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Protective effects of the HIF-1a pathway on cold storage of isolated organs

WANG Zhiyang® , ZHENG Siyang®, ZHU Liang "
(School of Basic Medicine, Dalian Medical University, Dalian 116085, China)

[ Abstract]  Organ transplantation is the main treatment for organ failure. Functional protection of donor organs
during ex vivo transportation is critical for the success of organ transplantation. How to protect the functions of donor organs
during in vitro transportation is an important issue in the field of organ transplantation research. In a hypoxic environment,
transcriptional activity of a series of genes in cells is activated. These genes are mainly involved in angiogenesis, iron
metabolism, glucose metabolism, and cell proliferation/survival. In aerobic organisms, hypoxia-inducible factor-lac ( HIF-
la) is involved in the regulation of the expression of various genes to maintain homeostasis of tissues and cells under
hypoxic conditions, thereby adapting to the hypoxia. Many studies have shown that the HIF-1aw pathway plays an important
role in protecting isolated organs from cold ischemic injury during cold storage. HIF-1a has been a hot topic in research on
the protective mechanism of cold ischemic injury of isolated organs. Regulating the HIF-la-related signaling pathway is
expected to be a new strategy to maintain organ functions during cold storage of isolated organs.
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Note. Domains of HIF-1a all contain the basic region-helical ring-helical ring (bHLH) , Per-Amt-SIM (PAS) , oxygen-dependent degradation

domain (ODDD) , and two independent trans-activation domains at the COOH terminal. The amino terminal trans-active domain ( N-TAD) and

the COOH terminal trans-active domain ( C-TAD). N-TAD is involved in structural stabilization, C-TAD is involved in regulating transcriptional

activation under hypoxic conditions, and the oxygen-dependent degradation domain (ODDD) is an element necessary for the degradation of the

ubiquitin-proteasome pathway under normoxic conditions.

Figure 1 Domain of HIF-1a
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Note. HIF-la can inhibit carnitine palmitoyl transferase ( CPT1A) to inhibit B oxidation in cardiomyocytes during cold preservation of isolated organs,

and can activate glucose transporter 1 ( GLUT1) to improve the utilization of glucose by cardiomyocytes. Stimulating hexokinase 2 ( HK2) and

pyruvate dehydrogenase kinase 1 (PDK1) promotes the production of pyruvate and inhibits the entry of pyruvate into the tricarboxylic acid cycle, and

can promote the expression of lactate dehydrogenase A ( LDHA) to promote the production of lactic acid, a further product of the glycolytic end

product pyruvate.

Figure 2 HIF-1a regulates fatty acid metabolism and glycolytic metabolic pathways
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Figure 3 Antagonistic pathway mechanism of HIF-1a on organ cold ischemia injury

BRI BTN ROS 774 PRFFEL AR I 1Y) 58 2
PERIAN G S0 fE AP B RS R, HIF-1a 38
A LN B AR L, A LDHA DY R I 2
P4 3 ( pyruvate dehydrogenase kinase 3, PDK3) , ¥
EALHE 4-2 (eyclooxygenase 4-2, COX4-2) 5411 il £k
RS AL AR BT 5 S miR-29¢ [, AT
ISR -2(SERCA2) . — LR AEH #0IRAE T Al
LA HIF-1a BOEIR, AH R B AE BRECIRAS T, Hem]
LA B A 5 19 HIF- 1o A F3K S IREL T — %1k
A (nitric-15n oxide ,NO ) 540 HIF-1a B 0L #E2
BRAF T HIF-1o0 SO 2540 48 5 23005 7] 257
AR EAE T, R S HIE S W 3% B b o A 9 B T PR 4R
7= (B 5 5 S AR U AR AN AT M, {5 HIF-Ta
ST TR DG T A A, X B AR AV DR A o AR
Hh P A Y I A A5 R B AR AR, X MRN8
B IZUESE

5 REERE

HIF- Lo {658 I A2 AT BN 23 B K B 1y
SR O SIBRICESS , A A S
(A IR L 330 HIF-1 A B 0 T T, T
R AL B 0 059 , -4 % L 477 1
Ff ], ST TE A 1 U] HIF- 1o 76 B BT VA5
AEATIAT 2R OB S 0 B i

I S 7 B B R AL P B4R T B
ST HIF-Loc BOFEFRLT- 594 (A7 B Bt A A
5. EHURTEAT HIF- o B9 FEFIHEAR AL M— i

it 2 0 n] fE S 28 E MR B AS R AT
A FAGR L] JREE  pH S AP SR R 155 5O
WA EBEA R, HATXT HIF-la 581k
T E R URPRAE DI RE AR A 5T 45 /0, AR H8 B B 1) SC
BRR 2%, HIF- 1o 760 JIE SRS VA (A7 2 7 rh e
BT e EAE T, (A SE AL I o 4k 1 1
I, TCIEH 2 HIF-1o 6 AR RI 2R AL B R ORI A Y
THRENLHE AT 22 5, i AH OG5 1 a2F ¢ | HIF-
Lo FESTARAS BV A7 A if P 1 34 b 1R 4
BT 52 B AT i, Q] A5 55 R AS [9) B Bt
HIF- 1o B A W24 5000 A o I PR 7 B R A A Eh 2R
7 HIF-1o 22922 4E 9 20 7 BL R R A 50T
HIF-1o ZEAN RV B ARES B R A /E AL, LA 2 ey 78
e R B A28 B VA VR AR o o P s AL, DA 4R oo
B R AR A )R BT S, XA
WF5 3 38 o TRt 1 S BB 5T 4 4 B 2 Bl S

S 3k

[ 1] Squara P. Central venous oxygenation: when physiology explains
apparent discrepancies [ J]. Crit Care, 2014, 18(6) ; 579.

[ 2] Rudge C, Matesanz R, Delmonico FL, et al. International
practices of organ donation [ J]. BrJ Anaesth, 2012, 108 i48—
i55.

[3] Zhao L, Hu C, Han F, et al. Combination of mesenchymal
stromal cells and machine perfusion is a novel strategy for organ
preservation in solid organ transplantation [ J]. Cell Tissue Res,
2021, 384(1). 13-23.

[ 4] Brenman-Suttner DB, Long SQ, Kamesan V, et al. Progeny of



rp [ LA PR 22 A 2023 4F 12 A% 33 %45 12 3] Chin J Comp Med, December 2023, Vol. 33,No. 12

117

[8]

[10]

[11]

[12]

[13]

[14]

[15]

old parents have increased social Drosophila

melanogaster [ J]. Sci Rep, 2018, 8(1): 3673.
Ma LN, Huang XB, Muyayalo KP, et al. Lactic acid: a novel

space in

signaling molecule in early pregnancy? [ J]. Front Immunol,
2020, 11: 279.
Semenza GL. Hypoxia-inducible factors: mediators of cancer
progression and targets for cancer therapy [ J]. Trends Pharmacol
Sci, 2012, 33(4) . 207-214.

Prabhakar NR, Semenza GL. Adaptive and maladaptive
cardiorespiratory responses to continuous and intermittent hypoxia
mediated by hypoxia-inducible factors 1 and 2 [ J]. Physiol Rev,
2012, 92(3) : 967-1003.

Luo D, Wang Z, Wu J, et al. The role of hypoxia inducible
factor-1 in hepatocellular carcinoma [ J]. Biomed Res Int,
2014, 2014, 409272.

Li B, Zhu Y, Sun Q, et al. Reversal of the Warburg effect with
DCA in PDGF-treated human PASMC is potentiated by pyruvate
dehydrogenase kinase-1 inhibition mediated through blocking
Akt/GSK-3P signalling [ J]. Int J Mol Med, 2018, 42(3):
1391-1400.

Guccini I, Serio D, Condd I, et al. Frataxin participates to the
hypoxia-induced response in tumors [J]. Cell Death Dis, 2011,
2(2): el23.

Sun G, Zhou Y, Li H, et al. Over-expression of microRNA-494
up-regulates hypoxia-inducible factor-loe expression via PI3K/
Akt pathway and protects against hypoxia-induced apoptosis [ J].
J Biomed Sci, 2013, 20(1) : 100.

Liu Y, Nie H, Zhang K, et al. A feedback regulatory loop
between HIF-laa and miR-21 in
cardiomyocytes [ J]. FEBS Lett, 2014, 588(17) : 3137-3146.

Wu L, Chen Y, Chen Y, et al. Effect of HIF-1a/miR-10b-5p/

response to hypoxia in

PTEN on hypoxia-induced cardiomyocyte apoptosis [ J]. J Am
Heart Assoc, 2019, 8(18) : e011948.

Forrester SJ, Kikuchi DS, Hernandes MS, et al. Reactive
oxygen species in metabolic and inflammatory signaling [J]. Circ

Res, 2018, 122(6) . 877-902.
Li L, Yang L, Fan Z, et al. Hypoxia-induced GBE1 expression

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

promotes tumor progression through metabolic reprogramming in
lung adenocarcinoma [ J]. Signal Transduct Target Ther, 2020,
5(1): 54.

Taylor MR, Hurley JB, van Epps HA, et al. A zebrafish model
for pyruvate dehydrogenase deficiency: rescue of neurological
dysfunction and embryonic lethality using a ketogenic diet [ J].
Proc Natl Acad Sci U S A, 2004, 101(13) ; 4584-4589.

Ong SG, Lee WH, Theodorou L, HIF-1

ischaemia-reperfusion

et al. reduces

injury in the heart by targeting the
mitochondrial permeability transition pore [ J]. Cardiovasc Res,
2014, 104(1) . 24-36.

Nanayakkara G, Alasmari A, Mouli S, et al. Cardioprotective
HIF-la-frataxin = signaling against ischemia-reperfusion injury
[J]. Am ] Physiol Heart Circ Physiol, 2015, 309(5) . H867
—-H879.

Jha P, Das H. KLF2 in regulation of NF-kB-mediated immune
cell function and inflammation [ J]. Int J Mol Sci, 2017, 18
(11) . 2383.

Wang G, Li Y, Yang Z, et al. ROS mediated EGFR/MEK/
ERK/HIF-1a loop regulates glucose metabolism in pancreatic
cancer [ J]. Biochem Biophys Res Commun, 2018, 500(4) .
873-878.

Diez I, Calatayud S, Herndndez C, et al. Nitric oxide, derived
from inducible nitric oxide synthase, decreases hypoxia inducible
factor-lalpha in macrophages during aspirin-induced mesenteric
inflammation [ J]. Br J Pharmacol, 2010, 159 (8): 1636
—-1645.

Winder GS, Clifton EG. The 21st Century Cures Act and
psychosocial  electronic  documentation in  solid  organ
transplantation ; Potential harms and practical strategies [ J]. Am
J Transplant, 2022, 22(12) . 2781-2785.

Lee P, Chandel NS, Simon MC. Cellular adaptation to hypoxia
through hypoxia inducible factors and beyond [ J]. Nat Rev Mol

Cell Biol, 2020, 21(5) : 268-283.

(%5 H #3)2023-08-01



