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Abstract

Aim: In order to survive, human cells must adapt to changes in the oxygen level of their
environment. Many endogenous mechanisms operate in hypoxia. Hypoxia-inducible factor
1 (HIF-1) is a transcriptional protein involved in the head of the cascade that regulates
the response of brain and other tissues to hypoxia. HIF-1 alpha (HIF-la) is the main
molecule that responds to hypoxia and is an important marker of cerebral hypoperfusion.

Materials and Methods: Thirty-nine acute stroke patients aged between 18-80 years
and 38 control patients included in our study. We aimed to examine the serum HIF-1a
levels in early period of acute ischemic stroke. We also aimed to evaluate its usefulness in
determining tissue damage due to hypoxia and the prognosis of the disease.

Results: Serum HIF-1a levels were higher in acute ischemic stroke patients compared
to the control group (p= 0.000). There was no significant correlation between infarct
volumes, NHISS scores, blood pressure and HIF-1a values of the stroke patients.

Conclusion: HIF-1a could be an important biomarker in detecting cerebral hypoxia. It
is possible to study this in human peripheral blood. Its usability in stroke may become
widespread with studies on its therapeutic target.
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Introduction

Ischemic damage to the brain occurring for various reasons
can cause death or disability of varying degrees. As a result
of ischemia, blood flow to the relevant tissue is reduced.
When hypoxia develops, after a while, irreversible tissue
damage occurs in the affected organ [1].

Human organs and cells must adapt to changes in oxygen
levels to survive. Many endogenous molecules and mech-
anisms operate in hypoxia, especially hypoxia-inducible
factors. Hypoxia-inducible factor 1 (HIF-1) is a transcrip-
tional protein involved in the head of the cascade that reg-
ulates the response of brain and other tissues to hypoxia
[2-5].

HIF-1 has a heterodimeric helix structure. It consists of
« subunits that are activated in hypoxia and [ subunits
that are not affected by the oxygen level [3,6].

HIF-1 alpha (HIF-1a) is the main molecule that responds
to hypoxia, and it is an important marker of cerebral hy-
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poperfusion. It affects many genes that control adaptive
mechanisms after hypoxia and regulates the transcription
of these genes [7]. These genes encode molecules involved
in events such as vasomotor control, angiogenesis, erythro-
poiesis, energy metabolism, and cell death [8]. In this way,
it plays an important role in the development of cerebral
ischemia by participating in many processes. It regulates
neuroprotection, neurogenesis, migration of neuronal stem
cells to the ischemic area, and proliferation into functional
neurons [9].

HIF-1« is almost absent in the case of normoxemia. In
case of hypoxia, its production is activated and regulates
oxygen transport to the tissues. It has been shown that
HIF-1a which rises within 12 hours after cerebral hypop-
erfusion, remains elevated for 56 days [10]. HIF-la is
known to play a role in many neurological diseases, in-
cluding ischemic stroke, hypoxic-ischemic encephalopathy,
and brain gliomas [11,12].

In recent years, it has been mentioned that it plays an im-
portant role not only in hypoxia, but also in the regulation
of the inflammatory response [13].
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In addition to its positive effects such as tissue protection
and oxygenation, some studies have also reported harmful
roles of HIF-1¢, including severe inflammatory response,
increased apoptosis, and post-stroke blood-brain barrier
disruption [14,15]. In the light of this information, it was
thought that HIF-1« increased after cerebral ischemia and
its expression level was dependent on the duration of is-
chemia. It has been stated that this may partially ex-
plain the contradictory effects on the pathological process
of stroke [16].

Stroke, especially ischemic stroke, is an important cause of
mortality and morbidity and a serious financial burden all
over the world. It has been studied for years on anti-stroke
treatments and treatments to reduce post-stroke damage.
Endogenous protection is an important mechanism of pro-
tection and recovery after cerebral ischemia and may be a
potential treatment strategy in stroke. The HIF-1« signal-
ing pathway plays an important role in endogenous pro-
tection [17]. HIF-la promotes the expression of vascular
endothelial growth factor (VEGF) to maintain homeosta-
sis in hypoxic conditions [18].

During cerebral ischemia, HIF-la is expressed in the
chronic hypoxic area (penumbra) around the infarct area.
Therefore, HIF-1av may become a new and valuable ther-
apeutic target [19].

Ischemic stroke, a neurologic condition associated with hy-
poxia, is one of the most common diseases in the emer-
gency department and its differential diagnosis can be dif-
ficult. In the early period of the disease, it may not be
possible to comment on the prognosis. Various biomarkers
have been studied for differential diagnosis, patient man-
agement, and clear interpretation of prognosis, and there
are not enough human studies with HIF-1«. In our study,
we aimed to evaluate the significance of serum HIF-la
levels in acute ischemic stroke patients and its relation-
ship with the clinical and radiological parameters of the
patients. We also aimed to evaluate its usefulness in de-
termining tissue damage due to hypoxia and the prognosis
of the disease.

Materials and Methods

Our study is a retrospective case-control study and simple
probability sampling method was used. The sample size
was calculated using the G.Power 3.1.9.7 program. The
effect size was calculated using similar article data from
PUPMED |[20], and the sample size was 20 for both groups.
We reduced the effect size by working with a larger sample
size.

Serum samples, which were taken in previous studies and
stored at -70 °C, were used for the study. The patient
group included 39 patients between the ages of 18 and 80
who were admitted to the emergency department within
the first 24 hours and diagnosed with acute ischemic stroke
by neurological examination and neuroimaging methods.
Patient files were examined retrospectively by the clini-
cian. Demographic characteristics, cranial imaging results,
stroke risk factors, infarct volumes, National Institutes of
Health Stroke Scale (NTHSS) scores, and blood biochem-
istry results of all participants were recorded.

As a control group, 38 individuals who had no neurological
symptoms or signs, no chronic disease, and whose serum
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Table 1. Demographic data of stroke and control group.

Stroke group Control group p value
(n=39) (n=38)
Gender (%)
Male 17 (43.6%) 15 (39.5%)
P=0.714

Female 22 (56.4%) 23(60.5%)
Age
Med.+SS 66.18+10.034 53.97£23.052
Min-maks 48-84 18-92 P=0.024
Median 65.5 53.5

samples were stored at -70 °C were included. Individuals
with a history of hemorrhagic stroke, transient ischemic
attack, myocardial infarction, liver and kidney diseases,
malignancy, tumor, systemic infection, head trauma, us-
ing oral contraceptives, anticoagulants or chemotherapeu-
tic agents were excluded from the study.

This study was approved by the Sakarya University Fac-
ulty of Medicine Ethics Committee and informed consent
was obtained from all individuals.

Collection and preparation of blood samples

Venous blood samples taken from all individuals in tubes
that do not contain any anticoagulant in approximately
10 cc amount, were centrifuged for 5 minutes at 5000
rpm/min and their serums were separated. For the mea-
surement of HIF-1q, the serums were kept in a deep freezer
at -70°C. HIF-1« levels were studied with the BioTekEon
ELx50 Brand USA ELISA device using the MyBio Source
USA brand commercial ELISA kit in our biochemistry lab-
oratory.

Statistical analysis

Statistical analyzes were performed using spss version 21.
The conformity of the variables to the normal distribu-
tion was examined using visual (histogram and probability
graphs) and analytical methods (kolmogorov-simirnov test
and shapiro-wilk test). Descriptive analyzes were given us-
ing mean and standard deviation for normally distributed
variables, median and interquartile range for non-normally
distributed variables, and frequency tables for nominal
variables. Comparisons between groups were made with
Student’s t test for normally distributed variables and with
Mann Whitney U test for non-normally distributed vari-
ables. The relationship of normally distributed variables
was analyzed by Pearson correlation analysis, and the rela-
tionship of non-normally distributed continuous variables
was examined by Spearman’s rank correlation test. The
incidence of categorical variables was given using cross ta-
bles. The chi-square test was used to determine whether
there was a difference between the groups in terms of fre-
quencies. Cases with a P value below 0.05 were considered
statistically significant.

Results

The demographic characteristics of 39 patients with acute
ischemic stroke and 38 healthy individuals included in our
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Table 2. Serum HIF-1a levels of stroke and control patients

Standard . . Change Interquartile
Stroke/Control n Average L Min Max Median z p
Deviation Range range
Control 38 0.168 0.144 0.01 0.763 0.129 0.753 0.145
HIF -4.407 0.000
Stroke 39 0.285 0.109 0.081 0.507 0.28 0.426 0.167

HIF- 1 a: Hypoxia inducible factor 1 alpha.

Table 3. Distribution of patients with and without hypertension, diabetes mellitus, previous stroke and mean HIF-1«

values.

Average n Standard Deviation Min Max  Change Range = Median Interquartile range p
. Yes  0.276 28 0.100 0.081 0.507 0.426 0.286 0.143
Hypertension -0.809 0.423
No 0.307 11 0.131 0.113 0.497 0.384 0.280 0.241
R . Yes  0.291 10 0.126 0.117 0.507 0.390 0.266 0.211
Diabetes Mellitus 0.201  0.842
No 0.283 29 0.105 0.081 0.497 0.416 0.298 0.153
X Yes  0.244 10 0.114 0.081 0.415 0.334 0.256 0.208
Stroke history 1.376  0.177
No 0.299 29 0.105 0.113 0.507 0.394 0.298 0.164

HIF-1a: Hypoxia inducible factor- 1 alpha.

Table 4. Admission (1) and discharge (2) NIHSS values, systolic and diastolic blood pressure,

and infarct volume

mean-minimum-maximum values of patients in the stroke group.

Stroke Group n Average  Standard Deviation Min Max Median  Change Range Interquartile range
NIHSS 1 39 10.23 9.166 0 31 7 31 13
NIHSS 2 39 8.23 10.035 0 35 5 35 8
Systolic blood pressure 39 171.03 29.54 120 250 170 13 50
Diastolic blood pressure 39 89.49 14.5 70 150 90 80 20
Infarct volume 39  48.582.86 79.952.73 43.506 318.661.46  11694.7 318.617.95 60301.85
HIF- 1 a: Hypoxia inducible factor 1 alpha.
Table 5. Mean HIF-1a values of stroke patients with cardioembolic stroke and other etiology.
Standard . . Change . Interquartile
TOAST Average n o Minimum Maximum Median t p
Deviation Range range
Cardioembolic 0.296 13 0.110 0.092 0.497 0.405 0.301 0.164
0.129 0.899
Other 0.291 14 0.107 0.113 0.415 0.302 0.307 0.217

HIF-1a: Hypoxia inducible factor- 1 alpha.

study are summarized in Table 1.

Serum HIF-1a levels were found to be statistically signif-
icantly higher in acute ischemic stroke patients compared
to the control group (p= 0.000) (Table 2).

There was no significant difference between the genders in
terms of HIF-1« levels in both groups (p=0.343, p=0.362).
Again, no significant correlation was found between HIF-
la levels and age in both groups (p=0.681, p=0.744). The
mean HIF-1a values of patients with and without hyper-
tension, diabetes mellitus, and previous stroke history in
the stroke group are shown in Table 3. There was no sig-
nificant difference between the groups.

Admission (1) and discharge (2) NIHSS values, systolic
and diastolic blood pressure and infarct volume mean-
minimum-maximum values of patients in the stroke group
are shown in Table 4. There was no significant correlation
between the blood pressure values measured at admission

and HIF-la values of stroke patients (p=0.14, r=0.241).
No significant correlation was found between HIF-1a val-
ues and NIHSS values measured at admission and dis-
charge of stroke patients (p= 0.557, r=0.097). There
was no significant correlation between infarct volumes and
HIF-1a values of the patients (p=0.578, r=0.092).

When the patients were grouped as cardioembolic stroke
and other etiologies, no significant difference was found
between the two groups in terms of HIF values (Table 5).

There was no significant difference between the HIF-la
mean values of the groups with normal and high C- re-
active protein (CRP), triglyceride, total cholesterol, and
HbAlc values at the time of admission (Table 6).

Discussion

As a result of the study, serum HIF-1a levels were signif-
icantly higher in acute stroke patients than in the control
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Table 6. Mean HIF-1a values of stroke patients with high and normal CRP, triglyceride, total cholesterol, and HbA1lc

<6 and >6.
Standard . Change . Interquartile
n Average HIF o Min Max Median t p
Deviation Range range
1
Normal 3 0.298 0.108 0.092 0.497 0.405 0.298 0.175
CRP 9 0.552 0.585
High p 0.278 0.111 0.081 0.507 0.426 0.270 0.185
2
Normal 9 0.288 0.10 0.092 0.497 0.405 0.298 0.166
Triglyceride 1 0.312 0.757
High 0 0.275 0.14 0.081 0.507 0.426 0.257 0.235
2
Normal 3 0.287 0.097 0.117 0.507 0.390 0.280 0.160
Total cholesterol ; 0.132 0.896
High ¢ 0.282 0.127 0.081 0.497 0.416 0.291 0.212
1
HbA1c<6 9 0.260 0.086 0.081 0.401 0.320 0.280 0.114
HbA1c ) -1.410 0.168
HbA1c>6 0 0.308 0.125 0.113 0.507 0.394 0.311 0.220

HIF-1a: Hypoxia inducible factor- 1 alpha. CRP: C reactive protein HbA1c: Hemoglobine Alc.

group. We can say that in case of acute cerebral ischemia,
HIF protein increases, and this can also be detected in
peripheral blood. Detecting HIF protein, an indicator
of ischemia in serum is an easier and more cost-effective
method than ischemic tissue examinations.

In previous studies, it was determined that HIF-la is
mainly released from penumbra tissue in stroke. This can
be interpreted as indicating the presence of brain tissue
that can be salvaged. Treatment methods targeting HIF-
la will be promising in the future in terms of protecting
healthy brain cells and treating damaged neurons in events
such as ischemia and trauma [21,22]. Studies on the effects
of drugs, natural products and supplements on HIF-1a and
their role in preventing ischemia are continuing.

Despite the significant difference in HIF-1« levels between
the stroke and control groups in our study, no signifi-
cant difference was found when examining the relationship
between infarct volumes, admission and discharge NITHS
scores and HIF-la levels of stroke patients. There are
studies indicating that patients’ NIHSS scores or infarct
volumes have a significant relationship with HIF levels
[23,24]. This can be interpreted as HIF protein increas-
ing as the amount of ischemic area or damaged tissue in-
creases. In our study, HIF was studied in serum samples
taken from patients in the acute period. The duration
and severity of hypoxia are important in HIF-1a activa-
tion. High level of HIF-1la protein expression was also
measured in the chronic phase of cerebral hypoperfusion
[10]. In a study, cerebral HIF-1 o expression was evaluated
in cases who died due to acute hypoxia. As a result, this
molecule was not considered sufficient for the diagnosis of
cerebral hypoxia [18]. Based on these studies, we can say
that the results we obtained may be due to the patients
being in the early stages of ischemia.

We found that there was no significant correlation between

HIF-1a and the blood HbAlc levels of the patients. It has
been stated that diabetic tissues are hypoxic and adaptive
mechanisms against diabetes are impaired due to HIF-1«
signaling disorder in diabetes. Emphasizing both the pro-
tective and pathological role of HIF-1« in diabetes, it was
said that studies are still needed on the mechanism to be
targeted to prevent complications [25]. In the future, new
studies can be planned on how beta cells respond to hy-
poxia and how there is a relationship between blood sugar
fluctuations and HIF-1« in diabetic stroke cases.

In our study, no statistically significant relationship was
found between CRP, which is an acute phase reactant and
an inflammatory marker, and HIF-1a. The duration of hy-
poxia is important in HIF-1a activation, and we explained
that it is not associated with CRP as it is not a determi-
nant in the pathophysiological mechanism.

Limitations

The limitations of our study can be stated as being ret-
rospective, being conducted in a single center and with a
small number of cases and working with serum samples
taken from patients in the acute period. The usability of
HIF as a prognostic factor in ischemic stroke will be fur-
ther clarified with new multicenter, large case series studies
that will also evaluate the chronic phase of the patients.

Conclusion

In conclusion, HIF-1a is an important biomarker in de-
tecting cerebral hypoxia and it is possible to detect it in
peripheral blood. It can be concluded that HIF-1a may
be a biomarker that will provide information about the
clinical course and prognosis of patients during and after
ischemia. Its availability in stroke may become widespread
with studies on its therapeutic target.

1226



Cicekli E. et al.

Ethical approval
This study was approved by the Sakarya University Fac-
ulty of Medicine Ethics Committee (21.04.2017/92).

References

1.

10.

11.

12.

Barranco R, Bonsignore A, Ventura F. Immunohistochemistry in
postmortem diagnosis of acute cerebral hypoxia and ischemia: A
systematic review. Medicine (Baltimore). 2021 Jun 25;100(25):
€26486. DOI: 10.1097/MD.0000000000026486.

Aro E, Khatri R, Gerard-O’Riley R, et al. Hypoxia-inducible
factor-1 (HIF-1) but not HIF-2 is essential for hypoxic induc-
tion of collagen prolyl 4-hydroxylases in primary newborn mouse
epiphyseal growth plate chondrocytes. J Biol Chem 2012;287:
37134-44. DOI: 10.1074/jbc.M112.352872.

Fan X, Heijnen CJ, van der Kooij MA, et al. The role and regula-
tion of hypoxia-inducible factor-lalpha expression in brain devel-
opment and neonatal hypoxic-ischemic brain injury. Brain Res
Rev 2009; 62:99-108. DOI: 10.1016/j.brainresrev.2009.09.006.
Baranova O, Miranda LF, Pichiule P, et al. Neuron-specific inac-
tivation of the hypoxia inducible factor 1 alpha increases brain
injury in a mouse model of transient focal cerebral ischemia.
J Neurosci 2007;27: 6320-32. DOI: 10.1523/JNEUROSCI.0449-
07.2007.

Lee SH, Seita J, Hong BJ, et al. Increased expression of vascular
endothelial growth factor and hypoxia inducible factor-lalpha
in lung tissue of patients with chronic bronchitis. Clin Biochem
2014; 47:552-9. DOI: 10.1016/j.clinbiochem.2014.01.012.

Li J, Jiang G, Chen Y, et al. Altered expression of hypoxia-
Inducible factor-1a participates in the epileptogenesis in animal
models. Synapse. 2014 Sep;68(9):402-9. DOI: 10.1002/syn.21752.
Schito L, Semenza GL. Hypoxia-inducible factors: Master reg-
ulators of cancer progression. Trends Cancer. 2016; 2:758-770.
DOI: 10.1016/j.trecan.2016.10.016.

Dong P, Li Q, Han H. HIF-1a in cerebral ischemia (Review). Mol
Med Rep. 2022 Feb;25(2):41. DOI: 10.3892/mmr.2021.12557.
Prabhakar NR and Semenza GL: Adaptive and maladaptive car-
diorespiratory responses to continuous and intermittent hypoxia
mediated by hypoxia-inducible factors 1 and 2. Physiol Rev.
92:967-1003. 2012. DOI: 10.1152/physrev.00030.2011.

Yang Y, Zhang J, Liu H, et al. Changes in levels of hypoxia-
induced mediators in rat hippocampus during chronic cerebral
hypoperfusion. Neurochem Res. 2013 Nov;38(11):2433-9. DOI:
10.1007/s11064-013-1158-1.

Cao WD, Kawai N, Miyake K, et al. Relationship of 14-3-
3zeta (zeta), HIF-lalpha, and VEGF expression in human brain
gliomas. Brain TumorPathol 2013. DOI: 10.1007/s10014-013-
0135-3.

Alidoosti M, Ghaedi M, Soleimani A, et al. Study on the
role of environmental parameters and HIF-1A gene poly-
morphism in coronary collateral formation among patients
with ischemic heart disease. ClinBiochem 2011;44:1421-4. DOI:
10.1016/j.clinbiochem.2011.09.001.

Original Article

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

1227

2023;30(10):1223-1227

Eltzschig HK, Bratton DL, Colgan SP. Targeting Hypoxia
Signalling for the Treatment of Ischaemic and Inflammatory
Diseases. Nat Rev Drug Discov (2014) 13(11):852-69. DOI:
10.1038,/nrd4422).

Cheng YL, Park JS, Manzanero S, et al.. Evidence That Collab-
oration Between HIF-lalpha and Notch-1 Promotes Neuronal
Cell Death in Ischemic Stroke. Neurobiol Dis (2014) 62:286-95.
DOI: 10.1016/j.nbd.2013.10.009.

Ashina K, Tsubosaka Y, Kobayashi K, et al. VEGF-Induced
Blood Flow Increase Causes Vascular Hyper-Permeability In
Vivo. Biochem Biophys Res Commun (2015) 464(2):590-5. DOL:
10.1016/j.bbrc.2015.07.014.

He Q, Ma Y, Liu J, et al. Biological Functions and Reg-
ulatory Mechanisms of Hypoxia-Inducible Factor-la in Is-
chemic Stroke. Front Immunol. 2021 Dec 13; 12:801985. DOI:
10.3389/fimmu.2021.801985.

Dong, P., Li, Q., Han, H."HIF-1a in cerebral ischemia (Re-
view)". Molecular Medicine Reports 25, no. 2 (2022): 41. DOL:
10.3892/mmr.2021.12557.

Bartschat S, Fieguth A, Konemann J, et al. Indicators for
acute hypoxia--an immunohistochemical investigation in cere-
bellar Purkinje-cells. Forensic Sci Int 2012; 223:165-70. DOI:

10.1016/j.forsciint.2012.08.023.
Chavez JC and LaManna JC: Activation of hypoxia-inducible

factor-1 in the rat cerebral cortex after transient global is-
chemia: Potential role of insulin-like growth factor-1. J Neu-
rosci. 22:8922-8931. 2002. DOI: 10.1523/JNEUROSCI.22-20-
08922.2002.

Loukovaara S, Koivunen P, Inglés M, et al. Elevated pro-
tein carbonyl and HIF-1la levels in eyes with proliferative dia-
betic retinopathy. Acta Ophthalmol. 2014 Jun;92(4):323-7. DOI:
10.1111/a0s.12186.

Guo S, Miyake M, Liu KJ, et al. Specific inhibition of hy-
poxia inducible factor 1 exaggerates cell injury induced by in
vitro ischemia through deteriorating cellular redox environment.
J Neurochem. 2009 Mar;108(5):1309-21. DOI: 10.1111/j.1471-
4159.2009. 05877 .x.

Pugh CW, Ratcliffe PJ. New horizons in hypoxia signaling
pathways. Exp Cell Res. 2017 Jul 15;356(2):116-121. DOL:
10.1016/j.yexcr.2017.03.008.

Amalia L, Sadeli HA, Parwati I, Rizal A, Panigoro R. Hypoxia-
inducible factor-1la in acute ischemic stroke: neuroprotection for
better clinical outcome. Heliyon. 2020 Jun 28;6(6): ¢04286. DOI:
10.1016/j.heliyon. 2020.e04286.

Xue L, Chen H, Lu K, et al. Clinical significance of changes in
serum neuroglobin and HIF-1a concentrations during the early-
phase of acute ischemic stroke. J Neurol Sci. 2017 Apr 15; 375:52-
57. DOI: 10.1016/j.jns.2017.01.039.

Catrina SB, Zheng X. Hypoxia and hypoxia-inducible fac-
tors in diabetes and its complications. Diabetologia. 2021
Apr;64(4):709-716. DOI: 10.1007/s00125-021-05380-z.



