
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Viral clearance in a multiple infection with high-risk HPV-16 
and HPV-35 

ABSTRACT 
We report the persistence and the clearance of two 
high-risk human papillomaviruses (HPVs) HPV-
16 and HPV-35 in a patient. The progress of 
HPV-16 infection was confirmed by an increased 
expression of viral E7 gene and cellular CDKN2A 
and CDKN1A genes. Simultaneously, HPV-35 
clearance in this patient is shown. The expression 
of these viral and cellular genes could be helpful 
predictors of cervical lesions. 
 
KEYWORDS: HPV, E7 mRNA, CDKN2A 
(p16INK4a) mRNA, CDKN1A (p21WAF1/CIP1) mRNA. 
 
INTRODUCTION 
HPV infections are the most common sexually 
transmitted disease worldwide [1]. Persistent 
high-risk HPV infection is the etiology of invasive 
cervical cancer [2]. Global epidemiology of HPV 
infections as well as the prevalence of genotypes 
in different countries is well known [3]. 
Furthermore, it has been shown that about a 
quarter of women worldwide are multiple infected 
with different HPV genotypes. Coinfections by 
multiple high-risk HPV types are associated with 
precancerous lesions, accelerate development of 
cancers, and complicate treatment outcomes [4]. 
However, there is only scarce knowledge about 
the natural history of HPV multiple infections. 

The expression of early viral E6 and E7 genes has 
been proposed as a biomarker for evaluating 
the course of infection and prognosis of lesions 
caused by HPV [5]. Viral E7 protein promotes the 
degradation of cellular retinoblastoma protein 
(pRb), releasing the E2F factor, which induces 
the expression of cellular genes responsible for 
triggering the cell cycle progression, thus stimulating 
G1 to S-phase transition. Meanwhile, viral E6 
protein interferes with the function of cellular p53 
protein inhibiting cell apoptosis. The joint effects 
of E6 and E7 proteins are the key to trigger cell 
transformation and progress to cervical cancer. 
Furthermore, HPV-16 infected cells in cervical 
cancer have shown many deregulated cellular 
genes. In these cells, overexpression of CDKN2A 
(p16INK4a), TOP2A, MCM2 and CDC20 mRNA, 
and inhibition of CDKN1A (p21WAF1/CIP1) mRNA 
have been demonstrated [6, 7]. Nevertheless, 
increased expression of p21WAF1/CIP1 protein has 
been shown in advanced disease stage [8, 9]. 
CDKN2A gene is a putative oncosupressor gene 
encoding two unrelated proteins: p16INK4a and 
p14ARF. p16INK4a protein regulates pRb-
dependent G1 arrest by inhibiting the 
phosphorylation of pRb by the cyclin-dependent 
kinases CDK4 and CDK6 [10, 11]. p14ARF 
protein blocks MDM2-induced p53 degradation 
resulting in an increase in p53 levels and cell 
cycle arrest in both G1 and G2/M [10, 11]. The 
p21WAF1/CIP1 protein is a wild-type p53 inducible 
protein that inactivates the cyclin/cdk complexes 
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blocking the cell cycle progression in the G1–S 
transition with the consequent inhibition of 
apoptosis [12]. However, p21WAF1/CIP1 can 
independently promote oncogenesis of its anti-
apoptotic activity by promoting the assembly of 
complexes of cyclin D with CDK4 or CDK6 
without inhibiting their kinase activity [13]. The 
level of expression of these cellular genes has 
been suggested as biomarkers for the prognosis of 
progress of viral infection. Here we describe a 
clinical case in which the progress of genital 
lesions caused by multiple infection with two 
high-risk HPV genotypes was molecularly 
evaluated. To study the progress of infection, we 
evaluated the viral load and levels of mRNA of 
viral E7 gene, and cellular CDKN2A (p16INK4a) 
and CDKN1A (p21WAF1/CIP1) genes. 
 
CASE REPORT 
In this study we present the case of an 
asymptomatic woman of 25 years of age whose 
boyfriend had genital condyloma. She underwent 
bone marrow transplantation for severe aplastic 
anemia when she was 12 years old. She was not 
receiving inmunosupresive therapy at the 
beginning of the gynecological follow up. She has 
been clinically evaluated since October 2014 at 
the gynecology department of the East Reference 
Hospital of Metropolitan Health Service (Dr. Luis 
Calvo Mackenna Hospital) Santiago. The external 
genital exam was normal, wherein a cervical 
ectropion was visualized in the cervix. Pap test 
done on June 2014 showed a normal cytology.  
Also, this patient had normal parameters 
according to hemogram analysis. Three swabs of 
uterine cervix were obtained during the follow-up 
(October 2014, May 2015 and July 2015) for 
virological diagnosis and molecular analysis. 
Serological assays for anti-HIV and anti- 
T. pallidum were  negative. She was referred to an 
oncology gynecologist for follow-up and study in 
2015. Colposcopy showed a cervical lesion, 
which was biopsied, and the report confirmed a 
L-SIL (Low grade squamous intraepithelial lesion) 
in January 2016. Later, she was studied by means 
of colposcopic exams every six months. This 
patient agreed to participate in the study and 
signed an informed consent form. This case study 
was done according to the guidelines of the 
National Cancer Program of Chile.  
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Molecular biology methods 
Molecular viral diagnosis and HPV typing were 
performed by real time PCR (Polymerase Chain 
Reaction) and PCR-RLB (Reverse Line Blotting) 
of L1 HPV gene, respectively [14]. PCR-RLB 
was performed with equal amount of purified 
DNA from each sample to normalize the 
hybridization signal. Quantitation of viral E7 gene 
by real time PCR was made to determine the viral 
load of HPV-16. A standard curve with cloned E7 
plasmid was made for quantitative real PCR, 
using SiHa cells (infected with HPV-16) as a 
control positive and β-globin gene as reference. 
Viral load was measured as the ratio of copy 
number of HPV-16 E7 gene/copy number of 
β-globin gene. Expression of E7, CDKN2A and 
CDKN1A mRNA was determined by real time 
RT-PCR with a standard curve for each gene with 
SiHa cells. Relative quantitation was done using 
the comparative threshold cycle (ΔΔCt) formula 
with HPRT as the endogenous housekeeping 
gene. Standard curves for the values of E7, 
CDKN2A and CDKN1A mRNA and HPRT 
mRNA were generated using cDNA from SiHa 
cells. All assays were carried out in triplicate and 
the average value was used for calculations. 
 
RESULTS 
In the first sample (October, 2014) multiple 
infection with HPV-16 and HPV-35 was 
determined (Figure 1). This multiple infection was 
also detected seven months later, when the second 
sample was taken (May, 2015). Similar HPV-16 
reactivity was detected in both samples (Figure 1). 
However, the level of HPV-35 reactivity in the 
second sample was found to be strongly decreased 
compared to the first sample. In the third sample, 
HPV-16 reactivity was similar to the other two 
samples whereas HPV-35 showed almost negative 
reactivity (Figure 1). These results suggest a 
persistent HPV-16 infection and a simultaneous 
clearance of HPV-35 infection.  
The viral loads of HPV-16 were 3.25, 2.96 and 
3.61 in the first, second and third sample, 
respectively. These results suggested similar 
values of HPV-16 viral load during the follow-up 
(Table 1). Furthermore, these findings were 
consistent with those detected by PCR-RLB, 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1. Changes in E7, CDKN2A (p16INK4a), and CDKN1A (p21WAF1/CIP1) mRNA and HPV viral load in a 
multiple infected patient. Viral load was determined as HPV E7 gene copies/β-globin gene copies. Expression 
of E7, CDKN2A and CDKN1A mRNA was determined by real time RT-PCR and relative quantitation (ΔΔCt) 
methods using HPRT as the endogenous housekeeping gene. Data are reported as means ± SD levels. 
1. First sample (October, 2014), 2. Second sample (May, 2015), 3. Third sample (July, 2015).  

Sample n° 
ΔΔCt 

E7 mRNA 

ΔΔCt 

p16INK4a mRNA 

ΔΔCt 

p21WAF1/CIP1  mRNA 

HPV E7 gene 

Viral load 

1 1.02 ± 0.25 0.90 ± 0.21 0.55 ± 0.30 3.25 ± 0.27 

2 1.07 ± 0.13 0.98 ± 0.14 0.95 ± 0.18 2.96 ± 0.35 

3 1.93 ± 0.17 2.19 ± 0.16 0.83 ± 0.19 3.61 ± 0.23 
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Finally, the level of CDKN1A (p21WAF1/CIP1) 
mRNA was similar in all the samples. Its gene 
expression fluctuated between 0.55 and 0.95 
(Table 1). This variation was not significant. 
 
DISCUSSION 
The reactivity of L1 gene obtained by PCR-RLB 
simultaneously showed a clearance of the HPV-35 
DNA and the persistence of the HPV-16 DNA 
during the follow-up. The viral load of HPV-16 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
where the three samples showed similar reactivity 
with HPV-16 probe (Figure 1). 
Furthermore, the expression of E7 viral gene was 
similar in the first and second sample. However, 
the level of this mRNA showed a significant 
increase of 1.93 times in the third sample (Table 1). 
Similarly, CDKN2A (16INK4a) mRNA levels were 
0.90 and 0.98 in the first and second sample, 
respectively. But, it showed a significant increase 
of 2.19 times in the third sample (Table 1). 
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Figure 1. Detection of L1 HPV gene among three cervical samples from a multiple infected woman by PCR-RLB 
assay. Representative PCR-RLB assay of DNA (50 ng) from cervical samples. Lanes are: 1. Negative control (K-652 
cells), 2. HPV-16 positive control (SiHa cells), 3. HPV-18 positive control (HeLa cells), 4. First sample of patient 
(October, 2014), 5. Second sample of patient (May, 2015), 6. Third sample of patient (July, 2015). HLA: the 
hybridization signal of this internal control gene for each sample and the control. Arrows show the hybridization 
signals of L1 HPV-16, L1 HPV-18, L1 HPV-35 and HLA genes. 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

and CDKN2A mRNA levels was determined 
in cervical samples before the development of 
cervical lesion. Consequently, both mRNA levels 
could serve as useful biomarkers of the progress 
of HPV infection. 
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showed similar levels in the three samples 
according to the reactivity detected with HPV-16 
L1 gene by PCR-RLB. Consequently, these 
findings suggest a clearance of HPV-35 and a 
persistence of HPV-16 in this patient during the 
studied period of time (eight months). Moreover, 
the level of HPV-16 E7 mRNA increased 
significantly during the follow-up. This increased 
level of E7 transcript should suggest an increased 
synthesis of E7 viral protein. Nevertheless, our 
study represents a limited approach because we 
did not quantify E7 protein. High levels of E7 
protein and mRNA have been suggested as 
biomarkers of the progress of HPV infection 
[15, 16]. We could detect a variation in the level 
of HPV-16 E7 mRNA from 1.02/1.07 to 1.93 units 
of relative quantity during the 8 months of follow-
up in this patient. The increased expression of E7 
mRNA was coincident with the clinical evolution 
from an asymptomatic stage to a low grade 
squamous intraepithelial lesion. This finding 
would support E7 mRNA as a predictor of the 
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cervical lesions [17, 18]. An increased expression 
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These findings suggest that increased levels of 
CDKN2A cellular transcripts could be a predictor 
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widely recommended test for triage of HPV-
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colposcopies in HPV-based screening is cytology. 
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etc. Consequently, we suggest that both viral E7 
and cellular CDKN2A (16INK4a) mRNAs could be 
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HPV-infected women. 
 
CONCLUSION 
The persistence of the HPV-16 infection and the 
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