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Abstract
Colon cancer (CC) is a leading cause of cancer mortality. Novel biomarkers are needed to identify
CC patients at high risk of recurrence and those who may benefit from therapeutic intervention.
The aim of this study is to investigate if miR-21 expression from RNA isolated from formalin-
fixed paraffin-embedded (FFPE) tissue sections is associated with prognosis and therapeutic
outcome for patients with CC. The expression of miR-21 was measured by quantitative reverse
transcriptase-polymerase chain reaction in a Japanese cohort (stage I–IV, n = 156) and a German
cohort (stage II, n = 145). High miR-21 expression in tumors was associated with poor survival in
both the stage II/III Japanese (P = 0.0008) and stage II German (P = 0.047) cohorts. These
associations were independent of other clinical covariates in multivariable models. Receipt of
adjuvant chemotherapy was not beneficial in patients with high miR-21 in either cohort. In the
Japanese cohort, high miR-21 expression was significantly associated with poor therapeutic
outcome (P = 0.0001) and adjuvant therapy was associated with improved survival in patients with
low miR-21 (P = 0.001). These results suggest that miR-21 is a promising biomarker to identify
patients with poor prognosis and can be accurately measured in FFPE tissues. The expression of
miR-21 may also identify patients who will benefit from adjuvant chemotherapy.
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Introduction
Colorectal cancer is a leading cause of cancer mortality worldwide. Adjuvant chemotherapy
after surgical resection decreases recurrences and improves survival in stage III colon cancer
(CC) 1. Yet current adjuvant therapy does not work equally well for all patients and
identifying classifiers to predict response to therapies will help guide medical decisions and
result in improved patient outcomes. The role of adjuvant chemotherapy for stage II CC
remains controversial. Many stage II patients will benefit from therapy. But if surgery is
curative, additional therapy may harm quality of life with little therapeutic benefit. The high-
risk features of stage II CC patients include T4 tumors, poor differentiation, perforation, and
an inadequate number of evaluated lymph nodes 2. Yet these features cannot completely
identify which patients are at low- or high-risk for disease recurrence. Therefore, it is
important to develop novel biomarkers to identify high-risk patients who may be suitable for
therapeutic intervention.

Cancer develops as a result of multiple genetic and epigenetic alterations 3. Better
knowledge about the changes in gene expression that occur during carcinogenesis may lead
to improvements in diagnosis, treatment, and prevention. Identifying novel biomarkers that
can guide therapeutic decisions is a major goal. Although several RNA-based biomarkers
have been reported to identify high-risk patients 4–6, measurement methods of these
biomarkers usually require freshly frozen tissues. In contrast, formalin-fixed paraffin-
embedded (FFPE) tissue samples have been collected through decades of routine
histopathological examination and are the most widely available materials for use in clinical
research. For evaluation of biomarkers in FFPE tissue, immunohistochemistry or in situ
hybridization is currently the diagnostic standard. However, the degree of expression of the
marker can only be described in a semiquantitative way. In contrast, quantitative reverse
transcriptase-polymerase chain reaction (qRT-PCR) is a quantitative, reliable, and
standardized method to investigate RNA expression. But formaldehyde-containing fixatives
cause cross-linkage between nucleic acids and proteins and make subsequent extraction and
quantification of RNA challenging 7. A major obstacle to RNA expression analysis of FFPE
tissues has been the uncertainty about whether gene expression analyses from routinely
archived tissues accurately reflect the expression before fixation, and this is likely due to
high fragmentation 8. Because fragmentation does not cause further loss of quality when
naturally occurring small RNAs are targeted, microRNA is more ideal for analysis of RNA
extracted from FFPE samples.

MicroRNAs are 18- to 25-nucleotide, noncoding RNA molecules that regulate the
translation of many genes 9. MicroRNA expression levels are altered in most types of human
cancers 10–12. We have previously shown that microRNA expression is associated with
prognosis in patients with lung 13, 14, colon 15, gastric 16 and esophageal cancer 17, 18.
Specifically for CC, we have shown that patients with tumors expressing high levels of an
oncogenic microRNA, miR-21, have a worse prognosis for stage II or stage III colon cancer,
demonstrating its potential as a prognostic indicator for colon cancer 15. Consistent results
have also been observed in other malignancies with increased expression of miR-21 being
associated with a worse prognosis and/or therapeutic outcome in multiple cancers including
lung cancer 13, 14, 19, colon cancer 15, 20–22, pancreatic cancer 23, 24, breast cancer 25, 26,
head and neck cancer 27, tongue cancer 28, astrocytomas 29 and chronic lymphocytic
leukemia 30. These data support the hypothesis that expression of miR-21 has potential as a
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prognostic indicator for a wide variety of malignancies. In most of these reports, miR-21
expression was measured from freshly-frozen tissues and the utility of measuring miR-21
expression from FFPE samples still remains unclear. For clinical application, it will be
useful if miR-21 can be accurately measured from FFPE tissue and if its expression can
stratify patients into risk groups. In situ hybridization of miR-21on FFPE colon cancer
tissues has been used to stratify patients into low and high risk groups for survival 22, but
qRT-PCR measurements was not performed and the association between miR-21 and
therapeutic outcome was not examined. Therefore, we determined if miR-21 expression
from FFPE tissues was associated with cancer-specific mortality and therapeutic outcome
for CC.

In the present study, we investigated the association of miR-21 expression, determined by
qRT-PCR from FFPE samples, with prognosis of patients with CC. We also investigated the
influence of hematoxylin contamination on qRT-PCR results.

Materials and Methods
Patients and tissue samples

We used archival FFPE tissues from 301 patients who had undergone surgical excision of
CC. Rectal cancer patients were excuded. Of 301 patients, 156 patients were treated at the
Hiroshima University Hospital (Hiroshima, Japan) between 1997 and 2003, and 145 patients
were treated at the Mainz University Clinic Center and its teaching hospitals in Germany
between 2005 and 2007. Detailed background information including age, sex, TNM stage,
tumor location, survival times from diagnosis, receipt of adjuvant chemotherapy (for
patients with stage I–III CC), and receipt of postoperative chemotherapy (for patients with
stage IV CC) has been collected. The final date of follow-up was December 31, 2008 for the
Japanese cohort and March 25, 2013 for the German cohort. Tumor histopathology was
classified according to the World Health Organization Classification of Tumors system.
Tumors were staged according to the TNM classification system. This study was approved
by the Institutional Review Board of the National Institutes of Health, the Ethical
Committee for Human Genome Research of Hiroshima University (Hiroshima, Japan) and
Landsaerztekammer Rheinland-Pfalz (Mainz, Germany).

RNA extraction
FFPE samples were sectioned (10 μm), deparaffinized, and stained with hematoxylin and
eosin to ensure that the sectioned block contained tumor cells. For the Japanese cohort,
adjacent sections were stained by hematoxylin and the tumor area was marked under a light
microscope. For German cohort, the tumor areas in adjacent sections were marked under a
light microscope without hematoxylin staining. Tumor areas were macrodissected with
sterile disposable scalpels (Cincinnati Surgical Company, Cincinnati, OH) and subjected to
RNA isolation using the PureLink FFPE Total RNA Isolation Kit (Invitrogen, Carlsbad,
CA) according to the manufacturer’s instructions with small modifications. This included a
10 minute centrifugation at maximum speed in an Eppendorf 5415C benchtop centrifuge
after proteinase K digestion to remove trace hematoxylin from the sample. Total RNA was
quantified using the NanoDrop ND-1000 spectrometer (NanoDrop, Wilmington, DE) and
both OD 260/280 and OD 260/230 ratios utilized for quality control.

qRT-PCR
Expression levels of miR-21 and RNU48 were measured using Taqman MicroRNA Assays
(Applied Biosystems) while blinded to clinical outcomes. cDNA was synthesized using
microRNA-specific primers and a TaqMan MicroRNA Reverse Transcription Kit (Applied
Biosystems, Austin, TX) according to the manufacturer’s instructions. Briefly, 40 ng of
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RNA was reverse transcribed in a 20 μL reaction with gene specific RT probes. qPCR was
performed using the 7900 HT-Fast real-time PCR system (Applied Biosystems). We used
small nuclear RNA (RNU48) as an endogenous normalization control for miR-21. All
assays were performed in triplicate. Relative expression quantitation of miR-21 was
calculated with RQ manager 1.2 (Applied Biosystems).

MSI analysis
Genomic DNA was extracted from FFPE samples (10μm) from individual patients. The
tumor area was marked under a light microscope without hematoxylin staining. Tumor areas
and adjacent nonneoplastic areas were macrodissected with sterile disposable scalpels
(Cincinnati Surgical Company) and subjected to DNA extraction by a phenol-chloroform
method with proteinase K digestion 31. The five microsatellite markers that were
recommended by a National Cancer Institute (NCI) workshop on MSI (BAT25, BAT26,
D2S123, D5S346, and D17S250) were used to examine paired nonneoplastic and tumor
DNA for MSI status. PCR and subsequent analyses using ABI 3130XL Genetic Analyzer
(Applied Biosystems) were performed, and the shift of PCR products from tumor DNA was
compared to that of DNA from corresponding nonneoplastic tissue. The size of each
fluorescent PCR product was calculated using GeneMapper software (Applied Biosystems).
According to the guidelines of the international workshop of NCI 32, tumors were classified
as MSI-H when at least 2 of the 5 markers displayed novel bands, MSI-L when additional
alleles were found with 1 of the 5 markers, and MSS when all microsatellite markers
showed identical patterns in both tumor and non-neoplastic tissues. MSI-H and MSI-L were
considered as MSI. MSI status was scored independently by two examiners.

Statistical analysis
Univariate and multivariate Cox regression was used to evaluate the associations between
clinical covariates and cancer-specific mortality in Stata 11 (College Station, TX). Hazard
ratio (HR) and 95% confidence interval (CI) were estimated from Cox proportional hazard
models. For all analyses, age was treated as a categorical variable (greater than or equal to
65 years old versus less than 65 years old). Multivariable Cox regression models were built
using stepwise removal of variables with a threshold for removal at P < 0.10. Differences in
miR-21 expression levels between 2 groups were tested by the Mann–Whitney U test using
Graphpad Prism v5.0 (Graphpad Software Inc, San Diego, CA.). High miR-21 expression
was defined on the basis of highest tertile for each cohort, similar to our previous
publication on miR-21 in two independent patient cohorts from USA and Hong Kong15.
Kaplan-Meier survival curves were constructed for high-miR-21 and low-miR-21 patients
using Graphpad Prism v5.0. Differences between survival curves were tested for statistical
significance by a Log-rank test. A P value of < 0.05 was considered statistically significant.
Two sided P values are reported for all statistical tests.

Results
Expression of miR-21 in stages I–IV of CC (Japanese cohort)

We examined whether the expression of miR-21 in FFPE CC tissues was associated with
cancer-specific mortality. While optimizing our RNA isolation techniques from FFPE tissue,
we found that there were trace amounts of hematoxylin in several RNA preparations
(Supplementary Fig. S1) and that hematoxylin contamination in RNA preparations interferes
with qRT-PCR (Supplementary Fig. S2). An extra centrifugation step after proteinase K
digestion was found to remove most of the hematoxylin (Supplementary methods and
Supplementary Fig. S1). Therefore, all RNA samples were prepared in this manner.
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qRT-PCR of miR-21 was performed in all samples of the Japanese cohort (n = 156, Table
1). We first investigated the association between miR-21 expression levels and clinico-
pathological characteristics (Supplementary Fig. S3). Expression levels of miR-21 were
significantly higher in T4 cases than T1, T2, and T3 cases (P = 0.03, 0.03, and 0.04,
respectively; Mann–Whitney U-test), indicating that elevated miR-21 expression was
associated with a more aggressive histology of the primary tumor. Expression of miR-21
was also significantly elevated in node-positive cases (N1) compared to node-negative cases
(N0, P = 0.03; Mann–Whitney U-test). Expression levels of miR-21 were not associated
with age, sex, M classification, or TNM stage.

Next, we evaluated the association between miR-21 expression levels and prognosis. When
analyzing all cases regardless of stage, we found that cases with high miR-21 expression had
slightly worse cancer-specific mortality although this did not achieve statistical significance
(P = 0.083, Log-rank test, Supplementary Fig. S4). Similar results were seen with
multivariate Cox regression analyses (Supplementary Table S1).

Stage I CC patients have very good survival prognosis and surgery is usually curative while
stage IV CC patients have dismal prognoses with 5-year survival rates below 10%. The
survival of patients with stage II or stage III CC are intermediate and it is these patients that
would benefit the most from prognostic biomarkers. Therefore, we restricted our analysis of
the prognostic value of miR-21 to patients with stage II and stage III CC (n = 87). We found
that cases with high miR-21 expression had significantly worse cancer-specific mortality
than those with low miR-21 expression (P = 0.0008, Log-rank test, Fig. 1A). Both univariate
and multivariate Cox proportional hazards analysis were used to further evaluate the
association of miR-21expression with cancer-specific mortality (Table 2). In univariate
analysis, high expression of miR-21 (HR, 4.17; 95% CI, 1.64–10.11; P = 0.003), receipt of
adjuvant chemotherapy (HR, 0.38; 95% CI, 0.16–0.94; P=0.037) and T classification (HR,
4.23; 95%CI, 1.81–10.11; P=0.001) were significantly associated with survival while TNM
stage (HR, 1.59; 95% CI, 0.63–4.05; P = 0.329), age (HR, 2.05; 95% CI, 0.81–5.21; P =
0.132), tumor location (HR, 0.73; 95% CI, 0.24–2.21; P=0.582) and sex (HR, 1.12; 95% CI,
0.45–2.78; P=0.805) were not. In the final multivariate model, miR-21 expression was an
independent prognostic classifier (HR, 3.13; 95% CI, 1.20–8.17; P = 0.019).

Expression of miR-21 in an independent patients with stage II CC (German cohort)
We next evaluated the expression of miR-21 in an independent German cohort of stage II
CC patients (n = 152). Based on our observation that that hematoxylin staining could affect
qRT-PCR, we extracted RNA from the FFPE sections of the German cohort without
hematoxylin staining. Although we did not stain FFPE samples with hematoxylin, the tumor
area could be marked in the FFPE sections under a light microscope because the tumor/non-
tumor borderline was clearly identified in the stage II tumors. After total RNA was extracted
from all samples of the German cohort, 7 samples were excluded with OD 260/230 ratios <
1.00. For the remaining 145 samples (OD 260/230 ratio ranged from 1.07 to 2.04; mean,
1.65) qRT-PCR was performed.

The association between miR-21 expression levels and clinico-pathological characteristics
was analyzed (Supplementary Fig. S3). Expression levels of miR-21 were not associated
with age, sex or T classification. Next, association between miR-21 expression levels and
patient survival was investigated by Kaplan-Meier analysis. We found that high miR-21
expression was significantly associated with increased cancer-specific mortality (P = 0.047,
Log-rank test, Fig. 1C). Because adjuvant chemotherapy for patients with stage II CC
influences patients’ survival, we analyzed individuals who did not receive adjuvant
chemotherapy. We found that high miR-21 expression was associated with increased cancer-
specific mortality in that group (P = 0.040, Log-rank test, Fig. 1D).
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Univariate and multivariate Cox proportional hazards analysis was used to further evaluate
the association of miR-21expression with survival to evaluate the potential for miR-21
expression as a prognostic biomarker (Table 3). In univariate analysis, high expression of
miR-21 (HR, 2.65; 95% CI, 0.98–5.95; P = 0.055) and T classification (HR, 2.67; 95% CI,
0.96–7.41; P = 0.060) were marginally associated with survival while tumor location, age,
sex, or adjuvant chemotherapy were not. In the final multivariate models, which included
miR-21 expression and T classification and tumor location, high miR-21 expression was an
independent prognostic indicator (HR, 2.65; 95% CI, 1.06–6.66; P = 0.037). These results
demonstrate that miR-21 may be a useful biomarker to identify TNM stage II patients with
high risk of recurrence.

Expression levels of miR-21 and therapeutic outcomes
Biomarkers that can predict therapeutic outcomes may provide tools to allow physicians to
better stratify patients to more effective treatments. We analyzed association with miR-21
expression and therapeutic outcomes in stage II/III CC patients from the Japanese cohort (n
= 87) and that in stage II CC patients from the German cohort (n = 145). Information on the
administration of adjuvant chemotherapy was available for all patients in both the Japanese
cohort and the German cohorts. Chemotherapy regimens were primarily 5-fluorouracil (5-
FU)-based regimens. In the Japanese cohort, receipt of adjuvant chemotherapy (n = 58) was
beneficial for patients with stage II and stage III CC (P = 0.031, Log-rank test), whereas
receipt of adjuvant chemotherapy (n = 31) was not beneficial for patients with stage II CC in
the German cohort (P = 0.879, Log-rank test). We then analyzed individuals who received
adjuvant chemotherapy. In the Japanese cohort, high miR-21 expression was significantly
associated with poor therapeutic outcomes in patients with stage II and stage III CC (P <
0.0001, Log-rank test, Fig. 1B). In the German cohort, there were only 3 cancer-related
deaths in patients that received chemotherapy, therefore there was not sufficient statistical
power to address if miR-21 expression predicted therapeutic outcome in this cohort.

Efficacy of adjuvant chemotherapy in low- and high-miR-21 expressing patients
We have demonstrated that measuring miR-21 expression from FFPE samples has the
potential to identify patients at high risk of recurrence. Furthermore, our current and
previous data 15 have demonstrated that high miR-21 expression predicts worse overall rates
of survival for patients who received adjuvant chemotherapy. These results raise the
question whether adjuvant chemotherapy is beneficial for patients with miR-21-high CC.
Therefore, we examined whether miR-21 expression can identify patients for whom
adjuvant chemotherapy is beneficial in both the Japanese (stage II and stage III) and German
(stage II) cohorts. As expected, in patients with high miR-21 expression levels, receipt of
adjuvant chemotherapy was not beneficial (P = 0.741 for the Japanese cohort, Fig. 1B and P
= 0.713 for the German cohort, Fig. 1D, respectively, Log-rank test). In contrast, in patients
with miR-21-low CC, receipt of adjuvant chemotherapy was beneficial for the Japanese (P =
0.001, Log-rank test, Fig. 1B) and in the German cohort (P = 0.040, Log-rank test, Fig. 1D).
These results demonstrate the potential for miR-21 expression to be used to identify patients
who can benefit from adjuvant chemotherapy.

Microsatellite Instability and miR-21 expression
Microsatellite instability (MSI) describes a subgroup for colon tumors that are defective in
DNA mismatch repair. MSI tumors have been regarded has having generally a better overall
prognosis compared to microsatellite stable (MSS) tumors.33 This is largely due to the fact
that MSI tumors have fewer metastases. MSI tumors, while having a more favorable
survival outcome in general, are also more resistant to 5FU based chemotherapies. Due to
the fact that MSI status can affect both prognosis and therapeutic outcomes, we evaluated if
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MSI status would confound the associations with miR-21 with prognosis and therapeutic
outcomes. MSI analysis was carried out for 66 Japanese and 130 German tumors. Patients
with MSI tumors had a slightly more favorable survival outcome in the Japanese cohort (P =
0.208, Supplementary Figure S5) but a worse prognosis in the German cohort (P = 0.027,
Supplementary Figure S5). No difference in miR-21 expression was found between MSI and
MSS tumors (Supplementary figure S3). While there is limited power to address the
interaction of MSI status and miR-21 expression, we did not find evidence that MSI status
confounds the association of miR-21 and prognosis (Supplementary Figure S5,
Supplementary Table S2).

Discussion
Several lines of evidence have suggested that microRNAs have utility as both biomarkers
and therapeutic targets for cancer. MicroRNAs have been found to be altered in most every
malignancy examined 12 and different microRNAs have been shown to be oncogenic or
tumor suppressors depending on cellular context 34–36. We have previously shown that
increased expression of miR-21 in CC tissues was associated with worse cancer-specific
mortality in two independent cohorts using RNA isolated from frozen specimens 15.
Because biomarkers developed from FFPE samples can be more readily translated into
clinical application, we measured microRNA expression in FFPE samples and examined
their utility as a prognostic classifier. In the present study, we prepared RNA from FFPE CC
tissue with minimal hematoxylin contamination from two independent cohorts. Univariate
and multivariate analyses revealed that high miR-21 expression in CC is a prognostic
classifier in both the Japanese and German cohorts. We previously reported that patients
with tumors expressing high levels of miR-21 have a worse prognosis for stage II or stage
III colon cancer in a cohort from Maryland, USA (the University of Maryland Medical
Center) and a cohort from Hong Kong (Queen Mary Hospital in Hong Kong) 15. Additional
reports have also found a link between high miR-21 expression and poor prognosis in
Japanese37, Czech20 and Danish21, 22 cohorts of CC patients. Taken together, these results
indicate that measurement of miR-21 expression has potential as a clinically useful
biomarker for CC. Because these cohorts are from different geographical regions of the
world, the findings should be representative of the majority of CC cases.

CC patients would benefit from prognostic markers that can identify those individuals that
are more likely to recur by selecting patients that are suitable for adjuvant therapy. In the
present study, we demonstrated that miR-21 expression was associated with the prognosis of
patients from Japan and Germany. This indicates that measuring miR-21 expression in FFPE
samples may help identify patients with a high risk of disease recurrence. However, 5-FU-
based adjuvant chemotherapy was not advantageous for patients with miR-21-high CC,
consistent with our previous study15. Therefore, patients with high miR-21 expression are at
high-risk for disease recurrence, but such patients may not benefit from 5-FU-based
adjuvant chemotherapy alone. Therefore, alternative therapeutic strategies, including
combination therapies with 5-FU or other single agent therapies, may be more effective than
5-FU alone. In contrast, patients with low miR-21 expression should respond well to 5-FU
based adjuvant chemotherapy this treatment strategy is likely to be beneficial for such
patients.

High levels of miR-21 are may be partly responsible for the poor response to 5-FU.
Increased levels of miR-21 leads to increased cell proliferation and decreased apoptosis both
in vitro and in animal models38. Additionally, increased miR-21 expression reduces
apoptosis and G2/M arrest due to damage by 5-FU in colon cancer cell lines39. Taken
together, this indicates that while high levels of miR-21 predict poor response to 5-FU
therapy, reducing miR-21 therapeutically could sensitize patients to enable greater
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effectiveness of 5-FU therapy. Recent progress has been made inhibiting specific
microRNAs and anti-miRNA based therapies are already being tested in humans to treat
chronic hepatitis C infection 40. If progress continues similar strategies may be found to use
anti-miR-21 based therapies to treat colon cancer. For example, the combination of a
miR-21 inhibitor with 5-FU based therapies may be more effective than 5-FU alone.

It is important to assess the quality of RNA isolated from FFPE tissue before measuring the
expression of either microRNAs or mRNAs. In the present study, we found that microRNA
expression levels determined by qRT-PCR from samples with hematoxylin contamination
do not accurately reflect those without such contamination. We reviewed several
manuscripts that described the use of qRT-PCR or microarray analysis of microRNA from
FFPE tissues 41–49; however, descriptions of RNA purity, such as the OD 260/230 ratio,
could not be found in the manuscripts. Further investigation is required to improve RNA
purity from FFPE samples. For the Japanese cohort, all RNA samples were extracted from
FFPE sections stained by hematoxylin. While we removed most of the hematoxylin from the
RNA preparations of the Japanese cohort, we cannot exclude the possibility that the
measurements of miR-21 expression levels were slightly affected by trace hematoxylin
contamination. For future qRT-PCR analysis, it may be better to stain FFPE sections with
regents that are dissolved in alcohol, such as toluidine blue, instead of hematoxylin.

In summary, we showed that high miR-21 expression is an independent prognostic classifier
in two independent cohorts. We also demonstrated that receipt of adjuvant chemotherapy is
beneficial for patients with miR-21-low CC. Therefore, measurement of miR-21 may help
identify high-risk patients and also patients who benefit from adjuvant chemotherapy. In the
present study, expression of miR-21 was measured from FFPE samples. Therefore,
measurement of miR-21 can be readily translated into clinical applications. However,
miR-21 expression was simply dichotomized as either high or low in the present study. For
clinical application, determination of expression levels of miR-21 with an absolute
quantification method is needed.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Novelty & Impact Statements

We find that high miR-21 expression is associated with poor survival in two independent
cohorts of colon cancer patients from Japan and Germany. For the first time, we find that
miR-21 expression from FFPE tissues is associated with poor therapeutic outcome for
colon cancer. These results suggest that miR-21 is a promising prognostic and predictive
biomarker for colon cancer and that FFPE tissue may be suitable starting material for this
biomarker.
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Figure 1.
Associations between miR-21 expression with cancer-specific mortality and receipt of
adjuvant chemotherapy with prognosis. A and B, Kaplan–Meier plot of the cancer-specific
mortality in the Japanese cohort, which includes cases classified as stages II and III. C and
D, Kaplan–Meier plot of the overall survival in the German cohort, which includes only
stage II cases. A and C, Patients were classified into 2 groups: patients with miR-21-high
CC and patients with miR-21-low CC. B and D, Patients were classified into 4 groups:
patients with miR-21-high CC who received adjuvant chemotherapy, patients with miR-21-
high CC who did not receive adjuvant chemotherapy, patients with miR-21-low CC who
received adjuvant chemotherapy, and patients with miR-21-low CC who did not receive
adjuvant chemotherapy (B and D).
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Table 1

Characteristics of the study populations

Japanese cohort (n = 156) German cohort (n = 145)

Recruitment area Hiroshima, Japan Mainz, Germany

Age, mean (range), year 63 (29–89) 70 (39–90)

Sex, No. (%)

 Male 93 (60) 75 (52)

 Female 63 (40) 70 (48)

Follow-up time, median (range), month 54.0 (2.8–111.8) 51.6 (1.2–72.4)

Adjuvant chemotherapy* (for stage I–III), No. (%)

 Received 59 (43) 25 (17)

 Did not received 77 (57) 120 (83)

Postoperative chemotherapy* (for stage IV), No. (%)

 Received 17 (85) 0

 Did not received 3 (15) 0

TNM stage, No. (%)

 I 49 (31) 0

 II 40 (26) 145 (100)

 III 47 (30) 0

 IV 20 (13) 0

Tumor Location, No. (%)

 Proximal 28 (18) 63 (43)

 Distal 128 (82) 73 (50)

 Not available 0 (0) 9 (6)

MSI status, No. (%)

 MSI 7 (11) 19 (15)

 MSS 54 (89) 111 (85)

 Not available 95 15

Abbreviations: MSI, microsatellite instability; MSS, microsatellite stable.

*
Chemotherapy regimens were primarily 5-fluorouracil based regimens.
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Table 2

Univariate and multivariate Cox regression analysis of miR-21 expression levels and overall survival in the
Japanese cohort (stage II and III, n = 87)

Characteristic

Univariate analysis Multivariate analysisa

HR (95% CI) P value HR (95% CI) P value

miR-21 expression

 Low 1 (Ref.) 0.003 1 (Ref.) 0.019

 High 4.17 (1.64–10.61) 3.13 (1.20–8.17)

T classification

 T1–3 1 (Ref.) 0.001 1 (Ref.) 0.005

 T4 4.23 (1.81–10.11) 3.92 (1.52–10.07)

Adjuvant chemotherapyb

 Did not receive 1 (Ref.) 0.037

 Received 0.38 (0.16–0.94)

Age

 < 65 1 (Ref.) 0.132 1 (Ref.) 0.05

 65 and > 65 2.05 (0.81–5.21) 2.59 (1.00–6.70)

TNM stage

 Stage II 1 (Ref.) 0.329

 Stage III 1.59 (0.63–4.05)

Tumor Location

 Distal 1 (Ref.) 0.582

 Proximal 0.73 (0.24–2.21)

Sex

 Male 1 (Ref.) 0.81

 Female 1.12 (0.45–2.78)

Abbreviations: HR, hazard ratio; CI, confidence interval

a
Multivariable model was selected based on stepwise removal of variables with a significance threshold for removal set at p<0.1.

b
Chemotherapy regimens were primarily 5-fluorouracil based regimens.
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Table 3

Univariate and multivariate Cox regression analysis of miR-21 expression levels and overall survival in the
German cohort (n = 145)

Characteristic

Univariate analysis Multivariate analysis (n=145)a

HR (95% CI) P value HR (95% CI) P value

miR-21 expression

 Low 1 (Ref.) 0.055 1 (Ref.) 0.037

 High 2.42 (0.98–5.95) 2.65 (1.06–6.66)

T classification

 T3 1 (Ref.) 0.06 1 (Ref.) 0.012

 T4 2.67 (0.96–7.41) 4.08 (1.36–12.31)

Tumor Location (n=139)

 Distal 1 (Ref.) 0.118 1 (Ref.) 0.044

 Proximal 2.26 (0.81–6.27) 3.06 (1.03–9.08)

Adjuvant chemotherapyb

 Did not received 1 (Ref.) 0.879

 Received 0.91 (0.26–3.12)

Age

 < 65 1 (Ref.) 0.16

 65 and > 65 2.87 (0.66–12.46)

Sex

 Male 1 (Ref.) 0.648

 Female 1.23 (0.50–3.04)

Abbreviations: HR, hazard ratio; CI, confidence interval;

a
Multivariable model was selected based on stepwise removal removal of variables with a significance threshold for removal set at p<0.1.

b
Chemotherapy regimens were primarily 5-fluorouracil based regimens.
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