Yang et al. BMC Ophthalmology ~ (2023) 23:390 BMC Ophtha|m0|ogy
https://doi.org/10.1186/512886-023-03131-9

: : ®
Prevalence of human papillomavirus s
in eyelid carcinoma among Koreans:
a clinicopathological study

Min Kyu Yang', Namiju Kim?, Hokyung Choung® ", Ji Eun Kim*" and Sang In Khwarg®

Abstract

Background Human papillomavirus (HPV) has been detected in eyelid sebaceous gland carcinoma (SGC) and
squamous cell carcinoma (SCC), and detection rates greatly varied across studies. This study aimed to investigate the
presence of HPV in eyelid SGC and SCC among Koreans and its correlation with clinicopathological characteristics.

Methods Surgically resected eyelid samples diagnosed as SGC or SCC from January 1999 to June 2011 were
identified from the pathology database of three referral centres in Korea. Clinicopathological information including
origin (skin vs. tarsal conjunctiva) and treatment outcomes were retrospectively reviewed. Immunohistochemistry
(IHC) for p16, HPV DNA in situ hybridisation (ISH), and polymerase chain reaction-based DNA microarray were
performed in paraffin-embedded tissue sections.

Results Our cohort included 34 SGC and 12 SCC cases with Asian ethnicity. HPV was detected in 4 SGC and 6 SCC by
DNA microarray, while 2 SCC (16.7%) showed positivity in ISH. SCC of tarsal conjunctival origin was significantly more
common in HPV-positive SCC than in HPV-negative SCC (5 of 6 vs. 0 of 6, P=0.015, Fisher’s exact test). Among samples
showing positive staining in p16 IHC, HPV positivity rates were 0.0% (0/19) in SGC and 100% (3/3) in SCC. There was no
significant difference in overall and local recurrence rate in eyelid SGC and SCC according to the HPV status (P> 0.99).

Conclusions HPV was found in a subset of eyelid SGC and SCC among Koreans and might be aetiologically related
to SCC of tarsal conjunctival origin. Overexpression of p16 is considered to be inappropriate as an indicator of HPV
infection in eyelid SGC. Further investigation is required to elucidate the transmission route and pathogenic roles of
HPV.
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Background

Among non-melanocytic skin cancers, the most com-
mon are basal cell carcinoma and squamous cell carci-
noma (SCC) [1]. However, due to the rich distribution
of sebaceous glands in the eyelids, such as the Meibo-
mian glands, the incidence of sebaceous gland carcinoma
(SGC) is significantly higher than that of other organs
[2, 3]. The proportions of SGC and SCC were relatively
higher in East Asia than in the other areas [1, 4-6]. and
the incidence of eyelid SGC has gradually increased in
Korea [7].

Since the eyelids are covered with thin skin and
mucosa, external stimuli have been pointed out as the
causative factors of eyelid cancers [2]. Microorganisms
are also thought to contribute to carcinogenesis in the
skin and mucosa [8]. Particularly, human papillomavi-
rus (HPV) is recognised as the direct cause of SCC in
the anogenital tract or the oropharynx [9]. Also, HPV
has been found in ocular surface squamous neoplasm
(OSSN) in several studies [10—12]. However, these stud-
ies for SCC were performed using limited samples or
yielded inconsistent data [13—-15]. For eyelid SGC, HPV
detection rates greatly varied across studies [16—23]. Tet-
zlaff et al. [17] reported exclusively higher prevalence of
HPV in tumors wild type for TP53 and RB1. Inactivation
of tumor suppressor proteins TP53 and RB by expression
of viral proteins E6 and E7 has been proposed as a onco-
genic mechanism in OSSN and eyelid SGC [14, 17].

In this study, we investigated the presence of HPV in
eyelid SGC and SCC in Koreans and its correlation with
clinicopathological characteristics.

Methods

Case selection

Surgically resected eyelid samples diagnosed as SGC or
SCC at three referral centres in Korea (Seoul National
University Hospital, Seoul National University Bun-
dang Hospital, Seoul Metropolitan Government-Seoul
National University Boramae Medical Center) from Janu-
ary 1999 to June 2011 were identified via a retrospective
review of the pathology database and included in this
study. Clinicopathological information including patient
demographics, origin (cutaneous vs. tarsal conjunctiva)
and depth of invasion, specific pathologic features, recur-
rence, and metastasis were obtained from electronic
medical records. Exclusion criteria were poorly differ-
entiated carcinoma and the presence of ocular surface
lesions (e.g. pterygium). TNM staging was estimated
according to the 8th edition of the American Joint Com-
mittee on Cancer staging system [24]. This study was
approved by the Institutional Review Board of the Seoul
Metropolitan Government-Seoul National University
Boramae Medical Center. This study was conducted in
compliance with the Declaration of Helsinki.
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Tissue microarray

The formalin-fixed, paraffin-embedded (FFPE) tissue
blocks were retrieved from the pathology archives. The
hematoxylin and eosin-stained slides were reviewed to
confirm the diagnosis, and the representative area was
marked by a pathologist (JEK). From every block, a cylin-
der of 2.0-mm-diameter was taken and transferred to the
recipient paraffin block that contained 60 tissue cores.
The 5-pm-thick sections were used for the pl6 immu-
nohistochemistry (IHC) and DNA in situ hybridisation
(ISH).

p16 IHC

After deparaffinisation and rehydration, heat-induced
antigen retrieval was performed by microwave oven
for 20 min in a citrate buffer. Endogenous peroxidase
was blocked by 0.3% hydrogen peroxide in methanol
for 10 min, and then nonspecific antibody binding was
blocked by 10% normal goat serum. IHC was performed
using the Benchmark Ultra automated immunostainer
(Ventana Medical Systems, AZ, USA). Immunoreactiv-
ity against anti-p16 mouse monoclonal antibody (clone
JC8, Santa Cruz Biotechnology, Inc., CA, USA) was visu-
alised using the iVIEW detection kit (Ventana Medical
Systems) containing the biotin-conjugated secondary
antibody, streptavidin-hydrogen peroxide conjugate, and
diaminobenzidine. The p16 IHC was interpreted as ‘posi-
tive’ when the percentage of stained nuclear and cyto-
plasmic cells was >70% of cancer cells. Patchy or focal
expression in the surface epithelial cells was regarded as
negative.

DNA ISH

DNA ISH was performed using the Benchmark Ultra
automated immunostainer (Ventana Medical Systems)
according to the manufacturer’s instructions. Inform
HPV III probe sets (Ventana Medical Systems) can iden-
tify 12 types of mucosal high-risk (16, 18, 31, 33, 35, 39,
45, 51, 52, 56, 58, and 66) and low-risk (6, 11) HPV [25].
Appropriate positive controls consisting of HPV-related
cervical SCC were also applied. Any number of dot-like
or scattered tiny staining (punctate pattern) and a globu-
lar homogeneously dense staining (diffuse pattern) local-
ised in the tumour cell nuclei were interpreted as positive
by microscopic examination [26].

DNA extraction

Microtome blades were replaced between samples, and
the sterility of the machine was maintained to prevent
cross-contamination of HPV DNA [27]. DNA was iso-
lated using a QIAamp DNA FFPE tissue kit (Qiagen Inc.,
Hilden, Germany). Briefly, the paraffin was dissolved in
xylene, followed by centrifugation to remove conden-
sate. The tissue sample was then incubated with 20 pL
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proteinase K at 56 ‘C until completely lysed. The lysed
emulsion was further purified using a QIlAamp Min-
Elute column (Qiagen Inc.) and centrifugation. DNA was
finally eluted by adding 100 uL ATE buffer.

DNA microarray

DNA microarray, which is highly sensitive and specific
for the detection and genotyping of HPV [20, 28, 29], was
used. PCR amplifications were performed using consen-
sus primers for E6/E7 and L1 gene sequences of HPV
(HPCEF, HPCR, MY11, GP6-1) and human beta-globin
gene (HBBF, HBBR) [30]. PCR-based DNA microarray
was performed using the GG HPV DNA Genotyping
Chip Kit (Goodgene, Seoul, Korea). The GG DNA Chip

Table 1 Clinicopathological Characteristics of 46 Patients with
Eyelid Carcinoma

n=46 SGC ScC
(n=34) (n=12)
Male sex, n (%) 9 (26.5) 6 (50.0)
Age at surgery, median (IQR), years 60.6 65.0
(51.8-65.8) (55.5—
74.5)
Location, n (%)
Upper eyelid 18 (52.9) 6 (50.0)
Lower eyelid 15 (44.1) 6 (50.0)
Upper and lower eyelid 129 0(0.0)
Depth of invasion, n (%)
Skin only 0(0.0) 541.7)
Tarsal plate or lid margin 15 (44.1) 5(41.7)
Full thickness of the eyelid 19 (55.9) 2(16.7)
Periorbital or orbital invasion, n (%)
Lacrimal drainage system 1(2.9) 1(8.3)
Orbit 2(16.7)
T category at presentation, n (%)
T 18 (52.9) 9(75.0)
T2 10 (294) 1(83)
T3 1(2.9) 0(0.0)
T4 5(14.7) 2(16.7)
N category at presentation, n (%)
N1 2(5.9) 0(0.0)
Specific histology, n (%)
Pagetoid spread 3(8.8)
Keratoacanthoma-type 1(8.3)
Primary surgical procedure, n (%)
Wide excision with reconstruction 31(91.2) 12
(100.0)
Exenteration 3(8.8) 0(0.0)
Treatment outcomes, n (%)
Local recurrence 3(8.8) 1(8.3)*
Lymph node metastasis 6(17.6) 1(8.3)*
Distant metastasis 1(2.9) 0(0.0)

QR interquartile range, SCC squamous cell carcinoma, SGC sebaceous gland
carcinoma

*Postoperative 3-year metastasis at ipsilateral preauricular lymph node and
8-year local recurrence in a patient
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contains 41 mucosal type-specific probes that recognise
22 high-risk (16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56,
58, 59, 66, 67, 68a, 68b, 69, 70, 73, and 82) and 19 low-
risk (6, 11, 30, 32, 34, 40, 42, 43, 44, 54, 55, 61, 62, 72,
81, 83, 84, 90, and 91) HPV types [31]. According to the
manufacturer’s instructions, 10 pL of PCR-amplified
HPV DNA and human beta-globin gene product were
denatured by heating at 95 °C for 3 min, followed by ice-
cooling for 3 min. The amplified product was mixed with
65 pL hybridisation buffer and then applied to the DNA
microarray. Hybridisation was performed at 45 °C for 1 h,
followed by washing with 3X saline-sodium phosphate-
ethylenediaminetetraacetic acid for 3 min and drying at
room temperature. The hybridisation signal was scanned
using an Affymetrix 428 Array Scanner (Affymetrix Inc.,
CA, USA).

Statistical analysis

Statistical analyses were performed using IBM SPSS
Statistics software (version 22.0, IBM Corp., NY, USA).
Mann—-Whitney U test was used for the comparison of
continuous variables, and Fisher’s exact test for categori-
cal variables. A two-sided P-value<0.05 was considered
to be statistically significant.

Results

Patients’ characteristics

Our cohort included 34 SGC and 12 SCC patients with
a mean age of 61.4+13.3 years (range, 26.8 to 88.6 years)
of Asian ethnicity (Table 1). All the patients were sero-
negative for human immunodeficiency virus, and immu-
nocompetent. All SCC did not involve superior fornix
and bulbar conjunctiva, thus could be distinguished from
OSSN. Surgical excision with frozen section control was
performed primarily in all patients. Radiotherapy was
applied for one SGC and one SCC with orbital invasion.
Ten SGC patients exhibited later recurrence (local recur-
rence: 3, lymph node metastasis: 6, lung metastasis: 1) at
an average of 1.711.0 years (range, 0.6—3.1 years). Locally
recurred three SGC were treated by exenterations. An
SCC patient showed a postoperative 3-year recurrence
at the ipsilateral preauricular lymph node and an 8-year
local recurrence.

DNA microarray and DNA ISH
Both tests were performed for all samples. DNA microar-
ray detected HPV DNA in four SGC and six SCC (posi-
tivity rates: 11.8% and 50.0%, respectively). The results
of HPV detection are listed in Table 2. All samples har-
boured high-risk HPV, with type 16 being the most
common (50.0% of HPV-positive SGC and 66.7% of
HPV-positive SCC).

By DNA ISH, HPV was not detected in SGC, while
two cases of SCC (16.7%) showed diffuse strong signals.
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Table 2 Results of Human Papillomavirus (HPV) Detection Methods in 10 Eyelid Carcinomas with HPV Positivity in DNA Microarray

No. Sex Age Histology Genotypes HPV ISH p16 IHC
High-risk Low-risk

1 F 41-50 SGC 16 Negative Negative Negative

2 M 61-70 SGC 16 43 Negative Negative

3 M 31-40 SGC 18 Negative Negative Not available
4 F 61-70 SGC 56 Negative Negative Not available
5 M 61-70 SCC 16, 66 Negative Diffusely positive Positive

6 M 81-90 ScC 16 Negative Diffusely positive Positive

7 M 51-60 SCC 51 Negative Negative Positive

8 M 51-60 SCC 16 Negative Negative Negative

9 F 71-80 SCC 16 Negative Negative Negative

10 F 71-80 SCC 68b Negative Negative Negative

IHC immunohistochemistry, /SH in situ hybridization, SCC squamous cell carcinoma, SGC sebaceous gland carcinoma

Fig.1 Arepresentative case of eyelid squamous cell carcinoma with human papillomavirus (HPV). A: Hematoxylin and eosin staining. B: In situ hybridiza-
tion shows a positive for HPV DNA. C: p16 immunohistochemistry shows positive staining. D: DNA microarray shows signals of HPV type 16 and E: HPV
type 66

These cases presented as multiple lesions in the tarsal
conjunctiva, showed positive staining in p16 IHC, and
were genotyped as HPV type 16 by DNA microarray
(Fig. 1). Most patients presenting HPV positivity in DNA
microarray but not in DNA ISH showed negative staining
in p16 IHC.

p16 IHC
Among 30 SGC evaluated for p16 IHC, 19 SGC (63.3%)
showed positive, and 11 SGC showed negative staining
as per the criteria mentioned above. Among nine SCC
evaluated for p16 IHC, only three SCC (33.3%) showed
positive staining in p16 IHC. Among samples showing
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positive staining in p16 IHC, HPV-positive rates were
0.0% (0/19) in SGC and 100% (3/3) in SCC.

Association of HPV positivity with clinicopathological
characteristics

SGC and SCC showed different characteristics in terms
of HPV positivity in DNA microarray (Table 3). HPV-
positive SGC patients were slightly younger than HPV-
negative SGC patients (54.4 years vs. 60.4 years, P=0.18,
Mann-Whitney U test). Distributions of the depth of
invasion and T-staging were not different according to
the HPV positivity in SGC. HPV-positive SGC showed
lower overall and local recurrence rates than HPV-nega-
tive SGC (overall recurrence rate: 0.0% vs. 30.0%, P=0.55,
Fisher’s exact test).

The origin and depth of invasion of eyelid SCC were
different according to HPV positivity. SCC of tarsal
conjunctival origin, whose size was largest at the tarsal
conjunctiva in slit-lamp examination and confirmed by
pathologic review, was significantly more common in
HPV-positive SCC than in HPV-negative SCC (5 of 6 vs.
0 of 6, P=0.02, Fisher’s exact test). Conversely, all SCC
of tarsal conjunctival origin were HPV-positive (5 of 5).
There was no significant difference in recurrence rates
according to the HPV status (1 of 6 HPV-positive SCC vs.
0 of 6 HPV-negative SCC, P>0.99).
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Discussion

This study investigated the association of HPV in eyelid
SGC and SCC with clinicopathological characteristics.
Prevalence of HPV was higher in SCC than in SGC, being
particularly more frequent in SCC of the tarsal conjunc-
tival origin. DNA microarray detected the HPV genome
more sensitively than DNA ISH.

The pathogenesis of SGC and SCC of the eyelid is
largely unknown, however, the role of TP53 or RBI gene
alteration or dysregulation has been consistently sug-
gested [32—35]. Inactivation of these two molecules, a
common event for carcinogenesis, can be a consequence
of interaction with HPV oncoprotein which also triggers
oxidative stress-induced DNA damage [36, 37]. Several
researchers have investigated whether HPV is involved in
the pathogenesis of eyelid SGC, and the results reported
so far vary widely. In 1994, Hayashi et al. [21] investigated
p53 protein accumulation in eyelid SGC and reported a
high frequency of HPV DNA. However, subsequent stud-
ies showed low rates of HPV (0~4.2%) and failed to prove
an association between eyelid SGC and HPV [16, 18-20,
22, 23]. The inconsistent results of the previous studies
are thought to be primarily due to differences in testing
sensitivity and may additionally include racial or regional
differences and increasing frequency. The detection rate
of HPV in our SGC samples based on DNA microarray
was similar to that of a most recent study in the USA
(13.8%) using whole transcriptome RNA sequencing and

Table 3 Clinicopathological Characteristics of Eyelid Carcinoma According to Human Papillomavirus (HPV) Positivity in DNA

Microarray
SGC p value SCC Pvalue
HPV (+) (n=4) HPV (-) (n=30) HPV (+) (n=6) HPV (-) (n=6)
Male sex, n (%) 2 (50.0) 7(233) 0.28 2(333) 4 (66.7) 057
Age at surgery, median (IQR), years 544 (42.7-61.6) 604 (52.2-68.1) 0.18 71.5(63.3-78.1) 64.0 (54.9-66.0) 0.20
Upper eyelid location, n (%) 1(25.0) 17 (56.7) 0.32 4(66.7) 2(333) 0.57
Depth of invasion, n (%)
Skin only 0(0.0) 0(0.0) >0.99 1(16.7) 4(66.7) 0.24
Tarsal plate* 4(100.0) 30 (100.0) >0.99 5(83.3) 1(16.7) 0.08
Origin, n (%)t
Tarsal conjunctival origin 4(100.0) 28(93.3) >0.99 5(83.3) 0(0.0) 0.02
Cutaneous origin 0(0.0) 0(0.0) >0.99 1(16.7) 6 (100.0) 0.02
Orbit invasion, n (%) 0(0.0) 3(10.0) >0.99 2(333) 0(0.0) 0.46
T category at presentation, n (%)

T 2 (50.0) 16 (53.5) 0.66 6 (100.0) 3(50.0) 0.18
T1orT2 4(100.0) 24 (80.0) >0.99 6(100.0) 4(66.7) 046
Pagetoid spread, n (%) 0(0.0) 3(10.0) >0.99 0(0.0) 0(0.0) >0.99

Treatment outcome, n (%)
Overall recurrence 0(0.0) 9(30.0) 0.55 1(16.7)% 0(0.0) >0.99
Local recurrence 0(0.0) 3(10.0) >0.99 1(16.7)% 0(0.0) >0.99

QR interquartile range, SCC squamous cell carcinoma, SGC sebaceous gland carcinoma

Bold indicates statistical significance
*Including tarsal plate involvement and full-thickness involvement

tLargest lesion size at the level of tarsal conjunctiva or skin

FPostoperative 3-year metastasis at ipsilateral preauricular lymph node and 8-year local recurrence in a patient
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RNA ISH [17]. Further investigation of the p53/Rb pro-
tein and transcriptionally active HPV in Asians will be
helpful to clarify the role of HPV in the pathogenesis of
eyelid SGC.

In our study, the clinical characteristics of eyelid SGC
and SCC differed according to the association with HPV.
Although the differences were not statistically significant,
patients with HPV-positive SGC were younger and had a
lower recurrence rate, which is consistent with previously
reported findings [17]. In eyelid SCC, these trends were
not observed, rather the tarsal conjunctival origin was
associated with HPV positivity. The eyelid is a complex of
various tissues, and its external and internal surfaces are
covered with two different types of epithelium: skin and
conjunctiva. These differ in histological characteristics
and exposure to oncogenic stimuli. Unlike the skin, the
tarsal conjunctiva has no exposure to UV radiation and
has a histological resemblance with the bulbar conjunc-
tiva. Therefore, it is not unusual to infer that eyelid SCC
with tarsal conjunctival origin has an aetiology similar to
OSSN rather than eyelid SCC with skin origin. Although
still debatable, HPV has been suggested as an aetiologic
factor of OSSN [10-12], especially in non-African coun-
tries [38]. Our results possibly indicate that HPV serves
as an aetiologic factor only for eyelid SCC of tarsal con-
junctival origin, and support the association between
OSSN and HPV. However, since the route or prevalence
of HPV infection in tarsal conjunctiva is not well known,
it is difficult to discuss the clinical benefits of HPV
screening or vaccination [39].

The diagnostic accuracy of HPV is variable depend-
ing on the detection method and tissue type. Numer-
ous PCR techniques have been widely used due to their
excellent diagnostic accuracy but also have some draw-
backs in detecting multiple infections or genotyping [40].
DNA microarray is highly sensitive and is advantageous
for overcoming the drawbacks of conventional PCR [30,
40]. DNA microarray in our study had the broader detec-
tion range of HPV types, and detected the HPV genome
more sensitively than DNA ISH. ISH has the advantage
of morphologic correlation but also has difficulty with
low sensitivity if the copy number is low or when HPV is
in a dormant period [41]. HPV positivity on microarray
but not on ISH indicates latent infection of HPV [42], or
false-positivity due to contamination or cross-reactivity
[27, 40]. Therefore, multiple detection methods should
be applied, and the fact that p16 was mostly negative in
such SCC cases supports the former hypothesis. Two
cases revealed multiple infection, containing HPV 16 and
other types. However, the pathologic significance of HPV
depends on the type (e.g. HPV 16, the most prevalent and
oncogenic high-risk HPV) but not on the multiplicity
or viral load [43]. Thus, other types of co-infected HPV
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might be ‘bystanders’ that are not primarily involved in
the pathogenesis.

Although pl6 is known to be associated with HPV
infection in anogenital SCC and OSSN, its value is not
very strongly recognised in eyelid cancers. In our study,
HPV was detected in all eyelid SCC of tarsal conjuncti-
val origin, but not in all eyelid SGC. Mutation of TP53
or RBI is the most frequently encountered alteration
in SGC, subsequently resulting in pl6 overexpression
regardless of HPV infection [44]. Therefore, SGC cases
showing p16 positivity without HPV might harbour these
molecular alterations.

The route of transmission of HPV in ocular cancer can
be postulated in various ways. The conjunctival mucosa,
the lacrimal sac, and the hair bulb including follicular
cells are supposed reservoirs of HPV [45, 46]. Given that
most HPVs are transmitted through sexual contact, it is
difficult to infer the pathways of HPV-related tumours
in non-sexual organs. Some researchers have suggested
intrafamilial spread or vertical transmission through an
infected birth canal [47].

Our study has some limitations, including its retro-
spective design. Although this is the largest study in Asia
to our knowledge, the number of samples was small. A
larger study using HPV mRNA-based assays and RNA
sequencing is required to verify the pathogenic role of
transcriptionally active mucosal HPV for the develop-
ment of eyelid SCC of tarsal conjunctival origin.

In conclusion, HPV was found in a subset of eyelid
SGC and SCC among Koreans, and might be aetiologi-
cally related to SCC of tarsal conjunctival origin. Over-
expression of p16 is considered to be inappropriate as an
indicator of HPV infection in eyelid SGC. Further inves-
tigation is required to elucidate the transmission route
and pathogenic roles of HPV.

Acknowledgements
Not applicable.

Authors’ contributions

Hokyung Choung and Ji Eun Kim contributed equally to this work as
co-corresponding authors. Concept and design: HC and JEK. Recruiting
subjects: NK, HC, SIK. Histopathologic analysis: JEK. Analysis and interpretation
of data: MKY and JEK. Drafting of the manuscript: MKY and HC. Critical revision:
NK; SIK. All authors read and approved the final manuscript.

Funding
This study was supported by a research fund from the Seoul Metropolitan
Government-Seoul National University Boramae Medical Center.

Data availability

The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Competing interests
The authors declare no competing interests.



Yang et al. BMIC Ophthalmology

(2023) 23:390

Ethics approval and consent to participate

This study was approved by the Institutional Review Board of the Seoul
Metropolitan Government-Seoul National University Boramae Medical Center
(IRB No. 16-2013-19). The need for informed consent was waived by the Ethics
Committee of Seoul Metropolitan Government-Seoul National University
Boramae Medical Center, due to the retrospective nature of this study and the
use of fully anonymized data.

Consent for publication
Consent for publication was not obtained since the data presented in this
study was fully anonymized.

Received: 23 June 2023 / Accepted: 12 September 2023
Published online: 26 September 2023

References

1.

Quigley C, Deady S, Hughes E, McEInea E, Zgaga L, Chetty S. National inci-
dence of eyelid cancer in Ireland (2005-2015). Eye (Lond). 2019;33:1534-9.
Saul R, Shyamala H, Craig J, Selva D. Malignant tumors of the eyelid. In: Aaron
F Dolman PJ, editors. Diseases and disorders of the orbit and ocular adnexa.
1st ed. New York: Elsevier; 2015. pp. 419-46.

Cook BE Jr, Bartley GB. Epidemiologic characteristics and clinical course of
patients with malignant eyelid tumors in an incidence cohort in Olmsted
County, Minnesota. Ophthalmology. 1999;106:746-50.

Takamura H, Yamashita H. Clinicopathological analysis of malignant eyelid
tumor cases at Yamagata university hospital: statistical comparison of tumor

incidence in Japan and in other countries. Jon J Ophthalmol. 2005;49:349-54.

Lim VS, Amrith S. Declining incidence of eyelid cancers in Singapore over

13 years: population-based data from 1996 to 2008. Br J Ophthalmol.
2012;,96:1462-5.

Lin HY, Cheng CY, Hsu WM, Kao WH, Chou P. Incidence of eyelid cancers in
Taiwan: a 21-year review. Ophthalmology. 2006;113:2101-7.

Jung SK, Lim J, Yang SW, Jee D, Won YJ. Nationwide Trends in the inci-

dence and survival of eyelid skin cancers in Korea. Ophthalmic Epidemiol.
2020;27:438-48.

Oh JK, Weiderpass E. Infection and cancer: global distribution and burden of
diseases. Ann Glob Health. 2014;80:384-92.

Ateenyi-Agaba C, Franceschi S, Wabwire-Mangen F, et al. Human papilloma-
virus infection and squamous cell carcinoma of the conjunctiva. Br J Cancer.
2010;102:262-7.

Asadi-Amoli F, Heidari AB, Jahanzad |, Jabbarvand M. Detection of human
papillomavirus in squamous cell carcinoma of conjunctiva by nested PCR: a
case control study in Iran. Acta Med Iran. 2011;49:707-14.

Carreira H, Coutinho F, Carrilho C, Lunet N. HIV and HPV infections and ocular
surface squamous neoplasia: systematic review and meta-analysis. Br J
Cancer. 2013;109:1981-8.

Tabrizi SN, McCurrach FE, Drewe RH, Borg AJ, Garland SM, Taylor HR. Human
papillomavirus in corneal and conjunctival carcinoma. Aust N Z J Ophthal-
mol. 1997,25:211-5.

Saegusa M, Takano Y, Hashimura M, Okayasu |, Shiga J. HPV type 16 in con-
junctival and junctional papilloma, dysplasia, and squamous cell carcinoma. J
Clin Pathol. 1995;48:1106-10.

Chauhan S, Sen S, Sharma A, et al. Human papillomavirus: a predictor of bet-
ter survival in ocular surface squamous neoplasia patients. Br J Ophthalmol.
2012,96:1517-21.

Kobalka PJ, Abboud JP, Liao X, et al. p16INK4A expression is frequently
increased in periorbital and ocular squamous lesions. Diagn Pathol.
2015;10:175.

Kwon MJ, Shin HS, Nam ES, et al. Comparison of HER2 gene amplification
and KRAS alteration in eyelid sebaceous carcinomas with that in other eyelid
tumors. Pathol Res Pract. 2015;211:349-55.

Tetzlaff MT, Curry JL, Ning J, et al. Distinct Biological types of ocular

adnexal sebaceous carcinoma: HPV-Driven and virus-negative tumors arise
through Nonoverlapping Molecular-Genetic alterations. Clin Cancer Res.
2019;25:1280-90.

Chauhan S, Sen'S, Singh N, et al. Human papillomavirus in ocular malignant
tumours: a study from a tertiary eye care centre in North India. Can J Oph-
thalmol. 2019;54:688-93.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Page 7 of 8

Liau JY, Liao SL, Hsiao CH, Lin MC, Chang HC, Kuo KT. Hypermethylation of
the CDKN2A gene promoter is a frequent epigenetic change in periocular
sebaceous carcinoma and is associated with younger patient age. Hum
Pathol. 2014;45:533-9.

Stagner AM, Afrogheh AH, Jakobiec FA, et al. p16 expression is not a sur-
rogate marker for high-risk human papillomavirus infection in Periocular
Sebaceous Carcinoma. Am J Ophthalmol. 2016;170:168-75.

Hayashi N, Furihata M, Ohtsuki Y, Ueno H. Search for accumulation of p53 pro-
tein and detection of human papillomavirus genomes in sebaceous gland
carcinoma of the eyelid. Virchows Arch. 1994;424:503-9.

Cho KJ, Khang SK, Koh JS, Chung JH, Lee SS. Sebaceous carcinoma of the
eyelids: frequent expression of c-erbB-2 oncoprotein. J Korean Med Sci.
2000;15:545-50.

Gonzalez-Fernandez F, Kaltreider SA, Patnaik BD, et al. Sebaceous carcinoma.
Tumor progression through mutational inactivation of p53. Ophthalmology.
1998;105:497-506.

Esmaeli B, Dutton JJ, Graue GF. Ophthalmic sites: carcinoma of the eyelid. In:
Amin MBES, Greene FL, Byrd DR, et al. editors. AJCC Cancer Staging Manual.
Springer; 2017. pp. 779-86.

Ryoo NK, Kim JE, Choung HK, Kim N, Lee MJ, Khwarg SI. Human papilloma
virus in retinoblastoma tissues from korean patients. Korean J Ophthalmol.
2013;27:368-71.

Lee JU, Shin JH, Kim JO, et al. Evaluation of the HPV ISH assay in Cervical
Cancer. Korean J Pathol. 2010;44:513-20.

Boyd AS, Annarella M, Rapini RP, Adler-Storthz K, Duvic M. False-positive
polymerase chain reaction results for human papillomavirus in lichen
planus: potential laboratory pitfalls of this procedure. J Am Acad Dermatol.
1996;35:42-6.

Seo HH, Kim YJ, Jeong MS, et al. Combined SYBR Green real-time polymerase
chain reaction and microarray method for the simultaneous determina-

tion of human papillomavirus loads and genotypes. Obstet Gynecol Sci.
2016;59:489-97.

Ritari J, Hultman J, Fingerroos R, et al. Detection of human papillomaviruses
by polymerase chain reaction and ligation reaction on universal microarray.
PLoS ONE. 2012;7:e34211.

Kim KH, Yoon MS, Na YJ, Park CS, Oh MR, Moon WC. Development and
evaluation of a highly sensitive human papillomavirus genotyping DNA chip.
Gynecol Oncol. 2006;100:38-43.

Kim JK, Jeon JS, Lee CH, Kim JW. Prevalence and genotype distribution

of human papillomavirus in Cheonan, Korea. J Microbiol Biotechnol.
2014;24:1143-7.

Lee NG, Kim LA, Freitag SK. The role of genetics in the pathogenesis of
periocular cutaneous neoplasms: implications for targeted therapy. Semin
Ophthalmol. 2013;28:267-74.

Kivela T, Asko-Seljavaara S, Pihkala U, Hovi L, Heikkonen J. Sebaceous
carcinoma of the eyelid associated with retinoblastoma. Ophthalmology.
2001;108:1124-8.

Kyllo RL, Brady KL, Hurst EA. Sebaceous carcinoma: review of the literature.
Dermatol Surg. 2015;41:1-15.

Ateenyi-Agaba C, Dai M, Le Calvez F, et al. TP53 mutations in squamous-cell
carcinomas of the conjunctiva: evidence for UV-induced mutagenesis. Muta-
genesis. 2004;19:399-401.

Williams VM, Filippova M, Filippov V, Payne KJ, Duerksen-Hughes P Human
papillomavirus type 16 E6* induces oxidative stress and DNA damage. J Virol.
2014,88:6751-61.

Buitrago-Perez A, Garaulet G, Vazquez-Carballo A, Paramio JM, Garcia-Escu-
dero R. Molecular signature of HPV-Induced carcinogenesis: pRb, p53 and
gene expression profiling. Curr Genomics. 2009;10:26-34.

Ramberg |, Maller-Hansen M, Toft PB, Funding M, Heegaard S. Human papil-
lomavirus infection plays a role in conjunctival squamous cell carcinoma: a
systematic review and meta-analysis of observational studies. Acta Ophthal-
mol. 2021,99:478-88.

Carroll N, Willis ZI, de St Maurice A, Kohanim S. Human papilloma virus vacci-
nation and incidence of ocular surface squamous neoplasia. Int Ophthalmol
Clin. 2017,57:57-74.

Abreu AL, Souza RP, Gimenes F, Consolaro ME. A review of methods for detect
human papillomavirus infection. Virol J. 2012;9:262.

Gravitt PE, Winer RL. Natural history of HPV infection across the Lifespan: role
of viral latency. Viruses. 2017,9:267.

McNicol P, Guijon F, Brunham R, Gray M, Paraskevas M. Laboratory diagnosis
of latent human papillomavirus infection. Diagn Microbiol Infect Dis.
1992;15:679-83.



Yang et al. BMIC Ophthalmology

43.

44,

45.

46.

(2023) 23:390

Bruno MT, Scalia G, Cassaro N, Boemi S. Multiple HPV 16 infection with two

strains: a possible marker of neoplastic progression. BMC Cancer. 2020;20:444.

Na HY, Park JH, Shin SA, et al. Targeted sequencing revealed distinct muta-
tional profiles of ocular and extraocular sebaceous carcinomas. Cancers.
2021;13:4810.

Neale RE, Weissenborn S, Abeni D, et al. Human papillomavirus load in
eyebrow hair follicles and risk of cutaneous squamous cell carcinoma. Cancer
Epidemiol Biomarkers Prev. 2013,22:719-27.

Sjo NC, von Buchwald C, Cassonnet P, et al. Human papillomavirus: cause of
epithelial lacrimal sac neoplasia? Acta Ophthalmol Scand. 2007;85:551-6.

Page 8 of 8

47. Trottier H, Mayrand MH, Coutlée F, et al. Human papillomavirus (HPV)
perinatal transmission and risk of HPV persistence among children: design,
methods and preliminary results of the HERITAGE study. Papillomavirus Res.
2016;2:145-52.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Prevalence of human papillomavirus in eyelid carcinoma among Koreans: a clinicopathological study
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Case selection
	﻿Tissue microarray
	﻿p16 IHC
	﻿DNA ISH
	﻿DNA extraction
	﻿DNA microarray
	﻿Statistical analysis

	﻿Results
	﻿Patients’ characteristics
	﻿DNA microarray and DNA ISH
	﻿Association of HPV positivity with clinicopathological characteristics

	﻿Discussion
	﻿References


