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Metastatic PitNETs are a rare life-threatening condition with poor prognosis
and documentation. Due to the scarce literature and lack of precise treatment,
we hope to better characterise PitNET using the next-generation whole exon
sequencing (WES) and RNA sequencing. This case study outlines a 54 years-old
man and a 52 years-old woman who were both diagnosed with PitNET and analysis
of peripheral blood and tumours were performed by WES and RNA sequencing.
Analysis showed that DICER1 mutations in precancerous lesions and LAG3
overexpression were significant in aiding the prognosis and diagnosis of PitNETs.
The first case with overexpressed LAG3 and DICER1 mutation died 26 months
later, and the second case with LAG3 overexpression achieved partial remission.
This study revealed that heightened expression of LAG3 offered promising targets
for ICl and mutations in DICER1 could provide markers for effective diagnosis and
prognosis.
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Introduction

Pituitary carcinoma or metastatic Pituitary Neuroendocrine Tumours (PitNET) are an
extremely rare clinical entity accounting for 0.1% of diagnosed intracranial tumours with less
than 200 cases documented globally to date (Daly et al., 2009). However, 75% of these cases
were diagnosed via autopsy (Cusimano et al., 1994), strongly suggesting difficulty in prognosis
as many cases are largely asymptomatic or clinically silent (Cartwright et al., 1994; Pernicone
et al,, 1997). PitNETs most commonly presents itself in patients around 30-50 with no
preference in gender (Kaltsas and Grossman, 1998) and is a life-threatening condition with
an average survival after metastatic diagnosis of 4 years (Mountcastle et al., 1989; Popovic
et al., 1991; Ragel and Couldwell, 2004; Xu et al., 2020). The diagnosis of PitNET currently
relies on histopathological results including a Ki-67 cell proliferation index of greater than
20%, MRI imaging, and clinical history (Ntyonga-Pono et al., 1999). Due to a scarcity in
literature and lack of precise prognosis, improving the understanding of genetic markers is
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necessary. Here, we present two cases of PitNET undergoing
genomic and transcriptomic analysis of tumour mass and peripheral
blood by WES and RNA sequencing (Chen et al., 2021; Zhang et al.,
2022; Zhou et al., 2022). It was found that the overexpression of
LAG3 and somatic mutations in DICERI may be accountable for
tumorigenesis and metastasis. LAG3 has been identified as an
inhibitor that limits the expansion and memory pool of CD8+ T
cells, and found to play a role in colorectal, oesophageal, and
pituitary tumorigenesis among others (Andrews et al., 2022).
Germline DICERI mutations can increase the risk of tumorigenesis,
and the second hit disrupts DICER1 regulated apoptosis, protein
translational control, and microRNA processing (de Kock et al.,
2014; Robertson et al., 2018).

Case presentation

Casel

A 54years-old male presenting with a cortical adenoma which
was previously suspected to be Cushing’s disease recurrence had
received insulin intravenous infusion and nifedipine sustained-release
tablets following a frontotemporal craniotomy. Displaying little
improvement, the patient received radiotherapy (5Gy/fraction) in the
sellar area.

Upon admission to our institution, enhanced MRI revealed a large
tumor in the pituitary gland (3.95cmx1.69cmx 1.61 cm) and the
sellar region was enlarged (Figures 1A,B). The lesion showed
enhancement homogenously and the optic junction was not observed.

10.3389/fnins.2023.1191596

The possibility of a pituitary macroadenoma involving the left
cavernous sinus was considered.

Surgical removal of the tumor was performed through a
neuroendoscopic resection in the sellar area of the nasal sphenoid
sinus in May 2020. Postoperative pathology revealed a large pituitary
adenoma showing active growth (Ki-67 10%). Immunohistochemical
results were positive for AE1/AE3, CAM5.2 and T-PIT and negative
for LH, PIT-1, ER, GH, P53, PRL, TSH, and FSH. ACTH was checked
1 day after and was 34.1 pg./mL and F 24.8ug/dL. Five days after the
operation, ACTH was 21.2 pg./mL and F 14.5ug/dL, respectively. A
comparison of pituitary MRI pre and post operation found a slight
reduction in the residual tumor on the right wing (1.2cmx 1.4cm).
The enhanced MRI (Figures 1C,D) also showed scattered abnormal
signals in the operative regions. Metastasis was considered in the
frontal lobe.

The patient was administered oral temozolomide and gamma
knife treatment. Because of weight gain and decreased eye acuity, the
patient was then readmitted to our unit in December of 2020 under
the diagnosis of aggressive PitNET and a left frontal lobe lesion
biopsy was performed. Cerebrospinal cytology and genomic analysis
revealed significant and differential genes. The DICERI1 gene
p-Phe854Val was only mutated in precancerous lesions, implying that
ACTH regulating miRNA may be abnormal. Direct comparison of
base sequences at the same gene localization of matched peripheral
blood mononuclear cells (PBMC) showed no variant verifying the
change in the benign tumor genome as a somatic mutation (Figure 2).
HLA LOH occurred in both the benign and malignant tumors. LAG3
was found to be highly expressed in hyperactive T cells, especially in
ACTH secreting pituitary adenomas along with copy number

FIGURE 1

Pre-operative enhanced Magnetic Resonance Imaging (MRI) revealed large mass lesion in the sellar region. (A, B) Case 1. Pre-operative MRI
demonstrated large tumour in the pituitary gland involving left sinus. (C, D) Case 1. Post-operative enhanced MRI showing decreases tumour mass and
cancer metastasis. (E, F) Case 2. Pre-operative MRI with heterogeneous enhancement. (G, H) Case 2. Post-operative MRI.
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Visualization of selected point mutation of the DICERL gene in precancerous lesions with the IGV tool. The upper panel represents the precancerous
tissue of P01, while the lower panel represents the matched control samples.

amplifications of genes including PTPNI11, PDGFRB, FGFRI,
KDM5A, CCNE], and CEBPA (Figures 3A,B). Suppressed T cells
were in large proportion compared to ACTH enhanced T cells
suggesting an immunosuppressive microenvironment caused by
LAG3. Comparing the patient’s benign and malignant tumors, a
significant gain was found in many oncogenes (Figure 3C). Notably,
the microsatellites of non-coding regions were largely unstable. DNA
mismatch repair signatures reflected the possible mutational
processes. Upon discharge, the patient reported no physical
discomfort or abnormalities. The patient died 2 years later due to
circulatory respiratory failure.

Case 2

A 52years-old woman with history of an untreated pituitary
tumour underwent pituitary adenoma resection in February 2015 and
July 2018 before being admitted to our hospital in December 2020. A
pre-operative MRI scan (Figures 1E,F) with enhancement indicated
multiple abnormal diffuse signals with obvious enhancement in the
sub-tentorial cerebellum and the foramen magnum. An excision and
biopsy of the posterior occipital lobe was performed under
consideration of PitNET. Post-operative immunohistochemical results
showed positive ACTH, T-PIT, AE1/AE3, CAM5.2, and CgA. LH,
GH, P53, PRL, TSH, FSH, and PIT-1. Ki-67 cell proliferation index
was 5%. ECG monitoring, oxygen, fluid replacement, pain relief, anti-
epileptic, anti-infection, and potassium supplementation were
administered to the patient following surgery until discharge. An MRI
performed following the surgery showed irregular soft tissue in the
sellar and parasellar regions (Figures 1G,H).

Genetic analysis indicated that the patient did not exhibit HLA
LOH (Figure 3B), however a mutation of TTN was found (Figure 3C).
Genomic analysis revealed that tumor mutation burden was high and
LAG3 was overexpressed in ACTH functioning tumors in comparison
to metastatic lesions (Figure 3A: ACTH vs. PC TMB: 222 Mut/Mb vs.
19 Mut/Mb). The patient is in partial remission after chemotherapy,
radiotherapy gamma knife treatment and oral temozolomide.
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Discussion

Pituitary tumours mostly remain benign and display a slow rate
of growth (Melmed, 2003), therefore metastasis is very rare. Currently,
it is difficult to diagnose PitNET due to its varying clinical
presentations. PitNETSs can present asymptomatically, as mass lesions,
or as functional endocrine neoplasms which are the most common
(Heaney, 2011). Cushing’s disease is commonly observed in patients
with ACTH secreting tumours as observed in Case 1 (Ragel and
Couldwell, 2004; Vandeva et al., 2019). Other syndromes that have
been found to predispose PitNET include Multiple Endocrine
Neoplasia (MEN) (Asa et al, 2022) which has been linked to
tumorigenesis of the anterior pituitary, as well as McCune-Albright
syndrome, Carney complex, and less frequently, succinate
dehydrogenase and MYC-associated factor X (MAX) related
syndromes (Barry and Korbonits, 2020). Literature is limited in the
genetic understanding of PitNET, however germline mutations such
as aryl hydrocarbon receptor-interacting proteins (AIP), CDH23, and
DICER have been found to predispose pituitary adenoma (Zhang
etal., 2017; Lim and Korbonits, 2018; Nosé et al., 2022) and mutations
in ATRX, TP53, NF1, and PTEN could contribute to carcinoma
(Casar-Borota et al., 2020; Sumistawski et al., 2022). There is no
optimal treatment for PitNET, however surgery and radiation has
been the most widely adopted treatment. Surgery primarily serves to
relieve compressive symptoms and prevent excessive hormone
secretion however is not sufficient in preventing metastasis (Lehman
et al., 2003). Hence, radiotherapy is conducted in hopes of achieving
local control. Additionally, literature suggests that the administration
of temozolomide is effective in increasing survival in PitNET patients
(McCormack, 2022). An increasing need for differential genes in
aiding both the prognosis and effective treatment of PitNET is evident.
Hence, we present two more differential genes, DICER1 and LAG3,
which pose significance in prognosis and treatment.

LAG3 which is mainly expressed on activated T cells acts as a
receptor protein (Darvin et al., 2018) and has been identified as a
promising target for immunotherapy in cancer in several studies
(Villadolid and Amin, 2015; Feola et al., 2022). It has been found to
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mutation burden was high in tumour samples at the DICER1 gene (C).
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WES and RNA sequencing reveal genetic abnormality in cerebrospinal fluid and tumour of PC patients. LAG3 was overexpressed in Case 1 benign
sample and showed slight heightened expression in malignant tumours of Case 1 and 2 (A). HLALOH staining was positive in Case 1 (B). Tumour
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enhance tumour growth by inhibiting immune microenvironments
(Shi et al., 2022). The regulation of LAG3 is tightly associated with
solid tumour immune infiltration, however the prognostic reliability
of these checkpoints remains controversial. Recently, there has been
burgeoning research in this novel field for combining LAG3 and PD-1
as therapeutic targets (Tu et al., 2020). Ascierto et al. (2017) found that
monoclonal antibodies targeted towards LAG3 effectively treated
melanoma populations. Furthermore, immunotherapy utilising
immune checkpoint inhibitors (ICIs) has proven to be effective in
almost 50% of cases targeting PDL1 in PitNET (Feola et al., 2022).
Here, we offer LAG3 as another novel ICI target for PitNETs.
Currently, animal models have also provided evidence for successful
PitNET gene therapy utilising viral vectors to deliver genes with
minimal toxicity and long-term transgene expression (Huo et al.,
2022b). DICER1 mutations have also been documented in numerous
studies of both benign and malignant tumours, including in the
pituitary gland and recently has been found to affect miRNA and gene
regulation (Seilicovich et al., 2005; Robertson et al., 2018). Liu et al.
(2021) found in a clinical study of 17 teenagers, that 16 were found to
have blastomas attributed to DICER1 abnormalities. This affirms the

Frontiers in Neuroscience

potential in screening for DICER1 mutations in patients suspected of
PitNET and has applications in earlier prognosis which is necessary.
Further understanding of prognostic markers like DICER1 and
gene therapy targets such as LAG3 are imperative in aiding earlier
diagnosis and more effective treatments for PitNET. In this study
however, one potential limitation was the lack of functional
experiments. Functional studies to validate whether the molecular
changes differentiate with other potential passenger mutations or a
VUS, and how the mutation affects the pathogenesis are warranted.

Conclusion

We have evaluated two rare cases of PitNET and presented two
differential genes with extremely promising prognosis via DICER1
screening as well as potential ICI and gene therapy treatments
targeting LAG3. There are significant applications for developing more
precise and accurate diagnoses as well as more effective treatment for
PitNET, however further studies in the application of gene therapy
should be performed to validate such findings.
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