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Abstract. Europe and the United States have high
morbidity rates of colorectal cancer, it being the third most
common new cancer among both men and women each year.
Colorectal cancer morbidity is also high in Japan. Advances
in surgery, chemotherapy, and molecular targeted drugs have
extended the prognosis of colorectal cancer, although the
effects of these treatments remain poor in some patients.
Colorectal cancer almost always presents as differentiated
adenocarcinoma, although one tissue type, signet-ring cell
carcinoma, occurs rarely. Overall, colorectal signet-ring cell
carcinoma is very infrequent among cases of colorectal
cancer, however, its prognosis is reported as being extremely
poor. Several reports have addressed its clinicopathological
and typical genetic characteristics, such as mutation of viral
oncogene Kirsten rat sarcoma (KRAS) gene, but there have
been few comprehensive investigations of its characteristics
and genetic background. In this review, we examine features
of colorectal signet-ring cell carcinoma by summarizing its
clinical and genetic characteristics.

Every year, about 600,000 people die of cancer in Europe
and the United States, and about 50,000 of these deaths (8%)
are caused by colorectal cancer (CRC) (1). In Japan there are
more than 30,000 deaths annually from cancer. CRC has the
second-highest morbidity rates for both men and women, and
these rates have been stable recently (Cancer Registry and
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Statistics. Cancer Information Service, National Cancer
Center, Japan; http://ganjoho.jp/en/professional/statistics
/table_download .html). The mortality rate for CRC is very
high, it being the third among all cancers for men and the
first for women (2). Most CRCs are well-differentiated
adenocarcinomas, followed in order by moderately
differentiated adenocarcinomas, poorly differentiated
adenocarcinomas, mucinous carcinomas, signet-ring cell
carcinomas (SRCC), and squamous cell carcinomas. Of
these, the prevalence of SRCC in Europe and the United
States is said to be 0.6-1.1% (3-5), with reports from Japan
citing even lower rates of 0.2-0.64% (6-9). For this reason,
there have been relatively few reports on the
clinicopathological characteristics of SRCC and on analysis
of its genetic background compared to typical CRC tissue
types. In this review, we describe and discuss the
clinicopathological characteristics of colorectal SRCC and
its underlying genetic background (Table I). We also present
current treatment and therapeutic trial that is considered to
be suitable for SRCC.

Clinicopathologic Characteristics
of Colorectal SRCC

Age/sex difference. Of cancers with SRCC tissue type,
gastric cancer is well known. SRCC in gastric cancer
accounts for about 25% of gastric cancer in Europe and the
United States, and is said to occur somewhat more frequently
than typical adenocarcinoma in people in their early 60s,
young people, and women (10). On the other hand, SRCC in
the colorectum is not well known in these groups. As for the
age of onset, many studies have reported a younger age of
onset than that of differentiated colorectal adenocarcinoma
(9, 11-14). Regarding sex difference in colorectal SRCC, a
few studies found clearly higher rates among women (15,
16), as seen in gastric SRCC, while others have found no
difference between men and women (7, 16).
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Table 1. Characteristics of clinical pathology and gene background of colorectal signet ring cell carcinoma and typical colorectal carcinoma.

Feature SRCC Typical CRC
Gender No difference No difference
Age <60 Years >60 Years
Location Not sure Left side>right side
Macroscopic/microscopic type Type 3,4 Type 1,2
Depth/invasion/recurrence Deep/positive/high Various/various/various
Prognosis Poor Good
Intercellular adhesion molecules Decline Stable

RAS/RAF mutation

High frequency, >50%/>30%

Low frequency, <40%/<20%

MSI/CIMP Stable, <30%/same frequency~50% Stable, <15%/low frequency, <20%
LOH High frequency, >90% Low frequency, >70%
MMPs Overexpression Various

MicroRNA involvement Unknown Various

SRCC: Signet ring cell adenocarcinoma; CRC: colorectal cancer; CIMP: CpG island methylation phenotype; MSI: microsatellite instability; LOH:

loss of heterozygosity; MMP: matrix metalloproteinase.

Location. Right colon cancer more frequently harbors
microsatellite instability (MSI)-high, CpG island methylation
phenotype (CIMP)-high and B-rapidly accelerated
fibrosarcoma (BRAF) mutation than left colon cancer (17).
Accordingly, colorectal SRCC should be more frequently
right-sided, however, no consensus has been reached
regarding the location of SRCC, with some reporting the
right colon is most commonly affected (6, 18, 19), others
reporting the left colon (9, 15, 20), and others stating that
there is no difference (3, 7, 14, 21).

Macroscopic/microscopic tissue type. Macroscopically, the
infiltrating type is most common in colorectal SRCC (6, 9,
11) and type 4 is significantly more common than in typical
CRC (8). Microscopically, SRCC is characterized by
producing encapsulated mucus in the cytoplasm (Figure 1).
Similarly to SRCC, there are also mucinous carcinomas that
produce mucus extracellularly. Adenocarcinoma, mucinous
carcinoma, and SRCC can coexist simultaneously. For the
mixed tissue types, a World Health Organization classification
which assesses the proportion taken up in the entire tumor
(22), and an assessment method that uses 50% as a standard
(23) have been proposed. In Japan, based on rules governing
the treatment of CRC, the tissue type with the greatest area
in a specimen usually forms the diagnosis (7).

Tumor depth, invasion, metastasis and recurrence. The
histological depth of invasion is reported to be T3 or greater
in most cases (6, 18), and there are few reports of mucosal
or submucosal cancers among those with early-stage SRCC.
Nakatani et al. reported 26 cases of early-stage SRCC from
Japan (24). Moreover, Hyngstrom et al. found that only an
extremely low proportion (6%) of SRCCs are stage I at the
time of the initial diagnosis (12).
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Lymph node metastasis has been found to be more
common in SRCC than in adenocarcinoma (9, 18) but other
studies have found no difference (7). Moreover, both
vascular and lymphatic invasion are said to be severe (6, 9,
14). Yet despite a high degree of vascular invasion, many
studies did not find significant differences in liver or lung
metastasis in SRCC compared with adenocarcinoma (6, 7,9,
11). However, to our knowledge, there have not been any
reports of detailed investigations into the reasons for this.

While metastasis of adenocarcinoma is said to occur
primarily in the liver (25), several studies have indicated that
peritoneal dissemination is a type of metastasis that is
particularly common in SRCC (6, 7, 9, 25). Both local and
distal recurrences have been reported to be significantly more
frequent than for differentiated adenocarcinoma (18). There
have also been a few reports of disseminated carcinomatosis
of the bone marrow as a distinct form of metastasis (8, 26).

Prognosis. SRCC is said to have a 5-year survival rate of 0-
12% and a higher recurrence rate than differentiated
adenocarcinoma (SRCC=77%, adenocarcinoma=38%) (18);
SRCC was also cited as an independent prognostic factor for
CRC in a multivariate analysis. Kakar et al. reported that stage
and BRAF mutation in microsatellite-stable (MSS) tumor cases
were factors that affected the prognosis of SRCC (27). Inamura
et al. found that having even a small number of signet-ring cell
components was associated with poor prognosis (28).

Molecular Biological Characteristics

A variety of genetic analyses of RAS genes and others have
been performed for CRC, and have been used to develop
molecular-target drugs and chemotherapies. The prognosis of
SRCC is clearly worse than that of other tissue types.
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Figure 1. Representative images of colorectal signet ring cell adenocarcinoma at low magnification (x10) (A) and high magnification (x40) (B).
Tumor cells have lost contact with each other and the form of the cells is quite singular 'signet ring' shape containing mucin in its cytoplasm.

However, due to the infrequency of colorectal SRCC, there
has been little research analyzing its genetic background.
Below, we discuss the reports that have addressed genetic
analysis of SRCC.

RAS/RAF mutations. Activation of the receptor tyrosine
kinase pathway, mainly with respect to RAS, is often
discussed regarding CRC. Moreover, RAS gene mutations
have been cited as factors that result in CRC resistance to
therapy or it becoming malignant (29, 30). Kakar et al. and
Ogino et al. both reported finding no difference in KRAS
mutations between SRCC and non-mucin-producing tumors
such as differentiated adenocarcinoma (27, 31). However,
BRAF mutations are said to be common in SRCC, with Ogino
et al. reporting BRAF mutations at rates of 22-33% in a group
containing SRCC components, compared to 15-27% in a
group containing mucinous carcinomas and 8.6% in a group
containing neither SRCC nor mucinous components (31).

Phosphoinositide 3-kinase (PI3K) pathway. In cellular
experiments, Kobayashi et al. reported that inserting genes
related to the PI3K pathway into a well-differentiated
adenocarcinoma cell line changed it into a mucin-producing
phenotype resembling SRCC. When these cells were
transplanted into nude mice, they displayed properties of an
infiltrative cancer resembling SRCC (32). Using the same
cells, they reported that when avian erythroblastosis
oncogene B2 (ERBB2) and -3 were bound to mucin 4

(MUC4), which is contained in mucin, it caused
phosphorylation of ERBB3, a decrease in intracellular
adhesion, and dedifferentiation, which they suggested could
be related to the morphological characteristics and
malignancy of SRCC (33). Clinically, activation of the PI3K
pathway has not been reported in any SRCC cases as far as
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Intracellular adhesion molecules and tumor type. Terada.
conducted immunostaining with epithelial membrane
antigens (EMA) on cases of colorectal SRCC, and the results
suggested down-regulation of EMA in colorectal SRCC (34).
Furthermore, Cabibi et al. reported strong expression of
matrix metalloproteinase-1 and low expression of E-
cadherin, beta-catenin, and fibronectin in colorectal SRCC
(20). As described above, the binding of ERBB2/3 to mucin
is thought to cause a decrease in intracellular adhesion
molecules.

One form of genetic expression that is characteristic of
SRCC is low E-cadherin expression and strong matrix
metalloproteinase (MMP) expression (20). A decline in
expression of cellular adhesion molecules and an
enhancement of extracellular matrix degradation enzymes are
thought to be the reason for the lack of cell mass formation
and tumor tendency to be flat or infiltrative type. For distant
metastasis to occur, tumorigenicity must be maintained and
a tumor mass needs to form. However, reduced cellular
adhesion makes forming a tumor mass at the metastatic
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lesion difficult, which is thought to be the reason behind the
formation of only disseminated lesions.

Chromosomal instability (CIN), MSI and CIMP. CIN is a gross
genetic mutation that occurs at the chromosomal level. CIN-
positive CRC or typical CRC include MSS, CIMP-negative,
KRAS, and BRAF wild-type tumors. The genetic background
of SRCC, as mentioned previously, is MSI-high, CIMP-high
and harboring KRAS/BRAF mutation hence it is possible to
say it is the mirror image of typical CRC. MSI is a mutation
that occurs during the replication of base pairs (35). Ogino et
al. reported significantly more MSI-positive cases among
SRCC cases (31). BRAF mutations are often seen in MSI-high
cases (36), which is consistent with the previous report that
found frequent BRAF mutations in SRCC. CIMP is a
phenotype in which genetic expression is suppressed by
methylation of gene promoters (37). CIMP-positive CRCs are
reported to have high rates of KRAS and BRAF mutations (38,
39). Furthermore, CIMP-positive CRC is often accompanied
by methylation of the mismatch repair gene human MutL
homolog 1 (MLHI), which leads to MSI-high CRC (40).
Kakar et al. reported that CIMP positivity is more common in
SRCC than in differentiated adenocarcinoma (27). Imamura et
al. examined tissue types with and without SRCC and found
more CIMP-positive cases among those with SRCC
components (28), suggesting a deep relationship between
methylation and SRCC.

Young age of colorectal SRCC and MSI/CIMP. There has
been little detailed research into the young age of onset of
colorectal SRCC. Lynch syndrome is a typical form of early-
onset CRC which has been shown to be caused by
dysfunctions due to mutations of mismatch repair genes
MLHI, human MutS homolog (MSH2) 2, MLHI, MSH6,
PMS1 homolog 1 (PMSI) and PMS2 (41). MSI-high and
CIMP-high status have been found in the genetic background
of colorectal SRCC. Therefore, MSI or methylation may
suppress expression of these mismatch repair genes to cause
young onset of multiple malignancies. Leggett et al.
hypothesized that BRAF mutations in healthy mucosa lead to
MLHI methylation, MSI, and CIMP-high status (42). This
characteristic is often seen in SRCC hence it could be related
to early onset of the disease.

Loss of heterozygosity (LOH). LOH is when one member of
a pair of alleles of a gene is missing. Genes with LOH tend
to lose their functions. LOH isclosely related to CIN, with
LOH appearing frequently in CIN-high cases (43). 18qLOH
has been reported to be a prognostic factor for CRC and has
been a focus of attention (44). Kakar et al. reported LOH
positivity at a higher rate in SRCC than in differentiated
adenocarcinoma; however, they also reported that this did
not affect prognosis (27).
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Microribonucleic acid (microRNA) and non-coding RNA
mutations. A few studies have examined microRNA in gastric
SRCC (45, 46), but to our knowledge none have examined
microRNA in colorectal SRCC. Li et al. compared microRNA
expression  between  gastric SRCC and  gastric
adenocarcinoma, finding up-regulation of miR-181b, miR-29c,
miR-381, and others in gastric SRCC (46). There have been
only a few reports on these microRNA families in CRC,
therefore further investigations are needed in colorectal SRCC.

Regarding LINE] methylation, Ogino et al. reported that
LINE1 hypomethylation in CRC is associated with worse
prognosis than hypermethylation (47). Thus, it is possible
that this is not a determining factor for malignancy in
colorectal SRCC.

Pathological diagnosis and biomolecular alteration. At
present, pathological diagnoses are made based on the
proportion SRCC takes up in a lesion. While commonalities
have been observed with mucinous adenocarcinoma, such as
mucin production, cases with SRCC components exhibit
clearly poorer prognoses and its genetic expression pattern
appears to differ greatly from regular CRC types. Therefore,
diagnosis of SRCC in the future should be based not only on
morphology, but also on a comprehensive genetic analysis
that covers alterations of CIN, MSI, CIMP, MMP expression,
E-cadherin, and BRAF mutations.

Treatment of SRCC and Proposal
of Future Therapy According to
the Genetic Background of SRCC

The prognosis of colorectal SRCC is extremely poor.
Improving it requires both intensive care and therapies that
take its genetic background into consideration. Current
therapy and undergoing treatment trials are discussed below.

Current therapy. Similar to other tissue types, the standard
treatment for SRCC is surgical therapy when possible.
However, as reported by Inamura et al., the prognosis of
SRCC is clearly poorer than that of adenocarcinoma (28).
With resectable metastatic lesions, the prognosis of patients
who undergo surgery is reported to be 27 months in those
with metastasis of adenocarcinoma and only 17 months with
metastasis of SRCC (48).

The high recurrence rate means patients must be carefully
managed after surgery. In patients with stage III SRCC,
postoperative adjuvant therapy has been found to have some
effect, although poorer than in patients with adenocarcinoma
(25). Furthermore, good effects from preoperative
chemotherapy have been reported in cases of rectal cancer
that are histologically SRCC (49).

Systemic chemotherapy, surgery, and hyperthermic
intraperitoneal chemotherapy have been reported to have
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some effect on peritoneal dissemination of CRC, with an
improvement of overall survival of a maximum of 12 months
being shown for patients with sporadic peritoneal
dissemination (50, 51). However, while overall survival of
35.1 months was reported for those treated with surgery plus
hyperthermic intraperitoneal chemotherapy for other tissue
types, the outlook for those with peritoneal dissemination of
SRCC was significantly worse, with a median overall
survival of 14.1 months. The recurrence rate for SRCC was
also higher at 68.8% compared with 43.7% for other tissue
types (29). These findings indicate that treatments for
dissemination need further investigation.

Future therapeutic proposals. Ogino et al. reported BRAF
mutations in 22-33% of a group with tumors containing
SRCC components, which was significantly higher than in a
group without SRCC components (52). CRC with BRAF
mutation has been treated with a combination of BRAF and
mitogen-activated kinase kinase enzymes (MEK) inhibitors,
but response rates have been low at 4-12% (53, 54).
Feedback of BRAF inhibition increases epidermal growth
factor receptor (EGFR) activation, which has been shown to
sustain proliferation of cancer cells (55). Therefore, these
poor effects are thought to be due to an increase of EGFR
expression under BRAF mutation. Corcoran et al. reported
that a combination of anti-EGFR and BRAFenzyme inhibitor
vemurafenib had a strong synergistic effect on persistent
mitogen-activated protein kinase pathway suppression in
cancer cells (56). Clinical trials using a BRAF inhibitor with
anti-EGFR and a BRATF inhibitor with anti-EGFR plus a
PI3K inhibitor or a MEK inhibitor are in progress
(ClinicalTrials.gov Identifier: NCT01750918). It is hoped
these therapies will be effective in colorectal SRCC, which
exhibits BRAF mutations relatively frequently.

Millis et al. found PI3K mutations in 17% of CRC cases
(57) and a clinical trial on a PI3K inhibitor is being
conducted (58). They demonstrated the involvement of PI3K
in SRCC in cellular experiments, making it a focus of
attention as a therapeutic target for SRCC.

The recent introduction of immune checkpoint inhibitors
into clinical practice has produced extremely good results in
MSI-high CRC (59). Due to the high prevalence of MSI-high
cases in SRCC, use of immune checkpoint inhibitors should
also be considered.

Conclusion
Colorectal SRCC has quite significantly different
clinicopathological features and genetic background

compared with typical CRC. In order to make a suitable
diagnosis and propose a precise therapeutic strategy, it is
necessary to fully understand the clinical, biological
characteristics and genetic backdrop of colorectal SRCC.
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