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Abstract: 
Fas Activated Serine/Threonine Kinase (FASTK) family is a protein family encoded in the nuclear genome that spans the mitochondria and 
executes numerous functions, and consists of FASTK, the founding member along with 5 homologous proteins FASTKD1-5. Up regulation 
of FASTK family members have not only been implicated in tumour progression and invasion but also in increased resistance to 
chemotherapy proven by their knockdown leading to increased sensitivity to drugs. Thus, this review reports the implication of FASTK 
proteins in cancer and hence provides a scope to emphasise the role of these proteins in Oral Cancer. 
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Background: 
Cancer is characterised by a pathological breakdown in the 
processes that control cell proliferation, differentiation, and 
death [1]. It is a serious public health and economic concern, 
although there are significant geographical differences in the 
incidence of overall and specific organ cancers [2]. Oral cancer 
causes a significant proportion of deaths in India especially in 
males owing to the tobacco smoking and chewing habits, 
however in the Western countries oral cancer is attributed to 
HPV infection [2]. Oral cancer accounts for 90% of cancers 
arising in the head and neck region. Oral Cancer comprises 
cancer of the lips, tongue, gum, floor of mouth, palate, cheek 
mucosa, vestibule of the mouth, or retromolar area [3].  There 
are a plethora of genes including oncogenes, anti-apoptotic 
genes among others which play a major role in cancer 
progression. According to the latest literature, cancer is an 
acquired dysfunction of human cells as they precede to 
neoplastic growth states which are pivotal in their potential to 
transform into malignancy from normalcy [4]. The hallmarks 
described earlier in 2002 and modified in 2011 were  the 
acquired ability of the cancer cells to sustain proliferative 
signalling, evade growth suppressors, resist cell death, 
replicative immortality, angiogenesis, invade and metastasise, 
reprogrammed the cellular metabolism, and evade immune 
destruction [5]. Currently apart the above mentioned 8 
hallmarks, 4 more have been considered as emerging hallmarks 
which include enabling characteristics involving “unlocking 
phenotypic plasticity,” “non-mutational epigenetic 
reprogramming,” “polymorphic microbiomes,” and “senescent 
cells.”[4] .Though the advancement in science and drug 
development is enormous, the prognosis and treatment of 
OSCC continues to pose a major challenge to the medical 
fraternity. Hence there is a continuous thrive for development 
of novel genes and biomarkers which can be developed as 
potential targets for early diagnosis and therapeutic strategies 
not discounting their prognostic value.  The present review 
highlights the significance of the FASTK family in health and 
disease (Figure 1) and hypothesises the molecular mechanism 
for its role in cancer (Figure 2). 
 
Mitochondrial protein functions: 

Earlier quoted as an emerging hallmark and now included in 
the main component is the metabolic reprogramming of 
mitochondria is critical in cancer development [6]. 
Mitochondria contribute to cancer formation and progression 
by dysregulation of cell death, de-regulated metabolism, 
inflammation, genome instability and migration [7]. In Spite of 
the presence of mt-DNA (mitochondrial genome) which 
controls protein synthesis to an extent, the mitochondrial 
proteome is predominantly encoded by the nuclear genes and 
synthesised as precursor proteins on the cytosolic ribosomes 
[8].  Precursor proteins are: (i) targeted to mitochondria; (ii) 
imported into or across the outer membrane; and (iii) sorted 
into the correct sub-compartment. Such extensive protein 
import mechanism and sorting is executed by highly 
sophisticated translation machinery [8]. 
 
FASTK Family: 
Numerous protein families have been significant in maintaining 
mitochondrial organisation and stability which are crucial for 
disease prevention, one such family which is now under the radar 
is the Fas-activated serine/threonine kinase (FASTK) family of 
proteins that has emerged as key regulators in post-transcriptional 
gene expression in the mitochondria [9–11]. It contains six 
members: FASTK, the founding member, and its homologs FAST 
Kinase Domains 1–5 (FASTKD1–5) are expressed only in the 
mitochondrial matrix and hence regulate numerous functions in the 
mitochondria [9–11]. Their protein structure is composed of three 
domains called FAST 1, FAST 2, and RAP. Earlier studies 
predominantly concentrate on their functions in the mitochondrial 
RNA regulation, from mRNA processing and maturation to 
ribosome assembly and translation, but little is known about their 
role in disease [9–11]. A recent systematic analysis was performed 
in this family to elucidate their role in various cancers [12]. Apart 
from cancer they are also known to play roles in other diseases of 
mitochondrial and inflammatory origin.  Proteins from the FASTK 
family therefore play crucial roles in health and disease states of the 
human body.  Distinct role of FASTK family proteins in the 
regulation, processing and maturation of mitochondrial RNA in 
cancer, is still evasive.  

 
Table 1: Effect of FASTK Family expression in various pathologies and cancers 
FASTK 
family 

Expression change Sample Effect Type of cancer Other pathologies Author 

FASTK Overexpression  Tissues Indicates malignant 
transformation 

Pancreatic cystic 
tumors 

  A Bauer 2009 [25] 

  Overexpression , gain of 
7q36 

 Cell Lines   Mycosis fungoides - 
t cell lymphoma 

  Van Doorn, R 2009 
[38] 

  Overexpression, target of 
mir-106a-5p 

 Cell Lines Poor prognosis- (knockdown -
inhibit cell proliferation and 
migration, and promote cell 
apoptosis 

Astrocytoma   Zhi, F 2010 [22] 

  Overexpression Cell lines Knockdown of gene FASTK 
severly impaired cell 
proliferation and reduced 

Pancreatic ductal 
adenocarcinoma 

  Kaistha BP 2012 [39] 
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resistance to apoptosis 
  Acts with splicing factor 

PHF5A 
 Cell Lines Proapoptic with PHF5A 

ablation 
Breast cancer   Zheng, Y.Z.2018 

[40] 
  Immune-mediated 

pulmonary inflammation 
Rats Pro-inflammatory   Pulmonary inflammation Simarro, M 2010 [9] 

  Deletion Rats Ameliorates   Arthritis Simarro, M 2016 
[41] 

  Overexpression   Improves   Myocardial ischemia- 
reperfusion injury 

Chen et Al., 2020 
[42] 

  Genetic deletion   Modulates liver steatosis, 
inflammation, and oxidative 
stress 

  Alcoholic liver disease Zhang, F 2021 [43] 

FASTKD1 Overexpression Uterine 
aspirates 

Biomarker Endometrial 
carcinoma 

   Colas, E 2011 [44] 

  Overexpression     Acute 
lymphoblastic 
leukemia 

   Wang, J 2015 [45] 

FASTKD2 Overexpression – C-
MYC dependent 

Tissues and 
cell lines 

Poor prognosis Pancreatic cancer   Fang, R 2020 [24] 

  Nonsense mutation       Mitochondrial 
encephalomyopathy associated 
with cytochrome c oxidase 
deficiency 

Ghezzi, D 2008 [46] 

  Compound 
heterozygous mutations 

      Adult-onset melas-like 
syndrome 

Yoo, D.H 2017 [47] 

  Silencing Cell lines Proapoptotic Breast cancer   Yeung, K. 2011 [34] 
  Silencing Cell lines Proaopototic Prostate cancer, 

breast cancer 
  Das, S.2014 [48] 

  SNP Population and 
autopsy 
specimen 

Improves memory   Alzhiemer’s disease Ramanan&Saykin, 
2015 [49] 

FASTKD3 High expression   Better survival Bladder cancer   Wu, Y 2020 [26] 
FASTKD4/ 
TBRG4 

High expression, 
regulating DDIT3, CAV1 
and RRM2 

Cell lines Poor prognosis Lung cancer   Wang, A 2018 [23] 

  High expression   Progression Lung 
adenocarcinoma 

  Ke, Y. E 2019 [50] 

  RUNX1 RUNX1T1 
depletion caused down 
regulation of TBRG4 

Cell lines Growth arrst at G0/G1 Chronic myeloid 
leukemia 

  Bashanfer, S 2019 
[51] 

  Upregulation Cell lines Novel biomarker Colorectal cancer   Briffa, R 2015 [28] 
  Silencing Tissues , cell 

lines 
Decreases progression, 
regulates CAV-1 

Eesophageal 
squamous cell 
cancer 

  Wang, J 2020 [52] 

  Siilencing Cell lines Suppresses proliferation, 
invasion and promotes 
apoptosis 

Osteosarcoma   Huang, F 2020 [27] 

  Upregulated along with 
10 other genes 

Cell lines Detection of early colon 
carcinogensis 

Colon cancer   Fan et al., 2008 [53] 

  Significantly amplified Tissues Detection of malignant 
transformation 

Leukoplakia to 
invasive OSCC 

  Cervigne et al., 2014 
[54] 

  Overexpression   Poor prognosis Multiple myeloma   Macauda, A 2021 
[55] 

FASTKD5 None           

 
Physiological roles of FASTK family: 
FASTK: 
The mechanism of action of FASTK proteins is under continuous 
research due to their unique structural characteristics. 
Mitochondrial FASTK isoform has been reported to be necessary 
for the biogenesis of the mitochondrial ND6 mRNA, which encodes 
an essential subunit of mitochondrial respiratory complex I[10]. The 
mitochondrial isoform of FASTK plays a negative regulatory role 
on nonopsonic phagocytosis of bacteria in macrophages through its 
action on mitochondrial respiratory complex I activity [13]. It 
effectively binds to RNA, and is a component of MRGs 
(mitochondrial RNA granules) which is activated during Fas-

mediated apoptosis regulated by the phosphorylation of a nuclear 
RBP -TIA-1, and thus an important player in apoptosis [14] .  
 
FASTKD1: 
FASTKD1 controls the ND3 domain in the mitochondria and has a 
putative role in RNA stability-related processes.  The down-
regulation of mitochondrial MT-ND3 mRNA levels leads to 
decreased respiratory complex I abundance and activity [9]. Owing 
to its interaction with Cyclophilin D which is a part mitochondrial 
permeability transition (MPT) pore, FASTKD1 was proposed to be 
a regulator of mitochondrial-dependent cell death and survival. 
FASTKD1 protects cells from oxidative stress and ROS induced cell 
death, the mechanism of which remains unknown. It also 
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modulates mitochondrial dynamics in a CypD-independent 
manner, as well as autophagy/mitophagy and caspase-3 activation 
C [15]. Owing to this function, FASTKD1 was considered as a novel 
target for modulation of oxidative stress induced cell death and 
post-myocardial infarction healing [16]. Apart from this, FASTKD1 

is considered as an early precursor of hematopoietic cells. 
Hypomethylation in FASTKD1 was detected due to in utero 
tobacco exposure in a recent study proving its role in early 
development [17].  However there is a shortage of studies on its 
role in carcinogenesis. 

 

 
Figure 1: Significance of the FASTK family in health and disease 
 
FASTKD2: 
FASTKD2 has a unique role in mitochondrial respiration, RNA 
processing and translation and interacts with a defined set of 
mitochondrial transcripts including 16S ribosomal RNA (RNR2) 
and NADH dehydrogenase subunit 6 (ND6) messenger RNA [18]. 
FASTKD2-deficient cells reveal impaired cellular respiration with 
reduced activities of all respiratory complexes. Studies through 
RNA interference (RNAi) or by Clustered Regularly Interspaced 
Short Palindromic Repeats (CRISPR) reveals that FASTKD2 
controls mitochondrial 16S rRNA and intra-mitochondrial 
translation. It is also largely implicated in the functioning of MRGs 

along with the other members and predominantly used to label 
them [19]. 
 
FASTKD3: 
FASTKD3 is another protein which localises to the mitochondrial 
matrix but is not expressed in the MRGs unlike the other members 
of the FASTK family but plays a role in controlling mRNA stability 
of various molecules including MT-ND2, MT-ND3, MT-CO2, MT-
CYB, and MT-ATP8/6 and also essential for effective COX1 mRNA 
translation [20]. According to previous studies, targeted 
knockdown of FASTKD3 significantly reduced basal and maximal 
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mitochondrial oxygen consumption and they were found to have a 
key role in mitochondrial respiration by modulating energy balance 
in cells exposed to adverse conditions by functionally coupling 
mitochondrial protein synthesis to respiration [9]. 
 
FASTKD4: 
Another interesting player in the FASTK family is FASTKD4 also 
called the TBRG4 (Transforming growth factor beta regulator) or 
cell cycle progression restoration protein 2 (CPR2) is a key regulator 
in mt-RNA functions and also implicated in numerous cancers. 
Activation of non-canonical processing site between MT-ND5 and 
MT-CYB may be involved with FASTKD4 protein [11]. Upon 
FASTKD4 depletion, the MT-ND5-CYB precursor accumulates, 
accompanied by a decrease in some mature transcript levels, 
including MT-ND5 and MT-CYB [11].The exact mechanism of 
TBRG4 in cancer is still under constant research. Even though it 
plays a significant role in the prognosis of various malignancies, its 
role in Oral Cancer remains elusive. 
 
FASTKD5: 
FASTKD5 is a bonafide component of MRGs, and colocalizes with 
MRGs which differentially regulate the processing of mitochondrial 
RNAs and an essential component of protein synthesis [21]. 
Depletion of FASTKD5 resulted in an accumulation of unprocessed 
precursor RNAs and defective complex IV [21]. The literature on 
FASTKD5 is sparse and hence needs further evaluation and 
validation. 
 
Implication of FASTK family in Cancers: 
FASTK family is an intriguing group of proteins who have a 
discernible role in cancer but their role in oral cancer is still 
unexplored. FASTK, FASTKD2 and FASTKD4 are upregulated in 
cancer tissue compared to healthy tissue or cell lines in numerous 
cancers as mentioned in the table (Table 1). Silencing of FASTK has 
decreased the proliferation and induced activation of the apoptotic 
pathway. Additionally, increased expression of FASTK in 
astrocytoma led to upregulated migration and invasion. These 
findings demonstrate that FASTK can be used as a prognostic 
biomarker but also as a therapeutic target [22].The other important 
FASTK proteins that have been implicated in tumour progression 
include, FASTKD2 and FASTKD4, already described in the table. 
Knockdown of FASTKD4 lung cancer cells led to the inhibition of 
cell proliferation, migration, and invasion highlighting its role in 
tumour growth in lung cancer [23]. In the case of pancreatic 
adenocarcinoma, FASTK and FASTKD2 had also been involved in 
proliferation, invasion, and migration and hence poor prognosis 
[24, 25]. Conversely, the overexpression of FASTKD3 in bladder 
cancer improved patient survival [26]. FASTK4 expression was 
detected in osteosarcoma cell lines. Its knockdown suppressed the 
proliferation, migration, and invasion of those cell lines [27].These 
effects were associated with a decrease in the expression of TGF-
beta and PKT/AKT pathway. The results were comparable to a 
similar study in colorectal cancer. TBRG4 also differentially 
expressed with respect to 5-FU sensitivity and BEZ235-sensitive cell 
lines and was implicated in cell cycle progression and apoptosis. 

This shows that TBRG4 could portray therapeutic effects if silenced 
[28].Thus these proteins can be considered as potential prognostic 
markers but also as regulators of tumour growth in several types of 
cancer which has been illustrated (Figure 1) 
 
Mechanisms involved in cancer development: 
Role of mitochondria: 
Mitochondrial biogenesis is an intriguing functional enigma in the 
cell as they are the only organelle which has a two way control, 
they possess their own genome, the mt-DNA, which requires 
dedicated gene expression machinery as well the control from the 
various nuclear encoded proteins which control and express within 
the mitochondria[29]. Mitochondrial proteins require a smooth 
coordination between the pathways controlling the mitochondrial 
protein production with the nucleo-cytoplasmic compartment for 
maintaining a harmonious environment [30]. Mitochondria are the 
energy powerhouse of the cell whose adequate function depends 
on the reciprocal interaction between two genomes, both 
mitochondrial and nuclear. The m-DNA encodes only 13 of the 
1000s of proteins expressed in the mitochondria but any faulty 
expression  in the mt-DNA encoded proteins leads to imbalance 
and hence disturbance in the electron transport chain and 
respiratory complexes which are indispensable for energy 
production and thus cell survival. The production of few RNA 
molecules is also influenced by mtDNA which has varied functions 
in the cytoplasm. Consecutively, any dysfunction in the mtDNA 
expression may lead to pathologies in humans [19, 31]. 
 
Mitochondrial protein pathway 
As mentioned earlier, many nuclear encoded proteins are essential 
for mitochondrial transcription, RNA processing, degradation and 
translation. Emerging players in the post-transcriptional 
mitochondrial gene expression regulation concerns members of the 
FASTK family of proteins, which also controls non-canonical RNA 
processing and are structurally related to RNA binding proteins 
(RBP) [32][33]Mitochondrial organisation is most importantly 
mediated by two components namely the transcription factors and 
RNA binding proteins (RBP) which regulate the mitochondrial gene 
expression and other functions like mRNA splicing, stability and 
translation respectively. RBPs can also undergo mutations and 
other alterations which lead to mitochondrial dysfunctions, 
constituting leading causes of pathogenesis (Figure 2). 
 
In many cancers as already discussed, differential expression of 
FASTKs has been observed and some of them have been used as 
prognostic biomarkers. A large number of FASTKs have also been 
implicated in cancer development and in decreased drug 
sensitivity, suggesting that the FASTK family is a putative 
candidate for oncology research. Furthermore, some of these 
proteins act as tumour suppressors, by proapoptotic and increasing 
cell survival (e.g., FASTKD3 ) [9] while others act as pro-oncogenes 
and poor prognostic factors (FASTK, FASTKD2, FASTKD4) [25, 27, 
28, 34].  With the above findings we have formatted a possible role 
of FASTK family in the mechanism for tumorigenesis (Figure 2).
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Figure 2: Proposed Molecular Mechanism of the role of FASTK family in cancer 
 
Influencing factors in tumourigenesis: 
There is increased recognition that genetic alterations affecting 
RNA splicing and polyadenylation are common in cancer and may 
generate novel therapeutic opportunities [35] Supek et al have 
identified variable sources for synonymous mutations in cancer, 
most of which are related to altered RNA splicing in oncogenes 
[36].  Recently, ‘Epitranscriptome’, a term defining post-
transcriptional RNA modifications that can dynamically change the 
transcriptome was described [37]. They participate in modulating 
gene expression and controlling the cell fate, thereby instilling a 
quest for RNA-based drug discovery. Since the FASTK family of 
proteins have a major role in RNA processing and stability, 
mapping new RNA modifications, studying the biological functions 
of RNA modification-related genes and understanding their 
pathogenic mechanisms will be of prominence in the design and 
development of novel anticancer drugs [37]. Since the various 
cancers described are closely related to oral cancer developmental 

pathways, this review provides a whole new realm of proteins to be 
deliberated in the prognosis and treatment of oral cancer. 
 
Conclusion: 
This review has concisely spotlighted the physiological and 
pathological roles of the relatively unexplored FASTK family and 
accentuated the mechanisms by which their functional alterations 
can lead to cancer development. Despite the substantial progress 
made in the field of mtRNA processing and its regulation, many 
concepts regarding their role in malignancies remain camouflaged. 
Our discussion is a sliver of the entire scope, with mitochondrial 
proteins engaging in a plethora of roles in almost every facet of 
cancer biology and thus optimistically unearths a whole new arena 
in drug design therapeutic strategies by imploring the roles of 
FASTK proteins, particularly in cancers.   
 
References: 

[1] Cooper GM. The Cell: A Molecular Approach. 2nd 

https://paperpile.com/c/CKG5SP/cSti7
https://paperpile.com/c/CKG5SP/cSti7
https://paperpile.com/c/CKG5SP/cSti7
https://paperpile.com/c/CKG5SP/cSti7
https://paperpile.com/c/CKG5SP/cSti7
https://paperpile.com/c/CKG5SP/gJ2Es
https://paperpile.com/c/CKG5SP/gJ2Es
https://paperpile.com/c/CKG5SP/gJ2Es
https://paperpile.com/c/CKG5SP/gJ2Es
https://paperpile.com/c/CKG5SP/oPzXT
https://paperpile.com/c/CKG5SP/oPzXT
https://paperpile.com/c/CKG5SP/oPzXT
https://paperpile.com/c/CKG5SP/oPzXT
https://paperpile.com/c/CKG5SP/oPzXT
https://paperpile.com/c/CKG5SP/oPzXT
https://paperpile.com/c/CKG5SP/oPzXT
https://paperpile.com/c/CKG5SP/oPzXT


ISSN 0973-2063 (online) 0973-8894 (print)  
©Biomedical Informatics (2022) Bioinformation 18(3): 206-213 (2022) 

 

212 
 

edition.2000. 
https://www.ncbi.nlm.nih.gov/books/NBK9839/ 

[2] Kanavos P Ann Oncol. 2006. [PMID: 16801335] 
[3] Zhao Xiao-Tong et al. Oral Oncol.2021. [PMID: 33220636] 
[4] Hanahan D Cancer Discov.2022 12:31.[PMID: 35022204] 
[5] Hanahan D & Weinberg RA Cell. 2011 144:646. [PMID: 

21376230] 
[6] Warburg O Science. 1956 123:309.[PMID: 13298683] 
[7] Giampazolias E &Tait SWG FEBS J. 2016283:803.[PMID: 

26607558] 
[8] Kang Y et al. Semin Cell Dev. Biol.2018 76:142. [PMID: 

28765093] 
[9] Simarro M et al. Biochem Biophys Res Commun. 2010 

401:440. [PMID: 20869947] 
[10] Jourdain AA et al. Cell Rep. 2015 10:1110. [PMID: 25704814] 
[11] Boehm E et al. Nucleic Acids Res.2017 45:6135. [PMID: 

28335001] 
[12] Magraner-Pardo L et al. Int. J. Mol. Sci.2021 22:11337. 

[PMID: 34768773] 
[13] Garcia Del Rio A et al. J Immunol.2018 201:2977. [PMID: 

30322967] 
[14] Tian Q et al. J Exp. Med.1995 182:865. [PMID: 7544399] 
[15] Marshall KD et al. Am. J. Physiol. Cell Physiol.2019 317:C584. 

[PMID: 31268778] 
[16] Marshall KD Circulation 2016 134:A16553. 

https://www.ahajournals.org/doi/abs/10.1161/circ.134.s
uppl_1.16553 

[17] Noble AJ et al. bioRxiv 2021. 
https://doi.org/10.1101/2021.04.08.438710 

[18] Popow J et al. RNA. 2015 21:1873. [ PMID: 26370583] 
[19] Xavier VJ & Martinou J-C Int. J. Mol. Sci. 2021 22:9502. 

[PMID: 34502411] 
[20] Boehm E et al. J. Biol. Chem.2016 291:25877. [PMID: 

27789713] 
[21] Antonicka H & Shoubridge EA Cell Rep. 2015 

10:920.[PMID: 25683715] 
[22] Zhi F et al. PLoS One. 2013 8:e72390. [PMID: 24013584] 
[23] Wang A et al. Oncol. Lett. 2018 15:121. [PMID: 29387213] 
[24] Fang R et al. J. Cell. Biochem. 2020 121:2458. [PMID: 

31692063] 
[25] Bauer A et al. Pancreatology. 2009 9:34. [PMID: 19077453] 
[26] Wu Y et al. Front. Genet.2020 11:992.[PMID: 32983230] 
[27] Huang F et al. Arch. Biochem. Biophys.2020 

686:108351.[PMID: 32240636] 
[28] Briffa R et al. PLoS One. 2015 10:e0144708.[PMID: 26678268] 
[29] Taanman JW Biochim Biophys Acta 1999 1410:103. [PMID: 

10076021] 
[30] Uittenbogaard M & Chiaramello A Curr Pharm Des.2014 

20:5574. [PMID: 24606804] 
[31] Kummer E & Ban N Nat. Rev. Mol. Cell Biol.2021 

22:307.[PMID: 33594280] 
[32] Jourdain AA et al. Nucleic Acids Res.2017 45:10941.[PMID: 

29036396] 
[33] Kotrys AV & Szczesny RJ Cells.2019 9:17. [PMID: 

31861673] 
[34] Yeung KT et al. Mol. Cell. Biol.2011 31:2287. [PMID: 

21444724] 
[35] Obeng EA et al. Cancer Discov.2019 9:1493.[PMID: 

31611195] 
[36] Supek F et al. Cell. 2014 156:1324.[PMID: 24630730] 
[37] Haruehanroengra Pet al.RNA Biol.2020 17:1560. [PMID: 

31994439] 
[38] Doorn RV et al. Blood. 2009 113:127.[PMID: 18832135] 
[39] Kaistha BP et al. Pancreatology. 2016 16.[Book][DOI: 

10.1055/s-0032-1324055] – Check with authors 
[40] Zheng Y-Z et al. Cancer Res.2018 78:3190. [PMID: 29700004] 
[41] Simarro M et al. Mod. Rheumatol.2016 26:630. [PMID: 

26418374] 
[42] Chen X et al. Front Cell Dev Biol.20218:630421.[PMID: 

33585470] 
[43] Zhang F et al. Free Radic. Biol. Med.2021 166:201. [PMID: 

33610658] 
[44] Colas E et al. Int. J. Cancer. 2011 129:2435.[PMID: 21207424] 
[45] Wang Jet al. Oncotarget. 20156:16527.[PMID: 26001296] 
[46] Ghezzi D et al. Am. J. Hum. Genet.2008 83:415.[PMID: 

18771761] 
[47] Yoo DH et al. Mitochondrion. 2017 35:54.[PMID: 28499982] 
[48] Das Set al. BMC Cancer 201414:852.[PMID: 25409762] 
[49] Ramanan VK & Saykin AJ Pharmacogenomics. 2015 16:429. 

[PMID: 25916514] 
[50] Ke YE et al. China Oncology. 2019 29:265.[DOI: 

10.19401/j.cnki.1007-3639.2019.04.004] – Check with 
authors 

[51] Bashanfer S et al. Oncol. Rep.2019 41:2027.[PMID: 30569130] 
[52] Wang J et al. Cell. Mol. Biol. (Noisy-le-grand) 2020 

66:157.[PMID: 32415943] 
[53] Fan J et al. Cancer. 2008 113:266. [PMID: 18470904] 
[54] Cervigne NK et al. Hum. Mol. Genet. 2014 23:2618. [PMID: 

24403051] 
[55] Macauda A et al. Int. J. Cancer. 2021 149:327. [PMID: 

33675538] 

 
 

 
 
 

http://paperpile.com/b/CKG5SP/Bn4g8
http://paperpile.com/b/CKG5SP/0X4CH
http://paperpile.com/b/CKG5SP/0X4CH
http://paperpile.com/b/CKG5SP/0X4CH
http://paperpile.com/b/CKG5SP/0X4CH
http://paperpile.com/b/CKG5SP/LEq1m
http://paperpile.com/b/CKG5SP/LEq1m
http://paperpile.com/b/CKG5SP/LEq1m
http://paperpile.com/b/CKG5SP/LEq1m
http://paperpile.com/b/CKG5SP/LEq1m
http://paperpile.com/b/CKG5SP/LEq1m
http://paperpile.com/b/CKG5SP/LEq1m
http://paperpile.com/b/CKG5SP/hPEgg
http://paperpile.com/b/CKG5SP/hPEgg
http://paperpile.com/b/CKG5SP/hPEgg
http://paperpile.com/b/CKG5SP/hPEgg
http://paperpile.com/b/CKG5SP/hPEgg
http://paperpile.com/b/CKG5SP/RIRjc
http://paperpile.com/b/CKG5SP/RIRjc
http://paperpile.com/b/CKG5SP/yDBYQ
http://paperpile.com/b/CKG5SP/yDBYQ
http://paperpile.com/b/CKG5SP/yDBYQ
http://paperpile.com/b/CKG5SP/yDBYQ
http://paperpile.com/b/CKG5SP/DJCNJ
http://paperpile.com/b/CKG5SP/DJCNJ
http://paperpile.com/b/CKG5SP/DJCNJ
http://paperpile.com/b/CKG5SP/DJCNJ
http://paperpile.com/b/CKG5SP/TvI14
http://paperpile.com/b/CKG5SP/TvI14
http://paperpile.com/b/CKG5SP/TvI14
http://paperpile.com/b/CKG5SP/TvI14
http://paperpile.com/b/CKG5SP/TvI14
http://paperpile.com/b/CKG5SP/TvI14
http://paperpile.com/b/CKG5SP/rh8QI
http://paperpile.com/b/CKG5SP/rh8QI
http://paperpile.com/b/CKG5SP/rh8QI
http://paperpile.com/b/CKG5SP/rh8QI
http://paperpile.com/b/CKG5SP/rh8QI
http://paperpile.com/b/CKG5SP/F0ehC
http://paperpile.com/b/CKG5SP/abdxP
http://paperpile.com/b/CKG5SP/abdxP
http://paperpile.com/b/CKG5SP/abdxP
http://paperpile.com/b/CKG5SP/abdxP
http://paperpile.com/b/CKG5SP/abdxP
http://paperpile.com/b/CKG5SP/abdxP
http://paperpile.com/b/CKG5SP/abdxP
http://paperpile.com/b/CKG5SP/F0ehC
http://paperpile.com/b/CKG5SP/F0ehC
http://paperpile.com/b/CKG5SP/F0ehC
http://paperpile.com/b/CKG5SP/F0ehC
http://paperpile.com/b/CKG5SP/F0ehC
http://paperpile.com/b/CKG5SP/F0ehC
http://paperpile.com/b/CKG5SP/F0ehC
http://paperpile.com/b/CKG5SP/F0ehC
http://paperpile.com/b/CKG5SP/mEteb
http://paperpile.com/b/CKG5SP/mEteb
http://paperpile.com/b/CKG5SP/mEteb
http://paperpile.com/b/CKG5SP/mEteb
http://paperpile.com/b/CKG5SP/mEteb
http://paperpile.com/b/CKG5SP/mEteb
http://paperpile.com/b/CKG5SP/mEteb
http://paperpile.com/b/CKG5SP/mEteb
http://paperpile.com/b/CKG5SP/uYYs5
http://paperpile.com/b/CKG5SP/uYYs5
http://paperpile.com/b/CKG5SP/uYYs5
http://paperpile.com/b/CKG5SP/uYYs5
http://paperpile.com/b/CKG5SP/xEcmj
http://paperpile.com/b/CKG5SP/mr9vV
http://paperpile.com/b/CKG5SP/mr9vV
http://paperpile.com/b/CKG5SP/mr9vV
http://paperpile.com/b/CKG5SP/mr9vV
http://paperpile.com/b/CKG5SP/mr9vV
http://paperpile.com/b/CKG5SP/DWcJN
http://paperpile.com/b/CKG5SP/DWcJN
http://paperpile.com/b/CKG5SP/DWcJN
http://paperpile.com/b/CKG5SP/DWcJN
http://paperpile.com/b/CKG5SP/DWcJN
http://paperpile.com/b/CKG5SP/DWcJN
http://paperpile.com/b/CKG5SP/DWcJN
http://paperpile.com/b/CKG5SP/sW51w
http://paperpile.com/b/CKG5SP/sW51w
http://paperpile.com/b/CKG5SP/0dJJ7
http://paperpile.com/b/CKG5SP/0dJJ7
http://paperpile.com/b/CKG5SP/0dJJ7
http://paperpile.com/b/CKG5SP/0dJJ7
http://paperpile.com/b/CKG5SP/0dJJ7
http://paperpile.com/b/CKG5SP/0dJJ7
http://paperpile.com/b/CKG5SP/0dJJ7
http://paperpile.com/b/CKG5SP/0dJJ7
http://paperpile.com/b/CKG5SP/ZjdGb
http://paperpile.com/b/CKG5SP/ZjdGb
http://paperpile.com/b/CKG5SP/ZjdGb
http://paperpile.com/b/CKG5SP/uFNGk
http://paperpile.com/b/CKG5SP/uFNGk
http://paperpile.com/b/CKG5SP/uFNGk
http://paperpile.com/b/CKG5SP/uFNGk
http://paperpile.com/b/CKG5SP/uFNGk
http://paperpile.com/b/CKG5SP/uFNGk
http://paperpile.com/b/CKG5SP/uFNGk
http://paperpile.com/b/CKG5SP/s0vDV
http://paperpile.com/b/CKG5SP/s0vDV
http://paperpile.com/b/CKG5SP/s0vDV
http://paperpile.com/b/CKG5SP/s0vDV
http://paperpile.com/b/CKG5SP/tWu24
http://paperpile.com/b/CKG5SP/tWu24
http://paperpile.com/b/CKG5SP/tWu24
http://paperpile.com/b/CKG5SP/tWu24
http://paperpile.com/b/CKG5SP/tWu24
http://paperpile.com/b/CKG5SP/pygrp
http://paperpile.com/b/CKG5SP/pygrp
http://paperpile.com/b/CKG5SP/pygrp
http://paperpile.com/b/CKG5SP/pygrp
http://paperpile.com/b/CKG5SP/pygrp
http://paperpile.com/b/CKG5SP/pygrp
http://paperpile.com/b/CKG5SP/QXcUz
http://paperpile.com/b/CKG5SP/QXcUz
http://paperpile.com/b/CKG5SP/QXcUz
http://paperpile.com/b/CKG5SP/QXcUz
http://paperpile.com/b/CKG5SP/QXcUz
http://paperpile.com/b/CKG5SP/QXcUz
http://paperpile.com/b/CKG5SP/QXcUz
http://paperpile.com/b/CKG5SP/QXcUz
http://paperpile.com/b/CKG5SP/cnKfZ
http://paperpile.com/b/CKG5SP/cnKfZ
http://paperpile.com/b/CKG5SP/cnKfZ
http://paperpile.com/b/CKG5SP/cnKfZ
http://paperpile.com/b/CKG5SP/cnKfZ
http://paperpile.com/b/CKG5SP/cnKfZ
http://paperpile.com/b/CKG5SP/cnKfZ
http://paperpile.com/b/CKG5SP/DZ0tT
http://paperpile.com/b/CKG5SP/DZ0tT
http://paperpile.com/b/CKG5SP/DZ0tT
http://paperpile.com/b/CKG5SP/DZ0tT
http://paperpile.com/b/CKG5SP/DZ0tT
http://paperpile.com/b/CKG5SP/DZ0tT
http://paperpile.com/b/CKG5SP/DZ0tT
http://paperpile.com/b/CKG5SP/DZ0tT
http://paperpile.com/b/CKG5SP/9BR1k
http://paperpile.com/b/CKG5SP/9BR1k
http://paperpile.com/b/CKG5SP/9BR1k
http://paperpile.com/b/CKG5SP/9BR1k
http://paperpile.com/b/CKG5SP/9BR1k
http://paperpile.com/b/CKG5SP/hbOfW
http://paperpile.com/b/CKG5SP/hbOfW
http://paperpile.com/b/CKG5SP/hbOfW
http://paperpile.com/b/CKG5SP/hbOfW
http://paperpile.com/b/CKG5SP/hbOfW
http://paperpile.com/b/CKG5SP/eEx8i
http://paperpile.com/b/CKG5SP/eEx8i
http://paperpile.com/b/CKG5SP/1W3ic
http://paperpile.com/b/CKG5SP/1W3ic
http://paperpile.com/b/CKG5SP/1W3ic
http://paperpile.com/b/CKG5SP/1W3ic
http://paperpile.com/b/CKG5SP/rDaza
http://paperpile.com/b/CKG5SP/rDaza
http://paperpile.com/b/CKG5SP/SJBbo
http://paperpile.com/b/CKG5SP/SJBbo
http://paperpile.com/b/CKG5SP/cSti7
http://paperpile.com/b/CKG5SP/cSti7
http://paperpile.com/b/CKG5SP/cSti7
http://paperpile.com/b/CKG5SP/cSti7
http://paperpile.com/b/CKG5SP/cSti7
http://paperpile.com/b/CKG5SP/cSti7
http://paperpile.com/b/CKG5SP/cSti7
http://paperpile.com/b/CKG5SP/gJ2Es
http://paperpile.com/b/CKG5SP/gJ2Es
http://paperpile.com/b/CKG5SP/gJ2Es
http://paperpile.com/b/CKG5SP/gJ2Es
http://paperpile.com/b/CKG5SP/gJ2Es
http://paperpile.com/b/CKG5SP/gJ2Es
http://paperpile.com/b/CKG5SP/oPzXT
http://paperpile.com/b/CKG5SP/oPzXT
http://paperpile.com/b/CKG5SP/oPzXT
http://paperpile.com/b/CKG5SP/oPzXT
http://paperpile.com/b/CKG5SP/oPzXT
http://paperpile.com/b/CKG5SP/oPzXT
http://paperpile.com/b/CKG5SP/oPzXT
http://paperpile.com/b/CKG5SP/jExTD
http://paperpile.com/b/CKG5SP/jExTD
http://paperpile.com/b/CKG5SP/jExTD
http://paperpile.com/b/CKG5SP/jExTD
http://paperpile.com/b/CKG5SP/jExTD
http://paperpile.com/b/CKG5SP/kBtyF
http://paperpile.com/b/CKG5SP/n69gZ
http://paperpile.com/b/CKG5SP/n69gZ
http://paperpile.com/b/CKG5SP/n69gZ
http://paperpile.com/b/CKG5SP/n69gZ
http://paperpile.com/b/CKG5SP/n69gZ
http://paperpile.com/b/CKG5SP/AjMU3
http://paperpile.com/b/CKG5SP/AjMU3
http://paperpile.com/b/CKG5SP/AjMU3
http://paperpile.com/b/CKG5SP/AjMU3
http://paperpile.com/b/CKG5SP/5x1GZ
http://paperpile.com/b/CKG5SP/5x1GZ
http://paperpile.com/b/CKG5SP/5x1GZ
http://paperpile.com/b/CKG5SP/5x1GZ
http://paperpile.com/b/CKG5SP/5x1GZ
http://paperpile.com/b/CKG5SP/5x1GZ
http://paperpile.com/b/CKG5SP/5x1GZ
http://paperpile.com/b/CKG5SP/PtKwH
http://paperpile.com/b/CKG5SP/PtKwH
http://paperpile.com/b/CKG5SP/PtKwH
http://paperpile.com/b/CKG5SP/PtKwH
http://paperpile.com/b/CKG5SP/PtKwH
http://paperpile.com/b/CKG5SP/3rT48
http://paperpile.com/b/CKG5SP/3rT48
http://paperpile.com/b/CKG5SP/3rT48
http://paperpile.com/b/CKG5SP/3rT48
http://paperpile.com/b/CKG5SP/3rT48
http://paperpile.com/b/CKG5SP/3rT48
http://paperpile.com/b/CKG5SP/8FX6i
http://paperpile.com/b/CKG5SP/8FX6i
http://paperpile.com/b/CKG5SP/8FX6i
http://paperpile.com/b/CKG5SP/8FX6i
http://paperpile.com/b/CKG5SP/8FX6i
http://paperpile.com/b/CKG5SP/8FX6i
http://paperpile.com/b/CKG5SP/8FX6i
http://paperpile.com/b/CKG5SP/NyzUO
http://paperpile.com/b/CKG5SP/NyzUO
http://paperpile.com/b/CKG5SP/NyzUO
http://paperpile.com/b/CKG5SP/NyzUO
http://paperpile.com/b/CKG5SP/NyzUO
http://paperpile.com/b/CKG5SP/uKsP7
http://paperpile.com/b/CKG5SP/uKsP7
http://paperpile.com/b/CKG5SP/uKsP7
http://paperpile.com/b/CKG5SP/uKsP7
http://paperpile.com/b/CKG5SP/uKsP7
http://paperpile.com/b/CKG5SP/uKsP7
http://paperpile.com/b/CKG5SP/nl9Pg
http://paperpile.com/b/CKG5SP/nl9Pg
http://paperpile.com/b/CKG5SP/nl9Pg
http://paperpile.com/b/CKG5SP/nl9Pg
http://paperpile.com/b/CKG5SP/nl9Pg
http://paperpile.com/b/CKG5SP/8Myh3
http://paperpile.com/b/CKG5SP/8Myh3
http://paperpile.com/b/CKG5SP/8Myh3
http://paperpile.com/b/CKG5SP/8Myh3
http://paperpile.com/b/CKG5SP/wwCjl
http://paperpile.com/b/CKG5SP/wwCjl
http://paperpile.com/b/CKG5SP/b4RYa
http://paperpile.com/b/CKG5SP/cPLGX
http://paperpile.com/b/CKG5SP/cPLGX
http://paperpile.com/b/CKG5SP/cgydd
http://paperpile.com/b/CKG5SP/cgydd
http://paperpile.com/b/CKG5SP/cgydd
http://paperpile.com/b/CKG5SP/cgydd
http://paperpile.com/b/CKG5SP/cgydd
http://paperpile.com/b/CKG5SP/cgydd
http://paperpile.com/b/CKG5SP/zSS1m
http://paperpile.com/b/CKG5SP/3Ltjx
http://paperpile.com/b/CKG5SP/3Ltjx


ISSN 0973-2063 (online) 0973-8894 (print)  
©Biomedical Informatics (2022) Bioinformation 18(3): 206-213 (2022) 

 

213 
 

 

 


