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ABSTRACT

The backbone of current cytotoxic treatment of metastatic colorectal cancer (mCRC) con-
sists of a fluoropyrimidine together with either oxaliplatin (XELOX/FOLFOX) or irinotecan
(XELIRI/FOLFIRI). With an overall objective response rate of approximately 50% for either
treatment combination, a major unsolved problem is that no predictors of response to
these treatments are available. To address this issue, we profiled 742 microRNAs in
laser-capture microdissected cancer cells from responding and non-responding patients
receiving XELOX/FOLFOX as first-line treatment for mCRC, and identified, among others,
high expression of miR-625-3p, miR-181b and miR-27b to be associated with poor clinical
response. In a validation cohort of 94 mCRC patients treated first-line with XELOX, high
expression of miR-625-3p was confirmed to be associated with poor response (OR = 6.25,
95%ClI [1.8; 21.0]). Independent analyses showed that miR-625-3p was not dysregulated be-
tween normal and cancer samples, nor was its expression associated with recurrence of
stage II or III disease, indicating that miR-625-3p solely is a response marker. Finally, we
also found that these miRNAs were up-regulated in oxaliplatin resistant HCT116/0xPt
(miR-625-3p, miR-181b and miR-27b) and LoVo/oxPt (miR-181b) colon cancer cell lines as
compared with their isogenic parental cells. Altogether, our results suggest an association
between miR-625-3p and response to first-line oxaliplatin based chemotherapy of mCRC.
© 2013 Federation of European Biochemical Societies.
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1. Introduction

Colorectal cancer (CRC) is one of the most prevalent cancers in
Europe and USA with more than 700,000 new cases per year,
and the second leading cause of cancer mortality (Jemal
et al., 2011). Patients with localized disease can to a large de-
gree be treated successfully with surgery alone, but unfortu-
nately, half of CRC patients survive less than five years,
which mainly is a result of metastatic disease to the liver
and lungs. The mainstay first-line cytotoxic treatment of pa-
tients with metastatic CRC (mCRC) consists of a fluoropyrimi-
dine (S5FU or capecitabine) in combination with the alkylating
agent oxaliplatin (FOLXOX or XELOX) or the topoisomerase I
inhibitor irinotecan (FOLFIRI or XELIRI) (Van Cutsem et al,,
2010). Upon failure of one regime (e.g. FOLFOX) the other
(e.g. FOLFIR]) is typically initiated as second-line therapy.
These combination therapies have resulted in considerable
improved outcome compared with S5FU alone (de Gramont
etal., 2000; Douillard et al., 2000; Kohne et al., 2005). The effec-
tiveness of the regimens, measured as response rate, progres-
sion free survival (PFS), and overall survival (OS), are
independent of the sequence in which they are administrated
(Tournigand et al., 2004). A major challenge, however, is that
only approximately half of the patients obtain an objective
response to either first-line regimen (Pfeiffer et al., 2007),
and that only partial cross-resistance exist between these
drugs (Tournigand et al., 2004). For this reason, it is of utmost
importance to identify molecular bio- markers allowing pa-
tients with a low predicted treatment efficacy of a given treat-
ment regime to be offered an alternative treatment with a
better predicted efficacy. Further, identification of predictive
molecules may point to signaling pathways causally involved
in cellular resistance, and ultimately support the development
of novel targeted therapies.

MicroRNAs (miRNAs) constitute a class of small 21-24 nt
non-coding RNA molecules that play important post-
transcriptional regulatory roles in diverse organisms
including vertebrates, worms and plants (Berezikov, 2011;
Voinnet, 2009). miRNAs exert their function by binding to
semi-complementary target mRNAs resulting in mRNA desta-
bilization and translation repression (Bartel, 2009). In humans,
perhaps more than half of mRNAs are regulated by the
approximately 1000 miRNAs described, of which a subset
has confidently been connected to developmental, physiolog-
ical, and disease-associated processes, including cancer
development and progression (Bartel, 2009; Berezikov, 2011;
Friedman et al., 2009). More recently, a growing body of publi-
cations suggests that aberrant miRNA expression could play
pivotal roles in anti-cancer drug response as well (Allen and
Weiss, 2010). Using in vitro models for CRC, deregulation of
several miRNAs has been linked to S5FU resistance (for
instance, miR-19b (Kurokawa et al., 2012), miR-21 (Valeri
et al.,, 2010), miR-34 (Wang et al., 2010a), miR-140 (Song et al.,
2009) and miR-192/miR-215 (Boni et al., 2010)), as well as to
oxaliplatin resistance (miR-20a (Chai et al., 2011) and miR-
1915 (Xu et al., 2011)). In a clinical context, only two recent
studies have investigated individual miRNAs for their associ-
ation to oxaliplatin based chemotherapy of mCRC. Hansen
et al. found low expression of miR-126 in vessel structures of

primary tumors associated with poor response to first-line
XELOX therapy (Hansen et al., 2012). More recently, in a
screening of 21 candidate miRNAs, low expression of miR-
148a was associated with poor response to 5FU/oxaliplatin
chemotherapy in stage IV mCRCs (Takahashi et al.,, 2012).
Here, we present the first genome-wide miRNA profiling study
aiming at identifying novel miRNAs predicting response to
first-line 5FU/oxaliplatin treatment of patients with mCRC.

2. Materials and methods
2.1. Patient characteristics

For the initial screening study (Cohort A in figla) we used
freshly frozen primary tumor tissue from un-protocolled pa-
tients who had received oxaliplatin and 5FU (XELOX or FOL-
FOX) as first-line treatment of mCRC (during the period
2004—2008) in the oncological departments of Odense Univer-
sity Hospital and Aarhus University Hospital, Denmark (Table
1). In total, 17 responders (best response to treatment being
‘Complete Response’ (CR; n = 7) or ‘Partial Response’ (PR;
n=10)), and 9 non-responders (best response being ‘Stable Dis-
ease’ (SD; n = 7) or ‘Progressive Disease’ (PD; n = 2)). Since we
hypothesized that certain miRNAs are associated with
response, we enriched the responder group for CR cases and
only included non-responders with a PFS below 8 months in
order to facilitate identification of predictive miRNAs. The vali-
dation Cohort B consisted of unselected patients from two in-
dependent clinical trials assessing 1st line XELOX treatment of
mCRC between 2004 and 2008 (Table 2) (Hansen et al., 2011;
Qvortrup et al., 2010). Response was evaluated according to
Response Evaluation Criteria In Solid Tumors (RECIST) criteria
(Therasse et al., 2000). PFS was defined as the time from inclu-
sion to progressive disease or death of any cause, and OS was
defined as the time from inclusion to death of any cause. OS
was updated on 1 February 2012. Histological verified formalin
fixed paraffin-embedded (FFPE) primary tumor biopsies and
data on best response were available for 94 patients. Cohort
C consisted of FFPE primary tumors from 117 patients operated
for stage I or III CRC at the Surgery Department at Aarhus Uni-
versity Hospital during the period between 2005 and 2007
(Table S1). The cohort was deliberately enriched for recurrence
cases (n = 37, 32%) to facilitate evaluation of a potential prog-
nostic component of candidate biomarkers. All patients
received standardized follow-up including CT-scans of the
chest and abdomen at 12 and 36 month after surgery. Cohort
D consisted of freshly frozen stage II primary tumors from 23
recurrence and 23 non-recurrence CRC patients from
Denmark, Poland and Australia from which at least three years
of follow up time after operation (conducted in the period
1999—-2006) was available (Table S2) (Christensen et al., 2012).
Written informed consent was obtained from all patients, ac-
cording to local ethical regulations.

2.2. Cell lines

Celllines were obtained from ATCC, Maryland, USA. Oxaliplatin
resistant cells were generated by passaging HCT116 and LoVo
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Figure 1 — Identification of miRNAs associated with response to
treatment of mCRC. (A) Schematic overview of the strategy
employed. (B) Volcano plot of 404 miRNA assays indicating a general
up-regulation in non-responders (ACtyg — ACtg > 0, x-axis) as
compared to responders. Assays potentially associated with response
to treatment (p < 0.05, Wilcoxon rank-sum test, y-axis, indicated
with the horizontal line) are colored red. (C) miR-185 normalized
expression levels (ACt) of miR-625-3p, miR-181b and miR-27b in
non-responders (NR, » = 9) and responders (R, » = 17). Median
ACt is indicated with a bar.

cells in increasing concentrations of oxaliplatin for at least 45
passages (Jensen et al., unpublished). ICs, values were deter-
mined colorimetrically using 3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT)-assay. Briefly, 10.000 cells
per well were plated in 96 well-plates 24 h before addition of
increasing concentrations of oxaliplatin, and cultured for 48 h

Table 1 — Clinico-pathological data of the screening Cohort A.

Response
(CR + PR, n = 17)

No response
(SD +PD,n=09)

Age, years

Median (range) 58 (49—76) 65 (49—74)
Gender

Female/Male 2/15 4/5
Microsatellite status

MSS/MSI 17/0 9/0
Best response (RECIST)

CR 7 0

PR 10 0

SD 0 7

PD 0 2
PFS, months

Median (range) 10.6 (4.3—61.7) 3.6 (1.7-7.9)
0S, months

Median (range) 27.4 (8.8—62.4) 5.3 (2.6—24.2)

before addition of MTT. Cells were grown in RPMI 1640 with
Hepes (Gibco, Invitrogen) and supplemented with 10% Fetal
Calf Serum (FCS) (Gibco, Invitrogen) and 1% Penicillin-
Streptomycin (Gibco, Invitrogen), and cultured at 37 °Cin an at-
mosphere of 5% CO,. All cell lines were authenticated according
to the recommendation of American Type Tissue Collection
(ATCC, Manassas, VA, USA) using short tandem repeat (STR)
profiling. The obtained STR profiles all matched those pub-
lished by ATCC (data not shown).

2.3. Laser-capture microdissection

Pure cancer cell fractions (85% to >95% pure) from 26 freshly
frozen tumors (Cohort A), and pure normal epithelial cell frac-
tions from 9 adjacent normal biopsies was procured by laser-
capture microdissection using a Veritas 704 apparatus
(Arcturus Molecular Devices) as previously described
(Thorsen et al., 2011).

2.4. RNA isolation

Laser microdissected cells were incubated with RLT buffer
(Qiagen) for 20 min at room temperature in the presence of
30 mM B-mercaptoethanol (Sigma—Aldrich), and total RNA
extracted on RNeasy MinElute spin columns according to man-
ufacturer’s recommendations (Qiagen). miRNAs were obtained
from the <200 bp-RNA flow-through fraction of the MinElute
spin column by adding 0.65 volumes of 100% EtOH and purified
using the RNeasy micro kit (Qiagen). From formalin-fixed
paraffin embedded (FFPE) tumors non-cancerous cells were
first manually removed using a scalpel to ensure a final cancer
cell percentage >50%. Total RNA (including miRNA) was subse-
quently extracted from several 10 pm-sections using with the
miRNeasy FFPE kit (Qiagen). MicroRNAs from pairs of sensitive
and resistant cell lines were isolated using the same protocol
used for microdissected tissue.
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Table 2 — Clinico-pathological data of the validation Cohort B.

Response
(CR + PR, n = 56)

No response
(SD + PD, n = 38)

Age, years

Median (range) 64 (45—77) 61 (37-74)
Gender

Female/Male 19/37 21/17
Microsatellite status

MSS/MSI 56/0 33/5
Best response (RECIST)

CR 2 0

PR 54 0

SD 0 32

PD 0 6
PFS, months

Median (range) 9.1 (3.9-19.0) 6.2 (0.3—27.8)
0S, months

Median (range) 21.8 (8.0—69.4) 11.2 (0.3—74.9)

2.5. Microsatellite stability determination

Microsatellite status was determined by fluorescent pentaplex
PCR of the mono- and dinucleotide repeats BAT-25, BAT-26,
NR-21, NR-22 and NR-24 (Suraweera et al.,, 2002). Tumors
with two or more aberrant sized markers were classified as
microsatellite instable.

2.6. miRNA qRT-PCR and data analysis

Genome-wide expression profiles of 742 different miRNAs
were generated using the miRCURY Human panel I and II
V.2 (Exigon) real-time PCR platform according to the manufac-
turer’'s recommendations on an ABI7900HT instrument
(Applied Biosystems). Using manually set threshold and back-
ground subtraction settings raw real-time PCR data were
calculated in the SDS 2.4 software (Applied Biosystems). Sam-
ples were then split into responder (n = 17) and non-responder
(n = 9) response groups. To focus on miRNA assays that at
least in one response group were expressed at a reasonable
level we included only assays whose raw Ct value was below
the 80th percentile in more than 80% of the samples in at least
one of the response groups, resulting in the inclusion of 404
confidently measured miRNA assays. We subsequently used
the NormFinder algorithm (Andersen et al., 2004) to determine
miR-185 as an optimally stable normalization gene. In addi-
tion to normalizing with mir-185, we made a data set by
normalization to the mean of the 50 highest expressed miR-
NAs as an alternative ‘robust’ strategy (Mestdagh et al.,
2009). Normalization was done according to the formula
ACt = Ctnormalization factor — CtTarget gene- The two normalization
strategies resulted in very similar data in terms of top differ-
entially expressed miRNAs as well as in the overall ranking
of miRNAs, thus supporting the validity of miR-185 as a
normalization gene (See Table S3). Single assay-qRT-PCR
(Cohort B and Cohort C, and cell lines) were done in triplicate
using miRCURY LNA™ Universal RT microRNA PCR (Exiqon)
according to the manufacturer’s recommendations, except
that 180 ng total RNA were used per cDNA reaction.

Measurements were excluded in case of faulty melting point
curves or with a standard deviation on triplicates above 2 Ct.
In Cohort B, miR-185 and miR-625-3p, miR-181b and miR-27b
could be measured confidently in 77, 92 and 93 samples,
respectively. In Cohort C miR-185 and miR-625-3p could confi-
dently be measured in 91 samples. Relative quantities (RQ)
were determined for each reaction using the formula
RQ = 10[(Ct-b)/a] (where Ct is the threshold cycle, and a and b
are the slope and intersection, respectively, of a standard
curve generated from a pool of randomly chosen samples)
and the average for each triplicate determined. Data was
normalized to miR-185 (clinical samples) or to U6 snRNA
(Cell lines) USing the ratio RQTarget gene/RQNormalization gene-
Normalized qRT-PCR data from Cohort B and C were log,-
transformed to obtain normal distributed data on which sta-
tistical analyses were performed. miR-625-3p expression
levels in Cohort D patients were obtained as part of a profiling
study using Multiplex RT for TagMan MicroRNA Assays
(Applied Biosystems) (Christensen et al., 2012).

2.7. Statistical analysis

For Cohort A, differences in miRNA expression levels were
tested using Wilcoxon rank-sum tests. For Cohort B, C, D,
cell lines and tumor vs normal, miRNA expression levels
were treated as continuous variables and differences in
mean expression were tested using a t-test. The patients in
Cohort B were dichotomized into a low and a high miR-625-
3p expression group. The low/high cut-point was defined as
the expression value resulting in the highest number of
correctly classified samples (responders/non-responders) in
a receiver operator characteristic (ROC) analysis. The low
and high miR-625-3p expression groups were used as covari-
ates in a logistic regression to estimate the risk of not respond-
ing to therapy, as well to perform Kaplan—Meier survival
statistics. Difference in survival curves was estimated using
log-rank tests, and hazard ratios estimated by Cox propor-
tional hazards models. Statistical analyses were done in Gene-
Spring version 11 (Agilent) and Intercooled Stata 9.2
(StataCorp) as appropriate. Unsupervised cluster analysis
was done using Cluster3.0 (de Hoon et al., 2004), and visual-
ized using Java Treeview (Saldanha, 2004).

3. Results

3.1 Identification of miRNAs associated with response
to first-line XELOX treatment

Our main strategy to identify novel miRNAs involved in
response to combination therapy with 5-fluorouracil and oxa-
liplatin is outlined in Figure 1a. To increase the likelihood of
identifying predictive miRNAs, the screening cohort (Cohort
A in Figure 1la and Table 1) was enriched for patients with
extreme responses to oxaliplatin based first-line therapy (see
Material and Methods). Cancer cells were procured by laser-
capture microdissection, and 742 mature miRNAs profiled us-
ing quantitative real-time polymerase chain reaction (qQRT-
PCR). Out of 404 confidently measured miRNA assays (see Ma-
terial and Methods), we were left with 24 miRNAs, which were
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associated with response to treatment (p < 0.05, Wilcoxon
rank-sum test) (Table S3). Twenty-one of these were on
average higher expressed in non-responders than responders
indicating that therapy resistance was generally associated
with increased miRNA expression. This trend also carries
through for many of the miRNAs that did not reach signifi-
cance (Figure 1b). The three miRNAs with the largest fold
change (FC) — all up-regulated in non-responders - were
selected for further study: miR-625-3p (FC = 2.7, p = 0.011),
miR-181b (FC = 2.5, p = 0.009) and miR-27b (FC = 2.5,
p = 0.001) (Figure 1c).

3.2 miR-625-3p, miR-27b and miR-181b are up-
regulated in oxPt-resistant cells in vitro

In order to substantiate the involvement of miR-625-3p, miR-
181b and miR-27b in chemotherapy response, and to address
whether this association was related to oxaliplatin, we gener-
ated two independent in vitro oxaliplatin resistant colorectal
cancer models - HCT116/oxpt and LoVo/oxpt - by passaging
HCT116 and LoVo colon cancer cells in increasing concentra-
tions of oxaliplatin for more than 45 passages. The increase
in ICso of HCT116/0oxpt and LoVo/oxpt as compared to the
parental isogenic HCT116 and LoVo cancer cells were 76 and
13 times, respectively, as determined by MTT assay
(Figure 2a). In the resistant HCT116/oxpt cells we found signif-
icantly increased levels of miR-625-3p, miR181b and in miR27b
(approximately 2.8, 3.9 and 1.7 times higher than in parental
cells, respectively; p < 0.05) (Figure 2b). We also quantified
mir-181a, which is transcribed from the same cluster as miR-
181b, and furthermore was significantly up-regulated among
our non-responder patients (see Table S3). In agreement,
miR-181a was 3.6 times up-regulated in the resistant
HCT116/0xpt cells (Figure 2b). In order to exclude the possibil-
ity of a global transcriptional up-regulation related to the resis-
tant phenotype we quantified three arbitrarily chosen miRNAs
— miR-93, miR-192 and miR-103 — which were not associated
with response in our clinical data set. None of these miRNAs
were differentially expressed between resistant and parental
cells (Figure 2b). We next quantified the same miRNAs in the
LoVo parental and resistant cells. In this model, mir-181b
and mir-18la were again significantly up-regulated in the
resistant cells (both by 2.2 fold; p < 0.05) (Figure 2c). However,
neither miR-625-3p nor miR-27b was differentially expressed.

3.3. miR-625-3p is associated with response to XELOX
treatment in independent FFPE samples

We next sought to validate the association between miR-625-
3p, miR-181b and miR-27b and response to treatment in an in-
dependent set of clinical samples consisting of primary tumor
FFPE biopsies from patients with mCRC treated first-line with
XELOX (Cohort B in Figure 1la, Table 2) (Hansen et al.,, 2011;
Qvortrup et al., 2010). While neither miR-181b nor miR-27b
were associated with response (data not shown), the mean
expression level of miR-625-3p was 2.0 times higher in pa-
tients who did not respond to treatment (p = 0.006, 95%CI
[1.23; 3.42], t-test) (Figure 3a). Multiple miRNAs are known to
be differentially expressed between microsatellite stable
(MSS) and instable (MSI) CRCs (Schepeler et al., 2008), and
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Figure 2 — miR-625-3p, miR-181b and miR-27b are up-regulated in
oxaliplatin resistant colon cancer cells. (A) ICsq (left y-axis) of
oxaliplatin and corresponding relative resistance (right y-axis) of
HCT116 and HCT116/0xPt, and LoVo and LoVo/oxPt cell lines. (B)
and (C) qRT-PCR assays against individual miRNAs were done on
isogenic parental and oxaliplatin resistant HCT116 (B) and LoVo (C)
cell pairs. The expression levels in the resistant cells are plotted
relative to the expression levels in the parental cells (set to 1). From
each cell line two separate cell passages were obtained and from each
passage QRT-PCR was done twice and the average resistant/parental
expression ratio from totally n = 4 QRT-PCRs calculated, except for
the unrelated miR-93, miR-192 and miR-103, which were quantitated
only once in each cell passage. S.E.M. is indicated, as well as
significant different expression between parental and resistant
isogenic cells (*, p < 0.05; r-test).

havingincluded a few MSI patients in Cohort B, we speculated
if this could bias our result. However, excluding the five MSI
patients gave similar results (p = 0.006, 95%CI [1.26; 3.76]); in
the following, we have included the MSI patients. When we
stratified patients into a low (n = 62) and a high (n = 15) miR-

625-3p expressing group using a receiver operating
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(n = 62) (Fischer’s exact test). (C) Kaplan—Meier curves for OS and PFS according to high and low miR-625-3p expression levels (log-rank test).

characteristic analysis, the proportion of patients not
responding to chemotherapy (best response being either SD
or PD) was significantly higher in the higher expressing group
(p =0.009, Fischer’s exact test) (Figure 3b). The corresponding
positive and negative predictive values were 0.73 (11/15) and
0.71 (44/62), respectively. Under a logistic regression model,
this translates into a 6.7 times increased risk of being non-
responsive to therapy in the high miR-625-3p expressing
group as compared to the low expressing group (p = 0.003,
95%ClIor [1.9; 23.9]). Finally, high expression of miR-625-3p
was also associated with a shorter OS (p = 0.039, log-rank
test; this translates into a hazard ratio of 1.87, 95%Clyg [1.02;
3.41]) (Figure 3c and Table S4). A similar trend was seen for
PFS although this was not significant (p = 0.316, log-rank
test) (Figure 3c and Table S4).

3.4. miR-181b but not miR-625-3p and miR-27b is
dysregulated in CRC epithelium

To explore experimentally whether our candidate miRNAs
were dysregulated in tumors compared to normal tissue,
miRNA profiles of 9 adjacent normal cells (laser microdis-
sected epithelial cells) were compared to the 26 adenocarci-
noma. Sixteen of the 24 miRNAs initially associated with

response to 5FU and oxaliplatin treatment were either up-
regulated or down-regulated in the cancer epithelium
(p < 0.05, t-test) (Table S5). The most up-regulated miRNAs
were miR-135a (FC = 14.28), miR-96 (FC = 8.86) and miR-182
(FC = 7.44), while the most down-regulated miRNAs were
miR-342-5p (FC = 4.43), and 194-3p (FC = 3.01) and miR-124
(FC = 2.27). In agreement, unsupervised clustering based on
the 24 candidate predictive miRNAs was able to separate
normal epithelium from cancer tissue (Figure 4a). Among
our top 3-candidate predictive miRNAs, miR181b was up-
regulated (FC = 1.74) in cancer (p = 0.004, 95%Clgc [1.22;
2.54], t-test) (Figure 4b), whereas miR-27b and miR-625-3p
were not dysregulated in this small sample set (Figure 4b
and data not shown).

3.5. miR-625-3p is not a prognostic marker for CRC
Since miR-625-3p was found significantly correlated to OS in
our cohort of patients treated with XELOX (Figure 3c), we
considered the possibility that miR-625-3p might be prog-
nostic in addition to predictive. To address this possibility,
we examined whether the level of miR-625-3p was associated
with metastatic recurrence of disease after curatively
intended surgery in two independent cohorts (Cohort C and
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Figure 4 — miR-625-3p is not a general marker for CRC. (A) The 24 miRNAs associated with response can separate tumor cells from normal
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tumors (right), as well as in tumors from recurrence and non-recurrence Cohort C patients (left) (z-test). (D) In non-treated stage II Cohort D

cancers no difference in miR-625-3p levels were found between recurrent and non-recurrent patients (#-test). In B, C and D mean expression and
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D). Cohort C consisted of 117 stage II (n = 64) and III (n = 53) pa-
tients of which 37 recurred (Table S1), while Cohort D con-
sisted of 46 stage II patients of which 23 recurred (Table S2).
In neither Cohort C (p = 0.664, t-test) (Figure 4c) or Cohort D
(p = 0.167, t-test) (Figure 4d) was miR-625-3p differentially
expressed between recurrent and non-recurrent patients.
Furthermore, miR-625-3p was not differentially expressed in
stage II versus stage III cancers in Cohort C (p = 0.948, t-test)
(Figure 4c). In agreement, there was no difference in time to
recurrence between low and high levels of miR-625-3p in
neither Cohort C (p = 0.591, log-rank test) or Cohort D
(p = 0.162, log-rank test).

4. Discussion

There is currently an urgent need to identify predictors of
therapy in mCRC since approximately 50% of treated patients
do not obtain any benefit while they all experience drug-

associated side effects. The presented data suggest that high
miR-625-3p level is positively associated with a lack of objec-
tive response in mCRC patients receiving oxaliplatin based
therapy. Our initial genome-wide screening, conducted in a
small panel (n = 26) of laser microdissected and thereby nearly
pure, cancer epithelial cell populations from CRC patients
treated with 1st line XELOX/FOLFOX chemotherapy, pointed
to a list of 24 candidate miRNAs associated with response.
From this list we focused on the three most differentially
expressed miRNAs: miR-625-3p, miR-181b and miR-27b.
Although our efforts to validate the association between
miR-181b and miR-27b and response in independent clinical
samples were unsuccessful, both were up-regulated in oxali-
platin resistant colon cancer cell lines, suggesting that they
anyhow could be implicated in chemotherapy resistance.
The mir-181 and miR-27b genes are transcribed from the
mir-23b/mir-27b/mir-24-1 and mir-181b/mir-181a clusters,
respectively, and the observation that all miRNAs in the two
clusters are among the 24 candidate miRNAs indicates a
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genuine biological difference between responders and non-
responders for miR-181b and miR-27b. We find it likely that
the higher percentage of non-epithelial cells in the FFPE vali-
dation cohort as compared to the highly enriched screening
cohort (as well as the epithelial cell lines) might be a critical re-
striction on our opportunity to validate miR-27b and miR-
181b. In fact, in a small set of microdissected adenocarci-
nomas, the level of stromal miR-27b was twice as high as in
the epithelial fraction (supplementary data in (Wang et al.,
2010b)). A second possible shortcoming relates to the fact
that we have compared miRNAs from snap frozen tissue
(Cohort A) with FFPE biopsies (Cohort B). Although there
generally is a good correlation between miRNA expression in
archival FFPE blocks and fresh frozen tissue (Xi et al., 2007),
a subset of miRNAs display considerable differences between
FFPE and fresh frozen tissue when systematically examined
(Li et al., 2007). A role for miR-181b in chemoresistance may
also find support in several studies. Most importantly,
increased levels of miR-181b has been linked with poor
response to S-1 (a drug combination based on the SFU prodrug
tegafur) in colon cancer (Nakajima et al., 2006), as well as to S-
1/oxaliplatin treated metastatic gastric cancers (Jiang et al.,
2011). While no studies directly have linked miR-27b to ther-
apy resistance, it has recently emerged as a positive regulator
of angiogenesis by targeting of the anti-angiogenic factors
Sprouty 2 (Zhou et al, 2011) and Semaphorin 6A (Urbich
et al.,, 2012). Not much is known about the regulation and
function of the mir-625 gene, nor has a validated target gene
been described. Based on a small number of deep sequencing
experiments, the miRBASE data repository (http://www.mir-
base.org) (Griffiths-Jones, 2004) indicates that both strands of
the mir-625 gene (i.e. miR-625-5p and miR-625-3p) are
expressed at similar levels. This is somewhat at odds with
the usual conception of miRNA biogenesis, which holds that
only one strand (the guide strand) of the mature miRNA-5p/
miRNA-3p duplex is retained upon stabilization into the
RNA-induced silencing complex (RISC), while the other (the
passenger strand) is rapidly degraded (Bartel, 2009). In support
of functional roles of both mature mir-625 strands, Yang et al.
(Yang et al., 2011) used ectopic expression of artificial lucif-
erase sensors with perfect match sequences for miR-625-5p
and miR-625-3p (alongside 21 other miRNA-5p/miRNA-3p
pairs) and observed almost equal suppressing capabilities. In
our clinical data sets, high miR-625-3p expression predicted
poor response to therapy, and also showed an associated to
OS while the association to PFS did not reach significance.
The latter may not be surprising, especially for relatively small
cohorts like ours, since the correlation between objective
response and PFS is only moderate and is confounded by
methodological and biological aspects (Michaelis and Ratain,
2006; Wilkerson and Fojo, 2009). The association to OS could
indicate a prognostic component in miR-625-3p as well.
Nevertheless, lack of association between miR-625-3p and
recurrence of disease in stage II and III cancers from two co-
horts suggested that high miR-625-3p is not a prognostic
marker. If translated into the clinical setting the reported find-
ings would be significant considering the current lack of
established predictive markers for mCRC chemotherapy.
However, it will be important to address whether high miR-
625-3p levels also predicts lack of response to irinotecan based

therapy. If this is not the case, FOLFIRI or XELIRI could be
offered to patients with high miR-625-3p primary tumor
expression levels. Further validations in larger cohorts, and
ultimately in a randomized intervention study, will be needed
in this regard.

Cellular resistance to oxaliplatin can probably be invoked
by multiple independent mechanisms including cellular
drug uptake and efflux, DNA repair, DNA damage response,
and cell cycle control (Ahmad, 2010). It is likely that different
mechanisms are involved to variable degrees in individual pa-
tients as a consequence of tumor heterogeneity and differ-
ences in the degree of tumor clone selection during the
process of metastasis and in the course of therapy. A simple
miRNA ‘profile’ is therefore not be expected to predict resis-
tance in all patients. We envision that combining miR-625-
3p with other promising predictors, such as miR-126
(Hansen et al., 2012) and miR-148a (Takahashi et al., 2012),
may results in improved clinical benefit, especially if each of
these miRNAs hold information on independent resistance
mechanisms.

In conclusion, the presented work have identified miR-625-
3p as a non-coding RNA related to the response to oxaliplatin
based treatment both in patient CRC samples and in in vitro
grown colon cancer cell lines.
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