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Cil: Cilem studie bylo zhodnotit ulohu genu pro hypoxii indukovatelny faktor 1alfa (hypoxia-inducible factor
1alpha, HIF1A; gen 1772C>T, rs11549465) v antracyklinem vyvolaném srdecnim selhani (anthracycline-indu-
ced heart failure, AIHF) u Zen bez kardiovaskuldrniho onemocnéni (KVO) v piedchozi 24 mésicich.
Metody: Do studie bylo zafazeno celkem 114 Zen s medidnem véku 47,0 (44,0; 52,0) roku s AIHF stupné I-1I
NYHA, jimz byl podavan doxorubicin pro karcinom prsu. Pfi vstupu do studie u nich bylo s pouzitim polyme-
razové retézové reakce provedeno vysetieni na genovy polymorfismus.
Vysledky: Po 24mési¢nim sledovani vykazaly viechny pacientky remisi karcinomu prsu; byly rozdéleny do
dvou skupin: skupinu 1 tvofily Zeny s nepriznivym prabéhem AIHF (n = 36), skupinu 2 tvofily zeny bez AIHF
(n = 75). Pfitomnost C/T genotypu s genem pro HIF1A (1772C>T, rs11549465) (OR = 3,65; p = 0,009) souvisela
s nepfiznivym pribéhem AIHF. U Zen s C/T genotypem s genem pro HIF1A (1772C>T, rs11549465) byla zjisté-
na dalsi progrese AIHF: ejek¢ni frakce levé komory se statisticky vyznamné (p < 0,001) snizila 0 11,8 % z 51
(47; 53) na 45 (43; 46) %, jeji end-systolicky pramér se zvétsil 0 7,8 % (p < 0,001) a end-diastolicky pramér
05,2 % (p <0,001).
Zavér: Polymorfismus C/T hypoxii indukovatelného faktoru pro gen 1alfa (1772C>T, rs11549465) u zen bez
predchoziho KVO byl spojen s nepfiznivym pribéhem AIHF za obdobi 24 mésic(.

© 2022, CKS.

ABSTRACT

Objective: The objective of the study was to evaluate the role of hypoxia-inducible factor 1alpha (HIF1A)
gene (1772C>T, rs11549465) in the course of anthracycline-induced heart failure (AIHF) in women without
previous cardiovascular diseases (CVD) during 24 months.

Methods: A total of 114 women, median age of 47.0 (44.0; 52.0) years with AIHF of NYHA class I-lll who
received doxorubicin for breast cancer were enrolled. Evaluation of gene polymorphisms was carried out by
polymerase chain reaction at baseline.

Results: After 24 months of follow-up all patients had breast cancer remission and were divided into 2
groups: group 1 comprised women with adverse course of AIHF (n = 36), group 2 comprised those without
it (n = 75). The presence of C/T genotype of HIF1A gene (1772C>T, rs11549465) (OR = 3.65; p = 0.009) was
related with adverse course of AIHF. Women with C/T genotype of HIF1A gene (1772C>T, rs11549465) had
further progression of AIHF: left ventricle ejection fraction significantly (p <0.001) decreased by 11.8% from
51 (47; 53) to 45 (43; 46)%, end-systolic dimension increased by 7.8% (p <0.001), and end-diastolic dimension
by 5.2% (p <0.001).

Conclusion: Polymorphism of C/T of hypoxia-inducible factor 1alpha gene (1772C>T, rs11549465) in women
without previous CVD was associated with adverse course of AIHF during 24 months.
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Introduction

Anthracyclines are important components of many chemo-
therapy regimens; but their using is associated with the left
ventricular dysfunction and heart failure (HF) that can occur
up to decades after exposure.” Nevertheless, the mechanis-
ms underlying cardiotoxic drug effects are still poorly under-
stood and controversial. It is well-established that doxorubi-
cin (DOX) exerts their anticancer action by directly targeting
and inhibiting topoisomerase-2 in cancer cells.? However,
the same mechanism can hardly explain the toxic effect of
DOX on the heart and vessels; therefore, recently there are
data on the involvement of endothelial dysfunction, apop-
tosis, extracellular matrix remodeling, and oxidative stress in
the pathogenesis of cardiotoxic damage.?

In last years it has been established that anthracycli-
nes inhibit binding of the hypoxia-inducible factor 1al-
pha (HIF1A)/aryl hydrocarbon receptor nuclear transloca-
tor (ARNT) heterodimer to the target gene enhancer and
reduce the cellular hypoxia response.* HIF1 functions as
a master regulator of cellular and systemic homeostatic
response to hypoxia by activating the gene transcription
involved in energy metabolism, angiogenesis, apoptosis,
and other genes whose protein products increase oxygen
delivery or facilitate metabolic adaptation to hypoxia.® It
is composed of an oxygen-labile alpha-subunit and a con-
stitutively expressed beta-subunit.* HIF1A is a universal
regulator for hypoxia-inducible gene expression, and it
can be activated by oxidative stress, inflammation, and
fibrosis, actions that are opposed by HIF2A.® Imbalances
in HIF1A and HIF2A may contribute to the progression
of chronic HF, atherosclerotic and hypertensive vascular
disorders, and chronic kidney disease.” These disorders
are characterized by activation of HIF1A and suppression
of HIF2A, which may be potentially related to mitochon-
drial and peroxisomal dysfunction.®

It has been demonstrated that DOX treatment induces
significant changes in the expression of genes controlling
both mitochondrial structure and metabolism,® as well as
DOX, preferentially accumulate in the mitochondria of car-
diomyocytes, strongly impacting on both the structure and
the activity of these organelles that cause the increased
ROS production.” Anthracycline-mediated production of
these reactive species in turn may potentially lead to im-
balances in HIF1A and HIF2A, and as a consequence pro-
gression of heart dysfunction induced by anthracyclines.
However, if the hypoxia caused during treatment with
anthracyclines is quite understandable, then it is not clear
whether it affects the development and progression of HF
in the long-term periods after chemotherapy treatment.

Thus, the objective of the study was to evaluate the
role of hypoxia-inducible factor 1alpha gene (1772C>T,
rs11549465) in the course of anthracycline-induced HF
(AIHF) in women without previous cardiovascular diseases
(CVD) during 24 months.

Methods

Ethical disclosure
The study was conducted in accordance with the Declara-
tion of Helsinki for all human research and was approved

by the local Ethics Committee of Cardiology Research In-
stitute, Tomsk National Research Medical Center (proto-
col Ne207, 23 Dec 2020). Informed written consent was
obtained from all patients before their enrollment in this
study.

Study population

This was a prospective, observational, single-center trial.
At the 12 months after chemotherapy completion a to-
tal of 114 women (median age of 48.0 [46.0; 52.0] years)
with AIHF were enrolled. The control group comprised
the women (n = 70) who received doxorubicin as part
of chemotherapy for breast cancer, but did not develop
AIHF (median age of 45.0 [42.0; 50.0] years). The absen-
ce of cardiac pathology was confirmed by anamnesis,
electrocardiography, echocardiography, and coronary
angiography.

Inclusion criteria: 1) breast cancer women without pri-
or cardiovascular diseases who develop AIHF of New York
Heart Association (NYHA) class I-lll; 2) cancer treatment
received: either a combination of doxorubicin and cyclo-
phosphamide (AC regimen), or combination of doxorubi-
cin, cyclophosphamide and docetaxel (TAC regimen); 3)
NT-proBNP levels >125 pg/mL; 4) breast cancer remission.

Exclusion criteria: 1) diabetes mellitus types 1 and 2; 2)
coronary heart disease; 3) hypertension; 4) valve defects
and prior cardiomyopathies of any etiology; 5) heart fai-
lure with an alternative cause of manifestation (severe
lung disease, a history of primary pulmonary hyperten-
sion, anemia, body mass index> 50 kg/m?); 6) concomi-
tant severe renal, hepatic, or multiple organ failure; 7)
indications of poor drug tolerance; 8) chronic alcoholism
or mental disorders; 9) ovarian pathology or hormonal
imbalance.

Criteria for the development of AIHF were left vent-
ricle ejection fraction (LVEF) absolute decrease higher
than 10% points from values before chemotherapy ini-
tiation or less than 55% with signs/symptoms of HF and
NT-proBNP levels >125 pg/mL at the 12 months after che-
motherapy completion.

Blood sampling and biochemical analyses

Blood samples were obtained by venipuncture and ade-
quate centrifugation serum samples were stored at -24
°C with a single freeze-thaw cycle. The serum levels of
NT-proBNP were determined using a sandwich immunoa-
ssay (NT-proBNP, Biomedica immunoassays, Austria).

Gene polymorphisms

The buccal epithelium was taken to determine gene
polymorphism. Evaluation of gene polymorphisms of
gene polymorphisms of hypoxia-inducible factor 1alpha
(1772C>T, rs11549465) was carried out by polymerase
chain reaction at baseline (Fig. 1).

Hardy-Weinberg equilibrium test was used to control
the results of genotyping and it was carried out using the
online program on the website of the Institute of Human
Genetics (http://ihg2.helmholtz-muenchen.de/cgi-bin/hw/
hwa1.pl).
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_ High Resolution Melt Polymerase chain reaction | Sanger sequencing

HIF1A (1772C>T) Straight primer:

5'- TCCAGTTACGTTCCTTCGATCA -3

Reverse primer:
5'-TGAGGACTTGCGCTTTCAGG-3’

5'-GGACACAGATTTAGACTTGGAGA-3'

5'-ATTCATCAGTGGTGGCAGTG-3’

Fig. 1 - Primer and probe structures used for genotyping by real-time allele-specific amplification using SYBR Green | for fluorescence in-

duction.

Treatment

All patients received betablocker (carvedilol) and angio-
tensin-converting enzyme inhibitor (enalapril) therapies
for the treatment of AIHF, and some of them received
loop diuretics for volume management. Doses of drugs
were titrated to the maximum tolerated.

Study outcomes and definitions

Adverse course of AIHF was defined as new or worsening
symptoms/signs of HF and/or hospitalization due to de-
compensation of HF requiring intravenous diuretics; LVEF
absolute decrease higher than 5% points; an increase in
NYHA by 1 or more classes; or development of atrial fib-
rillation. The atrial fibrillation was diagnosed by electro-
cardiography as an episode lasting at least 30 seconds."
Patients who did meet these criteria had favorable course
of AIHF.

Statistical analysis

All analyses were performed with STATISTICA V10.0 soft-
ware package or R software, version 2. The sample data
were not normally distributed; therefore, nonparametric
analyzes were used. Categorical variables are expressed
as counts and percentages. Continuous variables are ex-
pressed as the median (25th-75th percentiles [P25-75]).
Statistical differences between two groups were compa-
red using the x2 test for categorical variables and using
Mann-Whitney U test for continuous variables or Krus-
kal-Wallis test for >3 groups. Odds ratios (OR) for gene
polymorphisms were determined from logistic regression
models. OR = 1 implies no association between genotype
and a course of AIHF, OR >1 implies that genotype is as-
sociated with the disease, OR <1 implies that genotype
is protective. All p-values are two-tailed. In all statistical
analyses, a two-tailed p-value of 0.05 or less was conside-
red to indicate statistical significance.

Results

At 12 months after chemotherapy completion 114 pati-
ents with AIHF who had LVEF decline by 24.3% from the
values before chemotherapy initiation (from 66.0 [61; 70]
to 50 [47; 52]%) and NT-proBNP increase by 82.9% (from
55.25 [48.1; 64] to 323.0 [260.7; 377.7] pg/mL) were enro-
lled. At baseline women were of New York Heart Asso-
ciation (NYHA) class | (42.2%), class Il (43.9%), and class
Il (7.9%). The control group comprised the women (n =
70) who received doxorubicin as part of chemotherapy
for breast cancer, but did not develop AIHF (LVEF of 66
[64; 69]%). The Table 1 shows baseline demographic and
clinical characteristics of patients depending on AIHF pre-

sence. Patients with AIHF had LV remodeling and higher
values of NT-proBNP, and heart rate (p = 0.025). The gene
polymorphisms of HIF1A gene (1772C>T, rs11549465) did
not differ between patients.

All patients with AIHF were prescribed the optimal me-
dical treatment. After 24 months of follow-up patients
with AIHF had breast cancer remission and were divided
into two groups: group 1 comprised women with adverse
course of AIHF (n = 39), group 2 comprised those without
it (n = 75). The baseline parameters did not differ (Table 2).

After 24 months of follow-up in group 1 the LVEF sig-
nificantly (p <0.001) decreased by 13.5% from 52 (49; 54)
to 49 (46; 51)%, end-systolic dimension increased by 5.9%
(p = 0.012), end-diastolic dimension by 7.9% (p = 0.034),
and 6-minute walk test distance decreased by 20% (p =
0.017); there was a tendency in the NT-proBNP levels dec-
rease by 7% (p = 0.087). In group 2 the LVEF improved by
9.3% (p = 0.032), and the levels of NT-proBNP decreased
(p <0.001) by 30.6% (Table 3).

The presence of C/T genotype of HIF1A gene (1772C>T,
rs11549465) (OR = 3.65; p = 0.009) was related to the ad-
verse course of AIHF. The C/C genotype of HIF1A gene
(1772C>T, rs11549465) (OR = 0.123; p = 0.001) was signifi-
cantly associated with the favorable course of AIHF.
Dynamics of echocardiographic parameters, NT-proBNP
levels and 6-minute walk test distance during follow-up
period depending on gene polymorphisms of HIF1A gene
(1772C>T, rs11549465) (Table 4). Women with C/T geno-
type of HIF1A gene (1772C>T, rs11549465) had further
progression of AIHF. In these patients LVEF significant-
ly (o <0.001) decreased by 11.8% from 51 (47; 53) to 45
(43; 46)%, end-systolic dimension increased by 7.8% (p
<0.001) and end-diastolic dimension by 5.2% (p <0.001).
Carriers of T/T genotypes did not have significant chan-
ges in these parameters with the exception of NT-proBNP
levels which significantly decreased during follow-up pe-
riod (p <0.05). In patients with the C/C genotype LVEF inc-
reased by 4% (p = 0.049), and NT-proBNP levels decreased
by 37.2% (p <0.001).

Discussion

We demonstrated here for the first time that the presen-
ce of C/T genotype of the hypoxia-inducible factor 1alpha
gene (1772C>T, rs11549465) in women without previous
CVD was related to the adverse course of AIHF during 24
months.

Heart failure is a major complication in cancer tre-
atment due to the cardiotoxic effects of anticancer drugs,
especially from the anthracyclines such as DOX.2 Most
patients remain asymptomatic during and after drug in-
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Table 1 - Baseline demographic and clinical characteristics of patients depending on AIHF presence

o Patients with AIHF Patients without AIHF p-value
Characteristics
n=114 n=70

Age (years) 48 (46; 52) 45 (42; 50) 0.057
CD of doxorubicin, mg/m? 360 (300-360) 360 (300-360) 0.818
Chemotherapy regimen, n (%)
AC 61 (53.5) 39 (55.7) 0.631
TAC 53 (46.5) 31 (44.3) 0.654
Breast cancer stage 2A-2B, n (%) 72 (63.2) 44 (62.9) 0.467
Breast cancer stage 3A-3B, n (%) 42 (36.8) 26 (37.1) 0.972
LVEF, % 50.0 (47; 50) 66.0 (64; 69) <0.001
End-diastolic dimension, mm 49 (46; 51.0) 44.0 (42; 47) <0.001
End-systolic dimension, mm 36 (33; 38) 31(29; 33) <0.001
Body mass index 23.7 (21.4; 26.2) 23.6 (21.9; 25.7) 0.859
Heart rate, bpm 84 (78; 93) 75 (69; 81) 0.025
Systolic blood pressure, mmHg 115 (110; 120) 115 (110; 120) 0.744
Diastolic blood pressure, mmHg 70 (70; 80) 70 (70; 80) 0.932
Chronic obstructive lung disease 13(11.4) 9(12.8) 0.747
eGFR, mL/min/m? 89 (78; 96) 88 (76; 98) 0.876
6-minute walk test distance, m 419 (358; 467) 567 (563; 577) <0.001
Total cholesterol, mmol/L 5.2 (4.85; 5.7) 5.25(4.8; 5.7) 0.882
Hemoglobin, g/L 109.5 (100; 117) 109.5 (99; 117.5) 0.798
NT-proBNP, pg/mL 323.0 (260.7; 377.7) 54.65 (45.7; 72.6) <0.001
HIF1A gene (1772C>T, rs11549465)

C/C 72 (63.2) 45 (64.3) 0.972

(@)) 36 (31.5) 23 (32.6) 0.857

/T 6 (5.3) 2(3.1) 0.599

AC-regimen - combination of doxorubicin and cyclophosphamide; BMI - body mass index (calculated as weight in kilograms divided by
height in meters squared); CD - cumulative dose; eGFR - estimated glomerular filtration rate (CKD-EPI); HIF1A — hypoxia-inducible factor
1alpha; LA - left atrium; TAC-regimen — combination of doxorubicin, cyclophosphamide, and docetaxel.

Table 2 - Baseline demographic and clinical characteristics of patients depending on course of AIHF

Characteristics Group 1, n =39 Group 2, n =75 p-value
Age (years) 48 (46; 50) 48 (45; 50) 0.067
CD of doxorubicin, mg/m? 360 (300-360) 360 (300-360) 0.952
Chemotherapy regimen, n (%)
AC 25 (64.1) 39 (52.0) 0.104
TAC 14 (35.9) 36 (48.0) 0.102
Functional class of HF (NYHA)

| functional class 30 (76.9) 43 (57.3) 0.187

Il functional class 7(17.9) 25 (31.6) 0.073

Il functional class 2(5.2) 7 (9.3) 0.321
Breast cancer stage 2A-2B, n (%) 23 (59.0) 49 (65.3) 0.967
Breast cancer stage 3A-3B, n (%) 16 (41.0) 26 (34.7) 0.972
LVEF, % 52.0 (49; 54) 49 (46; 51) 0.199
LA, mm 30 (29; 32) 30 (29,5; 33.3) 0.871
End-diastolic dimension, mm 48 (46; 51.0) 49.0 (46; 51) 0.617
End-systolic dimension, mm 35 (33; 38) 36 (33; 39) 0.604
Body mass index 24.5 (21.5; 26.2) 23.5(21.2; 25.5) 0.414
Heart rate, bpm 81 (68; 87) 75 (69; 81) 0.025
Systolic blood pressure, mmHg 115 (110; 120) 115 (110; 120) 0.082

Continue on next page
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Table 2 - Baseline demographic and clinical characteristics of patients depending on course of AIHF (Dokonceni)

Characteristics

Diastolic blood pressure, mmHg 70 (70; 80)
Current smoker, n (%) 6 (15.4)
Chronic obstructive lung disease 4(10.3)
Childbearing potential women, n (%) 14 (35.9)
Menopause, n (%) 25 (64.1)
eGFR, mL/min/m? 81.5(73; 97)

6-minute walk test distance, m
5.0 (4.5; 5.4)
107 (98; 113)

Total cholesterol, mmol/L
Hemoglobin, g/L

NT-proBNP, pg/mL

HIF1A gene (1772C>T, rs11549465)

ac 15 (38.5)
aT 22 (56.4)
/T 2(5.1)

Group 1,n =39

412 (364; 466)

324.5 (265.4; 369.7)

Group 2, n =75 p-value
70 (70; 80) 0.297
11 (14.7) 0.654
9(12.0) 0.937
29 (38.7) 0.876
46 (61.3) 0.989
83 (77; 98) 0.523
399 (348; 457) 0.617
5.1(4.3; 5.5) 0.412
105.5 (99.5; 118) 0.568
318.9 (258.0; 381.8) 0.971
57 (76.0) <0.001
14 (18.7) 0.016
4(5.3) 0.902

AC-regimen — combination of doxorubicin and cyclophosphamide; BMI - body mass index (calculated as weight in kilograms divided by
height in meters squared); CD - cumulative dose; eGFR - estimated glomerular filtration rate (CKD-EPI); HF - heart failure; HIF1A - hypo-
xia-inducible factor 1alpha; LA - left atrium; MMP — matrix metalloproteinase; TAC-regimen - combination of doxorubicin, cyclophospha-

mide, and docetaxel.

Table 3 - Dynamics of echocardiographic parameters during follow-up period

Baseline At 24 months
Parameter p-value p-value
Group 1 (n =39) Group 2 (n = 75) Group 1 (n =39) Group 2 (n = 75)
LVEF, % 52.0 (49; 54) 49 (46; 51) 0.199 45 (44; 49)* 54 (49; 55)* <0.001
LA, mm 30 (29; 32) 31 (28; 33) 0.431 33 (30; 33)* 29 (27; 31) <0.001
EDD, mm 48 (46; 51.0) 49.0 (46; 51) 0.617 51 (48; 52)* 48 (46; 49) <0.001
ESD, mm 35 (33; 38) 36 (33; 39) 0.604 38 (36; 39)* 35 (32; 37) <0.001
NT-proBNP, pg/mL  324.5(265.4; 369.7) 318.9 (258.0; 381.8) 0.971 301.7 (271.6; 343.1)  221.3(190.1; 272.5)¢  <0.001
6-MWT distance, m 412 (364; 466) 399 (348; 457) 0.617 329.9 (310.8; 404.2)* 429 (391; 454) 0.001

6-MWT - 6-minute walk test; EDD - end-diastolic dimension; ESD - end-systolic dimension; LA - left atrium; LVEF - left ventricle ejection
fraction; NT-proBNP — N-terminal pro-B-type brain natriuretic peptide; # - statistically significant in comparison with baseline levels.

fusion, however, LV dysfunction and HF can occur up to
decades after exposure,” and HF induced by anthracycli-
nes is often resistant to therapy and has a mortality rate
of up to 79%." For this reason, cardiologists, oncologists,
and basic scientists are combining their efforts in order to
better evaluate the mechanisms of its development and
progression.

Hypoxia inducible factors are proteins that rapidly accu-
mulate during hypoxia and manage transcriptional control
over various target genes.> Hypoxia-inducible factor-1a and
HIF2A control cellular adaptation to both acute and chronic
hypoxia, and these isoforms can be involved in the redox
state and on proinflammatory pathways.® During common-
ly encountered physiological states, a decrease in environ-
mental oxygen enhances signaling through both HIF1A and
HIF2A. However, under the pathological conditions that
occur in chronic cardiac, renal, and vascular diseases, HIF
signaling is also stimulated by abnormalities in mitochon-

dria and peroxisomes, the most important oxygen-consu-
ming organelles in cells. Derangements in these cellular
constituents redirect the use of oxygen toward the gene-
ration of reactive oxygen species (ROS), which inhibit prolyl
hydroxylases.'? The activation of HIFs by oxidative stress is
dependent on the presence of mitochondria that are able
to consume oxygen and generate ROS.%'2 Once activated by
oxygen-related organelle stresses, HIF1A and HIFHIF1A2A
act to reduce these stresses by decreasing the amount of
oxygen consumed by mitochondria and peroxisomes."
HIF1A directly inhibits both the biogenesis and oxidative
functions of mitochondria.” In addition, both HIF1A and
HIF2A promote autophagy, a lysosome-dependent degra-
dative pathway that mediates the clearance of dysfunctio-
nal organelles. HIF1A enhances the autophagic clearance
of damaged mitochondria,' whereas HIF2A stimulates the
autophagic disposal of injured peroxisomes'® that all lead
to the development of mitochondrial dysfunction.
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Conclusions

Thus, the polymorphisms of hypoxia-inducible factor 1al-
pha gene (1772C>T, rs11549465) in women without pre-
vious CVD was associated with adverse course of AIHF du-
ring 24 months, and it may be recommended for women
with AIHF without previous cardiovascular diseases in the
risk assessment of AIHF progression.

Key points

HIFs are proteins that rapidly accumulate during acute
and chronic hypoxia, control cellular adaptation and
manage transcriptional control over various target ge-
nes. Expression of HIF1A gene is increased in the failing
heart and it is associated with a poor prognosis in pati-
ents with chronic and acute HF. In anthracycline consu-
me the activation of HIFs by oxidative stress is depen-
dent on the presence of mitochondria that are able to
consume oxygen and generate ROS. But it is not clear
whether it affects the development and progression of
HF in the long-term periods after chemotherapy tre-
atment.

We demonstrated here for the first time that the presence
of C/T genotype of the HIF1A gene (1772C>T, rs11549465)
in women without previous CVD was related to the ad-
verse course of AIHF during 24 months. Most likely that
is just a consequence of the metabolic continuum, which
begins with mitochondrial damage, oxidative stress, the
development of endothelial dysfunction, and the initi-
ation of apoptosis and, ultimately, stabilization of HIF1A
at high levels occurs and HIF1A gene expressions at late
stages of AIHF.

Future direction

The identification of new mechanisms for the develop-
ment and progression of AIHF may be used to search for
more promising methods of treatment. Perhaps, the use
of trimetazidine or other drugs that can reduce hypo-
xia will help to improve the prognosis in patients at late
stages of AIHF.

Limitations

The main limitation of the study was the small sample of
patients and lack of data of HIF serum levels and other
biomarkers. Further studies with bigger sample size are
needed, it is also necessary to compare gene expression
with serum levels of HIFs.
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