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Abstract Clinically nonfunctioning pituitary adenomas
(NFAs) may be hormonally inactive tumors of differentiated
cells, mainly not only gonadotroph adenomas (GAs) but also
silent corticotroph adenomas (SCAs) and other differentiated
silent adenomas. Recently, the use of transcription factors has
been recommended to confirm cytodiffererentiation of these
neoplasms. Our objective was to assess the clinical signifi-
cance of the new classification system using transcription fac-
tors. Five hundred sixteen consecutive NFAs were studied
retrospectively. They were initially classified based on hor-
mone immunohistochemistry as follows: 119 hormone-
negative adenomas (23.1 %), 300 GAs (58.1 %), 51 SCAs
(9.9 %), and 46 other silent adenomas. The 119 hormone-
negative adenomas were further evaluated for expression of
transcription factors including steroidogenic factor-1 (SF-1),
estrogen receptor-α (ERα), pituitary-specific transcription
factor 1 (Pit-1), and t-box transcription factor (Tpit). One hun-
dred thirteen of 119 (95 %) hormone-negative adenomas
showed mutually exclusive lineage-specific differentiation as
gonadotrophs (SF-1 positive), corticotrophs (Tpit positive), or
somatotrophs/mammosomatotrophs/lactotrophs/thyrotrophs
(Pit-1 positive) in 79 cases (66.4 %), 32 cases (26.9 %), and 2

cases, respectively. The 32 ACTH-negative and Tpit-positive
adenomas had higher pro-opiomelanocortin mRNA expres-
sion levels compared with GAs (P=0.0001) on quantitative
real-time PCR. They showed a female preponderance
(P<0.0001) and were more frequently giant adenomas (P=
0.0028) associated with marked cavernous sinus invasion
(P<0.0001) compared with GAs. These clinical features were
identical to those of the 51 ACTH-positive SCAs. Our results
justify the complementary role of transcription factors in the
precise classification of NFAs that can more accurately char-
acterize biological behavior. Our data suggest that more than
one quarter of hormone-negative adenomas are SCAs that
share distinct clinicopathological features with ACTH-
expressing SCAs.
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Introduction

Approximately 30–40 % of all surgically treated pituitary ad-
enomas are clinically nonfunctioning adenomas (NFAs) since
they lack clinical and biochemical evidence of adenohypoph-
yseal hormone excess [1, 2]. Morphologically, they are het-
erogeneous and have been traditionally classified into several
histological subtypes by various methods including immuno-
histochemistry using antibodies against adenohypophyseal
hormones, electron microscopy, in situ hybridization, or re-
verse hemolytic plaque assay [1, 3–7]. Some differences in
clinical behavior have become evident for each subtype. How-
ever, the distinct classification of NFA remains unclear in
some adenomas due to negative immunohistochemistry for
hormones. Recently, Asa and coworkers [1, 8–10] proposed
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the application of transcription factors’ immunolocalization to
determine adenohypophyseal cell lineages for the accurate
subclassification of pituitary adenomas.

Among various types of NFAs, silent corticotroph adeno-
mas (SCAs), which were first reported by Kovacs et al. as a
distinct clinicopathological entity [11], represent a clinically
important subtype since they often exhibit aggressive clinical
features [1, 3, 12–16]. Traditionally, SCAs are distinguished
from other NFAs by their ACTH immunoreactivity. However,
regardless of the functional status of the tumor, corticotroph
adenomas, like nontumorous corticotrophs, express the t-box
pituitary transcription factor (Tpit) [1, 8–10, 15, 17].

The aims of the present study were (1) to assess the clinical
significance of the new classification system using a complete
panel of pituitary transcription factors for NFAs that are tradi-
tionally diagnosed in light of hormone immunohistochemistry
alone and (2) to detect distinct clinicopathological features of
reclassified adenomas.

Materials and Methods

Patients

We retrospectively studied 516 consecutive patients with
NFAs who underwent surgery at Toranomon Hospital be-
tween 2008 and 2011. These patients lacked clinical and bio-
chemical evidence of adenohypophyseal hormone excess.
Basal levels of pituitary and related hormones, apart from
prolactin (due to stalk effect), were not elevated. For few pa-
tients with high levels of GH orACTH, glucose tolerant test or
low-dose dexamethasone suppression test was performed, re-
spectively, to deny pathological hormone excess. They
accounted for 48.2 % (516/1071) of surgically treated pitui-
tary adenomas during this period. The 516 patients included
268 men and 248 women, age 13 to 83 (mean±standard de-
viation 53.7±14.2)years. There were 115 cases (22.3 %)
which were recurrent adenomas. Informed consent was ob-
tained from all patients, and this study was approved by the
ethics committee at Toranomon hospital, Tokyo.

MRI Findings

In addition to patient age and gender, the following three pre-
operative MRI findings were assessed: giant adenoma (max-
imum size >40 mm), marked invasion of the cavernous sinus
(CSI; Knosp grade 4 [18]), and marked lobulated configura-
tion of the suprasellar tumor (Fig. 1a) [2]. Among the 516
adenomas, giant adenomas, those with marked CSI, and those
with lobulated configuration comprised 55 adenomas
(10.7 %), 48 adenomas (9.3 %), and 79 adenomas (15.3 %),
respectively.

Immunohistochemistry

Each pituitary adenoma was subjected to routine histological
and immunohistochemical assessment. Immunohistochemis-
try was performed by using the BenchMark GX automated
system (Ventana). The following antibodies were used accord-
ing to protocols established in our laboratory: growth hor-
mone (GH, 54/9 2A2; BioGenex), prolactin (polyclonal;
DAKO), beta-thyroid-stimulating hormone (beta-TSH, 0042;
DAKO), adrenocorticotropic hormone (ACTH, 02A3;
DAKO), beta-follicle-stimulating hormone (beta-FSH, C10;
BioGenex), beta-luteinizing hormone (beta-LH, C93;
DAKO), Ki-67 (MIB-1; DAKO), and cytokeratin (CAM5.2;
BECTON). Several pathologists reviewed specimens and
classified pituitary adenomas as suggested in the 2004 WHO
classification [3]. Pituitary adenomas were considered hor-
mone negative if less than 1 % of the cells stained positively
for any of the adenohypophyseal hormones. Ultrastructural
study was performed in challenging or unusual cases.

Tumors originally classified as hormone-negative NFAs
and a few silent adenomas were further subjected to a panel
of antibodies against adenohypophyseal cell lineage transcrip-
tion factors including steroidogenic Factor-1 (SF-1, N1665;
Perseus Proteomics), estrogen receptor-α (ERα), pituitary
transcription factor 1 (Pit-1, sc-136034; Santa Cruz), and Tpit
(antiserum courtesy of Dr. J. Drouin, performed at University
Health Network). While SF-1 is the gonadotroph cell lineage-
specific transcription factor in the sellar region, ERα can be
expressed in both gonadotrophs and lactotrophs. Pit-1 is a
GH/prolactin/TSH cell lineage-specific transcription factor.
Tpit is specific to pro-opiomelanocortin (POMC)-producing
cell lineage. Appropriate positive and negative controls were
selected during the evaluation of each antibody. In general,
positivity for a transcription factor is diffuse for a specific cell
lineage. Since pituitary adenomas can sometimes contain
entrapped nontumorous cells of various cell lineage, the tran-
scription factors were considered positive only when nuclear
reactivity was identified in more than 80 % of the tumor cells.

Quantitative Real-Time PCR

Expression of POMCmRNAwas evaluated in 20 functioning
corticotroph adenomas (FCAs), 5 SCAs, 10 hormone-
negative and Tpit-positive adenomas, 6 hormone-negative
and SF-1-positive adenomas, and 5 gonadotroph adenomas
(GAs). Pituitary tumor samples were preserved in RNAlater®
(Life Technologies, Carlsbad, CA) solution at −80 °C until
RNA extraction. Total RNAwas prepared using RNeasy mini
kit (Qiagen, Venlo, Netherlands) according to the manufac-
turer’s protocol. RNA was reverse transcribed using
PrimeScript® RT reagent kit (Takara Bio, Otsu, Japan). With
the resulting cDNA as a template, quantitative real-time PCR
(qRT-PCR) was performed with Power SYBR Green PCR
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Master Mix (Life Technologies) in an Applied Biosystems®
StepOnePlus™ cycler Mix (Life Technologies). The primer
sequences were as follows: ACTH precursor polypeptide
POMC forward 5′-GCCAGTGTCAGGACCTCAC-3′ and re-
verse 5′-GGGAACATGGGAGTCTCGG-3′ [19]; and glycer-
aldehyde 3-phosphate dehydrogenase (GAPDH) forward 5′-
GGCCTCCAAGGAGTAAGACC-3 ′ and reverse 5 ′-
AGGGGAGATTCAGTGTGGTG-3′. Relative quantification
was performed using the standard curve methods. Results of
POMCmRNA expression levels were normalized to GAPDH
and expressed relative to the mean expression of normal pitu-
itary samples defined as 100 %.

Statistical Analysis

In addition to the chi-square analysis, groups were compared
by the Mann-Whitney U test; P<0.05 was considered signif-
icant in all cases. Statistical analysis was carried out with
StatView 5.0 software for Macintosh (SAS Institute, Cary,
NC).

Results

Based on conventional classification by hormone immunohis-
tochemistry alone, 516 NFAs were initially classified as: 119
hormone-negative adenomas (23.1 %), 300 GAs (58.1 %), 51

SCAs (9.9 %), and 46 silent GH/prolactin/TSH-lineage ade-
nomas (8.9 %) (Fig. 2). Patients with silent SCA and GH/
prolactin/TSH-lineage adenomas showed significantly differ-
ent clinical features from those with GAs. The 51 patients with
SCA had a significant female preponderance (P<0.0001),
more frequent CSI (P<0.0001), and more frequent lobulated
configurations (P<0.0001) compared with 300 GAs. The 46
patients with silent GH/prolactin/TSH-lineage adenomas were
younger (P<0.0001), more frequently associated with CSI
(P<0.0001) and lobulated configurations (P=0.0281), and
showed a higher MIB-1 index (P=0.0063) compared with
300 GAs. Further immunohistochemical evaluation with pitu-
itary transcription factors revealed that of the 119 hormone-
negative adenomas, lineage-specific differentiation was as fol-
lows: 79 (66.4 %) gonadotrophs (positive for SF-1 and/or
ERα), 32 (26.9 %) corticotrophs (positive for Tpit, Fig. 1),
and 2 (1.7 %) somatotroph/lactotroph/mammosomatotroph/
thyrotrophs (positive for Pit-1) (Fig. 2). Their expression
was mutually exclusive and none of them showed overlapping
immunoreactivity beyond each lineage (Fig. 1d, e).

Among the 79 hormone-negative and SF-1 positive GAs,
there were very few (less than 1 %) scattered or isolated cell
groups mimicking trapped nontumorous adenohypophyseal
cells. These cells were faintly positive for beta-FSH and less
frequently beta-LH. The age, gender, MRI findings, MIB-1
labeling indices, and clinical features of the 79GAs resembled
those of 300 gonadotropin-positive GAs. They showed slight

Fig. 1 A large nonfunctioning
pituitary adenoma with marked
cavernous sinus invasion and
suprasellar lobulation (a) in a 35-
year-old woman. The
chromophobic adenoma (b) was
ACTH-Bnegative^ except for one
positive cell (arrow, c), Tpit-
positive (d), SF-1-negative (e),
and intensely positive for
CAM5.2 (f). A honeycomb Golgi
structure (arrow) was observed at
ultrastructural examination (g)
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male preponderance and were less frequently associated with
giant adenomas, CSI, and lobulations.

Two Bhormone-negative^ adenomas were found to be pos-
itive for Pit-1. On review, both adenomas were faintly positive
for GH. In addition, they were positive for CAM5.2 in the
cytoplasmic dot-like pattern characteristic of sparsely granu-
lated somatotroph adenomas. The two patients, a 65-year-old
woman and a 57-year-old man, had a macroadenoma without
aggressive feature on MRI.

Only six adenomas (5.0 % of 119 hormone-negative ade-
nomas, 1.2 % of 516 NFA, and 0.6 % of 1071 total adenomas)
were null cell adenomas with complete negativity for all ade-
nohypophyseal hormones and transcription factors. They
were poorly differentiated adenomas on ultrastructural study.
Although their MIB-1 labeling indices were not elevated,
three of them were recurrent adenomas and two of them were
giant adenoma with CSI and lobulated configuration.

There were 32 Bhormone-negative^ adenomas that were
Tpit-positive (Fig. 1d), thus of corticotroph origin. In these
32 Tpit-positive SCAs, there were a very few ACTH-
positive cells, which had initially been thought to represent
trapped nontumorous corticotrophs at the time of original re-
view (Fig. 1c). Of these 32, 30 adenomas (93.8 %) showed
strong positivity for CAM5.2 (Fig. 1f); positive deposits were
mainly perinuclear in 27 adenomas, dot-like cytoplasmic in
two adenomas, and membranous in one adenoma. On ultra-
structural study, a vacuolar change of Golgi complex, the

honeycomb Golgi structure (Fig. 1g), was observed in 28 of
30 examined adenomas (93.3 %). On qRT-PCR, expression of
POMC mRNA in 10 selected ACTH-negative and Tpit-
positive adenomas was significantly higher than that in 5 se-
lected GAs and 6 gonadotropin-negative and SF-1-positive
GAs (P=0.0001), was slightly lower than those in 5 ACTH-
positive SCAs (not significant), and was significantly lower
than those in 20 FCAs (P=0.000011) (Fig. 3).

Clinically, 32 cases of ACTH-negative and Tpit-positive
adenoma showed a significant female preponderance
(P<0.0001), more frequently were giant adenomas
(P=0.0028) and more frequently were associated with marked
CSI (P<0.0001) compared with 376 cases with GAs and SF-
1-positive GAs (Table 1). These clinical features were identi-
cal to those of 51 cases of ACTH-positive SCA in this series.

Discussion

The recent advances in molecular biology have clarified the
cytodifferentiation pathways involved in the development of
adenohypophyseal cells. During development, an organized,
complex process of cell differentiation is orchestrated by spe-
cific transcription factors. These factors also have a role in
determining the cytodifferentiation and hormone production
of pituitary adenomas and, thus, can serve as diagnostic
markers [1, 8–10, 20, 21]. The three main pathways of cell
differentiation and the determined transcription factors are (1)
corticotrophs determined by the Tpit transcription factor, (2)
somatotrophs/lactotrophs/mammosomatotrophs/thyrotrophs
determined by Pit-1, and (3) gonadotrophs determined by SF-

Fig. 2 Histological classification of 1071 pituitary adenomas.
Functioning adenomas (FA) and nonfunctioning adenomas (NFA) were
classified into three distinct groups: gonadotroph adenomas (GA) and the
counterpart silent GA (SGA), corticotroph adenomas (CA) and the
counterpart silent CA (SCA), and GH/prolactin/TSH-lineage adenomas
(somatomammothyrotroph adenomas; SMTA) and the counterpart silent
SMTA (SSMTA), respectively. One hundred nineteen hormone-negative
adenomas (HNA) were subclassified into four groups: 79 SF-1-positive
SGAs, 32 Tpit-positive SCAs, two Pit-1-positive SSMTAs, and six
transcription factor-negative null cell adenomas (NCA)

Fig. 3 Pro-opiomelanocortin (POMC) mRNA expression levels
normalized to GAPDH in functioning corticotroph adenomas (FCA),
ACTH-positive silent corticotroph adenomas (SCA), ACTH-negative
and Tpit-positive adenomas (Tpit), and gonadotropin-positive
gonadotroph adenomas (GA) and gonadotropin-negative, SF-1-positive
adenomas (SF-1)
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1 and/or GATA-2 in the presence of ERα. Recently, Asa and
coworkers [1, 8–10] proposed a modern approach to the ac-
curate classification of pituitary adenomas by integrating ad-
enohypophyseal cell lineage transcription factors (also known
pituitary transcription factors) into a panel approach that also
includes MIB-1, CAM5.2, and monoclonal antibodies against
pituitary adenohypophyseal hormones.

Tpit is selectively expressed in both normal and ade-
nomatous corticotrophs and thus represents a reliable
marker of POMC-expressing pituitary cells [1, 8–10,
17, 21]. It has been shown that SCAs were commonly
positive for ACTH and Tpit, although both POMC and
Tpit mRNA levels were lower in SCA than FCA [17]. In
a study using fluorescence immunohistochemistry by
Cooper et al. [3], SCA was negative for Tpit, whereas
corticotroph adenomas and SCAs were positive for SF-1;
therefore, they proposed a pathologic and clinically dis-
tinct classification of SCAs as silent corticogonadotroph
adenomas; these results may be explained by nonspecific
fluorescence detection or antisera cross-reactivity. In con-
trast, the transcription factors were mutually exclusive in
the present study. In our series, 51 SCAs were only pos-
itive for Tpit, whereas SF-1, ERα, and Pit-1 were all
negative. GAs were positive for SF-1 and/or ERα but
were negative for Tpit and Pit-1.

In the present classification system, six adenomas were
completely negative for all hormones and transcription fac-
tors. These unclassified adenomas accounted for 5.0 % of
119 hormone-negative adenomas, 1.2 % of 516 NFA, and
0.6 % of 1071 surgically treated adenomas in the present se-
ries. They were poorly differentiated adenomas on ultrastruc-
tural study and were frequently associated with aggressive
clinical and MRI features. Further studies are necessary for
these rare adenomas that likely represent true Bnull cell^
adenomas.

Approximately two thirds of the hormone-negative adeno-
mas were positive for SF-1 and/or ERα and, thus, showed
differentiation as gonadotrophs. The clinical andMRI features
of these adenomas were identical to those of gonadotropin-

positive GA. Since there were very few scattered cells or
groups of cells that were faintly positive for gonadotropins,
we consider this group to represent GAwith low gonadotropin
expression. This finding is in agreement with previous sug-
gestions that the many hormone-negative adenomas are in-
deed SF-1 positive GAs [10]. Consequently, GAs accounted
for approximately three quarters of NFAs in the present series.
This is also consistent with the view that GAs are the most
common NFAs [1–3, 8–10, 22, 23].

Two Bhormone-negative^ adenomas were positive for Pit-1
and therefore were considered to be in the family of GH/pro-
lactin/TSH-lineage adenomas. While these patients lacked
clinical and biochemical evidence of GH excess, both tumors
were faintly positive for GH on review. These tumors were
positive for CAM5.2 with a prominent cytoplasmic dot-like
pattern corresponding to fibrous bodies. Therefore, both tu-
mors were considered to represent sparsely granulated
somatotroph adenomas. The very low levels of GH production
likely failed to impact circulating GH/IGF1; therefore, these
were silent somatotroph adenomas [1]. Thus, it was confirmed
that appropriate use of transcription factors could prevent si-
lent adenomas with weak hormone expression from being
mistakenly classified as null cell adenomas [10].

On the other hand, 32 hormone-negative adenomas
(26.7 %) were positive for Tpit and, thus, showed differentia-
tion along the corticotroph lineage. Although these neoplasms
were initially considered to be hormone-negative adenomas,
very few ACTH-positive cells, which were initially regarded
as trapped nontumorous corticotrophs, were identified in ev-
ery case. Most adenoma cells were CAM5.2-positive in the
perinuclear area and were found to have a honeycomb Golgi
structure on ultrastructural study. The former is a common
finding in FCAs and SCAs [1, 8–10]. The latter structure is
considered to indicate either corticotroph or gonadotroph dif-
ferentiation [24]. On qRT-PCR, expression of POMC mRNA
in ACTH-negative and Tpit-positive adenomas was signifi-
cantly higher than gonadotropin-positive GAs and SF-1-
positive GAs. The latter justifies the role of Tpit over hor-
mones in the determination of corticotroph origin of pituitary

Table 1 Comparison of clinical
findings between ACTH-positive
silent corticotroph adenomas
(SCA), ACTH-negative and Tpit-
positive adenomas (Tpit), and
gonadotropin-positive
gonadotroph adenomas (GA),
gonadotropin-negative, SF-1-
positive adenomas (SF-1)

GA, SF-1

n=376

Tpit

n=32

SCA

n=51

P value

(Tpit vs GA, SF-1)

Gender (m/f) 230/146 1/31 12/39 <0.0001

Age (years) 18–83 (56±13) 27–78 (53±15) 23–81 (51±13) nc

Previous recurrence 79 (21.0 %) 8 (25.0 %) 11 (21.6 %) nc

Giant adenomas 31 (8.2 %) 7 (21.9 %) 16 (31.4 %) 0.0109

CS invasion 20 (5.3 %) 11 (34.4 %) 23 (45.1 %) <0.0001

Lobulated adenomas 38 (10.1 %) 7 (21.9 %) 20 (39.2 %) 0.0413

MIB-1 index (%) 0.0–7.5 (1.6±1.1) 0.5–5.0 (1.8±1.1) 0.5–12.5 (1.8±1.9) nc

SCA silent ACTH adenomas, Tpit ACTH-negative, Tpit-positive adenomas,GA (silent) gonadotroph adenomas,
SF-1 gonadotropin-negative, SF-1-positive adenomas, CS cavernous sinus
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adenomas. Since the expression levels were lower than those
in FCAs, we propose that nonfunctioning, ACTH-negative
and Tpit-positive pituitary adenomas represent SCAs with de-
creased POMC expression. Furthermore, the clinical features
of the 32 patients with ACTH-negative and Tpit-positive ad-
enomas were quite characteristic and identical to those of the
ACTH-positive SCAs; they showed significant female pre-
ponderance and were more frequently giant adenomas with
marked CSI [2, 22].

SCAs are subclassified into two subtypes: SCA type 1
and type 2. The former resemble the densely granulated
FCA presenting with Cushing’s disease and show intense
ACTH immunoreactivity. On the other hand, type 2 SCAs
resemble the uncommon chromophobic corticotroph ade-
nomas (sparsely-granulated corticotroph adenomas) and
show weak ACTH immunoreactivity. Both subtypes are
positive for Tpit and express the POMC gene and its
splicing products [1, 10]. We interpret the results as indi-
cating that the 32 ACTH-negative and Tpit-positive ade-
nomas represent type 2 SCA with low POMC expression.
Importantly, our results indicate that the actual frequency
of SCAs in NFAs is higher than previously estimated
(16.1 % in the present study). Furthermore, immunohisto-
chemistry for ACTH is insufficient to detect SCA, where-
as assessment of Tpit expression is required for the accu-
rate diagnosis.

Silent pituitary adenomas of corticotroph origin
(SCAs) and those with Pit-1 positivity, indicating differ-
entiation into the somatomammothyrotroph family (silent
GH/prolactin/TSH-lineage adenomas), behave more ag-
gressively than GAs. In general, giant adenomas, marked
CSI, and lobulated suprasellar configuration represent tu-
mors that tend to be resistance to surgical cure and are
often associated with recurrence, indicating aggressive-
ness [2, 25]. These MRI features were significantly more
common in patients with SCAs and silent GH/prolactin/
TSH-lineage adenomas compared with those with GAs in
the present study and our previous study as well [2, 22].
Approximately one fourth of NFAs belonged to these
groups in the present study: SCAs and silent GH/prolac-
tin/TSH-lineage adenomas consisted of 16.7 and 9.3 %
of NFAs, respectively.

Our results indicate that in addition to the MIB-1 in-
dex, it is very important to achieve a correct histological
diagnosis to predict prognosis and to aid in the decision
regarding a role for adjuvant radiation therapy after sur-
gery in patients with NFAs [1, 8, 10]. Our data indicate
the limitations of achieving accurate classification of
NFAs using hormone immunohistochemistry alone. We
conclude that immunohistochemistry for pituitary tran-
scription factors has a complementary role in obtaining
an accurate diagnosis, particularly in hormone-negative
pituitary adenomas.
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