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The role of mRNA E6/E7 HPV high oncogenic 
risk expression in colposcopy of cervical 
intraepithelial neoplasia (CIN)

The aim of this paper is the evalua
tion of colposcopy and mRNA E6/E7 
HPV detection - as the marker of per
sistent human papilloma virus (HPV) 
infection in the triage of abnormal Pap 
smears and in the assessment of cer
vical intraepithelial neoplasia progres
sion risk. The clinical material con
sisted of 85 women, participating the 
national cervical cancer screening in 
the period of April 2010, and October 
2010, reffered to the Outpatient Clinic 
of Gynecologic Oncology and Female 
Genital Tract Neoplasms Prophylaxy of 
the Jagiellonian University Medical 
College in Krakow, Poland. All sub
jects were offered gynecological evalu
ation, Pap smear, colposcopy, DNA 
HPV (Hybrid Capture2, Qiagen) and 
mRNA E6/E7 testing (NulciSens, 
Biomerieux). In case of positive tests 
colposcopically directed cervical bi
opsy with histopathologic evaluation 
were performed. Results: The pres
ence of mRNA E6/E7 HPV transcripts 
correlated with high grade squamous 
intraepithelial lesions, statistically sig
nificantly. There was statistically dif
ference between colposcopic, histo
logic concordance comparing to 
mRNA E6/E7 HPV colposcopic histo
logic concordance (p<0.001). Conclu
sions. The presence of mRNA E6/E7 
HR HPV may be assumed as specific 
marker of high grade cervical lesions. 
The combination of mRNA E6/E7 HR 
HPV ewith colposcopic evaluation in
creases the colposcopy concordanece 
with final histologic findings.

Cel pracy: Celem pracy jest ocena 
celowości połączenia kolposkopii oraz 
detekcji mRNA E6/E7 HPV (human pa- 
pillomavirus)-uznanego markera prze
trwałej infekcji HPV o wysokim poten
cjale onkogennym w weryfikacji nie
prawidłowych wyników cytologicz
nych, oraz w ocenie ryzyka progresji 
śródnabłonkowej neoplazji szyjki ma
cicy. Materiał i metody: badaniem ob
jęto 85 pacjentek w okresie od kwiet
nia 2010 do października 2010 skiero
wanych do Poradni Ginekologii Onko
logicznej i Profilaktyki Nowotworów 
Narządu Płciowego U JCM w Krakowie 
w ramach etapu pogłębionego progra
mu profilaktyki raka szyjki macicy. U 
wszystkich Pacjentek wykonano bada
nie ginekologiczne, cytologię, kolpo- 
skopię,HPV DNA techniką HC2 (hybryd 
capture 2), ocenę E6/E7 mRNA HR HPV 
(NulciSens, Biomerieux). W razie 
stwierdzonych nieprawidłowych wyni
ków wykonywano biopsję pod kontro
lą kolposkopii z następową oceną hi
stopatologiczną. Wyniki: Obecność 
mRNA E6/E7 HR HPV w znamiennym 
statystycznie stopniu korelowała z 
obecnościązmian dużego stopnia. Wy
kazano zamienną statystycznie różni
cę w zgodności wyników badania kol- 
poskopowego z ostatecznym wyni
kiem badania histopatologicznego w 
porównaniu do kombinacji badania 
kolposkopowego z detekcją mRNA E6/ 
E7 HR HPV (p<0,001). Wnioski: Obec
ność mRNA E6/E7 HR HPV można 
uznać za wysoce specyficzny marker 
zmian dużego stopnia w obrębie szyj
ki macicy, jego kombinacja z badaniem 
kolposkopowym zwiększa zgodność 
tego badania z ostatecznym wynikiem 
badania kolposkopowego.
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Introduction
Squamous cell carcinoma (SCC) of the 

cervix is the second most common cancer 
in women and the leading cause of cancer- 

related death in females from underdevelo
ped countries. Each year, approximately 
500,000 cases of cervical cancer are dia
gnosed worldwide.
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Routine screening has decreased the 
incidence of invasive cervical cancer in the 
United States, where approximately 13,000 
cases of invasive cervical cancer and 
50,000 cases of cervical carcinoma in situ 
(i.e. localized cancer) are diagnosed annu
ally. Cervical SCC arises from the metapla
stic epithelium of the transformation zone 
(TZ) (squamocolumnar junction) and deve
lops slowly through progressive dysplastic 
changes to carcinoma in situ (CIS) and in
vasive cancer. Cervical intraepithelial neo
plasia (CIN) is divided into three stages 
according to the degree of epithelial dys
plasia and differentiation. Lesions are ac
cessible to colposcopic evaluation and biop
sy, which makes monitoring disease pro
gression relatively easy. Low grade lesions 
(i.e., CIN1 and, in some cases, CIN2) may 
spontaneously regress or not progress fur
ther, while the malignant potential of CIN 3 
is 36% over 20 years [23].

There is considerable controversy re
garding the possible over-treatment of pa
tients with mild cervical abnormalities, with 
lesions being often excised or ablated. Thu
sly, identifying the markers of potentially 
malignant lesions would be of a great pro
gnostic value [25]. Adenocarcinoma acco
unts for approximately 20% of invasive ce
rvical cancers and its incidence is increasing 
notably among women aged less than 35 
years, with no evidence of a reduction in 
the number of diagnoses since the intro
duction of mass screening programs 
[36,40,41],

The most common types of HPV found 
in cancer patients are types 16,18,31,33, 
and 45 [3]. Persistent infection with these 
types is regarded as the earliest carcino
genesis stage [26], The role of HPVs in the 
etiology of cervical cancer is tightly correla
ted with the overexpression of two oncoge
nes (E6 and E7) due to a specific opening 
in the E2 open reading frame in the inte
grated viral genome [18], Studies of cervi
cal cancer cell lines and cancer biopsy spe
cimens have shown that the continuous 
expression of these genes is a necessary 
condition for the transformation and main
tenance of neoplastic and dysplastic cells 
[35,43,44],

In recent years, many studies have 
shown that testing for HPV DNA can im
prove the detection of high-grade squamo
us intraepithelial lesions (HSILs) and SCCs 
[19], This suggests that DNA testing can 
make a useful contribution to the triage of 
women with an equivocal cytology finding 
and for follow-up after the treatment of pre
cursor lesions [32], However, the high pre
valence of transient and asymptomatic HPV 
infections means that DNA tests have low 
specificities. Identification of the persistent 
infections likely to produce high-grade le
sions currently requires repeated monito
ring of the HPV DNA types. Commercial 
nucleic acid sequence-based amplification 
in a real-time format allows the reliable type
specific detection of E6 and E7 mRNA from 
HPV types 16, 18, 31, 33, and 45. Several 
authors have thus suggested that RNA-ba- 
sed assays could be more effective than 
DNA testing in risk assessment [11,13,14, 
22,23,24,38], In the current study, we test

Table I
Cytological findings for the 85 women enrolled in 
the study.

Cytology results No. (%) of women Age (yr)

Unsatisfactory 0 0

Normal 12 (14.1%) 23-81 (42.8)

ASCUS 26 (30.5%) 22-59 (38.7)

LSIL 27 (31.7%) 21-73 (36.7)

HSIL 18 (21.1%) 19-60 (34.3)

SCC 0

AGC 2 (2.35%) 35-56 (45.4)

Total 85 (100%) -

this hypothesis using colposcopic, cytologi
cal and histological findings.

Materials and Methods
Study subjects and collection of specimens. Speci

mens were collected from April 2010 to October 2010 
from patients admitted for secondary screening to the 
Colposcopy Outpatient Service and the Gynecological 
Oncology Unit (Jagiellonian University Medical College, 
Krakow, Poland). The study group consisted of 85 wo
men between 19 and 81 years of age (median age, 37,8 
years;). 45.8% percent were between 30 and 39 years 
of age, 24.7% were under 30 years of age, and 29.4% 
were over 40 years of age. The age at first intercourse 
lay in the range of 15 to 22 years (median, 18.1 years), 
with 57% of the patients having their first intercourse be
tween 15 and 18 years of age. The number of partners 
was > 5 for 16.8% of the women, and 75,9% of the wo
men were nonsmokers. The Ethics Committee of Jagiel
lonian University Medical College approved the study 
protocol. Written informed consent was obtained from 
all participants. All participants received a self-admini
stered questionnaire requesting personal data, a gyne
cologic history, and information on exposure to risk fac
tors. Pregnant women and women undergoing treatment 
for invasive cervical cancer were excluded. All patients 
underwent cytology, colposcopy, and sampling for sub
sequent testing for HPV. In cases in which colposcopy 
suggested the presence of suspicious lesions, biopsy 
specimens were taken. Cytology was based on a co
nventional Pap smear. The cytological diagnosis was 
made by specialized cytopathologists using the Bethes
da classification system. Colposcopy was performed by 
specialized gynecologists. The results were reported fol
lowing guidelines issued by PSCCP (The Polish Society 
of Colposcopy and Cervical Pathophysiology) member 
of EFC (European Federation of Colposcopy) and IFCPC 
(International Federation of Cervical Pathology and Col
poscopy). Histology was performed with specimens col
lected by colposcopy-directed biopsy (traditional punch 
biopsy specimens) and/or cone specimens collected by 
the loop excision procedure. Histology results were ob
tained for all patients. Cervical specimens for nucleic acid 
analyses were collected with a cervical brush by stan
dard procedures. The material was preserved in Prese- 
rvCyt/Thi nPrep solution (Cytyc Corporation, Boxborough, 
MA). Analyses were performed by the Virology Labora
tory at the University Hospital, Krakow, Poland.

Nucleic acid isolation. Each ThinPrep sample was 
divided into two aliquots (4 ml and 10 ml), which were 
used for DNA and RNA detection, respectively. The ali
quot used for analysis of HPV mRNA was centrifuged. 
Total nucleic acid was extracted from the concentrated 
cell pellet by the off-board protocol with the NucliSens 
easyMAG platform (bioMe'rieux, Poland), according to 
the manufacturer's instructions. The nucleic acids were 
eluted in 55 _l of elution buffer. Aliquots were appropria
tely stored for further processing.

HPV DNA was genotyped for HPV types 16, 18, 
31, 33, and 45 by multiplex PCR. Each assay used 5 
pmol of eluted nucleic acids and 20 pmol of each of the 

Table II 
Colposcopic pictures, IFCPC classification.

Colposcopy not satisfactory 5 (5.8%)

Colpsocopy satisfactory, 
correct image

7 (8.23%)

Colposcopy satisfactory 
Images suggesting minor changes

43 (50.58%)

Colposcopy satisfactory 
Images suggesting major changes

30 (35.29%)

Table III 
Histology results.

Histology results
No. (%) 

of women
Age (yr)

Normal - benign 5 (5.8%) 22-32 (28.3)

CIN1 44 (51.7%) 21-59 (36.3)

CIN2 20 (23.5%) 22-81 (41.9)

CIN3 (CIS) 14 (16.4%) 26-60 (36.5)

SCC 2 (2.3%) 19-78 (48.5)

Total 85 (100%) -

four primer sets. The reaction mixture contained 25 pmol 
of HotStart Taq master mixture (Qiagen, Germany) and 
10 pmol of RNase-free water in a final volume of 50 pmol. 
The amplification profile consisted of 15 min at 95°C to 
activate the HotStar Taq DNA polymerase (Qiagen), fol
lowed by 45 cycles of denaturation (94°C for 30 s), an
nealing (56°C for 40 s), and extension (72°C for 40 s). 
Assays were performed on an ¡Cycler thermal cycler (Bio
Rad Laboratories, Inc., Hercules, CA). Amplicons were 
detected by electrophoresis of 20 pmol of the amplifica
tion products in a 2% agarose gel and were visualized 
by ethidium bromide staining under a UV light transillu
minator (Fluor-S). The molecular sizes of the amplicons 
(for HPV type 16 [HPV-16], 152 bp; for HPV-18,216 bp; 
for HPV-31, 513 bp; for HPV-33, 455 bp; and for HPV- 
45,124 bp) were determined by matching them against 
commercial DNA molecular size markers (molecular 
weight markers V and VIII; Roche Diagnostics, GmbH, 
Mannheim, Germany).

DNA HPV detection. HPV DNA was genotyped for 
HPV types 16,18,31,33, and 45 by multiplex PCR. Each 
assay used 5 pmol of eluted nucleic acids and 20 pmol 
of each of the four primer sets. The reaction mixture con
tained 25 pmol of HotStart Taq master mixture (Qiagen, 
Germany) and 10 pmol of RNase-free water in a final 
volume of 50 pmol. The amplification profile consisted of 
15 min at 95°C to activate the HotStar Taq DNA polyme
rase (Qiagen), followed by 45 cycles of denaturation 
(94°C for 30 s), annealing (56°C for 40 s), and exten
sion (72°C for 40 s). Assays were performed on an ¡Cyc
ler thermal cycler (Bio-Rad Laboratories, Inc., Hercules, 
CA). Amplicons were detected by electrophoresis of 20 
pmol of the amplification products in a 2% agarose gel 
and were visualized by ethidium bromide staining under 
a UV light transilluminator (Fluor-S). The molecular si
zes of the amplicons (for HPV type 16 [HPV-16), 152 bp; 
for HPV-18, 216 bp; for HPV-31, 513 bp; for HPV-33, 
455 bp; and for HPV-45, 124 bp) were determined by 
matching them against commercial DNA molecular size 
markers (molecular weight markers V and VIII; Roche 
Diagnostics, GmbH, Mannheim, Germany).

HPV mRNA detection. Samples were analyzed for 
HPV E6 and E7 mRNA by real-time multiplex nucleic 
acid sequence-based amplification. Transcripts of HR 
HPV types 16,18, 31, 33, and 45 were detected by the 
NucliSens EasyQ HPV assay (bioMerieux, Poland), ac
cording to the manufacturer's instructions.

Statistical analysis was performed using Statistics 
software.- Stalistica 6 PL. The Mann-Whitney U Test and 
student T test were performed.
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Colpophotograph 1
Typical squamous cell papilloma (characteristic 
papilloma surface within the transition zone).

Colpophotograph 2
Image suggesting minor changes. Slight blanching after addition of acetic acid Is slowly emerging and 
rapidly disappearing.

Colpophotograph 4
Image suggesting invasive cancer. 
Irregular surface, erosion or ulceration.

Colpophotograph 3
Images suggesting large degree changes. Thick dots and a wide, Irregular mosaic of multipurpose- shape.

Table IV
Prevalence of E6 and E7 transcripts In HPV types 16,18, 31, 33 and 45.

HPV 
genotype 

mRNA

Number of patients infected with the indicated HPV lype(s) as part ol

Single 
infection
(n=28)

Multiple infection (n=1)
Total

%of 
patients16 18 31 33 45

16 10 (35.7%) 1 (3.57%) 11/28 39.28%

18 4 (14.28%) 4/28 14.28%

31 3 (10.7%) 3/28 10.7%

33 7 (25%) 7/28 25%

45 3 (10.7%) 3/28 10.7%

Results
Cytological colposcopical 
and histological findings
In a group of 85 women, an accurate 

view of cytology was obtained in 12 patients 
- average age 42.8 (range 23 to 81). The 
most frequent abnormal cytologic diagno
sis was LSIL, confirmed in 27 (31.7%) wo- 
men-mean age 36.7, range being 21 to 73.

The next diagnosis was ASCUS 30.5%, 
mean age 38.7, range from 22 to 59 years, 
diagnosis of HSIL-18 women (21%), mean 
age 34.3, ranging from 19 to 60 years, and 
cytological diagnosis in two cases of AGC 
2.35 %, mean age 45.4, range from 35 to 
56 years of age. In any case, cytological 
diagnosis did not include squamous cell

In 5 cases, there were unsatisfactory 
Colposcopy images (5.8%). Satisfactory 
images were obtained in the remaining 
92.1%. A valid colposcopic picture was fo

und in 8.23% (occurred in 7 cases), a pictu
re suggesting HPV infection (Fig. 1) and low- 
grade changes (Fig. 2) was found in 50.58% 
(43 cases) and 35.3% of colposcopic pictu
res were suggestive of high grade changes 
(Figure 3) and squamous cell carcinomas 
(Fig. 4) (30 cases), (Table II)

Because the study design included the 
transformation zone biopsy in all cases, in 
two cases, the histopathology confirmed dia
gnosis of cervical squamous cell carcino
ma (2.3%), CIN1 in 44 cases (51.7%), CIN2 
in 20 cases (2.53%), CIN 3 in 14 cases 
(16.4%)-Table III.

HPV DNA and mRNA detection results.
All 85 cases underwent genotyping for 

mRNA and DNA viruses. Transcripts E6 and 
E7- were found in 27 cases. Most frequen
tly (39.28%) detected were transcripts be
longing to HPV-16. The next most common 
(25%) was HPV-33, 4.28% of HPV-18, and 

10.7% were HPV-31 and HPV-45. In one 
case (3.6%), coexistence of types 16 and 
33 was confirmed (Table IV).

The presence of HPV DNA was detec
ted in 77 cases (90.5%), including 20 ca
ses (23.5%) were low-risk HPV, in 57 ca
ses (67.05%) detected the presence of vi
ral DNA at high risk. Mixed infection occur
red in 3 cases (Table V).

In the Mann-Whitney U test comparing 
the relative expression of HPV mRNA, 6 
parameters of risk for high grade cervical 
intraepithelial neoplasia were established 
and statistically significant differences were 
found for the variable cytology, colposcopy, 
and number of sexual partners> 5. The pre
sence of HPV mRNA was significantly cor
related with high-grade cytological chan
ges according to the TBS classification. 
p<0.001.

However, in the Student t test, a stati
stically significant more frequent incidence 
of HPV infection (positive results of HR HPV 
DNA and mRNA) was observed in patients 
with a greater number of sexual partners, 
but this trend was more important for the 
average mRNA (4.28 at p - 0.0002). The 
NIR test, assuming a variable age of initia
tion, observed differences in the distribution 
of HPV mRNA transcripts depending on the 
age of sexual initiation (Fig. 1).

A difference in expression was observed 
between HPV DNA and HPV mRNA, depen
ding on the age of sexual initiation, number 
of pregnancies and births, and smoking ci
garettes; however, it is with the number of 
sexual partners that this difference reached
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Table V 
Results of HPV DNA testing.

Low Risk (LR) 
6,11,42,43,44

20 23.5%

High Risk (HR)
16,18,31,33,35,39,45,51,52,56,58,59,68

57 67.5%

Mixed (LR+HR) 3 3.5%

Negative 5 5.8%

Table VI
The presence of HPV DNA and RNA depending on certain parameters tested
Statistically significant differences (p<0.001) were observed In the number of sexual partners In life. HPV 
RNA was found more often In women with more sexual partners.

DNA RNA P

Mean age mean(±SD') [years] 36.66 (±13.24) 34.74 (±10.22) NS"

Mean age at first sexual intercose (±SD*) [years] 18.54 (±2.05) 17.89 (±1.91) NS"

Median number of sexual partners (IQRS) 3(2) 4(3) <0.001*

Median number of pregnancies (IQRS)

Median number of deliveries (IQR!) 1 (2) 2(2) NS"

Smokers / Non-smokers 12 (20.0%) / 48 (80.0%) 7 (21.8%) / 25 (78.2%) NS"

‘statistically significant; "NS-statistically nonsignificant; #SD-Standard Deviation; $IQR-lnterquartile Range

Table VII
The presence of HPV DNA and RNA from cytological, colposcoplcal and histological testing of cervical 
specimen.

Results of diagnostic tests DNA RNA P

Pap-smear

0,022

Normal 10 (11.7%) 2 (2.35%)

LSIL / ASC-US 50 (50.6%) 10 (11.7%)

HSIL / ASC-H 4 (4.7%) 14 (16.5%)

AGC / AGC-US / ACG-H 0 2 (2.3%)

Ca 0 0

Colposcopy

<0.001

Unsastisfactory 5 (5.9%) 0

Normal 4 (4.7%) 3 (3.5%)

LSIL impression 33 (38.8%) 10(11,7%)

HSIL impression & cancer 16 (18.8%) 15 (17,6%)

Histologic examination

<0.001

Normal 3 (3.52%) 0

CIN 1 + HPV 37 (43.5%) 9 (10.6%)

CIN2 + CIN3

Ca

14 (16.5)

0

19 (22.3%

2 (2,35%)

statistical significance. Women with positi
ve HPV mRNA expression had an average 
of four sexual partners and the women with 
HPV DNA three sexual partners (p <0.001).

In women who began sexual activity 
before 17 years of age, transcripts of HPV- 
31 and 45 were most frequently observed. 
In women beginning sexual activity after 20 
years of age, mRNA transcripts of HPV ty
pes 16 and 18 were most commonly obse
rved (Table VI)

Statistically significant differences (p 
<0.001) were observed in the number of 
sexual partners in life. HPV RNA was found 
more often in women with more sexual part
ners.

In 10 (1.7%) women with normal cytolo
gy, HPV DNA was detected, and in 2 

(2.35%), HPV mRNA was detected. In the 
group of cytologic smears of LSIL / ASC
US, HPV DNA test was positive in 50 
(50.5%) women and mRNA in 10 (11.7%) 
women. In the cytologic diagnoses for the 
group of HSIL / ASC / H, the presence of 
HPV DNA was found in 4 (4.7%) women and 
HPV mRNA in 14 (16.5%) women. In the 
case that cytological results for AGC / AGC- 
US was not HPV DNA, the HPV mRNA was 
positive in 2 (2.3%) women. These differen
ces were statistically significant (p<0.22).

However, in the group of images colpo
scopy identified as unsatisfactory, colposco
py images were identified as positive for 
HPV DNA affecting five (5.9%) and therefo
re, all women with this colposcopy picture. 
In the group of normal colposcopy images, 

positive HPV DNA test was confirmed in four 
(4.7%) women and the presence of mRNA 
transcripts E6 and E7 were found in 3 (3.5%) 
women. In contrast, if a group of colposco
py images suggested final histological dia
gnosis of LSIL, presence of HPV DNA was 
found in 33 (38.8%) women and HPV 
mRNA in 10 (11.7%) women. In the group 
of images suggesting a final diagnosis of 
HSIL or cervical cancer, HPV DNA was po
sitive in 16 (18.8%) women and HPV mRNA 
in 15 (17.6%) women. The obtained results 
differed significantly (p<0.001).

HPV DNA and mRNA tests. All cervical 
specimens were tested for HPV DNA and 
E6/E7 HR HPV - mRNA namely 16,18,31,33 
and 45. The tests were performed by inve
stigators blinded to the cytology and histo
logy results.

LR HPV DNA was positive for 23,5% of 
cases (20/85). HR HPV DNA was found in 
67,5% of the cases (57/85 patients). Mixed 
infections (LR + HR types) were detected in 
3 cases (3.5%). The remaining 5 women 
(5.8%) were DNA HPV negative.

The NucliSens EasyQ HPV assay, which 
detects E6 and E7 mRNA from HR HPV ty
pes 16, 18,31,33, and 45, identified speci
fic transcripts in 28 of 85 (32.94%) samples. 
To avoid false-negative results due to RNA 
degradation, all samples were tested with 
an RNA control (U1A) included in the HPV 
E6 and E7 mRNA test. All samples were 
positive. In each case, the assay confirmed 
the presence of the specific HPV genotype 
previously revealed by the RNA-based me
thod. The most common HPV genotype re
vealed by RNA testing was HPV-16 (10/28 
cases [35.7%]), followed by HPV-33 (7/28 
cases [25%]), HPV-18 (4/28cases 
[14.28%]), HPV-31 (3/28 cases [10.7%]), 
and HPV-45 (3/28 cases [10.7%]). In 27/28 
cases (96.4%), the test detected infections 
with single genotypes; 1/28 cases (3.5%) 
involved infections with multiple genotypes 
namely HPV 16 and HPV 33 (Table II).

The final result of histological examina
tion for diagnosis of normal epithelium iden
tified the presence of HPV DNA in 3 (3.52%) 
women. In this group, the results of the HPV 
mRNA test was negative. The group with 
CIN1 diagnosis tested positive for HPV DNA 
in 37 (43.5%) women and HPV mRNA in 9 
(10.6%). In the group of diagnoses with CIN2 
/ 3, the presence of HPV DNA involved 14 
(16.5%) women and HPV mRNA in 19 
(22.3%) women. In 2 (2.3%) cases of squ
amous cell carcinoma of the cervix, the pre
sence of HPV mRNA transcripts E6 and E7 
was confirmed, while there was no presen
ce of HPV DNA. The resulting differences 
achieved statistical significance (p<0.001). 
(Table VII)

The Gamma correlation coefficient for 
colposcopy and histopathology final result 
was G1 = 0.825. For colposcopy combined 
with the assessment of expression of HPV 
E6/E7 mRNA with the final result of the hi
stopathological examination, Gamma cor
relation coefficient was G2 = 0.947 at the 
significance level of p<0.001.

Therefore, the coefficient of G2 is signi
ficantly higher than the G1. It follows that 
combining colposcopy assessment with 
HPV mRNA testing is more consistent with
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Figure 1
The relationship between age of starting sexual activity and the types of HPV mRNA expressed.

Figure 2
Graph showing the relationship between the result of colposcopy (colposcoplc Impression) and the final 
result of histological examination, and between the result of colposcopy (colposcoplc impression) combined 
with the assessment of HPV mRNA and the final result of histological examination.

the final result of histological examination. 
(Figure 2)

The recognition of HPV mRNA does not 
change the correlation between the cytolo
gical test and the histopathological exami
nation results, whereas it increases consi
stency between the result of colposcopy and 
histopathology. This relationship is statisti
cally significant (p <0.001).

Discussion
Cervical cancer affects about 500,000 

women worldwide annually and causes abo
ut 250, 000 deaths. It is the second most 
common cancer among women. In virtually 
every case of cervical cancer (99.7%), a vi
ral genetic material with a high potential of 

HPV oncogenesis has been found (IARC 
2010).

Currently, strategies to combat cervical 
cancer occurs in two stages: by prophylac
tic vaccination against certain types of HPV, 
and through cytological screening. Unfortu
nately, vaccination does not protect against 
all types of infection with highly oncogenic 
HPV, and therefore, did not constitute full 
protection against the development of cervi
cal cancer. High costs are a barrier to pre
ventive vaccination and against the introduc
tion of universal vaccination programs in 
developing countries where the incidence of 
cervical cancer is highest. In developing co
untries, the incidence of cervical cancer is 
maintained at a very low level, with screening 

by cervical cancer cytological tests. In the 
course of cytological screening, the cytolo
gical abnormalities in cells taken from the 
surface of the cervix are detected using 
cytology. Cytological screening is effective 
in reducing the incidence of cervical can
cer in countries such as Poland and the 
United Kingdom, However, this requires a 
network of highly-trained cytologists and the 
percentage of false negative Pap smears 
is high (reaching 20%). In Western coun
tries, vaccinations are carried out along with 
cytologic screening (since 2008).

It is widely believed that these immuni
zations significantly reduce the incidence 
of infections with certain types of high on
cogenic potential HPV in the general popu
lation, and therefore, in the near future, you 
will need a faster, less expensive and also 
more effective model of screening for ce
rvical cancer [2,15,17,20]

Bearing in mind that according to data 
from the NCI and IARC, HPV DNA preva
lence among women with normal cytology 
results ranges of 7.9% in Europe to 22.1 % 
in Africa.

In many countries, clinical trials and 
screening pilot programs using HPV DNA 
have been underway. In the U.S., for exam
ple, HPV DNA testing is a supplement to 
cytological studies in women over 30 years 
of age. This study has higher sensitivity and 
high negative predictive value (NPV) com
pared with cytology (> 99% vs 96%). Ho
wever, the sensitivity of HPV DNA in com
parison with cytology is 96-98% vs. 53 to 
73% (6.34). Currently, in the U.S., the only 
authorized clinical test for HPV testing is 
Capture2 Hybrid (HC2), which detects the 
presence of one or more of 13 oncogenic 
HPV types. A positive result should be the 
result of greater than 1.0 RLU (relative light 
unit), compared to 1 pg / ml HPV DNA from 
the control sample. HC2 is currently used 
in two cases, namely, as a second test in 
the case of abnormal Pap smear-ASCUS 
and in primary screening for cervical can
cer in combination with cytology smear for 
women over 30 years of age [28],

Although the sensitivity of testing for HR 
HPV DNA for discovering CIN and cervical 
cancer is higher than cytology, its specifici
ty is lower which leads to low positive pre
dictive value (PPV) for changes in the type 
of CIN2 +. This leads to unnecessary biop
sy of the cervix in all too many women [33], 

Recent years have brought a new, pro
mising diagnostic potential: diagnosis of 
persistent HR HPV infection without the 
need for HPV genotyping twice at an inte
rval of 6-12 months. Currently, there are te
sts indicating material obtained in the pre
sence of cervical HR HPV mRNA. This tech
nique is based on the detection of mRNA 
gene transcripts E6 and E7, HPV 16, 18, 
31, 33 and 45.

A positive result of the test not only al
lows for identification of the presence of one 
or more of the most frequent types of high- 
risk HPV, but considers also, that viral ge
nes rewrite in surrounding keratinocytes 
and oncoprotein synthesis is the earliest 
stage of recognizing the process of carci
nogenesis of the cervix. Many clinical stu
dies [2,14,15,17,20,22-24,38] attributed this 
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molecular test to have twice the positive pre
dictive value (PPV) compared to the classic 
methods of detection of HPV DNA-based 
hybridization technique and polymerase 
chain reaction. According to Molden et al., 
PPV for the test was based on the detec
tion of E6 and E7 mRNA, and was used to 
detect changes in CIN2-3 -and was 37.5% 
compared to 15.4% for DNA detection [23].

Many researchers and scientific socie
ties (ACOG - American College of Obstetri
cians and Gynecologists) have started using 
molecular diagnosis of HPV as a prelimina
ry test, whose results will form the basis of 
qualifications for cytological smear. Another 
argument for this screening procedure wo
uld be a higher sensitivity and negative pre
dictive value (NPV - negative predictive va
lue) of HPV molecular diagnostics in com
parison to the higher specificity and positi
ve predictive value in cytodiagnostics.

The widely accepted model of the dise
ase coupled with the latest scientific data 
show that in low-grade tumor markers of E7 
are expressed in the lower layers of the epi
thelium. The onset of E4 expression occurs 
in place of decreasing expression of E7. 
After the loss of E7 expression, E4 begins 
to accumulate. The "switch" in expression 
from E7 to the expression of E4 is correla
ted with amplification of the genome and 
represents a key event leading to virion at
tachment in the upper layers of the epithe
lium. In the progression of neoplasia, E7 is 
expressed from the basal membrane to up
per layers of the epithelium, and the amo
unt of E7 protein in the cell is increased 
[28,29],

This de-regulation of gene expression 
does not always lead to the production of 
virus but is a key event in the progression 
of low grade cancer.

Cervical intraepithelial neoplasia is usu
ally treated by surgical excision of the trans
formation zone of the cervix. Such a proce
dure may increase the risk of preterm deli
very and perinatal mortality increases [8- 
10,31],

Therefore, we conducted a clinical stu
dy, in attempt to validate the determination 
of HPV mRNA in the daily practice of colpo
scopy. Selection of the study group sup
port the conclusion that the study group has 
been selected in accordance with the rules 
in an optimal manner. The study included 
85 women presenting to a clinic Cervical Pa
thology Jagiellonian University in Krakow.

A satisfactory colposcopic picture was 
obtained in 80 (94.2%) women. Among the
se images, in 43 (50.58%) cases there was 
a group of images suggesting low-grade 
changes - colposcopic impression LSIL, 
whereas in 30 (35.29%) women were ima
ges suggesting colposcopic high grade 
changes and/or cancer of the cervix (colpo
scopic impression HSIL / cervical cancer). 
Thus the distribution of colposcopy images 
should be considered in line with the results 
of other authors [36], In Krakow, colposco
pic testing is an integral part of the pelvic 
examination and can be evaluated and clas
sified independently of the biopsy from the 
cervix. Nevertheless, the present study inc
luded only cases in which the colposcopic 
study was verified with histological results.

In the Mann-Whitney U analysis com
paring HPV mRNA, 6 parameters with the 
risk of high grade cervical intraepithelial neo
plasia with statistically significant differen
ces were found for the variable cytology, col
poscopy and number of sexual partners» 5. 
The presence of HPV mRNA was significan
tly correlated with high-grade cytological ab
normalities in the TBS classification.

However, when it comes to the Gamma 
correlation coefficients, they amount to col
poscopy and the final result of the histopa
thological examination G1 = 0.825, and for 
colposcopy combined with the assessment 
of expression of HPV E6/E7 mRNA with 
the final result of the histopathological exa
mination, G2 = 0.947 at the level of statisti
cal significance p<0.001 ; that is, the coeffi
cient G2 is significantly higher than the G1.

Therefore, the presence of transcripts 
E6 and E7 may be a specific marker of high
grade changes, a positive RNA test is cha
racterized by a higher predictive value than 
the evaluation of HPV DNA testing.

Our results confirm the findings of other 
authors [21,37,38], but for the first time in 
our material, we have shown that adding the 
HPV mRNA test to diagnostics increases the 
correlation of colposcopy results with the fi
nal histopathological examination results.

Determination of HPV mRNA does not 
affect the correlation between the result of 
a cytological test and the ultimate result of 
histopathological examination, while incre
asing consistency between the result of col
poscopy and histopathology.

A lower correlation coefficient was ob
served in the result of cytological examina
tion combined with assessment of expres
sion of HPV mRNA transcripts to the final 
result of histological examination, in com
parison to the result of cytology with the fi
nal result of histological examination. This 
reflects the transitional nature of HPV infec
tion but it may also provide for detection of 
chronic HPV infection in the absence of 
morphological markers of cervical intraepi
thelial neoplasia and the detection of the first 
molecular phase of carcinogenesis within 
the cervical epithelium [31 ]. Evaluation of hu
man papillomavirus protooncogene expres
sion statistically confirms the impact of ove
rexpression of E6 and E7 and E4 on the oc
currence of cervical intraepithelial neopla
sia in CIN2/3), [1,9,10], Moreover, the po
ssibility that women are HPV DNA positive 
but with a negative result for HPV mRNA 
can not rule out that these results will never 
progress to invasive cervical cancer.

The continuous expression of viral on
cogenes E6 and E7 is a necessary step in 
the process of carcinogenesis [42]. There
fore, the identification of E6 and E7 HPV 
mRNA demonstrating high oncogenic poten
tial, can also be a marker of infection-initia
ted carcinogenesis of the cervix. HPV mRNA 
testing is characterized by a higher specifi
city in detecting high-grade epithelial chan
ges compared with HPV DNA testing. 
[12,16,27],

This increase in specificity may be par
ticularly important for younger women, 
among whom prevalence of HPV infection 
is particularly high. This study [22] of wo
men before age 30 whereby in 14.5%, the 

presence of HPV mRNA was confirmed 
using the HPV proofer PreTect compared 
to 20.8% positive results in the study of HPV 
DNA PCR. In the same cohort, abnormal 
cytology was found in 2.8% of women [21], 
The results of these studies confirm the va
lue of applying HPV mRNA assessment re
sults to cases where HPV DNA results may 
also be available.

In a study, Cushieri et al., [5], including 
HPV positive women with normal cytology, 
presence of mRNA transcripts of E6 and E7 
HPV was less sensitive but a more specific 
test in the observational study to detect high
grade epithelial changes. More often, it was 
also associated with the presence of chro
nic infection with HPV. Another potential use 
of HPV mRNA testing may be the result of 
women with equivocal Pap smear. Among 
women diagnosed with ASCUS, 21% were 
positive in the mRNA test vs. 25% positive 
for HPV DNA test. For women diagnosed 
with LSIL, percentages were respectively 30 
and 50%.

HPV RNA testing may also have the po
tential use as a primary screening tool. But 
so far, there is no research directly compa
ring the sensitivity and specificity of this test 
among women with normal Pap smear re
sults. In particular, the loss of specificity due 
to the detection of only five high-risk HPV 
types requires further evaluation in the ini
tial screening and triage. We are currently 
working on a test assessing a broad spec
trum (15 types) HPV mRNA (GenProbe).
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