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INTRODUCTION 

Human Papillomavirus Background Information 

Human papillomaviruses (HPV) are non-enveloped DNA viruses that are 

approximately 50-55 nm in diameter. The virus has an icosahedral capsid that consists of 

72 pentamers of the L1 major capsid protein.  The viral genome is a circular, double 

stranded DNA with 8 open reading frames (genes) all contained on one strand. There are 

well over 100 different HPV types that have been characterized based on genomic 

similarities [1]. These types are further characterized and classified according to their 

neoplastic ability into low risk (LR) and high risk (HR) types. LR types cause condyloma 

acuminata; while HR types are associated with dysplasias of the cervix and cervical 

cancer. HR types are the etiologic agent of 100% of cervical cancer, 60% of 

oropharyngeal cancer, 95% of anal cancer, 50% of vulvar, 65% of vaginal and 35% of 

penile cancer [2].  

HPV Epidemiology 

Based on cross-sectional studies there are over 70 million Americans that are 

infected with HPV. There are more than 10 million new cases each year in the United 

States [2].  Nearly all sexually active individuals will become infected with an HPV type 

sometime during their lifetime. The American Cancer Society statistics predicts that there 

will be well over 12,000 new cases of invasive cervical cancer and approximately 4,100 

women will die from cervical cancer in the United States just within the year 2015 alone. 

The aforementioned statistics are applicable to the United States. However, most cases of 

cervical cancer occur in women living in poor countries. The highest incidence of 

cervical cancer occurs in women living in certain parts of Central and South America, 
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Asia and in sub-Saharan Africa. Indeed, HPV is responsible for a considerable health 

burden.  

Physical State of HPV 

The most common HR HPV types in cervical cancer are HPV 16 and 18 [3,4]. 

High risk HPV DNA is found in human epithelial cells in one of two physical states: 

episomal (extrachromosomal) or integrated into the human genome (Figure 1). 

Integration most often disrupts the E2 gene, an 1100 base pair gene with numerous 

functions; one function of importance involves transcriptional regulation of E6 and E7. 

Disruption of E2 leads to unregulated, over-expression of E6 and E7, resulting in a 

selective growth advantage for the virus.  The E6 and E7 viral oncoproteins target the p53 

and retinoblastoma (Rb) tumor suppressor genes, respectively [5,6]. As the E2 gene is 

disrupted, E2 protein is not produced, and thus there is no suppression of the p97 

promoter resulting in un-controlled expression of the aforementioned viral oncoproteins 

[6].  

Disruption of the E2 gene during viral integration is of clinical significance. 

Disruption of this 1100 base pair gene can be assessed using molecular tools. One such 

molecular tool is real time polymerase chain reaction (RT-PCR). RT-PCR is a molecular 

technique that quantifies the amount of a targeted DNA fragment or gene. The method 

depends on a fluorescent taqman probe, a primer pair (reverse and forward primers) and 

the presence of the targeted gene or DNA fragment of interest.  In the case of viral 

integration and resultant E2 disruption, no amplification of the E2 gene can occur.  
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Figure 1: Schematic depiction of the physical state of HPV. HR HPV is found in human 
epithelia either as episomal (extrachromosomal) and/or integrated into the host/cellular 
genome. Also shown in the figure is disruption of the E2 gene upon integration of the 
viral DNA into the human genome (bottom diagram). *LCR-Long Control Region. *p97- 
HPV genome promoter for E6 and E7. Courtesy of Dr. Helena Spartz. 
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Study Rationale 

The ability to use molecular tools such as RT-PCR in evaluation of HPV physical 

state is of significant importance for many reasons: 1) Integration of HR HPV DNA into 

the human genome is considered to be a critical event in the progression to invasive 

cervical cancer [5]; 2) Evaluating the physical state of HPV will provide greater 

understanding into how pre-neoplastic lesions cause cancer years later 3) Evaluating the 

physical state of HPV could guide early intervention and therapies. We therefore sought 

to describe the physical state of HPV DNA in formalin-fixed paraffin embedded (FFPE) 

cervical tissue using two assays: tyramide amplified fluorescent DNA in situ 

hybridization (FISH) and RT-PCR. We are specifically interested in determining the 

feasibility of RT-PCR in the detection of HPV 16 and 18 integration.  
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MATERIALS AND METHODS 

Materials  

Our study was performed using FFPE cervical cancer tissue obtained from 

obstetrics and gynecology clinics in Botswana and Jamaica and the pathology laboratory 

of Indiana University and Wishard Hospitals.  Cervical cancer tissues were examined to 

verify the presence of invasive cancer. Those invasive cancer samples shown to contain 

HPV 16 or 18 in a previous study were chosen [16].  

DNA Extraction 

 Formalin-fixed paraffin embedded cervical samples were removed from 

microscope glass slides with a new razor blade and transferred into a labeled micro-

centrifuge tube. Each cervical sample was de-paraffinzed by washing in 1 mL of octane 

for 10 minutes, followed by 10 minutes of centrifugation at highest speed. This process 

was repeated to ensure complete removal of residual paraffin.  One milliliter of absolute 

ethanol was added and tissues were centrifuged for 10 minutes at maximum speed to 

remove residual octane. Samples were allowed to dry for 20 minutes in a tabletop speed 

vacuum. Tissues were treated with 200 µg of proteinase K buffer (QIamp MinElute 

Media Kit) suspended in 300 uL of Specimen Transport Medium (QIAGEN) and 

digested overnight at 55° C.  After overnight digestion, DNA was extracted from all 

samples using the QIAamp MinElute Media Kit (QIAGEN) according the manufacturer’s 

instructions. The quality and purity of extracted DNA was evaluated using 

spectrophotometry (Courtesy of Brahim Qadadri). 
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Determination of HPV Types  

HPV types in cervical cancers were determined using the Roche Linear Array 

HPV Genotyping Assay (Roche, Indianapolis, IN USA). This assay amplifies the 

polymorphic L1 region of 37 HPV types (including the oncogenic HPV types 16 and 18) 

using biotinylated primers, PGMY09 and PGMY11. Polymerase chain reaction system 

control primers, BPCO4 and BGH20, were used to amplify the human β-globin gene to 

determine specimen adequacy.  

Real Time PCR (RT-PCR)  

RT-PCR was used to assess the HPV viral genome status based on the E2 to E6 

gene copy number (E2/E6 ratio). In the case of viral integration there is disruption of the 

E2 gene and hence loss of amplification during RT-PCR; but the E6 gene is left intact 

resulting in expression of this gene, which can be detected during the RT-PCR reaction.  

For this reason, the viral genome was regarded as integrated when the E2/E6 ratio was 

between 0.00 and 0.33. While, the viral genome was regarded as mixed (containing both 

episomal and integrated HPV DNA) when the E2/E6 ratio was between 0.34 and 0.66, 

and episomal when the E2/E6 ratio was between 0.67 and 1.00. Amplification and 

quantitative measurements of HPV 16/18 E2 and E6 genes were carried out in a total 

reaction volume of 20 µL. The E2 and E6 primers were at a concentration of 0.5 uM per 

reaction for the 3’ and 5’ primers. The E2 and E6 fluorophore-labeled probes for HPV 16 

and 18 were used at a final concentration of 0.25 uM.  Most HPV 16/18 integration 

occurs within the hinge region of the E2 gene. Therefore, the E2 primers and probes were 

directed at the hinge region (Figure 2).  
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Figure 2: Schematic diagram of the E2 gene. The E2 gene is approximately 1100 base 
pairs long and consists of three regions: an amino region, a hinge region, and a carboxy 
region. Integration of HPV into the human genome can disrupt anyone of these regions of 
the E2 gene. However, the majority of disruption occurs within the hinge region of the 
gene.  
	
  

 

 
 
	
  
	
  

The conditions for PCR consisted of: 12 minutes at 95°C for one cycle, followed 

by denaturation for 10 seconds at 95°C, 30 seconds at an annealing temperature of 55°C, 

1 second at 72°C (x45 cycles) in single signal acquisition mode for DNA amplification 

and detection. Reactions were allowed to cool to 40°C for 30 seconds. Six point standard 

curves for E2 and E6 of HPV 16/18 where obtained using 10-fold serial dilutions (101 to 

106 copies/uL) of whole plasmids. To check for accuracy and reproducibility of standard 

curve calculations, experiments were repeated twice. HeLa cells, which are known to 

harbor the integrated form of HPV 18 [14] served as a positive HPV 18 integrated 

control. While, SiHa cells, known to harbor the integrated form of HPV16 [15] served as 

a positive HPV 16 integrated control. HPV 16/18 plasmids served as non-integrated 

controls (Courtesy of Dr. Aaron Ermel).  
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Fluorescent DNA In Situ Hybridization (FISH) 

Formalin-fixed, paraffin embedded cervical sections were fixed to glass slides by 

incubating at 80°C for 15 minutes and de-paraffinized by soaking in Xylene. Slides were 

hydrated in a graded ethanol series prior to being rinsed in hydrogen peroxide. 

Endogenous peroxidase activity was quenched with 3% hydrogen peroxide diluted in 

methanol for 30 minutes. Next, slides were treated with 0.2 N HCL for 20 minutes 

followed by washing in dH2O for 3 minutes. Subsequently, sections were dried at 37°C 

for 10 minutes. Cervical specimens were digested with 25 µg/mL Proteinase K in 10 mM 

Tris-HCL pH 7.4 for 35 minutes at 37°C. Slides were washed with PBS, dehydrated and 

dried. During the hybridization process, one drop (approximately 15 uL) of Enzo 

HPV16/18 biotinylated genomic probe (Enzo Diagnostics, Inc., Farmingdale, NY) was 

added to each individual slide, followed by the application of a Corning 22 x 22 mm 

glass cover slip to each slide. The probe and target DNA were denatured by incubating 

slides at 95°C for 5 minutes. Slides were then incubated at 37°C overnight in a humidity 

chamber to allow for maximum hybridization between probe and target DNA.  

The following day, coverslips were removed by washing slides in 2x SSC/0.05% 

Tween 20 for 5 minutes. Subsequently, slides were washed for 40 minutes in 2x 

SSC/0.05% Tween 20 in a shaker at 50°C. The Tyramide Signal Amplification (TSA) 

Cyanine 3 System (NEN Life Science Products, Boston, MA) was used to detect 

hybridized DNA. All sections were initially blocked with Tris-NaCl blocking buffer (1 M 

Tris HCL, pH 7.5, 5 M NaCl and blocking reagent -PerkinElmer) for 10 minutes.  

Subsequently, sections were incubated with streptavidin-HRP (1:100 dilution). All 

sections were washed three times using TNT wash buffer (0.1 M Tris-HCL, pH 7.5, 0.15 
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M NaCl, 0.05% Tween 20) for 15 minutes.  Two drops (approximately 30 µl) of TSA- 

direct Cy3 fluorophore reagent (1:50 dilution; NEN Life Science Products, Boston, MA) 

were applied to each slide and incubated for 10 minutes to increase signal enhancement. 

Sections were washed using TNT buffer, dehydrated and allowed to air dry before 

mounting with Vectashield (Vector Laboratories, Burlingame, CA). All sections were 

analyzed using fluorescent microscopy at a wavelength of 550/570-nm for Cy3 and 

340/488 nm for DAPI. Cervical cancers known to contain HPV type 16 or 18 were used 

as positive controls.  Slides treated with PBS instead of Enzo probes served as 

corresponding negative controls. Two distinct fluorescent patterns were observed: a 

diffuse nuclear pattern suggestive of episomal HPV DNA, while punctate dots suggested 

integrated HPV DNA [7,8,9] (Figure 3). A combination of both a diffuse nuclear pattern 

and punctate dots suggested both episomal and integrated (mixed) HPV DNA. 
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Figure 3. Cartoon depiction of the FISH assay. Cartoon depiction of the steps involved in 
Fluorescent In Situ Hybridization (FISH) including an illustration of the physical states of 
HPV DNA.  High risk HPV DNA is found in human epithelia in two physical states 
either as episomal (extrachromosomal) particles or integrated into the human genome. 
The episomal state consists of multiple copies of the virus; while the integrated form of 
HPV DNA exist as a single copy integrated into the human genome. The resulting two 
distinct forms can be seen under fluorescent microscopy as either a diffuse nuclear 
pattern suggestive of episomal HPV DNA or punctate dots suggestive of integrated HPV 
DNA. Courtesy of Dr. Helena Spartz. 
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RESULTS 

The study was performed on cervical cancer specimens obtained from 35 women. Thirty 

cases were from women living in Indiana; three cases were from women living in 

Botswana; and 2 cases were from women living in Jamaica. Based on prior studies, these 

cancers were known to contain HPV 16 (n = 27), HPV 18 (n = 7) or both HPV16 and 

HPV 18 (n = 1) (Table I).  

 

Table 1. HPV types in cervical cancer. Included in the table is the exact number of cases 
that were infected with either human papillomavirus 16 (HPV 16) or human 
papillomavirus 18 (HPV 18).	
  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Detection of the Physical State of HPV 16 and 18 by RT-PCR 

The physical state of HPV DNA was analyzed using RT-PCR via amplification of 

E2 and E6, then calculating the ratio of E2 and E6. All 35 cancers contained amplifiable 

HPV 16 or 18 signals by RT-PCR. From the 35 cervical cancers, 16 cases (45.7%) had an 

E2/E6 ratio between 0.67 and 1.00 indicating episomal HPV; 2 cases (5.7%) had an 
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E2/E6 ratio between 0.34 and 0.66 indicating mixed (episomal and integrated) HPV; 

while, 17 cases (48.6%) had an E2/E6 ratio between 0.00 and 0.33 indicating integration 

(Table II and III).  

Detection of the Physical State of HPV 16 and 18 by FISH 

From the 35 cervical cancers, FISH was positive in detecting HPV 16 or 18 in 26 

cases (74.3%).  FISH was used to assess the physical state of HPV based on fluorescent 

patterns observed under fluorescent microscopy (Figure 3). In the FISH assay, 6 cases 

(23.1%) had a diffuse nuclear pattern observed under fluorescent microscopy indicating 

episomal HPV; 8 cases (30.8%) had a combination of both a diffuse nuclear pattern and 

punctate dots indicating mixed (episomal and integrated) HPV; while, 12 cases (46.2%) 

had only punctate dots indicating HPV integration (Table II and III).  

 

Table 2.  RT-PCR and FISH analysis of the physical state of HPV 16 and 18 in 35 
carcinomas. RT-PCR assessed the physical state based on the E2/E6 ratio; while, FISH 
assessed the physical state based on fluorescent patterns observed under fluorescent 
microscopy.	
  “Mixed”= both episomal and integrated fluorescent pattern.	
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Table 3. Comparison of RT-PCR and FISH. The E2/E6 ratios were compared to FISH. A 
diffuse nuclear fluorescent pattern indicated the presence of episomal HPV, while 
punctate dots indicated integrated HPV DNA. An E2/E6 ratio between 0.00 and 0.33 
indicated integrated HPV; an E2/E6 ratio between 0.34 and 0.66 indicated mixed HPV; 
and an E2/E6 ratio between 0.67 and 1.00 indicated episomal HPV.  

Specimen 
Number 

HPV 
type 

E2/E6 ratio HPV 16/18 
FISH pattern 

aβ- globin 

1  16  0.770  (Episomal) Episomal Positive 
2  16  1.1384 (Episomal) Episomal Positive 
3 16  1.200 (Episomal) Episomal Positive 
4  16  0.955 (Episomal) Episomal Positive 
5  16  1.378 (Episomal) Episomal Positive 
6  16  0.00469 (Integrated) Integrated Positive 
7  16  0.00648(Integrated) Integrated Positive 
8 16  0.14286(Integrated) Integrated Positive 
9 16  0.21573 (Integrated) Integrated Positive 
10 16  0.08547 (Integrated) Integrated Positive 
11 16 ,18  0.2021 (Integrated) Mixed Positive 
12 16  0.18814 (Integrated) Mixed Positive 
13 16  0.1800 (Integrated) Mixed Positive 
14 16  0.0003 (Integrated) Mixed Positive 
15 16  0.0425 (Integrated) Episomal Positive 
16 16  0.7942 (Episomal) Integrated Positive 
17 16  1.000 (Episomal) Integrated Positive 
18 16  0.6568 (Mixed) Integrated Positive 
19 16  1.054 (Episomal) Mixed Positive 
20 16  0.9198 (Episomal) Mixed Positive 
21 16 1.4988 (Episomal) Mixed Positive 
22 16  1.00 (Episomal) Mixed Positive 
23 16  1.333 (Episomal) Negative Positive 
24 16  0.01923  (Integrated) Negative Positive 
25 16  0.330 (Integrated) Negative Positive 
26 16 0.8403  (Episomal) Negative Positive 
27 16  0.2036 (Integrated) Negative Positive 
28 16  0.010 (Integrated) Negative Positive 
29 18  0.000 (Integrated) Integrated Positive 
30 18  1.089  (Episomal) Integrated Positive 
31 18  0.4296 (Mixed) Negative Positive 
32 18  0.0461 (Integrated) Integrated Positive 
33 18  0.3000  (Integrated) Integrated Positive 
34 18  1.2310  (Episomal) Negative Positive 
35 18  0.8045 (Episomal) Negative Positive 
HeLa 18 0.000 (Integrated) Integrated Not applicable 
Normal Cervix Negative Not applicable Negative Not applicable 
aSamples were deemed as either being β-globin positive or negative. 
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Comparison of RT-PCR and FISH Results  

Although RT-PCR and FISH were conducted on 35 cervical cancers, 25 cases 

were used in the direct comparison of both assays. Nine cases were excluded for the 

comparison because of negative FISH results (Table III). One case was excluded because 

of co-infection with both HPV 16 and 18. The combined HPV16/18 probe was used in 

fluorescent in situ hybridization, and it was therefore impossible to determine which HPV 

type (16 or 18) contributed to the pattern detected under fluorescent microscopy.  

Overall, of the 25 samples that yielded positive results in both assays, 8 samples 

had both punctate dots when observed under fluorescent microscopy and a corresponding 

E2/E6 ratio between 0.00 and 0.33 (Fig 4, Panel B). Therefore, both assays indicated 

HPV integration for these 8 cancers (Table IV).  

 

Table 4. Comparison of FISH analysis and RT-PCR results. Comparison of FISH 
analysis and RT-PCR results in the assessment of the physical state of human 
papillomavirus 16 (HPV 16) and human papillomavirus 18 (HPV 18). 
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Moreover, of the 25 samples that yielded positive results in both assays, no 

samples exhibited a mixed fluorescent pattern under fluorescent microscopy and had an 

E2/E6 ratio between 0.34 and 0.66 (Table IV).  However, 7 samples had a mixed 

fluorescent pattern with FISH. Of these, 3 had an E2/E6 ratio between 0.00 and 0.33 

suggestive of the integrated form of HPV DNA (Fig. 4, Panel C). Four cases had an 

E2/E6 ratio between 0.67 and1.00 suggestive of the episomal form of HPV DNA.  

Lastly, of the 25 samples that yielded positive results in both assays, 5 samples 

exhibited both a diffuse fluorescent pattern and had an E2/E6 ratio between 0.67 and 1.00 

indicating the episomal form of HPV (Fig. 4, Panel A).  Therefore, both assays indicated 

that these 5 samples contained the episomal form of HPV DNA. 
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Figure 4. FISH and RT-PCR analysis of three cervical carcinomas, HeLa cells, and 
normal cervix. Panel A. Case #S11-7498 depicting episomal HPV (diffuse nuclear 
fluorescent pattern). The E2/E6 ratio of this same sample was 0.77 also indicating the 
presence of episomal HPV DNA. Panel B. Case #2101-115 depicting integrated HPV 
(punctate dots fluorescent pattern). The E2/E6 ratio of this cancer was 0.00 indicating 
HPV integration. Panel C. Case #S09 3020 depicting mixed HPV (both a diffuse nuclear 
and punctate dots fluorescent pattern). However, the E2/E6 ratio of this cancer was 0.180, 
indicating integrated HPV. Panel D. HeLa cells (a known integrated HPV 18 positive 
cervical cancer) showing punctate dots fluorescent pattern and an E2/E6 ratio of 0.00 
both indicating HPV integration. Panel E. Normal cervix (non-infected HPV cervical 
tissue based on PCR); FISH depicting absence of fluorescent signal after application of 
HPV16/18 probe. Original magnification 500X. H&E: Hematoxylin and Eosin. 
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DISCUSSION 

Integration of HR HPV into the human genome is a critical event in the 

progression from cervical dysplasia to invasive cervical cancer [5, 10, 11]. The ability to 

detect and evaluate HPV integration, and hence the physical state of HR HPV, is pivotal. 

Assessing the physical state of HPV can provide greater understanding into how pre-

neoplastic lesions can cause cancer years later. Equally important, evaluating the viral 

genome status of HPV is necessary in informing clinical models for early intervention 

and therapies. Therefore, it is critical that assays are developed that can accurately detect 

integration of high risk HPV.  

The ability to use molecular tools such as RT-PCR in the detection and evaluation 

of HPV integration is thus becoming increasingly important. While a variety of 

diagnostic methods have been developed to detect HPV in cervical biopsy specimens, 

RT-PCR confers high sensitivity and the assay can be performed on a variety of cervical 

samples including both cervical smears and paraffin-embedded cervical tissue. In this 

study, we evaluated the physical state of HPV using RT-PCR, while tyramide amplified 

fluorescent in situ hybridization (FISH) was used for comparison. We found a fair degree 

of correlation between RT-PCR and FISH in determining the physical state of HPV 16 

and 18 DNA in FFPE cervical tissue.  

We showed that in 13 of 25 cervical samples there was an agreement of the HPV 

physical status as determined by both assays. Specifically, of the 25 samples that yielded 

positive results in both assays, we observed that amongst 8 of these samples (32%) there 

was agreement of the assays in determining the presence of HPV integration.  

Furthermore, we observed that 5 of the cervical samples (20%) showed an agreement 
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amongst both assays in determining the presence of the episomal form of HPV DNA. 

Thus, RT-PCR was able to demonstrate that in the integrated forms of the virus the E2 

gene is disrupted resulting in loss of amplifcation, while the E6 gene is left intact 

resulting in gene expression. Therefore, a very low E2/E6 ratio is observed with viral 

integration, as compared to the episomal viral state.  

The highest degree of agreement occurred amongst the cervical cancers that 

contained either the integrated or episomal form of HPV DNA. There was no agreement 

amongst the two assays in cervical specimens that harbored the “mixed” (combination of 

both episomal and integrated pattern) form of HPV DNA. RT-PCR deemed one cervical 

sample as harboring the mixed form of HPV DNA based on the E2/E6 ratio. However, 

FISH conducted on this same sample yielded negative results. Similarly, the cervical 

samples deemed as having a mixed physical state based on fluorescent patterns observed 

by FISH, were either deemed as being episomal or integrated based on the E2/E6 ratio. 

The significance of this observation is not entirely known.  However, it is thought in 

cases where there are discrepancies this could be due to integration that disrupted an area 

other than the hinge region of the E2 gene. Recall that the E2 gene is an 1100 base pair 

gene consisting of three regions: an amino region, a hinge region, and a carboxy region. 

Upon integration of the gene into the host genome any one of these regions of the E2 

gene can be disrupted.  In our present study, the E2 primers and probes were only 

directed at the hinge region of the E2 gene due to the large percentage of disruption 

(78%) occurring at this region during viral integration. However, a small percentage 

(22%) of E2 gene disruption via viral integration can take place in either the amino or 

carboxy region of the gene, and our RT-PCR would not detect these.  
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Furthermore, there are limitations that exist within the FISH method that may 

certainly contribute to disagreement amongst the two assays that were observed in our 

study.  Namely, previous studies also performed on cervical specimens using in situ 

hybridization, found that small quantities of integrated HPV DNA can be concealed if a 

high quantity of episomal DNA exists within the same sample giving rise to 

discrepancies in determining the physical state of HPV DNA using in situ hybridization 

assays [8,12]. Additionally, Wierdon et al. [13] compared in situ hybridization, in situ 

PCR and tyramide signal amplification in determining HPV physical state and believed 

that the episomal form of HPV DNA can exist in other forms such as concatamers, which 

consists of multiple HPV copies. The authors stated that it is possible that these episomal 

concatamers can appear as punctate dots under fluorescent microscopy suggesting the 

integrated form of HPV rather than portraying the existence of the true episomal form of 

HPV DNA.  

To date, there has been only a few studies that have been performed using 

formalin fixed paraffin-embedded cervical specimens comparing RT-PCR and FISH in 

determining the physical state of HPV 16 and/or 18 DNA.  Biesaga et al. [5] analyzed 

formalin-fixed paraffin embedded sections of 85 cervical specimens using RT-PCR as the 

reference method and in situ-hybridization with tyramide signal amplification in the 

detection of HPV 16 and 18 integration. They found a significant correlation between the 

two methods in determining the viral genome status of HPV 16 and 18. In regards to RT-

PCR, the viral genome was regarded as integrated when the E2/E6 ratio was 0, as 

episomal when the ratio was 1 or more, and mixed when the E2/E6 ratio was between 0 

and 1. According to the authors, the sensitivity and specificity of in situ hybridization 
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with tyramide signal amplification (ISH-TSA) in detecting the integrated form of HPV 

16/18 was 70.0% and 60.9% respectively, as compared to RT-PCR. They found no 

statistically significant difference between RT-PCR and ISH TSA in the detection of 

HPV viral genome status.  

Similarly, Fujii et al. [10] performed in situ hybridization on formalin fixed 

paraffin embedded cervical sections and analyzed exfoliated cervical cells using RT-

PCR. They found significant correlation between the two methods in determining the 

physical state of HPV 16. The authors found a concordance rate of 86% (37 of 43 cases 

were positive for HPV 16 integration) between the two methods for the detection of 

integrated HPV 16. In regards to the E2/E6 ratio, the authors established a cut off value 

of 0.79 to distinguish the mixed episomal and integrated physical state from the pure 

episomal form. The cut off value was based on a 99% confidence interval of 0.79 to 1.61.  

Thus, if the E2/E6 ratio were less than 0.79, the chance of the physical state of HPV 16 

being in the pure episomal form would be less than 1%.  Likewise, the integrated form of 

HPV 16 DNA was considered to be present when the E2/E6 ratio was below 0.79.  

Still, other studies have been performed using only RT-PCR to detect the physical 

state of HPV with differing E2/E6 cut off values. Saunier et al. [11] analyzed 151 

cervical smears and 22 paraffin-embedded cervical cancer biopsy specimens with an 

E2/E6 cut off value of 0.8. According to the authors, an E2/E6 ratio of 0.8 or higher 

represented the episomal form of HPV 16; E2/E6 values equaling 0 represented purely 

integrated HPV 16 DNA, while an E2/E6 ratio between 0 and 0.8 represented the mixed 

form of HPV 16 DNA. It is certainly evident that discrepancies exist in determining a 

universal cut off value when using the E2/E6 ratio as a surrogate for detecting the 
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physical state of HPV. Thus, while RT-PCR may represent an acceptable assay suitable 

in screening women for pre –cancerous lesions, involving integration of high risk HPV 

DNA, universal E2/E6 cut off values must be established.  

In conclusion, our research extends the observations of the aforementioned 

studies, which compared RT-PCR and in situ hybridization in the detection of HPV 

physical state.  While a limitation in our study included the small sample size, we were 

still able to observe a fair correlation between RT-PCR and tyramide amplified 

fluorescent DNA in situ hybridization (FISH) among cervical cancers that were positive 

for HPV 16 or 18 in both assays. Thus, our study is still in accordance with previous 

studies that have been conducted showing concordance amongst RT-PCR and FISH in 

detecting the viral genome status of high risk HPV.  In regards to our study, conducting 

RT-PCR and FISH on a larger sample size and designing over-lapping E2 primers for 

RT-PCR and probes targeting all three regions (the amino, hinge and carboxy regions) of 

the E2 gene can increase the utility of RT-PCR as an assay in detecting HPV integration. 

Nonetheless, large-scale clinical studies will be indispensable in validating RT-PCR as a 

molecular tool in detecting the viral genome status of HPV. Even so, the use of RT-PCR 

and the E2/E6 ratio as a surrogate for HPV integration appears to be promising and may 

prove to be an essential clinical method in the future for determining the physical state of 

oncogenic HPV.  
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