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What is already known on this topic?

In the last two decades, significant advances have been made in the understanding of the epigenetic impact in human growth and
development. However, the different approaches and methodologies used do not clearly identify the genes potentially related to the
changes and phenotypes observed in small for gestational age (SGA) children.

What this study adds?

This study presents simultaneous analysis of promoter methylation status of multiple genes that are not related to parental imprinting
and that may play a role in the development of metabolic diseases in children with SGA. Investigation of the methylation status of leptin
(LEP), glucagon-like peptide-2 receptor (GLP2R), insulin receptor substrate-2 (JRS2) in SGA patients showed no association between
IRS2 promoter methylation and the catch-up growth phenotype in this population. In addition, GLP2R and LEP were methylated in all
samples. Children with catch-up should be routinely followed to perform timely diagnosis of possible metabolic impairments.

Abstract

Objective: In small for gestational age (SGA) children, catch-up growth could be influenced by methylation of several genes involved
in metabolism. Epigenetics may influence the development of metabolic diseases in adulthood. To compare the methylation of leptin
(LEP), glucagon-like peptide-2 receptor (GLP2R), insulin receptor substrate-2 (JRS2) in SGA patients with and without catch-up growth.
Methods: Observational prospective study of SGA children. Demographical and clinical variables were collected from clinical records
and parents’ questionnaire. Methylation status of LEP, IRS2, and GLP2R promoters was evaluated in DNA extracted from patient and
one parent saliva samples.

Results: Forty-eight SGA patients were included. Twenty-six (54.2 %) had catch-up growth phenotype and 22 (45.8%) did not. The
median age was 5.2 years [RIC 4.1-6.8] without difference between groups (p=0.306). The catch-up group had increased appetite
(42.3% vs 9.1 %, p=0.008), family history of dyslipidemia (42.3% vs 27.3 %) and diabetes (34.6 % vs 22.7 %) compared to non-catch-up
group. Catch-up patients had significantly larger waist circumference compared to non-catch-up group (median 55 cm [RIC 52-58] versus
median 49.5 cm [RIC46-52]; p <0.001). LEP and GLP2R were methylated in all samples. IRS2 was methylated in 60% of SGA patients
without difference between groups (p = 0.520).

Conclusion: There is no association between IRS2 methylation and catch-up growth among SGA patients. LEP and GLP2R were
methylated in all SGA patients. Gene methylation may be implicated in metabolic disease later in life. More studies should be performed
to confirm this hypothesis.
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Introduction

Small for gestational age (SGA) is defined as a newborn with
weight, length, and/or head circumference below the 10"
percentile according to sex and gestational age (1). In 2012,
in low- and middle-income countries, approximately 23.3
million infants were born SGA (2). In Colombia in the last
decade, the SGA rate increased from 70 to 90 SGA newborns
per 1,000 live births (3).

SGA is associated with decreased lean mass, muscular
mass, and bone mineral content. An SGA infant could have
reduced protein, nitrogen and glycogen content in skeletal
muscle and liver, due to decreased plasma glucose and
insulin concentrations (4). These factors are associated
with increased risk of hypoglycemia, hypocalcemia,
polycythemia, hyper-viscosity, impaired thermoregulation,
and immune dysfunction (5). SGA infants have a 20 times
greater risk of mortality than healthy controls during
the neonatal period (6). SGA also has poor long-term
outcomes, including significantly increased risk of chronic
cardiovascular and metabolic diseases compared with
Appropriate for Gestational Age infants (7,8,9,10).

Additionally, the physiological response to SGA is evident in
the growth pattern during the first two years of life, especially
during the first 2-6 months. Approximately 15 % of children
with a history of SGA continue to present with low weight
and height for their ages, associated with a non-catch-up
growth phenotype (11). The remaining 85% show excessive
catch-up growth, with height velocities that exceed the
normal statistical limits for their age and/or maturity during
the first three years of life following the prenatal period of
growth inhibition (12).

The term “epigenetics” refers to heritable changes in gene
expression that occur without requiring alterations in DNA
sequences, including the expression of non-coding RNAs,
DNA methylation, and histone modifications. Genomic
imprinting is one of the most important and well-researched
forms of epigenetic inheritance, during which the regulation
of a gene or chromosomal region is dependent on the
sex of the transmitting parent (13). Imprinted regions
play vital roles during embryonic development and have
been associated with low birth weight (LBW) and other
phenotypes associated with abnormal weight, such as
overgrowth syndromes (14). The epigenetic regulation of
the genome is a critical facet of development. Several genes
located in imprinted regions are associated with the control
of embryonic growth, such as IGF2, H19, and MEST (15).
However, most studies that have examined the genes in
imprinted regions (15,16) have not been able to consistently
or conclusively determine their associations with LBW (11).

The embryonic environmental characteristics of patients
with SGA could induce changes at the epigenetic level that
affect gene transcription and would be stable throughout life
(5,14). Because of the importance of epigenetic regulations
during human development, these changes could be
associated with diseases and pathological phenotypes that
present during childhood and adulthood in patients with a
history of SGA. The aim of this study was to compare the
methylation status of insulin receptor substrate-2 (IRS2),
glucagon-like peptide 2 receptor (GLP2R), and leptin (LEP)
genes in SGA patients with and without catch-up growth.
These genes were chosen due to their importance in
appetite control and their role in regulation of carbohydrate
metabolism.

Experimental Subjects

This is an observational prospective study. SGA patients
were selected from the pediatric endocrinology outpatient
clinic. Patients with metabolic comorbidities or whose
parents did not agree to enter the study were excluded. LEP,
GLP2R, and IRS2 were categorized according to whether the
patient presented with a catch-up growth or non-catch-up
growth phenotype during early childhood (before five years
of age). This study was performed in accordance with the
Declaration of Helsinki Good Clinical Guidelines. Written
informed consent was obtained from all patients’ parents
before study participation. The institutional ethics review
board of Fundacion Valle del Lili approved the study (Act
084-2014).

Methods

Data and Setting

Cali is a city of 2.3 million inhabitants, and it is the capital of
the Valle del Cauca Department in Southwestern Colombia.
The natality rate in Cali was 12 per 1000 inhabitants in 2017
with an infant mortality rate of 9 per 1000 life newborns
and 11 % LBW (17). Fundacion Valle del Lili is a tertiary care
university hospital with a catchment area of approximately
10 million people.

Exposure Variables

Demographic and clinical variables were obtained from
clinical records. The SGA criterion was defined as birth weight
and birth height below the 10™ percentile for gestational age
(1). The parents or legal guardians of the patient were asked,
through a survey, for information regarding demographic
characteristics, lifestyle, and other variables such as a
lack of appetite or a voracious appetite, hours per week of
physical activity and abdominal circumference. In addition,
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we asked for self-report of a parental clinical diagnosis of
dyslipidemia, diabetes mellitus, arterial hypertension and
cardiovascular disease.

To assess appetite, parents were asked to determine their
child’s appetite by choosing among three options: a) The
child has very good appetite, eats everything on the plate
and constantly asks for additional food (voracious appetite);
b) The child takes time to eat his/her meals or snacks but
eats what is recommended for his/her age (slow eater);
and ¢) The child has low appetite, parents must insist on
finishing eating or remain many hours without eating (lack
of appetite).

Weightinkilograms and heightin centimeters were measured
at the time of evaluation, which allowed the classification of
patients into two groups: children who presented with the
catch-up growth phenotype; and children who presented
with the non-catch-up growth phenotype.

Outcome Variables

Saliva samples of children and their parents were collected
during clinical assessment using the Oragene-DNA OG500
saliva self-collection kit (DNA Genotek Inc. Ottawa, ON,
Canada), and stored at 4°C until DNA extraction and
analysis. Catch-up growth was defined as the height velocity
above the limits of normal for age for at least one year after
a transient period of growth inhibition (18). The examined
genes were selected based on their significant contributions
to the anabolic metabolism of the pediatric population: LER,
GLP2R and IRS2.

DNA Methylation Analysis

DNA extraction was performed from oral fluid samples using
the prepIT-L2P Kit" (DNA Genotek Inc. Ottawa, ON, Canada),
according to the manufacturer’s instructions, at the Genomic
Medicine Laboratory at Universidad Icesi. Extracted DNA
was quantified using a NanoDrop 2000 (Thermo Scientifics
Waltham, MA, USA). The bisulfite conversion of DNA was
performed using the Epitect kit® Fast Bisulfite Conversion
(Qiagen Inc, Germantown, MD, USA). All samples were
processed and analyzed in an anonymous mannet.

Primers were designed, using the freely available, web-
based software program Beacon Designer v.8.14 (http://
www.premierbiosoft.com/qOligo/Oligo.jsp?PID = 1), to
cover the CG-rich regions, with amplifications in the target
range of 400-600 bp (Supplemental Table 1). The promoter
regions for LEP, GLP2R and [RS2, were examined, and
1 CpG site for each gene was selected for methylation
measurements: CpG site 1, LEP promoter: 1120-1718; CpG
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site 2, IRS2 promoter: 4256-4600; and CpG site 3, GLP2R
promoter: 1108-1507.

Qualitative methylation analysis of genomic DNA was
performed by real-time polymerase chain reaction (PCR)
assay, using an EpiTect MethyLight PCR kit (Qiagen Inc.,
Germantown, MD, USA). This methylation-specific assay is
comprised of two non-specific methylation primers and a
Tagman probe, which specifically amplified methylated DNA
within the gene locus. PCR was performed in a total volume
of 25 pL, containing 12.5 pL EpiTect MethyLight PCR Master
Mix (Qiagen Inc., Germantown, MD, USA), 1 pL (20 ng)
bisulfite-converted genomic DNA, 2.5 pL 10 x primer-probe
mix, and 9 pL water. Real-time PCR was performed using
a 7500 fast real-time PCR instrument (Applied Biosystems,
CA, USA), with the following temperature profile: 20 min at
95 °C and 55 cycles of 15 sec at 95 °C and 30 sec at 60 °C.

Table 1. Demographic and clinical characteristics of the
study population

Non-catch-up Catch-up p value
Variable growth growth

n=22 n=26
Male, n (%) 8 (36.4) 12 (46.2) 0.493
Age at recruitment 6.1 (4.4-6.8) 4.7 (4.0-6.7) 0.306
(years)®
Gestational weeks at 37 (37-38) 37 (37-39) 0.565
birth*
Appetite, n (%)
Slow eater 0 (45.5) 3 (11.5) 0.008
Voracious eater 29.1) 11 (42.3)
Lack of appetite 10 (45.5) 12 (46.2)
Hours of physical 9 (7-10) 7.5 (5-10) 0.555
activity/per week*®
Family history, n (%)
Dyslipidemia 6 (27.3) 1 (42.3) 0.278
Diabetes mellitus 522.7) 9 (34.6) 0.281
Arterial hypertension 8 (36.4) 12 (46.2) 0.348
Cardiovascular 6 (27.3) 7 (26.9) 0.615
disease
Overweight 5(22.7) 9 (34.6) 0.670
Obesity 3 (13.6) 4 (15.4) 0.608
IRS2 gene
methylation status,
n (%)
Inconclusive 1 (4.5) 4 (15.4) 0.52¢
Negative 7 (31.8) 7 (26.9)
Positive 14 (63.6) 15 (57.7)
Waist 49.5 (46-52) 55 (52-58) < 0.001
circumference*

*Median (interquartile range), *Chi-square test performed with inconclusive
IRS2 gene methylation status




J Clin Res Pediatr Endocrinol
2021;13(2):136-145

Angulo M et al.
Epigenetic Analysis in Small for Gestational Age Children

EpiTect Control DNA (human), which was methylated and
bisulfite-converted (Qiagen), was used as the positive control
for methylation assays. CpG units that yielded data in more
than 90 % of samples passed the initial quality control step.
Poor-quality data for each CpG site were excluded during
the qualitative evaluation of methylation.

For each sample, a relative methylation value was
determined using the ACT method and AACT method (19)
and normalized against the ACt mean of EpiTect Control
DNA. The ACt values for each sample were measured
in triplicate. Samples were considered negative (non-
methylated) in the study when more than two replicates
showed cycle threshold (CT) values greater than 35 during
the total DNA quantification assay. The area under the curve
of the receiver operating characteristic was computed, using
the trapezoidal rule.

Statistical Analysis

Dichotomous variables were reported as percentages
and continuous data were reported as the median and
interquartile range (IQR), or mean and standard deviation
(SD) if normally distributed. Comparisons were made using
the x* or Fisher’s exact test, for dichotomous variables,
as appropriate. The Mann-Whitney U test was used for
comparisons of continuous data. P values were considered
significant at p <0.1. The statistical analysis was performed
using STATA® 14.0 (StataCorp, College Station, TX, USA)
registered to Fundacion Valle de Lili.

Results

Between November 2013 to January 2015, 48 children with
a history of SGA were treated at the pediatric endocrinology
clinic. None of the patients were excluded. Of these, 45
(93.7%) were born at term (37 weeks of gestational age
or more), 28 (58.3%) were girls, and the median age at
medical assessment was 5.1 years old (IQR 4.1-6.8). The
demographic and clinical characteristics of these patients
during infanthood are shown in Table 1.

Twenty-six patients had catch-up growth phenotype and
22 children did not. Catch-up patients were characterized
as voracious eaters (42.3% vs 9.1 %) and had higher waist
circumferences (median 55 cm vs 49.5 cm) than patients
presenting with the non-catch-up growth phenotype. No
differences in the hours per week of physical activity were
observed between groups. Family history of dyslipidemia,
diabetes mellitus, and arterial hypertension were more
common in the catch-up growth group than in the non-
catch-up growth group.

The qualitative methylation-specific assay found that CpG
sites associated with GLP2R and LEP were methylated in all
samples. Methylation of the IRS2 promoter was observed
in 57.7% of the catch-up growth group and in 63.6% of
the non-catch-up growth group (p=0.52). In four children
with catch-up growth group children and one non-catch-up
growth child, the status of promoter methylation could not
be determined (Supplemental Figure 1 and Supplemental
Table 2).

Discussion

Catch-up growth acts as a compensatory mechanism for
perinatal age, reducing morbidity. However, catch-up growth
is also associated with adverse outcomes, including obesity,
insulin resistance, glucose intolerance, type 2 diabetes
mellitus, and cardiovascular disorders, in adulthood (12,20).
We hypothesized that IRS2 promoter methylation status
may play a role in catch-up growth. However, no association
was identified between IRS2 promoter methylation and the
catch-up growth phenotype in this population. In addition,
GLP2R and LEP were methylated in all samples.

Few studies have examined the methylation status of genes
in SGA infants. The largest study was conducted by Liu
et al (21), in 2012, who measured the methylation status
of IGF2/H19, MEST, and other imprinted genes, using a
bisulfite pyrosequencing method on cord blood DNA from
508 infants, and found no significant differences in the
methylation levels of the MEST differentially methylated
region between LBW neonates and normal-weight neonates.
No study reported in the literature included all of the genes
that were examined in the present study and saliva samples
used here are another differential factor.

Saliva is composed of more than 99% water, and also
contains white blood cells and epithelial cells, which
represent the cell types of the oral mucosa. Previous
DNA methylation studies comparing profiles between
tissue types within individuals have shown that regions of
tissue-specific differential methylation mainly map to CpG
poor regions and demonstrated that methylation profiles
correlating positively between saliva and diverse tissue in
question (22,23). The viability of saliva as an alternative
for less accessible tissues, including brain, lung/bronchial
epithelium, and peripheral blood mononuclear cells, and in
a recent study, intestinal mucosa, has been demonstrated
(23). The similar composition and function of mucosa
between the oral mucosa and intestinal mucosa suggests
that comparable methylation profiles between saliva and
intestinal tissue might exist, and strengthens the idea that
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saliva has the potential to be used as an alternative for more
difficult to sample tissues (22).

Promoter methylation of GLP2R and LEP was observed
in all samples, suggesting the population-wide down-
regulation of GLP2 and LEP. These genes have been
physiologically associated with appetite control, satiety,
and glucose homeostasis (24). Whether the methylation
of these gene promoters reflects an adaptation response
associated specifically with a history of SGA or whether
methylation reflects a general tendency in all populations is
currently unknown because the methylation status of these
promoters has not been previously studied. Other studies
have reported a reduction in the methylation status of the
LEP promoter among obese patients and an increased
methylation status among SGA children (25). Reynolds et
al (26), in 2017, suggested that high-birth-weight babies
showed an increased expression levels of obesity-related
genes including lipoprotein lipase (LPL) and LEP receptor
(LEPR). Studies in rodents have shown that treatment with
LEP during late developmental stages in offspring, slows
neonatal weight gain and reverses prenatal adaptations
caused by stimuli that promote adulthood obesity (27), and
LEPR expression increases in response to LEP insensitivity,
as a compensatory mechanism to defend against obesity.
LEP promoter methylation status approached 100%
among the parental control samples, suggesting that LEP
downregulation in the digestive tract is a generalized
adaptation during adulthood.

We did not identify an association between IRS2 promoter
methylation and phenotype that could explain the trend
toward insulin resistance that is commonly associated with
the catch-up growth phenotype. IRS1 and IRS2 proteins play
roles during the regulation of the insulin signal transduction
pathway, through phosphorylation and binding with the
insulin receptor. IRS1 is expressed predominately in skeletal
muscle, whereas IRS2 is expressed in the liver, fat tissue, and
skeletal muscle. The downregulation of these substrates has
been associated with insulin resistance, altered secretion
patterns in pancreatic B cells, and the development of
diabetes mellitus (28). A recent study showed that the
downregulation of IRS2 in an SGA murine model was
associated with abnormal glucose metabolism (29). In a
previous study of high-birth-weight babies, significantly
elevated expression levels of GLUT4 and IRS2 mRNA were
observed and were correlated with insulin resistance, as
both proteins are stimulated by insulin and are associated
with cellular glucose uptake (26).

However, our findings were not completely consistent with
the results reported by previous studies examining the
epigenetic dysregulation associated with SGA. Differences
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between study findings may be related to the methods used
to assess methylation, the classification standards used to
define SGA in different countries or districts, or differences
in population characteristics. The limited sample sizes
associated with studies of SGA populations also likely results
in increased variation. Studies with larger sample sizes are
necessary to replicate our findings. The causal relationship
between gene methylation status and SGA should be
examined further but our findings add to the emerging
evidence that the methylation of genes associated with
metabolic regulation may adversely impact fetal growth
and development. Compounds that act as methyl group
donors may influence the epigenetic regulation of specific
genes, although the implications of these alterations remain
unclear.

Study Limitations

Our study has a few limitations. Given the small sample size
of our study, our results have low statistical power. Second,
the use of saliva samples does not allow for comparisons
with other published studies of epigenetics analysis in SGA.
Lastly, this study was performed with patients followed in
a pediatric endocrinology outpatient clinic. Therefore, the
results could not be extrapolated to the general pediatric
population.

Conclusion

Understanding potential epigenetic factors associated with
the development of metabolic diseases could facilitate
the early identification of at-risk populations, which
could then be treated with early and adequate preventive
intervention methods. The association between SGA and
the development of metabolic diseases during adult life
represents an opportunity to identify potential epigenetic
characteristics and to establish targets for the prevention
and treatment of metabolic diseases, which could benefit
both these children and the general population. Our findings
showed the widespread methylation of genes related to
metabolic control, suggesting that the high metabolic risks
that have been previously identified in multiple studies of
SGA children may be due to epigenetic adaptations that
occur in utero, and the epigenetic adaptations identified
during postnatal life may represent non-specific events.

Further studies are necessary to better understand the
development of metabolic pathologies among SGA children
and whether the methylation patterns of key genes are
associated with the development of short stature and
metabolic syndromes among this population, and both
comparisons among SGA children with different response
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phenotypes and comparisons of both populations with the
general population should be performed.

Acknowledgments

The authors thank the Centro de Investigaciones en
Anomalias Congénitas y Enfermedades Raras, Universidad
Icesi and Centro de Investigaciones Clinicas, Fundacion
Valle del Lili for their support given during all the research
process.

Ethics

Ethics Committee Approval: The institutional ethics review
board of Fundacion Valle del Lili approved the study (Act
084-2014, date: 21.04.2014).

Informed Consent: Written informed consent was obtained
from all patients’ parents before study participation.

Peer-review: Externally peer-reviewed.

Authorship Contributions

Surgical and Medical Practicioners: Mario  Angulo,
Ximena Garcia, Rodrigo Lemus, Concept: Mario Angulo,
Design: Mario Angulo, Diana M. Davalos, Harry Pachajoa,
Data Collection or Processing: Ximena Garcia, Rodrigo
Lemus, Danielle Floyd-Aristizabal, Ana M. Aristizabal,
Lorena Diaz-Ordonez, Diana Ramirez-Montano, Analysis or
Interpretation: Mario Angulo, Lorena Diaz-Ordofnez, Harry
Pachajoa, Diana Ramirez-Montano, Laura Torres-Canchala,
Literature Search: Diana Ramirez-Montano, Laura Torres-
Canchala, Writing: Diana Ramirez-Montano, Laura Torres-
Canchala.

Financial Disclosure:
Tecnoquimicas S.A.

This study was supported by

References

1. Schlaudecker EP, Munoz FM, Bardaji A, Boghossian NS, Khalil A,
Mousa H, Nesin M, Nisar MI, Pool V, Spiegel HML, Tapia MD, Kochhar
S, Black S; Brighton Collaboration Small for Gestational Age Working
Group. Small for gestational age: Case definition & guidelines for data
collection, analysis, and presentation of maternal immunisation safety
data. Vaccine 2017;35:6518-6528.

2. Lee AC, Kozuki N, Cousens S, Stevens GA, Blencowe H, Silveira MF,
Sania A, Rosen HE, Schmiegelow C, Adair LS, Baqui AH, Barros FC,
Bhutta ZA, Caulfield LE, Christian P, Clarke SE, Fawzi W, Gonzalez R,
Humphrey ], Huybregts L, Kariuki S, Kolsteren P, Lusingu J, Manandhar
D, Mongkolchati A, Mullany LC, Ndyomugyenyi R, Nien JK, Roberfroid
D, Saville N, Terlouw DJ, Tielsch JM, Victora CG, Velaphi SC, Watson-
Jones D, Willey BA, Ezzati M, Lawn JE, Black RE, Katz J; CHERG Small-
for-Gestational-Age-Preterm Birth Working Group. Estimates of burden
and consequences of infants born small for gestational age in low
and middle income countries with INTERGROWTH-21(st) standard:
analysis of CHERG datasets. BMJ 2017;358:3677.

20.

Watkins K. Estado Mundial de la Infancia 2016, una oportunidad
para cada nino. Unicef, 2016. Available from: https://www.unicef.org/
spanish/publications/files/lUNICEF_SOWC_2016_Spanish.pdf

Xu Y, Chen S, Yang H, Gong F, Wang L, Jiang Y, Yan C, Zhu H, Pan
H. Decreased insulin sensitivity and abnormal glucose metabolism
start in preadolescence in low-birth-weight children-Meta-analysis and
systematic review. Prim Care Diabetes 2019;13:391-398. Epub 2019
Apr 25

Sharma D, Shastri S, Sharma P. Intrauterine Growth Restriction:
Antenatal and Postnatal Aspects. Clin Med Insights Pediatr 2016;10:67-
83.

Liu L, Oza S, Hogan D, Chu Y, Perin |, Zhu J, Lawn JE, Cousens S,
Mathers C, Black RE. Global, regional, and national causes of under-5
mortality in 2000-15: an updated systematic analysis with implications
for the Sustainable Development Goals. Lancet 2016;388:3027-3035.
Epub 2016 Nov 11

Zeve D, Regelmann MO, Holzman IR, Rapaport R. Small at Birth,
but How Small? The Definition of SGA Revisited. Horm Res Paediatr
2016:;86:357-360. Epub 2016 Sep 30

Levine TA, Grunau RE, McAuliffe FM, Alderdice FA. Early psychosocial
development of small for gestational age and intrauterine growth-
restricted children: a systematic review. ] Perinatol 2019;39:1021-1030.

Nutritional Surveillance Team, Surveillance and Control in Public
Health, National Institute of Health. Protocol for Surveillance in Public
Health, Low birth weight at term [Internet]. Bogota: National Institute
of Health; 2016. Available from: https://bit.ly/3aDVL8]

. Hwang IT. Long-term care, from neonatal period to adulthood, of

children born small for gestational age. Clin Pediatr Endocrinol
2019;28:97-103. Epub 2019 Oct 19

. Cho WK, Suh BK. Catch-up growth and catch-up fat in children born

small for gestational age. Korean ] Pediatr 2016;59:1-7. Epub 2016 Jan 22

. Singhal A. Long-Term Adverse Effects of Early Growth Acceleration or

Catch-Up Growth. Ann Nutr Metab 2017;70:236-240. Epub 2017 Mar
17

. Felsenfeld G. A brief history of epigenetics. Cold Spring Harb Perspect

Biol 2014;6:a018200.

. Agha G, Hajj H, Rifas-Shiman SL, Just AC, Hivert MF, Burris HH, Lin

X, Litonjua AA, Oken E, DeMeo DL, Gillman MW, Baccarelli AA. Birth
weight-for-gestational age is associated with DNA methylation at birth
and in childhood. Clin Epigenetics 2016;8:118.

. Zhang S, Zhai G, Wang |, Shi W, Zhang R, Chen C. IGF-1I expression and

methylation in small for gestational age infants. ] Pediatr Endocrinol
Metab 2015;28:613-618.

. Qian YY, Huang XL, Liang H, Zhang ZF, Xu JH, Chen JP, Yuan W,

He L, Wang L, Miao MH, Du ], Li DK. Effects of maternal folic acid
supplementation on gene methylation and being small for gestational
age. ] Hum Nutr Diet 2016;29:643-651. Epub 2016 May 27

. National Administrative Department of Statistics. Technical Bulletin

Vital Statistics Births and Deaths 2016-2017 [Internet]. Available
from: https://www.dane.gov.co/files/investigaciones/poblacion/bt_
estadisticasvitales_2016pre-2017pre.pdf

. Wit JM, Boersma B. Catch-up growth: definition, mechanisms, and

models. ] Pediatr Endocrinol Metab 2002;15(Suppl 5):1229-1241.

. Livak KJ, Schmittgen TD. Analysis of relative gene expression data

using real-time quantitative PCR and the 2(-Delta Delta C(T)) Method.
Methods 2001;25:402-408.

Martin A, Connelly A, Bland RM, Reilly JJ. Health impact of catch-
up growth in low-birth weight infants: systematic review, evidence
appraisal, and meta-analysis. Matern Child Nutr 2017;13:10. Epub
2016 Mar 22

141



Angulo M et al.
Epigenetic Analysis in Small for Gestational Age Children

] Clin Res Pediatr Endocrinol
2021;13(2):136-145

21.

22.

23.

Liu Y, Murphy SK, Murtha AP, Fuemmeler BF, Schildkraut J, Huang
Z, Overcash F, Kurtzberg ], Jirtle R, Iversen ES, Forman MR, Hoyo C.
Depression in pregnancy, infant birth weight and DNA methylation of
imprint regulatory elements. Epigenetics 2012;7:735-746. Epub 2012
Jul 1

Bruinsma FJ, Joo JE, Wong EM, Giles GG, Southey MC. The utility of
DNA extracted from saliva for genome-wide molecular research
platforms. BMC Res Notes 2018;11:8.

Hearn NL, Coleman AS, Ho V, Chiu CL, Lind JM. Comparing DNA

methylation profiles in saliva and intestinal mucosa. BMC Genomics
2019:;20:163.

24. Guan X. The CNS glucagon-like peptide-2 receptor in the control of

energy balance and glucose homeostasis. Am ] Physiol Regul Integr
Comp Physiol 2014;307:585-596. Epub 2014 Jul 2

25. Lesseur C, Armstrong DA, Paquette AG, Koestler DC, Padbury JF Marsit

CJ. Tissue-specific Leptin promoter DNA methylation is associated
with maternal and infant perinatal factors. Mol Cell Endocrinol
2013;381:160-167. Epub 2013 Jul 3

. Lazo-de-la-Vega-Monroy ML, Gonzalez-Dominguez MI,

. Reynolds LJ, Pollack RI, Charnigo RJ, Rashid CS, Stromberg AJ, Shen

S, O’Brien JM, Pearson K]. Increased birth weight is associated with
altered gene expression in neonatal foreskin. ] Dev Orig Health Dis
2017:8:575-583. Epub 2017 May 9

Zaina S,
Sabanero M, Daza-Benitez L, Malacara JM, Barbosa-Sabanero G. Leptin
and its Receptors in Human Placenta of Small, Adequate, and Large for
Gestational Age Newborns. Horm Metab Res 2017;49:350-358. Epub
2017 Mar 28

. Huang C, Wu M, Du |, Liu D, Chan C. Systematic modeling for the

insulin signaling network mediated by IRS(1) and IRS(2). ] Theor Biol
2014;355:40-52. Epub 2014 Apr 1

. Zhang |, Xin Y. Impaired expression of IRS-2 and GCK contribute to

glucose dysregulation during catch-up growth in immature rats after
intrauterine growth restriction. Int J Clin Exp Med 2016;9:18291-

18299.

Supplemental Figure 1. Examples of quantitative polymerase chain reaction graphs obtained during the methylation assay
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Supplemental Table 1. Designed primers and probes for the evaluation of genomic DNA methylation

GEN

LEP
IRS2
GIP
GLPZR
IGF2

Designed primers and probe

Forward primers
CAACCCCGCAATCTAAATCGAAAA

AAGTTTAATTGCGAGTAGTCGTCG

CGCCCAAACTAACAAACAATAACG

GAATTTTGAAGATTTCGTAGATTGTTTTAG

TTTTCGTTTTGTTTCGTCGTATATTCG

Probes
CGCACTACGAACCGCTCCCTCTAACC
ACCGAATCGTCCGCCTACATCCACA
CTCACTACAACCTCCGCCTACCGAATT
ACACCGCAAACAACCTCCTCTTACATTCC
TAACCCTCCTACCGAACACTCCTCTACCA

Reverse primers
GGTTTTGGACGTTAGGGAAGTTTA
TCCAAAATAATCTCGTAAATATTCTACGC
CGCCCAAACTAACAAACAATAACG
AAATACATCTCTCTAACCGTCCAAA
TACTACGTATCGCAAACCGAACAA

Supplemental Table 2. Relative quantification for LEP in samples according to AACT

Block Type
Chemistry

Experiment File Name

96fast
TAQOMAN

D:\Users\INSTR-ADMIN\Desktop\Epigenetica\First run.eds
Experiment Run End Time 2017-03-13 17:07:21 PM COT
Instrument Type

Well
Al

A2
A3
A4
Ab
A6
A7
A8
A9
A10
All
Al12
B1
B2
B3
B4
B5
B6
B7
B8
B9
B10
B1l1
B12
Cl
c2
C3
C4
C5
Cé
Cc7

Sample name
017

017
017
017pP
017pP
017P
018
018
018
004
004
004
015
015
015
015P
015P
015P
016
016
016
006
006
006
013
013
013
013P
013P
013P
014

sds7500fast
Target name Reporter
LEP FAM
LEP FAM
LEP FAM
LEP FAM
LEP FAM
LEP FAM
LEP FAM
LEP FAM
LEP FAM
LEP FAM
LEP FAM
LEP FAM
LEP FAM
LEP FAM
LEP FAM
LEP FAM
LEP FAM
LEP FAM
LEP FAM
LEP FAM
LEP FAM
LEP FAM
LEP FAM
LEP FAM
LEP FAM
LEP FAM
LEP FAM
LEP FAM
LEP FAM
LEP FAM
LEP FAM

Quencher
NFQ-MGB

NFO-MGB
NFQ-MGB
NFQ-MGB
NFO-MGB
NFQ-MGB
NFO-MGB
NFOQ-MGB
NFO-MGB
NFO-MGB
NFO-MGB
NFQ-MGB
NFQ-MGB
NFO-MGB
NFQ-MGB
NFQ-MGB
NFOQ-MGB
NFO-MGB
NFQ-MGB
NFO-MGB
NFOQ-MGB
NFO-MGB
NFQ-MGB
NFO-MGB
NFO-MGB
NFQ-MGB
NFO-MGB
NFQ-MGB
NFO-MGB
NFO-MGB
NFQ-MGB

Cr
32,48601
33,0804
32,63406
31,29929
31,36781
31,15108
32,19761
32,0777
31,48945
31,24569
31,95844
31,57961
32,59671
32,73132
32,79316
30,79715
31,41473
31,4736
32,31133
32,35945
32,62157
31,14703
32,07829
32,04184
32,23765
32,137
32,23872
30,72647
31,20893
31,4075
31,75308

CT mean
32,73349

32,73349
32,73349
31,27273
31,27273
31,27273
31,92159
31,92159
31,92159
31,59458
31,59458
31,59458
32,70707
32,70707
32,70707
31,22849
31,22849
31,22849
32,43078
32,43078
32,43078
31,75572
31,75572
31,75572
32,20446
32,20446
32,20446
31,1143

31,1143

31,1143

31,81729

Cr SD
0,309419
0,309419
0.309419
0,110781
0,110781
0,110781
0.379013
0,379013
0,379013
0.356612
0.356612
0.356612
0.100448
0.100448
0,100448
0,37471

0.37471

0,37471

0,166969
0,166969
0,166969
0,527453
0,527453
0,527453
0.058418
0,058418
0,058418
0,350237
0,350237
0.350237
0,174822

ACr
-0,86849

-0,2741
-0,72044
-2,05521
-1,98669
-2,20342
-1,15689
-1,2768
-1,86505
-2,10881
-1,39606
-1,77489
-0,75779
-0,62318
-0,56134
-2,565735
-1,93977
-1,8809
-1,04317
-0,99505
-0,73293
-2,20747
-1,27621
-1,31266
-1,11685
-1,21749
-1,11578
-2,62803
-2,14557
-1,947
-1,60142

AACy
34,2468

-33,6524
-34,0987
-35,4335
-35,365
-35,56817
-34,5352
-34,6551
-35,2433
-35,4871
-34,7744
-35,1532
-34,1361
-34,0015
-33,9396
-35,9356
-35,3181
-35,2592
-34,4215
-34,3733
-34,1112
-35,5858
-34,6545
-34,691
-34,4951
-34,5958
-34,4941
-36,0063
-35,56239
-35,3253
-34,9797
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Cc8 014 LEP FAM NFO-MGB  32,01514 31,81729 0,174822  -1,33936 34,7177
C9 014 LEP FAM NFQ-MGB  31,68365 31,81729 0,174822  -1,67085 -35,0491
Cci0 008 LEP FAM NFQ-MGB  30,90038 30,78209 0,248279  -2,45411 -35,8324
Cil 008 LEP FAM NFQ-MGB  30,94911 30,78209 0,248279  -2,40539 -35,7837
Ci2 008 LEP FAM NFQ-MGB  30,49679 30,78209 0,248279  -2,85771 -36,236
DI 011 LEP FAM NFQ-MGB  32,95736 32,91446 0,096077  -0,39714 -33,7754
D2 011 LEP FAM NFQ-MGB 32,9816 32,91446 0,096077  -0,5729 -33,7512
D3 011 LEP FAM NFO-MGB 32,8044 32,91446 0,096077  -0,5501 -33,9284
D4 O11P LEP FAM NFQO-MGB  31,99075 32,03038 0,114877 -1,36375 -34,742
D5 o11P LEP FAM NFQ-MGB  31,94057 32,03038 0,114877 -1,41393 -34,7922
D6 011P LEP FAM NFO-MGB  32,15983 32,03038 0,114877 -1,19467 -34,573
D7 012 LEP FAM NFO-MGB  32,60457 32,40089 0,182291 -0,74993 -34,1282
D8 012 LEP FAM NFQ-MGB  32,25306 32,40089 0,182291 -1,10144 -34,4797
D9 012 LEP FAM NFQ-MGB  32,34504 32,40089 0,182291 -1,00946 -34,3878
D10 010 LEP FAM NFO-MGB  31,85977 31,62498 0,29803 -1,49473 -34,873
DIl 010 LEP FAM NFQ-MGB  31,28969 31,62498 0,29803 -2,06481 -35,4431
D12 010 LEP FAM NFQ-MGB  31,72548 31,62498 0,29803 -1,62902 -35,0073
El 008P LEP FAM NFQ-MGB  31,40598 31,49476 0,08228 -1,94852 -35,3268
E2 008P LEP FAM NFO-MGB  31,56846 31,49476 0,08228 -1,78604 -35,1643
E3 008P LEP FAM NFQ-MGB  31,50984 31,49476 0,08228 -1,84466 -35,223
E4 009 LEP FAM NFQ-MGB 32,8835 32,91939 0,060303  -0,471 -33,8493
E5 009 LEP FAM NFQ-MGB  32,88566 32,91939 0,060303  -0,46884 -33,8471
E6 009 LEP FAM NFO-MGB  32,98901 32,91939 0,060303  -0,36549 -33,7438
E7 009P LEP FAM NFQ-MGB 31,8208 30,97832 0,732797  -1,5337 -34,912
E8 009P LEP FAM NFQ-MGB  30,62545 30,97832 0,732797  -2,72905 -36,1073
E9 009P LEP FAM NFQ-MGB  30,48873 30,97832 0,732797  -2,86577 -36,2441
EI0  012P LEP FAM NFQ-MGB  31,20582 31,18705 0,061365  -2,14868 -35,527
Ell 012P LEP FAM NFQ-MGB  31,23683 31,18705 0,061365  -2,11767 -35,496
E12  012P LEP FAM NFO-MGB  31,11849 31,18705 0,061365  -2,23601 -35,6143
Fl 006P LEP FAM NFQ-MGB  31,27403 31,15672 0,165998  -2,08047 -35,4588
F2 006P LEP FAM NFQ-MGB  31,22935 31,15672  0,165998  -2,12515 -35,5034
F3 006P LEP FAM NFO-MGB  30,96679 31,15672 0,165998  -2,38771 -35,766
F4 007 LEP FAM NFQ-MGB  32,72506 32,83705 0,244365  -0,62944 -34,0077
F5 007 LEP FAM NFQO-MGB  32,66875 32,83705 0,244365  -0,68575 -34,064
F6 007 LEP FAM NFQO-MGB  33,11734 32,83705 0,244365  -0,23716 -33,6155
E7 007P LEP FAM NFO-MGB  31,28529 30,71506 0,499296  -2,06921 -35,4475
F8 007P LEP FAM NFQ-MGB 30,3563 30,71506 0,499296  -2,9982 -36,3765
F9 007pP LEP FAM NFQ-MGB  30,50359 30,71506  0,499296  -2,85091 -36,2292
F10 014P LEP FAM NFO-MGB  32,07011 32,06537 0,17548 -1,28439 -34,6627
Fi1 014pP LEP FAM NFQ-MGB  31,88756 32,06537 0,17548 -1,46694 -34,8452
F12  014P LEP FAM NFQ-MGB  32,23843 32,06537 0,17548 -1,11607 -34,4944
Gl 004P LEP FAM NFO-MGB  31,11732 31,55745 0,237775  -2,23718 -35,6155
G2 004P LEP FAM NFQ-MGB  31,36222 31,35745 0,237773  -1,99228 -35,3706
G3 004P LEP FAM NFQ-MGB 31,5928 31,35745 0,237773  -1,7617 -35,14
G4 005 LEP FAM NFQO-MGB  32,95717 32,6046  0,306358  -0,39733 -33,7756
G5 005 LEP FAM NFO-MGB  32,40327 32,6046  0,306358  -0,95123 -34,3295
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G6 005 LEP FAM NFO-MGB  32,45337 32,6046 0,306358 -0,90113 -34,2794
G7 005P LEP FAM NFO-MGB  31,71308 31,54452 0,22419 -1,64142 -35,0197
G8 005P LEP FAM NFO-MGB  31,29009 31,54452 0,22419 -2,06441 -35,4427
G9 005P LEP FAM NFO-MGB  31,63039 31,54452 0,22419 -1,72411 -35,1024
G10 016P LEP FAM NFO-MGB  30,58578 30,45538 0,382029 -2,76872 -36,147
G111 016P LEP FAM NFO-MGB  30,75513 30,45538 0,382029 -2,59937 -35,9777
G12 016P LEP FAM NFO-MGB  30,02522 30,45538 0,382029 -3,32928 -36,7076
HI 002P LEP FAM NFO-MGB  31,24798 31,14372  0,098846 -2,10652 -35,4848
H2 002P LEP FAM NFO-MGB  31,13182 31,14372 0,098846 -2,22268 -35,601
H3 002P LEP FAM NFO-MGB  31,05136 31,14372  0,098846 -2,30314 -35,6814
H4 003 LEP FAM NFO-MGB  31,08652 31,20967 0,185724 -2,26798 -35,6463
H5 003 LEP FAM NFO-MGB  31,11919 31,20967 0,185724 -2,23531 -35,6136
H6 003 LEP FAM NFO-MGB  31,42329 31,20967 0,185724 -1,93121 -35,3095
H7 003P LEP FAM NFO-MGB  31,99791 31,84208 0,198175 -1,35659 -34,7349
H8 003P LEP FAM NFO-MGB  31,90929 31,84208 0,198175 -1,44521 -34,8235
H9 003P LEP FAM NFO-MGB  31,61904 31,84208 0,198175 -1,73546 -35,1138
H10 Control DNA LEP FAM NFO-MGB 33,3545 33,3783 0,033653 0 -33,3783
metilado
HI11 Control DNA LEP FAM NFO-MGB  33,40209 33,3783 0,033653 0,047592 -33,3307
metilado
H12 Blanco LEP FAM NFO-MGB  Undetermined
Analysis Type Singleplex ACt Mean 33,3782959
Endogenous Control LEP
RO Min/Max Confidence Level 95.0
Reference Sample 002P

SD: Standard deviation
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