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Abstract: Recent studies have suggested that therapies with stem cells and amniotic
membrane can modulate the inflammation following an ischemic injury in the heart.
This study evaluated the effects of bone-marrow mononuclear cells (BMMC) and acellular
human amniotic membrane (AHAM) on cardiac function and NLRP3 complex in a rat
model of heart failure.On the 30th daythe echocardiographic showed improvements
on ejection fraction and decreased pathological ventricular remodeling on BMMC and
AHAM groups.Oxidative stress analysis was similar between the three groups,and the
NLRP3 inflammasome activity were not decreased with the therapeutic use of both
BMMC and AHAM,in comparison to the control group.
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INTRODUCTION

Acute myocardial infarction (AMI) remains
the leading cause of cardiovascular death
worldwide. Despite the benefits of current
therapeutic strategies in ameliorating symptoms
and improving patient survival rates, restoring
the contractility of the necrotic cardiomyocytes
remained an obstacle (Abdelwahid et al. 2016).
Therefore, pathological ventricular remodeling
and progression to heart failure are inevitable in
most of the cases (Tanai et al. 2016).
Inflammation is known to play a major role
in the pathologic processes leading to cardiac
dysfunction after AMI, although certain levels
of inflammatory response are necessary for

myocardialrepair(Fonsecaetal.2022, Shirazietal.
2017). Thus, elevated levels of pro-inflammatory
cells and cytokines may contribute to ventricular
remodeling and functional deterioration of
the heart via various mechanisms (Anzai 2013,
Frangogiannis 2014, Briaud et al. 2001). Recently,
the nucleotide-binding oligomerization
domain (NOD)-Like-Receptor protein 3 (NLRP3
inflammasome), a multiprotein and cytosolic
complex, has been shown to be a major
regulator of the inflammatory response after
AMI (Zheng et al. 2022, Butts et al. 2015, Chen &
Frangogiannis 2013).

The inflammasomes are multimeric
protein structures, and at least five types of
inflammasomes have been identified, the most
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well-characterized the nucleotide-binding
domain, leucine-rich—-containing family, pyrin
domain-containing-3 (NLRP3) (Schroder &
Tschopp 2010). The activation of the NLRP3
complex usually involves two signals: the
first signal (priming) is mediated through
the activation of the Nuclear Factor Kappa
B (NF-kB) signaling pathway, providing the
transcriptional expression of pro interleukin-18
(pro-1L-18) , pro interleukin 1 B (pro-I1L-1B), and
NALP3. The second signal is dependent on
DAMPs stimulus, PAMPs (pathogen- associated
molecular patterns), and other substances such
as reactive oxygen species (ROS), extracellular
ATP, and potassium efflux after an ischemic
injury in the heart (Frangogiannis 2014, Kelley et
al. 2019, Walev et al. 2000).
ASC(Apoptosis-associated speck-like protein
containing a caspase recruitment domain) and
Caspase-1 are essential components of the
NLRP3 inflammasome complex, acting as key
proteins involved in the processing and release
of the pro-inflammatory cytokines upon NLRP3
activation (Bracey et al. 2013, Taniguchi et al.
2007). Caspase-1 is a cysteine protease that is
activated upon binding to the NLRP3, and ASC
is a regulator protein that acts like a bridge
between NLRP3 and pro-caspase-1, facilitating
its autocleavage and activation to form active
caspase-1 (Rihl & Broz 2015). These processes
trigger the cleavage and release of Interleukin-
18 and Interleukin-18, which plays a critical role
in the regulation of inflammatory responses
and host defense mechanisms (He et al. 2016,
Martinon et al. 2002).
Thisprocesshasbeenshowntobeassociated
with the development of atherosclerosis
and heart failure (Butts et al. 2015, Takahashi
2014); therefore, ameliorating the inflammatory
response through the blockade of the NLRP3
enzymes and cytokines had become a potential
therapeutic target to preserve the global cardiac
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function after AMI, with studies suggesting that
targeting the NLRP3 inflammasome may be a
promising therapeutic strategy for preventing
or treating AMI (Van Der Heijden et al. 2017,
Marchetti et al. 2015, Mastrocola et al. 2016).

Current therapeutic approaches for AMI
include: reperfusion therapies, medications,
cardiac rehabilitation, lifestyle changes and
surgery in selected cases. Stem cells and
human amniotic membrane have emerged as
a alternative therapeutic options for AMI due
to their ability to differentiate into various cell
types and regenerate damaged tissue (Machado-
Junior et al. 2020). Cell-based approaches with
stem cells and human amniotic membrane was
capable of reducing the inflammatory response
and promoting significant improvements in
global cardiac function after an ischemic injury
in the heart (Guo et al. 2007, Khorramirouz et
al. 2019). Despite this, the exact mechanisms
underlying this association is not completely
elucidated and, to date, there are lack of studies
evaluating the possible evolvement of the NLRP3
complex with stem cells and human amniotic
membrane.

Therefore, we assessed the hypothesis that
both bone-marrow mononuclear cells (BMMC)
andacellularhuman amnioticmembrane (AHAM)
would preserve the cardiac function and reduce
the pathological ventricular remodeling through
the inhibition of the NLRP3 Inflammasome in a
model of heart failure in rats.

MATERIALS AND METHODS

All experiments were conducted according to the
standards and ethical principles of the Brazilian
College of Animal experimentation (COBEA) and
approved by the CEUA (Committee of Ethics in
Research Animals at PUCPR) number 01273.

An Acad Bras Cienc (2024) 96(1) e20230053 2|15



ALINE L. TAKEJIMA et al.

Isolation of the bone marrow mononuclear
cells
Animals were placed in lateral recumbency
position with the posterior limb in flexion under
general anesthesia with Ketamine (50 mg/kg)
and Xylazine (10 mg/kg). The cell harvesting
was achieved by the puncture and aspiration of
the posterior iliac crest from the same animals,
using 5-mL syringes containing 0.2 mL of heparin
(5.000 Ul/mL). After puncturing the iliac crest,
the collected bone marrow blood 0,5 to 1,0mL
was transferred to a 15 mL flask and mixed with
sterile phosphate-buffered saline (PBS) (Boyum
1968, Takejima et al. 2021).

The tubes were centrifuged for 5 min at 350
G. After then, the supernatant was removed and
mixed with 7 mL Dulbecco’'s Modified Eagle’s
Medium (DMEM). Seven milliliters (7 mL) of
solution were then transferred to a 15 mL tube
containing 3 mL density gradient Ficoll-Hypaque
(density = 1.077 g/mL). The tube was centrifuged
for 40 min at 400 G. After centrifugation and the
appearance of a distinctive ring at the interface,
the solution was transferred into another 15 mL
tube, followed by adding up to 10 mL sterile
PBS and centrifugation for 5 min at 400 G. The
supernatant was then discarded, and the pellet
was suspended in 1 mL of PBS/albumin 5%. Cell
counting was done in a Neubauer chamber, and
cell viability was tested using the Trypan Blue
vital.

Preparation of acellular human amniotic mem-
brane

The amniotic membranes were obtained from
patients undergoing cesarean delivery with
signed consent, and serologically negative for
HIV, Hepatitis B, Hepatitis C and Syphilis. The
amniotic membrane was collected immediately
after placental expulsion in the surgical
environment, then it was separated from the
chorion and handled within a laminar flow Class
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II. The membrane was washed with Phosphate
buffer saline (PBS 2% streptomycin/penicillin),
trimmed into approximately 12x12cm? parts, kept
in a decellularization solution (01% sodium
dodecyl sulfate, SDS) on a horizontal mechanical
shaker (120 rpm), followed by gentle scraping.
Membranes were washed five times with PBS,
cut into 8mm in diameter circles with a surgical
punch, stretched on culture dishes, kept with
PBS, and exposed UV light for 1 hour inside the
laminar flow. AHAM discs were incubated in cell
culture medium (Dulbecco’s modified Eagle's
medium-F12, supplemented with 10% fetal
bovine serum and 1% streptomycin/penicillin)
in standard conditions of 5% CO2 in air at 37°C
for 72h (Francisco et al. 2016, Dziedzic et al. 2021).

Animals and surgery

Fifty male Wistar rats, 4 months old weighing
between 250-300 grams were used in this study.
The animals were housed in groups of four
rats in polypropylene cages at ambient with
constant temperature (23°C + 2), 12-hour light-
dark cycle and free access to water andstandard
commercial diet during the conduction of the
study.

The coronary artery ligation was performed
as previously described by Khorramirouz. Briefly,
the rats were anesthetized by intraperitoneal
injection of Ketamine (50 mg/kg) and Xylazine
(10 mg/kg), then subjected to endotracheal
intubation as well as to mechanical ventilation
at a frequency of 60 cycles/min and a volume of
2.5 mL (683, Harvard® Apparatus, Inc, USA). The
animals were then placed in the supine position
and a left lateral thoracotomy was performed
in the fourth intercostal space. The anterior
interventricular coronary artery, identified
between the left atrium and the pulmonary
artery, was permanently ligated using 7-0
polypropylene thread. The ischemia was
confirmed with palingand hypokineticareainthe
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ventricular wall. All rats received perioperative
antibiotics and analgesia (Cefazolin 40mg/kg
and Carprofen Sterile injectable Solution 5-9
mg/mL, Pfizer Animal - 44mg/Kg).

Echocardiographic assessment

All animals were subjected to echocardiographic
evaluations under the same anesthetic
conditions on the 7th and 30th days after
myocardial infarction, to analyze the ejection
fraction (EF), left ventricular end-systolic
(LVESV) and end-diastolic volumes (LVEDV).
Bidimensional transthoracic evaluations were
taken using Sonos 5500 (Hewlett Packard, USA)
with S12 sectorial transducer (5-12 MHz) and 15L6
linear (7-15 MHz), allowing an analysis of up to
160 Hz. LVESV, LVEDV and EF were obtained with
the transducer placed in the left anterolateral
portion of the thorax using the following
formula: ventricular volume (V) was 8x(S)2/
(3x3.1415926xC), where V=volume, S=area and
C=weight. EF was calculated as follows: EF=LEDV-
LESV/LEDV 18. Measurements were blindly
obtained three times by the same cardiologist.

Transplantation of the BMMC and AHAM

Seven days after myocardial infarction, animals
with EF lower than 50% were randomly assigned
into three groups: control group, BMMC group
and AHAM group. The animals were again
anesthetized (50 mg/kg Ketamine and 10 mg/
kg Xylazine), intubated and subjected to median
transsternal sternotomy. The BMMC group
received 5x10° mononuclear cells injected
directly on the infarcted area, as previously
described (Carvalho et al. 2008), and the AHAM
group received the amniotic patch on the
anterior surface of the heart, sutured with 7-0
polypropylene. The control group received only
saline solution by transsternal sternotomy. After
thirty days, a new echocardiographic evaluation
was blindly performed on the three groups,
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followed by euthanasia with an overdose of the
anesthetic drugs.

Sample preparation for immunohistochemical
analyses

The apex of the heart was surgically removed
and immediately frozen in liquid nitrogen and
stored at -802C for biochemical analysis. The
remaining tissue was fixed in 10% phosphate-
buffered formaldehyde for 24 hours, embedded
in paraffin blocks and 5 um sections were made.

Tissue microarray (TMA) and
immunohistochemistry (IHC)

Representative areas of the muscle were
transferred from the histology block to a
recipient TMA (Tissue Microarray) block. Next,
two 4 um thick paraffin-embedded sections of
the TMA blocks were transferred to electrically
charged Star Frost™ (Braunschweig, Germany)
slides and incubated with a primary anti-NFKB
p105/50 (ab797; 1:200; Abcam, Cambridge, UK),
TNFa (ab6671; 1:100; Abcam), ASC (ab70627;
1:200; Abcam) and Caspasel (ab189796; 1:200,
Abcam) overnight in a humidified chamber
at a temperature between 2-8°C. We used
Polyvalent HRP-DAB Detection System-Spring
Bioscience™ (Pleasanton, CA, USA) to detect the
antibody signal. The slides were incubated with
the secondary antibody for 30 minutes at room
temperature.

The immunoreactivity was developed by
adding DAB chromogen-substrate solution
(Spring) to the slides. Harris hematoxylin was
used for counterstaining. Positive and negative
controls were run in parallel with all reactions.
The slides were scanned using the Axio Scan.Z1
scanner (Carl Zeiss, Germany), and approximately
25 images were selected for analysis. The areas
of immunopositive markings for the antiprotein
antibodies were quantified using Image-Pro
Plus version 4.5 software (Media Cybernetics,
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Rockville, MD, USA). The immunopositive objects
were selected using a “mask” to standardize and
automate the process. The analysis was blind,
once the software randomly generated the
images, with no investigator’s interference. The
numerical data of the immunopositivity were
generated and subsequently exported to an
Excel spreadsheet.

Oxidation of dichlorodihydrofluorescein (DCFH)
and NALP3

The tissue was placed in eppendorf, and 100 pl
of phosphate-buffered saline (PBS) was added
and homogenized vigorously at 4°C with the use
of a homogenizer. Afterwards, 200ul of trypsin-
EDTA (0.25% - Sigma-Aldrich) was added for
30 minutes for digestion. These extracts were
centrifuged at 11.000 rpm at 4°C for 40 minutes
to remove insoluble material. Part of the
supernatants from these tissues were used for
protein quantification according to the Bradford
method. About 500ul of the supernatant was
carefully collected and incubated, in the dark,
with a 100ul NALP3 solution, for 30 minutes
at 379C. After this time, the samples were
centrifuged at 1.200 rpm for 10 minutes and the
pellet was resuspended in 400ul of PBS. The
samples were kept at 4°C and protected from
light until the acquisition of the data on the
cytometer (BD Accuri C6 Plus - Biosciences). The
signals were obtained using the FITC channel.
Data analysis was performed with the aid of the
BD Accuri C6 Plus software, by determining the
average fluorescence intensity of 30.000 events.

Total and oxidized glutathione

The total glutathione (GSH) levels were based
on the reaction of GSH with DTNB (Ellman’s
reagent), which forms an oxidized glutathione-
TNB product that is later reduced by glutathione
reductase in the presence of Nicotinamide
dinucleotide phosphate and adenine (NADPH)
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with the consequent synthesis of GSH. The total
GSH concentration was determined using a
regression curve that was plotted using various
GSH standards. The oxidized (GSSG) levels were
measured from the recycling of GSSG by the
spectrophotometric monitoring of NADPH in the
presence of 2-vinylpyridine. The total GSH and
GSSG concentrations were determined using
a regression curve plotted using various GSH
standards (Rahman et al. 2007).

Interleukin-1B

[L1-B tissue concentrations were determined
using commercial ELISA kits as recommended
by the manufacturer (Bioalbra biotechnology,
Brazil)

Statistical analysis

gquantitative variables were reported as mean,
standard deviation, median, minimum and
maximum values. Analysis of variance (ANOVA)
was applied in the echocardiographic evaluation
for the comparison of the three groups at the
baseline analysis, and the covariance analysis
model (ANCOVA) was used for the 30th day and
for the difference between baseline and 30" day.
Normality condition was examined by Shapiro-
Wilk test. The non-parametric Kruskal-Wallis
test was used for the immunohistochemical
evaluations. P values <0,05 indicated statistical
significance, and the analyses were conducted
with statistical software STATA version 16.0
(StataCorplp, Texas, United States).

RESULTS

Morbidity and mortality of animals

From the initial 50 animals, 11 died shortly after
the myocardial ischemia (mortality rate = 22%).
Of the 39 remaining animals, 07 were excluded
for presenting EF> 50%, thus 32 animals were
included and randomized into three groups:
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control (n=10), BMMC (n=11) and AHAM (n=11).  groups (from 33.2¢+7.6% in baseline to 49.7+9.9%
After the BMMC and AHAM transplantation, on the 30" day, p=0.001), without significant
three animals from the AHAM group and two changes in the control group. The LVESV was
animals from the control group died, related significantly decreased in the BMMC group (from
to postoperative complications (arrhythmia),  0.22+0.07mL to 012+0.05, p =0.004) and in the
resulting in a total of 27 animals included in the AHAM group (from 0.22+010mL to 0.09+0.04mL,
final analysis: control (n=8), BMMC (n=11), and p=0.001) over the same time interval. The LVED
AHAM (n=8). also decreased in the BMMC (from 0.31£0.08mL
to 0.22+0.06, p=0.01) and AHAM groups (from
0.33+011mL to 018+0.06mL, p=0.002), over the
The left ventricular EF, LVESV and LVEDV,  time same interval. No significant benefits on
assessed by the baseline echocardiogram 7 |VESV and LVEDV were observed in the control

dayS after AMI were not Signiﬁcaﬂtly different group during the 30 days fouow_up (ﬁgure ’I)
between the groups (p=0.122), thus the groups

were considered homogenous. On the 30" day  Inflammation parameters

Echocardiographic analysis

after myocardial ischemia, statical differences Immunohistochemical evaluations for TNF-a
were observed in EF when comparing the control and NF-kB were conducted to assess the activity
group versus BMMC (p=0.03) and the control of pro-inflammatory markers after 30 days in

versus AHAM groups (p=0.006). No difference the infarcted heart. The results showed no
between BMMC and AHAM was observed. No difference in the levels of Tumor Necrosis Factor
statistical difference was identified in respect to Alpha (TNF-a) between the three groups (figure
LVESV and LVEDV in the intergroup analysis. 2a), and the levels of NF-kB were significantly

The intragroup comparison showed that higher in both BMMC and AHAM groups in
afterthirty daysthe EFwas significantly increased comparison to the control group (figure 2B),
in both BMMC group (from 30.6+8.8% in baseline without statistical significance when compared
to 46.4+6.6% on the 30" day, p<0.001) and AHAM  to each other.

EF, % LVESV, mL LVEDV, mL
80+ # 0.4~ 0.5+
Il Control
6o ——. - 0.3 0.4+ 1 BMMC
0.3- * E AHAM
40 0.2 .
* 0.2
20- 4
01 0.1
0- 0.0- 0.04
Qb'ib*‘ vb”i o vb"’ib"’" B @ P Bt P P
AT g ATgT AT 4&‘%@’? ,\-&rbqé‘ ,\6‘(‘?@ ,\&ﬂ}@o ,\.5\@@ '\"@,55‘9

Figure 1. Comparison of the echocardiography results on the 7th and 30th days after myocardial infarction. The
results are presented as mean +/- standard deviation. p<0,05 denoted statistical significance versus control group
(#) or intragroup baseline analysis (*). Sample size: control = 8; BMMC = 11; AHAM = 8. EF (ejection fraction, in %);
LVESV (left ventricle end-systolic volume, in mL); LVEDV (left ventricle end-diastolic volume, in mL); BMMC (bone
marrow mononuclear cells); AHAM (acellular human amniotic membrane).
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Figure 2. Effects of BMMC and AHAM on inflammatory parameters 30 days after myocardial infarction. The results
of TNF-a (a) and NF-kB (b) are presented as mean +/- standard deviation. p<0,05 denoted statistical significance
versus the control group (*). Sample size: control = 8; BMMC = 11; AHAM = 8. BMMC (bone marrow mononuclear

cells); AHAM (acellular human amniotic membrane).

Oxidative stress parameters

Reactive oxygen species levels were measured
by detecting the oxidation of the 27
dichlorodihydrofluorescein diacetate (DCFH-DA)
in a fluorescent 27"~ dichlorodihydrofluorescein
(DCF), and as shown in figure 3A, no significant
difference was observed among the groups after
the 30 days analysis. The GSH (figure 3B) and
GSSG (figure 3C) levels were also similar between
the groups, and the ratio GSH/GSSG remained
unchanged in all groups (figure 3D).

Inflammasome NLRP3 activity

Heart tissues from the BMMC and AHAM
groups significantly elevated the expression of
NALP3 enzyme 30 days after AMI (figure 4A) in
comparison to the control group (p=0.032 and
0.017, respectively). The immunohistochemistry
demonstrated similar levels of ASC (figure
4B, p=0.07) and Caspase-1 (figure 4C, p=0.116)
between the groups, and the levels of
interleukin-1B (figure 4D) were significantly
reduced in the AHAM group in comparison to
both the control and BMMC groups (p=0.03 and
p<0.01, respectively). Representative images of

cross sections of the studied hearts are shown
in figure 5.

DISCUSSION

In the current study, we investigated whether
cell-therapy with BMMC and AHAM could inhibit
the NLRP3 inflammasome activity in a rat model
of chronic ischemia. The BMMC and AHAM patch
were injected and engrafted, respectively, seven
days after coronary ligation in animals with EF
< 50% to simulate the clinical scenario of heart
failure.

Bone-marrow cells and human amniotic
membrane has been regarded as potential
therapeutic-agents for cardiac regeneration
after myocardial ischemia (Roy et al. 2016, Ntege
et al. 2020, Fisher et al. 2016). The proposed
mechanism of action is based on paracrine
and immunomodulatory effects that are able to
reduce the cardiac dysfunction after coronary
occlusion by promoting various ventricular
benefits in the heart (Machado-Junior et al
2020, Blume et al. 2021). Previous studies have
suggested that the benefits observed in global
cardiacfunctionwould be causedinconsequence
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Figure 3. Effects of BMMC and AHAM on oxidative stress parameters after 30 days of myocardial infarction. The
values of DCF (a), total GSH (b), GSSG (c) and GSH/GSSG ratio (d) are presented as mean +/- standard deviation.
p<0,05 denoted statistical significance. Sample size: control = 8; BMMC = 11; AHAM = 8. BMMC (bone marrow
mononuclear cells); AHAM (acellular human amniotic membrane).

of the reduction of the inflammatory parameters
in the myocardium (Guo et al. 2007); despite this,
the exact mechanism underlying this effect is
still not completely elucidated (Khorramirouz et
al. 2019, Danieli et al. 2015).

The pathogenesis of AMI involves several
complex mechanisms that ultimately lead to
a sudden interruption of blood flow to a part
of the heart, leading to damage or death of
heart muscle cells. The subsequent death
of cardiomyocytes after AMI release to the
extracellular space a group of substances
which include HMGB1, Heat shock proteins, and
DNA fragments, able to trigger immunological
reactions caused by activation of the pattern
recognition receptors (PRRs) (Jin et al. 2014,
Bianchi 2007). These receptors are found in the

cell membranes of macrophages and dendritic
cells or in the cytoplasm, causing a process of
sterile inflammation in the heart (Saparov et al.
2017).

The NLRP3 complex is a cytosolic PRR, and
its activation involves two signals (Schroder
& Tschopp 2010). The first signal (priming) is
mediated through the stimulation of toll-like
receptors and activation of the NF-kB signaling
pathway, which provides the transcriptional
expression of pro-I1L-18, pro-I1L-18, and NALP3.
The second signal, dependent on DAMPs
stimulus, PAMPs and substances such as ROS,
extracellular ATP, and potassium efflux (Kelley
et al. 2019, Mariathasan et al. 2006), trigger the
oligomerization of the complex (modulated
by ASC), activate the enzyme Caspase-1 and
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Figure 4. Effects of BMMC and AHAM on the NLRP3 inflammasome activity 30 days after myocardial infarction. The
values of NALP3 (a), ASC (b), Caspase-1 (c) and interleukin-1B (d) are presented as mean +/- standard deviation.
p<0,05 denoted statistical significance. Sample size for ASC, Caspase-1, NALP3 and interleukin- 1B: control = 8;

BMMC = 11; AHAM = 8.

causes cleavage and release of Interleukin-1i
and Interleukin-18, leading to gasdermin-D-
mediated cell death, in a process known as
pyroptosis (He et al. 2016, Thornberry et al. 1992).

The activation of the NLRP3 inflammasome
hasbeenshowntocontributetothe pathogenesis
of AMI by promoting inflammation, oxidative
stress, and cell death in the heart tissue (Liao
et al. 2022). There is growing interest in the
development of therapeutics that target the
NLRP3 inflammasome as a potential treatment
for MI. Several small molecule inhibitors of
the NLRP3 inflammasome are currently being
tested in preclinical and clinical trials for the

treatment of Ml and other inflammatory diseases
(Takahashi 2014, Van Der Heijden et al. 2017,
Silvis et al. 2020). The agents most commonly
used as NLRP3 inhibitors are Canakinumab (a
monoclonal antibody targeting interleukin B),
Anakinra (a recombinant interleukin-1 receptor
antagonist), colchicine, OLT1177, 1ZD344, MCC-
950, and muscone (Toldo et al. 2019, Van Hout et
al. 2017, Zahid et al. 2019, Coll et al. 2019, Silvis et
al. 2022, Ismailani et al. 2022, Buckley & Libby
2019).

Du et al. (2018) showed that sequential
doses of muscone after permanent coronary
occlusion in rats were capable of inhibiting the
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Figure 5. Representative images of histological analysis (cross sections) of the hearts of animals subjected to
myocardial infarction. BMMC (bone marrow mononuclear cells); AHAM (acellular human amniotic membrane).

Acquisition of images in 10x objective.

NLRP3 inflammasome activity and decreasing
the expression of NF-kB, with improvements in
cardiac function after four weeks. In a similar
analysis, Fujisue et al. (2017) demonstrated that
oral administration of colchicine for five days
resulted in attenuation of the left ventricular
remodeling and reduced inflammatory response
and NLRP3 activity after AMI.

In the present study, we showed that both
BMMC and AHAM have upregulated the levels
of NALP3 enzyme 30 days after myocardial
infarction (figure 4A), and no modulation of ASC
or Caspase was observed in comparison to the
control group. These elevated levels of NALP3
are consistent with the high levels of NF-kRB
observed in both BMMC and AHAM groups (figure
2B), once the activation of the NF-kR pathway is
required for NALP3 transcription (He et al. 2016).
Despite this, the levels of IL-1B were similar in
both control and BMMC groups, indicating no
modulation of these therapies over the NLRP3
enzymes after thirty days. Only the AHAM group

showed significantly lower levels of IL-1B (figure
4D), suggesting that the inhibition IL-1B might
be a possible mechanism by which the human
amniotic membrane modulates ventricular
remodeling after myocardial ischemia.

Despite these observations, the cell redox-
cell state was not different among the three
groups, reinforcing the hypothesis that cell-
therapy with BMMC or AHAM does not provide
modulation of the NLRP3 enzymes, considering
that increased ROS behaves like the second
signal for the NLRP3 oligomerization (Toldo
& Abbate 2018, Liu et al. 2014). The lack of
association between the analyzed therapies
and the NLRP3 inflammasome in the context
of chronic myocardial ischemia suggests that
either the immunomodulatory action of the
BMMC and AHAM occurs by other mechanisms
not including NLRP3 inflammasome inhibition
or the activity of the NLRP3 complex was not
suppressed in a long-term analysis such as 30
days after AMI.
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This potential time-related association may
also justify the similarity of the redox-cell state
between the three groups. This is supported
by an important randomized clinical trial, the
BOOST-trial, on which 60 patients with a recent
history of myocardial infarction were randomized
11 to receive bone-marrow cells or placebo,
and the results after 18 months suggested that
the beneficial effects of the cells in cardiac
function would be only transient (Meyer et
al. 2006). This finding may be related to a low
percentage of viable cells after delivery into the
myocardium due to cardiac contraction, with a
consequent decrease in cardiac function after
months (Makela et al. 2009, Sheng et al. 2013);
this scarcity of viable cells on the delivery site
may justify the similarity observed on between
the groups, suggesting that the possible
immunomodulatory action of both BMMC and
AHAM may not be occurring after 30 days of AMI.

In the present study, we opted for the
direct myocardial injection as an alternative to
decrease this loss of viable cells on the delivery
site. However, other studies had shown that
this approach was associated with a transient
inflammatory response on the myocardium
(Suzuki et al. 2004), which can explain the
elevated levels NF-kB observed in both BMMC
and AHAM groups. Onthe other hand, these levels
may also be related to the physiological process
of myocardial repair after AMI, considering that
previous data indicated that certain levels of
the inflammatory response are necessary for
myocardial healing (Yan et al. 2019), as well as for
the process of bone marrow cell activation after
delivery into the myocardium, with consequent
benefits in cardiac function and ventricular
remodeling (Yan et al. 2019, Vagnozzi et al. 2020).

Despite the absence of inhibition of the
NLRP3 inflammasome or the inflammatory
response, the echocardiographic assessment
in our study showed that cell therapy with

STEM CELL AND AMNIOTIC MEMBRANE TRANSPLANTATION

either BMMC or AHAM could improve cardiac
function during the 30 days follow-up,
compared to baseline results. The LV ejection
fraction improved about 16% in the BMMC group
(p<0.001) and almost 20% in the AHAM group
(p=0.001), without difference when these two
groups were compared to each other (figure 1).
Also, the LV remodeling, measured by LVESV and
LVEDV, was improved in both BMMC and AHAM
groups, without significant changes in cardiac
function and LV remodeling in the control group.
Similar benefits in global cardiac function were
also observed in other experimental studies
(Henry et al. 2020, Roy et al. 2015, Gorjipour et
al. 2019).

To our knowledge, this is the first study
to evaluate the possible relationship between
the bone marrow cells, the human amniotic
membrane, and the NLRP3 inflammasome
complex in the context of chronic myocardial
ischemia.Therecoveryoftheglobalheartfunction
in @ model of severe ventricular dysfunction
observed in our study suggests that both bone
marrow cells and human amniotic membrane
could be valuable therapeutic approaches for
the treatment of heart failure. However, absence
of modulation of the inflammatory response
and the NLRP3 inflammasome enzymes after
30 days suggest that the immunomodulatory
action over the NLRP3 inflammasome may
not be sustained in a long period of time, or
that the mechanism of action of both BMMC
and AHAM may be independent of the NLRP3
inflammasome inhibition.

Despite this, some considerable limitations
should be expressed. Beyond the limitations
of the rat model, the analysis after myocardial
ischemia without reperfusion differs from
previous studies that proposed to evaluate the
inhibition of the NLPR3 Inflammasome as a
therapeutic target after AMI. Most of the studies
aimed to assess the short-terms effects of the
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NLRP3 inhibition, usually during hours or few
days after myocardial infarction (Marchetti et
al. 2015, Van Hout et al. 2017, Toldo & Abbate
2018); therefore, we could not predict the short-
term consequences of BMMC and AHAM over
the NLRP3 complex. Also, treatment with either
BMMC or AHAM occurred only once during the
period of evaluation in animals with severe
ventricular disfunction; a single dose of these
agents may be not sufficient to inhibit the NLRP3
Inflammasome after 30 days, although could
improve cardiac function and ameliorating LV-
remodeling. Future studies should explore the
benefits of BMMC and AHAM on NLRP3 complex
inhibition in a shorter period.

CONCLUSIONS

Despite the improvements observed in cardiac
function and the reduction of pathological
ventricular remodeling, treatment with
bone-marrow mononuclear cells or human
amniotic membrane was not able to suppress
the inflammatory response nor the NLRP3
inflammasome activity 30 days after myocardial
infarction.
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