
The rabbit (Oryctolagus cuniculus) is suitable for 

experimental testing, particularly in the fields of rege-

nerative medicine and medical clinics. For these spe-

cies, ovulation is triggered by mating, allowing for the 

precise determination of embryonic age (measured in 

hours post-coitum). Sexual maturity is reached at a-

round 4-5 months of age, and the gestation period 

lasts for 31 days (1). Throughout the morula stage (up 

to the 16-cell stage), the embryo is a compact sphere 

of cells between which strong intercellular connections 

are first established. Shortly after, the blastocyst stage 

is reached, in which two areas are differentiated: the 

inner cell mass (ICM) made up of the pluripotent epi-

blast (EPI) and the hypoblast cells (HP) in the gastrula 

stage, as well as the trophectoderm (TE), which will 

later form the placenta (3). In rabbits, the blastocyst is 

developed in 3-6 days, and the time interval between 

the onset of cavity establishment (day 3 of embryonic 

development) and implantation (day 7) is considera-

bly extended. At the time of implantation, the embryo 

reaches approximately 5 mm in diameter, consisting of 

an average of 5000 cells. During this period, embry-

onic development progresses through the processes 

of trophoblast differentiation, hypoblast migration and 

the onset of gastrulation on day 6, shortly before im-

plantation (10). Yamanaka factors, also called cell re-

 „Yamanaka”factors are known for their ability to 

reprogram somatic cells into pluripotent stem cells, 

i.e., cells with the potential to differentiate into mul-

tiple cell types. In this study, we evaluated the gene 

expression of „Yamanaka” factors in embryos obtained 

from gonadotropin-stimulated rabbits. To induce ovu-

lation and obtain embryos at various stages of early 

development, the rabbits were stimulated with extra-

pituitary gonadotropins. We extracted total RNA from 

these embryos and analysed the expression level of 

„Yamanaka” factors such as Oct4, Sox2, Klf4, and c-

Mycusing molecular techniques such as RT-PCR or 

qPCR. Preliminary results indicate a detectable pre-

sence of „Yamanaka” factors in rabbit embryos, su-

ggesting that these factors may also be expressed in 

this species. Following the experimental study, we ob-

tained the following levels of gene expression: in the 

case of groups 3, 4, and 6, the expression of the four 

genes was expressed most intensively, while for 

groups 1 and 5, the gene expression was weakly ex-

pressed. Thanks to these results, it can be demonstra-

ted that the gene expression of „Yamanaka” factors is 

best expressed in the morula and blastocyst stages.
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 Factorii „Yamanaka” și anume, factorii de transcrip-

ție Oct4, Sox2, Klf4 și c-Myc sunt cunoscuți pentru ca-

pacitatea lor de a reprograma celulele somatice în celule 

stem pluripotente, adică celule cu potențial de diferenți-

ere în mai multe tipuri de celule. În acest studiu, am 

evaluat expresia genică a factorilor „Yamanaka” la em-

brionii obținuți de la iepuroaice stimulate cu gonadotro-

pine. Pentru a induce ovulația și a obține embrioni în di-

ferite stadii de dezvoltare timpurie, iepuroaicele au fost 

stimulate cu gonadotropine extrahipofizare (hCG, PMS 

G). S-a extras ARN-ul total din acești embrioni și s-a a-

nalizat nivelul de expresie al factorilor „Yamanaka”, pre-

cum Oct4, Sox2, Klf4 și c-Myc, folosind tehnici mole-

culare precum RT-PCR sau qPCR. Rezultatele prelimi-

nare indică o prezență detectabilă a factorilor „Yamana-

ka” în embrionii de iepure, sugerând că acești factori pot 

fi exprimați și la această specie. În urma studiului expe-

rimental s-au obținut următoarele niveluri ale expresiei 

genice: în cazul loturilor 3,4 și 6 expresia celor patru ge-

ne a fost exprimată cel mai intens, în timp ce pentru 

loturile 1 și 5 expresia genică a fost slab exprimată. Da-

torită acestor rezultate se poate demonstra faptul că 

expresia genică a factorilor „Yamanaka” este cel mai bi-

ne exprimată în stadiile de morulă și blastocist.

Cuvinte cheie: embrioni de iepure, expresie genică, 

gonadotropine, qR-PCR
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programming factors, are a group of four transcription 

factors that can reprogram specialised cells into pluri-

potent stem cells. The factor Oct4 (Octamer-binding 

transcription factor 4), encoded by the POU5F1 gene, 

is an essential transcription protein for maintaining the 

pluripotency of embryonic stem cells. During blasto-

cyst formation, the expression of Oct4 remains high in 

the inner cell mass (ICM) and is not expressed in the 

trophoectoderm. After embryo implantation, the tran-

sient regulation of Oct4 in a group of inner cell mass 

cells initiates their differentiation into primary endo-

derm cells (hypoblasts). Subsequently, Oct4 expre-

ssion is reduced in these cells (11). During gastrula-

tion, Oct4 decreases and becomes limited to the pri-

mordial germ cells (9). Sox2 (the SRY-box containing 

gene 2) is also a key transcriptional protein for main-

taining stem cell pluripotency and regulating cell diffe-

rentiation. This gene acts in parallel with POU5F1by 

regulating the expression of target genes involved in 

the maintenance of pluripotency. Also, the gene is ex-

pressed both in the extraembryonic ectoderm, in the 

outer layer of the blastocyst (trophoblast), and in neu-

ral stem cells. Forced expression of the POU5F1 gene 

can compensate for the loss of the Sox2 gene in ESCs, 

suggesting that the main role of the Sox2 gene in plu-

ripotent cells is to control the expression of the POU 

5F1gene. However, iPSCs (induced pluripotent stem 

cells) cannot be generated without Sox2 gene expre-

ssion (18). The Klf4 factor (Kruppel-like factor 4) is a 

transcription protein that controls the expression of 

genes involved in cell proliferation and the regulation 

of cell differentiation. The fact that the Klf4 factor is re-

quired for the efficient generation of iPSCs could be 

explained by its role in maintaining the pluripotency of 

embryonic cells. Klf4 gene expression was observed to 

be stimulated by leukaemia inhibitory factor (LIF), 

which maintains pluripotency in mouse ESCs. In addi-

tion, Klf4 enables the maintenance of self-renewal ca-

pacity in iPS cells through its cooperation with the c-

Mycgene. In iPS cells, there is a balance between 

these two factors, in which Klf4 suppresses c-Myc-in-

duced apoptosisand c-Myc neutralises the cytostatic 

effect of the Klf4 gene, thus maintaining the immor-

tality of iPS cells (20). The c-Myc(Myc proto-onco-

gene) oncoprotein regulates the transcription of genes 

that are associated with cell growth, proliferation, and 

apoptosis. c-Mycis involved in a wide range of cellular 

processes, including cell cycle control, metabolism, 

signal transduction, self-renewal, maintenance of plu-

ripotency, and control of cell fate decisions. c-Myc 

transcription factors also have clear roles in cell repro-

gramming and the establishment of the pluripotent 

state (17). The objective of the study was to analyse 

the expression of Yamanaka” factors (the Sox2, Oct 

4, Klf4, c-Myc genes) in several developmental stages 

(morula and blastocyst stages) of the rabbit's species.

MATERIALS AND METHODS

Animals

For this study, we used New Zealand female ra-

bbits. At the time of the experiments, the females 

were 4 months old and weighed 3–3.3kg.All females 

were housed in individual boxes with natural light and 

a temperature of 15–25°C. They were given water and 

commercial food (pellets) ad libitum.

In this study, we used rabbit embryos in different 

embryonic stages. Females were divided into four 

groups, with eight in each group. The biological mate-

rial from Group A was divided into two subgroups, one 

of which was stimulated with the male (A1-A3), and 

the second was unstimulated and designated as the 

control group (A5-A8). Group B received hormonal su-

perovulation therapy based on PMSG and HCG (B5-

B8), and some rabbits were also stimulated with the 

male (B1-B4) (Table 1).

Group B received 120 IU/female PMSG analogue 

(Folligon, MSD) intramuscularly, followed by 180 IU/ 

female HCG (Chorulon, MSD) 48 hours later, but 6 

hours before mating. The embryos were harvested by 

washing the oviducts and uterine horns with PBS (137 

mM Sodium chloride, 2.7 mM Potassium Chloride, and 
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10 mM Phosphate Buffer/100 mL, VWR Life Science) 

after the ovariohysterectomy operation. The embryos 

were harvested using 10 ml of Phosphate Buffer Solu-

tion (PBS) supplemented with 0.2% Bovine Serum Al-

bumin (BSA) for each oviduct/uterine horn. The har-

vest fluid was collected in Petri dishes and examined 

under a stereo loupe. The identified embryos were 

transferred to Petri dishes and noted in the laboratory 

register. To analyse the efficiency of the treatments to 

which the experimental groups were subjected, the 

Anova One-Way test was used at a significance thresh-

old of p<0.05.

Quantitative studies of gene expression 

using the reaction qR-PCR

Protein sequences were transcribed into corre-

sponding mRNA sequences. The obtained mRNA se-

quences were then transcribed into cDNA sequences. 

The sequences of the specific primers for the indicator 

genes of the pluripotency process were taken from the 

specialised literature. Oligonucleotides were synthe-

sised in Eurogentec laboratories in Belgium and pur-

chased for use in this study. The sequences of the pri-

mers used throughout this study are listed in Table 2. 

RNA extraction and determination 

of the quality and quantity of nucleic acids

The extraction and purification of the total RNA 

from the samples were carried out with the Total RNA 

Isolation System kit (Promega, USA).The quantity 

and quality of the extracted RNA were verified by the 

spectrophotometric method with the UV-VIS spectro-

photometer Nanodrop 8000 (Thermo Scientific). 

Complementary DNA synthesis

cDNA was synthesised using the Hight-capacity 

cDNA Reverse Transcription kit (Thermo Scientific, Li-

thuania).The solution thus prepared is transferred to 

ice, 10µl of RNA is added, mixed gently, and then tran-

sferred to the thermocycler. The synthesis and amplifi-

cation programme consisted of maintaining the sam-

ples at 25°C for 10 minutes, then at 37°C for 120 min. 

Reverse transcriptase activity was stopped by keeping 

the samples at 85°C for 5 minutes (Table 3). The quan-

tity and quality of cDNA were verified by the spectro-

photometric method using the UV-VIS spectropho-

tometer Nanodrop 8000 (Thermo Scientific) (Table 4).

Table 3

The composition 

of the reverse transcription reaction

qPCR reactions 

for assessing gene expression

The kit used for the qPCR reactions was the GoTaq 

qPCR Master Mix Kit (Promega USA). It is a ready-to-

use solution optimised for the quantitative PCR reac-

tion. It includes a DNA polymerase (GoTaq DNA Poly-

merase) and dNTPs (nucleotide triphosphate) in a bu-
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ffer optimised for PCR.It contains a dye,SYBR GREEN, 

and is supplemented with the passive reference dye, 

ROX. Each sample was analysed in two repetitions. In 

order to have a control for each individual primer, a 

sample without a cDNA template was analysed. The 

gene expression ratio was normalised with the expre-

ssion value of the β-actin gene, a gene with a constitu-

tive expression value. For all samples, the number of 

threshold cycles (Ct) was determined. The Δ (ΔCt) 

method was used for relative quantification. 

RESULTS AND DISCUSSIONS

Standardising an effective superovulation stimula-

tion protocol will lead to maximum production of oocy-

tes, zygotes, and ultimately embryos. Ovulation in the 

rabbit does not occur spontaneously but is induced after 

mating by the secretion and increase in the level of lute-

inizing hormone (LH). Ovulation has been found to o-

ccur 10–12 hours after the LH surge (14). In addition to 

other hormonal protocols, purified menopausal serum 

gonadotropin (PMSG) and human chorionic gonadotro-

pin (HCG) can be used to enhance fertility in rabbits (5). 

Analysis of the expression results 

for the Sox2 gene

During the embryogenesis process in the rabbit, 

the gene expression of the Sox2 gene shows a specific 

pattern of regulation. It is observed that the gene ex-

pression level of the Sox2 gene is lower in all develop-

mental stages except the eight-cell and blastocyst sta-

ges. At the eight-cell stage, which occurs after repea-

ted division of the initial zygote, an increase in Sox2 

gene expression is observed. This may be associated 

with its important role in maintaining cell pluripotency 

and early embryonic development. Sox2 is a key tran-

scription factor in the differentiation and maintenance 

of pluripotent stem cells (2). 

There was a gene overexpression of group 4 in the 

morula stage, group that was stimulated with the male 

and hormones, compared to the control group, which 

was not stimulated (Fig.1).

Fig.1. Graphical analysis 

of Sox2 gene expression values

Treatment with LH and FSH can further contribute 

to the growth and development of the embryo. Al-

though FSH alone can induce follicular growth, small 

amounts of LH are required to support follicular deve-

lopment. LH exerts a direct effect on the stimulation 

and modulation of folliculogenesis. LH also regulates 

itself directly by activating LH receptors. Activation of 

this receptor results in upregulation of cyclooxyge-

nases 1, 2, and 5, oviductal glycoprotein (OGP), endo-

thelin 1, and endothelin receptors type A and B. All of 

these have important roles in various oviductal func-

tions. Thus, the oviduct contains LH receptors, and 

their activation results in an increased synthesis of 

OGP that binds to the embryo and contributes to its 

growth and development (4, 21). Pronounced gene 

expression is also highlighted in the case of group 6, 

which was stimulated only with the male, and the ana-

lysis was carried out for the blastocyst stage. At the 

blastocyst stage, which is the later stage of early em-

bryonic development, there is a significant increase in 

Sox2 gene expression.

Although Sox2 gene expression is initially detected 

at the morula stage, in the later stages of development 

it becomes more specifically localised in the inner cell 

mass of the blastocyst. Thus, embryos at this stage 

show a greater potential for development, and the sig-

nificant increase in the expression of the Sox2 gene 

can be related to the essential role of the gene in the 

formation of the inner cell layer of the blastocyst that 

will later give rise to the embryo.This might be the rea-

son why we observed an overexpression of the Sox2 

gene at this stage of embryonic development (8, 15). 

Considering group 5, which was stimulated with 

the male and hormones, gene expression is reduced 

due to the fact that it was in the degraded morula em-

bryonic stage. A poor-quality morula shows several 

cells and fragments excluded from the main mass of 

compacted cells. Thus, if the morula was of good quali-

ty, Sox2 gene expression would have been present in 

adjacent cells.

Analysis of the expression results 

for the Oct4 gene

The expression level of the Oct4 gene increases at 

the oocyte stage, indicating an important role of this 

gene in early embryo development. With oocyte fertili-

zation and zygote formation, Oct4 continues to be 

expressed and maintained throughout all embryonic 

stages. This persistent expression of the Oct4 gene su-

ggests that it plays an essential role in the mainte-

nance of cell pluripotency and embryonic development 

(9).The expression level of the Oct4 gene increases in 

the oocyte stage, indicating an important role for this 

gene in early embryo development. With oocyte fertili-

sation and zygote formation, Oct4 continues to be ex-

pressed and maintained throughout all embryonic sta-
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ges. This persistent expression of the Oct4 gene su-

ggests that it plays an essential role in the mainte-

nance of cell pluripotency and embryo development 

(13). In our experiment, Fig. 2 highlights the gene 

overexpression recorded in group 4 (morula stage), 

which was stimulated with the male and hormones 

(Fig.2).

Fig. 2. Graphical analysis 

of Oct4 gene expression values

A gene overexpression is evident both in group 3, 

which was male and hormonally stimulated and is in 

the blastocyst stage, and in group 6, which is also in 

the blastocyst stage but without hormonal stimula-

tion. Functionally, Oct4 is essential for early embryonic 

development.Throughout the morula stage,Oct4 gene 

expression is abundant and uniform in all embryonic 

cells. However, as the outer cells of the embryo diffe-

rentiate into the trophectoderm, gene expression be-

comes restricted to cells in the inner cell mass of the 

blastocyst. When primitive endoderm cells differen-

tiate and migrate away from the ectoderm, their Oct4 

protein levels transiently increase.Subsequently, Oct4 

gene expression is inhibited in the primitive endoderm 

and maintained in the epiblast, concurrent with em-

bryo implantation and gastrulation (12).Finally, Oct4 

gene expression becomes restricted to primordial 

germ cells (PGCs), which are first specified in the ex-

traembryonic mesoderm at the base of the allantois 

bud during gastrulation. PGCs give rise to gametes 

that, after fertilisation will develop into a new orga-

nism in the next generation (6).Thus, considering the 

in vivo experimental model, it was highlighted that the 

Oct4 gene was clearly expressed in all samples taken, 

but at a higher level in group 3, followed by group 6, 

group 4, group 1, and experimental group 5 compared 

with control group cells.

Analysis of expression results 

for the Klf4 gene

The gene expression of the Klf4 gene during em-

bryonic development in the rabbit shows a similarity 

with the expression of the Oct4 gene. The expression 

level of the Klf4 gene increases from the oocyte stage, 

as with the Oct4 gene and is maintained throughout all 

stages of embryonic development (7).This increase in 

Klf4 gene expression from the oocyte stage suggests 

an important role forthis gene in early embryonic de-

velopment. As the embryonic develops, Klf4 gene ex-

pression remains constant and is maintained through-

out the various stages of embryonic development. No 

significant differences in Klf4 gene expression can be 

observed in the analysed groups, with the exception of 

group 5, due to the fact that it was in the degraded 

morula stage. The well-exemplified gene expression is 

justified by the fact that the Klf4 gene, according to the 

specialized literature, is maintained during all stages 

of embryonic development(Fig. 3).

Fig. 3. Graphical analysis 

of Klf4 gene expression values

Analysis of the expression results 

for the c-Myc gene

The c-Myc gene plays important roles in cellular 

processes such as DNA replication and cell cycle con-

trol. This means that the c-Mycgene contributes to the 

regulation of cell division and ensures correct DNA re-

plication during the cell cycle (19).

Fig. 4. Graphical analysis 

of c-Myc gene expression values

Another interesting aspect of c-Mycis how it affects 

apoptosis, the process by which cells programmed to 

die are removed from the body. c-Myccan modulate 

apoptosis, meaning it can influence cell survival or 
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death in various physiological and pathological contexts 

(16). In this study, the level of c-Mycgene expression can 

be detected at a low level in group 5, and higher levels can 

be detected in group 6, followed by groups 4, 3, and 1 

(Fig. 4). This can be correlated with the fact that the gene 

has increased expression at the blastocyst stage present 

in group 6, and the degraded morula stage embryos in 

group 5 show reduced gene expression.

In this paper, some similarities were found between 

the analyses carried out for the four genes. For example, 

the overexpression of the four genes was recorded in 

groups 3, 4, and 6, these being in the morula and blasto-

cyst stages. Also, the levels and expression patterns of 

these genes may vary depending on certain stimuli, such 

as the gonadotropins used in this study. In the cases of 

the groups to which the analogue hormones FSH and LH 

were administered, an overexpression of the Oct4, Sox2, 

Klf4, and c-Myc genes was found, with the exception of 

group 5, in which there was a degraded morula stage.

CONCLUSIONS

The overexpression of the four assessed genes was 

recorded in groups 3, 4, and 6, these being in the morula 

and blastocyst stages.Sox2 this gene was much more 

intensely expressed in the stage of morula quality I than 

in the blastocyst stage. In the cases of the groups to 

which the analogue hormones FSH and LH were admi-

nistered, an overexpression of the Oct4, Sox2, Klf4, and 

c-Myc genes was found, with the exception of group 5, in 

which there was a degraded morula stage. 

The gene expression of „Yamanaka” factors is best ex-

pressed in the morula and blastocyststages. Due to the 

obtained results, it can be demonstrated that the gene 

expression of „Yamanaka” factors is best expressed in the 

morula and blastocyst stages.

REFERENCES

1. Ajayi F., Balogun O., Ovuru S., Mgbere O., (2005), 

Reproductive performance of rabbits fed maize-milling 

waste-based diets. African J Biotechnol, 4(5):439-443

2. Avilion A., Nicolis S., Pevny L., Perez L., Vivian N., 

Lovell-Badge R., (2003), Multipotent cell lineages in 

early mouse development depend on SOX2 function. 

Genes Development, 17:126-140

3. Calle E., García L., Blasco A., Argente M., (2017), 

Correlated response in early embryonic development in 

rabbits selected for litter size variability, World Rabbit 

Science, 25(4):323-327

4. Cortell C., Salvetti P., Thierry J., Viudes-de-Castro M.P., 

(2015), Effect of different superovulation stimulation 

protocols on adenosine triphosphate concentration in 

rabbit oocytes. Zygote, 23:507-513

5. Ewuola E., Amao, T., Jones B., Oni A., Adeyemi A., 

Lawanson A., (2016), Influence of human chorionic go-

nadotropin on the fertility rate in artificially inseminated 

rabbit does. Journal of Animal Science, (2):322-328

6. Foygel K., Choi B., Jun S., Leong D.E., Lee A., Wong C. 

C., (2008), A novel and critical role forOct4 as a regula-

tor of the embryonic transition, PLoS One, 3:e4109

7. Ghaleb A., Katz P., Kaestner K., Du X., Yang V., (2007), 

Kruppel-like factor 4 exhibits antiapoptotic activity fo-

llowing gamma-radiation-induced DNA damage. Onco-

gene, 26(16):2365-2373

8. Guo G., Huss M., Tong G.Q., Wang C., Li Sun L., Clarke 

N.D., Robson P., (2010), Resolution of cell fate deci-

sions revealed by single-cell gene expression analysis 

from zygote to blastocysts. Developm Cell, 18:675-685

9. Hay D.C., Sutherland L., Clark J., Burdon T., (2004), 

Oct-4 knockdown induces similar patterns of endoderm 

and trophoblast differentiation markers in human and 

mouse embryonic stem cells.Stem cells,22(2):225-235

10. Joung S.J., Kim H.J., Choi W.S., Im K.S., Park C.S., 

(2004), Effects of transferring in vitrocultured rabbit 

embryos to recipient oviducts on mucin coat deposition, 

implantation and development. Zygote, 12(3):215-219

11. Niwa H., (2007), How Is Pluripotency Determined and 

Maintained? Development, 134(4):635-646

12. Nordhoff V., Hubner K., Bauer A., Orlova I., Malapetsa 

A.,Scholer HR.,(2001),Comparative analysis of human, 

bovine, and murine Oct-4 upstream promoter sequen-

ces. Mammalian Genome, 12:309-317

13. Pan G., Chang Z., Schöler H., Pei, D., (2002), Stem cell 

pluripotency and transcription factor OCT4.Cell 

Research, 5-6:321-329

14. Saratsi A., Tsiligianni T., Besenfelder U., Anastasiadis 

A., Vainas E., Brem G., (2018), Induction of multiple 

ovulation in rabbits using PMSG and Hcg. Journal of The 

Hellenic Veterinary Medical Society, National Documen-

tation Centre (EKT), 53(3):228

15. Tao J., Tamis R., Fink K., Williams B., Nelson-White T., 

Craig R., (2002), The neglected morula/compact stage 

embryo transfer. Human Reproduction, 17:1513-1528

16. Welcker M., Orian A.,Jin J., Grim J., E., Harper J., Eisen-

man R. Clurman B., (2004), The Fbw7 tumor suppre-

ssor regulates glycogen synthase kinase 3 phosphory-

lation-dependent C-MYC protein degradation, Proceed 

of the National Acad of Sciences, 101(24):9085-9090

17. Wernig M., Meissner A., Cassady P., Jaenisch R., 

(2008), Myc is dispensable for directreprogramming of 

mouse fibroblasts, Cell Stem Cell, 2:10-12

18. Wicklow E., Blij S., Frum T., Hirate Y., Lang R.A., Sasaki 

H., (2014), HIPPO pathway members restrict SOX2 to 

the inner cell mass where it promotes ICM fates in the 

mouse blastocyst. PLoS Genetics, 10(10):e1004618

19. Wood M.,Mcmahon S., Cole D., (2000), An ATPase/ he-

licase complex is an essential cofactor for oncogenic 

transformation by C-MYC.Molecular Cell, 5(2):321-330

20. Zhao W., Hisamuddin I., Nandan M., Babbin B., Lamb 

N., Yang V.,(2004), Identification of Kruppel-like factor 

4 as a potential tumour suppressor gene in colorectal 

cancer. Oncogene, 23:395-402

21. Zheng M., Shi H., Segaloff DL., Van Voorhis BJ., 

(2001), Expression and localization of luteinizing hor-

mone receptor in the female mouse reproductive tract 

Biology of Reproduction, 64:179-187.


