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Brn-3a and Brn-3b are differentially expressed in recurrent respiratory
papillomatosis associated to HPV-6 and HPV-11 infection.
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Abstract
Brn-3a and Brn-3b are transcription factors expressed mainly in somatosensory neurons during
embryonic stage; but they are absent in adulthood. Both share the same DNA binding site with an
antagonist effect. Brn-3a expression has been reported 300 fold increased in Cervical Intraepithelial
Neoplasia grade 3 (CIN3) compared with normal cervix tissue; some studies suggest that Brn-3a may
increase the expression of HPV onco-proteins E6 and E7 by interaction with the promoter region of
some high risk HPV genotypes. In this study, we analyzed the expression of Brn-3a and Brn-3b in
laryngeal tissue biopsies from patients with Recurrent Respiratory Papillomatosis (RRP) and in
volunteers´ health tissue. HPV was detected in all RRP samples and only HPV-6 and HPV-11 were
detected in the samples of RRP. Brn-3a was expressed in 87% of the samples and Brn-3b in 45% coexpressed with Brn-3a. Brn-3a is expressed in laryngeal papillomas of patients with RRP diagnostic; but
not in normal laryngeal tissue. The most of the samples expresses Brn-3a and only half weakly expresses
Brn-3b; which suggests that the antagonist role of Brn-3b over Brn-3a is absent in this process.
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Introduction
Brn-3a/POU4f1, Brn-3b/POU4f2 and Brn-3c/POU4f3 are
members of the POU transcription factors family which play
an important role in mammalian early embryonic development.
They are expressed principally in subsets of overlapping
visual, auditory and somatosensory neurons [1-3]. Although
Brn-3a and Brn-3b share same DNA binding motives, it has
been reported that these two factors exert opposite effects on
their targets transcription [4-6]. Brn-3 transcription factors
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interact additively with during Retinal Ganglion Cell (RGC)
generation, but have distinct effects on the specification of the
morphological features necessary to establish RGC cell types.
Brn-3b affects Brn-3a and Brn-3c positive RGCs, Brn-3b loss
affects survival, and axon and dendritic arbor features of
Brn-3a positive RGCs, including those that normally do not
express Brn3b in the adult [7].
Besides its participation in neuronal embryonic development,
some reports suggest that Brn-3a and Brn-3b can be involved
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in cancer development through transcriptional regulation of
some pro-apoptotic and suppressor tumor genes such as Bcl-2,
Bcl-X and BRCA-1 [8-10]. Expression of Brn-3a and Brn-3b in
adult tissues is rare; however the expression of Brn-3a and
Brn-3b in neuroendocrine tumors, melanoma, prostate, ovarian
and breast cancer have been reported. [10-14]. Latchman et al.
described functionally antagonistic effects, with Brn-3a
activating specific gene promoters which are repressed by
Brn-3b during the process of neuroblastoma differentiation and
proliferation [15,16]. It is the first report of the possible
participation of ratio Brn-3a/Brn-3b in cancer development.
Latchman et al. demonstrated the Brn-3a overexpression in
CIN3. [17] They also reported that Brn-3a and Brn-3b bind to
ATGCAATT, a sequence which is present in the URR of some
HPV-16 and HPV-18 with antagonistic effects, with Brn-3a
activating and Brn-3b repressing HPV expression in cervix cell
lines [18].
Recurrent Respiratory Papillomatosis (RRP) is a histological
benign and chronic larynx, trachea, and bronchi disease. It is
the most frequent benign neoplasm in childhood and is
associated to HPV-6 and HPV-11 infection. Although HPV-6
and HPV-11 are not considered high risk HPVs, RRP may
evolve and compromise the larynx function, and eventually, it
may evolve to squamous cell carcinoma [19-22].
There are not expression reports of Brn-3a or Brn-3b in normal
or unhealthy oropharyngeal tissue. It is clear that Brn-3a may
induce HPV-16 and 18 expressions, increasing their oncogenic
potential. Changes in the URR, HPV-6 and 11 sequences, may
allow regulation of their viral promoter by Brn-3a, facilitating
the progressive increase in the grade of disorder in the
papillomas or to spontaneous squamous cell carcinoma
development.
This study´s aim was to analyze the Brn-3a and Brn-3b
expression in fresh laryngeal tissue from RRP patients.
Additionally it was performed detection of HPV presence and
specific genotypes such HPV-6, HPV-11, HPV-16 and HPV-18.

Materials and Methods
All procedures and tests performed during this work were
approved by the Institutional Review Board (IRB) of the
Hospital Universitario UANL with number OT12-003.
RRP biopsies and laryngeal brush samples: Fresh biopsies
were collected in the Service of Otorhinolaryngology at the
Hospital Universitario UANL (Nuevo Leon, Mexico).
Laryngeal papillomas (n=11) were collected by direct microlaryngoscopy surgery with sub-epithelial resection. Each
specimen was divided into two pieces of 2 mm used for DNA
and RNA isolation respectively. Both specimens were stored at
-70°C until pathologist observation and nucleic acid extraction.
The pathologist confirmed papillomas through histological
observation. Normal laryngeal tissue expression was evaluated
in brush samples from asymptomatic volunteers, negatives for
HPV (n=10).
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DNA and RNA isolation: Nucleic acids were isolated from
fresh RRP biopsies and normal laryngeal brush samples.
Nucleospin Tissue Genomic DNA Purification Kit and
Nucleospin RNA of Macherey-Nagel (Duren, Germany) were
used to perform the genomic DNA and total RNA isolation
respectively, following protocols of the manufacturer. Genomic
DNA and total RNA were quantified in the spectrophotometer
Nanodrop 2000 (Thermo Scientific) and diluted to final
concentration of 60 ng/µL for DNA, and 30 ng/µL for RNA.
Once diluted, nucleic acids were stored at -80°C until required.
PCR for HPV detection and genotyping: The presence of
HPV in RRP samples and oropharyngeal brush was detected
by end-point PCR using universal MY (MY06/MY09)
oligonucleotides. PCR reactions were performed using homedesigned HPV type specific oligonucleotides to detect a LCR
region; 5’-TAT TCG TAC CGG TGT TAA GCGCC-3’/5’TTG GCA GGG CAA TGT GTA CCTG-3’ for HPV-6, 5’GCT GTG TCT AAG CCC TCT ACAG-3’/5’- GTA CCT
TGG CAC ACA ACA TATGG-3’ for HPV-11, 5´-ACC TCA
TCT ACC TCT ACA ACTGC-3´/5´- GGC AAG CAG TGC
AGG TCAGG-3´ for HPV-16 and 5’-AAC CTG CCA AGC
GTG TGC GTG-3’/5’-TAA GCC AAA GGC AAC CGA
AATCG -3’ for HPV-18. Oligonucleotides for Brn-3a, Brn-3b,
E2-HPV6, E2-HPV11, E6-HPV6 and E6-HPV11 analyses
were 5’-TGG CGT CCA TCT GCG ACTC-3’/5’-CTCA GGC
TTG TTC ATT TTCTC-3’ for Brn-3a, 5’-GGA GAA GAA
GCG CAAGC-3’/5’-TCT GGA GAG GCC AAG AGTC-3’
for Brn-3b, 5’-AAG CGT TTA GAT GCG TGC CAG-3’/5’ATT GTA TTG TTT GCA CAG CCATC-3’ for E2-HPV6, 5’ATA CAC AAA CAC ATT ATG CAT TGG-3’/5’-ATA TGT
GTC CAT ACC ACA TACTC-3’ for E2-HPV11, 5’-ATG CCT
CCA CGT CTG CAACG-3’/5’-ATG TTG TCC AGC AGT
GTA GGC-3’ for E6-HPV6 and 5’-TAA AGA TGC CTC CAC
GTC TGC-3’/5’-AAG TCT TCC ATG CAT GTT GTCC-3’ for
E6-HPV11.
PCRs were performed using Green Go-Taq 2X MasterMix of
Promega (Madison, WI, USA) and all oligonucleotides were
ordered to IDT (Coralville, Iowa, USA). Annealing
temperatures for MYs and all home-designed oligonucleotides
were 60°C and 68°C respectively. Genomic DNA from HeLa
(HPV-18), SiHa (HPV-16) and clinical samples previously
identified as positives to the presence of HPV-6 or HPV-11
were used as positive controls for PCR.
cDNA synthesis: cDNA synthesis for expression analysis of
Brn-3a and Brn-3b was made using oligo-dT method.
Retrotranscription reactions were performed with Superscript
III Reverse Tanscriptase of Invitrogen (Waltham, MA, USA)
and 60 ng of total RNA as template. Manufacturer’s conditions
were followed.

Results
HPV-11 is the most prevalent in our RRP population. HPV
presence was confirmed by end-point PCR using degenerated
MY oligonucleotides in the total of the RRP samples (11/11)
(Figure 1a) and absent in normal laryngeal brush samples
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(0/10). Only genotypes HPV-6 and HPV-11 were identified in
RRP samples. HPV-11 was the most prevalent with 73% (8/11)
(Figure 1b) and HPV-6 was present in 27% (3/11) (Figure 1c)
of the RRP samples. HPV-16 and HPV-18 were not detected
using specific end-point PCR (Figures 1d and 1e). There was
no co-infection with HPV-6 and HPV-11 in any sample.
Brn-3a and Brn-3b are expressed in RRP tissue. Even when
Brn-3a and Brn-3b are neuronal, embryonic specific
transcription factors, expression Brn-3a and Brn-3b was
detected in biopsies from RRP patients. The 82% (9/11) of
RRP samples were positive for Brn-3a expression and 45%
(5/11) co-expressed Brn-3a and Brn-3b. The 67% (6/9) of
Brn-3a positive samples were associated to HPV-11 and only
33% (3/9) were associated to HPV-6. 3 Brn-3a (+)/HPV-11 (+)
and one Brn-3a (+)/HPV-6 (+) did not express Brn-3b. The
60% (3/5) of Brn-3b positive samples were associated to
HPV-11 and 40% (2/5) were associated to HPV-6. All Brn-3b
(+) samples co-expressed Brn-3a (Figure 2). Only the 18%
(2/11) of RRP samples showed no expression of Brn-3a and
Brn-3b.

Figure 1. HPV detection and genotyping for HPV types 6, 11, 16 and
18. (a) End-point PCR for HPV detection using primers MY06/MY09
in larynx papillomas (1-11). End-point PCR for genotyping; (b)
HPV-6; (c) HPV-11; (d) HPV-16; (e) HPV-18 in larynx papillomas
(1-11). Each PCR includes positive (+) and negative control (-).

Figure 2. Expression of Brn-3a and Brn-3b in laryngeal papillomas.
End-point PCR amplification of the messengers: (a) Brn-3a; (b)
Brn-3b; expressed in laryngeal papillomas samples (1-11); (c) β-actin
was used as endogenous gene.
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Discussion
Brn-3a and Brn-3b are neuronal embryonic transcription
factors that exhibit opposite effects, related to early embryonic
development, and are absent in adulthood. Morris et al.
reported that, Brn-3a binds HPV-16 promoter (URR) and
activates transcription [6]. Ndisang et al. identified that Brn-3a
is expressed in normal cervix tissue, and is overexpressed 300fold in cervical intraepithelial neoplasia grade 3 (CIN3) lesions
compared to normal tissue [17]. Both observations suggest
that, Brn-3a is an important cellular factor that elevates risk of
cervix transformation if it is infected with HPV variants that
are activated by Brn-3a, by increasing levels of transforming
oncogenes E6 and E7. However, HPV-16 is more prevalent in
cervix infection but traditionally not prevalent in larynx, in
which we demonstrated Brn-3a expression compared to normal
tissue.
Ndisang et al. suggests that, basal expression in normal cervix
tissue is not related to the oncogenic process, and that it is
necessary the presence of HPV for carcinoma development
[17,18]. However, recently Brn-3a has been described in other
HPV not related types of cancers, such as prostate cancer and
melanoma [12,15]. Participation of Brn-3a in apoptosis
regulation is well recognized since this neuronal transcription
factor blocks promoters of two pro-apoptotic p53 targets such
as Noxa and Bax [22]. By contrary, two anti-apoptotic genes
such as Bcl-x and Bcl-2 are repressed by p53 and stimulated by
Brn-3a [8,9]. The role of Brn-3a in cancer development may
not be dependent of HPV, but in some tissues where HPV
infection is the onset for cell transformation, the interaction
between Brn-3a and some HPV variants increase the risk for
cancer establishment.
In this study we demonstrate that Brn-3a is expressed in
laryngeal papillomas of RRP diagnosed patients; but not
expressed in normal laryngeal tissue. The most of the patients
expresses Brn-3a (9/11) and only half (5/11) weakly expresses
Brn-3b. This last known Brn-3a antagonist competes for the
same binding sites on their targets promoters. Besides, these
results need to be corroborated in a bigger population with a
quantifiable technique; these results suggest that HPV infected
tissues express Brn-3a rather than Brn-3b. There are no
previous reports of Brn-3a and Brn-3b expressions in health or
pathologic laryngeal tissue. Morris et al. found that,
transfecting equal amounts of a vector expressing Brn-3b and a
vector expressing Brn-3a; the expression of a reporter due to
Brn-3a binding to URR of HPV16 was inhibited. This
inhibition was reverse to the ratio Brn-3a/Brn-3b [6]. Our
observations by end-point PCR show that, apparently there is
more messenger of Brn-3a than Brn-3b, which may suggest
that in laryngeal papillomas, Brn-3b is not able to inhibit
Brn-3a. The observed effect of Brn-3b and Brn-3a on URR of
HPV16 by Morris et al. [6] is important since the virus
expression may be increased by Brn-3a in absence of Brn-3b.
Our results suggest that Brn-3a may control gene expression in
RRP tissue without Brn-3b repression. This effect of Brn-3a
may be on viral genes of some HPV variants, and not only on
cellular genes that present the binding motif for Brn-3a and
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Brn-3b on their promoters. However there is no evidence that
the URR in HPV6 and 11 present the motif for Brn-3a and
Brn-3b. If it is true that URR of HPV6 and HPV11 respond to
Brn-3a, our findings may correlate with the observations of
Latchman et al. [16] with the difference that we are observing
the same behaviour of Brn-3a on a tissue lesion related to low
risk HPVs.
Most of the reports that describe the relation between HPV
infection and Brn-3a expression are in cervix. In our study, we
were not able to detect HPV16 and HPV18 (the most prevalent
HPV genotypes in cervix) in laryngeal papillomas, these HPV
genotypes have URR variants that respond to Brn-3a and
Brn-3b presence [6]. Indeed, the most of patients showed
infection by HPV11 (8/11) and only few patients showed
HPV6 (3/11) infection. It will be interesting to investigate the
interaction of Brn-3a with promoter regions of HPV considered
as low risk virus such as HPV-6 and HPV-11, understanding
that a low risk HPV that responds to Brn-3a may act as high
risk HPV. The prevalence of common laryngeal HPV
genotypes such as HPV-6 and HPV-11 generates the next
question: Does low risk HPVs take advantage of changes in
Brn-3a/Brn-3b ratio?
Since up-regulation of Brn-3a happens in two different but at
the same time related lesions such as CIN3 and larynx
papilloma, which have in common presence of HPV, we may
think that increase in Brn-3a levels and decrease of Brn-3b
levels are directly caused by HPV infection. However, two
samples that do not express Brn-3a and Brn-3b suggest that
presence of HPV is not sufficient to trigger Brn-3a and Brn-3b
expression. Interestingly, from the six HPV11 positive
papillomas that express Brn-3a, only three co-expresses
Brn-3b, while in three HPV6 positive papillomas expressing
Brn-3a, two co-expresses Brn-3b. It may suggest that some
HPV genotypes are able to suppress the Brn-3b expression.
It is interesting that, embryonic neuronal specific transcription
factor Brn-3a is up-regulated in a premalignant lesion such as
CIN3, and in a benign tumor of non-neuronal tissue such as
laryngeal papillomatosis, even more interesting would it be to
know the roll of Brn-3a/Brn-3b ratio in RRP clinical outcome.
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