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Abstract
Adipose derived stem cells (ADSC), a type of mesenchymal stem cell (MSC) found in the vascular stroma
of human fat tissues. It showed promising potentials as an alternative source for tissue engineering.
Octamer-binding transcription factor 4 (OCT4) regulates pluripotency in ADSC, while bone morphogenetic
protein 4 (BMP4) signalling is essential for the differentiation of ADSC towards ectodermal lineages. 

Objective:The expression of BMP4 and OCT4 in primary ADSCs from different adipose tissue depots were
assessed. 

Method: Subcutaneous and visceral adipose tissues were harvested from the abdomen of 6 females,
processed and ADSCs were isolated. The expression of BMP4and OCT4 were assessed at P4 and
compared to ADSC cell line as a control group. 

Results:The expression of OCT4 and BMP4 were higher in primary ADSC from both subcutaneous and
visceral locations compared to the control. The OCT4 and BMP4 expression in visceral and subcutaneous
ADSCs showed a different pattern. Majority (67% and 100%) of the visceral ADSCs expressed higher
OCT4 and BMP4 respectively compared to subcutaneous ADSCs. These �ndings suggest a potential
correlation between the ADSCs’ differential capacity and its location, explained by the interplays between
underlying regulatory pathways of pluripotency and ectodermal differentiation.

Introduction
Corneal blindness is a major public health concern worldwide, affecting millions of people [1, 2]. The
most common treatment for corneal blindness is corneal transplantation using donated human corneal
tissue [3]. However, the shortage of corneal donors and the risk of graft rejection have limited the success
of this approach [4]. Corneal tissue differentiation using adipose-derived stem cells (ADSC) has been
proposed as a potential alternative to human donor as it is abundant and easily accessible [5]. Previous
studies have shown that ADSC can be differentiated into corneal epithelial cells under appropriate
conditions [6]. Several methods have been developed to differentiate ADSC into corneal-like cells,
including the use of BMP4 signalling pathway modulators [7–9]. However, the e�cacy of differentiation
method still needs to be improved to achieve a viable corneal epithelial layer for transplantation [10].

Therefore, elucidating the expression of BMP4 and OCT4 in ADSC and its potential role in therapeutic
applications for corneal epithelial tissue engineering may have important implications for the
development of new cell-based therapies for corneal diseases. This study aimed to investigate the
expression of OCT4 and BMP4 in primary ADSC from different adipose tissue depots. The �ndings may
offer useful insights for the development of tissue engineering strategies for corneal epithelial
regeneration.

Background
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ADSC is found in adipose tissues and it is widely distributed throughout the body. Adipose tissue can be
classi�ed into two main types: subcutaneous adipose tissue (SAT) and visceral adipose tissue (VAT).
SAT is located directly under the skin, while VAT is located around the organs in the abdominal cavity
[11]. Studies have shown that VAT has a higher risk of metabolic dysfunction, in�ammation, and insulin
resistance compared to SAT [12]. Additionally, it has been suggested that the location of adipose tissue
may affect the characteristics of ASCs, including their differentiation potential [13]. A study by Tang in
2017 showed that ADSC isolated from VAT had greater proliferation capacity compared to ADSC isolated
from SAT. However, ADSC isolated from SAT had greater differentiation capacity compared to ADSC
isolated from VAT [14].

Octamer-binding transcription factor 4 (OCT4) is a member of the POU (Pit, Oct, Unc) transcription factor
family and plays a central role in pluripotency regulation. It is highly expressed in pluripotent cells, but its
expression is silenced during differentiation. OCT4 is naturally expressed at low levels in early passages
of human ADSC, and their levels progressively decrease as the cells’ passage number increases. It has
been demonstrated that the overexpression of OCT4 in ADSC increases their proliferative activity and
their capacity to differentiate into adipocytes or osteoblasts.

Several studies have examined the role of BMP4 in ADSC and its potential therapeutic applications
speci�cally for corneal epithelial tissue engineering [7, 15–18]. Bone morphogenetic protein 4 (BMP4) is a
member of the transforming growth factor beta (TGF-β) superfamily that regulates a variety of cellular
processes, including differentiation, proliferation, and apoptosis [19]. BMP4 signalling is essential for the
differentiation of ADSC into corneal epithelial cells, and manipulating BMP4 signalling can enhance the
e�ciency of corneal epithelial tissue engineering [20, 21]. However, the role of BMP4 signalling in ADSC
differentiation into corneal epithelial cells has not been fully investigated. Therefore, understanding the
role of BMP4 in ADSC differentiation may provide insights into the mechanisms underlying corneal
epithelial tissue engineering and the development of new therapeutic strategies.

Method
Materials and reagents

Unless otherwise speci�ed, all cell culture reagents were obtained from Invitrogen-Gibco (Inchinnan, UK).
TRIzol® reagent (Invitrogen, USA) was utilized for RNA extraction, whereas LunaScript RT SuperMix and
qPCR Master mix (New England Biolabs, UK) were utilized for cDNA synthesis and quantitative
polymerase chain reaction (qPCR). All the primers used are listed in Table S1 in a supplemental
document.

Adipose tissue collection

Subcutaneous and visceral adipose tissue were collected from consented 6 females (mean age 34.3 ± 7.4
years, range 27–47 years) undergo caesarean section or laparotomy at Obstetrics and Gynecology
department of Hospital Canselor Tuanku Muhriz, Universiti Kebangsaan Malaysia (UKM). The procedure
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was reviewed and approved by the Universiti Kebangsaan Malaysia Medical Research and Ethics
committee (JEP-2019-705) and completed with signed patient’s informed consent. Inclusion criteria were
female gender, age below 50 years. Exclusion criteria were having cancer, on chemotherapy treatment
and having peritoneal dialysis. Approximately 2–5 mg of subcutaneous and visceral adipose tissue
samples were collected from each patient. The samples were kept in cold 50 ml of Dulbecco's Modi�ed
Eagle Medium: Nutrient Mixture F-12 (DMEM:F12) supplemented with 1% of antibiotic-antimitotic and
processed immediately.

Isolation, culture and expansion of human adipose-derived stem cells

The subcutaneous and visceral adipose tissue were processed and isolated using stromal vascular
fraction (SVF) isolation method as previously described with some modi�cation [22, 23]. In brief, the
adipose tissue samples were minced and washed with sterile PBS to remove blood. Sample were then
digested using 0.3% collagenase type I solution and incubated for 4 hours at 36°C. Tissue samples were
then centrifuged at 700 g for 10 minutes to isolate the SVF. The SVF cells were cultured in DMEM:F12
supplemented with 10% foetal bovine serum (FBS), 1% vitamin C, 1% ascorbic acid, 1% of antibiotic-
antimitotic and 1% glutamax in 6-well plates. The cells were seeded at 10,000 cells/cm2 until con�uence
and expanded up to passage 4 (P4).

ADSC cell line purchased from the Centre for Tissue Engineering and Regenerative Medicine (CTERM),
UKM was used as a positive control. The cells were cultured in DMEM:F12 supplemented with 10% foetal
bovine serum (FBS), 1% vitamin C, 1% ascorbic acid, 1% of antibiotic-antimitotic and 1% glutamax until
con�uence and multiplied up to P6 and used as a positive control of pluripotent cells.

RNA Isolation and RT-PCR

RNA was extracted from the cultured cells using the Trizol method according to the company guideline.
The concentration and quality of RNA were determined using a Nanodrop spectrophotometer. The
expression levels of OCT4 and BMP4 genes were evaluated by quantitative real-time PCR (qPCR) using
the glyceraldehyde 3-phosphate dehydrogenase (GAPDH) gene as a reference gene. Results were
analysed using the 2–ΔΔCt method and expressed as the fold change in gene expression relative to the
ADSC cell line [24, 25].

Statistical Analysis
Standard error of the mean (SEM) was used to present the gene expression results. GraphPad Prism
version 9.0.0 for Windows, (GraphPad Software, San Diego, California, USA, www.graphpad.com) was
used to analyse the data. One-way analysis of variance (ANOVA) was used to determine the statistical
signi�cance for comparisons made within the groups while student t-test was used to evaluate the
statistical signi�cance between subcutaneous and visceral ADSC groups. P values of 0.05 or less were
considered as statistically signi�cant.
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Results
Adipose tissue samples and ADSC morphology

A total of six donors have consented to participate in this study. Adipose tissues samples from the
subcutaneous and visceral layers were collected from the six patients as detailed in Table S2 as in a
supplemental document.

Histological morphology observations at passage 4 showed that subcutaneous ADSC had spindle-
shaped form similar to the ADSC cell line, while the visceral ADSC exhibit multipolar or stellate shapes.
The subcutaneous ADSC had similar oval or elongated nucleus shape with the ADSC cell line while
visceral ADSC had rounded or irregular nucleus shape as shown in Fig. 1.

OCT4 expression

The pooled expression of OCT4 in subcutaneous and visceral ADSC groups were signi�cantly higher
compared to the control (ADSC cell line) (p < 0.0001) (results not included). However, individual
comparisons showed 4 out of 6 subcutaneous samples (66%) signi�cantly expressed higher OCT4
compared to the control. Only 2 visceral samples (33%) signi�cantly expressed higher OCT4 compared to
the control (Figure S1 in the supplemental documents). Interestingly, four patients showed higher
expression of OCT4 in visceral ADSC compared to their respective subcutaneous samples (Fig. 2).

BMP4 expression

The pooled expression of the BMP4 in subcutaneous ADSC and visceral groups were signi�cantly
different when compared to the control (p < 0.0001) (results not included). However, individual
comparisons of BMP4 expression of each sample to the control showed only 4 out of 6 (66%)
subcutaneous ADSC samples had higher expression of BMP4, while all the visceral ADSC expressed
higher BMP4 (Figure S2 in the supplemental documents). Furthermore, the BMP4 expression in visceral
ADSC from all patients were signi�cantly higher compared to their respective subcutaneous samples
(Fig. 3).

Discussion
OCT4 gene has long been recognized as a crucial regulator of pluripotency in embryonic stem cells, and
its expression in adult stem cells has gained interest in recent years [26]. However, con�icting �ndings
regarding OCT4 expression in stable and differentiated adult cell populations have been reported [27]. Our
study focused on ADSCs, which are considered as an attractive source of stem cells for regenerative
therapies [5, 13].

Our results indicated that the relative expression of the OCT4 gene in primary ADSC from both
subcutaneous and visceral groups were signi�cantly higher compared to that of ADSC cell line. Four out
of 6 patients showed higher OCT4 expression in visceral ADSC than the subcutaneous ADSC. The higher
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relative expressions of OCT4 in visceral ADSCs suggests that ADSC from this depot may possess a
higher pluripotency as previously discussed by Takahashi and colleagues [28]. Interestingly, the higher
expressions of BMP4 were observed in all visceral ADSCs. These suggest that the visceral ADSC may
have higher differentiation potential as discussed previously by Setiawan and colleagues [9].

The BMP family of proteins plays a crucial role in regulating cell differentiation and tissue development
[19]. In our study, we found signi�cant differences in the relative expression of BMP4 in subcutaneous
and visceral ADSCs compared to the ADSC cell line. However, the proportion of visceral ADSC samples
that showed a signi�cantly higher expression on BMP4 were larger compared to the subcutaneous ADSC
(100% vs 50%). This suggests that the BMP pathway may be differentially regulated between
subcutaneous ADSC and visceral ADSC. In addition, 4 out of 6 samples showed a signi�cantly higher
expression of BMP4 in visceral ADSC when compared to the respective subcutaneous ADSC of the same
patient. These �ndings highlight a promising differentiation capacity of visceral ADSC. The enhanced
expression of BMP4 in visceral ADSCs may be indicative of depot-speci�c molecular characteristics and
could contribute to the observed functional differences between subcutaneous and visceral adipose
tissues [29].

The different expression of BMP4 between subcutaneous and visceral ADSCs suggests that adipose
tissue depots may harbour distinct regulatory mechanisms governing their respective stem cell
populations [30]. Depot-speci�c differences in the microenvironment, including variations in cell-cell
interactions, paracrine signalling, and extracellular matrix composition, may contribute to the observed
disparities in BMP4 expression [31]. Understanding these depot-speci�c regulatory mechanisms could
provide valuable insights into the functional variations of both subcutaneous and visceral adipose
tissues and aid in the development of �nely tailored regenerative therapies.

Conclusion
This study offers an insight into the expression patterns of BMP4 and OCT4 genes in primary ADSCs
from subcutaneous and visceral depots. The different BMP4 expression levels exhibited by the ADSC
from the two depots suggested that they were regulated differently in the same individual. Further
investigations are warranted to elucidate the underlying molecular mechanisms and to explore the
functional implications of these �ndings in the context of ADSC-based regenerative medicine.

Limitations

This study was limited to microscopy observation and OCT4 and BMP4 gene expressions analyses.
Sample collection process were complicated due to the COVID-19 restrictions in the hospital. Therefore,
only 6 samples were utilized in this study.
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Figure 1

Subcutaneous ADSC show a typical spindle like cells similar with the ADSC cell line compared to the
visceral ADSC that more rounded. Arrows are showing cell nuclei. a = subcutaneous ADSC (10x and 20x
objectives respectively). b = visceral ADSC (10x and 20x objectives respectively). c = ADSC cell line (10x
and 20x objectives respectively). Scale bar = 100 mm for all image.
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Figure 2

Relative expressions of OCT4 in subcutaneous and visceral ADSC. *p<0.05, **p<0.
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Figure 3

Relative expressions of BMP4 in subcutaneous and visceral ADSC. *p<0.05, **p<0.01, ***p<0.005.
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