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Abstract
Background:  A  skin  field  cancerization  is  a  cutaneous  area  with  subclinical  changes  resultant
from chronic  sun  exposure,  with  a  higher  predisposition  to  development  of  pre-neoplastic  and
neoplastic  lesions.  So  far,  there  are  no  well-defined  objective  parameters  that  can  indicate
their degree  of  activity.
Objectives:  To  describe  and  compare  morphometric  aspects  and  expression  of  factors  related
to apoptosis  and  cell  proliferation  in  actinic  keratosis  (AK),  in  both  photoexposed  and  photo-
protected  epidermis.
Methods:  A  cross-sectional  study  of  patients  with  actinic  keratosis  in  the  forearms,  biopsied
at two  points:  the  actinic  keratosis  and  the  axillary  region.  The  biopsies  of  the  actinic  kerato-

sis, perilesional  area,  and  axilla  were  evaluated  through  keratinocyte  intraepithelial  neoplasia
(KIN), and  immunohistochemistry  of  p53,  survivin,  and  Ki67.  Nuclear  morphometry  of  basal
layer cells  was  performed  through  digital  image  analysis:  entropy,  area,  perimeter,  Ra,  fractal
dimension,  circularity,  color  intensity,  and  largest  diameter.
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Results:  There  were  13  patients  included  and  38  actinic  keratosis  biopsied.  In  morphometry,
1039 nuclei  were  analyzed,  of  which  228  represented  axillary  skin,  396  demonstrated  actinic
keratosis,  and  415  represented  the  perilesional  area  to  the  actinic  keratosis.  There  was  a
significant difference  (p  <  0.05)  in  all  variables  tested  for  the  topographies  evaluated.  A  sig-
nificant correlation  was  identified  between  nucellar  morphometric  elements,  KIN,  proliferation
markers,  and  apoptosis.  Joint  patterns  of  p53,  Ki67,  and  KIN  discriminated  the  topographies
sampled.
Study limitations:  This  was  a  cross-sectional  study  with  a  small  number  of  patients.
Conclusions:  There  are  patterns  of  proliferation,  resistance  to  apoptosis,  and  different  cellular
morphometrics  between  photoprotected  skin  and  photoexposed  skin.  The  joint  expression  of
p53, Ki67,  and  KIN  can  characterize  skin  field  cancerization  activity.
© 2019  Sociedade  Brasileira  de  Dermatologia.  Published  by  Elsevier  España,  S.L.U.  This  is  an
open access  article  under  the  CC  BY  license  (http://creativecommons.org/licenses/by/4.0/).
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Introduction

The  concept  of  field  cancerization  was  proposed  by  Slaugh-
ter  in  1953  and  comprises  a  seemingly  normal  integument
area,  but  with  subclinical  and  multifocal  alterations,  com-
posed  of  cells  genetically  altered  as  a  result  of  chronic  sun
exposure.1,2 The  concept  of  skin  field  cancerization  (SFC)
suggests  that  the  clinically  normal  skin  adjacent  to  actinic
keratoses  (AKs)  is  the  focus  of  clonal  expansion  of  geneti-
cally  altered  cells,  which  would  explain  the  occurrence  of
new  AKs  or  other  cutaneous  neoplasms  in  the  same  area,
in  addition  to  local  recurrence  of  tumors  considered  com-
pletely  excised  by  histopathological  analysis.3

Recently,  SFC  has  been  studied  due  to  its  clinical  impor-
tance;  its  stabilization  can  prevent  the  appearance  of  neo-
plasias,  and  the  recurrence  or  evolution  of  existing  lesions.

Currently,  AKs,  which  are  pre-neoplastic  epithelial
lesions,  are  considered  markers  of  SFC  activity.4 However,
so  far,  there  are  no  well-defined  objective  parameters  that
can  indicate  their  degree  of  activity.

Determining  the  extent  and  intensity  of  the  activity  of
an  SFC  is  important  in  order  to  create  diverse  and  ade-
quate  treatment  and  prevention  strategies  for  each  type  of
patient,  as  well  as  to  evaluate  the  response  and  prognosis
after  the  establishment  of  appropriate  therapies.5 Survivin,
p53,  and  Ki67  are  nuclear  markers  present  in  proliferative
cells,  and  are  expressed  in  neoplastic  and  pre-neoplastic
lesions,  which  may  aid  in  the  characterization  of  an  active
SFC.6

Synthesis  of  p53  induces  DNA  repair  and  apoptosis.  Muta-
tions  in  p53  are  the  most  common  genetic  alterations  in
human  neoplasms.7 Recently,  the  analysis  of  exons  in  the
p53  gene  in  tumors  of  the  aerodigestive  tract  has  demon-
strated  a  probable  molecular  method  for  the  detection  of
the  cancerization  field.8 In  addition,  mutations  in  p53  can
be  found  in  AKs  and  squamous  cell  carcinomas  (SCCs)  in  most
cases,  and  in  higher  concentrations  in  SCC,  whereas  patients
without  suspected  cancer  lesions  do  not  express  p53  muta-
tions,  suggesting  that  mutations  in  p53  may  be  involved  in
the  conversion  of  AK  to  SCC,  and,  consequently,  may  indicate
activity  in  the  field  of  cutaneous  cancer.9

10,11
The  Ki67  antigen  is  a  marker  of  cell  proliferation cor-
related  with  tumor  growth  and  higher  risk  of  metastasis.12,13

The  nuclear  expression  of  Ki67  has  been  previously  studied
in  cutaneous  neoplasms  and  is  evidenced  in  AK,  Bowen’s

e
i

t

isease,  basal  cell  carcinoma  (BCC),  and  SCC.14,15 To  date,
here  are  no  studies  describing  the  expression  of  Ki67  in
FC  activity.

Survivin  is  a  protein  expressed  by  proliferative  ker-
tinocytes  and  can  be  found  in  the  cytoplasm  or  nucleus.16

t  acts  in  regulation  of  the  cell  cycle  and  in  control  of
poptosis.  Its  function  varies  according  to  the  intracellular
ocation17: while  nuclear  expression  is  more  associated  with
ell  division  and  is  essential  for  mitosis,  the  presence  of  sur-
ivin  in  the  cytoplasm  is  considered  cytoprotective.18 A  high
evel  of  nuclear  survivin  is  predictive  of  greater  malignancy
r  worse  prognosis  when  analyzed  in  epithelial  tumors.19---22

oreover,  the  location  of  nuclear  survivin  in  the  epider-
is  layers  also  influences  and  indicates  prognosis:  while  the
resence  of  survivin  in  the  basal  layer  can  be  found  in  unal-
ered  epithelium,  the  expression  of  nuclear  survivin  in  the
uprabasal  layers  indicates  rupture  of  epidermal  cell  home-
stasis  and  consequently,  mitotic  activity,  which  may  aid  in
he  characterization  of  SFC.23

Nuclear  morphological  analysis  can  provide  clues  about
ellular  physiology  and  contribute  to  the  diagnostic  and
rognostic  evaluation  of  neoplastic  lesions.  In  addition,
hanges  in  nuclear  chromatin  architecture  may  indicate
ntense  mitotic  activity  and  correlate  with  neoplastic  pro-
iferation  rates.  Thus,  morphometry  and  nuclear  texture
haracteristics  have  been  studied  as  prognostic  factors  in
any  neoplasms.24---27 Investigations  on  nuclear  morphome-

ry  and  chromatin  heterogeneity  have  been  performed  on
CCs;  however,  there  are  no  studies  characterizing  such
arameters  in  SFC  and  correlating  them  with  field  activity.28

The  use  of  morphometric  and  immunohistochemical  tech-
iques,  together  with  clinical  and  histopathological  data,
an  provide  information  on  the  biological  behavior  and  con-
ribute  to  the  evaluation  of  treatment  effectiveness.

ethods

 cross-sectional  study  was  conducted  with  adult  patients
f  both  genders,  with  AK  in  the  forearms,  biopsied  at  two
oints:  the  skin  comprising  an  AK  and  another  point  of  the
xillary  skin.  This  study  was  approved  by  the  institution’s
thics  committee  and  all  patients  enrolled  signed  an

nformed  consent.

The  biopsies  of  the  AK,  the  perilesional  area,  and
he  photoprotected  area  were  analyzed  by  histopathology
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HE)  using  the  keratinocyte  intraepithelial  neoplasia  (KIN)
ethod.  KIN  classification  is  a  way  of  classifying  the  inten-

ity  of  keratinocyte  atypia  by  its  presence  in  the  epidermal
evels,  so  that  KIN  I  presents  focal  atypia  in  the  lower  third
f  the  keratinocytes;  KIN  II  shows  depolarization  in  the
rickly-granulosa  layers;  and  KIN  III  shows  depolarization  in
ll  epidermal  layers.29 For  purposes  of  statistical  analysis,
ormal  axillary  skin  was  considered  as  KIN  0.

For  immunohistochemistry,  the  percentage  of  cells
tained  by  survivin,  p53,  and  Ki67  in  the  hotspots  of  the  AK,
erilesional,  and  axillary  areas  were  analyzed.

The  slides  were  photographed  in  high  resolution  (400×)
sing  a  Coolscope  II  microscope  (Nikon  Instruments  Inc.  ---
okyo,  Japan,  2009),  with  about  30  nuclei/field.  The  basal
ayer  epidermal  nuclei  were  sliced  manually,  and  their
mages  were  transformed  to  eight  bits  and  normalized.
mageJ  software  was  used  (Fig.  1).  The  resulting  images
ere  submitted  to  the  extraction  of  entropy,  color  inten-

ity,  fractal  dimension,  Ra,  circularity,  perimeter,  and  area
ndices.

Regarding  the  statistical  analysis,  data  were  compared
etween  the  topographies  by  the  Jonckheere---Terpstra  test.
ormality  was  estimated  by  the  Shapiro---Wilk  test.30 The
orrelations  between  the  indicators  were  estimated  by  the
pearman  coefficient  and  presented  as  a  thermal  map.31 The
ehaviors  of  the  variables  were  compared  by  multiple  cor-
espondence  analysis  and  arranged  by  a  perceptual  map.32

alues  of  p  <  0.05  were  considered  significant.

esults
his  study  included  13  patients:  four  women  and  nine  men,
rom  37  to  88  years  old,  in  whom  38  AKs  were  sampled.

In  the  morphometry,  1039  nuclei  were  analyzed,  of  which
28  represented  axillary  whole  skin,  396  were  from  AKs,  and

w
i

a

Table  1  Values  of  the  variables  according  to  the  location  of  the  

Nuclear  parametersa Axilla  Peril

Area  1,278.30  (1,128.0---1,266.62)  1,48
Perimeter  140.98  (135.64---145.06)  157.
Circulation 0.81  (0.75---0.84)  0.74
Larger diameter  51.69  (48.96---52.45)  56.6
Median of  color  33.94  (30.22---35.78)  39.1
Entropy 5.30  (5.17---5.32)  5.26
Ra 1,346.55  (988.80---2,026.91)  2,18
Fractal dimension  2.45  (2.44---2.45)  2.46

a Median (p25---75).

Table  2  Percentage  of  cells  expressing  survivin,  p53,  and  Ki67  

variables resulted  in  p  <  0.05.

Markersa Axilla  

Ki67  18.68  (14.29---26.62)  

Suprabasal  survivin  11.58  (6.71---15.50)  

p53 13.81  (5.38---20.12)  

a Median (p25---75).
uclei  selection.

15  were  from  the  perilesional  areas  of  the  AKs.  The  mean
orphometric  values  are  shown  in  Table  1.
There  was  a  significant  difference  (p  <  0.05)  in  the  val-

es  of  photoprotected  and  photoexposed  skin  in  all  tested
ariables  (p53,  Ki67),  as  observed  in  Table  2.  In  addition,  KIN
as  directly  related  to  photoexposure,  tending  toward  zero

n  the  photoprotected  skin  (Fig.  2).

Correlation  between  morphometric,  proliferation,  and

poptosis  indicators  was  identified  (Fig.  3).  The  elements

skin  sample.  All  variables  resulted  in  p  <  0.05.

esional  AK

1.57  (1,312.56---2,070.25)  1,823.58  (420.54---2,295.45)
52  (148.81---209.99)  178.52  (152.27---213.58)

 (0.71---0.77)  0.73  (0.69---0.78)
2  (54.15---69.30)  52.11  (54.17---74.93)
9  (31.59---43.38)  43.64  (36.12---50.24)

 (5.18---5.35)  5.34  (5.26---5.54)
1.88  (1,601.59---7,777.78)  3,579.69  (1,744.43---8,115.73)

 (2.45---2.48)  2.47  (2.45---2.50)

in  the  AK,  photoexposed  skin,  and  photoprotected  skin.  All

Perilesional  AK

23.98  (17.59---29.46)  42.07  (35.03---51.61)
18.57  (10.06---28.43)  38.16  (23.22---46.41)
23.88  (16.83---37.78)  65.35  (54.64---79.61)



Characterization  of  skin  field  cancerization  activity  

20

15

10

5

0
Axilla Periles QA

Topography

C
ou

nt
in

g

12

1

13

8

18
19

0
1
2
3

KIN

Figure  2  Distribution  of  the  keratinocyte  intraepithelial  neo-
plasia (KIN)  evaluation  according  to  topography.

t
a

v
t
(
3
h
o
p

D

T
i
a
p
p
i
c
c
o
t

C
IR

C
U

LA
R

R
A

F
R

A
C

TA
L

A
R

E
A

P
E

R
IM

E
T

E
R

D
IA

M
E

T
E

R

E
N

T
R

O
P

Y

Figure  3  Thermal  map  of  the  correlations  (Spearman)  between  th
ation. All  correlations  resulted  in  p  <  0.05.
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hat  most  correlated  with  KIN  were  p53  and  Ki67.  There  was
n  intense  correlation  between  the  morphometric  elements.

None  of  the  variables  tested  was  highlighted  as  an  indi-
idual  marker  of  SFC  activity;  however,  KIN,  p53,  and  Ki67
ogether  could  characterize  the  behavior  of  topographies
Fig.  4).  There  was  great  spatial  proximity  of  AK  with  KIN
,  and  the  highest  values  of  Ki67  and  p53;  the  exposed  skin
ad  close  proximity  to  KIN  1,  and  intermediate  values  of  the
ther  markers.  However,  the  axillary  epidermis  had  greater
roximity  to  KIN  0.

iscussion

he  SFC,  in  this  group  of  samples,  was  characterized  by
ncreased  epithelial  proliferation,  increased  expression  of
poptosis-related  factors,  and  alterations  in  nuclear  mor-
hology,  in  agreement  with  the  literature.9,11 There  was  a
rogressive  expression  of  these  variables  in  protected  skin
n  relation  to  the  sun-exposed  skin  and  AKs,  showing  that

hronic  exposure  to  ultraviolet  radiation  promotes  tissue
hanges  in  the  SFC,  with  correlation  between  the  expression
f  these  factors  and  the  degree  of  histological  dysplasia  of
he  epithelium.
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A, Gilaberte Y. Comparative study of the clinical, histological,
eratinocyte  intraepithelial  neoplasia  (KIN)  according  to  topog-
aphy.

The  associations  of  epithelia  with  the  expression  of  KIN,
53,  and  Ki67  changed  proportionally  according  to  sun  expo-
ure,  which  suggests  them  as  strong  candidates  for  the
haracterization  of  the  SFC,  and  indicates  that  the  analy-
is  of  their  activity  can  be  used  in  therapeutic  clinical  trials
nd  in  the  development  of  measures  aimed  at  preventing
he  development  of  skin  cancers.

There  was  also  an  increase  in  the  expression  of  suprabasal
urvivin,  with  a  relation  directly  proportional  to  the  increase
f  solar  exposure  and  presence  of  AA,  as  expected  in  the
iterature23;  however,  its  correlation  with  Ki67  and  p53,
hich  are  well  established  markers,11---14 was  less  intense

Graph  2).  In  addition,  further  correlation  studies  are
eeded  between  the  expression  of  suprabasal  survivin  and
FC  activity  so  that  there  is  a  higher  level  of  evidence  for
hese  findings.

Alterations  in  nuclear  morphometry  and  chromatin  tex-
ure  are  used  in  pathology  as  criteria  for  differentiation
etween  healthy  tissues  and  neoplasias.24,31 In  addition,  tis-
ues  under  stress,  such  as  ultraviolet  radiation,  may  also
resent  nuclear  alterations,  usually  related  to  the  inten-
ity  of  metabolic  activity.24,28 In  this  study,  phenotypically,
he  genomic  damage  to  the  SFC  manifested  as  changes  in
he  shape  of  the  nucleus  and  heterogeneity  of  chromatin,
orrelated  among  themselves  and  with  progressive  changes
ccording  to  photoexposure  and  the  presence  of  AKs,  sup-
orting  the  evidence  for  genomic  instability  and  suggesting
hat  these  alterations  occur  in  a  simultaneous  intranuclear
anner.
The  main  limitations  of  the  study  are  the  small  number  of

articipants,  although  they  allowed  a  sufficient  number  of
esions  for  the  analysis.  As  the  study  is  transversal,  although
K  and  SFC  are  unstable  entities,  a  longitudinal  design  could
rovide  more  consistent  elements  of  their  activity  linked  to
he  oncological  prognosis.33,34

The  histological  characterization  of  SFC  should  provide

dditional  contributions  to  the  AK  count,  quality  of  life
cales,  and  clinical  severity  scores4,35,36 in  understanding
he  underlying  phenomena  of  SFC.  These  findings  are  being
Miola  AC  et  al.

ested  in  clinical  trials  of  SFC  treatments  such  as  photody-
amic  therapy,37 ingenol  mebutate,  and  5-fluorouracil,  and
ccording  to  a  scale  of  severity  of  AKs  in  development  for
he  present  authors’  SFC  study  group.

onclusion

orphometric  and  chromatin  texture  variables  showed
ifferences  in  comparison  of  photoexposed  and  photopro-
ected  skin.  KIN,  p53,  and  Ki67  ---  together  ---  allowed  the
haracterization  of  SFC.
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