MASH1 expression in high grade astrocytoma may demonstrate a potential model for
prognosis that may lead to a molecular target for future therapy
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Introduction
Grade 1 astrocytoma can often be completely removed with surgery, however, in some patients the tumor can grow back.1 In grade 2 astrocytoma
(usually cannot be surgical removed), approximately 40% of people diagnosed with a grade 2 astrocytoma survive for 10 years or more after
diagnosis. Studies have also shown that only 15 to 25% of patients diagnosed with grade 3 astrocytoma survived for 5 years or more after
diagnosis.2,3 Unfortunately, the prognosis is even worse for patients diagnosed with glioblastoma (grade 4), as most patients live for less than a
year and about 2% of patients survive only three years.4 The overall prognosis for glioblastoma has not changed much since the 1980s, despite
major improvements in neurosurgery, radiotherapy and chemotherapy techniques.1
Achaete-scute complex homolog 1 (ASCL1 or MASH1) is a basic helix-loop-helix transcription factor essential for neuronal differentiation and
specification in the nervous system and is present in proliferating progenitor cells.5 In a recent study, the upregulation of MASH1 and inhibition of
the notch signaling pathway characterize progressive astrocytoma.6 They showed that the overall survival rates in grade 2 vs. grade 3 astrocytoma
was sharply divided and morphological examination could not always distinguish between the two. The study used a polyclonal MASH1 antibody
and only 37 cases of astrocytoma were evaluated.
Recently, a new commercially available MASH1 mouse monoclonal antibody has been shown to be a highly sensitive and specific marker for highgrade neuroendocrine carcinoma in various sites.7 This led us to examine MASH1 expression in astrocytoma as a potential model for prognosis. In
this study, we will evaluate the immunohistochemical expression of MASH1 in a series of grade 1 through grade 4 astrocytoma cases.

Materials and Methods
Formalin-fixed paraffin-embedded tissue microarrays (TMA) consisting of samples of normal brain and astrocytoma previously diagnosed consisting
of grade 1 (n=22), grade 2 (n=34), grade 3 (n=16) and grade 4 (n=35) were evaluated by immunohistochemical analysis using a monoclonal
MASH1 antibody (Biocare Medical, Concord, CA). MASH1 (Class 1 IVD) was tittered at 1:100 and applied whole sections of normal brain and
on TMA tissues for 60 minutes at room temperature. An HRP-polymer detection system was applied for 30 minutes, followed by DAB and lightly
stained with hematoxylin. A value of >1% staining was scored as positive.
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Results
Results are summarized in Table 1. The overall staining of MASH1 was expressed in 61.7% (66/107) astrocytoma. In grade 1 astrocytoma,
MASH1 was expressed in 31.8% vs. 69.4% in grades 2-4 (p ~ 0.0028) (Figure 1A-D). However, grade 1 rarely expressed more than 5%
(data not shown). In grade 2 astrocytoma, MASH1 expression was dramatically increased compared to grade 1 astrocytoma (85.3% vs.
31.8%), respectively. What was noted in grade 1 vs. grade 2 astrocytoma was a higher percentage of MASH1 stained cells in grade 2
vs. grade 1 (Figure 1A, B). In the majority of grade 1 astrocytoma, MASH1 expression was approximately 1 to 2% of total cells stained
(data not shown). In grade 3 and 4 astrocytoma, 30/51 (58.9%), MASH1 expression was observed in a higher percentage of tumor cells
(Figure 1C, D). In normal brain (cerebrum), MASH1 was expressed in a very low percentage of neurons (Figure 2).

Table 1
Astrocytoma

(+) cases

(+) %

Grade 1

7/22

31.8%

Grade 2

29/34

85.3%

Grade 3

11/16

68.7%

Grade 4

19/35

54.3%

Figure 1
1A

MASH1 expression in grade 1 astrocytoma
1C

MASH1 expression in grade 3 astrocytoma

1B

MASH1 expression in grade 2 astrocytoma
1D

MASH1 expression in grade 4 astrocytoma (glioblastoma)

Figure 2

MASH1 expression in normal brain (arrow)

Figure 3
3A

MASH1 (-) in grade 3 astrocytoma

3B

MASH1 (-) in grade 4 astrocytoma

Discussion
Only limited studies have compared MASH 1 expression in grades 1-4 astrocytoma.6 This study represents the first study to use a mouse
monoclonal MASH1 in grade 1-4 astrocytoma. Our results (Table 1) clearly shows a significant increase of MASH1 expression in grade
1 (31.8%) vs. in grade 2 (85.3%) astrocytoma. In grade 3-4 astrocytoma, 30/51 (59%) were positive and 20/51 (39%) were negative
(Figure 3 A, B); and thus, levels of MASH1 expression is found in the majority of grade 3-4 astrocytoma. Somasundaram, et al,
also demonstrated the upregulation of MASH1 was progressive in astrocytoma.6 The high expression pattern of MASH1 may represent
a biological and pathophysiological difference in tumor aggression.
In a study by Hiroshima et al, patients with high MASH1 expression had a poorer 5-year overall survival (48/100%) in small cell lung carcinoma.8
Neuroendocrine differentiation in prostate cancer is a well-recognized phenotypic change by which prostate cancer cells transdifferentiate into
neuroendocrine-like tumor cells; and neuroendocrine differentiation in prostatic adenocarcinomas has been associated with poor prognosis.9,10
Shida, et al also demonstrated high MASH1 expression in gastroenteropancreatic neuroendocrine tumors in which patients were associated with
a significant shorter overall survival rate.11 Therefore, high MASH1 and with other associated gene expressions is not only a potential prognostic
marker, but the identification of MASH1 positive cancers could be a candidate for new targets therapeutic strategies. New advances in the
treatment of aggressive neuroendocrine lung cancers are needed to improve survival in patients with these types of tumors. ASH1 gene has
been shown to be a specific therapeutic target for lung cancers with neuroendocrine features.12 In a study by Osada et al, the authors identified
that the transcriptome of ASCL1 is both necessary for the proper development of neuroendocrine cells and essential for the growth and survival
of neuroendocrine lung cancers.13 Hopefully, these kinds therapies for lung cancer can be adopted in the future for patients with astrocytoma.

Conclusion
MASH1 may be a potential mechanism in the aggressive behavior in high-grade astrocytoma. Our results showing the variable and
progressive expression of MASH1 in high-grade astrocytoma may demonstrate not only a potential model for prognosis, but could lead
to future target therapeutic strategies.
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