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ABSTRACT

[Objective] A few studies previously suggested that human papillomavirus (HPV) E6

messenger RNA (MRNA) may exist almost uniformly in all grades of cervical intraepithelial

neoplasia (CIN), whereas the detection rate of E7 mMRNA may increase with disease progression

from low-grade CIN to invasive carcinoma. The aim of this study was to clarify the different

roles of E6 and E7 mRNAs in the pathogenesis for cervical cancer.

[Methods] The presence of each E6 and E7 mRNA was analyzed in liquid-based cytology

samples from 171 patients with pathologically-diagnosed CIN or cervical carcinoma. We

utilized a RT-PCR assay based on consensus primers which could detect E6 mMRNA (full-length

E6/E7 transcript) and E7 mRNAs (spliced E6*I/E7 and E6*II/E7 transcripts) separately for

various HPV types.

[Results] E7 mRNAs were detected in 6% of CIN1, 12% of CIN2, 24% of CIN3, and 54% of

cervical carcinoma. Presence of E7 mRNAs was significantly associated with progression from

low-grade CIN to invasive carcinoma in contrast with present E6 mRNA or positive high-risk

HPV (HR-HPV) DNA showing no such trends (p=0.00011, 0.80 and 0.54, respectively).

Presence of both E6 and E7 mRNAs was significantly associated with positive HPV16/18 DNA

but not with positive HR-HPV DNA (p=0.0079 and 0.21, respectively), while presence of E6

MRNA was significantly associated with positive HR-HPV DNA but not with positive

HPV16/18 DNA (p=0.0036 and 0.089, respectively). Presence of both E6 and E7 mRNAs
4



showed high specificity and low sensitivity (100% and 19%) for detecting CIN2+ by contrast

with positive HR-HPV DNA showing low specificity and high sensitivity (19% and 89%). The

positive predictive value for detecting CIN2+ was even higher by the presence of both E6 and

E7 mRNAs than by the positivity for HR-HPV DNA (100% vs. 91%). Furthermore, in 31

patients followed up for CIN1-2, presence of both E6 and E7 mRNAs showed significant

association with the occurrence of upgraded abnormal cytology in contrast with E6 mRNA,

HR-HPV DNA, or HPV16/18 DNA showing no such trends (p=0.034, 0.73, 0.53, and 0.72,

respectively).

[Conclusion] Our findings support previous studies according to which E7 mRNA is more

closely involved in cervical carcinogenesis than E6 mRNA, and the presence of both E6 and E7

MRNAS may exert the strongest transforming ability. Moreover, the separate analysis of E6 and

E7 mMRNAs may be more useful than HR-HPV DNA test for detecting CIN2+ precisely and

predicting disease progression. Further accumulation of evidence is warranted to validate our

findings.



1. INTRODUCTION

Cervical cancer is the fourth most commonly diagnosed cancer and the fourth most common

cause of cancer death in women worldwide (Fig. 1) [1]. Each year, 528,000 women develop

cervical cancer, and 266,000 women die of the disease, accounting for 7.5% of all cancer deaths

in females (Fig. 1) [1].

Fig. 1. The incidence and mortality of cervical
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Human papillomavirus (HPV) is classified by the sequence of the L1 gene. Infection with

high-risk HPV (HR-HPV), including types 16 and 18, causes development of low-grade

cervical intraepithelial neoplasia (CIN), and viral persistence induces cellular transformation

resulting in progression to high-grade CIN and invasive cervical cancer [2]. HPV viral genome

has 6 early genes, E1, E2, E4, E5, E6, and E7, and 2 late genes, L1 and L2, encoding capsid

proteins (Fig. 2). Among the early genes, E6 and E7 cause cancer by inactivating the tumor

suppressor proteins p53 and Rb via the ubiquitin-proteasome pathway, respectively (Fig. 2) [3].

Fig. 2. HPV genes and their functions.
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Normal epithelial cells persistently infected with HR-HPV first develop low-grade CIN. When

viral DNA is integrated into host chromosome, constant overexpression of E6 and E7 induces



abnormal proliferation, transformation and immortalization, and inhibits differentiation,

apoptosis and immune response, leading to development of high-grade CIN. Accumulation of

genetic and epigenetic alterations further causes progression to invasive cancer (Fig. 3) [4].

Fig. 3. Molecular mechanism of cervical carcinogenesis. [5]
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E6 is mainly expressed from full-length E6/E7 mRNA, and E7 is mainly expressed from spliced

E6*/E7 mRNA (Fig. 4) [6].

Fig. 4. Splicing patterns of E6 and E7 transcripts. [6]
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HPV-16 expresses two isoforms of E7 gene, and the other HPV types including HPV-18

express one isoform of E7 gene (Fig. 5).

Fig. 5. Detection of E6 and E7 mRNAs in cervical neoplasia samples and cervical

cancer-derived cell lines. [7]
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To date, only a few studies previously investigated the distinct roles of E6 and E7 mRNAs for

cervical carcinogenesis [7, 8]. According to Nakagawa et al., E6 transcript is uniformly detected

from CIN1 to invasive cancer, but E7 transcripts show a higher detection rate with disease

progression from low-grade CIN to invasive cancer (Fig. 6) [7].

Fig. 6. Detection of E6 and E7 mRNAs in cervical neoplasia samples and cervical

cancer-derived cell lines. [7]

TABLE I. Detection of HPV E6 and E7 Transcripts in HPV-Positive Cervical Neoplasias

HPV type E6 transcript E7 transcript
Lesion 16 18 31 33 35 51 52 56 58 59 (%) (%)
CINI 1* 1 1* 1 4/4 (100%) 2/4 (50%)
CINII 1* 1 1* 1 1 5/5 (100%) 3/5 (60%)
CIN III 6" 1* 2 1 2 2 14/14 (100%) 12/14 (86%)
Invasive cancer 13 8* 2 3 1 2 2 30/31 (97%) 31/31 (100%)

*Only E6 transcript was detected in each sample.
"Only E6 transcript was detected in one of 6 samples.
*Only E7 transcript was detected in one of 8 samples.

Nakagawa S, et al. ] Med Virol. 2000;62(2):251-8.
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Another previous publication by Sotlar et al. showed that detection rate of E7 transcript

increased with disease progression in contrast with E6 transcript showing only moderate

increase (Fig. 7) [8].

Fig. 7. Detection of HPV E6 and E7 transcripts by nested RT-PCR in cervical scrapes. [8]

HR-HPV mRNA |[n (%)]

Total HR-HPV-DNA E6/E7+ E6* E6*
CIN 0 294 80 27 (33.8) 14 (17.5)
CIN I 56 46 35 (76.1) 26 (56.5)
CIN II 64 60 54 (90.0) 46 (76.7)
CIN I1I 45 43 41 (95.3) 36 (83.7)
Total 459 229 157 (68.6) 122 (53.3)

Sotlar K, et al. ] Med Virol. 2004;74(1):107-16.

The aim of our study was to investigate the distinct roles of each E6 and E7 mRNASs in the

pathogenesis of cervical cancer [9].

2. MATERIALS AND METHODS

2.1 Patients and samples
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The current study comprised two parts: a cross-sectional study of analyzing E6/E7 mRNAs in

cervical specimens from patients with CIN or invasive cervical carcinoma and an adjunctive

longitudinal study of following up patients with CIN1-2. Women with histologically and newly

diagnosed CIN or cervical carcinoma were eligible to participate in this study and recruited

between December 2014 and April 2017 at the outpatient clinic of University of Tsukuba

Hospital. The study population was composed of CIN1 (n=16), CIN2 (n=33), CIN3 (n=83) and

cervical carcinoma (n=39). The median age was 41.0 years for CIN1 (range 23-59), 33.0 years

for CIN2 (range 22-65), 36.0 years for CIN3 (range 22-70), and 49.0 years for cervical

carcinoma (range 33-76). Cervical specimens were collected with a Rovers Cervex-Brush

(Rovers Medical Devices, Oss, The Netherlands) into a ThinPrep vial containing PreservCyt

solution (HOLOGIC, Tokyo, Japan). Cells were immediately collected and stored in -80°C until

use. Study protocol was approved by the Ethics Committee University of Tsukuba Hospital

(H26-119). Written informed consent was obtained prior to enrollment of participants.

Histology was evaluated based on the most severe lesion present. Cytology was classified

according to the Bethesda system [10]. The included patients were treated or followed-up

according to the clinical guidelines [11]. Study results of the MRNA analyses did not influence

their management. The median follow-up duration was 194 days (range 0-613). Follow-up data

were retrieved until 2017-5-31.
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2.2 DNA extraction and HPV genotyping

Genomic DNA was extracted using SepaGene kit (Eidia, Tokyo, Japan) according to the

manufacturer’s instruction. HPV genotyping was done by L1-PCR and RFLP analyses as

described previously [7] or at a clinical testing laboratory (SRL, Tokyo, Japan) by Amplicor

linear array HPV genotyping test (Roche Diagnostics, Tokyo, Japan). HR-HPVs are defined as

HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 and 68, which can be detected by Hybrid

Capture 2 (HC2).

2.3 RNA extraction and Reverse Transcriptase PCR (RT-PCR)

Total RNA extraction and DNase treatment were performed as described previously [7].

RT-PCR was conducted using OneStep RT-PCR kit (QIAGEN, Tokyo, Japan) according to the

manufacturer’s instruction. We utilized a RT-PCR assay based on consensus primers designed

to maintain around 80-90% homology to the known conserved sequences in E6 and E7 ORFs

among multiple oncogenic HPVs [7]. E6 and E7 mRNAs could be separately detected for at

least HPV types 16, 18, 31, 33, 35, 51, 52, 56, 58 and 59 [7]. We used B2-microglobulin as a

control for RT-PCR in order to validate normal RNA extraction and no contamination of DNA

which will affect the RT-PCR results, as E6/E7 DNA is the same size as E6 mRNA. Primers

used for RT-PCR and PCR are as follows: E6/E7, ACC GAA AAC GGT TGA ACC GAA

13



AAC GGT and GAG CTG TCG CTT AAT TGC TC; p2-microglobulin, TGT CTT TCA GCA

AGG ACT GG and GAT GCT GCT TAC ATG TCT CG.

2.4 Statistical analysis

Differences in proportions were evaluated by the Fisher’s exact test. Diagnostic indices of

sensitivities, specificities, positive predictive values, and negative predictive values with 95%

confidence intervals were calculated for detecting CIN2+, CIN3+, and invasive cervical cancer.

Disease progression of CIN1-2 was examined as a surrogate by the Kaplan-Meier method

calculating the intervals from E6/E7 sample collection until patients showed upgraded results of

Pap test compared with the cytology at E6/E7 sample collection or they were censored, and the

difference was statistically evaluated by the log-rank test.

3. RESULTS

We first analyzed the E6 and E7 mRNA expression patterns in human cervical cancer cell-lines

CaSki and HelLa by RT-PCR (Fig. 8) [9], and confirmed that the expression patterns were

consistent with data published by Nakagawa et al. [7]. In addition to E6 mRNA, two isoforms of

E7 mRNA were detected in HPV 16-positive CaSki cells, and one isoform of E7 mRNA

detected in HPV 18-positive HelLa cells. In order to verify that our RT-PCR assay works

properly, we further performed sequencing analyses of E6/E7 cDNAs and confirmed that E6
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MRNA is actually full-length E6/E7 transcript and that E7 mRNAs are actually spliced E6*/E7

transcripts (Fig. 9 and 10). The E6/E7 DNA is the same size as the full-length RNA, 652 bp for

HeLa and 622 bp for CaSki. 32-microglobulin is 148 bp for RNA and 775 bp for DNA (Fig. 11)

[9].

Fig. 8. E6/E7 mRNA expression patterns by RT-PCR in human cervical cancer cell lines,

HeLa and CaSki. H: full-length E6/E7 (E6), M: spliced E6*I/E7 (E7), L: spliced E6*II/E7

(E7).

Liu S, et al. PLoS One. 2018;13(2):e0193061.

Fig. 9. Sequencing analyses of RT-PCR products of E6/E7 from CaSki cells.
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CaSki E6/E7

>vg:1489078 E6, HpV1egpl; iluman papillomavirus type 16; transtorming protein
E6

Length=477
Score = 852 bits (944), Expect = 8.0
Identities = 475/477 (99%), Gaps = ©/477 (@%)

Strand=Plus/Plus

ATGCACCAAAAGAGAACTGCAATGT TTCAGGACCCACAGGAGCGACCCGGAAAGTTACCA

TEEEEEEEEEETEEEEER P EE R e T e e e e
ATGCACCAAAAGAGAACTGCAATGT TTCAGGACCCACAGGAGCGACCCAGARAGTTACCA

Query 52 111

sbjct 1 60

112 CAGTTATGCACAGAGCTGCAAACAACTATACATGATATAATATTAGAATGTGTGTACTGC
LECEEEELE T EE R E T PR e R LR e e e een i

CAGTTATGCACAGAGCTGCAAACAACTATACATGATATAATATTAGAATGTGTGTACTGC

Query 171

Sbjct 61 120

172 GTGAGGTATATGACTTTGCTTTTCGGGATTTATGCATAGTA
||||||||IIlII||||||I|||II||||III||||||||||I||||||||||||||||I
GGTA

TATGACTTTGCTTTTCGGGATTTATGCATAGTA

Query 231

Sbjct 121 180

232 TATAGAGATGGGAATCCATATGCTGTATGTGATAAATGTTTAAAGTTTTATTCTAAAATT

PECECECEECEEEEUEEE LR e

TATAGAGATGGGAATCCATATGCTGTATGTGATAAATGTTTAAAGTTTTATTCTAAAATT

Query 291

sbjct 181 248

292 AGTGAGTATAGACATTATTGTTATAGTGTGTATGGAACAACAT TAGAACAGCAATACAAC
FECCEELEEEC LR EEEE R FEEE TR L L LT

AGTGAGTATAGACATTATTGTTATAGTTTGTATGGAACAACATTAGAACAGCAATACAAC

Query 351

Sbjct 241 300

352 AAACCGTTGTGTGATTTGTTAATTAGGTGTATTAACTGTCAAAAGCCACTGTGTCCTGAA

TEECCEEEEEE TR TR EE e R e E e e e e
AAACCGTTGTGTGATTTGT TAATTAGGTGTATTAACTGTCAARAGCCACTGTGTCCTGAA

Query 411

sbjct 301 36@

412 GAAAAGCAAAGACATCTGGACAAAAAGCAAAGAT TCCATAATATAAGGGGTCGGTGGACC
LECEEEEEE TR E e e R e LR e e e e

GAAAAGCAAAGACATCTGGACAAAAAGCAAAGATTCCATAATATAAGGGGTCGGTGGACC 420

Query 471

sbjct 361

a72 GTTGCAGATCATCAAGAACACGTAGAGAAACCCAGCTGTAA 528
|||I|||II|[||||III|lI||IIIII[IIII||||||IIIII||||||||Il|||
TTGT

TGCAGATCATCAAGAACACGTAGAGAAACCCAGCTGTAA 477

Query

Sbict 421

CaSki EG*I/E7

>vg:1489078 Es,
Length=477

HpVlegpl; kFuman papillomavirus type 16; transforming protein

2e-73
0/153 (0%)

Score = 277 bits (306), Expect
Identities = 153/153 (100%), Gaps =
Strand=Plus/Plus

>vg:1489879 E7, HpViegp2; lluman papillomavirus type 16; transforming protein
E7

Length=297
Score = 96.9 bits (106),

Identities = 57/58 (98%), Gaps =
strand=Plus/Plus

Expect = 9e-19
1/58 (2%)

Query 531 ATGCATGGAGATACACCTACATTGCATGAATATATGTTAGA-TTGCAACCAGAGACAA 587
FECCEEETEE PR EE e e e

sbjct 1 ATGCATGGAGATACACCTACATTGCATGAATATATGTTAGATTTGCAACCAGAGACAA 58

>vg:148979 E7, HpV16gp2; |Human papillomavirus type 16; transforming protein

Length=297
Score = 159 bits (176), Expect = 4e-38
Identities = 91/93 (98%), Gaps = 0/93 (0%)

Strand=Plus/Plus

348 ATGCATGGAGATACACCTACATTGCATGAATATATGTTAGATTTGCAACCAGAGACAACT
(AR R R R RN RN R RN RN AR AR RR AR RN

ATGCATGGAGATACACCTACATTGCATGAATATATGTTAGATTTGCAACCAGAGACAACT

Query 407

sbjct 1 &0

408 GATCTCTACTGTTATGAGCAATTAAGCGACAGC
PEREERLERET e eeerr el
GATCTCTACTGTTATGAGCAATTAAATGACAGC

Query 440

Sbict 61 93

Query 193 AGGTGTATTAACTGTCARAAGCCACTGTGTCCTGAAGARARGCARAGACATCTGGACAAR 252
FEEEEREEEEE e e e e e e e e b e e bbb ey
Sbjet 325 AGGTGTATTARCTGTCAAAAGCCACTGTGTCCTGAAGARARGCARAGACATCTGGACRAR 384
Query 253 AARGCAAAGATTCCATAATATAAGGGGTCGGTGGACCGGTCGATGTATGTCTTGTTGCAGA 312
[N N RN RN RN RN R RN RN RN
Sbjet 385 AAGCARAGATTCCATAATATAAGGGGTCGGTGGACCGGTCGATGTATGTCTTGTTGCAGA 444
Query 313 TCATCAAGAACACGTAGAGARACCCAGCTGTAA 345
(AN RN RN RN R R R RN RRR RN
Sbjct 445 TCATCAAGAACACGTAGAGARACCCAGCTGTAA 477
Score = 262 bits (290), Expect = 5e-69
Identities = 148/150 (99%), Gaps = 0/150 (0%)
Strand=Plus/Plus
Query 51  ATGCACCARAAGAGAACTGCAATGTTTCAGGACCCACAGGAGCGACCCGGRAAGTTACCA 110
FEEEEREEER e e e bbb e bbb bbb bbbt bt
Sbjct 1 ATGCACCAARRGAGAACTGCAATGTTTCAGGACCCACAGGAGCGACCCAGARAGTTACCA €0
Query 111 CAGTTATGCACAGAGCTGCARACAACTATACATGATATAATATTAGAATGTGTGTACTGC 170
[N N RN RN RN RN RN R RN AR R AN
Sbjet 61  CAGTTATGCACAGAGCTGCAARACAACTATACATGATATAATATTAGAATGTGTGTACTGC 120
Query 171 ARGCAACAGTTACTGCGACGTGAGGTGTAT 200
FEEREREEERE R i
Sbjet 121 ARGCAACAGTTACTGCGACGTGAGGTATAT 150
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CaSki E6*II/E7

>vg:14890(8 E6, Hpvlégpl; Fuman papillomavirus type 16; transforming protein

>vg:1489079 E7, HpV1égp2; iuman papillomavirus type 16; transforming protein
Length=287

Score = 154 bits (170), Expect = le-36

Identities = 85/85 (100%), Gaps = 0/85 (0%)

Strand=Plus/Plus

Query
Sbjct
Query

Sbjct

231 ATGCATGGAGATACACCTACATTGCATGAATATATGTTAGATTTGCAACCAGAGACRACT 280
(NN R R R N R R R RN RN R R RN A RRARRRY

1 ATGCATGGAGATACACCTACATTGCATGAATATATGTTAGATTTGCAACCAGAGACAACT 60

291 GATCTCTACTGTTATGAGCAATTAR

PERLEREErEr et

61 GATCTCTACTGTTATGAGCRATTRA 85

315

Length=477

Score = 255 bits (282), Expect = Se-67

Identities = 143/144 (99%), Gaps = 0/144 (0%

Strand=Plus/Plus

Query 51  ATGCACCAAAAGAGAACTGCAATGTTTCAGGACCCACAGGAGCGACCCGGAAAGTTACCA 110
(RN R NN R RN RN RN R RN AR RN

sbjet 1 ATGCACCAAAAGAGAACTGCAATGTTTCAGGACCCACAGGAGCGACCCAGAAAGTTACCA 60

Query 111 CAGTTATGCACAGAGCTGCARACAACTATACATGATATAATATTAGAATGTGTGTACTGC 170
FEREEETEER e e e e et e e e e e b e e e b e b e e e e

Sbjct 61 CAGTTATGCACAGAGCTGCAARCAACTATACATGATATAATATTAGAATGTGTGTACTGC 120

Query 171 AAGCAACAGTTACTGCGACGIGAG 194
FEREEETRETrErr e

Sbjct 121 AAGCAACAGTTACTGCGACGIGAG 144

Score = 66.2 bits (72), Expect = 5e-10

Identities = 36/36 (100%), Gaps = 0/36 (0%)

Strand=Plus/Plus

Query 193

442

sbict

AGATCATCAAGAACACGTAGAGAAACCCAGCTGTAA

FECRETEEREEEER R el
AGATCATCAAGAACACGTAGAGAAACCCAGCTGTAR

228
(RN
477

HPV 16

35

83 104

559 562 858

E6

E7

83

559 562

CaSki EG/E7

83

CaSki EG*I/E7

83

CaSki EG*II/E7

..409 562

562

EmsssssssssEEEEEEEEEEEEEEEEEEE,

Fig. 10. Sequencing analyses of RT-PCR products of E6/E7 from HeLa cells.
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HelLa E6G/E7

>vg:1489083 E6, Hpv18gpl; 4lphapapillomavirus 7; E6 protein SVRELAR908Q E7, HpVA2p2; Siphapapillosavirus 75/ E7 protein
Length=477 Length=318
= i - Score = 179 bits (198), Expect = 1e-43
Score. : 810 bits.(898), EXPeCt =.0.0 Identities = 99/99 (100%), Gaps = /99 (0%)
Identities = 466/477 (98%), Gaps = ©/477 (0%)
Strand=Plus/Plus
Strand=Plus/Plus

Query 536 ATGCATGGACCTAAGGCAACATTGCAAGACATTGTATTGCATTTAGAGCCCCAAAATGAA 595

Query 51  ATGGCGCGCTTTGAGGATCCAACACGGCGACCCTACAAGCTACCTGATCTGTGCACGGAA 110 R
FECCCLEEEEEREEC T EEE R e EEE TP e e sbjct 1 ATGCATGGACCTAAGGCAACATTGCAAGACATTGTATTGCATTTAGAGCCCCAAAATGAA
Sbjct 1  ATGGCGCGCTTTGAGGATCCAACACGGCGACCCTACAAGCTACCTGATCTGTGCACGGAA 60

Query 596 ATTCCGGTTGACCTTCTATGTCACGAGCAATTAAGCGAC 634
Query 111 CTGAACACTTCACTGCAAGACATAGAAATAACCTGTGTATATTGCAAGACAGTATTGGAA 170 TECLETEEEER R e e

FECEERREEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e e e erenl sbjct 61  ATTCCGGTTGACCTTCTATGTCACGAGCAATTAAGCGAC 99
Sbjct 61  CTGAACACTTCACTGCAAGACATAGAAATAACCTGTGTATATTGCAAGACAGTATTGGAA 120

Query 171 CTTACAGAGGTGTTTGAATTTGCATTTAAAGATTTATTTGTGGTGTATACAGACAGTATA 230

CLLLEEEELE TEEEEEE L e L et e

Sbjct 121 CTTACAGAGGTATTTGAATTTGCATTTAAAGATTTATTTGTGGTGTATAGAGACAGTATA 180

Query 231 CCGCGTGCTGCATGCCATAAATGTATAGATTTTTATTCTAGAATTACAGAATTAAGACAT 290

FEL TR PR E R PR L e FEErrr e

Sbjct 181 CCCCATGCTGCATGCCATAAATGTATAGATTTTTATTCTAGAATTAGAGAATTAAGACAT 240

Query 291 TATTCACACTCTGTGTATGGAGACACATTGTAAAAACTAACTAACACTGTATTATACAAT 350

FECLEE TCEELEE T EEE e PEEEEC L e TEErn

Sbjct 241 TATTCAGACTCTGTGTATGGAGACACATTGGAAAAACTAACTAACACTGGGTTATACAAT 300

Query 351 TTATTAATAAGGTGCCTGCGGTGCCAGAAACCGTTGAATCCAGCAGAAAAACTTAGACAC 410

CLCLEEEECELEEEE R i

Sbjct 301 TTATTAATAAGGTGCCTGCGGTGCCAGAAACCGTTGAATCCAGCAGAAAAACTTAGACAC 360

Query 411 CTTAATGAAAAACGACGATTCCACAACATAGCTGGGCACTATAGAGGCCAGTGCCATTCG 470

CECEEEEECEEEE TR TR L e

Sbjct 361 CTTAATGAAAAACGACGATTTCACAACATAGCTGGGCACTATAGAGGCCAGTGCCATTCG 420
Query 471 GCAACCGAGCACGACAGGAAAGACTCCAACGACGCAGAGAAACACAAGTATAA 527
IIIIIIIIIIIIIIIIIIIIIIII LEEECCPEEEEEEEEL R ErErr

Sbjct 421 CCGAGCACGACAGGAACGACTCCAACGACGCAGAGAAACACAAGTATAA 477

HelLa EG*I/E7

. ofs 7 . ah : i . 57 3
>vg:142008f E6, HpViegpl; Mlphapapillomavirus 7; E6 protein >vg:14880(% E7, HpV18gp2; Alphapapillomavirus 7; E7 protein

Length=318
Length=477
) Score = 179 bits (198), Expect = 5e-44
Score = 295 bits (326), Expect = %e-79 Identities = 99/99 (100%), Gaps = 0/99 (0%)
Identities = 166/168 (99%), Gaps = 0/168 (0%) strand=Plus/Plus
Strand=Plus/Plus
Query 372 ATGCATGGACCTAAGGCAACATTGCAAGACATTGTATTGCATTTAGAGCCCC! AR 431

jouery 196 AGGTGCCTGCGGTGCCAGARACCGTTGAATCCAGCAGAAAAACTTAGACACCTTAATGAA 255 . Ry
I R RN AR sejet 1 ATGCATGGACCTAAGGGRACATTGCARGACATTGIATTGCATTTAGRGCCCCARAATGAR 60

ISbjct 310 AGGTGCCTGCGGTGCCAGAAACCGTIGAATCCAGCAGAAAAACTTAGACACCTTAATGAR 369 Query 432

ATTCCGETTGACCTTCTATGICACGAGCAATTAAGCGAC 470

FERTEEEEREER R n e e el
jouery 256 ARACGACGATTCCACAACATAGCTGGGCACTATAGAGGCCAGTGCCATTCGTGCTGCAAC 315 lspjct 61  ATTCCGGTTGACCTTCTATGTCACGAGCAATTAAGCGAC 89

R N R R R R R A R R R AR RN N
ISbjct 370 AARACGACGATTTCACAACATAGCTGGGCACTATAGAGGCCAGTGCCATTCGTGCTGCAAC 429

[Query 316 CGAGCACGACAGGAAAGACTCCAACGACGCAGAGAAACACAAGTATAA 363
PREETEEEET e vere e e e e e e b e e
ISbjct 430 CGAGCACGACAGGAACGACTCCARCGACGCAGAGARACACARGTATRA 477

2e-61
0/131 (0%)

Score = 237 bits (262), Expect
Identities = 131/131 (100%), Gaps
Strand=Plus/Plus

Query 69  ATGGCGCGCTTTGAGGATCCAACACGGCGACCCTACAAGCTACCTGATCTGTGCACGGAA 128
(R RN R R R R N R AR R RN RN RN RN NN
sbjet 1 ATGGCGCGCTTTGAGGATCCAACACGGCGACCCTACAAGCTACCTGATCTGTGCACGGRA 60

Query 129 CTGAACACTTCACTGCAAGACATAGAAATAACCTGTGTATATTGCAAGACAGTATTGGAA 188
RN R R RN R RN R R AN RN RN
Sbject 61 CTGRACACTTCACTGCAAGACATAGRAARTAACCTGTGTATATTGCARGACAGTATTGGRA 120

Query 189 CTTACAGAGGT 199
[RRRRRRRRRN
Sbjct 121 CTTACAGAGGT 131
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Subsequently we analyzed the E6/E7 mRNA expressions in liquid-based cytology (LBC)

samples from 171 patients. Fig. 12 shows an example of detection of E6/E7 mRNA in cytology

samples from patients [9]. Beta2-microglobulin amplification showed no contamination by

genomic DNA in every sample. The detection rate of E7 mRNA significantly increased with

disease progression from low-grade CIN to invasive cancer, while those of E6 mRNA and

high-risk HPV DNA did not change (p=0.00011, 0.80 and 0.54, respectively; Table 1) [9]. We

next examined the relationship between E6/E7 mRNA expressions and HPV genotypes.

Presence of E6 mMRNA showed significant associations with positive HR-HPV DNA but not

with positive HPVV16/18 DNA (p=0.0036 and 0.089; Table 2) [9], whereas presence of both E6

and E7 mRNAs showed significant associations with positive HPV16/18 DNA but not with

positive HR-HPV DNA (p=0.0079 and 0.21; Table 2) [9].

Fig. 12. Detection of E6/E7 mRNAs in LBC samples from patients. E6 is detected in

samples 1 and 3, and 2 isoforms of E7 are detected in samples 2 and 3.
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Table 1. E6/E7 mRNA analyses and HPV genotyping in LBC samples from patients with

cervical neoplastic diseases.

CIMI % CINZ % CING % CxZa % P-value
E6 mRMNA+) 7716 44 16/33 48 35/83 42 20438 51 080
E7 mRMA+) 1/16 6 4733 12 20/83 24 21/30 54 000011
E6 mRMAGH) and E7 mRNAG)  0/18 0 4/33 12 12783 14 14/30 36 00047
E6 mRMNAH) and/or E7 mRNAGH) 8/18 50 18/33 52 43/83 52 27/30 69 027
High—risk HPY DRA+) 13/16 &1 30/33 81 75/83 00 33730 &5 054
HPW16/18 DRA+) 2/16 13 12/33 36 36/83 43 25/30 64 0030

Liu S, etal. PL0oS One. 2018;13(2):e0193061.

21



Table 2. Relationship between E6/E7 mRNAs and HPV genotypes.

High-risk HPY DhA HPY16/18 DNA

(+) (-) FP-value (+) (-) P-value
E6 mRNA(+) 75/151 (50%) 3420 (15%) 00036 40/75 (53%) 38/96 (40%) 0089
E7 mRNA(+) 40/151 (o6%) 6/20 (30%) 079 26/75 (35%) 20/06 (21%) 0056
E6 mRNAG+) and E7 mRNAGH)  20/151 (19%) 1/20 (5%) 021 20/75 (27%) 10/96 (10%) 00079
E6 mRNA) ard/or E7 mRNA()saﬂm (57%) 8/20 (40%) 016 46/75 (61%) 48/96 (50K 016

Liu S, et al. PLoS One. 2018;13(2):e0193061.

Next, we examined diagnostic accuracies for detecting cervical neoplastic diseases by E6/E7

MRNA analyses. For detecting CIN2+, presence of both E6 and E7 mRNAs showed high

specificity and low sensitivity (100% [95% confidence interval {CI}, 79-100] and 19% [95% ClI,

13-26]; Table 3) in contrast with positivity of HR-HPV DNA showing high sensitivity and low

specificity (89% [95% ClI, 83-93] and 19% [95% CI, 4-46]; Table 3) [9]. Notably, the positive

predictive value (PPV) for detecting CIN2+ was even higher by the presence of both E6 and E7

mRNAs than by the positivity for HR-HPV DNA or HPV16/18 DNA (100%, 91% and 91%,

respectively; Table 3) [9]. Similar trends were also observed about the diagnostic accuracies for

detecting CIN3+ and invasive cervical cancer (Tables 4 and 5) [9].

Table 3. Diagnostic indices of E6/E7 mRNA analyses for detecting CIN2+.

Sensitivity Specificity PR MPY

(% [55% 1) (% [55% cI]) (% [55% cIl) (% [55% 1)
E6 mRNA(+) 71/155 (46 [38-54]) 9/16 (56 [30-80D)  71/78 (01 [82-96])  ©/93 (10 [5-18])
E7 mRNA+) 457155 (28 [22-37]) 15/16 (84 [70-1000)  45/46 (98 [38-1000) 15/125 (12 [7-18])
E6 mRNA+) and E7 mRNAG]  30/155 (19 [13-260) 16/16 (100 [79-100]) 30/30 (100 [88-100]) 16/141 (11 [7-18])
E6 mRNA(+) and/or E7 mRNA(+) 26/155 (55 [47-63]) &/16 (50 25-75])  96/94 (a1 [84-96]) /77 (10 [5-18])
High-risk HPY DNA(+) 138/153 (85 [83-93]) 3/16 (19 [4-48T) 138/151 (01 [86-951) 3/20 (15 [3-38])
HPY16/15 DNA+) 73/155 (47 [39-85]) 14/16 (88 [62-08])  73/75 (97 [o1-100]) 14/96 (15 [8-23])
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Liu S, et al. PLoS One. 2018;13(2):e0193061.

Table 4. Diagnostic indices of E6/E7 mRNA analyses for detecting CIN3+.

Sensitivity Specificity FEY MEY

(% [5% C1]) (% [05% CIT) (% [5% C1]) (% [05% cI])
E6 mRNA(+) 55/122 (45 [36-94]) 26/49 (33 [38-67]) 55/78 (71 [39-80]) 26,93 (28 [18-38])
E7 mRNA(+) 41/122 (24 [25-43]) 44740 (00 [78-97])  41/46 (20 [76-96])  44/125 (35 [27-44])
E6 mRNA(+) and E7 mRNA+) 267122 (21 [14-300) 45/49 (82 [80-98])  26/30 (87 [89-96])  45/141 (32 [24-40])
E6 mRNA+) and/or E7 mRNA(+)70/122 (57 [48-661) 25/48 (51 [36-88])  70/94 (74 [64-83])  25/77 (32 [22-44])

108/122 (89 [81-04]) 6/45 (12 [5-25]) 108/151 (72 [64-79]) 6/20 (30 [12-54])
G1/122 (50 [41-590) 35/40 (71 [57-83D)  61/75 (81 [71-80])  35/08 (38 [27-47])

Liu S, et al. PLoS One. 2018;13(2):e0193061.

High-risk HPY DMA+)
HP'16,/18 DNA(+)

Table 5. Diagnostic indices of E6/E7 mRNA analyses for detecting invasive cervical

cancer.

Sensitivity Specificity PRV NPV

(% [55% CI) (% [55% CI) (% [55% CI) (% [55% CI)
E6 mRNA(+) 20/39 (51 [35-68])  74/132 (56 [47-65]) 20/7% (26 [16-37])  74/93 (80 [70-87])
E7 mRNA(+) 21/39 (54 [37-70])  107/132 (81 [73-87]) 21/46 (46 [31-61])  107/125 (86 [78-01])
E6 mRNAC+) and E7 mRNAG) 14739 (38 [21-53])  116/132 (88 [81-83]) 14/30 (47 [28-88])  116/141 (82 [75-88])
E6 mRNAL+) and/or E7 mRNA+) 27,30 (60 [52-83])  65/132 (40 [40-58]) 27/94 (20 [20-38])  65/77 (84 [74-82])
High-risk HF DNA(+) 33/39 (85 [6o-04])  14/132 (11 [-17])  33/151 (22 [16-28]) 14/20 (70 [46-83])
HEW16/18 DNALH) 25,/30 (64 [47-79])  82/132 (82 [53-701) 25,75 (33 [23-45])  &2/06 (85 [77-02])

Liu S, et al. PLoS One. 2018;13(2):e0193061.

Finally, we examined the impact of presence of E6/E7 mRNAs or HPV genotypes on disease

progression by following up 31 patients with CIN1-2. Since no disease progression was

pathologically diagnosed yet in those patients, we compared intervals until the occurrence of

upgraded abnormal cytology compared with the cytology at E6/E7 sample collection as a

surrogate for disease progression. Presence of both E6 and E7 mRNAs showed significant

association with the occurrence of upgraded abnormal cytology, presence of E7 mRNAs
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showed association without statistical significance, but positive E6 mMRNA, HR-HPV DNA, or

HPV 16/18 DNA showed no such trends (p=0.034, 0.12, 0.73, 0.53, and 0.72, respectively; Fig.

13) [9].

Fig. 13. Kaplan-Meier curves for upgraded Pap-test results in followed-up patients with

CIN1-2. A, cases positive for both E6 and E7 mRNAs (n=3) vs. the remainder (n=28); B, cases

with positive E7 mMRNAs (n=4) vs. negative E7 mRNAs (n=27); C, cases with positive E6

MRNA (n=15) vs. negative E6 mRNA (n=16); D, cases with positive HR-HPV DNA (n=26) vs.

negative HR-HPV DNA (n=5); E, cases with positive HPV16/18 DNA (n=8) vs. negative

HPV/16/18 DNA (n=23).
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4. DISCUSSION

First of all, regarding novel points of our study based on the previous publications, our study is

the first to investigate associations of positivity of E7 mRNA and positivity of both E6 and E7

MRNASs separately with disease progression and diagnostic indices in clinical samples. Our

study is also the first to separately analyze E6 and E7 mRNASs on disease progression in

follow-up patients.

Our E6/E7 RT-PCR analyses showed that E7 mRNAs were significantly associated with

progression from low-grade CIN to invasive carcinoma in contrast with E6 mRNA showing no

such trend (Table 1) [9]. Furthermore, we found that the presence of E6 mRNA was

significantly associated with the positivity for HR-HPV DNA but not with the positivity for

HPV16/18 DNA, whereas the presence of both E6 and E7 mRNAs was significantly associated

with the positivity for HPVV16/18 DNA but not with the positivity for HR-HPV DNA (Table 2)

[9]. These observations suggest that E7 mRNA may be more closely involved in cervical

carcinogenesis than E6 mRNA and that the presence of both E6 and E7 mMRNAs may be the

oncogenic property specific for HPVV16/18, keeping in line with previous publications where the

expression of E7 by itself can immortalize human keratinocytes at a low frequency but E6 has

no such activity, and the combination of E6 and E7 is highly efficient at immortalizing most

types of primary cells [12, 13]. Additionally in the transgenic mouse model, E7 alone, but not
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E6 alone, is reported to be sufficient to induce high-grade CIN and invasive cervical cancers and

the addition of E6 results in larger and more extensive cervical cancers [14].

Although E7 mRNA was most significantly associated with disease progression from low-grade

CIN to invasive carcinoma in 171 patients (Table 1) [9], the positivity of both E6 and E7

MRNASs was the only significant factor in 31 patients of the follow-up study (Fig. 13) [9]. The

reason for this discrepancy may be possibly that while positive E7 mRNA is most associated

with the present status of cervical neoplastic disease, positivity of both E6 and E7 mRNA is

most important for future disease progression. Previous publications only investigated single

positivity of E6 or E7 mRNA, but not the positivity of both E6 and E7 mRNAs.

Oncoproteins E6 and E7 are known to cause development of cervical cancer by inactivating the

tumor suppressors p53 and Rb, respectively. Accordingly, our above findings suggest that Rb

may play a more critical role in cervical carcinogenesis than p53, being consistent with the

published finding that Rb and Ki67 were the strongest predictive markers for CIN progression

among various molecular markers including p53 [15]. P53 transcription factor is activated in

response to stress signals and induces various biological functions including apoptosis,

senescence, cell cycle arrest, DNA repair, and autophagy. Rb binds to E2F transcription factor,

resulting in inhibition of cell cycle transition from G1 to S phase. However, the detailed

mechanism whereby Rb plays a more important role in cervical carcinogenesis than p53 is
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unknown yet. We will consider it as our future perspective, for example by using siRNA

inhibiting Rb or p53. Moreover, E7 is known to bind to Rb and degrade it through the

ubiquitin-proteasome pathway. E7 of high-risk HPVs reportedly has stronger affinity to Rb than

that of low-risk HPVs [16]. However, the detailed mechanism on the E7 structure and function

is also unknown yet. We will also consider this as our future perspective, for example by

comparing and analyzing DNA sequences of E7 of various high-risk and low-risk HPVs.

Diagnostic indices by our E6/E7 RT-PCR analyses for detecting cervical neoplastic diseases

showed that positivity of both E6 and E7 mRNAs had high specificity and low sensitivity in

contrast with positive HR-HPV DNA having high sensitivity and low specificity (Tables 3-5)

[9]. HC2 is indeed reported to show high sensitivity and relatively low specificity (88.8-95.8%

and 38.7-56% for CIN2+) [17-20]. Notably, the PPV for detecting CIN2+ by the presence of

both E6 and E7 mRNAs was even higher than by the positivity for HR-HPV DNA (Table 3) [9].

Accordingly, the separate analysis of E6 and E7 mRNAs may be more useful than HR-HPV test

for detecting CIN2+ precisely. As with positive both E6 and E7 mRNAs, LBC test is also

reported to have high specificity for detecting cervical neoplastic diseases (84.8-94.1% for

CIN2+) [21]. However, while cytology test is considered to reflect the present status of diseases,

E6/E7 mRNA analysis may be able to predict future disease progression, as this test examines

HPV oncogene expressions with transforming abilities. In this context, we further examined the
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impact of presence of E6/E7 mRNAs on disease progression by following up patients with

CIN1-2. Presence of both E6 and E7 mRNAs showed significant associations with the

occurrence of upgraded abnormal cytology, presence of E7 mRNA showed association without

statistical significance, while positive E6 mRNA, HR-HPV DNA, or HPV 16/18 DNA showed

no such trends (Fig. 13) [9]. Regarding follow-up study of HPV mRNA tests, the longitudinal

studies have reported that positive mMRNA at baseline is an excellent predictor for future

development of CIN2+ or CIN3+ in referral or post-treatment populations [22-28]. Together

with these published findings, our above observations suggest that the separate analysis of E6

and E7 mRNAs may predict disease progression of CIN more precisely than HPV DNA tests.

However, further following up patients and pathologically detecting disease progression are

required to clarify the predictive significance of separately analyzing E6 and E7 mRNAs.

The sensitivity of our E6/E7 mRNA test for detecting CIN2+ is lower than those of other

reported HPV RNA tests (77.0-96.3% for CIN2+) [17-20, 25, 29]. However, while almost all

other HPV RNA tests examine E6 and E7 mRNAs collectively, our RT-PCR system can detect

each E6 and E7 mRNAs separately so that disease progression may be more precisely predicted

by individually evaluating E7 mRNA which seems more closely involved in cervical

carcinogenesis than E6 mRNA. However, in order to improve the sensitivity of our separate

E6/E7 mRNA analysis, it may be necessary to try changing our method to conventional 2-step
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RT-PCR or the nested RT-PCR. We will also consider quantitative E6/E7 mRNA analysis by

real-time RT-PCR for our future perspective, as it may reduce the frequency of false negative

results.

In conclusion, our separate analyses of E6/E7 mMRNAs demonstrated here that the presence of

E7 mRNAs was significantly associated with progression from low-grade CIN to invasive

carcinoma in contrast with positive E6 mRNA or HR-HPV DNA. Besides, the presence of both

E6 and E7 mRNAs was significantly associated with the positivity for HPVV16/18 DNA, while

the presence of E6 mMRNA was significantly associated with the positivity for HR-HPV DNA.

The presence of both E6 and E7 mRNAs showed high specificity and low sensitivity for

detecting CIN2+ by contrast with the positivity for HR-HPV DNA. Furthermore, the presence

of both E6 and E7 mRNAs showed significant association with the occurrence of upgraded

abnormal cytology in the patients followed-up for CIN1-2 by contrast with positive E6 mRNA,

HR-HPV DNA, or HPV16/18 DNA. Our findings suggest a closer involvement of E7 mRNAs

than E6 mRNA in cervical carcinogenesis, and the presence of both E6 and E7 mRNAs may

exert the strongest transforming ability. Moreover, the separate analysis of E6 and E7 mRNAs

may be a more useful tool than HR-HPV DNA test for detecting CIN2+ precisely and predicting

disease progression. Further accumulation of evidence is warranted to validate our proposal.
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