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ABSTRACT
Corresponding author: The primary aim of this retrospective study was to estimate signif-
icance of determining C-reactive protein and procalcitonin for a
Prof. dr. Vladislav Volarevic, diagnosis of sepsis in adult patients in early triage. Also, the aim

of this study was to measure the sensitivity of the SIRS criteria,
PCT and CRP levels and sepsis definitions to identify the most
serious sepsis cases in the prehospital setting and at the Emer-
gency Department (ED) triage. All patients were divided into two
groups according to specific criteria for defining sepsis. First
group (SIRS+ group) of patients were patients with clinically
Phone: +38134306800 and/or laboratory confirmed sepsis (or systemic inflammatory re-
E-mail: drvolarevic@yahoo.com sponse syndrome (SIRS) to bacterial infection with different local-
ization). For confirmation of the SIRS we consider positive two or

more clinical criteria (>2 clinical criteria). The SIRS criteria use

the clinical criteria of the Surviving Sepsis Campaign (SSC) for

the SIRS, comprising at least two of the following criteria: HR >

90/min, RR > 20/min and temperature < 36° or > 38.3°C and the

next laboratory parameters such as leucocytosis > 15x109/L, leu-

copenia < 4x109/L, > 10% immature leucocytes. Second group

of patients were patients with the SIRS negative criteria as a di-

agnostic tool (SIRS- group). We have founded that the CRP

showed high sensitivity but no specificity in patients with sepsis,

. but on the other side, the PCT as a diagnostic marker showed a

; sclen d (@) high sensitivity and high specificity in these patients. Also, the
PCT is in positive correlation with the SIRS criteria, which could

be of a clinical significance in early diagnosis of septic infections.
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INTRODUCTION

Dry eye disease (DED) is a common, multifactorial dis-
ease of the lacrimal system and ocular surface [1]. Loss of
homeostasis, instability and hyperosmolarity of the tears,
chronic inflammation in the eye and consequent neurosen-
sory dysfunction are usually manifested by visual disturb-
ance, dryness, grittiness, scratchiness, soreness, irritation,
burning, watering, and eye fatigue. Significantly reduced
functional visual acuity impairs performance of vision-de-
pendent daily activities (reading, writing, driving), greatly di-
minishing quality of life of DED patients [1]. Currently, there
is no cure for dry eye, and the treatments are directed towards
improving the symptoms in order to break the vicious circle
of chronic inflammation [1, 2]. Since clinical manifestations
of DED are observed in patients who suffer from chronic in-
flammatory and systemic autoimmune diseases (Sjogren’s
Syndrome, Rheumatoid arthritis, Systemic lupus erythema-
tosus), it was postulated that detrimental immune response
had a crucially important role in the development and pro-
gression of DED [2-6]. Therefore, molecular mechanisms re-
sponsible for the induction of inflammatory cascade in the
eyes of DED patients have been evaluated by large number
of research groups. Considering the important role of inflam-
mation in DED development, the main treatment strategy has
shifted from hydration and lubrication of dry ocular surface
to the immunomodulation and immunoregulation-approach
that should address the main pathologic processes responsi-
ble for disease progression [2-5]. However, it should be noted
that long-term, systemic use of immunosuppressive drugs
may result in the development of severe, secondary immuno-
deficiency, significantly increasing the risk for the develop-
ment of infectious diseases and malignancy [6]. Therefore,
new remedies for DED treatment should suppress detri-
mental immune response in the eye without affecting sys-
temic inflammatory response [7].

Due to their capacity for production of immunosuppres-
sive factors, mesenchymal stem cells (MSCs) and their secre-
tome have been considered as potentially new agents in DED
therapy since they may, after local application in the eye, reg-
ulate detrimental immune response without causing life-
treating systemic immunosuppression [8]. Most recently, it
was revealed that MSC-derived exosomes (MSC-Exos) were
mainly responsible for beneficial effects of MSC-sourced se-
cretome in alleviation of inflammatory eye diseases [9].
MSC-Exos are nano-sized (30-100nm) vesicles that carry nu-
cleic acids, lipids and proteins (cytokines, chemokines) and
are capable to modulate migratory and effector functions of
immune cells (T lymphocytes, dendritic cells (DCs), macro-
phages) which have crucially important pathogenic role in
DED development and progression. Since membranes of
MSC-Exos are enriched in cholesterol, sphingomyelin,
ceramide and lipid raft proteins, these nano-sized carriers of
MSC-derived immunosuppressive factors may be taken by
target cells through endocytosis or membrane fusion, regard-
less of biological barriers [9].
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In line with these findings, we recently developed im-
munomodulatory ophthalmic solution “derived- Multiple Al-
logeneic Proteins Paracrine Signaling (d-MAPPS)” which
activity is relied on immunosuppressive capacity of MSC-
derived secretome [10]. d-MAPPS contains MSC-Exos,
growth factors and immunosuppressive cytokines that are
able to efficiently suppress generation of inflammatory phe-
notype in T cells and macrophages [10]. Herewith, we
demonstrated that d-MAPPS protected human corneal epi-
thelial cells from chemical injury and efficiently alleviated
ocular discomfort and pain in DED patients.

MATERIAL AND METHODS
Preparation of d-MAPPS samples and eye drops

Sterile d-MAPPS is a bio-engineered biologic product ob-
tained from amniotic fluid derived MSCs (AF-MSCs), previ-
ously collected from healthy human donors. Blood samples
were given by the donor prior to or at the time of collection
and were tested by laboratories certified under the Clinical
Laboratory Improvement Amendments (CLIA) and were
found negative using United States (U.S) Food and Drug Ad-
ministration (FDA) licensed tests for detection of at mini-
mum: Hepatitis B Virus, Hepatitis C Virus, Human Immuno-
deficiency Virus Types 1/2, Treponema Pallidum. AF sam-
ples were obtained with patient consent and kept at 4°C until
processed. d-MAPPS samples were bio-engineered as AF-
MSC-derived sterile product containing AF-MSC-Exos and
AF-MSC-derived cytokines and growth factors, manufac-
tured under current Good Manufacturing Practices (cGMP),
regulated and reviewed by the FDA (10). Sterile d-MAPPS
incorporate Regenerative Processing Plant’s (RPP) proprie-
tary patented sterilization process to provide for a safe, sterile
product. d-MAPPS samples as well as d-MAPPS-based eye
drops, used in this study, were manufactured under specific
conditions in order to be applicable for bioavailability testing
and for different therapeutic use.

Cells

Therapeutic potential of d-MAPPS in corneal protection
was determined by using human corneal epithelial cells
(HCEC). HCEC was purchased from Gibco (catalog no.
C018-5C). The cells were cultured in keratinocyte serum free
medium (SFM) (17005-042) at 37°C in a 5% CO; incubator.
HCEC in 2™ passage was used throughout the experiment.

In vitro induction of corneal epithelial cell injury

HCEC were exposed to ImL of benzalkonium chloride
(BAK) at concentrations of 0.001% and 0.005% for 30 min.
Control cells were treated with phosphate buffer saline [11].
HCEC were cultured for additional 48h either in the presence
of d-MAPPS or medium.

In order to evaluate whether d-MAPPS improved viabil-
ity of BAK-injured HCEC, MTT (3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide) test was used.



HCEC were diluted with medium to 1x10° cells/ml and
were placed in individual wells in 96-multiplates. About 48h
later, after the cell adherence, each well received 100pul of d-
MAPPS or medium. Cells were incubated at 37°C in a 5%
CO; incubator for 24h. After incubation, multiplates were
centrifuged, the supernatant was removed, fresh medium and
MTT solution (5 mg/ml in PBS) 20pl were added to each well
and the plates were incubated for an additional 4h. The mul-
tiplates were centrifuged, cell-free supernatants were suc-
tioned off, and DMSO (150ul) and glycine buffer were added
to dissolve the crystals. The plates were shaken for 10 min.
The optical density of each well was determined at 595nm
using microplate multimode detector Zenyth 3100. [12].

Patients

There was a total of 131 DED patients recruited (27 male
and 104 female) with a median age of 62 years (range 19-
85). Patients received d-MAPPS eye drops and were fol-
lowed-up for 12 months. The Principle of Good Clinical
Practice and the Declaration of Helsinki were always adhered
to. Patients were under continuous medical supervision by
either their Ophthalmologist or Optometrist.

Clinical assessment of d-MAPPS based effects

Subjective symptoms were graded numerically using the
VAS (visual analogue pain score). The scale ranged from 0
(absence of pain) to 10 (maximal pain). The subjects were
asked to describe their discomfort or pain using the VAS.
Standard Patient Evaluation of Eye Dryness Questionnaire
(SPEED) is a questionnaire used for the evaluation of dry
eye-related symptoms. The symptoms inquired by the
SPEED questionnaire include dryness or grittiness or
scratchiness, soreness or irritation, burning or watering, and
eye fatigue reported and scored as sometimes-1, often-2, and
constant-3, and whether these symptoms pose no problems-
0, were tolerable-1, uncomfortable-2, bothersome-3, or intol-
erable-4 [13-14].

Statistics

Data were expressed as the mean + standard error of the
mean (SEM) for each group. Results were analyzed by Stu-
dent’s t test. Statistical analyses were performed using SPSS
25.0 for Windows software (SPSS Inc., Chicago, IL, USA).
The difference was considered significant when p < 0.05.

RESULTS

d-MAPPS showed good tolerability on human corneal
epithelial cell cultures

In order to determine whether d-MAPPS was well toler-
ated by HCEC, these cells were cultured in the presence of
this MSC-derived product. As it is shown in Figure 1A, d-
MAPPS-treatment was not toxic for HCEC. Morphology of
HCEC was not altered by d-MAPPS and density of d-
MAPPS treated HCEC was not significantly lower when

compared to the cells that were grown under standard culture
conditions. Loss of cell-to-cell contact was noticed in BAK-
treated HCEC, while d-MAPPS treated HCEC grew in the
same manner as under standard culture conditions. Im-
portantly, morphology and density of BAK-injured HCEC
was remarkably improved after d-MAPPS treatment (Figure
1A).

Importantly, viability of BAK-injured HCEC that were
cultured in the presence of d-MAPPS was significantly
higher when compared to BAK-injured HCEC that were
grown under standard culture conditions or AF. After 5 min
exposure to BAK, the percentage of viable HCEC had de-
creased by approximately 25%. After 15 min exposure to
BAK, the viability of HCEC decreased for additional 10%,
and at the 30 min time point, percentage of live cells signifi-
cantly dropped down, being 48% lower than in the control,
BAK-untreated group. Importantly, d-MAPPS treatment
managed to significantly increase viability of BAK-injured
HCEC at all time points (Figure 1B). The cell viability of
BAK+d-MAPPS treated HCEC was 85% after 5 min expo-
sure to BAK, 80% at the 10 min time point and percentage of
viable HCEC was 65% after 30 min exposure to BAK (Figure
1B). d-MAPPS did not affect viability of BAK-untreated
cells. There was no significant difference in the percentage
of viable HCEC between BAK-untreated HCEC that grew
under standard culture conditions and in the presence of d-
MAPPS (Figure 1B).

d-MAPPS significantly attenuated VAS and SPEED
scores in DED patients

In line with the in vitro-observed results were findings
obtained in clinical settings. Significantly reduced VAS (Fig-
ure 2A) and SPEED (Figure 2B) scores were noticed in d-
MAPPS-treated DED patients, indicating that d-MAPPS eye
drops managed to improve symptoms including pain, dry-
ness, grittiness, scratchiness, soreness, irritation, burning,
watering and eye fatigue (Figure 2). Importantly, d-MAPPS
induced beneficial effects have been noticed during the entire
observational period and significantly increased during the
last 6 months of the follow-up. Significantly lower VAS and
SPEED scores were documented 3 months after d-MAPPS
treatment (Figure 2A-B, p<0.001), but the highest reduction
in VAS and SPEED scores in DED patients were observed
after 12 months of d-MAPPS-based therapy, indicating the
long-lasting beneficial effects of d-MAPPS in alleviation of
ocular symptoms in DED patients.
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Figure 1. d-MAPPS showed good tolerability on human corneal epithelial cell cultures.
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A) Morphology of human corneal epithelial cells (HCEC) was not altered by d-MAPPS. Density of d-MAPPS-treated
HCEC was not significantly lower when compared to the cells that were grown under standard culture conditions.
d-MAPPS significantly reduced benzalkonium chloride (BAK)-induced decrease in HCEC density.

B) Results obtained by MTT assay showed that viability of BAK+d-MAPPS treated HCEC was significantly higher
when compared to BAK-injured HCEC that were grown under standard culture conditions or amniotic
fluid (AF). Results are shown as Mean+/-standard deviation (**p<0.01).
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Figure 2. d-MAPPS eye drops significantly improved clinical symptoms in DED patients.

* % %
%* % %
* % %

A B

VAS
SPEED

ok ok
25 ok ok
"ok
20 Il baseline
[ 3 months
] 6 months
] 12 months

15

10

. h

0 1]

Significantly reduced (A) Visual Analogue pain (VAS) and
(B) Standard Patient Evaluation of Eye Dryness Questionnaire (SPEED) scores were noticed in
131 d-MAPPS treated DED patients, during the 12 month of follow-up (***p<0.001).

DISCUSSION

Herewith, we demonstrated therapeutic potential of
newly designed MSC-derived product d-MAPPS eye drops
in attenuation of DED. d-MAPPS was well tolerated by cor-
neal epithelial cells and promoted their recovery from BAK-
induced injury (Figure 1). Accordingly, d-MAPPS eye drops
efficiently alleviated ocular symptoms in DED patients, indi-
cating therapeutic potential of d-MAPPS in suppression of
inflammatory diseases of the eye.

Several lines of evidence indicated that T cell-driven im-
mune response has crucial role in the pathogenesis of DED
[15-17]. Furthermore, inflammation can be considered as a
cause and a consequence of DED [18]. Alterations in tear
production and composition, particularly elevated osmolar-
ity, promote inflammation on the ocular surface and lid mar-
gins, by activating c-Jun N-terminal kinase (JNK) and NF-kf3
signaling pathways in epithelial cells which result in en-
hanced secretion of alarmins, pro-inflammatory cytokines
and chemokines [15, 18]. Increased concentration of these
mediators attracts circulating monocytes and lymphocytes
into the lacrimal glands and ocular surface [18]. DCs and T
cells within ocular surface and draining lymph nodes interact
to defend the eye against the variety of microbial agents that
populate or infect the cornea and ocular surface [15, 18]. Res-
ident DCs capture bacterial antigens, present them to the na-
ive CD4+ T cells in regional lymph nodes and through the
secretion of IL-12 induce their differentiation in effector,
IFN-y-producing Thl cells which, in turn, in IFN-y-
dependent manner promote polarization of resident macro-
phages in inflammatory M1 phenotype [15]. Th1 cell-derived
IFN-y promote apoptosis and squamous metaplasia of the oc-
ular surface epithelia while M1 macrophage-derived matrix
metalloproteinases (MMPs) and inflammatory mediators (tu-
mor necrosis factor alpha (TNF-a) and nitric oxide) disrupt
epithelial cell barriers [15, 18]. We recently demonstrated

that d-MAPPS significantly attenuated concentration of IL-
12 in the supernatants of activated human peripheral blood
mononuclear cells (ppMNCs) and alleviate production of
IFN-y in activated lymphocytes [19]. d-MAPPS contains
large number of immunoregulatory factors which are capable
to suppress detrimental T cell-driven immune response [10].
Among them, GRO-y is mainly responsible for the suppres-
sion of DCs:T cell cross-talk and for inhibition of DC-
dependent generation of inflammatory Th1 cells [20]. Human
MSCs secrete GRO-y which was found in high concentration
in d-MAPPS samples [20]. MSCs, in GRO-y-dependent
manner induce polarization of monocyte-derived DCs into
myeloid derived suppressor cells. GRO-y-treated DCs had a
tolerogenic phenotype characterized by increased secretion
of immunosuppressive IL-10, and reduced production of in-
flammatory cytokines IL-12 and IFN-y [20]. In line with
these findings, we assume that administration of GRO-y-
containing d-MAPPS eye drops, suppressed production of
IL-12 in resident DCs, inhibited generation of Thl lympho-
cytes and M1 macrophages and resulted in alleviation of eye
inflammation in DED patients.

Inflammatory DCs in IL-1, IL-6 and IL-23-dependent
manner induce differentiation of naive T cells into effector
Th17 cells that reduce tear production and promote progres-
sion of DED [18]. In similar manner as Thl cells, effector
Th17 cells promote corneal epithelial barrier disruption
through the enhanced production of IL-17 [15]. Since d-
MAPPS efficiently attenuated production of IL-17 in acti-
vated CD4+ T helper cells [19], we assume that d-MAPPS-
induced suppression of Th17 cell-driven inflammation in the
eye was, at least partially, responsible for beneficial effects
of d-MAPPS eye drops in DED patients.
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CD4+CD25+FoxP3+T regulatory cells (Tregs) have cru-
cially important role in the suppression of eye inflammation
in DED patients [21]. Reduced number of Tregs, usually ac-
companied with increased expansion of inflammatory CD4+
T cells (particularly Th17 cells) is observed in DED patients
with aggravated diseases, while increased Tregs/Th17 cells
is followed by tissue repair and regeneration [22-23]. There-
fore, therapeutic agents that may induce generation and pro-
liferation of Tregs have beneficial effects in attenuation of
DED symptoms [23]. Among MSC-derived immunomodula-
tory factors, Indoleamine 2, 3-dioxygenase 1 (IDOI1) was
crucially responsible for the maintenance of immunosuppres-
sive phenotype in resting Tregs [24-25]. During activation of
resting Tregs, signals generated from activated T cell recep-
tor, via mammalian target of rapamycin (mTOR) pathway,
destabilize immunosuppressive phenotype of Tregs and
cause their reprogramming into a pro-inflammatory helper-
like phenotype (“ex-Tregs”), characterized by enhanced pro-
duction of inflammatory cytokines, particularly IL-17 and
IFN-y [25]. As emphasized by us and others, IDO1 maintains
population of Tregs in inflamed tissue by preventing trans-
differentiation of Tregs in inflammatory Th1 and Th17 cells
[26-27]. IDO1 activates general control nonderepressible 2
(GCN2) kinase in activated Tregs which inhibits mTOR sig-
naling and prevents destabilization of immunosuppressive
phenotype of Tregs enabling their expansion [25]. Having in
mind that elevated IDO1 activity was measured in d-MAPPS
samples [10], we believe that IDO-1-dependent expansion of
Tregs could be, at least partially, responsible for beneficial
effects of d-MAPPS eye drops in DED patients.

CONCLUSION

Due to their immunosuppressive and regenerative prop-
erties, d-MAPPS eye drops represent potentially new thera-
peutic agents that may efficiently alleviate eye inflammation
and improve quality of life of DED patients.
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