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Abstract
Objectives:  This  study  aims  to  investigate  the  pattern  of  immunoexpression  of  proteins  p16,
p53 and  Ki-67  in  RRP,  as  well  as  to  evaluate  its  influence  on  the  number  of  surgeries  that  patients
have undergone  to  date  and  to  analyze  the  benefit  of  immunohistochemistry  in  this  disease.
Methods: Clinical-demographic  data  and  tumor  samples  were  obtained  from  33  patients  with
RRP. The  expression  of  proteins  p16,  p53  and  Ki-67  was  analyzed  by  immunohistochemical
method.
Results: Most  patients  had  already  undergone  more  than  one  surgery.  The  p16  marker  was  neg-
ative in  24.2%  of  the  cases,  with  little  positivity  in  27.3%  of  the  cases,  moderate  in  36.4%  and
intense in  12.1%.  The  p53  marker  was  positive  in  all  cases,  with  little  immunoexpression  in
39.4% of  cases,  moderate  in  36.4%  and  intense  in  24.2%.  The  Ki-67  marker  showed  nuclear  posi-
tivity in  all  lesions,  although  in  varying  degrees,  with  a  mean  proliferative  index  ±  SD  (standard
deviation)  of  51.7  ±  26.
Conclusions:  The  papillomatous  lesions  had  varying  degrees  of  immunoexpression  of  proteins
p16, p53  and  Ki-67,  but  no  specific  immunohistochemical  pattern  was  observed.  It  was  found,

with statistical  difference,  that  the  number  of  surgeries  was  higher  in  cases  with  greater
intensity  of  p53  expression,  without  correlation  with  the  other  markers.  The  benefit  of  immuno-
histochemistry  in  recurrent  respiratory  papillomatosis  may  lie  in  the  prognostic  assessment.
However,  further  studies  are  needed  to  evaluate  the  use  of  this  technique  for  this  purpose.
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clone  1D7D2,  Thermo  Fisher)  1:200  dilution  and  anti-p53
antibody,  mouse  monoclonal  (clone  DO-7,  ready  to  use,
ntroduction

ecurrent  Respiratory  Papillomatosis  (RRP)  is  a  histologi-
ally  benign  in  general,  with  a  high  recurrence  capacity.
t  is  characterized  by  the  formation  of  exophytic  prolifera-
ive  lesions  in  the  connective  tissue  covered  by  epithelium,
alled  papillomas.1,2

Although  RRP  can  develop  anywhere  along  the  respira-
ory  tract,  there  appears  to  be  a  strong  predilection  for
he  laryngeal  tissue,  being  also  called  laryngeal  or  glottic
apillomatosis.1,3

A  bimodal  age  distribution  is  characteristic  of  RRP,
ith  the  disease  affecting  either  young  children  or  young
dults.1 However,  its  true  incidence  and  prevalence  remains
nclear.4

The  etiology  is  through  infection  with  Human  Papillo-
avirus  (HPV),  a  Deoxyribonucleic  Acid  (DNA)  virus  that

nters  the  host  system  through  microabrasion.4

RRP  is  diagnosed  through  laryngoscopic  examination,  in
hich  exophytic  lesions  are  noted  in  the  airways,  asso-
iated  with  a  variety  of  signs  and  symptoms,  including
oarseness,  chronic  cough,  dyspnea,  recurrent  upper  airway
nfections,  pneumonia,  dysphagia,  stridor  and  even  respira-
ory  failure.1

Nowadays  surgery  is  used  to  ensure  airway  patency,  to
reserve  nearby  laryngeal  tissues,  and  to  maintain  accep-
able  vocal  quality.  The  advancement  of  surgical  techniques
or  treatment,  associated  with  adjuvant  therapies,  such  as
idofovir  and,  more  recently,  bevacizumab,  has  shown  a
etter  prognosis  for  the  disease.5

Immunohistochemistry  is  a  tissue  analysis  method  that
ims  to  identify  molecular  characteristics  of  diseases.  It  is
ased  on  specific  antigen-antibody  binding.  It  offers  sev-
ral  applications,  such  as  the  diagnosis  of  inflammatory,
nfectious  and  neoplastic  diseases.  It  is  also  important  to
etermine  prognostic  and  therapeutic  factors  and  prolifer-
tive  indices  of  some  neoplasms.6,7

Some  tumor  markers  allow  the  identification  of  cell  cycle
egulatory  proteins,  such  as  Ki-67,  which  is  a  cell  prolifer-
tion  marker,  p53,  whose  product  plays  a  role  in  inhibiting
NA  synthesis,  and  p16,  which  indicates  viral  participation

n  the  carcinogenesis  of  epithelial  tumors.8,9

This  study  aimed  at  investigating  the  pattern  of  immuno-
istochemical  expression  of  p16,  p53  and  Ki-67  proteins
n  recurrent  respiratory  papillomatosis,  to  evaluate  the
nfluence  of  immunohistochemical  expression  patterns  of
16,  p53  and  Ki-67  proteins  on  the  number  of  surgeries
o  which  patients  underwent  and  to  analyze  the  benefit

f  immunohistochemical  expression  in  recurrent  respiratory
apillomatosis.
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he  research  project  for  this  paper,  under  no2.901.777/2018
CAAE  95552318.1.0000.5529),  was  approved  by  the  Human
esearch  Ethics  Committee  (HREC)  of  Hospital  Paranaense
e  Otorrinolaringologia  (IPO).  Free  and  Informed  Consent
orms  (FICF)  were  collected  from  all  patients.

This  study  was  carried  out  from  October  2018  to
ecember  2019  with  patients  with  laryngeal  or  recur-
ent  respiratory  papillomatosis,  which  were  treated  and
nderwent  surgery  at  Hospital  Paranaense  de  Otorrino-
aringologia,  in  the  city  of  Curitiba,  state  of  Paraná.  The
linical  diagnoses  were  based  on  the  visual  impression  of  the
esions  at  the  time  of  the  videolaryngoscopic  examination
nd  confirmed  with  the  anatomopathological  exam  report.
linical  and  epidemiological  data  were  collected  from  the
atients.  All  surgeries  were  done  in  the  operating  room
nder  general  anesthesia,  using  the  traditional  technique
ith  cold  instruments  or  with  a  shaver,  with  or  without  the
pplication  of  Cidofovir  (75  mg/mL,  with  a  maximum  dose
f  1  mg/kg)  on  the  surgical  bed,  after  removing  the  lesions.
he  papilloma  specimens  removed  during  the  surgery  were
ent  to  Byori  Human  Pathology  Laboratory,  in  the  same  city,
or  immunohistochemistry  in  order  to  analyze  the  expression
f  markers  p16,  p53  and  Ki-67.

This  is  a  prospective,  cross-sectional  observational  study.
The  study  included  patients  with  laryngeal  or  recurrent

espiratory  papillomatosis,  who  were  treated  and  under-
ent  surgery  at  the  IPO  Hospital  in  the  city  of  Curitiba,
ith  histopathological  confirmation,  from  October  2018  to
ecember  2019,  and  they  all  agreed  to  the  consent  forms
or  the  study.

There  are  no  exclusion  criteria  defined.
Tumor  tissue  specimens  previously  fixed  in  10%  neutral

uffered  formalin  were  subjected  to  histological  processing
nd  dehydrated  in  alcohol  baths  in  increasing  concentration,
larified  in  xylol  and  paraffin  embedded.

Subsequently,  the  sections  were  included  in  paraffin  wax
nd  sectioned  in  microtomy  with  a  thickness  of  4  �m.  The
ections  containing  tumor  tissue  were  mounted  on  silanized
lides  and  placed  in  an  oven  at  60◦C  for  60  min.  Before
tarting  the  immunohistochemical  processing,  they  were
ewaxed  with  xylene  and  rehydrated  in  sequential  ethanol
aths  with  decreasing  concentrations  and  then  washed  in
istilled  water.

Primary  anti-p16  monoclonal  antibody  (INK4  protein,
gilient)  and  Ki-67  (clone  MIB1,  ready  for  use,  Agilent)
ere  processed,  incubated  and  visualized  according  to  spe-
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Table  1  Immunohistochemistry  analysis.

Variable  n  valid  Classification  Resulta

p16  33 Negative  8  (24.2)
+/+++  9  (27.3)
++/+++  12  (36.4)
+++/+++  4  (12.1)

p53 33 +/+++  13  (39.4)
++/+++  12  (36.4)
+++/+++  8  (24.2)

Ki-67 (%)  33  51.7  ±  26;  50  (5---95)

Source: The author (2021).
a Described by mean ± standard deviation; median (minimum

--- maximum) or by frequency (percentage).

Figure  1  Photomicrograph  illustrating  immunohistochemical
reaction  revealing  squamous  epithelium  without  p16  Protein
expression  (p16,  ×400).  Source:  The  author  (2021).
Brazilian  Journal  of  Otorhino

ific  pre-programmed  protocols  of  the  Dako  Autostainer  and
nVisionTM platform,  from  Agilent  Dako.  Then,  the  slides
ere  counterstained  with  Harris’  hematoxylin  (EasyPath®),
overed  with  a  coverslip  and  mounted  using  mounting
edium  (Entellan® ---  Merck  Millipore).
All  specimens  were  reviewed  and  classified  indepen-

ently,  by  two  experienced  pathologists.  Differing  cases
ere  reviewed  and  a  consensus  for  classification  was

eached.
Regardless  of  the  immunohistochemical  expression  inten-

ity,  cells  whose  nuclei  and/or  cytoplasms  were  stained
rown  by  antibody  anti-p16  (INK4,  clone  1D7D2)  were
egarded  as  positive.  The  gradation  of  immunohistochemical
xpression  was  determined  by  means  of  the  semiquantifica-
ion  of  the  staining  intensity  in  the  nucleus  or  cytoplasm  (0
--  negative;  1  ---  weak;  2  ---  moderate;  3  ---  strong)  and  per-
entage  of  positively  stained  epithelial  cells  (1  ---  <30%;  2  ---
etween  30%  and  60%;  3  ---  >60%).

For  the  evaluation  of  p53  expression,  those  epithelial
ells  whose  nucleus  were  stained  reddish-brown  by  the
nti  p53  antibody  (clone  DO-7)  were  regarded  as  positive,
egardless  of  the  cytoplasmic  staining.  The  semiquantita-
ive  scoring  system  for  the  nuclear  staining  used  was:  0  ---
o  staining;  1 ---  1%  to  24%  tumor  cells  positive;  2  ---  25%---74%
umor  cells  positive  and  3  ---  ≥75%  tumor  cells  positive.

In  turn,  cells  whose  nuclei  were  stained  by  antibody
nti-Ki-67  (MIB-1),  regardless  of  cytoplasmic  staining,  were
egarded  as  positive.  The  classification  of  the  immunohis-
ochemical  expression  was  determined  by  percentage  of
ositive  cells  in  1,000  cells  counted.  The  count  was  carried
ut  in  the  so-called  ‘‘hotspot’’  area  ---  a  place  where,  at  the
owest  increase,  scores  the  highest  number  of  stained  cells.

The  results  obtained  in  the  study  were  described  by
eans,  standard  deviations,  medians,  minimum  and  max-

mum  values  (quantitative  variables)  or  by  frequencies  and
ercentages  (categorical  variables).  In  order  to  compare
he  scoring  of  the  markers  as  compared  to  the  number
f  surgeries,  the  nonparametric  Mann-Whitney  test  and
ruskal-Wallis  test  were  used;  p  <  0.05  values  suggest  statis-
ical  significance.  For  multiple  comparisons  of  two-by-two
atings,  Bonferroni  corrections  for  p-values  were  employed.
ata  were  analyzed  using  computer  program  IBM  SPSS  Statis-
ics  v.20.0.  Armonk,  NY:  IBM  Corp.

esults

he  analysis  shown  below  was  performed  with  33  patients
ho  fulfilled  the  inclusion  criteria  for  the  study.

At  surgery,  their  mean  age  was  41.4  years  ±  standard
eviation  of  12.7  years.  Male  gender  was  predominant,  with
9  patients  (87.9%).  20  patients  (60.6%)  received  the  drug
idofovir  on  the  surgical  bed.  When  asked  about  HPV  vacci-
ation,  18  patients  (54.5%)  had  completed  the  vaccination
chedule  and  45%  had  not  been  vaccinated  yet.  Most  patients
66.6%)  had  already  undergone  more  than  one  surgery,  with
 minimum  of  two  surgeries  and  a  maximum  of  34.
Table  1  shows  the  result  of  the  immunohistochemistry

nalysis  of  the  33  patients  and  Figs.  1,  2,  3  and  4  show  the
mmunohistochemical  expression.

Figure  2  Photomicrograph  illustrating  immunohistochemical
reaction  revealing  squamous  epithelium  with  nuclear  positivity
for p16  protein  (p16,  ×400).  Source:  The  author  (2021).
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Table  2  Correlation  between  the  immunohistochemical  expression  with  p16  and  the  number  of  surgeries  to  which  patients
were submitted.

p16 n No Surgery pa

Mean  ±  standard  deviation  Median  (minimum  ---  maximum)

Negative  8  4.9  ±  7.8  2  (1---24)
+/+++ 9  4.4  ±  3.1  5  (1---9)
++/+++  12  7.9  ±  9.7  4.5  (1---34)
+++/+++ 4  13.3  ±  14.2 11  (1---30)  0.672

Source: The author (2021).
a Kruskal---Wallis non-parametric test, p < 0.05.

Figure  3  Photomicrograph  illustrating  immunohistochemical
reaction  revealing  squamous  epithelium  with  nuclear  positivity
for p53  protein  (p53,  ×400).  Source:  The  author  (2021).

Figure  4  Photomicrograph  illustrating  immunohistochemical
r
f
a

p

W
i

n
s
c

fi
s
n

p

W
t
h
f
s
c

b
s
t

c
c
f
+
c

K

W
fi
e
t
t
i
c
w
t
s

D

eaction  revealing  squamous  epithelium  with  nuclear  positivity
or MIB-1  ---  Ki-67  proliferative  index  (MIB-1,  ×400).  Source:  The
uthor  (2021).
16  marker

e  tested  the  null  hypothesis  that  the  number  of  surgeries
s  the  same  for  all  marker  classifications,  versus  the  alter-
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ative  hypothesis  that  the  number  of  surgeries  is  not  all  the
ame  for  the  marker  classifications.  Table  2  shows  the  results
onsidering  the  four  p16  classifications.

No  significant  difference  was  found  between  p16  classi-
cations  regarding  the  number  of  surgeries.  Therefore,  no
ignificant  association  was  observed  between  p16  and  the
umber  of  surgeries.

53  marker

e  tested  the  null  hypothesis  that  the  number  of  surgeries  is
he  same  for  all  marker  classifications,  versus  the  alternative
ypothesis  that  the  number  of  surgeries  are  not  all  the  same
or  the  marker  classifications.  Table  3  presents  descriptive
tatistics  for  the  number  of  surgeries,  according  to  marker
lassifications  and  p-values  of  the  statistical  tests.

Considering  that  a  significant  difference  was  found
etween  the  p53  classifications  in  relation  to  the  number  of
urgeries,  these  were  compared  two  by  two.  Table  4  shows
he  p-values  of  such  comparisons.

A  significant  difference  was  found  between  p53  classifi-
ations  regarding  the  number  of  surgeries  (p  = 0.038).  When
omparing  the  classifications  two  by  two,  a  significant  dif-
erence  was  found  between  the  classifications  +/+++  and
++/+++  (p  =  0.030).  The  number  of  surgeries  is  greater  in
ases  with  higher  intensity  of  p53  expression.

i-67  marker

e  tested  the  null  hypothesis  that  the  correlation  coef-
cient  between  the  number  of  surgeries  and  the  Ki-67
xpression  equals  zero  (there  is  no  correlation  between
he  two  variables),  versus  the  alternative  hypothesis  that
he  correlation  coefficient  is  different  from  zero  (there
s  correlation).  The  estimated  Spearman’s  rank  correlation
oefficient  was  0.12,  and  the  p-value  of  the  statistical  test
as  0.524.  No  significant  correlation  was  observed  between

he  number  of  surgeries  and  the  p16  and  the  Ki-67  expres-
ion.

iscussion
RP  is  an  important  disease  to  be  studied,  due  to  its  rele-
ant  morbidity  and  the  great  challenge  posed  for  its  control.
espite  the  fact  that  we  have  some  prognostic  factors  men-
ioned  before,  patients  with  similar  lesions  do  not  behave  in

8
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Table  3  Correlation  between  the  immunohistochemical  expression  with  p53  and  the  number  of  surgeries  to  which  patients
were submitted.

p53 n No Surgery pa

Mean  ±  standard  deviation  Median  (minimum---maximum)

+/+++  13  3.7  ±  6.2  2  (1---24)
++/+++ 12  5.9  ±  5.3  6  (1---18)
+++/+++  8  13.5  ±  12.8  7.5  (1---34)  0.038

Source: The author (2021).
a Kruskal---Wallis non-parametric test, p < 0.05.

Table  4  Correlation  between  immunohistochemical
expression  results  with  p53.

Compared  p53  classifications  pa

+/+++  ×  ++/+++  0.422
+/+++ ×  +++/+++  0.030
++/+++ ×  +++/+++  0.533
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Source: The author (2021).
a Extension of the Kruskal---Wallis test, p < 0.05 (Bonferroni cor-

rections for p-values).

he  same  way.  It  is  important  to  investigate  new  variables
elated  to  the  disease.

With  the  RRP,  we  observe  the  usual  need  for  repeated
urgeries  within  a  short  period  of  time,  thus  causing  great
motional  damage  to  patients  and  a  high  economic  cost.4

n  this  study,  most  participants  (66.6%)  had  already  been
ubmitted  to  more  than  one  surgery,  with  cases  of  more  than
0  procedures  throughout  life.

The  treatment  aims  at  keeping  airway  patency  and  pro-
iding  fair  vocal  quality.  Hence,  disease  control  takes  into
ccount  the  lower  demand  for  surgeries  and  a  longer  interval
etween  them.  A  poor  prognosis  is  related  to  a  high  number
f  procedures,  not  to  mention  the  malignancy  of  the  lesions.

The  incidence  of  HPV-positive  head  and  neck  cancer
as  increased  in  recent  years,  especially  the  oropharyn-
eal  squamous  cell  carcinoma.10 Although  the  involvement
f  factors  such  as  alcohol  and  tobacco  are  still  wide  in  these
ases,  HPV  is  now  the  primary  factor  in  this  type  of  cancer
n  some  regions  of  the  world.11,12

As  the  action  of  each  organism  differs,  having  palpable
arameters  is  extremely  important  for  a  correct  prognostic
ssessment  of  HPV  manifestations,  especially  of  RRP.  The
arkers  used  in  this  study  were  chosen  based  on  general

mmunohistochemistry  knowledge,  in  particular  as  regards
alignant  head  and  neck  tumors,  especially  laryngeal  ones,

ince  there  is  no  specific  protocol  on  immunohistochemistry
n  RRP.

p16  protein  is  an  inhibitor  of  cyclin-dependent  kinases
nd  an  important  cell  regulator.  It  is  routinely  overexpressed
n  SCC  and  adenocarcinoma  cases.13 In  this  study,  it  was
egative  in  24.2%  of  cases,  with  little  positivity  in  27.3%  of
ases,  moderate  in  36.4%  and  intense  in  only  12%.
Clinical  studies  of  head  and  neck  cancer  revealed
onger  survival  rate  for  HPV-positive  patients,  tumors  with
etectable  E6/E7  mRNA,  and  p16  overexpression.  p16  over-
xpression  also  shows  high  correlation  with  expression  of

i
g

28
PV  E6/E7  mRNA,  an  active  HPV  infection  marker.  In  addi-
ion,  studies  suggest  that  p16  overexpression  results  in  a
ore  favorable  outcome.13,14

In  cases  of  head  and  neck  cancer,  p16  can  be  a  prognos-
ic  marker  and  possible  predictive  marker  for  therapeutic
ecision-making  and  predicting  the  treatment  outcome.13,15

n  this  study,  no  significant  association  between  p16  and  the
umber  of  surgeries  was  observed.

In  turn,  p53  gene  is  a  tumor  suppressor  phosphoprotein
nd  a  key  regulator  of  cell  cycle  progression  and  division.
ts  mutations  are  the  most  common  changes  in  human  can-
er  and  may  be  part  of  the  pathogenesis  and  growth  of  the
umor.16,17 The  immunohistochemical  expression  of  p53  is
ery  suggestive  for  the  presence  of  a  laryngeal  carcinoma.
oreover,  high-risk  p53  mutations  were  associated  with  low

urvival  rate.18

In  this  study,  p53  marker  was  positive  in  all  cases,  with
carce  immunohistochemical  expression  in  39.4%  of  cases,
oderate  in  36.4%  and  intense  in  24.2%.  A  study  with  laryn-

eal  SCC  analyzed  the  immunohistochemical  expression  of
53  in  76  patients  and  found  a  statistically  significant  asso-
iation  with  histological  grades.  Therefore,  the  authors
uggest  that  carcinogenesis,  as  well  as  prognosis,  may  be
ssociated  with  p53  expression,  as  it  may  play  an  impor-
ant  role  in  the  early  stage  of  malignant  transformation  of
aryngeal  tumors.19

In  another  study  that  included  30  patients  with  laryn-
eal  SCC,  p53  antibody  was  positive  in  50%  of  cases.  Total
0%  of  these  were  high-grade  histological  tumors  and  60%
ad  regional  metastasis,  also  suggesting  that,  perhaps,  p53
mmunohistochemical  expression  in  patients  with  laryngeal
CC  is  related  to  poor  prognosis.20 In  addition,  Vielba  et  al.21

howed  a  statistically  significant  correlation  between  the
resence  of  p53  and  lower  survival  rates  in  patients  with
aryngeal  SCC.

This  study  found,  with  a significant  difference,  that  the
umber  of  surgeries  is  greater  in  cases  with  higher  intensity
f  p53  expression,  another  factor  that  may  indicate  a  poor
rognosis  in  the  case  of  RRP  ---  high  tumor  recurrence.

Etiology  of  malignant  transformation  derives  from  a
radual  molecular  change.  One  study  showed  that  p53  proto-
ncogene  mutation  was  associated  with  the  integration  of
PV-11  DNA  into  the  host  genome  in  samples  of  histologically
alignant  lesions  derived  from  RRP.22
On  the  other  hand,  Ki-67  is  a  monoclonal  antibody  that
dentifies  cell  proliferation  by  recognizing  the  nuclear  anti-
en  expressed  during  the  cell  cycle  phases  (G1,  S,  M  and
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2),  not  recognizing  the  G0  phase,  in  which  the  cell  is
uiescent.23

In  this  study,  Ki-67  marker  showed  nuclear  positivity  in
ll  lesions,  despite  the  varying  degrees,  with  a  mean  prolif-
rative  index  ±  SD  (Standard  Deviation)  of  51.7  ±  26.  In  the
tudy  carried  out  by  Rodrigues  et  al.20 76%  of  the  laryngeal
CC  showed  immunohistochemical  expression  for  Ki-67.  The
mmunohistochemical  expression  of  this  marker  was  evident
n  73.3%  of  patients  with  metastatic  lymph  nodes  and  in  75%
f  high-grade  tumors.  That  suggests,  with  statistical  rele-
ance,  that  Ki-67  may  be  related  to  poor  prognostic  factors,
hich  was  also  corroborated  by  other  authors.24

It  is  necessary  to  continue  the  study  as  a  long-term
ohort,  in  order  to  monitor  patients  throughout  the  evolu-
ion  of  RRP,  correlating  immunohistochemistry  with  the  HPV
ubtype,  so  as  to  better  assess  the  prognosis  and  whether
here  are  changes  in  these  aspects  between  surgeries
erformed  throughout  the  patient’s  life.  Also,  a  possible
orrelation  between  the  evolution  of  the  disease  and  HPV
accination  can  be  investigated.

As  a  future  perspective,  we  may  consider  the  use  of  the
xpression  of  immunohistochemical  markers  not  only  for
rognostic  assessment,  but  also  as  an  auxiliary  data  for  a
ore  individualized  therapy.

onclusion

he  papillomatous  lesions  showed  different  degrees  of
mmunohistochemical  expression  of  p16,  p53  and  Ki-67  pro-
eins,  but  no  specific  immunohistochemical  pattern  was
bserved.

The  study  found,  with  statistical  difference,  that  the
umber  of  surgeries  was  higher  in  cases  with  higher  inten-
ity  of  p53  expression,  without  correlation  with  the  other
arkers.
The  benefit  of  immunohistochemistry  in  recurrent  respi-

atory  papillomatosis  may  rest  in  the  prognostic  assessment;
owever,  further  studies  are  required  to  use  the  technique
or  such  purpose.
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