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Abstract Retinoblastoma tumor (RB) is one of the most
prevalent ocular cancers among children. RB may be
caused by inherited mutations in RBI gene as well as some
environmental risk factors. Human papillomaviruses
(HPV) are suspected as a risk factor of RB due to their pRb
inactivating protein. This study evaluated the molecular
prevalence of HPV among the RB tumor specimens in Iran.
The RB tumor samples were tested for detection of HPV-
L1 gene using a nested-PCR approach, and then followed
by sequencing and phylogenetic analysis to reveal HPV
types. Overall, there were 61 RB tumor samples; 54/61
(88.5%) had unilateral and 7/61 (11.5%) bilateral RB;
55/61 cases (90.2%) had sporadic non-familial RB tumor.
HPV-DNA was detected in 6/61 (9.8%) of patients’
tumors; the HPV positive RB cases all had unilateral and
unfamiliar sporadic RB tumor. HPV type 16 was the most
prevalent type identified across the RB tumor samples (3/
61, 4.9%). The rate of detected HPV among the RB
specimens seems to be considerable. Further investigations

Electronic supplementary material The online version of this
article (https://doi.org/10.1007/s13337-019-00540-7) contains sup-
plementary material, which is available to authorized users.

P< Maryam Esghaei
maryam.esghaei @gmail.com; esghaei.m@iums.ac.ir

Department of Virology, Iran University of Medical
Sciences, Tehran, Iran

Eye Research Center, Rassoul Akram Hospital, Iran
University of Medical Sciences, Tehran, Iran

HIV Laboratory of National Center, Deputy of Health, Iran
University of Medical Sciences, Tehran, Iran

Department of Pathology, Rassoul Akram Hospital, Iran
University of Medical Sciences, Tehran, Iran

@ Springer

are required to elucidate the exact association between
HPV and progression to RB.

Keywords Retinoblastoma tumor - RB - Human
papillomavirus - HPV - Iran

Introduction

Retinoblastoma (RB) is the most common ocular tumor
which affects the retina mostly in children. The incidence
of RB is estimated one per 15,000-18,000 live births [26],
and occur approximately 4/million among children lower
than 15 years old [43]. The RBI gene located on the short
arm of chromosome 13 encodes the retinoblastoma protein
(pRb), a major human tumor suppressor. Mutations that
lead to inactivation or absence of pRb cause development
of RB tumor [45]. The pRb has significant functions in the
control of cell cycle, and its suppression has a major impact
in development of several human cancers [27].

In the etiology of RB, there is a two hit-run hypothesis
[7]. A child with an inherited allele mutated in RBI gene
may be later affected with alternative risk factors such as
infections, chemicals, etc., which lead to other somatic
mutations and complete inactivation of pRb activity [34].
Most cases of sporadic RB have been reported from less
developed countries and poor regions of the world such as
Asia (mostly from India), Latin America, and Africa [4].
This suggests association of RB with environmental and
behavioral factors with low levels of healthcare economy
and culture [41].

Human papillomavirus (HPV) is a dsDNA virus which
infects epithelial cells of different tissues, and has a distinct
replication cycle, which strictly synchronized with the life
cycle of host cell [32]. HPV can be transmitted and infect
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genital tract of both genders, and is the main cause of
cervical cancer [38, 39]. There are more than 200 well
established HPV types; mucosotropic ones classified into
low- and high-risk types according to their oncogenic
potential [37, 44]. High risk types of HPV, as the most
common oncogenic DNA virus, encode proteins that
deactivate and/or interfere with natural human proteins
with some anti-tumor functions [10]. For example, HPV-
E6 binds to p53 protein, and promotes formation of tumor
via down regulation and ubiquitin degradation of p53.
Another HPV encoded protein, E7, has the capability of
binding to pRb anti-tumor family proteins including pRb,
cyclin A, p130, and p107, thereby suppressing their anti-
tumor functions [15].

These molecular and epidemiological evidence suggests
a possible association between the incidences of non-fa-
milial sporadic RB and oncogenic pRb-inactivating viruses
such as HPV as an environmental cofactor. Recent findings
around the world have introduced a hypothesis on the eti-
ology of RB tumor which suggests a presumptive associ-
ation between HPV and RB. However, there is not any data
around the frequency of HPV across the RB tumor in Iran.
So, this research aimed to evaluate the molecular presence
and typing of HPV in tumor samples among Iranian chil-
dren with retinoblastoma.

Materials and methods
Patients and samples

This cross-sectional study was approved in the ethics
committee of the research deputy of Iran University of
Medical Sciences (ethics code: IRIUMS.REC 1395.95-04-
30-28743). The ophthalmology surgery department in the
Rasul Akram hospital, affiliated with ITUMS, is a major eye
surgery department in Iran, and most of the enucleation
procedures are performed in this center. In this eye surgery
center, formalin-fixed paraffin-embedded (FFPE) samples
confirmed histologically as RB tumor were collected from
2013 to 2018. All of the patients’ demographic and histo-
clinical information were also recorded.

Extraction of nucleic acids

The FFPE samples were stored in individual boxes in a
cold room until practicing the molecular procedures. Then,
for each paraffin block, 20 um thick sections were taken
using separate disposable blades. Care was taken to avoid
contamination with other specimens; blade keeper and
other attachments of the microtome were cleansed by
xylene and ethanol before and after cutting the blocks.

For each sample, 2 sections underwent paraffin removal
with a xylene-ethanol protocol. Then, the samples were
transferred to a 1.5 pl eppendorf tube for DNA isolation
using a tissue DNA extraction kit (MN, Macherey—Nagel
GmbH & Co. KG) according to the kit instructions with
minor modification. The purity of the isolated DNA was
assessed by a BioPhotometer (Nanodrop ND-1000 Spec-
trophotometer) in line with observance at 260/280 nm. The
extraction procedure was confirmed by a PCR for beta-
globin gene, performed as described previously [18].

Detection of HPV-DNA

For detection of HPV-DNA, a nested-PCR approach was
applied using commonly used MY and GP primers
(Table 1), as described previously [17, 29]. In the first step,
about 25-50 ng of the extracted DNA was used as template
in a reaction including 12.5 pl of 2X-PCR master mix
(Red, Amplicon, Denmark), 10 pmol/mL of each outer
primers (MY09 and MY11), and then brought to 25 pl
using sterile ddH20O. The thermal program started with
95 °C for 10 min, then followed by 35 cycles of 94 °C for
1 min, 55 °C for 30 s, and 72 °C for 45 s, next finalized
with 10 min at 72 °C for production of full-length strands.
The product was a 452 base pair (bp) fragment of HPV-L1
gene, which was ready for nested PCR. The product of
MY09/MY11 was used as template DNA for nested stage
with inner primers (GP5* and GP6") under reaction con-
ditions as with the first stage. The thermal program initi-
ated with a pre-denaturation step (95 °C for 5 min)
followed by three steps including 30 s at 94 °C, 20 s at
46 °C, and 20 s at 72 °C repeated in 35 cycles. The product
underwent gel electrophoresis using 2% agarose gel, which
demonstrated a 142 bp band. In each run, the extract of
HeLa cells was used as the positive control, while sterile
water along with a confirmed negative sample were used as
negative controls. The stages of DNA extraction, PCR
preparation, and post-PCR were individually performed in
separate rooms.

Genotyping of HPV

The PCR product of GP5/6" primers was purified and
underwent for direct sequencing (BigDye Terminator V3.1
on the ABI 3730XL DNA Analyzer, BIONEER CO). The
obtained sequences were aligned in the online BLAST tool
in the database of NCBI to elicit HPV types. Again, the
sequences were aligned with attributed type specific ref-
erence sequences in BioEdit software. The alignment was
introduced in MEGAG software and prepared for a phylo-
genetic analysis. The evolutionary history was deduced
using the Maximum Likelihood method based on the
Tamura 3-parameter model. The bootstrap consensus tree
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Table 1 The sequences of

primers used for detection of Primer Sequence Target Product size
HPV-LL, and human B globin MY11 GCMCAGGGWCATAAYAATGG® HPV-L1 452

MY09 CGTCCMARRGGAWACTGATC HPV-L1

GPS™ TTTGTTACTGTGGTAGATAC HPV-L1 142

GP6™ GAAAAATAAACTGTAAATCA HPV-L1

Betl TCAACCCTACAGTCACCCAT B-Globin 501

Bet2 CTAACAATTACGAACAGCAATGAG B-Globin

*Degenerate nucleotides: M (A, C), W (A, T), Y (C, T), R (A, G)

inferred from 1000 replicates to represent the evolutionary
history of the taxa analyzed. Initial tree for the heuristic
search were obtained automatically by applying Neighbor-
Join and BioNJ algorithms to a matrix of pairwise distances
estimated using the Maximum Composite Likelihood
(MCL) approach, and then selecting the topology with
superior log likelihood value. A discrete Gamma distribu-
tion was employed to model the evolutionary rate among
differences sites [21].

Statistical analysis

All demographic, clinical and virological information was
introduced and analyzed in SPSS package version 25.
Descriptive analysis was used for comparing continuous
variables between the groups. Fisher exact test and Chi
square tests were utilized to elicit the association between
HPV and tumor as well as clinical status.

Result
Baseline demographic and clinical information

Overall, there were 61 FFPE samples from 61 patients
diagnosed as RB tumor. Among the patients, 86.9% were
from urban and 13.1% were from rural regions. In terms of
gender, 32/61 (52.5%) were male and the rest were female.
The mean age of the patients was 28.6 £ 17.3 months at
the age of enucleation (ranged 2-70 months). Among the
RB tumors, 88.2% were unilateral (54% left eye and 35.3%
right eye), while 11.7% of patients had bilateral RB. The
mean age of enucleation for wunilateral was
30.2 £+ 17.5 months, while this was 16.3 £+ 18.6 for
bilateral cases. The majority of patients had no evidence of
familial history of RB tumor (90.2%). The mean lag time
was 2.9 £ 7.2 months ranging from zero to 50 months.
Among the symptoms, the most recorded sign was leuco-
coria (23.5%), followed by strabism, red eye, decreased
vision, and proptosis which reported in 17%, 11.5%, 7.5%
and 4% of the patients, respectively.
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Prevalence of HPV-DNA

All the Samples were positive for B-globin PCR (Fig. 1),
and thus followed by molecular testing of HPV. The pro-
duct of nested-PCR (GP 5"/6™ primers) was run in the
agarose gel, whereby the intended band indicated positive
samples (Fig. 1). Overall, there were 6 samples positive for
HPV-DNA (9.8%). The mean age of enucleation among
HPV positive cases was 27.6 £ 15 months, but among
HPV  negative cases, it was 29 + 18 months
(p value = 0.646). The mean lag time for HPV positive and
negative cases was 3.4 + 4.8 and 2.8 + 7.4, months
respectively (p value = 0.231). The pathological and clin-
ical characteristics of HPV-positive and -negative RB cases
are summarized in Table 2. The prevalence of HPV-DNA
among males and females was 6.3%, and 13.8%, respec-
tively (p value = 0.285).

Genotyping of HPV

The sequencing was performed successfully; the obtained
sequence data were aligned with the reference sequences
(Fig. 2) and deposited to the database of gene bank after
trimming (Accession numbers: MH539879-MH539884).
Phylogenetic analysis was conducted with maximum like-
lihood program in MEGAG6 and represented in a phyloge-
netic tree, illustrating the distance between the isolates of
the current project with the reference sequence of each
HPV type (Fig. 3). The result of sequencing and blast
revealed that among 6 HPV positive RB cases, 3 cases
belonged to HPV type 16 (4.9% of total), with one case for
each type of 18, 6, and 11. Overall, the prevalence of high-
risk HPV types was 4/61 (6.5%), comprising 66.6% of the
HPV-positive cases. There were 2/61 (3.3%) positive for
low risk types, comprising 33.3% of the positive cases.

Discussion
Several viral proteins are inhibitors of pRb, such as SV40-

large T antigen, HPV-E7 and adenovirus-E1A [30]. HPV is
suspected as a cofactor of RB because of sharing risk
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Fig. 1 a A 501 bp band showing the replication of 3-globin gene and band: L: 1500 bp DNA ladder, lane 1: negative control, lane 2:
efficient DNA extraction; L: 1500 bp. DNA ladder, lane 1: negative positive control, and lane 3-6: positive samples, and lane 7-10
control, lane 2: positive control, and lane 3—11: samples. b The PCR negative samples

products of GP primers loaded in agarose gel representing a 142 bp

Table 2 Clinical, phenotypic
characteristics and status of
HPV-DNA among the RB cases Gender

Characteristic Number (%) HPV positive N (%) HPV negative N (%) p value

Male 32 (52.5) 2 (6.3) 30 (93.7) 0.285
Female 29 (47.5) 4 (13.8) 25 (86.2)

Laterality
Unilateral 54 (88.5) 6 (11.1) 48 (88.8) 0.045*
Bilateral 7 (11.5) 0 7 (100)

Habitat
Urban 53 (86.9) 6 (11.3) 47 (88.7) 0.125°
Rural 8 (13.1) 0 8 (100)

Tumor differentiation
Moderate differentiated 5(8.2) 1 (20) 4 (80) 0.654
Poorly differentiated 34.9) 0 3 (100)
Well differentiated 33 (54.1) 2 (6) 31 (93.9)
Un-known 18 (29.5) 3 (16.6) 15 (83.3)

Tumor extension
Intra-ocular 56 (91.8) 58.9) 51 91.1) 0.585
Extra-ocular 5(8.2) 1 (20) 4 (80)

“The prevalence of HPV among unilateral was significantly higher than bilateral
"HPV among urban cases was insignificantly higher than rural ones

factors with RB distribution, furthermore the probability of =~ has been estimated to been protected by cesarean section,
maternal genital transmission of HPV to the infants has  and use of condoms in the year prior to pregnancy [9, 16].
been identified so far [3, 22, 42]. Besides, the risk of RB There are evidence of presence of HPV in non-epithelial
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Fig. 2 Alignment of studied sequences in accordance with reference sequence of each HPV-type
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Fig. 3 Molecular phylogenetic analysis by Maximum Likelihood
method: the accession number and HPV types of reference sequences
are given in the front of branches. Green circle labels are isolates of
the current study. Bovine papillomavirus (AF486184) was used to
root the tree (colour figure online)

cells [12], it has been also repeatedly isolated from head
and neck squamous cell carcinoma [28] and even in a
variety of non-RB lesions of eye [11]. Source of detected
HPV from non-epithelial cells may be from surrounding
HPV infected tissues. Although, HPV-E6 and viral DNA
could be synthesized by neurons [11], since transcription
factors such as AP-1, Spl, and NFI are active in neurons
and glial cells that are sufficient for early viral protein
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expression [13]. Since the definitive link between this virus
and some cancers has already been demonstrated, assess-
ment for possible virologic impress at retinoblastoma
tumor is suggested.

This was the first report investigating HPV in RB tumor
in Iran. Molecular assessment of RB samples revealed that
9.8% were positive for HPV-L1 DNA. Around the world,
there are several studies that are in line with this study and
mostly indicate higher prevalence than ours (Supplemen-
tary Table 1). Most reports are from Asia, particular from
India, as RB accounts for one of the five most prevalent
cancers among children in India. In a most recent report
from India, 25.6% of 39 RB cases were positive for HPV
[25]. There are also other reports from India with higher
rates of HPV; 24% [1], 47% [23], 57.14% [3], and 69.7%,
all of which were conducted on FFPE and/or fresh frozen
RB samples [41].

There are a few reports from other continents. In two
studies from Brazil, prevalence of HPV among 153 FFPE
tumor samples was reported as 4.6% [2], and 27.9% among
35 RB cases [31]. In Mexico, the HPV rate among the 39
RB cases was 36% [30], even though, another study from
Mexico revealed 82.3% HPV positive out of 51 RB tumor
cases tested [24]. These variations in the rate of HPV
among different studies may be mostly attributed to the
socio-economic level of the population studied, region and
race of population, and even technical approaches utilized.
In contrast, the prevalence of HPV was zero in the fol-
lowing reports: an investigation from North America did
not find any case positive for HPV [14]. Another study
from South Korea did not report any HPV positive RB case
[33]. These negative results can be explained by the
diversity in geography, ethnicity, number of participants,
and the assay used. This negative correlation has been also
reported in a more recent study, although they used real-
time PCR assay that is less sensitive than conventional
nested-PCR [36]. In a recent study in India, detection
strategies of HPV has been investigated among 20 RB
cases, and interestingly detection rate was zero among
different assays used (PCR, in situ hybridization and
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immunohistochemistry) [6]. In the current research, a
nested-PCR approach was used, which increased the sen-
sitivity of the test. Also, sequencing was performed to
confirm positive cases. The prevalence rate in this study is
far less than the rates previously reported, this can be due
to regional distribution of HPV, cervical carcinoma and
overlapping risk factors of HPV and RB. The prevalence of
HPYV is so high in developing countries such as Mexico and
India, and thus cervical carcinoma is the most common
cancer among women in India (30.7 per 100,000 in India,
which is highest in south central Asia) [5]. Nevertheless,
this figure estimated to 6 per 100,000 in Iran [20].

Another finding of this study, HPV type 16 was the most
prevalent type, and in overall 4/61 (6.5%) of RB cases had
high-risk types of HPV. In most of other studies, type 16
has also been the prevalent type among the RB cases
(Supplementary Table 1) [1, 3, 23, 31]. The dominance of
HPV type 16 in the current study and most of previous
literature is notable. The burden of cervical atypical
squamous lesions and cervical cancer is mostly attributed
to this type [8]. HPV type 16 is more likely to integrate into
the host chromosome [19, 40], leading to a persistent
infection and increasing the level of E6/E7, thereby caus-
ing cancer progression.

An interesting finding, the HPV positive RB cases of
the current study all had unilateral and unfamiliar spo-
radic RB tumor, while the rate of HPV was zero among
the bilateral cases. Although bilateral RB tumor is mostly
caused by germ-line mutations in RB1 gene, meanwhile it
has been determined that 17-77% of bilateral ones did not
have germ-line mutations in RB1 gene [30]. Again, in
regions with high incidence of RB such as India, most of
RB occur as non-familial or sporadic cases and familial
disease is seen rarely in just 1.7% of cases [35]. In this
study, there was not any HPV positive bilateral disease,
this finding is in line with previous studies that reported
much lower rate of HPV amongst the bilateral RB cases
[30].

These findings may suggest a presumptive link between
infection with HPV and incidence of sporadic RB. It would
be much convenient to conclude if there was a normal
control group or neighboring normal tissues for comparing
them with RB. Thus, it needs further comprehensive case—
control study, and also analysis of RB1 mutations which
will be done in future works.

Epidemiological studies on this title have been mostly
focused in Asia, and it needs further investigations in dif-
ferent regions of the globe to obtain more conclusive evi-
dence. Despite demonstration of HPV-DNA in RB tumors
in the current project and previous studies, further molec-
ular-functional investigations are required to determine the
possible involved pathways.
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