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In their letter to the editor (1), Richard C. Wang et al. argue mainly three points with our
published observation (2): (i) the circular E7 (circE7) abundance relative to the E6*I level and

its identity by Northern blotting, (ii) the nuclear versus cytoplasmic distribution of E6*I (linear
E7) RNA, and (iii) RNA interference (RNAi) off-target effects on E6*I and translation potentials
of circE7. Because the spliced E6*I RNA functions as an E7 mRNA for the translation of the
viral oncoprotein E7, our observation concerns the reported biological activity of human
papillomavirus type 16 (HPV16) circE7 and the statement in discussion that “other linear
isoforms encoding E7 (e.g., E6*I) do not fully support E7 oncoprotein translation, despite the
fact that such linear transcripts are present even after circE7 knockdown” (3). We are happy to
provide further evidence in this reply.

We have no concern about the presence of circE7 RNA in HPV16 cervical cancer cell
lines, but our data do not support the reported biological function in Wang et al.’s previ-
ous publication (3). We found by RT-ddPCR (reverse transcription-droplet digital PCR),
which has high reproducibility and is more accurate than conventional RT-quantitative
PCR (RT-qPCR) for DNA/RNA copy number detection (4–7), the presence of only 0.4 copies
of circE7 RNA per CaSki cell, ;1,640-fold lower than the number of E6*I RNA copies (2).
TaqMan RT-qPCR in our published observation also showed that circE7 was ;0.3% of
E6*I (2). We detected recently by RNA sequencing (RNA-seq) 6 circE7 reads of the total
6206 E6*I reads (0.1% of E6*I) from four CaSki cell samples, of which only two samples dis-
played detectable circE7 reads (3 reads each) (Table 1). Wang et al.’s letter states that the
detected circE7 is about ;0.2 to 1% of E6*I RNA in CaSki cells (1). As shown in Fig. 1b to d
in Wang et al.’s letter (1), an oversized, labeled circE7 band (the predicted size should be 472
nucleotides [nt]) is very faint by Northern blotting with an E7 probe compared with the over-
exposed linear E7 RNA bands detected in CaSki cells (8) and circE7 plasmid-transfected
HEK293 cells. If this faint band is truly a circE7 as claimed in Wang et al.’s letter (1), the circE7
should be linearized into a single product of the predicted size after RNase H digestion or
after a single nick by hydrolysis, along with a synthetic 472-nt circE7 RNA in both linear
and circular forms as size controls in Northern blot assays. We are aware of RNA in a circu-
lar form migrating slower than its linear form, but further characterization of this slow-
migrating, oversized faint band is necessary for ensuring its identity as an authentic circE7
and not a degraded RNA fragment of E7 transcripts. Since all Northern blot gels in Fig. 1b
to d in Wang et al.’s letter were overexposed for linear E7 RNA in order to see a labeled
circE7 (1), how could Wang et al. determine ;7 to 12 copies of circE7 RNA per CaSki cell
without comparative copy number quantification by the dilution of a synthetic circE7 RNA
in parallel for Northern blot analyses? In fact, our observation clearly states that a total of 40
cycles and 500 ng of total cDNA from CaSki cells were needed to detect circE7 RNA by
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reverse PCR amplification, but only 25 cycles and 100 ng of total cDNA were enough for
E6*I detection by regular RT-PCR (2). Even though cell growth conditions (confluence ver-
sus logarithmic) may affect circE7 abundance (Fig. 1a in Wang et al.’s letter [1]), the relative
level of circE7 to E6*I RNA under each condition remains to be determined.

Over the years, the HPV field has well recognized that the spliced E6*I RNA isoform from
high-risk HPVs is present mainly in the cytoplasm (9) and functions as an E7 mRNA to encode
the E7 protein (10, 11). Our published observation demonstrated that both E6*I (linear E7) and
circE7 RNAs are mainly cytoplasmic (2), which is in contrast to the data by Wang et al.’s
laboratory that the linear E7 (E6*I) RNA was mainly nuclear but that circE7 was cytoplasmic
(see Fig. 3b in reference 3).

Regarding RNAi off-target effects and coding potentials of circE7, Wang et al.’s letter
provides no convincing data to support the production of E7 protein from circE7 RNA (1).
In our observation, two synthetic small interfering circE7s (si-circE7s) at different doses all
showed strong off-target effects on E6*I and E6*II by both RT-PCR and RT-qPCR and, more
importantly, on E7 protein expression by Western blotting (2). Of the two small interfering
RNAs (siRNAs) used in our observation (2), one si-circE7 sequence, si-circE7-2, with a 13-nt
sequence overhang to the back-splice junction, was identical (Fig. 1) to the circE7
sh2 sequence in Wang et al.’s early report (3). Despite that, Wang et al.’s letter questions
the off-target effect possibly being the result of the two siRNAs used in our observation;
however, this contention is not legitimate unless the short hairpin RNA (shRNA) used in
Wang et al.’s early report (3) had a different sequence. Other reports have concluded that
off-target silencing occurs in a manner reminiscent of target silencing by microRNAs (miRNAs)
and that 11 contiguous nucleotides of identity to the siRNA are sufficient to direct the silenc-
ing of nontargeted transcripts (12). Moreover, an inducible shRNA is able to silence a subset
of transcripts that are silenced by an siRNA of the same sequence (13). Consistently, our
observation (2) demonstrated that si-circE7-2 with a 13-nt overhang sequence (Fig. 1) had a
greater off-target effect on linear E6*I and E6*II RNAs than si-circE7-1 with an 11-nt overhang
sequence.

Wang et al.’s letter also shows circE7 RNA expression from three circE7 expression vectors
and E7 protein expression only from circE7 and circResist_WT vectors but not the circResist_
noATG vector in Fig. 1e to g in Wang et al.’s letter (1), suggesting E7 translation from circE7
RNA under their experimental conditions. However, we have a different view of these data.

TABLE 1 Detection of circE7 RNA reads from CaSki cells by RNA-seq

CaSki RNA-seq
samplea

Total no. of
reads

No. of linear splice junction
226^409 for E6*I

No. of back-splice junction
880^409 for circE7

% circ
E7/E6*I

1 133,303,774 1,745 0 0
2 100,417,636 1,441 0 0
3 99,117,888 1,421 3 0.21
4 105,720,990 1,599 3 0.19

Total 438,560,288 6,206 6 0.10
aRaw data for the four CaSki RNA-seq samples are available from the NCBI GEO database under accession number GSE158033. RNA-seq on ribo-minus total CaSki cell RNA
was performed on a HiSeq 2500 sequencer with a paired-end read length of 150 bp and a depth of;100 million reads per sample according to the manufacturer’s
instructions (Illumina). We used the STAR v2.5.2b aligner to identify the linear RNA splice junction reads. We generated alignments for CIRI2 (version. 2.0.6) (https://
sourceforge.net/projects/ciri/files/CIRI2/) with BWA (version 0.7.17) to identify the back-splice junction reads.

FIG 1 Nucleotide sequences of the siRNAs used in Yu and Zheng’s observation (2) and the shRNAs
used in Wang et al.’s previous report (3). Numbers above the nucleotide sequences are the nucleotide
positions in the HPV16 genome./, back-splice junction.
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Although the E7 RNA transcribed from their three vectors lacks an E6 intron, as designed to
prevent RNA splicing, the shortcoming of this design to avoid E6 intron splicing is that all
vectors now containing an entire E7 open reading frame (ORF) region under the control of
a strong cytomegalovirus (CMV) immediate early (IE) promoter transcribe a large amount of
linear E7 mRNA with a size of ;1.5 kb (see Fig. 1d in Wang et al.’s letter [1]) for the transla-
tion of E7 protein (see Fig. 1g in Wang et al.’s letter [1]). Thus, Wang et al.’s letter (1) pro-
vides no evidence that these vectors did not express linear E7 RNA to encode E7 protein
besides quaking protein-binding motif (QKI)-mediated production of circE7. In fact, all three
vectors in Wang et al.’s letter expressed only a minimal amount of circE7 by reverse PCR in
transfected cells (see Fig. 1f in reference 1) and by Northern blotting (see Fig. 1d for the
circE7 wild-type [WT] vector in Wang et al.’s letter [1]). As expected, there was no E7 protein
translation from the E7 RNA in cells transfected with the circResist_noATG vector, of which
the E7 translation initiation codon ATG was mutated (1). To further prove E7 translation
directly from circE7 RNA, a synthetic circE7 RNA would be suggested for in vitro and in vivo
(mammalian cells) translation studies. In conclusion, this negligible amount of circE7 in cervi-
cal cancer cells (less than a copy per cell) would be unlikely to play a predominant role bio-
logically important for the cell transformation and carcinogenesis in Wang et al.’s early
report (3).

Data Availability. All study data are included in the article and supporting informa-
tion. The NCBI has assigned the following accession number GSE158033 for deposited
CaSki RNA-seq dataset in this report.
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