
Loss of heterozygosity, aberrant methylation,
BRAF mutation and KRAS mutation in
colorectal signet ring cell carcinoma

Sanjay Kakar1,2, Guoren Deng2, Thomas C Smyrk3, Lisa Cun2, Vaibhav Sahai4

and Young S Kim2

1Department of Pathology, Veteran Affairs Medical Center and University of California, San Francisco,

San Francisco, CA, USA; 2Gastrointestinal Research Laboratory, Veteran Affairs Medical Center,

San Francisco, CA, USA; 3Department of Pathology, Mayo Clinic, Rochester, MN, USA and
4Department of Hematology-Oncology, Northwestern University, Chicago, IL, USA

The relationship of molecular abnormalities with clinicopathologic features and survival in colorectal signet ring

cell carcinoma, and its comparison with mucinous and conventional adenocarcinomas, has not been well

studied. High-level microsatellite instability, loss of heterozygosity (LOH) at four loci, CpG island methylation

phenotype based on seven loci, BRAF V600E mutation and KRAS mutation in signet ring cell carcinoma were

compared with mucinous and conventional adenocarcinomas. The relationship of these molecular features in

signet ring cell carcinoma with clinicopathologic features and survival was examined. LOH was observed in 93%

of signet ring cell carcinomas compared with 62 and 70% of mucinous and conventional adenocarcinomas. Also,

80% of signet ring cell carcinomas with high-level microsatellite instability showed LOH compared with 14% each

of mucinous and conventional adenocarcinomas. High-level microsatellite instability, CpG island methylation

phenotype-positive status and BRAF V600E mutation were more often seen in signet ring cell carcinoma and

mucinous adenocarcinoma compared with conventional adenocarcinoma. BRAF V600E mutation was

significantly associated with CpG island methylation phenotype-positive status. Stage and BRAF V600E mutation

in microsatellite-stable cases were the only variables with an affect on survival. In conclusion, chromosomal

instability manifested by LOH is nearly a universal finding in signet ring cell carcinoma, including cases with high-

level microsatellite instability. This may explain the aggressive behavior of signet ring cell carcinoma irrespective

of high-level microsatellite-instability status. BRAF V600E mutation and CpG island methylation phenotype-

positive status are similar in signet ring cell carcinoma and mucinous adenocarcinoma but more frequent when

compared with conventional adenocarcinoma. In signet ring cell carcinoma, BRAF V600E mutation adversely

affects survival in microsatellite-stable tumors, but not in high-level microsatellite-unstable tumors. The high

frequency of methylation and BRAF V600E mutation suggests that many signet ring cell carcinomas may be

related to the serrated pathway of carcinogenesis.
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Signet ring cell carcinoma is a rare subtype of
colorectal cancer associated with a poor prog-
nosis.1–10 By definition, 450% of tumor cells have
signet ring cell morphology.11 Signet ring histology is

considered an independent adverse prognostic factor
by the American Joint Committee on Cancer and the
College of American Pathologists.12,13 Colon cancer is
thought to arise via one of several relatively distinct
pathways.14 It is not clear how the signet ring cell
phenotype fits into one or more putative pathways.

High-level microsatellite instability has been
observed in approximately one-third of signet ring
cell carcinomas.15 Although high-level microsatel-
lite instability is considered a favorable prognostic
factor in colorectal cancer, it does not favorably
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influence survival in signet ring cell carcinoma.15

The reason for this discrepancy is not clear. It is
well established that high level of chromosomal
instability is associated with aggressive behavior
in colorectal cancer.16–18 Chromosomal instability in
colorectal cancer manifests as allelic gains or losses
at multiple sites in the genome, leading to inactiva-
tion of tumor-suppressor genes. The most commonly
affected loci are 5q (APC), 17p (TP53), 18q (DCC,
SMAD 2 and SMAD4) and 8q (no candidate gene
identified).18,19 Other abnormalities include chro-
mosomal losses at 1p, 2p, 3p, 6q, 14q and 15q, and
gains of 20q, 13q, 7q and 8q.17–19

The role of transcriptional silencing of tumor-
suppressor genes by aberrant methylation of pro-
moter region has been widely studied in colorectal
cancer.20–25 The term CpG island methylator pheno-
type has been used for classifying colorectal cancers
based on promoter methylation of multiple genes,
although there is no universally accepted definition
of CpG island methylation phenotype-positive
tumors. Some, but not all, studies have shown that
CpG island methylation phenotype-positive pheno-
type is associated with aggressive behavior.26–30

BRAF is a downstream gene in the KRAS pathway.
BRAF V600E mutation occurs in 34–80% of cancers
with high level of microsatellite instability and
5–15% of microsatellite-stable cancers.31–34 BRAF
V600E mutation has been associated with poor
survival in patients with microsatellite-stable, but
not microsatellite-unstable, colorectal cancers.31–34

In fact, BRAF V600E mutation does not adversely
affect the favorable survival associated with tumors
that show high level of microsatellite instability.31

Although genetic and epigenetic changes in colo-
rectal cancer have been extensively studied, there are
sparse data on the molecular features of signet ring
cell carcinoma.15,35 The relationship of molecular
changes and survival in signet ring cell carcinoma
remains unclear. It is likely that signet ring morphol-
ogy is a marker for genetic abnormalities that confer
the aggressive behavior associated with signet ring
cell carcinoma irrespective of microsatellite-instabil-
ity status. This study examines microsatellite-
instability status, methylation, BRAFmutation, KRAS
mutation and chromosomal instability in colorectal
signet ring cell carcinoma, and the association of
these abnormalities with survival. The characteristics
of signet ring cell carcinoma are also compared with
mucinous and conventional adenocarcinomas.

Materials and methods

Colorectal Cancer Cases

The study group comprised 33 cases of signet ring
carcinoma from University of California, San Fran-
cisco (San Francisco, CA, USA), Veteran Affairs
Medical Center (San Francisco, CA, USA) and Mayo
Clinic (Rochester, MN, USA). Signet ring cells
accounted for 450% of the tumor cells in all cases

in accordance with the World Health Organization
definition. Clinical parameters, including age, gen-
der, date of surgery, tumor size, site and stage, were
obtained from the pathology reports. Tumors in the
cecum, ascending colon and transverse colon were
classified as right sided and those in the descending
colon, sigmoid and rectum were left sided. Cancers
arising in the setting of underlying conditions like
inflammatory bowel disease, familial adenomatous
polyposis and hereditary nonpolyposis colorectal
cancer were excluded. Information about distant
metastases and 5-year survival was obtained from
the hospital tumor registries. Depth of tumor
invasion, lymph node status and clinical informa-
tion were used to assign tumor stage using the
system described in the American Joint Committee
on Cancer Staging Manual.12 The study was ap-
proved by the respective institutional review boards.

DNA Extraction

DNA extracted from formalin-fixed, paraffin-em-
bedded tissue was used for analysis. A desired area
of the normal and tumor tissue was selected on
formalin-fixed, paraffin-embedded sections stained
with hematoxylin and eosin. The selected tissue was
scraped off from 10 mm-thick sections under micro-
scopic guidance. The normal tissue was located at
least 1 cm from the tumor. The microdissected tissue
was incubated overnight at 56 1C in 100 ml solution
containing 0.5% Tween 20 (Sigma, St Louis, MO,
USA), 100mM of Tris-HCl (pH 7.6), 1mM of EDTA
and 20 mg of proteinase K (Sigma). Proteinase K was
then inactivated by incubating at 95 1C for 10min
and the extracted DNA was stored at �20 1C.

Chromosomal-Instability Analysis

Chromosomal instability was determined by loss of
heterozygosity (LOH) analysis using paired normal
and tumor DNA as previously described. The
extracted DNA served as a template for PCR as
described previously.26,27 Four loci commonly lost
in colorectal cancer were employed for determina-
tion of LOH: 5q21 (location of the APC gene),
8p12-22 (no known tumor-suppressor gene), 17p13
(location of p53 gene) and 18q21 (location of DCC
gene). The PCR at each locus was carried out using
tetranucleotide primers at each locus. These
included D5S1461, D5S1453, D5S1466, D5S1468
and D5S1478 for chromosome 5q21 region, D8S1130,
D8S1106, D8S1463, D8S1125, D8S1121, D8S255
and D8S1098 for chromosome 8p12-22 region;
D17S1298, D17S1537, D17S1541 and D17S1303 for
chromosome 17p13 region; and D18S877, D18S536,
D18S846, D18S851 and D18S858 for chromosome
18q21 region. After normalizing the ratio of two
alleles from the normal mucosa, tumors with ratio
o0.5 or 42.0 were considered as having LOH. Cases
with LOH at any locus were scored as LOH-positive,
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and the rest as LOH-negative. Although LOH
was evaluated at only four loci, this technique has
been validated by correlating the results with
array-based comparative genomic hybridization ana-
lysis in colorectal cancer. We were able to demon-
strate a high correlation between chromosomal
instability detected by array-based comparative geno-
mic hybridization and by LOH at four loci selected
for this study.36

Microsatellite Instability, CpG Island Methylation
Phenotype Status, BRAF Mutation and KRAS
Mutations

The microsatellite-instability status was determined
by PCR at seven microsatellite markers: BAT25,
BAT26, D5S1453, D8S1130, D11S1999, D17S1537
and D18S877. Tumors with instability at Z3 mar-
kers were classified as microsatellite unstable and
the remaining as microsatellite stable. The methyla-
tion status was evaluated by examining seven
loci: hMLH1, p16, HIC1, RASSF2, ID4, MINT1 and
MINT31. Methylation was determined by methyla-
tion-specific PCR assay using sodium bisulfite-
treated DNA. Tumors with methylation at Z3
loci were classified as CpG island methylator
phenotype-positive and the remaining as CpG island
methylator phenotype-negative. BRAF V600E
mutation analysis was done by allele-specific PCR,
whereas KRAS mutations at codons 12 and 13 were
detected by PCR reaction followed by sequencing.

Comparison with Mucinous and Nonmucinous
Adenocarcinomas

The molecular features and 5-year survival in signet
ring cell carcinomas were compared with those of
mucinous carcinomas (n¼ 26) and conventional
adenocarcinomas (n¼ 57) as described in a previous
study.37

Statistical Analysis

The relationship between variables was tested by w2

and Fisher’s exact tests. These tests were also used
for comparison between signet ring cell carcinoma,
mucinous carcinoma and conventional adenocarci-
noma. For survival analysis, the starting point for
survival time was the date of surgery. Survival
curves were calculated using the Kaplan–Meier
method with statistical comparison tested by the
log-rank test. Survival curves were calculated using
the Kaplan–Meier method with statistical signifi-
cance between curves tested by the log-rank test.
Univariate analysis was performed using Cox pro-
portional hazards model; the hazard ratio and its
95% confidence intervals were assessed for each
factor. The P-values of o0.05 were considered
statistically significant. The survival analysis was

completed using the SAS v9.2 (SAS Institute, Cary,
NC, USA).

Results

Signet Ring Cell Carcinoma: Clinicopathologic and
Molecular Characteristics

The mean age was 56.4 years (range 26–90 years);
there were 24 men and 9 women. The tumors were
nearly equally distributed in the colon (17 left sided
and 16 right sided). At presentation, 7 patients had
early-stage disease (I and II), whereas 19 cases had
stage III disease and 7 cases had stage IV disease.

Of the 15 cases in which LOH status was
determined, 14 (93%) showed LOH involving at
least one locus. Of these 14 cases, 4 showed high-
level microsatellite instability and 10 were micro-
satellite stable; the LOH-negative case had high-level
microsatellite instability. Two or more loci were
affected in 5 cases. The most common abnormality
was loss of 18q (6 cases), followed by 17p loss (4
cases), 5q loss (4 cases) and 8p loss (3 cases).

High-level microsatellite instability was present
in 8 (24%) signet ring cell carcinoma cases (Table 1).
High-level microsatellite-instability status was sig-
nificantly associated with advanced age and
female gender; there was borderline association

Table 1 LOH, methylation and 5-year survival in MSI-H and
MSS signet ring colorectal cancers

MSI-H (n¼ 8) MSS (n¼ 25) P-value

Age
r60 years 2 (25) 18 (72) 0.02
460 years 6 (75) 7 (28)

Gender
Female 2 (25) 7 (28) 0.34
Male 6 (75) 18 (72)

Site
Right 6 (75) 10 (40) 0.09
Left 2 (25) 15 (60)

LOH (n¼ 15)
Present 4 (80) 10 (100) 0.33
Absent 1 (20) 0

Methylation
0–2 loci 2 (25) 15 (60) 0.08
Z3 loci (CIMP+) 6 (75) 10 (40)

BRAF
Mutant 3 (43) 6 (30) 0.30
Wild 4 (57) 14 (70)

KRAS
Mutant 2 (29) 14 (61) 0.12
Wild 5 (71) 9 (39)

5-Year survival
Alive 4 (50) 7 (28) 0.17
Dead 4 (50) 18 (72)

Figures in parenthesis reflect percentages.
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with right-sided location. There was no significant
difference in LOH between tumors with high-level
microsatellite instability and tumors that were
microsatellite stable (80% vs 100%, P¼ 0.3). BRAF
V600E mutation was more common in tumors with
high-level microsatellite instability than microsatel-
lite-stable tumors (43% vs 30%), whereas KRAS
mutation was more common in microsatellite-stable
cases (61% vs 29%), but these differences did not
reach statistical significance.

CpG island methylation phenotype-positive status
(Z3 markers methylated) was identified in 16 (48%)
cases. Age, gender, site, high-level microsatellite
instability and KRAS mutation were not associated
with CpG island methylation phenotype-positive
status. Of the 27 cases in which BRAF V600E
mutation analysis yielded informative results, the
mutation was observed in 8/12 (67%) CpG island
methylation phenotype-positive tumors compared
with 1/15 (7%) in CpG island methylation pheno-
type-negative tumors (P¼ 0.002).

Informative results on BRAF V600E and KRAS
mutations were obtained in 27 and 30 cases,
respectively. BRAF V600E mutation was observed
in 9 (33%) cases. Age, gender, site and high-level
microsatellite instability were not associated with
BRAF V600E mutation. CpG island methylation
phenotype-positive status was observed in 89%
tumors with BRAF V600E mutation compared with
22% in tumors lacking the mutation (P¼ 0.002).
KRAS mutation was present in 16 (53%) cases, and
did not correlate with any clinicopathologic or
molecular feature.

Survival in Signet Ring Cell Carcinoma

The 5-year survival in signet ring cell carcinoma was
33%. In univariate analysis, high stage had a
borderline adverse effect on 5-year survival
(P¼ 0.05, Figure 1). When only microsatellite-stable
cases were considered, BRAF V600E mutation had a

significant adverse affect on 5-year survival (0% vs
43%, P¼ 0.006, Table 2 and Figure 2). None of the 9
cases with BRAF V600E mutation showed 5-year
survival (stage I/II: 2 cases, stage III: 3 cases, stage IV:
4 cases). In contrast to microsatellite-stable cases,
BRAF V600E mutation had no significant affect on
survival in cases with high-level microsatellite
instability. Other parameters like age, gender, site,
microsatellite-instability status, CpG island methy-
lation phenotype-positive status and KRAS muta-
tion did not significantly influence 5-year survival.
Multivariate analysis was not performed because of
the small number of cases.

Comparison of Signet Ring Cell Carcinoma with
Mucinous Carcinoma and Conventional
Adenocarcinoma

Signet ring cell carcinoma patients were significantly
younger and had advanced stage at presentation
compared with mucinous carcinoma and conven-
tional adenocarcinomas (Table 3). There was no
difference in gender and site among the three
histologic subtypes. LOH-positive status was ob-
served in 93% of signet ring cell carcinomas
compared with 62% in mucinous carcinomas
(P¼ 0.02) and 70% in conventional adenocarcinomas
(P¼ 0.04). Microsatellite instability, CpG island
methylation phenotype-positive status and BRAF
V600E mutations were similar in signet ring cell
carcinoma and mucinous carcinoma, but occurred
more often compared with conventional adenocarci-
noma (Table 2). KRAS mutations were similar in
signet ring cell carcinoma and conventional adeno-
carcinoma, but were more frequent when compared
with mucinous carcinoma.

The overall 5-year survival in signet ring cell
carcinoma was 33% compared with 50%
for mucinous carcinoma (P¼ 0.09) and 63% for
conventional adenocarcinoma (P¼ 0.004). Among
patients with advanced-stage disease (stage III and
IV), the 5-year survival was 27% for signet ring
cell carcinoma (Table 3) compared with 43% for

Figure 1 Stage of the tumor and 5-year survival in signet ring
carcinoma.

Table 2 Impact of factors on survival in colorectal signet ring
carcinoma as estimated by the Cox model

Variable Hazard
ratio

95% Hazard ratio
confidence limits

P-value

Age 1.002 0.979–1.026 0.84
Gender 1.030 0.419–2.533 0.95
Size 0.888 0.732–1.076 0.23
Site 1.138 0.492–2.636 0.76
MSI-H 0.415 0.139–1.240 0.12
CIMP+ 1.188 0.512–2.577 0.69
KRAS mutation 1.172 0.609–2.258 0.63
BRAF V600E mutation
(all cases)

1.448 0.880–2.384 0.15

BRAF V600E (MSS
cases only)

5.178 1.589–16.879 0.006

Stage 2.433 0.718–8.249 0.05
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mucinous carcinoma (P¼ 0.14) and 57% for con-
ventional adenocarcinoma (P¼ 0.03). When LOH-
positive cases were considered in the three histolo-
gic subtypes, there was no significant difference in
5-year survival in signet ring cell carcinoma (21%),
mucinous carcinoma (33%) and conventional ade-
nocarcinoma (42%; P¼ 0.3).

Discussion

Signet ring cell carcinoma is a rare histologic
subtype of colorectal cancer with a very poor
prognosis. The reported 5-year survival in the
literature is 9–37%,1–10 which is comparable to the
33% survival in this study. The literature contains
limited data on the molecular features of signet ring
cell carcinoma. Some molecular features (high-level
microsatellite instability, BRAF mutation and KRAS
mutation) were examined by Ogino et al,35 but the
authors acknowledged that their series of eight cases
was small. In this study, we analyzed the molecular
features of 33 resected signet ring cell carcinomas
and explored their correlation with outcome.

High-level microsatellite instability has been re-
ported in 25–31% of signet ring cell carcinomas,15,35

which is similar to the 24% figure observed in this
series. High-level microsatellite instability is a
marker of favorable outcome in sporadic colorectal
cancer, but does not favorably influence survival in
signet ring cell carcinoma.14 In a large study of 70
signet ring cell carcinomas, the 5-year survival in
cancers with and without high-level microsatellite
instability was 41% and 34% respectively; this
marginal difference was not statistically signifi-
cant.15 The reason for aggressive behavior of signet
ring cell carcinoma including tumors with high-level
microsatellite instability is not clear. High-level
microsatellite-unstable tumors tend to be diploid38

and chromosomal instability is a relatively infre-
quent phenomenon; LOH is observed in 16–21% of

cancers with high-level microsatellite instability,
compared with 56–83% of microsatellite-stable
tumors.38–40 Hence, it has been argued that chromo-
somal instability is not a major mechanism for
carcinogenesis in high-level microsatellite-unstable
tumors.41 Several studies have shown that chromo-
somal instability is an adverse prognostic factor in
colorectal cancer.16–18,33 Gains and losses at chromo-
some arms increase with progression from adenoma
to invasive carcinoma and from primary tumor to
metastasis.19 Hence, the infrequent occurrence of
chromosomal instability may be related to the better

Figure 2 BRAF V600E mutation and 5-year survival in micro-
satellite-stable cases of signet ring carcinoma.

Table 3 Comparison of clinicopathologic and molecular features
of signet ring cell carcinoma with mucinous and conventional
adenocarcinoma

SRC
(n¼ 33)

MC
(n¼ 26)

AC
(n¼ 57)

P-value

Age
r60 years 20 (61) 6 (23) 17 (30) 0.004a

460 years 13 (39) 20 (77) 40 (70) 0.004b

Gender
Male 24 (72) 17 (65) 36 (63) 0.19a

Female 9 (28) 9 (35) 21 (37) 0.25b

Location
Right 16 (48) 11 (42) 24 (42) 0.42a

Left 17 (52) 15 (58) 33 (58) 0.15b

Stage
Low (I, II) 7 (21) 10 (38) 38 (66) 0.08a

High (III, IV) 26 (79) 16 (62) 19 (34) o0.001b

Microsatellite status
MSI-H 8 (24) 7 (27) 7 (12) 0.52a

MSS 25 (76) 19 (73) 50 (88) 0.12b

LOH status
Positive 14 (93) 16 (62) 40 (70) 0.02a

Negative 1 (7) 10 (38) 17 (30) 0.04b

LOH in MSI-H cases
Positive 4 (80) 1 (14) 1 (14) 0.04a

Negative 1 (20) 6 (84) 6 (84) 0.04b

CIMP status
Positive 16 (48) 10 (38) 10 (18) 0.31a

Negative 17 (52) 16 (62) 47 (82) 0.002b

BRAF mutationc

Present 9 (33) 12 (46) 9 (16) 0.14a

Absent 24 (67) 14 (54) 48 (84) 0.04

KRAS mutationc

Present 16 (52) 7 (27) 23 (40) 0.04a

Absent 14 (48) 19 (73) 34 (60) 0.18b

5-Year survival 33% 50% 63% 0.09a

0.004b

5-Year survival,
stage III, IV

27% 43% 57% 0.14a

0.03b

5-Year survival,
LOH+ cases

21% 33% 42% 0.33a

0.30b

a
Signet ring carcinoma (SRC) vs mucinous carcinoma (MC).

b
SRC vs conventional adenocarcinoma (AC).

c
Data not available in some SRC cases.
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outcome observed in tumors with high-level micro-
satellite instability. However, signet ring cancers
were either not included in these studies40 or the
histologic details were not provided.39 Our study
shows that chromosomal instability, as manifested
by LOH at one or more of the four loci studied, is
present in nearly all signet ring cell carcinomas,
including those with high-level microsatellite in-
stability. In one study, LOH at 18q was observed in
57% of signet ring cell carcinomas, but other loci
were not examined.35 In comparison, we have
previously reported LOH in 62% of mucinous and
70% of conventional colorectal adenocarcinomas. In
contrast to LOH in 80% of signet ring cell carcino-
mas with high-level microsatellite instability, this
phenomenon is observed in only 14% of cases with
high-level microsatellite instability in mucinous and
conventional adenocarcinomas. Hence, the frequent
occurrence of LOH in signet ring cell carcinoma may
negate the positive affect of high-level microsatellite
instability on survival in signet ring cell carcinoma.

Colorectal cancers with high levels of DNA
methylation have been designated as CpG island
methylator phenotype-positive or CpG island methy-
lation phenotype-high.20–23 It has been argued that
CpG island methylation phenotype-positive tumors
constitute a distinct subtype of colorectal cancer, and
have been variously associated with different fea-
tures such as BRAF mutation, KRAS mutation,
favorable prognosis and adverse outcome.24–30,42

These differences are likely related to different
criteria used for defining CpG island methylation
phenotype-positive status, as well as the number and
type of markers used. The role of methylation in
signet ring cell carcinoma has not been system-
atically explored. In one study, CpG island methyla-
tion phenotype-positive status was observed in 17%
of cases with signet ring cells; however, the standard
definition of signet ring cell carcinoma (450%
signet ring cells) was not used in this study.43 CpG
island methylation phenotype-positive status, as
defined in this study, was observed in nearly half
of the signet ring cell carcinomas, and was associated
with BRAF V600E mutation, but did not correlate
with any clinicopathologic feature or survival. This
association of CpG island methylation phenotype-
positive status with BRAF V600E mutation is similar
to that observed in other histologic subtypes of
colorectal cancer.25,28,44

BRAF V600E mutation occurs in the majority of
sporadic colorectal cancers with high-level micro-
satellite instability and in 5–20% of microsatellite
status colorectal cancers. In this study, BRAF V600E
mutation was identified in one-third of signet ring
cell carcinomas, which is comparable to the 22%
figure reported by Ogino et al.35 BRAF V600E
mutation in our series has strong correlation with
CpG island methylation phenotype-positive status,
but not with any clinicopathologic or molecular
features. Several studies have shown that BRAF
V600E mutation does not affect prognosis in colo-

rectal cancers with high-level microsatellite instabil-
ity, but adversely affects survival in microsatellite-
stable colorectal cancers.31–34 This phenomenon was
also observed in signet ring cell carcinoma in this
series with 43% 5-year survival in microsatellite-
stable cases lacking BRAF V600E mutation com-
pared with none among tumors with the mutation.

BRAF V600E mutation and CpG island methyla-
tion phenotype-positive status are observed in a
majority of serrated polyps and may be an early
event in the serrated pathway of carcinogenesis.45,46

BRAF V600E mutations and CpG island methylation
phenotype-positive status were more common in
signet ring cell carcinoma and mucinous adenocar-
cinoma compared with conventional adenocarcino-
ma. Similar observations regarding BRAF V600E in
signet ring cell carcinoma have been noted by Ogino
et al.35 Expression of the gastric mucin MUC5AC, a
typical feature of serrated polyps, is also more
common in mucinous and signet ring cell carcino-
mas, but is relatively uncommon in conventional
adenocarcinoma.47–49 These findings suggest that a
subset of signet ring cell carcinoma may be related to
the serrated pathway of carcinogenesis.

KRAS mutations have been have been reported in
27–43% of colorectal cancer.50 KRAS mutations in
codons 12 and 13 were observed in half of signet
ring cell carcinomas in this study, which is similar
to the rate in conventional adenocarcinomas, but
significantly more common than in mucinous
carcinomas. The study by Ogino et al35 did not
identify KRAS mutation in any of the 8 signet ring
cell carcinoma cases, but this was seen in 33% of
cases that had o49% signet ring cells. Although the
reason for this difference is not entirely clear, it is
likely to be related to the small number of cases in
their series. Although KRAS mutation has been
extensively studied in colon cancer, its association
with clinicopathologic features, survival or molecu-
lar features such as CpG island methylator pheno-
type status have yielded conflicting results.42,50 In
our series, KRAS mutation status was not associated
with any clinicopathologic features or survival in
signet ring cell carcinoma. KRAS and/or BRAF
V600E mutations were seen in 79% of signet ring
cell carcinomas. Recent experience has demon-
strated the benefit of epidermal growth factor
receptor inhibitors in metastatic colorectal cancers,
but these agents are not useful in tumors with KRAS
or BRAF mutations.51,52 In view of the presence of
these mutations in a vast majority of signet ring cell
carcinoma, it is unlikely that anti-epidermal growth
factor receptor therapy will be beneficial.

In summary, LOH at one or more loci was
identified in nearly all cases of signet ring cell
carcinomas, including tumors with high-level micro-
satellite instability. It is likely that chromosomal
instability confers aggressive behavior to signet ring
cell carcinoma and overrides any favorable affect of
high-level microsatellite instability. Aberrant methy-
lation and BRAF V600E mutations are common in
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signet ring cell carcinomas, a phenomenon similar to
mucinous adenocarcinomas. BRAF V600E mutation
is associated with poor outcome in microsatellite-
stable signet ring cell carcinoma cases. CpG island
methylation phenotype-positive phenotype and
KRAS mutation have been identified as markers of
poor outcome in conventional microsatellite-stable
colorectal adenocarcinomas, but these associations
were not observed in signet ring cell carcinomas.
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