
HPV73 a nonvaccine type causes cervical cancer

Sergio M. Amaro-Filho1*, Ana Gradissimo2*, Mykhaylo Usyk2, Fabio C.B. Moreira3, Liz M. de Almeida4, Miguel A.M. Moreira1

and Robert D. Burk 2,5

1Genetics Program, National Cancer Institute (INCA), Rio de Janeiro, Brazil
2Department of Pediatrics, Albert Einstein College of Medicine, Bronx, NY
3Pathology Division (DIPAT), National Cancer Institute (INCA), Rio de Janeiro, Brazil
4Department of Epidemiology, National Cancer Institute (INCA), Rio de Janeiro, Brazil
5Department of Epidemiology and Population Health, Microbiology and Immunology, and Obstetrics and Gynecology and Women’s Health,

Albert Einstein College of Medicine, Bronx, NY

HPV73 is classified as possibly oncogenic. It is neither routinely evaluated in HPV screening, nor covered by any of the

prophylactic vaccines. We sought to investigate the carcinogenic characteristics of HPV73. Molecular studies were performed

on eight cervix cancer biopsy specimens containing HPV73 from a cross-sectional cancer cohort of 590 women referred to the

National Cancer Institute in Rio de Janeiro, Brazil. Transcriptional activity of HPV73 was evaluated by detection of spliced

transcripts of E6/E6* and E1^E4 in cDNA created from RNA isolated from fresh tissue. Disruption of viral E1 and E2 genes in

the tumor DNA was assessed by overlapping PCR amplification. Evaluation of viral integration was performed using a

customized capture panel and next-generation sequencing, and an in-house bioinformatic pipeline. HPV73 E6/E6* transcripts

were found in 7/7 specimens with available RNA, and three also had HPV73 E1^E4 transcripts. Disruption of E1 and E2 genes

was observed in 4/8 specimens. Integration of HPV73 sequences into the cancer cell genomes was identified in all cervix

cancer tissues. These results provide evidence that HPV73 is an oncogenic virus that can cause invasive cervix cancer. With

current molecular screening and HPV vaccination, not all cervix cancers will be prevented.

Introduction
Human papillomavirus (HPV) type-specific oncogenicity is
based primarily on the prevalence of HPV DNA types identi-
fied in cervix cancer tissues1 with supporting molecular evi-
dence that includes the presence of specific HPV alternate
spliced transcripts, integration of HPV DNA into the cancer
cell genome, and expression of E6 and E7 oncoproteins.2,3

HPV73 is currently classified as possibly carcinogenic based
on its global prevalence of 0.5% of invasive cervix cancers
(CxCa).1 However, HPV73 prevalence differs considerably across
geographic regions4; its prevalence may also vary depending
upon detection and typing methods.5,6 Given that HPV73 is
neither generally screened for in cervix cancer prevention pro-
grams nor is it covered by any of the existing HPV vaccines,
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we sought to evaluate the molecular evidence of HPV73’s onco-
genicity in CxCa tissues.

Materials and Methods
Case specimens
Between June 2011 and March 2014, 590 patients were referred
to the National Cancer Institute (INCA, Instituto Nacional de
Cancer), Rio de Janeiro, Brazil, for treatment of CxCa. A total
of eight (1.4%) women had HPV73-positive CxCa specimens
detected by PCR and Sanger sequencing as previously reported
and were designated SA162–SA169.7 All subjects gave informed
consent and completed an epidemiological questionnaire. Our
study was approved by the institutional ethics committee
(CAAE: 53398416.0.0000.5274).

HPV 73 confirmation and identification of transcriptional
activity
DNA and RNA were isolated from CxCa biopsy specimens
using the AllPrep DNA/RNA Mini Kit (Qiagen, Valencia, CA).
HPV73-positive cervix specimens were retested at the Albert
Einstein College of Medicine (EINSTEIN, Bronx, NY) using a
validated MY09/11 primer PCR protocol and type-specific oli-
gonucleotide hybridization technique, able to detect the pres-
ence of more than 40 HPV types, as described previously.8

Complementary DNA (cDNA) was synthesized using
SuperScript® II Reverse Transcriptase (Invitrogen, Carlsbad,
CA) from RNA isolated from CxCa specimens as described
above. Type-specific PCR assays were developed to detect the
spliced forms of HPV73 (E6* and E1^E4) and HPV16 (E6*),
followed by Sanger sequencing on an ABI Prism® 3730 plat-
form (Applied Biosystems, Foster City, CA) for confirmation
of the transcript sequences.

Immunohistochemistry for p16ink4a expression
Five of the eight HPV73-positive tumors (62.5%) had formalin-
fixed paraffin-embedded cervical tissue available for immunohis-
tochemistry (IHC) assay. All tissue sections were hematoxylin
and eosin-stained and reviewed by an expert pathologist
(FCBM). Three micrometers sections of each paraffin-embedded
biopsy were stained for the qualitative detection of p16ink4a

protein with CINtec p16 Histology (Ventana Medical Sys-
tem, Oro Valley, AZ) according to standard protocols and
were visualized using 3,30-diaminobenzidine (DAKO, Glo-
strup, Denmark) with an exposure time of 3 min. Positive
controls included five HPV16-positive CxCa specimens that
were matched by Fédération Internationale de Gynécologie et

d’Obstétrique (FIGO) staging to the HPV73-positive CxCa
cases to compare the expression of the p16ink4a marker.

HPV integration analysis
One hundred nanograms of genomic DNA from the eight cer-
vix biopsy specimens were mechanically fragmented to 250 base
pair (bp) using the Covaris S2 Focused-ultrasonicator (Covaris,
Woburn, MA), followed by preparation of individual libraries
using the KAPA HyperPlus Kit (KAPA Biosystems, Boston,
MA) according to the manufacturer’s instructions. Four HPV73-
positive exfoliated cell samples from women without detect-
able cervical precancer or cancer were included and similarly
processed as controls.

Positive and negative controls included SiHa HPV16-positive
(American Type Culture Collection [ATCC®] HTB-35™), HeLa
HPV18-positive (ATCC® CCL-2™) and HEK-293 HPV-
negative (ATCC® CRL-1573™) cells maintained for 20 passages
in Dulbecco’s modified Eagle’s medium (Thermo Fisher Scien-
tific, Waltham, MA) supplemented with 10% fetal bovine serum
(Thermo Fisher Scientific). The cell lines tested negative by
e-Myco™ Mycoplasma PCR Detection Kit 2.0 (iNtRON Biotech-
nology, Kyungki-Do, North Korea) March 2017. DNA extraction
was performed using QIAamp DNA Blood Mini Kit (Qiagen).

A customized DNA capture probe panel was designed
using the reference and variant genome sequences of HPV16,
18, 45 and 739 (SeqCap EZ Developer, Roche Diagnostics,
Indianapolis, IN), and contained a total of 1,209 RNA probes
approximately 100 bp in size designed to tile across each of
the included viral genomes. The capture reactions were per-
formed using SeqCap EZ HyperCap (Roche Diagnostics) fol-
lowing the manufacturer’s instructions. Briefly, the libraries
from the eight HPV73-positive CxCa specimens, cell line con-
trols and HPV73 noncancer samples were pooled in two batches
(i.e., two precapture library mixes) followed by hybridization
with the SeqCap EZ Probe pool of biotinylated oligonucleotides
(Roche Diagnostics) for 20 hr at 47�C. The captured molecules
were then recovered with Streptavidin beads (Invitrogen),
washed, purified and subjected to 15 cycles of enrichment
PCR. Captured libraries were sequenced on an Illumina MiSeq
(250 bp paired-end protocol) at the EINSTEIN Epigenomics
Core Facility (Bronx, NY).

Bioinformatics analysis
Illumina sequencing data files were initially processed to
remove small sequences (<50 bp), trim low quality reads and
merge paired-end reads. The HPV DNA reference sequence

What’s new?
Several HPV viruses classified as “possibly” oncogenic are not routinely evaluated in HPV screening; nor are they covered by

current prophylactic vaccines. In this study, the authors examined one such virus, HPV73, which occurs with a serologic

prevalence as high as 14% in some regions. They found that HPV73 can, indeed, cause cervical cancer. It is likely that, due to

these low-prevalence HPVs, current screening and vaccines will fail to eliminate a proportion of cervical cancers. Population

specific prevention efforts may thus need to be reevaluated.
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panel was combined with the human genome assembly
GRCh38/hg38 (from the University of California, Santa Cruz
[UCSC] genome browser,10 Dec 2013) to which the paired-
end reads were aligned using the Burrows–Wheeler Aligner
algorithm (BWA-MEM). The viral–human chimeras were
extracted by identifying reads aligned to both HPV genomes
included in the HPV capture panel and human sequences
within GRCh38/hg38. The viral integration sites were assigned
using a minimum of 10 chimeric reads per junction and plot-
ted using R v3.3.1 with the gglot2 v2.2.1 package. HPV73 var-
iant classification and phylogenetic analyses were performed
using the consensus viral sequence from captured reads after
alignment and a total of 10,000 bootstrap iterations, in which
HPV34 rooted the maximum likelihood tree using RAxML.

Results
HPV73-positive cervix cancer cases
Table 1 shows the age at diagnosis, histologic type, grade and
stage of cervix cancer upon presentation for treatment. HPV
genotyping was repeated on the eight CxCa specimens identi-
fied as single type HPV73-positive in Brazil. All specimens
were confirmed to contain HPV73 and two specimens were
also found to contain HPV58 and HPV16 upon retesting.

To determine if HPV73 was transcriptionally active in the
tumor tissues, we converted RNA transcripts into cDNA and
amplified specific viral fragments that were confirmed by Sanger
sequencing (Fig. 1). The presence of HPV73 E1^E4 transcripts
(306 bp) was observed in four of the CxCa cases (Fig. 1, Panel a),
while HPV73 E6* (139 bp) transcripts were detected in all
seven CxCa specimens with available cDNA (Fig. 1, Panel b).
The nonspliced form of HPV73 E6 (321 bp) was also detected
in four specimens (Fig. 1, Panel b). Since HPV16 is the pre-
dominant type found in CxCa, we evaluated the specimens for
HPV16 activity but were unable to find evidence of HPV16
E6/E6* transcripts even in the one sample (SA164) containing
HPV16 DNA (Table 1; Fig. 1, Panel c).

A PCR assay was initially used to evaluate viral genome
interruption of HPV73 E1 and E2 genes; four specimens
(SA162, SA164, SA167 and SA169) had disruption of these
regions as evidenced by lack of at least one of the PCR frag-
ments (Supporting Information Fig. S1 and Table S1). All
specimens with HPV73 E1 and/or E2 genome disruption (4/4)
did not have detectable HPV73 E1^E4 transcripts. Capture
and sequencing of the HPV73 genomes provided definitive
evidence of viral genome disruption as described below.

Immunohistochemistry
Five formalin-fixed paraffin-embedded cervix cancer tissues
were available for analysis of p16ink4a expression (SA162, SA164,
SA166, SA168 and SA169). The p16ink4a staining demonstrated
intense diffuse dispersion with nuclear and cytoplasmic localiza-
tion (Fig. 2). These cases were compared to five CxCa tissue
specimens that were HPV16-positive and no difference was
observed in p16ink4a expression and pattern between HPV73-
positive and HPV16-positive cancers (data not shown).

Analysis of HPV73 integration into the host genome
DNA from tumor tissue was fragmented, captured and
sequenced by next-generation sequencing (NGS) as described
in the Materials and Methods. A total of 40 chimeric junctions
containing HPV73 and human chromosomal DNA in single
molecules (see Fig. 3 for an example) were identified in the
eight CxCa specimens (Table 2; Supporting Information
Fig. S2). The primary integration sites described in Table 2
were detected and identified with a range of 17–2,224 reads
per chimeric junction, after removal of duplicated reads. Among
the eight cancers, 20 primary integration sites (1–5 per sam-
ple) were localized to 12 human chromosomes including
chromosome 2 (2q22.3 and 2q36.3), chromosome 4 (4p11,
4q13.3, 4q31.21 and 4q31.3) and chromosome 13 (13p11.1
and 13q21.31; Table 2; Supporting Information Fig. S2). To
validate the viral integration sites, a PCR assay was performed

Table 1. Clinical and molecular characteristics of HPV73-positive cancers

Sample Age Histology Grade Staging Specimen HPV types

cDNA transcript analysis

p16ink4a IHCHPV73 E1^E4 HPV73 E6* HPV16 E6*

SA162 58 SCC G2 IB1 DNA/cDNA 73, 581 neg pos neg pos

SA163 40 SCC G2 IIB DNA/cDNA 73 pos pos neg NA

SA164 39 SCC G3 IIIB DNA/cDNA 73, 161 neg pos neg pos

SA165 49 SCC G2 IIIB DNA/cDNA 73 pos pos neg NA

SA166 38 SCC G2 IIA DNA/cDNA 73 pos pos neg pos

SA167 32 SCC G2 IIB DNA2 73 NA NA NA NA

SA168 69 SCC NA IIA DNA/cDNA 73 pos pos neg pos

SA169 45 SCC G2 NA DNA/cDNA 73 neg pos neg pos

Pos represents the presence of transcript indicated at the top of the column, Neg represents absence of the transcript at the top of the table.
1Detected only upon retesting with MY09/11.
2cDNA not available.
Abbreviation: SCC, squamous cell carcinoma; NA, information/specimen not available.
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Figure 1. Identification of HPV73 transcriptional activity in cervix cancer tissues. (Panels a–c) show ethidium bromide stained gels
demonstrating the presence of HPV73 E1^E4, HPV73 E6/E6* and HPV16 E6/E6* amplicons, respectively. (Panel a) HPV73 E1^E4 (306 bp,
green asterisks) was identified in four (SA163, SA165, SA166 and SA168) of seven cDNA specimens. (Panel b) HPV73 E6/E6* transcripts
(139 bp, red asterisk) were present in all cDNA specimens, and three also contained the amplified product of the nonspliced form of E6
(321 bp, red cross). (Panel c) HPV16 E6/E6* PCR products were absent in all cDNA specimens from HPV73-positive tumors whereas the
nonspliced form of E6 was present in the HPV16-positive controls (DNA02 and SiHa DNA, black cross). A schematic map showing primer
positions (black arrows) for detection of spliced and unspliced forms (dash lines) of the viral region are indicated under each panel. DNA
from exfoliated cells with HPV73 (DNA01), HPV16 (SiHa DNA) and HPV73 coinfected with HPV16 (DNA02) were used as positive controls;
DNase-free water was used as a negative control (NC).

734 HPV73 is a carcinogenic type
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Figure 2. Expression of p16ink4a in HPV73-positive cervix cancer specimens. (Panels a–d): invasive cervix cancer epithelium, showing strong
and diffuse expression of p16ink4a (brown stain).

Figure 3. Pictorial representation of HPV73 integration in cervix cancer tissue (SA162). (Panel a) HPV73 reference circular genome (X94165)
illustrating the deleted segment (red dash lines and scissors); (Panel b) HPV73 integration site, the viral-human junctions display the 50 and 30

regions of human host and viral joining (blue and red vertical arrows, respectively); (Panel c) chromosomal region of HPV73 integration at
9p24.1 (orange line represents deleted segment of human genome where HPV73 has inserted). The blue arrows in (panels a and b) show the
organization of the HPV73 genome open reading frames (ORFs).
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with tumor DNA using primers designed from each NGS-
identified viral–human chimeric junction and 90.0% (18/20) of
the integrations were confirmed by Sanger sequencing. In addi-
tion to viral integration, the capture also provided viral genome
sequence content, which revealed that all eight specimens con-
tained HPV73B variant isolates (Supporting Information
Fig. S3).

SiHa and HeLa cells were used as positive controls for meth-
odological validation of the HPV capture-NGS-bioinformatic
assay.11,12 Consistent with previous studies, two chimeric junc-
tions were observed in SiHa cells constituting the described inte-
gration site at loci 13q22.113–15; and five chimeric concatenated
junctions were observed for HeLa cells at loci 8q24.21 rep-
resenting the four known concatenated viral copies (Table 2;
Fig. 3).12,13,15

Discussion
The current study documents the detection of HPV73 in
eight CxCa specimens and provides molecular evidence that
HPV73 was associated with development of cervix cancer in
these women. One of the key requirements to assign causal-
ity to a specific oncogenic HPV type is the presence of viral
DNA and transcriptional activity in cancer tissues. In our
study, we detected E6* spliced transcripts from HPV73 that
could encode the E7 protein which results in activation of
p16ink4a through retinoblastoma protein silencing. Consistent
with this observation, we show that p16ink4a protein was
overexpressed in the HPV73-positive cancers. It has also
been previously shown that HPV73 E6 could degrade p53 in
a biochemical assay.16

The detection of viral–human chimeric molecules in all
eight CxCa cases indicated HPV73 was integrated into the can-
cer cell genome. Moreover, HPV73 integrations were found in
genomic regions previously shown to contain HPV integra-
tions: 2q22.3 in cervical squamous cell carcinoma (SCC), and
1q44, 3p14.2 and 9p24.1 in head and neck squamous cell carci-
noma.17 Taken together, these data suggest HPV73 employs
similar molecular mechanisms of cervical epithelial cell trans-
formation observed in HPV16-associated cervix cancers.3

HPV73 is classified as a member of the species group
Alphapapillomavirus11 and forms a clade with the highly onco-
genic HPV16-containing species group Alphapapillomavirus9.18

Isolates of HPV73 form two main lineage groups19 and surpris-
ingly, all viral isolate genomes identified in our study were of
the HPV73B lineage (Supporting Information Fig. S3). Another
study from Rio de Janeiro identified four HPV73 isolates that
were classified as lineage A2.20 Thus, multiple lineages of
HPV73 circulate in Rio de Janeiro and it is possible that the B
lineage has an increased oncogenicity, but more data will be
required to establish this point.

The prevalence of HPV73 in cervix cancer varies by DNA
testing method and geographic region, for example, 0.5%
worldwide1 to 1.4% in Rio de Janeiro, Brazil.7 HPV73 has also
been detected in 11% of adenosquamous cancers,21 and a

recent report found HPV73 DNA in three out of 10 cervical
SCCs that were negative by Hybrid Capture 2 testing.6 The
prevalence of HPV73 in high-grade disease has been reported
in multiple locations with substantial levels in Iran (25%, 4/16),4

Northern Germany (4.3%, 13/301)22 and Edinburgh (10.6%,
10/94).23 HPV73 was reported as the fourth most common
HPV type in cervix cancer in Oceania.1 The overall prevalence
of HPV73 by a specific serologic assay in Swedish women was
14%.24 The carcinogenic potential for HPV73 is also suggested
by its detection in penile cancer25 and in multiple independent
reports of periungual and digital squamous cell cancers.26,27

These later reports indicate oncogenicity of HPV73 beyond cer-
vix cancer. Based on the data in this report and others, HPV73
should be upgraded from being possibly carcinogenic (Group 2B)
to being a carcinogen (Group 1) by International Agency for
Research on Cancer (IARC).28

Currently, HPV73 is neither in HPV screens for cervix
cancer prevention nor in the current HPV vaccines. HPV73
is also not distinguished in many common HPV tests world-
wide, including SPF10/LiPA25 and Cobas®.5,29 Thus, HPV73
and other nonvaccine covered oncogenic HPV types will
continue to be a clinical concern and will not be recognized
using current US Food and Drug Administration (FDA)-
approved HPV tests. In addition, the possibility of changes
in HPV type distribution in vaccinated women requires con-
tinued monitoring of cervical HPV prevalence and distribu-
tion. For example, regional differences in HPV prevalence of
oncogenic types that are neither in HPV tests nor in vaccines
should alert physicians to the possibility of cervix precancer
and cancer in individuals. It will be up to public health
workers to evaluate the cervix cancer screening strategies at
the population level based on cotest performance and costs.
Low prevalence HPVs associated with cancer can be addressed
by the development of new diagnostics and/or broader coverage
vaccines. Nevertheless, individual women could be at substan-
tial risk outside the screening strategy recommended for the
public and how to deal with such personalized risk needs to be
considered in the future.

In summary, HPV73 prevalence varies by geographic loca-
tion worldwide. The cohort from which these cases emerged
had a higher or equivalent prevalence of HPV73 compared to
HPV31 and HPV33, two Alphapapillomavirus9 types included
in both the Gardasil-9 HPV vaccine and detected in most
HPV DNA screening assays.30 This report is thus an example
of an oncogenic HPV type from a population with a substan-
tial prevalence of HPV73 in cervix cancer. There are many
regions and specific populations that have “personalized” risks
for a particular HPV type that will require rethinking screen-
ing and vaccination as we expand beyond HPV16 and
HPV18. The data presented here should alert physicians and
public health decision makers that HPV73 should be consid-
ered oncogenic and a continued risk for women that need
monitoring, particularly in populations with elevated HPV73
prevalence in cervix cancer.
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