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Background & objectives: High-risk human papilloma virus (HR-HPYV) infection and its integration in
host genome is a key event in malignant transformation of cervical cells. HPV16 being a dominant HR-
HPYV type, we undertook this study to analyze if viral load and physical state of the virus correlated with
each other in the absence of other confounding variables and examined their potential as predictors of
progressive cervical lesions.

Methods: Both, viral load and integration status of HPV16 were determined by real time URR PCR and
estimation of E2:E6 ratio in a total of 130 PGMY-RLB -confirmed, monotypic HPV16-infected cervical
DNA samples from biopsies of cytology-confirmed low grade (LSIL, 30) and high grade (HSIL, 30), and
invasive carcinoma, (squamous cell carcinoma SCC, 70) cases.

Results: Investigation of DNA samples revealed a gradual increase in HPV16 viral load over several
magnitudes and increased frequency of integration from LSIL to HSIL and HSIL to invasive cancer in
relation to the severity of lesions in monotypic HPV16-infected cervical tissues. In a substantial number
of precancer (11/60) and cancer cases (29/70), HPV16 was detected in concomitant mixed form. The
concomitant form of HPV16 genome carried significantly higher viral load.

Interpretation & conclusions: Overall, viral load and integration increased with disease severity and
could be useful biomarkers in disease progression, at least, in HPV16-infected cervical pre-cancer and
cancer lesions.
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Despite effective screening programmes and lately
introduction of two successful prophylactic human
papillomavirus (HPV) vaccines for cancer prevention,
cervical cancer is still a leading gynaecological
malignancy of the developing world'. Globally, there
are approximately 530,000 new cases of cervical
cancer with an annual mortality rate of 275,000%
Interestingly, of the total global cervical cancer
burden, more than 85 per cent of the total cases and
88 per cent of the total mortality are contributed by
developing countries. Among the high risk HPV types
established as aetiological factors for cervical cancer,
infection of HPV16 or HPV18 has collectively been
implicated in causation of more than 70 per cent of
global cervical cancer burden. In contrast to other
regions of the world, upto 90 per cent of the cervical
cancer lesions in Indian women harbour specifically
the HPV type 16; whereas, presence of other HPVs
including HPV18 is relatively low*>. The dominance
of HPV16 in comparison to other high risk HPV types
particularly in global and Indian scenario indicates
toward a major role of HPV 16 infection. It is likely that
factors such as viral copy number and physical state
of viral genome (episomal vs. integrated or mix) may
have important clinical implications in viral persistence
and progression of cervical neoplasia as suggested in
some earlier studies®’. Integration is considered as a
key event in cervical carcinogenesis which results in
loss of episomal viral DNA as it is well-documented
that £2 gene product derived from episomal DNA have
an inhibitory effect on viral oncogene expression®, and
integrants are spontaneously selected during cancer
progression due to selective growth advantage and
endogeneous antiviral response’. Therefore, apart from
the expression of viral oncogenes £6 and £7 that lead to
tumorigenic transformation, physical state of virus and
viral copy number have been demonstrated to be the
major risk factors for development of high-risk HPV-
mediated cervical cancer®!’. On the contrary, integration
of HPV16 viral DNA into the host genome and high
viral copy number within infected epithelial cells have
been associated with an increased persistence of HPV
infection and an increased risk of developing cervical
6,7,11

intraepithelial neoplasia 2/3 (CIN2/3) or cancer

Unlike HPV18 which shows high frequency of
integrated viral genomes in cervical carcinomas,
only a proportion of cases ranging from 28 to 67 per
cent, depending on the techniques used, demonstrate
presence of integrated HPV16 in invasive cervical
carcinoma''2, Some studies have demonstrated that
integration of the HPV genome has also been found

in low-grade lesions and even in normal cervices'*
15 whereas others have shown that not all invasive
cancers carry the integrated HPV genome'*'¢. However,
besides a few sporadic reports*!’, data related to viral
load and its physical status particularly with reference
to HPV16- are lacking. The potential reason for higher
pathogenicity of Indian HPV 16 subtype may be related
to its biological behaviour with respect to its viral
load and integration events during progression of the
early infection to cervical carcinogenesis. Moreover,
investigations on the viral load and integration of
HPV16 independently or in combination have been
attempted in the past with variable results. The reasons
for such variability may partly be ascribed to multiple
infections which could have confounding effect. In the
present study, we examined copy number and physical
state of infecting monotypic high risk HPV16 in
cervical cancerous and pre cancerous tissues.

Material & Methods

Clinical specimens and the study design: This cross-
sectional study was performed on 130 prospectively
collected and confirmed monotypic HPV16 positive
tissue specimens comprising 70 malignant, 60
premalignant cervical tissues biopsies (colposcopy-
guided). Pre-cancer cases were defined on cytology
as low-grade (LSIL) or high-grade squamous
intraepithelial lesions (HSIL). Samples were collected
prior to any chemo/radio therapy from the Cancer
Clinic, Gynaecology out patient department of Lok
Nayak Hospital, New Delhi, India, during the period
April 2008 to July 2011. DNA isolated from cervical
tissues (biopsy samples) was analyzed for HPV16 viral
load and physical state. Written informed consent was
obtained from all the subjects included in the study
and epidemiological details were taken from their
clinical records. The study protocol was approved
by the Institutional Ethics Committee of Institute of
Cytology & Preventive Oncology (ICPO), New Delhi,
India, where the laboratory work was carried out.
The clinico-pathological characteristics are presented
in Table I. A portion of each biopsy collected in cold
1X phosphate buffer saline (PBS) was immediately
processed for molecular biological analysis and the
other half was sent for histopathological diagnosis in
formalin solution. All reagents used in the study were
of analytical and molecular biology grade and were
procured from Sigma Aldrich (USA) unless specified.

DNA extraction and diagnosis of HPV infection:
Genomic DNA was isolated from precancer and cancer
cervix biopsies by the standard phenol-chloroform
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Table I. Clinico-pathological distribution of HPV16 positive
cases included in the study
Disease Stage/grade No. of Mean
group of disease HPV16 age
positive (yr)
cases

Pre-cancer 60 37.4+£6.9

LSIL 30 372+64

HSIL 30 37.8+7.7
Cancer 70 51+11.8
Histopathological ~ Well 35
grading differentiated

Scc

Moderately 25

differentiated

Scc

Poorly 10

differentiated

SccC
Clinical stages Stage [ 10

Stage 11 20

Stage 111 30

Stage IV 10
HPV, human papillomavirus; HSIL, high grade squamous
intraepithelial lesion; LSIL, low grade squamous intraepithelial
lesion; SCC, squamous cell carcinoma

and proteinase K digestion, and PCR amplification
was performed following the procedure described
earlier’. The quantity and quality of DNA was
assessed using agarose gel electrophoresis and by UV
spectrophotometry (Nanodrop, USA). The initial HPV
diagnosis was performed by using a pair of L1 consensus
degenerate primers (MY09 and MY11). HPVI16
typing was done by type-specific primers*'8, PCR was
performed in a 25l reaction mixture containing 100ng
DNA, 10mM Tris-HCI (pH 8.4), 50mM KCIl, 1.5mM
MgCl,, 125mM of each dNTPs (MBI fermentas,
Ontario, Canada), S5pmol of oligonucleotide primers
and 0.5U Taq DNA polymerase. B-globin gene was
used as internal control. The temperature profile used
for amplification constituted an initial denaturation at
95°C for 4 min followed by 30 cycles of denaturation
at 95°C for 30 sec, annealing at 55°C for 30 sec and
extension at 72°C for 1min, which was extended for
Smin at the final cycle. Custom-synthesized, HPLC-
purified primers were procured from M/s Microsynth
(Germany). HPV16 positive samples were subjected

to comprehensive HPV genotyping by PGMY-Reverse
Line Blot which can detect about 32 HPV types
including all high-risk and low-risk types'® and samples
with monotypic HPV infection only were included in
the study.

HPVI16 viral load determination by real-time
quantitative PCR (RQ-PCR): Quantification of HPV16
viral copy number and normalization for input cellular
DNA copies was performed as described earlier®.
Target-specific amplification of HPV16 URR (upstream
regulatory region) and p53 exon5 were performed
with a iQ-cycler system (Biorad, Hercules, USA)
using a recommended iQSYBR green PCR supermix
following the protocol provided by the manufacturer.
Standard curves used to quantify HPV16 copy number
were made with 10 fold serial dilutions of the WHO
HPV16 international standard (NIBSC, London, UK)
containing 50,000, 5000, 500, 50 and 5, HPV16 DNA
copies diluted in background of C33a genomic DNA.
Briefly, the reaction was performed in a final volume
of 25ul containing 1X SYBR green super mix with
0.25uM of HPV16 URR forward and reverse primers
and 50ng of genomic DNA of test samples. The URR
primers were selected for viral load quantitation as these
are retained in both episomal and integrated forms of
the HPV16 viral genome. The PCR amplification was
performed as follows: 1 cycle of 96°C for 3min, 40
cycle at 94°C for 30sec, 55°C for 30sec and 72°C for
30sec with realtime measurement performed during
amplification step (72°C) at each cycle. Each realtime
amplification was followed by melt curve analysis
for confirmation of predicted amplicon® . Crude viral
load or copy number of HPV16 genome in clinical
sample was calculated by the interpolation of standard
curves of the dilution series generated by the Sequence
Detection Software (iCycler iQ software version 3.0)
of iCycler iQ real time PCR detection system (Biorad,
Hercules, USA). On the other hand, samples with viral
loads higher than 50, 000 copies/reaction were diluted
in water to bring it down to the range of standard curve.
The viral load values were normalized to input host
diploid genomic DNA using p53 exon5 amplification
calibrated with C33a genomic DNA standard (NIBSC)
as indicated below:

Normalized HPV16 viral load/Unit host cell
genome = HPV16 URR copy number/ no. of diploid
host genomes

The normalized HPV16 viral copy numbers are
expressed as the number of viral copies/Unit host cell
genome.
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Determination of physical state of HPV16 genome in
cervical tissues: To determine physical state of viral
genome in HPV16 positive precancer and cancer
tissues, full length primer for HPV16 E2 (validated by
our laboratory previously)®’, was utilized to analyze the
presence of intact E2 ORF that is disrupted or deleted
in integrated virus. Amplification of HPV16 E6, which
is invariably retained in the integrated virus, was used
as denominator of total HPV16 DNA irrespective of
the physical state of the virus. Briefly, genomic DNA of
HPV16-positive cases was used to assess the presence
or absence of the HPV16 E2 gene, with reference to the
HPV16 E6 gene. Genomic DNA of test samples (50ng)
was PCR amplified for HPV16 E2 and E6 in a 25ul
reaction mixture containing 10mM Tris-HCI (pH 8.4),
50mM KCI, 1.5mM MgCl,, 125uM of each dNTPs
(dATP, dGTP, dCTP, dTTP), Spmol of oligonucleotide
primers for either full-length HPV16 E2 or HPV16 E6
and 0.5U AmpliTaqGold DNA polymerase (Applied
Biosystems, USA). The amplification was performed
with an initial denaturation at 95°C for 4 min,
polymerization for 35 cycles of denaturation at 95°C
for 30sec, annealing at 55°C for 30sec and extension at
72°C for 1min, which was extended for 5Smin at the final
cycle (Applied Biosystems). Densitometric ratio of E2
and E6 amplicons was measured on AlphaDigiDoc
using Alpha Ease FC version 4.1.0 (Alpha Innotech
Corporation, USA) to determine the physical state of
HPV 16 for each sample. Densitometric ratios of E2:E6
amplicons of all clinical samples were normalized to
E2:EG6 ratio of vector-free HPV16 plasmid (a kind gift
from Prof. H. zur Hausen, DKFZ, Germany) which was
used as reference for pure episomal form of HPV16
genome and helped to normalize the variations in PCR
efficiencies. DNA from SiHa cells (Procured from
American Type Culture Collection, USA) was used as
control for fully integrated DNA. The E2:E6 ratio in
clinical samples with reference to the plasmid control
was calculated by the following formula:

Normalized E2:E6 ratio of clinical samples = (IDV E2:IDV E6)
samples /(IDV E2:IDV E6) plasmid

Where IDV indicates integrated densitometric
values of DNA band of HPV16 E2 amplicon (IDVy,) or
HPV16 E6 (IDVy) amplicon of the plasmid and sample
DNA. An E2:E6 ratio with a value of 0 represented
completely integrated HPV16 genome and value of
1 or higher represented predominantly episomal viral
genome, whereas values >0 and <1 indicated a mixed
form of HPV16 DNA.

Statistical analysis: The data analysis was performed
using the statistical software SPSS version 17 (SPSS

Inc, USA) or Sigma Stat (Systat Software Inc., USA)
or Graph Pad Instat (version 4.0) (Graph Pad Software,
Inc., USA). Mann Whitney U test was used to compare
the viral load and integration state of HPV 16 between
different disease states.

Results

To evaluate the status of HPV infection in terms
of viral load and physical state of HPV16 genome in
samples representative of the natural history of cervical
cancer, DNA samples isolated from 130 monotypic
HPV16 infection-confirmed cases comprising 60 pre-
cancers (LSIL — 30; HSIL — 30) and 70 cancer cases
for HPV16 viral load were analysed by real time
quantitative PCR and physical state was determined
by assessing densitometric ratio of HPV16 E2 and
E6 gene amplification. The mean age of women in
precancer group was considerably lower (37.4 =+
6.9 yr) than women in cancer group (51 £ 11.8 yr)
(Table I).

Quantitation of HPV16 viral load in cervical pre-cancer
and cancer tissues: To determine HPV 16 viral load in
cervical lesions, first HPVI6URR real-time PCR was
validated using 10- fold serial dilutions of WHO HPV 16
International Standards diluted from stock in a dilution
series of 50,000 to 5 Genome Equivalent per reaction
in the background of about 50 ng HPV negative C33a
DNA (Fig. 1). The technique was performed five times
to determine the linearity of amplification. The assays
were considered valid if correlation coefficient in each
run was (1) > 0.95. Specificity of desired amplification
was confirmed using melt curve analysis. Although
the assay could detect five copies per reaction at some
instances, it could effectively and consistently detected
50 copies per reaction in a background of 50 ng of host
DNA which is equivalent to ~7500 copies of diploid
human genome. The HPV16 URR PCR was specific
for HPV16 as no cross-reactivity was observed for
sample previously genotyped as phylogenetically-
related HPV31, HPV33, HPV52, HPV18 or HPV56
(data not shown).

After validation, genomic DNA from 130 HPV16-
positive cervical biopsies was analysed by real-time
quantitative HPV16 URR PCR. Gross viral load thus
obtained was normalized to input host DNA using p53
exon 5 amplification and the viral load was expressed
as HPV16 genome equivalents per diploid host cell
genome. Table II shows median, mean, interquartile
and range of normalized HPV16 viral load in different
tumour tissue types. The viral copy number in low-
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Fig. 1. Quantitative real-time PCR of HPV16 URR to determine HPV 16 viral load in DNA isolated from cervical precancer and cancer tissue
biopsies. Genomic DNA of HPV16 positive cervical precancer and cancer samples was amplified by type-specific HPV16 URR primers
using Biorad iQ SYBR Green supermix (as described in Methods). Two-fold serial dilution of WHO HPV 16 international standards starting
from 5x10* copies/reaction in C33a DNA diluents were used as reference (upper panels). Amplification of p53 exon5 which was used as
normalization control for genomic DNA input (lower panels). DNA amplification threshold cycle analysis (left panels); standard curve
analysis for determining the efficiency of reaction and calculation of viral copy number and quantitation of host genome equivalents (middle
panel); Melt curve analysis showing specificity of HPV16 and p53 exon 5 amplicons were performed in each run (right panel).

grade lesions ranged from 4 to 60 copies/cell equivalent
(LSIL - median 33; interquartile 31) whereas in high-
grade lesions it ranged between 29-1282 copies/cell
equivalent (HSIL - median 116; interquartile 197).
Analysis of viral loads between LSIL and HSILs
revealed significant differences within precancer
disease group (P<0.001). On the other hand, tumour
tissues of invasive cervical cancer lesions revealed a
wide variation of HPV16 viral load that ranged from
68-7202 copies/cell equivalent (SCC - median, 628.50;
interquartile 1651). These values were comparatively
higher in majority of cancer cases than the viral load
estimated in (P<0.001). The distribution of viral load
in cervical lesions of different histopathological grades
revealed no grade-specific difference in HPV viral load
except that HPV16 copy number was marginally higher
in moderately differentiated MDSCC tissues (data not
shown).

Determination of physical state of viral genome
in HPVI16 positive cervical precancer and cancer
lesions: Physical state of HPV DNA in host genome
was determined by comparing the specific and pre-
validated PCR amplification of full length HPV16 E2

and HPV16 E6 regions. Mixes of vector-free HPV16
plasmid and SiHa cell DNA represented ratios from
1 to 0, were subjected to E2 and E6 PCR and E2:E6
ratios were calculated by densitometric analysis. A
good correlation was observed between theoretical and
experimental E2:E6 ratios when overall viral load was
less than 50,000 genomes per reaction. At higher viral
loads, the variability of the assay was higher when
the E2: E6 ratios were more than 0.8. For assessment
of genomic DNA of clinical cases, the E2:E6 ratios
were further normalized to E2:E6 ratio of vector-free
HPV16 plasmid DNA that was used in each dataset
to control variations in PCR efficiencies (Fig. 2).
Analysis of normalized E2:E6 densitometric ratios
of HPV16-positive specimens demonstrated presence
of predominantly episomal viral DNA in 90 per cent
(27/30) of LSIL (Table III). Though none of these
samples demonstrated fully integrated HPV 16 genome,
a small proportion (10%; 3/30) showed E2:E6 ratio less
than 0.8 and were indicative of a mixed or concomitant
form of the viral DNA. In contrast, 43 per cent of
HSIL lesions had either fully integrated (16%; 5/30) or
mixed form (26%; 8/30) of HPV16 DNA whereas 57
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Table II. Estimation of HPV 16 viral load in cervical precancer and cancer lesions.

Lesions grade

(HPV16 genome equivalents/diploid host cell genome)

HPV16 viral load

by Mann-Whitney U test

Median Mean+SE Interquartile Range
LSIL (n=30) 33 31.4+3.0 31 4-60
HSIL (n=30)* 116 229 +£53.5 197 29-1282
SCC (n=70)"* 628.5 1485.3 +£223.5 1651 68-7202

LSIL, low grade squamous intraepithelial lesions; HSIL, high grade squamous intraepithelial lesions; SCC, squamous cell carcinoma;
SE, standard error. *P<0.001(between LSIL/HSIL); *P<0.001(between LSIL/sec); *P<0.001(between HSIL/sec). P-value determined

per cent (17/30) lesions has episomal HPV16 (Table
IIT). Except one, all the HSIL cases with mixed HPV16
had E2:E6 ratio less than 0.8. On the other hand, 93
per cent of invasive cancers harboured either fully
integrated (52%; 36/70) or mixed form (41%; 29/70) of
HPV16 DNA. In a small proportion of cases, HPV16
was found in episomal state (7%; 5/70) and one case
with mixed HPV16 was detected in borderline limits
(E2:E6 ratio >0.8).

Association between HPV16 viral load and physical
state of the virus: To assess whether varied levels

of HPV16 viral load in different stage of cervical
carcinogenesis have any ‘impact on’ or ‘association
with’ the physical state of the virus in monotypic
HPV16 infection, HPV16 viral load was analysed in
cervical lesions harbouring HPV 16 genome in different
physical states. As depicted in Fig. 3, the copy number
of HPV16 genome was comparatively higher in those
tumour tissues where HPV16 was present in the mixed
or in integrated state as compared to the viral load in
tissues with HPV16 in episomal state. Interestingly,
this trend was not specific to the lesion type

M P N P NL1L2L3 P NH1H2H3 P N C1C2C3C4

<1139bp
E2 PCR
h H-..< o

E2:E6 Ratio M 1 - - 1105 1-0071 1 -0 00103

(Normalized)

Fig. 2. Determination of physical state HPV16 genome in cervical precancer and cancer tissue biopsies by HPV16 E2 and HPV16 E6
amplification. HPV16 E2 and E6 open reading frame (ORFs) were amplified using specific primers, and E2:E6 densitometric ratio was
determined as described in ‘Methods’. Vector-free HPV16 full length plasmid harbouring intact E2 and E6 region was used as positive control
and as a reference for normalization of E2:E6 ratio in clinical samples. Upper panels showing gel photograph of HPV16 E2 amplification
(1139bp) and lower panels show HPV16 E6 amplification (506bp) in DNA of vector control and clinical samples. Normalized E2:EG6 ratio of
the samples is indicated at the bottom of the respective lane. Normalized E2:E6 ratio = 0 represents completely integrated HPV16 genome,
value = 1 represent episomal viral genome, and values between 0 and 1 indicate mixed form of HPV16 genome. M, X174 Haelll-digested
molecular weight marker; P, HPV16 plasmid; N, PCR negative control (C33a genomic DNA); L1-L3, LSIL cases; H1- H3, HSIL cases; C1-

C4, invasive cancer cases.
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Table III. Physical state of HPV16 DNA in cervical precancer and cancer lesions

Lesions grade HPV16 physical state
Episomal Mixed Integrated
(E2:E6 =1.0) (0<E2:E6<1.0) (E2:E6=0)
LSIL(n=30) 27(90) 3(10) 0
HSIL(n=30)* 17(57) 8(26) 5(16)
SCC(n=70)">¢ 5(7) 29(41) 36(52)

P<0.01 LSIL vs HSIL, "HSIL vs SCC, °LSIL vs SCC; P value determined by Pearson Chi square test; LSIL, low grade squamous
intraepithelial lesions; HSIL, high grade squamous intraepithelial lesions; SCC, squamous cell carcinoma

Values in parentheses are percentages

(Table IV). When viral load in episomal state was
evaluated among these tissue types, a marginal increase
was observed in episomal viral load in HSIL (Median-
71, cases 17/30) and SCC lesions (Median- 116, cases
5/70) as compared to episomal viral load in LSIL
tissues (Median- 32, cases 27/30) (Table IV). However,
viral load in lesions harbouring purely episomal state
were consistently lower as compared to precancer or
cancer lesions with either mixed or integrated viral
genome. Fully integrated HPV16 was not detected
in any of the LSIL tissues examined. Interestingly, in
SCC lesions with mixed state of HPV16 genome, the
viral copies were the highest among all tissue types
that harbour either fully integrated or predominantly
episomal state of HPV16 genome (Median viral copies
of mixed state- (2037) vs. integrated state- (521) (GE/
unit host genome). SCC lesions when further stratified
with respect to their histopathological grades to assess
association of HPV16 physical state with the viral load,
these lesions did not show much difference on these
parameters (data not shown).

Discussion

HPV viral load and physical state of the viral
genome are important determinants of HPV infection
which influence the tumorigenic transformation of
normal cervical epithelium and progression of the
disease'!, however, variability in results of various
studies conducted on these parameters have limited
their clinical use. Among others, infection with
multiple HPV genotypes is the major confounding
variable. Therefore, in the present study, we examined
copy number and physical state of infecting monotypic
high risk papillomavirus type 16 in cervical precancer
and cancer lesions. Analysis of the viral load in these
lesions revealed occurrence of a quantitative increase

in viral genomes with disease severity. HPV16 viral
load was found to be highest in cancer cases. Our full
length E2 PCR amplification-based approach revealed
a distinct distribution of physical state of HPV16
genome in samples representative of three different
stages of natural history of cervical carcinogenesis
which was suggestive of integration event as early as
in LSIL (10%) that accumulated during progression of
the lesions to HSIL (42%) and reached the highest in
invasive cancers (93%). Despite the integration event,
in a major proportion of the precancer and cancer
tissues HPV16 genome was apparently detected in
concomitant or mixed state where both integrated and
episomal form of HPV16 genome co-existed.

Our investigation demonstrated a gradual increase
in HPV16 viral load in progressive cervical lesions,
i.e. LSIL to HSIL and pre-cancer to cancer. Cancer
lesions showed the highest viral load. The association
between the viral load and the different stages of
cervical disease is still debated. An elevated HPV16
viral load is associated specifically with high-grade
cervical lesions'>?*"?2, and a 43-fold increased risk of
cancer has been reported in cases with high viral load’.
However, a viral load higher in LSIL than in HSIL
and lower in HSIL than that in carcinoma'* as well as
no association between HPV16 viral load and disease
progression®2* have also been reported. Studies using
a wide range of study designs, laboratory assays, and
analytical methods have suggested that quantitative
measurement of viral loads, especially for the highly
oncogenic HPV16, may be associated with high grade
lesions and disease progression®”!L1417.22.23.25.26 - Most
of the early analyses of viral load did not adjust for
specimen cellularity, number of atypical cells, multiple
infections with different HPV types. Therefore, these
studies varied with respect to the magnitude of the viral
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Fig. 3. Association of HPV16 physical state with the viral load in different precancer and cancer cases. Distribution of normalized HPV16
E2:E6 ratio and HPV 16 viral load in cervical precancer (LSIL and HSIL) and cancer cases. Each circle indicates individual case. Normalized
E2:E6 ratios and viral load were calculated as described in Methods. Normalized E2:E6 = 0 represents completely integrated HPV16; E2:E6
= 1 represents episomal viral genome, E2:E6 between 0 and 1 indicates concomitant HPV16 genome. Vertical red line and horizontal blue
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line represent median values of E2:E6 ratio and HPV 16 viral load in each disease group, respectively.

Table IV. Association between HPV 16 physical state and viral load in cervical lesions

Disease grade

HPV16 Physical Status

HPV16 viral load
(genome equivalents/Unit host genome)

Median Mean + SE
LSIL Episomal (n=27) 32 31.0+3.1
Mixed (n=3) 45 34.6+12.9
Integrated (n=0) - -
HSIL Episomal (n=17) 71 89.5+12.8
Mixed (n=8) 278 451.0 £160.8
Integrated (n=5) 265 351.8+99.6
SCC Episomal (n=5) 116 204.0+103.2
Mixed (n=29) 2037 2604.6 + 448.7
Integrated (n=36) 521 761.5+106.3
Total Episomal (n=49)° 50 69.0+13.0
Mixed DNA (n=40)° 724 1954.0 + 366.1
Integrated DNA (n=41) 518 738.3+96.3

2P<0.001 episomal vs mixed; ®P<0.001 episomal vs integrated; °P=0.241 mixed vs integrated; P value determined by Mann-Whitney
U test; SE-standard error
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Table V. Comparative Analysis of representative studies showing HPV16 viral load quantitation in different grades of cervical lesions
from various geographical regions

Authors Geographical Disease No. of Quantitation Mean/Median HPV16 copy Viral load per
(Reference) location stage samples  approach number cell equivalent
(Country) (n) genome
(Swan et al USA Normal 7 RT-PCR 2.2x107 copies/pug 3
1999)* LSIL 15 4.1x107 copies/pg 6
HSIL 56 1.3x10° copies/pug 197
(Lefevre et al ~ Canada Normal 41 RT-PCR 55 copies/cell 55
2003)% LSIL 9 724 copies/cell 724
HSIL 8 4426 copies/cell 4426
(Andersson et Sweden CIN1 20 Quantovir RT- 2 copies/cell 2
al 2005)% CIN2 28 PCR 18 copies/cell 18
CIN3 46 6 copies/cell 6
(Flores et al USA Normal 27 RT-PCR 33.5 copies/cell 335
2006)* ASCUS 5 44.3 copies/cell 443
LSIL 4 19.5 copies/cell 19.5
HSIL 5 88.6 copies/cell 88.6
(Fiander eral UK Normal 5 RQ-PCR 0.98 copies/cell 0.98
30
2007) CINI 3 16.7copies/cell 16.7
CIN2 17 1.2 copies/cell 1.2
CIN3 44 125.9 copies/cell 125.9
(Cricca et al Italy LSIL 72 RT-PCR 2.65x10%/300ng 0.58
2007)* HSIL 94 2.62x106/300ng 57.64
SCC 11 1.18x10%/300ng 0.02
(Briolat et al/ France Normal 7 RQ-PCR 2114 + 1615 copies/100 cells 21.24
2007)" CIN1 15 113,168 + 70878 copies/ 100 1131
cells
CIN2 32 122.023+80,770/100 cells 1120
CIN3 65 122,7644+41365/100 cells 1227
SCC 3 76,519+50,057copies/100 cells  765.19
(Saunier er al  France Normal 28 RQ-PCR 102 copies/ 10° cells 0.10
2008% LSIL 45 270 copies/10° cells 0.27
HSIL 41 20974 copies/10° cells 20.97
SCC 22 59,963 copies/ 10° cells 59.96
(Singh et al India Normal nd RQ-PCR 5.2E+02 copies/ng DNA 343
2009)* LSIL/HSIL  nd 4 3E+03 copies/ng DNA 28.38
SCC nd 2.1E+04 copies/ng DNA 138.61
Shukla et al India LSIL 49 RQ-PCR 33 copies/cell 33
(Present study) HSIL 40 116 copies/cell 116
SCC 41 628.5 copies/cell 628.5

ASCUS, Asymptomatic squamous cells of undetermined significance; CIN, cervical intraepithelial neoplasia; HSIL, high-grade
squamous intraepithelial lesions; LSIL, low-grade squamous intraepithelial lesions; nd, not determined; RT-PCR, reverse transcription
PCR; RQ-PCR, real-time quantitative PCR; SCC, squamous cell carcinoma
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load in different types of cervical lesions. Majority of
these issues have been appropriately taken care of in the
present investigation by using (i) internal control with
similar size of amplicon to minimize PCR efficiency
issues, (ii) use of HPVI16 International Standards
with known copy number as calibrator, (iii) use of
quantitative real-time PCR for calculation of absolute
copy number of viral DNA and (iv) a uniform reference
to host cell diploid DNA content which made the
analysis more robust and reliable as it could overcome
possible sources of variation. However, in precancer
cases, where the proportions of tissue specimen may
consist of normal potentially uninfected cells, the viral
loads measured may be an underestimation for HPV16-
infected cells.

Early studies, whether semi-quantitative’” or
quantitative'?222323262830 - demonstrated a correlation
of HPV viral load with disease progression. Majority
of these studies had strong inter-study variations in
disease stage-specific viral loads which may partly be
related to geographical HPV 16 variations (Table V).
In some studies, however, HPV16 viral load ranges
and trends resembled to that reported in the present
study*!*273% however, the load detected in the present
study could not be quantitatively compared with these
studies as we did not analyze HPV16 loads from non-
Indian women. Moreover, the direct comparison of the
viral load values among various studies would not be
an ideal approach to explain the differences in view
of the selective nature of sample inclusion (selection
of only HPV 16 infected samples) of the present study.
Our observations indicate a strong association of
type-specific HPV 16 viral load with disease severity
provided the confounding variables like co-infection
with other HR-HPVs are avoided.

Apart from plurality of infecting HR-HPV types
which may have different biological behaviour in the
host cell, age of patient harbouring these infections
may also contribute significantly to variations in viral
load. Women older than 30 yr showed significantly
higher viral loads in HSIL as compared to LSILs for
both HPV16 and HPV 18%'. However, such correlations
were not seen in women infected with these HR-HPVs
who were below 30 yr of age and were reported to
have transient infections®'. HR-HPV infections in
women beyond 30 yr are considered to have higher
tendency for persistence’ and this may be responsible
for integration of viral DNA in host genome which
provides stability to the infection. Therefore, gradual
increase in viral copies in progressive lesions could be

playing a role in determining the integration of virus in
women aged 30 yr. As majority of the cases enrolled
in our study were of age above 30 yr, the age of the
patients could be the most probable reason of finding a
strong correlation of HPV 16 viral load with increasing
severity of cervical lesions. However, among the study
subject, a significant difference was observed in mean
age of patients of precancer and cancer disease group.
As we did not have any corresponding age-matched
specimen in precancer vs. cancer group, the effect of
age on the study parameters could not be assessed
and the age difference could not be accounted for the
analysis.

In the present study, LSILs were found to harbour
predominantly the episomal HPV 16, the proportion of
which gradually declined in high grade lesions with
increasing disease severity. Occurrence of episomal
HPV16 in LSILs has been demonstrated in several
studies with highly variable degree'>'8?*25, Reasons
for such a variation in episomal form of HPV 16 during
LSIL, which reflects an early stage of viral infection,
are not known but could be attributed to variations in
analysis as well as the patient population analyzed.
Similarly, variations in frequency of episomal HPV16
in HSIL**** and in cervical carcinoma where it ranged
upto 45 per cent have been documented'>?. Different
HPV16 variants are known to express different
integration frequencies* and minor sequence variations
in different geographical isolates may be in part
responsible for variable frequencies of cancer cases
found to harbour HPV in different physical forms.

The frequency of samples with integrated
HPV16 genome in cancer cases in our study was
slightly lower (52%) compared to our earlier report
(69%)'8. However, when cancer tissues harbouring
the concomitant form of HPV16 which also consisted
of integrants were collectively considered, majority
(93%) of samples indicated occurrence of integration
event. Therefore, low frequency integration events
with deleted E£2 in a background of episomal or
integrated concatameric HPV16 cannot be ruled out
in samples with predominantly episomal HPV16.
These observations suggested that integration could
be a common event in HPV16 in Indian population,
but elimination of episomal forms may not be essential
during tumorigenic transformation and there could
be some selective advantage of the episomal forms
in concomitant state for persistent and progressive
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HPYV infection. Other studies from different regions
of India also demonstrated pure integrant frequency of
HPV16 in cervical cancer cases ranges from 32-38 per
cent of cancer cases®**%. Frequencies of finding purely
integrated HPV16 genome in malignant cervical
carcinomas is variable and range from as low as 30
per cent to as high as 100 per cent in different studies
globally'>!517252633 = Apart from technical issues,
prevalent HPV 16 variants could be the major factor that
could possibly contribute to the preference of the virus
to maintain a high copy number concomitant state*.

Presence of mixed form of HPV16 genome in a
significant proportion of cervical carcinoma cases in the
present study suggests that requirement of £2 disruption
for induction of viral oncogenes may be a redundant
event for HPV16-induced cervical carcinogenesis and
indicative of an alternate mechanism(s) for overriding
E2-mediated inhibitory effects. Association between
HPV16 viral load and its physical state found in the
present study demonstrated that the median copy
number of HPV16 genome increased in those cases
where its genome was present primarily in mixed
or integrated form in comparison to episomal form.
HPV16 copy number was marginally higher in lesions
harbouring mixed form than the tissues with fully
integrated HPV'16 genome. Many reports demonstrated
simultaneous analysis of viral load and physical state
of HPV 16 genome by analyzing E2 status!'#!5:25:26:33.34.37
but these reports mainly assessed importance of viral
load and physical state in disease prognosis and none
of these analyzed a correlation between these important
elements of HPV 16 infection and their potential impact
on each other. Some of these studies have documented
higher viral copy number in mixed form of HPV16
physical state in comparison to episomal and integrated
form in SCC!?>3* The reason why cervical lesions
with mixed state of HPV16 genome have high viral
loads is not known.

Presence of intact £2 in cervical lesions in no way
suggests its protein expression in the lesion. Recent
evidences using HPV16 E6-specific antibodies have
revealed a low or undetectable £2 in cervical cancer
tissues®®**. However, it is also important to note that
presence of an intact £2 gene and frequent reporting
of E2 transcripts in cervical lesions’®* indicate a
longer E2 expressing phase of viral infection in lesions
with intact £2 as compared to E2-disrupted HPV16
infections. This prolonged E2 expression might have
not only increased the viral copy number but reduced
the chances of spontaneous regression of the lesion

during the course of disease progression. On the other
hand, E£2 expression in early precancer stages is well
established. However, these lesions (LSIL and HSIL)
were found harbouring low copy number of HPV16
genome despite the fact that most of these lesions
were detected with intact £2. The low copy number
may be ascribed to stronger cellular control over DNA
replication or alternatively, the difference could be
partly due to relatively lower percentage of infected
cells in these precancer lesions that might have resulted
in underestimation of viral copy number.

In conclusion, the present study demonstrated
an increase in frequency of integration and the viral
load during HPV16-mediated cervical carcinogenesis.
Moreover, loss of E2 region of HPV16 genome or
elimination of episomal forms of virus was not required
in a major proportion of invasive cervical cancer
cases. These leads will be useful in understanding
the relation of viral load and integration events in
disease progression and thus will help in designing
of individualized therapeutic strategies to target viral
replication and integration events.
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