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Summary

A 67-year-old woman with a past history of type 2 diabetes mellitus presented with worsening glycemic control. She 
had some acromegaly symptoms and magnetic resonance imaging demonstrated a pituitary tumor. Endocrinological 
examination found the resting growth hormone (GH) level within the normal range, but elevated insulin-like growth 
factor�1�level.�A�75 g�oral�glucose�tolerance�test�showed�inadequate�suppression�of�nadir�GH�levels.�Acromegaly�due�
to GH-secreting pituitary tumor was diagnosed. The patient underwent endoscopic transsphenoidal surgery resulting 
in gross total removal of the tumor and recovered well postoperatively. Histological examination of the tumor showed 
coexistence of relatively large gangliocytoma cells and pituitary adenoma cells, suggesting mixed gangliocytoma-pituitary 
adenoma. In addition, colocalization of GH and GH-releasing hormone (GHRH) in pituitary adenoma cells was revealed, so 
the adenomatous components were more likely to produce GHRH in our mixed gangliocytoma-pituitary adenoma case. 
Mixed�gangliocytoma-pituitary�adenoma�is�very�rare,�and�the�present�unique�case�demonstrated�only�the�adenomatous�
components associated with GHRH production.
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Learning points:

 • Sellar gangliocytoma coexisting with pituitary adenoma is recognized as a mixed gangliocytoma-pituitary adenoma 
and is very rare.

 • A proposed developmental mechanism of growth hormone (GH)-secreting mixed gangliocytoma-pituitary 
adenoma involves GH-releasing hormone (GHRH) produced by the gangliocytic components promoting the growth 
of tumor including GH-secreting adenomatous components.

 • Since our present case indicated that the adenomatous components of mixed gangliocytoma-pituitary adenoma 
could secrete both GH and GHRH simultaneously, progression of GH-secreting mixed gangliocytoma and pituitary 
adenoma may involve exposure to spontaneously produced GHRH due to the adenomatous components.

Background

Gangliocytoma occurs in all regions of the central 
nervous system but rarely in the sellar region. Sellar 
gangliocytoma coexisting with pituitary adenoma 
is recognized as a mixed gangliocytoma-pituitary 

adenoma. Mixed gangliocytoma-pituitary adenoma is 
extremely rare, accounting for 0.14–0.52% of all sellar 
tumors, and mostly occurs in women (1, 2). Since 
mixed gangliocytoma-pituitary adenoma has no specific 
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clinical symptoms, endocrine findings, or brain imaging 
appearance, it is usually only diagnosed by postoperative 
histopathology (3). The adenomatous components of 
mixed gangliocytoma-pituitary adenoma are known to 
frequently secrete excess growth hormone (GH) and 
are typically characterized as pituitary somatotroph 
adenoma (2, 4). The gangliocytic components of 
mixed gangliocytoma-pituitary adenoma showed 
immunoreactivity for hypothalamic releasing hormones 
other than the neuroendocrine markers (2, 5, 6). A 
proposed but controversial developmental mechanism of 
GH-secreting mixed gangliocytoma-pituitary adenoma 
involves GH-releasing hormone (GHRH) produced by 
the gangliocytic components promoting the growth  
of tumor including GH-secreting adenomatous 
components (2, 6).

We report a rare case of mixed gangliocytoma-
pituitary adenoma in which the GH-secreting adenoma 
cells, but not the ganglion cells, produced GHRH.

Case presentation

A 67-year-old woman with a past history of type 2 diabetes 
mellitus presented with worsening glycemic control. 
She had some physical abnormalities such as face with 
enlarged forehead, nose, and chin, increased bone size of 
the extremities, and mild enlargement of the tongue.

Investigation

Magnetic resonance (MR) imaging revealed a pituitary 
tumor of 1.9 cm maximum length with Knosp grade 
0 (7), appearing with less contrast enhancement than 
the normal pituitary gland on gadolinium-enhanced 
T1-weighted MR imaging and isointense on T2-weighted 
MR imaging. Endocrinological examination found resting 
GH level (3.321 ng/mL; normal: 0.010–3.607 ng/mL) 
within the normal range, but elevated insulin-like growth 
factor 1 (IGF-1) level (381 ng/mL; normal: 61–183 ng/
mL). A 75 g oral glucose tolerance test (OGTT) achieved 
inadequate suppression of nadir GH level (3.190 ng/mL). 
Acromegaly due to GH-secreting pituitary tumor was 
diagnosed according to these findings.

Treatment

The patient underwent removal of the pituitary tumor 
via an endoscopic endonasal transsphenoidal approach 
without premedication, which was successful in 
accomplishing gross total removal.

Outcome and follow-up

The postoperative course was uneventful. Postoperative 
MR imaging demonstrated no obvious residual tumor. 
Resting GH level (2.467 ng/mL) remained within the 
normal range, and IGF-1 level (233 ng/mL) decreased but 
was slightly higher than normal at 1 week postoperatively. 
Postoperative 75 g OGTT found nadir GH level of 0.880 ng/
mL, resulting in no suppression of less than 0.4 ng/mL 
(8). Since aggravation of diabetic hyperglycemia resolved 
promptly, the patient was discharged on foot without 
adjuvant therapy. Random GH level (0.587 ng/mL) 
remained below 1.0 ng/mL (9) and IGF-1 level (167 ng/mL) 
was normalized at 3 months postoperatively. Thereafter, 
the patient received outpatient follow-up with random 
GH levels <1.0 ng/mL and IGF-1 levels within the normal 
range.

Hematoxylin and eosin staining of the tumor 
revealed that relatively large cells were adjacent to small 
round cells corresponding to the pituitary adenoma 
and were mixed within the boundary area (Fig. 1A). 
Immunohistochemical staining found the large cells were 
positive for microtubule-associated protein 2 (MAP-2) 
(anti-MAP-2 antibody; MAB364, Millipore) as the mature 
neuron marker, indicating the presence of gangliocytoma 
(Fig. 1B). Pituitary adenoma cells showed weak 
immunoreactivity for GH (anti-GH antibody; ab7905, 
Abcam) (Fig. 1C) and a strong dot-like immunopositive 
pattern representing the fibrous body for CAM 5.2 (anti-
CAM 5.2 antibody; No. 349205, Beckton, Dickinson and 
Company) as the cytokeratin marker (Fig. 1D), indicating 
a sparsely granulated subtype of pituitary somatotroph 
adenoma. The histopathological findings of the 
gangliocytic and adenomatous components determined 
the diagnosis as mixed gangliocytoma-pituitary 
adenoma. Immunohistochemical demonstration of 
GHRH expression was performed using a pair of mirror 
section images. No correspondence of MAP-2- and GHRH 
(anti-GHRH antibody; ab80009, Abcam)-positive cells was 
found (Fig. 2A and B), but correspondence of GH- and 
GHRH-positive cells was demonstrated (Fig. 2C and D). 
Furthermore, double immunofluorescence staining for 
GH and GHRH revealed cells with colocalization (Fig. 2E, 
F and G).

Discussion

The gangliocytic components of mixed gangliocytoma-
pituitary adenoma are presumed to secrete the 
hypothalamic releasing hormones including GHRH, 
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gonadotropin-releasing hormone, thyrotropin-releasing 
hormone, and corticotropin-releasing hormone, and 
promote the proliferation of the correlated adenomatous 
components (6, 10, 11). On the other hand, both 
components of mixed gangliocytoma-pituitary adenoma 
were demonstrated to produce the hypothalamic 
releasing hormones (3). All previous reports of mixed 
gangliocytoma-pituitary adenoma investigating GHRH 
immunoreactivity have implied GHRH production in 
the gangliocytic components (Table 1) (1, 5, 6, 10, 11, 
12, 13, 14, 15, 16, 17, 18, 19). However, our present case 
demonstrated that only the adenomatous components 
may produce GHRH in GH-secreting mixed gangliocytoma-
pituitary adenoma. Recently transdifferentiation of 
neuroendocrine cells to a neuronal phenotype (20) and 
expression of pituitary transcription factors in gangliocytic 
components (21) were indicated in mixed gangliocytoma-
pituitary adenoma. This indication that the origin of two 
components in mixed gangliocytoma-pituitary adenoma 
relates to pituitary lineage supports the possibility that 
either or both of these components produce GHRH in 
GH-secreting mixed gangliocytoma-pituitary adenoma.

 We present a unique case of mixed gangliocytoma-
pituitary adenoma with the adenomatous components 
which could secrete both GH and GHRH simultaneously. 
This finding suggested that progression of GH-secreting 
mixed gangliocytoma-pituitary adenoma may involve 
exposure to spontaneously produced GHRH due to the 
adenomatous components.

Figure 1
Histopathological examination of the pituitary 
tumor. (A) Hematoxylin and eosin staining 
showing relatively large cells and pituitary 
adenoma cells adjacent and mixed within the 
boundary area. (B) Immunostaining for 
microtubule-associated protein 2 demonstrating 
positivity in large cells, indicating the presence of 
gangliocytoma. Immunostaining for growth 
hormone showing positivity but weak reactivity in 
pituitary adenoma cells (C) and CAM 5.2 
immunostaining showing strong dot-like positive 
pattern (D), indicating the sparsely granulated 
subtype of pituitary somatotroph adenoma. Scale 
bar = 50 μm.

Figure 2
Immunohistochemical demonstration of growth hormone-releasing 
hormone (GHRH). Immunohistochemical staining using a pair of mirror 
section images showing no correspondence of microtubule-associated 
protein 2-positive (A) and GHRH-positive (B) cells, but demonstrating 
correspondence of growth hormone (GH)-positive (C) and GHRH-positive 
(D)�cells.�Double�immunofluorescence�staining�for�GH�(E)�and�GHRH�(F)�
revealing cells with colocalization (G). Arrowheads, colocalized cells. Scale 
bar = 50 μm�in�A–D;�20 μm in E–G.
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