutant strains spread to Turkey. Patients were
grouped according to the clinical course (Table 1) as
follows: Mild patients (n = 10), who are not hospital-
ized but have mild symptoms such as fever, dry
cough; Moderate patients (n =11), who have moder-
ate/severe pneumonia or mild pneumonia with elev-
ated clinical parameters; Severe patients (n=10),
who are hospitalized and have pneumonia with
hypoxemia, severe clinical picture such as coagulation
defects and multiple organ failure. The biochemical
parameters of patient groups are given in Table 2.
Age- and gender-matched healthy volunteers [(n=
10); male (n=6) and female (n=4)] without any
known disease were also included in the study. Donors
were not vaccinated against SARS-CoV-2 at the time
of sampling. An approval of Istanbul University,
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Istanbul Faculty of Medicine, Clinical Research Ethics
Committee was obtained (approval number 2020/
1576) in compliance with the Helsinki declaration,
while all donors signed informed consent forms
prior to blood sampling.

Sample preparation

Peripheral blood mononuclear cells (PBMCs) were
isolated from heparinized peripheral blood samples
by density gradient centrifugation using Ficoll-Paque
(Histopaque-1077; Biochrom, Cambridge, UK). Fol-
lowing centrifuge at 2000 rpm for 20 min, collected
PBMCs were washed with phosphate-buffered saline
(PBS) and suspended in RPMI-1640 medium (Sigma
Chem. Co., Germany). PBMCs were freshly used in
culture assays and plasma samples separated from
heparinized blood samples were frozen at —20°C
until use in further assays.

In order to determine the non-toxic concentration
of C-Vx, PBMCs (1 x 10°/mL) of healthy donors were
cultured at different concentrations of C-Vx (1/50, 1/
100, and 1/250) for 24, 48, and 72 h at 37°C incubator.
After the cell culture, the apoptotic index was
measured by using Annexin V-Apoptosis Detection
Kit I (Biolegend, San Jose, CA, USA) and analyzed
on flow cytometry. An optimal dose of C-Vx was
determined as 1/250 and used in all culture assays
(accepted in JCMR).

Intracellular cytokine measurement

In order to determine the intracellular cytokine levels
of T lymphocytes, PBMCs (1 x 10° cells/mL) were pre-
cultured with the presence or absence of C-Vx for 72 h
and further stimulated with Cell Stimulation Cocktail
[PMA (40.5 uM), Ionomycin (669.3 uM), and Brefel-
din A (2.5 mg/mL)] (Biolegend, San Diego, USA) for
4 h at 37°C incubator. After the culture, cell surface
staining was performed using anti-human-CD3-
BV785, -CD4-PE, and -CD8-FITC monoclonal anti-
bodies (mAbs) (all from Biolegend, San Diego,
USA), prior to the detection of intracellular cytokine
levels. Intracellular staining was performed using Fix-
ation/Permeabilization Kit (BD Cytofix/Cytoperm,
California, USA) according to the manufacturer’s pro-
tocol. Simply, cells were fixed and then permeabilized
together with the addition of anti-IFN-y-PE/Cy7,
-TNF-a-APC/Cy7, -IL-4-APC, -IL-10-BV421, -IL-
17-Alexa Fluor 700 mAbs. After washing, samples
were measured by flow cytometry.

The determination of NK cell cytotoxic activity

Pre-cultured PBMCs (5 x 10°) with or without C-Vx
for 72 h, were stained with anti-human-CD107a-
APC mAb (Biolegend, San Jose, CA, USA) and
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Table 1. Demographic characteristics of COVID-19 patients and treatments they received.

Mild Moderate Severe
N 10 1 10
Gender 5 males 5 males 5 males

5 females 6 females 5 females
Age Median 45 (21-79) 54.8 (33-78) 63.2 (50-73)
(Min-Max)
Treatment Hydroxychloroquine, Azithromycin Hydroxychloroquine, Azithromycin, Hydroxychloroquine, Azithromycin,
received for Favipravir Favipravir, Tociluzumab
COVID-19
The clinical Who do not require hospitalization with Who have moderate/severe pneumonia or  Who are hospitalized pneumonia with
symptoms of Fever, sore throat, dry cough, malaise, and  mild pneumonia without hypoxemia with hypoxemia (SpO,< 92%) with coagulation
COVID-19 body aches or nausea, vomiting, high ferritin levels high — C reactive defects, encephalopathy, heart failure, and
patients abdominal pain, loose stools protein (hsCRP) levels, lymphopenia, acute kidney injury

hypotension dyspnea

Table 2. Biochemical parameters of patients.

Mild Median (min-max)

Moderate Median (min-max)

Severe Median (min-max) Reverences Values

White Blood Cells (10%/uL)
Lymphocytes (10*/uL)
Neutrophils (10%/uL)
Platelets (10*/uL)

CRP (mg/dL)

D-Dimer (ug/L)

Ferritin (ng/mL)
Procalcitonin (ng/mL)

8.03 (3.9-13.2)
1.55 (0.6-3.1)
5.88 (2.1-11.8)
276.3 (177-528)
40.1 (0-164)
968.9 (190-3700)
192.9 (22-842)
0.08 (0.01-0.19)

6.6 (3.4-11)

1.26 (0.5-2.4)
4.96 (1.7-10.1)
238.1 (124-364)
58.9 (3-150)
922.7 (220-1640)
572.3 (24-1404)
0.1 (0.01-0.35)

10.4 (5-16.6) 4-10
1.35 (0.2-5.9) 1.2-3.6
7.93 (0.6-15.4) 13-7
261.9 (123-476) 160-390

153.7 (13-528) 0-5
4370 (380-18450) 0.0-550
6068.6 (232-46852) 13-400
10.97 (0.07-48.89) 0-0.5

cultured alone or together with K562 cells (5 x 10%) at
a 10:1 effector/target (E:T) ratio for 5 h at 37°C incu-
bator. After the culture, PBMCs were labelled with
anti-human-CD56-BV711, -CD16-BV570, -CD3-
BV785, and -CD8-FITC (Biolegend, San Jose, CA,
USA) mADbs. In order to determine the levels of intra-
cellular cytotoxic granules; perforin and granzyme B,
samples were fixed and permeabilized according to
the manufacturer’s directions (Cytofix&Cytoperm
Kit, BD Biosciences, San Jose, CA, USA), and stained
with anti-human-Perforin-PerCp/Cy5.5 and -Gran-
zyme B-Alexa Fluor 700 (Biolegend, San Jose, CA,
USA) mAbs. Stained cells were measured and ana-
lyzed by flow cytometry.

Lymphocyte proliferation assay by CFSE

To evaluate the proliferative responses of lymphocytes
to C-Vx, carboxyfluorescein succinimidyl ester
(CFSE) dilution method was used which is based on
labelling cells with CFSE and evaluating the fluor-
escence halved by each cell division. PBMCs (up to
2x 107), freshly isolated and suspended in RPMI-
1640 medium (Gibco, Paisley, UK), were stained
with 1 ul of 5 mM CEFSE solution (Thermo Fisher
Scientific, USA) and incubated for 6 min at 4°C. Fol-
lowing washing with PBS, PBMCs were cultured for
120 h at 37°C with or without C-Vx (Miracle Labs
Pharmaceutical Industry-Turkey) together with the
absence or presence of 5 pl/mL PHA (Thermo Fisher,
USA). Following cell culture, supernatants were col-
lected and stored at —20°C for further analysis.
PBMCs were harvested from the respective wells

(US: unstimulated, PHA: phytohemagglutinin-stimu-
lated, C-Vx, and PHA + C-Vx) into separate tubes
for cell surface staining with anti-human-CD3-
BV785, -CD4-PE-Cy7, -CD8-APC/Cy7, -CD1l6-
BV570, and -CD56-BV711 (all from Biolegend,
USA) mAbs. After the incubation, stained cells were
washed with PBS and analyzed by flow cytometry.

Detection of bradykinin, IRF3, and IFN-a levels
by ELISA

Frozen plasma samples as well as supernatants of cul-
tured PBMCs were thawed. The levels of bradykinin
(sensitivity: 0.05 ng/mL, range: 0.2-6 ng/mL), IRF3
(sensitivity: 0.1 ng/mL, range: 0.312-20 ng/mL), and
IFN-a (sensitivity: 0.5 pg/mL, range: 1.6-100 pg/mL)
(AFG Bioscience, USA) were measured by ELISA
according to the manufacturer’s instructions. Optical
densities were measured at 450 nm and concentrations
were calculated by reference to the standard curves.

Cytokine measurement by multiplex assay

Frozen supernatants were thawed, and cytokine levels
were detected by multiplex assay (LEGENDplex, Bio-
legend, USA) which is a bead-based immunoassay
providing quantification of multiple soluble analytes
simultaneously in biological samples using a flow cyt-
ometer. The levels of IL-1pB, IL-2, IL-4, IL-5, IL-6, IL-8,
IL-10, IL-12p70, IL-13, GM-CSF, TNF-q, and IFN-y
were measured according to the manufacturer’s proto-
col. Acquisition of samples was performed with flow

cytometry.



Statistical analysis and evaluation of data

All flow cytometric measurements were performed on
a NovoCyte flow cytometry and analyzed by NovoEx-
press software (ACEA Biosciences, USA). Statistical
analyses were performed with SPSS 21.0 software
(SPSS Inc., Chicago, IL, USA). Distribution patterns
of subject groups were analyzed by Shapiro-Wilk
test. The parametric and non-parametric paired groups
were analyzed with Paired-T and Wilcoxon tests,
respectively. One-way ANOVA was used to compare
multiple groups and post-hoc evaluations were per-
formed by Tukey’s test. The values of (p < 0.05) were
accepted as the statistically significant. Graphs were
created using GraphPad Prism 9.0 Software. Data
were presented as mean + standard error mean (SEM).

In order to identify multidimensional differences
between the patients at mild, moderate, and severe
stages of the disease, correlation network analysis
was performed. For this analysis, statistically signifi-
cant measurements based on the pairwise compari-
sons followed by Bonferroni adjustment were used.
The values were grouped as follows: T cell subsets/
intracellular cytokines, NK cells/cytotoxicity, lympho-
cyte proliferation, cytokines by Multiplex and ELISA
measurements. Pearson correlation matrix was cre-
ated for each category after Z-score standardization.
Correlation cut-oft was set at + 0.6 to identify strong
non-linear relationships between measurements.
Data was visualized by creating a network plot.

Results

Diminished T and NK cells in response to C-Vx
stimulation

Prior to the functional assays, the effects of C-Vx on
CD4" and CD8" T cell levels were explored in
COVID-19 patients and healthy donors. In all culture
assays, 1/250 concentration of C-Vx, determined as
the optimal dose as a result of dose experiments, was
used (accepted in JCMR). CD3" T cell levels of mild
and moderate patients, and healthy donors were sig-
nificantly decreased upon C-Vx stimulation compared
to unstimulated conditions (p =0.022, p=0.023, p=
0.008; respectively) (Figure 1(A)). No significant
difference was found in CD4" and CD8" T cell ratios
of donor groups between conditions with or without
C-Vx (Figure 1(C,D)). The reductive effect of C-Vx
was also observed on CD3"CD16'CD56" NK cells.
NK cell levels were significantly reduced by C-Vx in
moderate patients and healthy donors (p =0.034, p
=0.014; respectively) (Figure 1(B)).

Increased CD107a expression induced by C-Vx

To investigate the effects of C-Vx on the cytotoxic
potential of NK and CD8" T cells, the cytotoxicity
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assay was performed by detection CD107a, perforin
and granzyme B levels. No significant difference
was found for perforin and granzyme B expression
of CD37CD16'CD56" NK and CD8" T cells in
response to C-Vx, among patients and healthy
donors (p>0.05) (data not shown). However,
CD107a levels of NK cells were determined to be sig-
nificantly up-regulated in both patients and healthy
donors except in severe patients. In conditions with-
out K562 cells, CD107a expression of NK cells was
significantly increased upon C-Vx addition in mild
and moderate patients, and healthy donors (p=
0.013, p=0.037, p=0.007; respectively) (Figure 1
(E)). In the presence of K562, C-Vx addition resulted
in a significant elevation only in mild patients (p =
0.013). In all donor groups, CD107a expression of
CD8" T cells was increased with no statistical signifi-
cance, in co-culture with K562 cells, regardless of C-
Vx stimulation.

Anti-inflammatory cytokine production in C-Vx-
induced T cells

In order to evaluate the effects of C-Vx on T cell
functions, intracellular levels of IFN-y, IL-17, TNF-
a, IL-4, and IL-10 in CD4" and CD8" T cell subsets
were measured upon C-Vx stimulation. PBMCs
were pre-cultured with the presence or absence of
C-Vx for 72 h, and further stimulated with PMA/
Ionomycin prior to the intracellular staining. IFN-y
levels of CD4" T cells were significantly reduced by
C-Vx stimulation in moderate and severe patients
as well as healthy donors (p=0.008, p=0.003, p=
0.026; respectively) (Figure 2(A)). Similarly, IL-17
levels of CD4" T cells were decreased upon C-Vx
addition in healthy donors (p=0.01), but not in
patients. Nevertheless, the levels of TNF-a were
increased following C-Vx stimulation in mild and
moderate patients though decreased in severe
patients (p =0.029, p=0.036, p = 0.033; respectively).
In contrast to decreased levels of pro-inflammatory
cytokines especially in severe patients, the stimulation
with C-Vx increased IL-4 and IL-10 levels, namely
Th2-type cytokines, in CD4" T cells. IL-4 content
of CD4" T cells was significantly elevated by C-Vx
in mild and moderate patients (p =0.001, p=0.013;
respectively). The presence of C-Vx led to increased
IL-10 levels of CD4" T cells in all patient groups
though significance was found only in mild patients
(p=0.025).

A similar effect of C-Vx on IFN-y levels of CD4" T
cells was observed on CD8" T cells. IFN-y"CD8" T cell
levels of severe patients and healthy donors were sig-
nificantly reduced by C-Vx addition (p=0.029, p=
0.023; respectively) (Figure 2(B)). IL-17 levels of
CD8" T cells were similarly decreased after C-Vx
stimulation in mild patients (p =0.010). Resembling
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Figure 1. The evaluation of the effect of C-Vx on T and NK cell ratios and NK cell cytotoxicity. (A) CD3" total T, (B)
CD37CD16%CD56" NK, (C) CD4*, (D) CD8™ T cell frequencies, and (E) CD107a expression of NK cells in patient groups and healthy
donors with and without C-Vx. (*p < 0.05, **p < 0.001, ***p < 0.0001) (US: unstimulated, HD: healthy donors).

CD4" T cells, TNF-a content of CD8" T cells in severe
patients was found to be decreased by C-Vx (p = 0.02).
Interestingly, IL-4 levels of CD8" T cells were signifi-
cantly elevated in moderate patients (p=0.014)
whereas reduced in severe patients (p=0.02), in
response to C-Vx stimulation. Like CD4" T cells,
CD8" T cells also had higher IL-10 levels following
C-Vx addition in moderate and severe patients as
well as healthy donors (p=0.009, p=0.02, p =0.002;
respectively).

The proliferative effect of C-Vx on lymphocytes

The proliferative responses of lymphocytes to C-Vx
stimulation were investigated by the CFSE dilution
method. The role of C-Vx on both spontaneous and
PHA-induced proliferation of lymphocytes was
assayed. The obtained data of CD3", CD4", and
CD8" T cells as well as CD3"CD16'CD56" NK cells
were evaluated as % proliferation.

In total lymphocytes, C-Vx alone induced signifi-
cant proliferation in mild patients besides healthy
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Figure 2. The alterations in intracellular cytokine levels of T cell subsets in response to C-Vx. IFN-y, IL-17, TNF-q, IL-4, and IL-10
levels of (A) CD4™ and (B) CD8™ T cells after culture of PBMCs stimulated or not with C-Vx. (*p < 0.05, **p < 0.001, ***p < 0.0001)
(US: unstimulated, HD: healthy donors).
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donors (p =0.036 and p = 0.005; respectively) (Figure
3(A)). This effect declined with increased disease
severity. PHA induced strong proliferation, however
severe patients had diminished proliferation com-
pared to healthy donors and mild patients (p=
0.001 and p=0.029; respectively). The co-existence
of C-Vx and PHA triggered total lymphocyte pro-
liferation levels comparable with PHA alone in all
patient groups. Notably, diminished PHA-induced
proliferation with increased disease severity was
regained with the co-existence of C-Vx. In severe
and moderate patients, the addition of C-Vx together
with PHA triggered stronger proliferation in com-
parison with PHA alone (p=0.021 and p=0.043;
respectively).  However, elevated  proliferative
responses observed in severe patients by the com-
bined stimulation of C-Vx and PHA was lower
than in healthy donors (p =0.005).

C-Vx induced the proliferation of CD3" T cells in
mild, moderate, and severe patients as well as healthy
donors (p=0.012, p=0.028, p =0.028, and p = 0.007;
respectively) (Figure 3(B)). This effect of C-Vx was
observed to decline in concordance with increased dis-
ease severity, similar to the case of PHA-induced pro-
liferation. PHA-induced proliferation in severe
patients was lower than healthy donors (p =0.007),
which was potentiated with the existence of C-Vx (p
=0.038). PHA-induced proliferation of severe patients
was significantly diminished compared to mild
patients (p = 0.045).

CD4" T cells responded to C-Vx alone and prolifer-
ated consequently in mild and moderate patients, and
in healthy donors (p =0.012, p =0.018, and p = 0.005;
respectively) (Figure 3(D)). No significant difference
in PHA-induced proliferation among patient groups
and healthy donors was observed, but proliferation
in response to a combination of C-Vx and PHA was
found to limit PHA-induced proliferation in healthy
donors and mild patients (p=0.005 and p=0.012;
respectively). In severe patients, C-Vx in addition to
PHA was observed to trigger stronger proliferation
compared to PHA alone, although without statistical
significance.

C-Vx alone induced CD8" T cell proliferation in
healthy donors as well as mild patients (p=0.008
and p =0.018; respectively) (Figure 3(E)). Prolifer-
ation in response to both PHA and combination of
PHA with C-Vx was found to decline with the
increased disease severity. PHA-induced prolifer-
ation in severe patients was significantly reduced
compared to healthy donors (p=0.015). On the
other hand, the addition of C-Vx to PHA signifi-
cantly up-regulated the proliferation levels in mild,
moderate, and severe patients as well as in healthy
donors (p=0.017, p=0.018, p=0.011, and p=
0.013; respectively). However, the proliferative
responses against the combination of C-Vx and

PHA in severe patients were diminished compared
to healthy donors (p =0.019).

CD37CD16'CD56" NK cell proliferation in
response to C-Vx was significantly increased in
response to C-Vx alone only in healthy donors (p =
0.005) (Figure 3(C)). The proliferation levels at
PHA-induced conditions tended to be decreased
with disease severity, while significantly diminished
in severe patients, in comparison with healthy donors
(p=0.002). A combination of PHA and C-Vx had an
up-regulatory effect in comparison with PHA alone,
which showed significance only in severe patients (p
=0.038). However, in severe patients, PHA and C-
Vx together were not able to up-regulate the prolifer-
ation to the significantly high levels of healthy donors
(p =0.002).

Bradykinin, IRF3, and IFN-a levels after the
stimulation with C-Vx

The levels of bradykinin, IRF3, and IFN-a were
measured in plasma samples and supernatants by
ELISA. No difference was found in IRF3 and bradyki-
nin levels between donor groups (Figure 4(A,B)).
Plasma IFN-a levels were lower in mild patients
than severe patients and healthy donors (p=0.007,
p=0.035; respectively) (Figure 4(C)). After C-Vx
addition, IFN-a levels in supernatants were found to
be higher in mild and severe patients compared to
healthy donors (p=0.05 and p =0.006; respectively).
As a result, the levels of IFN-a, which were low in
plasma samples of mild patients, tended to increase
after stimulation with C-Vx.

Elevation of pro-inflammatory cytokines with
C-Vx stimulation

The levels of IL-1p, IL-2, IL-4, IL-5, IL-6, IL-8, IL-10,
IL-12p70, IL-13, IFN-y, TNF-a, and GM-CSF were
measured by multiplex assay in supernatants of
PBMC:s cultured with/without C-Vx. IL-1p, IL-6, IL-
10, IFN-y, and GM-CSF levels of all donor groups
were significantly elevated by C-Vx addition: In mild
(p=0.015, p=0.008, p=0.008, p=0.008, p=0.008;
respectively), moderate (p=0.008, p=0.012, p=
0.017, p=0.017, p=0.008; respectively) and severe
patients (p =0.021, p =0.008, p=0.011, p =0.008, p
=0.015; respectively) as well as healthy donors (p =
0.008, p=0.008, p=0.08, p=0.008, p=0.008;
respectively) (Figure 5).

When correlation analysis was performed for cyto-
kines increased upon C-Vx stimulation, IL-1p levels of
mild patients were observed to be positively correlated
with IL-6, IL-13, GM-CSF, and bradykinin levels (p <
0.05; r=0.65, r=0.74, r=0.62, r = 0.71; respectively),
whereas a negative correlation was found with
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Figure 3. Determination of lymphocyte proliferation in response to C-Vx. The proliferation capacities of (A) total lymphocytes, (B)
CD3"* T cells, (C) CD37CD16"CD56™ NK cells, (D) CD4™, and (E) CD8™ T cell subsets after cell culture with/without PHA stimulation
with or without C-Vx. (*p < 0.05, **p < 0.001, ***p < 0.0001) (US: unstimulated, HD: healthy donors).

CD107a expression of NK cells (p <0.05; r=—0.66)
(Figure 6). In moderate patients, a positive correlation
was detected between the levels of IL-1p, and IL-6,
GM-CSF as well as CD107a expression of NK cells
(p<0.05 r=0.72, r=0.69, r=0.65; respectively).
There was a similar correlation between IL-1P levels
of severe patients and GM-CSF, and IL-13 rather
than IL-6 (p<0.05; r=0.94, r=0.76; respectively).
Moreover, there was a positive correlation between

IL-17 levels of CD8" T cells and IFN-y levels of
CD4" T cells in mild and moderate patients (p <
0.05, r=0.69 and p < 0.05, r=0.64) (Figure 6).
Although IL-13 levels of mild patients and healthy
donors were significantly increased at C-Vx-stimu-
lated conditions (p = 0.008 and p = 0.036; respectively)
(Figure 5), there was no difference in moderate and
severe patients. However, C-Vx led to a positive corre-
lation between IL-13 and IL-13 levels of severe
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mulated, HD: healthy donors).

patients, as presented above, while no correlation was
found in unstimulated conditions (Figure 6).
IL-12p70 levels were elevated only in healthy
donors (p=0.008) by C-Vx, whereas IL-5 were
increased only in mild patients (0.012). TNF-a levels
were detected to be significantly higher in super-
natants after C-Vx addition in mild and moderate
patients (p=0.008, p=0.008; respectively) but not
severe patients. In addition, C-Vx stimulation led to
an increase of IL-8 levels in moderate and severe
patients (p=0.012, p=0.028; respectively). It was
noteworthy that IL-1pB, IL-6, IFN-y, GM-CSF, and
TNF-a secretion of severe patients were diminished
in response to C-Vx in comparison with other donor
groups, even though their levels were higher than in
unstimulated conditions. Poor response to the stimu-
lation with C-Vx was also observed in IL-10 and IL-13
levels of all patient groups compared to healthy
donors. No significant correlation was found among
IFN-q, IRF3 levels, and other immune parameters.

Discussion

The immunomodulatory effects of C-Vx in COVID-
19 patients were investigated in a naive patient popu-
lation who were not previously infected or immunized
against COVID-19 by vaccination. Confirming the
study showing COVID-19 patients had a low prolifer-
ation index of T cells [14], our study demonstrated
that PHA-induced proliferation of total lymphocytes,
CD3"%, and CD8" T, and NK cells were diminished
in correlation with disease severity. This was partially
restored with the presence of C-Vx. As noted in some
previous studies [15,16], we observed the proliferation
of CD8" T cells was not as strong as in CD4" T cells in
COVID-19 patients. Moreover, C-Vx alone did not
alter the low proliferative capacity of CD8" T cells in
moderate and severe patients. As with CD8" T cells,
the effect of C-Vx on cell proliferation was insufficient
also in NK cells, which proliferated in response to C-
Vx only in healthy donors.
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Figure 5. The alterations in cytokine levels after C-Vx addition. IL-1B, IL-2, IL-4, IL-5, IL-6, IL-8, IL-10, IL-12p70, IL-13, IFN-y, TNF-q,
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without C-Vx. (*p < 0.05, **p < 0.001, ***p < 0.0001) (US: unstimulated, HD: healthy donors).

Opverall, C-Vx seems to be an effective agent indu-
cing the proliferation particularly of CD3" and CD4"
T cells in healthy donors and patients with mild to
moderate COVID-19. The decreased proliferative
responses in harmony with disease severity might
indicate a disrupted immune function in severe
COVID-19 forms which could be re-gained by C-Vx.

NK cells are innate immune responders with their

critical contributions to

virus clearance and

immunomodulation. Together with NK cells, CD8"
T cells also play an important role in immune defense
against viral infections [17,18]. The cytotoxicity of
CD8" T and NK cells were revealed to have an
exhausted phenotype in patients with COVID-19
[19,20]. CD107a (LAMP-1) is considered as a cell sur-
face marker of activated CD8" T and NK cell degranu-
lation [21]. In this study, the cytotoxic capacity of
CD8" T and NK cells in COVID-19 patients and
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Figure 6. The network analysis of immune parameters in COVID-19 patients with/without C-Vx. Blue and red lines indicate positive
and negative correlations. The significance of correlations increases in proportion with increased darkness of line colours. (US:

unstimulated).

healthy donors were investigated by detecting per-
forin, granzyme B, and CD107a expression of these
cells. Although there was no significant difference
before and after C-Vx stimulation in the intracellular
perforin and granzyme B levels of CD8" T and NK
cells, increased expression levels of CD107a were eval-
uated in NK cells of patients and healthy donors,
except for severe cases. Nevertheless, in patients
infected with SARS-CoV-2, CD107a expression was
observed to be decreased in comparison with healthy
donors, and C-Vx did not seem to alter the weak
response to K-562 cells much.

IFN-a is a natural anti-viral cytokine. Decreased
production or dysfunction of IFN-a has been pre-
sumed to be associated with an increased propensity
to COVID-19 infection [22]. Therefore, it was thought
that a possible IFN-a-enhancing effect of C-Vx stimu-
lation could pave the way for the use of this agent as a

prophylactic treatment method in the prevention of
COVID-19 infection. However, in this study, the levels
of IFN-a in plasma and culture supernatants were
found to be similar among patient groups and healthy
donors. Nevertheless, higher IFN-a levels were
observed in mild and severe patients than healthy
donors, after C-Vx stimulation.

As a pro-inflammatory cytokine, IFN-y has immu-
noregulatory roles in improving anti-viral immune
responses and limiting excessive reactions [23].
Insufficient IFN-y production was shown to elevate
the replication of viruses and cause decreased survival
in viral infections [24,25]. IFN-y production of anti-
gen-activated T lymphocytes plays critical roles in
anti-viral responses and provides a long-term immune
defense in viral infections by coordinating the other
immune components [26,27]. Moreover, IFN-y pro-
vides the differentiation and maturation of T and B



cells involved in the regulation of anti-viral responses
[28-30]. Gadotti et al. identified IFN-y as a risk factor
for mortality in moderate and severe COVID-19
patients [31]. In our study, IFN-y levels of CD4" and
CD8" T cells were found to be decreased in all
donor groups except mild patients after C-Vx stimu-
lation. However, with the presence of C-Vx, superior
levels of IFN-y were detected in supernatants of cul-
tured PBMCs. This finding indicates C-Vx might
have a beneficial effect for anti-viral defenses in
COVID-19 by inducing IFN-y production. Notably,
although IFN-y levels of all patient groups were
diminished compared to healthy donors, the IFN-y-
inducing effect of C-Vx was weak only in severe
patients.

Similar findings were observed for IL-1, IL-6, and
GM-CSF levels, which were increased by C-Vx stimu-
lation even though being less in severe patients. IL-1f
and IL-6, pro-inflammatory cytokines having critical
roles in infection and inflammation, have been
found to be associated with severe lung injury during
influenza A (HIN1) virus infection [32]. In this study,
the levels of IL-1f and IL-6 were elevated in mild and
moderate patients compared to healthy donors, how-
ever, they were observed to be suppressed in severe
patients even after C-Vx stimulation.

GM-CSF is a stimulant for multipotent progenitor
cells depending on its concentration and is also
known to have pro-inflammatory roles during inflam-
mation [33]. In clinical studies, GM-CSF treatment
has been demonstrated to be beneficial for patients
with sepsis who are especially with severe immuno-
suppression [34]. In this study, C-Vx stimulation
increased GM-CSF levels of mild and moderate
patients, and healthy donors. However, the levels of
GM-CSF as a response to C-Vx were insufficient in
severe patients. IL-10 is an anti-inflammatory cytokine
with immunoregulatory functions in viral infections
[35]. In this study, the stimulant effect of C-Vx for
inducing IL-10 production was observed to be
decreased in mild to severe patient groups compared
to healthy donors.

Overall, C-Vx stimulation, which nearly did not
alter IL-2, IL-4, IL-5 or IL-13 levels, seems to stimulate
cytokine production toward Thl instead of Th2
response. The contrasting profile of intracellular cyto-
kine levels of CD4" and CD8" T cell subsets suggests T
cells might not be the main source of the elevation in
pro-inflammatory cytokines. On the other hand, these
results demonstrated the production of pro-inflamma-
tory or immunoregulatory cytokines was inadequate
in the severe phase of COVID-19 even with C-Vx.
Thus, the C-Vx application might be more successful
in the mild and moderate stages of the disease. In a
recent study of our group including mild, moderate,
and severe patients, increased anti-inflammatory but
decreased inflammatory responses were correlated
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with disease severity [36]. Supporting these results,
the correlation analysis in this study demonstrated
more positive or negative correlations in the Th2
direction without C-Vx, which increase from mild to
severe phase. However, the correlation clustering
was mostly in the direction of Thl in C-Vx-stimulated
conditions. In addition, it should be noted that corre-
lation network plots show a correlation between posi-
tive or negative increases or decreases rather than a
causality.

Consequently, there is a necessity to perform well-
designed, randomized clinical trials in a settings
environment of SARS-CoV-2 infection, which will
pave the way for evidence-based therapeutics for the
worldwide pandemic. Investigation of C-Vx as a
patented immunomodulatory agent focused on
strengthening the immune system of COVID-19
patients, revealed that C-Vx could be a treatment
option for patients especially at mild-to-moderate
stages. Further functional studies with C-Vx would
clarify the contribution of this novel substance to
anti-viral responses against SARS-CoV-2.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This study was supported by the Research Funds of Istanbul
University (BAP-DPT-2019K12-149071) and Miracle Labs
Pharmaceutical Industry.

ORCID

Ilhan Tahrali
Nilgun Akdeniz
Vuslat Yilmaz
Umut C. Kucuksezer
5570

Fatma B. Oktelik
Ozkan Ozdemir

http://orcid.org/0000-0001-9647-796X
http://orcid.org/0000-0002-6208-3193

http://orcid.org/0000-0002-4809-2966

http://orcid.org/0000-0002-5358-

http://orcid.org/0000-0002-7994-5618
http://orcid.org/0000-0002-2647-6416
Esin Cetin-Aktas ‘© http://orcid.org/0000-0002-8078-2780
Yelda Ogutmen © http://orcid.org/0000-0002-8126-6745
Arzu Ergen (& http://orcid.org/0000-0001-5736-8453
Neslihan Abaci (© http://orcid.org/0000-0002-9962-4010
Erdem Tuzun © http://orcid.org/0000-0002-4483-0394
Oral Oncul ‘© http://orcid.org/0000-0002-1681-1866
Gunnur Deniz ‘© http://orcid.org/0000-0002-0721-6213

References

[1] Mouliou DS, Pantazopoulos I, Gourgoulianis KI.
COVID-19 smart diagnosis in the emergency depart-
ment: all-in in practice. Expert Rev Respir Med.
2022;16(3):263-272.

[2] Huang C, Wang Y, Li X, et al. Clinical features of
patients infected with 2019 novel coronavirus in
Wuhan, China. Lancet. 2020;395(10223):497-506.


http://orcid.org/0000-0001-9647-796X
http://orcid.org/0000-0002-6208-3193
http://orcid.org/0000-0002-4809-2966
http://orcid.org/0000-0002-5358-5570
http://orcid.org/0000-0002-5358-5570
http://orcid.org/0000-0002-7994-5618
http://orcid.org/0000-0002-2647-6416
http://orcid.org/0000-0002-8078-2780
http://orcid.org/0000-0002-8126-6745
http://orcid.org/0000-0001-5736-8453
http://orcid.org/0000-0002-9962-4010
http://orcid.org/0000-0002-4483-0394
http://orcid.org/0000-0002-1681-1866
http://orcid.org/0000-0002-0721-6213

2710 I. TAHRALI ET AL.

(7]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

Ponti G, Maccaferri M, Ruini C, et al. Biomarkers
associated with COVID-19 disease progression. Crit
Rev Clin Lab Sci. 2020;57(6):389-399.

Schmidt ME, Varga SM. The CD8 T cell response to res-
piratory virus infections. Front Immunol. 2018;9:678.
Vivier E, Tomasello E, Baratin M, et al. Functions of
natural killer cells. Nat Immunol. 2008;9(5):503-510.
Zheng HY, Zhang M, Yang CX, et al. Elevated exhaus-
tion levels and reduced functional diversity of T cells
in peripheral blood may predict severe progression
in COVID-19 patients. Cell Mol Immunol. 2020;17
(5):541-543.

Qin C, Zhou L, Hu Z, et al. Dysregulation of immune
response in patients with coronavirus 2019 (COVID-
19) in Wuhan, China. Clin Infect Dis. 2020;71
(15):762-768.

Wang D, Hu B, Hu C, et al. Clinical characteristics of
138 hospitalized patients With 2019 novel corona-
virus-infected Pneumonia in Wuhan, China. JAMA.
2020;323(11):1061-1069.

Henderson LA, Canna SW, Schulert GS, et al. On the alert
for cytokine storm: immunopathology in COVID-19.
Arthritis Rheumatol. 2020;72(7):1059-1063.

Mehta P, McAuley DF, Brown M, et al. COVID-19:
consider Cytokine storm syndromes and immunosup-
pression. Lancet. 2020;395(10229):1033-1034.
Pawlowski C, Puranik A, Bandi H, et al. Exploratory
analysis of immunization records highlights decreased
SARS-CoV-2 rates in individuals with recent non-
COVID-19 vaccinations. Sci Rep. 2021;11(1):4741.
Soodejani M T, Basti M, Tabatabaei SM, et al. Measles,
mumps, and rubella (MMR) vaccine and COVID-19: a
systematic review. Int ] Mol Epidemiol Genet. 2021;12
(3):35-39.

Huang J, Tao G, Liu J, et al. Current prevention of
COVID-19: natural products and herbal medicine.
Front Pharmacol. 2020;11:588508.

De Biasi S, Meschiari M, Gibellini L, et al. Marked T
cell activation, senescence, exhaustion and skewing
towards TH17 in patients with COVID-19 pneumo-
nia. Nat Commun. 2020;11(1):3434.

Tavukcuoglu E, Horzum U, Cagkan Inkaya A, et al.
Functional responsiveness of memory T cells from
COVID-19 patients. Cell Immunol. 2021;365:104363.
Weiskopf D, Schmitz KS, Raadsen MP, et al
Phenotype and kinetics of SARS-CoV-2-specific T
cells in COVID-19 patients with acute respiratory dis-
tress syndrome. Sci Immunol. 2020;5(48):eabd2071.
DOI:10.1126/sciimmunol.abd2071.

Schmidt ME, Varga SM. Cytokines and CD8 T cell
immunity during respiratory syncytial virus infection.
Cytokine. 2020;133:154481.

Zuo W, Zhao X. Natural killer cells play an important
role in virus infection control: antiviral mechanism,
subset expansion and clinical application. Clin
Immunol. 2021;227:108727.

Varchetta S, Mele D, Oliviero B, et al. Unique
immunological profile in patients with COVID-19.
Cell Mol Immunol. 2021;18(3):604-612.

Jiang Y, Wei X, Guan J, et al. COVID-19 pneumonia:
CD8(+) T and NK cells are decreased in number but

(21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

(34]

(35]

(36]

compensatory increased in cytotoxic potential. Clin
Immunol. 2020;218:108516.

Aktas E, Kucuksezer UC, Bilgic S, et al. Relationship
between CD107a expression and cytotoxic activity.
Cell Immunol. 2009;254(2):149-154.

Frasca F, Scordio M, Santinelli L, et al. Anti-IFN-a/-w
neutralizing antibodies from COVID-19 patients cor-
relate with downregulation of IFN response and lab-
oratory biomarkers of disease severity. Eur ]
Immunol.  2022;52(7):1120-1128.  doi:10.1002/eji.
202249824.

Lee AJ, Ashkar AA. The dual nature of type I and type
IT interferons. Front Immunol. 2018;9:2061.

Califano D, Furuya Y, Roberts S, et al. IFN-y increases
susceptibility to influenza A infection through sup-
pression of group II innate lymphoid cells. Mucosal
Immunol. 2018;11(1):209-219.

Hawman DW, Meade-White K, Lewenthal S, et al. T-
cells and interferon gamma are necessary for survival
following Crimean-Congo hemorrhagic fever virus
infection in mice. Microorganisms. 2021;9(2):279.
DOI:10.3390/microorganisms9020279.

Muller U, Steinhoff U, Reis LF, et al. Functional role of
type I and type II interferons in antiviral defense.
Science. 1994;264(5167):1918-1921.

Huang S, Hendriks W, Althage A, et al. Immune
response in mice that lack the interferon-y receptor.
Science. 1993;259(5102):1742-1745.

Leibson HJ, Hendriks W, Althage A, et al. Role of y-
interferon in antibody-producing responses. Nature.
1984;309(5971):799-801.

Sidman CL, Marshall JD, Schultz LD, et al. y-inter-
feron is one of several direct B cell-maturing lympho-
kines. Nature. 1984;309(5971):801-804.

Gajewski TF, Fitch FW. Anti-proliferative effect of
IFN-gamma in immune regulation. I. IFN-gamma
inhibits the proliferation of Th2 but not Thl murine
helper T lymphocyte clones. ] Immunol. 1988;140
(12):4245-4252.

Gadotti AC, de Castro Deus M, Telles JP, et al. IFN-y
is an independent risk factor associated with mortality
in patients with moderate and severe COVID-19
infection. Virus Res. 2020;289:198171.

Paquette SG, Banner D, Zhao Z, et al. Interleukin-6 is
a potential biomarker for severe pandemic HINI1
influenza A infection. PLoS One. 2012;7(6):e38214.
Shi Y, Liu CH, Roberts Al et al. Granulocyte-macro-
phage colony-stimulating factor (GM-CSF) and T-cell
responses: what we do and don’t know. Cell Res.
2006;16(2):126-133.

MuX, Liu K, Li H, et al. Granulocyte-macrophage col-
ony-stimulating factor: an immunotarget for sepsis
and COVID-19. Cell Mol Immunol. 2021;18
(8):2057-2058.

Couper KN, Blount DG, Riley EM. IL-10: the master
regulator of immunity to infection. J Immunol.
2008;180(9):5771-5777.

Gelmez MY, Oktelik FB, Tahrali I, et al. Immune
modulation as a consequence of SARS-CoV-2 infec-
tion. Front Immunol. 2022;13:954391, doi:10.3389/
fimmu.2022.954391.


https://doi.org/10.1126/sciimmunol.abd2071
https://doi.org/10.1002/eji.202249824
https://doi.org/10.1002/eji.202249824
https://doi.org/10.3390/microorganisms9020279
https://doi.org/10.3389/fimmu.2022.954391
https://doi.org/10.3389/fimmu.2022.954391

	Abstract
	Introduction
	Material and methods
	Study design and participants
	Sample preparation
	Intracellular cytokine measurement
	The determination of NK cell cytotoxic activity
	Lymphocyte proliferation assay by CFSE
	Detection of bradykinin, IRF3, and IFN-α levels by ELISA
	Cytokine measurement by multiplex assay
	Statistical analysis and evaluation of data

	Results
	Diminished T and NK cells in response to C-Vx stimulation
	Increased CD107a expression induced by C-Vx
	Anti-inflammatory cytokine production in C-Vx-induced T cells
	The proliferative effect of C-Vx on lymphocytes
	Bradykinin, IRF3, and IFN-α levels after the stimulation with C-Vx
	Elevation of pro-inflammatory cytokines with C-Vx stimulation

	Discussion
	Disclosure statement
	ORCID
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice


