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Background: The methylation of IGF1 promoter P2 was reported to negatively correlate
with serum IGF-1 concentration and rhGH treatment response in children with idiopathic
short stature. These findings have not yet been confirmed.

Objective: This study aimed to determine IGF1 promoter P2 methylation in short children
treated with rhGH and correlate clinical parameters with the methylation status. In
addition, long-term stability of methylation during rhGH treatment was studied.

Design: This was a single tertiary center study analyzing clinical GH response and IGF-1
serum concentration changes in patients with GHD (n=40), SGA short stature (n=36), and
Turner syndrome (n=16) treated with rhGH. Data were correlated to the methylation of two
cytosine residues (-137, +97) of the P2 promoter of IGF1 in blood cells measured by
pyrosequencing in 443 patient samples.

Results: Basal and stimulated IGF-1 concentrations, first year increment in height velocity
and studentized residuals of a prediction model did not correlate to the methylation of -137
und +97 in IGF1P2 promoter. Themethylation of these two sites was relatively stable during
treatment.

Conclusions: This study did not confirm IGF1 P2 promotor being a major epigenetic
locus for GH responsiveness in patients treated with a normal dose of rhGH. Additional
studies are warranted.

Keywords: IGF-1, promotor methylation, GH response, prediction, short stature, GH treatment
INTRODUCTION

Treatment of short stature with recombinant human GH (rhGH) is well established, but response to
and efficacy of the treatment varies from indication to indication and from patient to patient (1).
Pharmacogenetics of the GH/IGF-1 axis attempts to explain some of the interindividual
variability (2).
n.org June 2022 | Volume 13 | Article 8978971

https://www.frontiersin.org/articles/10.3389/fendo.2022.897897/full
https://www.frontiersin.org/articles/10.3389/fendo.2022.897897/full
https://www.frontiersin.org/articles/10.3389/fendo.2022.897897/full
https://www.frontiersin.org/articles/10.3389/fendo.2022.897897/full
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles
http://creativecommons.org/licenses/by/4.0/
mailto:gerhard.binder@med.uni-tuebingen.de
mailto:gerhard.binder@med.uni-tuebingen.de
https://doi.org/10.3389/fendo.2022.897897
https://www.frontiersin.org/journals/endocrinology#editorial-board
https://www.frontiersin.org/journals/endocrinology#editorial-board
https://doi.org/10.3389/fendo.2022.897897
https://www.frontiersin.org/journals/endocrinology
http://crossmark.crossref.org/dialog/?doi=10.3389/fendo.2022.897897&domain=pdf&date_stamp=2022-06-13


Apel et al. GH Responsiveness and IGF1 Methylation
The growth hormone receptor (GHR) plays a key role in GH
signaling and exists polymorphically in a full-length and an exon
3-deleted form (3). This is one of the most studied gene
polymorphisms and has been presented in many association
studies, occasionally yielding contradictory results (4, 5). In
principle, in-vitro studies support better signal transduction by
the exon 3-deleted receptor (4). Two metanalyses reported an
advantage for carriers of one or two exon 3-deleted GHR alleles
in terms of initial growth response to rhGH (6, 7). In addition, a
variant of the IGFBP-3 promoter (-202 A/C) has been reported
to be associated with serum IGFBP-3 level and response to rhGH
(8, 9). Furthermore, a polymorphic (CA)n repeat 1kb upstream
of IGF1 was reported to correlate with first year height velocity in
children with severe GHD (10).

Recently, the methylation of the IGF1 promoter P2 has been
linked to the response to rhGH treatment in children with
idiopathic short stature (ISS) by a French study group (11). In
principle, an increased amount of 5-methyl cytosine in the
promoter region of a gene can cause partial or complete
inactivation of gene expression (12). Methylation of CpG
islands in the promoter region of IGF1 could therefore affect
IGF-1 production and thus responsiveness to GH (13). Ouni
et al. reported that the methylation of specific cytosines in the
IGF1 P2 promoter in blood leucocytes negatively correlates with
the transcriptional activity of IGF1 and may explain
approximately 25% of variability in responsiveness to rhGH in
children with idiopathic short stature (11, 14, 15). These results
have not been confirmed so far.

The aim of this project was to analyze the clinical relevance of
IGF1 promoter P2 methylation at DNA positions -137 and +97
in a cohort of children with GHD, Turner syndrome and SGA
short stature treated with rhGH. In addition, we investigated the
stability of the specific DNA methylation sites in blood of the
patients longitudinally.
STUDY PARTICIPANTS

A total of 92 patients with short stature and rhGH treatment
donated residual blood from routine examinations for research
in the Pediatric Endocrinology section of the University
Children`s Hospital Tübingen since 2015. They were
diagnosed with GHD (n=40), short stature after being born
small for gestational age (SGA short stature) (n=36), or Turner
syndrome (n=16). Height was measured using a wall-mounted
stadiometer system Dr. Keller II (Längenmeßtechnik GmbH
Limbach, Germany). Growth hormone deficiency was
diagnosed in children with growth retardation, delayed bone
age, pathologically low IGF-1 and two pathological GH
stimulation tests. SGA short stature was defined by birth
weight or birth length < -2 SDS and height < -2.5 SDS at 4
years of age after exclusion of other specific diagnoses. Turner
syndrome was diagnosed in short girls with a karyotype that
partially or completely lacked one sex chromosome. Bone age
was determined using the atlas by Greulich and Pyle (16). For
correlation with promoter P2 methylation, height velocities were
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excluded from children who were < 4 years of age at the start of
rhGH treatment.

Both, the establishment of the biobank (residual blood) and
this specific study were independently approved by the Ethics
Committee of the Medical Faculty of the University of Tübingen
(259/2014BO1 and 050/2020BO2). The study was conducted in
accordance with the Declaration of Helsinki of the World
Medical Association. All patients´ caregivers provided written
informed consent.
MATERIALS AND METHODS

DNA Isolation From Blood Samples
Venous blood was drawn from the studied patients at each
routine visit for diagnostic purposes.

The remaining EDTA blood was stored at -20°C until further
analysis. DNA was extracted using NucleoSpin Blood L (Midi-
Kit Macherey&Nagel, Düren, Germany).

Bisulfite Conversion
Bisulfite conversion was performed using the EpiTect Fast
Bisulfite Conversion Kit (Qiagen, Hilden, Germany) according
to manufacturer´s instruction. Briefly, 100 ng DNA was mixed
with bisulfite solution and DNA Protect buffer, converted,
purified with spin columns, and later eluted using 20 µl EB
buffer. The concentration of bisulfite-converted DNA
was determined.

PCR and Pyrosequencing of IGF1P2
Converted patient samples, control samples (Qiagen; 0%, 50%,
100% methylated human control DNA and H2O), and three
converted internal control DNA samples were amplified with
appropriate primers covering the two CpG islands of the IGF1 P2
promoter: IGF-1P2_232-108-FB/IGF-1P2_232-108_RN and
IGF-1P2_77-97_FB/IGF-1P2_77-97_R. PCR amplification was
performed using HotStar Taq DNA polymerase (Qiagen, Hilden,
Germany) and controlled by agarose gel electrophoresis. Primers
were used as previously reported (11).

Pyrosequencing was performed using Qiagen PyroMark Q24
according to the manufacturer´s instructions with PyroMark
Gold Q24 reagents (Qiagen, Hilden, Germany). Briefly, 10 µl
PCR product was incubated with Sepharose beads, binding buffer
and H2O for 10 minutes on a shaker. Using the Q24 vacuum
station, the PCR product-coated beads were washed and then
mixed with the pyrosequencing primer. After denaturation and
annealing, pyrosequencing was started, filling the cartridge with
the amounts of enzyme, substrate and nucleotides indicated and
adjusted in the pre-run information. The percentage of
methylation of a given CpG position was displayed in the
pyrogram of the instrument (Pyromark Q24 Version2.0.7).

If more than one methylation analysis was available for a
patient, the mean value of methylation was calculated and used
for analysis. Samples from the same patient were run in the same
assay once. Results from pyrosequencing runs with control
results outside the defined range (mean +/2 SD) were excluded.
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Characterization of the GHR Genotype
The full length/exon 3-deleted GHR polymorphism was
genotyped by PCR (3). A DNA sample from each patient was
amplified twice, first with primers G1/G3 amplifying the 935 bp
long allele and then with primers G1/G2 leading to the 532 bp
long exon 3-deleted allele. In a subsequent agarose gel, the
genotype could be determined from the amplified PCR
product(s).

IGF-1 and IGFBP-3 Serum Concentrations
Blood samples were centrifuged immediately after collection, and
serum was stored at -70°C until further analysis. IGF-1 was
measured with a validated in-house IGF-1 RIA equipped with
anti-human IGF-1 antibodies (rabbit) and recombinant human
IGF-1 as standard (Mediagnost, Reutlingen, Germany). In this
assay, an excess of IGF-II is used to exclude interference by
IGFBPs (17).

Serum IGFBP-3 was measured using a validated in-house RIA
as described previously (18) with minor modifications. The mean
inter-and intra-assay coefficients of the IGF-1 and the IGFBP-3
assays were 8.9 and 7% as well as 10 and 6%, respectively. IGF-1
and IGFBP-3 concentrations were converted to age-related SDS
values based on a reference population of healthy German and
Danish children with normal height (19).

Statistical Analysis
Height was transformed into SDS according to Prader et al. (20).
Birth length and birth weight were transformed into SDS
according to Niklasson et al. (21). Growth response to rhGH
was calculated using two different approaches. The first approach
was to calculate the difference between pre-treatment height
velocity and the height velocity of the first year of treatment
(delta height velocity in cm/y). A period of 6 to 12 months before
the start of treatment was used to calculate the pre-treatment
height velocity. The treatment height velocity included the first
12 months of rhGH treatment.

The second approach was to calculate the standardized
growth response using specific regression formulas for each
diagnosis (22–24). These prediction models were developed
using multiple linear regression analysis fitted by least squares
and the REG procedure. The difference between observed and
predicted height velocity is reported as studentized residuals,
which is the standardized deviation of individual height velocity
from the median of a comparable cohort of children. For this
specific approach, patients´ clinical data were converted to SDS
according to the given prediction formula: height was
transformed to SDS according to the Tanner references (25),
weight to SDS based on the Freeman references (26), and birth
weight and birth length were converted to SDS using the
Niklasson references (21).

Statistical analysis was performed using the JMP 15.2 software
(SAS Institute Inc., Cary, NC, U.S.). Linear regression analyses
were performed using methylation as the independent variable
and either delta height velocity or studentized residuals as the
dependent variable. In addition, linear regression was also
performed using methylation as the independent variable and
Frontiers in Endocrinology | www.frontiersin.org 3
basal IGF-1 SDS or delta IGF-1 SDS as the dependent variable.
Delta IGF-1 SDS was calculated as the difference between serum
IGF-1 SDS after 12 months of treatment and IGF-1 SDS
at baseline.

The strength of relationships between variables was estimated
using Pearson´s correlation coefficient (r). In addition,
relationships between outcome parameters and methylation
were tested using multiple linear regression including additional
variables (GHR genotype, sex). Statistical significance was defined
by a p-value ≤ 0.05.
RESULTS

The characteristics of the patients and their response to
treatment are shown in Table 1. Patients were relatively young
at treatment start for all three diagnoses. The response to rhGH
treatment was above average in terms of delta height velocity and
studentized residuals. A total of 443 patient samples could be
used for genetic and epigenetic analysis.

The methylation of the P2 promotor of IGF1 at positions -137
and +97 could be determined in the blood of 40 children with
GHD, 36 children with SGA short stature, and 16 children with
Turner syndrome. The mean (SD) values at position -137 were
59.5% (6.6) in GHD, 57.6% (7.2) in SGA short stature, and 64.1%
(8.1) in Turner syndrome. The percentages at position +97 were
as follows: 17.8% (4.8) in GHD, 18.3% (5.4) in SGA short stature,
and 22.6% (4.3) in Turner syndrome.

The haplotypes of the GHR polymorphism were as follows: in
GHD wt-wt (60%), wt-del3 (40%) and del3-del3 (0%), in SGA
short stature wt-wt (44.5%), wt-del3 (44.5%) and del3-del3
(11%), in Turner syndrome wt-wt (38%), wt-del3 (56%) and
del3-del3 (6%). In total, 50% of patients were wt-wt, 45% were
wt-del3 and 5% were del3-del3.

Longitudinal analysis of the methylation over a period of 0.5
years before treatment to 12.0 years during treatment with rhGH
showed a variance of 7.1% (-137) and 4.9% (+97), but no specific
trend toward lower or higher values over time in any of the three
diagnostic groups. There was no unidirectional change in
samples from 0, 6 and 12 months during the first year of
treatment. There was no longitudinal trend in methylation of
the P2 promoter of IGF1 at position -137 (Figure 1).
Importantly, the inter-assay variability of the methylation of
our control samples was 9.5% (-137) and 6.6% (+97).

The methylation of the P2 promoter of IGF1 at position -137
was not correlated with delta height velocity in any of the three
diagnostic groups (Figure 2). The same result was found for the +97
position (data not shown).

The methylation of the P2 promoter of IGF1 at position -137
showed no relationship with the studentized residuals of the
three diagnostic groups (Figure 3). The same result was found
for the +97 position (data not shown).

The IGF-1 concentrations at baseline and their increase from
baseline to 12 months of treatment (delta SDS) also did not
correlate to the P2 promoter methylation (Figures 4 and 5).
June 2022 | Volume 13 | Article 897897
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FIGURE 1 | Longitudinal course of IGF1 P2 methylation at position -137 in blood of children with GHD, SGA short stature and Turner syndrome treated with rhGH.
Filled symbols indicate patients with exon3-deleted GHR.
TABLE 1 | Clinical characteristics and GHR polymorphism status of the patients (mean ± SD).

Diagnosis GHD SGA short stature Turner syndrome

n 40 36 16
Female/male; n 11/29 12/24 16/0
Birth length; cm 48.9 ± 4.2 41.5 ± 7.2 48.1 ± 2.8
Birth length; SDS -0.12 ± 1.18 -2.15 ± 1.46 -0.12 ± 1.17
Birth weight; g 2917 ± 729 1893 ± 794 2867 ± 633
Birth weight; SDS -0.67 ± 1.16 -2.52 ± 1.06 -0.65 ± 1.08
Target height; cm 172.0 ± 7.7 169.4 ± 7.2 164.0 ± 5.4
Age at start of treatment; y [median (range)] 5.2 (0.3-11.9) 6.0 (0.6-9.8) 5.3 (3.9-11.6)
Bone age at start of treatment; y 4.7 ± 2.2 4.9 ± 2.1 6.5 ± 3.1
Height at start of treatment; SDS -3.9 ± 1.2 -3.9 ± 0.9 -3.4 ± 0.7
RhGH dose; µg/kg*d 28.4 ± 6.7 39.1 ± 5.6 46.2 ± 3.1
Height 1 y after start of treatment; SDS -2.7 ± 0.8 -3.0 ± 1.1 -2.8 ± 0.8
Height velocity at start of treatment; cm/y 5.0 ± 1.1 5.5 ± 1.1 5.6 ± 2.2
Height velocity 1 y after start of treatment; cm/y 9.9 ± 1.9 8.9 ± 1.0 9.1 ± 1.5
Delta height velocity; cm/y 4.7 ± 1.5 3.4 ± 1.4 3.6 ± 3.3
IGF-1 at start of treatment; SDS -4.2 ± 1.9 -1.7 ± 1.5 -1.5 ± 1.1
IGF-1 1 y after start of treatment; SDS -1.0 ± 1.2 0.7 ± 1.3 1.2 ± 0.7
Delta IGF-1 SDS under treatment; SDS 3.2 ± 1.7 2.4 ± 1.5 2.5 ± 1.2
IGFBP-3 at start of treatment; SDS -3.2 ± 1.8 -1.6 ± 1.3 -1.8 ± 1.2
IGFBP-3 1 y after start of treatment; SDS -1.0 ± 1.2 -0.1 ± 1.0 -0.8 ± 0.7
Delta IGFBP-3 SDS under treatment; SDS 2.3 ± 1.9 1.5 ± 1.2 1.0 ± 0.9
Studentized residuals of 1st y prediction 0.53 ± 1.1 1.48 ± 1.2 0.32 ± 1.4
GHR polymorphism; wt-wt/wt-del3/del3-del3; n 24/16/0 16/16/4 6/9/1
Frontiers in Endocrinology | www.frontiersin.org
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Multiple linear regression analysis including the GHR
genotype (exon 3 deletion versus no exon 3 deletion) did not
show any relationship between outcome parameters and the
examined genetic characteristics (data not shown.). In addition,
the GHR genotype did not correlate to IGF-1 serum
concentration or GH responsiveness (data not shown).
DISCUSSION

Methylation of the IGF1 promoter P2 at two specific CG-sites
was measured in the blood of children with GHD, SGA short
stature and Turner syndrome treated with rhGH. Promoter
methylation did not correlate with first-year response in terms
of height velocity increment or studentized residuals based on a
prediction model at either position -137 or position +97.
Furthermore, baseline IGF-1 serum concentrations and
increases during rhGH treatment did not correlate with IGF1
P2 promoter methylation. Our analysis is in contradiction with
previous reports from Ouni and colleagues that reported such
Frontiers in Endocrinology | www.frontiersin.org 5
correlations observed in children with low-normal stature or ISS
treated with very high doses of rhGH (11).

Ouni et al. used the same source, peripheral blood leucocytes,
for epigenetic analysis. In contrast to this study, blood was
collected only before the start of rhGH treatment by the
French group, whereas 94% of our samples were collected
during rhGH treatment. However, the intraindividual changes
of promoter methylation observed in our study were small after
the start of rhGH treatment and showed no trend. The
pyrosequencing protocols were identical. The French group
observed a mean of 49% methylation at the -137 site of
promoter P2, and 17% methylation at the +97 site. Here, the
methylation values were 60% at -137 and 19% at +97,
approximately 20% higher.

Ouni et al. treated 136 children with ISS (or low-normal
stature) with a high pharmacological rhGH dose of 67 µg/kg*day
and observed an inverse relationship between first-year
increment of height velocity and the methylation at the IGF1
P2 methylation site -137 in blood cells (11). They calculated that
25% of the variability of the height velocity increment could be
FIGURE 2 | First year height velocity increment (1st y HV increment) and IGF1 P2 methylation at position -137 in blood of children with GHD, SGA short stature and
Turner syndrome treated with rhGH. Filled symbols indicate patients with exon3-deleted GHR allele.
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explained by the methylation at this IGF1 promoter site. Our
study cohort did not include children with ISS, but GHD, SGA
short stature and Turner syndrome. The height velocity
increments were measured in the same way. Our patients were
by 2.5 years younger and the sample size was smaller than in the
French studies. The rhGH doses here ranged from 20 to 60 µg/
kg*day, which was lower than in the French study. Although the
studied children and the treatment dose were different, one
would expect at least a trend in the same direction if the
reported correlation is not specific for ISS and for very high
doses of rhGH. Moreover, our analysis of responsiveness
including relevant outcome parameters of individual patients
(studentized residuals of prediction) showed no lower response
to rhGH in patients with a higher methylation of IGF1 P2
promoter sites.

Similarly, Ouni et al. reported an inverse correlation of basal
serum IGF-1 concentration with the methylation at -137 of the
IGF1 P2 promoter in a mixed group of children with normal or
idiopathic short stature (14). Moreover, the short-term IGF-1
increase in the IGF-1 generation test (SDS and concentration)
Frontiers in Endocrinology | www.frontiersin.org 6
was shown to be higher in children with lower methylation of the
IGF1 promoter (11, 15). We analyzed baseline IGF-1 and the
increment after 12 months of rhGH treatment and found no
correlation with the methylation status of the IGF1 promoter. In
conclusion, there are significant differences in study conditions
between the French studies and our study, including different
rhGH dose, different diagnoses, and different timing of IGF-1
observation, which may explain the conflicting results.

In a second part of the study, we examined the stability of the
methylation marks of the IGF1 P2 promoter in blood cells over
time during rhGH treatment. The data suggest good stability and
no specific change over time. However, we observed
intraindividual variation in long-term results, which may
possibly reflect changes in the number of different leucocyte
populations in blood specimens.

In conclusion, we could not confirm that IGF1 P2 promoter
methylation is an important epigenetic locus for GH
responsiveness in children with GHD, SGA short stature and
Turner syndrome. This nonconfirmatory study will hopefully
motivate other research groups to publish their findings or to
FIGURE 3 | Studentized residuals of first year height prediction and IGF1 P2 methylation at position -137 in blood of children with GHD, SGA short stature and
Turner syndrome treated with rhGH. Filled symbols indicate patients with exon3-deleted GHR allele.
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FIGURE 4 | Baseline IGF-1 SDS and IGF1 P2 methylation at position -137. Filled symbols indicate patients with exon3-deleted GHR allele.
FIGURE 5 | GH-induced increment in IGF-1 SDS (Delta IGF-1 SDS) and IGF1 P2 methylation at position -137. Filled symbols indicate patients with exon3-deleted
GHR allele.
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perform new analyses, because more data are needed for a
definitive judgement in this field of pharmacogenetics.
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