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Can HIF-1 Alpha (Hypoxia- inducible factor-1
alpha) be a New Cardiac Hypoxia Marker in Acute

Coronary Ischemia?

HIF-1 Alfa (Hypoxia- inducible factor-1 alpha) akut Koroner Iskemide
Yeni Bir Kardiyak Hipoksi Belirteci Olabilir Mi?

@ Feray Akbas, @ Hanife Usta Atmaca, @ Mehmet Emin Piskinpasa

University of Health Sciences Turkey, Istanbul Training and Research Hospital, Clinic of Internal Medicine, Istanbul, Turkey

Objective: Hypoxia- inducible factor-1 alpha (HIF-1 alpha) is a gene
protein whose activation is a primary defensive mechanism against
tissue hypoxia. It is the main regulator of cellular oxygen delivery and
consumption. HIF-1 alpha activity is increased in tissue ischemia and this
induces the angiogenic growth factor release that is needed for vascular
remodeling and collateral formation, and contributes to improvement in
cardiac functions. In this study, it was aimed to measure HIF-1alpha levels
in acute cardiac ischemia, to evaluate its relationship with inflammatory
and biochemical parameters, and to investigate HIF-1alpha as a possible
cardiac hypoxia marker.

Method: First 31 patients who were admitted to coronary ICU with Acute
Coronary syndrome (ACS) diagnosis in March 2018 were included in the
study and 22 (14 female, 8 male) age-gender-matched healthy control
group were included in the study. In both case (coronary ICU patient) and
control groups), after 12-hour hunger, venous blood samples were taken to
measure HIF-1 alpha, biochemical parameters [glucose, urea, creatinine,
uric acid, aspartate aminotransferase (AST), alanine aminotransferase
(ALT), gamma-glutamyl transferase (GGT)], hemoglobin, platelets,
platelet parameters [mean platelet volume (MPV), procalcitonin (PCT),
platelet distribution width (PDW)], inflammatory parameters [C-reactive
protein (CRP), neutrophil/lymphocyte ratio] and homocysteine levels.
Results were evaluated using SPSS 22.0 program.

Results: Thirty one patients in the case group and 22 patients in the
control group, totally 53 patients, were included in the study. The mean
age was 68.2114.3 years in the case group and 63.6+9.6 years in the
control group. Age and gender distribution, glucose, AST, ALT, PLT,
MPYV, PCT, PDW and homocysteine levels did not show any significant
difference in the case and control groups (p>0.05). Urea, creatinine, uric

Amag: Hipoxia- inducible factor-1 alfa (HIF-1 alfa) bir gen proteini olup,
aktivasyonu, dokudaki hipoksiye karsi primer defansif mekanizmadir.
Dokudaki oksijen dagitiminda ve kullaniminda baslica dilzenleyicidir.
Doku iskemisinde artan HIF-1 alfa aktivitesi vaskiler remodeling ve
kollateral olusumu igin gerekli anjiyogenik buyime faktorl salinimini
uyarir ve kardiyak fonksiyonlarin dizeltiimesine katki saglar. Bu galismada
akut kardiyak iskemide HIF-1 alfa dlzeyine bakilip, biyokimyasal ve
enflamatuvar parametreler ile olan iliskisi degerlendirilerek, HIF-1 alfanin
kardiyak hipoksi gostergesi olarak arastiriimasi amaglanmistir.

Yontem: Calismaya koroner yogun bakim Unitesine Mart 2018'de akut
koroner sendrom tanisiyla yatirilan ilk 31 hastayla, yas ve cinsiyet uyumlu
22 saglikli kontrol grubu alindi. Katilimcilarin yas ve cinsiyetleri kaydedildi.
Yogun bakima alinan hastalardan yatis sonrasi ilk 12 saat icinde ve kontrol
grubundan 12 saat aglik sonrasi alinan venoz kan drneklerinden HIF-1alfa
duzeyi, biyokimyasal parametreler [glukoz, Ure, kreatinin, Urik asit, aspartat
aminotransferaz (AST), alanin aminotransferaz (ALT), gama-glutamil
transferaz (GGT], hemoglobin, trombositler, trombosit parametreleri
[ortalama trombosit hacmi (MPV), prokalsitonin (PCT), trombosit dagiim
genisligi (PDW)], enflamatuvar parametreler [C-reaktif protein (CRP),
notrofil/lenfosit orani) ve homosistein bakildi. Olgu ve kontrol gruplarinin
her ikisinde HIF-1 alfa duzeyi ve diger arastirma parametreleri arasindaki
iliski SPSS 22.0 analiz programi ile degerlendirildi.

Bulgular: Calismaya 15 kadin, 16 erkek olmak Ulzere toplam 31 akut
koroner sendrom tanili hasta ile 14 kadin, 8 erkek olmak Uzere toplam 22
saglikli kontrol grubu alindi. Yas ortalamasi olgu grubunda 68,2+14,3 yil
ve kontrol grubunda 63,6+9,6 yil idi. Olgu ve kontrol grubunda hastalarin
yaslari ve cinsiyet dagiimi anlamli (p>0,05) farklilik gostermedi. Olgu ve
kontrol grubunda AKS degeri, AST degeri, ALT degeri, PLT degeri, MPV
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acid, GGT, CRP, hemoglobin, and N/L levels were significantly higher in
the case group when compared to the control group (p<0.05). Although
HIF-1 alpha level was higher in the case group when compared to the
control group, it was not statistically significant.

Conclusion: There are studies showing the role of HIF-1 alpha in
myocardial remodeling, angiogenesis and cardiac function improvement.
In hypoxic conditions, increase in HIF-1alpha improves tissue oxygenation.
Same adaptive mechanism was not observed in our study. We think the
reasons underlying this situation could be that in our patients, ischemia
was localized but not generalized like in hypoxia, medical therapy was
started immediately after admission (e.g.oxygen, nitrates, acetyl salicylic
acid, heparin), the patients were normotensive under treatment, they did
not have anemia, and they were given specific medications (e.g. ACE
inhibitors, ARB) that could decrease oxidative distress.

New treatment modalities to protect the heart from ischemic damage
will be available when our knowledge about cardiac functions at different
oxygen levels and factors affecting them increases. Then, HIF-1 alpha
might be re-evaluated as a potential cardiac hypoxia marker.

Keywords: Coronary ischemia, HIF-1 alpha, hypoxia

degeri, PCT degeri, PDW degeri ve homosistein degeri anlamli (p>0,05)
farklilik gostermedi. Olgu grubunda Ure degeri, kreatinin degeri, Urik
asit degeri, GGT degeri, CRP degeri, Hgb degderi ve N/L degeri kontrol
grubundan anlamli (p<0,05) olarak daha yiiksek bulundu. Olgu grubunda
HIF-1 alfa degeri, kontrol grubundan daha yuksek olmakla birlikte sonug
istatistiksel olarak anlamli degildi.

Sonug: HIF-1 alfanin artmig doku oksijenasyonu yoluyla kardiyak
fonksiyonu duzeltmede etkisi olduguna dair ¢ok sayida calisma
mevcuttur, ama ayni adaptif mekanizma calismamizda gdzlenmemistir.
Sadece lokalize iskeminin varligi, medikal tedavinin hemen baglanmasi,
hipertansiyon veya anemi bulunmamasi bu farklilik igin agiklayici faktérler
olabilir. Farkli oksijen konsantrasyonlarindaki kardiyak fonksiyonlar
ve bunu etkileyen faktorler hakkinda bilgimiz arttikga, kalbi iskemik
hasardan koruyacak yeni tedavi modalitelerinin de onu agilacaktir. O
zaman HIF-1 alfa potansiyel bir kardiyak hipoksi belirteci olarak yeniden
degerlendirilebilir.

Anahtar kelimeler: HIF-1 alfa, hipoksi, koroner iskemi

Introduction

Hypoxia- inducible factor-1 alpha (HIF-1 alpha) is a gene
protein whose activation is a primary defensive mechanism
against tissue hypoxia. It is the main regulator of cellular
oxygen delivery and consumption. HIF-1 alpha activity
is increased in tissue ischemia and this induces the
angiogenic growth factor release that is needed for vascular
remodeling and collateral formation and contributes to
improvement in cardiac functions (1-5).

HIF pathway has a major role in most aspects of
cardiovascular development and control. The principle of
therapeuticmodulation of HIF pathwayhas two components:
Its pharmacological activation can enhance protective
responses during cardiac ischemia or if it is applied prior to
the cardiac event, it can moderate ischemic injury by pre-
conditioning the tissue and protecting it from the distress
(6,7). Thus, HIF-1 alpha is suggested as a potential novel
diagnostic and therapeutic tool in cardiac events (8).

In this study, it was aimed to measure HIF-1 alpha levels
in acute cardiac ischemia, to evaluate its relationship
with inflammatory and biochemical parameters, and to
investigate HIF-1 alpha as a potential cardiac hypoxia
marker.

Materials and Methods

This study was designed as a prospective, case-control
study. First 35 patients who were admitted to coronary

ICU with Acute Coronary syndrome (ACS) diagnosis in
March 2018 were included in the study. For the case group,
inclusion criteria were age of 18 years or older, diagnosis
of ACS, admission to coronary intensive care unit after
emergency room evaluation and exclusion criteria were
the presence of active malignancy or malignancy history
and transfer from another hospital or ward. Four patients
with active malignancy/malignancy history were excluded.
In the same month, age-gender-matched 22 patients were
randomly chosen from the internal medicine out-patient
clinic as the healthy control group. For the control group,
inclusion criteria were age of 18 years or older, age-gender
match with the case group, internal medicine visit with
any reason other than chronic diseases and exclusion
criterion was the presence of any chronic disease history.
Demographic features of both groups and accompanying
diseases of the case group were recorded.

In the case group, the day after the admission, and in
the control group, the day after outpatient clinic visit,
venous blood samples were taken from antecubital vein
after 12-hour hunger. All blood work was finished within
24 hours after the ACS diagnosis in the case group. HIF-1
alpha, biochemical parameters [glucose, urea, creatinine,
uric acid, aspartate aminotransferase (AST), alanine
(ALT),
(GGT)], haemoglobin, platelets, platelet parameters [mean

aminotransferase gamma-glutamyl transferase

platelet volume (MPV), procalcitonin (PCT), platelet

distribution width (PDW)], inflammatory parameters
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[C-reactive protein (CRP), neutrophil/lymphocyte ratio]
and homocysteine levels were measured. Synergy HT device
was used to measure HIF-1 alpha level with ELISA method
and Beckman Coulter AU 2700 plus (Beckman Coulter, Inc.,
Fullerton, USA) autoanalyzer was used to measure other
parameters with spectrophotometric method. Results were
evaluated using SPSS 22.0 program.

The study was conducted according to the Helsinki 1964
Declaration. Informed consent was obtained from all
patients. Ethical approval was obtained from University
of Health Sciences Turkey, Istanbul Training and Research
Hospital Ethical Committee (1875/14.06.2019).

Statistical Analysis

Statistical analysis was performed using SPSS 22.0 for
Windows program. Three types of descriptive statistics
were used: Measures of frequency (frequency, percentage),
measures of central tendency (mean, median), and
measures of dispersion or variation (standard deviation,
minimum, maximum). A measure of frequency is used
for the categorical data while others were used for
quantitative data. Distribution of variables was tested with
the Kolmogorov-Smirnov test. Quantitative independent
data analysis was made with the Mann-Whitney U test

and qualitative independent data analysis with the chi-
square test. The statistical significance level was regarded
as p<0.05.

Results

Thirty one cases (15 female, 16 male) and 22 controls
(14 female, 8 male), totally 53 patients, were included in
the study. The mean age was 68.2+14.3 years in the case
group and 63.619.6 years in the control group. In the case
group, 3 patients (9.6%) had no accompanying diseases, 3
patients (9.6%) had only one accompanying disease, and
25 patients (80.6%) had 2> accompanying diseases. The
most common accompanying diseases included diabetes
mellitus (n=13, 41.9%), hypertension (n=18,58%), chronic
heart failure (n=10, 32.2%), chronic renal failure (n=6,19%),
ischemic heart disease (n=14, 45%), and atrial fibrillation
(n=6,13%). Age and gender distribution did not show
any significant difference in the case and control groups
(p>0.05). Fasting blood glucose, AST, ALT, PLT, MPV, PCT,
PDW and homocysteine levels did not show any significant
difference in the case and control groups (p>0.05) (Table 1).

Urea, creatinine, uric acid, GGT, CRP, Hb, and N/L
levels were significantly higher in the case group when

Table 1. The analysis of the searched parameters for the case and control groups

Case group Control group p
Mean £ SD/n-%  Median Mean * SD/n-% Median
Age 68.2+14.3 70.0 63.6+9.6 68.0 0.102™
Gender Female 15+£48.4% - 14£63.6% - 0.272¢
Male 16£51.6% - 8+36.4% -
HIF-1A 3.0+3.0 19 2.0%+1.8 1.4 0.470™
FBG 152.8+77.8 144.0 104.5+16.8 104.0 0.093™
Urea 63.6+36.1 49.0 33.418.5 34.5 0.003™
Creatinine 1.22+0.54 1.06 0.75+0.14 0.72 0.000™
Uric acid 8.3%2.7 79 48%+1.3 45 0.000™
AST 39.0+51.4 23.0 25.4116.2 21.0 0.671m
ALT 21,5%£18.3 17.0 22.6+10.9 215 0.282m
GGT 51.4£50.0 33.5 25.5%£12.0 22,0 0.047™
CRP 4.8%+5.2 3.2 0.2%+0.3 0.2 0.000™
Hgb 11.8+1.9 1.9 13.6%1.6 13.7 0.002™
N/L 5.5+4.3 4.2 1.6+£0.4 1.4 0.000™
Plt 2311%£65.7 230.0 252,2+573 254.0 0.236™
MPV 10.5%1.2 10.3 10.7+£0.9 10.7 0.541™
PCT 0.24£0.06 0.24 0.27+0.06 0.27 onzm
PDW 15.5%+16.3 12.4 13.2%+1.8 13.0 0.296™
Homocysteine 174170 15.3 15.9+3.8 14.6 0.704™

m™Mann-Whitney U test, X: Chi-square test, SD: Standard deviation, HIF-1 A: Hypoxia-inducible factor-1alpha, AST: Aspartate aminotransferase, ALT: Alanine aminotransferase,
GGT: Gamma-glutamyl transferase, CRP: C-reactive protein, MPV: Mean platelet volume, PCT: Procalcitonin, PDW: Platelet distribution width
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compared to the control group (p<0.05). Although HIF-1
alpha level was higher in the case group when compared
to the control group, it was not statistically significant
(Table 1).

Discussion

Cardiovascular diseases are the first main cause of mortality
worldwide. 17.9 million people lose their lives from
cardiovascular diseases each year, which is estimated to
be 31% of all deaths (9). Coronary artery disease is a major
part of this group of diseases. It is shown that ischemic
heart disease affects around 126 million people worldwide,
which is almost 1.72% of the world’s population. 70% of
individuals who are at-risk for ischemic heart disease have
multiple cardiac risk factors and only 2-7% of the general
population have no cardiac risk factors (10). Our study
population consisted of ACS patients as a sample of this
important global problem.

Despite impressive new developments in preventing and
treating cardiovascular diseases, disease mortality did not
change or decrease in most parts of the world (11). Thus,
new approaches to detect cardiac disease risk factors/
presence with simple methods are needed urgently. HIF-
1 alpha seems to be a promising candidate to achieve this
goal.

HIF-1 is a known transcriptional activator. It is oxygen-
sensitive and it has a specific effect on several homeostatic
responses in the presence of hypoxia (12,13). It activates
the transcription of several multiple hypoxia-inducible
genes’ transcription. Vascular endothelial growth factor,
lactate dehydrogenase A, erythropoietin, main glycolytic
enzymes, inducible nitric oxide synthase and heme
oxygenase-1 are examples of those genes which are
important components of cell survival, vascularization,
adaptation, tissue homeostasis, anaerobic metabolism,
cytokine production and immune reaction. Also, HIF-
1 has a key role in physiological system development in
both fetal and postnatal lives. It is also a critical mediator
of cardiovascular diseases, lung diseases, kidney diseases,
and cancer (13,14).

HIF-1 consists of alpha and beta subunits. The alpha
subunit is distinctive to HIF-1 but beta subunit can combine
with other bHLH-PAS proteins to form a dimer. HIF-1 alpha
protein levels are increased in the presence of anemia or
hypoxia (13). Nitric oxide inhibits hypoxia-induced HIF-
1 alpha expression (15). Because of its relationship with
hypoxia, HIF-1 alpha is searched as a possible biomarker in

different diseases (16-19) and we searched it with the same
purpose in ACS patients.

HIF-1 alpha controls O, delivery and utilization to
regulate O, homeostasis. When arterial stenosis causes
ischemia or tissue hypoxia, HIF-1 activity is induced.
This is needed to produce angiogenic growth factors
and to trigger vascular remodeling. Consequently, blood
flow in collateral vessels is increased. In people with
advanced age or chronic diseases, this response of HIF-1
alpha is impaired. Ischemic preconditioning is described
as repeated short episodes of ischemia and reperfusion
to protect the myocardium against injury caused by
prolonged ischemia. HIF-1 alpha also has a role in this
heart protective action. Increased cardiac adenosine
levels are efficient for cardioprotection and HIF-1 is
involved in adenosine production, too. Also, it reduces
reactive oxygen species to contribute to metabolic
reprogramming for preventing myocardial injury caused
by prolonged ischemia-reperfusion (20).

Same adaptive mechanism was not observed in our
study. Although HIF-1 alpha level was increased in the
case group when compared to the control group, the
difference was not statistically significant. We think
there might be several reasons underlying this situation.
First of all, ischemia was localized but not generalized in
our patients, medical therapy was started immediately
after admission (e.g. oxygen, nitrates, acetyl salicylic
acid, heparin), the patients were normotensive under
treatment, they did not have anemia, and they were given
specific medications (e.g. ACE inhibitors, ARB) that could
decrease oxidative distress. Also, renal function tests,
inflammatory markers and uric acid levels were higher
in the case group. This was attributed to accompanying
diseases and acute inflammation related to acute
coronary ischemia in the case group.

There have been several studies presenting how HIF-
1 alpha favors in acute cardiac ischemia. Ong et al. (21)
showed that HIF-1 alpha reduced cardiac ischemia-
reperfusion injury in mice and murine. Ockaili et al.
(22) also pointed out that HIF-1 had a newly presented
anti-inflammatory role in ischemia-reperfusion injury.
Similarly, Kido et al. (23) found that HIF 1-alpha reduced
infarction and attenuated further cardiac damage after
myocardial infarction in their mouse study. Several studies
found similar results. Thus, HIF-1 alpha was suggested as
a therapeutic target for heart diseases that could be used
in the near future (24).
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Conclusion

In hypoxic conditions, increase in HIF-1 alpha favors
to tissue oxygenation. Although the same adaptive
mechanism could not be mimicked in our study, there are
several studies demonstrating the role of HIF-1 alpha in
myocardial remodeling, angiogenesis and cardiac function
improvement. New treatment modalities to protect the
heart from ischemic damage will be available when our
knowledge about cardiac functions at different oxygen
levels and factors affecting them increases. Then, HIF-1
alpha might be re-evaluated as a potential cardiac hypoxia
marker and it can be used in a broader prospect both for the
diagnosis and the treatment part of ischemic heart diseases.

The study group included 31 people and the control group
included 22 people. More accurate results could have
been obtained if the number of both groups had been
equal and both groups had had more patients. However,
unfortunately, limited HIF test kit availability did not allow
us to increase the numbers.
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