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Abstract

Background: Epigenetic modifications exhibit promising evidence in the etiology and prognosis of important
diseases such as inflammatory bowel diseases (IBD). In addition to complex factors involved in IBD, a trend
toward better prognosis has been reported in older ages of disease onset, specifically in ulcerative colitis
(UC). The gastrointestinal mucous layer is one of the important components that is disturbed in the disease
course. The integrity of this layer is maintained with an anti-inflammatory factor called trefoil factors (TFF).
We investigated the methylation status of the TFFI gene in UC patients alongside with correlation of its
alteration level with age of disease onset.

Method: We analyzed the promoter methylation status of the TFFI gene, using the real-time quantitative
multiplex methylation specific PCR (QM-MSP). DNA was extracted from colorectal biopsies of 15 ulcerative
colitis and 14 healthy controls. Correlation analysis was performed between unmethylated DNA level and
age through the Pearson correlation coefficient (PPC) test and simple linear regression models.

Results: Our data provided a significant positive correlation between age and TFF1 hypomethylation in
ulcerative colitis patients. However, no significant difference was observed in overall TFF1 methylation status
between ulcerative colitis patients and control subjects.

Conclusion: This finding suggests the association between epigenetic upregulation of the TFF1 gene with
disease mildness in older patients.
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Introduction

Inflammatory bowel diseases (IBD), compris-
ing Crohn’s Disease (CD) and Ulcerative Colitis
(UC), are a group of chronic inflammatory dis-
eases that significantly affect the patient’s quality
oflife. UC and CD differ on the site and extension
of the inflammation. CD can occur from mouth
to anus and cause severe inflammation which
may extend to the entire thickness of the bowel
wall. However, UC is usually restricted to the in-
nermost layer of the colon and rectum. Although
the exact mechanisms underlying the occurrence
and prognosis of both diseases demand further
studies, several factors are reported to be involved
such as genetic, immune responses, intestinal mi-
crobiota, and interaction of genome with envi-
ronmental factors without alteration in genome
sequence, regarded as “epigenetic” factors (1-3).

Epigenetic modifications of promoter can oc-
cur through cytosine methylation in specific cy-
tosine guanine-rich sites called CpG islands. Sev-
eral genes may undergo aberrant methylation in
promoter sites such as hypo- or hypermethylation
which may lead to gene over- or under-expres-
sion, respectively (2). Aging may also alter the
methylation state of specific genes through vari-
ous mechanisms (4). On the other hand, the age
of the IBD onset has been reported to influence
disease severity and prognosis. For instance, pe-
diatric UC patients usually experience severe and
extensive inflammation which is contrary to the
usual stable trend of UC in elderly adults. How-
ever, severity of CD is much less dependent on
age (5, 6). Therefore, studying underlying mech-
anisms for this age-dependent UC prognosis is of
interest. Among various factors perturbed in this
disease, the mucin layer and its associated factors
seem intriguing in disease propagation and prog-
nosis. The Mucin layer provides a protective bar-
rier between the epithelial layer and gut microbi-
ota (7). Mucin is co-secreted with small peptides
called trefoil factors (TFF) which participate in
mucosa protection and repair through increas-
ing mucin layer viscosity and elasticity. Therefore,
these factors are considered to exert their protec-
tive role during the course of gut inflammatory
diseases such as IBD (8). Trefoil factors (TFF) are
basically expressed in gastrointestinal tract epi-
thelial cells and their genes are clustered on chro-
mosome 21q22.3. They play a role in epithelial

defense and repair (9, 10). There are 3 subtypes
of trefoil factor family (TFF) among which TFF1
seems more intriguing to be observed in IBD.
Normally, TFF1 is expressed in foveolar cells of
superficial epithelium in the stomach and main-
tains its normal structure and functions (11, 12).
Clinical studies on IBD demonstrated that gene
expression of all three TFFs was altered at the site
of mucosal damage in IBD (13, 14). This alteration
is reported to be the response of epithelial cells to
inflammatory cytokines, as their innate protec-
tion. Due to the anti-inflammatory roles of TFF1,
it's considered a protective and curative factor
in IBD patients, specifically in UC patients (15).
Variations in the expression of TFF can be asso-
ciated with diverse environmental factors acting
through Epigenetics. For instance, TFF1 promot-
er methylation variations have been reported in
retinoblastoma cell lines and prostate cancer (16,
17). We hypothesized that epigenetic control of
TFF expression through methylation of CpG Is-
lands may have a role in UC patients according
to their age, as it plays an important role in UC
prognosis and severity. Therefore, a correlation
analysis between TFF methylation and aging in
UC is reported.

Methods
Tissue samples

Colorectal samples were obtained from men
and women undergoing colonoscopic mucosal
resection at the gastroenterology clinics of Kas-
ra and Laleh hospitals in Tehran, Iran. The study
population consisted of 15 UCs (8 females, 7
males), and 14 age-matched healthy controls (8
females, 6 males) undergoing routine colonos-
copy checkups. Healthy controls didn't have any
history of IBD or other gastrointestinal abnor-
malities, approved by histopathological examina-
tion. All patients were informed of the use of their
specimen and written consent was obtained from
all participants. The tissue collection and protocol
of this study were approved by the Ethics Com-
mittee of Tehran University of Medical Sciences,
Tehran, Iran.

DNA preparation and bisulfite conversion

A high Pure PCR Template Preparation Kit
(Roche) was applied to isolate the genomic DNA
of the subjects’ colonic mucosa. Bisulfite mod-
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ification of genomic DNA was done by Methy-
IEdge™ Bisulfite Conversion System (Promega,
Madison, WI) through treatment with sodium
bisulfite. During the conversion process, all cy-
tosine residues are converted to uracil whereas
5-methylcytosine (5mC) remains unmodified.
Bisulfite-modified DNA specimens were aliquot-
ed and stored at -20°C (Figure 1).

Methylation Analysis

Real-time quantitative multiplex methyla-
tion-specific PCR (QM-MSP) based on SYBR
green was applied to evaluate the methylation
status of CpG sites across the promoter region of
the TFF1 gene [18]. QM-MSP required two se-
quential steps of PCR reactions performed with
a 7500 Real-Time PCR System (Applied Bio-
systems, Foster City, CA). The first pre-ampli-
fication PCR reaction (the multiplex step) was
carried out with MethySYBR primers including
external forward primer (EXT-F; 5-AGTTTAG-
GTTTAGACGGAATGG-3") and external reverse

primer (EXT-R; 5-TCTCCTCCAACCTAACCT-
TAAT-3"). The primer set was designed to enable
the simultaneous amplification of many discrete
target alleles in a single reaction. The PCR reac-
tion was performed in a volume of 25 pl contain-
ing 1 ul of converted genomic DNA following this
protocol:

1. Denaturation at 95°C for 5 min

2. 30 cycles at 94°C for 30 s, 56°C for 30 s, and
72°Cfor 30 s

3. Final extension at 72°C for 5 min

In the second round of PCR, the specific methyl-
ated target is quantified from multiplex step prod-
ucts using both nested methylation-independent
and methylation-specific primer sets including
nested methylation-specific forward (FM; CG-
GAATGGGTTTTATGAGTT-3") and reverse
primer (RM; 5- CCGCCAAAATAAATAC-
TATACTCA-3") (19). The bisulfite-treated DNA
was PCR amplified in a 10 pl reaction volume
containing 5 ul SYBR® Green Master Mix, 0.25 pl
of each of the methylated primers, 3.5 ul DDW,
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Figure 1. After bisulfite conversion, methylated DNA (with cytosine) exhibits higher melting temperature than unmet-
hylated DNA (containing thymine). As seen in UC patients and CT (controls), the higher peak of the melting curve is

allocated to unmethylated DNA.
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and 1 pl of bisulfite-treated DNA. Cycling condi-
tions were:

1. 1 min at 95°C

2.30 cycles of 30 s at 94°C

3.1 min at 60°C

4. 30 s at 72°C subsequently followed by 5 min at
72°C

CpG island prediction and primer blasting
were performed using the MethBlast tool. The
methylation profile of the promoter CpG islands
was defined based on the UCSC database. No un-
treated template controls were included in each
run as negative controls. Fully converted methyl-
ated human plasmid DNA was used as a positive
control for MSP in each run to serve as the 100%
methylated reference for calculating the relative
methylation percentages of DNA samples.

The AACq method was used to calculate the
ratio of unmethylated versus total amplifiable bi-
sulfite-treated DNA. The cycle of quantification
(Cq) for the reaction between methylation-spe-
cific primers (MSP) and bisulfite-specific primers
(BSP) was also obtained (20, 21). Using a refer-
ence sample for standardization indicates the rel-
ative difference between the template of interest
and a control template:

AACq= ACq sample — ACq plasmid
ACQq sample= Cq Mcp — Cq Bsp
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ACQq plasmid = Cq mcp — Cq BSP

All cycle threshold (CT) values were obtained in
the exponential phase and normalized by subtrac-
tion of the CT value. After normalization with the
expression of PCR products amplified by external
nested primers as internal control (BSP), the fold
change in target gene samples was calculated us-
ing the 2"*4“T method:

ACT=CT target gene - CT Bsp products

AACT=ACT (samples) - ACT (controls)

Unmethylated DNA level= 2-44¢T

Statistical analysis

Unmethylated DNA levels were compared be-
tween the three study groups using a one-way
analysis of variance. The Pearson correlation co-
efficient (PPC) test was used to assess the cor-
relation between age and hypomethylation. Fur-
thermore, simple linear regression models were
constructed for the prediction of unmethylated
DNA levels based on age. Based on these models,
measurement outliers were determined as data
points with a significantly extreme studentized
residual value at the level of alpha = 0.05. Thus,
two and one patients were identified as outliers in
the UC study groups, respectively (Figure 2). All
statistical analysis was performed using R version
3.5.1.
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Figure 2. The extreme lines show the statistical significance level at alpha = 0.05 (+2.145 for UC [df = 14]; +2.160 for

Controls [df = 13]).
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Results
Methylation state of the TFF1 gene in UC pa-
tients

DNA methylation in the TFF1 promoter was
assessed in 15 UC and 14 healthy controls. T-test
did not show a significant difference in hypometh-
ylation levels between the two study groups,
P=0.973, 95% CI:(-0.3069 - 0.2972) (Figure 3).
This suggests an almost identical methylation
state of the TFF1 promoter in UC patients and the
control group in general.

Correlation of TFF1 promoter unmethylation
and age in UC

We also studied the relationship between age
and unmethylated DNA levels in patients. Pear-
son correlation coefficients were calculated both
including and excluding outliers and are present-
ed in Table 1. A significant correlation is observed

in UC patients (r=0.712, P=0.006). No signifi-
cant correlation was observed in controls which
strengthens our hypothesis on IBD-associated
alteration on promoter methylation state while
aging, not sole aging-associated epigenetic reg-
ulations. Furthermore, simple linear regression
models were constructed to predict hypomethyl-
ation levels based on age. A significant regression
equation was found for patients suffering from
ulcerative colitis (F(1, 11)= 11.33, P= 0.006), with
an R2 of 0.507 after excluding the outliers. A UC
patient’s predicted unmethylated DNA level is
equal to 0.427 + .016 (age) when age is measured
in years. However, there does not seem to be any
relationship between hypomethylation and age
in healthy individuals (Figure 4). Therefore, age
seems to be a valid predictor of hypomethylation
in UC patients.
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Table 1. Correlation between age and hypomethylation

uc
Figure 3. The means and error bars are shown along with data points

n Including outliers Excluding outliers
r P-value r P-value
Ulcerative colitis
15 291 .293 712 .006
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Figure 4. The arrows show outlier data points. Simple linear regression models are shown both including (in) and exclud-
ing (ex) outliers. The formulas for the lines are as follows: UC: (in) .832 + .007 (age), R2=.085, F(1,13)= 1.203, P= .293;

(ex) 427 + 016

Discussion

Our results demonstrated a promising correla-
tion between age and TFF1 hypomethylation in
UC patients. It’s been reported that the presenta-
tion of IBD becomes prominently different as the
age of the disease onset increases. Older patients
tend to have milder and more stable disease.
However, initial lesions of young adults and pedi-
atrics are prone to further extension. Especially in
UC patients, our results were consistent with the
previous reports that the stability of UC lesions
is reported in most elderly patients. Relapses are
also more common in young patients in compar-
ison with older ones (5, 22). Therefore, positive
regression in TFF1 hypomethylation and age in
UC patients rationalizes its protective role in alle-
viating disease course in old ages (23). This alter-
ation in promoter methylation may be due to the
endogenous epigenetic tools of cells or the accu-
mulative effects of lifestyle factors like smoking,
breathing toxins, drugs, etc. (4). Our data didn't
show any significant difference between promoter
methylation of TFF1 in UC patients in compari-
son with healthy controls, despite reports on new-
ly upregulated TFF1 levels in these patients (24).
This discrepancy may be due to the mild disease
state in our 15 cases of UC or other mechanisms
of TFF1 regulation of gene expression in these
patients. DNA methyl transferases (DNMT) play
an important role in methylation of specific gene
promoters which provides a mechanistic hypoth-
esis for our results in the TFF1 methylation state.
DNMTT1 activity is reportedly upregulated in UC,
which may explain insignificant hypomethylation

of the TFF1 promoter, and it may also indicate
that the baseline genome methylation variations
should be considered in the analysis (25). The
mechanisms involved in this protective epigenetic
regulation of TFF1 in elder patients are currently
unknown but further studies on cytokine profile
analysis in young and elderly patients may also
reveal a mechanism for TFF1 hypomethylation in
old age. There are reports that TNFa upregulates
TFF1 in gastric cells (26, 27). Interestingly, factors
involved in IBD initiation and propagation such
as IL1B and IL6, are reported to downregulate
TFF1 transcription (28, 29). In order to investi-
gate the role of TFF1 downregulation in the dis-
ease initiation, further studies can analyze TFF1
promoter methylation levels before and after the
disease incidence in the form of cohort studies.
TFF1 has also demonstrated tumor-suppress-
ing effects in several studies. For instance, TFF1
downregulation through promoter hypermeth-
ylation is reported in esophageal squamous cell
carcinoma and gastric cancer (30-32). Therefore,
many studies support the clinical application of
TFF1 in IBD and even cancers; however, it still
requires further studies to find the optimum dose
and delivery methods (15, 33).

Conclusion

Our case-control study revealed that TFF1
methylation status is correlated with the age of
ulcerative colitis patients. Due to the anti-in-
flammatory features of TFF1 and its increased
promoter hypomethylation in elder patients,
we suggest TFF1 hypomethylation as protective

http://igj.tums.ac.ir

84 Immunol Genet J, Vol. 6, No. 2, June 2023, pp.79-86



Hemmati et al.: Hypomethylation of TFF promoter in UC is correlated with aging

feedback in severe IBD conditions. It could also
be suggested that TFF1 methylation aberrations
are a possible factor for patients’ prognosis.
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