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Introduction:miR-21,miR-92a andmiR-200c are regulators of pathways involved inmigration, intravasation and
metastasis, and their tumor expression levels have been proposed as potential prognostic markers in colorectal
cancer (CRC). In two parallel cohorts we examine intra-tumor expression levels in early stage CRC tissue in
order to determine intra-tumor heterogeneity, potential systematic intra-tumor expression gradients of the
miRNAs and to investigate the association to metastatic disease in early stage CRC.
Material and methods: Two parallel studies on archived formalin-fixed paraffin-embedded (FFPE) CRC tissue.
Intra-tumor and inter-patient varianceswere analyzed in 9 earlymetastatic CRCs bymeasuring expression levels
by qRT-PCR on isolated tissue samples from luminal, central and invasive border zones. Associations between
miRNA expression levels and early metastasizing tumors was investigated in FFPE tissue from invasive border
and central tumor zones from 47 early metastatic CRCs matched with 47 non-metastatic CRCs. Intra-tumor ex-
pression gradients were analyzed on both cohorts.
Results:Mean intra-tumor coefficient of variation in theheterogeneity cohortwas 38.5% (range: 33.1–49.0%) only
slightly less than variation between patients (45.1%, range 37.0–49.5%).We demonstrated systematic expression
gradients between tumor zones equal to a 3.23 (p= 0.003) and 1.36 (p= 0.014) fold lower expression in inva-
sive areas for miR-200c, 1.52 (p b 0.001) and 1.27 (p = 0.021) fold lower expression in invasive areas for miR-
92a. For miR-21 we found a 1.75 (p b 0.001) and 1.21 (p= 0.064) fold higher expression in invasive areas com-
pared to luminal and central zones, respectively. No significant difference in expression levels betweenmetasta-
tic and non-metastatic tumors was demonstrated, nor a difference in intra-tumor gradients between metastatic
and non-metastatic tumors.
Conclusion: This study provides evidence for moderate intra-tumor and inter-patient heterogeneities of three
well-described potential prognostic markers in CRC. We demonstrate intra-tumor expression gradients indicat-
ing a differentiated expression of the target miRNAs between functional tumor zones, but the potential role as
markers of early metastatic disease is still not fully clarified.
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1. Introduction

Colorectal cancer (CRC) is the thirdmost common cancerworldwide
with N1.3million patients diagnosed every year, and constitutes amajor
cause of morbidity and death (Ferlay et al., 2013). Prognosis is highly
linked to stage at diagnosis, highlighting a need for early detection
and improved individualized treatment strategies. Five year overall sur-
vival for 4317 Danish CRC patients who underwent surgery with cura-
tive intent was 75.5% for patients with localized disease (UICC stages I
and II), 61.3% for patients with regional nodal spread and only 12.9%

for patients with distant metastases (Danish Colorectal Cancer Group,
2014).

National screening programs are initiatedwith the overall goal to in-
crease theproportionof early detected CRCs and initiation of early treat-
ment and improvement of CRC survival. Furthermore the removal of
precancerous lesions with varying degrees of neoplasia is expected to
decrease the incidence of CRC (Gill et al., 2012; Friedrich et al., 2015).
Identification of CRC at an early stage leads to a new challenge with re-
gard to assessment of metastatic potential, planning of follow-up and
determination of individualized treatment of patients with early CRC
where subsequent surgical treatment might be indicated. In this risk
stratification, classifying high-risk subgroups of patients, to avoid
over- or under treatment and avoid progression of disease, is of funda-
mental importance.
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Management of early CRCs varies from endoscopic local excision to
radical colorectal resection, the prior being sufficient inmicro radically re-
moved adenocarcinomas in polyps, pT1, in the absence of lymph node
metastases (LNM). Several histopathological features such as poor differ-
entiation, submucosal lymphovascular invasion (SLI), submucosal venous
invasion (SVI), depth of invasion and tumor budding are associated with
increased risk of LNM (Beaton et al., 2013; Bosch et al., 2013) and current
guidelines for the pathological assessment of adenocarcinomas in polyps
are based on the above high-risk features (European Colorectal Cancer
Screening Guidelines Working Group et al., 2013; Danish Colorectal
Cancer Group, 2010). Histopathological risk assessment may be difficult
and dependent on the samples showing representative tumor areas,
and currently no molecular markers have proven to support risk assess-
ment of the possible presence of regional LNM in early CRC.

1.1. miRNAs in CRC progression and metastasizing

MicroRNAs (miRNAs) are a class of small (19–25 ribonucleotides)
non-coding RNAs that are known to regulate gene expression at an epi-
genetic posttranscriptional level by acting on messenger RNA targets
resulting in either degradation of themessenger RNAor translational in-
hibition. Individual miRNAs target multiple genes and numerous studies
have shown that miRNAs are involved in cancer development, progres-
sion and metastasis through broad modulation of oncogenes and tumor
suppressor genes (Iorio and Croce, 2009; de Krijger et al., 2011). Further-
more, studies of RNAon formalin-fixedparaffin-embedded (FFPE) tissues
have shown thatmiRNAs, possibly due to their short length, are quite sta-
ble and easily accessible for tissue expression analyses in FFPE tissues
(Dijkstra et al., 2012; Doleshal et al., 2008; Hasemeier et al., 2008;
Siebolts et al., 2009). Profiling studies have identified specific miRNA sig-
natures for CRC and the deregulation of several specific miRNAs have
been linked to invasion and progression as well as metastatic disease
and prognosis in CRC (Schetter et al., 2008; Pizzini et al., 2013; Bandres
et al., 2006; Goossens-Beumer et al., 2015; Bartley et al., 2011).

In the current study we investigate tissue expression of three well
knownmiRNAs:miR-21, miR-92a andmiR-200c. Selection of the candi-
date miRNAs was based on review of the literature where a potential
role of these three miRNAs as potential prognostic biomarkers for met-
astatic disease and survival in colorectal cancer is proposed (references
below). Deregulated tumor expression of these miRNAs have been
widely associated to invasive and migratory properties of the epithelial
tumor cells, local and distant metastatic spread, advanced tumor stage
and patient survival. However, there is little data on their expression
in early CRCs and considering the increasing proportion of early detect-
ed cancers due to screening initiatives, it is important to explore this gap
in knowledge. We analyze tumor expression levels in early CRC tissue
and investigate tumor heterogeneity and the prognostic potential of
these miRNAs in early stages of CRC.

miR-200c is part of the miR-200 family located on chromosome 12
(miR200c/miR-141) and chromosome 1(miR-200a/miR-200b/miR-
429) and plays a key role in regulation of the epithelial-mesenchymal
transition (EMT), a crucial process for metastasizing, characterized by
loss of cell-cell adhesion and acquisition of mesenchymal features
such as motility and the ability to invade and intravasate (Davalos et
al., 2012; Park et al., 2008; Gregory et al., 2008).

Downregulation of miR-200c has been widely reported to be associ-
ated with EMT and metastatic behavior in CRC. miR-200c upregulates
expression of E-cadherin and downregulates the expression of Vimentin
mainly through inhibition of itsmain gene targets ZEB1/ZEB2, thereby en-
hancing the epithelial phenotype.miR-200c expression levels are reduced
in the invasive margin of CRCs, and likewise CRCmetastases have shown
higher expression levels as an indicator of a switch on/switch off role in
the reverse process mesenchymal-epithelial transition (MET) where ex-
travasated tumor cells regain epithelial properties and proliferate in a
new microenvironment (Hur et al., 2013; Paterson et al., 2013). Hur et
al. found a higher miR-200c expression in non-metastatic CRC compared

to metastatic cancer by qRT-PCR in a cohort mainly consisting of ad-
vanced stage CRC (Hur et al., 2013). Further, Diaz et al. found an associa-
tion between high levels of miR-200c and longer overall survival as well
as a possible predictive role for themiR-200 family in identifying CRC pa-
tients that aremost likely to benefit fromadjuvant chemotherapy (Diaz et
al., 2014). Given its key regulatory role in EMT it is proposed that miR-
200c could serve as a potential diagnostic and prognostic biomarker and
possible therapeutic target for patients with CRC (Hur et al., 2013;
Paterson et al., 2013; Diaz et al., 2014).

miR-92a belongs to the oncomir miR-17-92 cluster located on chro-
mosome13q31.3, a region frequently amplified in various hematopoietic
and solid cancers, including CRC, predominantly leading to an upregulat-
ed expression of these miRNAs (Mogilyansky and Rigoutsos, 2013).

miR-92a functions as an oncogene in CRC by targeting the tumor
suppressor PTEN (Zhang et al., 2014; Ke et al., 2014), and high levels
of miR-92a has been found significantly correlated to advanced TNM
stage, lymph node metastases and distant metastases in CRC (Zhou et
al., 2013; Ke et al., 2014; Zhang et al., 2014). Furthermore, an association
between miR-92a expression levels and overall survival has been
shown (Zhou et al., 2013; Ke et al., 2014). In vitro cell studies have
shown increased invasiveness, migration potential and EMT like chang-
es in tumor cells expressing high levels of miR-92a reflected in a down-
regulation of E-cadherin and upregulation of vimentin and nuclear β-
catenin (Zhang et al., 2014; Chen et al., 2011). Nishida et al. found signif-
icantly higher expression levels of miR-92a in micro dissected carcino-
ma cells and cancer associated stroma compared to corresponding
normal tissues, as well as a correlation between high levels of miR-92a
and lymphatic invasion, venous invasion and liver metastases, and sug-
gest an association betweenmiR-92a (or 17–92 cluster) and cancer pro-
gression through regulation of key components of the TGFβ pathway
(SMAD2, SMAD4 and TGFBR2) (Nishida et al., 2012).

miR-21 is an oncomir located at chromosome 17q23.2 and upregu-
lated in virtually all malignant neoplasms including CRC (Slaby et al.,
2009; Volinia et al., 2006), and studies have shown a relation between
altered expression levels of miR-21 and both clinicopathological fea-
tures and survival in CRC (Shibuya et al., 2010). HighmiR-21 expression
has been found related to advancing clinical UICC stage, the presence of
LNManddevelopment of distantmetastases (Slaby et al., 2007; Schetter
et al., 2008; Vickers et al., 2012). Additionally, associations between
high levels of miR-21 and shorter recurrence free cancer specific surviv-
al in stage II colon cancer (Kjaer-Frifeldt et al., 2012, Hansen et al., 2014),
poor overall survival/disease free survival (Shibuya et al., 2010; Schetter
et al., 2008; Oue et al., 2014), and a poor response to adjuvant chemo-
therapy (Schetter et al., 2008; Oue et al., 2014) have been reported.
miR-21 has been suggested as an inducer of the invasion, intravasation
and metastasis process through acting on the tumor suppressor PDCD4
and also as a downstream effector in the TGF-β induced EMT process in
colon cancer cell studies (Cottonham et al., 2010). Given the well docu-
mented role ofmiR-21 in CRC progression andmetastasis predominant-
ly in more locally advanced CRCs it is likely that miR-21 may also be an
indicator of high metastatic potential in early CRC.

The current work is based on parallel studies on two independent
cohorts of early CRC. With the aim of clarifying whether miR-200c,
miR-21 and miR-92a could constitute prognostic markers in early CRC
progression and metastasis, we measure intra-tumor expression levels
of the three miRNAs in early CRC tissue in order to determine intra-
tumor heterogeneity, potential intra-tumor expression gradients and fi-
nally to clarify whether expression levels could differentiate between
early metastatic and non-metastatic CRC.

2. Material and methods

2.1. Heterogeneity-cohort: evaluation of intra-tumor heterogeneity

Intra-tumor heterogeneity in expression levels of the candidate
miRNAs, miR-21, miR-200c, and miR-92a, was analyzed on a
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