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Abstract

Background  and  objectives:  Telomerase  is an enzyme  involved  in maintaining  the  length  of

telomeres and  cell  senescence.  Numerous  studies  have  shown  that  in more  than  90%  of  malignant

tumors telomerase  activity  is  detected.

Material  and  methods: Retrospective  observational  study  in a  series  of  85  cases  of  primary

melanomas,  12  metastatic  melanomas,  and  22  melanocytic  nevi.  We  used  the  monoclonal  anti-

body  hTERT  (human  telomerase  reverse  transcriptase,  Rockland)  to  assess  telomerase  activity.

The SPSS  software  package  was  used  to  analyze  data.

Results:  Telomerase  expression  was  present  in all  the melanocytic  neoplasms  analyzed.  Expres-

sion was  heterogenous  and  moderate  or  high  in  the melanomas.  In  contrast,  expression  was

homogeneous  and  lower  in  the  nevi.  Heterogeneous  expression  was  associated  with  rapid

melanoma growth  (P  =  .028),  a  Breslow  thickness  of  more  than  4 mm (P  =  .004),  mitosis  (P = .032),

and mutations  in  the  TERT  gene  (P =  .002).  Activity  was  less  intense  in intradermal  nevi,  and

more intense  in  compound  and  dysplastic  nevi  (P = .054).

Conclusions:  Telomerase  expression  is  found  in  all melanocytic  neoplasms  but  is  higher  in

melanomas  than  in nevi.  A heterogeneous  pattern  of  expression  in melanomas  is  associated

with more  aggressive  tumors.
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Estudio  de la  expresión  de telomerasa  en  una  serie  de neoplasias  melanocíticas

Resumen

Introducción  y  objetivos:  La  telomerasa  es  una  enzima  implicada  en  el  mantenimiento  de los

telómeros y  la  senescencia  celular.  Numerosos  estudios  han  demostrado  que  en  más del 90%

de las  neoplasias  malignas  se  detecta  actividad  telomerásica.  El objetivo  del  presente  estu-

dio es analizar  la  expresión  de  telomerasa  por  inmunohistoquímica  en  una serie  de neoplasias

melanocíticas.

Material  y  métodos:  Estudio  observacional  retrospectivo  realizado  en  una  serie  de 85

melanomas primarios,  12  metastásicos  y  22  nevus  melanocíticos.  La  expresión  de telomerasa

se analizó  empleando  el anticuerpo  monoclonal  hTERT  (Rockland).  El análisis  de los datos  se

realizó con  el programa  SPSS.

Resultados:  En  todas  las  neoplasias  melanocíticas  analizadas  se  demostró  expresión  de  telom-

erasa. En  el  caso  de  los  melanomas  predominó  el patrón  de expresión  heterogéneo,  y  la

expresión  moderada  o  intensa.  En  los nevus  resultó  más  frecuente  una  expresión  homogénea

con intensidad  leve.  El  patrón  de expresión  heterogéneo  se  asoció  a  los melanomas  de  rápido

crecimiento  (p  =  0,028),  con  Breslow  >  4  mm (p  = 0,004),  con  mitosis  (p  =  0,032),  y  con  muta-

ciones en  el gen  TERT  (p  = 0,002).  En  el  caso  de  los  nevus,  la  intensidad  fue  menor  en  los nevus

intradérmicos,  seguidos  de los  compuestos  y  de los  diplásicos  (p  =  0,054).

Conclusiones:  La  expresión  de  telomerasa  está presente  en  la  totalidad  de las  neoplasias

melanocíticas,  con  mayor  expresión  en  los melanomas  que  en  los nevus.  En  el caso  de  los

melanomas,  la  expresión  de forma  heterogénea  se  asocia  a  un  fenotipo  de mayor  agresividad.

© 2018  Elsevier  España,  S.L.U.  y  AEDV.  Publicado  por  Elsevier  España,  S.L.U.  Todos  los  derechos

reservados.

Introduction

Telomerase  is  an  enzyme  made  up  of  a catalytic  subunit
(telomerase  reverse  transcriptase  or  TERT)  and  a ribonu-
cleic  acid  (TERC).1 It  is  known  to  play  a  major role  in
telomere  maintenance  and  cell senescence.  Under  nor-
mal  conditions,  it is  only expressed  in germline  cells,
fetal  tissue,  and stem  cells.  The  somatic  cells  of other
tissues  lack  telomerase  activity,  resulting  in the  pro-
gressive  shortening  of  their  telomeres  after repeated
cell  division.  Many  studies  have  shown  that  telomerase
activity  is  detected  in  more  than  90%  of  malignant
tumors,2 including  different  types  of  skin  cancer.3 In
melanocyte  tumors  in particular,  several  studies  have  iden-
tified  increased  telomerase  activity  in the neoplastic  cells,
from  nevi  to  melanomas,  with  the  highest  telomerase
activity  detected  in  metastatic  melanomas.4 Furthermore,
the  role  of  TERT promoter  mutations  in the pathogenesis
of  melanoma  has  recently  been  demonstrated.5,6 Several
studies  have  identified  recurring  mutations  in the TERT  pro-
moter  region  (c.1-146C>T,  c.1-124C>T,  c.1-124/-125CC>TT,
c.1-138/-139CC>TT)  in between  22%  and  71%  of  sporadic
melanomas  associated  with  older  patients,  with  melanomas
in  areas  exposed  to  sunlight,  of  the nodular  histologic  sub-
type,  a  higher  Breslow  thickness,  presence  of  ulceration,
and  high  mitotic  index.7---9 Studies  in tissue  and  cell  lines  have
shown  that  these  mutations  produce  increased  expression  of
telomerase  by  creating  new  binding  sites  for transcription
factors  of  the  ETS  family.9---12 The  presence  of  these  muta-
tions  has  been shown  to  be  an independent  prognostic  factor
linked  to  reduced  disease-free  and  overall  survival.8,13 Fur-
thermore,  this  link  to  survival  has  been  found  to  vary

depending  on the  type  of  mutation  identified,  and  is  modi-
fied  by the  presence  of rs2853669  polymorphism.14,15 Recent
studies  have  also  shown  the prognostic  value  of telomere
length  by  identifying  lower  survival  rates in patients  with
shorter  telomeres.16,17

It therefore  appears  that  telomerase  expression  plays
a  major role  in melanoma  carcinogenesis;  however,  few
studies  have  analyzed  telomerase  expression  at the  pro-
tein  level,  and those  studies  include  small series  with  few
melanomas.  Moreover,  the  study  of  telomerase  expression
may  be of  utility  for  stratifying  patients  based on  progno-
sis.  The  objectives  of this  study  are to  analyze  telomerase
expression  by  means  of  immune  staining  in  a  series  of
melanomas  (primary  and  metastatic)  and melanocytic  nevi,
and  to  correlate  expression  levels  with  the clinical  and
pathologic  characteristics  and  the  course  of  the  patients,
and  with  mutations  in  the TERT  promoter.

Materials and Methods

Selected  Patients  and  Samples

We  performed  a retrospective  observational  study  in  the
Dermatology  and Anatomical  Pathology  Department  of  Hos-
pital  Universitario  y Politécnico  La  Fe,  Valencia,  Spain,  in
a  sample  of  85  patients  diagnosed  with  melanoma  and  22
patients  diagnosed  with  melanocytic  nevus  (5 with  intrader-
mal  nevus,  7  with  compound  nevus,  and 10 with  dysplastic
nevus),  who  were  seen at our  department  between  Jan-
uary  1, 2014  and December  1, 2016.  Samples  with  sufficient
quantity  of  sample  in the  paraffin  block  were  selected  for
immune  staining.  In  the case  of  primary  melanomas,  the
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only  samples  included  were  those  with  an  invasive  com-
ponent,  classified  in 4 main  histologic  subtypes  (lentigo
maligna  melanoma,  surface  spreading  melanoma,  nodular
melanoma,  and  acral  lentiginous  melanoma),  and  those  for
which  a  study  of  the  TERT  promoter  was  available.  The  pri-
mary  tumor  was  studied  in the 85 patients  with  melanoma
and  melanoma  metastasis  was  also  studied  in 12  of  these
patients.  The  clinical  and  pathologic  data  of  each  of the
patients  with  melanoma  was  collected.  Breslow  thickness
was  characterized  using  the classification  of the  American
Joint  Committee  on  Cancer  (AJCC)  (≤1.00,  1.01-2,  2.01-4,
and  >  4  mm)18;  the mitotic  index  was  expressed  as  the num-
ber  of  cells  undergoing  mitosis  per  square  millimeter  and
was  characterized  by  the presence  or  absence  of mitosis;
histologic  regression  was  defined  as  described  in  previous
studies,19 and  was  characterized  as  absent  or  present,  and
growth  rate  was  defined  as  described  in previous  studies.20

All  patients  provided  written  consent  to  take  part in the
study.

Telomerase  Expression  With  Immune  Staining

Immune  staining  was  performed  in 5-�m slices, using
the  hTERT  monoclonal  antibody  (Rockland),  as  described
previously.21 The  same  technique,  with  omission  of the
antibody,  was  used as  a negative  control.  In the case  of
melanomas  for  which several  blocks  were  available,  those
with  the  highest  percentage  of  tumor  cells  were  selected.
Telomerase  expression  in  all  the samples  included  was  per-
formed  by  2  independent  observers  (BU  and  RB).  In  the  event
of  discrepancies  in the  observations  of  the 2  researchers,  the
observations  of the researcher  with  most  experience  (RB)
were  used  for  the analysis.  The  extent  of  expression  was
quantified  by  establishing  a score  based on  the percentage
of  positive  cells  (0,  0%;  1,  <  10%;  2,  10%-50%;  and  3,  >  50%).
The  intensity  of  expression  was  scored  from  0  to  3 (0,  absent;
1,  mild;  2, moderate;  3, intense).  The  expression  pattern
was  classified  as  homogeneous  or  heterogeneous  depending
on  the  uniformity  of  expression  in  tumor  cells.

Statistical  Analysis

Descriptive  analysis of the variables  was  performed  using
absolute  and  relative  frequencies.  Inferential  analysis  of  the
qualitative  variables  was  performed  using  tests  based  on  the
�

2 distribution.  Analysis  of  disease-free  survival  and  overall
survival  was  performed  using  the Kaplan-Meyer  method.  The
degree  of  agreement  between  the independent  observers
was  evaluated  using  the  � coefficient.  Statistical  analysis
was  performed  using  the SPSS  statistical  software  package
and  statistical  significance  was  established  for  values  of p
<0.05.

Results

Telomerase  Expression  in  Healthy  Skin

In  the  healthy  skin  surrounding  the melanocytic  lesions,
telomerase  expression  was  observed  in the epidermis,  hair
follicles,  sweat  glands,  and sebaceous  glands,  and  in the

Figure  1 Intense  telomerase  expression  in sebaceous  glands

(x100).

Figure  2  Telomerase  expression  with  a  heterogeneous  pat-

tern  in  primary  melanoma  (x100).

endothelium  of  the  dermal  blood  vessels.  Expression  was
mild  in the  epidermis  and follicles,  moderate  in the sweat
glands,  and  intense  in  the sebaceous  glands  (Fig.  1) (Figs.  S1-
S3  of  the  additional  material  available  in the  online  version).
Expression  in  these  appendages  was  used  as  a  positive  con-
trol  in all  the analyzed  cases.

Telomerase  Expression  in  Melanocytic  Tumors

The  degree  of  agreement  observed  in the 3  parameters  ana-
lyzed  by  the 2  researchers  was  good,  with  a �  index of  0.65  in
intensity  and  0.83  in extent,  and  0.73  in  telomerase  expres-
sion  pattern.

Telomerase  was  found  to  be  expressed  in  all the
melanocytic  tumors  analyzed.  In the  case  of the primary
melanomas,  the  expression  pattern  was  homogeneous  in all
cell  tumors  in  59%  (50/85)  of  cases  (Fig.  S4 of  the  addi-
tional  material),  whereas  it was  heterogeneous  in 41%
(35/85)  of  cases,  with  different  expression  intensity
between  tumor  cells  (Fig.  2) (Fig.  S5  of the additional  mate-
rial).  In  most of  the cases analyzed  (95%; 81/85),  expression
was  observed  in over 50%  of  tumor  cells  (Fig. S6 of
the additional  material),  and  expression  in less  than 10%
of  the tumorous  infiltrate  was  only  observed  in 1  case
(Fig.  S7 of the  additional  material).  In terms  of  intensity,
expression  was  intense  in 41%  (35/85)  of  the  samples  (Fig.
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Figure  3  A,  Melanoma  associated  with  intradermal  nevus  (hematoxylin---eosin,  x40).  B,  Detail  of  intradermal  nevus  associated

with the  melanoma  (hematoxylin---eosin,  x100).  C,  Intense  telomerase  expression  in melanoma  tumor  cells  and  mild  expression  in

nevus cells  (x40).  D,  Detail  of  mild  telomerase  expression  in  the  nevus  cells  (x100).

Figure  4  Intense  telomerase  expression  in metastatic

melanoma  (x100).

S8  of  the  additional  material),  moderate  in 51%  (43/85)  (Fig.
S9  of  the  additional  material),  and mild  in  only  8% (7/85)  of
the  samples  (Fig.  S10  of  the additional  material). Melanomas
with  a  precursor  nevus  lesion  (5%;  4/85)  revealed  intense
telomerase  expression  in the tumor cells  of the melanoma
but  mild  expression  in  the accompanying  nevus  cells  (Fig.  3A-
3D).

In  the  metastatic  melanomas,  the  expression  pattern
was  homogeneous  in 67%  (8/12)  and  heterogeneous  in 33%
(4/12).  Expression  of hTERT  was  observed  in over 50%  of
tumor  cells  in  100%  of the  samples,  and  was  intense  in 41%
(5/12),  moderate  in 50%  (6/12),  and  mild  in 8.3%  (1/12)
(Fig.  4).

Telomerase  expression  revealed  a  homogeneous  pattern
in  100%  of  the  melanocytic  nevi,  with  an  extent  of  over  50%
in  the  tumor  cells  in 91%  (20/22)  of the  samples.  Expression

Figure  5  Mild  telomerase  expression  in intradermal

melanocytic  nevus  (x100).

intensity  was  mild  in  64%  (14/22), moderate  in 32%  (7/22),
and  intense  in 4%  (1/22)  of  the samples.  (Fig.  5).

In  terms  of  differences  in  expression  based  on  the
clinical  and  pathologic  characteristics  of the  primary
melanomas,  the  heterogeneous  expression  pattern  was
associated  with  fast-growing  melanomas  (p =  0.028)  with
a  Breslow  thickness  of  more  than  4  mm  (p = 0,004),  with
mitosis  (p =  0.032),  and with  mutations  in the  TERT  pro-
moter  (p =  0,002)  (Table  1). The  expression  pattern  showed
no  significant  differences  between  the  type  of  mutation  in
the  TERT  promoter  (c.1-146C>T,  c.1-124C>T,  and  c.1-124/-
125CC>TT).  No statistically  significant  differences  were
observed  in intensity  or  extent  of  expression  (Table  S1  of
the  additional  material).  Expression  intensity  was  higher
in  melanomas  of  the  lentigo  maligna  melanoma  subtype
and  lower  in  acral lentiginous  melanomas,  although  this
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Table  1  Clinical  and  Pathologic  Characteristics  of  Patients  With  Melanoma  and  Distribution  of Characteristics  Based  on  the

Telomerase Expression  Pattern.

Variable  Total  (n  =  85)  Expression  pattern

Hom  Het  p

N (%)  N  (%)  N (%)

Age

<  40  5  (5.9)  2 (40.0)  3 (60.0)  0.678

40-65 45  (52.9) 27  (60.0)  18  (40.0)

> 65 35  (41.2) 21  (60.0) 14  (40.0)

Sex

Male 46  (54.1) 29  (63.0) 17  (37.0) 0.526

Female 39  (45.9)  21  (53.8)  18  (46.2)

Location

Head and  neck  9  (10.6)  2 (22.2)  7 (77.8)  0.025

Torso  45  (52.9)  32  (71.1)  13  (28.9)

Upper limbs  14  (16.5)  5 (35.7)  9 (64.3)

Lower limbs  14  (16.5)  9 (64.3)  5 (35.7)

Acral 3  (3.5)  2 (66.7)  1 (33.3)

Histologic subtype

Lentigo  maligna  melanoma  3  (3.5)  0 (0)  3 (100)  0.017

Surface  spreading  melanoma  64  (75.3)  43  (67.2)  21  (32.8)

Nodular melanoma  15  (17.6)  5 (33.3)  10  (66.7)

Acral lentiginous  melanoma  3  (3.5)  2 (66.7)  1 (33.3)

Breslow thickness

<  1  mm 40  (47.1)  29  (72.5)  11  (27.5)  0.004

1-2 mm  29  (34.1)  15  (55.2)  13  (44.8)

2-4 mm  6  (7.1)  4 (66.7)  2 (33.3)

> 4  mm 10  (11.8)  1 (10.0)  9 (90.0)

Ulceration

No 69  (81.2)  43  (62.3)  26  (37.7)  0.141

Yes 16  (18.8)  7 (43.8)  9 (56.3)

Mitosis/mm2

<  1  43  (50.6)  30  (69.8)  13  (30.2)  0.032

≥ 1  42  (49.4)  19  (47.6)  22  (52.4)

Regression

No 43  (50.6)  23  (53.5)  20  (46.5)  0.215

Yes 42  (49.4)  27  (64.3)  15  (35.7)

Tumor stage

Local  73  (85.9)  43  (59.7)  29  (40.3)  0.580

Local-regional/distant  disease  12  (14.1)  7 (58.3)  5 (41.7)

Growth  rate

Slow  growth  70  (82.3)  25  (64.3)  45  (35.7)  0.028

Rapid growth  15  (17.7)  5 (33.3)  10  (66.7)

Clinical course  (%)

Stable  disease  69  (81.0)  41  (57.7)  30  (42.3)  0.242

Local-regional/distant  relapse  11  (13.0)  3 (42.9)  4 (57.1)

Death 5  (6.0)  3 (100.0)  0 (0)

Mutations  in  TERT  promoter

WT  61  (71.8)  37  (66.1)  19  (33.9)  0.002

Mutated  24  (28.2)  6 (27.3)  12  (72.7)

Het indicates heterogeneous; Hom, homogeneous; WT, wild type.
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Figure  6  A,  Telomerase  expression  pattern  in melanoma  and  nevus  with  predominantly  homogeneous  expression  in melanocytic

nevi. B,  Progressive  reduction  in  intensity  of  telomerase  expression  from  metastatic  melanomas  to  nevi.

difference  was  not  statistically  significant  (p  =  0.523).  Analy-
sis  of  survival  revealed  no  statistically  significant  differences
based  on telomerase  expression.

The  comparative  analysis  of  nevus  with  primary  and
metastatic  melanoma  revealed  that  telomerase  expres-
sion  in  the  nevi  was  less  intense  than  in the primary
and  metastatic  melanomas  (p  =  0.001)  and  that, unlike
the  melanomas,  the nevi  revealed  a  characteristic  pat-
tern  of  homogeneous  expression  in all  the  tumor  cells  (p
<  0.001)  (Fig.  6). No  statistically  significant  differences
were  observed  between  primary  and metastatic  melanomas.
Moreover,  in  the case  of  the nevi, intensity  was  lowest  in
the  intradermal  nevi,  followed  by  the compound  and dys-
plastic  nevi,  although  the differences  were  not  statistically
significant  (p  = 0.054).

Discussion

The  results  of  this  study  show that  telomerase  expression
occurs  in  all  the melanocytic  tumors  analyzed,  and  that  a
gradually  increasing  trend  from  nevus  to  melanoma  exists,
which  may  be  implicated  in the tumor  progression  in this
type  of  cancer.

In  the  primary  melanomas  in our  series,  we  showed  that
the  heterogeneous  expression  pattern  is  associated  with
more  aggressive  melanomas  (faster-growing  melanomas
with  a  tumor  thickness  of  more  than  4  mm,  with  mitosis,
and  with  mutations  in  the TERT promoter);  this has  not
been  previously  reported.  These  results  contrast  with  those
recently  reported  by  Hugdahl  et  al,22 who  describe  homo-
geneous  expression  in most of  their  cases.  Our  findings,
however,  may support those  reported  by  Kohli  et  al,23 who
report  heterogeneous  expression  of non-nuclear  telomerase
in  melanomas  but  not  in benign  lesions.  This  heterogeneous
expression  pattern  may  be  the result  of intratumoral  het-
erogeneity  in  melanoma,  which  has been  linked  to  different
tumor  subpopulations,  and is  linked to  resistance  to  systemic
treatments.24,25 Furthermore,  we  cannot  rule  out  the  pos-
sibility  that the  heterogeneity  observed  in our  study  may
be  due  to  a  defect  in the staining  procedure,  although  this
is  unlikely,  as  this  pattern  was  not observed  in any  of  the
benign  melanocytic  lesions.

Unlike  other studies,  in our  series,  the intensity  and
extent  of  telomerase  expression  were  independent  of  the
clinical  and  pathologic  characteristics.  Hugdahl  et  al22

reported  a statistically  significant  link  between  telomerase
expression  (44%  of  primary  melanomas  in that  series)  and
tumor  thickness,  and  Zygouris  et al26 described  a  link  with
Breslow  thickness  and  ulceration.  Our  findings  contrast  with
several  studies  that  have  analyzed  telomerase  activity,  such
as  the  study  by  Ramírez  et al, which found  greater  telom-
erase  activity  in  melanomas  with  greater  tumor  thickness,
a  higher  Clark  score,  and mitosis27;  the  results  of Miracco
et al,28 in  which  telomerase  activity  was  also  associated
with  Breslow  thickness  and  the Clark  score;  and  the study
by  Carvalho  et  al,29 which  found  greater  telomerase  activity
in  ulcerated  melanomas,  with  a  greater  Breslow  thickness,
mitosis,  vascular  invasion,  and  satellitosis.  In  our  series,
melanomas  of  lentigo  maligna  melanoma  showed  greater
expression  intensity,  although  this did not  reach  statistical
significance.  This  last  finding  does  not  support  the  findings  of
the  series  by  Pópulo  et al,8 in  which  telomerase  expression
was  only  associated  with  the  surface  spreading  histologic
subtype.

With  respect  to  the mutations  in  the  TERT  promoter,
in  line  with  reporting  by other  authors,8,9 in a  previous
publication,30 we reported  a prevalence  of  33%  and  an
association  with  ulcerated  melanomas  with  greater  tumor
thickness,  with  mitosis,  and of the nodular  histologic  sub-
type.  As in other  studies,  in this series,  we found  no
differences  using  immune  staining  in telomerase  expres-
sion  between  mutated  and nonmutated  melanomas.8,22,23

This  finding  contrasts  with  several  prior  publications,  which
found  greater  telomerase  expression  in melanomas  with
mutations  in the  promoter.9---12 This  discrepancy  may  be  due
to  the  fact  that  those  studies  analyzed  telomerase  expres-
sion  at the  messenger  RNA level  and  not at  the protein
level,  and  other  molecular  mechanisms  may  therefore  exist
that  regulate  telomerase  expression.  Indeed,  several  stud-
ies  have  focused  on  epigenetic  regulation  of  telomerase
expression.  It  has  been  reported  that  post-transcriptional
regulation  of  the  TERT  through  microRNA  expression  may
suppress  telomerase  expression31,32 and  that  hypermethyl-
ation  in  the DNA  of  the TERT gene  may  increase  telomerase
expression.33 It may  therefore  be useful  to measure  the
length  of the  telomeres  and/or  telomerase  activity  and
correlate  it to the  presence  of the  mutation  in  order  to
determine  whether  only  mutated  genes  show increased
activity  or  whether  wild-type  genes  also  show greater
telomerase  activity  through  these  other  molecular  mech-
anisms.
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Furthermore,  we  have  identified  variable  levels  of telom-
erase  expression  in a series  of  22  melanocytic  nevi with
mild  expression  in most  of the samples,  and a tendency
for  expression  to  increase  from  intradermal  nevi  to dysplas-
tic  nevi.  It  should  also  be  noted  that,  in all  the melanomas
with  a  nevus  precursor,  telomerase  expression  in  the  accom-
panying  nevus  was  much  less  intense  than in the  tumor
cells  of  the  melanoma.  These  results  suggest  a potential
role  of  telomerase  in tumor  progression  in melanocytic  can-
cers.  Several  authors  have  analyzed  telomerase  activity  in
different  types  of  melanocytic  tumor  and  have found  that
telomerase  expression  increases  progressively  from  common
nevi  to  dysplastic  nevi  and  melanomas.4,34 These  differences
in  telomerase  expression  between  nevus  and melanoma,
however,  have  been  found  not  to  be  of  use  in  the differen-
tial  diagnosis,  as  expression  may  be  variable  in both  types
of  tumor.30

In this  study,  telomerase  expression  was  analyzed  using
immune  staining,  unlike  most  previously  published  stud-
ies,  which  analyzed  telomerase  activity  using  the telomere
repeat  amplification  protocol  (TRAP).4,23---25 Immune  stain-
ing  has  the advantage  of  being  a simple  and cheap  method
that  is performed  using  paraffinized  samples  and  makes  it
possible  to  visualize  the intensity  and  extent  of  expression,
not  only  in the  cells  of  interest  but  also  in adjacent  healthy
skin.  Indeed,  in  line  with  what  has  already  been  described,30

we  have  identified  variable  levels  of telomerase  expres-
sion,  not  only  in the  tumor  cells  but  also  in the  epidermis,
hair  follicles,  glands,  dermal  blood  vessels,  and  even  in the
accompanying  inflammatory  infiltrate.

In conclusion,  the results  of  this  study  show that telom-
erase  expression  occurs  in all the analyzed  melanocytic
tumors,  with  greater  expression  in the melanomas  than  in
the  nevi.  In the case  of  the  primary  melanomas,  heteroge-
neous  expression  is  linked  to  a  more  aggressive  phenotype;
however,  expression  intensity  is  independent  of  the clinical
and  pathologic  characteristics  of  the tumors.  It has  also  been
shown  that  no  differences  exist  in telomerase  expression
based  on  the  mutational  state  of the TERT  gene and other
molecular  mechanisms  must  therefore  exist  that  regulate
expression  of  the  TERT  gene  in the melanomas.

Funding

This  study  was  carried  out with  grants awarded  by  Fundación
Piel  Sana  (EUROMELANOMA  2016  grant  from  the AEDV  Foun-
dation),  Carlos  III  Institute  of  Health  (ISCII)  (PI16/01559),
IISLaFe  (2014/0370),  and the Department  of  Education,
Research,  Culture  and  Sport  of  the  autonomous  government
of  Valencia  (GV/2016/064).

Conflicts of  Interest

The  authors  declare  that  they  have  no  conflicts  of  interest.

Appendix A.  Supplementary data

Supplementary  data  associated  with  this  article  can
be  found,  in the  online  version,  at doi:10.1016/
j.ad.2018.10.003.

References

1. Heidenreich B, Kumar R. TERT promoter mutations in telomere

biology. Mutat Res. 2017;771:15---31.

2. Heidenreich B, Rachakonda PS, Hemminki K,  Kumar R. TERT

promoter mutations in cancer development. Curr Opin Genet

Dev. 2014;24:30---7.

3. Parris CN, Jezzard S, Silver A, MacKie R, McGregor JM, Newbold

RF. Telomerase activity in melanoma and non-melanoma skin

cancer. Br J Cancer. 1999;79:47---53.

4. Rudolph P, Schubert C, Tamm S,  Heidorn K,  Hauschild

A, Michalska I, et al. Telomerase activity in melanocytic

lesions: A potential marker of  tumor biology. Am J Pathol.

2000;156:1425---32.

5. Horn S, Figl A, Rachakonda PS, Fischer C, Sucker A, Gast A, et al.

TERT promoter mutations in familial and sporadic melanoma.

Science. 2013;339:959---61.

6. Shain AH,  Yeh I, Kovalyshyn I, Sriharan A, Talevich E, Gagnon

A, et al. The genetic evolution of melanoma from precursor

lesions. N  Engl J Med. 2015;373:1926---36.

7. Huang FW,  Hodis E, Xu MJ, Kryukov GV, Chin L,  Garraway LA.

Highly recurrent TERT promoter mutations in human melanoma.

Science. 2013 Feb 22;339:957---9.

8. Pópulo H, Boaventura P, Vinagre J,  Batista R,  Mendes A, Cal-

das R,  et  al. TERT promoter mutations in skin cancer: the

effects of  sun exposure and X-irradiation. J Invest Dermatol.

2014;134:2251---7.

9. Heidenreich B, Nagore E, Rachakonda PS, Garcia-Casado Z,

Requena C, Traves V,  et  al. Telomerase reverse transcrip-

tase promoter mutations in primary cutaneous melanoma. Nat

Commun. 2014;5:3401.

10. Horn S, Figl A, Rachakonda PS, Fischer C, Sucker A, Gast A, et al.

TERT promoter mutations in familial and sporadic melanoma.

Science. 2013;339:959---61.

11. Lee S, Opresko P, Pappo A, Kirkwood JM, Bahrami A. Associa-

tion of  TERT promoter mutations with telomerase expression in

melanoma. Pigment Cell Melanoma Res. 2016;29:391---3.

12. Vallarelli AF, Rachakonda PS, André J, Heidenreich B, Riffaud L,

Bensussan A, et al.  TERT promoter mutations in melanoma ren-

der TERT expression dependent on MAPK pathway activation.

Oncotarget. 2016;7:53127---36.

13. Griewank KG, Murali R,  Puig-Butille JA, Schilling B, Living-

stone E, Potrony M, et al. TERT promoter mutation status as an

independent prognostic factor in cutaneous melanoma. J  Natl

Cancer Inst. 2014:106.

14. Andrés-Lencina JJ, Rachakonda S, García-Casado Z, Srinivas N,

Skorokhod A, Requena C, et  al. TERT promoter mutation sub-

types and survival in stage I and II melanoma patients. Int J

Cancer. 2018;2, http://dx.doi.org/10.1002/ijc.31780.

15. Nagore E, Heidenreich B, Rachakonda S, Garcia-Casado Z,

Requena C, Soriano V, et al. TERT promoter mutations in

melanoma survival. Int J  Cancer. 2016;139:75---84.

16. Rachakonda S, Srinivas N,  Mahmoudpour SH, Garcia-Casado Z,

Requena C, Traves V,  et  al. Telomere length and survival in

primary cutaneous melanoma patients. Sci Rep. 2018;8:10947.

17. Rachakonda S, Kong H, Srinivas N, Garcia-Casado Z, Requena C,

Fallah M, et al. Telomere length, telomerase reverse transcrip-

tase promoter mutations, and melanoma risk. Genes Chromo-

somes Cancer. 2018;11, http://dx.doi.org/10.1002/gcc.22669.

18. Gershenwald JE, Scolyer RA, Hess KR, Sondak VK, Long GV,

Ross MI, et  al. Melanoma staging: Evidence-based changes

in the American Joint Committee on Cancer eighth edi-

tion cancer staging manual. CA Cancer J Clin. 2017;67:

472---92.

19. Requena C, Botella-Estrada R, Traves V,  Nagore E, Almenar S,

Guillén C. Regresión en el  melanoma: problemas en su definición

e  implicación pronóstica. Actas Dermosifiliog. 2009;100:75.

http://dx.doi.org/10.1016/j.ad.2018.10.003
http://dx.doi.org/10.1016/j.ad.2018.10.003
dx.doi.org/10.1002/ijc.31780
dx.doi.org/10.1002/gcc.22669


Telomerase  Expression  in a Series  of  Melanocytic  Neoplasms  219

20. Nagore E, Hacker E, Martorell-Calatayud A, Traves V,  Guillen

C,  Hayward NK, et al. Prevalence of BRAF and NRAS muta-

tions in fast-growing melanomas. Pigment Cell Melanoma Res.

2013;26:429---31.

21. Vinagre J, Almeida A, Pópulo H, Batista R, Lyra J,  Pinto V, et  al.

Frequency of TERT promoter mutations in human cancers. Nat

Commun. 2013;4:2185.

22. Hugdahl E, Kalvenes MB, Mannelqvist M, Ladstein RG, Akslen

LA. Prognostic impact and concordance of TERT promoter

mutation and protein expression in matched primary and

metastatic cutaneous melanoma. Br J  Cancer. 2018;118:

98---105.

23. Kohli JS, Mir H, Wasif A, Chong H, Akhras V, Kumar R, et  al.

ETS1, nucleolar and non-nucleolar TERT expression in nevus to

melanoma progression. Oncotarget. 2017;8:104408---17.

24. Somasundaram R,  Villanueva J, Herlyn M. Intratumoral hetero-

geneity as a therapy resistance mechanism: role of  melanoma

subpopulations. Adv Pharmacol. 2012;65:335---59.

25. Tirosh I, Izar B, Prakadan SM, Wadsworth MH, Treacy D,

Trombetta JJ, et al. Dissecting the multicellular ecosys-

tem of metastatic melanoma by single-cell RNA-seq. Science.

2016;352:189---96.

26. Zygouris P, Tsiambas E, Tiniakos D, Karameris A, Athanassiou

AE, Kittas Ch, et al. Evaluation of combined h-TERT, bcl-2, and

caspases 3 and 8 expression in cutaneous malignant melanoma

based on tissue microarrays and computerized image analysis.

J BUON. 2007;12:513---9.

27. Ramirez RD, D’Atri S, Pagani E, Faraggiana T, Lacal PM, Tay-

lor RS, et al. Progressive increase in telomerase activity from

benign melanocytic conditions to malignant melanoma. Neopla-

sia. 1999;1:42---9.

28. Miracco C, Pacenti L, Santopietro R,  Laurini L,  Biagioli M, Luzi

P. Evaluation of  telomerase activity in cutaneous melanocytic

proliferations. Hum Pathol. 2000;31:1018---21.

29. Carvalho L,  Lipay M, Belfort F,  Santos I, Andrade J,  Haddad A,

et al. Telomerase activity in prognostic histopathologic features

of melanoma. J Plast Reconstr Aesthet Surg. 2006;59:961---8.

30. De Unamuno Bustos B, Murria Estal R, Pérez Simó G, de Juan
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