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Abstract
Backgrounds/AimsIt has been reported that functional hepatogenic differentiation has the possibility to occur in subcutaneous adipose tissue-derived stem cells. However, no studies have investigated whether the adipose tissue-driven stem cells present in various body parts differ according to hepatogenic differentiations. In this study, stem cells were separated from body visceral fat and abdominal subcutaneous adipose tissue, and cultured, and then hepatogenic differentiation was induced. We aim to investigate the possibilities and aspects of hepatogenic differentiations within the two types of fat cells.

MethodsOmental fat tissues were obtained as visceral fat and abdominal subcutaneous adipose tissues were obtained from patients who had suction-assisted lipectomy. Stem cells were separated from the obtained fat tissues, and then, hepatogenic differentiation was carried out by utilizing 2-step differentiation protocols.

ResultsAfter the differentiation, two types of cultured cells that showed the similar neuron-like shapes were changed to cuboidal shapes and included several binucleated cells which could be characteristics of mature hepatocytes. We confirmed that hepatocyte specific genes and proteins such as albumin and CYP3A4 were being expressed. By utilizing the ELISA test, we were able to observe that the albumin was secreted into the culture fluids in both cells. After completing the differentiation, we observed the presence of the hepatocyte specific properties by confirming glycogen storage within the cells and the ICG reagent uptake.

ConclusionsWe confirmed that hepatogenic differentiation was possible to occur in the omental fat as well as subcutaneous adipose tissue.
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INTRODUCTION
A liver transplantation would be the only definite treatment of liver failure at the last stage. However, a lot of patients die without having the transplantations due to the lack of people who provide livers as compared to the patients who are in need of the liver transplantations.
As recent emerging of the regenerative medicine, the hepatocyte transplantation gained attentions as replacements of the liver transplants for patients with the last stage of liver failures. It was reported in several researches that hepatocyte transplantation lowered the mortality rates of the patients with acute liver failures and would be helpful in treatment of the patients with metabolic liver diseases.1-3 However, the challenges of supplying healthy and sufficient amounts of hepatocytes, are still unsolved. A stem cell with the possibility of self-replications and differentiates to various cells is being raised as a challenging solution. Among several stem cells, mesenchymal stem cells (MSC), which are adult stem cells, have many advantages in terms of cell usage for experiments. Such efficiency, stability, and possibility of excluding ethical issues and immunological rejection responses have a lower differentiation capacity than the embryonic stem cells.4, 5 The mesenchymal stem cells were not only found in bone marrows of the body but also in several connective tissues and peripheral blood vessels. Among those, adipose tissue-derived mesenchymal stem cell (ADSC) has gained interests as it is easy to absorb large quantities as compared to other tissues in the body.6-8
So far, it has been reported that hepatogenic differentiation is possible to occur in the stem cells derived from subcutaneous adipose tissues.3, 9-12 However, no studies have indicated that the adipose tissue-derived stem cells presented in various body parts have hepatogenic differentiations. In this study, the stem cells were separated from body visceral fat, and cultured, and then, hepatogenic differentiation was carried out. Thus, we examined whether the stem cells, as obtained from the visceral fat except for subcutaneous adipose tissues, were differentiated from mature hepatocytes.

METHODS
Subjects
For visceral fat, omental tissue was obtained from patients who voluntarily agreed with the experiment among those who had abdominal surgery. Abdominal subcutaneous adipose tissue was separated from the patients who had suction-assisted lipectomy in plastic surgery hospitals. This study was carried out with the approval of Bioethics Committee in Catholic University of Korea.

ADSC separation and culture
The collected fat tissues were washed with PBS solutions (Gibco BRL, Grand Island, NY, USA) and cut into smaller pieces. Then 25 ml of the pieces were placed in sterilized 50 ml conical tubes and type I collagenase (Gibco BRL), with 0.075%, was added and incubated at 37℃ for 30 minutes in a shaking incubator in order to eliminate other substrates besides the fat tissues. Then, the type I collagenase was neutralized by Dulbecco's modified Eagle's medium-low glucose (DMEM-LG, Gibco BRL) containing 10% fetal bovine serum (FBS, Gibco BRL) and the samples were centrifuged at 3,000G for 5 minutes. The precipitates were separated by eliminating the supernatants, which were the fat tissue layers on top. The precipitates were washed with DMEM-LG several times, then placed in a T75 flask with DMEM medium containing 10% FBS/antibiotics (100 U/ml penicillin, 0.1 mg/ml streptomycin), and incubated in an incubator at 37℃ with 5% CO2. The medium was replaced twice a week and if confluent of the cultured cells were 70-80% of the culture plate, the cells were subcultured twice using the 0.125% trypsin-EDTA (Gibco BRL).

Induction of hepatogenic differentiation
Before inducing the hepatogenic differentiation of the 1st or 2nd subcultured ADSC, plasma was eliminated via conditioning for 2 days in order to stop cell proliferations, and the samples were cultured in DMEM medium containing 20 ng/ml of hepatocyte growth factor (HGF, SIGMA-ALDRICH) and 10 ng/ml of fibroblast growth factor-basic (bFGF, Gibco BRL). Then, hepatogenic differentiation utilizing 2-step protocol was induced for 3 weeks. In the first step, the differentiation was carried out by culturing for 7 days in DMEM medium containing 20 ng/ml of HGF, 10 ng/ml of bFGF and 4.9 mmol/L of nicotinamide. In the second step, the cells were differentiated and matured by culturing for 2 weeks in DMEM medium containing 20 ng/ml of oncostatin M (OSM, SIGMA-ALDRICH), 1 µmol/L of dexamethasone and 10 µl/ml of ITS Premix (100 µmol/L insulin+6.25 µg/ml transferin+3.6 µmol/L selenious acid+1.25 mg/ml BSA +190 µmol/L linoleic acid, BD Biosciences). The medium was replaced twice a week and cell morphology was examined in each step with an optic microscope.

Reverse Transcription-Polymerase Chain Reaction (RT-PCR)
RNAs of the whole cells used in the experiment were separated from the cells using trizol reagent. Polymerase chain reaction was performed using the superscript III reverse transcripase (Invitrogen, Tokyo, Japan) and the hepatocyte specific gene primer was used in order to examine the differentiated hepatocytes. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used as a control.

Albumin secretion measurement utilizing enzyme-linked immunosorbent (ELISA)
In order to measure the albumin that was secreted to the medium, the cultured cells incubated in the plasma removed the DMEM-LG medium by blocking the supply of nutrients for 20 hours. Then, the albumin secretions, both before and after the differentiation, were analyzed utilizing the human albumin ELISA kit.

Periodic Acid Schiff (PAS) staining
In order to confirm the pigmentation of glycogen molecules within cells, the cells were washed with PBS 3 times and treated with 4% paraformaldehyde for 1 hour. After oxidizing with 1% periodic acid at room temperature for 20 minutes, the samples were treated with Schiff's reagent for 40 minutes and counterstained using haematoxylin. We examined whether the purple-stained glycogens were present or not by using an optic microscope.

Indocyanine green (ICG) cellular uptake
In order to examine the ICG cellular uptakes, the cells were cultured in the medium containing 1 mg/ml of ICG for 1 hour, washed with PBS, and then, the uptake of ICG, which was green, was being examined.


RESULTS
Morphological change in ADSC differentiation
Both ADSC obtained from omental fat and subcutaneous adipose tissues showed similar neuron-like morphology. When the hepatogenic differentiation was completed, although some of the cells were separated on the culture plate, both cells had a cuboidal shape, and several binucleated cells which were exhibited, could be a characteristic of mature hepatocytes (Fig. 1).
[image: Figure F1 ]Fig. 1

  Morphology of MSC from abdominal subcutaneous adipose tissue and omental fat during the differentiation protocol. Before differentiation culture, MSC from abdominal subcutaneous adipose tissue (A) and omental fat (B) showed bipolar neuron-like morphology. However, both types of MSC from abdominal subcutaneous adipose tissue (C) and omental fat (D) significantly changed the morphology, and developed a cuboidal shape and many of them appeared to be binucleated cells (arrows), which are typical hepatocytes after differentiation steps (magnification: A, B ×100; C, D ×200).




RT-PCR analysis regarding hepatocyte specific genes
Before the differentiation steps, ADSC obtained from omental fat and subcutaneous adipose tissues were expressed weakly or not expressed with regards to ALB and CYP3A4, the hepatocyte specific genes. As the differentiation proceeded, the expression gradually increased (Fig. 2).
[image: Figure F2 ]Fig. 2

  RT-PCR analysis of the expressions of mRNA for ALB and CYP3A4 (compared with that of the human hepatoma cells, Hep G2). The expression of ALB in MSC from abdominal subcutaneous adipose tissue (black bars) and in MSC from omental fat (white bars) were detected at all time points and increased with differentiation time (A). The expression of CYP3A4 was detected at 2 weeks post-induction and then increased with differentiation time (B).




ELISA test regarding albumin secretion
After the differentiation was completed in ADSC obtained from omental fat and subcutaneous adipose tissues, the albumin secreted in medium that nutrients were not supplied for 20 hour by eliminating the plasma was measured. As a result, the ADSC of the subcutaneous adipose tissue had 25±0.24 µg/ml/20 hr in the undifferentiated cells and 0.75±0.24 µg/ml/20 hr in the differentiated cells. The ADSC of the omental fat had 0.30±0.21 µg/ml/20 hr in the undifferentiated cells and 0.80±0.14 µg/ml/20 hr in the differentiated cells (Fig. 3).
[image: Figure F3 ]Fig. 3

  Albumin secretion by both types of ADSC from abdominal subcutaneous adipose tissue (A) and omental fat (B). The amount of albumin released into the medium before and after hepatic differentiation in vitro analyzed by ELISA is shown. Data are expressed as mean±SEM of three independent experiments.




PAS staining
Before the differentiation steps, the ADSC obtained from omental fat indicated negative PAS. However, after the differentiation steps, we observed that most of the cytoplasm insides were stained with intense purple (Fig. 4).
[image: Figure F4 ]Fig. 4

  PAS stainings for glycogen storage. After differentiation steps, MSC from omental fat (B) were strongly stained with purple color in cytoplasm, while undifferentiated MSC (A) were weakly stained (magnification: A, B ×200).




ICG uptake
Before the differentiation steps, the ADSC obtained from omental fat did not show the ICG cellular uptakes. However, after the differentiation steps, we observed that most of the cytoplasm insides were green due to the ICG cellular uptakes (Fig. 5).
[image: Figure F5 ]Fig. 5

  Indocyanine green (ICG) cellular uptake. Undifferentiated MSC from omental fat (A) showed little stainings after ICG assays, whereas differentiated MSC (B) exhibited intense green stainings (magnification: A, B ×200).





DISCUSSION
In this study, we separated ADSC from subcutaneous adipose tissues and omental fat tissues, and then, hepatogenic differentiation was induced. Whereas in previous studies reported, with regards to the hepatogenic differentiations using abdomen or thigh subcutaneous adipose tissues, we focused on intraperitoneal visceral fats and aimed to examine the hepatogenic differentiations of MSC obtained from the intraperitoneal visceral fats.
This study can be used as a clinical trial. When the patient plans for a major hepatectomy is faced with a liver failure risk after the surgery, this study can perform post cellular treatments by securing the omental fat tissues during the surgery.
The same method of hepatogenic differentiation of bone marrow-derived stem cell (BMSC) was used to determine the external factors and the injection times used in the differentiation of this study.13 Undifferentiated ADSC in both subcutaneous adipose tissues and omental fat tissues had similar neuron-like shapes, and in the 3rd week of the differentiation induction, most of the ADSC had a cuboidal shape and indicated mature hepatocyte morphologic characteristics including several binucleated cells. The RT-PCR, carried out ALB and CYP3A4 in order to investigate whether the hepatocyte specific genes were expressed or not, resulted in weak or negative gene expressions for both undifferentiated ADSC, and then, the ALB and CYP3A4 were expressed upon the completion of the differentiation.
Lee et al.13 performed that hepatogenic differentiations were induced in bone marrow-derived mesenchymal stem cells, and then, glycogen storage capacity and urea formation capacity in the differentiated cells were evaluated thereby proving that the differentiated cells indicated a unique property of the hepatocytes. This study confirmed that the differentiated cells show the unique properties of the hepatocytes by confirming the ICG uptakes in cytoplasm and detecting the albumin secreted outside the cells besides the glycogen storage capacity.
Albumin is one of the most abundant proteins among the substances synthesized in the hepatocytes. Although albumin can be detected in early stage of liver development, most of them are detected in the mature hepatocytes. In order to confirm this, the albumin secreted outside the cells was measured using ELISA test. As a result, the albumin secretion in both undifferentiated ADSC was trivial, and then, a large quantity of albumin was secreted after the differentiation. Banas et al.14 also measured the quantity of albumin secreted outside the cells in order to confirm the properties of differentiated hepatocytes. The results showed the hepatocytes that were differentiated for 50 days had about 3 times more albumin secretions than the undifferentiated hepatocytes which were similar to the results of the current study.
Body adipose tissues have many advantages: abundant, easily separated without giving huge risks to patients, and possibilities to regenerate. Multipotent mesenchymal stem cells are also present in the adipose tissues and the quantitative limitation of adult stem cells can be compensated by using the multipotent mesenchymal stem cells.7, 8 The ADSC is known to have similar differentiation and proliferation characteristics with BMSC, the representative mesenchymal stem cell as previously reported. However, in terms of cell yields, BMSC is only 0.01% of the bone marrow nucleated cells but approximately 100,000 mesenchymal stem cells per gram are present in an adipose tissue and can proliferate in large quantities when utilized as an ideal stem cell source.
In the case of BMSC, collecting the stem cells possibly gives risks of severe pains and complications to patients. In case of the ADSC, however, cell collecting is very easy and simple, and thereby, more useful.15 ADSC is basically differentiated not only in mesenchymal cells such as fat cells, myocytes, osteocytes, and chondrocytes etc but also in non-mesenchymal cells such as nerve cells, pancreas endocrine cells, hepatocytes, vascular endothelial cells, and cardiomyocytes.4, 16-21 Especially, the hepatogenic differentiation of ADSC was reported for the first time by Seo et al.11 in 2005 and the differentiation procedures which took 3-4 weeks were introduced. Taléns-Visconti et al.12 compared the hepatogenic differentiations of BMSC and ADSC. Stem cells were obtained from cancellous bones in patients who had hip joint arthroplasty and the tissues were obtained by abdominal suction-assisted lipectomy. Then hepatogenic differentiation was induced. Accordingly, it was proved that ADSC had similar hepatogenic differentiation with BMSC and had better proliferation capacity even though the culturing took longer. More than 3 weeks of differentiation time were required for the current study, and since that the differentiation took a relatively long time, a concern was that the large portion of cells were necrotized. This might be because either the plasma was removed in order to stop the proliferation of the cells and induce the differentiation or only a low level of glucose is being supplied. To deal with such concerns, appropriate cell density would be maintained and other methods should be applied to shorten the differentiation times. Recently, Banas et al.3 successfully decreased the differentiation time, which normally takes more than 3 weeks, for the hepatocytes originated from ADSC to only 13 days. The authors applied hepatic damages to rats and observed their recovery from damaged liver functions, and thereby, providing the possible cell therapy products for the liver diseases.
In conclusion, it was confirmed that ADSC, isolated from visceral fat tissues, were able to differentiate the cells with mature hepatocytes shapes as well as hepatocytes specific functions. It was also shown that omental fat tissues, which can be easily obtained via abdominal surgery, except for the subcutaneous adipose tissues, could be differentiated hepatogenically; these cells would be good resources of cellular treatment for liver diseases in the future.
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  Morphology of MSC from abdominal subcutaneous adipose tissue and omental fat during the differentiation protocol. Before differentiation culture, MSC from abdominal subcutaneous adipose tissue (A) and omental fat (B) showed bipolar neuron-like morphology. However, both types of MSC from abdominal subcutaneous adipose tissue (C) and omental fat (D) significantly changed the morphology, and developed a cuboidal shape and many of them appeared to be binucleated cells (arrows), which are typical hepatocytes after differentiation steps (magnification: A, B ×100; C, D ×200).
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  RT-PCR analysis of the expressions of mRNA for ALB and CYP3A4 (compared with that of the human hepatoma cells, Hep G2). The expression of ALB in MSC from abdominal subcutaneous adipose tissue (black bars) and in MSC from omental fat (white bars) were detected at all time points and increased with differentiation time (A). The expression of CYP3A4 was detected at 2 weeks post-induction and then increased with differentiation time (B).
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  Albumin secretion by both types of ADSC from abdominal subcutaneous adipose tissue (A) and omental fat (B). The amount of albumin released into the medium before and after hepatic differentiation in vitro analyzed by ELISA is shown. Data are expressed as mean±SEM of three independent experiments.
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  PAS stainings for glycogen storage. After differentiation steps, MSC from omental fat (B) were strongly stained with purple color in cytoplasm, while undifferentiated MSC (A) were weakly stained (magnification: A, B ×200).
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  Indocyanine green (ICG) cellular uptake. Undifferentiated MSC from omental fat (A) showed little stainings after ICG assays, whereas differentiated MSC (B) exhibited intense green stainings (magnification: A, B ×200).
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