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This is an Open Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License (https://creativecommons.org/licenses/by-nc/4.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Radiotherapy plays an important role in the treatment of most of solid tumors including head
and neck squamous cell carcinoma (HNSCC). Radioresistance can lead to locoregional recur-
rence and distant metastases. Despite significant progress in research of radioresistance, its
prediction and overcoming strategies remain challenging. This review describes the potential
biomarkers correlated to the radioresistance and complex signal pathway in mechanism of ra-
dioresistance focusing on the PI3K and EphA3 pathway.
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DNA £AF g8 9

WA 7= $Y DNA9 o]F WAlE 3H(Double-
strand break, DSB)$HC. 2, NZAPE-S FEgit). spA|qt ¢F
M|22E5L2 DNA damage response (DDR)E B34 &S
ESk Al ZAYEL 2131t} DSB= homologous recom-
bination (HR) E+= nonhomologous®l] &Jsj4] & t&|5L

2> 23t DSBE} 447 QPA frRlof Hapzo|ch Y
DSB% EHAshs 712 WA A3 F8st 8 47 &
. DSBef| #o{5}= XRCC2 (pretreatment protein expres—
sion)2] W&o] DDR¥} #Asto] E5Feh of| $1Ake} T
(Fig. 1), AN AL ST 4= ok LA 9ot
TR oA 1 AT oF2] 57l Bzt glrh. DDRE v
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Fig. 1. Irradiation results in DNA double strand break and in re-
sponse to irradiation, DNA damage response is DNA repair is ac-

tivated. Adapted from Larionova, et al. J Cancer Res Clin Oncol
2022;148(5):1015-31.9
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HAA3E, A extracellular matrix (ECM, AJFZEL]E2] ma-
trix ECM) & 52 & JLAJE|o] QIch(Fig, 3). YAI22}F TME
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Fig. 2. Radiation promotes hypoxia inducible factor (HIF)-1 activa-
tion by reactive oxygen species (ROS) in hypoxic condition for
activation of cell survival pathway. Adapted from Larionova, et al. J
Cancer Res Clin Oncol 2022;148(5):1015-31.9
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Fig. 3. Anticancer therapy including radiation induces the change
of tumor microenvironment such as cancer associated fibroblast
(CAF), extracellular matrix (ECM) and immune cells and tumor-
associated macrophages (TAM). Adapted from Chen, et al. Nat
Rev Clin Oncol 2021;18(12):792-804."®
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PISK/AKT pathway

Phosphatidylinositol-3-kinase (PI3-K)/protein kinase B
(AKT) A5 A A= SRS S 53l Slof WA
2 A, FF ME 47 2ear AskaFe) 3714] wIAY
Zof 2sfjA] o]FojXck PI3K/AKT pathwayt F737%4<
SEFRRE etol A BAstE| o] Alazo At 3, AlZARE
AR Lo AAaks e S o] SJ3} fieof yofgith
Autr o 2 AQJAS 25 EGFRY} -2 receptor tyrosine
kinaseol 9J3 BAJsEl= Aoz deA Uk(Fig. 4.
PI3K/AKT 44 A= 77872 90% ol dollAl Z/dsh=
o] 9JaL, o]= EGFR @43}47%), PIK3CA Z¢1H0|(8.6%),
PIK3CA 5%(14.2%), PI3K IH#(272%) sl 23l 4=
=tk > Z19]0] phosphatase and tensin homolog (PTEN)-2-
o] AZAGA|A 71 Zheet oA QIAL=, FAEU] 15%
oA} PTENS] &% 7} lat, Thakgh HARIALR sl whal
2 dhe A7} Q= 79 phosphatidylinositol (3,4,5)—tri-
sphosphate (PIP3)9] H|ZHd317} ZHaxsto], AKTS| 2337}
FEEHA ek WA A& Aol WAeh= Zlew o
24 2tk Class 1A PI3KE a catalytic subunit (pl110)2+
a regulatory subunit (p85) 2= FAJE heterodimeric pro-
tein .= p85 regulatory subunite phosphatidylinositol
(4,5)-bisphosphate2 PIP3Z Aglsl= Hske £ AKTS
FAelE 752 FEP FARlA AKT, PI3K A
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Fig. 4. Activation of phosphatidylinositol-3-kinase (P13-K)/protein kinase B (AKT) cascade in aspect of cancer aggressiveness and radio-
resistance. Adapted from Burris HA 3rd. Cancer Chemother Pharmacol 2013;71(4):829-42.2%
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Fig. 5. Phosphatase and tensin homolog (PTEN) expression is
downregulated by CpG hypermethylation in the PTEN promoter
and histone hypermethylation in H3K27me3 and results in consti-
tutive activation of the protein kinase B (AKT) pathway in radiore-
sistant head and neck cancer. Adapted from Kim, et al. Biomole-
cules 2021;11(4):599.%
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