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TABLE 1 Number of tags mapped to HPV16 genome 2024,nt 12 to 15,nt 1330 to 1322, and nt 741 to 745, some of which
No. of tags No. of tags were previously identified (26). The TC at nt 90 to 97 (Fig. 2A)
mapped to mapped to Tagsper ~corresponds to the p97 promoter, while those at nt 129 to 131 and
HPV16e hg19 million ~ nt 138 to 144 had probably leaked from the P97 promoter (21).

Cell line Bar code genome genome (TPM) The TC at nt 1125 to 1149, detected only in W12 cells (Fig. 2B), is

CaSki-1 GTA 548 9,632,333 56.89 probably a TSS of E8-E2 (27, 28), and the TC at nt 12 to 15 corre-

CaSki-2 ACC 664 13,139,414 50.53 sponds to a promoter upstream of p97, indicating limited E1 tran-

CaSki-3 CAC 494 11,535,883 42.79 scription (Fig. 2D) (27). The TCs at nt 741 to 745 would be a TSS

SiHa-1 AGT 1,504 12,064,850 124.66 of E1E4, corresponding to the p670 promoter (Fig. 2F) (3). Most

SiHa-2 GCG 991 9,050,850 109.49

interesting, however, was the previously unreported TC at nt 1330

by e =700 15,955,328 SEk to 1322, which is a potential antisense cluster, highly expressed in
W12-2 GCT 4,019 11,517,152 348.96 5 Fan ] .
W12.5 ATG 3928 12,018,142 e WI2E cells (Fig. ZE). In addition, we identified another new TC at
CIN1 ATG 20,181 9,861,351 204647 12017 to 2024 (Fig. 2C).
To verify these novel transcripts, W12 RNA with or without
poly(A) was reverse transcribed using a ReverTra Ace gPCR RT kit
(Toyobo), and 3’ rapid amplification of cDNA ends (3’ RACE)
A Cluster TPMa Cluster TPMa B Cluster TPMa
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@ | 1294131 + | 087 ® | 1675-1686 | + | 1.49
@ | 138-144 + | 1.37 @ | 20172024 | + | 4.18
® | 408-411 + | 070 @ | 2121-2130 | + | 1.25
® | 633637 |+ |1.34 @ | 3025-3028 | + | 0.83
@ | 660662 |+ | 1.05 @ | 32003206 | + | 1.64
® | 669672 |+ | 1.09 @ | 3411-3415 | + | 1.19
@ | 69469 |+ | 083 @ | 3494-3497 | + | 1.25
® | 710712 |+ | 1.06 @ | 7777-7857 | + | 3.50
® | 731733 |+ | 1.06 © | 13081330 | - | 3.18
@ | 741745 |+ | 1.88 © | 1790-1837 |- | 276
® | 782786 |+ | 327 © | 2851-2893 | - | 1.58
@ | 889898 |+ | 205 @ | 48874924 | - | 1.38
@ | 1125-1149 | + | 5.40
Cluster TPM Cluster TPM
@ | 91-97 + | 43.10 @ | 1676-1678 | + | 1.01
@ | 503-505 + |07 @ | 3357-3361 | + | 254
@ | 568-571 + [ 142 @ | 33913420 | + | 12138
@ | 598-600 + (112 @ | 3441-3446 | + | 1.12
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® | 930-032 + | 182 @ | 51835247 | + | 0.51
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FIG1 Clustered TSSs of the HPV16 genomes of cervical cell lines of different grades. CAGE tags of HPV16 genes from each cell lines are quantitatively visualized.
The data are representative of the results determined with the respective cell lines. The CaSki and SiHa cultured cells, representing a transcriptional program
characteristic of the conditions in a tumor, were cultured in Dulbecco’s modified Eagle’s medium supplemented with 10% heat-inactivated fetal bovine serum
(FBS) and 1% penicillin-streptomycin. W12E (20863) is an HPV16-positive cell line derived from a CIN1 lesion (23). W12E (20863 ) cells were cocultured with
mitomycin C-treated 3T3 fibroblast feeder cells. (A) Circular map depicting viral transcripts identified by Paraclu clustering. CAGE tags were clustered for
HPV16 genes from W12E cells. Regions containing over 0.5 tags per million (TPM) in all samples were selected as tag clusters (TCs) and mapped to the circular
HPV16 genome. (B) We defined regions containing over 0.5 TPM in the sample as TCs. Then, CAGE tags were clustered for HPV16 genes from the CaSki and
SiHa cell 8. (C) CAGE tags were clustered for HPV16 genes from a CIN1 clinical sample. Notably, we found 25 positive-strand TCs and 4 negative-strand TCs in
W12E cells (A), whereas only 1 positive-strand TC was found in CaSki or SiHa cells (B). TPMa, the average number of TPMs.
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FIG 2 Expression levels of the top 6 tag clusters (TCs) in W12E, CaSki, and SiHa
as tags per million (TPM) (25). Six TSS clusters were frequently found to be pror
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cells. The top 6 expressed TCs were selected, and expression levels are indicated
minent in W12E cells, originating from nt 90 to 97 (90_97_-+), nt 1125 to 1149

(1125_1149_+), nt 2017 to 2024 (2017_2024_+), nt 12 to 15 (12_15_+), nt 1322 to 1330 (1330_1322_—), and nt 741 to 745 (741_745_+).

was carried out using Ex Tag (TaKaRa) on the detected clusters
found in clustering analysis of HPV16 genome expression, using
the nt-97 cluster as a positive control.

To verify RNA without poly(A), a 3" preadenylated DNA adap-

tor sequence was ligated at the 3’ end of RNA. To increase speci-
ficity, we carried out first RACE and second RACE experiments.
Primer pairs for each peak [oligo(dT)] adaptor are shown in Fig. 3.
The PCR conditions for the first RACE and second RACE exper-

PolyA(+) PolyA(-)
> 3 v
& & & &
S ,\f" o 6’\; IS ,\5‘/ K sz
9 & s 9 S ; o5 i g .
Marker o;d ES & '::’;7 Marker S K] K Primer sequence of 3’ RACE and polyA(-) RT
Peaks 1% Primers
an
RACE
nt90-97 Tst 5'-GCGACCCAGAAAGTTACCAC-3'

Bands Coordinate
1 97-22673391-3761 polyA(+)
2 2017-3761 polyA(+) (lower band)
2017-4230 polyA(+) (upper band)
3 12-22673358-4230 polyA(+)
4 1330-997 polyA(-)

FIG 3 Validation of novel transcripts from 3" RACE analysis. Agarose gel electrophoresis of transcripts from W12 cell eluted RNA. The results of the experiment

indicate that the transcript originating at nt 1330 to 1322 could correspond to a

2nd 5"-ATGCACAGAGCTGCAAACAAC-3’

nt2017-2024 | st 5"-GGATTGTGCAACAATGTGTAG-3
2nd 5'-CAAATGAGTATGAGTCAATGG-3

nt12-15 1st 5'-CGGTTGAACCGAAACCGGTTAG-3
2nd 5'-TATGCACCAAAAGAGAACTGC-3

nt1330-1322 | st 5'-TTGCCATACCCGCTGTCTTCGC-3
2nd 5-ATTATTGTCTACACATCCAC-3'

polyA(+) st 5'-CAAGCAGAAGACGGCATACGATT
VN-3'
2nd 5’-CAAGCAGAAGACGGCATACGA-3’
polyA(-) st S"-CATCATTGATGGTGCCTACAG -3
2nd 5'-CATCATTGATGGTGCCTACAG -3
polyA(-) RT- 5'- CCGATCTCACCTCCTGCATCATTGATG
primer GTGCCTACAG -3
3'adaptor 5'- rApp-CTGTAGGCACCATCAAT-ddC -3

newly identified viral antisense noncoding RNA without poly(A). Further, we

could encode a newly identified transcript of nt 2017 to 2024 starting in the middle of E1 coding gene. ddC, dideoxycytosine; rApp, adenylation-5; RT, reverse

transcriptase.
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iments were as follows: for the first RACE experiment, 35 cycles at
94°C for 30 s, 57°C for 30 s, and 72°C for 30 s; for second RACE
experiment, 35 cycles at 94°C for 30 s, 57°C for 30 s, and 72°C for
30 s. The results are shown in Fig. 3. PCR products were extracted
(Qiagen) and sequenced by Applied Biosystems 3130x] (Fasmac).
Importantly, we identified, for the first time, the full coordinates
of a novel antisense transcript starting from nt 1330 as a noncod-
ing RN'A (ncRNA) without poly(A) and also a novel transcript, nt
2017 to 2024, starting in the middle of the E1 gene. Although most
viral RINAs are considered to be polyadenylated at the 3’ end, our
finding confirms that the noncoding viral RNA starting from nt
1330 lacks poly(A) signals.

In this study, we performed CAGE analysis and investigated
TSSs from the perspective of both the HPV16 and human ge-
nomes, using cell lines containing episomal and integrated HPV
sequences. All the TSSs used in the HPV16 transcriptome, in the
HPV16-containing cervical keratinocyte W12E cell line, and in
the cervical cancer-derived SiHa and CaSki cell lines were investi-
gated. Intriguingly, we also show that a diversity of viral tran-
scripts, seen in W12E cells, shared some identity with the CIN1
biopsy specimen subjected to a precise colposcopic examination.
Recently, as shown previously in the mammalian transcriptome
(29), abundant virally encoded noncoding RNAs (ncRNAs) were
identified (30), but this is the first full confirmation of a prelimi-
nary observation of antisense transcripts in HPV.

Using the CAGE method, we have successfully established un-
biased analyses of reproducible transcriptional start sites across
the HP'V16 genome, potentially identifying novel transcripts, in-
cluding ncRNAs, for future RNA therapies (31). Further compre-
hensive studies will aim to identify possible markers to predict the
outcome of infections with HPV.

Nucleotide sequence accession number. The sequence data
reported are available in the DDB] BioProject under the accession
number PRJDB3385.
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