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Objective

To investigate the clinicopathologic features of pituitary adenoma with neuronal differentiation.



Methods

Four patients with mixed gangliocytoma-pituitary adenomas between January 2011 and January 2021 and 111 new-onset patients with adenomas between January 2019 and June 2021 who attended the First Affiliated Hospital of Fujian Medical University were included in the study. The histological and immunohistochemical findings were analyzed. Neuronal differentiation marker staining was performed on new-onset adenomas, and the related literature was reviewed.



Results

Altogether, more than 100 mixed gangliocytoma-pituitary adenoma cases have been reported in the literature until now, of which pituitary-specific POU-class homeodomain transcription 1 (PIT1) positive adenomas are more frequently observed. In the present study, all 4 patients we described were female, aged 29 to 53 years (mean 39 years). Clinically, 3/4 patients presented with acromegaly, and 1/2 patients presented with headache. Histologically, the tumor was composed of two distinct mixed components. The one was a population of neoplastic ganglionic cells with large nuclei, prominent nucleoli, and abundant basophilic cytoplasm embedded in a fibrillary background. Stains of chromograninA (CgA), synaptophysin (Syn), Calretinin (CR) were positive. Axotomy-like expression was observed in neurofilament (NF) staining. PIT1 was expressed in partial ganglionic cells in all cases. The other component was a population of small uniform cells with round nuclei and acidophilic cytoplasm. Prolactin (PRL) and growth hormone (GH) were positive in all 4 cases. PIT1 was positive in the nuclei of adenomas. Although adenomas and ganglionic regions varied in histology, there was a population of cells with neuronal differentiation expressing PIT1. Additionally, axotomy-like expression of NF staining could be seen in a distant area of adenoma regions. A total of 111 cases of adenomas without ganglionic cells were included in this study, including 7 cases with neuronal differentiation. Among them, 4 cases were prolactinomas, 2 cases were somatotroph adenomas, and 1 case was corticotroph adenoma. 6/7 cases were PIT1-positive adenomas. And the remaining one case is T-PIT-positive adenoma.



Conclusions

Mixed gangliocytoma-pituitary adenomas are rare tumors with neuronal differentiation. The majority of MGAs are associated with endocrinopathies, mainly acromegaly. Our results suggest that PIT1-positive pituitary adenomas may have neural differentiation potential, which may not be unusual. This indication supports the possibility that the neuronal transdifferentiation of adenomatous cells is a possible mechanism, and the underlying mechanism requires further elucidation.
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Introduction

Gangliocytomas/mixed gangliocytoma-adenomas (GCs/MGAs) are rare entities in the sellar region and are categorized as neuronal and paraneuronal tumors according to the 2017 World Health Organization Neuroendocrine Tumor Classification Guideline (1). Most cases reported are composed of ganglion cells with pituitary adenomas (2), forming so-called mixed gangliocytoma adenomas. Isolated gangliocytomas are extremely rare. In the present study, 4 cases of mixed gangliocytoma adenoma and 111 new-onset cases of pituitary adenoma were analyzed. The purpose of this study was to investigate the clinicopathologic features of pituitary adenoma with neuronal differentiation.



Materials And Methods

We retrospectively studied the histological examinations of 4 patients with mixed gangliocytoma-pituitary adenomas between January 2011 and January 2021 and 111 new-onset patients with adenomas between January 2019 and June 2021 who attended the First Affiliated Hospital of Fujian Medical University. For histology and immunohistochemistry, the tissue was fixed in 10% formalin and subsequently paraffin embedded. Paraffin-embedded sections (4–6μm thick) were processed, and then selected blocks were stained with antibodies to transcription factors and pituitary hormones, including PIT1 (1:500, G-2; Zsbio), steroidogenic factor 1 (SF-1) (1:500, OTI1H2; Zsbio), T-box family member TBX19 (T-PIT) (1:500, OTI2G1; Zsbio), adrenocorticotropic hormone (ACTH) (RAB-0010; Maxim), PRL (MAB-0886; Maxim), follicle-stimulating hormone (FSH) (MAB-0782; Maxim), GH (MAB-0883; Maxim), luteal hormone (LH) (MAB-0788; Maxim) and thyroid stimulating hormone (TSH) (MAB-0796; Maxim). Immunohistochemistry (IHC) stains that have been utilized for the detection of neuronal structures include neuronal nuclei (NeuN) (1:200; MAB-0578; Maxim), CR (1:200; ZA-0026; Zsbio), NF (1:300; TA309765; Zsbio), Syn (1:600; ZA-0263; Zsbio) and MAP2 (1:200; ZA-0380; Zsbio). Other antibodies for diagnosis and differential diagnosis includes CK8 (MAB-1002; Maxim), thyroid transcription factor 1 (TTF-1) (HPA054837; Roche), BRAF (HPA001328; Roche), CD34 (Kit-0004; Maxim), GFAP (1:300; ZM-0118; Zsbio), P53(MAB-0674; Maxim) and Ki-67 (1:400; ZM-0378; Zsbio). Double-labeling IHC assay PIT-1/MAP2 was performed using dual detection kit (Roche) in BenchMark ULTRA system.

Medical files were retrospectively reviewed, and magnetic resonance imaging (MRI) studies of the patients were also analyzed. The follow-up information came from outpatient follow-up review or telephone follow-up.



Results


Case 1

A 53-year-old female presented with a 12-month history of acromegaly. She had a history of surgical thyroidectomy. MRI showed an intrasellar mass measuring 2.1 cm×1.6 cm×1.5 cm. The tumor passed the intercarotid line, but not beyond the tangent on the lateral aspects of the intracavernous. Random GH serum level was elevated at 19.48 μg/L on admission. Insulin-like growth factor-1 (IGF-1) level was 408 ng/mL (normal value 87-238 ng/mL). A 75g oral glucose tolerance test (OGTT) achieved inadequate suppression of nadir GH level (17.97ng/mL; normal value 0.06-5μg/L). Other hormones were within normal range. She underwent a transsphenoidal endoscopic approach resection of the tumor. At the 50th month follow-up after the surgery, the clinical symptoms of the patient markedly improved.



Case 2

A 29-year-old female with acromegaly complained of a 1-year history of headache with aggravation for 1 week. MRI showed a mass measuring 2.4 cm×2.3 cm×1.8 cm in the sella turcica. On coronal contrast imaging, the intracavernous artery was totally encased by the tumor. The boundaries were relatively clear. Preoperative growth hormone level was 4.28μg/L and IGF-1 level was 516.6 ng/mL (normal value 63-373ng/mL). 75g OGTT found nadir GH level of 4.79ng/mL, resulting in no suppression of less than 1μg/L. PRL serum level was elevated at 565.4mIU/L. Other pituitary hormones were within normal range. The patient was followed up for 12 months after transsphenoidal resection, and her general condition was good.



Case 3

A 35-year-old female had a 5-year history of secondary amenorrhea and a 1-year history of acromegaly. MRI revealed an intra- and suprasellar lesion with a prominent waist sign (Figure 1) measuring 3.0 cm×2.7 cm×2.0 cm. The tumor passed the medial tangent, but did not extend beyond the intercarotid line. In addition, it was heterogeneous enhanced after contrast. Laboratory tests revealed high levels of GH (70.10μg/L), PRL (1160.0mIU/L) and IGF-1 (545.2ng/mL, normal value 63-373ng/mL). Other hormones were within normal range. Transsphenoidal endoscopic gross total tumor resection was performed. At a follow-up visit 7 months after surgery, all clinical symptoms had disappeared. Menstruation was restored following surgery but irregular.




Figure 1 | Radiological image of mixed gangliocytoma-pituitary adenoma. (A) Preoperative MRI shows a lesion with sagittal hypointensity on T1-weighted imaging. (B) T2-weighted coronal contrast imaging shows a hyperintensity signal with a prominent waist sign. The tumor passed the tangent of the medial aspects of the intracavernous and supracavernous internal carotid arteries, but did not extend beyond the intercarotid line.





Case 4

A 39-year-old female was admitted to the hospital with severe headache for ten days. MRI showed an intrasellar equal T1 and slightly long T2 signal, within the intercarotid line. The size of the lesion was 1.8 cm×1.5 cm×1.4 cm. GH serum level was elevated at 16.55μg/L and IGF-1 level was elevated at 640 ng/mL (normal value 63-373ng/mL). Serum PRL level was elevated at 437.9mIU/L. Other hormones were within normal range. The mass was excised via an endoscopic transsphenoidal procedure. The postoperative record was taken at 4 months after surgery, and the clinical symptoms improved significantly.

The patients’ clinical characteristics are summarized in Table 1.


Table 1 | List of clinical characteristics of the patients.



Macroscopically, the resected surgical specimens were grayish brown tissue with soft texture, and the size ranged from 1.8 cm×1.5 cm×1.4 cm to 3.0 cm×2.7 cm×2.0 cm. Histologically, four cases were composed of pituitary adenomas admixed with ganglionic cells (Figure 2A). The adenomatous component consisted of small uniform cells with acidophilic cytoplasm (Figure 2B). The ganglionic component showed polyhedral, occasionally binucleated neurons, with prominent fibrillary neuropils in the stroma (Figures 2C, D).




Figure 2 | Histopathological analysis of the mixed gangliocytoma-pituitary adenoma in a representative case (Case 3) (A) Two distinct mixed neoplastic cell populations are observed. (B) The adenomatous component consists of small monomorphic cells with oval nuclei and eosinophilic cytoplasm. (C) Binucleated cells and masses of neuropils are detected in the neural component. (D) The ganglionic cells are large, immature with abundant cytoplasm and decentralized nuclei containing prominent nucleoli. [(A–D), magnification×200].



The expressions of the transcriptional factors were as follows. PIT1 were found to be expressed in all four cases. T-PIT and SF-1 were all negative. In all four cases, the expression of GH, PRL (Figure 3A) and PIT1 (Figure 3B) was observed in both the adenomatous component and a fraction of the ganglionic component. Large ganglionic cells were positive for microtubule-associated protein 2 (MAP2) (Figure 3C). Furthermore, PIT1/MAP2 double-IHC staining was performed. MAP2 and PIT1 were coexpressed in some ganglionic cells (Figure 3D). Although adenomatous and ganglionic regions varied in histology, there were different numbers of cells with neuronal differentiation expressing PIT1. Axotomy-like expression was observed in ganglionic cells by NF staining (Figure 4A), while typical adenomatous cells did not express NF. Additionally, the axotomy-like appearance of NF staining can be seen in a distant area of adenoma regions. A typical dot-like paranuclear CK8 immunoreactivity pattern was observed in ganglion cells (Figure 4B), in addition to expression in the fibrous bodies of the adenomatous cytoplasm. TTF-1, GFAP and CD34 were negative in all four cases. Immunostain for a mutation-specific antibody and mutation testing has shown no BRAF V600E mutation (4 case tested). Ki-67 proliferation index was from 1% to 7%. The immunohistochemical results of pituitary transcription factors, pituitary hormones, neuronal markers and Ki-67 proliferation indexs are summarized in Table 2. According to the 2017 World Health Organization Neuroendocrine Tumor Classification Guideline, final pathological diagnoses of four cases were mixed gangliocytoma-adenomas. The adenomatous components were all sparsely granulated mammosomatotroph adenomas.




Figure 3 | Immunochemical staining of the mixed gangliocytoma-pituitary adenoma. (A) Some ganglion-like cells express PRL in the cytoplasm. (B) Nuclear PIT1 immunoreactivity is observed in both adenomatous cells and ganglionic cells. (C) Fibrillar matrix and large ganglion cells with prominent nucleoli show strong cytoplasmic reactivity for MAP2. (D) Double-IHC staining for PIT1 (nuclear; brown) and MAP2 (cytoplasmic; red) shows the coexpression of PIT1 (nuclear) and MAP2 (cytoplasmic) in individual cells (yellow triangle). [(A–D), magnification×400].






Figure 4 | NF staining and CK staining of adenomas with or without neuronal differentiation. (A) NF immunostaining shows axotomy-like expression. (B) Prominent CK8 staining is noted within fibrous bodies of the ganglion cells. (C) NF staining shows a dot-like/cytoplasmic staining pattern. (D) Axotomy-like NF coloring can also be seen in adenomas without ganglionic cells. [(A–D), magnification×400].




Table 2 | List of immunohistochemical results.



A total of 111 cases of adenomas without ganglionic cells were included in this study. The expression of NF was investigated in this series. Accordingly, NF positivity was noted in 7 cases. The incidence of neuronal differentiation in this series was 6%. Among them, 4 cases were prolactinomas, 2 cases were somatotroph adenomas, and 1 case was corticotroph adenoma. 6/7 cases were PIT1-positive adenomas. And the remaining one case is T-PIT-positive adenoma. NF immunostaining showed diverse expression patterns, such as paranuclear, cytoplasmic (Figure 4C) and axotomy-like coloring (Figure 4D). From these findings, we deduce that neuronal differentiation in adenomas without ganglionic cells may not be a rare phenomenon.




Discussion

Mixed gangliocytoma adenoma is composed of neoplastic mature ganglion cells in combination with pituitary adenomas accompanied by clinical symptoms caused by hypersecretion.
GC/MGA was first reported in 1919 by Greenfield et al. and was named choristoma (3). With a deeper understanding of the disease, more varying terminologies have been used to describe it, including neuronal choristoma, choristoma, adenohypophysial choristoma, ganglioneuroma, and pituitary adenoma with neuronal choristoma [PANCH] (4).

To date, 148 cases of GC/MGA have been reported in the literature (5–35). Most of the cases involved female patients with an average age of 44.5 years. The main clinical manifestations of GC/MGA are acromegaly and lactational amenorrhea syndrome, while a few cases present as Cushing´s syndrome or hyperprolactinemia. Patients with acromegaly presented with coarse facial features and acral enlargement. A diagnosis of acromegaly is confirmed biochemically by detection of increased serum IGF-1 concentrations and high serum levels of GH that are not suppressed in an OGTT. Random GH level <1.0µg/L associated with a normal IGF-1 level represents the therapeutic goal and correlates with optimal disease control. A nadir GH level <1 µg/L after OGTT is associated with improved long-term outcomes and lower mortality risk in patients after surgery. Of the 4 MGA patients in this study, 3/4 patients suffered acromegaly, 1/2 patients exhibited headaches, and 1/4 patient experienced amenorrhea, in accordance with the literature. GH serum level was elevated in all cases but Case 2. Nadir GH level after OGTT was >1.0µg/L in Case 2. After 3 months of follow-up, the serum GH levels returned to the normal range in all patients.

Concomitant pituitary adenomas demonstrated by immunohistochemistry in MGAs include somatotroph adenoma, corticotroph adenoma, lactotroph adenoma, mammosomatotroph adenoma and thyrotroph adenoma. Furthermore, GH, PRL, and corticotropin-releasing hormone (CRH) are usually positive in the majority of cases. Radiographically, there was no significant difference in imaging examination between MGA and pituitary adenomas. The lesion was hypointense on the T1-weighted image without enhancement of the mass and hyperintense on the T2-weighted image (15).

Histologically, MGA is composed of two distinct neoplastic cell populations with no clear boundaries. One is a cluster of ganglion cells, and the other is pituitary adenoma. The gangliocytic component consists of irregularly oriented cells with eccentric nuclei containing prominent nucleoli and basophilic cytoplasm. The adenoma component consists of small monomorphic cells with round to ovoid nuclei, delicately stippled chromatin and moderately abundant cytoplasm. A preponderance of pituitary adenoma is sparsely granulated somatotroph adenoma.

Differential diagnosis may mainly concern ganglioglioma. Ganglioglioma is composed of neoplastic mature ganglion cells in combination with neoplastic glial cells. GC/MGA is devoid of neoplastic glial cells. GFAP may aid the differential diagnosis. Meanwhile, CD34 is consistently expressed in 70-80% and BRAF V600E mutation occur in 20-60% of investigated cases of gangliogliomas. The detection of CD34 and BRAF V600E may also be useful for the differential diagnosis.

The histogenesis of pituitary GC/MGA is currently not clear. There are three main hypotheses about the pathogenesis of these tumors: (1) Excess GHRH produced by primary gangliocytoma stimulates the adenomatous formation (36); (2) Both ganglion cells and adenoma cells might arise from a common stem/progenitor cell (37); (3) The neuronal component originates from neuronal differentiation of a preexisting pituitary adenoma (38).

The theory of neuronal differentiation has received increasing recognition. Neuronal transformation is observed in many neuroendocrine cells in vitro, including carcinoid tumors, small cell carcinoma of the lung, pheochromocytoma and insulin-producing pancreatic islet cell tumors (39–41). Ultrastructural analysis has found evidence of intermediate cells between adenomatous and ganglionic cells, characterized by neuronal type RER and immunoreactivity for pituitary hormones and low-molecular weight keratin in the perikarya (38). In the present cases, both adenomatous and ganglionic components expressed PIT1. Immunostaining for PRL showed cytoplasmic positivity, and CK8 immunostaining showed strong dot-like perinuclear positivity in ganglionic cells. Meanwhile, a few pituitary adenomatous cells had a neuronal phenotype confirmed by the neuron-related marker NF without morphological characterization of neurons. This result supports the possibility that transdifferentiation could be a potential underlying mechanism of mixed pituitary adenoma–gangliocytomas. Due to the limited number of cases, the effect of neuronal components on the prognosis of MGAs is not yet clear.

Surgery constitutes the primary form of treatment for most patients with MGA/GC. Transsphenoidal tumor resection is the procedure of choice. The rate of surgical success is closely associated with the size and degree of invasiveness of the tumor. Results with large tumors are worse and tumors with evidence of invasion have poor long-term results. Medical therapy has an important role in the management of acromegaly, including dopamine agonists (DAs), the GH receptor antagonist pegvisomant (PEG) and the second-generation SRL pasireotide (PAS) (42). The existence of neural components, however, has no influence on aggressiveness and the risk of recurrence after surgical resection (2).
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