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Table 2. Patient and tumor characteristics in ATRX mutated
Vs intact cases

ATRX mutated ATRX intact

Total n 9 39
Age at diagnosis, year (median, range) 45 (23-72) 45 (16-73)
Male, n (%) 6 (67) 27 (69)
Aggressive pituitary tumors, n (%) 4 (44) 26 (67)
Pituitary carcinomas, n (%) 5 (56) 13 (33)
Tumor subtypes (IHC)

Corticotroph (n = 22) 7 15
PC (n=12) 4 8
APT (n = 10) 3 7

Lactotroph (n = 15) 1 14
PC(n=3) 0 3
APT (n=12) 1 11

Somato/lactotroph (n = 2) 1 1
PC(n=1) 1 0
APT (n=1) 0 1

Other subtypes® (n = 9) 0 9
PC(n=2) 0 2
APT (n=7) 0 7

Abbreviations: APT, aggressive pituitary tumor, IHC, immunohistochemistry;
PC, pituitary carcinoma.

#Somatotrophs (4); silent Pit 1 positive (3); double TSH/FSH (1); null cell
PItNET (1).

in 2 carcinomas from male patients. One of these 2 tumors
demonstrated a partial lack of ATRX at IHC. An attempt to
extract separately DNA from ATRX-immunopositive and
negative fraction was, however, unsuccessful, as the same mu-
tational status was con rmed in both fractions. Interestingly,
only the predominant mutation from this pituitary tumor was
present in the metastasis (6 years later) with a frequency of
98%, suggesting clonal heterogeneity and evolution of the
primary tumor (Table 3) (31). Three tumors did not show
any ATRX single nucleotide variants or small indels, but had
large, intragenic deletions corresponding to most of the coding
sequences (22-28 of 36 exons) (Fig. 2A and 2B). One of these
tumors was the corticotroph tumor previously reported,
whereas the other 2 were lactotroph and somato-lactotroph,
respectively. All identi ed ATRX single nucleotide variants
and small indels were positioned throughout the coding se-
quence of the ATRX gene (Fig. 2C). In addition to the ATRX
mutations, 8 out of 9 ATRX-immunonegative tumors had
other genetic abnormalities: inactivating somatic mutations in
tumor suppressor genes TP53 (6), PTEN (2), RB1 (1), NF2
(1), and a homozygous deletion of CDKN2A/B in both pri-
mary tumor and metastasis in 1 patient (Table 3). Recurrent
copy number variants (CNVs) that were estimated from the
sequencing data were all gains, and involved chromosomes 5,
7, 9p21.3 encompassing CDKN2A/B loci as well as the CIC
locus on 19q.

Discussion

Little is known about genetic abnormalities driving inva-
sive and metastatic growth of PitNETs. Here, we demon-
strate a loss of ATRX protein expression caused by severe
loss-of-function ATRX gene alterations in almost a fth of
highly APTs, with a higher prevalence in PC than in APT,
and in corticotroph tumors than in other lineage subtypes.
This indicates that corticotroph tumors are prone to de-
velop ATRX gene abnormalities.

We reported previously normal ATRX expression in 246
PitNETSs localized to the sellar region. However, in 1 female
patient diagnosed with Cushings disease and a pituitary
macroadenoma at an age of 36 years, we found negative
ATRX immunolabelling caused by a large deletion of the
ATRX gene (28). This tumor had progressed over time and
had become metastatic despite multiple transsphenoidal
surgeries, pharmacological therapy, and 3 different modal-
ities of radiation therapy. ATRX staining was absent in all
the tumor specimens including the 1 from the rst surgery.

In the present extended study, we demonstrate ATRX
gene defects in 8 additional patients. Thus, 9 out of 48
patients (19%) with APTs or carcinomas harbored loss-
of-function ATRX gene alterations, more frequently
in patients with PC than with APT (28% vs 13%). Five
out of the total 9 patients with ATRX gene defects had
carcinomas. Of the 4 APT patients, 2 died due to progres-
sive tumor growth, in another there was a short time from
the tumor diagnosis to the study end, and in the last patient
search of metastases was not performed due to advanced
dementia. Further studies with longer follow-up are needed
to assess to what extent an initial ATRX defect leads to a
metastatic disease.

In addition to our previously reported case of ATRX
mutated corticotroph carcinoma (28), a corticotroph car-
cinoma with an ATRX mutation in combination with
PTEN and TP53 mutations has been described; however,
without detailed presentation of genetic data (34).

In a recent study (35), whole exome sequencing of
18 corticotroph tumors lacking mutations in the USP8
(ubiquitine speci ¢ peptidase 8) gene, mutations that drive
corticotroph tumors in approximately 50% of patients
with Cushings disease, demonstrated ATRX mutations
concomitantly with TP53 mutations in 2. Although de-
tailed clinical data regarding aggressiveness of the 2 ATRX
mutated tumors were not presented, both were recurrent
and required surgery on 2 and >3 occasions, respectively,
and Ki67 proliferative index was increased in 1 of the cases
(35). Lack of ATRX immunolabelling was recently found
in 3 lactotroph macroadenomas from a cohort of 42 pedi-
atric PitNETSs, but molecular genetic con rmation of the
ATRX mutations was not provided (36). Recently, ALT
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Figure 1. Histopathological and immunohistochemical features of PitNETs. Row 1: Hematoxylin eosin staining of a primary pituitary tumor invading
into the respiratory mucosa (1A) with a total lack of ATRX in tumor cells nuclei both the primary pituitary tumor (1B) and a lymph gland metastasis
(1C) in a patient with a functioning somato-lactotroph carcinoma. ATRX expression is intact in respiratory epithelium, endothelial cells and lympho-
cytes. Row 2: Hematoxylin eosin staining from the primary pituitary tumor in a patient with a silent corticotroph carcinoma (2A). A partial nuclear
ATRX-loss in a proportion of cells in the specimen from the second pituitary surgery (2B) and a total ATRX-loss in the metastasis (2C) ATRX expres-
sion is preserved in the nuclei of the endothelial cells. Row 3: Hematoxylin eosin staining of the specimen from the rst surgery (3A) and normal
ATRX expression in the nuclei of the tumor cells in the specimens from 2 pituitary surgeries (3B, 3C) in a patient with a silent Pit-1 positive PitNET.

phenotype has been reported in 3 of 106 PitNETSs, 2 were
recurrent nonfunctioning PitNETs without speci cation of
cell linage differentiation, and 1 was a somatotroph tumor
(37). Two of the 3 ALT-positive PitNETs demonstrated loss
of ATRX or DAXX at protein level, indicating a homo-
zygous loss of the gene or alternative mechanism of gene
silencing. However, no ATRX or DAXX mutations were
identi ed by sequencing (37).

In patients who had repeated pituitary surgeries in the
present cohort, an ATRX defect was already present in
the rst removed tumor, though in 1 patient tumor tissue
from the rst surgery was not evaluable. This indicates that
ATRX abnormalities represent an early genetic event con-
tributing to aggressive behavior and, at least in a subset of
patients, to metastatic spread. Where material from both
the pituitary tumor and metastasis was available (n = 4),

identical patterns of a complete loss of ATRX were seen in
3, whereas 1 one case, partial loss of ATRX was identi ed
in the pituitary tumor and a complete loss in the metas-
tasis. A similar case of a PitNET with ALT-negative pheno-
type in the original tumor, and ALT-positive phenotype and
a partial loss of ATRX in a recurrent tumor, was recently
reported (37). These ndings suggest that an ATRX mu-
tation may occur, though rarely, in pituitary tumors with
primarily intact ATRX, contributing to malignant tumor
progression.

In the ATRX-mutated cases in our cohort, we demon-
strated different loss-of-function ATRX defects including
nonsense mutations, frameshift indels, and, in 3 cases, large,
intragenic deletions of almost the whole gene (22-28 of the
36 exons). Interestingly, large deletions of almost the whole
ATRX gene have only rarely been reported in other tumor
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