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L E T T E R  T O  T H E  E D I T O R

Which occurs first, ARID1A inactivation or microsatellite 
instability?: A comment to Yamamoto et al. (2024)

Dear Editor,
I read with great interest the article by Yamamoto et  al. titled 
“Microsatellite Instability: A 2024 Update” published recently in 
Cancer Science.1 Microsatellite instability (MSI) is gaining more in-
terest, as it is considered a biomarker to determine the eligibility 
for immune checkpoint inhibitors in advanced cancer patients. In 
the middle of this article, I found that the authors concluded that 
ARID1A mutation or inactivation is a driver of MSI. Currently, this 
view seems to gain more ground. As the authors said, ARID1A 
knockout induced aberrant DNA methylation of CpG sites, suggest-
ing ARID1A inactivation as one of the potential mechanisms of CpG 
island methylator phenotype induction.2 Recently, using a proteomic 
screen, Shen et al.3 found that ARID1A recruits the MMR protein 
MSH2 to chromatin during DNA replication and promotes MMR. 
Therefore, ARID1A inactivation compromises MMR, increases mu-
tagenesis, and is correlated with an MSI signature.3

However, according to the original report by Wang et al.,4 which 
discovered the close association of ARID1A mutation with MSI 
and Epstein–Barr virus (EBV) molecular subtypes in gastric cancer, 
ARID1A mutations often consist of indels involving short mono-
nucleotide repeats of C or G, suggesting that they arise from MSI 
stemming from mismatch repair (MMR) defects. Then, which occurs 
first, ARID1A inactivation or MSI? Interestingly, one can glimpse the 
answer in the pathologic specimen.

The unconventional part of ARID1A inactivation is that it is 
sometimes subclonal and is well appreciated by using immuno-
histochemistry.5 As a pathologist, I have witnessed subclonal 
ARID1A deficiency especially in MSI gastric cancers (Figure  1A). 
This phenomenon is also observed in EBV-associated gastric can-
cers (Figure  1B). The ARID1A deficiency in subclonal cancer cells 
strongly suggests that ARID1A inactivation occurred later in cells 
with MLH1 loss or in EBV-positive cancer cells. In support of this, 

I saw a small lesion with subclonal ARID1A loss in MLH1-deficient 
tumors (Figure 1C). However, early, subclonal MLH1 loss does not 
come with ARID1A deficiency (Figure 1D), which strongly opposes 
the concept that ARID1A deficiency induces MSI. In support of my 
findings, a recent study by Xu and colleagues6 revealed that gastric 
cancer with MSI has a high level of ARID1A indel mutations at micro-
satellite regions, whereas the majority of ARID1A indel mutations 
occur at microsatellite-free regions in other molecular subtypes.

Furthermore, I have often observed that subclonal ARID1A de-
ficiency in MSI gastric cancer matches deeply infiltrating portions 
or lymphovascular invasion, in contrast to the surrounding areas 
(Figure 2A). In addition, tumor differentiation is poorer in subclonal 
ARID1A-deficient regions (Figure 2A, right). This pattern is also ob-
served in EBV-associated cancer, where ARID1A deficiency is found 
only in the deeply invading cancer portion that reaches the proper 
muscle layer, while the surrounding ARID1A-proficient cancer cells 
remain in the mucosa (Figure  2B). These compelling pathological 
images indicate that subclonal ARID1A inactivation develops later 
in MSI- or EBV-associated cancer cells and phenotypically becomes 
more aggressive (Figure 2C).

The question of causality—whether ARID1A inactivation leads to 
MSI or vice versa—resembles the classic conundrum of the chicken 
and the egg. Similarly, it is very challenging to elucidate the sequence 
of genetic events in the process of tumorigenesis, especially in the 
absence of precursor lesions that develop in a proper stepwise fash-
ion. However, the beauty of ARID1A which is inactivated subclon-
ally helps to clear the order of genetic incidences in gastric cancer. 
Nevertheless, I do not insist that there is no way that ARID1A inacti-
vation leads to MSI in all cancer types, as ARID1A may be inactivated 
in a tissue- or cell-state-dependent manner. In summary, I believe 
that the pathological perspective I have offered here can provide a 
profound insight for readers to have a balanced view on this matter.
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F I G U R E  1  Subclonal ARID1A deficiency is found in (A) microsatellite instability (MSI)- or (B) Epstein–Barr virus (EBV)-associated gastric 
cancer. A small, early lesion (arrow) with ARID1A loss is found in MLH1-deficient tumors (C), whereas subclonal MLH1 loss (arrow) does not 
accompany ARID1A loss (D).
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F I G U R E  2  Subclonal ARID1A deficiency corresponds to the deeply infiltrating, aggressive cancer region in gastric cancer with 
microsatellite instability (MSI) (A) or Epstein–Barr virus (EBV) (B). Arrow indicates lymphovascular invasion. MM, mucularis mucosa. 
Collectively, ARID1A deficiency occurs later in MSI- or EBV-associated cancer, and the cancer seems to acquire an aggressive phenotype 
after subclonal ARID1A inactivation (C). This image was created with Biore​nder.​com.
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