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A 53-year-old Japanese woman was diagnosed with
Cushing’s disease caused by a adrenocorticotropic
hormone (ACTH)-secreting pituitary adenoma on
the basis of clinical an imaging data. The surgically
resected tumor tissue was investigated histopatho-
logically using immunohistochemical analysis of pi-
tuitary hormones. Our study revealed that the ade-
noma expressed not only ACTH but growth
hormone (GH) in the tumor cells. Furthermore, im-
munohistochemical double staining showed that
some adenoma cells were positive for both ACTH
and GH. In situ hybridization for GH mRNA re-
vealed that the adenoma cells produced GH as op-
posed to simply storing it. Although many pituitary
adenomas produce multiple pituitary hormones,
pituitary adenoma producing both ACTH and GH in
the same adenoma cells, such as seen in this case, is
extremely rare. To elucidate the molecular mecha-
nism involved, we investigated the expression of
transcription factors NeuroD1 and Pit-1 and found
that both transcription factors were expressed in
many tumor cells. This case report describes a very
rare case of pituitary adenoma that produced both
ACTH and GH. We propose a hitherto undescribed
translineage expression of transcription factors as
the basic mechanism of this unique functional
differentiation.
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Anterior pituitary cells are of great interest with
respect to the functional differentiation of cells.
Many recent reports have described various tran-
scription factors that appear to play roles in the
basic mechanisms of the production of anterior
pituitary hormones. In particular, much progress
has been made in the study of pituitary-specific
transcription factor 1 (Pit-1), which is well known to
have roles in regulating the transcription of GH,
PRL, and TSH-� (1–9). The pituitary cell lineages in
rodents have been classified into three lineages that
produce POMC (ACTH), FSH-LH, or GH-PRL-TSH,
depending on the expression of specific transcrip-
tion factors (8). With respect to this classification,
human ACTH-secreting adenomas have been re-
ported to differ from other functioning adenomas
in their early development and differentiation. We
recently encountered a case of Cushing’s disease
caused by an ACTH-secreting pituitary adenoma
that expressed ACTH and GH in the same adenoma
cells. Here we report the clinical and morphological
findings of this case and propose a hitherto unde-
scribed molecular mechanism for this unique
translineage functional differentiation.

CASE REPORT

A 53-year-old woman who was transferred to our
hospital in 1995 was suspected of having Cushing’s
disease on the basis of clinical and imaging data.
The patient’s height and body weight were 152.7 cm
and 54.5 kg, respectively. The patient presented
with moon face, central obesity, and pigmentation
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and atrophy of the skin. The patient also com-
plained of muscular weakness. No neurological def-
icits were observed, including in the visual field.
Endocrinological studies performed during the pa-
tient’s first admission showed that the basal ACTH
and cortisol levels were elevated to 110 pg/mL and
21.3 �g/dL, respectively, and urinary free cortisol
was also elevated to 267 �g/d. Diurnal changes of
ACTH and cortisol were not observed. In the 2-mg
dexamethasone suppression test, no inhibitory ef-
fect was observed, but an inhibitory effect was ob-
served with 8 mg of dexamethasone. ACTH was
markedly increased to 5700 pg/mL in the left-hand
posterior part of the cavernous sinus (the site of an
adenoma), and the central to peripheral blood ratio
(C/P ratio) was 93.4. The intercavernous gradient,
which is used to determine the localization of mi-
croadenomas, was also very prominent at 51.8. The
patient’s MRI at the time of admission showed a
low-density mass in the left lobe of the pituitary
gland with slight pituitary stalk deviation to the
right (Fig. 1). The patient was diagnosed as having
Cushing’s disease caused by an ACTH-secreting pi-
tuitary adenoma, which was extirpated by trans-
sphenoidal surgery. The tumor was totally resected
and was soft and light yellowish-white (typical fea-
tures of pituitary adenomas).

PATHOLOGIC FINDINGS

For histochemical studies, paraffin-embedded
sections were used. Immunohistochemical studies
for Pit-1 and Neuro D1 were carried out using the
avidin-biotin-peroxidase complex method. The pri-
mary antibodies were as follows: anti-ACTH anti-

body (clone 02A3, 1:50; DAKO JAPAN Co., Kyoto,
Japan), anti-GH antibody (1:400, DAKO JAPAN),
anti-Pit-1 antibody (1:100, Santa Cruz Biotechnol-
ogy, Santa Cruz, CA), anti-Neuro D1 antibody (1:
400, CeMines, Evergreen, CO). For detection of GH
mRNA, in situ hybridization was performed with
the following 3'-terminal biotinylated oligonucleo-
tide probes: antisense probe 5'-GGC GCG GAG CAT
AGC GTT GTC A-3', and sense probe 5'-GAC AAC
GCT ATG CTC CGC GCC A-3'.

Hematoxylin-eosin (HE) staining showed that the
tumor was an adenoma of diffuse type consisting
mainly of basophilic cells (Fig. 2A). Immunohisto-
chemical double staining for ACTH and GH re-
vealed the co-localization of these two hormones in
the same cells (Fig. 2B). In situ hybridization dem-
onstrated mRNA in the cytoplasm of the tumor
cells, indicating that this adenoma produced GH
(Fig. 2, C–D). In addition, NeuroD1 and Pit-1 were
expressed in the nuclei of many adenoma cells (Fig.
2, E–F).

DISCUSSION

Anterior pituitary cells can be classified into three
differing lineages that produce POMC (ACTH),
FSH-LH, or GH-PRL-TSH, depending on the ex-
pression of specific transcription factors. In partic-
ular, pituitary homeobox 1 (Ptx1) is known to be a
universal transcription factor in all types of pitu-
itary cells (10, 11) and all types of pituitary adeno-
mas (12, 13). Ptx1 acts synergistically with Neuro
D1/�2, SF-1/Ad4BP, and Pit-1 to activate POMC/
ACTH, FSH-LH, and GH-PRL-TSH transcription, re-
spectively. Multiple hormone-producing adenomas
are also frequently observed among human pitu-
itary adenomas, and such tumors usually belong to
one cell lineage. It is extremely rare that a pituitary
adenoma produces multiple anterior pituitary hor-
mones of more than one lineage.

In the present case, GH and ACTH, which are
hormones of different lineages, were expressed in
the same cells, and the presence of GH mRNA was
also confirmed. These data demonstrate that GH
was actually produced in ACTH-secreting adenoma
cells. Furthermore, Pit-1 was expressed in the nu-
clei of many adenoma cells, and NeuroD1 nuclear
staining was also demonstrated. These data suggest
that the production of two or more hormones of
more than one cell lineage may be due to aberrant
patterns of expression of transcription factors in
pituitary adenomas. The mechanism of how Neu-
roD1 and Pit-1 function synergistically is of great
scientific interest but requires further investigation.

Some cases of pituitary adenomas that produce
ACTH and GH simultaneously have been reported.
Blevins et al. (14) reported a pituitary adenoma in a

FIGURE 1. Magnetic resonance imaging showed a low-density mass
in the left lobe of the pituitary gland with slight pituitary stalk deviation
to the right.
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40-year-old woman with acromegaly and Cushing’s
disease; however, they showed by pathological ex-
amination that GH- and ACTH-producing adeno-
mas had developed simultaneously as separate le-
sions. Apel et al. (15) reported a pituitary adenoma
in a 76-year-old woman, and demonstrated that
somatotrophs and corticotrophs existed with a
clear boundary between them. On the other hand,
only two cases of both ACTH and GH expression in
the same adenoma tissue have been reported. Arita
et al. (16) reported preoperative elevation of GH,
ACTH, and cortisol which was improved by surgery,
but overexpression of GH and ACTH in the ade-
noma cells were not noted in immunohistochemi-
cal and electron-microscopic studies. Kovacs et al.

(17) also studied a case of GH-secreting adenoma
by immunohistochemistry, electron microscopy,
and in situ hybridization, and reported that some
ACTH was found in GH-containing granules. This is
most likely the only previously reported case of the
colocalization of ACTH and GH.

In conclusion, the case described here was a rare
case of Cushing’s disease caused by an ACTH-
secreting adenoma that expressed ACTH and GH in
the same adenoma cells. The finding that GH
mRNA was also detected in the adenoma cells sug-
gests that GH was not merely stored in the ade-
noma cells but was actually produced there. The
present case is considered to be of interest with
regard to research on the functional differentiation

FIGURE 2. Histochemical studies. The adenoma showed basophilic cells (A). ACTH (brown) (B, arrow) and GH (blue) were detected in the
adenoma by immunohistochemical double staining, and both were expressed in same adenoma cells (B, arrowhead). GH mRNA was also detected in
the adenoma by in situ hybridization (C, antisense probe; D, sense probe). NeuroD1 (E) and Pit-1 (F) were expressed in the nuclei of the adenoma.
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of pituitary adenomas. In accordance with available
information about the manner of expression of
transcription factors related to the pituitary, it is
very rare for POMC (ACTH) and GH-PRL-TSH ex-
pression to be colocalized in the same adenoma
cells, and aberrant expression of NeuroD1 and Pit-1
probably participate in this unusual differentiation
state. Regarding the oncogenesis, we think the tu-
morgenesis occurs later than the pituitary cell de-
velopment. How the aberrant expression of the
transcription factors occurs is also yet to be
determined.
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