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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
HPV16 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

VVXE; g’é(; Z ’Z?g i? g? 3?§§ zig'zz to 1322, which is a potential antisense cluster, highly expressed in
Wi 2: 3 MG 3’92 s . 2’ o1 8’1 © » 6~ 81 W12E cells (Fig. 2E). In addition, we identified another new TC at
CINI ATG 20,181 9,861,351 204647  Nt2017 t0 2024 (Fig. 2C). , , .

To verify these novel transcripts, W12 RNA with or without
poly(A) was reverse transcribed using a ReverTra Ace qPCR RT kit
(Toyobo), and 3’ rapid amplification of cDNA ends (3’ RACE)
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FIG1 Clustered TSSs of the HPV16 genomes of cervical cell lines of different grades. CAGE tags of HPV 16 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) anel 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 g<nes 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 g=enome. (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 cells.. (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
WI12E 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 W 12E, CaSki, and SitHa cells. The top 6 expressed TCs were selected, and expression levels are indicated
as tags per million (TPM) (25). Six TSS clusters were frequently found to be prominent 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 Taq (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-

PolyA(+)

Marker

K
$

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-

N PolyA(-) " N
,é\‘ Y & o
I & & 2 S ,
S ,;v é)», Marker O)Q' SO Primer sequence of 3’ RACE and polyA(-} RT
Peaks 1%/ Primers
ond
RACE
nt90-97 Tst 5'-GCGACCCAGAAAGTTACCAC-3
2nd 5'-ATGCACAGAGCTGCAAACAAC-3'
nt2017-2024 1st 5/-GGATTGTGCAACAATGTGTAG-3"
2nd 5'-CAAATGAGTATGAGTCAATGG-3"
nt12-15 1st © | 5-CGGTTGAACCGAAACCGGTTAG-3'
2nd 5"-TATGCACCAAAAGAGAACTGC-3"
nt1330-1322 1st 5-TTGCCATACCCGCTGTCTTCGC-3
2nd 5-ATTATTGTCTACACATCCAC-3
polyA(+) st 5-CAAGCAGAAGACGGCATACGATT
Coordinate TTTTTITTTTTYN-3'
97-226°3391-3761 polyA(+) 2nd 5'-CAAGCAGAAGACGGCATACGA-3
2017-3761 polyA(+) (lower band) polyA(-) Ist | S-CATCATTGATGGTGCCTACAG -3'
2017-4230 polyA(+) (upper band) 2nd 5-CATCATTGATGGTGCCTACAG -3
12-22643358-4230 polyA(+) POlyA(-) RT- 5'- CCGATCTCACCTCCTGCATCATTGATG
primer GTGCCTACAG -3'
1330-997 polyAl-)
3'adaptor 5'- rApp-CTGTAGGCACCATCAAT-ddC -3'

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 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 no vel 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 la<ks 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
sequenees. All the TSSs used in the HPV16 transcriptome, in the
HPV16-containing cervical keratinocyte W12E cell line, and in
the cerwical 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 DDBJ BioProject under the accession
number PRJDB3385.
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Abstract To clarify the clinical efficacy of STFX for
patients with non-gonococcal urethritis (NGU), including
chlamydial urethritis and Mycoplasma genitalium-positive
urethritis, this study included male patients with NGU who
were 20 years old or older. The pathogens, including
Chlamydia trachomatis, M. genitalium and Ureaplasma
urealyticum, were detected by nucleic acid amplification
tests and the patients were treated with sitafloxacin 100 mg
twice daily for 7 days. Microbiological and clinical effi-
cacies were assessed for the patients with NGU posttreat-
ment. Among the 208 patients enrolled in this study, data
for a total of 118 patients could be analyzed. The median
age was 32 (20-61) years. The median duration from the
completion of treatment to the second visit was 21 (14-42)
days. There were 68 pathogen-positive NGU cases and 50
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Introduction

The prineipal pathogen of male non-gonococcal urethritis
(NGU) is Chlamydia trachomatis [1-3]. To date, a few
antimicrobial agents for the treatment of chlamydial ure-
thritis have been highly effective [2-4] and are recom-
mended as standard treatment regimens [5]. Mycoplasma
genitaliurn is also a pathogen of male NGU [6] and its
frequency as an isolated pathogen from NGU is generally
second to that of C. trachomatis [2, 3]. Although azithro-
mycin (AZM) 1 g stat, one of the recommended treatment
regimens for patients with chlamydial urethritis, has
maintained its efficacy for almost all patients with
M. genitalium-positive NGU, recent reports show that there
are some cases with AZM treatment failure due to AZM-
resistant strains [7]. When patients with NGU are treated,
the ideal treatment regimen must be effective for both
C. trachomatis and M. genitalium. Unfortunately, gati-
floxacin (GFLX) [8], which appeared to be an ideal anti-
microbial agent, is no longer available because of adverse
events, which led to its withdrawal.

Sitafloxacin (STFX) is a new-generation fluoroquino-
lone and highly active against C. trachomatis [9] and M.
genitaliurn [10]. Its antimicrobial activity is unique com-
pared to those of conventional fluoroquinolones [11].
Although STFX is expected to have potential efficacy for
patients with NGU, few clinical studies have so far been
done, though there is one Japanese study [12]. The aim of
this study was to clarify the clinical efficacy of STFX for
patients with NGU, including chlamydial urethritis and M.
genitaliurn-positive urethritis.

Materials and methods
Study design

This prospective, single-arm, open-label, clinical study was
done during the period from October 2010 to September
2012.

Patients

This study included heterosexual male patients with NGU
who were 20 years old or older. Diagnosis was determined
by certified urologists according to the Japanese guidelines
for clinical research [13]. They conducted interviews about
the symptoms and adverse events and then prescribed the
drug. Symptomatic and asymptomatic patients were
defined as described in a previous report [3]. In short,
symptomatic patients were defined as having urinary tract
symptoms including pain on voiding, pus discharge and so
on. Asymptomatic patients with NGU were included if

{;’__] Springex

only C. trachomatis was detected. These asymptomatic
patients commonly visited the clinic because their female
sexual partners were diagnosed as having a genital chla-
mydial infection. Patients were excluded from this study if
they had a history of allergy to STFX, renal dysfunction, a
history of epilepsy, were infected with Neisseria gonor-
rhoeae or needed other antimicrobial agents. As the treat-
ment, all patients received a 100 mg tablet twice daily for
7 days orally.

Procedures for detection of pathogens

At the clinic, about 20 ml of the first-voided urine (FVU) was
taken from each patient and used as a specimen. C. tracho-
matis and N. gonorrhoeae were detected with the APTIMA
COMBO 2 transcription-mediated amplification assay (Gen-
Probe, Inc., San Diego, CA, USA) using 2 ml of the FVU
specimen. Then 8 ml of the FVU specimen were stored in a
freezer at the laboratory of the Department of Urology, Uni-
versity of Occupational and Environmental Health, Japan, for
subsequent detection of M. genitalium and Ureaplasma ure-
alyticum. Of the 8 ml urine specimen, 1.9 ml was centrifuged
at 10 000 g for 15 min and the pellet was mixed with 20 %
Chelx 100 (Bio-Rad Laboratories, Hercules, CA, USA). This
mixture was heated at 95 °C for 10 min and used as a template
for the nucleic acid amplification test [14, 15].

M. genitalium was detected by real-time PCR as described
by Jensen [15-17] and specimens that had more than 10
genome equivalents (geq) were determined to be positive for
M. genitalium. The positive specimens were reexamined by
16S rRNA PCR for confirmation [18]. Isolation of M. geni-
talium was attempted using the urine sediment from positive
urine specimens as described previously [17].

U. urealyticum was also detected by real-time PCR
(TagMan assay). The primer for U. urealyticum was set on
a fragment of the UreaA gene. The forward primer used
was urea-195F 5-GCAAGAAGACGTTTAGCTAGAGG
TTT-3'. The reverse primer was urea8-r 5-CACGAGCA-
GATTGCATTAAGTCAG-3'. The probe was urea8 tagman
5'-FAM-TAATTACTGACCACGTAGTGGA-MGB-3' for
U. urealyticum. The sequence of the internal process control
(IPC) probe used was 5'-TAMRA-TCCTTCGTGATATC
GGACGTTGGCTG-BHQ2-3'. The IPC was constructed as
in Jensen’s method and the same primers and IPC probe
as for M. genitalium were used. The Tagman assay for
U. urealyticum was performed using the same conditions as
for M. genitalium [15]. The specimens that had more than
10 geq of U. urealyticum were determined to be positive.

Microbiological outcome

According to the Japanese guidelines for clinical research
[13], the primary outcome of whether pathogens, including

— 381 —



J Infect Chemother (2013) 19:941-945

943

C. trachomatis, M. genitalium and U. urealyticum, are
eradicated is determined 2-4 weeks after the completion of
treatment [13]. In this study, if patients had no sexual
intercourse until the second visit, we accepted the data of
patients who revisited at a maximum 6 weeks after the
completion of treatment. As the microbiological outcome,
microbiological eradication was defined as the pathogen
not being detected by posttreatment nucleic acid amplifi-
cation tests, and failure was defined as the pathogen still
being detected by posttreatment nucleic acid amplification
tests [13].

Clinical outcome

In the patients with both pathogen-positive NGU and NGU
without any microbial detection, the clinical outcome of
whether the symptoms derived from urethritis disappeared
was determined 2-4 weeks after the completion of treat-
ment. Asymptomatic C. trachomatis-positive and M. gen-
italium-positive patients were excluded from the evaluation
of the clinical outcome. As the clinical outcome, cure was
defined as no posttreatment symptoms beng observed and
failure was defined as posttreatment symptoms derived
from urethritis continuing and/or a change of the treatment
regimen being necessary due to an unfavorable clinical
course [13].

Assessment of adverse events

At the second visit, all patients were interviewed as to
whether adverse events, including abdominal pain, diar-
rhea, nausea and so on, occurred or not.

Ethical considerations

The details of this research project were approved the
Review Board in Sapporo Medical University Hospital
(http://web.sapmed.ac.jp/byoin/chiken/irb.html; Nos. 22-59,
23-1193, 23-3057) and written informed consent was
obtained from each subject. This study was registered in the
University Hospital Medical Information Network Clinical
Trials Registry (UMIN-CTR; http://www.umin.ac.jp/ctr/
index-j.htm; UMIN ID: UMINO00004509).

Results

A total of 208 patients who were diagnosed as having NGU
were enrolled in this study; however, 90 patients were
excluded from further analysis. These 90 patients were
divided into 18 patients who were diagnosed with gono-
coccal urethritis by TMA assay, 36 who failed to visit
again and were lost, 34 patients whose second visits were

too early to evaluate the outcome, one patient who had
sexual intercourse with his girlfriend before the second
visit and one patient whose data were lost. Finally, data for
a total of 118 patients with NGU could be analyzed.

The median age of these patients was 32 years (range:
20-61). The median duration from the completion of
treatment to the second visit was 21 (14-42) days. There
were 68 cases that were positive for the tested microor-
ganisms and 50 without any microbial detection. In path-
ogen-positive NGU cases, C. trachomatis, M. genitalium
and U. wrealyticum were detected from 47, 16 and 17
patients, respectively (Table 1). Of the patients with chla-
mydial NGU, two were diagnosed as having asymptomatic
NGU. In the patients with M. genitalium-positive NGU,
one was asymptomatic. These three patients were excluded
from the analysis of the clinical outcome.

Microbiological cure was achieved in 95.6 % of path-
ogen-positive NGU. The microbiological eradication rates
were 95.7 % (45/47), 93.8 % (15/16) and 100 % (17/17)
for C. trachomatis, M. genitalium and U. urealyticum,
respectively. The two patients with treatment failure for
C. trachomatis-positive NGU obtained a clinical cure; but
the first one was positive for C. trachomatis both 14 and
21 days after the completion of drug administration. The
second one was positive for C. trachomatis 30 days after
completion. Those two patients could not undergo addi-
tional examinations because they were lost to follow-up.
There was one patient with treatment failure for M. geni-
talium-positive NGU who was positive for M. genitalium
25 days after the completion of treatment with continuous
pyuria and could not undergo further examination because
he was lost to follow-up.

Total clinical cure was achieved in 91.3 % (105/115) of
the cases. The clinical cure rate for the patients with NGU
without any microbial detection was 90.0 % (45/50).

Table 1 Results for microbiological and clinical cures in the patients
with NGU

Detected pathogen  Number  Microbiological ~ Clinical
cure (%) cure (%)

C. trachomatis 36 35/36 (97.2 %)  30/34 (83.2 %)

C. trachomatis 4 4/4 (100) 4/4 (100)

M. genitalium

C. trachomatis 7 6/7 (85.7) 6/7 (85.7)

U. urealyticum

M. genitalium 11 10/11 (90.9) 10/10 (100)

U. urealyticum 9 9/9 (100) 9/9 (100)

M. genitalium 1/1 (100) 1/1 (100)

U. urealyticum

Total 68 65/68 (95.6) 60/65 (92.3)
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In assessment of adverse events, two patients (1.7 %)
had mild diarrhea. However, their symptoms were self-
limited and disappeared without further medication.

Discussion

The most important current issue in the treatment strategy
for patients with NGU has been the management for
M. genitalium. C. trachomatis is the principal pathogen in
NGU and treatment efficacy against chlamydial urethritis is
high with standard treatment regimens [5, 19]. In Japan, the
current standard treatment regimens are still effective for
patients with chlamydial urethritis [2, 3]. However, there
have been some reports that the standard treatment regi-
mens are not good enough for patients with M. genitalium-
positive INGU [7, 20]. In addition, surprisingly, a recent
report showed that the clinical and microbiological cure
rates for patients with NGU were not so high and that
treatment failure against M. genitalium-positive NGU was
common [21, 22]. Therefore, a new treatment regimen for
NGU should be developed and applied.

GFLX was one of the new generation fluoroquinolones
that had strong activity against both C. trachomatis and
M. genitalium [23]. In addition, an open clinical trial in
Japan clearly showed that the clinical efficacy of GFLX
against NGU was high [8]. In the study, the microbiolog-
ical cure rates for C. trachomatis and M. genitalium were
100 and 83 %, respectively. However, GFLX, which was
expected to be an useful against NGU, was withdrawn from
the FDA list and is no longer available. STFX is also one of
the new generation of fluoroquinolones whose activity is
better than for the other fluoroquinolones [24] and is active
against C. trachomatis [9] and M. genitalium [10]. Indeed,
STFX was expected to have potential efficacy for patients
with NGU, because the susceptibility of M. genitalium to
STEX was higher than to other antimicrobial agents in an
in vitro study [10]. In a recent study from Japan [12], the
microbiological eradications rates of C. trachomatis,
M. genitalium and U. urealyticum were 100 % (33 of 33),
100 % (11 of 11) and 80 % (8 of 10), respectively. In our
study, the microbiological eradication rates of C. tracho-
matis, M. genitalium and U. urealyticum were 95.7, 93.8
and 100 %, respectively. These results in clinical studies
clearly showed that the treatment regimen using STFX had
high treatment efficacy against NGU and should become a
standard treatment regimen for NGU. In Norway and
France, the microbiclogical and clinical efficacies of
moxifloxacin (MFLX) were reported. In a microbiological
study frorm Bordeaux, France [25], MFLX was shown to be
highly active against urogenital M. genitalium and C. tra-
chomatis. In a clinical study from Norway [26], all 27
patients who were positive for M. genitalium finally tested
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negative after the completion of treatment with MFLX
400 mg once daily for 7 days. MFLX is also one of the
new generation of fluoroquinolones, similar to STFX, and
has higher treatment efficacy than the conventional ones.
Unfortunately, however, we cannot prescribe MFLX for
patients with NGU, because it is only permitted for patients
with respiratory infections in Japan. STFX has activity
against M. genitalium that is as strong as MFLX in the
antimicrobial susceptibility test. Therefore, the results of
our study are reasonable.

As supplementary information, if the patients who vis-
ited clinic 1-2 weeks after completion of treatment had
been included in analysis, the microbiological eradication
rates of C. trachomatis, M. genitalium and U. urealyticum
would have been 96.7 % (58 of 60), 94.7 % (18 of 19) and
100 % (17 of 17), respectively. These results clearly
demonstrate that STFX has high efficacy for treatment of
NGU.

In our study, there were few adverse events due to drug
action. The main one was mild diarrhea and no one had a
serious clinical course. Interestingly, a study including
patients with community-acquired pneumonia (CAP)
reported that the frequency of adverse STFX reactions was
higher than that in our study, and diarthea occurred in
14.6 % of the patients taking STFX 100 mg sid for 7 days
and in 4.17 % of those with STFX 50 mg bid for 7 days
[27]. There was no severe event in that study. In the study
with CAP, 63.9 % of the patients were 60 years old or older.
In our study, the median age of the patients was 32 years.
These findings suggest that adverse STFX events, especially
diarrhea, occur more frequently in older patients. Although
there have been a limited number of studies about STFX, the
treatment regimen with STFX can be safely undergone by
patients with NGU who are relatively young.

This study has some limitations. The total number of
patients included in this study was relatively small. How-
ever, the frequency of M. genitalium isolation is usually
about 7-10 % in NGU in Japan [2, 3, 12]. In a recent study,
it was 14.8 % [21] as determined using the same proce-
dures for detection of the organism. The frequency of
isolation of M. genitalium is relatively so small that it is
difficult to study a large number of cases with it in this kind
of clinical research. Another limitation is the study design.
When the clinical efficacy of antimicrobial agents for
urethritis is evaluated, a double-blind, randomized con-
trolled study is ideal to determine the efficacy. However,
while AZM 1 g, one of the recommended treatment regi-
mens, can be used for 1-day treatment, the duration of
fluoroquinolone treatment is generally a 7-day treatment
regimen. Therefore, an exact, strict study design for com-
parison with AZM is difficult. However, we have various
clinical data for NGU and can compare out results with
those of our previous reports [2, 3].
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In conclusion, our clinical research revealed that the

STFX treatment regimen should become the standard one
and be recommended for patients with NGU. In addition,
this regimen is recommended for patients with M. genita-
lium-positive NGU.
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