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Abstract

Background: Obesity is a major worldwide threat to human health. Increasing evidence indicates that epigenetic
modifications have a major impact on the natural history of this disorder. Ankyrin Repeat Domain 26 (Ankrd26) is
involved in the development of both obesity and diabetes in mice and is modulated by environmentally induced
epigenetic modifications. This study aims at investigating whether impaired ANKRD26 gene expression and methylation
occur in human obesity and whether they correlate to the phenotype of these subjects.

Results: We found that downregulation of ANKRD26 mRNA and hyper-methylation of a specific region of the ANKRD26
promoter, embedding the CpG dinucleotides − 689, − 659, and − 651 bp, occur in peripheral blood leukocytes from
obese compared with the lean subjects. ANKRD26 gene expression correlates inversely to the percentage of DNA
methylation at these 3 CpG sites. Luciferase assays reveal a cause-effect relationship between DNA methylation at the 3
CpG sites and ANKRD26 gene expression. Finally, both ANKRD26 mRNA levels and CpG methylation correlate to body
mass index and to the pro-inflammatory status and the increased cardio-metabolic risk factors of these same subjects.

Conclusion: Downregulation of the ANKRD26 gene and hyper-methylation at specific CpGs of its promoter are
common abnormalities in obese patients. These changes correlate to the pro-inflammatory profile and the cardio-
metabolic risk factors of the obese individuals, indicating that, in humans, they mark adverse health outcomes.
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Background
Obesity is a chronic disorder associated with high risks
of adverse health outcomes [1]. It is also a major risk
factor for several metabolic diseases, including impaired
glucose tolerance, type 2 diabetes (T2D), dyslipidemia,
hypertension, and cardiovascular diseases (CVDs) [2].
Because of its globally increasing prevalence, obesity is

one of the main clinical challenge in the twenty-first
century [1, 3]. However, the mechanistic factors leading
to obesity remain, in most cases, unclear [4].
Current evidence indicates that the recent rise in obesity

prevalence is determined by unhealthy gene-environment
interactions [5, 6]. Several studies have also documented
that environmental hits may cause epigenetic changes,
which, in turn, alter gene function and affect disease sus-
ceptibility [7, 8]. Epigenetics has been proposed to link
genes and environment and may contribute to the world-
wide increase in obesity prevalence. Very recent findings,
both in animal models and in humans, have also docu-
mented the relationship between the risk of obesity and
the epigenetic impairment of gene function, which are
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closely associated with weight gain and metabolic traits [4,
9–14]. For instance, in a candidate gene study for the pre-
proopiomelanocortin locus, Kuehen et al. have identified
an epigenetic variant of CpG methylation that is associ-
ated with the individual risk for obesity [12]. Furthermore,
Pfeiffer et al. have demonstrated that the gene expression
and DNA methylation of their candidate gene, the hyp-
oxia-inducible factor 3A, is related to adipose tissue dys-
function, making this gene an important factor involved in
the etiology of obesity [13]. However, whether these asso-
ciations are causal and the direction of the causations re-
mains controversial. Some studies indeed suggest that
alterations in DNA methylation are predominantly the re-
sult of increased body mass index (BMI)/adiposity typical
of obesity [14, 15]. In an association study of BMI and dif-
ferential methylation, Mendelson et al. have demonstrated
that among the 83 novel differentially methylated CpGs
related to BMI, the alterated methylation at one only spe-
cific CpG site has a causal effect on BMI and adiposity-
related traits, while other 16 CpGs were secondary to dif-
ferences in BMI [14]. In a further association study, Wahl
et al. have also reported that the changes in DNA methy-
lation at the majority of the identified 187 CpG sites are
consequences and not the cause of adiposity [15]. There-
fore, whether epigenetic changes affect obesity develop-
ment or vice versa still represents an open question and
will need to be assessed on a case-by-case basis.
Through a methylated DNA immuno-precipitation se-

quencing (MeDIP-seq) approach, we have recently dem-
onstrated that high-fat feeding triggers a massive DNA
methylation reprogramming in genes involved in devel-
opmental, metabolic, and transcriptional processes in
mice [16]. In addition, our recently published findings in
the mouse model have identified Ankrd26 as a gene
undergoing epigenetic changes in response to high-fat
feeding [17]. High-fat exposure causes a specific hyper-
methylation of the Ankrd26 promoter at the − 436 and
− 431 bp CpG sites, which is dependent upon enhanced
binding of the de novo DNA methyltransferases 3a and
3b to the same Ankrd26 promoter region. These changes
are followed by downregulation of Ankrd26 expression
in the white fat depots [17]. ANKRD26 is located at
chromosome 10p12, a locus previously associated with
maternally inherited obesity in humans [18]. Only two
rare single-nucleotide polymorphisms (SNPs) at the
ANKRD26 gene, the rs139049098 (minor allele fre-
quency, MAF: C = 0.0004/2) and the rs191015656
(MAF: A = 0.0004/2), have been so far associated with
severe obesity in humans [19]. Very recently, the
ANKRD26 gene SNP, rs7081476 (MAF: C = 0.0541/271),
has been associated across multiple studies to a variety
of diseases, including diabetes and CVDs, and to differ-
ent endophenotypes, such as BMI, high-density lipopro-
tein cholesterol (HDL-C), triglycerides (TG), blood

glucose, and hemoglobin A1c (HbA1c) [20]. In addition
to ours, other groups have further described Ankrd26 as
a gene involved in the regulation of feeding behavior and
in the development of both obesity and diabetes in mice
[21–23]. Mutant mice with a partial inactivation of this
gene (Ankrd26 MT) show obese and diabetic phenotypes
which result from marked hyperphagia rather than re-
duction in energy expenditure or activity [21, 22]. In-
deed, the C-terminal deletion of this gene, in vivo, in the
Ankrd26 MT mice, leads to defects in primary cilia for-
mation in central nervous system areas which regulate
both food intake and energy homeostasis [23].
Altogether, this evidence suggests that the Ankrd26

gene plays a key role in the events contributing to obes-
ity development and related dysfunction. In this work,
we aimed at investigating whether changes in mRNA
levels or DNA methylation of the ANKRD26 gene occur
in human obese individuals, and whether these changes
correlate to altered levels of metabolic and inflammatory
mediators in these subjects.

Results
Metabolic and inflammatory characterization of lean and
obese subjects
Lean (n = 14) and obese (n = 20) adults of Caucasian
ethnicity were recruited at the Federico II University of
Naples and investigated in the present study. Each group
included equal numbers of females and males. Clinical
features of the two groups are shown in Tables 1 and 2.
Serum TG (p < 0.001) and low-density lipoprotein chol-
esterol (LDL-C; p = 0.037) concentrations were in-
creased and the serum levels of HDL-C (p = 0.002) were
reduced in the obese compared with lean individuals.
Also, the TG/HDL-C ratio, a described predictor of in-
sulin resistance and cardiovascular risk [24–31], was in-
creased in the obese subjects. No difference was found
in either fasting blood glucose and serum total choles-
terol (TC) levels between the two groups (Table 1). In
addition, the obese individuals also featured an increase
in serum level of C-reactive protein (CRP; p < 0.001;
Table 1) as well as in several pro-inflammatory cytokines
and chemokines (Table 2).

ANKRD26 mRNA expression is reduced in peripheral
blood leukocytes (PBL) from obese subjects
To determine whether changes of the ANKRD26 gene
expression occur in the PBL from the obese subjects,
quantitative real-time PCR analysis was performed in
cDNA from all of the subjects recruited in the study.
We found a 40% reduction of the ANKRD26 mRNA
levels in PBL from the obese compared with the lean in-
dividuals (age-adjusted p = 0.027; Fig. 1a). Also, the
ANKRD26 gene transcriptional levels in PBL correlated
positively to its mRNA expression in abdominal visceral
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adipose tissue (VAT; n = 10; r = 0.850; age-adjusted p =
0.014; Additional file 1: Figure S1). Within the obese
group, the ANKRD26 gene expression was much lower
in the metabolically unhealthy (MUO) compared with
the metabolically healthy obese (MHO) subjects, as

defined in [32] (p = 0.004; Table 3). Also, ANKRD26
mRNA levels in PBL correlated negatively to BMI (n =
34; r = − 0.494; age-adjusted p = 0.002; Fig. 1b), while
no correlation was found between ANKRD26 gene ex-
pression in the PBL and age (n = 34; r = − 0.226; n.s.).

DNA methylation at the CpG sites, − 689, − 659, and −
651, is increased in PBL from obese subjects
To investigate whether the downregulation of ANKRD26
gene expression observed in the obese individuals is paral-
leled by changes in DNA methylation, we have initially
performed a bioinformatics analysis of the ANKRD26 pro-
moter region. Based on EMBOSS CpGplot analysis, a 629
bp CpG island, straddling the ANKRD26 transcription
start site (TSS; − 277/+ 351 bp), was identified along with
two regions enriched in CpG sites, respectively, at − 900/−
600 bp and at − 580/− 370 bp upstream the TSS (Fig. 2a).
An ANKRD26 gene promoter/Exon 1 region (− 991/+
390 bp), embedding the CpG island and the CpG enriched
regions, was thus divided in 5 consecutive sub-regions,
which were termed S1 (− 991/− 693 bp), S2 (− 716/− 370
bp), S3 (− 349/− 48 bp), S4 (− 68/+ 157 bp), and S5 (+
134/+ 390 bp) (Fig. 2b), and a direct analysis of cytosine
methylation at this region was subsequently performed by
sequencing of bisulfite-converted DNA obtained from
PBL of 3 individuals featuring the lowest and 3 featuring
the highest BMI. In lean subjects, the bisulfite sequencing
analysis of the ANKRD26 gene promoter/Exon 1 region
revealed a high-density DNA hyper-methylation at the

Table 1 Anthropometric and biochemical features of lean (n =
14; 7 males and 7 females) and obese (n = 20; 10 males and 10
females) individuals. For symmetrically distributed variables, data
are shown as mean ± SD and statistical difference between the
two groups was tested by two-tailed unpaired Student’s t test.
For skewed distributions, data are shown as median (first quartile—Q1;
third quartile—Q3) and statistical differences between the two groups
were tested using Mann-Whitney U test. BMI, body mass index; TC,
total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C,
low-density lipoprotein cholesterol; TG, triglyceride; CRP, C-reactive
protein

Lean Obese p value

n (males/females) 14 (7/7) 20 (10/10)

Age (years) 30.2 ± 2.6 37.0 ± 5.6 < 0.001

BMI (kg m−2) 22.3 ± 2.7 46.7 ± 6.9 < 0.001

Glucose (mg dL−1) 87.9 ± 7.1 95.4 ± 37.3 n.s.

TC (mg dL−1) 176.4 ± 33.4 179.1 ± 37.3 n.s.

HDL-C (mg dL−1) 63.9 ± 20.4 46.5 ± 10.2 0.002

LDL-C (mg dL−1) 94.9 ± 31.6 117.8 ± 29.2 0.037

TG (mg dL−1) 58.6 (43.4; 83.6) 119.5 (90.2; 162.0) < 0.001

TG/HDL-C ratio 0.9 (0.6; 1.9) 2.6 (1.8; 4.2) < 0.001

CRP (mg L−1) 0.2 (0.1; 0.4) 7.7 (1.7; 14.4) < 0.001

Table 2 Pro-inflammatory cytokine and chemokine features of lean (n = 12; 6 males and 6 females) and obese (n = 18; 9 males and
9 females) individuals. Data are shown as median (first quartile—Q1; third quartile—Q3) and statistical differences between the two
groups were tested using Mann-Whitney U test. IL, interleukin; IFNγ, interferon γ; TNFα, tumor necrosis factor α; IP-10, interferon
gamma-induced protein 10; MCP1, monocyte chemotactic protein 1; MIP1, macrophage inflammatory protein 1; RANTES, regulated
on activation, normal T cell expressed, and secreted

Lean Obese p value

IL-1β (pg mL−1) 3.1 (2.7; 3.4) 3.4 (2.8; 4.5) n.s.

IL-6 (pg mL−1) 4.1 (3.0; 5.3) 8.6 (6.0; 11.1) < 0.001

IL-7 (pg mL−1) 9.0 (7.9; 12.0) 13.1 (8.8; 15.8) n.s.

IL-9 (pg mL−1) 83.9 (59.0; 93.7) 83.9 (75.3; 96.7) n.s.

IL-12 (pg mL−1) 25.6 (16.7; 40.1) 49.2 (34.9; 81.9) 0.006

IL-17 (pgmL−1) 125.9 (111.0; 149.4) 130.5 (116.9; 164.1) n.s.

IFN-γ (pgmL−1) 101.2 (91.2; 113.9) 108.3 (85.4; 126.3) n.s.

TNF-α (pg mL−1) 48.6 (39.7; 52.7) 47.2 (39.0; 54.7) n.s.

IL-8 (pg mL−1) 16.5 (12.8; 18.2) 31.9 (22.0; 46.8) < 0.001

Eotaxin (pg mL−1) 102.0 (63.8; 127.0) 116.3 (78.6; 157.6) n.s.

IP-10 (pgmL−1) 313.3 (218.4; 850.3) 619.6 (528.5; 1095.1) 0.021

MCP-1 (pgmL−1) 7.0 (4.3; 14.5) 30.3 (18.3; 39.5) 0.001

MIP-1α (pgmL−1) 2.7 (2.6; 3.1) 3.2 (2.2; 4.5) n.s.

MIP-1β (pg mL−1) 141.7 (90.5; 244.9) 202.6 (162.3; 424.4) 0.040

RANTES (pgmL−1) 21480.8 (15677.0; 24610.0) 28724.8 (26390.0; 36752.0) < 0.001
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sub-region 1 (S1; ~ 85%), a low/moderate CpG methyla-
tion at the S2 (~ 20%), and a massive DNA hypo-
methylation at the sub-regions S3, S4, and S5 (Add-
itional file 1: Table S1). Similar CpG methylation patterns
were also observed at the sub-regions S1, S3, S4, and S5 of
the ANKRD26 gene promoter/Exon 1 region in the obese
individuals, while, in these patients, a significantly in-
creased DNA methylation at the S2 (~ 27%; p < 0.05) was
found (Additional file 1: Table S1).

Based on these results, the DNA methylation pattern
at the S2 was further investigated by extending sequen-
cing analysis to bisulfite-converted DNA obtained from
the PBL of 11 further lean and 17 further obese subjects.
This additional sequencing revealed a 40–80% increased
density of the DNA methylation at 3 close CpG dinucle-
otides (− 689, − 659, and − 651 bp from the ANKRD26
TSS) in the obese compared with lean subjects (Fig. 2c).
DNA methylation at the − 689, − 659, and − 651 bp

Fig. 1 ANKRD26 mRNA levels in PBL of lean and obese subjects. a ANKRD26 mRNA levels were determined in lean (n = 14) and obese (n = 20)
subjects. Values are expressed in absolute units (AU) and their distribution within each group is represented by box plots. Box plots show median
(line within the box), quartiles (upper and lower box boundaries), and extreme values (whiskers). Statistical differences between the two groups
were tested using nonparametric quantile regression, with inference based on median, to adjust for age. p = 0.027 vs. lean. b Relationship between BMI and
ANKRD26 gene expression was assessed by covariate-adjusted Spearman’s rank-order correlation adjusted for age. n = 34; r = − 0.494; p = 0.002
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CpG sites was increased by about 1.8-fold (age-adjusted
p < 0.001), 1.9-fold (age-adjusted p = 0.040), and 2.2-fold
(age-adjusted p = 0.025), respectively, in the obese com-
pared with the lean (Fig. 2c). No relevant differences of
DNA methylation were observed among normal weight
and obese subjects at the CpG sites, − 522, − 482, − 452,
− 445, − 409, and − 402 bp (Fig. 2c). Also, within the
obese group, the CpG site − 689 bp was hyper-
methylated in the MUO compared with the MHO sub-
jects (p = 0.009; Table 3), while no differences in CpG
methylation were observed at the sites 659 and − 651 bp
(Table 3).

Methylation at the CpGs, − 689, − 659, and − 651,
modulates ANKRD26 promoter activity in vitro
To identify a potential cause-effect relationship between the
DNA methylation at the ANKRD26 gene promoter and its
gene transcription, a DNA fragment (− 716/− 597 bp) con-
taining the CpG sites, − 689, − 659, and − 651 bp, was cloned
in a pCpG-free vector. Luciferase activities of either the
in vitro CpG methylated or the un-methylated pCpG-
ANKRD26 luciferase reporter vectors were then assayed in
human embryonic kidney HEK293 cells. As shown in Fig. 2d,
the un-methylated ANKRD26 promoter region induced a
2.2-fold increase of luciferase activity compared with the
empty vector, indicating that this fragment features promoter
activity. On the other hand, the methylation of the three se-
lected CpG sites at the ANKRD26 promoter causes a 30%
reduction of the luciferase activity compared with the un-
methylated pCpG-ANKRD26 luciferase vector, indicating
that methylation of one or more of these 3 CpG dinucleo-
tides in vitro represses the ANKRD26 gene transcription.
Also, a negative correlation was found between the com-
bined methylation percentage at the cytosine residues − 689,
− 659, and − 651 of the ANKRD26 promoter and the expres-
sion levels of the ANKRD26 gene in PBL (n = 34, r = −
0.539, age-adjusted p < 0.001; Fig. 3a). The combined methy-
lation of these 3 CpG sites positively correlated to BMI (n =
34, r = 0.736, age-adjusted p < 0.001; Fig. 3b). No correlation
was found between the combined DNA methylation at these
3 CpG sites and age (n = 34, r = − 0.223, n.s). It is note-
worthy that similar results were obtained when these rela-
tionships with ANKRD26 mRNA expression, BMI, and age
were performed on individual CpG methylation percentages
(Additional file 1: Table S2).

Both ANKRD26 mRNA expression and CpG methylation
associate with obesity-related endophenotypes
We then explored whether changes of the ANKRD26
gene expression correlate to metabolic and inflamma-
tory marks. As reported in Table 4, we found that
ANKRD26 mRNA levels correlated inversely to serum
TG concentration (n = 34, r = − 0.630, age-adjusted p
< 0.001) and directly to serum HDL-C concentration
(n = 34, r = 0.647, age-adjusted p < 0.001). In addition,
the ANKRD26 gene expression correlated negatively to
serum levels of CRP (n = 34, r = − 0.494, age-adjusted
p < 0.001), interleukin 1β (IL-1β; n = 30, r = − 0.498,
age-adjusted p = 0.010), IL-6 (n = 30, r = − 0.401, age-
adjusted p = 0.027), IL-12 (n = 30, r = − 0.506, age-
adjusted p = 0.002), IL-8 (n = 30, r = − 0.650, age-
adjusted p < 0.001), interferon gamma-induced protein
10 (IP-10; n = 30, r = − 0.520, age-adjusted p = 0.002),
macrophage inflammatory protein 1α (MIP-1α; n = 30,
r = − 0.513, age-adjusted p = 0.006), MIP-1β (n = 30, r
= − 0.601, age-adjusted p < 0.001), and normal T cell
expressed and secreted (RANTES; n = 30, r = − 0.476,

Table 3 ANKRD26 mRNA levels and methylation percentage of
the CpG sites, − 689, − 659, and − 651, in MHO (n = 5) and
MUO (n = 15) individuals. Obese subjects have been classified
as MHO or MUO based on Wildman et al. [32]. In particular,
metabolically unhealthy obese subjects are defined by the
presence of two or more of these 6 criteria: blood pressure
systolic ≥ 130 mmHg and/or diastolic ≥ 85 mmHg or use of
anti-hypertensive drugs; fasting triglycerides ≥ 150 mg dl−1 or
use of lipid-lowering drugs; fasting HDL-C ≤ 40 mg dL−1 in men
and ≤ 50 mg dL−1 in women or use of lipid-lowering drugs;
fasting glucose ≥ 100 mg dl−1 or use of anti-diabetic drugs;
HOMA-IR > 90th percentile; and CRP > 90th percentile, while
metabolically healthy obese subjects are defined by the
presence of 0 or 1 of the previous criteria. For symmetrically
distributed variables, data are shown as mean ± SD and the
statistical difference between the two groups was tested by
two-tailed unpaired Student’s t test. For skewed distributions,
data are shown as median (first quartile—Q1; third
quartile—Q3) and statistical differences between the two
groups were tested using Mann-Whitney U test. HDL-C, high-
density lipoprotein cholesterol; TG, triglyceride; SBP, systolic
blood pressure; DBP, diastolic blood pressure; CRP, C-reactive
protein; HOMA-IR, homeostatic model assessment of insulin
resistance

MHO MUO p
value

Wildman criteria

Glucose, mg dL−1 82.8 ± 8.3 99.6 ± 42.3 n.s.

HDL-C, mg dL−1 53.8 ± 13.6 44.4 ± 8.0 n.s.

SBP, mmHg 119.0 ± 10.2 135.3 ± 10.4 0.007

DBP, mmHg 84.0 ± 4.2 85.0 ± 6.0 n.s.

TG, mg dL−1 70.0 (62.2;
119.5)

137.0 (104.0;
170.0)

0.036

CRP, mg L−1 2.0 (0.5; 19.7) 9.1 (4.4; 17.2) n.s.

HOMA-IR 1.6 (1.4; 2.2) 4.3 (3.0; 5.7) 0.006

ANKRD26 mRNA, AU × 10−5 5.7 (4.4–7.0) 2.2 (1.6–3.8) 0.004

CpG − 689, % CpG
methylation

36.7 ± 4.7 57.8 ± 15.7 0.009

CpG − 569, % CpG
methylation

46.0 ± 8.9 51.2 ± 19.3 n.s.

CpG − 651, % CpG
methylation

54.0 ± 16.7 62.6 ± 17.7 n.s.
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Fig. 2 ANKRD26 promoter methylation in PBL of lean and obese subjects and in vitro promoter activity. a A CpG plot of the ANKRD26 gene promoter/Exon 1
(− 1000/+ 400bp from TSS) was determined by using the EMBOSS CpGplot software. The presence of a 629bp CpG island, straddling the ANKRD26 TSS (− 277/+
351bp) and two regions enriched in CpGs, respectively, at − 900/− 600bp and at − 580/− 370bp upstream the TSS were identified. Values in y-axis are the
minimum average observed (Obs) to expected (Exp) ratio of C plus G to CpG in a set of 10 windows that are required before a CpG island is reported. The
minimum length, that a CpG island has to be before it is reported, is 200 bp. A window is set by default to 100bp. Values in the x-axis are base pairs. b Schematic
representation of the ANKRD26 gene. Sub-region S1, − 991/− 693bp; S2, − 716/− 370 bp; S3, − 349/− 48bp; S4, − 68/+ 157bp; S5, + 134/+ 390bp. CpG Island, −
250/− 50. TSS, transcription start site; 5′-UTR, untranslated region. c Bisulfite sequencing methylation analysis of the ANKRD26 S2 (CpG sites, − 689, − 659, − 651, −
522, − 482, − 452, − 445, − 409, − 402bp from the TSS) in converted genomic DNA from PBL of 14 lean and 20 obese subjects. Results are means ± SD.
Statistical difference between the means of the two groups was assessed by classical OLS regression model to adjust for age. ***p < 0.001 vs. lean % CpG
methylation. d Luciferase activity of in vitro CpG methylated (me) or un-methylated (unme) pCpG-ANKRD26 constructs and the pCpG empty vector was assessed
as described in the “Methods” section. Firefly luciferase activity was normalized to Renilla luciferase activity. Luciferase activity is displayed in relative light units
(RLU). Results are means ± SD from three independent experiments. Statistical difference between the means of the groups was assessed by one-way ANOVA. *p
< 0.05 and ***p < 0.001 vs. pCpG empty vector; #p < 0.05 vs. pCpG-ANKRD26unme
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age-adjusted p = 0.002), as well. Interestingly, as also
reported in Table 5, the combined DNA methylation
levels of the CpG dinucleotides − 689, − 659, and
− 651 bp at the ANKRD26 promoter correlated posi-
tively to serum TG concentration (n = 34, r = 0.593,
age-adjusted p < 0.001) and negatively to serum HDL-
C concentration (n = 34, r = − 0.539, age-adjusted p <
0.001). Also, the combined methylation of these 3
CpG sites correlate directly to serum levels of CRP (n
= 30, r = 0.524, age-adjusted p = 0.001), IL-6 (n = 30, r
= 0.577, age-adjusted p = 0.002), IL-12 (n = 30, r =
0.453, age-adjusted p = 0.013), IL-8 (n = 30, r = 0.698,
age-adjusted p = 0.001), and RANTES (n = 30, r =
0.514, age-adjusted p = 0.013). Very interestingly,

these relationships were also confirmed when these
biochemical and pro-inflammatory parameters were
associated to individual CpG methylation percentages
(Additional file 1: Table S2).

Both ANKRD26 mRNA expression and CpG methylation
associate with TG/HDL-C ratio
Interestingly, a negative correlation between the
ANKRD26 gene expression and TG/HDL-C ratio was
also noted (n = 34, r = − 0.728, age-adjusted p < 0.001;
Fig. 4a). Also, the percentage of CpG dinucleotides
methylation at − 689, − 659, and − 651 bp, taken as
combined or as individual CpG methylation, of the
ANKRD26 promoter positively correlated to the TG/

Fig. 3 ANKRD26 gene expression, promoter methylation, and BMI. a
Relationship between ANKRD26 gene expression and the combined
DNA methylation at the CpGs − 689, − 659, and − 651 was assessed
in lean (n = 14) and obese individuals (n = 20) by covariate-adjusted
Spearman’s rank-order correlation adjusted for age. r = − 0.539, age-
adjusted p < 0.001. b Relationship between BMI and the combined
DNA methylation at the CpGs − 689, − 659, and − 651 was assessed
in lean (n = 14) and obese individuals (n = 20) by covariate-adjusted
Spearman’s rank-order correlation adjusted for age. r = 0.736, age-
adjusted p < 0.001

Table 4 ANKRD26 gene expression in relation to metabolic and
inflammatory parameters. Relationship between metabolic or
inflammatory parameters and ANKRD26 gene expression was
assessed in lean and obese individuals by covariate-adjusted
Spearman’s rank-order correlation adjusted for age. Number of
individuals (n), correlation coefficient r, and age-adjusted p value
are shown in the table. TG, triglyceride; TC, total cholesterol;
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol; CRP, C-reactive protein; IL, interleukin;
IFNγ, interferon γ; TNFα, tumor necrosis factor α; IP-10, interferon
gamma-induced protein 10; MCP1, monocyte chemotactic
protein 1; MIP1, macrophage inflammatory protein 1; RANTES,
regulated on activation, normal T cell expressed, and secreted

Parameters Gene expression

n r p value

Glucose 34 − 0.233 n.s.

TG 34 − 0.630 < 0.001

TC 34 − 0.113 n.s.

HDL-C 34 0.647 < 0.001

LDL-C 34 − 0.315 n.s.

CRP 34 − 0.494 0.001

IL-1β 30 − 0.498 0.010

IL-6 30 − 0.401 0.027

IL-7 30 − 0.185 n.s.

IL-9 30 − 0.123 n.s.

IL-12 30 − 0.506 0.002

IL-17 30 − 0.085 n.s.

IFN-γ 30 − 0.112 n.s.

TNF-α 30 − 0.037 n.s.

IL-8 30 − 0.650 < 0.001

Eotaxin 30 − 0.116 n.s.

IP-10 30 − 0.520 0.002

MCP-1 30 − 0.206 n.s.

MIP-1α 30 − 0.513 0.006

MIP-1β 30 − 0.601 < 0.001

RANTES 30 − 0.476 0.002
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HDL-C ratio (n = 34, r = 0.666, age-adjusted p < 0.001;
Fig. 4b and Additional file 1: Table S2). When the study
group subjects were stratified based on the TG/HDL-C
ratio [24], we found that, independent of BMI, the
ANKRD26 mRNA levels were reduced by about 60% in
the individuals with the TG/HDL-C ratio > 3.0 com-
pared with subjects with a TG/HDL-C ratio < 3.0 (BMI-
adjusted p = 0.016; Fig. 4c). Also, DNA methylation at
the − 689, − 659, and − 651 bp CpG sites was increased
by about 2.0-fold (BMI-adjusted p < 0.001), 1.7-fold
(BMI-adjusted p = 0.040), and 1.8-fold (BMI-adjusted p
= 0.025), respectively, in the individuals with a TG/
HDL-C ratio > 3.0 compared with subjects featuring a
TG/HDL-C ratio below the cutoff value (Fig. 4d).

Discussion
The epigenome, at the interface between genome and the
environment, undergoes continuous changes through the in-
dividual lifetime, which may have major implications to dis-
ease susceptibility [7–9]. Consistently, mounting evidence
indicates an important role of the epigenetic modifications in
determining risk of obesity [4, 33, 34]. Thus, the identifica-
tion of epigenetic profiles associated with obesity may pro-
vide important novel insight into disease pathogenesis,
biomarker discovery, and pharmacological targets.
In this report, we have demonstrated that the

ANKRD26 gene expression is downregulated in hu-
man PBL from obese compared with lean subjects.
We also found that the ANKRD26 gene expression in
the blood cells correlates positively to its mRNA ex-
pression in abdominal VAT, a tissue relevant to
ANKRD26 protein function [14, 22, 35, 36], suggest-
ing that perturbation of ANKRD26 expression is bio-
logically relevant to obesity. We also report that (i)
hyper-methylation at the CpG dinucleotides − 689,
− 659, and − 651 bp from the ANKRD26 TSS occurs
in PBL from the obese compared with the lean con-
trols; (ii) a direct cause-effect relationship exists be-
tween these methylation events and ANKRD26 gene
expression; and (iii) BMI correlates to both gene ex-
pression and DNA methylation of the ANKRD26 gene
in PBL. Altogether, these findings indicate that hyper-
methylation at the ANKRD26 promoter and the ac-
companying downregulation of gene expression are
common features of obesity in humans. DNA methy-
lation is the most common and better-characterized
epigenetic modification [37, 38]. Evidence in literature
also supports the hypothesis that it might also be
transgenerationally inherited [39]; however, DNA
methylation often occurs in response to environmen-
tal variability [40]. Therefore, whether the observed
epigenetic downregulation of the ANKRD26 gene pre-
cedes or is a consequence of obesity and thus,
whether the increased CpG methylation at the
ANKRD26 promoter has a role in the regulation of
BMI and/or is predictive of obesity onset deserves to
be further investigated. Changes in DNA methylation
at this gene in humans are consistent with our previ-
ous findings in murine models of diet-induced obes-
ity. Indeed, persistence of the high-fat diet regimen
and the onset of obesity in mice causes epigenetic si-
lencing of the Ankrd26 mRNA expression due to the
specific hyper-methylation of the Ankrd26 promoter
at the CpG sites − 436 and − 431 bp [17]. This sup-
ports the hypothesis that similar changes of DNA
methylation, occurring in the human ANKRD26 gene,
might be the result of increased BMI/adiposity typical
of obesity. Furthermore, our finding reveal a more
pronounced silencing of ANKRD26 and increased

Table 5 Combined DNA methylation at the CpG sites, − 689, −
659, and − 651 of the ANKRD26 promoter in relation to
metabolic and inflammatory parameters. Relationships were
assessed in lean and obese individuals by covariate-adjusted
Spearman’s rank-order correlation adjusted for age. Number of
individuals (n), correlation coefficient r, and age-adjusted p value
are shown on the table. TG, triglyceride; TC, total cholesterol;
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol; CRP, C-reactive protein; IL, interleukin;
IFNγ, interferon γ; TNFα, tumor necrosis factor α; IP-10, interferon
gamma-induced protein 10; MCP1, monocyte chemotactic
protein 1; MIP1, macrophage inflammatory protein 1; RANTES,
regulated on activation, normal T cell expressed, and secreted

Parameters Combined % CpG methylation

n r p value

Glucose 34 0.081 n.s.

TG 34 0.593 < 0.001

TC 34 0.155 n.s.

HDL-C 34 − 0.539 0.004

LDL-C 34 0.376 0.044

CRP 34 0.524 0.001

IL-1β 30 0.242 n.s.

IL-6 30 0.577 0.002

IL-7 30 0.182 n.s.

IL-9 30 0.032 n.s.

IL-12 30 0.453 0.013

IL-17 30 − 0.001 n.s.

IFN-γ 30 − 0.025 n.s.

TNF-α 30 − 0.083 n.s.

IL-8 30 0.698 0.001

Eotaxin 30 0.001 n.s.

IP-10 30 0.337 n.s.

MCP-1 30 0.305 n.s.

MIP-1α 30 0.333 0.050

MIP-1β 30 0.377 n.s.

RANTES 30 0.514 0.013
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DNA methylation at the − 689 bp CpG in the MUO
compared with the MHO individuals. This supports
the hypothesis that the epigenetic regulation of the
ANKRD26 gene may be sensitive to the alteration of
the metabolic and inflammatory profile occurring in
the metabolically unhealthy obese [32].
We have further explored the potential clinical rele-

vance of the epigenetic silencing of ANKRD26 by correl-
ating both the ANKRD26 gene expression and DNA
methylation to obesity-related endophenotypes. In par-
ticular, we have reported that both ANKRD26 mRNA
and DNA methylation levels of the CpG dinucleotides −

689, − 659, and − 651 bp, taken as combined or as single
CpG methylation percentage, correlate to serum TG and
HDL-C concentration. In line with our previous findings
in abdominal VAT from obese subjects with normal glu-
cose tolerance [17], we also found that changes of
ANKRD26 gene expression and methylation correlate to
increased levels of the inflammatory cytokine IL-6, the
chemokines IL-8, and RANTES [41], and with CRP, a
sensitive marker of low-grade inflammation and cardio-
metabolic risk in different populations [42–46]. In
addition, perturbations of ANKRD26 gene expression
and methylation correlate to the TG/HDL-C ratio, a

Fig. 4 ANKRD26 gene expression, promoter methylation, and cardio-metabolic risk. a Relationship between ANKRD26 expression and TG/HDL-C
ratio was assessed in lean (n = 14) and obese individuals (n = 20) by covariate-adjusted Spearman’s rank-order correlation adjusted for age (n =
34; r = − 0.728; p < 0.001). b Relationships between TG/HDL-C ratio and the combined DNA methylation at the CpGs − 689, − 659, and − 651 in
lean (n = 14) and obese individuals (n = 20) was assessed by covariate-adjusted Spearman’s rank-order correlation adjusted for age. r = 0.666, p <
0.001. c ANKRD26 mRNA levels in 11 individuals with the TG/HDL-C > 3.0 and in 23 individuals with the TG/HDL-C < 3.0. Values are expressed in
absolute units (AU) and their distribution within each group is represented by box plots. Box plots show median (line within the box), quartiles
(upper and lower box boundaries), and extreme values (whiskers). Statistical differences between the two groups were tested using nonparametric
quantile regression, with inference based on median, to adjust for BMI. p = 0.016 vs. individuals with the TG/HDL-C < 3.0. d Bisulfite sequencing
methylation analysis of the ANKRD26 CpG sites, − 689, − 659, and − 651 bp from the TSS in converted genomic DNA from PBL of 11 individuals with
TG/HDL-C > 3.0 and in 23 individuals with the TG/HDL-C < 3.0. Results are means ± SD. Statistical difference between the means of the two groups
was assessed by classical OLS regression model to adjust for BMI. *p < 0.05 and ***p < 0.001 vs. individuals with TG/HDL-C < 3.0
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recently identified mark of cardio-metabolic risk and of
insulin resistance [24–31]. Importantly, stratification of
the study group based on the TG/HDL-C index revealed
association of higher levels of ANKRD26 methylation
and reduced gene expression with high-cardio-metabolic
risk, independent of BMI, indicating that alterations of
both the DNA methylation and mRNA expression at the
ANKRD26 gene correlate to increased risk of insulin re-
sistance and cardiovascular disease in humans.
The major strength of our research design was the use

of a site-by-site approach for the investigation of DNA
methylation within the ANKRD26 gene promoter/Exon
1 (− 991/+ 390 bp from TSS). This allowed us to (i)
screen the cytosine methylation of 92 CpG dinucleotides
related to our candidate gene, whose detection, at the
best of our knowledge, is only partially covered by com-
mercial DNA methylation arrays and (ii) identify among
lean and obese subjects’ specific methylation changes at
the CpGs, − 689, − 659, and − 651, which are relevant
for the ANKRD26 gene expression regulation and are as-
sociated with pro-inflammatory and cardio-metabolic
risk factors, and which cannot be otherwise discovered.
However, some limitations exist in the current study
starting from the limited sample size of the recruited in-
dividuals. Our findings should be therefore replicated in
other large and independent population. Nevertheless, in
support of our results, ANKRD26 has been included in a
dataset of loci, identified through a whole transcript-
based array, where its gene expression negatively corre-
lated with BMI in a study conducted on the subcutane-
ous WAT from a male Swedish and Danish discovery
cohort (n = 96) [47].

Conclusion
In conclusion, this study demonstrates that downregula-
tion of the ANKRD26 gene caused by promoter hyper-
methylation at specific CpGs represents a common ab-
normality in obese patients. These changes correlate to
the pro-inflammatory profile and the cardio-metabolic
risk factors of the obese individuals, suggesting they
mark the adverse health outcome occurring in some of
these patients.

Methods
Subject enrollment, sampling, and management
Subject enrollment
Thirty-four individuals, 14 lean (7 males and 7 fe-
males) undergoing cholecystectomy and 20 obese (10
males and 10 females) undergoing sleeve gastrectomy,
were recruited at the Federico II University of Naples,
and defined, respectively, based on BMI < 25 kg m−2

and BMI ≥ 30 kg m−2 [48]. Participants were selected
as follows. Inclusion criteria are as follows: age be-
tween 25 and 50 years and Caucasian ethnicity.

Exclusion criteria are as follows: not knowledge of a
verifiable medical treatment period; psychotic disor-
ders; severe depression; personality and eating behav-
ior disorders assessed by a dedicated psychiatrist or
psychologist; alcoholism and drug addiction; diseases
related to reduced life expectancy; inability to take
care of him/herself; inadequate family and social sup-
port; obesity secondary to endocrinopathies; gastro-
intestinal inflammatory diseases; risk of upper
gastrointestinal tract bleeding; previous or current tu-
mors; and use of drugs that can influence epigenetic
status. The study adhered to the Code of Ethics of
the World Medical Association (Declaration of
Helsinki) and has been reviewed and approved by the
Ethic Committee of the Federico II University of Na-
ples (Ethics Approval Number: No. 254/17). Informed
consent was obtained individually from all of the sub-
jects enrolled in the study. Obese subjects have been
also classified as MHO or MUO based on Wildman
et al. [32]. In particular, MUO is defined in subjects
by the presence of two or more of these 6 criteria:
blood pressure systolic ≥ 130 mmHg and/or diastolic
≥ 85 mmHg or use of anti-hypertensive drugs; fasting
triglycerides ≥ 150 mg dL−1 or use of lipid-lowering
drugs; fasting HDL-C ≤ 40 mg dL−1 in men and ≤ 50
mg dL−1 in women or use of lipid-lowering drugs;
fasting glucose ≥ 100 mg dL−1 or use of anti-diabetic
drugs; homeostatic model assessment of insulin resist-
ance (HOMA-IR) > 90th percentile; and CRP > 90th

percentile, while MHO subjects are defined by the
presence of 0 or 1 of the previous criteria.

Sampling and management
Blood and sera samples were collected from fasted pa-
tients the day before surgery, and successively handled,
processed, and stored by the same investigator. In detail,
1 whole blood vacuum tube was collected from each
subject (lean, n = 14; obese, n = 20) enrolled in the study
for PBL isolation. Also, 1 serum vacuum tube was col-
lected from each subject (lean, n = 14; obese, n = 20) en-
rolled in the study for the determination of biochemical
parameters, while a further serum vacuum tube was col-
lected from 30 patients out of 34 for the determination
of inflammatory parameters through Bioplex multiplex
analysis. Blood cell count was evaluated for each individ-
ual patient and no significant differences were reported
within subjects. PBL isolation was performed on each
sample by using the following procedure. Whole blood
samples were incubated on ice for 15 min with 5 volume
of erythrocyte lysis buffer (KHCO3 10 mM, NH4Cl 155
mM, EDTA 0.1 mM), and PBL was recovered by centri-
fugation at 400×g for 10 min, and then stored at − 80 °C
in RNA Later stabilization reagent (Qiagen, Hilden,
Germany). At the end of the recruitment, PBL obtained
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from each patient were lysed in RLT buffer 1× and total
RNA and genomic DNA were then isolated using the
AllPrep DNA/RNA/miRNA Universal kit (Qiagen) and
following the manufacturer’s instructions.

Abdominal VAT sampling
Abdominal VAT biopsies were collected from 10 of the
recruited patients (5 lean and 5 obese) and were handled
and stored by the same investigator. In detail, biopsies
were snap frozen in liquid nitrogen, and then stored at −
80 °C in RNA Later stabilization reagent (Qiagen). At
the end of the recruitment, VAT biopsies were homoge-
nized in RLT buffer 1× by using the Tissue Lyser LT
bead mill (Qiagen), and total RNA was then isolated
using the AllPrep DNA/RNA/miRNA Universal kit (Qia-
gen) and following the manufacturer’s instructions.

Determination of biochemical and inflammatory
parameters
Plasma glucose and serum levels of TC, HDL-C, LDL-C,
TG, and CRP were determined with an ABX Pentra 400
(Horiba Ltd., Kyoto, Japan). Serum samples have been
also used for the dosage of the following secreted in-
flammatory mediators by Bioplex multiplex Human
Cytokine, Chemokine and Growth factor kit (Bio-Rad
Laboratories, Hercules, CA): IL-1β, IL-6, IL-7, IL-9, IL-
12, IL-17, Interferon γ (IFNγ), tumor necrosis factor α
(TNFα), IL-8, eotaxin, IP-10, MCP1, MIP1α, MIP1β, and
RANTES.

Quantitative real-time PCR
cDNA synthesis was performed from total RNA (1 μg) iso-
lated from PBL samples or from abdominal VAT biopsies
by using the SuperScript™ III Reverse Transcriptase
(Thermo Fisher Scientific, Waltham, MA) and following
the manufacturer’s instructions. cDNA from each sample
was then used as a template for quantitative real-time
PCR assays. In detail, for each sample, reactions were per-
formed in triplicates using iQ SYBR Green Supermix on
an iCycler real-time detection system (Bio-Rad Laborator-
ies) by using the following cycling condition and reaction
protocol. Cycling condition: 10min at 95 °C for 1 cycle,
and 15 s at 95 °C and 1min at 60 °C repeated for 40 cycles.
Reaction protocol: cDNA (25 ng), forward and reverse
PCR primers (200 nM each), iQ SYBR Green Supermix
1X (Bio-rad laboratories) in a final volume of 10 μL. The
absolute quantification of the hsANKRD26 mRNA expres-
sion levels for each sample was carried out by using hs28S
ribosomal RNA, as control reference [49]. hs28S riboso-
mal RNA has been selected as reference gene upon a com-
parison with other three reference genes of the threshold
cycle (Ct) variability (Additional file 1: Table S3). The fol-
lowing standard curves were used for the calculations:
hsANKRD26 standard curve, y = − 3.661 × + 36.554, r =

0.9995, and hs28S standard curve, y = − 3.587 × + 36.164,
r = 0.9990. Primer sequences were as follow: hs28S F: 5′-
cccagtgctctgaatgtcaa-3′; hs28S R: 5′-agtgggaatctcgttcatcc-
3′; hsANKRD26 F: 5′-gtatgctagtagtggtcctgc-3′; and
hsANKRD26 R: 5′-gtaggccttccttcatcctcat-3′.

DNA methylation analysis by bisulfite conversion
Genomic DNA from PBL and from abdominal VAT biopsies
was prepared as described above. Bisulfite treatment of 350
ng of genomic DNA for each sample was converted with the
EZ DNA Methylation Kit (Zymo Research, Orange, CA), fol-
lowing the manufacturer’s instructions. For the analysis,
ANKRD26 promoter was divided as follows: S1, − 786/− 722
bp; S2, − 716/− 370 bp; S3, − 349/− 48 bp; S4, − 68/+ 147 bp;
and S5, + 134/+ 390 bp from TSS. Bisulfite-converted gen-
omic DNA was amplified by PCR using specific primers for
each site. The PCR fragments were then cloned into the
pGEM T-Easy vector system (Promega, Madison, WI). Bisul-
fite genomic sequencing was performed as previously re-
ported [50]. In detail, to determine methylation status, 10
clones for each sample were sequenced on AB 3500 genetic
analyzer (Life Technologies, Carlsbad, CA). The percentage
of individual methylation and the percentage of combined
methylation at the CpGs − 689, − 659, and − 651 were calcu-
lated using the following two formulas: individual methyla-
tion % = (CpG methylated. CpG total−1) × 100; combined
methylation % = (% methylation of CpG − 689 + % methyla-
tion of CpG − 659 + % methylation of CpG − 651)/3.
Primers sequences: ANKRD26 S1 F: 5′-gtaatttttgttgagattt-
tatttga-3′, ANKRD26 S1 R: 5′-actacaatctccacctcctaaactc-3′,
ANKRD26 S2 F: 5′-agtttaggaggtggagattgtagtg-3′, ANKRD26
S2 F: 5′-acaaatacaacaacaaaaaacacaaa-3′, ANKRD26 S3 F: 5′-
gtatttaaagggatatggaaggg-3′, ANKRD26 S3 R: 5′-cccaataat-
caaatatactccatac-3′, ANKRD26 S4 F: 5′-tggagtatatttgat-
tattgggtttt-3′, ANKRD26 S4 R: 5′-aacttcaaaaacacctcatat
ctctct-3′, ANKRD26 S5 F: 5′-agagagatatgaggtgtttttgaagtt-3′,
ANKRD26 S5 R: 5′-caaaccattcttcctaaacaaaaaa-3′. Bioinfor-
matics analysis was carried out using EMBOSS CpGplot
(available from www.ebi.ac.uk/Tools/seqstats/emboss_
cpgplot/; accessed November 2015).

Cloning, in vitro methylation, and luciferase assay
ANKRD26 promoter (− 716/− 597 bp) was amplified by
PCR. The purified PCR fragment was cloned into the fire-
fly luciferase reporter pCpG-free-promoter-Lucia vector
(Invivogen, Toulouse, France). This vector is completely
void of CpG dinucleotides in all the elements required for
replication and selection of the plasmid in E. coli and gene
expression in mammalian cells. Also, it is devoid of all
Dam methylation sites (GATC) to prevent prokaryotic
methylation [51]. The pCpG-Ankrd26 vector was ampli-
fied in E. coli GT115 cells (Invivogen). In vitro methyla-
tion was performed using the M.SssI CpG
methyltransferase following manufacturer’s protocol (New
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England BioLabs, Ipswich, MA). Un-methylated DNA was
obtained in the absence of M.SssI. Methylation was con-
firmed by digestion with MspJI (New England BioLabs).
HEK-293 cells were transfected with the CpG methylated
or un-methylated pCpG-ANKRD26 vector and Renilla
control vector (Promega, Madison WI) by lipofectamine
(Life Technologies), following manufacturer’s instructions.
Firefly luciferase activity of each transfection was normal-
ized for transfection efficiency against Renilla luciferase
activity.

Sample size
Sample sizes were calculated by using the G*Power
3.1.9.2 software (Heinrich-Heine-Universität Düsseldorf,
Germany) [52]. In detail, a sample size of 34 participants,
n = 20 for obese (group 1) and n = 14 for lean (group 2),
achieved 95% power to detect a difference of – 39 ×
10−5 between the null hypothesis that both group means
are equal to 159 × 10−5 and the alternative hypothesis
that the mean of group 2 is different and equal to 198 ×
10−5, considering a two-sample t test, a significance level
(α) of 0.05, an estimated group standard deviations of 38
× 10−5 and 18 × 10−5, and an allocation ratio N2/N1 =
1.4. For calculations, values of the Ankrd26 mRNA
(mean ± SD) in obese and lean mice were applied [17].
Information about ANKRD26 mRNA levels in humans,
to the best of our knowledge, was not available. A 1.4 al-
location ratio N2/N1 was decided based on the predic-
tion of a 40% larger recruitment of obese versus lean
individuals.

Statistical and experimental procedures
Statistical procedures
For symmetrically distributed variables, data are shown
as mean ± SD, while for skewed distributions, data are
presented as median (first quartile—Q1; third quartile—
Q3). Statistical differences between groups were tested
using parametric or nonparametric method, as appropri-
ate. Two-tailed unpaired Student’s t test, or classical
OLS regression model to adjust for potential con-
founders, was used as parametric methods, while Mann-
Whitney U test, or quantile regression model with infer-
ence based on median to adjust for potential con-
founders, was used as nonparametric methods. For
luciferase assay, comparison between groups was deter-
mined by one-way analysis of variance (ANOVA) and
Bonferroni correction post hoc tests were carried out to
detect significant differences between specific groups.
Relationships between variables were assessed through
an extension of Spearman’s rank correlations [53], which
also allowed to adjusted correlations for age using
probability-scale residuals. For all the statistical tests, p <
0.05 was considered statistically significant. R software
environment for statistical computing, Version 3.6.0

(http://www.R-project.org), was used for all statistical
analysis.

Experimental procedures
For each reported investigation, the experiments have
been performed always by the same investigator. Same
batch reagents and same instruments have been used.
Technical and biological replicates were also considered
in order to exclude technical errors and biological vari-
ance. Controls for each group of experiments have been
also used.
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