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1  | INTRODUC TION

In December 2019, severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) emerged, causing a severe global outbreak of coronavirus 
disease 19 (COVID-19).1,2 As of 10 August 2020, the WHO has amassed 
reports of more than 19.7 million cases and 720 000 deaths globally. 
Human coronaviruses, including SARS-CoV, Middle East Respiratory 
Syndrome (MERS)-CoV, and SARS-CoV-2, are positive-sense 

single-stranded RNA (ssRNA) viruses that use RNA-dependent RNA 
polymerase (RdRP) for their genome replication.3 Other RNA viruses, 
such as hepatitis C virus (HCV), poliovirus, dengue virus, influenza virus, 
Ebola virus (EBOV), and measles virus, also use RdRP for their genome 
replication.4 As these RNA viruses are representative organisms in the 
phylogenetic tree and therefore thought to be some of the oldest, it is 
not surprising that viral RdRP, an evolutionally primitive polymerase, is 
required to maintain such ancestral organisms.5
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Abstract
A recent outbreak of coronavirus disease (COVID-19) caused by the novel severe 
acute respiratory syndrome coronavirus 2 has driven a global pandemic with cata-
strophic consequences. The rapid development of promising therapeutic strategies 
against COVID-19 is keenly anticipated. Family Coronaviridae comprises positive, sin-
gle-stranded RNA viruses that use RNA-dependent RNA polymerase (RdRP) for viral 
replication and transcription. As the RdRP of viruses in this family and others plays a 
pivotal role in infection, it is a promising therapeutic target for developing antiviral 
agents against them. A critical genetic driver for many cancers is the catalytic subunit 
of telomerase: human telomerase reverse transcriptase (hTERT), identified initially as 
an RNA-dependent DNA polymerase. However, even though hTERT is a DNA pol-
ymerase, it has phylogenetic and structural similarities to viral RdRPs. Researchers 
worldwide, including the authors of this review, are engaged in developing therapeutic 
strategies targeting hTERT. We have published a series of papers reporting that hTERT 
has RdRP activity and that this RdRP activity in hTERT is essential for tumor forma-
tion. Here, we review the enzymatic function of RdRP in virus proliferation and tumor 
development, reminding us of how the study of the novel coronavirus has brought us 
to the unexpected intersection of cancer research and RNA virus research.
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Original reports describing the cloning of human telomerase re-
verse transcriptase (hTERT) indicated that hTERT has conserved re-
verse transcriptase motifs that also contain right-handed architecture 
(fingers, thumb, and palm domains) by alignment prediction analysis.6,7 
In addition, the authors clearly mentioned in the original reports that 
hTERT is closely related to viral RdRPs rather than reverse transcrip-
tase by phylogenetic analysis.6 More recently, 3-D structural analyses 
have confirmed that hTERT has the characteristic right-handed archi-
tecture similar to RdRPs found in RNA viruses.8-10 We have recently 
reported that hTERT possesses RdRP activity that is essential for tu-
morigenesis,11,12 suggesting that RNA virus and cancer share a similar 
survival strategy of RNA-dependent RNA synthesis. Since the 1970s, 
cancer research has advanced along with research about oncogenic 
RNA viruses such as Rous sarcoma virus, resulting in the identification 
of various cellular oncogenes. Researchers have identified the cellular 
oncogene c-src on the Rous sarcoma virus-encoded oncogene v-src, 
which transforms cells and promotes the replication of proviruses in-
tegrated into the host genome.13,14 RNA virus and cancer, thus, share 
a survival strategy of utilizing polynucleotide synthesis that is depen-
dent on the RNA template. The structural similarity of viral RdRPs and 
hTERT proteins suggests that an RdRP inhibitor would be effective in 
treating both RNA virus infections and cancer.

Recently, investigators worldwide found a positive, therapeutic 
effect of RdRP inhibitors in patients with COVID-19 even though 
these drugs target other RNA viruses.15-18 This response in patients 
emphasizes the importance of RdRP as a target in antiviral strate-
gies. Here, we review the functional role of RdRP activity in RNA 
viruses and mammalian cells and discuss the importance of RdRP 
inhibitors in the treatment of RNA viral diseases and cancer (sum-
marized as Table 1).

2  | RNA VIRUSES AND RdRPs

2.1 | RNA viruses

The genome of many RNA viruses is ssRNA, whereas the genome 
of others, such as reovirus, is double-stranded RNA (dsRNA). 

Furthermore, ssRNA viruses are classified as positive- and negative-
sense ssRNA viruses that have positive-sense (mRNA-sense) and 
negative-sense (antisense) RNA genomes, respectively (Figure 1).19

The RNA genome of positive-sense ssRNA viruses can function 
as mRNA that is directly translated into viral proteins. It is used as a 
template RNA for the synthesis of complementary negative-sense 
RNA that subsequently serves as the template for synthesizing the 
new positive-sense RNA (Figure 1A). In contrast, the RNA genome of 
negative-sense ssRNA viruses is first transcribed to mRNAs, which 
are then used for translation to a full-length positive-sense RNA, 
which is subsequently used as a template to yield the full-size ge-
nomic RNA. All these are carried out by viral RdRP packaged in the 
virus particle (Figure 1B).20 The family of ssRNA viruses also include 
retroviruses such as HIV. Retroviruses use reverse transcriptase to 
generate dsDNA from the positive-sense viral RNA genome, which 
is incorporated into the genomic DNA of host cells to form an inter-
mediary stage, provirus.21

2.2 | Viral RdRPs

The RdRP is encoded by all ssRNA viruses (Table 2), except for the ret-
roviruses. Structural analyses of several viruses have shown that their 
RdRP protein consists of palm, finger, and thumb domains, which are 
referred to as a closed, right-handed polymerase (Figure 2A).22,23 In 
contrast, RdRP proteins of plants, fission yeast, and nematodes have a 
double-barrel structure (Figure 2B) (also see Section 3).24

For positive-sense ssRNA viruses, such as HCV causing chronic 
hepatitis, cirrhosis, and hepatocellular carcinoma, the RdRP non-
structural protein 5B (NS5B) carries out the viral replication.25 As 
NS5B plays a central role in the replication of HCV in its life cycle, 
several NS5B inhibitors, such as sofosbuvir, have been developed 
(see Section 5 for details).25

Influenza viruses are negative-sense ssRNA viruses that have 
eight genomic ssRNAs.26 After entry of the virus into recipient cells, 
the virus core containing genomic RNAs and RdRP translocate into 
the nucleus. Here, the RNA serves as a template: at first, for mRNA 
synthesis and then for replication by the RdRP complex, consisting 

TA B L E  1   Types of RNA-dependent RNA polymerase (RdRP) and agents against them

RdRP Structure Host Function Agent References

Viral RdRP Right-hand ssRNA viruses Genome replication/
transcription

Ribavirin
Remdesivir
Favipiravir
Sofosbuvir

4,22,23

Cellular RdRP Double-barrel Plants
Fungi
Nematodes
Eukaryotes

RNA silencing — 33–37

Mammalian RdRP 
(hTERT)

Right-hand Cancer cells Gene expression 
regulation

Eribulin
VX-222
(compound X)

6,9–12,57,59

Undifferentiated cells
Stem cells

Unknown Unknown 47–50
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of PB1, PB2, and PA.27 Before viral mRNA synthesis is carried out, 
host mRNA molecules that were incorporated in the core are cleaved 
by an “influenza virus-specific cap snatching reaction,” at 10-13 
bases downstream of the 5′-end termini by the cap-dependent en-
donuclease activity contained in the RdRP complex. The resulting 

cap-containing oligonucleotide fragments are used as a primer for 
the initiation of transcription, which is followed by RNA elongation 
with RdRP.28

The positive-sense ssRNA virus SARS-CoV-2 has a large RNA 
genome (~30 kb) and shares high sequence homology to SARS-CoV 

F I G U R E  1   Life cycle of positive- and negative-sense single-stranded RNA (ssRNA) viruses. A, B, Flowchart of RNA synthesis by RNA-
dependent RNA polymerase (RdRP) of positive-sense (A) and negative-sense (B) ssRNA viruses. Small circles at the 5′-ends of positive-sense 
RNA denote m7G-cap structures,32 which occur in most of viral mRNAs

TA B L E  2   Single-stranded RNA (ssRNA) virus-encoded RNA-dependent RNA polymerases (RdRPs)

Genome Species/strain Family RdRP

ssRNA(+) Severe acute respiratory syndrome coronavirus (SARS-CoV) Coronaviridae nsp12

Middle East respiratory syndrome coronavirus (MERS-CoV) Coronaviridae nsp12

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) Coronaviridae nsp12

Poliovirus Picornaviridae PVgp1

Hepatitis C virus (HCV) Flaviviridae NS5B

Dengue virus (DENV) Flaviviridae NS5

West Nile virus (WNV) Flaviviridae NS5

Zika virus (ZIKV) Flaviviridae NS5

ssRNA(−) Influenza viruses Orthomyxoviridae PB1

Ebola virus (EBOV) Filoviridae L

Marburg virus Filoviridae L

Measles virus Paramyxoviridae L
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(~80%) and MERS-CoV (~50%) (Figure 3A).29 Two polyproteins, 
polyprotein1a (pp1a) and polyprotein1ab (pp1ab), are encoded in 
ORF1a and ORF1b regions of the genomic RNA (gRNA). The pp1a 
and pp1ab polypeptides made from gRNA are, in turn, cleaved 
into 16 nonstructural proteins (nsps) by nsp3/5 virus-specific pro-
teases. Among these nsps, nsp12 is an RdRP that later forms an 
RdRP complex with cofactors nsp7 and nsp8.16,30 This nascent 
RdRP complex then synthesizes negative-sense RNAs, perhaps 
of various sizes, using the positive-sense gRNA as a template, al-
though the mechanism behind this process remains to be eluci-
dated. These negative-sense RNA intermediates could serve as 
templates for the synthesis of subgenomic positive-sense RNAs 
(sgRNAs), equivalent to mRNAs, in addition to the full-size gRNA 
(Figure 3A). Intriguingly, the gRNA and sgRNAs contains a 5′-cap 
structure and 3′-polyA, in addition to common leader sequences of 
~70 bases at their 5′-ends.29 Alternatively, each sgRNA (ie, mRNA) 
is synthesized by discontinuous transcription that is similar to the 
transcription of vesicular stomatitis virus RNA.29,31,32 Although 
nothing is certain yet about the transcription mechanism of corona-
viruses, it is hypothesized that the RdRP jumps to the 3′-end leader 
sequence region of the template gRNA from transcription-regula-
tory sequences, which are short motifs located in the middle of 
gRNA (Figure 3A), generating negative-sense RNA intermediates 
with the 3′-end leader sequence. Recently, the protein structure of 
SARS-CoV-2 nsp12 has been analyzed by electron cryomicroscopy, 
which showed that SARS-CoV-2 nsp12 has a right-handed poly-
merase structure, like that of SARS-CoV.16,30 Comparative analysis 
of structures of nsp12 encoded by SARS-CoV and SARS-CoV-2 has 
implied that SARS-CoV-2 nsp12 has a characteristic β-hairpin motif 

in the nidovirus RdRP-associated nucleotidyltransferase (NiRAN) 
domain (Figure 3A).16

3  | CELLUL AR RdRP

Viral RdRP plays a pivotal role in viral replication and transcription, 
whereas RdRP in plant, fungi, nematodes, and eukaryotic cells is a 
key molecule in RNA silencing.33-35 Especially in insects and plants, 
RNA silencing functions as a defense mechanism for eliminating ex-
ogenous nucleic acids. Here, the viral dsRNAs are processed by the 
dsRNA-specific endonuclease Dicer into primary siRNAs.36,37 Using 
one strand of viral dsRNA as a template, cellular RdRP amplifies 
dsRNAs that are subject to the Dicer-mediated processing after-
wards. The secondary siRNAs thus generated by these processes 
are incorporated into an RNA-induced silencing complex (RISC) that 
cleaves target viral RNAs complementary to the siRNA.37

In fission yeast Schizosaccharomyces pombe, RdRP partici-
pating in heterochromatin formation in the centromere region 
produces dsRNAs using transcripts from the region as a tem-
plate and subsequently processes the dsRNAs into siRNAs. The 
resulting siRNAs recruit a RISC-like RNA-induced transcriptional 
silencing (RITS) complex to the centromere region, promoting 
heterochromatin formation.38 Inhibition of the expression of 
RdRPs and RITS complex components leads to derepression of 
transcription from the centromere region, causing abnormali-
ties in the heterochromatin structure.39 Thus, RdRP is essential 
for proper chromosome segregation and mitosis progression in 
these model organisms.

F I G U R E  2   Structure of viral and 
cellular RNA-dependent RNA polymerases 
(RdRPs). A, Viral RdRP has a typical 
right-handed structure. The structure 
of severe acute respiratory syndrome 
coronavirus 2 RdRP is shown. B, Cellular 
RdRPs in plants, fungi, and nematodes 
have a double-barrel shaped structure. 
The structure of Neurospora crassa 
RdRP is shown. Tomatoes held by hands 
depict RNA chains synthesized by RdRP. 
Ribbon diagrams are from Protein Data 
Bank (https://www.rcsb.org/, accession 
numbers 2J7N and 7BTF)

https://www.rcsb.org/
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4  | RNA-DEPENDENT RNA POLYMER A SE 
IN MAMMALIAN CELL S

4.1 | RNA-dependent RNA polymerase activity in 
hTERT in human cancer cells

Telomeres are located at the terminus of linear chromosomes and 
protect the chromosome ends. The telomere is elongated by tel-
omerase that was initially identified as an RNA-dependent DNA 
polymerase (reverse transcriptase).6,7,40 The minimum, essential 
components of telomerase are a catalytic component of hTERT and 
a template RNA (hTERC: human telomerase RNA component).41 
Human telomerase reverse transcriptase is upregulated in the ma-
jority of human cancers and contributes directly to cell transforma-
tion.7,42,43 The role of telomerase is the maintenance of telomere 
structure by its reverse transcriptase activity; however, recent stud-
ies have shown that hTERT has other important functions beyond 
telomere maintenance.44,45

Phylogenetic analysis indicates that hTERT is closely related 
to viral RdRPs rather than reverse transcriptase.6 Also, struc-
tural analyses have long hypothesized that hTERT also has the 
characteristic right-handed architecture similar to RdRPs found 
in RNA viruses (Figures 2A and 3B).6,8,9 We previously reported 

that hTERT has RdRP activity, which generates dsRNAs that are 
processed to siRNAs for the purpose of downregulating gene ex-
pression.11 In addition, we know that the amount of hTERT protein 
and its RdRP activity is higher during the mitotic phase of the cell 
cycle, supporting their involvement in transcriptional upregulation 
and heterochromatin formation.46 More recently, we found that 
the hTERT molecule is phosphorylated at threonine 249 by the 
serine/threonine kinase cyclin-dependent kinase 1 (CDK1) and 
that this phosphorylation enhances the RdRP activity in hTERT 
without affecting telomerase activity or telomere maintenance.12 
Remarkably, the hTERT RdRP synthesizes an antisense RNA 
against target genes, such as tumor suppressor gene transcript, 
and negatively regulates the expression of the suppressor, even-
tually leading to cancer progression (Figure 4, left).

4.2 | RNA-dependent RNA polymerase 
in normal cells

In most somatic cells, hTERT is not expressed, and if so, it is ex-
pressed at extremely low levels,47 whereas germline cells and so-
matic stem cells, as well as cancer cells, show high levels of hTERT 
expression.48 For example, induced pluripotent stem (iPS) cells show 

F I G U R E  3   Structure of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and human telomerase reverse transcriptase 
(hTERT). A, Genomic structure of SARS-CoV-2. The RNA-dependent RNA polymerase (RdRP) nsp12 comprises the nidovirus RdRP-
associated nucleotidyltransferase (NiRAN) and RdRP domains. In addition to genomic RNA (gRNA), subgenomic RNAs (sgRNAs) are 
produced by discontinuous transcription.32 The gRNA and sgRNAs contain a common leader sequence at their 5′-end. TRS, transcription-
regulatory sequence. B, Structure of hTERT. The right-handed structure, composed of fingers, palm, and thumb domains, is shared with 
the viral RdRPs such as nsp12 of SARS-CoV-2. RBD, RNA-binding domain; RT, reverse transcriptase; TEN, telomerase essential N-terminal 
domain
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a high level of mouse TERT (mTERT)49 and hTERT expression50 to 
prevent concurrent telomere shortening, which occurs as a result 
of successive rounds of cell division. However, the specific expres-
sion of hTERT in undifferentiated cells might suggest that the RdRP 
activity in hTERT plays some other role or roles in the regulation 
of gene expression. In other words, RdRP might be involved in dif-
ferentiation, development, or both. Intriguingly, the reprogramming 
efficiency of mTERT-KO fibroblasts to iPS cells was lower than that 
of WT fibroblasts, and this phenotype was recovered by the expres-
sion of an mTERT mutant without telomerase activity, suggesting 
that the activity of mTERT beyond telomere maintenance could have 
some effects on the reprogramming activity of iPS cells.51 It is, thus, 
necessary to examine whether hTERT shows RdRP activity in undif-
ferentiated cells, such as iPS cells.

Recently, it has also been suggested that RNA polymerase II 
(RNAPII) possesses RdRP activity. In one study, RdRP of purified 
human RNAPII extends short interspersed nuclear element (SINE)-
encoded mouse B2 RNA by using B2 RNA as a template. However, 
the extension of mouse B2 RNA by human RNAPII destabilizes the 
B2 RNA.52 It remains unclear whether only the mouse B2 RNA 
serves as a template for the human RNAPII/RdRP activity in vitro 
or whether human and mouse RNAPII indeed show the RdRP ac-
tivity in cells.

5  | RNA-DEPENDENT RNA POLYMER A SE 
INHIBITORS

5.1 | Inhibitors targeting viral RdRPs

Single-stranded RNA viruses utilize RdRPs for transcription of viral 
genes and replication of the viral genome. Therefore, RdRP is a plau-
sible target for the development of antiviral drugs, and many phar-
maceutical companies have engaged in developing inhibitors against 
RdRPs of RNA viruses (Table 1).

Sofosbuvir, indicated to treat chronic hepatitis caused by HCV 
infection, is a nucleoside analog that shows anti-HCV activity by in-
teracting with HCV RdRP coded by the viral NS5B gene. Sofosbuvir 
is metabolized in hepatocytes to the active metabolite, sofosbuvir 
triphosphate, which is incorporated into the RNA chain by NS5B and 
acts as a chain terminator.53 Sofosbuvir has high therapeutic efficacy 
in combination with other HCV therapeutic agents, as do the NS5B 
inhibitor ribavirin and the HCV NS5A inhibitor ledipasvir.25

Favipiravir (T-705), approved in Japan to treat emerging influ-
enza viruses resistant to current drugs, blocks RdRP of influenza 
viruses.54,55 After entering cells, favipiravir is metabolized to favip-
iravir triphosphate; it is then incorporated into the viral RNA chain 
where it acts as a chain terminator.

F I G U R E  4   Roles of RNA-dependent RNA polymerase (RdRP) in cancer development and severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) infection. In cancer cells, human telomerase reverse transcriptase (hTERT) is phosphorylated by cyclin-dependent kinase 1 
(CDK1), and phosphorylated hTERT shows RdRP activity.12 Phosphorylated hTERT regulates the expression of target genes, leading to tumor 
progression. After the entry of SARS-CoV-2 into the cell, RdRP plays a role in transcription and replication of viral RNAs. The inhibition of 
RdRP activity is a promising molecular target for cancer and SARS-CoV-2 infection. COVID-19, coronavirus disease
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There is another RdRP inhibitor that is used to treat deadly filo-
virus infections such as EBOV disease and Marburg virus disease. 
The adenosine analog antiviral remdesivir (GS-5734) inhibits EBOV 
RdRP as a chain terminator and shows a broad spectrum of antiviral 
activity against various pathogenic RNA viruses, including multiple 
variants of EBOV, other filoviruses and human coronaviruses.56

Now, the development of therapeutic agents for COVID-19 
is ongoing. Among several SARS-CoV-2 proteins, RdRP nsp12 has 
attracted attention because it is involved in the essential reaction 
required for viral RNA replication and transcription. As the struc-
ture of viral RdRPs is highly conserved among various RNA viruses, 
a viral RdRP inhibitor is likely to inhibit RdRPs of other RNA viruses. 
Indeed, recent studies confirmed that SARS-CoV-2 nsp12 has a 
right-hand structure, similar to other viral RdRPs.16,30 These data 
are encouraging, promoting an investigation of whether existing 
RdRP inhibitors such as favipiravir for influenza virus or remdesivir 
for EBOV could be repositioned to treat COVID-19. Wang et al15 
examined the efficiency of several RdRP inhibitors on SARS-CoV-2 
infection. They found that favipiravir showed a moderate inhibi-
tory effect (EC50, 61.88 μM), whereas remdesivir showed the most 
prominent inhibitory effect on viral proliferation (EC50, 0.77 μM). 
Moreover, remdesivir has been reported to show an antiviral effect 
against other species of coronaviruses besides EBOV and Marburg 
virus.56 Therefore, a phase III clinical study of remdesivir was begun 
for COVID-19 patients in the US, and preliminary results reported 
that remdesivir accelerated recovery by 31% (11 from 15 days) and 
improved the mortality rate (8.0% from 11.6%),17 indicating that the 
use of RdRP inhibitors against RNA viruses is highly promising.

5.2 | Inhibitors targeting RdRP activity in hTERT

The structure of hTERT is similar to the characteristic right-handed 
architecture of RNA virus RdRPs.6,8,9 In addition, the inhibition 
of RdRP activity in hTERT by a genetic approach suppressed the 
growth of cancer cell lines,12 suggesting that efforts to search for 
inhibitors against RdRP activity in hTERT are, in our opinion, a prom-
ising strategy for finding candidate anticancer drugs. Thus, we hy-
pothesized that inhibitors against viral RdRPs would also inhibit the 
RdRP activity in hTERT. We reported that the HCV RdRP inhibitor 
VX-222 showed a significant inhibitory effect on RdRP activity in 
human hTERT.57 VX-222 is an allosteric inhibitor that binds to the 
thumb domain of NS5B.58 Although the binding site between VX-
222 and hTERT remains unknown, further studies, such as assess-
ment by a 3-D docking model analysis between VX-222 and hTERT, 
would be required to determine the molecular mechanism of how 
this molecule inhibits the RdRP activity in hTERT. These data indi-
cate that inhibitors against viral RdRPs could also inhibit the RdRP 
activity in hTERT (Figure 4). Using similar approaches, we are search-
ing for other inhibitors that would have anti-RdRP activity in hTERT 
and could potentially be used as an anticancer drug.

During our analysis of the effects of high expression of hTERT 
in ovarian cancer cells, we had discovered another compound that 

suppresses RdRP activity in hTERT: eribulin mesylate (eribulin). 
Eribulin is a nontaxane inhibitor of microtubule dynamics that in-
duces irreversible mitotic blockade, leading to apoptosis. Although 
the underlying mechanism of how eribulin inhibits the RdRP activity 
in hTERT is unknown, we confirmed that ovarian cancer cells with 
high RdRP activity are more sensitive to eribulin.59,60 Based on the 
promising preclinical results obtained with tumor-bearing mice, a 
phase II trial of eribulin for patients with recurrent glioblastoma has 
begun in Japan (UMIN000030359, https://upload.umin.ac.jp/cgi-
open-bin/ctr_e/ctr_view.cgi?recpt no=R0000 34631).

5.3 | Side-effects of RdRP inhibitors

It had long been considered that RdRP is specific to RNA viruses and 
conventional model organisms, such as yeast Schizosaccharomyces 
pombe, and mammalian cells do not express RdRP. Recently, the anti-
HCV RdRP inhibitor ribavirin and the antiinfluenza agent favipiravir 
were found to be teratogenic in animal models.55,61 Looking at these 
observations from a different perspective, these results imply that 
RdRP is expressed in mammalian cells in early developmental stages. 
Therefore, fetal development might be disturbed by inhibitors against 
viral RdRPs. Also, previous studies have shown that hTERT and mTERT 
are specifically expressed in stem cells and embryonic cells as well 
as in cancer cells,7,47,48 and that mTERT plays an extratelomeric role 
in normal undifferentiated cells (see the Section 4.2).48,51,62 While 
we do not know whether viral RdRP inhibitors inhibit RdRP in these 
cells, we should carefully assess whether the RdRP inhibitors affect 
normal cells at the stage of differentiation and development by the 
inhibition of RdRP activity in hTERT. Moreover, as the telomere biol-
ogy, including functional roles of TERT protein, significantly differs 
between mouse and human, we should carefully evaluate whether 
mouse models could accurately reflect functions of TERT in humans.

6  | CONCLUSION

As viral RdRPs are conserved across RNA virus species and are 
essential enzymes in the life cycle of viruses, RdRP is the ideal 
target of an anti-RNA virus discovery strategy. The RdRP of RNA 
viruses have a characteristic right-handed shape. Thus, each RdRP 
inhibitor could share structural features that relate to a com-
mon inhibitory effect, even if the RNA viruses are different. The 
RdRP inhibitors favipiravir (against influenza virus) and remdesivir 
(against EBOV) showed inhibitory effects on the COVID-19 virus, 
although their efficacies and the methods of inhibition are differ-
ent.15,17 Notably, hTERT also has a right-handed structure, which 
is shared by RdRP of RNA viruses6,9 and shows the RdRP activity 
that is essential for enhanced tumorigenicity.12 We have already 
identified several compounds that show inhibitory activity against 
the RdRP activity in hTERT, which, thus far, has never been tar-
geted in the anticancer drug-hunting portfolio,57,59,60 and we are 
now searching for and developing new inhibitors against the RdRP 

https://upload.umin.ac.jp/cgi-open-bin/ctr_e/ctr_view.cgi?recptno=R000034631
https://upload.umin.ac.jp/cgi-open-bin/ctr_e/ctr_view.cgi?recptno=R000034631
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of hTERT. Obviously, RNA viruses and cancers operate differently 
in their quest for survival; however, they seem to share a survival 
strategy in their utilization of RdRPs (Table 1). Several inhibitors to 
specific viral RdRPs have been used to treat RNA virus infections, 
other than the intended target. Thus, inhibitors against the RdRP 
activity in hTERT might be used as an antiviral or anticancer drug 
that would be highly promising and versatile (Figure 4) because in-
hibitors against the RdRP activity in hTERT might have therapeutic 
effects on both RNA viruses and cancers. The recent outbreak of 
SARS-CoV-2 has caused a global pandemic and catastrophic con-
sequences. Such RdRP inhibitors could be used as a countermeas-
ure against these threats to humans.
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