Role of TGF-beta1 on Cyclosporine-induced Epithelial-to-Mesenchymal Transition in Gingival Epithelium
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ABSTRACT

Background: 
It has been proposed that cyclosporine (CsA) may induce epithelial-to-mesenchymal transition (EMT) in gingiva. The aims of the present study were to confirm the notion that EMT occurs in human gingival epithelial (hGE) cells after CsA treatment and to investigate the role of TGF-ß1 on this CsA-induced EMT.

Methods:
The effects of CsA, with and without TGF-β1 inhibitor, on the morphological changes of primary culture of hGE cells were in vitro examined. The changes of protein and mRNA expressions of two EMT markers (i.e. E-cadherin and α-SMA) in the hGE cells after CsA treatment with and without TGF-β1 inhibitor were evaluated with immunocytochemistry and real time-PCR.

Results:
The epithelial cells became spindle-like, elongated, disassociated from neighboring cells, and lost their original cobblestone monolayer pattern when CsA was added. However, the epithelial cells stayed with their original cobblestone morphology when there was a treatment of TGF-β1 inhibitor on top of the CsA treatment.
When CsA was given, the protein and mRNA expressions of E-cadherin and α-SMA were significantly altered, and these alterations were significantly reversed when there was a pretreatment of TGF-β1 inhibitor. 

Conclusions: 
CsA could induce type 2 EMT in gingiva by changing the morphology of epithelial cells and altering the EMT markers/effectors. The CsA-induced gingival EMT is TGF-β1 dependent or at least partially dependent.
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INTRODUCTION
Cyclosporine A (CsA) is a widely used immunosuppressant in organ transplantations, but can cause a number of significant side-effects including gingival overgrowth.1 When CsA-induced gingival overgrowth occurs, the epithelium is thickened, rete ridges are elongated, and connective tissue becomes fibrotic with an increase in fibroblasts and an accumulation of extracellular matrix.2 Several mechanisms of CsA-induced gingival overgrowth have been proposed.3, 4 However, the exact underlying mechanism is still under investigation.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Epithelial-to-mesenchymal transition (EMT) is a process where epithelial cells lose their original phenotype with a concomitant development of mesenchymal phenotype in either embryonic development,5 fibrogenesis,6 wound healing,7 or cancer metastases.8, 9 When EMT occurs in adult tissues, the phenotype of epithelium is altered by disaggregating epithelial units and reshaping for movement. The epithelial cells in EMT lose their apical-to-basal polarity, adherens junctions, tight junctions, desmosomes, epithelial markers (e.g. E-cadherin and Zonula Occludent-1).10 The original close-adhered, cuboidal epithelial cells would transform into unanchored, elongated mesenchymal, spindle-shaped, myofibroblast or fibroblast-like phenotypic cells.10, 11 The role of EMT leading to tissue fibrosis has been flourishingly noticed. Evidence has exhibited that EMT is associated with fibrosis in kidney,11 lung,12 eye,13 peritoneum,14 and probably liver.6
Recently, it has been demonstrated that E-cadherin, an EMT marker, and another two potential/debatable EMT markers (i.e. Fibroblast Specific Protein-1 and fibronectin extra type III domain A)15, 16 were altered in the overgrown gingiva of the patients taking CsA.17 Disrupted basal laminar structure indicating a possible migration of epithelial cells across the basal membrane was also observed in those CsA-induced gingival tissues.18 The possibility of EMT participating in the development of CsA-induced gingival overgrowth was consequently proposed. On the other hand, recent studies have shown that transforming growth factor-beta1 (TGF-β1), a commonly believed key mediator in EMT, may not be necessarily involved in renal EMT. However, in gingiva, the role of TGF-β1 on CsA-induced EMT has never been investigated. The available evidence of CsA-induced EMT in gingiva is also very limited in the current literature. In this current study, therefore, the notion of CsA-induced EMT in gingiva was further evaluated in vitro. The aims of the present study were to examine the effects of CsA on the morphological change of human epithelial cells, and explore the role of TGF-β1 in CsA-induced gingival EMT by evaluating the changes of two EMT common markers after CsA treatments with and without the suppression of TGF-β1.

MATERIALS AND METHODS
Primary Culture of Human Gingival Epithelial Cells
The primary culture of human gingival epithelial (hGE) cells in the current study was obtained from either crown lengthening or distal wedge procedure of non-inflamed periodontal tissues at the Dental Clinic of the Tri-Service General Hospital, Taipei, Taiwan. IRB approval was granted before all of the procedures and experiments. After the specimen was immersed in culture medium ‖ with 2 mg/mL of cleavage supplement ¶ and 10% fetal bovine serum at 4°C for 2 days, the epithelial layer was separated from the underlying connective tissue. The epithelial fragments were then digested in serum-free medium containing 0.05% trypsin–EDTA # at 37°C in 5% CO2 for 5 minutes. The hGE cell cultures were grown in an epithelium culture media** with calcium chloride and 1% of growth supplement†† until 5 to 7 passages. The cells were stimulated by varied concentrations (0, 500, 800, and1,000 ng/ml) of CsA‡‡ in alcohol (as a solvent) for 48 or 72 hours. On the culture plate, the epithelial cell was examined by inverted microscopy and then categorized as cobblestone or spindle according to its cell morphology. A total of 100 cells were counted in each culture plate. After the cell collecting, the mRNA expressions of EMT-associated genes, including E-cadherin (a gene associated with epithelium) and α-SMA (a gene associated with mesenchyme), were examined by reverse transcription-polymerase chain reaction (RT-PCR).

RT–PCR and Real-time PCR
The total RNA of hGE cells was extracted with Trizol reagent, quantified by spectrophotometry at 260 nm, and reversely transcribed into total cDNA using PCR system.§§ The PCR reactions involved in an initial denaturation at 94°C for 2 minutes and 30 seconds, followed by 30 or 35 cycles at 94°C for 30 seconds, an annealing at 58–62°C for 30 seconds, and an extraction at 72°C for 60 seconds. The real time PCR reactions were performed by using a proper kid‖‖ in the cycler device¶¶ and involved in an initial denaturation at 95C for 5 minutes; following by 40 cycles of denaturing at 95C for 5 seconds and combined annealing/extension at 60C for 10 seconds as described in the instruction. The PCR primers were as follows: human E-cadherin, forward 5’-TGAAGGTGACAGAGCCTCTGGA-3’ and reverse 5’-TGGGTGAATTCGGGCTTGTT-3’ (Accession No.: NM_004360.3); human α-SMA, forward 5’-GCGTGGCTATTCCTTCGTTAC-3’ and reverse 5’-CATAGTGGTGCCCCCTGATAG-3 (Accession No.: NM_001613.2); human glyceraldehyde-3-phosphate dehydrogenase (GAPDH), forward 5’-AGCCGCATCTTCTTTTGCGTC-3’ and reverse 5’-TCATATTTGGCAGGTTTTTCT-3’ (Accession No.: NM_002046). Primers for real-time PCR were QuantiTect Primer Assays (QIAGEN, Hilden, Germany), including human E-cadherin (QT00080143, Accession No.: NM_004360), human α-SMA, (QT00088102, Accession No.: NM_001613), human TGF-β1 (QT00000728, Accession No.: NM_000660), and human GAPDH (QT00079247, Accession No.: NM_002046). The exponential phases of RT-PCRs were determined from 30 to 35 cycles to allow quantitative comparison between the cDNAs. Amplified RT-PCR products were then analyzed on 1% agarose gels, visualized with ethidium bromide staining by a camera system,## and scanned with analysis system.*** The relative densities to GAPDH bands were determined.

Western Blot Analysis
We performed Western blot analysis to quantify the protein expression levels of phosopho-Smad2/3 in the total cell lysates of hGEs after treatment with CsA (1000 ng/ml), TGF-β1 (5μg/ml) and TGF-β inhibitor (10μM).††† Protein samples were resolved on a 10% Sodium Dodecyl Sulfate (SDS) polyacrylamide gel. A 20-μg quantity of protein was loaded in each well with 4x sample buffer, and the protein samples were resolved by electrophoresis at 100 V for 2 hours. The resolved proteins were transferred from the polyacrylamide gel to membranes‡‡‡ with transfer system§§§. The membranes were blocked with a solution of 2% bovine serum albumin (BSA)‖‖‖ and 1% Tween 20 in Tris-buffered saline. The membranes were incubated with primary antibodies to Phospho-Smad2/Smad3¶¶¶ and GAPDH### at 4°C overnight and washed, and the proteins were detected with HRP-conjugated secondary antibodies and reagent.**** Images of the Western blots were visualized, recorded and analyzed.††††

Immunocytochemistry and Confocal Laser Scanning Microscopy
The hGE cells were cultured in eight-well chamber slides for immunocytochemistry (ICC). The cells, after being treated with CsA, TGF-β1, or TGF-β1 inhibitor, were fixed with methanol, blocked with 5% BSA in PBS for 20 minutes, and then exposed to the primary antibodies of α-SMA, ‡‡‡‡ E-cadherin,§§§§ and (1:200 in 5% BSA) overnight at 4C. The cells were then washed in PBS, exposed to the secondary antibody (FITC-conjugated goat anti-rabbit IgG, 1:200 in 5% BSA) for 30 minutes and counterstained with DAPI.‖‖‖‖ The expressions of α-SMA, E-cadherin were observed and compared under different treatments by confocal laser scanning microscopy.¶¶¶¶

Statistical Analysis
All of the experiments were carried out independently for at least three times. Student’s t tests or ANOVA were used for evaluating the differences between the test and control (0 ng/ml CsA) groups or other groups when specified. P < 0.05 was selected as the significant level.

‖	Leibovitz L-15 Sigma-Aldrich Inc., St Louis, MO
¶	Dispase II, Roche Diagnostics, Indianapolis, IN
#	Gibco BRL, Life Technologies, Grand Island, NY
** 	EpiLife, Gibco, Invitrogen, Carlsbad, CA
†† 	Human Keratinocyte Growth Supplement, Invitrogen, Carlsbad, CA
‡‡ 	Sigma-Aldrich, St. Louis, MO
§§ 	GeneAmp®-9700, Applied Biosystems, Foster City, CA
‖‖ 	Rotor-GeneTM SYBR® Green PCR Kit, QIAGEN, Hilden, Germany
¶¶ 	Rotor-Gene Q, QIAGEN, Hilden, Germany
## 	Transilluminator/SPOT, Diagnostic Instruments, Sterling Heights, MI
***	ONE-Dscan 1-D Gel Analysis Software, Scanalytic Inc. Fairfax, VA
†††	TGF-β RI Kinase Inhibitor, Merck KGaA, Darmstadt, Germany
‡‡‡	Immobilon-Psq Transfer PVDF membranes, Millipore, Billerica, MA
§§§	Hoefer, Inc., Holliston, MA, USA.
‖‖‖	Sigma-Aldrich, St. Louis, MO
¶¶¶	Ser465/467 and Ser423/425, Cell Signaling Technology, Inc., Beverly, MA
###	GeneTex Inc., San Antonio, TX
**** ImmobilonTM Western HRP Substrate Luminol Reagent, Millipore, Billerica, MA
†††† ChemiDoc™ XRS+ imaging system with Image Lab™, Bio-Rad Laboratories, Hercules, CA
‡‡‡‡	Abcam, Cambridge, UK
§§§§	BD Biosciences, Franklin Lakes, NJ
‖‖‖‖	Sigma-Aldrich, St. Louis, MO
¶¶¶¶	LSM780, Carl Zeiss MicroImaging, Inc., New York, NY

RESULTS
CsA at 1000 ng/ml was not cytotoxic to hGE cells, but induced change of cellular morphology of hGE cells
The hGE cell survival rate was not significantly reduced if 1000 ng/ml or less of CsA was given to the cells (Fig. 1A). However, the survival rate was significantly reduced when 1,500 ng/ml or more of CsA was given to the cells. The hGE cells received solvent (control cells) presented typical cobblestone morphology (Fig. 1B). Whereas, the cells became spindle-like, elongated, disassociated from neighboring cells, and lost their original cobblestone monolayer pattern when CsA was added. (Fig. 1C).

CsA induced the changes of EMT related mRNA expressions in hGE cells
The mRNA expressions of E-cadherin were significantly reduced (p < 0.05), with a dose dependent manner, after 1000 ng/ml of CsA treatments for 48 hours (Figs. 2A and 2C) and 72 hours (Figs. 2B and 2D) or after 800 ng/ml of CsA treatments for 72 hours. The levels of α-SMA and TGF-β1 were significantly increased (p < 0.05), with a dose dependent manner as well, after 1000 ng/ml of CsA treatments for 48 hours and 72 hours or after 800 ng/ml of CsA treatments for 72 hours.

Effects of TGF-β1 inhibition on the mRNA expressions of EMT markers in hGE cells received CsA
The E-cadherin and α-SMA expressions in hGE cells were examined with real-time PCR after a pretreatment of TGF-β1 inhibitor (10 μg/ml) overnight and the treatment of CsA (1000 ng/ml) for 72 hours. The pretreatment of TGF-β1 inhibitor alone did not alter the expression of E-cadherin (Fig. 3A). However, when 1000 ng/ml of CsA was given, the expression of E-cadherin was significantly reduced, and this reduction was significantly prevented when there was a pretreatment of 10μM of TGF-β1 inhibitor.
On the other hand, treating with 1 or 5 ng/ml of TGF-β1 alone did not significantly affect the expression of E-cadherin although a trend of reduction of E-cadherin could be observed. Similar to the result of E-cadherin, the pretreatment of TGF-β1 inhibitor alone did not alter the expression of α-SMA (Fig. 3B). But when 1000 ng/ml of CsA was given, the expression of α-SMA was significantly increased, and this increase did not occur when there was a pretreatment of TGF-β1 inhibitor. In contrast, the treatment with 1 or 5 ng/ml of TGF-β1 alone significantly increased the expression of α-SMA.

Effects of TGF-β1 inhibition on the phosphorylated smad-2 and -3 in hGE cells received CsA
The expressions of smad-2 and smad-3 phosphorylation in hGE cells were examined western blotting after a pretreatment of TGF-β1 inhibitor (10 μg/ml) overnight and the treatment of CsA (1000 ng/ml) for 24 hours. The pretreatment of TGF-β1 inhibitor alone did not alter the expression of E-cadherin (Figs. 4A and 4B). However, when 1000 ng/ml of CsA was given, the expressions of phosphorylated smad-2 and smad-3 were significantly increased, and these increases did not occur when there was a pretreatment of TGF-β1 inhibitor. In contrast, the treatment with 5 ng/ml of TGF-β1 alone significantly increased the expressions of phosphorylated smad-2 and smad-3.

CsA in vitro induced a change of cellular morphology in hGE cells, but this change was prevented by TGF-β1 inhibitor
The morphology of gingival cells received the solvent (control cells) presented a typical cobblestone epithelial morphology (Fig. 5). The morphology of cells received CsA became elongated and disassociated from the adjacent epithelial cells (Fig. 5B). However, the cells stayed with the original cobblestone morphology when there was a treatment of TGF-β1 inhibitor on top of the CsA treatment (Fig. 5C). The cells received TGF-β1 alone stayed rounded, but more three-dimensional and disassociated from the adjacent epithelial cells (Figs. 5E and 5F).

TGF-β1 inhibitor prevented the change of the expressions of EMT markers induced by CsA in hGE cells
With immunocytochemistry, there was no E-cadherin expression observed in the cell membrane when hGE cells received a treatment of CsA or TGF-β1 (Figs. 6D, 6F, and 6G), but the expression of E-cadherin could be observed in the control cells (with solvent or TGF-β1 inhibitor alone) (Figs. 6B and 6C) or in the cells received both of CsA and TGF-β1 (Fig. 6E). Opposite results were demonstrated for α-SMA (Figs 6I to 6N). Positively stained α-SMA was easily observed in cytosol when hGE cells received a treatment of CsA or TGF-β1 (Figs. 6K, 6M, and 6N), but not observed in the control cells (with solvent or TGF-β1 inhibitor alone) (Figs. 6I and 6J) or in the cells received both of CsA and TGF-β1 (Fig. 6L). 
Strong expression of 4',6-diamidino-2-phenylindole (DAPI) was observed in the nuclei of all the hGE cells (Figs 6O to 6U).

DISCUSSION
The aims of the present study were to examine the notion that CsA could induce EMT in gingiva, and explore the role of TGF-β1 in CsA-induced gingival EMT by evaluating the changes of two EMT common markers and two TGF-β1 transcriptional modulators after CsA treatments with and without the suppression of TGF-β1. The effects of CsA on the morphological change of human epithelial cells were first examined in order to confirm the notion that CsA could induce EMT in gingiva.17 An increased percentage of epithelial cells transforming to mesenchymal phenotype was observed after CsA treatment (Figs. 1A and 1B). The expression of α-SMA, a common EMT marker, and TGF-β1, an epithelial to mesenchymal effector, were significantly increased in CsA treatment groups, while E-cadherin, another common EMT marker, was significantly reduced after CsA treatments (Fig. 2). The assumption of that CsA-induced EMT in gingiva is through TGF-β117 was also verified and investigated in the current study. The altered expressions of E-cadherin and α-SMA were significantly prevented after TGF-β1 inhibitor with the examinations of real-time PCR (Fig. 3), and immunocytochemistry (Fig. 6). The inhibited protein expressions of phosphorylated smad-2 and smad-3 were significantly also prevented after TGF-β1 inhibitor (Fig. 4). The effects of CsA with TGF-β1 inhibitor on the morphological change of hGE cells were also examined. The change of morphology after CsA was absent when TGF-β1 inhibitor was added on top of the CsA treatment (Fig. 5).
CsA has been widely used in organ transplantation. Apart from its mutlple systemic consequences,19-24 CsA has been known to cause gingival overgrowth. At the histological level, the induced gingival overgrowth is characterized by epithelial hyperplasia, interstitial fibrosis, and focal inflammatory cell infiltration.25, 26 At the molecular level, CsA increases the expressions of TGF-β1, IL-6, and other mediators in gingiva.3, 4 However, there is still a very limited understanding of the occurrence of CsA-induced gingival overgrowth.
EMT is a process where epithelial cells lose their original phenotype with a concomitant development of mesenchymal phenotype. At cellular level, four fundamental steps are involved in EMT.27 These include (i) loss of epithelial cell–cell adherens junction component E-cadherin and actin cytoskeletal rearrangement, (ii) de novo synthesis of myofibroblast specific marker proteins e.g. α-SMA, (iii) disruption of the tubular basement membrane, and (iv) enhanced cell migration and invasiveness. According to the classification proposed at The EMT International Association (TEMTIA) meetings, EMT can be classified into three subtypes.28, 29 Type 1, or so called developmental EMT, occurs only during embryogenesis when primitive epithelial cells give rise to the mobile mesenchymal cells, mesoderm, and endoderm. Type 2, a.k.a. fibrogenic EMT, is associated with inflammation, would healing, tissue regeneration, and organ fibrosis in mature or adult tissue. Type 2 EMT is induced in response to inflammation or trauma and normally ceases once the stimulus stops.30 Type 3, a.k.a metastasis-associated EMT, occurs in epithelial cancer cells and allow them convert to a mesenchymal phenotype in order to move to the invasive front of the tumors.28 Due to the absence of metastasis, the CsA-induced EMT in gingival overgrowth should belong to type 2 EMT according to the above classification.
However, whether EMT exists in a specific tissue could be identified by detecting the changes of EMT markers. Among of all of the markers, E-cadherin is one of the well-acknowledged EMT markers and plays an essential role in maintaining the structural integrity of epithelium and the polarization.31 The suppression of E-cadherin expression is an early important step that precedes all other major events such as induction of α-SMA during TGF-β1–induced EMT.27 In gingival epithelium, significant changes of some specific EMT markers,15, 32 including E-cadherin, β-catenin,33 HSP47,34 and integrins,35 have been observed in the CsA histological tissues in our previous study and others. Alterations of few other EMT markers,36-39 e.g. up-regulations of Snail-1, and down-regulation of Zonula Occludent-1, have also been lately observed in primary cultured hGE cells after CsA treatment in our laboratory (unpublished data), providing an extra evidence of the existence of CsA-induced EMT in gingival overgrowth.
TGF-β1 has been identified to induce EMT in kidney, breasts, and in other organ systems.5, 40 In addition, TGF-β1 is capable of inducing EMT in epithelial fibrosis of kidney,11, 27 lung,12 and liver.6 TGF-β1 can also be influenced by CsA. After CsA applications, it has been found that the expressions of TGF-β1 were elevated in human gingival fibroblast,3, 41 human gingival crevicular fluid,42 and dental plaque-free gingiva.43
Recently, the finding demonstrated that E-cadherin and two fibroblast markers or debatable EMT markers15, 16 (i.e. fibroblast specific protein-1 and fibronectin extra type III domain A) were altered in the overgrown gingivae of patients taking CsA17 providing the first evidence that EMT may be present in CsA-induced gingival overgrowth. Our results are consistent with their findings and support their notion. They also demonstrated that TGF-β1 may trigger EMT in vitro in healthy hGE cells with significant alterations of some EMT markers.17 However, it has been shown that, in renal tissues, CsA-induced EMT could be either TGF-β1 dependent or independent. 44, 45 The model of TGF-β1-induced EMT consequently may not be ideal anymore to represent the EMT induced by CsA. In the present study, we hypothesized that, in gingival epithelium, the CsA-induced type 2 EMT is TGF-β1 dependent or at least partially dependent. Our results demonstrated that the changes of E-cadherin, β-catenin, pSmad2, and pSmad3 after CsA treatments were significantly prevented by adding of TGF-β1 inhibitor, indicating that the CsA-induced gingival EMT is TGF-β1 dependent. However, further investigations are still needed to clarify the detailed mechanisms of the CsA-mediated EMT in gingiva.


CONCLUSIONS
Our results suggested that CsA could induce type 2 EMT in gingiva by changing the morphology of epithelial cells and altering the EMT markers/effectors. The CsA-induced type 2 EMT in gingiva might be prevented by the inhibition of TGF-β1, indicating that the CsA-induced gingival EMT is TGF-β1 dependent or at least partially dependent. With a better understanding of the role of CsA-medicated EMT in gingiva, we hope to shed additional light on the mechanism of CsA-induced gingival enlargement, which could have important implications for clinical therapy.
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Figure 1. Cellular morphological changes of hGE cells received CsA treatment. Cytotoxicity of CsA in the gingival epithelial cells (A): the human gingival epithelial cells received CsA (0, 500, 1000, 1500 or 2000 ng/ml) for 72 hours by MTS assay (Fig.1A). Cellular morphology in the cells received the solvent (Fig. 1B) or 1000 ng/ml of CsA (Fig. 1C) for 72 hours. Fig. 1D plot indicates the statistical comparisons of distributions of the cells with cobblestone and spindle shapes after the cells received the treatments with and without CsA. (*: p < 0.05; Original magnification X100)
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Figure 2. In vitro mRNA expressions of E-cadherin,α-SMA, and TGF-β1 in hGE cells received CsA treatment. The mRNA expressions of E-cadherin, α-SMA, and TGF-β1 in hGE cells after CsA-treatment for 48 (Figs. 2A and 2C) or 72 (Figs. 2B and 2D) hours. The expression was hemi-quantitatively compared with their relative densities to GAPDH. (*: significant difference to that in the solvent at p < 0.05 for E-cadherin and α-SMA by post-hoc analysis after one way ANOVA) 
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Figure 3. Effect of TGF-β1 inhibitor on the expression of two EMT markers, E-cadherin and α-SMA, in hGE cells received CsA treatment.
The mRNA expressions of E-cadherin and α-SMA in hGE cells were examined with real-time PCR after the treatments of CsA (1,000 ng/ml) with or without TGF-β1 inhibitor (10 μg/ml). (*: p < 0.05, compared to that in the solvent, and #: p < 0.05, compared to that with CsA treatment)
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Figure 4. Effect of TGF-β1 inhibitor on the smad-2 and smad-3 phosphorylation in hGE cells received CsA treatment. The phosphorylation of smad-2 and smad-3 in hGE cells after the treatments of CsA, TGF-β, and/or TGF-β1 inhibitor was evaluated by Western blotting. The expressions were semi-quantitatively compared with their relative densities to GAPDH (Data are expressed as mean and standard deviation; a-c: subsets obtained after post hoc analysis after one way ANOVA, if a significant difference at p < 0.05 observed).
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Figure 5. Effect of TGF-β1 inhibitor on the cell morphology in hGE cells received CsA treatment. The cell morphology of gingival epithelia in the cells treated with the solvent, CsA (1,000 ng/ml) with or without TGF-β1 inhibitor (10 μg/ml). (Original magnification X100)
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Figure 6. Effect of TGF-β1 inhibitor on the protein expression of EMT markers in hGE cells received CsA treatment. A. The E-cadherin and α-SMA expressions in gingival epithelial cells were examined with immunocytochemistry after the treatments of CsA (1,000 ng/ml), TGF-β1 (5 ng/ml), and/or TGF-β1 inhibitor (10 μg/ml) for 72 hours. (Original magnification X100, bar = 50 μm)
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