Expression of DUSP4 transcript variants as a potential biomarker for colorectal cancer
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ABSTRACT

Aims

To provide novel data on the expression of DUSP4 transcripts in colorectal cancer (CRC)
tissues and to explore their potential as biomarkers.

Materials & Methods

DUSP4 transcripts expression was determined by gqPCR in tissues from 28 CRC patients.
Their association with clinicopathological factors and survival analysis was performed. Data
from 380 CRC patients available at Cancer Genome Atlas project (TCGA) were also
analysed.

Results

All transcripts were overexpressed in CRC tissues. Variant X1 was the most up-regulated and
associated with KRAS mutations and poorly differentiated tumour. Overexpression of DUSP4
transcripts could distinguish all tumour stages from normal tissues. Similar results were found
in TCGA cohort.

Conclusions

DUSP4 transcripts have the potential to serve as diagnostic biomarkers for CRC, particularly

variant X1.
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INTRODUCTION

The prevalence of colorectal cancer (CRC) has increased in the last decades and novel
cases of CRC are diagnosed in over 1.3 million people worldwide each year [1]. CRC is
currently ranked fourth in terms of the number of deaths caused by cancer [2]. The probability
of cure is higher if the cancer is diagnosed and treated in an early stage [3] and it is therefore
essential to establish a biological marker that would allow an early detection of the disease,
while predicting accurately its prognosis [4]. The pathogenesis of CRC is complex, being
influenced by several factors and regulated through different molecular mechanisms [5]. Most
of CRCs arise from adenomatous polyps that develop on the inner lining of the colon or
rectum as a consequence of the progressive accumulation of genetic (e.g. Kirsten rat sarcoma
viral oncogene homolog-(KRAS) mutations) and epigenetic alterations leading to the
transformation of normal colonic epithelium into an adenoma and ultimately into an
adenocarcinoma [6].

Recent data has suggested that Dual-specificity protein phosphatase 4 (DUSP4) plays a
central role in cancer development [7] and its expression was abnormally regulated in some
tumours such as liver carcinoma, breast cancer, lung cancer, colorectal cancer, pancreatic
cancer and glioblastoma [7-9]. DUSP4, also known as mitogen-activated protein kinase
phosphatase 2 (MKP2) [10], belongs to a subgroup of the dual specificity phosphatases family
[11] responsible for the inactivation of the mitogen-activated protein kinases (MAPKS),
through the dephosphorylation of both the phosphoserine/threonine and phosphotyrosine
residues of the conserved T-X-Y motif [12]. DUSP4 specifically inactivates the three major
MAPKs (ERK, JNK and p38) [13] which are involved in proliferation, differentiation,
apoptosis and inflammation processes [14].

DUSP4 expression is up-regulated in colorectal cancer [12], however the contribution of

the individual expression of each transcript variant remains unknown. In the present study,



tissues of patients diagnosed with CRC were collected and the relative expression of all
DUSP4 transcript variants was determined. The association of expression levels with
clinicopathological factors was also tested to explore the potential of DUSP4 transcript
variants as biomarkers to differentiate tumour from normal tissues and to predict patient
prognosis. To further support our findings, data from the Cancer Genome Atlas project

(TCGA) dataset were also analysed.

MATERIALS AND METHODS
Patient disposition and clinical data

A total of 28 patients with CRC (10 females and 18 males from 36 to 92 years; see
Supplementary Table S1 for the complete data set) and nine healthy patients (2 females and 7
males from 51 to 81 years) from Algarve’s University Hospital Centre (CHUA) were enrolled
in this study (thereafter referred as CHUA cohort cohort). Their clinical information includes
age, gender, tumour location, tumour histology, metastasis, tumour staging, KRAS mutations,
family history and survival rate. Clinical and pathologic stage of the tumour was determined
according to TNM staging criteria and all surgical specimens were reviewed by the Pathology
Service of the CHUA. Medical examination revealed malignant neoplasms of the rectum (n =
11), the rectosigmoid junction (n = 3), the sigmoid colon (n = 5), the transverse colon (n = 1),
the hepatic flexure (n = 3), the ascending colon (n = 4) and of the cecum (n = 1). The
histopathological study showed a majority of well differentiated tumours (n = 13). In most
patients no mutations were found in KRAS gene (n = 17) and staging revealed cancer at stage
I(n=4),11(n=9), Il (n=28)and IV (n=7). All samples were collected with the agreement
of the patients from 2014 to 2016, as part of a scientific research project from the Portuguese

Society of Gastroenterology and approved by CHUA ethics committee.



Collection of DUSP4 sequences

Sequences related to human DUSP4 transcripts and gene were retrieved from GenBank
(www.ncbi.nlm.nih.gov) and Ensembl (www.ensembl.org) using on-site Blast facilities. Gene
structure was determined using Splign tool available at the National Center for Biotechnology

Information (NCBI).

Sampling of CRC tissues

Tumour tissue and non-tumour tissue (sampled 5 cm away of the tumour tissue; referred to
as TAN - tumour associated normal tissue) were collected in 28 patients with colorectal
cancer. Sampling was performed during colonoscopic examinations at the CHUA. Tissues
from colon/rectum of nine healthy individuals were also collected. All tissues were stored in

1 ml of RNAlater (Sigma-Aldrich, St. Louis, MO, USA) and maintained at 4°C up to 24 h.

RNA extraction and cDNA synthesis

Total RNA was extracted from tissue samples following the protocol described by
Chomczynski and Sacchi [15] and further purified using the GeneJET RNA Purification kit
(Thermo Scientific, Waltham, MA, USA), according to manufacturer’s instructions. RNA
quality and integrity were assessed using an Experion Bioanalyzer (Bio-Rad, Hercules, CA,
USA). Total RNA (1 pg) was subjected for 30 min at 37°C to RQ1 RNase-free DNase
(Promega, Madison, WI, USA) and cDNA was synthetized using the Moloney murine
leukemia virus reverse transcriptase (Invitrogen, Carlsbad, CA, USA) using an oligo-dT

primer.



Quantitative real-time polymerase chain reaction (QPCR)

Amplifications by gPCR were performed in a CFX Connect Real-Time PCR thermocycler
(Bio-Rad) as follows: an initial denaturation step at 95°C for 2 min, then 40 cycles of
amplification (each cycle is 30 s at 95°C, 20 s at 63°C). qPCR reactions (20 ul final volume)
were composed of 1X SensiFAST SYBR No-ROX mix (Bioline, London, UK), 0.4 uM of
each forward and reverse gene-specific primers and 2 pl of cDNA prepared from patient
RNA. Gene-specific primers (Table 1) were designed using PerlPrimer program [16] and only
those exhibiting an efficiency of amplification greater than 91% were used.

The relative expression (RE) was calculated using the AACt method [17] and normalized
using expression levels of peptidylprolyl isomerase A (PPIA) and ribosomal protein lateral
stalk subunit PO (RPLPO) reference genes, previously validated for CRC samples by
Krzystek-Korpacka et al. [18], Serby et al. [19] and Kheirelseid et al. [20]. Because of
technical limitations in primer design, expression levels for variant 2 were determined by
subtracting the RE value for variant X1 to the combined RE value for variants 2 and X1
(calculated using primers that amplify both variants). Expression levels for calpain-10
(CAPN10) — a gene not differentially expressed in tumour versus TAN samples [21] — were

also determined and used as control.

TCGA dataset

A total of 380 CRC patients (169 females and 207 males) from the TCGA
(cancergenome.nih.gov) database (thereafter referred as TCGA cohort-unpaired samples)
were also included in this study. Clinicopathological information (age, gender, staging, KRAS
mutations and survival rate) and DUSP4 expression data (level 3 data, RNA-seq Version 2
Illumina; gene-level transcription estimates, as in log2 [x + 1] transformed RNASeq by

Expectation Maximization normalized count) were retrieved. The median age at initial



pathologic diagnosis was 65 years (range 40-90 years) and a mutation in KRAS gene was
found in 50% of patients. The vast majority of patients (n = 249) was classified stage Il and
I11 on the TNM classification system. Among these patients, a total of 32 patients have
expression data in both tumour and TAN tissues (thereafter referred as TCGA cohort-paired
samples). Data available from the TCGA database does not individualize the expression of the

three DUSP4 transcript variants.

Statistical analysis

Expression data was analysed using SPSS Statistics V22.0 (IBM, Armonk, NY, USA) and
the non-parametric test Kruskal-Wallis. The associations between DUSP4 expression and
clinicopathological variables were analysed using the Chi-square test (x2). For this analysis,
the cohort was divided according to DUSP4 expression (in fold change of tumour over TAN
for paired samples) into a high-level subgroup (patients whose expression is above the
median) and a low-level subgroup (patient whose expression is below the median). The
Kaplan-Meier algorithm was used to build survival curves for these two subgroups and the
significance of the differences was evaluated using a log-rank test. Mann-Whitney U and
Kruskal-Wallis tests were used to assess the associations between continuous and categorical
variables for two or more than two groups, respectively. Some of the outliers are not shown in
the graphs to allow a better view of the differences between the groups by maximizing the graphs

scale. Differences were considered statistically significant for p < 0.05.

RESULTS
Diversity of DUSP4 transcripts in sequence databases
The analysis of DUSP4 expression in CRC samples is only useful and informative if all the

transcripts that contribute to this expression are identified. GenBank and Ensembl databases



were thoroughly searched for transcript sequences (e.g. Expressed Sequence Tags — ESTs —
and annotated mMRNAS) related to DUSP4 and consensus sequences were reconstructed (data
not shown). Three alternative spliced transcripts identical to annotated variant 1 (accession
no. NM_001394) and variant 2 (accession no. NM_057158), and to predicted variant X1
(accession no. XM_011544428) were identified (Figure 1A). The translation initiation site is
in exon 1 for variant 1 and in exon 3 for variant 2. Variant X1 only differs from variant 2 in
the 5’-untranslated region (UTR) with the retention of the intron 2. Predicted prior this work,
the existence of variant X1 was confirmed by PCR amplification followed by sequencing.
Transcripts with alternative 3’-UTRs resulting from the alternative usage of two
polyadenylation signals (see Figure 1A) were also identified for variants 1 and 2 (data not
shown). At a protein level, the C-terminus, which contains the catalytic domain, is identical in
both isoforms but the N-terminus is drastically different; it contains a nuclear localization
signal (NLS) and a kinase-interaction motif (KIM) region in variant 1, while both domains are

absent in variant 2 (Figure 1B).

DUSP4 expression in colorectal cancer tissues

The relative expression of the three DUSP4 transcripts was determined by gPCR in normal
(TAN) and tumour tissue samples of CRC patients and in colorectal tissue samples of healthy
individuals (CHUA cohort; Figure 2A). The median value of DUSP4 expression was always
significantly higher (p<0.001) in tumour tissues versus TAN tissues, i.e. 1.39 vs. 0.08 for
variant X1 (>17 times), 23.26 versus 2.31 for variant 1 (approximately 10 times) and 4.42 vs.
0.58 for variant 2 (>7 times). DUSP4 expression was also significantly higher for all
transcript variants in tumour tissues versus colorectal tissues of healthy individuals (p=0.021
for variant 2 and p=0.001 for variants 1 and X1). As expected from previous report [21], the

expression of CAPN10 was unaltered in tumour tissues versus TAN and healthy tissues



(Figure 2B), further strengthening the overall analysis of DUSP4 expression. The analysis of
the TCGA cohort also showed a significantly higher expression of DUSP4 (total) in tumour
tissues versus TAN tissues (p<0.001) in both paired and unpaired samples (Figure 2C),
further strengthening our gPCR data on individualized expression levels.

Expression data also indicated that all DUSP4 transcripts are expressed in colorectal
tissues, although apparently to different extents (variant 1 > variant 2 > variant X1), and are
overexpressed in tumour tissues, suggesting that all of them may have a role in the

development of CRC.

Correlation between DUSP4 expression and clinicopathological parameters

To assess the pathological significance of the higher expression of DUSP4 transcripts in
CRC tissues from CHUA cohort, the correlation between overexpression and several
clinicopathological parameters was evaluated (Table 2). The overexpression of variant 1 was
significantly associated with the family history of cancer (p=0.014), while the overexpression
of variant X1 was significantly associated with KRAS mutations (p=0.025), but not with the
type of mutation (p=0.266). On the contrary, the overexpression of variant 2 was not
significantly associated to any of the clinicopathological parameters. The correlation between
DUSP4 expression (total) and clinicopathological parameters was also assessed in the CRC
cohort of the TCGA (using unpaired samples since only two patients in the paired samples
had information about the existence of KRAS mutations) and an increase in DUSP4
expression was significantly associated with KRAS mutations (Chi-square test; p=0.005; data
not shown).

These associations were further evaluated using other statistic tests. Patients harbouring
KRAS mutations had significantly higher expression levels of variant X1 when compared to

the KRAS wild-type patients (Mann-Whitney U test; p=0.011; Figure 3A). In TGCA cohort-



unpaired samples, a significantly higher expression of DUSP4 was also observed in patients
with KRAS mutations (Mann-Whitney U test; p=0.001; Figure 3A). Furthermore, an
overexpression of variant X1 was also significantly associated with a poorly differentiated
tumour (Kruskal-Wallis test; p=0.013; Figure 3B). This association could not be evaluated

using TCGA data since no information on tumour histology is available in the database.

DUSP4 expression throughout disease progression

The individual expression of DUSP4 transcripts was found to be statistically higher in
tumour vs. TAN tissues independently of the disease stages (I-1V; Figure 4A) and thus can
distinguish all tumour stages, including early stage | disease, from TAN tissues. A similar
correlation was observed in the TCGA cohort using both paired and unpaired samples (Figure
4B), indicating that DUSP4 expression — total or individualized by transcripts — may be used
as an early diagnostic biomarker for CRC. Although not statistically different from levels in
stages I, Il and Il tumours, levels of DUSP4 expression determined by gPCR were much
higher in stage 1V tumours for all transcript variants, suggesting that DUSP4 expression levels
could also be indicative of CRC severity and used to monitor disease progression. This trend
was however not observed in the TCGA cohort and this particular correlation remains to be

further investigated.

DUSP4 expression and survival

To determine whether DUSP4 expression could be used to predict the likely outcome of
CRC, survival curves were created for each transcript variant following the Kaplan-Meier
method (Figure 5). Despite the lack of significant correlation between DUSP4 expression and
overall survival (OS) (p>0.05, log-rank test), the mean survival time was always higher for

the group of patients with low expression than for the group of patients with high expression,
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and this for all the transcript variants (i.e. 54.7 versus 47.2 months for variant 1, 53.3 versus
48.8 months for variant 2 and 58.1 versus 45.1 months for variant X1, for patients with low
and high DUSP4 expression, respectively; results not shown). This trend was further
evidenced when the expression of DUSP4 transcript variants was considered as a whole
(p=0.089; data not shown) and when the expression for both variant 1 and variant X1
was analysed together (p=0.053; data not shown). Survival curves for DUSP4 expression in
TCGA cohorts showed no significant correlation between DUSP4 expression and overall
survival (p>0.05, log-rank test: results not shown) indicating that the correlation between a
higher expression of DUSP4 — total or individualized by transcripts — and a shorter overall

survival should be further investigated.

DISCUSSION

There are increasing evidences that DUSP4 may be involved in the pathophysiology of
several types of cancer, in particular colorectal cancer. However, current knowledge on
DUSP4 cancer-related mechanisms of action is scarce and based mainly on expression data
[7,22]. In this regard, deciphering the role of the alternative splicing variants that have been
recently identified and still not characterized appears to be essential toward a better
understanding of DUSP4 contribution to tumour progression [23]. Novel data on the
expression of three DUSP4 transcript variants in CRC tissues from 28 patients is provided
here. This is, as far as we know, the first set of data that assesses the expression of DUSP4
transcript variants 1, 2 and X1 individually and not globally, in an attempt to elucidate their
specific role in CRC development and their suitability as CRC biomarkers. While previous
studies have reported an aggregate overexpression of DUSP4 in CRC tissues/cell lines
compared with normal tissues/cell lines [12,24,25], this new data revealed that all the three

transcript variants are individually overexpressed in tumour tissues, not only confirming
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previous data but also suggesting that, although different in their N-terminal part, the peptides
encoded by these variants may all have a role in colorectal cancer. This hypothesis should be
further investigated using isoform-specific antibodies (e.g. antibodies developed against the
N-terminal region distinct in DUSP4 isoforms) that still remain to be produced.

A correlation between the overexpression of transcript variant X1 and mutations in the
proto-oncogene KRAS has been evidenced, confirming and amending previous association
data [24,26]. This is of particular importance since KRAS mutations are found in almost half
of the CRC cases, playing a central role in cancer development [26]. The overexpression of
transcript variant X1 was also associated with poorly differentiated tumours, which is
indicative of a poorer prognosis [27]. While it may seem in contradiction with the data
reported by Sim et al. and Saigusa et al. showing that tumour histology was not associated
with the aggregate DUSP4 expression [12,28], our data provides interesting insights on the
importance of variant X1 and on the necessity to individually assess the role of the different
transcript variants. Variants 1 and 2 account for most of DUSP4 expression and may have
masked the association of variant X1 with tumour histology in these two studies. Altogether,
our results suggest that higher expression of transcript X1 may be related with a poorer
prognosis, supporting its usefulness as a biomarker for CRC prognosis.

The possible association of DUSP4 transcript overexpression with a reduced overall
survival is supported by the data recently published by Sim et al. and Vriendt et al., [12,25]
but is contradicted by those reported by Saigusa et al. suggesting that patients with higher
DUSP4 expression have a better overall survival [28]. Reasons for these discrepancies are
currently unknown and must be further investigated if DUSP4 overexpression is to be used as
a prognosis marker for CRC.

Unfortunately, no information on the status of microsatellite instability (MSI) was

available for CHUA cohort. This is a parameter that will need to be determined in the future
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as the association between MSI status and the overexpression of DUSP4 transcript variants
should be tested. Previous studies showed that overall DUSP4 overexpression was associated
with high MSI in colorectal cancer and may be responsible for the increased cell proliferation
[24].

To further explore DUSP4 as possible biomarker for CRC we analysed and compared its
expression in each disease stage with the TAN tissues. DUSP4 transcript variants
overexpression in stage-related groups of patients revealed its potential as CRC diagnostic
biomarker. This study showed that DUSP4 overexpression is an early event in CRC and
therefore, can be used as a diagnostic biomarker, even for early stage of the disease since it is
capable of distinguish all tumour stages, including early stage | disease, from TAN tissues. In
this case, the aggregated expression of DUSP4 transcripts may be used since all variants
showed the same profile of overexpression across tumour stages.

Because the CHUA cohort used in this study has a limited sample size and because all
samples were collected from the same hospital, the TCGA database was used to complement
and support some of our findings with data from a larger and diversified cohort. Although
TCGA data does not individualize the expression of DUSP4 transcripts, a higher expression
of DUSP4 in CRC tissues was significantly associated with all tumour stages and with the
presence of KRAS mutations in CRC patients.

A larger cohort of CRC patients and probably more guantitative methods should also be
used to further confirm the specific potential of variant X1 overexpression as a biomarker.
While it appeared to be the least expressed (i.e. lower levels) of the three variants, it was the
most upregulated transcript but also the variant exhibiting more associations with CRC
clinicopathological parameters (e.g. KRAS mutations and tumour histology). Because variant
X1 encodes for a N-terminus truncated protein (it misses a large part of the MAPK binding

domain, the kinase interaction motif and one of the two nuclear localization signals present in
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the DUSP4 archetype protein coded by variant 1), future studies should aim at the better
characterization of this variant. In this regard, variant X1 expression should be determined in
a variety of adult tissues (sampled from healthy and diseased patients) and throughout
development, factors involved in transcriptional and post-transcriptional regulation of variant
X1 should be identified, and substrate specificity should also be studied. At a cellular level, it
would be interesting to gain insights on the role of DUSP4 transcript variants in the
proliferation, invasion and migration of cancer cells. In this regard, gain- and loss-of-function
studies in CRC-related cell lines such as HT-29 should be performed.

It is still controversial whether DUSP4 is a tumour suppressor or a tumour promoter in
CRC. In favour of a tumour promoter activity, Groschl et al. reported that DUSP4
overexpression increased the proliferation and survival of colorectal cancer cell lines, and
altered the expression of mismatch repair genes (down-regulation) and growth promoting
genes (up-regulation) [24]. The overall survival of patients with high DUSP4 expression was
also significantly reduced compared with OS of patients with low DUSP4 expression [25]. In
favour of a tumour suppressor activity, Saigusa et al. reported that DUSP4 expression was
negatively associated with characteristic factors of tumour progression [28]. Because DUSP4
overexpression was found to be possibly associated with a shorter OS but also to be a marker
of adverse prognosis, our data supports the hypothesis that DUSP4 may function as a tumour

promoter in colorectal cancer.

CONCLUSION

In conclusion, our study suggests that expression of DUSP4 transcripts, especially variant
X1, could be a potential biomarker for CRC, facilitating its earlier diagnosis and future
studies should aim to confirm it. A more detailed investigation with larger sample size will be

necessary to better understand the role of each DUSP4 transcript variant in CRC.
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SUMMARY POINTS

DUSP4 transcript variants are individually overexpressed in colorectal cancer tissues

e DUSP4 overexpression is an early event in CRC

e Higher expression of DUSP4 variant X1 was associated with KRAS mutations and
poorly differentiated tumours

e Expression of DUSP4 transcripts, especially variant X1, could be a potential

biomarker for CRC
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Table 1. List of the gPCR primers used in the present study.

GenBank
] F: CACCGACATCTGCCTGCTCAAAGG
DUSP4 variant 1 NM_001394
R: CACTGCCGAGGTAGAGGAAGGGAAGG
DUSP4 variant 2and NM_057158 and F: AACGAAGAGGAAGCACGATGGGAAGAA
X1 XM_011544428 R: CATAGCCGCCTTGAGACTCTGAACACA
] F: TTTCCCTGTCCCTCGTGAATCCCGTTG
DUSP4 variant X1 XM _011544428
R: GCACCTCGCCACCCACCAGAG
F: GCAAATGCTGGACCCAACACAAAT
PPIA NM_021130
R: AATGGTGATCTTCTTGCTGGTCTTG
F: GCTGCTGAACATGCTCAACATCTCC
RPLPO NM_001002
R: CAACATTGCGGACACCCTCCA
F: CTCCTTCACCTGTCGCATTTGGC
CAPN10 NM_023083

R: TGGACCTTGGCGTAGACCTTTTCC

Table 2. Correlation (Chi-square test) between the relative expression of DUSP4 transcript

variants and clinicopathological factors in colorectal cancer (CHUA cohort). n=14 for low

level; n=14 for high level.

Relative expression

Clinicopathological Variant 1 Variant 2 Variant X1
factors Low High Low High Low High
level level P level Level P level level

Age 0.316 0.135 0.316
<50 1 0 0 1 0 1
51-60 1 2 1 2 2 1
61-70 5 2 6 1 5 2
71-80 2 6 2 6 2 6
>81 5 4 5 4 5 4

Gender 0.430 0.115 0.430
M 10 8 11 7 10 8
F 4 6 3 7 4 6

Tumour location 0.585 0.719 0.467
Cecum 1 0 1 0 1 0
Ascending colon 1 3 2 2 2 2
Hepatic flexure 2 1 1 2 0 3
Transverse colon 0 1 0 1 0 1
Sigmoid colon 2 3 2 3 3 2
Rectosigmoid junction 1 2 1 2 2 1
Rectum 7 4 7 4 6 5

Tumour histology 0.711 0.823 0.065
Well differentiated 8 5 7 6 7 6
Moderately differentiated 4 5 5 4 7 2
Poorly differentiated 1 2 1 2 0 3
Mucinous 0 1 0 1 0 1
Mucinous well differentiated 1 1 1 1 0 2




Metastasis 1 1 0.403
Yes 4 4 4 4 3 5
No 10 10 10 10 11 9
Metastasis localization 0.736 0.736 0.380
Hepatic 2 2 2 2 2 2
Pulmonar 1 0 1 0 1 0
Hepatic/ Pulmonar 1 1 1 1 0 2
Peritoneal 0 1 0 1 0 1
Without metastasis 10 10 10 10 11 9
Tumour staging 0.650 0.968 0.222
Stage | 2 2 2 2 1 3
Stage I 6 3 5 4 5 4
Stage 111 3 5 4 4 6 2
Stage IV 3 4 3 4 2 5
KRAS mutations 0.081 0.345 0.025*
Yes 3 7 4 10 2 8
No 11 6 6 7 11 6
Type of KRAS mutations 0.488 0.777 0.266
Exon2 Glyl2Val 1 1 1 1 1 1
Exon 2 Gly12Asp 1 3 2 2 1 3
Exon 2 Gly12Cys 0 1 0 1 0 1
Exon 4 Ala46Thr 1 1 1 1 0 2
Exon 2 Gly13Asp 0 1 0 1 0 1
None 11 6 10 7 11 6
Survival rate (month) 0.478 0.881 0.421
<24 3 6 4 5 4 5
24-36 7 5 6 6 5 7
>36 4 3 4 3 5 2
Deceased 0.663 0.663 0.190
Dead 3 4 3 4 2 5
Alive 11 10 11 10 12 9
Previous pathologies 0.622 0.622 0.139
Yes 11 12 12 11 13 10
No 3 2 2 3 1 4
Familiar history 0.014* 0.622 0.622
Yes 5 0 3 2 2 3
No 9 14 11 12 12 11
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Figure 1. DUSP4 transcript diversity (A) and deduced protein (B). DUSP4 gene has six
exons and five introns. The three alternatively spliced transcripts previously reported
(annotated variants 1 and 2 and predicted variant X1) are indicated below the gene structure.
In gene structure, exons are represented by solid dark boxes and introns by solid lines. The
numbers delimiting the first and last exons indicate their position within chromosome 8
(Ensembl GRCh38 coordinates). Arrows indicate position of the designed primers. PAS,
polyadenylation signal. In transcript structure, pattern-filled boxes indicate the coding region

and white boxes the untranslated regions (5’ and 3’ UTRs).
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Figure 2. DUSP4 transcript variants are over-expressed in human CRC tissues. Relative
expression of (A) DUSP4 transcript variant 1, variant 2 and variant X1 and (B) CAPN10 in
healthy (n=9), TAN and tumour (n=28) tissues. (C) DUSP4 expression in TCGA cohort-
paired samples (n=32) and TCGA cohort-unpaired samples (n=380). The black line in

boxplots indicates the median. Differences with p<0.05 were considered statistically

significant. Stars and circles represent severe and moderate outliers, respectively.
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Figure 3. DUSP4 overexpression was associated with KRAS mutations and poorly

differentiated tumours. (A) Association between the expression of DUSP4 and KRAS
mutations in CHUA (left) and TCGA (right) cohorts. (B) Association between DUSP4
transcript variant 1 and tumour histology in CHUA cohort. CRC associations were analysed
using the Mann-Whitney U test (A) and the Kruskal-Wallis test (B). Differences with p<0.05

were considered statistically significant. Circles represent moderate outliers.
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Figure 4. DUSP4 overexpression is an early event in CRC. (A) Expression of DUSP4
transcript variant 1, variant 2 and variant X1 in CHUA cohort and (B) expression of DUSP4
(total) in paired and unpaired samples of the TCGA cohort. Data are presented as mean +
standard error of the mean (SEM). Statistical analysis was performed using the Mann-

Whitney U test. Differences with p<0.05 were considered statistically significant.
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Figure 5. Cumulative overall survival (OS) curves according to the relative expression of
DUSP4 transcript variants 1 (A), variant 2 (B) and variant X1 (C). Kaplan-Meier method
combined to a log-rank test was used to create and analyse OS curves. Values of relative
expression above the median constituted the high-level group, whereas values below the

median constituted the low-level group.
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