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Deficiency of mismatch repair genes is less frequently observed
in signet ring cell compared with non-signet ring cell gastric cancer
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Abstract

Signet ring cell (SRC) gastric cancer at advanced stage has poor prognosis. While a recent study reported nearly one-third
of SRC cases contain tumors with deficient mismatch repair (MMR) genes, other studies in SRC have been inconclusive.
To re-analyze the results, we performed immunohistochemical staining of MLH1, MSH2, MSH6 and PMS2 proteins in 38
SRC gastric tumors compared with 109 non-SRC (NSRC) tumors from 94 patients. In contrast to the previous study, all SRC
gastric tumors normally expressed MMR proteins, whereas 22 of 109 of NSRC (20%) showed deficient MMR proteins. To
reinforce our results, we referred to the Cancer Genome Atlas (TCGA) genomic database and found that only 6 (6%) of 99
samples with diffuse gastric tumors showed deficient MMR, whereas 64 (21%) of 304 in intestinal gastric tumors showed
deficient MMR. Our results as well as the TCGA database indicated that MMR genes are infrequently inactivated in SRC
gastric cancer. These findings indicate that SRC patients may not be the best candidates for immuno-oncology therapy.
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Introduction

Gastric cancer is one of the most common cancers and lead-
ing causes of cancer-related mortality in the world [1]. Sig-
net ring cell (SRC) carcinoma of the stomach is frequently
observed in young individuals and females in particular [2].
Once SRC of the stomach progresses to the advanced stage,
the tumors show decreased chemosensitivity and therapeutic
options become limited [3]. Molecular targeted drugs and
immuno-oncology therapy have provided benefit in prolong-
ing the overall survival of patients with cancer in advanced
stages. Therefore, identification of the molecular and genetic
changes in SRC will provide new therapeutic strategies for
SRC gastric cancer patients.

Immune checkpoint inhibitors targeting programmed
death 1 (PD-1) and PD-1 ligand 1 (PD-L1) have been
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developed and used for cancer therapy [4, 5]. Approxi-
mately, 10-20% of cancer patients treated with immune
checkpoint inhibitors showed durable response. Several
biomarkers, including PD-L1 protein expression and tumor
heterogeneity, have been demonstrated to correlate with
the efficiency of immunotherapy [6—8]. Mismatch repair
(MRR) proteins such as MLH1, MSH2, MSH6 and PMS2
play critical roles in the DNA repair pathway [9]. Loss of
function of these proteins led to the accumulation of somatic
mutations in tumors, which exhibit the mutator phenotype.
In deficient MMR (dMMR) tumors, repeat sequences (e.g.
mono- or di-nucleotide repeats) are frequently shortened,
a phenomenon known as a microsatellite instability (MSI)
[10]. Among several types of cancers, colorectal, endome-
trial and gastric cancers frequently exhibit dMMR [11].
Previous studies have also shown that dMMR is associated
with the response to immunotherapy [7]. Although several
studies have reported the frequency of MSI or AMMR in
gastric cancers, the studies in SRC have yielded inconsistent
results [12—15]. Tamura et al. reported no MSI-high (MSI-
H) tumors in SRC gastric cancers (0%, 0/14) [12]. However,
other groups indicated that MSI-H tumors were observed
in 4% [13], 14% [14] and 17% [15] of SRC gastric cancers.
However, Jin et al. recently showed that 33% of SRC gas-
tric cancers exhibited MMR gene deficiency [16], implying
that immuno-oncology therapy may be beneficial for SRC
patients. Based on these discordant results, we should re-
analyze the frequency of MSI and dMMR gastric cancers
and examine the possibility that patients with SRC gastric
cancers may have benefit for immuno-oncology therapy.

Here, we performed immunohistochemistry for MMR
protein expression in 147 tumor samples from 94 gastric
cancer patients, including 37 SRC patients and 57 non-
SRC (NSRC) patients. In addition, we also examined The
Cancer Genome Atlas (TCGA) and genome projects to
evaluate MSI status in gastric cancers.

Materials and methods
Patients

In 2006, the Japanese government initiated the Basic Law
(The Cancer Control Act) to encourage in-hospital cancer
registration. The Cancer Control Act was established by the
Japanese government in December 2013 and the law was
enforced in January 2016. Since 2006, we have accumulated
information on all malignant neoplasms that have been con-
secutively seen at our hospital. Our registry enrolled 20,086
patients with various cancer types from 2007 to 2017. We
surveyed these patient records and identified 2346 patients
with gastric cancer. Of these, 205 patients (9%) were his-
tologically diagnosed as SRC and 2141 patients (91%) as
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NSRC. From these patients, we selected 94 gastric cancer
patients for this study (62 males and 32 females; median
age 71 years, range 28-94), including 37 patients with SRC
and 57 patients with NSRC. Written informed consent was
obtained from all patients in this study. This study was
approved by the Institutional Review Board at our hospital
[17].

Histology

Histological data were characterized by Lauren classifica-
tion. We considered diffuse cancer as SRC or poorly dif-
ferentiated gastric cancer and intestinal or mixed types as
NSRC gastric cancer.

Immunohistochemistry (IHC)

We performed IHC on a total of 147 samples from the 94
gastric cancer patients, including 38 samples from 37 SRC
patients and 109 samples from 57 NSRC patients. Serial
3-pm-thick sections of formalin-fixed paraffin-embedded
tissues were deparaffinized and antigen activation was per-
formed by heat treatment. Expressions of four MMR proteins
(MLH1, MSH2, MSH6 and PMS?2) were evaluated. IHC was
performed on tumor samples using the OptiView DAB IHC
Detection kit on the Ventana BenchMark ULTRA system
(Roche, Tucson, AZ). We used primary antibodies against
anti-MLH1 (M1; Ventana), anti-MSH2 (G219-1129; Ven-
tana), anti-MSHG6 (44; Ventana) and anti-PMS2 (EPR3947,
Ventana). For PMS2 staining, the OptiView Amplification
kit was used for development with diaminobenzidine solu-
tion. Positive staining of nuclear expression in the tumor
lesion was considered as a proficient MMR tumor, whereas
negative staining for at least one protein expression was
considered dMMR. Normal tissue adjacent to tumor tissue
served as a positive control.

To validate the specificity of IHC staining of MMR pro-
teins, we performed MSI analysis and IHC on 126 tumor
samples, including gastric cancers (n=62), lung cancers
(n=26), colorectal cancers (n=18), breast cancers (n=38),
ovarian cancers (n=4), pancreatic cancers (n=2), malignant
pleural mesotheliomas (n=2), esophagus cancer (n=1),
cholangiocarcinoma (n=1), prostate cancer (n=1) and bone
metastasis (n=1). We confirmed all data were concordant
between MSI and IHC data [18, 19] (in submission).

Data analysis of the cancer genome atlas

We obtained mutational, histological and patient informa-
tion of TCGA from cBioPortal [20]. Fourteen data sources
related to esophagus and stomach cancers were deposited
in cBioPortal that included genetic information of 3089
tumor samples. After curating these datasets, we selected
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four studies that included mutation profiles, the number of
mutations, MSI status and histological information (Lauren
class: e.g., intestinal and diffuse) of 976 gastric cancers. The
573 overlapping samples across the four projects were omit-
ted, and the remaining 403 samples were subjected to sub-
sequent analysis [21-24]. We classified tumors into MSI-H
tumors and microsatellite stable (MSS) tumors (the latter of
which included the MSI low tumor group). Genetic altera-
tions (e.g., truncating, in-frame and missense mutations) in
MLHI, MSH2, MSH6 and PMS?2 genes were depicted using
OncoPlot. The functional relevance of each mutation was
evaluated by OncoKB and cBioPortal databases [25, 26].

Results
Low frequency of dMMR in SRC gastric cancer

This study included 147 samples from 94 gastric cancer
patients, including 37 SRC patients and 57 NSRC patients,
with 38 and 109 samples, respectively. We performed IHC
for MMR proteins including MLH1, MSH2, MSH6 and
PMS2 on 38 SRC and 109 NSRC tumor samples. MMR pro-
teins were expressed at normal levels in all 38 SRC tumors
(Fig. 1; Table 1). In contrast, 20% of NSRC cases (22/109)
were AMMR tumors. Among the NSRC tumors, 21 tumors
showed negative expression of MLH1 and PMS2 and one
tumor was negative for MLH1, PMS2 and MLHG6 expression
(Table 1). These data showed that AIMMR is a very rare event
in SRC of the stomach.

We next referred the database of cBioPortal and used
TCGA datasets of gastric cancers. In total, fourteen datasets
including 3089 esophagus and stomach cancers were depos-
ited. After curation, we selected 976 gastric cancers from
four datasets that included mutation profiles, the number of
mutations, MSI status and histological information (Lauren
class) [21-24]. The 573 overlapping samples were omitted
and the remaining 403 samples were subjected to subsequent
analyses. We were able to retrieve genetic alterations, MSI
and histological data.

Among the 403 patients with intestinal and diffuse types
of gastric cancers, 99 patients showed diffuse gastric cancer
and 304 patients showed intestinal gastric cancer. Of the
99 diffuse gastric cancers, only 6 (6%) were MSI-H tumors
while the remaining 93 (94%) were MSS tumors (Fig. 2;
Table 2). In contrast, of the 304 intestinal gastric cancers,
64 (21%) were MSI-H while 240 (79%) were MSS tumors.
The frequency of MSI-H tumors was low or absent in diffuse
gastric cancer in the four studies. In fact, three of the four
studies showed no MSI-H in the diffuse type of 36 gastric
cancers (Table 2). These results showed MSI occurred less
frequently or was completely absent in diffuse gastric cancer
compared with intestinal gastric cancer.

Tumor mutational burdens in diffuse and intestinal
gastric cancer

To examine whether immune therapy may show possible
benefit in patients with MSI-H diffuse gastric tumors, we
analyzed the tumor mutational burden. As expected, in both
diffuse and intestinal cancers, the number of mutations was
higher in MSI-H tumors than in MSS tumors (Table 3).
Interestingly, the number of mutations was significantly
smaller in MSS diffuse cancers (mean, 74 mutations) than
MSS intestinal cancers (139 mutations) (p <0.01), whereas
the number of mutations was comparable between MSI-H
diffuse (1152 mutations) and intestinal tumors (1273
mutations).

Discussion

The SRC neoplasm is a rare tumor. Of the 2346 gastric
tumors in our Cancer Registry Database, only 205 patients
(9%) were SRC gastric cancer cases. However, because of
its poor prognosis, better treatment options for SRC gastric
cancer patients at advanced stage are required. In September
2017, nivolumab was approved in Japan for the treatment of
advanced gastric cancer as the third line therapy. In 2018,
nivolumab treatment was launched in other Asian countries,
including Taiwan and Korea [27]. During the same period,
a very high prevalence of AIMMR in the SRC type of gastric
cancer among several types of gastric cancers was reported
in Asia [16]. This report prompted us to conduct this study.

We searched other studies on the prevalence of dAMMR
in SRC and found that the frequency of MSI in SRC was
different among studies [12-15] and varied from 0% (0/14)
to 33% (29/89) (Table S1). The most recent study showed
the highest occurrence of AMMR (33%) in SRC [16]. Our
results clearly indicated that none of the 38 tumor samples
from the 37 patients with SRC had MMR protein expression,
indicating proficient MMR. We also performed analysis
using TCGA and genomic databases on gastric cancer and
examined 403 patients with gastric cancer. Of the 99 diffuse
gastric cancers, only 6 patients (6%) showed MSI-H tumors.
Our findings and the database results clearly indicated that
SRC gastric cancers exhibit MSI-H at a low frequency. The
reason for this discrepancy is unclear, but it might be related
to the evaluation threshold of positive or negative staining by
ITHC. We classified a tumor as a dMMR tumor when one of
the four MMR proteins (MLH1, MSH2, MSH6 and PMS2)
showed loss of expression in tumor nuclei compared with
adjacent non-neoplastic tissue.

IHC analysis is a simple and very informative method to
effectively select patients with gastric cancer for immuno-
oncology therapy. Our current results indicate that 20%
of intestinal carcinoma patients may receive benefit from
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Fig. 1 Mismatch repair (MMR) protein expression in signet ring cell tric tumors showed proficient MMR (pMMR). Loss of MLHI1 and
(SRC) and non-SRC (NSRC) gastric cancers. Representative images PMS?2 proteins was detected in an NSRC case, indicating deficient
for hematoxylin-eosin staining and immunohistochemistry of MLH1, MMR (dMMR) (Case #55)

MSH2, MSH6 and PMS2. SRC (Case #1) and NSRC (Case #54) gas-
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Table 1 Frequfency of lo_ss Loss of MLH1 Loss of MSH2 Loss of MSH6  Loss of PMS2  Total number
of MMR protein expression of dAMMR
in SRC and NSRC gastric tumors
tumors (n = 147)
SRC (n=38) 0/38 (0%) 0/38 (0%) 0/38 (0%) 0/38 (0%) 0/38 (0%)
NSRC (n=109)  22/109 (20%) 0/109 (0%) 1/109 (1%) 22/109 20%)  22/109 (20%)

MMR mismatch repair, SRC signet ring cell, NSRC non-signet ring cell, dMMR deficient mismatch repair
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Genetic Alteration

Fig.2 OncoPlot showed microsatellite instability (MSI) status and
genetic alterations in 403 patients with diffuse or intestinal gastric
cancers from The Cancer Genome Atlas (TCGA) and genomic data.
From cBioPortal, we used four datasets including tumor histology,
MSI status and somatic mutations. Diffuse type (orange) and intes-
tinal/mixed type (light green) gastric cancer were classified by Lau-

Truncating mutation (putative driver)
Inframe Mutation (putative driver)
Missense Mutation (putative driver)

Truncating mutation (putative passenger)
Inframe Mutation (putative passenger)
Missense Mutation (putative passenger)

ren criteria. MSI status was classified into MSI-high (MSI-H, blue) or
MSI-low and microsatellite stable (MSS, light blue). Genetic altera-
tions in mismatch repair genes (MLHI, MSH2, MSH6 and PMS2) are
presented. Genetic data were used from previous reports (Wang et al.
Nat. Genet. [21]; Wang et al. Nat. Genet. [24]; TCGA, Nature [22];
TCGA, Nature [23])

Table 2 Frequency of MSI-H and MSS tumors in diffuse and intestinal gastric cancers

Lauren classification MSI status Nat. Genet. Wang  Nat. Genet. Wang Nature TCGA Nature TCGA Total MSI-H/ all (%)
etal. [21] et al. [24] [22] [23]
Diffuse (n=99) MSI-H 0 0 0 6 6 6/99 (6%)
MSS 2 28 6 57 93
Intestinal (n=304) MSI-H 4 9 6 45 64 64/304 (21%)
MSS 16 60 18 146 240
Total 22 97 30 254 403

MSI-H microsatellite instability high, MSS microsatellite stable, MSI microsatellite instability, 7TCGA The Cancer Genome Atlas
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Table 3 Relationship of tumor mutational burden and gastric histo-
logical characteristics

Histology MSI status Mean number of SD
mutations
Diffuse Total (n=99) 140 279
MSI-H (n=6) 1152 407
MSS (n=96) 74 52
Intestinal Total (n=304) 378 706
MSI-H (n=64) 1273 945
MSS (n=240) 139 354

MSI microsatellite instability, SD standard deviation, MSI-H micros-
atellite instability high, MSS microsatellite stable

immuno-oncology therapy. Despite the low frequency of
MSI-H in SRC, the number of nonsynonymous mutations
is almost the same in both MSI-H diffuse and intestinal
tumors (Table 3). These results suggested that patients
with MSI-H SRC gastric cancer may very well respond to
immune-oncology therapy. However, unlike some previ-
ous reports [16], most SRC gastric cancers may not be
MSI-H tumors.

To improve the prognosis in SRC gastric cancer patients,
more effective therapeutic options need to be developed.
Several reports have revealed somatic changes in SRC, and
TP53 (25%), CDHI1 (16%), PIK3CA (13%), ERBB2 (6%),
LCEIF (6%) and OR8J1 (6%) were identified as significantly
mutated genes in SRC [28]. ALK translocation was observed
in 4% of SRC patients of the stomach (1/25) by fluores-
cence in situ hybridization [29]. CLDN18-ARHGAP26/6
fusion genes were also identified in 25% of SRC patients
(73/829) [28, 30]. RHOA activating mutations were observed
in 25% of patients with diffuse gastric cancers (22/87) [30].
More studies to identify critical mutations with the aim of
developing alternative therapeutic strategies are required for
treatment of SRC gastric cancer patients.

Conclusions

Our results clearly revealed that AMMR was not frequently
observed in patients with SRC or diffuse gastric cancers. Our
findings also indicate that immuno-oncology therapy may
have little benefit for patients with SRC gastric carcinoma,
but may be useful in a significant number of NSRC gastric
cancers.

Acknowledgements We thank Ms. Ritsuko Yokouchi and Ms. Naho
Sato for data collection of the registry on all the malignant neoplasms
at our hospital. We also thank all medical and ancillary staff of the
hospital and the patients for consenting to participate. We thank Edanz
Group (http://www.edanzediting.com/ac) for editing a draft of this
manuscript.

@ Springer

Funding This study was supported by a Grant-in-Aid for Genome
Research Project from Yamanashi Prefecture (to M.O. and Y.H.), The
Japan Society for the Promotion of Science (JSPS) KAKENHI Early-
Career Scientists (Grant Number JP18K 16292 to Y.H.), Research Grant
for Young Scholars (to Y.H.), The YASUDA Medical Foundation (to
Y.H.) and The Uehara Memorial Foundation (to Y.H.).

Compliance with ethical standards

Conflict of interest All authors declare no competing interests.

Ethical approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the insti-
tutional research committee and with the 1964 Helsinki declaration and
its later amendments or comparable ethical standards.

Informed consent Informed consent was obtained from all individual
participants included in the study.

References

1. Jemal A, et al. Global cancer statistics. CA Cancer J Clin.
2011;61:69-90.

2. Hyung WIJ, et al. Early gastric carcinoma with signet ring cell
histology. Cancer. 2002;94:78-83.

3. Pernot S, et al. Signet-ring cell carcinoma of the stomach: impact
on prognosis and specific therapeutic challenge. World J Gastro-
enterol. 2015;21:11428-38.

4. Okazaki T, Honjo T. PD-1 and PD-1 ligands: from discovery to
clinical application. Int Immunol. 2007;19:813-24.

5. Yasumasa I,. Shibahara K, Honjo T, Agata Y. Induced expression
of PD-1, a novel member of the immunoglobulin gene superfam-
ily, upon programmed cell death. EMBO J. 1992;11:3887-95.

6. Yarchoan M, Hopkins A, Jaffee EM. Tumor mutational burden and
response rate to PD-1 inhibition. N Engl J Med. 2017;377:2500-1.

7. Dung T. Le et al. Mismatch repair deficiency predicts response of
solid tumors to PD-1 blockade. Science. 2017;357:409-13.

8. Iijima Y, et al. Very early response of circulating tumour-
derived DNA in plasma predicts efficacy of nivolumab treat-
ment in patients with non-small cell lung cancer. Eur J Cancer.
2017;86:349-57.

9. Lord CJ, Ashworth A. The DNA damage response and cancer
therapy. Nature. 2012;481:287-94.

10. Alex D, et al. Evolution of instability at coding and non-coding
repeat sequences in human MSI-H colorectal cancers. Hum Mol
Genet. 2001;10:513-8.

11. Hause RJ, Pritchard CC, Shendure J, Salipante SJ. Classification
and characterization of microsatellite instability across 18 cancer
types. Nat Med. 2016;22:1342-50.

12. Gen Tamura, et al. Molecular characterization of undifferentiated-
type gastric carcinoma. Lab Investig. 2001;81:593.

13. Seo HM, et al., Clinicopathologic characteristics and outcomes
of gastric cancers with the MSI-H phenotype. J Surg Oncol 99,
143-147 (2009).

14. Kim H, et al. High microsatellite instability predicts good prog-
nosis in intestinal-type gastric cancers. J Gastroenterol Hepatol.
2011;26:585-92.

15. Marrelli D, et al. Strong prognostic value of microsatellite insta-
bility in intestinal type non-cardia gastric cancer. Ann Surg Oncol.
2016;23:943-50.

16. Shenying J, et al. The PD-1, PD-L1 expression and CD3 + T cell
infiltration in relation to outcome in advanced gastric signet-ring


http://www.edanzediting.com/ac

Medical Oncology (2019) 36:23

Page70f7 23

18.

19.

20.

21.

22.

23.

24.

25.

cell carcinoma, representing a potential biomarker for immuno-
therapy. Oncotarget. 2017;8:38850-62.

. Hirotsu Y, et al. Comparison between two amplicon-based

sequencing panels of different scales in the detection of somatic
mutations associated with gastric cancer. BMC Genom.
2016;17:833.

Nakagomi T, et al. New therapeutic targets for pulmonary sar-
comatoid carcinomas based on their genomic and phylogenetic
profiles. Oncotarget. 2018;9:10635—49.

Hirotsu Y, et al. Multigene panel analysis identified germline
mutations of DNA repair genes in breast and ovarian cancer. Mol
Genet Genomic Med. 2015;3:459-66.

Gao J, et al. Integrative analysis of complex cancer genomics and
clinical profiles using the cBioPortal. Sci Signal. 2013;6:pl1.
Wang K, et al. Exome sequencing identifies frequent mutation
of ARIDIA in molecular subtypes of gastric cancer. Nat Genet.
2011;43:1219-23.

N. Cancer Genome Atlas Research. Comprehensive molec-
ular characterization of gastric adenocarcinoma. Nature.
2014;513:202-9.

N. Cancer Genome Atlas Research et al. Integrated genomic char-
acterization of oesophageal carcinoma. Nature. 2017;541:169-75.
Wang K, et al. Whole-genome sequencing and comprehensive
molecular profiling identify new driver mutations in gastric can-
cer. Nat Genet. 2014;46:573-82.

Cerami E, et al. The cBio cancer genomics portal: an open plat-
form for exploring multidimensional cancer genomics data. Can-
cer Discov. 2012;2:401-4.

26.

217.

28.

29.

30.

Chakravarty D, Gao J, Phillips S, Kundra R, Zhang H, Wang
J, Rudolph JE, Yaeger R, Soumerai T, Nissan MH, Chang MT,
Chandarlapaty S, Traina TA, Paik PK, Ho AL, Hantash FM,
Grupe A,, Baxi SS, Callahan MK, Snyder A, Chi P, Danila DC,
Harding JJ, Hellmann MD, Iyer G, Janjigian Y, Kaley T, Levine
DA, Lowery M, Omuro A, Postow MA, Rathkopf D, Shoushtari
AN, Shukla N, Voss MH, Paraiso E, Zehir A, Berger MF, Taylor
BS, Saltz LB, Riely GJ, Ladanyi M, Gounder M, Hyman DM,
Baselga J, Sabbatini P, Solit DB, Schultz N. OncoKB: a precision
oncology knowledge base. JCO Precis Oncol. 2017. https://doi.
0rg/10.1200/P0O.17.00011.

Y-K Kang et al. Nivolumab in patients with advanced gastric or
gastro-oesophageal junction cancer refractory to, or intolerant
of, at least two previous chemotherapy regimens (ONO-4538-12,
ATTRACTION-2): a randomised, double-blind, placebo-con-
trolled, phase 3 trial. Lancet. 2017;390:2461-71.

Shu Y, et al. Prognostic significance of frequent CLDN18-ARH-
GAP26/6 fusion in gastric signet-ring cell cancer. Nat Commun.
2018;9:2447.

Alese OB, et al. Anaplastic lymphoma kinase (ALK) gene altera-
tion in signet ring cell carcinoma of the gastrointestinal tract. Ther
Adv Med Oncol. 2015;7:56-62.

Kakiuchi M, et al. Recurrent gain-of-function mutations of RHOA
in diffuse-type gastric carcinoma. Nat Genet. 2014;46:583-7.

@ Springer


https://doi.org/10.1200/PO.17.00011
https://doi.org/10.1200/PO.17.00011

	Deficiency of mismatch repair genes is less frequently observed in signet ring cell compared with non-signet ring cell gastric cancer
	Abstract
	Introduction
	Materials and methods
	Patients
	Histology
	Immunohistochemistry (IHC)
	Data analysis of the cancer genome atlas

	Results
	Low frequency of dMMR in SRC gastric cancer
	Tumor mutational burdens in diffuse and intestinal gastric cancer

	Discussion
	Conclusions
	Acknowledgements 
	References


