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Abstract
Objectives: To verify the prevalence of E6/E7 RNAm expression of HPV in patients with negative
cervicovaginal cytology, ASC-US and LSIL; to correlate with negative anatomopathological exams
and/or squamous intraepithelial neoplasy grade I (SIN 1) of the lower genital tract (LGT); to relate
the RNAm expression with viral infection types; to assess the genotyping in single infections. Methods: Findings from 825 women submitted to E6/E7 RNAm survey and 422 women submitted to
LGT biopsies were analyzed. Results: A larger percentage of E6/E7 in ASC-US and LSIL cytologies
occurred. Negative results of RNAm expression were in accordance with negative cytologies and
negative anatomopathological exam. In positive cases, the infection by a single HPV type was most
prevalent, with the type 16 being the most common. Conclusions: the expression of mRNA was
most prevalent in ASC-US and LSIL cytologies, comparing with the negative ones. The findings of
SIN 1 biopsies were related to the positive expression of mRNA and negative cytologies; the negative expression was in agreement with negative anatomopathological exam. The infection by a
HPV type was more frequent in cases of positive expression, the HPV type 16 being most frequently found. Patients with low grade intraepithelial lesion cytologies had a higher percentage of
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multiple infections.
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1. Introduction
Cervical cancer ranks second within the most common types of neoplasia in women worldwide, and is the third
cause of mortality by cancer in women, ranking second only to breast and colon cancers. In developing countries,
it is one of the most frequent types of carcinomas in female sex and might represent over 25% of all cancers [1]
[2].
It is believed that the Human Papillomavirus (HPV) is the causal agent for the development of premalignant
and malignant lesions in the cervix, being acknowledged by researchers and epidemiologists as the agent of one
of the most common sexually transmitted diseases, both in men or women. This linking was first demonstrated
by Harold zur Hausen, in early 1980, which was the reason for him to win the Nobel prize of Medicine in 2009
[3].
It is known that most of the infections by this virus occur in teenagers and young adults below 30 years, clarifying from 1 to 2 years and having no progression to cervix cancer. Nearly a half of women in reproductive
age and nearly 80% of adults are liable to be infected by HPV along their lives [4] [5]. Some co-factors might
modify this risk for evolution, including tabagism, multiple sex partners, multiparity, early sexual initiation, use
of oral contraceptives for five years or more, co-infection by other infectious agents, such as the human immunodeficiency virus (HIV), Chlamydia trachomatis and herpes simplex virus type 2 (HSV-2) and immunosuppression acquired in organ transplantations [6] [7].
A crucial aspect concerning the understanding of this cancer was the elucidation of the natural history of
HPV-caused infections, concluding that the persistence of high oncogenic risk genotypes is the main factor of
risk for the development of high grade cervix intraepithelial neoplasias and cervix cancer, in addition to causing
other types of cancers. Other determinants for progression are the viral load per cell unit and the integration of
viral DNA to the cell one [8] [9].
The high-risk HPV infection is a necessary but not sufficient condition for the invasive disease to progress.
For the cervical cancer to occur, it is necessary for an infection to persist for an extended time, a continuous expression of E6 and E7 viral oncogenes, viral integration, mutations in cell genes and the chromosome rearrangement induced by genomic instability [10].
Investments have been made in the search of tumoral markers, so as to better discriminate the potential for
regression or not of the infection, including genomic and proteomic analysis, so as to trace the genes and profile
and the proteins liable to be used for the differential classification of lesions.
Tests detecting the presence of Messenger RNA that codifies the viral oncoproteins E6 and E7, necessary for
the malignant transformation, are available. The detection of such oncogenes allows a better distinction between
a temporary HPV infection and the active infection with a chance to progress to cervix cancer [11].
The E6/E7 RNAm transcriptions indicate the expression of those oncogenes initiating the cervix carcinogenesis process, i.e., the quantification of E6 and E7 RNAm might translate the transforming capacity of the relevant
HPV, implies an immortalized proliferation and mutation of host squamous epithelial cells. The overexpression
of said oncogenes is a transition market from productive to abortive infection, which eventually promotes the
cell transformation [12] [13].
This method has shown a better positive predictive value and prognostic value for risk stratification and the
possibility of indicating high grade intraepithelial lesions and invasive cancer [14] [15].

2. Objective
To assess the expression of high risk E6/E7 oncoproteins of mRNA in women submitted to the cervicovaginal
cytopathological exam with results within the limits of normality, atypias of squamous cells of undetermined
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significance (ASC-US) and low grade intraepithelial lesion (LSIL), identifying the prevalence for each cytological finding; to correlate with negative hystopathological finding or low grade neoplasia (SIN), as well as the
types of viral infection in respect to the number of HPV, when the expression is positive.

3. Patients and Methods
The retrospective observational study was conducted at Laboratório Salomão Zoppi Diagnósticos, through the
analysis of medical records of 825 women served from 2009 to 2010, for collect on of the mRNA exam for oncoproteins E6/E7 and cervicovaginal oncotic cytology. Said Laboratory is deemed a reference for the diagnosis
of HPV-induced lesions, and the patients sent for said exam presented a history of current or former infection by
HPV, with the real clinical diagnosis of the case being unknown.
The inclusion criteria comprised: women with cytological findings within the limits of normality (negative),
atypias of squamous cells with undetermined significance (ASC-US) and low grade intraepithelial lesions
(LSIL). Women with cytological and/or histological abnormalities beyond low grade lesions and/or intraepithelial neoplasia grade I (SIN I) were not included in the study.
All patients signed the Free Consent Form, standard for Said laboratory. The physician in charge of the Ethics
Committee of the institution approved the use of the filed material, through a letter of consent.
The patients were submitted to the following biomolecular tests: mRNA research for oncoproteins E6/E7, using the NucliSENS EasyQ® HPV (BioMerieux) technology and the HPV-DNA test, with the real-time polymerase chain reaction–PCR.

4. Results
825 exams of women submitted to mRNA for E6/E7 of high oncogenic risk associated to cervicovaginal cytology were analyzed, in a private laboratory. The results of cytopathologic exams were: within the limits of normality or negative, in 478 cases (57.9%), ASC-US in 258 cases (31.3%) and LSIL in 89 cases (10.8%). As to the
mRNA expression of oncoproteins E6/E7 of high-risk HPV, positive results were seen in 203 cases (24.6%) and
absence of expression in 622 (75.4%). The age level of examined women ranged from 16 to 73 years, with an
average of 31.4 years.
The prevalence of mRNA expression of oncoproteins E6/E7 of high oncogenic risk HPV in the three cytological presentation is given in Table 1.
The result of mRNA expression of oncoproteins E6/E7 is associated to cytology (p < 0.001), in which a higher percentage of positive E6/E7 appears in ASC-US and LSIL cytologies, in a relative comparison with negative
cytologies.
There is no statistic difference among ASC-US and LSIL cytologies.
The anatomopathological study on cervix, vagina and/or vulva biopsies in abnormal colposcopic findings was
performed in 422 cases, the results of which were described as negative and SIN grade I, relating then with the
prevalence of mRNA E6-E7 expression (Table 2).
The result of E6/E7 expression is associated to the anatomopathological result, in which a higher percentage
of positive E6/E7 in SIN grau I anatomopathologies was noticed, comparing with the negative anatomopathological exams.
By analyzing the three cytological findings, and relating the mRNA expression of oncoproteins with the biopsy results, an analysis of the agreement with diagnosis methods was searched. There is an agreement between
the E6/E7 results and the antomopathological result, for the cases of negative cytology, where the negative expression was related to negative anatomopathology and the positive expression failed to agree with SIN grade I
(Table 3). In women with cytopathological exam ASC-US and LSIL, in turn, the mRNA expression of oncoproteins E6/E7 does not agree with the anatomopathological result, i.e., not all the cases with positive expression
of E6/E7 bear SIN grade I, as well as not all SIN grade I has expression of E6/E7.
An analysis was conducted for positive cases of mRNA expression of oncoproteins E6/E7, to assess the difference between the presence of the number of HPV genotypes, single or multiple infection and the three cytological forms presented. In five out of the 203 positive cases of E6/E7 mRNA, the genotyping could not be performed for the HPV type, due to technical problems, with only 198 cases being recorded (Table 4).
For positive cases of E6/E7 mRNA expression, the infection by a single HPV type was more prevalent than
the infection by multiple types. The type of HPV infection is associated to the LSIL cytologies, comparing
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Table 1. Prevalence of mRNA expression of oncoproteins E6/E7 in high oncogenic risk HPV in patients with negative,
ASC-US and LSIL pap exams.
E6/E7 mRNA
Cytology

Negative

Positive

Total

Negative

413 (86.4%)

65 (13.6%)

478 (100.0%)

ASC-US

158 (61.2%)

100 (38.8%)

258 (100.0%)

LSIL

51 (57.3%)

38 (42.7%)

89 (100.0%)

622 (75.4%)

203 (24.6%)

825 (100.0%)

Total
*

Pearson Qui-square p < 0.001 . ASC-US × LIEBG p = 0.513. Legends: ASC-US = atypia of squamous cells of undetermined significance; LSIL =
low grade intraepithelial lesion; E6/E7 = mRNA exam for oncoproteins of high oncogenic risk HPV.

Table 2. Prevalence of mRNA expression of oncoproteins E6/E7 of high oncogenic risk HPV in patients with negative and
SIN grade 1 anatomopathological exams.
E6/E7 mRNA
Anatomopathological

Negative

Positive

Total

Negative

241 (75.5%)

78 (24.5%)

319 (100.0%)

SIN grade I

63 (61.2%)

40 (38.8%)

103 (100.0%)

Total

304 (72.0%)

118 (28.0%)

422 (100.0%)

Pearson chi-square p = 0.005*. Legend: SIN grade 1 = squamous intraepithelial neoplasia grade 1; E6/E7 = mRNA exam for oncoproteins of high
oncogenic risk HPV.

Table 3. Relationship of mRNA expression of oncoproteins E6 and E7 with anatomopathological exam for negative
cytologies.
E6/E7 mRNA
Anatomopathological

Negative

Positive

Total

Negative

175 (79.5%)

34 (15.5%)

209 (95.0%)

SIN grau I

10 (4.5%)

1 (0.5%)

11 (5.0%)

Total

185 (84.1%)

35 (15.9%)

220 (100.0%)

Noticed agreement = 0.800. Kappa adjusted by prevalence = 0.600. Legend: SIN grade 1 = squamous intraepithelial neoplasia grade 1; E6/E7 =
mRNA exam for oncoproteins of HPV with high oncogenic risk.

Table 4. Analysis of presence of single or multiple infection in negative, ASC-US and LSIL cytopathological exams, with
positive expression of mRNA of oncoproteins E6 and E7.
HPV Genotype
Cytology

Single

Multiple

Total

Negative

57 (89.1%)

7 (10.9%)

64 (100%)

ASC-US

87 (87.9%)

12 (12.1%)

99 (100%)

LSIL

24 (68.6%)

11 (31.4%)

35 (100%)

Total

168 (84.8%)

30 (15.2%)

198 (100%)

Pearson chi-square = multiple infection LSIL × Negative or ASCUS p = 0, 012*. Legends: ASC-US = atypia of squamous cells–undetermined significance; LSIL = low grade intraepithelial lesion.
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Table 5. HPV genotyping in single infection in negative cytologies, ASC-US and LSIL in cases of positive expression of
mRNA of oncoproteins E6/E7.
HPV Types
Cytology

16

18

31

33

45

Total

Negative

20 (35.1%)

9 (15.8%)

5 (8.8%)

8 (14.0%)

15 (26.3%)

57 (100%)

ASC-US

35 (40.2%)

9 (10.3%)

13 (15%)

19 (21.8%)

11 (12.6%)

87 (100%)

LSIL

10 (41.6%)

2 (8.3%)

3 (12.5%)

7 (29.2%)

2 (8.3%)

24 (100%)

Total

65 (38.7%)

20 (12.0%)

21 (12.5%)

34 (20.2%)

28 (16.6%)

168 (100%)

Statistic Test: Pearson Chi-square p = 0.289. Legends: ASC-US = atypia of squamous cells of undetermined significance; LSIL = low grade intraepithelial lesion.

with the negative and ASC-US cytologies. Also, there is a higher percentage of single infection in negative and
ASC-US cytologies, comparing with the LSIL cytologies.
The HPV genotyping was analyzed in positive cases E6/E7 mRNA expression, for the infection type by a single agent.
The HPV types 16, 18, 31, 33 and 45 were equally frequent in the three cytologies analyzed, with a higher
frequency of HPV 16 being noticed, followed by 33, mainly in altered cytologies, but with no statistical significance (Table 5).

5. Discussion
The value of the mRNA study using the Pretect HPV-Proofer technology was analyzed by Rijkaart et al., 2012,
in a prospective screening study, where women with high oncogenic risk were stratified and sent for colposcopic
study. As a result, risk of CIN2+ was found in 55% of DNA women with high oncogenic risk, positive and
normal oncotic cytologies, and with E6/E7 mRNA expression, comparing to the 20% risk in those with negative
mRNA. It was concluded that this test can be used for women with high oncogenic risk, for the prediction of
CIN 2+ risk, thus avoiding unnecessary follow-up and costs [16].
With this rationale, which delineates the higher risk of women with positive mRNA expression, this study
was conducted with the intention of assessing the prevalence of mRNA expression in a population with current
or former history of HPV infection, where 825 women were assessed. The negative cytology finding was noticed in 478 cases, ASCUS cytology in 258 cases and LSIL in 89 patients. A the E6/E7 mRNA expression was
found in 24.6% of the total, with 13.6% of positivity in women with negative cytologies, 38.8% in those with
ASC-US cytologies and 42.7% in those with LSIL, a prevalence a little higher than in the study by Castro et al.,
2013; in a prospective analysis, positive E6/E6 mRNA expression was found in 37.8% of patients with negative
cytology, 55.7% in patients with ASC-US cytology and LSIL and 77.5% of positive expression for high grade
(HSIL) cytologies. Nearly 26% of women with ASC-US or LSIL cytologies had moderate/severe cervical intraepithelial neoplasia, in the follow-up [17].
Since this was a retrospective research, without the follow-up of said women, and based on official papers
findings, it is noticed that said prevalence of positivity in ASCUS and LSIL cytologies are stratified with risk
patients, and deserve more surveillance. Women whose biopsy would indicate high grade neoplasy were excluded, with only the cases whose biopsies were negative or presenting low grade neoplasia were being analyzed.
Despite the exclusion of high grade lesions, which would act as a conclusion for such a type of assessment, a
significant association among ASC-US and LSIL cytologies was noticed, and positive expression of E6/E7
mRNA expression, comparing with negative cytologies. This demonstrates that the cellular alterations, even
though in minimum level, are already liable the oncogenic activity of the virus, identifying the cases deserving
more surveillance. A high grade lesion is a fact for prompt conduct, with minor cytologies, in turn, being doubtful as to the conduction; the mRNA expression can be an alert for investigation.
It is suggested that the revaluation interval could be shorter, only by the cytological alteration with positive
expression. Official papers include citations that this would be the ideal tracking method, according to Castro,
due to the high sensibility and specificity for detection of moderate/severe cervical intraepithelial neoplasia [17].
No sensibility or specificity were assessed, as well as no diagnosis methods were proposed, since they were
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not among the objectives.
Almost 40% of positive expression of E6/E7 mRNA were found in patients with SIN grade 1% and 24.5%
with negative anatomopathological findings. The study by Anderson et al., 2006, found 50% of expression in
patients with CIN 1% and 14% with negative hystology. While they are studies delineated in different forms,
one might infer that said women present a higher potential for the development of high grade lesions than in
cases the expression is negative for E6/E7 [18].
When the type of infection was analyzed in respect to the number of involved HPV, in positive cases of oncoproteins expression, a higher prevalence was seen for infections by a single HPV type, in special in negative
and ASCUS cytologies, comparing with LSIL. A higher prevalence of multiple types in LSIL was noticed, with
31.4%, 12.1% in those with ASC-US cytologies and 10.9% in those with negative cytologies; said findings
agree with the study by Brismar-Wendel et al., 2009, where a higher percentage of multiple infections was noticed in patients with LSIL than those with ASC-US. Another study, as that of Spinillo et al., 2009, found however a significant increase of high grade CIN in patients with infections by multiple types of HPV, comparing
with patients with single infections. They also verified that younger patients had more infections by multiple
viral types. Said paper goes against our findings, whose positive expression was more prevalent by a single HPV
type, in view of which a higher evolutive risk is featured [19] [20].
Correnti et al., 2011, also found a higher percentage of multiple infections in patients with low grade infections, comparing with patients with cervix carcinoma, said findings also agreeing with the studies by Gargiulo et
al., 2007 and Carozzi et al., 2010 [21]-[23].
This research also found that HPV 16 is the most common type in patients with single infection with positive
expression of E6/E7 mRNA, although no significance in respect to other types or among different cytological
findings having been shown. Official papers demonstrate that type 16 is the most prevalent among the viral
types in patients infected by HPV [19] [21]. Several studies demonstrated that HPV 16 is the most common viral
type in low- and high grade infections. Types 16 and 18 are related to a higher probability of progression to malignity, even in patients with minor cytological alterations (ASC-US and LSIL) which present these high oncogenic risk HPV [6] [9] [21].
HPV 33 was the second most common type in ASC-US and LSIL cytologies, and type 45 in negative cytologies; Sorbye et al., 2011, and Keegan et al., 2009, also found the type 33 as the second most prevalent type. No
great prevalence of HPV 18 was seen in the three cytologies. It is known that this type of HPV is more related to
glandular alterations and adenocarcinoma, which are of difficult diagnosis based only in oncotic cytology, and
no alterations to glandular cells was analysed in this research [24] [25].
With our study, through the high prevalence of mRNA expression in less significant cytological alterations,
the evolution of which was not a high grade, one can suggest that patients can be stratified as high risk for progression; they deserve a strict follow-up as to a possible evolution for preceding lesions. The persistence and integration of high-risk virus are factors of risk for the development of cervix cancer, said fact being already identified in several official papers.

6. Conclusions
The obtained results allow to conclude that:
• The mRNA expression of oncoproteins E6/E7 of high oncogenic risk HPV was more prevalent in ASC-US
and LSIL cytologies, comparing with negative cytologies.
• The anatomopathological finding for SIN grade I was related to the positive expression of mRNA of oncoproteins E6/E7. When this finding was specified for each type of pap exam, the negative expression of
mRNA agreed with the negative anatomopathological finding of negative cytology, with no ASC-US and
LSIL occurring in the exams.
Infection by a type of HPV was more frequent in cases of positive mRNA expression of oncoproteins E6/E7.
A higher percentage of multiple infections occurred in LSIL cytologies. On the other hand, a higher number was
evidenced in single infection, in special by HPV type 16 in negative pap exams and ASC-US, followed by type
33 in all the pap variants being studied.
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