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Raúl M. Luque a,1, Alejandro Ibáñez-Costa a,1,  Laura Sánchez-Tejadab,
Esther  Rivero-Cortés a,  Mercedes Robledo c,  Ainara Madrazo-Atutxad,  Mireia Morae,
Clara  V. Álvarez f, Tomás Lucas-Morante g,  Cristina Álvarez-Escoláh,  Carmen Fajardo i,
Luis  Castaño j,  Sonia Gaztambide k,  Eva Venegas-Morenod, Alfonso Soto-Morenod,
María  Ángeles Gálvez l, Javier Salvadorm, Elena Valassin,  Susan M. Webbn,o,
Antonio  Picób,  Manel Puig-Domingop, Montserrat Gilabertq,  Ignacio Bernabéu r,
Mónica  Marazuela s, Alfonso Leal-Cerro t,2, Justo P. Castaño a,∗,2, REMAH investigators3

a Instituto  Maimónides  de  Investigación  Biomédica  de  Córdoba  (IMIBIC);  Departamento  de  Biología  Celular,  Fisiología  e

Inmunología,  Universidad  de  Córdoba;  Hospital  Universitario  Reina  Sofía;  Campus  de Excelencia  Internacional  Agroalimentario

(ceiA3); CIBER  Fisiopatología  de la Obesidad  y  Nutrición,  Córdoba,  Spain
b Departamento  de Endocrinología,  Hospital  General  Universitario  de  Alicante,  Alicante,  Spain
c Grupo  de  Cáncer  Endocrino  Hereditario,  Centro  Nacional  de  Investigaciones  Oncológicas  (CNIO),  Madrid,  Spain
d Unidad  de  Gestión  Clínica  de  Endocrinología  y  Nutrición,  Instituto  de Biomedicina  de  Sevilla  (IBiS),  Hospital  Universitario  Virgen

del Rocío,  Consejo  Superior  de  Investigaciones  Científicas,  Universidad  de Sevilla,  Sevilla,  Spain
e Unidad  de  Endocrinología,  Hospital  Clínic  i  Universitari  de  Barcelona,  Barcelona,  Spain
f Grupo  de  Neoplasia  y  Diferenciación  Endocrina,  Centro  Singular  de  Investigación  en  Medicina  Molecular  y  Enfermedades

Crónicas (CIMUS),  Instituto  de Investigaciones  Sanitarias;  Facultad  de  Medicina,  Universidad  de  Santiago  de  Compostela,  Santiago

de Compostela,  Spain
g Servicio  de  Endocrinología  y  Nutrición,  Hospital  Universitario  Puerta  de  Hierro,  Madrid,  Spain
h Servicio  de  Endocrinología  y  Nutrición,  Hospital  Universitario  La  Paz,  Universidad  Autónoma  de Madrid,  Madrid,  Spain
i Servicio  de Endocrinología,  Hospital  Universitario  de  La  Ribera,  Alzira,  Spain
j Grupo  de Investigación  de Endocrinología  y  Diabetes,  Hospital  Universitario  de Cruces,  Barakaldo,  Spain
k Departamento  de  Endocrinología  y  Nutrición,  Hospital  Universitario  de Cruces,  Barakaldo,  Spain
l Servicio  de  Endocrinología  y  Nutrición,  Hospital  Universitario  Reina  Sofía;  Instituto  Maimónides  de Investigación  Biomédica

de Córdoba,  Córdoba,  Spain
m Departamento  de Endocrinología  y  Nutrición,  Clínica  Universidad  de Navarra,  Universidad  de  Navarra;  Instituto  de  Investigación

Sanitaria de  Navarra  (IdiSNA),  Pamplona,  Spain
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Abstract  Pituitary  adenomas  are  uncommon,  difficult  to  diagnose  tumors  whose  heterogeneity
and low  incidence  complicate  large-scale  studies.  The  Molecular  Registry  of  Pituitary  Adeno-
mas (REMAH)  was  promoted  by  the  Andalusian  Society  of  Endocrinology  and Nutrition  (SAEN)
in 2008  as  a  cooperative  clinical-basic  multicenter  strategy  aimed  at improving  diagnosis  and
treatment  of  pituitary  adenomas  by  combining  clinical,  pathological,  and  molecular  informa-
tion. In  2010,  the  Spanish  Society  of  Endocrinology  and  Nutrition  (SEEN)  extended  this  project
to national  level  and  established  6  nodes  with  common  protocols  and  methods  for  sample
and clinical  data  collection,  molecular  analysis,  and  data  recording  in a  common  registry
(www.remahnacional.com).  The  registry  combines  clinical  data  with  molecular  phenotyping  of
the resected  pituitary  adenoma  using  quantitative  real-time  PCR  of  expression  of  26  genes:  pitu-
itary hormones  (GH-PRL-LH-FSH-PRL-ACTH-CGA),  receptors  (somatostatin,  dopamine,  GHRH,
GnRH, CRH,  arginine---vasopressin,  ghrelin),  other  markers  (Ki67,  PTTG1),  and control  genes.
Until 2015,  molecular  information  has  been  collected  from  704 adenomas,  out  of  1179  patients
registered.  This  strategy  allows  for  comparative  and relational  analysis  between  the  molecular
profile of  the  different  types  of  adenoma  and  the clinical  phenotype  of  patients,  which  may
provide a  better  understanding  of  the  condition  and  potentially  help  in treatment  selection.
The REMAH  is therefore  a  unique  multicenter,  interdisciplinary  network  founded  on a  shared
database that  provides  a  far-reaching  translational  approach  for  management  of  pituitary  ade-
nomas, and  paves  the  way for  the conduct  of  combined  clinical-basic  innovative  studies  on large
patient samples.
©  2016  Published  by  Elsevier  España,  S.L.U.  on behalf  of  SEEN.

PALABRAS  CLAVE
Adenoma  hipofisario;
Tumor;
Acromegalia;
Cushing;
Estudio  multicéntrico

El  Registro  Molecular  de  Adenomas  Hipofisarios  (REMAH):  una  apuesta  de  futuro  de la
Endocrinología  española por la  medicina  individualizada  y la investigación  traslacional

Resumen  Los  adenomas  hipofisarios  son  tumores  infrecuentes  de diagnóstico  complejo,  cuya
heterogeneidad  y  baja  incidencia  dificultan  estudios  a  gran  escala.  El Registro  Molecular  de Ade-
nomas Hipofisarios  (REMAH)  nació  en  2008  en  el  seno  de la  Sociedad  Andaluza  de Endocrinología
y Nutrición  (SAEN),  como  estrategia  de cooperación  clínico-básica  y  multicéntrica,  para  mejorar
el diagnóstico  y  tratamiento  de  tumores  hipofisarios  mediante  la  combinación  de información
clínica, anatomopatológica  y  molecular.  En  2010,  la  Sociedad  Española  de  Endocrinología  y
Nutrición (SEEN)  lo  extendió  a  nivel  nacional,  estableciendo  6 nodos  con  protocolos  y  métodos
comunes  de  recogida  de  muestras  y  datos  clínicos,  análisis  molecular  y  anotación  en  un  mismo
registro (www.remahnacional.com).  El registro  combina  datos  clínicos  con  el  fenotipado  mole-
cular del  adenoma  intervenido,  mediante  PCR  cuantitativa  en  tiempo  real  de la  expresión  de
26 genes:  hormonas  hipofisarias  (GH-PRL-LH-FSH-PRL-ACTH-CGA),  receptores  (somatostatina,
dopamina, GHRH,  GnRH,  CRH,  arginina-vasopresina,  ghrelina),  otros  marcadores  (Ki67,  PTTG1)
y genes  de  control.  Hasta  2015  se  ha  obtenido  información  molecular  de  704 adenomas,  de
los 1.179  pacientes  registrados.  Esta  estrategia  permite  abordar  análisis  comparativos  y  rela-
cionales  entre  el  perfil  molecular  de los distintos  tipos  de adenomas  y  el  fenotipo  clínico  del

http://www.remahnacional.com/
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paciente,  lo que  puede  ofrecer  un  mejor  conocimiento  de la  enfermedad  y,  potencialmente,
ayudar en  la  selección  del  tratamiento.  El REMAH  constituye  una  red  única,  multicéntrica  e
interdisciplinar,  cimentada  en  una  base  de  datos  compartida,  que  aporta  un  enfoque  traslacional
de gran  proyección  potencial  para  el  manejo  de los  adenomas  hipofisarios  y  abre  el camino  para
estudios  conjuntos  clínico-básicos  innovadores  con  un  elevado  número  de pacientes.
© 2016  Publicado  por  Elsevier  España,  S.L.U.  en  nombre  de  SEEN.

Introduction

Pituitary  tumors  represent  a  complex  and significant  chal-
lenge  for  current  medicine,  requiring  the joint, coordinated
approach  of  the  departments  of  endocrinology,  neuro-
surgery,  pathology,  and radiology,  as  well  as  other  support
disciplines.  In  this setting,  information  provided  in recent
decades  by  cellular  and  molecular  biology  on  pituitary  ade-
nomas  has  made  a  substantial  contribution  to  advances  in
our  understanding  of this  group  of  diseases  and in the  design
of  new  diagnostic  and  prognostic  markers,  as  well  as  new
therapeutic  targets  and  strategies.  There  is,  however,  a  sig-
nificant  gap  between  molecular  studies  of  basic  research  and
the  clinical  management  of  patients  with  pituitary  tumors
which  is  preventing  a more  rapid  and effective  impact  of
scientific  findings  on  patient  health.  In  order  to  reduce  this
gap,  an  initiative  of collaboration  between  basic  research
and  clinical  practice  for the  study  of  pituitary  tumors  was
launched.  Its  starting  point  was  the  creation  of a  registry
of  tumors  that  includes,  in addition  to  the clinical  data  of
patients,  the molecular  analysis  of  the pituitary  tumor  spec-
imen  taken  at  surgery,  with  both  the expression  levels  of
a  set  of  genes  selected  in accordance  with  their  potential
diagnostic  value  and  the possible  clinical  value  of  the  infor-
mation  they  provide  being assessed.  This  article  describes
the  general  lines  which made  it possible  to  launch  this ini-
tiative,  called  the Molecular  Registry  of  Pituitary  Adenomas
(REMAH),  as  well  as  the main  characteristics  of  molecular
phenotyping.

It is  now  accepted  that  pituitary  adenomas  result
from  the  clonal  expansion  of  a specific  type of  ade-
nohypophyseal  cell1---3;  the resulting  clinical  syndromes
derive  from  the  production  of  one  or  several  hormones,
or  from  local  growth.4,5 Thus,  the  main  types  of  pitu-
itary  adenomas  include  somatotropinomas  producing  growth
hormone  (GH),6 prolactinomas  producing  prolactin  (PRL),7

corticotropinomas  producing  adrenocorticotropic  hormone
(ACTH),8 thyrotropinomas  producing  thyrotropin  (TSH),9

gonadotropinomas  producing  luteinizing  hormone  (LH) or
follicle-stimulating  hormone  (FSH),10 and  non-functioning
pituitary  adenomas,11 mostly  derived  from  the  gonadotropic
lineage,  producing  alpha  subunit  glycoproteins  (CGA).

The  classification  of  pituitary  adenomas  appears  at first
sight  to be relatively  simple  and  generic,  which  may  suggest
that  the  diagnosis  of  these tumors  is  simple,  but  this is  not
the  case.  In fact,  pituitary  cells  with  the mixed  secretion  of
two  or  more  hormones,  or  different  cell populations,  causing
combined  syndromes  frequently  appear.6,7,9---13 Silent  adeno-
mas  (different  from  the  above  mentioned  non-functioning
tumors)  with  little  or  no  hormone  expression,  and  tumors
with  cyclic  functionality,  all  of them  very  difficult  to  detect,

may also  occur.  A detailed  pathological  analysis  is  there-
fore  essential  to  better  diagnose  these conditions.14,15 All of
this,  in turn,  emphasizes  the need  to  improve  the currently
available  tools in order  to  improve  clinical  diagnosis  and the
phenotyping  of  pituitary  adenomas.

The  hormone  secretion  of pituitary  cells  and  many  of
their  trophic  functions  (survival,  proliferation,  and  the
maintenance  of specific  gene expression  patterns)  are
primarily  regulated  by  hypophysotropic  hypothalamic  hor-
mones,  a set  of neuroendocrine  peptides  having  either
stimulatory  effects,  such as  GHRH,  GnRH, CRH,  and  TRH,
or  inhibitory  effects,  such as  somatostatin.  There  are
also  primary  non-peptide  hypothalamic  regulators,  such  as
dopamine,  a  potent  inhibitor.4,5,16---18 All  these  hormones
act  upon  their target  cells  through  specific  membrane
receptors,  modulating  signal  transduction  pathways  and pro-
teins  in the secretory  pathway.  Although  the  presence  of
these  receptors  is  altered  in many  adenomas,4,5,16---21 most
tumors  express  to a greater  or  lesser  extent  receptors  of
the  inhibitory  hormones  somatostatin  and dopamine,  which
have  served  as  targets  for drugs  used in the  treatment  of
several  pituitary  diseases.19,22---24

In  addition  to the above  mentioned  primary  regulators,
there  are  other  factors  able  to  regulate  pituitary  func-
tion,  such  as  ghrelin,  whose  receptor,  GHSR1a,  is  abundantly
expressed  in the  pituitary  gland.25---29 The  role  of  AVP  and  its
receptors  (AVPR1a,  AVPR1b,  and  AVPR2)  at pituitary  level
is  critical  for the maintenance  of  basal  homeostasis,  and
in response  to  stress;30 in fact,  recent  studies  have  shown
the  key  value  of  AVPR1b  in  Cushing’s  disease.31,32 Securin
(PTTG1)  is  involved  in cell  transformation  from  hyperplasia
to  adenoma,  and  its presence  is  related  to  angiogenesis;33,34

the biomarker  Ki67  has  been  used  as  an immunohistochemi-
cal marker  of  cell proliferation,  although  its  use  and  actual
value  remain  controversial.33,34 A deeper  understanding  of
this  series  of  molecules  and  their  changes  in  pituitary  adeno-
mas  may  help  us  to  better  understand  the  disease  and to  take
more  adequate  decisions  regarding  its  treatment  and  moni-
toring.  The  identification  in  these  tumors  of  new  regulatory
molecules  would also  make  it possible  to test  their  effect
and  that  of  new  analogs  in such tumors,  thus  increasing  the
spectrum  of  adenomas  that may  be treated  with  drugs.

Because  of  the heterogeneity  of pituitary  tumors  and  the
importance  of  knowing  their  molecular  profile,  the  REMAH
project  was  started  in 2008  by  the work  group on  neuroen-
docrinology  of the  Andalusian  Society  of  Endocrinology  and
Nutrition  (SAEN).  It  was  devised  and  developed  by  basic  and
clinical  researchers  to  generate  information  and  to provide
endocrinologists  and  their neuroendocrine  teams  with  a
helpful  service  for the management  of  patients  with  pitu-
itary  tumors.  In 2010,  this project  attracted  the interest  of
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the  work  group  on  neuroendocrinology  of the  Spanish  Soci-
ety  of  Endocrinology  and  Nutrition  (SEEN),  which  decided  to
endorse  the  project  from  its foundation  (FSEEN),  with  the
support  of Novartis  as  sponsor.  REMAH  thus  found  itself  going
nationwide  and  being  organized  into  six nodes,  each  coor-
dinated  by  a basic  researcher  with  molecular  experience
and  a  clinical  researcher  experienced  in  the  care  of patients
with  neurosurgical  pituitary  disease.  Researchers  in charge
of  patient  care  and monitoring  and  those  responsible  for
molecular  phenotyping  are ascribed  to  each  node.  Node  dis-
tribution  is  as  follows:  Andalusia  (Cordova),  the Community
of  Madrid  (Madrid),  the  Valencian  Community  (Alicante),
Galicia  (Santiago  de  Compostela),  Catalonia  (Barcelona),
and  the  Basque  Country  (Bilbao).  The  molecular  study  per-
formed  at  each  node  comprises  the  same  26  genes,  whose
expression  levels  are tested  using  a  systematic,  standard-
ized  recording  and measurement  method.  The  measurement
of  gene  expression  provides  a better  understanding  of the
disease  at  molecular  level  and has  the  potential  to  improve
treatment  decisions.  In  addition,  as a complementary  objec-
tive,  the  REMAH  project  aims  to  collect  the  molecular  results
of  each  pituitary  tumor,  together  with  clinical  patient  data,
in  a  common  registry  that  will  provide  all  participating
researchers  with  a  research  platform  containing  a  signifi-
cant  number  of  cases  of  a disease  with  a  low prevalence,  so
helping  Spanish  neuroendocrinology  to  improve  its  levels  of
international  scientific  competitiveness.

From  the scientific  viewpoint,  the general  objective  of
REMAH  is  to determine  the expression  in pituitary  tumors
of  different  genes  corresponding  to  receptors,  hormones,
and  other  regulatory  proteins  in  order  to  improve  diagnosis.
This  allows  for  the additional  objective  of  assessing  the  rela-
tionship  of  those  parameters  to  the clinical  and  pathological
characteristics  of  the  patients,  and  thus  of analyzing  their
potential  role  in the  development  and  pathological  response
of  pituitary  adenomas.  Specifically,  the  testing  of proteins
related  to  the  control  of  hormone  secretion,  survival,  or  cell
apoptosis  that  may  affect  these conditions,  makes  it  con-
ceivable  that  the  potential  value  and relevance  of  molecules
and  signals  tested  as  treatment  targets  may  be  established,
and  that  early  diagnostic  markers  of  these  diseases  can
be  obtained.  These  data  are thus  expected  to  be  of  value
for  both  the  clinical  and  basic  researchers  involved  in  the
study.

To  achieve  this  general  objective,  the  following  specific
objectives  were  established:  1) To  assess  the expression
of  pituitary  hormones  and  the  main  hypothalamic  hormone
receptors,  with  priority  being  given  to  those  related  to
the  disease  evaluated:  somatostatin  (sst1,  sst2,  sst3,  and
sst5),  dopamine  (DRD1,  DRD2T,  DRD2L,  DRD4,  and  DRD5),
GHRH  (GHRH-R),  CRH  (CRH-R1),  AVP  (AVPR1b),  and  ghrelin
(GHSR1a).  2)  To  study  the expression  of  other  proteins  that
regulate  secretion  or  cell  proliferation  and  death, which
may  be  used  as  markers  or  new  treatment  targets,  PTTG1
and  Ki67.  3)  To  determine  the  potential  relationship  of  the
expression  levels  of these  receptors  and molecules  of  inter-
est  with  patient  response  to  specific  drug treatments  for
the  different  types  of pituitary  tumors,  and  with  the clinical
characteristics  and  course of  those  patients.  More  specifi-
cally,  the  purpose  of  this publication  is  to  detail  how  REMAH
works,  its methodology,  and  the  tumor  samples  collected  to
date.

Patients  and methods

Recruitment  of patients.  Informed consent

The  REMAH  study  has  been  conducted  in  accordance  with
the  principles  of  the Declaration  of  Helsinki  and  approved  by
the  ethics  committees  of  participating  hospitals.  Informed
consent  was  obtained  from  each patient  before  study  entry.

Methodology  and  design  of  the REMAH  study,  consisting
of four  phases:

Case preparation

Diagnosis
The  following  factors  were  considered  necessary:

•  Functional  identification  of the  tumor  and  its  specific  clin-
ical  characteristics.

• Evaluation  of the  type  of  response  to  stimuli,  enhancers,
or  suppressors  of  hormone  secretion  in functioning
tumors.

•  Identification  of  tumor  sequelae  affecting  the rest  of  the
hypothalamic-pituitary  structure.

• Assessment  of preoperative  drug response  (somatostatin
analogs,  adrenal  steroidogenesis  inhibitors,  etc.),  the
type  of drug,  duration  and  its  effect  on  hormone  secretion
(if  applicable).

•  Replacement  therapy  for  associated  deficiencies  before
surgery.

•  Assessment  of the need for  the use  of  steroid  therapy
during  surgery.

•  Blood  sample  collection  before  drug treatment  or  surgery.

Surgery
•  Decision  and programming  of surgical  procedures.
•  Hospital  admission.
•  The  collection  of clinical  history  data  from  the case  report

form  attached  to  the REMAH  protocol,  included  in the
corresponding  database.  Specifically,  fasting  levels  of the
following  substances  are  measured  in circulating  blood:
glucose  (mg/dL),  HbA1c  (%),  cholesterol  (mg/dL),  LDL
(mg/dL),  HDL  (mg/dL),  basal  GH  (ng/mL),  PRL  (mU/mL),
ACTH  (pg/mL),  LH  (mU/mL),  FSH  (mU/mL),  TSH (�U/mL),
CGA  (mU/mL),  IGF-I  (ng/mL),  free  T4  (ng/L),  and  cortisol
(�g/dL).  Report  after  surgery:  cure  after  the procedure
and  pharmacological  control  in  the event  of  no  cure. Imag-
ing  data: adenoma  size  (<1 cm, microadenoma  or  >1  cm,
macroadenoma),  extrasellar,  suprasellar,  and infrasellar
extension,  characteristics  in T1  and T2  MRI  sequences.

• It  should  be noted  that  the registry  allows  for (and  has
among  its  future  objectives)  detailed  patient  monitoring
after  surgery  or  under  medical  treatment,  including  blood
sample  collection  at  6  and  12  months.

Sampling  of pituitary  adenoma

Sampling  is  performed  using  a  standardized  procedure.  Each
participating  center  applies  its  own  coordination  system  to
ensure  the collection  of  adequate  samples  from  all  tumors
operated  on  at the hospital,  according  to  the requirements
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of  the  agreed  procedure.  Procedure  coordination  and  super-
vision  depends  on  the researchers  in charge  of  both  sample
collection  and  the corresponding  clinical  data.

1.  The  surgical  specimen  is processed  as  an
‘‘intraoperative’’  sample  for  pathology,  with  meas-
ures  being  taken  to  prevent  any  delay  in  collection.  In
neurosurgery,  the  adenoma  specimen  is  immediately
placed  in cold  physiological  saline,  never  in formalin,
and  no  more  than  30  min  should  elapse  from  removal  to
processing.

2.  The  specimen  is  assessed  by  the  pathology  department,
which  provides,  after taking  the  portion  required  for
diagnosis,  a  representative  fragment  that  is  transferred
to  a  cryotube  with  RNAlater  stabilizing  solution  (Life
Technologies,  Carlsbad,  CA,  USA);  if the  fragment  is
greater  than  0.5 cm  in  size,  it is  divided  to  allow  for  the
penetration  of  the  stabilizing  substance.  The  cryotube  is
identified  with  a  REMAH  code,  generated  in  the  computer
application/registry,  which  is  linked  to  the  correspond-
ing  code  of the patient’s  clinical  history  and  to  the  report
of  the  endocrinology  department.  The  cryotube  with  the
sample  is  stored  at 4 ◦C until  transferred  to the reference
node  selected.

3. The  adenoma  sample  is  shipped  to  the reference  node.
The  tumor  sample  is  shipped  in the  cryotube  itself,  either
under  refrigerated  conditions  or  at room  temperature.

Study  of the  tumor  sample

Study  variables
Parameters  tested  during  the course of  the overall  project
are  detailed  below:

•  Demographic  data: sex  and  age.
•  Molecular  expression  levels,  measured  by  real time  quan-

titative  PCR  (qPCR):  GH,  PRL,  POMC,  � subunits  of
luteinizing,  follicle-stimulating,  and  thyroid-stimulating
hormones  (LHB,  FSHB,  and  TSHB  respectively),  � sub-
unit  of  glycoproteins  (CGA),  sst1,  sst2,  sst3,  sst5,  DRD1,
DRD2T,  DRD2L,  DRD4,  DRD5,  GnRH-R,  GHRH-R,  CRH-
R1,  GHSR1a,  AVPR1b,  Ki67,  PTTG1,  and  �-actin  control
genes  (ACTB),  glyceraldehide-3-phosphate  dehydroge-
nase  (GAPDH),  and  hypoxanthine---guanine  phosphoribo-
syltransferase  (HPRT).

•  Biochemical  levels  in blood,  report  after  surgery,  and indi-
cated  imaging  data.

Molecular  study:  RNA  extraction  and reverse
transcription

Tumor  tissue  fragments  undergo  standardized  processing
procedures  for gene  expression  assessment.  Depending  on
the  type  of tumor,  the characteristics  of  the disease  under
study,  and the  size  of  the  available  sample,  priorities  are
established  for  the  genes  to  be  tested  based  on  the  needs
for  clinical  information  concerning  the  disease.  RNA  extrac-
tion  from  the sample  is  performed  as  previously  described,29

using  AllPrep  RNA/DNA/Prot  supplemented  with  RNase-
Free  DNase  Set (#80004  and #79254  respectively,  Qiagen,
Limburg,  the  Netherlands)  following  the manufacturer’s

instructions.  The  tumor  specimen  is  homogenized  in cold
using  RLT  buffer  supplemented  with  beta-mercapto-ethanol,
using  a pellet  pestle  tissue  grinder  with  a cordless  drive
unit  (#749515-0000  and  #749540-0000  respectively,  Kontes,
Sigma---Aldrich,  Madrid,  Spain),  after  which  RNA  isolation
is  performed  using  the column  system  included  in  the  kit.
RNA  is  then  eluted  in 30---50 �L  of DEPC-treated  water,
depending  on  the sample  size.  Reverse  transcription  of RNA
is  performed  using  a RevertAid  FirstStrand  cDNA  synthesis
kit  (#K1622,  Fermentas,  Hanover,  MD,  USA)  according  to
the manufacturer’s  instructions,  using  random  hexamers.
Specifically,  the use  of 0.5  �g of RNA by  reaction,  with  a dou-
ble reaction  (1 �g  of  RNA)  to  obtain  a final  volume  of  40  �L
of  copy  DNA,  which  is  stored  at −20 ◦C until  measurement  by
real  time  quantitative  PCR  (qPCR)  is considered  optimum.

Primer  selection

All  pairs  of  primers  have  been  designed  using  the genomic
sequences  of  GenBank  (National  Center  for  Biotechnol-
ogy  Information)  and  Primer3  software,35,36 as  previously
reported,17 using  the  following  criteria:  a)  the difference  in
binding  temperature  between  both  primers  does  not  exceed
0.2 ◦C,  b) primers  that  generate  primer  dimers  have been
excluded,  and  3) they  amplify  a  product  by  between  100  and
200  base  pairs.  Primer  sequences  were  verified  using  BLAST
(National  Center  for Biotechnology  Information)  to avoid
potential  homology  to  other  sequences.  Primer  sequence,
expected  sizes,  and  GenBank  numbers  are  shown  in Table  1.

Verification  of primer  specificity

To  verify  primer  specificity,  as  previously  described,17 each
pair of primers  was  used  in conventional  PCR  (DreamTaq
DNA  Polymerase,  Thermo  Scientific,  Wilmington,  NC, USA)
to  amplify  copy  DNA generated  by  reverse  transcription  from
human  pituitary  tissue.  The  thermal  profile  consists  of  a
10/min  step at  95 ◦C  followed  by 35  cycles  of  one minute
at 95 ◦C,  one minute  at 60---64 ◦C  and  one  minute  at  72 ◦C.
Products  were run on  agarose  gel  stained  with  ethidium
bromide  to confirm  the  presence  of a  single  band  of  the
expected  size  and the absence  of  primer  dimers.  An  aliquot
of  the PCR  product  was  purified  using  the AccuPrep  Gel
Purification  Kit  (K3035,  Bioneer,  Alameda,  CA,  USA),  and
sequencing  was  performed  to  confirm  primer  specificity.  The
conventional  PCR  product  was  used  to construct  standard
curves  for quantitative  PCR.  To  confirm  primer  efficiency
and  construct  standard  curves,  the first  assay  with  qPCR
was  performed  with  a  1:2  dilution  of  reverse  transcription
being  made,  in which optimum  efficiency  is  shown  by  a dif-
ference  of  one  Ct  between  both  dilutions.  Details  of  qPCR
reagents  are given  in the next section.  The  concentration
of  the  purified  product  was  measured  using  the PicoGreen
DNA  Quantification  kit (Molecular  Probes,  Eugene,  OR,  USA),
and  PCR  products  were sequentially  diluted,  to  obtain  stan-
dards  of  101,  102,  103,  104,  105,  and  106  copies  of  transcript
by  microliter.  One  microliter  of  each point in the curve  is
amplified  by  qPCR,  and  a  standard  curve relating  Ct and
the number  of copies  is  thus  generated.  The  R2  values  gen-
erated  from  the straight  line  ranged from  0.997  to  1.003;
primer  pairs  with  efficiency  ranging  from  90%  to  110%  were
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Table  1  Primer  sequence,  expected  sizes,  and  GenBank  numbers  for  the  genes  studied.

Gene  GenBank  no.  Sequence  Size

Sense  (bp) Antisense  (bp)

ACTB  NM  001101  ACTCTTCCAGCCTTCCTTCCT  21  CAGTGATCTCCTTCTGCATCCT  22  176
GAPDH NM  002046  AATCCCATCACCATCTTCCA  20  AAATGAGCCCCAGCCTTC  18  122
HPRT BT019350  CTGAGGATTTGGAAAGGGTGT  21  TAATCCAGCAGGTCAGCAAAG  21  157
GH NM  000515  GACCTAGAGGAAGGCATCCAAA  22  AGCAGCCCGTAGTTCTTGAGTAG  23  143
PRL BC015850  CCTTCGAGACCTGTTTGACC  20  ATCTGTTGGGCTTGCTCCTT  20  183
POMC BC065832  CCCTACAGGATGGAGCACTT 20  CGTTCTTGATGATGGCGTTT  20  127
LHB NM 000894 GCCTCCTCTTCCTCTAAAGACC 22  GCGGATTGAGAAGCCTTTATT 21  104
FSHB NM 000510 TTGGTGTGCTGGCTACTGCT 20  GGGCACTCTCACTGTTTCGT  20  115
TSHB NM  000549.3  ATTGCCTAACCATCAACACCAC  22  AAACATCCTGGGACAGAGCATA  22  102
CGA NM  000735.2  GCAAAAAGCCCAGAGAAAGG  20  ATCAGGAGCGGAATGGAGAA  20  107
sst1 NM  001049  CACATTTCTCATGGGCTTCCT  21  ACAAACACCATCACCACCATC  21  165
sst2 NM 001050 GGCATGTTTGACTTTGTGGTG  22  GTCTCATTCAGCCGGGATTT  20  185
sst3 NM 001051 TGCCTTCTTTGGGCTCTACTT 22  ATCCTCCTCCTCAGTCTTCTCC  22  190
sst5 NM 001053 CTGGTGTTTGCGGGATGTT 19  GAAGCTCTGGCGGAAGTTGT  20  183
DRD1 AF498961  GACCACCACAGGTAATGGAAAG 22  AAGAAAGGTAGCCAACAGCACA  22  141
DRD2T NM 016574 CGAGCATCCTGAACTTGTGTG 21  GCGTTATTGAGTCCGAAGAGG  21  172
DRD2L NM 000795 CTCCTCCATCGTCTCCTTCT 20  CGGTGCAGAGTTTCATGTCC  20  188
DRD4 L12398  GACGCCCTTCTTCGTGGT  18  GACAGTGTAGATGACGGGGTTG 22  130
DRD5 AY136750 CTGGGCTAACTCCTCACTCAAC 22  ATTGCTGATGTTCACCGTCTC  21  130
GnRH-R AY392011.1  TGCCTCTTCATCATCCCTCTT  21  AGTCTTCAGCCGTGCTCTTG  20  144
GHRH-R NM  000823  TCACCATCCTGGTTGCTCTC  20  GCAGCATCCTTCAGGAACAC  20  112
CRH-R1 NM  004382  TTTTCAACATCGTCCGCATC  20  GGGATTGACGAAGAACAGCA  20  143
GHSR1a NM  198407.2  TGAAAATGCTGGCTGTAGTGG  21  AGGACAAAGGACACGAGGTTG  21  148
AVPR1b NM  000707.3  ACAAGAATGCCCCTGATGAA  20  GGCTGTTGAAGCCCATGTAG  20  111
KI67 NM  002417  GACATCCGTATCCAGCTTCCT  21  GCCGTACAGGCTCATCAATAAC  22  139
PTTG1 NM  004219.2  GGCTGTTAAGACCTGCAATAATC  23  TTCAGCCCATCCTTAGCAAC  20  101

accepted;  100%  efficiency  indicates  that  all  transcripts  are
amplified  in each cycle.  If  all  validation  parameters  were
adequate,  the  pair of  primers  was  selected,  and  their reac-
tion  conditions  were  used to  amplify  the  copy  DNA of  tumor
samples.

Real time  quantitative  PCR (qPCR)

Gene expression  is  measured  using  real time  quantita-
tive  PCR.  MasterMix  Brilliant  III  ultrafast  SYBRGreen  QPCR
(#600882,  Agilent,  La  Jolla,  CA,  USA),  96-well  plates  and lids
(#B70501  and  #B79791B  respectively,  Bioplastic,  Landgraaf,
the  Netherlands)  were  used.  The  reaction  is  as  follows:  10  �L
of  MasterMix,  1  �L of copy DNA,  150 nM  of  each  primer,  and
up  to  20  �L  DEPC-treated  water.  The  thermal  profile  consists
of  a  3-min  step  at 95 ◦C, 40  cycles  of  20  s at 95 ◦C followed
by  20  s at  60 ◦C,  and a  final  dissociation  step,  one  minute  at
95 ◦C,  30  s  at  55 ◦C,  and  30  s  at 95 ◦C. The  result  of  qPCR  is  a
Ct  value  which,  when entered  into  the  standard  curve  equa-
tion,  generates  an  expression  value  in the  number  of  copies.
Extrapolation  is  performed  using  a scatter  plot  with  dilution
exponents  1,  2, 3, 4,  5,  and  6 and  the corresponding  Ct  val-
ues  obtained  in qPCR,  thus  generating  a  straight  line  and  its
subsequent  equation  of  the straight  line:  y =  mx  + q,  where
m  is the  slope  of the straight  line,  which  should  approximate
to  3.3,  the  difference  in  Ct  between  the different  dilutions,
and  q  is  the  intersection  point with  axis  y,  and  the  Ct  value

of the  sample  is  the value  of  x;  thus,  the replacement  yields
its  value  in the  number  of copies.

Correlation  of  expression  with  clinical  and  pathological
characteristics,  behavior,  and  tumor  progression.

Results  achieved  in the  above  sections  are grouped  by
type  of  tumor  and  treatments  and  tests  conducted  and,
based  on  this,  the medical  records  of  patients  are reviewed
to  assess  their  main  characteristics.

Statistical  analysis

The  different  nature  of the  study  variables  requires  detailed
data  analysis.  Komogorov---Smirnov  tests  were  performed
to  determine  the similarity  of  the different  sets  with
a  normal  distribution.  A  Student’s  t  test was  used  to
compare  variables  with  parametric  distributions,  while  a
Mann---Whitney  test  was  conducted  for  non-parametric  varia-
bles. For  more  than  two  groups,  Kruskal---Wallis  tests  were
performed.  Correlation  analysis  was  performed  using  Spear-
man  correlation  coefficient.

Results

Cases  registered

From  its  inception  the REMAH  project  has  recruited  a grow-
ing  number  of researchers  with  authorized  access  to  the



280  R.M. Luque  et  al.

Table  2  Researchers  registered  by  node.

Node

Cordova/Andalusia  26
Madrid/Community  of  Madrid  47
Santiago  de  Compostela/Galicia  19
Barcelona/Catalonia  20
Bilbao/Basque  Country  13
Alicante/Valencian  Community  16

Total researchers  141

database.  At  the end  of  the  first  phase  of  the project,  there
were  141  researchers,  whose  geographical  distribution  is
detailed  in  Table  2.

The  cumulative  registry  in the REMAH  database  in  this
first  phase  consisted  of  1179  entries  corresponding  to
pituitary  disease  recorded  with  REMAH  code  (Table  3).
Non-functioning  pituitary  adenoma  was  especially  common
(562),  followed  by  acromegaly  (309),  and  Cushing’s  disease
(159).  Overall,  the  distribution  of  prevalence  of the differ-
ent  diseases  was  similar  in  the  different  nodes.

Among  the  total  sample  of  1179  cases  registered,  molec-
ular  data  were  recorded  for  704 cases,  corresponding  to

the Cordova,  Alicante,  Barcelona,  Madrid,  and Santiago
de Compostela  nodes.  Table  4  shows  the  distribution  of
tumors  registered  with  molecular  information  by  type and
node  where they  are  registered,  and  the  molecular  data
which  were  considered  initially  valid  for  statistical  analysis,
corresponding  to  534 cases  (total/validated).  Cases  of  cran-
iopharyngioma  and  ectopic  ACTH-secreting  tumors  have also
been  included  in this registry  because  of  their  association
with  pituitary  disease.

Assessment  of  the  stability  of  the  three  control  genes
initially  measured  in the study,  ACTB,  GAPDH  and HPRT,
showed  that  HPRT  expression  is  markedly  more  stable  than
the other  two.  For  this  reason,  it has  been  decided  to  use
data  adjusted  for  HPRT  to  compare  expression  levels  and
correlations  with  biochemical  levels.

Somatotropinoma  causing  acromegaly

Of the 195  somatotropinomas  registered,  the molecular
profiles  of  185  tumors  were  validated.  Basic  demographic
data  (Table  5) show that  among  the patients  in  this study,
acromegaly  is  more  common  in females.  Age  at surgery  is  sig-
nificantly  younger  in males  (p =  0.005).  In  both  sexes, a  vast
majority  of tumors  (more  than  80%)  are macroadenomas.

Table  3  Cumulative  registry  of  samples  and prevalence  of  the  corresponding  diseases  according  to  their  clinical  phenotyping.
By year,  from  2010  to  2015.

Disease  31/12/2010  31/12/2011  31/12/2012  31/07/2013  31/12/2014  End

Acromegaly  65  122  192 231  294 309
Non-functioning  54  155  290 365  540 562
Pituitary Cushing  23  52  90  104  152 159
Prolactinoma  8  16  28  37  59  63
Thyrotropinoma  4  8  9  9 12  12
Gonadotropinoma  2  8  9  17  29  29
Silent corticotropinoma  1  3  3  6 6  6
Other 6  11  23  28  36  39

Total 163  375  644 797  1128  1179

Other: refers to other pituitary tumors and lesions that cannot be ascribed to the other categories or which have not been categorized
separately because of  their low incidence; these include pituitary apoplexy, silent gonadotropinoma, chordoma, oncociytoma, and
plurihormonal adenoma. Craniopharyngioma and ectopic Cushing’s disease have also been included in this section because although they
are not pituitary adenomas, they are closely related to them.

Table  4  Distribution  of  samples  registered  with  available/validated  molecular  phenotype  by  type  of  tumor  and  registry  node.

Molecular  Cordova  Alicante  Madrid  Barcelona  Santiago  Total

Acromegaly  87/84  39/36  26/24  27/26  16/13  195/185
Non-functioning  104/72 76/51  54/32  56/45  33/23  323/223
Cushing 39/26  22/18  10/6  21/7 4/2  96/59
Silent Cushing  3/3  2/2  0/0  0/0 0/0  5/5
Prolactinoma  10/8  8/5  5/4  15/13  1/1  39/31
Gonadotropinoma 4/4  5/5  12/12  0/0 1/1  22/22
Thyrotropinoma 5/5  2/2  1/1  0/0 1/1  9/9
Other 3/0  6/0  2/0  1/0 2/0  15/0

Total 256/204  160/119  110/79 120/91  58/41  704/534

Other: see Table 3.



The  Molecular  Registry  of  Pituitary  Adenomas  (REMAH)  281

Table  5  Basic  demographic  data  of  somatotropinomas
registered.

Acromegaly  No.  (%)  Age  [median
(min---max)]

Macroadenoma
(%)

Male  84  (43)  40  (12---74)  55/64  (86)
Female  111 (57)  48  (14---79)  69/86  (80)

Total  195 43  (12---79)  124/150  (83)

Non-functioning  pituitary  adenomas

The most  common  tumors  in  the  study  were  non-functioning
pituitary  adenomas.  This  was  to  be  expected  given  their
greater  incidence  and  prevalence  in the general  population
as  compared  to  all other  adenomas.  In this  first  phase  of
REMAH,  molecular  analysis  of 223  of  the 326  non-functioning
adenomas  registered  was  started (Table  6).  Adenomas  with
a  profile  more  consistent  with  that  of  non-functioning
adenoma  were  selected,  and  those which despite  being  clin-
ically  diagnosed  as  non-functioning  showed  a less  evident
molecular  profile  that  could  correspond  to  silent  tumors  or
asymptomatic  stages  of a  disease  of  another  nature  were
proposed  for  more  detailed  subsequent  study.  The  results
found  in  the subgroup  selected  suggested  a  higher  inci-
dence  of  non-functioning  adenomas  in males,  in whom  age at
surgery  also tended  to be  older  than  in females  (p  = 0.052).
As  expected,  almost  all  tumors  were macroadenomas  in
both  sexes,  as  surgery  is  not  indicated  for  non-functioning
microadenomas.

Corticotropinoma  causing  Cushing’s  disease

Samples  recorded  in  REMAH  have  made  it  possible  to  start
the  molecular  analysis  of  59  of  the  96  corticotropino-
mas  causing  Cushing’s  disease.  Only  61%  of  the  adenomas
recorded  were  considered  valid, because  in  many  cases  the
molecular  analysis  revealed  that the  sample  tested  was  not
a  corticotroph  adenoma,  but  a  fragment  of pituitary  gland
with  no  tumor,  with  marked  expression  of GH and  PRL,  fol-
lowed  by  POMC  and  all  other  adenohypophyseal  hormones:
this  is the  hormone  expression  profile  typical  of  the normal
pituitary  gland.

In  the  sample  analyzed  (Table 7), almost  two  thirds  of
which  consisted  of  microadenomas,  the incidence  was  much
higher  in  females  than  in males,  while  no  significant  age
differences  were  found  between  the sexes.

Table  6  Basic  demographic  data  of  non-functioning  ade-
nomas  registered.

Non-functioning  No.  (%)  Age  [median
(min---max)]

Macroadenoma
(%)

Male  187  (57)  61  (16---81)  126/126  (100)
Female  139  (43)  55  (19---87)  99/102  (97)

Total  323a 58  (16---87)  225/228  (99)
a Demographic data were incomplete for 3 adenomas.

Table  7  Basic  demographic  data  of  corticotropinomas
causing  Cushing’s  disease  registered.

Cushing’s
disease

No.  (%)  Age  [median
(min-max)]

Macroadenoma
(%)

Male  18  (19) 35  (19---75) 7/16  (43)
Female  78  (81)  42  (15---75)  20/56  (36)

Total  96  41  (15---75)  27/72  (38)

Table  8  Basic  demographic  data  of  prolactinomas
registered.

Prolactinoma  No. (%)  Age  [median
(min---max)]

Macroadenoma
(%)

Male  22  (56)  35  (14---73)  13/13  (100)
Female  17  (43)  48  (16---65)  10/11  (90)

Total 39  34  (14---73)  23/24  (96)

Lactrotroph  adenoma  causing  hyperprolactinemia

Prolactinoma,  causing  hyperprolactinemia,  is  the  fourth
leading  tumor  in the series  registered.  Molecular  analysis
was  performed  in 31  of the 39  prolactinomas  registered
(Table  8).  As this type  of tumor  is  initially  treated  with
dopamine  agonists,  which often  make  it  possible  to  con-
trol  and even  resolve  the  disease,  prolactinomas  requiring
surgery  are  most  often  macroadenomas,  which  in this  series
were  somewhat  more  common  in males.

Discussion

The  national  REMAH  project  has  successfully  completed  its
first  phase  with  the implementation  of  a  standardized  work-
ing  protocol,  sample  collection,  patient  registry,  and  a  first
demographic  analysis  of  the population  registered.

From  the  practical  viewpoint,  the results  collected  sug-
gest:

1.  The  project  has  the capacity  to  recruit  a substantial  num-
ber  (141)  of  clinical  and  basic  researchers  for  patient
collection  and  the  testing  of  samples,  as  well  as  for  their
joint  registry  and  study.

2.  It  can  develop  a  combined  clinical---molecular  database
accessed  by  Internet  to  serve  as  the  basis  for  current
and  future development  of  the  project.  It  can already  be
used  to  support  diagnosis,  and further  improvement  will
allow  for  its  faster  and more  dynamic  use  for  this purpose
as  well  as  for the future  development  of  many  different
projects.

3.  It  may  be stated with  confidence  that  the  high  num-
ber  of  patients  and samples  registered,  their  variety  and
types,  together  with  the molecular  characterization  of
tissue  and detailed  clinical  study  of  cases,  represent  an
unprecedented  achievement  in the  research  and  study
of  pituitary  tumor  disease at  both  national  and  interna-
tional  level.
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4.  The  simple  descriptive  analysis  of  the demographic  data
of  the  cases  analyzed  and  of  the  molecular  profiles  eval-
uated  for  the  main  types  of pituitary  adenomas  has
demonstrated  the substantial  value  of  the information
collected  both  overall  and,  what  will  most  likely  be more
important,  in each individual  patient.

5.  Future  work  to  make  the most of  the  data  recorded  and
the  measurements  taken, and  to  maximize  the value  of
the  REMAH,  is  complex  and  necessarily  cumbersome,  but
also  of  a  quite  extraordinary  interest.

The  results  obtained  to  date,  together  with  the achieve-
ment  of  the  main  milestones  and the objectives  initially
established,  allow  us  to  state  that  the launching  and imple-
mentation  of this  project  have reached  an  adequate  level
of  development  and  completion.  Therefore,  what  has  been
achieved  so  far  justifies  our  proposing  the  continuity  of
the  designed  strategy  in a second  phase  that  includes  any
improvements  deemed  appropriate  in terms  of the review
and  re-structuring  of  the  selected  genes  to  be  measured  and
their  clinical  parameters,  and  also  the  design  and  implemen-
tation  of new  actions  derived  from  the  findings  already  made
and,  particularly,  from  the results  obtained,  which represent
a  product  of  substantial  value  due  to  the  information  con-
tained  in  the registries  made  and their  potential  as  a  basis
for  devising  new  studies  and  initiatives.
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