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ABSTRACT

AIMS: This study investigated the impact of promoter methylation of flouropyrimidine (FP) metabolizing and cyclooxygenase 2 (COX2)
genes on their MRNA expression and on the clinical outcome of colorectal cancer (CRC) patients.

METHODS: Methylation specific-PCR and real time-PCR of thymidylate synthase (TS), thymidine phosphorylase (TP), dihydropyrimidine
dehydrogenase (DPD) and COX2 were performed at baseline and after 3 and 6 months of FP therapy. Pairwise comparisons were conducted
between the subgroups of CRC patients. The event free survival (EFS) and the hazard of progression were estimated by univariate and mul-
tivariate analyses.

RESULTS: At baseline CRC patients, both TS and TP were overexpressed, in spite of the unmethylation of TS and the full methylation of TP
genes. Significant downexpression of DPD and COX2 were associated their promoter’s methylation. At the end of FP therapy, TS, DPD and
COX2 were overexpressed by 7.52, 2.88 and 3.45 folds, respectively, while TP was downexpressed by 0.54 fold. However, no change was
observed in the methylation status of genes with FP therapy. Pairwise comparisons revealed significant difference in the expression and the
methylation status of genes according to the clinicopathological characters of CRC patients either at baseline or after FP therapy. The over-
expression of DPD and COX2 genes were indicators for a poor EFS of CRC patients. Also, the high level of COX2 expression was found to
be significantly correlated with the hazard of progression (HR=1.73, 95% Cl=1.02-3.03).

CONCLUSION: The promoter methylation of FP metabolizing and COX2 genes has significant impact on the expression and the treatment
outcome of CRC patients.
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Introduction

Colorectal cancer (CRC) is from the most commonly diag-
nosed cancer in the world, and accounts for 8% of all cancer
related deaths. There is a remarkable increase in the burden
of CRC in developing countries that are witnessing an eco-
nomic advancement, adoption of a Western life style and of
dietary habits characterised by higher intake of meat, fat and
total calories, along with increasing life expectancy and pop-
ulation growth.! Based on the Volgestein model, multiple
reversible and irreversible factors accumulate and participate
in CRC development. Certain genetic and epigenetic factors
along with the chronic inflammatory condition of the colo-
rectum are found to be combined in the pathogenesis of
CRC disease.? Treatment with fluoropyrimidine (FP) —
based therapy is still the treatment of choice in CRC, in spite
of the primary and the acquired resistances frequently
observed.?

Epigenetics have a prominent role in the carcinogenesis of
CRC. DNA methylation in the promoters of tumour suppres-
sor gene, which is known to be enriched with CpG dinucleo-
tides, induces transcriptional silencing. Recently, these
hypermethylated sites have been included as potential bio-
markers in early risk evaluation, diagnosis and prognosis of
CRC disease. In addition to the impact of global DNA meth-
ylation on the treatment outcome of CRC disease,’ also local-
ised or site specific DNA methylation at the promoters of drug
metabolizing genes and drug transporters have a role in the
chemosensitivity of cancer patients to certain treatment.® That
role of epigenetics in the response to treatment is called phar-
maco-epigenetics, and it has been emerged as an important
element in personalised medicine, and also it is the clue for the
inter-individual variability to treatment. Because of the revers-
ibility of the epigenetic modifications, hence, their levels should
be monitored in the affected tissue, and in the body fluids.”
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The effect of epigenetics on the expression of FP metaboliz-
ing enzymes (thymidylate synthase (TS), thymidine phosphor-
ylase (TP) and dihydropyrimidine dehydrogenase (DPD)) is
found to be from the predisposing causes to the variation in the
patients’ response to FP therapy.® TS, the rate-limiting enzyme
of DNA synthesis, is a valuable target for many antimetabolite
drugs such as 5-fluorouracil (5-FU), and its level of expression
is proportional with the response of CRC patients to 5-FU
therapy.” T'S expression was found to be epigenetically regu-
lated by microRNA-215.1 This microRNA controls the sensi-
tivity of colon cancer cells to TS inhibitor drugs through
increasing the G2/M cell cycle check point and reducing the
proliferation of cells.1

TP enzyme is involved in the metabolic activation of 5-FU
selectively in CRC cells. It has also counter angiogenic and
chemotactic effects, which confuses its usefulness, and suggests
for the epigenetic role in such effects.!’ A transcriptional
silencing of TP gene was shown in mesothelioma as a result of
the DNA methylation of extracellular growth factor-1, modu-
lating the efficacy of antifolate therapy.>? Moreover, DPD defi-
ciency was found to be correlated with the degree of DPD
promoter methylation, inducing toxicity to FP therapy and
causing progression of CRC disease.!3

So, this study investigated the contribution of the promoter
methylation of FP metabolizing (TS, TP and DPD) genes to
therapeutic effectiveness of FP based therapy in CRC patients. In
addition, the DNA methylation of inflammatory marker
(cyclooxygenase 2; COX2) is measured as a determinant for the
chemosensitivity of CRC patents because of the significant cor-
relation between the level of COX2 expression and the level of its
promoter methylation in early and advanced CRC tissues.!»15

In this study, genes promoters’ methylation and expression were
measured at baseline and after 3 and 6 months of FP therapy, in
the peripheral mononucleated lymphocytes of 43 CRC patients,
stratified into subgroups according to their clinicopathological
characters. The impact of methylation and mRNA expression of
genes was correlated with the event free survival (EFS) and the
hazard of progression of patients after 3years of follow up.

Patients and Methods
Samp[e collection and lymphocytic cell pellet

preparation

This prospective study included 43 patients with confirmed
diagnosis of CRC, who were enrolled to the National Cancer
Institute, Cairo University during the period from February
2014 to December 2014. At baseline, peripheral whole blood
samples were collected from the 43 CRC patients. After 3 and
6 months during their course of FP therapy, another 43 and 32
blood samples were collected from the patients. The median age
of our CRC patients was 45 years old, and slight male predomi-
nance was exhibited among them. Almost the two-thirds of our
patients were non-smokers, with normal level of tumour markers
(CEA and CA19.9). Most of our patients received combined FP
based therapy of capecitabine or 5-FU with oxaliplatin, Table 3.

Whole blood samples were also collected from 32 matched
healthy controls in sex and age (male: female ratio=1:1.3 and
age=38+15.2, P=.89). Mononucleated lymphocytic cell pel-
lets were isolated as described previously in Fouad et al.®

Methylation specific-PCR (MS-PCR)

DNA was extracted from patients’ lymphocytic cell pellets
using DNA isolation and purification kit supplied from Jena
Bioscience (Germany). Genomic DNA (500ng) was bisulfite
modified by (EZ DNA MethylationTM Kit (Zymoresearch,
Germany). MS-PCR was carried out following the method of
Herman et al.1® PCR was performed using primer pairs which
target one or more CpG of the core promoters in the sense
strand of the 4 genes (TS, TP, DPD and COX2). Two sets of
primers for each gene were designed by Meth prime design tool.
The primers that amplify sequences in which CpGs are methyl-
ated (M-primers), and the primers that amplify sequences in
which CpGs are unmethylated (U-primers) were purchased
from Invitrogen by ThermoFisher Scientific, UK Table 1. In
25pul, PCR amplification was carried out using host start Taq
DNA polymerase master mix (Zymo research, Germany),
bisulfite-modified DNA template (2 pl) and 10 uM of the for-
ward and reverse primers. Amplification conditions was adjusted
according to manufacturer recommendations and genes’anneal-
ing temperatures optimised, as seen in Table 1. Control PCRs
lacking genomic DNA were performed for each set of reactions.
PCR reaction products were loaded onto horizontal electropho-
resis on agarose gels, stained with ethidium bromide and visual-
ised under UV illumination.

Real time-PCR (RT-PCR)

Total RNA was extracted from cell pellets with total RNA puri-
fication kit (Direct-Zol RNA Kit, Zymo Research, Germany).
Complement DNA synthesis step was performed according to
the manufacturer’s instructions using Revert Aid First Strand
cDNA synthesis kit (ThermoFisher, UK). Quantitative PCR was
done according to the manufacturer’s instructions using Syber
Green PCR Master Mix (Applied Biosystems, USA). Reverse
and forward sequences of primer genes (T'S, TP, DPD and
COX2) were designed by NCBI-NIH tool, obtained from
Invitrogen by ThermoFisher Scientific, UK, as summarised in
Table 2. For every patient, genes CT values were normalised to
the CT value of the housekeeping gene (B-actin); in order to cal-
culate 2-2Ct, Also, genes CT values were normalised to the CT
value of genes expression at the baseline; in order to calculate the
fold change after the FP therapy (2-24¢).

Statistical analysis

IBM SPSS statistical package version 24 was used in data
manipulation. Numeric data explored for normality using
Kolmogrov-Smirnov test and Shapiro-Wilk test. Categorical
data were expressed as numbers and percentages, while
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Table 1. MS-PCR primers.

GENES PRIMERS

TS M-Forward primer
Sequence ID: NG_028255.1 M-Reverse primer
Region: 4784. . . .4818 U-Forward primer
U-Reverse primer
TP M-Forward primer
Sequence ID: NG_011860.1 M-Reverse primer
Region: 3816. . . .3825 U-Forward primer
U-Reverse primer
DPD M-Forward primer
Sequence ID: NG_008807.2 M-Reverse primer
Region: 132138. . .132151 U-Forward primer
U-Reverse primer
COX2 M-Forward primer
Sequence ID: NG_028206.2 M-Reverse primer
Region: 4536..4549 U-Forward primer

U-Reverse primer

Table 2. RT-PCR primers.

TS Forward primer

Sequence ID: NM_001071.4

Region: 187. . . 256

TP Forward primer

Sequence ID: NM_001257989.1

Region: 530. . .. 733

DPD Forward primer

Sequence ID: XM_017000510.1

Region: 2685 to 2708

COX2 Forward primer

Sequence ID: NM_000963.4
Region: 698. . . 717

B-actin

Sequence ID: NM_001100.3

Region: 286 to 304

numerical data were summarised as medians and interquartile
ranges (IQR). Patients were stratified into subgroups accord-
ing to their clinicopathological and molecular features. Pairwise
comparison between subgroups of CRC patients was tested by

Reverse primer

Reverse primer

Reverse primer

Reverse primer

Forward primer

Reverse primer

SEQUENCE ™
AAGGCGCGGTCGATTAGAC 53.2
AAAACCACGAATATAACACAA AAC G

GGT TTA GAG AAG GTG TGG TTGATTAGAT 57
CACAAAACCACAAATATAACACAAAAC A

TTAGCGTTGCGTCGCGTT C 53.2
CCGACCAATCCCCCGATAC
TGG GAT TTTAGTGTTGTGTTGTGTTT 53.2
CCCAACCAATCCCCCAATAC
GGTTGTCGTGTTTGGCGC 52.6

ATC TAC CAA TAA CAA ACC CTCCTTACG
GTTGTGGTTGTTGTGTTTGGTGT 53.5
ATCTACCAATAACAAACCCTCCTTACA

TTAGATACGGCGGCGGCGGC 60
TCTTTACCCGAACGCTTCCG
ATAGATTAGATATGGTGGTGGTGGT 60

CACAATCTTTACCCAAACACTTCCA

TACCTGGGGCAGATCCAACA
AGAGGGAATTCATCTCTCAGGC

TGGACAAGCATTCCACAGGG
CGCTGATCATTGGCACCTTG

GGACAGAGTCCAGCTACTGTG
TGCGCTGTTCCAGATAAGGT

CAGCACTTCACGCATCAGTT
TCTGGTCAATGGAAGCCTGT

CCAGAGCAAGAGAGGTATCC
CTGTGGTGGTGAAGCTGTAG

Chi-Square test for the categorical data, while Mann-Whitney
for 2 groups of numerical one, and Kruskal Wallis for more
than 2 groups of numerical data. The effect of FP therapy on

genes expression over time (3 and 6months) in certain
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Table 3. The clinicopathological characters of CRC patients.

Total
Age
<45y
>45y
Sex
Female
Male
Smoking
Non smoker
Smoker
Baseline CEA
Normal
High
Baseline CA19.9
Normal
High
Site of tumour
Non specified
Right colon
Left colon
Rectum

Pathology

Adenocarcinoma

Mucinous
T

T2

T3

T4
N

Negative

Positive
M

Negative

Positive
Stage

Il

COUNT

43

22

21

19
24

28

15

30
13

28

15

11

10

33
10

26

1

27

16

23

20

%

100

51.1

48.8

44.2

55.8

65.1

34.9

69.8
30.2

65.1

34.9

1.6
25.6
23.3

39.5

76.7

23.3

14.0
60.5

25.6

62.8

37.2

53.5

46.5

16.3
(Continued)

Table 3. (Continued)

COUNT %
1] 16 37.2
\Y 20 46.5
First line FP therapy
Single (Capecitabine) 7 16.3
Combined (+Oxaliplatin) 36 83.7

Data presented as count and percentage of 43 CRC patients at differ-
ent clinicopathological subgroups.

Abbreviations: CEA, carcinoembyonic antigen; CA19.9, carbohydrate
antigen 19.9; T, tumour burden; N, lymph node; M, metastasis.

subgroup of CRC patients was tested by Wilcoxon matched
test. After 3years of follow up, EFS of patients were tested by
Kaplan-Meier procedure. EFS was calculated from the date of
resection or neoadjuvant therapy to the date of recurrence, pro-
gression or death, which occurred first. EFS for patients who
neither progressed, relapsed, nor died, was censored at last
assessment prior to loss of follow-up. Significant clinicopatho-
logical and molecular variables on patients’ survival were tested
for their hazardous effects on progression using multivariate
COX proportion hazard model. All P-values were two-sided,
adjusted for multiple comparisons, and the P-values <.05 were
considered significant.

Results

Patients’ characteristics

As shown in Table 3, the median age of our CRC patients was
45 years old. 55.8% of them were males, and 65.1% were non-
smokers. Normal CEA and CA19.9 tumour marker levels were
recorded in 69.8% and 65.1% of patients, respectively. Twenty-
one patients were colon cancer patients, while 17 of them were
rectal cancer. 76.7% of our patients were with adenocarcinoma
and 74.5% were with T2 and T3 tumours. Negative lymph
nodes were detected in 27 patients, and 23 patients were with
negative metastasis and at stage II and III of the disease. Out
of 43 patients, 7 patients received single agent of FP based
therapy (capecitabine) and 36 patients had combined FP ther-
apy (with oxaliplatin).

Baseline unmethylation with upregulation of TS
gene, and the increase of TS expression with FP
therapy

TS was unmethylated (UTS) in 90.7% of CRC patients, and
the unmethylated status has not been changed after FP treat-
ment, Table 4 and Figure 1. The mRNA expression of T'S was
significantly higher in chemonaive CRC patients compared
with healthy controls (median=31.08 vs 15.15 folds, P=.014),
Figure 2a. TS expression was significantly increased by 1.57
folds after 3months of FP therapy, and furtherly increased by
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Table 4. The association of the promoter methylation of fluoropyrimidine metabolising genes with their expression level in CRC

patients.

TS PROMOTER
METHYLATION FORM

% OF BASELINE CRC PATIENTS

TOTAL (N=43) (%)

<2.98
uTsS 90.7 42.0
UMTS 2.3.0 2.0
MTS 7.0 0.0

TP PROMOTER
METHYLATION FORM

TOTAL (N=43) (%)

<6.92
uTpP 0.0 0.0
UMTP 0.0 0.0
MTP 100 471

DPD PROMOTER
METHYLATION FORM

TOTAL (N=43) (%)

<4.26
UDPD 0.0 0.0
UMDPD 4.7 3.9
MDPD 95.3 58.8

COX2 PROMOTER TOTAL (N=43) (%)

METHYLATION FORM

<3.95
UCOXx2 4.7 2.0
UMCOX2 39.5 25.5
MCOX2 55.8 35.3

TS BASELINE MEDIAN EXPRESSION LEVEL (%) P-VALUE
>2.98
36.0 .793
0.0 NA
6.0 NA
TP BASELINE MEDIAN EXPRESSION LEVEL (%) P-VALUE
>6.92
0.0 NA
0.0 NA
40.8 NA
DPD BASELINE MEDIAN EXPRESSION LEVEL (%) P-VALUE
>4.26
0.0 NA
0.0 NA
245 <.001
COX2 BASELINE MEDIAN EXPRESSION LEVEL (%) P-VALUE
>3.95
2.0 NA
8.2 .006
12.2 .002

Data presented as the percentage of patients at different promoter gene methylation forms (U, UM and M) and different levels of expression. The
median baseline expression levels of TS, TP, DPD and COX2 in 43 CRC patients were 2.98, 6.92, 4.26 and 3.95 were. Significant P-values marked

with bold italic font.

Abbreviations: U, unmethylated; UM, partial methylated; M, methylated; TS, thymidylate synthase; TP, thymidine phosphorylase; DPD, dihydropyrimi-

dine dehydrogenase; COX2, cyclooxygenase 2; NA, not applicable.

7.52 folds after 6 months therapy, Figure 2b. At baseline, T'S
expression was significantly higher in patients with high base-
line CA19.9 level (median TS expression=6.56 folds) compared
with patients with normal baseline CA19.9 (median T'S expres-
sion=2.87 folds), Figure 2c. After 6 months of FP therapy, TS
expression was significantly higher in patients with mucinous
tumours compare with patients with adenocarcinoma type of
tumours (P=.028), Figure 2d. Univariate and multivariate sur-
vival analyses revealed insignificant difference in patients’ EFS
time and the hazard of progression at low and high expression
levels of T'S Figures 6 and 7.

Baseline, full methylation but upregulation of TP
gene, and the decrease in TP expression with FP
therapy

The examined sequence of TP promoter showed full methyla-
tion (MTP) in 100% of CRC patients either at baseline or after

FP therapy, Table 4 and Figure 1. The mRNA expression of TP
was significantly higher at baseline CRC patients than in
healthy controls (median=22.52 vs 5.52 folds, P=.002), Figure
3a. FP therapy significantly decreased the expression of TP to
0.73 and 0.54 folds after 3 and 6 months of therapy respec-
tively, Figure 3b. The decrease in TP level over FP therapy was
significantly observed in female patients (P=.048), patients
with right colon tumours (P=.016) and stage II patients
(P=.045), Figure 3¢, d and e, respectively. The median EFS
times and hazard of progression were not changed significantly
between the different expression levels of TP, Figures 6 and 7.

Baseline full methylation of DPD and the increase
in DPD expression with FP therapy

The methylation status of DPD promoter was fully methylated
(MDPD) in 95.3% our patients, and 60% of patients with
MDPD showed significant downexpression of DPD (<4.26
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(a) Unmethylated
primers

uTs
(122 bp)

uTp
(214 bp)

uDP
(178 bp)

Ucox2
(275 bp)

(b) Methylated
primers

MTS
(105 bp)

MTP
(109 bp)

MDPD
(120 bp)

UCOX2

(275 bp)
MCOX2

(160 bp)

Figure 1. TS, TP, DPD and COX2 genes methylation forms (U, UM and M) for selected number of 43 CRC patients. Each 3 consecutive bands after the
DNA ladder represent the gene expression before and after 3 and 6 months of FP therapy for each CRC patient: (a) the unmethylated genes primers in the
left side (UTS, UTP, UDPD and UCOX2) and (b) the methylated genes primers in the right side (MTS, MTP, MDPD and MCOX2).

Abbreviations: U, unmethylated; UM, partial methylated; M, methylated genes.

DNA extracted from patients at baseline and after 3 and 6 months of FP therapy were bisulphite converted, and then amplified with the methylated
and un-methylated primers of the target genes. PCR products were horizontally electrophoresed and imaged on UV-transilluminator system.

folds), Table 4. The methylation status was not changed after
FP therapy, as demonstrated in Figure 1. DPD expression in
baseline CRC patients was insignificantly different compared
with healthy controls, Figure 4a. After 6 months of FP therapy,
DPD was significantly overexpressed by 2.88 folds, Figure 4b.
Survival analysis showed significant reduction in the median
EFS of patients with DPD expression >4.26 folds (median
time=14.63 vs median time=20.83 months, P=0.042), Figure 6.
However, insignificant difference in the hazards of progression
of our patients was observed between the low and high expres-

sion levels of DPD, Figure 7.

Baseline partial to full methylation with
upregulation of COX2 and the increase in COX2
expression with FP therapy

The methylation status of COX2 promoter was partially meth-
ylated (UMCOX2) in 39.5% of patients, and fully methylated
(MCOX2) in 55.8% of patients, Table 4. Almost 60% of
patients with UMCOX2 and MCOX2 showed a signficant
down-expression of COX2 level (<3.95 folds), Table 4. As the
above 3 gene, no change was detected in the forms of COX2

methylation after therapy, Figure 1. The expression of COX2
was signficantly high in chemonaiive CRC patients
(median=16.97 vs median=8.51 folds, P=0.01) Figure 5a,and it
was signficantly increased by 3.45 folds after 6 months of FP
therapy, Figure 5b. Before FP therapy, the expression of COX2
was significantly high in patients with mucinous tumours
(median="7.88 vs median=2.93 folds for adenocarcinoma patients,
P=0.045), Figure 5c. Kaplan-Meier analysis demonstrated in
Figure 6 showed significant reduction in the median EFS of
patients with COX2 expression >16.97 folds (median
time=14.78 months vs median time=23.34 months for patients
with COX2 expression <16.97 folds, P=0.022). Also the multi-
variate COX regression analysis, presented in Figure 7, revealed
a significant increase in the hazard of progression associated
with COX2 expression >16.97 fold (hazard ratio=1.73,
P=0.050).

Discussion

In our previous research, we found that global DNA methyla-
tion had a significant impact on the treatment outcome with
FP therapy in CRC patients.” Monitoring the changes in the

methylation status and the expression of FP metabolizing and
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Figure 2. TS expression in healthy control and baseline CRC patients (a), the change in TS expression after 3 and 6 months of FP therapy normalised to
their baseline levels (b), TS expression at low and high CA19.9 subgroups of baseline CRC patients (c) and TS expression in adenocarcinoma and

mucinous pathological subtypes of tumours after 6 months of FP therapy (d).

als a significant difference when CRC patients after 3 and 6 months of FP therapy were compared with their baseline level, P value <.05.

bls a significant difference when CRC patients after 6 months of FP therapy were compared with their level after 3months of FP therapy, P value
<.05. Total RNA was extracted from the isolated lymphocytic cell pellets of healthy control and CRC patients at baseline and after 3 and 6 months of
FP therapy. RNA was converted into cDNA, and then RT-PCR amplification was conducted with the designed TS gene sequence.

COX2 genes over the period of FP therapy; was assumed to
assist in the identification of CRC subgroups of patients who
would benefit from the FP based treatment, and predict the
response to therapy. So whole blood was our target site of
investigation in order to undergo the molecular monitoring
through a non-invasive sampling approach during the course
of FP therapy. Moreover, it was demonstrated over literature
that the degree of methylation in peripheral blood is almost
similar to the level of DNA methylation in tumour tissue.!7-18
Data of the present study illustrated that chemo-naive CRC
patients have unmethylation and overexpression of TS gene
associated with high level of CA19.9, and mucinous tumour
presentation, without effect in disease progression. In cancer,
the expression and activity of TS protein are significantly
related to cell doubling time; the faster the cell proliferation,
the greater the expression and activity of TS.12° In harmony
with our results, Kosuri et al.!? reported no evidence of meth-
ylation in TS gene promoter in mesothelioma cells. The

correlation of the overexpression of T'S gene with poor patients’
prognosis was assumed, in this study, to be through its correla-
tion with CA19.9. It was presented in our previous article that
our CRC patients with high CA19.9 showed significant dete-
rioration in both overall survival and EFS regardless of tumour
stage.” In addition, Bai et al.?! considered the overexpression of
TS gene as an adverse prognostic factor of CRC, correlated
with bad tumour TNM classification and higher CRC staging.
Moreover, its correlation with the mucinous type of CRC
tumours was presented in Glasgow et al.??

In this study, FP therapy caused no changes in the methyla-
tion of T'S gene promoter, while a significant induction of T'S
expression after therapy was observed. An association between
high TS expression and resistance to 5-FU therapy was dem-
onstrated in Gajjar et al.” The overexpression of T'S was linked
to lack of DNA repair through DNA hypomethylation, and
high microsatellite instability.?3 The inactivation of T'S gene
with FP analogues, such as 5-FU resulted in depletion of
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Figure 3. TP expression in healthy control and baseline CRC patients (a), the change in TP expression after 3 and 6 months of FP therapy normalised to
their baseline levels (b), TP expression in female patients over time (c), TP expression in patients with right sided tumours (d) and TP expression in stage

Il CRC patients (e).

als a significant difference when CRC patients after 3 and 6 months of FP therapy were compared with their baseline level, P value <.05.

bls a significant difference when CRC patients after 6 months of FP therapy were compared with their level after 3months of FP therapy, P value
<.05. Total RNA was extracted from the isolated lymphocytic cell pellets of healthy control and CRC patients at baseline and after 3 and 6 months of
FP therapy. RNA was converted into cDNA, and then RT-PCR amplification was conducted with the designed TP gene sequence.

thymidine pools, inhibition of DNA synthesis and subsequent
cell death.?* Cell death stimulates T'S gene for de novo synthe-
sis of DNA. The stability of TS in ternary complexes and the
reduction of free T'S protein cause an induction of T'S synthesis
and synchronisation of cells into S-phase.?*

The present study displayed full methylation of TP gene, in
spite of its overexpression at baseline patients. With FP ther-
apy, significant time dependent decrease in TP expression was
observed and linked to CRC patients with good prognostic
features such as patients at stage 1I of the disease, with right
colon tumour and female sex. It has been evidenced that hyper-
methylation of gene promoter may be correlated with an
increased, rather than a decreased level of expression in some of
the genes, and the methylation at different regions of the gene
sequence may have variable effects on its expression.?” In addi-
tion, the specific pattern of DNA methylation within the pro-
moter region has a distinctive influence on gene expression
which is tissue-specific.?6

TP catalyses the reaction of thymidine to deoxyribose-
1-phosphate and thymine. This deoxyribose is believed to have

a role in the angiogenic effects of TP. In hypoxic tumour cells,
TP activates cancer cells to secrete oxidative stress-angiogenic
factors to promote angiogenesis, or it acts directly as an angio-
genic factor."! TP was found to be upregulated in tumour tissue
of patients with advanced CRC. High TP expression was cor-
related with longer time to progression and related to the effect
of treatment.?”?® On the other hand, TP has a great role in the
metabolic activation of FP regimens, and the failure of capecit-
abine therapy was mainly attributed to lacking of TP enzy-
matic activity.!? The time-dependent decrease in TP activity in
both tumour and normal adjacent tissues after treatment with
5-FU was attributed to the participation of TP enzyme in its
own activation causing weakness in the required ‘useful’ effect
of 5-FU.2930

The contribution of methylation mechanism in the DPD
deficiency was highlighted by Ezzeldin et al.3 In the current
data, 60% of our baseline CRC patients with methylated DPD
showed significant mRNA downexpression of DPD. After FP
therapy, our CRC patients showed significant upregulation of
DPD expression accompanied with significant reduction in



Fouad et al 9

(a) (b) ~#=DPD
& 1887
N=43
2004 .
.
g
2 1504
2 - .
E‘ *E : 097
-l - ..
v & 100 H
-
=8 .
E" w5 N=32 o
a » ele
o 0
a 'Oo:uo oo
0- -, TEIEY
N Baseline FP therapy for 3 months  FP therapy for 6 months
S s
& .ov“b
$ <
»
o &

Figure 4. DPD expression in healthy control and baseline CRC patients (a) and the change in DPD expression after 3 and 6 months of FP therapy

normalised to their baseline levels (b).

als a significant difference when CRC patients after 3 and 6 months of FP therapy were compared with their baseline level, P value <.05.

bls a significant difference when CRC patients after 6 months of FP therapy were compared with their level after 3months of FP therapy, P value
<.05.

Total RNA was extracted from the isolated lymphocytic cell pellets of healthy control and CRC patients at baseline and after 3 and 6 months of FP
therapy. RNA was converted into cDNA, and then RT-PCR amplification was conducted with the designed DPD gene sequence.
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Figure 5. COX2 expression in healthy control and baseline CRC patients (a), the change in COX2 expression after 3 and 6 months of FP therapy
normalised to their baseline levels (b) and the COX2 expression in adenocarcinoma and mucinous tumours in baseline CRC patients (c).

Total RNA was extracted from the isolated lymphocytic cell pellets of healthy control and CRC patients at baseline and after 3 and 6 months of FP
therapy. RNA was converted into cDNA, and then RT-PCR amplification was conducted with the designed COX2 gene sequence.

their EFS. In the same way, Yu et al.3! reported DPD hyper-
methylation in CRC patients. However, the reduced DPD
expression and activity levels were suggested to be tissue-spe-
cific irrespective to the promoter methylation.3>% Higher
DPD expression was associated metastatic CRC patients who

received oxaliplatin based therapy in Baba et al.>* The overex-
pression of DPD confers resistance and non-responsiveness to
5-FU therapy.® This resistance was suggested to be because of
the deficiency of mismatch repair genes, which has been asso-
ciated with DPD overexpression in CRC patients.3
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Figure 6. Kaplan-Meier EFS curves for molecular subgroups of CRC patients. TS<2.98 and TS>2.98 (a), TP<6.92 and TP >6.92 (b), DPD<4.26 and

DPD>4.26 (c) and COX2<3.95 and COX2>3.95 (d).

The baseline median relative expression of TS, TP, DPD and COX2 genes normalised to p-actin for 43 CRC patients were 2.98, 6.92, 4.26 and
3.95, respectively. Patients were stratified around the medians calculated for the 4 genes’ baseline expression levels, and then the time to recurrence

or progression was calculated with Kaplan-Meier test of survival.

The connection between COX2 expression and colorectal
carcinogenesis was demonstrated since the discovery of the
efficacy of non-steroidal anti-inflammatory drugs in the reduc-
tion of CRC risk in both humans and animal models.3” In this
study, different forms of COX2 methylation (UCOX2,
UMCOX2 and MCOX2) were shown. Down-expression of
COX2 was significantly correlated with its promoter methyla-
tion. The median expression of COX2 was significantly high in
the baseline CRC patients with mucinous tumours and at stage
IV of the disease. COX2 expression was observed to be high in
colonic adenocarcinomas compared to the adjacent normal
mucosa.3¥ COX2 overexpression was found to be associated
with loss of apoptosis, enhanced proliferation and stimulated
angiogenesis through the activation of B-catenin/T cell factor,
Ras and PI3K oncogenic signals in gastrointestinal epithelial

cells.3? DNA methylation of COX2 gene was shown to be

reduced in the blood of gastric cancer patients.*’ Also, the level
of methylation was seen to be not constant and continuously
changing during the hepatocytic progression into hepatocellu-
lar carcinoma. That was proposed to be motivated by the
silencing of tumour-suppressor genes and the activation of key
oncogenes.*! The inconsistency in COX2 promoter methyla-
tion was also reported in both normal and colonic tumour tis-
sues.! So that, we suggest the dependance of COX2 expression
on other extrinsic factors such as cytokines and tumour growth
mediators along with the intrinsic dependance on its DNA
promoter methylation.

COX2 expression was shown to be induced during the
course of FP therapy received to our patients. Also a significant
reduction in EFS was associated our CRC patients with high
baseline COX2 expression. The elevated systemic inflamma-
tory response associated with tumours, has been shown to be a
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Figure 7. Multivariate COX regression model for the hazard ratio of recurrence or progression and its 95% confidence interval for molecular subgroups of

CRC patients.

Significant P-value <.05 marked bold italic font, and indicates significant hazard of recurrence or progression during the EFS time. Patients were
stratified around the medians calculated for the 4 genes’ baseline expression levels, where the baseline median expression of TS, TP, DPD and
COX2 genes were 2.98, 6.92, 4.26 and 3.95, respectively. Then the hazard ratio of table variables (genes expression > baseline median level), were
compared with the hazard ratio of reference variables (genes expression <the baseline median level which equal 1), by multivariate COX regression

test of survival.

risk factor for inferior survival in CRC patients.* Moreover, it
is known that chemotherapy induces mucosal damage through
the increase of reactive oxygen species and proinflammatory
cytokines such as IL1pB, IL6 and TNFa.3? 5-FU was claimed
to increase myeloperoxidase activity in tissues, and proinflam-
matory cytokines in the sera of CRC patients.*3

In this study the use of FP therapy did not change the
methylation status of all genes. However, it significantly
reduced the global level of 5-methylated cytosines in our previ-
ous work conducted on the same cohort of patients.” That
means, monitoring DNA methylation over the period of FP
therapy is preferred to be estimated on global level using quan-
titative sensitive method of detection like mass spectroscopy
rather than using qualitative method like MS-PCR. In the
same way, the pattern of CpG islands methylation, and tumour
suppressor genes expression were not consistently altered after
treatment with DNA methyl transferase inhibitors in Mossman
et al.** and Flis et al.¥ The effect on the DNA methylation
pattern was suggested to happen after prolonged exposure to
treatment in-vitro, and the effect on gene expression was sug-
gested to be through other factors like proteins with a methyl-
binding domain or histone modifications.*4

In sum,5-FU based therapy has a direct effect on the mRNA
expression of its metabolizing genes and COX2 gene as well.
However, its effect on their promoter’s DNA methylation
detected with MS-PCR could not be confirmed. Also, the cor-
relation between each gene promoter methylation and mRNA
expression was found to be significant only with DPD and
COX2, as significant % of CRC patients with downexpression
of DPD and COX2 genes, showed DNA the full methylation

state in the examined sequence of DPD and COX2 genes’ pro-
moters. By the treatment with FP based therapy, significant
induction in DPD and COX2 genes expression was detected,
although a significant deterioration in the EFS was associated
CRC patients with high baseline DPD and COX2 expression
levels, and the hazard of progression was significantly associ-
ated patients with high baseline COX2 expression level. For
TS gene which was unmethylated and overexpressed in base-
line CRC patients. Its overexpression was associated patients
with high baseline CA19.9, and mucinous tumour presenta-
tion. By the treatment with FP based therapy, significant
induction in T'S gene expression was detected. Also, TP gene
was observed to be fully methylated and overexpressed in base-
line CRC patients. By the treatment with FP based therapy,
significant reduction in TP gene expression was detected espe-
cially in patients with good prognostic features.

In conclusion, close monitoring to the mRNA expression of
FP metabolizing (TS, TP, DPD) and COX2 genes over the
treatment period with 5-FU based therapy in the peripheral
blood, will assist to predict the response to treatment for each
CRC patient, as a good application for the trend of personalised
therapy. Also, it will assist in avoiding disease progression
through guiding the physician for metronomic dose adjust-
ment,* or implementing targeted therapy according to the
genetic make-up of each patient.# Undeniably, this study
includes limitations of the limited number of patients, and the
use of qualitative MS-PCR technique for the measurement of
site-specific DNA  methylation for correlation with genes
mRNA expression. The quantitative analysis of site specific
DNA methylation by pyrosequencing,*® or mass spectroscopy;*
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will be a better investigational approach to apply pharmaco-epi-
genetics during the period of the patients’follow-up in the clinic.
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