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Abstract

Folate is essential for the proper devel-
opment of the brain. The gene CCNDI is re-
sponsible for the synthesis of the cyclin D1
protein, which facilitates the differentiation
and proliferation of neurons. Nerve growth
factor (NGF) is critical for the survival and
maturation of neurons. MicroRNAs are in-
volved in regulating various phases of neu-
rogenesis, including the proliferation of neu-
ral stem cells and differentiation of neurons.
Given the important role of folic acid (FA) in
the regulation of gene expression, the aim
of this study was to evaluate the effects of
in ovo injection of FA on expression levels
of gga-mir-let-7k-5p, CCND1, and NGF in
the cerebral cortex of chicken embryos. This
study involved a total of 120 hatching eggs.
Of these, 40 eggs were administered FA injec-
tions into the amniotic fluid at a dosage of 150
ug per egg, another 40 eggs received Phos-

phate buffered saline (PBS) injections (Sham)
on embryonic day 11, while the remaining
40 eggs served as controls without any in-
jections. Cortical tissues were subsequently
collected on embryonic day 19, and Real-time
PCR was employed to analyse the expression
of mir-let-7k-5p, CCND1, and NGF. The re-
sults revealed that the expression levels of
gga-mir-let-7k-5p in the FA-treated, Sham,
and control groups were 0.46+0.09, 0.73+0.18,
and 0.76+0.17-fold change, respectively. Ad-
ditionally, the expression levels of CCND1
were recorded at 1.77+0.38, 1.18+0.25, and
1.11+0.28-fold change, respectively, while
NGF levels exhibited similar patterns at
1.92+0.50, 1.12+#0.25, and 1.04+0.21-fold
change, respectively (P<0.05). Statistical anal-
ysis indicated a significant increase in the
expression of CCND1 and NGF, alongside a
reduction in gga-mir-let-7k-5p expression in
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cortices treated with FA compared to the con-
trol. This suggests that the in ovo administra-
tion of FA enhances the expression of CCND1
and NGF, while decreasing gga-mir-let-7k-5p
expression in the developing cerebral cortex
of chicks. Enhancing our understanding of
how folate impacts the activation of genes
and microRNAs related to the development

Introduction

Folate, also known as vitamin B,
plays a crucial role in the closure of the
neural tube. The mechanism by which
a deficiency in folic acid leads to neural
tube disorders is currently an active sub-
ject of research. Folic acid (FA), the syn-
thetic form of folate, is a vital nutrient
involved in regulating DNA synthesis
during brain cell division (Barbour et al.,
2012), and is also essential for regulating
DNA methylation. Additional evidence
supporting the importance of epigenetic
mechanisms in proper neural tube devel-
opment comes from findings demonstrat-
ing that manipulating histone-modifying
enzymes (acetyltransferases, deacetylas-
es, demethylases) leads to neural tube de-
fects (Murko et al., 2013). The occurrence
of 25-30% of human neural tube birth
defects could be potentially reduced by
increase the folate ingested by pregnant
women. Therefore, the U.S. Public Health
Service advises women of childbearing
age to consume 0.4 milligrams of fol-
ic acid daily (Czeizel and Dudas, 1992).
Inside the cell, both folate and FA go
through a series of conversion processes
to produce 5-methyltetrahydrofolate, the
biologically active form utilised in cel-
lular processes (Greenberg et al., 2011).
Folate requirements in the body increase
during pregnancy to support the rap-
id growth of maternal and foetal tissue.
The available research, both in clinical
and preclinical settings, indicates that a

of the cerebral cortex, and its potential con-
nection to neural tube defects, will improve
our knowledge of brain development, and
could result in new treatment approaches to
further reduce the occurrence of these abnor-
malities..

Key words: folate; miRNA; gene expression;
brain; chick embryo

lack of maternal folate can lead to com-
plications in offspring, such as changes
in brain development and structure, in-
cluding reduced brain size and decreased
thickness in certain brain regions (Zou et
al., 2021). Studies in clinical settings have
also demonstrated that the folate status of
the mother can influence the neurodevel-
opment of her offspring and contribute
to neuropsychological disorders. Provid-
ing sufficient folic acid supplementation
during pregnancy and throughout gesta-
tion is linked to positive effects on child
neurodevelopment (Caffrey et al., 2019).
Folate plays a crucial role in cell metab-
olism, acting as a coenzyme in the syn-
thesis of purines and pyrimidines, DNA
repair, and methylation reactions that
impact gene expression. Folate deficiency
in pregnant women has been recognised
as a cause of neural issues during preg-
nancy and after birth, though the specific
mechanism is still unknown (Ducker and
Rabinowitz, 2017). Folate intake during
pregnancy can also influence the activi-
ty of genes and proteins related to brain
function (Naninck et al., 2019).

Genes such as nerve growth factor
(NGF) play a significant role in the devel-
opment of the brain. In vertebrates, NGF
is crucial for the growth and survival of
sympathetic neurons and sensory neu-
rons found in the dorsal root ganglion.
It promotes the outgrowth of neurites,
increases the size of neuron cells, and is
essential for brain development. The en-

VETERINARSKA STANICA 56 (5), 619-631, 2025.



The impact of in ovo administration of folic acid on gga-mir-let-7k-5p, Cyclin D1 (CCND1) and nerve growth factor (NGF)

expression in the cerebral cortex of chicken embryos

Ucinak in ovo primjene folne kiseline na ekspresiju gga-mir-let-7k-5p, ciklina D1 (CCND1) i faktora rasta zivaca (NGF) u

cerebralnom korteksu embrija pili¢a

largement of chick embryo sensory and
sympathetic ganglia as a result of NGF
treatment is attributed to the improved
survival of neurons that would other-
wise deteriorate. There might also be an
increase in glial cell mitosis. Throughout
embryonic development, the survival of
most neurons relies on NGF and its re-
ceptor NTRK1 (also called TrkA) (Akas-
soglou, 2005). The gene expression of
neurotrophins, such as NGF, and their
signalling molecules can be affected by
FA and vitamin B12 (Sable et al., 2014).
Normal cell proliferation is essential
for proper brain development, with fac-
tors like cyclins playing a crucial part in
this process. Positive regulators of the
mid-Gl-transition are cyclin D1 (Sherr
and Roberts, 2004). During mouse brain
development, it is anticipated that cyc-
lin D1 expression will be high and have
a significant impact. In the embryonic
brain, a high level of cyclin D1 expression
has been observed (Chen et al., 2005).
Many developing cells possess spe-
cific regulatory RNAs known as microR-
NAs (miRNAs) that play a role in con-
trolling protein synthesis and influencing
networks of cellular events. Additionally,
certain miRNAs are linked to specific
developmental processes. Research has
indicated that a small subset of miRNAs
in neural stem cells may be influenced by
ethanol, with some of these miRNAs be-
ing crucial for neuron formation during
development (Shaikh and Doshi, 2024).
Brain miRNAs are critical in processes
such as neurogenesis, synapse formation,
neural stem cell proliferation, and dif-
ferentiation. Furthermore, miRNAs can
be impacted by epigenetic mechanisms,
such as DNA methylation, which can also
regulate the expression of other miRNAs.
The miRNA levels and their genetic tar-
gets can be regulated by the interplay of
these two mechanisms. This means that

environmental factors like folate might
impact miRNA profiles by changing the
DNA methylation of genes encoding
miRNA, or by adjusting the expression of
genes situated before the miRNA signal-
ling pathways (Beckett et al., 2017).

According to the Mirdb database, two
target genes for the selected miRNA (gga-
mir-let-7k-5p) are Cyclin D1 (CCND1)
and nerve growth factor (NGF). Con-
sidering the significance of folate, NGF,
CCND1, and miRNAs in brain develop-
ment, the aim of this study was to inves-
tigate the impact of in ovo feeding of FA
on gga-mir-let-7k-5p, CCND1, and NGF
expression in the cerebral cortex of chick
embryos.

Materials and Methods

Fertilised eggs

In the experiment, 120 hatching eggs
of Gallus gallus domesticus from the ROSS
308 line of 42-week-old parental broiler
stock were utilised. These eggs were of
normal shape and weight, with a mean
weight of 65 + 4.50 g. They were subject-
ed to an incubation temperature of 37.5°C
and a relative humidity of 70%.

Folic acid treatment

In total, 120 fertilised eggs were cho-
sen and divided into three groups. Egg
surfaces were disinfected with 70% eth-
anol before a small hole (2 mm diameter)
was created using an 18G needle at the
wider end of the egg. In the first group
(n=40), FA (Sigma-Aldrich, Darmstadt,
Germany) was injected into the amniotic
fluid at a dose of 150 ug per egg. FA was
dissolved in 0.2 mL Phosphate buffered
saline (PBS) and then injected into the
amniotic sac using a method previously
described (Foye et al., 2006). The Sham
group (n=40) received an injection of the
same volume (0.2 mL PBS), while the
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control group eggs (n=40) were not inject-
ed. The holes were sealed with hot paraf-
fin after manipulation, and the eggs were
placed back into incubation. On embry-
onic day 19 (E19), the cortices were col-
lected and stored at -70°C for the analysis
of gga-mir-let-7k-5p, CCND1, and NGF
expression. All procedures involving ani-
mals were conducted in compliance with
the Animals (Scientific Procedures) Act
(1986). The animal protocols used in this
study were approved by the University of
Guilan’s institutional animal experimen-
tation committee and Review Board (Ap-
proval code: IR.GUILAN.REC.1401.005).

Analysing mir-let-7k-5p, CCND1, and
NGF expression using Real-time PCR

RNA was extracted from cortices us-
ing TRIzol reagent (Invitrogen, USA) as
per the manufacturer’s guidelines. The
Nanodrop UV-Vis spectrophotometer
was used to measure the purity and con-
centration of total RNA at 260 and 280
nm. The integrity of the RNA samples
was assessed with 2.0% agarose gel elec-
trophoresis. Following the manufactur-
er’s protocol, cDNA was synthesised us-

ing the PrimeScript 1% strand cDNA Syn-
thesis Kit (Takahara, Japan). The resulting
cDNA was then stored at -20°C until fu-
ture analysis. The Roche lightcycler® 96
Instrument (Roche Molecular Systems)
was used for the qPCR with Green Hot
Master Mix (BioRon, Germany). Table 1
contains the gene primer sequences. The
forward and reverse primers were devel-
oped based on DNA sequences sourced
from the NCBI GenBank database (http://
www.ncbi.nlm.nih.gov/genbank) using
Oligo-primer analysis software (Version
7.54, Molecular Biology Insights, USA)
and were manufactured by Bioneer
Company (Daejeon, South Korea). The
real-time PCR procedure followed the
method described previously (Zhao et
al., 2021).

Statistical analysis

The gene expression quantity was as-
sessed following the method outlined by
Livak and Schmittgen (2001). Statistical
analysis was carried out using Graph-
Pad Prism version 8.0 software, and the
results were expressed as mean + stand-
ard deviation. The values were subjected

Table 1. Gene symbol and primer sequence of selected candidate references genes

Gene symbol

Primer sequence (5" —3°)

Forward: 5"-CCCGACGAGTTACTGCAAATGG-3"

e Reverse: 5'-GATGATCTGTTTGGTGTCCTCTGC-3" 183
a-NGF Forward: 5°-GGTTTCTCAGCAGTGCAGTCTC-3" 153
99 Reverse: 5°-CCTCTTTGCCTTTGATGTCGGTG-3"
Forward: 5°-AGTCGGAGTCAACGGATTTGG-3"
99a-GAPDH o orse: 5°-COCTCCTGGAAGATAGTGATGG-3” Lz
aemmir-let.7k_5p OWard: 5 -CCGTCGTGAGGTAGTATTGA-3" -
99 P Reverse: 5 -AGGGTCCGAGGTATTCGC-3”
UG Forward: 5°-CACATATACTAAAATTGGAACGATACAGAG-3° 149
99 Reverse: 5'-GCGTCGACTAGTACAACTCAAG-3”
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to one-way ANOVA for comparison, and
the results were presented as Mean + SD.
A significance level of P<0.05 was consid-
ered statistically significant.

Results

mir-let-7k-5p relative expression

In this study, a total of 120 hatching
eggs were used, with 40 eggs in each
of three groups (FA treated, Sham, and
control). On embryonic day 11 (E11) FA
was injected to amniotic fluid (FA group)
while the sham group was received only
PBS on E11, and the control group were
not received any injection. On E19, cer-
ebral cortices of all groups were collect-
ed, total RNA extracted for the study of
CCND, NGF, and gga-mir-let-7k-5p ex-
pression using Real-time PCR (Figures
1, 2). The results indicated a decrease in

5 Kbp

2 Kbp
1 Kbp

200 bp
100 bp

the expression level of mir-let-7k-5p in
the cortices treated with FA (0.46 + 0.09-
fold) compared to the Sham and control
groups, which had a 0.73 £ 0.18, and 0.76
+ 0.17-fold change, respectively (Figure
3). Statistical analysis revealed a signifi-
cant decrease in mir-let-7k-5p expression
in the cortices of FA treated groups com-
pared to either the Sham or control group
(P=0.001 and 0.0004, respectively). How-
ever, there was no significant difference
in mir-let-7k-5p expression in the cere-
bral cortex between the Sham and control
groups (P=0.72).

CCND1 and NGF relative expression

The Real-time PCR analysis also in-
cluded the study of CCND1 and NGEF,
the target genes of mir-let-7k-5p. Upon
analysis, it was discovered that the ex-
pression levels of both CCND1 and NGF

28s rRNA

18s rRNA

5.85 rRNA

Figure 1. Total RNA purified with Trizol was subjected to agarose gel electrophoresis, along
with mRNA extracted from cerebral cortex using Trizol-purified total RNA. Abbreviations:
bp= base pair; kbp = kilobases pair; M = molecular weight marker; 28S, 18S and 5S = 28S,

18S and 5S ribosomal RNA.
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Figure 2. Agarose gel electrophoresis of PCR products of cerebral cortical samples (A-D].
(A): gga-let-7k-5p, 83 bp, 1-4=samples; (B): CCND1, 135bp, 1-4= Samples. (C): NGF, 153bp,
1-2= Samples. (D): U6, 149bp, 1-4=Samples. (E): GAPDH, 225bp, 1-4=cerebral cortical
Samples.
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Figure 3. The expression of gga-miR-let-7k-5p in the cerebral cortices showed values of
0.46 £ 0.09, 0.73 £ 0.18, and 0.76 + 0.17-fold change for the folic acid treated (FA] (on E11],
Sham, and control groups, respectively. The folic acid treated cortices exhibited a decreased
expression of gga-miR-let-7k-5p compared to both the Sham and control groups (P=0.001
and 0.0004, respectively), while no significant change was observed between the Sham and
control groups (P=0.72).
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were higher in the cortices treated with
FA compared to both the Sham and con-
trol groups. Specifically, the expression
levels of CCND1 in the FA treated, Sham,
and control groups were measured at
1.77 £ 0.38, 1.18 + 0.25, and 1.11 + 0.28-
fold change, respectively (Figure 4). Sim-
ilarly, the expression levels for NGF in
the FA treated, Sham, and control groups
were 1.92 + 0.50, 1.12 + 0.25, and 1.04 +
0.21-fold change, respectively (Figure
5). Statistical analysis demonstrated a
significant increase in the expression of
CCND1 and NGF in the cerebral cortices
of the FA treated group compared to both
the Sham and control groups (P<0.001).
However, there was no significant differ-
ence in the CCND1 and NGF expression
in the cerebral cortices between the Sham
and control groups (P=0.60 and P=0.50,
respectively).

Discussion

Embryonic development requires the
essential nutrient folate. A deficiency in

folate can lead to embryonic lethality,
neural tube defects, and orofacial anom-
alies. Folate receptor 1 (Folrl) is a protein
that binds to folate and helps in the ab-
sorption of dietary folate at the cellular
level. Research indicates that almost half
of orofacial clefts could be prevented by
supplementing with folic acid before
and during early pregnancy, highlight-
ing the crucial role of folate in normal
orofacial development. These findings
collectively suggest that any changes in
optimal folate levels or folate utilisation
during early pregnancy could negative-
ly affect normal orofacial development
(Seelan et al., 2021). Researchers are in-
terested in the potential contribution of
folate in preventing disorders related to
CNS development, dementia, including
Alzheimer’s disease, and aging. The pre-
cise process by which folate functions in
the development of the neural tube and
brain is still not fully comprehended.
The family of growth factors, includ-
ing NGF, plays a vital role in brain de-

CCND1 expression in folate treated, Sham and OFA treated
control groups @Sham
5 2,5
z mControls
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[ 5 1
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Figure 4. In the cerebral cortices of folic acid treated (FA] embryos on E11, the expression of
CCND1 was 1.77 + 0.38-fold change, while in the Sham and control groups, it was 1.18 + 0.25
and 1.11 + 0.28-fold change, respectively. Comparatively, the CCND1 expression in the folic
acid treated cortices showed a significant increase compared to both the Sham and control
groups (P=0.001 and 0.0008, respectively]. However, there was no significant difference in
CCND1 expression between the Sham and control groups (P=0.6).
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Figure 5. NGF expression in the cerebral cortices of folic acid treated (on E11), Sham, and
control groups was 1.92 + 0.50, 1.12 + 0.25, and 1.04 + 0.21-fold change, respectively. The folic
acid treated cortices showed increased NGF expression compared to the Sham and control
groups (P=0.0006 and 0.0002, respectively); however, there were no significant differences

between the Sham and control groups (P=0.5).

velopment by supporting neural cell
proliferation, maintaining specific neu-
ronal populations, and promoting axon-
al growth through the activation of the
tyrosine kinase TrkA and p75 receptors
(Aloe et al, 2016). NGF supports the
survival, growth, and regulation of the
neuron life cycle, as well as the differen-
tiation of neuronal cells in both the cen-
tral nervous system and the peripheral
nervous system during development and
adulthood. There is a suggestion that FA
might enhance the repair of peripheral
nerve injuries by stimulating the prolifer-
ation and migration of Schwann cells and
promoting the secretion of NGF (Ama-
doro et al., 2021).

This study investigated the effects of
administering FA in ovo on the expres-
sion of mir-let-7k-5p, CCND1, and NGF
in the developing chicken cerebral cor-
tex. Previous findings demonstrated that
supplementing folate during the early
stages of life impacted gene expression in
weaning mice and resulted in long-term

behavioural deficiencies in adult mice
in a dose-dependent manner (Chu et al.,
2019). Studies have suggested that folate
induces alterations in promoter methyla-
tion within the CpG island of the TSSK3
gene. It has been noted that providing FA
supplementation during the early stages
of life could prevent changes in promoter
methylation status and gene expressions
in the livers of animal models with intrau-
terine growth restriction (IUGR) (Jing-Bo
et al., 2013). The expression of genes in-
volved in regulating food intake may be
influenced by maternal FA supplementa-
tion, according to Huot et al. (2016). Re-
search revealed that injecting FA on the
first day of incubation can enhance gene
expression and performance in broilers
(Gamboa Gonzales et al., 2023). Addition-
ally, a study found that moderate FA sup-
plementation throughout pregnancy and
lactation results in sex-specific changes in
gene expression in the brains of mouse
embryos at day 17.5 and in 30-day-old
mouse pups, affecting genes related to
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angiogenesis, neurotransmission, and
neuronal growth and development. It has
also been shown to cause changes in gene
expression and behaviours in mouse fe-
male offspring (Yang et al., 2021). Further-
more, research has found that vitamin
B12-FA supplementation can regulate the
expression of neuronal immediate early
genes (nIEGs) and enhance the dendritic
arborisation of hippocampal neurons and
memory in elderly male mice (Barman et
al.,, 2021). Lastly, supplementation with
FA during late gestation or throughout
pregnancy has been linked to a signifi-
cant decrease in Er-a gene expression in
the liver. Moreover, maternal FA supple-
mentation impacts tissue folate concen-
trations, DNA methylation, and gene ex-
pression in the offspring in a manner that
depends on the gestation period and the
specific organ (Ly et al.,, 2016). Supple-
menting maternal FA could significantly
improve the expression of DNMT-1 and
Bcl-2 genes while reducing the expres-
sion of p53, Bax, Mpg, and Apex-1 in the
jejunum section of IUGR piglets. IUGR
hinders intestinal development and the
expression of apoptosis-related genes in
piglets, but maternal FA supplementa-
tion can enhance the expression of apop-
tosis-related genes in the jejunum section
of the intestine (Liu et al., 2011). FA has
the ability to modify the gene expression
of neurotrophins, including BDNF (Raze-
ghi et al., 2023).

Additionally, multiple research stud-
ies have indicated that FA can induce
changes in miRNA expression. Research-
ers have demonstrated that the adminis-
tration of FA led to alterations in the ex-
pression of gga-miR-182-5p and gga-miR-
190a-3p in the cerebral cortex of chicken
embryos (Razeghi et al., 2023; Heydari et
al., 2024). It has been proposed that FA
may influence the epigenetic regulation
of hepatic microRNAs (miR-21, -34a, and

-122) and the expression of their target
genes (HBP1, SIRT1, and SREBP-1c¢) in
rats (Salman et al., 2022). A study by Li
et al. (2018) suggested that maternal FA
deficiency triggers neuronal apoptosis
through microRNA-34a associated with
Bcl-2 signalling in rat offspring. Moreo-
ver, it was found that FA protected neu-
ronal cells from aluminium-maltolate-in-
duced apoptosis by averting the decrease
of miR-19 and adjusting the miR-19 relat-
ed downstream PTEN/AKT/p53 pathway
(Zhu et al., 2016). In the brains of mice, FA
has the ability to decrease the expression
of miR-106a-5p, miR-200b-3p, and miR-
339-5p (Liu et al., 2015). There is a sug-
gestion that miRNA mis-regulation and
the down-regulation of mir-10a might be
associated with FA deficiency and NTDs
(Shookhoff and Gallicano, 2010). It has
been proposed that the folate receptor
alpha (FRa) operates by directly stim-
ulating the production of miRNAs that
target these genes or their effector mole-
cules (Mohanty et al., 2016). Research has
shown that paternal folate could influ-
ence lipid and glucose metabolism in the
offspring of broiler chickens over multi-
ple generations, and the transmission of
epigenetic changes might involve modi-
fications in sperm miRNAs and IncRNAs
(Wu et al., 2019).

One of the primary events in brain de-
velopment is cell proliferation. Cyclin-D1
(CCND1) is widely recognised for its role
in promoting the G1-S transition of ac-
tively dividing cells in partnership with
CDK proteins. It has been documented
that CCND1 enhances the proliferation
of cerebellar granule cell progenitors
(GCPs) (Pogoriler et al., 2006). Previous
studies have demonstrated that adding
FA to the diets of cows led to an increase
milk production and levels of insulin-like
growth factor-1 and oestradiol in the se-
rum. These findings suggested that FA
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stimulates the proliferation of bovine
mammary gland epithelial cells (BMECs)
by amplifying the expression of prolifer-
ating cell nuclear antigen (PCNA), cyclin
A2 and cyclin D1 (CCND1), and cyclin
Al (Zhang et al., 2023). The absence of FA
has been observed to lead to a reduction
in cell proliferation, disruption of the cell
cycle, and the onset of cellular senescence
in myoblasts, suggesting that FA defi-
ciency affects the development of skeletal
muscle (Hwang et al., 2018). Experiments
conducted in vitro have demonstrated
that culturing cells in folate-depleted me-
dia leads to decreased cell proliferation,
differentiation, and survival in the rat
H19-7 hippocampal cell line (Akchiche
et al., 2012). Furthermore, the addition of
FA has been shown to enhance the pro-
liferation of embryonic neural stem cells
(NSCs). Embryonic NSCs respond to FA
by increasing Notch signalling and cell
proliferation. This mechanism could po-
tentially explain the impact of FA supple-
mentation on neurogenesis in the embry-
onic nervous system (Liu et al., 2010).

Proper brain growth requires normal
cell proliferation, in which factors such as
cyclins play an important role. Cyclin D1
(CCND1) expression is highly elevated
in the developing brain, as reported by
Chen et al. (2005). Folate, a member of the
vitamin B family, plays a role in methyl-
ation reactions necessary for nucleotide
synthesis, supporting rapid growth by
enabling DNA synthesis in rapidly divid-
ing cells. Therefore, this study aimed to
assess the effect of in ovo administration
of folate on mir-let-7k-5p, CCND1, and
NGF expression in the cerebral cortex of
chicken embryos.

The investigation into how FA defi-
ciency leads to NTDs is currently a signif-
icant area of study. FA is a crucial nutri-
ent involved in regulating DNA synthesis
during brain cell proliferation and plays

a key role in regulating DNA methyla-
tion. Epigenetic mechanisms are essential
for normal development of the neural
tube and brain. NTDs may be caused by
impaired DNA methylation (Barbour et
al., 2012). Regardless of the mechanism, it
has been suggested that FA supplemen-
tation in pregnant women could prevent
20-30% of NTDs in humans.

In summary, the study’s findings in-
dicated that administering FA in ovo led
to a decrease in gga-mir-let-7k-5p expres-
sion and an increase in the expression of
its two target genes, CCND1 and NGF, in
the developing cerebral cortex of chick-
ens. Gaining a better understanding of
how FA might impact the expression of
genes and miRNAs related to cerebral
cortex development, and whether this
could contribute to NTDs, will enhance
our understanding of brain development
and potentially pave the way for new
treatments to further reduce their occur-
rence.
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Ucinak in ovo primjene folne kiseline na ekspresiju
gga-mir-let-7k-5p, ciklina D1 (CCND1) i faktora rasta zivaca

(NGF) u cerebralnom korteksu embrija pilica

Tara KHOSHKENAR, MSc, Farhad MASHAYEKHI, PhD, Professor, Mahshad MOTTAGH],
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of Guilan, Rasht, Iran

Folat je kljucan za prikladan razvoj mozga.
CCNDT1 gen je odgovoran za sintezu ciklin D1 bje-
lancevine, koja olaksava diferencijaciju i prolifera-
ciju neurona. Faktor rasta zivaca (NGF) kljucan je
za prezivljavanje i sazrijevanje neurona. MikroRNK
(miRNK) su ukljucene u reguliranje razlicitih faza
neurogeneze, ukljucujuci proliferaciju neuralnih
maticnih stanica i diferencijaciju neurona. S cbzi-
rom na vaznu ulogu folne kiseline (FA) u regulaciji
ekspresije gena, nas je cilj jest procijeniti ucinke in
ovo injektiranja FA na razine ekspresije mir-let-7k-
5p, CCND1 i NGF u cerebralnom korteksu embrija

pilica. U ovoj studiji bilo je ukljuceno ukupno 120
jaja za valjenje. Od toga, u 40 jaja su ubrizgane
injekcije FA u amnionsku tekucinu pri dozi od 150
ug po jajetu, 40 jaja je primilo injekcije PBS-a (pla-
cebo) na embrionalni dan 11, dok je preostalih 40
jaja sluzilo kao kontrola skupina bez injekcija. Pri-
kupljena su kortikalna tkiva na embrionalni dan 19,
a PCR je koriSten u stvarnom vremenu za analizu
ekspresije mir-let-7k-5p, CCND1 i NGF. Rezultati
su pokazali da su razine ekspresije gga-mir-let-7k-
5p u skupini koja je primala FA, onoj koja je pri-
mala placebo te u kontrolnoj skupini bile 0,46+0,09,
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0,73+0,18, odnosno 0,76+0,17-struka promjena.
Uz to, razine ekspresije CCND1 su zabiljezene pri
1,77+0,38, 1,18+0,25, odnosno 1,11+0,28-strukoj pro-
mjeni, dok su razine NGF pokazale slicne obrasce
pri 1,92+0,50, 1,12+0,25, odnosno 1,04+0,21-strukoj
promjeni (P<0,05). Statisticka analiza pokazala je
znacajno povecanje ekspresije CCND1 i NGF, uz
smanjenje ekspresije gga-mir-let-7k-5p u korteksi-
ma skupine tretirane s FA u usporedbi s kontrol-
nom skupinom. To ukazuje da in ovo primjena FA
povecava ekspresiju CCND1 i NGF, uz istovreme-

no smanjenje ekspresije gga-mir-let-7k-5p u cere-
bralnom korteksu pilica u razvoju. Povecavanje
naseg znanja kako folat utjece na aktivaciju gena i
miRNK povezano s razvojem cerebralnog korteksa
i njegova potencijalna veza s ostecenjima neuralne
cijevi (NTD), unaprijedit ¢e naSe znanje o razvoju
mozga, a moglo bi rezultirati i novim pristupima
lijecenju za dodatno smanjenje pojavnosti ovih ab-
normalnosti.

Kljucne rijedi: folat, miRNK, ekspresija gena, mo-
zak, embrij pilica
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