Embryonic thermal manipulation leads growth inhibition and reduced hepatic
insulin-like growth factor1 expression due to promoter DNA hypermethylation in
broilers
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ABSTRACT When broilers cannot adapt to a high-
temperature environment through self-regulation, it
will cause heat stress, resulting in a large number of
deaths and substantial economic losses. Studies have
shown that thermal manipulation (TM) during the
embryonic stage can improve broilers’ ability to resist
heat stress later. However, different TM strategies
produce different results on broilers’ growth. In this
study, yellow-feathered broiler eggs were selected and
randomly divided into 2 groups between E10 and
E18, which the control group was incubated at 37.8°
C with 56% humidity, and the TM group was sub-
jected to 39°C with 65% humidity. After hatching, all
broilers were reared normally until slaughtered at 12
d of age (ID12). During D1 to D12, body weight, feed
intake, and body temperature were recorded. The
results showed that TM significantly decreased (P <

0.05) the final body weight, weight gain, and average
daily feed intake of broilers. Meanwhile, the serum
levels of Triiodothyronine (T3) and free T3 were sig-
nificantly decreased in the TM group (P < 0.05). The
expressions of hepatic growth regulation-associated
genes, growth hormone receptor (GHR), insulin-like
growth factorl, and 2 (IGF1 and IGF2) were signif-
icantly down-regulated in the TM group (P < 0.05).
In addition, TM altered hepatic DNA methylation,
resulting in a significant increase (P < 0.05) in the
methylation of the IGF1 and GHR promoter regions.
The above results indicated that TM during the
embryonic stage decreased the serum thyroid hor-
mone level and increased the methylation level of the
IGF1 and GHR promoter regions to down-regulate
the expression of growth-related genes, resulting in
early growth inhibition of broilers.
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INTRODUCTION

Metabolic programming, initially proposed by Barker
in 1990 (Barker, 1990), refers to animals subjected to
various nutritional and environmental factors during
the sensitive life stages of development that may signifi-
cantly influence later health, including poor growth,
metabolic dysfunction, reproductive dysfunction, and
low immunity (Reynolds et al., 2010, 2019). Research
has shown that epigenetics, defined as altering the phe-
notype of an organism without changes to genetic DNA
sequence, is involved in the process of metabolic pro-
gramming. DNA methylation, the most well-studied
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epigenetic modification, plays a vital role in gene expres-
sion regulation, genome stability, genomic imprinting,
and X chromosome inactivation (Mittelstaedt et al.,
2021). In mammals, DNA methylation refers to adding a
methyl group to the C-5 position of the cytosine ring of
DNA, which is catalyzed by DNA methyltransferase
(DNMT) and using S-adenosyl methionine as a methyl
donor (Moore et al., 2013). DNA methylation includes 2
types. One is de novo methylation, namely Dnmt3a and
Dnmt3b, which can establish new methylation on unme-
thylated DNA (Okano et al., 1999). Another type of
reserved replication methylation is that DNA methyla-
tion already exists on the DNA strand, but during DNA
replication, Dnmt1 can copy DNA methylation from the
parent DNA strand to the newly synthesized daughter
strand (Hermann et al., 2004). Previous research showed
that DNA methylation is involved in the epigenetic reg-
ulation of oxidative phosphorylation and mitochondrial
B-oxidation genes in chickens under chronic stress
(Hu et al., 2017).
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Heat stress is one of the most common types of environ-
mental stress. With global warming, the temperature of
the external environment continues to rise. In addition,
broilers do not have sweat glands, which can easily lead to
heat stress. Heat stress could lead to reduced feed intake,
slow growth, reduced meat quality in broilers
(Zaboli et al., 2019), and even to the large-scale death of
chickens, resulting in tremendous economic losses
(Liuet al., 2020). Studies have recently reported that ther-
mal manipulation (TM) during the embryonic period
could improve the heat resistance capability without neg-
atively affecting the broiler’s growth (Piestun et al., 2013;
Piestun et al., 2015; Al-Zghoul et al., 2019). For instance,
research on TM in broiler embryos has found that TM
could elevate the final body weight of broilers (Al-
Zghoul et al., 2013; Saleh et al., 2020). Moreover, this
approach involved epigenetic regulation, including DNA
methylation (Cramer et al., 2019). However, other studies
have found that TM could significantly reduce broiler
body weight during growth (Vitorino Carvalho et al.,
2020; El-Shater et al., 2021). Thus, whether TM during
the embryonic period is effective is still debatable. In addi-
tion, we did not find that this method has been tested on
yellow-feathered broilers unique to China. It is also
unknown whether it can affect the growth performance of
yellow-feathered broilers and improve their ability to
resist heat stress and whether the treatment conditions
need to be changed to cope with yellow-feathered broilers.

Growth is a complex process involving multiple fac-
tors such as genes, hormones, and the environment (Sin-
ghal, 2017). For livestock and poultry, growth mainly
depends on regulating the hypothalamic-pituitary-thy-
roid axis (HPT) and the somatotropic axis. The HPT
axis can affect the development and growth of the body
through the regulation of thyroid hormones. Thyrotro-
pin-releasing hormone, secreted by the hypothalamus,
stimulates the anterior pituitary to secrete thyroid-stim-
ulating hormone (TSH), which acts on the thyroid to
stimulate the synthesis and secretion of thyroid hormone
(T4) and triiodothyronine (T3) (Flach et al., 2021).
Studies show that T4 and T3 can regulate metabolism
and affect muscle growth (Ambrosio et al., 2017) and
bone development (Williams, 2013). The poultry thy-
roid gland mainly secretes T4, so T3 in peripheral blood
and tissues is mainly formed by removing single iodine
by outer ring deiodination (ORD) or inner ring deiodi-
nation (IRD) of T4. T3 is deiodized again and becomes
inactive T2. Poultry has 3 types of deiodiases: Dei-
odinasel~3 (DIO1, DIO2, and DIO3). DIO1 is mainly
present in the liver, kidney, and small intestine, which
can catalyze ORD and IRD reactions simultaneously
and participate in the generation and degradation of
peripheral T3. DIO2 is mainly expressed in the brain
and only catalyzes ORD reaction, promoting the trans-
formation of T4 to T3 in the brain. DIO3 can be
detected in all tissues and only participates in IRD
response, protecting cells from T3 overenrichment under
special conditions such as early bird development, dis-
ease, and hunger (Darras et al., 2006). Thyroid hor-
mones circulating in vertebrates are transported by

binding proteins; however, birds lack thyroxin-binding
globulin, which is present in the blood of large mammals
(Bartalena and Robbins, 1993). The main thyroid hor-
mone-binding protein in birds is transthyretin (TTR),
which has a higher binding affinity with T3 than T4
(Chang et al., 1999). Monocarboxylate transporter 8
(MCTS8) and L-type amino acid transporter 1 (LAT1)
is required for thyroid hormone uptake (Bourgeois et al.,
2016). Thyroid hormone effects in birds are mediated by
thyroid hormone receptors (TRs), commonly referred to
as T3 receptors, because they have a high affinity for
T3. Thyroid hormone receptors in vertebrates are
encoded by 2 genes, the thyroid hormone receptor «
(TRea) and the thyroid hormone receptor g (TRS).
When T3 does not bind TRs, synergistic regulatory pro-
teins inhibit the transcription of thyroid regulatory
genes. Thus, TRs binds to T3 can stimulate its tran-
scription (Decuypere et al., 2005; Cheng et al., 2010).
For the somatotropic axis, the hypothalamus produces
growth hormone-releasing hormone (GHRH) or
somatostatin (SST) to stimulate or inhibit the secretion
of growth hormone (GH) in the pituitary. GH binds to
the growth hormone receptor (GHR) on the surface of
the cell membrane of the target organ, thereby initiating
the intracellular signal transduction mechanism and
promoting the expression of insulin-like growth factor 1
(IGF1), which enters various tissues of the body
through the blood circulation to play a role (Kuhn et al.,
2005). Both thyroid hormones and IGF can act on the
pituitary or hypothalamus through negative feedback
regulation to maintain the metabolic homeostasis of the
entire body (Berelowitz et al., 1981). The study on the
connection between the 2 axes found that thyroid hor-
mone could affect the production of IGF1 through liver
GHR, and the thyrotropic and somatotropic axes could
interact with each other to influence the body’s growth
(Tollet et al., 1990; Tsukada et al., 1998; Wang et al.,
2007). However, it was unclear whether embryonic TM
affects the HPT axis and somatotropic axis and its
detailed mechanism.

Until now, TM-associated research has been mainly
conducted in white-feathered broilers, but no reports
were found in Chinese domestic, yellow-feathered
broilers. In China, yellow-feathered broilers account for
more than 40% of broilers and are reared under high
humidity and temperature. Thus, whether TM affects
yellow-feathered broiler growth is unknown. Thus, this
study aimed to explore TM’s effects during the embry-
onic period on growth performance, serum T3 and T4
levels, regulation of the HPT axis and somatotropic
axis, and hepatic DNA methylations on specific genes in
yellow-feathered broilers.

MATERIALS AND METHODS
Animals and Experimental Design

All the experiments were approved by the Animal
Ethics Committee of Nanjing Agricultural University.
The sampling procedures followed the “Guidelines on
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Ethical Treatment of Experimental Animals”’ (2006) No.
398 set by the Ministry of Science and Technology, China.

Two hundred yellow-feathered broiler eggs were
obtained from Jiangsu Lihua Husbandry Company,
LTD, China. All eggs were randomly divided into control
(CON) or TM groups on E10. The eggs in CON were
maintained at 37.8°C and 56% relative humidity (RH)
throughout the incubation period. In contrast, the eggs
in the TM were subjected to 39°C for 18h a day and 65%
RH from E10 to E18. Eggs were illuminated at E18 to
remove unfertilized and dead embryos. The remaining
eggs from both groups were incubated at 37°C and 65%
humidity until hatching. After hatching, the 1-day-old
broilers’ weight and wing temperature were recorded.
The broilers were reared at 35°C during the first week,
then dropped by 3°C every week. The RH was main-
tained at 40 to 60% during the whole experiment. The
first stage feed of New Hope Liuhe was fed (ash <8%,
crude fiber <5%, crude protein >21%), and the feeding
process complies with animal welfare standards. The
body temperature and body weight were recorded every
3 d. On the 12th d of age, 7 broilers were selected from
each group to be weighed and sacrificed by rapid decapi-
tation. Blood samples were collected and centrifugated to
separate the serum stored at -20°C for further analysis.
The liver (without a gallbladder), hypothalamus, and
pituitary were rapidly frozen in liquid nitrogen and then
transferred to -80°C for storage until use.

Determination of Serum Concenftration of
Thyroid Hormones

Serum T4, T3, FT4, and FT3 were measured using
radioimmunoassay kits purchased from Beijing North
Institute of Biological Technology Co., Ltd., China, fol-
lowing the manufacturer’s instructions. The sensitivity of
T3 was 0.2 ng/mL, that of T4 was 5 ng/mL, that of FT3
was 0.5 fmol/mL, and that of FT4 was 1 fmol/mL. The
in-batch coefficient of variation and inter-batch coefficient
of variation of all kits were 10% and 15%, respectively.

Total RNA Isolation and Real-Time PCR

Total RNA was isolated from samples using TRIzol
Reagent (Tsingke, China), treated with RNase-free
DNase, and reverse-transcribed to cDNA using random
hexamer primers (TransGen Biotech, China). Two micro-
liters of diluted cDNA (1:20, vol/vol) were used for real-
time PCR with an Mx3000P Real-Time PCR System
(Stratagene). All primers (Table S1) were synthesized by
Tsingke (Nanjing, China). Several reference genes were
tested, and PPIA (Peptidylprolyl Isomerase A) was cho-
sen as the final reference gene. Data were analyzed using
the method of 2744,

Methylated DNA Immunoprecipitation
Analysis

The methylated DNA immunoprecipitation (MeDIP)
analysis was conducted as previously published

(Hu et al., 2017). Briefly, genomic DNA was extracted
from liver tissue, which was sonicated to generate small
fragments of 300 to 500 bp, which was heat-denatured
for immunoprecipitation with a 5mC antibody (ab10805,
Abcam, UK) overnight (4°C). Antibody/DNA complexes
were captured with pretreated protein A/G agarose
beads (sc-2003, Santa Cruz, CA). The agarose beads
bound to the immune complexes were washed to remove
the nonspecific binding and resuspended in a working
solution containing proteinase K. The MeDIP and nega-
tive control DNA were amplified by fluorescent quantifi-
cation to amplify the proximal promoter sequences of
broilers IGF1, IGF2, and GHR genes, and the primers
were listed in Table S2. The prediction of GHR and
IGF2 promoter region transcription factors was made by
hTFtarget  (http://bioinfo.life.hust.edu.cn/hTFtarget

#!/prediction) to find whether THR binding sites in their
promoter regions. Data were normalized and presented as
the fold change relative to the mean of the CON group.

Western Blotting

Total protein extraction and western blotting were
performed as previously described (Zhao et al., 2021).
Following the instructions, the protein concentration was
measured using the BCA Protein Assay kit (Rockford,
IL). Thirty micrograms of total liver protein were sub-
jected to electrophoresis on the 10% SDS-PAGE gel and
transferred to the nitrocellulose membrane for subsequent
immunoblotting. Western blotting analysis for DNMT1
(Abclonal, A19679) and tubulin- (Bioworld, BS1699)
were carried out according to the manufacturer’s proto-
cols. The immunoblot images were captured using Versa-
Doc 4000MP system (Bio-Rad). The band density was
analyzed by Quantity One software (Bio-Rad).

Statistical Analysis

All data are presented as means + SEM, and the sta-
tistical differences between groups were analyzed using
Student t test with SPSS 22.0 software (SPSS Inc., Chi-
cago, IL). The differences were considered statistically
significant when P < 0.05 and P < 0.01 indicates very
significant differences.

RESULTS

Body Weight, Body Temperature, and Daily
Feed Intake

Compared with the CON group, the body weight
(Figure 1A), weight gain (Figure 1B), and average daily
feed intake (Figure 1C) of the broilers in the TM group
were significantly decreased (P < 0.05). TM significantly
increased the body temperature of broilers after hatch-
ing. In contrast, body temperature on D3 and D9 was
significantly decreased (P < 0.05), and there was no sig-
nificant difference in body temperature on D6 and D11
(Figure 1D).
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Figure 1. Effect of embryonic thermal manipulation on the growth performance of broilers. (A) Body weight change; (B) weight gain change;
(C) average daily feed intake; (D) body temperature change. Values are mean &= SEM, CON: n = 30, TM: n = 24. *P < 0.05, **P < 0.01, determined
by an unpaired ¢ test. Abbreviations: CON, control group; TM, thermal manipulation during embryonic development.

Serum Thyroid Hormone Levels and difference in the levels of T4 and FT4 between the 2
Expression of Genes Related to Thyroid groups. TM could significantly up-regulate the mRNA
Hormone Metabolism in the Liver expression of DIOI (P < 0.01). However, no significant

differences were found in the mRNA expression of genes

Serum levels of T3 and FT3 in broiler broilers in TM  related to thyroid hormone metabolism: DIO3, mono-

were significantly lower (P < 0.01) than those in the  carboxylate transporter 8, L-type amino acid transporter
CON group (Figures 2A and 2B), whereas there was no 1, transthyretin, TR, and TR (Figure 2C).
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Figure 2. Effect of embryonic thermal manipulation on serum thyroid hormones levels and expression levels of thyroid hormone-related gene
in the liver in the broiler. (A) Serum T3 and T4 levels; (B) serum FT3 and FT4 levels; (C) mRNA expression level of thyroid hormone-related
gene in the liver. Values are mean = SEM, n = 7. *P < 0.05, **P < 0.01, determined by an unpaired ¢ test. PPIA served as the final reference
gene in (C). Abbreviations: CON, control group; DIOland DIO3, deiodinasel/3; LAT1, L-type amino acid transporters 1; MCTS8, monocarboxy-
late transporters 8; PPIA, Peptidylprolyl Isomerase A; TM, thermal manipulation during embryonic development; TRe, thyroid hormone receptor
A; TRB, thyroid hormone receptor B; TTR, transhyretin.
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Expression of Genes Related to the
Somatotropic Axis in Liver

Embryonic TM had no significant effect on the mRNA
expression of GHRH, SST, and Thyrotropin-releasing
hormone in the hypothalamus (Figure 3A) or TSHp,
GH, and GHRHR in the pituitary (Figure 3B). However,
the mRNA expressions of IGFI, IGF2, GHR, and
IGFBP/ in the liver were significantly down-regulated
in the TM group (P < 0.05) (Figure 3C and 3D). In com-
parison, no significant differences between the CON and
TM groups were found in the mRNA expressions of
IGFBP1, IGFBP2, IGFBP3, and IGFBP5 (Figure 3D).

Expression of DNA Methyltransferase-
Related Genes in the Liver and DNA
Methylation Levels in Promoter Regions of
IGF1, IGF2, and GHR

Embryonic TM significantly decreased (P < 0.05) the
mRNA level of DNMTS3a (Figure 4A) and the protein
level of DNMT1 (Figure 4B). However, that’s all we
tested for because of the lack of antibody availability in
the liver. MeDIP analysis found that TM significantly
increased (P < 0.05) methylation levels in the promoter
region of IGF'1 (Figure 4C). In contrast, no significant
changes were found in the promoter region of IGF2 and
GHR (Figures 4AD—1E).

A B
 CON
- 1.5+ mTM
Q2
@
@ 1.01
Q.
x
Q
< 0.51
=z
(14
£
0.0-
GHRH SST TRH
c D
1.5 i CON
5 ) W T™
(2]
(7]
Q0 1.0+
& * ok
Q
<{ 0.5-
= *
14
£
0.0-
IGF1 IGF2 IGFR GHR

mRNA expression

mRNA expression

5

In addition, we predicted the transcription factors of
GHR and IGF2 promoter regions and found THR. bind-
ing sites in their promoter regions. By detecting the
methylation in the region of the THR binding site, we
found that TM significantly up-regulated (P < 0.01) the
methylation in the GHR promoter region (Figure 5A),
but the methylation changes in the IGF2 promoter
region were not detected (Figure 5B).

DISCUSSION

Many studies have found that TM during the incuba-
tion period of broilers embryos can improve the heat
stress resistance of broilers without reducing production
performance, an essential requirement of the poultry
industry. To analyze the effect of TM on hatchability,
different researchers had different settings for embryo
age, temperature, and duration of embryonic treatment.
Thus, the hatchability varies among different research
settings. In white-feathered broilers, Al-Zghoul et al.
conducted a gradient study on the temperature (Al-
Zghoul et al., 2015a) and duration of embryonic treat-
ment (Al-Zghoul et al., 2015b). They found that treat-
ment at 39°C for 18 h every day during E10~18 was the
most effective because it did not reduce hatchability and
hatch weight. Moreover, body weights on D14 and the
carcass, breast muscle, heart, and liver weights on D35
were increased significantly after TM during E10~18
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Figure 3. Effect of embryonic thermal manipulation on the expression of growth-related genes in the broilers. (A) the mRNA expression level of
growth-related genes in the hypothalamus; (B) the mRNA expression level of growth-related genes in the pituitary; (C) the mRNA expression level
of growth-related genes in the liver; (D) the mRNA expression level of IGF-binding proteins in the liver. Values are mean = SEM, n = 7. *P < 0.05,
**P < 0.01, determined by an unpaired ¢ test. PPIA served as the final reference gene. Abbreviations: CON, control group; GH, growth hormone;
GHR, growth hormone receptor; GHRH, growth hormone-releasing hormone; GHRHR, growth hormone-releasing hormone receptor; IGF1/2, insu-
lin-like growth factorl/2; IGFBP1~5, insulin-like growth factor binding protein 1~5; IGFR, insulin-like growth factor receptor; PPIA, Peptidyl-
prolyl Isomerase A; SST, somatostatin; TM, thermal manipulation during embryonic development; TRH, thyrotropin-releasing hormone; TSH,
thyroid-stimulating hormone; TSHp, thyroid-stimulating hormone beta.
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Figure 4. Effect of embryonic thermal manipulation on DNA methylation levels on the promoter regions of differently expressed growth-related
genes in broiler liver. (A) mRNA expression level of DNA methylation-related enzymes in liver, n = 7; PPIA served as a the final reference gene. (B)
Protein expression level of DNMT1 in liver, n = 7; Tubulin-« served as a loading control. (C) DNA methylation level on promoter region of IGF1
gene, n = 4; (D) DNA methylation level on promoter region of IGF2 gene, n = 4; (E) DNA methylation level on promoter region of GHR gene,
n = 4. Values are mean = SEM. *P < 0.05, determined by an unpaired ¢ test. Abbreviations: CON, control group; DNMT1, DNA methyltransfer-
asel; DNMT3a/b, DNA methyltransferase3a/b; GHR, growth hormone receptor; IGF1/2, insulin-like growth factorl/2; PPIA, Peptidylprolyl Isom-

erase A; TM, thermal manipulation during embryonic development.

(Al-Zghoul and El-Bahr, 2019). However, in the current
study, we treated the embryos of yellow-feather broilers
with the same parameters and obtained entirely differ-
ent results. The weight after hatching was significantly
decreased, and the weight loss persisted until the end of
the experiment (D12). This type of embryonic and neo-
natal growth inhibition, known in mammals as

intrauterine growth retardation, is likely to result from
stress during fetal development, resulting in low birth
weight (Heinrich, 1992). Our experiment found that the
broilers’ body weight decreased significantly after the
treatment, indicating that the treatment probably
caused harm to broilers during the embryonic period.
However, the way used in the current experiment is the
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Figure 5. Effect of embryonic thermal manipulation on DNA methylation levels of TRE on the promoter regions of GHR and IGF2 in broiler
liver. (A) DNA methylation level on the promoter region of the GHR gene, n = 4; (B) DNA methylation level on the promoter region of the IGF2
gene, n = 4. Values are mean £+ SEM. **P < 0.01, determined by an unpaired ¢ test. Abbreviations: CON, control group; GHR, growth hormone
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treatment method that has been repeatedly verified in
the literature, which does not affect growth. The differ-
ence between the 2 broiler breeds may cause different
outcoming. Compared with white-feathered broilers,
which are slaughtered at D42, the yellow-feathered
broilers will not be slaughtered until D65. Perhaps the
early growth inhibition after hatching may compensate
for the later growth stage in yellow-feathered broilers.

Thyroid hormones, essential for embryonic and early
postnatal development, can promote muscle and bone
growth by regulating cell proliferation (Lademann et al.,
2020) and energy metabolism (Mullur et al., 2014). In
this experiment, embryonic TM had no significant effect
on serum T4 and FT4 but significantly reduced serum
T3 and FT3 levels, indicating that TM may not directly
affect thyroid function but the activity of deiodinase
DIO1 and DIO3. A DIO1 conversion of T4 to T3 or rT3
and a DIO3 conversion of T4 to r'T3 should be expressed
in most tissues (Sabatino et al., 2021). In this study, TM
during the embryonic stage only significantly increased
the expression of DIO1 and had no significant effect on
DIO3 and other thyroid hormone-related transporters
and binding proteins. However, we only detected the
mRNA expression of related genes, and the changes in
the activities of proteins and associated enzymes were
unclear, especially with DIO1 and DIO3 changes in the
blood. Thyroid hormone receptors present a high affinity
for T3 (Brtko, 2021). When the level of T3 in the blood
circulation is low, cell proliferation and energy metabo-
lism will be inhibited, thus affecting the growth and
development of the entire body. This study found that
TM did not affect the expression of TR, which indicated
that TM during the embryonic period might not affect
the binding of thyroid hormone to receptors.

In addition to thyroid hormones, the somatotropic
axis (GH-IGF) is an essential hormonal axis that regu-
lates body metabolism, growth, and development. GH
and IGF1 can directly act on tissues in paracrine and
autocrine ways; meanwhile, GH can also combine with
GHR to initiate intracellular responses and control the
secretion of IGF1 (Dixit et al., 2021). The current study

found that embryonic TM significantly suppressed the
expression of hepatic GHR, IGF1, and IGF2, consistent
with the early-stage slow-growth phenotype. Compared
with common broiler breeds, the dwarf chickens pre-
sented mutation in GHR, which disrupts its interaction
with GH and further down-regulates the secretion of
IGF (Lin et al., 2018). In mammals, intrauterine growth
retardation is also mainly due to significantly reduced
IGF levels (Setia and Sridhar, 2009). In this experiment,
there was no significant change in the expression of pitu-
itary GH, whereas the expression of GHR and IGF1/2
in the liver was down-regulated. We suspect that the
low GHR likely combined with GH abnormally, result-
ing in the inability of IGF to be secreted normally,
thereby may inhibiting growth. As 2 major players in
regulating growth and development, there is a complex
relationship between the thyrotropic and somatotropic
axes. For instance, when T3 secretion is inhibited, it also
affects the expression of GHR and IGF in the liver
(Setia and Sridhar, 2009). In this experiment, the tran-
scription factors that may be bound to the GHR pro-
moter region were predicted, and the existence of the
binding region of TR was found, indicating that thyroid
hormone can directly regulate GHR. In addition, the
methylated binding region of GHR after TM was
extremely high, which may prevent the transcription
factors binding, resulting in the down-regulation of
GHR expression.

Embryonic TM means regulation during the critical
window of growth and development, which involves epi-
genetic modifications, especially DNA methylation.
DNMT1, DNMT3a, and DNMT3b are the major
DNMT, and their increased expression significantly
increases DNA methylation levels (Hermann et al.,
2004; Okano et al., 1999). High methylation in the pro-
moter region of a functional gene will inhibit or silence
its expression. In this experiment, embryo TM signifi-
cantly down-regulated the expression of DNMT1 and
DNMT3a in the liver, indicating that TM affects the
methylation level of the broiler. However, this change
does not represent the methylation of the promoter
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regions of GHR and IGF1. In addition, MeDIP analysis
showed that the promoter region of IGF1 was highly
methylated, which contributed to the downregulation of
IGF1 mRNA in the liver. The hepatic IGF2 and GHR
mRNA were significantly down-regulated in the embry-
onic TM group; however, DNA methylation levels were
not changed in their promoter region. In addition, stud-
ies reported that early TM alters total H3K27me2
(Kisliouk et al., 2020) or H3K27me2 (Rosenberg et al.,
2021) levels in the hypothalamus. Thus, the down-regu-
lation of the above genes may be caused by other epige-
netic modifications, such as histone modifications,
instead of DNA methylation.

In this experiment, in order to improve their heat
resistance without reducing the production perfor-
mance, the embryos of yellow-feather broilers were
treated at 39°C for 18 h/d during E10~18. It was found
that the TM in the embryonic stage significantly
reduced the body weight of the broilers, whereas the
blood T3 and FT3 levels were decreased, and the liver
GHR, IGF1, and IGF2 mRNA expressions were down-
regulated. Downregulation of hepatic IGF1 and GHR
mRNA was associated with hypermethylation in the
promoter region. The above results indicated that TM
during the embryonic period had a negative impact on
the early growth of yellow-feather broilers. However,
whether this early growth inhibition is related to the
timing of TM and whether it can be eliminated at the
later stage of broiler growth by compensating growth
requires further research.
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