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Abstract

PURPOSE— WRN promoter CpG island hypermethylation in colorectal cancer (CRC) has been
reported to increase sensitivity to irinotecan-based therapies. We aimed to characterize
methylation of the WRN promoter; determine the effect of W/RN promoter hypermethylation upon
expression; and validate a previous report that W/RN promoter hypermethylation predicts
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improved outcomes for metastatic colorectal cancer (MCRC) patients treated with irinotecan-based
therapy.

DESIGN— WRN methylation status was assessed using methylation-specific PCR and bisulfite
sequencing assays. WRN expression was determined using gRT-PCR and Western blotting. WRN
methylation status was correlated with overall survival (OS) and progression-free survival (PFS) in
183 patients with mCRC. Among these patients 90 received capecitabine monotherapy (CAP) as
first line therapy and 93 received capecitabine plus irinotecan (CAPIRI) therapy as part of the
CAIRO Phase 11l clinical trial.

RESULTS—IWRN mRNA and WRN protein expression levels were low in CRC cell lines and in
primary CRC, and were largely independent of WRN methylation status. Patients with methylated
WRN CRC had a shorter OS compared to patients who had unmethylated WRN CRC (hazard
ratio [HR]=1.6 (95%CI1.2-2.2), p=0.003). Patients with unmethylated WRN showed a
significantly longer PFS when treated with CAPIRI compared to CAP alone (HR=0.48 (95%ClI
0.32-0.70), p=0.0001). In contrast, patients did not benefit from adding irinotecan to CAP when
WRN was methylated (HR=1.1 (95%Cl 0.69-1.77), p=0.7).

CONCLUSION— WRN expression is largely independent of WRN promoter hypermethylation in
CRC. Moreover, we could not validate previous finding that WRN promoter hypermethylation
predicts improved clinical outcomes of mMCRC treated with irinotecan-based therapy and found
instead the opposite result.

INTRODUCTION

Colorectal cancer (CRC) is among the most common cancers in the world, with an incidence
of over 1.2 million and with nearly 700,000 deaths per year (1). Half of CRC patients have
or will develop distant metastases by the time of diagnosis, or shortly thereafter (2). The
majority of patients with metastatic disease are not candidates for curative surgical therapy,
and thus receive systemic palliative therapy, most often with a fluoropyrimidine together
with irinotecan or oxaliplatin (3). The more recent addition of molecularly targeted drugs
such as anti-EGFR or anti-VEGF antibodies has further improved survival (4, 5). CRC is a
heterogeneous disease at the molecular level, and recurrent genetic and epigenetic alterations
may be important drivers of clinical behavior and the response to therapy (6, 7). Despite this,
we lack robust tools to select the best therapy for individual patients to reliably improve
treatment outcomes.

Promoter region DNA hypermethylation has been associated with loss of expression at many
genetic loci (8). Simple, reliable gene-specific assays can detect DNA hypermethylation in
clinical specimens, and thus could be used to help guide the selection of therapy for genes
whose expression level modulates the response to clinically approved drugs (9). One
association of this type was reported in 2006: hypermethylation of the Werner syndrome
WRN RECQ helicase gene was linked to transcriptional silencing of WRN in colorectal
cancers (10), and WRN silencing was suggested to improve treated outcomes for cancer
patients receiving irinotecan therapy (10-12).

WRN is a human RECQ helicase protein that plays critical roles in DNA replication,
recombination, repair and telomere maintenance (13, 14). The heritable loss of WRN leads
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to Werner syndrome, a progeroid syndrome associated with genetic instability, an elevated
risk of cancer, and cellular sensitivity to DNA topoisomerase | inhibitors such as
camptothecin and irinotecan and several other important classes of chemotherapeutic drugs
(15). WRNwas recently identified as the top-ranked gene associated with advanced clinical
stage CRC by the combined analysis of copy number alterations (CNA), methylation status
and expression; i.e. WRN promoter hypermethylation, CNA/loss and decreased expression
were all associated with Stage 111 and IV CRC (16). These provocative and potentially
exciting findings suggested that methylated WR/N might be a predictive marker for
irinotecan sensitivity in advanced stage CRC.

In the present study we determined the methylation and expression status of WRNin CRC
cell lines and primary CRC tissue samples. We also examined whether methylated WRN
predicted clinical outcomes for patients enrolled in the Dutch CApecitabine, IRinotecan and
Oxaliplatin (CAIRO) study (17). We developed and validated assays to determine WRN
promoter methylation status, then used these assays to determine whether WRN methylation
status correlated with WRN expression at the mRNA or protein levels (10, 12) and predicted
survival in CRC patients who received irinotecan therapy (10).

MATERIALS AND METHODS

Experiments were conducted at the University of Washington in Seattle (UWSEA) and the
VU University Medical Center in Amsterdam, the Netherlands (VUmc) using cell lines and
patient samples. A brief overview of materials and methods is given below, with full sample
detail and methods in the Supplementary Information.

Cell lines and tissue samples

Two independent collections of cultured CRC-derived cell lines were investigated. The
adenoma cell line AAC1 and CRC cell lines RKO, LoVo, SW480, LS174T, AAC1/SB10,
HCT116, SW48, FET, VAC0400, VACO411, VACOS5 were cultured at UWSEA. The
UWSEA lines were authenticated by DNA fingerprint analysis prior to use (IDEXX/Radil
Bioresearch; IRB). CRC cell lines Colo205, Colo320, HCT116, HCT15, HT29, LIM1863,
LS174T, LS513, RKO, SW480, and SW1398 were cultured at VUmc and authenticated by
array comparative genomic hybridization (aCGH, 244 k Agilent oligonucleotide platform) at
the VU University Medical Center, Amsterdam, the Netherlands. The patterns of
chromosomal changes observed were in concordance to the previously described
chromosomal changes in these cell lines (18, 19). Twenty-six fresh frozen (FF) primary
CRC tissues with matched FF normal colon tissue, and 21 formalin-fixed paraffin-embedded
(FFPE) normal colon tissues from cancer-free patients were collected and studied following
IRB approved protocols and in accordance with the ethical regulations of the corresponding
institutions (UWSEA and VUmc). The samples used at UWSEA were provided by the
Cooperative Human Tissue Network (CHTN). Collection, storage and use of patient-derived
tissue and data from VUmc was performed in accordance with the Code for Proper
Secondary Use of Human Tissue in The Netherlands (20).
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Tissue samples from the CAIRO clinical trial

In the CAIRO study CRC patients with metastatic disease were randomized between
sequential treatment (capecitabine (CAP) followed upon disease progression by irinotecan
(IR1), then oxaliplatin plus capecitabine (CAPOX)), or combination therapy with irinotecan
plus capecitabine (CAPIRI) followed by CAPOX(17). The primary endpoint of the study
was overall survival (OS). DNA was isolated from FFPE tissue of surgically resected
primary tumors from 183 patients that participated in the CAIRO study. Of these 183
patients, 93 received CAPIRI as first-line therapy while 90 received first-line CAP
monotherapy. From the 90 patients that received first-line CAP monotherapy, 52 received
more than 2 cycles of second-line IRI. These samples were selected to match stratification
factors in the original study for the subgroup of patients that underwent primary tumor
resection, i.e. resection status, WHO performance status, predominant localization of
metastases, previous adjuvant therapy and serum lactate dehydrogenase levels. Samples
were also selected based on a high proportion of tumor cells in sections (at least 70%). A
large proportion of these samples overlap with samples described in (21).

WRN methylation analyses

WRN methylation status was assessed by two different methylation-specific PCR (MSP)
assays together with bisulfite sequencing (see Supplementary Methods for additional detail).
A WRN5" region from —31 bp to +128 relative to the transcription start site (TSS),
hereafter referred to as Region 1, was analyzed by a gel-based MSP assay. Region 2, located
at —410 to —331 bp upstream of the WRN TSS was analyzed with a quantitative MSP assay.
Bisulfite sequencing was performed for the region =193 bp to +157bp that encompassed the
TSS, and overlapped with the locations of the WRN MSP primer pairs described in Agrelo
et al. (10) and an independent set of WRN MSP primers reported by Ogino et al.(22).

WRN expression analyses

TCGA data

RNA expression analyses were performed by real-time quantitative PCR assays using
TagMan® Gene Expression Assays from Applied Biosystems for WRN (Hs00172155_m1),
-2 micoglobulin (B2M, Hs00984230_m1), and B-glucuronidase (GusB, Hs99999908 m1).
Protein expression analyses were performed by Western blotting, using monoclonal
antibodies for WRN (W0393, Sigma) and beta-actin (13E5, Cell Signaling Technologies).

WRN DNA methylation (lllumina Infinium HM27 bead array; HM27) and mRNA
expression (Agilent microarray) data from 223 CRC tumors from The Cancer Genome Atlas
(TCGA) Colorectal Cancer project (23) were obtained via cBioPortal (http://
www.chioportal.org; data downloaded on the 2 March 2014)(24). When data from more than
one probe per gene is available from the methylation assay, cBioPortal uses methylation data
from the probe with the strongest negative correlation between the methylation signal and
mRNA gene expression.
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Statistical analyses

Student’s T-test was used to compare WRN expression levels in HCT116 and Colo205
before and after 5-aza-2-deoxycytidine (DAC) and/or trichostatin A (TSA) treatment.
Pearson correlation analysis was used to measure correlation between WRN methylation and
MRNA expression levels.

Progression-free survival (PFS) for first-line treatment was calculated from the date of
randomization to the date of first observed disease progression or death after first-line
treatment. Overall survival (OS) was measured from the date of randomization to date of
death due to cancer. Other causes of death were censored. The prognostic or predictive value
of WRN methylation status was assessed by a Kaplan-Meier survival analysis and log-rank
test.

A Cox proportional hazard regression model was used to estimate Hazard Ratios (HR) and
95% Confidence Intervals (95%CI). A multivariate Cox regression model was used to assess
and adjust for important prognostic variables including age, gender, serum lactate
dehydrogenase (LDH), WHO performance status, previous adjuvant therapy and location of
metastases. Multivariate Cox regression analysis was also used to assess and adjust for
possible prognostic variables Microsatellite Instability (MSI) status, BRAF mutational status
and mucinous differentiation, for which information was available on a sub-set of the
samples (136 out of 183)(25, 26). Results were considered significant when p-values were <
0.05.

RESULTS

WRN methylation and expression status in colon cancer cell lines

In order to accurately detect and quantify WRN promoter methylation in CRC samples, we
independently developed and cross-validated methylation-specific PCR (MSP) primer sets
and assays in both labs (UWSEA and VUmc) for two WRN regions adjacent to and
overlapping the TSS at base pair position +1: Region 1 (-31 bp to +128 bp) and Region 2
(—410 to —331 bp) (Figure 1A).

WRN methylation status in Region 1 was assessed in 11 colon cancer cell lines (SW480,
Vaco41l, AAC1/SB10, Vaco400 LS174T, LoVo, HCT116, Vaco5, FET, RKO, SW48), and 1
adenoma cell line (AAC1) from UWSEA. Seven of 11 colon cancer cell lines (64%) had
Region 1-methylated WRN (Figure 1B), while the adenoma cell line was unmethylated.
There was no association between WRN Region 1 methylation and MSI and/or CpG Island
Methylator Phenotype (CIMP) (Supplementary M&M and Supplementary Table 1).

WRN methylation status in Region 2 was successfully evaluated in 10 colon cancer cell lines
(SW480, Vaco411, Vaco400, LS174T, LoVo, HCT116, Vaco5, FET, RKO, SW48; UWSEA),
and was comparable to Region 1 methylation status within a cell line (Figure 1C). Bisulfite
sequencing of cells lines with methylated (HCT116) or unmethylated WRN (SW480) was
performed to confirm the methylation status of both regions and validate the MSP results
using an orthogonal assay (Figure 1D). We assessed WRN Region 2 methylation status in a
second, overlapping series of colon cancer cell lines (Colo205, Colo320, HCT116, HCT15,
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HT29, LIM1863, LS174T, LS513, RKO, SW480, and SW1398, SW48 and Caco2; VUmc).
These analyses revealed that 10 of 13 cell lines, or 77%, were WRN Region 2 methylated
(Figure 2B).

Cell lines that carried methylated WRN expressed relatively high levels of WRN as assessed
by WRN mMRNA gRT-PCR (Figure 2A&B). There was either no or a slightly positive
correlation between WRN Region 2 methylation and expression level in two different groups
of CRC cell lines: SW480, Vaco411, Vaco400 LS174T, LoVo, HCT116, Vaco5, FET, RKO,
SW48 (UWSEA; Pearson correlation of 0.32, p=0.3); and Colo205, Colo320, HCT116,
HCT15, HT29, LIM1863, LS174T, LS513, RKO, SW480, and SW1398, SW48 and Caco2
(VUmc; Pearson correlation of 0.68, p=0.04). Consistent with these results, treatment of the
methylated CRC cell lines HCT116 and Colo205 with the demethylating agent 5-aza-2’-
deoxycytidine (DAC) and/or tricostatin A (TSA) either did not change or resulted in
decreased WRN mRNA expression (Figure 2C). Western blot analysis of WRN protein
expression as a function of Region 1 and 2 promoter methylation in CRC cell lines in the
UWSEA collection further emphasized the lack of correlation between WRN promoter
hypermethylation and mRNA and protein expression (Figure 2A&B).

WRN methylation and expression status in CRC tissues

In order to determine whether there was a more consistent relationship between WRN
methylation status and expression in primary tumor samples, we analyzed WRN methylation
status and expression in primary CRC samples and in adjacent normal colon mucosa. We
detected Region 1 methylation in 33% (7 of 21) of primary CRCs, but in none of the paired
normal mucosa samples tested (N=12). Region 2 methylation was detected in 45% (9 of 20)
of primary CRCs, and in 1 of 20 matched normal mucosa samples (Figure 3A). Methylation
status was largely concordant between the two regions: all samples that showed methylation
in Region 1 were also Region 2-methylated. Only two cases showed an unmethylated
Region 1 and a methylated Region 2. Bisulfite sequencing of a subset of these samples (8
CRCs and 2 normal mucosa samples) confirmed the results of MSP assays (data not shown).
A second analysis of Region 2 methylation using an independent series of primary colorectal
cancers (N=183 from the CAIRO series, see next section) and normal colon mucosa samples
(N=21, VUmc) revealed WRN promoter hypermethylation in 40% (74/183) of the primary
CRCs, and very low or absent WRN methylation level in normal colon mucosa.

In our first series of colon tissues, WRN MRNA expression was higher in primary CRC vs
matched normal mucosa samples in 10 of 20 patients (50%), lower in 6 samples (6 of 20 or
30%) and equivalent in the remaining 4 samples (20%; Figure 3B). No association was
observed between WRN Region 1 or 2 hypermethylation and mRNA expression (Region 2:
Pearson correlation 0.14, p=0.4). WRN protein expression could not be detected by Western
blot in 10 of 20 (50%) of paired primary CRC/normal mucosa samples (data not shown). An
independent assessment of WRN methylation status and mRNA expression in 223 CRCs
included in the TCGA Colorectal Cancer Project (see The Cancer Genome Atlas (TCGA)
database at www.cBioportal.org; (24)) did not reveal a negative correlation between WRN
methylation level and mMRNA expression (Pearson correlation of 0.1, p=0.03; Supplementary
Figure 1).
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Relationship of WRN methylation to clinical outcome

In order to determine if there is a relationship between WRN promoter hypermethylation
and treatment outcomes, we assessed the correlation between WRN promoter methylation
status and survival in patients who participated in the CAIRO study (17). OS did not differ
between the two treatment arms in the original study population, or in the subset included in
this analysis. Patient characteristics such as age, sex, performance status, predominant
localization of metastases, previous adjuvant therapy and serum lactate dehydrogenase level
(LDH) were comparable between the two treatment arms in the subset included in this
analysis (Supplementary Table 2). Thus we pooled patients from the two treatment arms to
evaluate the association of WRN promoter methylation status and OS.

The cohort of 183 patients included a total of 160 death events. The group of 109 patients
with unmethylated WRN had 91 death events and the group of 74 patients with methylated
WRN had 69 death events. Patients with methylated W/RN CRC had shorter OS compared to
patients with unmethylated WRN (median OS of 407 vs 610 days for methylated vs
unmethylated WRN, respectively (HR = 1.6 (95%Cl 1.2-2.2), p=0.003; Figure 4A). This
was observed for patients in the sequential treatment arm (median OS of 405 vs 589 days;
HR = 1.5 (95%CI 1.0-2.4), p=0.05), as well as in the combination treatment arm (median
OS of 410 vs 680 days for methylated vs unmethylated WRN, respectively; HR = 1.7
(95%CI 1.1-2.7), p=0.02; compare Figure 4B, 4C). However, in the sequential treatment
arm, a negative effect of W/RN promoter hypermethylation on outcome was observed only
for patients who received irinotecan during their treatment course (n=55; median OS of 567
vs 646 days for methylated vs unmethylated WRN, respectively; HR = 1.9 (95%CI 1.1-3.5),
p=0.03; Figure 4D). This effect was not observed in patients who did not receive irinotecan
(n=37; median OS of 320 vs 326 days for methylated vs unmethylated WRN, respectively;
HR = 1.0 (95%Cl 0.5-2.0), p=1.0; Figure 4E).

We next determined whether W/RN methylation status had predictive value for irinotecan-
treated outcomes by assessing the relationship between WRN methylation status and
response to CAPIRI. Patients with unmethylated WRN showed significantly longer PFS
when treated with CAPIRI compared to CAP alone, as was expected from the results of the
original CAIRO trial (17) (median PFS of 272 vs 164 days for CAPIRI vs CAP, respectively;
HR=0.48 (95%CI 0.32-0.70), p=0.0001; Figure 5A). However, patients with methylated
WRN did not benefit from CAPIRI therapy (median PFS of 211 vs 190 days for CAPIRI vs
CAP, respectively; HR=1.1(95%Cl 0.69-1.77), p=0.7; Figure 5B). The same trend was
observed for patients receiving second-line irinotecan monotherapy in the sequential
treatment arm, though the number of patients was small (Supplementary Figure 2).

Multivariate Cox regression analysis showed significant interaction effects between
treatment arm and WRN methylation status, even after adjusting for potentially confounding
factors including age, gender, serum LDH, WHO performance status, previous adjuvant
therapy, predominant location of metastasis, MSI status, BRAF mutational status and
mucinous differentiation (Table 1 and Supplementary Table 4).
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DISCUSSION

DNA repair proteins such as the RECQ helicase WRN are promising biomarkers for
predicting the response to genotoxic chemotherapy. In this study, we aimed to validate the
reported association between WRN promoter hypermethylation and transcriptional
silencing, and determine the predictive value of WRN promoter hypermethylation for
increased sensitivity to IRI-based therapy in CRC patients (10).

We developed and used two new sets of MSP PCR primers to reliably assess WRN
methylation status in both CRC and normal colon tissue. Methylation status was also
analyzed by bisulfite sequencing (BS) of a region overlapping the WRN TSS. Our new MSP
primer pairs and BS assay covered the regions analyzed in previous reports (10, 22) (Figure
1A), and proved more reliable in our hands than the originally reported primer pair for WRN
MSP assays (10). Despite using these newly developed and well-validated methylation-
specific reagents, we found no consistent association between WRN promoter
hypermethylation and WRN expression at the mRNA or protein level. Moreover, we found
that WRN promoter hypermethylation was associated with reduced, as opposed to the
previously reported /ncreased, OS in CRC patients with metastases who received irinotecan
(10). Progression free survival (PFS) improved only when irinotecan was added to CAP in
the presence of urmethylated WRN, which was not expected from the results of the original
CAIRO trial (17).

One explanation for the differing results between our study and a previous report (10) could
be the use of different methylation assays. However, this is unlikely: we designed and
validated new primer sets for overlapping MSP and bisulfite sequencing assays that worked
reliably, and covered a 567 bp region that encompassed the TSS. These reagents reliably and
accurately detected WRN promoter methylation status in both cell lines and primary tumor
samples across the locations of both the originally reported (10) and an additional reported
overlapping primer pair (22) (Figure 1A). Other possible reasons for the contrasting results
in the current and previous report (10) encompass the lack of robust analytical tools in the
previous report (10), together with the limited number of cell lines and the small size and
nature of the clinical samples analyzed (10). Of note, The clinicopathological details of the
88 patients reported in (10) were not described in the original report or in the reference to
this cohort included in the initial report (10). Hence, selection bias cannot be excluded.

We further corroborated our finding of no consistent relationship between WRA promoter
methylation level and gene expression using data on 223 CRC samples included in the
TCGA Colorectal Cancer Project, where again no correlation could be identified between
WRN hypermethylation and WRN transcriptional silencing (23, 24).

In order to test the association between WARN methylation status and clinical outcomes, we
used material from patients enrolled in the CAIRO study (the Dutch CApecitabine,
IRinotecan and Oxaliplatin (CAIRO) study (17). Our CAIRO study cohort (n=183) was
larger than the initial cohort (n=183 vs 88) and has been described in detail. The CAIRO
study provided high quality clinical data, which are essential to evaluate predictive
biomarkers (27, 28) and to test the association between WFRN methylation status and clinical
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outcomes. The CAIRO cohort also offered the opportunity to compare first-line CAP
monotherapy versus CAPIRI therapy.

Despite our larger well-characterized study population, we were not able to confirm the
initial observation that WRN promoter hypermethylation was associated with improved
outcome in irinotecan-treated metastatic CRC patients (10). In contrast, we observed a
significantly worse outcome for irinotecan-treated colorectal cancer patients with WRN-
methylated tumors. This is similar to the outcome observed in an independent, well-
described study (22) that used primer pairs targeting the same W/RAN region as the initial
report (10) (see Figure 1A). These observations indicate that W/RN promoter
hypermethylation may be useful as a biomarker, to predict a worse response to irinotecan
treatment.

This effect is likely to reflect as-yet unidentified co-variables, as WRN promoter
hypermethylation does not consistently alter WRN expression. WRN is a housekeeping gene
that is expressed at comparatively low copy number (<1000 to 10,000 copies/cell) in many
cell types (29-32). The WRN promoter region includes Spl, RCE (retinoblastoma/TP53),
AP2 and MY C E-box binding sites, and there are experimental data showing that these
binding sites and/or transcription factors can alter WRN transcription (33, 34). WRN
expression is also known to be cell cycle-responsive, and upregulated by cellular oncogenic
transformation (31), though none of these mechanisms has been shown thus far to be WRN
DNA methylation-dependent or modulated.

Alternatively, WRN promoter hypermethylation has been associated to microsatellite
instability, CpG island methylator phenotype, BRAF mutations and mucinous
differentiation, which themselves are associated to clinical outcome in colon cancer (11, 22,
35). Information on MSI, BRAF and mucinous differentiation available on a sub-set of our
sample set revealed that those variables did not explain the association between WRN
promoter hypermethylation and clinical outcome after treatment with irinotecan-based
therapy. However, the number of samples with MSI status and/or BRAF mutation was very
low (n=6 and n=11, respectively), hence no hard conclusions can be drawn from these
results. Future functional analyses and validation studies in large, independent and well-
annotated cohorts are needed to shed light on the role of WRN promoter hypermethylation
as a determinant of the response to irinotecan-based therapy.

Our study has the following limitations. First, measurements were performed on the primary
tumors, while patients were treated for their metastases, which raises the question whether
intra tumor heterogeneity could play a role. Although metastases can acquire additional
genomic alterations, they keep most alterations present in the primary tumor (36, 37).
Furthermore, DNA methylation is usually an early event in colorectal carcinogenesis, which
we suspect is true for WRN methylation as well (38).

Second, we were not able to independently analyze all cell lines at both participating
institutions, though note that the subset of cells analyzed by both groups gave concordant
results. This strengthens our conclusion that previous findings on the negative relationship
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between WRN promoter methylation level and gene expression at the mRNA or protein
level could not be validated.

A final limitation of the current study was the use of DNA from 183 patients and tumor
tissue which represented a subset of all patients in the CAIRO trial (17). However, this
selection was representative for the subgroup of patients that underwent resection of the
primary tumor in terms of clinical characteristics and survival outcome (see also ref (21)).
Furthermore, the current cohort is larger than the cohort as described in (10) (=183 vs
n=88) and was large enough to have statistical power.

In summary, we found that the methylation status of the W/RN promoter region can be
reliably assessed in both CRC and normal colorectal tissue using newly developed
methylation-specific PCR and bisulfite sequencing assays. However, there was no consistent
association between WRN promoter hypermethylation and loss of WRN expression at the
mRNA or protein level in CRC cell lines or tumors. Moreover, we could not validate
findings from a previous study that W/RN promoter hypermethylation was associated with a
better response to irinotecan-based therapy and found, instead, that WRN promoter
hypermethylation was associated with reduced OS and PFS in our well-characterized CRC
patient cohort who received irinotecan-based therapy. Despite growing evidence for a role
for WRN genomic alterations in CRC disease progression (16), our results indicate that
WRN promoter hypermethylation does not reliably predict W/RN gene expression or, as
originally reported (10), improved clinical outcomes in CRC patients treated with irinotecan-
based chemotherapy regimens.
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Significance of the study

The current care for metastatic colorectal cancer includes, if clinically indicated, surgical
resection of the primary tumor and/or liver metastases, together with chemotherapy (5-
fluoruracil and oxaliplatin or irinotecan) and in some patients targeted therapy (anti-
EGFR antibodies or anti-VEGF therapy). The clinical response to this regimen is
variable, and it is difficult to predict who will benefit from treatment. Moreover, for most
therapies, we lack accurate biomarkers to identify the optimal treatment for individual
patients. DNA repair proteins such as the Werner syndrome RECQ helicase, WRN, are
promising biomarkers for predicting the response to genotoxic chemotherapy. We
attempted to validate previous studies that showed WRN promoter hypermethylation
predicted the response to irinotecan using an independent sample set. We did not find a
clear association between aberrant W/RN promoter hypermethylation and reduced WRN
expression. Moreover, in contrast to earlier studies we found an inverse correlation of
WRN promoter hypermethylation with survival in metastatic colorectal cancer patients
treated with irinotecan. Our results highlight the need for further studies to identify
biomarkers that can predict the response of colorectal cancer to standard-of-care
chemotherapeutic agents including irinotecan, oxaliplatin and 5-fluorouracil.
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Figure 1. WRN promoter region methylation analysisin cell lines

A. WRN promoter region CpG island and primer locations Genomic coordinates, CpG
density and positions are shown in the top panel. Each vertical bar in the lower panel
represents the presence of a CpG dinucleotide. Black horizontal bars indicate regions
amplified by newly designed and validated MSP primer pairs (Region 1 and Region 2), the
region amplified by the original primer pair described by Agrelo et a/(10), and the region
targeted for bisulfite sequencing (BS). TSS, Transcription Start Site. This figure was created
using MethPrimer (39). B. Methylation analysis of Region 1 (see Figure 1) in the adenoma
cell line AACL1 and in colon cancer cell lines. DNA from Peripheral Blood Lymphocytes
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(PBL) was used as an unmethylated control. H20 and DNA from Sssl methylase-treated
DNA from the colorectal cancer cell line SW48 were used, respectively, as ‘no template’ and
‘methylated template’ controls. C. Quantitative methylation analysis of WRN promoter
Region 2 in the same colon cancer cell lines shown in panel A. D. Sodium bisulfite
sequencing results of WRN gene promoter on cell lines HCT116 and SW480 in the region
depicted in Figure 1. Each row represents an individual cloned allele and each circle
indicates a CpG dinucleotide. Black circle=methylated CpG site; white circle=unmethylated
CpG site; no circle=not determined.
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Figure 2. WRN expression analysisin cell lines
A. WRNmRNA (upper panel) and protein (lower paired panels) expression in CRC cell

lines in relation to methylation status in WRN promoter Region 1 (lower panel). Error bars
represent standard deviations across triplicate independent experiments, in which WRN
mRNA was normalized to mRNA expression of the reference gene GUSB (upper panel) and,
for protein expression p-actin (lower panel). Methylation status of WRN promoter Region 1
is indicated below each pair of immunoblots (M = methylated; U = unmethylated). B. WRN
MRNA expression level in relation to methylation status of W/RN promoter Region 2.Error
bars represent standard deviations of mean expression values of two independent
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experiments. Methylation status of WRAN promoter Region 2 is indicated below each cell
line designation (M = methylated; U = unmethylated). C. WRN mRNA expression analysis
of Colo205 (left) and HCT116 (right) with and without 5-aza-2-deoxycytidine (DAC) or
DAC!/trichostatin A (TSA) treatment. Bars represent mean in two independent experiments,
with error bars represent standard deviations. Expression was quantified relative to mRNA
expression levels of B2M. *p=0.001
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Figure 3. WRN promoter region methylation and expression analysesin CRC and matched
normal colon tissues

A. WRN methylation levels in CRC tumor tissues (black bars) and matched normal colon
tissues (grey bars). Bars represent mean expression of duplicate measurements in one
experiment. A sample was considered methylated when the Ct ratio exceeded the threshold
of 0.03, which was set based on an analysis of normal colon samples (N=21), which all had
values below this threshold. B. WRN mRNA expression versus a GUSB control in the same
CRC tumor (black bars) and matched normal colon (grey bars) samples shown in panel A.
Bars represent mean expression of triplicate measurements in one experiment.
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Figure 4. Overall survival in metastatic CRC patientswith unmethylated or methylated WRN
promoter regions
Overall survival (OS) of CRC patients with unmethylated (solid lines, U) or methylated

(dashed lines, M) WRN promoter regions in response to (A) sequential and combination
treatment arms combined (sequential or combined capecitabine (CAP) and Irinotecan (IRI),
followed by capecitabine + oxaliplatin (CAPOX)); (B) in the sequential treatment arm alone
(15t line capecitabine (CAP), 2" line Irinotecan (IRI), 3™ line capecitabine + oxaliplatin
(CAPOX)); (C) in the combination treatment arm alone (15t line capecitabine + irinotecan
(CAPIRI), 2" line capecitabine + oxaliplatin (CAPOX)); in the subset of patients who
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received (D) or did not receive (E) irinotecan (IRI) in the sequential treatment arm. HR =
Hazard Ratio (Methylated WRN vs unmethylated WRN).
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Figure 5. Progression-free survival in metastatic CRC patientstreated with CAP (solid lines) or
CAPIRI (dashed lines) asa function of WRN promoter region methylation

PFS is shown for CRCs with unmethylated (panel A) or methylated (panel B) WRN
promoter regions. HR = Hazard Ratio (CAPIRI vs CAP).
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Multivariate Cox regression analysis showing the relationship between different covariates, including an
interaction between WRN methylation and treatment arm, and progression free survival

Covariate HR  95% ClI p-value®
treatment arm 0.47 0.32-0.70  0.0002
WRN methylation status 0.36 0.14-0.98 0.05
previous adjuvant therapy 1.65 1.09-2.50 0.02
serum LDH 152 1.07-2.15 0.02
WHO performance status 118 0.89-1.56 0.26
gender 0.74 0.52-1.04 0.09

age 099 0.98-1.01 051
location of metastases 1.10 0.85-1.43 0.45
interaction of treatment arm and WRN methylation status 2,11  1.13-3.92 0.02

Analysis based on 182 samples, of which 179 events (1 observation deleted due to missingness)

Cl, confidence interval; HR, hazard ratio; WRN, Werner gene; LDH, Lactate dehydrogenase; WHO, World Health Organisation

*
Wald test
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