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Abstract: The effect of triazino-indole derivative (Trisan) on hypoxia-inducible factor (HIF) expression
level in the organ of Corti, when administering it for therapeutic and preventive purposes, was
investigated using an acoustic trauma model in experimental animals (female F1 hybrids of CBA and
C57BL/6 lines). Cytoflavin was used as a comparator product. Study product Trisan (1% solution)
was injected intravenously, intramuscularly and intraperitoneally, in the dose of 5, 7 and 10 mg/kg
2 h after the acoustic trauma for therapeutic purposes and in the dose of 5, 7 and 10 mg/kg for
3 days before the acoustic trauma for preventive purposes. IHC methods were used to investigate
the organ of Corti. Trisan was observed to increase HIF expression in hair cells and neurons of the
spiral ganglion in case of acoustic trauma. Depending on the dose, the increased HIF-1 expression in
hair cells and spiral ganglion occurred both after therapeutic and preventive use of Trisan. Maximum
HIF expression in hair cells and ganglion was noted at the therapeutic and preventive drug dose
of 10 mg/kg. Following experimental results, we conclude that the otoprotective effect of triazino-
indole derivative is realized via its effect on HIF metabolism, which makes it a target molecule for
the drug.

Keywords: hypoxia; hypoxia-inducible factor; HIF-1α; acoustic trauma; antihypoxants; triazino-
indole; expression

1. Introduction

In the modern world, the prevalence of noise-induced hearing loss has arguably
reached epidemic proportions [1]. Prior research has demonstrated that exposure to high
levels of noise results in microcirculation disturbance in the internal ear and, subsequently,
in hypoxia in the organ of Corti [2]. This results in accumulation of active oxygen and
nitrogen forms, so-called oxidative stress and programmed and/or necrotic cell death [3].
In addition to damage to hair cells, there is also irreversible damage to neurons in the
auditory path [4]. This pathology is defined in the literature as “cochlear synaptopathy”
and was reflected in several experimental animal studies [5].

According to prior research, hypoxia resistance of hair cells in the organ of Corti is
realized through the path associated with an HIF molecule [6]. It was first identified and
investigated by Gregg Semenza and researchers from the Johns Hopkins University in
Baltimore in 1992 [7]. They were awarded a Nobel Prize for physiology and medicine for
their studies in 2019.

HIF belongs to a basic helix–loop–helix (bHLH) class of transcription proteins found
in all mammalian cells and tissues. It is required for transcription activation in cells under
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hypoxia conditions through the erythropoietin gene [8]. The HIF molecule exists mainly in
heterodimer form [9]. Its composition includes an oxygen-independent subunit HIF-1β
and three oxygen-dependent transcription-active subunits, of which HIF-1α and HIF-
2α are responsible for improvement of cell adaptation to hypoxia. HIF-3α is a negative
regulator of hypoxia-inducible genes. It has been reported that HIF-3α isoform can inhibit
the action of HIF-1/2α [10]. The HIF-1α quantity in the cell is maintained at the low
level in normoxia but increases greatly in hypoxia [11]. HIF is an oxygen homeostasis
regulator with hundreds of hypoxia-inducible target genes, protein products of which play
a significant role in angiogenesis [12], energy metabolism [13], regulation of apoptosis and
necrosis paths [14], erythropoiesis [15] and iron homeostasis [16].

The HIF-1α quantity is regulated by VHL protein (Von Hippel–Lindau), which is
involved in its ubiquitination and proteasome degradation due to E3 ligase [17]. Hy-
droxylation of HIF-1α molecule with enzyme prolyl hydroxylase (PHD) is required for
interaction with VHL. The reaction involves molecular oxygen, iron ions and ascorbic acid.
If the quantity of one of these components is insufficient, hydroxylation reaction becomes
impossible which results in the increase of HIF-1α quantity [18,19].

Our research involving an acoustic trauma model demonstrates that HIF-1α expres-
sion level can indeed be used to assess the degree of tissue hypoxia [20].

Currently, there are ongoing efforts to identify tools for pharmacologic correction of
hypoxic damage of the organ of Corti caused by acoustic trauma using HIF as their target
what formed the base of the present study.

Objective of the study. To assess hypoxia-inducible factor HIF-1α expression in cells
of the organ of Corti and its morphologic changes using an acoustic trauma model while
administering triazino-indole derivative.

2. Materials and Methods

The experiments were performed using 123 female mice of F1 hybrids of CBA and
C57BL/6 line with weight of not less than 17 g aged 4–12 weeks. The mice were delivered
from the laboratory animal farm of the Russian Academy of Medical Sciences “Rappolovo”
(Leningrad region, Russia). The experiments were performed 14 days after the animals
adjusted to the vivarium conditions. All experimental research was performed in accor-
dance with the requirements of the “European Convention for the Protection of Vertebrate
Animals used for Experimental and other Scientific Purposes” (Strasbourg, 1996), rules of
laboratory practice (Order of the Ministry of Social Development of the Russian Federa-
tion dated 23 August 2010) and methodical recommendations on performing preclinical
studies. Euthanasia of mice was carried out using a lethal dose of anaesthesia used in the
experiment, i.e., intraperitoneal injections of Telazol (50–70 mg/kg).

We studied a new triazino-indole derivative (Trisan) 3-[(2-morpholinoethylthio]-5H-
1,2,4- triazino [5,6-b] indole dihydrochloride, monohydrate. It was first investigated by
Doctor of Medical Sciences, Professor L.V. Pastushenkov at the Department of Pharmacol-
ogy at the Kirov Military Medical Academy. Cytoflavin—having antioxidant, antihypoxic
actions and allowed in ENT-practice for treatment of acute and chronic sensorineural
hearing loss—was used as a comparator product [21].

When modelling acute acoustic trauma, we exposed an animal to white noise at the
level of 107 dB (sound pressure level) and frequency band of 3–100,000 Hz (GRC Concord
1390-B Noise Generator, USA) for 3 h. The noise level of 107 dB corresponded to the level
measured using the Brüel & Kjaer measuring system (Denmark): 6.5 mm of the calibration
microphone of type 4145, preamplifier 2633 and measuring amplifies 2606 in the location
point of the tympanic membrane of the test ear.

Animals were injected with the study product Trisan, 1% solution, intravenously, in-
tramuscularly and intraperitoneally with single-use syringes. The ready-made 1% solution
of Trisan was diluted with physiological saline (1 mL of 1% solution of Trisan and 9 mL of
0.9% physiological saline) for convenient injection. The drug was administered in the dose
of 5, 7 and 10 mg/kg 2 h after the acoustic trauma for therapeutic purposes. The drug was
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administered in the dose of 5, 7 and 10 mg/kg for 3 days before the acoustic trauma for
preventive purposes. The comparator product Cytoflavin was diluted and injected in the
dose of 1.7 mL/kg by the same method. The experimental animals in the control group
received physiological saline.

After completing the experiment, the organ of Corti was removed as part of the
excised temporal bone, fixed with 10% normal (pH 7.4) formaldehyde solution for 12 h. The
obtained fixed samples were decalcified by incubation in the rapid decalcification solution
(Bio-Vitrum, St. Petersburg, Russia) for 30 min. Mice brain samples were processed using
conventional techniques in the Excelsior AS tissue processor (Thermo Shandon Limited,
Runcorn, UK), with isopropyl alcohol and paraffin wax. After that, a rotary microtome was
used to prepare 5 µm thick cross-sections. Those cross-sections were then put on slides and
coloured with haematoxylin and eosin.

The IHC tests were done with Autostainer 480S (Thermo Shandon Limited, Runcorn,
UK), UltraVision Mouse HRP (Thermo Scientific, Waltham, MA, USA) and mouse mon-
oclonal antibodies for HIF1 (Affinity Biosciences, 1:100 dilution, 90 min incubation time,
with high-temperature sample pre-treatment at pH 6.0) according to the recommendations
of equipment and reagent manufacturers. The IHC samples were scanned in Pannoramic
Midi scanner (3DHISTECH Kft., Budapest, Hungary); the QuantCenter image analysis
platform (3DHISTECH Kft., Budapest, Hungary) was used to calculate the HIF1-positive
area (in %) of the modiolus and other areas of the brain. The colour was assessed using a
mean cytochemical coefficient developed by the authors. The colour intensity in case of
HIF-1α expression was designated with figures from 1 to 6.

3. Results

Table 1 presents the data on HIF expression level depending on the therapeutic and
preventive dose assessed with the mean cytochemical coefficient.

Table 1. The hypoxia-inducible factor (HIF) content in the organ of Corti structures when using different therapeutic and
preventive regimens with the drug Trisan.

Treatment Type Mean Cytochemical Coefficient HIF Expression Based on the Findings of Immunohistochemical
Investigation

Control 1 Absence of HIF-1 expression in the cells of the receptor apparatus,
low-level HIF-1 expression in the cells of the spiral ganglion

Cytoflavin 1 Absence of HIF-1 expression in the cells of the receptor apparatus,
low-level HIF-1 expression in the cells of the spiral ganglion

Trisan, treatment,
5 mg 2 Low-level HIF-1 expression in the cells of the receptor apparatus,

moderate HIF-1 expression in the cells of the spiral ganglion
Trisan, treatment,

7 mg 4 Moderate HIF-1 expression in the cells of the receptor apparatus and
the cells of the spiral ganglion

Trisan, treatment,
10 mg 5 Pronounced HIF-1 expression in the cells of the receptor apparatus,

moderate HIF-1 expression in the cells of the spiral ganglion
Trisan, prevention,

5 mg 2 Moderate HIF-1 expression by the hair cells, low-level expression by
the cells of the spiral ganglion

Trisan, prevention,
7 mg 4 Moderate HIF-1 expression in the cells of the receptor apparatus and

the cells of the spiral ganglion
Trisan, prevention,

10 mg 6 Pronounced HIF-1 expression in the cells of the receptor apparatus
and the cells of the spiral ganglion

When analysing the experimental results of the specimens of the control and Cytoflavin
groups (Figure 1), we noted absence of HIF-1 expression in the cells of the receptor appara-
tus, low HIF expression in cells of the spiral ganglion.

When the therapeutic dose of 5 mg/kg was administered, we observed low HIF-1
expression in the cells of the receptor apparatus and moderate HIF-1 expression in the
cells of the spiral ganglion. When the therapeutic dose of 7 mg/kg was administered, we
observed moderate HIF-1 expression in the cells of the receptor apparatus and the cells of
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the spiral ganglion. The pronounced HIF-1 expression was observed after administering
the therapeutic dose of 10 mg/kg injected 2 h after the acoustic trauma (Figure 2).
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The preventive use of the drug 3 days before the acoustic load in the dose of 5 mg/kg
resulted in moderate HIF-1 expression by the hair cells, low-level expression in the cells
of the spiral ganglion. Administration of the dose of 7 mg/kg resulted in moderate HIF-
1 expression in the cells of the receptor apparatus and the cells of the spiral ganglion.
Injection of the dose 10 mg/kg resulted in pronounced HIF-1 expression in the cells of the
receptor apparatus and the cells of the spiral ganglion (Figure 3).
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In our study, we found that increased HIF-1 expression in the hair cells and spiral
ganglion was observed depending on the increase of the drug dose both in case of the
therapeutic and preventive use of triazino-indole derivative (Trisan). This coincided with
electrophysiologic changes in experimental animals. This pattern suggests that HIF is
indeed the target molecule for the drug and that the drug can regulate its level in the cells
and neural pathways of the internal ear. The maximum HIF expression in the hair cells
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and ganglion was observed after administration of the preventive and therapeutic dose of
10 mg/kg.

4. Discussion

Prior literature contains reports of experiments demonstrating the use of drugs to
increase HIF-1 expression. One of the methods for this is to block enzymes involved in
HIF deactivation [21,22]. For instance, K.Y. HoWangYin et al. used human mesenchymal
stem cells and observed inhibition of PHD2 enzyme which is involved in hydroxylation
of HIF molecule what results in its proteolytic degradation. The authors hope than PHD2
inhibition and target gene induction of vascular endothelial growth factor through HIF-1α
molecule can enhance therapy efficiency when treating patients with ischemic changes
in the lower extremities [23,24]. Other authors used low-molecular-weight organic com-
pounds of vegetable origin to activate HIF [25]. It has been demonstrated that PHD use
iron as cofactors. This forms the basis for the mechanism of action of deferoxamine, which
is iron chelator and prevents HIF degradation [26]. Dimethyloxalylglycine, which induces
stabilization of HIF molecule, has the same properties [27,28]. The role of cobalt dichloride
in increased HIF accumulation and transcription activity due to exclusion of iron and
ascorbic acid from its metabolism has been demonstrated [29].

Recent studies have shown that microRNA, which regulate gene expression endoge-
nously through the RNA-interference path, allow for selective action of HIF molecule,
thereby increasing its stability [30]. A method for increasing HIF expression through
modern genetic engineering tools using VP16-HIF-1α viruses is described [31].

According to the results of our study, triazino-indole derivative (Trisan) has an otopro-
tective action due to its effect on HIF expression level, most likely, because it blocks the
enzymes involved in its degradation (prolyl hydrolases). This makes it possible to consider
this drug as a promising pathogenetic agent for prevention and treatment of noise-induced
hearing loss.

5. Conclusions

Basing on the results of our study and analysis of prior research, we conclude that
triazino-indole derivative (Trisan) has an otoprotective action due to its effect on HIF
expression level as a target molecule for the drug. As the dose of Trisan increases, there is
an appropriate increase of HIF-1 expression in the hair cells and the spiral ganglion. We
suppose that the mechanism of action of the drug is associated with blocking the enzymes
involved in its proteosome degradation (prolyl hydroxylase).

Author Contributions: Conceptualization, V.L.P. and M.S.K.; Data curation, V.L.P., M.S.K. and
L.A.G.; Formal analysis, L.G.B., M.S.K. and V.V.D.; Investigation, V.L.P., M.S.K., V.V.D. and A.L.P.;
Methodology, V.V.D.; Project administration, L.G.B.; Resources, L.A.G.; Software, M.S.K. and A.L.P.;
Supervision, V.L.P.; Writing—Original draft, V.L.P., M.S.K. and L.A.G.; Writing—Review and editing,
L.G.B. and M.S.K. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This research has been done in accordance with the require-
ments of the “European Convention for the Protection of Vertebrate Animals used for Experimental
and other Scientific Purposes” (Strasbourg, 1996), rules of laboratory practice (Order of the Ministry
of Social Development of the Russian Federation dated 23 August 2010) and methodical recommen-
dations on performing preclinical studies. This research has been done within the framework of
the Farma-2020 Russian government programme and as such has undergone ethical review by the
relevant body of the Ministry of Industry and Commerce of the Russian Federation; State Registration
No. 114092270029, Inventory No. 1/15-1.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.



Audiol. Res. 2021, 11 371

References
1. Imam, L.; Hannan, S.A. Noise-induced hearing loss: A modern epidemic? Br. J. Hosp. Med. 2017, 78, 286–290. [CrossRef]
2. Spoendlin, H. Primary structural changes in the organ of Corti after acoustic overstimulation. Acta Otolaryngol. 1971, 71, 166–176.

[CrossRef] [PubMed]
3. Dinh, C.T.; Goncalves, S.; Bas, E.; Van De Water, T.R.; Zine, A. Molecular regulation of auditory hair cell death and approaches

to protect sensory receptor cells and/or stimulate repair following acoustic trauma. Front. Cell. Neurosci. 2015, 9. [CrossRef]
[PubMed]

4. Kurabi, A.; Keithley, E.M.; Housley, G.D.; Ryan, A.F.; Wong, A.C. Cellular mechanisms of noise-induced hearing loss. Hear. Res.
2017, 349, 129–137. [CrossRef] [PubMed]

5. Valero, M.D.; Burton, J.A.; Hauser, S.N.; Hackett, T.A.; Ramachandran, R.; Liberman, M.C. Noise-induced cochlear synaptopathy
in rhesus monkeys (Macaca mulatta). Hear. Res. 2017, 353, 213–223. [CrossRef]

6. Lin, Y.; Shen, J.; Li, D.; Ming, J.; Liu, X.; Zhang, N.; Lai, J.; Shi, M.; Ji, Q.; Xing, Y. MiR-34a contributes to diabetes-related cochlear
hair cell apoptosis via SIRT1/HIF-1α signaling. Gen. Comp. Endocrinol. 2017, 246, 63–70. [CrossRef]

7. Semenza, G.L.; Wang, G.L. A nuclear factor induced by hypoxia via de novo protein synthesis binds to the human erythropoietin
gene enhancer at a site required for transcriptional activation. Mol. Cell. Biol. 1992, 12, 5447–5454. [CrossRef]

8. Wang, G.L.; Jiang, B.H.; Rue, E.A.; Semenza, G.L. Hypoxia-inducible factor 1 is a basic-helix-loop-helix-PAS heterodimer regulated
by cellular O2 tension. Proc. Natl. Acad. Sci. USA 1995, 92, 5510–5514. [CrossRef]

9. Wang, G.L.; Semenza, G.L. Purification and characterization of hypoxia-inducible factor 1. J. Biol. Chem. 1995, 270, 1230–1237.
[CrossRef]

10. Duan, C. Hypoxia-inducible factor 3 biology: Complexities and emerging themes. Am. J. Physiol. Cell Physiol. 2016,
310, C260–C269. [CrossRef]

11. Wang, G.L.; Semenza, G.L. General involvement of hypoxia-inducible factor 1 in transcriptional response to hypoxia. Proc. Natl.
Acad. Sci. USA 1993, 90, 4304–4308. [CrossRef] [PubMed]

12. Zhang, D.; Lv, F.L.; Wang, G.H. Effects of HIF-1α on diabetic retinopathy angiogenesis and VEGF expression. Eur. Rev. Med.
Pharmacol. Sci. 2018, 22, 5071–5076. [CrossRef] [PubMed]

13. Nagao, A.; Kobayashi, M.; Koyasu, S.; Chow, C.C.T.; Harada, H. HIF-1-Dependent Reprogramming of Glucose Metabolic Pathway
of Cancer Cells and Its Therapeutic Significance. Int. J. Mol. Sci. 2019, 20, 238. [CrossRef]

14. Karagiota, A.; Kourti, M.; Simos, G.; Mylonis, I. HIF-1α-derived cell-penetrating peptides inhibit ERK-dependent activation of
HIF-1 and trigger apoptosis of cancer cells under hypoxia. Cell. Mol. Life Sci. 2019, 76, 809–825. [CrossRef]

15. Tolonen, J.P.; Heikkilä, M.; Malinen, M.; Lee, H.M.; Palvimo, J.J.; Wei, G.H.; Myllyharju, J. A long hypoxia-inducible factor
3 isoform 2 is a transcription activator that regulates erythropoietin. Cell. Mol. Life Sci. 2020, 77, 3627–3642. [CrossRef] [PubMed]

16. Xu, M.M.; Wang, J.; Xie, J.X. Regulation of iron metabolism by hypoxia-inducible factors. Sheng Li Xue Bao 2017, 69, 598–610.
[PubMed]

17. Zhang, J.; Zhang, Q. VHL and Hypoxia Signaling: Beyond HIF in Cancer. Biomedicines 2018, 6, 35. [CrossRef]
18. Watts, E.R.; Walmsley, S.R. Inflammation and Hypoxia: HIF and PHD Isoform Selectivity. Trends Mol. Med. 2019, 25, 33–46.

[CrossRef]
19. Lanigan, S.M.; O’Connor, J.J. Prolyl hydroxylase domain inhibitors: Can multiple mechanisms be an opportunity for ischemic

stroke? Neuropharmacology 2019, 148, 117–130. [CrossRef]
20. Shustov, E.B.; Karkishhenko, H.H.; Dulya, M.S.; Semenov, X.X.; Okovity‘j, C.B.; Rad‘ko, S.V. Ekspressiya gipoksiya-indutsibelnogo

faktora HIF1 C kak kriteriy razvitiya gipoksii tkaney [Expression of the Hypoxia-Inducible Factor HIF1 C as an Indicator of
Tissue Hypoxia]. Biomedicina 2015, 4, 4–15.

21. Zhuravskiı̆, S.G. Improvement of speech discrimination with cytoflavin in patients with chronic sensorineural deafness. Vestn.
Otorinolaringol. 2010, 4, 82–86.

22. Loinard, C.; Ginouvès, A.; Vilar, J.; Cochain, C.; Zouggari, Y.; Recalde, A.; Duriez, M.; Lévy, B.I.; Pouysségur, J.; Berra, E.; et al.
Inhibition of prolyl hydroxylase domain proteins promotes therapeutic revascularization. Circulation 2009, 120, 50–59. [CrossRef]

23. HoWangYin, K.Y.; Loinard, C.; Bakker, W.; Guérin, C.L.; Vilar, J.; d’Audigier, C.; Mauge, L.; Bruneval, P.; Emmerich, J.;
Lévy, B.I.; et al. HIF-prolyl hydroxylase 2 inhibition enhances the efficiency of mesenchymal stem cell-based therapies for the
treatment of critical limb ischemia. Stem Cells 2014, 32, 231–243. [CrossRef] [PubMed]

24. Bakayev, V. Determining the significance of practical military skills applied by the special purpose regiments of the Internal
Troops of the Russian Ministry of Internal Affairs to deliver combat objectives. J. Phys. Educ. Sport 2015, 615–618. [CrossRef]

25. Nagle, D.G.; Zhou, Y.D. Natural product-derived small molecule activators of hypoxia-inducible factor-1 (HIF-1). Curr. Pharm.
Des. 2006, 12, 2673–2688. [CrossRef] [PubMed]

26. Wang, K.; Jing, Y.; Xu, C.; Zhao, J.; Gong, Q.; Chen, S. HIF-1α and VEGF Are Involved in Deferoxamine-Ameliorated Traumatic
Brain Injury. J. Surg. Res. 2020, 246, 419–426. [CrossRef]

27. Wang, W.S.; Liang, H.Y.; Cai, Y.J.; Yang, H. DMOG ameliorates IFN-γ-induced intestinal barrier dysfunction by suppressing
PHD2-dependent HIF-1α degradation. J. Interferon Cytokine Res. 2014, 34, 60–69. [CrossRef] [PubMed]

28. Shafighi, M.; Olariu, R.; Fathi, A.R.; Djafarzadeh, S.; Jakob, S.M.; Banic, A.; Constantinescu, M.A. Dimethyloxalylglycine stabilizes
HIF-1α in cultured human endothelial cells and increases random-pattern skin flap survival in vivo. Plast. Reconstr. Surg. 2011,
128, 415–422. [CrossRef]

http://doi.org/10.12968/hmed.2017.78.5.286
http://doi.org/10.3109/00016487109125346
http://www.ncbi.nlm.nih.gov/pubmed/5577011
http://doi.org/10.3389/fncel.2015.00096
http://www.ncbi.nlm.nih.gov/pubmed/25873860
http://doi.org/10.1016/j.heares.2016.11.013
http://www.ncbi.nlm.nih.gov/pubmed/27916698
http://doi.org/10.1016/j.heares.2017.07.003
http://doi.org/10.1016/j.ygcen.2017.02.017
http://doi.org/10.1128/MCB.12.12.5447
http://doi.org/10.1073/pnas.92.12.5510
http://doi.org/10.1074/jbc.270.3.1230
http://doi.org/10.1152/ajpcell.00315.2015
http://doi.org/10.1073/pnas.90.9.4304
http://www.ncbi.nlm.nih.gov/pubmed/8387214
http://doi.org/10.26355/eurrev_201808_15699
http://www.ncbi.nlm.nih.gov/pubmed/30178824
http://doi.org/10.3390/ijms20020238
http://doi.org/10.1007/s00018-018-2985-7
http://doi.org/10.1007/s00018-019-03387-9
http://www.ncbi.nlm.nih.gov/pubmed/31768607
http://www.ncbi.nlm.nih.gov/pubmed/29063108
http://doi.org/10.3390/biomedicines6010035
http://doi.org/10.1016/j.molmed.2018.10.006
http://doi.org/10.1016/j.neuropharm.2018.12.021
http://doi.org/10.1161/CIRCULATIONAHA.108.813303
http://doi.org/10.1002/stem.1540
http://www.ncbi.nlm.nih.gov/pubmed/24105925
http://doi.org/10.7752/jpes.2015.04093
http://doi.org/10.2174/138161206777698783
http://www.ncbi.nlm.nih.gov/pubmed/16842166
http://doi.org/10.1016/j.jss.2019.09.023
http://doi.org/10.1089/jir.2013.0040
http://www.ncbi.nlm.nih.gov/pubmed/24010824
http://doi.org/10.1097/PRS.0b013e31821e6e69


Audiol. Res. 2021, 11 372

29. Mikami, H.; Saito, Y.; Okamoto, N.; Kakihana, A.; Kuga, T.; Nakayama, Y. Requirement of Hsp105 in CoCl2-induced HIF-1α
accumulation and transcriptional activation. Exp. Cell Res. 2017, 352, 225–233. [CrossRef] [PubMed]

30. Serocki, M.; Bartoszewska, S.; Janaszak-Jasiecka, A.; Ochocka, R.J.; Collawn, J.F.; Bartoszewski, R. miRNAs regulate the HIF
switch during hypoxia: A novel therapeutic target. Angiogenesis 2018, 21, 183–202. [CrossRef]

31. David, B.T.; Curtin, J.J.; Goldberg, D.C.; Scorpio, K.; Kandaswamy, V.; Hill, C.E. Hypoxia-Inducible Factor 1α (HIF-1α) Counteracts
the Acute Death of Cells Transplanted into the Injured Spinal Cord. Eneuro 2020, 7. [CrossRef] [PubMed]

http://doi.org/10.1016/j.yexcr.2017.02.004
http://www.ncbi.nlm.nih.gov/pubmed/28185835
http://doi.org/10.1007/s10456-018-9600-2
http://doi.org/10.1523/ENEURO.0092-19.2019
http://www.ncbi.nlm.nih.gov/pubmed/31488552

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

