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Abstract Human papillomavirus (HPV) infection, most
commonly genotype 16 of the alpha-9 family, is implicated
in the etiology of a subset of oropharyngeal squamous cell
carcinomas (OPSC) worldwide. Data are scarce regarding
OPSC in South Africans, and three prior studies suggest no
significant etiologic role for HPV. We aimed to investigate
for evidence of HPV etiology in OPSCs from black South
Africans by polymerase chain reaction (PCR) methodolo-
gies with determination of HPV subtype by sequencing,
in situ hybridization (ISH), and pl6INK4"‘ immunohisto-
chemistry (IHC), as a surrogate marker for an HPV-driven
tumor. It was hypothesized that HPV-driven tumors would
be positive by PCR plus IHC and/or ISH whereas OPSCs
with HPV background infections (HPV-passenger) would
be positive by PCR alone. Formalin-fixed, paraffin-
embedded tissues from 51 OPSCs collected between 2005
and 2010 from 41 patients were analyzed for HPV by
GP5+4-64 PCR (targeting the HPV LI region), pU-1M/pU-
2R PCR (targeting the HPV E6/E7 region) and HPV-31
specific PCR (targeting the E5 region), chromogenic ISH,
and p16™5* THC. All cases positive by PCR were subject
to sequencing to determine HPV genotype. The patient
mean age was 58.0 years and 88 % were male. Of the 51
evaluable tumors, 48 (94.1 %) were positive for HPV DNA
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by PCR: 25 (49.1 %) met criteria for an HPV-driven tumor,
23 (45.1 %) for HPV-passenger, and 3 (5.9 %) were HPV-
unrelated. Sequencing of the PCR-positive cases revealed
the following genotypes: combined HPV-16 and 31
(41.7 %), HPV-31 (25.0 %), HPV-16 (22.9 %), combined
HPV-16 and 18 (6.3 %), and a single case each of HPV 18
and HPV 33. Studies via ISH were negative in all cases. In
accordance with worldwide trends but contrary to prior
South African data, HPV likely plays an etiologic role in a
significant subset (at least 49.1 %) of OPSC in black South
Africans. We found that the alpha-9 HPV family, particu-
larly HPV-16 and 31 either in combination or separately, to
predominate in our sample tumors. The use of multiple
PCR primers increased sensitivity of viral detection, and a
HPV-31 specific primer confirmed the presence of this
genotype in many samples. Further studies including HPV
E6/E7 mRNA assays are needed to better elucidate the
pathogenic role of HPV in black South African OPSCs.

Keywords Human papillomavirus - HPV-16 - HPV-31 -
South Africa - Oropharyngeal squamous cell carcinoma

Introduction

Every year there are an estimated 633,000 new cases of
head and neck cancer worldwide with human papilloma-
virus (HPV) infection implicated as an important etiologic
agent in a subset of cases: predominantly HPV-16 [genus
alpha-papillomavirus, species 9 (also includes types 31, 33,
35, 52, 58) and HPV-18 (genus alpha-papillomavirus,
species 7 (also includes 39, 45, 59, 68)] [1]. The link
between HPV infection and squamous cell carcinoma is
strong for oropharyngeal squamous cell carcinomas
(OPSC), with oropharynx defined as the area including the
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posterior one-third of the tongue, palatine and pharyngeal
tonsils, bounded inferiorly by the epiglottis and superiorly
by the soft palate [1, 2]. Identification of HPV-related
tumors is important due to different molecular profiles,
treatment, and prognosis compared to a classic OPSC
thought to arise from the ‘chemical carcinogenesis’ path-
way wherein tumorigenesis is associated with tobacco,
betel nut, and alcohol use and is seen predominantly in
elderly patients [3—11]. A proposed combined pathway
(wherein both a chemical insult and HPV infection are
implicated in tumorigenesis) has unclear clinical signifi-
cance [12-14]. While older age is significantly associated
with increased prevalence of the non-HPV OPSC pathway
(with some authors suggesting a breakpoint of 60 years to
favor the non-HPV pathway), both HPV-related and HPV-
unrelated tumors can be found in all age groups [4, 14, 15].
Histologic features suggesting an HPV-driven tumor can be
seen on routine hematoxylin and eosin (H & E) tissue
sections and are well-described in the literature as a non-
keratinizing squamous cell carcinoma demonstrating
pushing borders and areas of comedo-type necrosis, with
cytologic features including indistinct cell membranes and
small nucleoli [2, 15, 16]. With an improved prognosis
compared with a non-HPV related tumor, there is strong
interest in determining the best strategies for diagnosing a
suspected HPV-driven OPSC.

Given the acceptance of HPV as an etiology for OPSC
worldwide, we noted that this disease had not been docu-
mented in the South African population in three identified
relevant prior studies of oral squamous cell carcinomas.
Van Rensburg et al. [17] in 1995 evaluated 66 patients
(unspecified race) with oral squamous cell carcinomas of
unspecified sites via in situ hybridization (ISH) for HPV
subtypes 6, 11, 16, and 18 and immunohistochemical stain
(IHC) for the viral L1 capsid. This study yielded negative
results except for one case with ISH positivity in normal
epithelium adjacent to tumor. Van Rensburg et al. [18] in
1996 analyzed 146 oral squamous cell carcinomas from
black South Africans via polymerase chain reaction (PCR)
for HPV subtypes 6, 11, 16, and 18 with Southern blot
confirmation of positive results and calculated an HPV
prevalence of 1.4 % (one case each of HPV-11 and HPV-
16). Most recently, Boy et al. [19] in 2006 studied 59 cases
of oral squamous cell carcinoma with a pan-HPV ISH and
PCR for HPV 16 and 18, and found seven (11.9 %) posi-
tive cases (all HPV-18) via PCR, with uniformly negative
results by ISH. The combined results of these three studies
suggest that HPV is likely not a significant factor in the
development of oral squamous cell carcinoma in South
Africans. Other data from South Africa indirectly link oral
cancers to HPV: epidemiologic studies revealed a strong
correlation between cervical squamous cell carcinoma
(with well-established link to HPV) and oral squamous cell
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carcinoma in black, “mixed-race”, and white South Afri-
cans [20]. In this present study we limit the investigation to
assessing for HPV in OPSC; this is in comparison to the
three prior studies wherein the oral site was unspecified in
the two Van Rensburg studies, while Boy et al. specifically
include both oropharyngeal and oral cavity lesions. This
present study also limits the patient samples to black South
Africans as a measure to limit confounding variables.

While the majority of the current literature strongly
supports a link between HPV and oral squamous cell car-
cinoma worldwide, [13, 21-26] prevalence of HPV-linked
tumors does vary by geographic location with some areas
(North America, Japan, and Australia) demonstrating a
strong link while others (China and Africa) showing low or
no association [24, 26]. Data regarding African patients are
limited compared to data captured regarding North Ameri-
can and European patients: for example, one of the largest
meta-analyses (60 studies totaling 5,046 samples using PCR
for HPV identification in head and neck squamous cell
carcinomas) only identified a single African study [26].
Outside of Africa, recent analysis comparing Caucasian
American versus African American patients reveals that in
high stage OPSC, HPV is more common in the tumors of the
Caucasians [27]. Comparison of disease prevalence in dif-
ferent studies is limited by factors including differing
diagnostic methodologies and anatomic sites (some studies
limited analysis to oropharynx, while others include oral
cavity or any head and neck site) [24, 25, 28]. Regarding
anatomic site of disease, the author of one large review
found that 51 % of tonsillar carcinomas were HPV positive
[29], while another study including all oropharyngeal sites
yielded an overall prevalence of 25.9 % [26], supporting
evidence that HPV-related disease prevalence varies
depending on site. Additionally, studies have shown that
HPV prevalence estimates are highly dependent on the HPV
testing methods applied and their analytical sensitivity for
HPV [30-33].

The THC stain p16™*** is used in research and in the
clinic as evidence to support an HPV etiology for a head
and neck or anogenital squamous cell carcinoma. Two key
HPV oncogenes (E6 and E7), which respectively inactivate
p53 and retinoblastoma (Rb) tumor suppressor functions,
are factors contributing to a loss of normal cell cycle
control. An HPV-driven tumor will, by functional inacti-
vation of Rb, characteristically overexpress pl6™ K4,
conversely, a non-HPV related tumor will usually, but not
always, have absent or weak stain with p16INK4a [3, 9, 10,
34-36]. Use of p16™5** as a proxy for HPV infection also
allows for evaluation of the morphologic features and
exclusion of areas that may be pl16™¥** positive without
meeting diagnostic histologic criteria for squamous cell
carcinoma. With much of the basic research based in the
cervical carcinoma literature, it is uncertain whether or not
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the relationship of HPV infection to p16™ ** expression in
head and neck tumors directly parallels that found in cer-
vical tumors; pl6™ * expression might be impacted by
non-HPV related factors such as smoking or alcohol abuse,
or further mediated by genetic or epigenetic events.

In the present study we evaluate OPSCs using four
methodologies: three different PCR methodologies to assay
for presence of HPV, sequencing to determine HPV geno-
type, chromogenic in situ hybridization (CISH) for HPV,
and p16™5* THC. A combination of the above techniques
allows for sensitive detection of HPV DNA via PCR as well
as localization of HPV effect via either CISH or IHC. Debate
regarding the best methodology for diagnosing an HPV-
driven squamous cell carcinoma is ongoing [5, 13, 32, 36].
One study on paraffin-embedded tissue (using loss of het-
erozygosity profile and mRNA expression of E6 on frozen
material as a criterion standard) found that the combination
of PCR for HPV and p16™%** THC yielded nearly 100 %
sensitivity and 100 % sensitivity for the presence of HPV
with associated molecular changes [37]. Termine et al. [24]
in a meta-analysis suggest that adequate evaluation demands
at least a sensitive marker for HPV (for example, PCR) in
combination with a localization marker such as ISH to show
that the associated changes are in lesional tissue. The
molecular marker p16™%4* in multiple studies has validated
to be a useful surrogate for HPV infection, as well as
localization marker, and further as an independent prog-
nostic indicator of a treatment-responsive tumor when the
stain is positive [5, 9, 13, 22, 37-39]. Positivity via CISH,
particularly detection of a punctate staining pattern, is a
useful specific test via demonstration of HPV viral integra-
tion into the DNA of the host cell; however, CISH is less
sensitive and may yield false negative results in cases of low
viral copy numbers [36]. By using PCR, CISH, and p16™%42
IHC we aim to divide the OPSCs into three groups: first,
HPYV as driver of tumor (HPV positive by PCR plus IHC and/
or ISH); second, HPV as a passenger within/adjacent to
tumor (HPV positive by PCR negative by IHC and/or ISH),
third, HPV negative tumor [40, 41].

Materials and Methods

All research was performed under the auspices of the
Institutional Review Board of the University of Vermont
and the research protocols of the University of the Wit-
watersrand. We identified 55 cases of OPSC from black
South Africans diagnosed between 2005 and 2010. For-
malin-fixed paraffin-embedded (FFPE) tissue blocks for
each case were provided with gender, race, age, and
location of tumor provided (age specified for all but one
patient). All further studies were performed at the Uni-
versity of Vermont.

DNA Extraction

Ten 5 pm sections of FFPE tissues were cut into 1.5 mL
tubes. As a precaution against specimen cross-contamina-
tion, after each FFPE block the microtome blade and
mounting was wiped with xylene substitute [Hemo-De®
(Fisher Scientific, Pittsburgh, PA)], ethanol and then DNA
AwayTM (Fisher Scientific, Pittsburgh, PA) to removes
traces of DNA or DNase. Tissues were dewaxed by xylene
washes followed by ethanol rinses, and then air dried. DNA
was extracted from the specimens using a proteinase K and
column purification method according to supplier instruc-
tions (Genomic DNA Clean & Concentrator ™, Zymo
Research Corp., Irvine, CA).

HPV Genotyping

Polymerase chain reaction procedures were performed in a
PCR workstation (UVP, LLC, Upland, CA) enabling the
inactivation of any contaminating DNA by UV irradiation
of PCR pipettes and tubes racks, as well as water, buffer,
and other reagents. Additionally, the procedure included the
substitution of dTTP with dUTP and the incorporation of a
uracil N-glycosylase (HK™-UNG Thermolabile Uracil
N-Glycosylase, Epicentre Biotechnologies, Madison, WI) pre-
PCR incubation step for the elimination of any contami-
nating HPV amplicons from prior rounds of PCR [42]. All
PCR reactions included ~ 100 ng of DNA extract. Samples
were confirmed as amenable to PCR by amplification of a -
globin fragment ~209 base pairs in size using PCO03/5
primers [PCO3: 5-ACACAACTGTGTTCACTAGC-3;
PCO5: 5-GAAACCCAAGAGTCTTCTCTG-3'] [42].
Screening for HPV in the specimens was performed by
three separate PCR assays: firstly, by GP5+/6+ PCR
screening for at least 37 different HPV types using primers
that target the L1 region; secondly (further to emerging data
in the course of the study showing the frequent detection of
HPV-31) pU1-M/pU-2R PCR was performed targeting the
E6/E7 region with detection of HPV types 16, 18, 31, 33,52
and 58 and thirdly, PCR using HPV-31 specific primers
targeting the ES5 region to confirm HPV-31 results [43, 44].
PCR method details are shown in Table 1.

Polymerase chain reaction controls included HPV plas-
mid DNA [including HPV-31 (American Type Culture
Collection, Manassas, VA, ATCC® #65446)], DNA
extracts from CaSki and SiHa cells (ATCC® #s
CRL-1550™ and HTB-35™, both HPV-16 positive);
HeLa cells (ATCC® # CCL-2™, HPV-18 positive); and
C-33 A cells (ATCC® # HTB-31™; HPV negative) and
also control reactions set up with no added DNA. Presence
of an amplicon of expected size following 2.0 % agarose
gel electrophoresis was taken as evidence of HPV posi-
tivity for each assay (Fig. 1). PCR positive specimens were
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Table 1 PCR Primer Sequences

PCR Assay Primer Sequences (5'-3") Region Amplicon size Ref.

GP5+/6+ Fwd (GP5+): TTTGTTACTGTGGTAGATACTAC Ll ~ 140 bp [44]
Rev (GP6+): GAAAAATAAACTGTAAATCATATTC

pU1-M/pU-2R Fwd (pU-1M): TGTCAAAAACCGTTGTGTCC E6/E7 ~230-270 bp [43]
Rev (pU-2R): GAGCTGTCGCTTAATTGCTC

HPV-31 Fwd (Prl): CTACAGTAAGCATTGTGCTATGC ES ~ 153 bp [33]

Rev (Pr2): ACGTAATGGAGAGGTTGCAATAACCC

BLAST search confirmed 100 % homology with HPV-31, 39 % (Prl) and 27 % (Pr2) homology for HPV-16 with no 3’-end matches, and 48 %

(Pr1) and 31 % (Pr2) homology for HPV-18 with no 3’-end matches

ncncnc3l _ abcdef gh

(&

Fig. 1 Representative agarose gel electrophoresis of PCR amplicons.
a GP5+/6+ PCR demonstrating ~ 140 base pair amplification from
the HPV LI open reading frame (ORF); amplicons of predicted size
apparent in lanes a, d, f, g, i, j, and o. b pUl-M/pU-2R PCR
demonstrating ~240 base pair amplification from the HPV E6/E7
ORF; amplicons of predicted size apparent in lanes a, b, c, e, g, i, 1, m,

purified using a DNA Clean & Concentrator ™ column
(Zymo Research Corp., Irvine, CA). Cycle sequencing was
performed on the purified DNA by the Vermont Cancer
Center DNA Analysis Core Facility staff on an Applied
Biosystems® 3013 Genetic Analyzer (ABI, Foster City,
CA). Sequencing data were assessed for HPV genotype by
NCBI BLAST search, with an example of the output via all
three PCR methodologies shown in Fig. 2.

Chromogenic In Situ Hybridization

Chromogenic in situ hybridization utilizing tyramide
amplification was performed as previously described [45,
46]. Samples were hybridized via a biotinylated Wide
Spectrum HPV DNA Probe Cocktail detecting HPVs 6, 11,
16, 18, 31, 33, 35, 45, 51, and 52 (Dako North America Inc.,
Carpinteria, CA). Hybridization events were demonstrated
via a GenPoint™ Catalyzed Signal Amplification system
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0, g, . ¢ HPV-31 primer specific PCR demonstrating ~ 155 base pair
amplification from the HPV E5 ORF; amplicons of predicted size
apparent in lanes b, d, e, g, i, j, k, I, m, n, q. Confirmation of amplicon
identity as HPV sequences by cycle sequencing (Fig. 2). M—50 base
pair ladder; lower case letters: samples; 31—HPV-31 plasmid control;
nc—negative controls

according to supplier instructions (Dako North America
Inc., Carpinteria, CA) using 3’-amino-9-ethylcarbazole
(AEC) chromagen. Signal patterns were defined as ‘diffuse’
when nuclei were completely stained (episomal HPV),
‘punctate’ if distinct dot-like intra-nuclear signal (integrated
HPV), mixed ‘diffuse and punctate’, or negative [47].
Cervical carcinoma samples were used as positive controls,
with omission of HPV probe from the hybridization mix as
the negative control.

Immunohistochemistry

p16™%4 THC was performed using clone G175-405, BD
(ParmingenTM, San Diego, CA). Sections of FFPE tissue
5 um thick were dewaxed, incubated in 10 mM sodium
citrate pH 6.0 at 98 °C for 20 min, and then cooled for a
further 20 min. After buffer rinses, tissues were immersed
in 3 % hydrogen peroxide in methanol for 20 min to block
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Human papillomavirus type 31 (HPV-31) complete genome

Sequence ID: gb[J04353.1| PPH31ALength: 7912 Number of Matches:
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Human papillomavirus type 16 (HPV-16), complete genome

Sequence ID: gb|FJ006723.1|Length: 7963 Number of Matches:
Query ATTATGGAATCTTTGCTTTTTGTCCAGATGTCTTTGCTTTTCTTCAGGACACAACGGTTTTTGACA
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Alignment statistics for match pU1-M/pU-2R PCR OPSC#2
Identities
63/66(95%)
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Human papillomavirus type 31 (HPV-31) complete genome
Sequence ID: gb[J04353.1| PPH31ALength: 7912Number of Matches:
Query GTGTGCTACTATTTGTGTGTCTTGTCATACGTCCACTTGTGCTGTCTGTGTCGGTATATGCAACACTACTATTATTAATTGTGATTTTATGGGTTATTGCAACCTCTCCATTACGT
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Sbjct GTGTGCTACTATTTGTGTGTCTTGTCATACGTCCACTTGTGCTGTCTGTGTCGGTATATGCAACACTACTATTATTAATTGTGATTTTATGGGT TATTGCAACCTCTCCATTACGT

Alignment statistics for match HPV-31 specific PCR OPSC#2
Identities
116/116(100%)

Score

Gaps
0/116(0%)

215 bits(116)

Fig. 2 Sequencing data from an oropharyngeal tumor from one
patient [Lab Identifier #2 (Table 2)] demonstrating the detection of
HPV-31 or HPV-16 dependent upon the PCR assay employed.
a GP5+/6+ PCR electropherogram data together with NCBI BLAST
search alignment showing 95 % homology with HPV-31 genome
bases 6,577-6,684 with results suggestive of a possible HPV-31 sub-
type. Homology with HPV-16 is 67/77 (87 %) of the shown sequence.
b pU1-M/pU-2R PCR electropherogram data together with NCBI
BLAST search alignment showing 95 % homology with HPV-16
genome bases 419—484 and suggestive of a possible HPV-16 sub-

endogenous peroxidase. After further buffer washes, slides
were immersed for 20 min in serum-free protein block
(Dako North America Inc., Carpinteria, CA). Following
additional buffer washes, the tissues were incubated at

type. Homology with HPV-31 is 54/65 (83 %) of the sequence shown.
[Note: Competing bases at the 5'- end of the sequence compromised
full sequence BLAST analysis; this is most likely due to the shorter
co-amplicons visible in Fig. 1b.] ¢ HPV-31 specific PCR electrophe-
rogram data together with NCBI BLAST search alignment showing
100 % homology with HPV-31 genome bases 3,874-3,989. Homol-
ogy with HPV-16 is 75/112 (67 %) of the sequence shown. ‘Query’
shows the sequence obtained from the patient sample; ‘Sbject’” shows
the closest identity match reference sequence supplied by NCBI
BLAST search

room temperature for 30 min with plGINK4a antibodies,
diluted 1:50. Positivity was demonstrated with applica-
tion of the EnVision™ polymer system (Dako North
America Inc., Carpinteria, CA) and staining with
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3,3’-diaminobenzidene (DAB) chromagen. Positive con-
trols included cervical lesions known to overexpress
pl6™ 4 Negative controls were performed using a mur-
ine HPV-associated IgG antibody directed against a non-
mammalian protein (Dako North America Inc., Carpinteria,
CA). Staining for p16™5** was positive in the tumor if
either: moderate cytoplasmic or nuclear staining in >50 %
of tumor, or areas of strong non-focal nuclear and cyto-
plasmic staining, as corresponds to criteria used by others
in assessment of HPV status in OPSC [5, 13, 15, 16].

Results

The findings of this study are summarized in Table 2.
Following GP5+/6+4 PCR, 41 (80.4 %) of samples tested
HPV positive on the basis of agarose gel data; subsequent
amplicon genotyping by sequencing revealed HPV types
16 [n=5 (9.8 %)], 18 [n =4 (7.8 %)], and 31 [n = 32
(62.8 %)]. With an unexpectedly high percentage of
specimens testing HPV-31 positive, all specimens were
screened with pU1-M/pU2-R primers: 37 specimens tested
HPV positive; including HPV types 16 [n = 34 (66.7 %)],
31 [n =239 %)], 33 [n =1 (2.0 %)]. Seven specimens
that were HPV negative by GP54-/6+ PCR were positive
by pUl-M/pU2-R PCR and eleven samples positive by
GP5+/6+ PCR were negative by pU1-M/pU2-R PCR;
three specimens were HPV negative by both assays. HPV-
31 specific PCR was then performed on specimens detected
as HPV-31 positive by either of the general PCR assays.
All specimens [with DNA sample remaining (n = 29)] that
originally tested as positive for HPV-31 by L/ targeted
PCR showed a band of predicted size for HPV-31 after E5
region PCR, by gel electrophoresis. HPV-31 identity was
confirmed by sequencing for 14 (48.3 %) samples; for
15 (51.7 %) samples there was a sequencing reaction
failure (the study had insufficient resources to repeat these
assays).

pl6™K4 staining was scored as positive in 26/51
(51.0 %) specimens; 23/49 (46.9 %) HPV PCR positive
specimens were negative by p16™<** THC; 25/49 (51.0 %)
HPV positive specimens were positive by pl16™<* THC;
one-third (33.3 %) of specimens were HPV negative by
GP5+/6+ or pU-1M/pU-2R PCR and positive by p16™<+
IHC. HPV CISH staining was negative in all cases.

The breakdown of samples by classification and geno-
type is shown in Table 3. In the HPV as driver category,
the most common HPV identified was an HPV-16/HPV-31
co-infection tied with HPV-16 alone (8 cases of each).
Evaluation of the HPV as passenger category yielded
similar results with 23.5 % of the total cases demonstrating
an HPV-16/HPV-31 co-infection, comprising more than
half of the HPV as passenger cases.
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The initial study included 55 samples analyzed by PCR
with sequencing, CISH for HPV, and pl6™*** IHC.
Examples of negative and positive IHC staining for
p16™ 4 are shown in Fig. 3, along with an example of an
H&E stained section of an HPV-driven tumor showing
classic histologic features. Four cases were excluded for
the following reasons: one pediatric patient with respira-
tory papillomatosis, two tumor blocks were inadequate for
all necessary studies, and one duplicated tumor (separately
accessioned tissue from the same patient and listed site,
and with same HPV subtypes identified) yielding 51 tissue
samples from 41 patients. We allowed multiple tumors per
patient to remain in our analysis in cases where the tumors
were either from different listed sites, collected at different
times, or yielded different HPV genotype results by
sequencing. For example, one patient had two tumors
removed from the oropharynx 4 years apart, and one typed
as HPV-16/HPV-31, and the other as HPV-16/HPV-18.
Ages were provided for all except one patient and ranged
from 36 to 91 (mean 57.5). The subjects were predomi-
nantly (36 of 41) male (demographic data in Table 4).

Discussion

There have been few prior studies of OPSC and HPV in the
South African population. Worldwide prevalence studies
have shown that HPV genotype 16 is most commonly
identified in OPSC associated with HPV. A review by
Syrjénen found that of 432 patients with tonsillar OPSC,
HPV-16 was the most common genotype identified (84 %),
with 4.6 % HPV-33, and 2.8 % HPV-31 [29]. A larger
meta-analysis of 5046 patients found 35.6 % of OPSCs
positive for HPV; however, in this study only one of the 60
included papers studied an African population (Sudanese)
[26]. Termine et al’s meta-analysis of 62 studies of head
and neck and oral squamous cell carcinomas included three
African studies (the South African papers previously dis-
cussed) as the only representations of the African continent
[24]. Another meta-analysis of HPV-associated head and
neck carcinoma studies limited itself to focus on HPV-16
[25]. More recent data from France assessed 534 patients
and found that HPV-16 was the most common isolate with
a prevalence of 89.7 % in HPV- positive OPSC [48]. While
many large studies suggest that HPV-16 is the most com-
monly identified HPV genotype in both oral and oropha-
ryngeal squamous cell carcinomas, our data suggest that in
South African OPSCs, HPV-16 may be often present in a
co-infection with its alpha-9 family relative, HPV-31. As
HPV-31 was not expected to be commonly isolated, an
HPV-31 specific primer set was used to confirm HPV-31
presence: for example, in nine of the 30 samples identified
as HPV-31 by GP5+6+4 and HPV-16 by pU-1M/pU-2R,
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Table 2 Data summary of p16™~<* immunohistochemical and HPV type sequencing results

Lab ple™Kaa PCR: PCR: PCR: Combined

identifier IHC GP54-/6+ pU-1M/pU-2R HPV-31 specific HPV genotypes

1 Negative 31 16 31 16, 31

2 Positive 31 16 31 16, 31

3 Positive 31 Negative 31 31

4! Positive Negative 16 Not done 16

5 Positive 31 16 ¢ 16, 31

6 Negative 31 Negative 31 31
Negative 31 Negative 4 31
Negative Negative 16 Not done 16
Positive 16 16 Not done 16

10 Negative 16 Negative Not done 16

11° Negative 18 16 Not done 16, 18

12 Positive Negative 16 Not done 16

13 Positive Negative 16 Not done 16

14 Negative 31 16 a 16, 31

154 Positive 31 16 31 16, 31

16* Negative Negative 16 Not done 16

17 Positive 31 Negative a 31

18 Positive 3] 16 8 16, 31

19 Positive 18 16 Not done 16, 18

20 Negative Negative Negative Not done Negative

21° Negative 31 16 31 16, 31

22 Positive 31 31 a 31

23 Negative 31 16 a 16, 31

24 Negative Negative Negative Not done Negative

25 Positive 16 16 Not done 16

26 Positive 31 Negative 31 31

27° Positive 31 Negative 31 31

288 Positive 16 16 Not done 16

29 Negative 31 16 31 16, 31

30 Positive 18 Negative Not done 18

318 Negative Negative 33 Not done 33

32 Negative 31 16 31 16, 31

33 Positive 3] 16 a 16, 31

34 Negative 31 16 31 16,31

35 Negative 31 31 a 31

36 Negative 31 16 a 16, 31

37 Positive 31 Negative a 31

38 Positive 31 16 a 16, 31

39° Negative 31 16 2 16, 31

40 Positive 31 16 31 16, 31

416 Positive Negative Negative Not done Negative

42 Positive Negative 16 Not done 16

43 Positive 18 16 Not done 16, 18

442 Positive 31 16 a 16, 31

457 Negative 31 16 a 16, 31

46° Negative 31 Negative 31 31

47! Negative 31 Negative b 31
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Table 2 continued

Lab pleMKaa PCR: PCR: PCR: Combined
identifier HC GP5+/6+ pU-1M/pU-2R HPV-31 specific HPV genotypes
487 Negative 31 16 ° 16, 31

497 Negative 31 16 31 16, 31

507 Negative 31 16 b 16, 31

51 Positive 16 16 Not done 16

Total positive 26 (51.0 %) 41 (80.4 %) 37 (72.6 %) - 48 (94.1 %)
* Band seen of appropriate size detected on gel electrophoresis but with sequencing reaction failure

" Tnsufficient genetic material remaining for re-PCR analysis

Superscripts indicate tumors from same patient

Table 3 Class assignment and Tumor classification (n = 51) Number HPV genotype Number

associated HPV genotype

(% of total) (% of total)

HPV as driver (HPV by PCR 25 (49.1)
and p16™%4 positive)
HPV-16 and HPV-31 8 (15.7)
HPV-16 8 (15.7)
HPV-31 6 (11.8)
HPV-16 and HPV-18 239
HPV-18 1(2.0)
HPV as passenger (HPV by 23 (45.1)
PCR positive and p16™5* negative)
HPV-16 and HPV-31 12 (23.5)
HPV-31 6 (11.8)
HPV-16 359
HPV-33 1 (2.0)
HPV-16 and HPV-18 1 (2.0
HPV-negative (HPV by PCR 3 (5.9 - 359

negative and p16™5** positive or negative)

the HPV-31 specific primer was confirmatory. The vari-
ability in HPV genotype identified according to primer set
used may be due to different affinities inherent in the pri-
mer design.

These results were also unexpected in the context of
what is known of the dominant HPV genotypes in South
African cervical carcinoma. In South Africa, HPV geno-
types 16 and 18 are most commonly isolated from cervical
carcinoma (correlating well with worldwide data), and
comprise together 62.8 % of cases. HPV-31 is found in
4.3 % of South African cervical carcinomas, corresponding
to the worldwide reported rate of 3.6 % [49]. The most
common HPV genotypes isolated in cervical cancer spec-
imens (World Health Organization data) as compared to
the most common HPV genotypes in this study from the
HPV- driven group is shown in Table 5.

By using multiple PCR assays, we illustrated the inter-
assay discrepancies in terms of positivity and HPV-
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genotype, as has been previously described and discussed
in the cervical cancer literature leading some to advocate
the use of multiple primer sets to enhance sensitivity.
(30-33) Meta-analyses and reviews of head and neck SCC
generally accept multiple PCR platforms for determination
of HPV status as there is no criterion standard [24-26]. Our
laboratory most often uses the GP5+4-6+ primer set as it
amplifies a short PCR product highly suited for use on
FFPE DNA extracts. While we had used the pU-1M/pU-2R
product before, we had no prior experience with the HPV-
31 specific primers. By using multiple primers, we limited
false negative results by PCR due to particular known
weaknesses of the primers; for example, the HPV PCR
assay for LI sequences might have resulted in false nega-
tive data if the L/ region was abrogated by HPV integration
into the cell genome [50]. HPV types 16, 31, 35, 33, 52, 58
and 67 (alpha-9 group) are part of same HPV species
group, and recent full genome sequencing data indicates
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Fig. 3 a pl6™ " positive OPSC (A) (40x); a pl6™K*? pegative
OPSC b (40x). The histologic features (H & E stain) of a HPV-driven
(p16™X42 positive and HPV positive) OPSC demonstrating non-
keratinizing squamous cell carcinoma at lower right, surrounded by
chronic inflammation with representative normal squamous epithe-
lium seen at upper left ¢ (20x)

that HPV 16 and 31 are part of a consistent clade with a
recent common ancestor [51, 52]. The alpha-9 group is
separated into different HPV genotypes via a convention

Table 4 Patient demographics and tumor sites

Patient characteristics Number
(n = 41) (percent)
Gender Male 36 (87.8)
Female 5(12.2)
Age Mean: 57.5 41
Range: 36-91
Standard deviation: 11.8
Tumor site (n = 51) Base of tongue or base 14 (27.5)
of tongue/tonsil
Tonsil 14 (27.5)
Oropharynx (unspecified) 23 (45.1)

One patient age not provided

Table 5 Most common HPV genotypes isolated from South African
OPSCs compared to HPV genotypes from South African cervical
carcinomas (adapted from WHO data) [49]

South Africa OPSCs
(current study)

South Africa cervical
carcinoma (WHO data)

HPV-16 and HPV-31 (32.0 %)
HPV-16 (32.0 %)

HPV-31 (24.0 %)

HPV-16 and HPV-18 (8.0 %)
HPV-18 (4.0 %)

HPV-16 (52.1 %)
HPV-18 (10.7 %)
HPV-33 (9.1 %)
HPV-31 (4.2 %)
HPV-45 (3.3 %)

wherein a separate type is defined when there is at least
10 % different in the LI sequence region [52]. While the
genotypes are related, they should be separately identifiable
by sequencing. It is possible that different PCR primer
assays yield different results due to preferential annealing
events during PCR that, in combination with cycle
sequencing used for identifying HPV types, results in
detection of a single rather than a dual genotype in cases
where there is co-infection. While it is interesting to
determine which type of HPV is associated with the tumor,
all types identified are high risk. With a marketed pro-
phylactic HPV vaccine in South Africa, determination of
predominant genotypes may be of future public health
benefit in tracking possible disease prevention in head and
neck sites.

The three identified prior studies in South African
patients did not show any significant evidence of HPV-
related oral squamous cell carcinoma. These results may
reflect limitations of testing methodologies or a low inci-
dence of HPV-related disease during the time periods
examined. In all three studies the authors focused on oral
squamous cell carcinoma with Boy et al. specifically
including some oropharyngeal sites; analysis of these sites
may yield lower HPV positivity as data suggest that HPV-
related tumors are most consistently associated with the
oropharynx [24, 25, 48]. The sensitive methodologies
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Table 6 Methodologies of prior OPSC HPV South African studies

Study Methodology

Van Rensburg et al. [17] ISH (for 6, 11, 16, 18); IHC for

HPV LI viral capsid
PCR (for 6, 11, 16 and 18) with
Southern blot confirmation

PCR (16 and 18); regular and
amplified ISH for pan-HPV

Van Rensburg et al. [18]

Boy et al. [19]

chosen focused on HPV-16 and HPV-18 without assay
coverage for other high risk genotypes, including 31, 33,
and 45, while the pan-HPV assays were lower sensitivity
methodologies (see Table 6).

In the present study we focused on black South Africans
for two reasons: the prevalence of OPSC disease is high in
this population, and few studies have examined the HPV-
related contribution to the disease. In South Africa, oro-
pharyngeal cancer rates are not separately reported, but
oral cancer rates are higher in the black population com-
pared to Caucasian: 10.68 % of all cancers in black males
compared to 2.55 % of all cancers in white males, with
corresponding rates of 2.35 % of all cancers in black
females compared to 1.06 % of all cancers in white [53,
54]. Risk factors (classically tobacco and alcohol) for the
chemical carcinogenesis pathway are also prevalent which
complicates data analysis. Tobacco use is particularly
common: data from 2000 indicate that 36.6 % of Caucasian
and 22.7 % of black South Africans use tobacco [55].
There are design limitations to this study that limit the
generalizability including the limited geographic area
sampled (the Witwatersrand region of South Africa), the
under-representation of female patients, and absence of
data regarding patients’ tobacco usage.

As HPV-related OPSCs have a better prognosis and less
risk of relapse [6-8, 15, 34] and longer survival [8],
determination of HPV positivity has clinical importance.
We demonstrated evidence of HPV etiology in at least
49.1 % of OPSC (HPV as driver) and possible HPV
involvement in an additional 45.1 % (HPV as passenger).
The patients with HPV driven tumors should have a
favorable prognosis, and may need less aggressive therapy.
This simplified model may help stratify patients, but the
results must be interpreted with the understanding that
multiple genetic insults are needed for carcinogenesis as
well as the recognition that risky behaviors tend to cluster
together [14].

Regarding the CISH results, all cases in this series were
negative; however, we did have two positive ISH results
(albeit showing positive cells in a minority of tumor cells)
among the other OPSC from the same cohort that were not
considered in this study (one case omitted as patient had a
history of respiratory papillomatosis with known HPV 11,
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and one case from a white, not black, South African
OPSC). With the understanding that the CISH was (par-
tially) working in some cases in this series, but not as many
as we would expect given the PCR and IHC results, we
attempted to re-optimize the CISH (e.g. by inclusion of a
wider range of digestion times); however, HPV signal
remained undetectable. In previous studies, our lab has
demonstrated HPV by CISH in a high percentage of cer-
vical and head and neck tumors from the USA, India, and
Brazil, as well as in an ongoing study of ~ 150 local
(Vermont) oropharyngeal tumors [45-47]. The absence of
HPV CISH positive black South African OPSCs might be a
consequence of tissue fixation conditions: possibly, prote-
ase pre-treatment conditions that are a critical part of the
assay, either under-revealed target DNA or too readily
resulted in excessive erosion of HPV sequences in the
tissues; either eventuality would result in loss of CISH
positive signals.

The lack of detection of HPV by CISH partially
undermines the assignment of HPV-driver status. While we
had hoped to correlate the results of CISH with PCR, we
instead used only the PCR data to define an HPV positive
tumor. This is a less robust test than CISH as PCR is highly
sensitive but has poor specificity since adjacent uninvolved
epithelium may contain HPV virus, and hence a positive
result may indicate that HPV was present in the tissue
block but not necessarily in the tumor. While demonstra-
tion of positive p16™ ** results by ITHC in lesional tissue
supports an HPV-driven tumor diagnosis, it is not specific
for an HPV-driven tumor as p16™** expression/repression
could occur for reasons of genomic abrogation (such as
loss of heterozygosity) or epigenetic events such as pro-
moter silencing by hypermethylation. Further, downstream
events can diminish the effect of pl6™ ** status and sub-
sequently call into question the utility of p16™*** THC as
prognostic marker. Our binary definition of pl6™K*
tumors (including assessment of strength of nuclear and
cytoplasmic staining) while used in many other published
studies is imperfect and there is ongoing research sug-
gesting that the location of staining in head and neck
tumors in general should be critically revisited as it may
impact prognosis [56].

For future studies, micro-dissection techniques may help
address the problem of uncertainty regarding HPV viral
location when using PCR methodology on FFPE tissue. In
Boy et al’s [19] prior study of OPSC in South Africa using
PCR and ISH the HPV positivity was ascribed to be most
likely either commensal infection or contaminant; in the
present study we use p16INK4a as supportive evidence that
the HPV virus detected is likely tumorigenic. This study is
composed predominantly of male patients and is geo-
graphically limited to the Witwatersrand area. A larger
study enriched with female patients and drawing from
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other regions of South Africa will be helpful in the further
elucidation of OPSCs in this population.

Conclusions

In accordance with worldwide trends, HPV appears to play
arole in the pathogenesis of OPSC in black South Africans.
HPV is likely the driver of tumorigenesis in at least 49.1 %
of the cases examined in this study. A more robust estimate
of HPV-driver status might be gained by HPV E6/E7
mRNA expression analysis possibly by a highly sensitive
pan-high-risk HPV E6/E7 RNA in situ hybridization assay
[57]. In concordance with the results of several meta-
analyses primarily of Western developed nations, alpha-9
HPV viruses are pre-dominant; interestingly and uniquely,
our data suggest HPV-31 may be especially significant in
the etiology of OPSCs from black South Africans along
with HPV-16, the most well-studied genotype associated
with OPSC in non-African populations. With these pre-
liminary data, we caution against using PCR or other
diagnostic modality restricted to a limited number of HPV
genotypes when assessing tumors from Africa for HPV
status. Further studies, possibly including alternative in situ
hybridization methodologies such as HPV RNA targets to
help confirm ‘driver’ status, are needed to corroborate our
data as presented here.
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