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1. Introduction

Mammals have a limited capacity to regenerate their 
tissues. Tissue regeneration can be occurred either through 
the activation of somatic stem cells, located in a niche 
or by inducing proliferation of the differentiated cells. 
Some other vertebrates, however show more extensive 
regenerative capacities than mammals. In certain cases, 
this potential would lead to complete replacement of 
limb (Dean 2015). Reprogramming of differentiated 
somatic cells to be adverted to their pluripotent state is a 
favorable approach in regenerative medicine. Generation 
of reprogrammed somatic cells was first demonstrated in 

mammals by somatic cell nuclear transfer (SCN) technology 
(Hara et al., 2016; Mizutani et al., 2016; Rao et al., 2015). 
Embryonic stem (ES) cells, embryonal carcinoma (EC) 
cells and embryonic germ (EG) cells can induce nuclear 
reprogramming after their hybridization with somatic 
cells (Jaenisch and Hochedlinger, 2015; Pfeiffer  et  al., 
2013; Wang et al., 2016; Xu et al., 2016). Takahashi and 
Yamanaka in 2006 (Takahashi and Yamanaka, 2006) 
showed that over-expression of 4 genes (Oct4, Sox2, 
c-Myc, and Klf4) in mouse embryonic fibroblasts (MEFs), 
changed the properties of the cells in favor of embryonic 
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Resumo
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syringe. Each extract, was filter-sterilized using the standard 
micro filters (0.22 μm), and stored in a sterile microtube 
at –20 °C for further use.

2.3. Retinoic acid (RA) treatment of NTERA2 cells

NTERA2 cells were seeded at a density of 106 cells per 
T25 flask and treated with RA (10–5 M). 5µl of the stock 
solution (10–2 M) of RA solution was added to one T25 flask 
with 5 ml working DMEM for 3 days.

2.4. Cell cycle analysis

Cell cycle analysis was performed using direct counting 
of the cell numbers and also flow cytometry method using 
Propidium Iodide (PI) as fluorescence reagent. In this study 
NT2 cells at approximately 65% confluency were induced 
towards differentiation (NT2-RA) with 10-5 M retinoic acid 
for three days and then subjected to 7.5% of the VH for 
three and six days and counted by neubauer lam. For PI 
test, equal amount of NT2, NT2-RA and NT2-RA-VH cells 
were washed with PBS and centrifuged at 200 x g. After 
that a hypotonic buffer (50 mg/ml propidium iodide in 
0.1% sodium citrate plus 0.1% Triton X-100; Sigma) was 
added directly to the cell pellet. The tubes were placed at 
4°C in the dark overnight before flow cytometric analyses. 
The propidium iodide fluorescence of individual nuclei 
was measured in the red fluorescence using a FacScan 
flow cytometer (Becton Dickinson), and the data were 
registered in a logarithmic scale.

2.5. Cell surface antigen analysis

The cells were detached from culture dish with trypsin/
EDTA. Cell surface antigen expression was assayed by 
flowcytometry. Briefly, cells were harvested and incubated 
in primary antibodies for 1 h at 4˚C. After two washes in 
wash buffer (5% FCS and 0.02% sodium aside in magnesium 
and calcium free Dulbecco’s phosphate-buffered saline 
(PBS), they were incubated in a FITC-conjugated secondary 
IgM antibody for 1 h. They were then resuspended in wash 
buffer and analyzed using a Becton Dickinson FacScan flow 
cytometer. SSEA1, SSEA3 and TRA-1-81 (kindly gifted by 
Prof. P. W. Andrews, Sheffield University, UK) were the 
surface antigens that were tested in this research. At the 
same time P3X63Ag8 (Kohler and Milstein, 1975) was used 
as a negative control. As these antibodies were raised in 
mouse, the secondary antibodies for this test were goat 
anti mouse IgM-FITC.

2.6. Western blotting

Cell lysis was performed by modified RIPA buffer (50 mM 
Tris-HCl, pH 7.4; 150 mM NaCl; 1 mM phenylmethylsulphonyl 
fluoride; 1 mM EDTA; 1% Triton X-100; 1% sodium 
deoxycholate; 0.1% SDS). The concentration of proteins 
in cell lysates was quantified by means of Bradford assay. 
Samples were electrophoresed using SDS-PAGE (12%) 
and blotted for 2 h with 100 volt onto PVDF membrane 
(Amersham Biosciences, Europe GmbH, Germany). Blots 
were incubated with the anti-OCT4 antibody (SC-5279, 
Santa Cruz Biotechnology) at dilutions 1:1,000 for 2 h. 
They were then incubated with the secondary antibody, 

stem (ES) cell properties. These cells were designated 
as induced Pluripotent Stem (iPS) cells (Hockemeyer 
and Jaenisch, 2016; Jaenisch and Hochedlinger, 2015; 
Wernig  et  al., 2007). Nonetheless, the use of iPS cells 
in a clinical setting have several limitations (Takahashi 
and Yamanaka 2013). Development of reprogramming 
methods without altering the genetic content of the 
reprogrammed cells would be of certain value. Recently, 
several small molecules and growth factors have been 
identified that greatly improve reprogramming efficiency 
(reviewed in Feng  et  al., 2009). Valproic acid (VPA), a 
histone deacetylase inhibitor; BIX01294, an inhibitor of 
the G9a histone methyl-transferase; RG108 and AZA, DNA 
methyltransferase (DNMT) inhibitors; and Tranylcypromine, 
an inhibitor of lysine-specific demethylase 1 are some of 
epigenetic regulating factors (Li et al., 2016, 2009). Vitamin 
C is a natural compound that is vital to human health. 
The discovery of vitamin C as a reprogramming enhancer 
arose from a metabolic study of the reprogramming process 
(Eid and Abdel-Rehim, 2016).

One of the mechanisms associated with natural 
regeneration is dedifferentiation. Dedifferentiation 
involves a terminally differentiated cell reverting back to 
a less differentiated stage from within its own lineage that 
allows the cell to proliferate again before redifferentiation. 
This process would lead to replacement of the lost cells. 
We have previously shown that application of VH to 
the experimental wounds improves the healing process 
efficiently in mammalian animals (unpublished data). This 
study is first step in examining the possible mechanism 
responsible for this property. Therefore this study sought 
to investigate the impact of the rabbit VH on proliferation, 
cell cycling, and self-renewal specific markers’ expression 
in the model cells of NTERA2.

2. Materials and Methods

2.1. Culture of NTERA2 cells

NTERA2 clone D1 (NT2/D1) is a hEC cell line, derived 
from the testicular teratocarcinoma (Andrews et al., 1984) 
and closely resemble to hES cells and the inner cell mass of 
human blastocyst stage embryos. The NTERA2 cells were 
grown in Dulbecco’s Modified Eagles Medium (DMEM) 
supplied with 10% fetal bovine serum (FBS), 100 U/ml 
penicillin, and 100 μg/ml streptomycin (all supplied by 
Gibco). These cells were kept at 37°C and 10% CO2 in the 
air. For passage, the NT2 cells were scraped by glass beads 
and reseeded 1:2.

2.2. Vitreous humor extraction

All the animal experiments were performed in 
accordance to the guide lines from bioethics committee of 
Ferdowsi University of Mashhad (FUM). Seven skeletally 
mature male, New Zealand white rabbits (age, 1 year, 
weight 2.5–3 kg) were purchased from Razi Institute, 
Mashhad, Iran. They were kept in soft bedding cages 
with free access to food and water. The vitreous humor 
was sucked out from the dorsal part of eyes using a fine 
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goat anti mouse IgG 2b, at dilutions 1:5,000 for 1 h at 
room temperature. This membrane was then equilibrated 
in reaction buffer (10 mM Tris-HCl, pH 8.0; 150 mM NaCl; 
and 0.1% Tween 20) at room temperature for 5 min and 
used for detection of the protein bands. For detection, the 
Horseradish Peroxidase and 3, 3-Diaminobenzidine HCl 
substrate (DAB) solutions was prepared by adding 0.003 ml 
of 30% H2O2 to 100 ml of DAB substrate (0.05% DAB in 
reaction buffer made fresh prior to use) and applied onto 
the equilibrated membrane until the protein bands appear.

2.7. Statistical analysis

Descriptive data were summarized as mean and/or 
percentage. A comparison between groups was performed 
through the one-way ANOVA. The collected data were 
analyzed in GraphPad Prism 8.0. P-values less than 
0.05 were considered statistically significant. Cell cycle 
analysis with PI method was measured and analyzed with 
WinMDI software.

3. Results

3.1. Proliferation and cell cycle analysis

NT2 cells at approximately 65% confluency, were treated 
with RA for three days, and then subjected to 7.5% VH and 
analyzed for the cycling behavior. After 3 and 9 days of 
seeding, the number of cells were determined by direct 
cell counting method (Figure 1), and shown that these 
numbers were considerably higher in the plates receiving 
VH. Further analysis of their cell cycle was also performed 
by flow cytometry following propidium iodide treatment 
(Figure 2 and Table 1). As expected the initial treatment of 
the cells by RA decreased the number of cells at S phase of 
the cell cycling. This drop was however reversed back to 
almost normal figures after treatment with VH at both time 
points of 3 and 6 days post treatments, P <0.05, P<0.01 vs 

control group, compared with NT2-RA cells, respectively 
(Figure 2 and Table 1).

3.2. Changes in expression of cell surface antigens

Result of flow cytometry after Treatment of the NT2 cells 
with RA showed that expression of SSEA3 and TRA-1-
81 decreased. The level of these antigens, after treatment 
with 7.5% and 15% VH for 6 days, took a reverse pattern 
and increased. Expression of SSEA1 after differentiation 
with RA increased but treatment with 15% VH decreased 
expression of SSEA1 (P <0.05) (Figure 3 and Table 2).

3.3. Expression analysis of OCT4 protein

NT2 cells are known as perfectly positive cells for 
OCT4 protein expression. The NT2 cells, examined by 
western blot in this experiment followed the same known 
pattern by expressing OCT4 protein. As expected this level 
of expression was reduced to undetectable level upon RA 
treatment. Interestingly these cells managed to recover the 
expression of the OCT4 protein somehow after receiving 
VH (15%) (P <0.05) (Figure 4).

4. Discussion

Previous experiments on mouse ears demonstrated 
that in wounds treated with VH, fat cell production, 
angiogenesis, and fibroblast proliferation were increased, 
leading to a significant increase in tissue regeneration and 
wound repair (Eming et al., 2014). In another research Yang 
and his colleagues (Yang et al., 2009) showed that VH, at 
20% concentration, increased the rate of cell proliferation 
in retinal precursor cells. The VH contain of many kind of 
proteins that lead to processes as angiogenesis, cellular 
proliferation, acute phase response, vascular permeability 
changes, and oxygen-induced vessel loss (Wang et al., 2012). 
The dimethylarginine dimethylaminohydrolase (DDAH), 
gamma-enolase, cytosolic acyl coenzyme A thioester 
hydrolase and malate dehydrogenase are cellular enzymes, 
and their levels are all changes in the vitreous of condition, 
also DDAH is an extremely oxidant-sensitive enzyme. 
The different expression levels of cytosolic acyl coenzyme 
A thioester hydrolase and malate dehydrogenase in the VH 
could reflect the alterations in glucose and lipid metabolism 
(Tomita et al., 2021). Our data here are also in line with 

Figure 1. Cell count analysis of NT2, NT2-RA and NT2 RA-VH cells 
at 3 and 9 days after culturing at 6 well plates. NT2 RA-VH cell 
numbers were increased in comparison to those of the NT2-RA 
cells. Data represent the mean ± SEM. (a) P < 0.05; (b) P < 0.01 vs 
control group, compared with NT2-RA cells.

Table 1. Cell cycle analysis of NT2-RA cells treated with different 
concentrations of VH for 3 and 6 days. The numbers represent 
percent of the cells at each cycling stages.

Time Cycle NT2 RA 2.5%VH 5%VH 7.5%VH

3 days G1 45 59 56 59 56

S 11 9 11 12 12

G2 33 21 21 19 19

6 days G1 58 65 62 62 61

S 9.5 8 13 11 13

G2 17 14 14 15 13
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these reports, where treatment of the normal NT2 cells 
showed an obvious increase in the rate of proliferation. 
This potential of VH was further examined on partially 
differentiated cells to check whether they can revive their 
cell cycling back to normal. For this the NT2 cells were first 
forced to partial differentiation by exposing them to RA 
(Bahrami et al., 2005). As expected these cells lost their 

cycling efficiency partly, examined either by direct cell 
counting or flow cytometry, where the number of cells 
at S phase of the cell cycling was dropped. After treating 
the normal NT2 and NT2-RA cells with VH, the number of 
the cycling cells at S phase increased. Such increase was 
translated to an obvious increase in cell proliferation when 
examined by direct cell counting in this study. However, 

Figure 2. Cell cycle analysis of NT2-RA cells after treatment with different amounts of VH at (A) 3 days and (B) 6 days post-treatment. 
After treatment with RA the number of cells at S phase decreased. These numbers were recovered after three and six days treatment 
with different amounts of VH.



Brazilian Journal of Biology, 2024, vol. 84, e250151 5/8

Proliferating and dedifferentiating effects of vitreous humor

Figure 3. Flow cytometry analysis to assess the level of TRA-81, SSEA1, and SSEA3 cell surface antigens on NT2, NT2-RA, and NT2-RA 
cells treated with different concentrations of VH for 6 days. (A) NT2-RA cells treated with 2.5% and 7.5% VH; (B) NT2-RA cells treated 
with 15% VH.
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findings along with the fact that Vitamin C is considered 
as small molecule for promotion of stemness state of the 
mammalian cells in induced Pluripotent Stem cell (iPSc) 
technology may explain the reason for improvement of 
the cell proliferation of NT2 cells and self-renewability of 
the NT2-RA cells by the VH. However fibroblast growth 
factor is one of the most important factors in vitreous 
humor. Studies show that these factors are necessary 
for the natural evolution of the lens (Zheng et al., 2019). 
Thus, the triple deletion of fibroblast growth factor 1, 2, 
and 3 genes during the process of lens platelet formation 
leads to the formation of no visual bubble. Therefore, the 
presence of fibroblast growth factors and other vitreous 
molecules are essential in the development of lens growth 
(Padula  et al., 2020). The most important factor in the 
vitreous family are FGF factors, especially FGF-1 and FGF-2, 
which cause elongation and structural specialization in 
cell proliferation (Grigoryan, 2020). According previous 
studies, these factors are not during changes over the 
course of life (Grigoryan, 2018). Therefore, longevity will 
not have much effect on the effectiveness of the vitreous.

Overall, the findings of this study showed that vitreous 
humor is a rich source that plays an effective role in wound 
healing in biological models. Therefore, in order to achieve 
better results, it is suggested that more research be done 
on different growth factors of vitreous humor, so that they 
can be considered as appropriate factors.

5. Conclusions

We report here a possible mechanism for such effect at 
cellular level. Based on our data VH seems to be involved 
on mechanisms improving cell renewal property or even 
molecular reprogramming of the cells leading to cell 
dedifferentiation. This hypothesis needs however to be 
examined in more details at molecular level.

considering the content of VH in terms of electrolytes and 
various proteins, based on the results of the present study, 
it seems that a concentration of 7.5% is a more appropriate 
concentration for wound healing and regeneration than 
a concentration of 15% VH.

NT2 cells are widely used as model cells for studying 
the fine changes of cell behaviors regarding self-renewal 
versus differentiation, because they carry the same 
stemness properties as embryonic stem cells when it 
comes to expression of molecular markers such as OCT4 or 
cell surface antigens. In current study the power of VH 
for improvement of the self-renewal property of the cells 
was also tested based on the changes of the expression 
of OCT4 protein and cell surface antigens, including 
SSEA3, SSEA4, TRA1-81 and TRA1-60. RA treatment of 
the NT2 cells was shown to reduce the expression of all 
the above mentioned markers as expected (Bahrami et al., 
2005). Meanwhile exposure of the NT2-RA cells with VH, 
at concentration of 15%, proved to reverse the pattern of 
expression of the markers partly.

The vitreous humor is composed of 99% water. 
The remaining components are believed to include 
mainly hyaluronic acid, salts, glucose, ascorbic acid, and 
multiple polypeptides and proteins, including albumin, 
transferrin, IgG, cartilage matrix-like glycoprotein, and 
others (Rocha et al., 2014). The effect of hyaluronan on 
proliferation of cord blood progenitor cells is well known 
(Heldin  et  al., 2013; Liu  et  al., 2016). Ascorbic acid, an 
antioxidant that helps to protect the ocular tissues from 
free radical attack, is accumulated in the vitreous at a 
concentration several times higher than that present in 
plasma (Abdelkawi et al., 2014; Ma et al., 2016). In other 
attempts it was shown that ascorbic acid increases the 
proliferation of rat retinal precursor cells in culture 
conditions (Moteki et al., 2012) and that albumin, a major 
soluble vitreous protein, augments retinal precursor cell 
proliferation when used to supplement standard EGF-
containing proliferation medium (Moteki et al., 2012). These 

Table 2. Flow cytometry analysis to assess the level of TRA-81, SSEA1, and SSEA3 cell surface antigens on NT2, NT2-RA, and NT2-RA 
cells treated with different concentrations of VH for 6 days.

Variable NT2 NT2-RA NT-RA+VH (2.5%) NT-RA+VH (7.5%) NT-RA+VH (15%)

TRA1-81 57 19 17 27 50

SSEA1 16 17 32 23 9

SSEA3 41 15 13 24 41

Figure 4. Western blot analysis show that the NT2 cells are known as perfectly positive cells for OCT4 protein expression.
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