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Aim: To investigate the effect of combined treatment with the inclusion of fetal stem cells
(FSCs) on the morphology and functional dynamics of the left ventricle and cognitive functions
in patients with chronic heart failure (CHF).

Materials and methods: A comparative study was carried out on patients with CHF to
examine the effect of combined treatment, including the experimental application of FSCs,
on the morphofunctional parameters of the left ventricle and cognitive functions. Patients
were examined before FSC treatment (FSCT), and 1 month, 3 months, and 6 months after
treatment. The control group consisted of 20 CHF patients of similar age, sex, and New York
Heart Association class.

Results: It has been proven that FSCs positively affect objective and subjective clinical
parameters. A significant reduction of serum type B brain natriuretic peptide was reported as
early as 1 month after treatment. Significant increases in the left ventricle ejection fraction and
decreases of the end diastolic volume were observed 6 months after treatment. Cognitive perfor-
mance tests showed improvements on the Mini-Mental State Examination and Frontal Assessment
Battery (conceptualization, mental flexibility, programming, sensitivity to interference, inhibitory
control, and environmental autonomy) scales. The treatment resulted in significant improvements
in the general score and across all cognitive areas of the Mini-Mental State Examination (recall,
orientation, attention, calculation, and complex commands) after 3 months, and significant
improvements across all Frontal Assessment Battery areas after 6 months. In the control group,
these scores showed significant increases only at 6 months after the treatment. In the study group,
depression was significantly reduced within 1 month after treatment versus 3 months in the
control group. In both groups, reactive anxiety levels dropped after month 3 upon FSCT. FSCT
resulted in statistically significant improvements in the contractile activity of the left ventricular
myocardium, in cognitive functions, and in the emotional state of CHF patients.

Conclusion: The evidence for significant improvements in the contractile function of the left
ventricle myocardium, as well as in patients’ cognitive and emotional states, was observed in
CHEF patients after combined treatment with FSC.

Keywords: heart failure, cognitive, emotional impairment, fetal stem cells, left ventricle

remodeling

Introduction

Cardiovascular diseases are among the leading causes of death worldwide and are of
great concern for health care institutions in all developed countries.? According to
the World Health Organization, 17.3 million people died from cardiovascular diseases
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in 2008, representing 30% of the general mortality rate.?
The importance of this problem is different in high- and
low-income countries. In the latter, 80% of people die of
cardiovascular diseases, and the mortality rate is approxi-
mately the same between men and women.? Until 2030,
cardiovascular diseases — mainly cardiac illnesses and stroke
as the only causes of death — are expected to take the lives
of 23.6 million people each year.>*

Chronic heart failure (CHF) is caused by the reduced con-
tractile power of the cardiac muscle, which is insufficient for
normal blood outflow from the left ventricle (LV), and which
results in a low supply of oxygen and nutrients. Routine
therapy is ineffective in restoring the dead cardiomyocytes.’
CHF patients usually undergo symptomatic treatment using
special defibrillators, but in spite of all the medical advance-
ments being made, the number of CHF patients is growing
each year.®

Cardiovascular diseases lead to progressive damage of
the cerebral tissues with marked cognitive impairment (CI)
aggravating the main disease.”® CI is expected in CHF and
leads to cognitive dysfunction, social problems, and repeated
hospitalization.’!?

Commonly, CI takes place when the left ventricle ejection
fraction (LVEF) is =30%.!! All other factors being equal
(age, hypertension, and a past history of cerebrovascular
diseases), the Mini-Mental State Examination (MMSE)
score in elderly patients with CHF was, on an average, one
unit lower than in those without CHF.? The CI and CHF
relationship is also proven by the fact that the latter is more
often found among patients with cognitive dysfunction
than among those without it.'*"* One of the studies showed
that CHF was found in more than 20% of patients with an
MMSE score <24, while in the group with better cognitive
functions (CF), it occurred in <5% of cases." The risk of CI
is very high when CHF is combined with hypertension, and
when both cognitive performance in general and its elements
(memory, attention, and regulation processes) are impaired. '
This points out the key role that cerebral perfusion reduc-
tion plays in CI development. This is also confirmed by the
correlation between cognitive dysfunction and LVEE.'5:!¢
In CHEF, a reduction in cerebral perfusion can be combined
with white matter affection (leukoencephalopathy) or atro-
phy of the medial temporal areas, which are very sensitive
to hypoxia and hypoperfusion.'’

A continuous increase in cardiovascular mortality all over
the world calls for the development of new, affordable, and
effective therapies for CHF complicated by CI. Fetal stem
cells (FSCs), as part of a combined treatment, can open

a new page in the treatment of CHE. Data from separate
investigations have proven that FSCs can differentiate into
cardiomyocytes, which are deficient in CHFE.*>!8 This results
in a large increase in myocardial muscle, as well as improve-
ments in its contractile activity and in CE."*!

Materials and methods
Patients with New York Heart Association Functional
Classification (NYHA) class III-IV CHEF, diagnosed on
the basis of clinical symptoms (weakness, shortness of
breath, edema of the lower extremities, palpitation, and
sleep apnea), and confirmed by physical examination find-
ings, laboratory test results (serum type B brain natriuretic
peptide [NT-proBNP] increase), and echocardiography
findings (LVEF <45% and increased end diastolic volume
[EDV] >140 mL), were selected on a voluntary basis and
assigned to the main group (MG) and control group (CG).
The MG consisted of 20 patients, including 14 men (70%)
and six women (30%), and their ages ranged between 33 years
and 60 years (mean 50.1%1.13 years). The causes of CHF
included ischemic cardiomyopathy (14 patients; 70%),
alcohol-induced cardiomyopathy (three patients; 15%), and
dilatation cardiomyopathy (three patients; 15%). The average
duration of CHF was 7.6+0.54 years and average treatment
history made up 6.3+0.55 years. The number of patients
with NYHA class III and class IV CHF were 16 (80%) and
four (20%), respectively. The CG included 20 patients with
CHF whose age and sex distributions were similar to that of
the study group. In this group, CHF was caused by ischemic
cardiomyopathy (number [n] =16; 80%), dilatation cardio-
myopathy (n=3; 15%), and alcohol-induced cardiomyopathy
(n=1; 5%). The number of patients with NYHA class III and
class IV CHF was 14 (70%) and six (30%), respectively.

All patients were undergoing long-term routine CHF
therapy in accordance with recommendations of the European
Society of Cardiology: diuretics (torasemide; average
dose: 12.5+1.3 mg), beta adrenoblockers (carvedilol; aver-
age dose: 46.9£7.9 mg), angiotensin-converting enzyme
inhibitors (perindopril arginine; average dose: 6.5+0.7 mg),
and/or angiotensin receptor blockers (valsartan; average dose:
100£10.5 mg); cardiac glycosides (digoxin; average dose:
0.1920.01 pg); and indirect anticoagulants (warfarin; aver-
age dose: 4.810.4 mg). Each anticoagulant prescription was
individualized; the patient received a dose based on their
International Normalized Ratio (INR) (Table 1).

FSC therapy was carried out in combination with stan-
dard therapy for patients selected from the MG, after patients
signed the informed consent, thus agreeing to treatment.
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Table | Routine treatment of CHF patients depending on NYHA
class

Pharmaceutical Main group Control group
ClassIll ClassIV Classlll Class IV
Warfarin, n 12 4 I 6
Aspirin, n 4 - 3 -
Carvedilol, n 16 4 14 6
Torasemide, n 10 4 9 6
Perindopril arginine,n 10 2 10 5
Valsartan, n 6 2 4 |
Digoxin, n 5 4 6 6

Abbreviations: CHF, chronic heart failure; NYHA, New York Heart Association;
n, number.

A cryopreserved suspension containing pluripotent FSCs
harvested from 5-9-week-old legally aborted embryonic
cadavers was used for FSC treatment (FSCT). Aborted
tissues were collected pursuant to ethical, moral, and
legal principles of work with biological tissue. All donors
were healthy women with negative test results for hemic
infections.

One suspension was made of hematopoietic stem cells
from fetal liver, while the other contained fetal brain stem
cells and fetal heart stem cells.

The biotechnological process of suspension preparation
included cell harvesting from germ layers, viability testing,
programmed cryopreservation, and bacterial and viral safety
testing.

Fetal material was harvested in the surgery room pursu-
ant to all aseptic and antiseptic requirements. Tissue was
collected (upon receiving written informed consent from
the woman donor) from the liver, brain (nervous), and
heart tissues of 5-9-week-old human fetuses aborted for
family planning purposes, and they were found to have no
developmental abnormalities or infections. Fetal tissue was
then placed into sterile transport medium made of Hank’s
Balanced Salt Solution and an antibiotic. Tissues were asepti-
cally separated and homogenized in Hank’s solution. Water
bath thawing of the cryopreserved suspension and viability
testing were also performed right before FSCT.

Cryopreservation was performed with 5% dimethyl
sulfoxide in three stages, with an initial temperature of
1°C/minute and crystal forming initiation. Preadministration
cell viability was tested by trypan blue staining. Cells were
counted in parallel in a Goryaev chamber (MiniMed Co,
Ltd, Bryansk Town, Russian Federation) and in a TC10™
Automated Cell Counter (145-0001; Bio-Rad Laboratories,
Inc., Hercules, CA, USA). The stem cell viability before
cryopreservation was 83.0%%3.0%. Right after cryopreserva-
tion at a low temperature (—196°C), and following water bath

thawing of the cryopreserved suspension at 37.5°C+0.12°C,
their viability was not less than 74.8%%1.03%.

In order to ensure safety, both the women donors and the
ready-made hematopoietic stem cells from the fetal liver sus-
pension were tested for bacterial and fungal safety, parasites,
and viral infections such as human immunodeficiency
virus 1 and 2, hepatitis B virus, hepatitis C virus, syphilis
(Treponema pallidum), toxoplasmosis (Toxoplasma gondii),
rubella, cytomegalovirus, herpes simplex virus 1 and 2,
Epstein—Barr virus, Mycoplasma genitalium bacterium,
Ureaplasma urealyticum, U. parvum, and Chlamydia
trachomatis.

Suspensions containing hematopoietic stem cells from
fetal liver, brain (nervous), and heart stem cells were stored in
liquid nitrogen at —196°C in a properly arranged cryobank.

The stem cell procedure consisted of transplantation of
the suspension containing cryopreserved FSCs preceded by
premedication (infusion of 10 mg of diphenylhydramine
and 15 mg of prednisone on day 1, and a specially prepared
solution on day 2).

On day 1, we used hematopoietic stem cells from fetal
liver harvested from the tissues of 5-9-week-old human
fetuses. A suspension containing cryopreserved hematopoi-
etic stem cells was administered via intravenous drip feed in
the amount of 1.05£0.71 mL, with a nucleated cell count of
52.05x10%mL per transplantation. We also used homogenate-
containing heart cell precursors, that were subcutaneously
administered at 1.12+0.14 mL, with a nucleated cell count
of 2.73x10%mL per transplantation.

On day 2, we subcutaneously administered ectodermal
homogenate-containing nervous cell precursors in the amount
0f2.1240.49 mL, with a nucleated cell count of 7.9x10%/mL
per transplantation.

CD34+ were counted by flow cytofluorometry (Becton
Dickinson, Franklin Lakes, NJ, USA) with fluorescent
tagged antibodies (Santa Cruz Biotechnology Inc., Dallas,
TX, USA).

Culture was made in 24well plates with 5% CO,
atmosphere in the air and 100% humidity at 37°C in the
following semisolid medium: agar, 33% (Difco™; BD);
glutamine, 4.0 mM/L (Sigma-Aldrich Co, St Louis, MO,
USA); penicillin—streptomycin (100 U+ 100 pg/mL) (Sigma-
Aldrich Co); granulocyte—macrophage colony-stimulating
factor, 100 U/mL (Sigma-Aldrich Co); interleukin-3,
100 U/mL (Behringwerke AG, Marburg, Germany); stem
cell factor, 50 ng/mL (R&D Systems, Inc., Minneapolis,
MN, USA); and erythropoietin, 10 U/mL (epoetin beta;
Boehringer Ingelheim, Ingelheim, Germany). The media
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were prepared with Dulbecco’s Modified Eagle’s Medium
(PAA Laboratories GmbH, C6lbe, Germany). The colony-
forming unit (CFU) erythrocyte; CFU granulocyte monocyte;
and CFU granulocyte, erythrocyte, monocyte, and mega-
karyocyte number and type of calculation was performed
on the 14th day of culture growth.

Progenitor cells and stem cells of fetal neural and heart
tissue were characterized by culturing them in vitro. This is
supported by the fact that stem cells are received from the
fetal brain and these cells have a tendency to differentiate
exactly into the neuronal cells —axons and neurons. The heart
obtained from the aborted material was separated from the
other tissues. The caked blood was washed off. The isolated
tissue was washed in Hank’s medium and antibiotics were
aseptically homogenized in Hank’s solution. Following the
routine procedure, the tissue was placed into fine ampoules
which were exposed to cryopreservation.

CG patients underwent routine therapy alone, includ-
ing muscle-supporting medications (L-carnitine, vitamins,
lipoic acid, amino acids, vasoactive medications, and
biostimulators), and medications that reduced muscle cell
membrane damage (antioxidants).

All patients were re-examined 1 month, 3 months, and
6 months after treatment. The Duke Activity Status Index
(DASI) scale was used to evaluate the patients’ physical
capacity; their cognitive performance and emotional status
were tested accordingly. Patients underwent 12-lead elec-
trocardiography, echo Doppler, a 6-minute walking distance
(6MWD) test, and NT-proBNP control.

A Schiller Cardiovit CS-100 cardiopulmonary cart
instrument (Schiller AG, Baar, Switzerland) was used for
electrocardiography and to record rhythm and conduc-
tion irregularities, LV hypertrophy, ST segment ischemia,
Q-wave pathology, and nonspecific irregularities of the ST
segment and T-wave.

Doppler echocardiography at rest was performed using
an SSA-380A PowerVision 7000 recorder (Toshiba, Tokyo,
Japan) at a variable frequency (2.5-3.5 MHz) in supine posi-
tion, as well as on the left side, in accordance with the routine
procedure.!” Systolic and diastolic functions of the heart
ventricles and their remodeling were also examined.

The 6MWD test, expressed in meters, was performed
and compared with the baseline 6 MWD (i). Calculation of
6MWD (i) was made by the following formulas with respect
to the patient’s age (years) and body mass index (BMI):

Men: 6MWD (i) =1,140 — 5.61x BMI — 6.94x age, (1)

Women: 6MWD (i) =1,017 — 6.24x BMI — 5.83%x age, (2)

where BMI is the body weight (kg)/height? (m) ratio.

The presence of NT-proBNP in the serum is indicative
of early stages of cardiac failure and the most demonstra-
tive marker of ventricular dysfunction.?” Its level correlates
with CHF stage. An enzyme immunoassay was used for
NT-proBNP testing.?

CF was measured by the MMSE scale, enabling the
parallel evaluation of long- and short-term memory, speech,
cognition, and constructional ability. Cognitive performance
was assessed with the help of the Frontal Assessment Battery
(FAB), including tasks for the evaluation of conceptualiza-
tion, conflicting instructions, motor series (programming),
and prehension behavior.”

Emotional instability and anxiety were detected through
the State—Trait Anxiety Inventory, which is considered to be
the most effective test for allowing the evaluation of both
reactive (situational) anxiety (RA) at a certain moment and
personal anxiety (PA) as a character trait.”*> Depression was
assessed by means of Beck’s Depression Inventory.

The significant difference between mean values was
calculated by Student’s #-test (for parametric statistics) and
the Mann—Whitney test (for independent samples). The dif-
ference was regarded as statistically significant if P<<0.05.
The data were processed using Statistica version 8.0 software
(StatSoft, Inc., Tulsa, OK, USA). This study was approved
by the local ethical committee.

Results

Within 1 month after FSCT, all MG patients with NYHA
class IV (four patients, or 20%) were downgraded to NYHA
class III, and five patients with NYHA class III (25% from
the total number, or one- quarter of patients with NYHA
class IIT) were downgraded to NYHA class II. Thus, 1 month
after FSCT, none of the patients were classified as NYHA
class IV CHF, while 15 and five patients manifested NYHA
class III (75%) and NYHA class II (25%) CHEF, respectively.
Three months after FSCT, the number of patients with NYHA
class III CHF was reduced by four (to eleven patients), and
nine patients showed NYHA class II CHF. Six months after
FSCT, eight and 12 patients scored as NYHA class 11 (40%)
and NYHA class II CHF (60%), respectively.

As for the CG, within 1 month after FSCT, three patients
with NYHA class IV (15% from the total number of class [V
patients) were downgraded to NYHA class III, and four
patients with NYHA class III (20%) were downgraded to
NYHA class II. Three months after FSCT, three remain-
ing patients with NYHA class IV CHF were downgraded
to NYHA class III; the number of NYHA class III patients
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was reduced by three (to 13 patients, or 65%). Seven (35%)
patients showed NYHA class II CHF and none had NYHA
class IV CHF. Six months after FSCT, eleven (55%) and nine
(45%) patients scored as NYHA class III and class 11 CHE,
respectively. The difference in the number of patients with
NYHA class I, class III, and class IV at 1 month, 3 months,
and 6 months after FSCT was insignificant both in the MG
and the CG (P>0.05); however, the tendency for the NYHA
class to downgrade, as well as its rate, can be clearly traced
(Table 2).

The next phase of the study followed the life quality
changes in CHF patients on the DASI scale, physical toler-
ance (6MWD), and the morphologic—functional parameters
of the LV myocardium (Table 3).

The treatment resulted in improvements of the studied
parameters — increases in the DASI score, physical tolerance
(6MWD), and LVEF, as opposed to EDV reduction.

Within 1 month after FSCT, the MG DASI score increased
by 54.6%; after 3 months, it increased by 63.2%. After
6 months, it increased by 66.4%, which is significantly higher
than baseline (P<<0.05 versus baseline). At the same time, the
CG DASI score increased by 10.7% 1 month after treatment;
in 3 months it increased by 38.1% (P<<0.05), and in 6 months
it increased by 41.7%, which is significantly higher in com-
parison with baseline (P<<0.05). A comparative analysis of
the results in both groups revealed that within 1 month after
treatment, the significant increase of the DASI score in the
MG was fivefold higher than in the CG, and 6 months after
treatment, the significant difference between groups was pre-
served (P<<0.05)— it was 30% higher in the MG. Thus, in both
groups, the functional capacity index significantly improved
over the 6-month period after treatment, but the improvement
rate was quicker (1 month after treatment) and more intensive
in the group that underwent FSCT.

In the MG, significant changes on the 6MWD were
reported as early as 1 month after the combined treat-
ment with FSCs; the distance walked increased 7.3-fold
(P<<0.001), 10.3-fold (P<<0.001), and 12.5-fold (P<<0.001)
at | month, 3 months, and 6 months, respectively. In the CG,

the test results also improved as the distance walked increased
5.6-fold (P<<0.001), 7.1-fold (P<0.001), and 9.5-fold
(P<<0.001) at 1 month, 3 months, and 6 months, respectively.
A significant difference between the groups was obvious as
early as 1 month after the treatment; in the MG, the result
was higher by 24.1% (P<<0.001), 34.2% (P<<0.001), and
23.9% (P<0.001) at 1 month, 3 months, and 6 months,
respectively.

In the MG, the LVEF remained almost unchanged dur-
ing the first month after FSCT. However, it increased by
10.5% (P<<0.05) and by 20.9% (P<0.05) over 3 months
and 6 months after FSCT, respectively, in comparison
with baseline, and by 9.9% (P<<0.5) in comparison with
the 3-month result. In the CG and MG patient, the LVEF
remained practically unchanged within 1 month and 3 months
versus baseline. After 6 months, it increased by 10.1% in
comparison with baseline (P<<0.05), but it was 9.6% lower
in comparison with the MG (P<<0.05).

In the MG, the LV EDV decreased as early as 1 month
after FSCT, and it continued to drop afterwards — by 7.85%
(P<0.05), 13.51% (P<0.01), and 20.51% (P<<0.01) at
1 month, 3 months, and 6 months, respectively. In the
CG, the LV EDV decreased by 9.05%, 12.5%, and 17.7%
(P<<0.05) at 1 month, 3 months, and 6 months after treatment,
respectively. Moreover, a significant difference (P<<0.05)
between the groups was obvious 6 months after treatment, in
an average of 23.3%. In the MG, the LV EDV reduction was
more intensive than in the CG, though it was insignificant.

In the MG, serum NT-proBNP significantly decreased
within 1 month after FSCT (by 33.75%, 57.2%, and 65.13%
at 1 month, 3 months, and 6 months, respectively; P<<0.001
for all) (Figure 1). Routine treatment also resulted in an NT-
proBNP reduction of 15.3%, 44.9%, and 64.9% at 1 month,
3 months, and 6 months, respectively, versus baseline
(P<<0.001 for all) (Figure 1).

It is obvious that serum NT-proBNP in the MG decreased
at a quicker rate than in the CG — by 21.2%, 27.8%, and
18.5% at 1 month, 3 months, and 6 months, respectively
(P<<0.05 for all). Thus, with routine therapy, the NT-proBNP

Table 2 NYHA dynamics after routine treatment with/without FSCs

Observation term NYHA class IV NYHA class Il NYHA class Il

MG CcG MG CG MG CG
Before treatment 4 (20.0%) 6 (30.0%) 16 (80.0%) 14 (70.0%) 0 0
| month 0 3 (15.0%) 15 (75.0%) 13 (65.0%) 5 (25.0%) 4 (20.0%)
3 months 0 0 I'l (55.0%) 13 (65.0%) 9 7
6 months 0 0 8 (40.0%) Il (65.0%) 12 (60.0%) 9 (45.0%)

Abbreviations: NYHA, New York Heart Association; FSCs, fetal stem cells; MG, main group; CG, control group.
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Table 3 Changes in integrated clinical evaluation and morphofunctional parameters of the LV in CHF before, as well as | month,
3 months, and 6 months after FSCT in the MG and CG

Test MG CG MG CG MG CG MG CG
before

before I month I month 3 months 3 months 6 months 6 months

treatment treatment

DASI, patients 15.2+1.85 15.4+1.48 23.5+3.41* 16.82+0.38*# 24.8+3.37* 20.99+1.20% 25.3+3.40* 21.54+0.26*#
Mtm

6MWD, m 30.0+4.54 31.5+4.86 220.5+7.38%*  |67.4+6.24# 325.0%13.16%* 213.75+£10.25%#* 375.0+13.61** 285.25+7.04*#
Mtm

LVEF, % 36.842.94 36.1+2.88 37.1+2.87 35.8940.26 40.5+2.39* 38.8240.25 44.5%1.62*3 40.2340.33*%#
EDV, mL 222.8+19.3 225.1%£17.6 205.3+10.1 212.64+3.53 192.747.6 204.99+3.70 177121 1.3%%$  200.37+].93%*3

Notes: *P<0.05, significance between the parameters before and after treatment; **P<<0.001, significance between the parameters before and after treatment; $P<<0.05,
significance between the parameters 3 months and 6 months after treatment; *P<<0.05, significance between the parameters after routine treatment and FSCT; #*#P<0.001,
significance between the parameters after routine treatment and FSCT.

Abbreviations: LV, left ventricle; CHF, chronic heart failure; FSCT, fetal stem cell treatment; MG, main group; CG, control group; DASI, Duke Activity Status Index;
m, meters; M £ m, relative and absolute mistakes in statistic processing; 6MWD, 6-minute walking distance; LVEF, left ventricle ejection fraction; EDV, end diastolic volume.

decreased in both groups; however, in the MG, it was sig-
nificantly higher starting from month 1 and this continued
throughout the entire observation period.

Clinical improvements, both objective and subjective,
were reported in all CHF patients. A significant increase in
the LVEF by 20.9% (P<<0.05) and an LV EDV reduction
by 20.51% (P<<0.05) were reported 6 months after FSCT.
NT-proBNP was reduced by 33.75%, 50.0%, and 65.13%
(P<<0.001 for all) over 1 month, 3 months, and 6 months after
FSCT. The 6MWD test results increased 7.3-fold, 10.3-fold,
and 12.5-fold over 1 month, 3 months, and 6 months after
FSCT, respectively (P<<0.01 for all). Within 1 month
after the treatment, the DASI score increased twofold, and
after 6 months, it increased by 66.4% (P<<0.01 for both).

A comparative analysis of the MG and the CG revealed
changes in the functional capacity and in the morphofunc-
tional parameters of the LV myocardium. As early as 1 month
after treatment, the DASI score in the MG was fivefold higher

500
450
400

350
300
250
200
150
100
5l
0 . : :

Before FSCT 1 month 3 months 6 months

pg/mL

o

= FSCT patients = Control group

Figure | NT-proBNP levels in CHF patients before FSCT, and over | month,
3 months, and 6 months after FSCT.

Abbreviations: FSCT, fetal stem cell treatment; NT-proBNP, serum type B brain
natriuretic peptide; CHF, chronic heart failure.

than in the CG. The 6MWD score and NT-proBNP improved
in both groups within 1 month after treatment, but in the MG,
these improvements were more intensive. In the MG, the
LVEF increased (versus baseline) within 3 months, while in
the CG, this was reported only at 6 months, and the extent
of improvement was the same as in the MG after 3 months.
The LV EDV reduced in all patients within 1 month after
treatment, but the difference between the groups became
significant after 6 months.

The CF in both groups was assessed on the MMSE
and FAB. The pretreatment CF analysis revealed that the
MMSE and FAB scores were 24.2+0.31 and 14.1£0.21,
respectively, for NYHA class II MG patients, and
24.910.19 and 14.910.42, respectively, for the CG. For
the MG class III patients, the scores were 23.6+0.22 and
13.520.16, respectively, and 24.1+0.12 and 14.24+0.23,
respectively. For the MG class IV patients, the MMSE and
FAB scores were 22.8+0.12 and 12.9+0.34, respectively,
as well as 21.5+0.24 and 13.6%0.44, respectively, for the
CG. In other words, the higher the NYHA class, the lower
the observed CF.

The average MMSE score at baseline in the MG was
23.89£0.51, and 23.43%£0.59 in the CG. One month after
FSCT, no difference was seen on the MMSE versus baseline
in either group. A significant increase in the general score
(to 25.7£0.24), in the attention and calculation score (to
4.1£0.23), and in the recall score (to 2.1+£0.34) (P<<0.05
for all) was reported in the MG 3 months after treatment.
Similarly, 6 months after FSCT, a significant increase of
the general score and across the MMSE subtests were also
reported in the MG. The general score increase was reported
in the CG only 6 months after treatment (24.7910.55) but, in
comparison with baseline, this difference was insignificant
(P>0.05) (Figure 2).
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Figure 2 Cognitive performance on the MMSE scale in patients before FSCT, and over | month, 3 months, and 6 months after FSCT.

Abbreviations: FSCT, fetal stem cell treatment; MMSE, Mini-Mental State Examination.

The average FAB score at baseline in the MG was
13.3240.47, whereas in the CG it was 13.29+0.40 (P>0.05).
In the MG, the degree of frontal dysfunction (in terms of
conceptualization, programming, inhibitory control, and con-
flicting instructions) on the FAB scale remained unchanged
1 month after FSCT while, at the same time, lexical fluency
improved somewhat (from 2.32£0.58 to 2.7+0.47; P>0.05),
though the general score was practically unchanged. Three
months after FSCT, the conceptualization score increased to
2.7£0.23 (P<<0.05), and the programming score increased
to 3.0£0.12 (P<<0.05). A significant (P<<0.05) increase in
the average score and across all areas on the FAB was also
reported 6 months after FSCT (Figures 3 and 4). No signifi-
cant mean FAB score increase was reported after 6 months
in the CG.

Thus, a significant improvement of the general MMSE
score and all cognitive subtest scores (recall, attention and
calculation, orientation, and praxis) starting from the third
month after treatment, as well as an improvement in the
FAB score (conceptualization, lexical fluency, inhibitory
control, conflicting instructions, and prehension behavior)
was reported in the MG 6 months after FSCT. No significant
increase (versus baseline) was reported in the CG 6 months
after treatment. Emotional changes and depression devel-
opment in dynamics among the patients of both groups are
shown in Table 4.

Thus, the FSCT resulted in a significant subsidence of
depression and RA, as the CHF patient’s reaction to the
disease (P<<0.05) in the MG within 1 month after treat-
ment versus baseline was maintained over 3 months and

16
")
)
1
[e]
)
M Before FSCT
1 month
3 months
&

Figure 3 Cognitive performance on the FAB scale in patients before FSCT, and over | month and 3 months after FSCT.

Abbreviations: FSCT, fetal stem cell treatment; FAB, Frontal Assessment Battery.
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Figure 4 Cognitive performance on the FAB scale in patients before treatment and over 6 months after FSCT.

Abbreviations: FSCT, fetal stem cell treatment; FAB, Frontal Assessment Battery.

6 months (P<<0.05). The PA level also decreased, but
its reduction became significant only 6 months after the
treatment. The situation in the CG was different; the RA
significantly reduced within 6 months after the beginning of
treatment versus baseline (P<<0.05). However, at the same
time, the PA reduction was significant over 3 months and
6 months after the treatment versus baseline (P<<0.05). In
the MG, depression significantly subsided as early as over
1 month after treatment, while in the CG, significant subsid-
ence started from the third month after treatment.
Although a 6-month follow-up period is not sufficient
for making recommendations regarding wide clinical
applications, it is notable that no side effects affecting the
cardiovascular system or brain functions have been reported
during the entire observation period among CHF patients
treated routinely in combination with FSCT. Moreover,
there were no cases of treatment-induced allergies, which
is indicative of an absence of contraindications for FSCT.
Thus, the present FSCT method can be regarded as a safe and

promising protocol for further long-term follow up, and it is
recommended for subsequent clinical application.

Discussion

In CHE, FSCT was used to improve the heart’s contractile
activity and LV remodeling process regulation through the
substitution of cells that were unable to contract, or by sub-
stituting those tissues that were necrotic or sclerotic. In our
opinion, the functional restoration of the myocardium can be
reached through an increase in the number of cells capable of
contraction in the myocardium, and/or through increasing the
functional reserve of the patient’s cardiomyocytes via stimula-
tion of intracellular regeneration processes.''*#* It is common
knowledge that cardiomyocytes are electromechanically
integrated through special contacts in the intercalated discs of
cardiac muscle containing fascia adherens (a myofibril adher-
ence area), gap junctions, and desmosomes.*!** Desmosomes
and fascia adherens perform mechanical functions or, in
other words, they fix cardiomyocytes, while gap junctions

Table 4 Depression and anxiety in CHF patients before and after FSCT

STAI STAI BDI BDI

MG CcG MG CG

PA RA PA RA
Before treatment 46.56+1.23 49.06+2.08 47.64%1.47 49.57+1.27 16.19£1.52 16.25+1.84
I month 44.94+0.99 45.06x1.78* 46.57+1.31 46.21%1.07 14.11£1.09 12.151.27*
3 months 43.06+1.23 44.56£ .54+ 44.5%1.15% 44.54+1.03 12.02£1.16%* 11.02£1.23%
6 months 41.21£1.07% 45.37+1.32°% 42.18%1.12¢% 43.311.19% 11.28+0.54% 10.78+0.26*

Notes: *P<<0.05, significance between the parameters before treatment and | month after treatment; **P<<0.01, significance between the parameters before treatment and
3 months after treatment; *P<<0.05, significance between the parameters before treatment and 6 months after treatment.
Abbreviations: CHF, chronic heart failure; FSCT, fetal stem cell treatment; STAI, State-Trait Anxiety Inventory; BDI, Beck Depression Inventory; MG, main group;

CG, control group; PA, personal anxiety; RA, reactive anxiety.
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conduct electric impulses. Electromechanical integration of
cardiomyocytes is of paramount importance for coordinated
activity of the myocardium, making cardiac muscle work as
an integral unit. Taking into consideration all of these factors,
the success of cardiomyocyte transplantation is defined by
whether it will be capable of interacting with the muscle cells
of the recipient and with the microenvironment.'

FSCs are more specialized than embryonic stem cells;
moreover, they show higher proliferative and expansion
potential and lower immunogenicity than other stem cell
types.?® FSCs are more rapidly, easily, and efficiently repro-
grammed to pluripotency than are neonatal and adult cells.”’
In addition, they exert strong immunomodulation effects,
possess a stable phenotype, and demonstrate less senescence.?®
In addition, FSCs — unlike embryonic stem cells — have no
potential to form in vivo tumors, still retaining their primitive
properties and expansion capacity.?’ At 4-5 days of embryonic
development, at the blastocyst stage of its inner cell mass,
embryonic stem cells can be isolated.?” Subsequently, after
this division, FSCs can be isolated. Indeed, by days 7-10,
gastrulation occurs and the embryonic cells have committed
to a specific lineage: meso; ecto; or endo. By 4 weeks, the
neural tube has formed, and by 5—7 weeks, the major organs
are all formed.”” We used FSCs from 5-8 weeks. The FSC
transplantation we performed was safe and well tolerated. No
immediate or long-term side effects, or immunological reac-
tions, were observed during the 1-year follow-up period.

The experimental use of human fetal tissues is a very
sensitive and controversial issue. It is not supported, and it is
even prohibited in certain countries, including in the United
States and the European Union.® In other countries, including
the Ukraine, this biological material can be used for experi-
mental purposes upon the consent of the woman making the
decision about the abortion and donation of the fetal mate-
rial in accordance with ethical, moral, and legal principles.
There are many opponents of the use of the aborted human
embryonic tissues for medical purposes because, in their
opinion, this will result in a growing “demand” for abortions.®
In our emancipated times, when most women are working
and holding top positions, they wish to plan their lives and
decide about the timing of childbirth. Therefore, in spite of
the protests of some political and religious organizations,
abortions will not stop. Taking into consideration the value of
fetal material with its huge potential of helping many people,
even those with incurable diseases, it would be inhumane
not to use this opportunity to save or improve people’s lives.
In view of the small, but very promising experience of the
use of FSCs that are capable of differentiating into different

functional specialized cells, scientists lay great hopes for the
effective clinical use of these cells.®303!

Apart from the aforementioned issues, some experts
fear undesirable adverse effects of FSCT. According to the
literature,?3? wrong differentiation of embryonic stem cells
can result in tumor (teratoma) formation. In our study, we
used FSCs that, unlike embryonic cells, are pluripotent and
not totipotent, and as a consequence, they exert no cancero-
genic properties. Another discussed adverse effect of FSCT is
rejection; however, due to the immaturity of human leukocyte
antigen receptors in 5-9-week-old fetuses,?’**3* rejection
does not develop and was not reported by any patient during
the observation. Our preliminary conclusion is, therefore, that
routine therapy in combination with FSCs is a promising and
safe method for CHF treatment.

The results bring hope for the combined treatment of CHF
with routine methods and FSCT, and they possibly allow
for FSCT as a future alternative to heart transplantation.
Obviously, this concerns, first of all, the patients on waiting
lists for heart transplantation. It is too early to make any
assumptions regarding the potential role of FSCT in the
prevention of cardiomyocyte apoptosis, but there is hope that
studies in progress will shed light on this aspect of the effect
of FSCT on the course and prognosis of CHF.

Conclusion

Combined CHF treatment with routine methods and FSCs
resulted in improved contractile activity of the myocardium
(the LVEF increased by 20.9% within 6 months versus
baseline, which is twofold higher than in CHF patients who
were treated without FSCT) and LV remodeling (LV EDV
decreased by 20.51% within 6 months versus baseline). The
biological CHF marker — NT-proBNP — dropped by 33.75%
within 1 month after FSCT, by 57.2% within 3 months, and
by 65.1% over 6 months (P<<0.001 for all).

CHF patients reported significant functional and life quality
improvements. The 6MWD test results, in comparison with
baseline, increased 7.3-fold, 10.3-fold, and 12.5-fold over
1 month, 3 months, and 6 months, respectively, which is two-
fold higher than in the CG. The DASI score increased by 54.6%,
63.2%, and 66.4% over 1 month, 3 months, and 6 months after
treatment, respectively. A comparative analysis between groups
revealed significant increases of the DASI score in the MG as
early as within 1 month (P<<0.05), which is fivefold higher
than in the CG within the same period of time.

Cognitive performance improvement was observed on
the MMSE (recall, attention and calculation, orientation, and
language) and across all areas of the FAB (conceptualization,
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lexical fluency, inhibitory control, conflicting instructions,
and prehension behavior) starting from the sixth post-
treatment month.

RA reduction started 3 months after the FSCT, while PA
was significantly reduced within 6 months after treatment.
Depression significantly subsided as early as over 1 month
after treatment.

It has been proven that FSCT is a safe and effective
therapeutic method that can be used in advanced CHF. This
method offers great hope but, at the same time, it calls for
controlled randomized clinical trials.
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