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Summary

We evaluated the transcriptional expression of dual-specificity protein
phosphatase 23 (DUSP23) in CD4" T cells from 30 systemic lupus
erythematosus (SLE) patients and 30 healthy controls. DUSP23 mRNA
levels were considerably higher in the patient group: 1490 * 1713 versus
294-1 +204-2. No association was found between DUSP23 mRNA
expression and the presence of typical serological and clinical parameters
associated with SLE. Meaningful statistical values were obtained in the
patient group between the levels of DUSP23 and integrin subunit alpha L
(ITGAL), perforin 1 (PRF1) and CD40L. Similarly, transcript levels of
different DNA methylation-related enzymes [DNA methylation-related
enzymes (DNMT1, DNMT3A, DNMT3B, MBD2, and MBD4)] were also
correlated positively with the expression of DUSP23. In an attempt to
counteract the hypomethylation status of the promoters of certain genes
known to be over-expressed in SLE, it is possible that DUSP23 acts as a
negative regulatory mechanism which ultimately silences the transcription
of these epigenetically regulated genes by triggering an increase in the
expression of different DNMTs.
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Introduction

Systemic lupus erythematosus (SLE) is a complex systemic
autoimmune disease. Both environmental factors and genetic
background seem to play crucial roles in the pathogenesis of
this disorder. Genome-wide scan studies have mapped many
significant lupus predisposing gene loci [1]. One of these
regions is located on human chromosome 1 (1q21-23) [2].
This region contains Fc receptors for immunoglobulin G
(FCGR), such as FCGR2A, FCGR2B, FCGR3A and FCGR3B,
as well as FasL and C-reactive protein (CRP); interestingly,
many variants of these genes have been associated with SLE
in multiple populations [3-7]. Dual-specificity protein phos-
phatase 23 (DUSP23) is another gene located at chromosome
123 [8], and it therefore may potentially be considered as a
candidate gene for SLE susceptibility.

Protein phosphorylation mediated by kinases modu-
lates several biological mechanisms, such as protein inter-
actions, protein degradation, metabolism and signal
transduction. In order to achieve a correct cellular home-
ostasis, phosphorylated proteins must be dephosphoryl-
ated by phosphatases. Interestingly, some reports have

established a relationship between the presence of SLE
and some single nucleotide polymorphisms (SNPs)
found in genes coding for particular phosphatases such
as protein tyrosine phosphatase, non-receptor (PTPN)11
and PTPN22 [9,10]. Other authors have also demon-
strated that mRNA and protein levels of another phos-
phatase, protein phosphatase 2A (PP2A), as well as the
activity of the catalytic subunit (PP2Ac), are increased in
T cells isolated from SLE patients compared with healthy
controls [11].

Dual-specificity protein phosphatases (DUSPs) can
dephosphorylate serine, tyrosine and threonine residues.
DUSP23 is a low molecular weight DUSP which lacks the
N-terminal domain of mitogen-activated protein kinase
phosphatases (MKPs). DUSP23 and other low molecular
weight DUSPs, such as DUSP3 and DUSP22, are structur-
ally similar to the vaccinia virus VH1 phosphatase [12—14].
DUSP3, DUSP22 and VHI1 participate in both the inter-
feron (IFN) and interleukin-signalling pathways by
dephosphorylating signal transducer and activator of tran-
scription (STAT) proteins [15,16]. Elevated IFN-a activity
is detected frequently in the sera of patients with SLE [17].
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Table 1. Patients’ demographics, clinical characteristics and treatment received at the time of sample withdrawal.

Cutaneous
Age Sex Arthritis  lesions

Neurological
Pleuritis Pericarditis manifestations

Nephropathy = SLEDAI Treatment

28 F Yes Yes Yes No No
32 M Yes No No No No
44 F Yes Yes Yes Yes Yes
34 M Yes Yes Yes Yes No
27 F Yes Yes Yes Yes No
22 F Yes Yes No No No
43 F Yes No No No No
50 F Yes Yes No No No
44 F Yes No No Yes No
33 F Yes No Yes Yes No
23 F Yes Yes No No No
20 F Yes Yes No No Yes
20 F Yes No No No No
21 M Yes Yes Yes No Yes
40 M Yes Yes No Yes No
46 F Yes Yes No No No
48 F Yes Yes No No No
25 F Yes No No No No
34 F Yes Yes No No No
35 F Yes Yes No No No
24 F Yes Yes No No No
26 F Yes Yes No No No
26 F Yes Yes Yes No No
28 M Yes Yes Yes Yes No
25 M Yes Yes Yes No No
45 F Yes Yes No No No
39 F Yes Yes Yes Yes No
47 F Yes Yes no Yes No
33 F No No No No Yes
28 F No No No No No

Yes 16 Mycophenolate, prednisone

No 4 Nothing

Yes 20 Prednisone

Yes 16 Mycophenolate, prednisone, chloroquine
Yes 4 Prednisone, chloroquine, mycophenolate
Yes 18 Nothing

No 4 NSAIDs

Yes 6 Mycophenolate, prednisone, beclometasone
Yes 24 Prednisone, mycophenolate

No 4 Prednisone, chloroquine

No 2 Prednisone, chloroquine, azathioprine
No 4 Prednisone

No 6 Prednisone, tacrolimus, leflunomide

Yes 24 Prednisone, mycophenolate

Yes 16 Chloroquine, mycophenolate

No 6 Nothing

Yes 2 Nothing

Yes 16 Nothing

Yes 2 Nothing

no 2 Nothing

no 2 Chloroquine

Yes 6 Prednisone

No 2 Prednisone, mycophenolate

Yes 16 Prednisone, mycophenolate, etanercept
Yes 0 Prednisone, chloroquine

No 6 Chloroquine

Yes 25 Prednisone, mycophenolate

No 12 Nothing

No 10 Prednisone

Yes 12 Prednisone

Blood samples from patients who were not receiving any medication were withdrawn at disease onset. M = male; F = female; NSAIDs = non-

steroidal anti-inflammatory drugs; SLEDAI = systemic lupus erythematosus disease activity index.

Furthermore, patients with SLE display a specific mRNA
expression pattern of interferon-dependent genes in their
leucocytes, termed ‘the interferon signature’ [18,19].

All these findings prompted us to investigate whether
the expression of another potential candidate gene for SLE
susceptibility that codes for a phosphatase, DUSP23, could
somehow be altered in these patients.

Subjects and methods

Subjects

Data were collected from 30 Spanish individuals (six men and
24 women; mean age = 33 years, range = 20-50 years) who
suffered from SLE. An ethnically matched random healthy con-
trol population (blood donors) was also included into the study
(n=30, 17 men and 13 women; mean age= 38 vyears,
range = 21-66 years). Subjects’ written consent was obtained

according to the Declaration of Helsinki, and the design of the
work conformed to standards applied currently in Spain [20].
All the SLE patients fulfilled at least four of the American Col-
lege of Rheumatology criteria [21]. Laboratory parameters
were evaluated as described previously [22]. SLE activity was
assessed by the SLE disease activity index (SLEDAI) and those
with a SLEDAI equal to or higher than 6 were considered to
have active disease [23]. Eight patients were not receiving any
drug at the time of sample withdrawal. For the remaining
patients, treatment was achieved by prescribing one or more of
the following drugs: corticosteroids, non-steroidal anti-inflam-
matory drugs (NSAIDs), chloroquine, mycophenolate, azathio-
prine, tacrolimus, leflunomide and etanercept (see Table 1).

Isolation of peripheral blood mononuclear cells
(PBMCs) and CD4" T cells

A total of 20 ml of ethylenediamine tetraacetic acid (EDTA)-
Kj-preserved venous peripheral blood was withdrawn from
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both patients and controls. PBMCs were obtained by
Hystopaque-1077 (Sigma, Madrid, Spain) density gradi-
ent centrifugation. CD4" T cells were isolated by nega-
tive selection with the CD4" T Cell Isolation Kit II
(Miltenyi Biotec, Bergisch Gladbach, Germany). The
purity of the enriched CD4" was evaluated by flow
cytometry; the purity of CD4" T was generally higher
than 90%.

RNA isolation and real-time quantitative—polymerase
chain reaction (RT-PCR)

Total RNA from CD4 " T cells was isolated using the Ultra-
spec RNA isolation system (Biotecx Laboratories Inc., Hus-
ton, TX, USA). Reverse transcription (RT) was carried out
with the QuantiTect Reverse Transcription kit (Qiagen,
Izasa, Spain) and ¢cDNA was amplified using the Quanti-
Tect Multiplex PCR kit (Qiagen), according to the manu-
facturer’s instructions. DUSP23 was quantified using the
Tagman Gene expression assay (Hs00367783_ml) from
ThermoFisher Scientific (Waltham, MA, USA). Primers
(forward: 5'-TCACCCACACTGTGCCCATCTACGA-3/,
reverse: 5'-CAGCGGAACCGCTCATTGCCAATGG-3’) and
probe (Yakima  Yellow-5'-ATGCCCTCCCCCATGC-
CATCCTGCGT-3-BHQ1) sequences of the reference gene
(B-actin) were from Eurofins MWG Synthesis GmbH
(Ebersberg, Germany). Reactions for determining the
expression of DUSP23 and {-actin were carried out as
duplex PCR. All reactions were run in duplicate in Micro-
Amp optical 96-well plates sealed with optical adhesive
covers (ThermoFisher Scientific) on an ABI PRISM 7000
Sequence Detection System. Negative controls (in which
water instead of cDNA was added) were also run in each
plate. Furthermore, contamination of the RNA samples by
genomic DNA was excluded by an analysis without prior
cDNA conversion, i.e. excluding reverse transcriptase from
the RT reaction. Each assay included a standard curve for
both genes. The standard curve was constructed with serial
dilutions of RT products corresponding to different con-
centrations of total RNA from a reference cell line (Jurkat).
Expression was compared to the standard curve and
reported in an equivalent quantity of total RNA from the
reference. Normalization of RNA amounts was performed
using -actin expression analysed with the same procedure.
Finally, expression ratios between DUSP23 and B-actin
were calculated.

Transcript levels of DNA methylation-related enzymes
(DNMT1, DNMT3A, DNMT3B, MBD2, MBD4, integrin
subunit alpha L (ITGAL), perforin 1 (PRF1), killer-cell
immunoglobulin-like receptor (KIR2DL4), CD70 and
CD40L) were detected as described previously [24-26].
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Fig. 1. Comparison of dual-specificity protein phosphatase 23
(DUSP23) transcript levels between SLE patients and healthy
controls. [Colour figure can be viewed at wileyonlinelibrary.com]

Genomic DNA extraction and measurement of DNA
deoxymethylcytosine (d™C) content by enzyme-linked
immunosorbent assay (ELISA)

DNA d™C content was measured by means of an ELISA
developed in our laboratory, as described previously [24].

Statistical analysis

The Mann—Whitney U-test was used to compare values.
Spearman’s correlation was used to examine the relation-
ship between two continuous variables. P-values less than
0-05 were considered significant. All analyses were per-
formed with the Prism GraphPad version 5.0 software.

Results

In order to evaluate the mRNA levels of DUSP23 in SLE
CD4" T cells we performed quantitative real-time PCR
assays. As [-actin expression does not change in lupus T
cells [27], we decided to choose this gene as a control to
normalize mRNA levels. DUSP23 normalized values were
considerably higher in the patient group than in the healthy
control population: 1490 * 1713 versus 294-1 = 204-2, and
these findings were statistically significant (P < 0-0001) (see
Fig. 1). Of note, transcript levels varied widely among indi-
viduals. Men and women had similar transcript levels of
DUSP23 in the control group (295-7 *232-3 versus:
2922 = 169-7, P = 0-645). Although not statistically signif-
icant, female SLE patients showed higher levels than male
SLE patients (1879-29 % 2725-22 versus 1392-39 = 1426-80,
respectively, P =0-979). When age was taken into account,
we did not observe any correlation with respect to DUSP23
mRNA levels either in the control or in the patient group.
We then assessed whether or not DUSP23 transcript lev-
els were correlated with the main laboratory findings used
to diagnose SLE patients. Several Spearman’s correlation
tests were performed. Statistically significant differences
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Fig. 2. Correlations between transcripts levels of dual-specificity protein phosphatase 23 (DUSP23) and integrin subunit alpha L (ITGAL) (a),
DUSP23 and perforin 1 (PRF1) (b), and DUSP23 and CD40L (c) in CD4+ T cells of patients affected with SLE. Correlations are indicated by
the Spearman’s rank correlation coefficient (r) and the P-value. [Colour figure can be viewed at wileyonlinelibrary.com]

were not found between levels of DUSP23 mRNA and lym-
phocyte counts, titres of anti-dsDNA, C3 and C4 comple-
ment levels and CHj activity levels. Similarly, differences
between patients grouped according to the presence or
absence of lymphopenia, anti-dsDNA or hypocomplemen-
taemia were not statistically significant. Furthermore,
patients with thrombocytopenia, leucopenia or haemolytic
anaemia did not show different levels of DUSP23 when the
comparison was established with those patients without
these serological findings (see Table 2a).

Similarly, patients who had different representative
antibodies of the disease other than anti-dsDNA, such as
anti-ribonucleoprotein (anti-RNP), anti-Smith (anti-Sm),
anti-SSA/Ro, anti-SSB/La, anti-cardiolipin (aCL) or lupus
anti-coagulant (LA), did not show statistically significant
different levels of DUSP23 when compared with those
who did not test positive for these antibodies. Only those
with anti-thyroglobulin and/or anti-microsomal antibod-
ies had statistically significant high titres of DUSP23
(2172-23 £1120-50 versus 1041-17 = 1731-36, P=0-001;
2132-65 = 1298-08 wversus 1126-33 *1678-41, P=0-037,
respectively) (see Table 2b).

The presence of particular clinical manifestations, such
as arthritis, nephritis, cutaneous lesions (including Raynaud’s
phenomenon, oral ulcers or just photosensitivity), pleu-
ritis, pericarditis or neurological manifestations, was not
associated with the presence of either higher or lower
DUSP23 transcript levels. With regard to the disease activity,

non-statistically significant correlations were observed
between DUSP23 transcript levels and SLEDAI values.
Patients with a SLEDAI > 6 had higher DUSP23 mRNA
levels than patients with a SLEDAI < 6 (1760-52 * 2049-94
versus 1083-65 * 970-37, respectively) but it was not statis-
tically significant.

We did not find statistically significant differences with
regard to mRNA DUSP23 levels when we compared patients
who had not received any drug at the time of sample with-
drawal with those who had received some medication
(1467-83 £ 129591 versus 1497-75 + 1868-71, P = 0-65).

We also evaluated the associations between the expres-
sion of DUSP23 and the expression levels of five of the
most comprehensively studied SLE epigenetically regulated
genes, namely ITGAL, PRF1, KIR2DL4, CD70 and CD40L.
Furthermore, we also carried out correlation analyses of
the transcript expression of DUSP23 with the levels of sev-
eral DNA methylation-related enzymes and the global
DNA methylation status. As seen in Fig. 2, meaningful sta-
tistical values were obtained in the patient group between
the levels of DUSP23 and ITGAL, PRF1 and CD40L. Con-
versely, transcript levels of DUSP23 did not correlate with
the expression of KIR2DL4 and CD70 (r= 0-016, P = 0-933;
and r=0-024, P=0-899, respectively). Of note, 14 patients
and 17 healthy controls did not express KIR2DL4 in their
CD4" T cells. In the control group, a statistically significant
correlation was observed only between DUSP23 and ITGAL
(r=0-436, P=0-016).

Table 3. Correlation study between the transcript expression of dual-specificity protein phosphatase 23 (DUSP23) and different DNA
methylation-related enzymes (DNMT1, DNMT3A, DNMT3B, MBD2 and MBD4) and the CD4+ T cell global DNA methylation status.

DNMT1 DNMT3A

DNMT3B

MBD2 MBD4 DNA d™C content

Controls  Patients Controls Patients Controls

Patients

Controls Patients Controls Patients Controls  Patients

DUSP23 r=10-233 r=0-376 r = 0-083 r=0-529 r = 0-337 r=0-966

r=0-263 r=0465 r = 0333 r=0-586 r = 0-264 r = —0-205

P=0-224 P=0-048 P = 0-668 P=0-004 P = 0-092 P=2-2 X10™% P = 0-161 P=0-010 P = 0-072 P=0-001 P = 0-166 P = 0-29

Statistically significant correlations are indicated by the P-value and the Spearman’s rank correlation coefficient (r) highlighted in bold type.
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Correlations between the expression of DUSP23 and
DNMTI1, DNMT3A, DNMT3B, MBD2 and MBD4 and the
CD4™ T cell global DNA methylation status can be seen in
Table 3. When studying the patient group we could detect
that transcript levels of all the enzymes were correlated pos-
itively with the expression of DUSP23, which was not
observed in the control group. Conversely, although
DUSP23 expression in SLE patients tended to correlate
negatively with the global DNA methylation status of
CD4™ T cells, it was not statistically meaningful.

Discussion

In this work, we have found that CD4" T cells from SLE
patients show enhanced levels of DUSP23 expression. Gender-
and age-related differences in DUSP23 transcripts levels were
not observed, either in the control group or in the SLE pop-
ulation. DUSP23 transcript levels were not associated with
any of the laboratory parameters and clinical features used
currently to diagnose and evaluate the clinical course of SLE.
Only those patients with anti-thyroglobulin and/or anti-
microsomal antibodies had statistically significant high titres
of DUSP23. Of note, patients with these antibodies also
showed high levels of ITGAL (see our previous study [28]).
As DUSP23 expression correlated with the expression of
ITGAL, it is possible that such an association may indeed be
reflecting a true relationship with ITGAL.

Patients with a SLEDAI score > 6 tended to have a higher
expression of DUSP23 when compared to patients with a
low score. SLEDALI is a weighted, cumulative index of lupus
disease activity that includes different parameters. That we
did not find any independent statistically significant corre-
lation with such variables may be due to the reduced num-
ber of patients with whom we resulted after stratifying
them into each group. Alternatively, it is possible that the
tendency observed with SLEDAI was found because it
measures several variables at once. Thus, from our results
we may conclude that DUSP23 may somehow reflect the
severity of the disease when it is based on the simultaneous
presence of different clinical and laboratory findings.

Clearly, the type of treatment received by the patients
could account for these results. Statistically significant dif-
ferences with regard to mRNA DUSP23 levels were not
found between those patients who had not received any
drug and those who had received some medication. There-
fore, it seems that the high transcript DUSP23 levels
observed in our patients may indeed reflect the disease sta-
tus, i.e. they would not be the consequence of some drug
administration.

T cell DNA demethylation plays an important role in the
pathogenesis of SLE. Several studies have shown that DNA
extracted from T cells of SLE patients is globally hypome-
thylated when compared to DNA from normal T cells
[24,29,30]. Some authors believe that it may be due to a
defective extracellular receptor-associated kinase (ERK)

DUSP23 and lupus

pathway. Signalling via this pathway is decreased in CD4™"
T cells from SLE patients and causes decreased DNA meth-
yltransferase (DNMT) expression [31,32]. Other authors,
however, believe that the DNA hypomethylation observed
in SLE may be caused by an over-expression of proposed
DNA demethylating enzymes, such as MBD2 and MBD4
[24,33,34]. When acting upon specific promoters, this
DNA demethylation causes, in turn, the transcript over-
expression of certain genes in SLE patients, such as ITGAL,
PRF1, KIR2DL4, CD70 and CD40L [35-39].

In previous studies our laboratory has demonstrated
that SLE patients have significantly less CD4™ T cell DNA
d™C content than healthy controls, and we have also found
out that MBD2 and MBD4 mRNA levels are considerably
higher in SLE [24]. Interestingly, we also observed that our
patients showed a negative correlation between global DNA
methylation indices and MBD2 and MBD4 transcript lev-
els. Based on these inverse correlations, we postulated the
idea that both enzymes might have a direct and active role
on the genomewide DNA hypomethylation observed in
CD4" T cells from SLE patients. Conversely, we did not
observe differences in transcript levels for DNMTI,
DNMT3A and DNMT3B between patients and controls
[25]. Nevertheless, simultaneous association of low com-
plement counts with lymphopenia, high titres of anti-
dsDNA antibodies or a high SLEDAI resulted in the
increase of at least one of the three DNA methyltransfer-
ases. Therefore, we believe that it is possible that patients
are reacting indirectly to an underlying DNA hypomethyla-
tion status by increasing mRNA levels of DNA methyltrans-
ferases when the disease is definitely active.

It is well known that DNMTT1 is up-regulated by signals
transmitted through the ERK and c-Jun N-terminal kinase
(JNK) pathways [40]. Sunahori et al. [41] have found that
a phosphatase, protein phosphatase 2A (PP2Ac), is over-
expressed in SLE T cells. The increased PP2A expression
and activity dephosphorylate the mitogen-activated protein
kinase (MEK) pathway, resulting in decreased ERK phos-
phorylation and decreased DNMT1 activity. Another phos-
phatase which also seems to inhibit signalling through the
ERK and JNK pathways (and consequently leads to a
decrease in DNMT1 and DNMT3A levels) is protein phos-
phatase 5 (PP5). CD4" CD28" T cells express high levels of
PP5, and this cell subset is increased notably in SLE
patients [42,43]. Together, these observations indicate that
the enhanced expression of particular phosphatases may
impair these signalling pathways and may contribute to
human lupus by decreasing DNA methylation, which even-
tually causes gene dysregulation and autoreactivity.

The mammalian genome encodes a large number of
dual-specificity phosphatases (DUSP), many of which act
as mitogen-activated protein kinase (MAPK) phosphatases.
They may have specificity for particular MAPKs, such as
ERK, JNK and p38. Thus, they become important regula-
tors of MAPK signalling when these MAPKs are activated
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(and consequently, phosphorylated) in response to extrac-
ellular stimuli. Previous works have produced conflicting
results on whether DUSP23 may dephosphorylate ERK or
stimulate and activate JNK and p38. Wu et al. [8] showed
that DUSP23 can dephosphorylate ERK1 in vitro, whereas
Takagaki et al. [14] found that DUSP23 could not alter the
activation of ERK (i.e. it did not act as a phosphatase) but
rather enhanced the activation (i.e. phosphorylation) of
JNK and p38 in COS-7 cells induced by sorbitol. The latter
study also demonstrated a higher level of phosphorylation
of kinases MKK4 and MKK®6, and it must be pointed out
that this activation, as well as that experienced by JNK and
p38, was not dependent upon the enzymatic activity of
DUSP23. This being so, the in-vitro effect carried out by
DUSP23 on ERK may not be physiologically relevant, and
we can infer that in-vivo DUSP23 may perhaps act as a
scaffold to allow MKK binding to JNK or p38 or, alterna-
tively, it may participate in the inhibition of an as-yet
unidentified regulator which affects the JNK/p38 MAPK
pathways negatively. If the latter hypothesis is correct, acti-
vation of JNK by DUSP23 would probably activate the syn-
thesis of DNMTI1. To support this idea further, it is
important to point out that in the present work we found
positive correlations between the transcript levels of
DUSP23 and DNMTs in our SLE population.

Although DUSP23 transcript levels did not correlate
negatively with the degree of global DNA methylation
observed in SLE patients, DUSP23 expression did correlate
with the expression of ITGAL, PRF1 and CD40L, three
genes whose promoters are known to be hypomethylated
in these patients and whose expression is linked directly to
the expression of DNMTs [26]. Conversely, DUSP23 tran-
script levels did not correlate with the levels of KIR2DL4
and CD70. In a previous study we did not find over-
expression of KIR2DL4 mRNA in our patients [26]. It
should be kept in mind that few patients and controls
showed any expression of KIR2DL4 and, therefore, reliable
conclusions cannot be drawn. With regard to CD70,
although over-expressed in our patients (as ITGAL, PRF1
and CD40L), we did not find any indication that DNMTs
may be linked to its regulation [26]. Therefore, we believe
that it is possible that other mechanisms participate in its
regulation. As demonstrated by other authors, both aber-
rant histone modifications within the CD70 promoter, as
well as certain regulatory factors, may contribute to the
increase of CD70 expression in SLE [44,45].

In the present work we have established that DUSP23
transcript levels not only correlate directly with the levels of
MBD2 and MBD4 (which may be responsible for the global
DNA hypomethylation observed in CD4™ T cells from SLE
patients), but are also associated positively with the mRNA
expression of DNMT1, DNMT3A and DNMT3B. As
DUSP23 seems to have the capacity to activate the JNK
pathway, we believe that the enhanced expression detected
in SLE patients may be triggered to induce the expression

of DNMTs in an attempt to counterbalance the DNA hypo-
methylation status of the promoter of certain genes, such
as ITGAL, PRF1 and CD40L. The lack of correlation
between the mRNA levels of CD70 and the levels of
DUSP23 would reinforce the idea that DUSP23 is aimed to
be enhanced to induce enzymes which will act only on
genes whose promoters are known to be susceptible to the
action of DNMTs. Thus, although not over-expressed,
DNMTs would increase their levels to try to methylate (i.e.
silence) the promoters of those genes whose over-
expression would be detrimental to the subject’s health.
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