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Abstract Silent corticotrophins adenomas (SCAs) are clin-
ically silent and non-secreting but immunostain positively
for ACTH. We hypothesize that SCAs comprise both
corticotroph and gonadotroph characteristics. Cohort analy-
sis from 1994–2008 with follow-up time ranging from
1–15 years in a tertiary referral center. We compared
preoperative and postoperative clinical results and tumor
cytogenesis in 25 SCAs and 84 nonfunctioning adenomas in
109 consecutive patients diagnosed pre-operatively with
nonfunctioning pituitary adenomas. Clinical outcomes were
radiologic and hormonal measures. Pathologic outcomes
were expression of relevant pituitary hormones, tissue-
specific transcription factors, and electron microscopy
features. Preoperative SCA presentation was similar to that
observed for nonfunctioning adenomas. However, SCAs
recurred postoperatively at a median of 3 years vs. 8 years for
nonfunctioning adenomas (p<0.0001). Fifty-four percent of
patients with SCAs had new onset postoperative hypopitu-
itarism vs. 17% of nonfunctioning adenomas (p<0.025).
SCAs (n=18) were immunopositive for ACTH, cytoplasmic
and nuclear SF-1, NeuroD1, DAX-1, and alpha-
gonadotropin subunit, but Tpit negative, and co-expression

of tumor ACTH with either SF-1 or LH was detected. In
contrast, functional corticotroph adenomas (n=11) were
immunopositive for ACTH, nuclear SF-1, NeuroD1, and
Tpit, but negative for DAX-1, a gonadotroph cell transcrip-
tion factor. Gonadotroph adenomas (n=23) were immuno-
negative for ACTH and Tpit but positive for nuclear SF-1,
NeuroD1, and DAX-1. SCA electron microscopy demon-
strated ultrastructural features consistent with corticotroph
and gonadotroph cells. As SCAs exhibit features consistent
with both corticotroph and gonadotroph cytologic origin, we
propose a pathologic and clinically distinct classification of
SCAs as silent corticogonadotroph adenomas.
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Introduction

Anterior pituitary tumors comprise ∼15% of intracranial
tumors and are either hormone-secreting or functionally
inactive adenomas [1, 2]. These monoclonal adenomas are
usually benign and classified based on differentiated cell
type origin [1]. Clinically nonfunctioning adenomas com-
prise mostly null cell tumors (20% of pituitary tumors)
which are not immunopositive for known pituitary hor-
mones, and gonadotroph adenomas which immunostain for
but do not secrete follicle-stimulating hormone (FSH),
luteinizing hormone (LH), and/or alpha-gonadotropin sub-
unit (α-GSU) [1, 2]. Corticotroph adenomas (∼10% of
pituitary tumors) are immunopositive for adrenocorticotro-
phic hormone (ACTH) and are associated with elevated
circulating ACTH and cortisol levels leading to Cushing’s
disease with features of hypercortisolism [3, 4]. However,
up to 20% of corticotroph adenomas, known as silent
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corticotroph adenomas (SCAs), do not manifest biochem-
ical or clinical evidence of hypercortisolism [5–7].

SCAs are usually diagnosed pre-operatively as nonfunc-
tioning adenomas, and the definitive diagnosis of SCA is
determined retrospectively after pathological examination
of resected tumor tissue. These patients frequently present
with tumor mass effects, including headaches, visual
disturbances, and hypopituitarism likely due to tumor
compression of normal pituitary tissue or parasellar
structures [8]. Alternatively, SCAs may be incidentally
diagnosed when brain magnetic resonance imagings (MRI)
are performed for unrelated reasons [7]. SCAs therefore
generally present as non-secreting macroadenomas and pre-
operative laboratory studies reveal normal cortisol levels
and normal to low LH/FSH and sex steroid and normal to
slightly elevated prolactin (PRL) levels [5, 7, 9, 10]. These
adenomas are resected usually because of mass effects [9],
and patients are followed post-operatively for persistent or
recurrent mass growth with serial MRIs, and monitored for
development of subsequent hypopituitarism [7–11]. Rarely,
SCAs transform into functional corticotroph adenomas at
later stages in the natural history of the disease [9, 12, 13].
Although SCAs follow an aggressive clinical course,
expression of Ki-67 and p53 growth markers is inconsistent
in SCAs [9, 14–16].

World Health Organization guidelines classify SCAs as
silent counterparts of functional corticotroph adenomas
immunoreactive for ACTH [17]. However, biochemical
profiles of the two entities differ [18]. In patients with
functional corticotroph adenomas, plasma ACTH levels
correlate with abundance of ACTH-immunopositive cells
[18]. No such correlation is manifest in patients harboring
SCAs [18]. Individual corticotroph cells in SCAs likely
secrete insufficient, or bio-inactive, ACTH molecules [18].
It has been proposed that SCAs derive from proopiomela-
nocortin (POMC)-producing cells in the vestigial pars
intermedia of the human pituitary [19] and that the clinical
silence of SCAs may be due to dysregulated POMC
processing [20].

Tissue-specific transcription factors are useful markers
for identifying pituitary tumor cytogenesis. Anterior pitui-
tary endocrine cell types derive from the anterior neuronal
ridge [21] and cell type differentiation progresses from
sequential expression of pituitary hormone genes [22]. Tpit,
a tissue-specific regulator of POMC expression, is
expressed in corticotrophs and melanotrophs [23, 24] and
is a specific marker of POMC-producing cells in functional
corticotroph adenomas [25]. Furthermore, the transcription
factor NeuroD1 binds to the POMC promoter, activates
POMC transcription [26], and contributes to the functional
expression and differentiation of ACTH secreting adeno-
mas as well as differentiation of nonfunctioning adenomas
[27, 28]. SF-1 is localized to cells in nonfunctioning

pituitary adenomas that produce the gonadotropin β-
subunit [29]. DAX-1, an orphan nuclear receptor, is also a
factor in gonadotroph cell differentiation [30] and is
expressed in nonfunctioning adenomas [31].

Some SCAs are Tpit positive [25, 32] and express
NeuroD1 [32–34], similar to observations in functional
corticotroph adenomas. However, SCAs exhibit clinical
behavior similar to aggressive nonfunctioning adenomas.
We therefore directly compared preoperative and postoper-
ative outcomes in SCAs and nonfunctioning adenomas and
investigated pathologic features of the tumor types. Based
on the findings presented here, we propose a redefinition of
SCAs as a pituitary tumor subtype comprising both
corticotroph and gonadotroph characteristics, i.e., a silent
corticogonadotroph adenoma (SCGA), to heighten aware-
ness of the biologic behavior of these tumors requiring
closer surveillance.

Materials and Methods

Clinical Analysis

We conducted a cohort analysis of nonfunctioning adeno-
mas treated at Cedars-Sinai Medical Center. SCAs were
identified as nonfunctioning adenomas shown to exhibit
immunopositive ACTH staining. Nonfunctioning adenomas
were those that were immunopositive for FSH/LH or α-
GSU but not immunopositive for other pituitary hormones.
The study was approved by the Institutional Review Board
and consent obtained from all patients. Each patient was
assigned a de-identified number used for data analysis. Pre-
operative MRIs evaluated for tumor size, level of invasion,
and scored by the modified Hardy classification as follows:
grade 1 for microadenomas, grade 2 for macroadenomas
with or without suprasellar extension, grade 3 for locally
invasive with bony destruction and/or into the cavernous
and/or sphenoid sinus, and grade 4 for extracranial spread
[35]. Post-operative MRIs were reviewed for presence of
residual tumor, recurrence, or cure. Recurrence was defined
as growth of residual tumor or presence of new tumor after
demonstration of a negative post-operative MRI. Patient
inclusion required that MRI results and/or hormonal results
were recorded at least 1 year post-operatively.

Fluorescence Immunohistochemistry

We performed immunohistochemistry on functional corti-
cotroph adenomas, SCAs, and gonadotroph adenomas.
Tumor specimens were fixed in 10% formalin and
embedded in paraffin. Guinea pig anti α-GSU monoclonal
antibody (purchased from Dr. A.F. Parlow, National
Hormone and Peptide Program, Torrance, CA, USA) was
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diluted 1:1,000, mouse anti-ACTH monoclonal antibody
(DAKO, Carpinteria, CA, USA) was used at 1:50, rabbit
anti-LH monoclonal antibody (DAKO, Carpinteria, CA,
USA) was used at 1:1,000, and rabbit anti-growth hormone
(GH) polyclonal prediluted antibody (Ventana, Tucson, AZ,
USA), rabbit anti-PRL polyclonal prediluted antibody
(Ventana, Tucson, AZ, USA), and mouse anti-TSH poly-
clonal prediluted antibody (Ventana, Tucson, AZ, USA)
were used. Rabbit Tpit polyclonal antibody (kindly provid-
ed by Dr Jacques Drouin, Montreal, Canada) [25], rabbit
anti-DAX-1 polyclonal antibody (Santa Cruz Biotechnolo-
gy, Santa Cruz, CA, USA), rabbit anti-SF-1 polyclonal
antibody (Affinity BioReagents, Golden, CO, USA), rabbit
anti-Pit-1 polyclonal antibody (Santa Cruz Biotechnology,
Santa Cruz, CA, USA), and mouse anti-NeuroD1 mono-
clonal antibody (Abcam, Cambridge, MA, USA) were used
at 1:100–200. After deparaffinization, antigen retrieval was
performed using citrate at 98.6°C and permeabilization with
0.1% Triton X. Non-specific antibody binding was blocked
with 10% goat serum, primary antibody applied, and
incubated overnight at 4°C. Alexa 488 conjugated goat
anti-rabbit, mouse, or guinea pig secondary antibodies were
applied with ToPro 3 (Invitrogen, Eugene, OR, USA) at
1:500 for 2 h, and slides mounted with Prolong Gold
(Invitrogen Eugene, OR, USA). For co-staining, ACTH
staining was detected using Alexa 568 conjugated anti-
mouse secondary antibody and LH or SF-1 staining
detected with Alexa 488 conjugated anti-rabbit secondary
antibody. Antibody specificity was confirmed with gonado-
troph (α-GSU, DAX-1, SF-1, LH) and functional cortico-
troph adenomas (Tpit, ACTH) as positive tissue controls
and lung and skeletal muscle tissue as negative controls as
well as specific blocking peptides.

Cells immunopositive for each respective protein were
counted manually, and the sum divided by the number of
nuclei immunostained for ToPro to obtain percent positive
cells per captured field. Immunopositivity was classified as
3+ (50–100% positive cells), 2+ (25–50% positive cells),
and 1+ (<25% positive cells), according to the incidence of
positively stained cells. Cell counting was performed by
ImageJ (www.rsbweb.nih.gov/ij/).

Electron Microscopy

Five SCA cases were evaluated by electron microscopy. In
case no. 10, freshly dissected tissue obtained from a third
surgery performed for tumor recurrences in the same patient
was fixed in 2.5% glutaraldehyde in phosphate buffered
saline, pH 7.4 for more than 2 h [36]. In other cases (case
nos. 2, 4, 7, 18) a fragment of pituitary adenoma was
deparaffinized in xylene and rehydrated in graded ethanol
as previously described [37]. Subsequent steps were
identical for both fresh glutaraldehyde fixed and paraffin-

embedded tissues. Tissue was fixed in 1% osmium
tetroxide in ddH2O for 1 h at room temperature, dehydrated
through graded acetone and embedded in Eponate (Ted
Pella, Redding, CA, USA). After overnight polymerization
at 56°C, 1 μm sections were cut with a glass knife and
stained with methylene blue to control for tumor selection
area. Subsequently, 60 nm thick sections were cut with a
diamond knife, counterstained with 5% uranyl acetate in
methanol and in Reynold’s lead citrate for 10 min each and
viewed with Jeol 100CX transmission electron microscope
at 80 k. Digital images were collected with XR40 Digital
Camera (Advanced Microscopy Techniques Corp., Dan-
vers, MA, USA).

Statistical Analysis

The Fisher exact test was used to compare categorical
variables and the Wilcoxon rank sum test used to compare
numerical variables between two groups. Numerical results
are summarized as mean ± standard deviation and categor-
ical results summarized as percent. Time to recurrence
estimates were obtained by the Kaplan-Meier method, and
the log-rank test was used to compare the groups for
recurrence. The hazard ratio was estimated by a Cox
regression model. Logistic regression was used to analyze
the association of tumor diameter and post-operative
hypopituitarism. Two-sided p values were calculated and
statistical significance was set at p value <0.05.

Results

One hundred and nine consecutive patients were identified
as harboring nonfunctioning adenomas, and of these, 25
were identified as SCAs by evidence of positive ACTH
immunostaining (23%).

Clinical Features

Of the 25 SCAs and 84 nonfunctioning adenomas studied,
complete radiological data was available for 17 SCAs and
58 nonfunctioning adenomas, and complete hormonal data
were available for 13 SCAs and 41 nonfunctioning
adenomas, as several patients were referred from outside
the state.

Patients presented on initial diagnosis with: headaches
(48% in SCAs compared to 37% in nonfunctioning
adenomas), visual field cut (56% vs. 67%), fatigue (24%
vs. 20%), and decreased libido (24% vs. 18%; Table 1).
Pre-operative endocrine abnormalities encountered are out-
lined in Table 2. Thirty-eight percent of SCAs presented
with deficiency of at least one pituitary axis compared to
54% of nonfunctioning adenomas.
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Table 3 delineates the radiologic characteristics on
presentation which did not differ for the SCAs and
nonfunctioning adenomas. After initial surgery, 56% of
SCAs exhibited residual tumor compared to 59% of
nonfunctioning adenomas. There were no differences in
rates of recurrent growth from residual tissue in the two
groups. However, recurrence of newly observed tumor after
an initial negative postoperative MRI occurred in 25% of
SCAs compared to 2% of NFAs (p<0.007). Sixty-three
percent (n=10) of SCAs recurred with median follow-up of
3 years (1–4 years) compared to 38% (n=23) of nonfunc-
tioning adenomas with median follow-up of 8 years (1–
15 years). The mean number of recurrences overall was 1
(±1.0) for SCAs and 0.5 (±0.7) for nonfunctioning
adenomas with a mean of 1.0 in SCAs and 0.0 in
nonfunctioning adenomas (Wilcoxon p value=0.042). The
time to first recurrence was significantly shorter in SCAs
(median=3 years, 95% CI=2-3 years) compared to time of
nonfunctioning adenoma recurrence (median=8 years, 95%
CI=6–12 years), p<0.0001. These results yielded an SCA
hazard ratio of 5.6, 95% CI=2.4–13.1 (Fig. 1).

Median follow-up time for post-operative hypopituitarism
was 3 years (1–8 years) for SCAs and 15 years (1–15 years)
for nonfunctioning adenomas. New onset post-operative
hypopituitarism developed in 54% (n=7) of patients with
SCAs compared to 17% (n=7) of those with nonfunctioning
adenomas (p<0.02; Table 4). The median time to develop-

ment of hypopituitarism in SCAs was 3 years (95% CI=1–
8 years) compared to 15 years (95% of 10–15 years) for
nonfunctioning adenomas, yielding a hazard ratio of 8.7
(CI=2.4–37.8) in SCAs. Unlike SCAs, new onset post-
operative hypopituitarism in nonfunctioning adenomas was

Table 1 Preoperative clinical presentation

SCAs n=25% Nonfunctioning
adenomas n=84%

Male 13 (52) 55 (65)

Female 12 (48) 29 (35)

Mean age (years) 53±14.3 54.9±14.9

Mean follow-up time (years) 3.7±2.6 5.7±3.7

Headache 12 (48) 31 (37)

Visual field defect 14 (56) 56 (67)

Fatigue 6 (24) 17 (20)

Decreased libido 6 (24) 15 (18)

Table 2 Preoperative pituitary hormone deficiencies in SCAs vs
nonfunctioning adenomas

SCAs n=13% Nonfunctioning
adenomas n=41%

Preoperative Preoperative

Overall rate of hypopituitarism 5 (38) 22 (54)

Central adrenal insufficiency 0 (0) 3 (7)

Central hypogonadism 5 (38) 17 (41)

TSH deficiency 0 (0) 7 (17)

GH deficiency 1 (8) 12 (29)

Table 3 Radiologic characteristics

MRI SCAs n=17% Nonfunctioning
adenomas n=58%

Preoperative

Initial mean tumor diameter 30±17 mm 31±13 mm

Hardy grade 2 5 (29) 22 (41)

Hardy grade 3 11 (65) 26 (45)

Hardy grade 4 1 (6) 8 (14)

Chiasm compression 7 (41) 38 (66)

Cavernous sinus invasion 7 (41) 22 (38)

Internal carotid encasing 4 (24) 11 (19)

Sphenoid sinus invasion 2 (12) 9 (16)

Suprasellar extension 9 (53) 30 (52)

Parenchymal extension 1 (6) 8 (14)

Postoperative

Postoperative MRI n=16% n=58%

Postoperative residual
tumor present

9 (56) 34 (59)

Postoperative no residual
tumor present

7 (44) 24 (41)

Recurrent growth of
residual tumor

6 (38) 22 (38)

De novo recurrence 4 (25)* 1 (2)

Stable residual 3 (19) 12 (21)

No growth with negative
postoperative MRI

3 (19) 23 (40)

*p<0.007

Fig. 1 Recurrence-free survival. Median time (years) and 95%
confidence interval to first recurrence. SCA: n=16 median=3, 95%
CI=2-3; nonfunctioning adenoma (NFA): n=58 median=8, 95% CI=
6-12. P<0.0001 (SCA vs. NFA).
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associated with larger tumor diameter as assessed by
logistic regression analysis (p=0.04). While development
of new onset hypopituitarism correlated with increasing
tumor diameter on initial presentation in nonfunctioning
adenomas, SCA recurrences did not correlate with tumor
mass or invasiveness (Fisher’s exact test). None of the
patients with SCAs progressed to overt Cushing’s disease
during follow-up.

Immunohistochemistry

Immunohistochemistry studies were conducted on 11
functional corticotroph adenomas, 18 SCAs, and 23
gonadotroph adenomas (Table 5). Detailed results on the
percent of cells immunopositive for each marker in each
SCA are provided in Table 6. In contrast to functional
corticotroph adenomas which all stained abundantly for
nuclear Tpit, 10 SCAs were immunonegative for Tpit, and
8 SCAs were weakly immunopositive in <25% of cells.
Gonadotroph adenomas were uniformly immunonegative
for Tpit (Figs. 2 and 3). Testing of recurrent SCA tumor
tissue showed loss of Tpit expression in one recurrent tissue
sample. NeuroD1 was expressed in all three tumor types
(Figs. 2 and 3). α-GSU was immunopositive in three of
nine functional corticotroph adenomas, 20 of 23 gonado-
troph adenomas, and in 14 of 18 SCAs. SF-1was expressed
in eight of ten functional corticotroph tumors with three
tumors expressing SF-1 in a majority of cells and 5 tumors
expressing SF-1 in a small percentage of cells. In contrast,

immunoreactive SF-1 was detected in all SCAs and
gonadotroph tumors tested (Figs. 3 and 4). Importantly,
SF-1 cellular localization differed between tumors, and nuc-
lear localization was observed in gonadotroph and functional
corticotroph adenomas, while both nuclear and cytoplasmic
localization were observed in SCAs. Antibody specificity
was confirmed using a selective blocking peptide which
attenuated SF-1 nuclear staining in positive gonadotroph
adenoma controls, and blocked both nuclear and cytoplas-
mic SCA SF-1 immunostaining (Figs. 3 and 4). As
expected, SF-1 expression was undetectable in lung tissue.
Single cell co-staining of ACTH and LH, or ACTH and
SF-1, was demonstrated in two of five and 12 of 14 SCAs
tested, respectively (Fig. 4). While DAX-1 was expressed in
three of 11 functional corticotroph adenomas, all gonado-
troph adenomas and all SCAs were uniformly positive for
DAX-1 (Figs. 3 and 4). None of the SCAs were immuno-
positive for TSH, one had scant positive staining for PRL,
and three had slight GH staining. All SCAs stained for Pit-1
were largely negative compared to GH-secreting adenoma
positive controls.

Electron Microscopy

Electron microscopy of five SCA tumors showed several
common features (Fig. 5). Cells had relatively increased
mitochondrial density, scattered enlarged late endosomes/
enigmatic bodies, and pleomorphic granule diameter (90–
250 nm), shape and density, and no bundling of interme-
diate filaments. Two cases had enlarged mitochondria with
condensation of peripheral matrix. Golgi complexes were
generally large and stacks of rough endoplasmic reticulum
were seen in four of five cases, but honeycomb Golgi were
not noted.

Discussion

We propose to refine the definition of SCAs as a tumor
subtype comprising clinical and cellular characteristics of
both corticotroph and gonadotroph adenoma cells and
suggests naming this entity a SCGA (Fig. 6). Previous

Table 4 Postoperative pituitary hormone deficiencies in SCAs vs.
nonfunctioning adenomas

Hormonal axis SCA n=13% Nonfunctioning
adenoma n=41%

New onset hypopituitarism 7 (54)* 7 (17)

Central adrenal insufficiency 6 (46)*** 7 (17)

Central hypogonadism 3 (23) 8 (20)

TSH deficiency 8 (62)** 11 (27)

GH deficiency 4 (31) 6 (15)

*p<0.02, **p<0.04, ***p<0.056

Table 5 Summary of positive pituitary tumor immunohistochemical staining

Tumor type n αGSU n (%) Tpit n (%) NeuroD1 n (%) SF-1 n (%) DAX-1 n (%)

Functional corticotroph adenomas 11 3/9 (33)* 11/11 (100)** 11/11 (100) 8/10 (80) 3/11 (27)****

Gonadotroph adenomas 23 20/23 (87) 0/23 (0)*** 23/23 (100) 23/23 (100) 23/23 (100)

SCAs 18 14/18 (78) 8/18 (44) 18/18 (100) 18/18 (100) 18/18 (100)

The percentage shown is the number of tumors that stain positive for a given marker of the total number of tumors for each subtype

P values vs. SCAs: * p<0.04, ** p<0.003, ***p<0.0005, ****p<0.00003
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studies reported the incidence of SCAs to be up to 19% of
adenomas classified preoperatively as nonfunctioning ade-
nomas [6, 9, 14, 15, 38] and ∼20% of all corticotroph
adenomas [5, 7]. While SCAs immunostained for ACTH,
similar to functional corticotroph adenomas, the clinical
course was more typical of nonfunctioning adenomas.
SCAs presented as nonfunctioning adenomas due to local
mass effects and pituitary hormone deficiencies [11]. There
was a female SCA preponderance in some reports com-
pared to nonfunctioning adenomas [7, 10, 15, 33], but not
others [8–11, 14]. Up to 60% of SCAs manifested with
preoperative hypopituitarism, similar to rates observed in
nonfunctioning adenomas [8, 10]. However, cavernous
sinus invasion as visualized by MRI was more prevalent
in SCAs than in nonfunctioning adenomas [8, 9, 15, 16].
SCAs consistently demonstrated a more aggressive postop-
erative course compared to nonfunctioning adenomas. New
onset post-operative hypopituitarism had been reported in
about one-third of SCAs [8, 10] with reports of postoper-

ative adrenal insufficiency in SCAs [5, 7, 10, 12, 39].
While SCA recurrence rates of up to 57% had been
documented [8–11], these rates did not differ from those
observed with nonfunctioning adenomas [6, 11, 15] nor had
SCAs been shown to recur earlier [11] though one series
demonstrated that SCAs frequently had multiple recurren-
ces [6] (Table 7).

Our study is one of the largest cohort analyses directly
comparing SCAs to nonfunctioning adenomas and includes
comprehensive preoperative and postoperative clinical out-
comes. We demonstrate that SCAs have a 63% recurrence
rate while 38% of nonfunctioning adenomas recurred. In
addition, we show that SCAs recur 5 years sooner than
nonfunctioning adenomas, in contrast to prior reports [11]
and demonstrate that de novo recurrences are seen more
frequently in patients with SCAs. A further observed
difference between SCAs and nonfunctioning adenomas is
development of new postoperative pituitary deficits in 54%
of patients with SCAs compared to 17% of nonfunctioning

Table 6 Immunohistochemical staining of SCAs

SCA case no. LH/FSH ACTH ACTH/LH
colocalized

α-GSU Tpit (%) NeuroD1 (%) SF-1 (%) ACTH/SF-1
colocalized

DAX-1 (%)

1 − + n/a + − +++ +++ + +++

2 − + n/a − − +++ +++ n/a +++

3 − + n/a − − +++ +++ − +++

4 + + − + + +++ +++ + +++

5 − + n/a + − +++ ++ n/a +++

6 − + n/a + + +++ +++ (nuc) + +++

7 − + n/a + + +++ +++ + +++

8 + + − + − +++ +++ + +++

9 + + + − + +++ +++ (nuc) + +++

10 − + n/a + + +++ ++ + +++

10 (1st recurrence) − + n/a n/a − n/a n/a n/a ++

10 (2nd recurrence) − + n/a − − +++ +++ + +++

11 + + n/a n/a − +++ +++ (nuc) + +++

11 (1st recurrence) + + + + − +++ +++ (nuc) + +++

12 − + n/a + + +++ +++ + +++

13 + + n/a + − +++ ++ (nuc) n/a +++

14 − + n/a − − +++ +++ − +++

15 − + n/a + + +++ + n/a +++ (cyto)

16 + + n/a + − +++ ++ + +++

17 − + n/a + + +++ ++ + +++

18 + + − − − +++ +++ + +++

Shown is scoring for each immunostained transcription factor

Staining for LH, FSH, ACTH, and α-GSU was not quantified and are scored as either present (+) or absent (−)
Staining for Tpit, NeuroD1, and DAX-1 is nuclear unless otherwise noted. Staining for SF-1 is both nuclear and cytoplasmic unless otherwise
noted. For quantification of Tpit, NeuroD1, SF-1, and DAX-1, +=<25%; ++=25–50%; +++=50–100% percent positive staining according to
incidence of positively stained cells

% percentage of cells, Nuc nuclear, Cyto cytoplasmic, n/a not available or not applicable
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adenomas, especially in the thyroid and adrenal axes.
Furthermore, given that we do not find that new post-
operative hypopituitarism in SCAs correlated with invasive
characteristics nor with the presence of residual tumor or
with recurrences, it is likely that the higher rate of post-
operative hypopituitarism is reflective of a unique SCA
biology or cytogenesis.

As SCAs follow a unique clinical course, they ostensibly
express distinctive differentiated cellular proteins. On
immunostaining, SCAs expressed ACTH to a similar
degree as functional corticotroph adenomas [18]. However,
examination of Tpit in SCAs have yielded conflicting
reports with one study showing Tpit positive immunohis-
tochemistry staining in three of four SCAs [25] while

another demonstrated lower Tpit mRNA levels in SCAs
than in functional corticotroph adenomas [33]. NeuroD1, a
factor contributing to differentiation of corticotroph adeno-
mas and α-GSU positive cells, was also expressed in SCAs
[32–34]. In addition to corticotroph markers and consistent
with our findings here, a single SCA showed expression of
gonadotroph markers, namely DAX-1 and SF-1 [34].
Indeed, LH, FSH, and α-GSU were all expressed in SCAs
and also in functional corticotroph adenomas (Table 8),
often with cellular colocalization.

The current study provides a characterization of inte-
grated corticotroph and gonadotroph features of SCAs
using immunohistochemistry and EM. SCAs incorporate
corticotroph markers of NeuroD1 and ACTH and gonado-

ACTH: FCA ACTH: SCA

Tpit:SCATpit: FCA

NeuroD1: FCA NeuroD1: SCA

Fig. 2 Fluorescence immuno-
histochemistry of corticotroph
markers ACTH, Tpit, and Neu-
roD1 in functional corticotroph
adenomas and silent cortico-
troph adenomas. Tumors were
fixed in 10% formalin, paraffin
embedded, and stained with pri-
mary antibodies, with Alexa 488
secondary antibodies and visu-
alized with confocal immuno-
fluorescence microscopy at
×20–40 magnification. Tumors
were immunopositive for ACTH
and NeuroD1. Functional corti-
cotroph adenomas were immu-
nopositive for Tpit, and the SCA
was immunonegative for Tpit.
FCA functional corticotroph
adenoma.
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troph markers of DAX-1, α-GSU, and SF-1. On the other
hand, SCAs are distinct from corticotroph and gonadotroph
adenomas as evidenced by the lack of nuclear Tpit
expression while maintaining the presence of cytoplasmic
and nuclear SF-1, respectively. The reason for cytoplasmic
localization of SF-1 is, however, unclear. Other nuclear
proteins in pituitary tumors exhibit abnormal intracellular
localization and change of function, for example, Brg1, a
nuclear protein found to accumulate in the cytoplasm of

corticotroph adenoma cells, alters pituitary tumor sensitiv-
ity to glucocorticoids [40].

SCAs had been characterized by ultrastructural morphol-
ogy showing two morphologic variants of SCAs. Type 1
adenomas were similar to functional corticotroph adenomas in
that they were densely granulated basophilic tumors with
abundant cytokeratin filaments. Subtype 2 adenomas were
chromophobic and lacked cytoplasmic intermediate filaments
[41]. In addition to corticotroph features, SCAs were shown

DAX-1: FCA Tpit: GASF-1: FCA

NeuroD1: GA ACTH: GA SF-1: lung

SF-1 blocking peptide: GA

Fig. 3 Fluorescence immunohistochemistry of DAX-1 and SF-1in
functional corticotroph adenoma, Tpit, NeuroD1, and ACTH in
gonadotroph adenoma, SF-1in lung negative control, and SF-1
blocking peptide in gonadotroph adenoma. The tumors were fixed in
10% formalin, paraffin embedded, and immunostained with primary

antibodies, with Alexa 488 and 588 secondary antibodies and
visualized with confocal immunofluorescence microscopy at ×20–40
magnification. FCA functional corticotroph adenoma, GA gonado-
troph adenoma.
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to incorporate gonadotroph elements as evidenced by the
presence of honeycomb Golgi [13, 42] and increased
mitochondrial density [13]. Similar findings were reported
in functional corticotroph adenomas [43–45]. In this study,
two SCAs tested were categorized as SCA subtype II while
the remainder incorporate elements of both corticotroph and
gonadotroph adenomas. In particular, oncocytic transforma-

tion seen in the three SCAs tested is typical of gonadotroph
adenomas, whereas the granule pleomorphism and enlarged
lysosomes/enigmatic bodies we observed in all the SCAs
resemble corticotroph adenomas.

Several confounding factors may bias our results
including unavailability of comprehensive clinical data
on each patient. However, longer follow-up times in the

LH: SCALH: GA ACTH/LH: SCA

SF-1: GA SF-1:SCA ACTH/SF-1:SCA

DAX-1:GA DAX-1:SCA SF-1 block pep:SCA

Fig. 4 Fluorescence immunohistochemistry of gonadotroph markers
LH, DAX-1, and SF-1 in gonadotroph adenomas (GA) and silent
corticotroph adenomas. Tumors were fixed in 10% formalin, paraffin
embedded, and immunostained with primary antibodies, with Alexa
488 and 588 secondary antibodies and visualized with confocal
immunofluorescence microscopy at ×20–40 magnification. Tumors
were immunopositive for LH in the gonadotroph adenoma and in this

specific SCA. SCA exhibited co-localization of ACTH and LH in the
same cell (white arrow), with a portion of the field enlarged for detail
(×100). The gonadotroph adenoma was immunopositive for nuclear
DAX-1 and SF-1. The SCA was immunopositive for nuclear DAX-1
and displayed both nuclear and cytoplasmic SF-1 immunostaining
with a portion of the SF-1 field enlarged for detail (×100). GA
gonadotroph adenoma.
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NFAs (median of 8 years) compared to the SCAs (median
of 3 years) further strengthens the observation of a higher
number of recurrences occurring at an earlier timepoint as
well as higher rates of post-operative hypopituitarism in
SCAs. The immunohistochemistry technique employed
may not be sufficiently sensitive to detect very low levels
of Tpit expression. Although quantitative PCR would
have been useful to confirm the immunohistochemistry
staining, sufficient tumor tissue was not available after
pathologic examination. Furthermore, micro-deposits of
normal pituitary tissue contaminating these very small
tumor specimens would also confound sensitive quantita-
tive PCR measurements. Variability of immunostaining
expression may be reflective of low antibody sensitivity
and penetration as well as tumor heterogeneity. However,
we used slides derived from the same block of tumor
tissue to reduce section heterogeneity and utilized the
same dilution of antibody for each batch. In addition, for
the immunohistochemistry studies, we used only gonado-
troph adenomas and excluded oncocytomas and null cell
adenomas, for though these latter two adenomas may
express low levels of gonadotroph subunits, they are not
consistently positive for all gonadotroph transcription
factors [46].

In summary, our results support prior findings that SCAs
are benign but aggressively growing biochemically silent
pituitary adenomas that combine clinical and pathological
features of corticotroph and gonadotroph cells further
suggesting a common corticotroph and gonadotroph pitui-
tary progenitor cell origin. This is also supported by reports
of a change of corticotroph committed cells to that of

gonadotrophs in Tpit knockout mice through a possible
trans-repression of Tpit and SF-1 [47].

Understanding that SCGAs comprise both cellular and
clinical features of both corticotrophs and gonadotrophs has
clinical implications for patients undergoing long-term SCGA
follow-up. The diagnosis of this tumor subtype emphasizes
the need for increased postoperative surveillance of SCGAs

Fig. 5 Electron microscopy image of silent corticotroph adenoma. a
Low power view of case 10 shows polygonal cells with numerous
mitochondria, pleomorphic granules, and enigmatic body (E). Higher
magnification b highlights increased mitochondrial density and

variability in the size and electron density of granules. Case 18
showed mitochondrial enlargement and peripheral condensation of
matrix (Mit on c). Bars 2 μm.
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Fig. 6 Proposed model for development of silent corticogonadotroph
adenoma (SCGA). Expression of both corticotroph and gonadotroph
transcription factors is observed in SCGAs. Functional corticotroph
adenomas, most of which are microadenomas, express ACTH, Tpit,
NeuroD1, and sometimes nuclear SF-1 and α-GSU. Gonadotroph
adenomas, which vary in size from micro- to macroadenomas, express
DAX-1, NeuroD1, nuclear SF-1, and α-GSU. SCGAs, which are
invariably macroadenomas, express ACTH, DAX-1, NeuroD1, nucle-
ar and cytoplasmic SF-1, and α-GSU but little to no Tpit.
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Table 7 Case series of SCAs

Reference SCAs (n) Direct comparison
to nonfunctioning
gonadotroph
adenomas

Preoperative
radiological
data

Preoperative
hormonal
data

Postoperative
radiological
data

Postoperative
hormonal
data

Significant findings

Baldewag, 2005 [9] 22 − + − + − 33% recur

Yamada, 2007 [15] 26 + + − + − Higher rates of invasion
in SCAs

Pawlikowski,
2008 [14]

20 + − − + − Higher recurrence rate
in SCAs

Lopez, 2004 [7] 12 − + + + +

Webb, 2003 [10] 27 − + + + + 37% recur

Scheithauer,
2000 [8]

23 − + + + + 54% recur, 55%
hypopituitarism

Bradley, 2003 [11] 28 + (historical
controls)

− − + − No difference in recurrence
rate or time to recur
between groups

Scheithauer,
2006 [16]

17 + + − − − SCAs more invasive

Tateno, 2007 [33] 8 + + − − −
Cho, 2009 [6] 28 + + + + + More multiple recurrences

in SCAs; younger age
in SCAs

Table 8 Summary of reports of ACTH/SF-1/LH expression

Reference N ACTH LH/FSH α-GSU SF-1 Colocalization with ACTH Tumor type

Suzuki et al., 2008 [34] 5 + − + + + for α-GSU and SF-1 4 CD, 1 SCA

Kojima et al., 2002 [18] 2 + + n/a n/a n/a SCA

Sano et al., 1990 [48] 2 + + + n/a + CD

Sano 1994 [49] 1 + − + n/a n/a SCA

Skelly et al., 2000 [50] 1 + − + n/a n/a CD

Desai et al., 1995 [51] 9 + + in 3 + n/a + for α-GSU CD, 1 SCA

Berg et al., 1990 [52] 9 + n/a + n/a + in 1 CD 8 CD, 1 SCA

Heshmati et al., 1988 [53] 4 + + in 1 SCA + (in 3 SCAs) n/a n/a SCAs

Jautzke 1988 [54] 1 + − + n/a + SCA

Landolt et al., 1988 [55] 2 + n/a + n/a n/a 1 SCA, 1 CD

Egensperger et al., 2001 [56] 1 + + + + n/a CD

Kamijo et al., 1991 [57] 1 + + n/a n/a + CD

Osamura et al., 1988 [58] 2 + + + n/a − SCA

Psaras et al., 2007 [12] 1 + – + n/a n/a SCA

Lloyd et al., 1990 [59] 1 + − + n/a n/a SCA

Lopez et al., 2004 [7] 1 + − + n/a n/a SCA

Pawlikowski et al., 2008 [14] 8 + + + (in 2) n/a n/a SCA

Webb et al., 2003 [10] 5 + + + n/a n/a SCA

Felix et al., 1991 [60] 1 + + + n/a n/a SCA

Black et al., 1987 [61] 3 + − + (in 1) n/a n/a SCA
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for earlier detection of recurrences and hypopituitarism
through rigorous pituitary reserve testing thereby reducing
morbidity and improving quality of life in these patients.
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