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It has been recently suggested that the expression levels of mutant HSP110 could be a prognostic marker in

colorectal cancer with a high level of microsatellite instability (MSI-H). The aim of our study was to validate the

prognostic significance of HSP110 mutation using immunohistochemistry and DNA testing in MSI-H colorectal

cancer. Wild-type HSP110 (HSP110wt)-specific immunohistochemistry was performed in 168 MSI-H colorectal

cancer tissues, and their expression levels were evaluated using a four-tier scoring system (0/1þ /2þ /3þ ). Of

these tissues, 167 cases were analyzed for HSP110 T17 deletion. Associations with clinicopathological,

molecular and survival parameters were statistically analyzed. The low-level expression of HSP110wt (0/1þ )

was observed in 40 MSI-H colorectal cancers (24%) and was significantly related to large HSP110 T17 deletions

(Z 4bp, Po0.001). In survival analysis, patients with low HSP110wt expression (0/1þ ) showed better disease-

free survival compared with those with high expression (2þ /3þ ; P¼ 0.005). This significance in survival

difference was maintained in patients with 5-fluorouracil-based chemotherapy-treated tumors (P¼ 0.024) and in

those with stage III/IV tumors (P¼ 0.032). Multivariate analysis confirmed the role of HSP110wt expression as an

independent prognostic factor (P¼ 0.016, hazard ratio¼ 4.32). In MSI-H colorectal cancer, a low expression of

HSP110wt is associated with large HSP110 T17 deletions and better clinical outcome. Immunohistochemistry of

HSP110wt can be a simple and valuable tool for the prognostic and therapeutic stratification of patients with

MSI-H colorectal cancer.
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It has been indicated that colorectal cancer with a
high level of microsatellite instability (MSI-H) has
distinct clinicopathological features, including a
predilection for proximal tumor location, lower
tumor stages, poor tumor differentiation, extracellu-
lar mucin production, tumor-infiltrating lympho-
cytes, Crohn’s-like lymphocytic reaction and BRAF
V600E mutation.1,2 More importantly, MSI-H colo-

rectal cancer is known as a better prognostic pheno-
type than MSI-low and microsatellite-stable (MSS)
colorectal cancers.3–5 Regarding the prognostic
implications of MSI-H colorectal cancer, we pre-
viously reported an interesting result in which
patients with CpG island methylator phenotype-
high (CIMP-H) displayed worse survival than those
with CIMP-low/negative (CIMP-L/0) in MSI-H
colorectal cancer.6 Although the prognostic value of
CIMP has been controversial in colorectal cancer,1,6–
9 our previous study implied that MSI-H colorectal
cancer is not a molecularly and prognostically
homogeneous phenotype; therefore, it could be
classified into prognostic subgroups depending on
its underlying genetic or epigenetic status.
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Although it has been proven that the survival of
patients with MSI-H colorectal cancer is compara-
tively favorable, their adjuvant chemotherapeutic
response remains controversial.3,10 In contrast to
MSS colorectal cancer, a trend toward chemo-
resistance, especially toward 5-fluorouracil (5-FU)-
based chemotherapy, has been observed in MSI-H
colorectal cancer.4,11–15 In fact, there is a lack of
evidence regarding molecular factors that might
predict responses to chemotherapy or sophistic-
atedly stratify prognoses in MSI-H colorectal
cancer.16 Although the BRAF V600E mutation has
been thought to be related to a poor prognosis in
colorectal cancer,1,17 its prognostic effect was
significant only in MSS colorectal cancer, not in
MSI-H colorectal cancer.18,19 In addition, the Beta2-
microglobulin mutation, myosin 1A expression
level, SMAD4 expression level and LINE-1
methylation level have been suggested to be
associated with prognosis in patients with MSI-H
colorectal cancer,20–24 but more investigations are
needed to establish molecular prognostic markers
specific to MSI-H colorectal cancer. Recently, Dorard
et al25 published data indicating the mutant
expression of heat shock protein 110 kDa (HSP110,
also known as HSP105) as a prognostic and
predictive marker in MSI-H colorectal cancer. This
mutant HSP110, also expressed as HSP110DE9
because of its exon 9 skipping, may have an
important role in sensitizing colorectal cancer cells
to chemotherapy, and its overexpression may
contribute to a better prognosis for MSI-H color-
ectal cancer. Interestingly, this study also showed
that the HSP110DE9 expression levels were
significantly associated with the size of HSP110
T17 mononucleotide repeat deletions, which are the
causal mutations for HSP110DE9. HSP110 T17
deletion may frequently occur in MSI-H colorectal
cancer because this mononucleotide repeat is a type
of microsatellite and can be vulnerable to deletion
under MSI-H conditions.

On the basis of these findings, we hypothesized
that both HSP110 expression and the size of the
HSP110 T17 deletion could be prognostic markers in
MSI-H colorectal cancer. In this study, we evaluated
wild-type HSP110 (HSP110wt) expression and
HSP110 T17 deletion using immunohistochemistry
and DNA testing, respectively, and provided the
clinicopathological and prognostic implications of
these factors in MSI-H colorectal cancer.

Materials and methods

Tissue Samples and MSI Determination

A total of 168 colorectal cancers with MSI-H were
examined in this study. Formalin-fixed, paraffin-
embedded tissues from all cases were obtained from
the pathologic archives, which originated from
colorectal cancer patients who underwent curative

resection at Seoul National University Hospital,
Seoul, Korea or at Seoul National University
Bundang Hospital, Seongnam, Korea from 2004 to
2007. During this period, 1535 and 806 patients
received surgical treatment for colorectal cancer at
the surgery departments of Seoul National Univer-
sity Hospital and Seoul National University Bun-
dang Hospital, respectively. The DNA extracted
from tumor and normal colonic tissues of the
resected specimens of these patients had previously
been tested for the determination of MSI in the
molecular pathology division of Seoul National
University Hospital. Following these tests, 119
(7.8%) cases from Seoul National University Hospi-
tal and 68 (8.4%) cases from Seoul National
University Bundang Hospital were determined as
MSI-H. Of these total 187 cases, 168 cases were
available for use on formalin-fixed, paraffin-em-
bedded tissue blocks and were finally included in
this study. The MSI status was determined using the
NCI Bethesda recommended microsatellite markers
(BAT-25, BAT-26, D5S346, D17S250 and D2S123).26

The clinical data of all patients, including age,
gender, anatomic location of tumor, gross tumor
type, American Joint Committee on Cancer (AJCC)
TNM stage (seventh edition), adjuvant chemo-
therapy status and time of death or recurrence,
were collected by reviewing their medical records.
The Seoul National University Hospital Institutional
Review Board approved this study (IRB no. H-1203-
072-402).

Histopathological Assessment

Two pathologists (JHK and GHK) independently
assessed the histopathological characteristics of 168
MSI-H colorectal cancers by microscopic examina-
tion of the hematoxylin and eosin-stained slides. The
histological parameters included tumor differentia-
tion, extracellular mucin pools, medullary carcino-
ma component and signet ring cell carcinoma
component. Although MSI-H colorectal cancers are
defined as low-grade tumors regardless of morpho-
logical degree of differentiation according to the
latest edition (fourth edition) of the WHO classifica-
tion of tumors of the digestive system,27 the histo-
logical differentiation of each MSI-H colorectal
cancer was classified into one of three categories
(well, moderately or poorly differentiated) based on
the percentage of gland formation (495%, 50–95%
and 0–49%, respectively) in this study. The results
that were discordant between the observers were
reviewed and discussed, and finally, a consensus
was reached.

Immunohistochemistry

A tissue microarray was constructed as previously
described.6 Three different areas of carcinoma in
formalin-fixed, paraffin-embedded tissue blocks of
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individual MSI-H colorectal cancer (n¼ 168) were
extracted as three tissue cores (2mm in diameter)
per each case and transferred to recipient tissue
microarray blocks (Superbiochips Laboratories,
Seoul, South Korea). Next, sections of tissue micro-
array blocks were immunostained with antibodies
to MLH1 (DAKO, Glostrup, Denmark), MSH2
(Invitrogen, Camarillo, CA, USA), PMS2 (Ventana
Medical Systems, Tucson, AZ, USA), MSH6
(Ventana Medical Systems) and HSP110 (Product
name: NCL-HSP105, Leica Biosystems, Newcastle
upon Tyne, UK). The immunogen of this anti-
HSP110 antibody is the C-terminus of HSP110wt,
and this site is specific for HSP110wt, but not
HSP110DE9.

Interpretation of Immunohistochemistry

The expression of MLH1/MSH2/PMS2/MSH6 was
assessed to be negative (loss) or positive (retained)
by one pathologist (JHK). The positivity of these
mismatch repair proteins was determined when
nuclear staining pattern in tumor cells was ob-
served, and the loss of expression was determined
when all three tissue cores from a tumor specimen
were completely negative. Semiquantitative mea-
surement of HSP110wt expression was performed
independently by two pathologists (JHK and GHK)
who were blinded to clinicopathological and mole-
cular information. A four-tier scoring system based
on staining intensity was adopted, which included
scores of completely negative (0), faintly positive
(1þ ), intermediately positive (2þ ) and strongly
positive (3þ ). Staining with a nuclear-to-cytoplas-
mic pattern in 45% of the tumor cells in the
individual tissue cores was considered positive, and
staining in o5% of tumor cells of each core was
considered negative (0). Among the three tissue
cores of each case, identical scores for two or more
cores provided an overall score for the case. All of
the cases evaluated by the individual pathologists
were determined to belong to one of the four scores
without any occurrence of cases showing all
different scores in the three tissue cores. Discordant
scores between the observers were reviewed and
discussed, and finally, a consensus was reached.

DNA Extraction and HSP110 T17 Deletion Analysis

Genomic DNA extraction from formalin-fixed, paraf-
fin-embedded tissues of colorectal cancers was
performed as previously described.6 In 1 of the 168
colorectal cancer samples, an insufficient amount of
genomic DNA was extracted; a total of 167 primary
MSI-H colorectal cancer tissue samples were thus
involved in the HSP110 deletion analysis. The size
of the HSP110 T17 mononucleotide repeat deletion
in genomic DNA extracted from primary MSI-H
colorectal cancer tissues (n¼ 167), as well as from
normal colonic mucosal tissue (n¼ 1), primary MSS

colorectal cancer tissues (n¼ 2), was detected by
fluorescence capillary electrophoresis-based DNA
fragment size analysis. To amplify the target DNA
sequences, including the T17 mononucleotide repeat
located in HSP110 intron 8, fluorescence-labeled
primers were designed (forward, 50-TGAAAACCCTG
TCCATCCAT-30; reverse, FAM-50-CTTTAAATGCC
GGGGAAAGT-30). PCR was then performed using
MightyAmp DNA polymerase Ver.2 (Takara, Shiga,
Japan) under the following conditions: initial pre-
denaturation at 98 1C for 2min followed by 40 cycles
of 98 1C for 10 s, 57 1C for 15 s and 68 1C for 30 s, and a
final extension of 68 1C for 10min. The PCR products
were analyzed using an ABI DNA analyzer 3730xl
(Applied Biosystems, Foster City, CA, USA) and
Peak Scanner software v1.0 (Applied Biosystems).
The presence of an altered peak indicated the
deletion of the HSP110 T17 repeat, and the deletion
sizes were measured by subtracting the DNA
fragment sizes of an altered peak from those of a
normal peak.

CIMP Determination and KRAS/BRAF Mutation
Analyses

CIMP determination and KRAS/BRAF mutation
analyses were conducted as previously described.6

The sodium bisulfite modification of genomic DNA
and the following MethyLight technique were used
to quantify the promoter CpG island methylation of
eight markers (ie, NEUROG1, CRABP1, CACNA1G,
CDKN2A (p16), MLH1, IGF2, SOCS1 and RUNX3).
CIMP-H was defined as a status with promoter
hypermethylation detected in five or more markers,
and CIMP-L was defined as a status with hyper-
methylation observed in one to four markers. None of
the eight markers were hypermethylated in CIMP-0.
KRAS codons 12 and 13 and BRAF codon 600
mutations were analyzed using the PCR-restriction
fragment length polymorphism and direct sequen-
cing methods. Among 168 MSI-H colorectal cancers
included in this study, six and one samples were
excluded in KRAS and BRAF mutation analyses,
respectively, because of their insufficient amount of
extracted DNA.

Statistical Analysis

Comparisons of the clinicopathological and mole-
cular parameters were conducted with the w2 test or
Fisher’s exact test. Interobserver reproducibility of
HSP110wt scoring system was assessed by the
percentage of agreement, and the Kappa statistic.
The Kappa coefficient (k) has been used to measure
the inter-rater agreement for categorical data. The
interpretation guideline for the Kappa statistic is as
follows: the k value between 0 and 0.20 is regarded
as slight agreement, 0.21 and 0.40 as fair agreement,
0.41 and 0.60 as moderate agreement, 0.61 and 0.80
as substantial agreement, and 0.81 and 1.00 as very

Modern Pathology (2014) 27, 443–453

HSP110 expression in colorectal cancer

JH Kim et al 445



strong agreement.28 For survival analysis, disease-
free survival was defined as the time from curative
surgery to death or tumor recurrence or to the last
clinical follow-up. The average time of disease-free
survival was 1682 days (ranging from 31 to 3261
days) in this study. The Kaplan–Meier method with
the log-rank test was used in the survival analysis.
In addition, the multivariate Cox proportional
hazards regression model was performed in order
to examine the prognostic significance of HSP110wt
expression after adjusting prognostic factors with
P-valueo0.05 in the univariate Cox proportional
hazards model. All statistical analyses were
performed using IBM SPSS Statistics version 20
(Chicago, IL, USA), and statistical significance was
determined at Po0.05.

Results

HSP110wt Expression Status in MSI-H Colorectal
Cancer

Immunohistochemistry for HSP110wt was per-
formed in a total of 168 MSI-H colorectal cancer
tissue samples, and the expression level of each case
was determined according to one of four scores
(Figure 1). There was 93.5% agreement for HSP110wt
scoring results between two observers (JHK and GHK;
k¼ 0.905, Po0.001). This k value represents very
strong agreement, and supports good reproducibility
of our HSP110wt scoring system. The main hypothe-
tical concept of this immunohistochemistry study is
illustrated in Figure 2. Based on the earlier findings
of the Duval group,25 it was predicted that HSP110wt
expression would be inversely correlated with
HSP110DE9 expression, HSP110 T17 deletion size
and prognosis (Figure 2). The frequency of each of
the four scores is shown in Figure 3a. Zero and 1þ
scores represented tumors with low levels of
HSP110wt expression, and this low expression
phenotype (0 or 1þ ) was observed in 40 (24%) of
the 168 MSI-H colorectal cancers (Figure 3a).

Relationship Between HSP110wt Expression and
HSP110 T17 Deletion

To explore the clinicopathological and molecular
features of MSI-H colorectal cancers according to
their HSP110wt expression status, the tumors were
divided into two expression groups: low (0/1þ ) or
high (2þ /3þ ). Correlations of HSP110wt expres-
sion with various factors were statistically analyzed,
but there was no significant difference between the
two groups except for CIMP status and HSP110 T17
deletion size (Table 1). A relatively lower frequency
of CIMP-H status was observed in the low expres-
sion group than in the high expression group
(P¼ 0.015; Table 1).

The size of the HSP110 T17 deletion was deter-
mined by fluorescence capillary electrophoresis-

based DNA fragment analysis. For preliminary
testing, one normal colonic mucosal tissue adjacent
to primary colorectal cancer tissue and two primary
MSS colorectal cancer tissues were used as negative
controls of the HSP110 T17 deletion, and 10 primary
MSI-H colorectal cancer tissues, which were ran-
domly selected from 167 MSI-H colorectal cancers
collected in our study, were tested as positive
controls. The results of this preliminary test corre-
sponded with our expectations. None of the negative
controls showed the HSP110 T17 deletion, and
various sized deletions of HSP110 T17 repeat were
detected in the positive controls (Supplementary
Figure S1).

Next, the HSP110 T17 deletion size was analyzed
in all MSI-H colorectal cancer tissues (n¼ 167), and
the deletion of the HSP110 T17 repeat was present in
147 MSI-H colorectal cancers (88%; Figure 3b).
In contrast with a previous study by Dorard et al25,
which reported that the HSP110 T17 deletion was
observed in 100% of the tested MSI-H colorectal
cancer samples with deletion sizes ranging from 3
to 8 bp, 20 cases (12%) showed no deletion, and
the deletion sizes ranged from 1 to 7 bp in this
study (Figure 3b). When the HSP110wt expression
status and HSP110 T17 deletion size of each MSI-H
colorectal cancer were matched, tumors with low
expression of HSP110wt (0/1þ ) were concentrated
in the larger deletion sizes group (Z4 bp)
(Figure 3c). Tumors with high expression of
HSP110wt (2þ /3þ ) showed a dispersed distribu-
tion, but strongly positive expression (3þ ) was
relatively more frequent in the tumors with smaller
deletion sizes (o4bp; Figure 3c). The low-level
expression of HSP110wt (0/1þ ) was significantly
associated with a large HSP110 T17 deletion size
(Z4bp; Po0.001; Table 1).

Prognostic Significance of HSP110wt Expression in
MSI-H Colorectal Cancer

For the survival analysis, the 167 MSI-H colorectal
cancers tested for the HSP110 T17 deletion were first
divided into two groups, that is, the large HSP110
T17 deletions group (HSP110-dL) or the small
HSP110 T17 deletions group (HSP110-dS), with each
group having a specific cutoff value for deletion
size. Each of the seven cutoff values (1–7 bp) was
used in the survival analysis, and no significant
survival difference between HSP110-dL and
HSP110-dS was observed, regardless of the cutoff
values (Supplementary Figure S2).

The Kaplan–Meier survival analysis with the log-
rank test demonstrated a significant survival differ-
ence among the four groups, depending on the
HSP110wt immunohistochemistry score (P¼ 0.036;
Figure 4a), as well as between the low expression
group (0/1þ ) and the high expression group (2þ /
3þ ) in 168 MSI-H colorectal cancers (P¼ 0.005;
Figure 4b). In agreement with our hypothesis, the
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low expression phenotype was significantly asso-
ciated with favorable survival (Figures 4a and b).
Moreover, HSP110wt expression was determined to
be an independent prognostic factor for MSI-H
colorectal cancer in the multivariate analysis
(P¼ 0.016, hazard ratio¼ 4.32; Table 2).

Next, we analyzed the survival differences of
HSP110wt expression phenotypes in the subsets of
MSI-H colorectal cancer patients according to stage
or chemotherapy status, as the study by Dorard

et al25 reported significant survival effects of
HSP110DE9 expression in stage III or chemo-
therapy-treated patients. In agreement with the
previous results of Dorard et al, the low expression
group showed a better prognosis in the subsets of
5-FU-based chemotherapy-treated patients (n¼ 108)
and in stage III/IV patients (n¼ 60; P¼ 0.024 and
P¼ 0.032, respectively; Figures 4c and d). However,
in chemotherapy-untreated patients (n¼ 59) and
stage I/II patients (n¼ 108), there was no prognostic

Figure 1 HSP110wt immunohistochemical staining of tissue microarray sections of 168 MSI-H colorectal cancers are semiquantitatively
assessed. (a) A case showing the complete loss of HSP110wt expression is scored as 0. (b) A case showing weak staining of HSP110wt in
tumor cells is scored as 1þ . (c) A case showing intermediate staining of HSP110wt in tumor cells is scored as 2þ . (d) A case showing
strong staining of HSP110wt in tumor cells is scored as 3þ .
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significance for HSP110wt expression (Supplemen-
tary Figures S3a and b).

Finally, age-stratified survival analysis was also
performed. Using the average age (59 years) of all
MSI-H colorectal cancer patients, the younger age
group (o59 years, n¼ 85) and the older age group

(Z 59 years, n¼ 83) were stratified. In both the
younger and older age groups, the HSP110wt-low
expression phenotype showed tendencies toward
better disease-free survival with marginal signifi-
cances (P¼ 0.05 and P¼ 0.058, respectively;
Supplementary Figures S3c and d).

Figure 2 A conceptual model for the molecular and prognostic implications of HSP110wt expression in MSI-H colorectal cancer.

Figure 3 In 167 MSI-H colorectal cancers, in addition to HSP110wt immunohistochemistry, HSP110 T17 deletion size analysis is
performed. (a) Frequencies of HSP110wt immunohistochemistry scores in 168 MSI-H colorectal cancers are demonstrated.
(b) Frequencies of HSP110 T17 deletion sizes in 167 MSI-H colorectal cancers are demonstrated. (c) A matched distribution between
the HSP110wt immunohistochemistry scores and the HSP110 T17 deletion sizes in MSI-H colorectal cancers (n¼ 167) is shown.
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Discussion

HSPs are cellular stress proteins induced by phy-
siologically and environmentally hazardous factors,
such as hyperthermia, hypoxia, radiation, oxygen-
free radicals and mechanical stresses, as well as
pathological factors such as neoplasms, infections,
cardiovascular diseases and neurodegenerative dis-
eases.29–32 The major role of HSPs in stressful
conditions is known to be cytoprotective through
two biological functions-molecular chaperone and
anti-apoptotic effects.29,33 In malignancy, HSPs can
promote cancer cell survival and contribute to the
growth, invasion and metastasis of tumors by
preventing the degradation of oncogenic proteins
and repressing cancer cell apoptosis.29,33,34 Previous
studies have reported that the overexpression of
HSPs was observed in tumor tissues or in the blood
of patients with malignant tumors; furthermore, the
prognostic significance of HSP expression has also
been demonstrated in a variety of cancers, including
prostate, liver cell, breast, bladder and colorectal
cancer.29

HSPs have been classified into several families
according to their molecular weight, such as small
HSPs (including HSP27), HSP40, HSP60, HSP70,
HSP90 and HSP110.35 Until recently, the expression
status of HSPs and their prognostic and therapeutic
implications for cancer have mainly focused on
HSP27, HSP60, HSP70 and HSP90.29,33 However,
there have been insufficient investigations into the
expression of HSP110, the mutations of HSPs and
their clinical implications in cancer. Only a few
previous studies, which were conducted with small
colorectal cancer sample sizes, reported that
HSP110 overexpression was associated with worse
overall survival, advanced stage and nodal meta-
stasis in colorectal cancer.36,37 In these circum-
stances, the study by Dorard et al25 provided impor-
tant clues about the effect of HSP110 mutations on
colorectal cancer. It is reasonable that the increased
expression of mutant HSP110 inhibits the normal

Table 1 Clinicopathological and molecular characteristics
according to the HSP110wt expression status in MSI-H colorectal
cancers (n¼ 168)

Characteristics
Case
no.

Low
expression

of HSP110wt
(0/1þ )

High
expression

of HSP110wt
(2þ /3þ ) P-value

Clinicopathological factors
Age
o59 years 85 23 (58%) 62 (48%) 0.317
Z59 years 83 17 (43%) 66 (52%)

Gender
M 89 19 (48%) 70 (55%) 0.427
F 79 21 (53%) 58 (45%)

Tumor location
Right sided 113 30 (75%) 83 (65%) 0.232
Left sided 55 10 (25%) 45 (35%)

Tumor multiplicity
Solitary 147 34 (85%) 113 (88%) 0.584
Multiple 21 6 (15%) 15 (12%)

Gross tumor type
Polypoid 25 6 (15%) 19 (15%) 0.981
Ulcerative 143 34 (85%) 109 (85%)

AJCC TNM stage
Stage I/II 108 27 (68%) 81 (63%) 0.627
Stage III/IV 60 13 (33%) 47 (37%)

Tumor differentiation
WD/MD 128 33 (83%) 95 (74%) 0.283
PD 40 7 (18%) 33 (26%)

Mucinous histology
Absent 74 17 (43%) 57 (45%) 0.821
Present 94 23 (58%) 71 (55%)

Medullary carcinoma component
Absent 162 38 (95%) 124 (97%) 0.629
Present 6 2 (5%) 4 (3%)

Signet ring cell carcinoma component
Absent 157 35 (88%) 122 (95%) 0.134
Present 11 5 (13%) 6 (5%)

Molecular factors
MLH1 expression
Loss 105 27 (68%) 78 (61%) 0.454
Retained 63 13 (33%) 50 (39%)

MSH2 expression
Loss 55 15 (38%) 40 (31%) 0.462
Retained 113 25 (63%) 88 (69%)

PMS2 expression
Loss 111 28 (70%) 83 (65%) 0.548
Retained 57 12 (30%) 45 (35%)

MSH6 expression
Loss 59 16 (40%) 43 (34%) 0.459
Retained 109 24 (60%) 85 (66%)

CIMP
CIMP-H 41 4 (10%) 37 (29%) 0.015
CIMP-L/0 127 36 (90%) 91 (71%)

KRAS mutation
Wild type 130 33 (89%) 97 (78%) 0.12
Mutant 32 4 (11%) 28 (22%)

Table 1 (Continued)

Characteristics
Case
no.

Low
expression

of HSP110wt
(0/1þ )

High
expression

of HSP110wt
(2þ /3þ ) P-value

BRAF mutation
Wild type 148 36 (92%) 112 (88%) 0.568
Mutant 19 3 (8%) 16 (13%)

HSP110 T17 deletion size
3 bp or less 77 3 (8%) 74 (58%) o0.001
4 bp or more 90 36 (92%) 54 (42%)

Abbreviations: AJCC, American Joint Committee on Cancer; CIMP,
CpG island methylator phenotype; CIMP-H, CIMP-high; CIMP-L/0,
CIMP-low or CIMP-negative; MD, moderately differentiated; PD,
poorly differentiated; WD, well differentiated.
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functions of HSP, which are beneficial to cancer cell
survival; therefore, this molecular alteration can
result in positive effects on survival in patients with
cancer. Based on the results of Dorard et al, we
assumed that HSP110wt expression could also be a
prognostic factor in MSI-H colorectal cancer because
HSP110wt expression may be negatively correlated
with that of mutant HSP110. Thus, it was expected
that a decreased expression of HSP110wt would be
related to large HSP110 T17 deletions and improved
survival in patients with MSI-H colorectal cancer.
Our results confirmed that this expectation was not
incorrect, and a summary of our study is consistent
with this hypothetical model (Figure 2).

Although the mRNA expression level of
HSP110DE9 was tested as a prognostic marker in the
study of Dorard et al25, we applied an immuno-
histochemistry-based approach using formalin-fixed,
paraffin-embedded tissues to assess HSP110 expres-
sion. We adopted an HSP110wt-specific antibody to
evaluate altered HSP110 expression in MSI-H color-
ectal cancer because there was no commercially avail-

able HSP110DE9-specific antibody. As the C-terminus
of HSP110wt is truncated in HSP110DE9 because of
exon 9 skipping,25 HSP110wt expression can be
specifically detected using C-terminus-targeting anti-
bodies. Although it seems difficult to develop
HSP110DE9-specific antibodies because of over-
lapping between the whole structure of HSP110DE9
and the partial structure of HSP110wt,25 it is expected
that HSP110DE9-specific immunohistochemistry can
produce clearer and more correct results as a prog-
nostic marker in MSI-H colorectal cancer. However,
according to our results, HSP110wt-specific immuno-
histochemistry was successfully validated as a
method to identify prognostic subgroups in MSI-H
colorectal cancer. In the immunohistochemistry
analysis, the low-level expression of HSP110wt
(completely negative or faintly positive) was easily
and distinctly recognized by experienced pathologists
(Figure 1). We are convinced that this method is
simple and reproducible, and it will therefore prove
very useful in application to daily clinical and
pathological practices.

Figure 4 Kaplan–Meier survival analysis with the log-rank test demonstrates the prognostic significance of HSP110wt expression in
MSI-H colorectal cancers. (a) There are significant survival differences among the four groups, according to the HSP110wt
immunohistochemistry scores of all MSI-H colorectal cancer patients (n¼168; P¼ 0.036). (b) Patients with low expression of HSP110wt
(0/1þ ) show better disease-free survivals than do the high expression group (2þ /3þ ) from all patients with MSI-H colorectal cancer
(n¼ 168; P¼0.005). (c, d) The low expression group (0/1þ ) is also associated with better disease-free survival in 5-FU-based
chemotherapy-treated (c, n¼108) or AJCC TNM stage III/IV (d, n¼60) subgroups of MSI-H colorectal cancer patients (P¼0.024 and
P¼ 0.032, respectively).

Modern Pathology (2014) 27, 443–453

HSP110 expression in colorectal cancer

450 JH Kim et al



MSI-H colorectal cancers with low expression of
HSP110wt (0/1þ ) were specifically localized in
large HSP110 T17 deletions (Z4bp; Figure 3c and
Table 1). However, tumors with high expression of

HSP110wt (2þ /3þ ) were dispersed throughout all
deletion sizes (0–7 bp) (Figure 3c). Moreover, survi-
val analysis showed that HSP110wt expression was
a significant prognostic factor in MSI-H colorectal

Table 2 Univariate and multivariate survival analysis of patients with MSI-H colorectal cancer (n¼ 168)

Univariate analysis Multivariate analysis

Variables n HR (95% CI) P-value HR (95% CI) P-value

HSP110wt expression
Low (0 or 1þ ) 40 Reference Reference
High (2þ or 3þ ) 128 4.639 (1.435–14.996) 0.01 4.32 (1.321–14.132) 0.016

AJCC TNM stage
Stage I or II 108 Reference Reference
Stage III or IV 60 3.6 (1.95–6.647) o0.001 2.903 (1.504–5.601) 0.001

Tumor differentiation
WD or MD 128 Reference Reference
PD 40 3.325 (1.818–6.083) o0.001 2.105 (1.112–3.986) 0.022

Age
58 years or less 85 Reference Reference
59 years or more 83 1.967 (1.06–3.653) 0.032 1.72 (0.886–3.342) 0.109

CIMP
CIMP-L/0 127 Reference Reference
CIMP-H 41 2.167 (1.167–4.024) 0.014 0.996 (0.501–1.981) 0.992

Gender
Female 79 Reference
Male 89 1.031 (0.566–1.878) 0.92

Tumor location
Right sided 113 Reference
Left sided 55 1.27 (0.684–2.358) 0.449

Adjuvant chemotherapy
Treated 109 Reference
Non-treated 59 1.25 (0.673–2.32) 0.48

KRAS mutation
Wild type 130 Reference
Mutant 32 0.604 (0.254–1.434) 0.253

BRAF mutation
Wild-type 148 Reference
Mutant 19 1.453 (0.613–3.444) 0.396

MLH1 expression
Loss 105 Reference
Retained 63 1.042 (0.565–1.921) 0.895

MSH2 expression
Loss 55 Reference
Retained 113 1.283 (0.659–2.499) 0.464

PMS2 expression
Loss 111 Reference
Retained 57 0.899 (0.475–1.701) 0.743

MSH6 expression
Loss 59 Reference
Retained 109 0.975 (0.521–1.826) 0.937

Abbreviations: AJCC, American Joint Committee on Cancer; CIMP, CpG island methylator phenotype; CIMP-L/0, CIMP-low or CIMP-negative;
CIMP-H, CIMP-high; 95% CI, 95% confidence interval of hazard ratio; HR, Cox hazard ratio; MD, moderately differentiated; PD, poorly
differentiated; WD, well differentiated.
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cancers but that HSP110 T17 deletion size was not
(Figure 4; Table 2 and Supplementary Figure S2).
From these findings, we infer that HSP110 T17
deletions of large sizes are necessary but not
sufficient for the low-level expression of HSP110wt
and that the expression status of HSP110wt is a
more decisive factor on the prognostic effects than
HSP110 T17 deletion size itself for MSI-H colorectal
cancers.

Interestingly, in this study, the low expression of
HSP110wt was correlated with a low frequency of
CIMP-H status (Table 1). Therefore, we suspected
that the favorable survival of patients with low
expression of HSP110wt might be associated with
the prognostic effect of CIMP status. In fact, we pre-
viously reported that the CIMP-H status was related
to an adverse prognosis in patients with MSI-H
colorectal cancer.6 However, prognostic features and
chemotherapy responses according to CIMP status
in colorectal cancer were controversial.1,7,9,38–42

More importantly, although HSP110wt expression
was an independent prognostic factor in the present
analysis, CIMP status was not (Table 2). In addition,
it is difficult to find a molecular mechanistic
connection between the HSP110wt expression level
and the CIMP status because HSP110 mutation is a
genetic alteration, whereas CIMP is an epigenetic
change. Collectively, it seems that the relationship
between HSP110wt expression and CIMP status is a
relatively stochastic event and that the prognostic
significance of HSP110wt expression is indepen-
dent of CIMP status in MSI-H colorectal cancer.

In conclusion, we identified that the decreased
expression of HSP110wt, as well as the increased
expression of HSP110DE9 from the report of the
Duval group25 could be a marker that indicates
better prognostic subgroups in MSI-H colorectal
cancers. Together, this study and the previous
results of the Duval group indicate that the
HSP110 mutation occurred in most MSI-H
colorectal cancers, but its prognostic effects varied
according to the expression level of wild-type or
mutant HSP110. It is anticipated that the HSP110
mutation will have an important role not only in the
prediction of a clinical course and therapeutic
response but also in the future applications of
targeted therapy in colorectal cancers.
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