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Exogenous bone morphogenetic protein-7 reduces hepatic fibrosis in Schistosoma japonicum-infected mice via transforming growth factor-β/Smad signaling
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Abstract
AIM: To investigate the antifibrotic effects of bone morphogenetic protein-7 (BMP-7) on Schistosoma japonicum (S. japonicum)-induced hepatic fibrosis in BALB/C mice. 
METHODS: Sixty BALB/C mice were randomly divided into three groups including a control group (group A, n = 20), model group (group B, n = 20) and BMP-7 treated group (group C, n = 20). The mice in group B and group C were abdominally infected with S. japonicum cercariae to induce a schistosomal hepatic fibrosis model.  The mice in group C were administered human recombinant BMP-7. Liver samples were extracted from mice sacrificed at 9 and 15 wk after modeling. Hepatic histopathological changes were assessed using Masson's staining. Transforming growth factor-beta 1 (TGF-β1), alpha-smooth muscle actin (α-SMA), phosphorylated Smad2/3 (pSmad2/3) and Smad7 protein levels and localization were measured by Western blotting and immunohistochemistry, respectively, and their mRNA expressions were detected by reverse transcription-polymerase chain reaction (RT-PCR). 
RESULTS: The schistosomal hepatic fibrosis mouse model was successfully established as the livers of mice in group B and group C showed varying degrees of typical schistosomal hepatopathologic changes such as egg granuloma and collagen deposition. The degree of collagen deposition in group C was higher than that in group A (week 9: 22.95 ± 6.66 vs 2.02 ± 0.76; week 15: 12.84 ± 4.36 vs 1.74 ± 0.80; P < 0.05), but significantly lower than that in group B (week 9: 22.95 ± 6.66 vs 34.43 ± 6.96; week 15: 12.84 ± 4.36 vs 18.90 ±5.07; P < 0.05) at both time points. According to immunohistochemistry data, the expressions of α-SMA, TGF-β1 and pSmad2/3 protein in group C were higher than those in group A (α-SMA: week 9: 21.24 ± 5.73 vs 0.33 ± 0.20; week 15: 12.42 ± 4.88 vs 0.34 ± 0.27; TGF-β1: week 9: 37.00 ± 13.74 vs 3.73 ± 2.14; week 15: 16.71 ± 9.80 vs 3.08 ± 2.35; pSmad2/3: week 9: 12.92 ± 4.81 vs 0.83 ± 0.48; week 15: 7.87 ± 4.09 vs 0.90 ± 0.45; P < 0.05), but significantly lower than those in group B (α-SMA: week 9: 21.24 ± 5.73 vs 34.39 ± 5.74; week 15: 12.42 ± 4.88 vs 25.90 ± 7.01; TGF-β1: week 9: 37.00 ± 13.74 vs 55.66 ± 14.88; week 15: 16.71 ± 9.80 vs 37.10 ± 12.51; pSmad2/3: week 9: 12.92 ± 4.81 vs 19.41 ± 6.87; week 15: 7.87 ± 4.09 vs 13.00 ± 4.98; P < 0.05) at both time points; the expression of Smad7 protein in group B was higher than that in group A and group C at week 9 (8.46 ± 3.95 vs 1.00 ± 0.40 and 8.46 ± 3.95 vs 0.77 ± 0.42; P < 0.05), while there were no differences in Smad7 expression between the three groups at week 15(1.09 ± 0.38 vs 0.97 ± 0.42 vs 0.89 ± 0.39; P > 0.05). Although minor discrepancies were observed, the results of RT-PCR and Western blotting were mainly consistent with the immunohistochemical results. 
CONCLUSION: Exogenous BMP-7 significantly decreased the degree of hepatic fibrosis in both the acute and chronic stage of hepato-schistosomiasis, and the regulatory mechanism may involve the TGF-β/Smad signaling pathway. 
© 2013 Baishideng. All rights reserved.
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Core tip: This study first found that exogenous bone morphogenetic protein-7 can significantly decreased the degree of hepatic fibrosis in both the acute and chronic stage of hepato-schistosomiasis and the regulatory mechanism may involve the transforming growth factor -β/Smad signaling pathway, although the detailed intervention mechanism still requires more research. This provides a new research strategy and offers therapeutic potential in the treatment of hepatic schistosomiasis.
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INTRODUCTION
Schistosomiasis japonica, a chronic and debilitating disease caused by the trematode Schistosoma japonicum (S. japonicum), is one of the major public health problems in China and other tropical countries such as the Philippines and Indonesia. It seriously impacts the health of residents within endemic areas as well as social and economic development[1-3]. Human immune response to schistosome eggs deposited in the liver and the granulomatous inflammation they evoke are the initial factors of hepato-schistosomiasis, while the subsequent hepatic fibrosis represents a wound-healing response to previous liver damage[4-8]. The primary cell type involved in schistosomal hepatic fibrosis is the hepatic stellate cell (HSC), which are activated in response to inflammatory injury and converted from vitamin A-storing cells into myofibroblasts-like cells, characterized by the expression of alpha-smooth muscle actin (α-SMA), the secretion of excessive collagens and other extracellular matrix (ECM) components and the production of various pro-fibrosis cytokines such as transforming growth factor-beta (TGF-β)[9-11]. TGF-β not only maintains the progressive activation of myofibroblasts, but also activates other silent HSCs[12,13]. This positive feedback cascade reaction always causes continuous schistosomal hepatic fibrosis even when timely and effective anti-helminthic treatment has been given. In addition, praziquantel resistance has become common because of a long term dependence on the single anthelmintic[14,15]. As etiological therapy alone is not enough to treat hepatic fibrosis, finding other strategies that can block the activation of HSCs and suppress the progression of collagen deposition is important. Considering the dominant role of the cytokine system on hepatic fibrosis, research on cytokine regulators (antagonist or promoter) has become a new focus and has very promising value.
Among the numerous cytokines and growth factors that are involved in hepatic fibrosis, TGF-β, especially TGF-β1, is an acknowledged critical fibrogenic stimulus to HSCs[16,17]. TGF-β performs its functional role mostly via the TGF-β/Smad signaling pathway, which is implicated in a wide range of physiological and pathological events, including embryogenesis, inflammation and fibrosis. In this pathway, phosphorylated Smad2/3 (pSmad2/3) proteins act as pivotal downstream effectors of TGF-β which convey signals from TGF-β receptors to the nucleus, while Smad7 seems to be antagonistic to TGF-β as a negative feedback mediator[18-21]. Bone morphogenetic protein-7 (BMP-7), a member of the TGF-β superfamily, has been studied extensively due to its essential roles during morphogen formation and cell differentiation[22,23]. Recently, its therapeutic potential in the regulation of fibrosis was recognized based on the counteractive effect of BMP-7 against the TGF-β/Smad signaling pathways. For instance, Zeisberg et al[24] demonstrated the Smad-dependent reversal of TGF-β1-induced epithelial-to-mesenchymal transition (EMT) by BMP-7 to renal tubular epithelial cells, while EMT is recognized as an important event in fibrogenesis. Moreover, varying degrees of inhibition on thioacetamide- and CCL4-induced liver fibrosis by BMP-7 has been respectively observed in recent research[25]. These limited findings led us to hypothesize that BMP-7 may have a similar effect on schistosomal hepatic fibrosis. Therefore, in the current study, we set TGF-β1 and Smads as our intervention targets to investigate the potential therapeutic effect of BMP-7 in a mouse model of schistosomal hepatic fibrosis.
MATERIALS AND METHODS 

Animals and parasite 
Six-week-old SPF BALB/C female mice, weighing 12-16 g, were obtained from the Experimental Animal Center, Central South University, Changsha, China. All animal experiments were performed under the control of the Animal Care Committee of Central South University in accordance with the Guideline on Animal Experiments in Central South University. Oncomelania hupensis harboring S. japonicum cercariae were purchased from the Institute of Schistosomiasis Control Center (Yueyang, Hunan, China) and the vitality of cercariae was confirmed by microscopy. 
Animal treatment

Sixty BALB/C mice were randomly divided into three groups, including a control group (group A), model group (group B) and BMP-7 treated group (group C) (n = 20 in each group). All animals were maintained under specific pathogen-free conditions, kept at 20–25°C in a 12-h light/12-h dark cycle and had free access to standard laboratory water and chow. The mice in group B and group C were percutaneously infected with S. japonicum by placing a coverslip carrying 15 ± 1 cercariae in non-chlorine water on their abdomen for 30 min. The mice in group A were treated with non-chlorine water containing no cercariae. Six weeks after infection, the initial phase of hepatic schistosomiasis where, according to our previous studies[26], schistosome eggs reached the liver, the mice in group C were administered recombinant human BMP-7 (Peprotech, United States, Catalog Number: 120-03), 300 pg/g intraperitoneally, every other day for a period of four weeks. At 9 wk and 15 wk after infection, the extreme and stationary phase of schistosomal hepatic fibrosis, according to our previous studies[26], 10 mice from each group were randomly selected and sacrificed. Liver tissues were obtained and divided into two parts: the left lobes were fixed in a 4% paraformaldehyde solution for 12 h and the remainder was preserved at -80°C until use.

Histological examination

After a graded alcohol series, dehydration and xylene treatment, the liver specimens were embedded in paraffin blocks and cut into 5-μm thick sections. The degree of collagen deposition was assessed using Masson's staining according to standard procedures. A pathologist who was blinded to the research design checked all the sections and described the pathological changes mainly concerning hepatic fibrosis. In addition, a medical color image analysis system (Image-Pro Plus 6.0) was used to scan and sum the collagen deposition areas then calculate the percentage of collagen, a relative objective index to assess the degree of hepatic fibrosis, expressed as the ratio of the fibrotic area to the whole area. The field examined at 100 × magnification contained a granuloma, portal area, or a centrilobular vein at least and the results are presented as the mean of ten different fields in each section.
Immunohistochemistry

Immunohistochemical staining was performed with a HRP-Polymer anti-Mouse/Rabbit IHC Kit (MAIXIN-BIO, China, Catalog Number: KIT-5020). The sections were dewaxed, dehydrated, washed in phosphate-buffered saline (PBS, 0.01 M, pH 7.2) 3 × 5 min, heated at 100°C in a microwave oven 6 × 2 min, incubated in 3% H2O2 in deionized water for 10 min to block endogenous peroxides activity, and washed 3 × 5 min with PBS. The sections were then incubated overnight at 4°C with primary antibodies (rabbit TGF-β1 antibody, sc-146, Santa Cruz Biotechnology, Inc., 1:500; goat p-Smad2/3 antibody, sc-11769, Santa Cruz Biotechnology, Inc., 1:300; mouse Smad7 antibody, sc-365846, Santa Cruz Biotechnology, Inc., 1:300; rabbit α-SMA antibody, ab5694, Abcam, Inc., 1:400). After washing 3 × 5 min with PBS, the appropriate HRP-polymer anti-mouse/rabbit IgG was added to the sections and incubated at 37°C for 20 min. The sections were then washed 3 × 5 min with PBS, and the color was developed with DAB for 3-5 min. The nuclei were lightly counterstained with hematoxylin. Negative controls were incubated with PBS without the primary antibody. The integral optical density (IOD) of the target protein was measured with Image-Pro Plus 6.0, and the result was determined as the sum of five different fields (one in the center and four in the periphery) of each section. IOD was defined as the sum of the optical densities of all the positive pixels in the image, which represents the quantity of the targeted protein.

Reverse transcription-polymerase chain reaction

Total RNA was extracted from preserved liver tissue with TRIZOL Reagent (Invitrogen, United States) then reverse-transcribed into cDNA by polymerase chain reaction (PCR). Mix Reagent kits (Fermentas, Canada) according to the manufacturer's protocol. The housekeeping gene, glyceraldehyde-3-phosphate dehydrogenase (GAPDH), was used as an internal control to calculate relative quantification of target gene expression. The primer sequences were as follows: TGF-β1 (168 bp) forward 5′-AGGGCTACCATGCCAACTTC-3′ and reverse 5′-CCACGTAGTAGACGATGGGC-3′; Smad2 (148 bp) forward 5′- CTGTGACGCATGGAAGGTCT-3′ and reverse 5′-CCACGTAGTAGACGATGGGC-3′; Smad3 (135 bp) forward 5′- CAGCGAGTTGGGGAGACATT-3′ and reverse 5′- TGTAAGTTCCACGGCTGCAT-3′; Smad7 (230 bp) forward 5′-GCACTCGGTGCTCAAGAAAC-3′ and reverse 5′- CCGAGGAATGCCTGAGATCC-3′; a-SMA (300 bp) forward 5′-AAGAGCATCCGACACTGCTG-3′ and reverse 5′-AATAGCCACGCTCAGTCAGG-3′; GAPDH (132 bp) forward 5′-AACTTTGGCATTGTGGAAGG-3′ and reverse 5′- GGATGCAGGGATGATGTTCT-3′. In the RT step, a 20 μL reaction volume contained the following components: 1 μL RNA sample (1 μg/μL), 1 μL Oligo (dT) (10 pmol/μL), 10 μL DEPC-water, 4 μL 5 × buffer, 2 μL dNTP mixture (10 mmol/L), 1 μL RNase inhibitor (10 U/μL) and 1 μL ReverTra Ace. The reaction was performed at 25°C for 5 min, followed by 42°C for 60 min, 70°C for 5 min, and 4°C for 5 min. In the PCR step, a 25 μL reaction volume contained the following components: 12.5 μL 2 × Master Mix, 10.5 μL nuclease-free water, 1 μL primer, and 1 μL cDNA. The PCR protocol was as follows: denaturation at 94°C for 3 min; 35 cycles of denaturation at 94°C for 30 s, annealing at 59°C (TGF-β1, Smad2, Smad3 and GAPDH)/58°C (Smad7 and  a-SMA) for 30 s, and elongation at 72°C for 45 s; and final elongation at 72°C for 5 min. The amplified products were separated by electrophoresis on 1.5% agarose gels (volume: 8 μL samples plus 2 μL buffer; voltage: 100 V), visualized with ethidium bromide staining and photographed using an ultraviolet imaging system (Kodak, United States). We used gels analysis software (Gel-Pro 4.0) to scan and calculate the IOD of strips. The relative mRNA expression of the target gene was represented as the ratio of target gene IOD and GAPDH IOD.
Western blotting

Liver tissues (0.5 g) were homogenized on ice in 1 mL lysis buffer prepared from a Total Protein Extraction kit (ProMab, United States) for about 20 min and then ultrasonicated for 3 × 3 s. The homogenates were centrifuged at 9000 × g for 10 min at 4°C and the supernatants were then extracted to obtain the gel sample by mixing it with sampling buffer. Following heat denaturation at 100°C for 3 min, the samples (20 μg protein each lane) were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis in running buffer and subsequently transferred to nitrocellulose membrane (Pierce, United States) in precooling transfer buffer at 300 mA constant current for 70 min. Non-specific binding sites sealing was performed by incubating in PBS containing 5% non-fat milk for 2 h at room temperature. The primary antibodies (rabbit TGF-β1 antibody, sc-146, Santa Cruz Biotechnology, Inc., 1:400; goat p-Smad2/3 antibody, sc-11769, Santa Cruz Biotechnology, Inc., 1:500; mouse Smad7 antibody, sc-365846, Santa Cruz Biotechnology, Inc., 1:800; rabbit α-SMA antibody, ab5694, Abcam, Inc., 1:500; mouse GAPDH antibody, SC-365062, Santa Cruz Biotechnology, Inc., 1:800) were incubated with the membrane overnight at 4˚C. After being washed 5 × 4 min with PBS-Tween 20 (PBST), the secondary antibody (goat anti-rabbit IgG HRP for TGF-β1 and α-SMA, 1:40000; rabbit anti-goat IgG HRP for p-Smad2/3, 1:40 000; goat anti-mouse IgG HRP for Smad7 and GAPDH 1:80 000) was incubated with these membranes for 1 h at room temperature. After being washed 5 × 4 min with PBST, enhanced chemiluminescence detection of the target protein was performed. The film was scanned and the image was analyzed with Gel-Pro 4.0. The relative expression of target protein was represented by the ratio of target protein IOD and GAPDH IOD.
Statistical analysis

Statistical analysis was performed using SPSS 13.0 software. Comparisons between groups were performed using one-way analysis of variance (homogeneity of variance: S-N-K; heterogeneity of variance: Dunnett's T3). Comparisons between time points were performed using independent-samples t-test. P values less than 0.05 were considered statistically significant.
RESULTS

Schistosomal hepatopathology

Typical schistosomal hepatopathological characteristics include mainly egg granuloma and collagen deposition and were observed using Masson's staining in group B and group C at both time points (Figure 1 C-F), while group A showed normal hepatocyte morphology (Figure 1 A, B). At week 9, in group B, a dense mass of collagen fibers surrounded the egg granulomas, and spread to the space around them, or extended to neighboring lobules (Figure 1C); in group C, there were still numerous collagen fibers around the granulomas, but these were fewer (Figure 1E). At week 15, compared to week 9, a reduction in collagen deposition in group B was observed (Figure 1D), while there were only a few collagen fibers wrapped around disintegrated granulomas in group C (Figure 1F). Data of the percentage of collagen fibers in the different groups and at the two time points are expressed as the mean±SD and are shown in Figure 1G.

Expression of TGF-β1, α-SMA, pSmad2/3 and Smad7 (immunohistochemistry)

Wispy traces of TGF-β1 positive staining were sparsely distributed in sections of group A (Figure 2A and D). At week 9, in group B, densely TGF-β1-stained cells which could be distinguished by their yellow, brownish yellow or snuff color surrounded and infiltrated the granulomas, and accumulated in fibrotic lesions or stretched along the fibrous septum (Figure 2B); in group C, the quantity and intensity of positive traces were reduced compared to group B (Figure 2C) (P < 0.05). At week 15, in group B, there were still some TGF-β1-stained cells wrapped around the fibrotic granulomas or scattered around them (Figure 2E), however, only a few dispersed yellow traces were seen in group C (Figure 2F) (P < 0.05). The variation in α-SMA and pSmad2/3 expressions between the time points and groups were similar to TGF-β1, although discrepancies were observed (Figure 2 G-L, Figure 3 A-F). It is worth mentioning that pSmad2/3 was mainly located in the nuclei not only in fibrocytes and inflammatory cells, but also in normal hepatocytes (Figure 3 A-F). The expression of Smad7 in the three groups was different, and was only observed at week 9 in group B. At this point, brownish yellow traces were distributed around the granulomas and scattered in the surrounding normal hepatic tissue (Figure 3H), but no positive staining was observed in other cells (Figure 3G, I-L). Figure 2 M, N and Figure 3 M, N show the IODs of each target protein in the different groups and time points. These results are expressed as IOD (×102 or ×103) and as the mean ± SD.

Expression of TGF-β1, α-SMA, pSmad2/3 and Smad7 mRNA (RT-PCR) and protein (Western blotting) 
The experimental data on target mRNAs (RT-PCR) and proteins (Western blotting) were all roughly consistent with the immunohistochemical results (Figures 4, 5). In summary, the expressions of TGF-β1, pSmad2/3 and α-SMA mRNA and protein in group C were higher than or similar to those in group A, but significantly decreased compared to group B at both time points. With regard to the expressions of Smad7 mRNA and protein, there were no significant differences between group A and group C at both time points or group B at week 15, but they were all lower than those in group B at week 9. All data are shown in Figures 6, 7.

DISCUSSION
The molecular components and regulatory mechanism of the TGF-β/Smad signaling pathway are more or less diverse in different pathologic processes and environmental conditions[27-30]. During acute liver injury, especially in toxipathic hepatitis, the principal components and the canonical progression of this signaling are as follows: catalytically active TGF-β type Ⅰ receptor phosphorylates Smad2 and the highly similar protein Smad3 to create their phosphorylated (p) isoforms, then TGF-β promotes collagen synthesis in activated HSCs via pSmad2/3 pathways[31]. In the recovery stage of acute liver injury, to avoid excessive collagen deposition, TGF-β also initiates the expression of antagonistic Smad7 which functions in a negative-feedback loop to reduce the fibrogenic strength of the signal[32,33]. However, the negative regulation of TGF-β/Smad signaling is insufficient and transitory, when liver injury and fibrosis enter the chronic phase, the induction of Smad7 gradually ceases, while other promotive factors continue to work[34]. That is why an appropriate exogenous cytokine regulator is so attractive due to its potential therapeutic effect in blocking or reversing hepatic fibrosis. Although BMP-7 belongs to the TGF-β superfamily due to their morphological characteristics, it has an almost contrary biological function compared to TGF-β. An increasing number of reports indicate that BMP-7 may be a new antagonist of organ fibrosis because of its counteractive effect on the TGF-β/Smad signaling pathway; however, the role of BMP-7 in schistosomal hepatic fibrosis and the underlying regulatory mechanism remains a mystery. The pathogenic progression and prognosis of hepatic fibrosis induced by S. japonicum infection are different to other types of hepatic fibrosis, and correlative studies are necessary.
In the present study, we administered recombinant human BMP-7 at the initiation of hepatic schistosomiasis and extended the treatment period to 3 weeks to ensure an adequate biological effect. The data showed that both the acute and chronic phase of liver injury and collagen deposition in the model group were accompanied by high expressions of protein and mRNA of TGF-β1, pSmad2/3 and α-SMA compared to the normal group, indicating that the “TGF-β1 active HSCs via pSmad2/3” classic pathway is still active in S. japonicum-induced hepatic fibrosis. Following treatment with BMP-7, the degree of collagen deposition significantly reduced at both time points as well as the expressions of TGF-β1, pSmad2/3 and α-SMA, indicating that BMP-7 had an inhibitory effect on schistosomal hepatic fibrosis, at least partly via down regulation of the expressions of TGF-β1 and pSmad2/3 and then suppression of HSC activation. Although Smad2 and Smad3 are activated only in response to TGF-β, there are still other Smads through which BMP-7 can promote fibrosis without TGF-β. For instance, Kinoshita found that BMP-7 utilized Smad1/5/8 as signaling intermediates and decreased the expression of type I collagen and α-SMA in primary cultured HSCs independent of the presence of TGF-β[35]. Whether the above cytokines act in schistosomal hepatic fibrosis requires further research. 
Smad7, known as a negative feedback regulator to profibrotic TGF-β1, seems only to act in the acute phase of schistosomal liver injury. In this stage, hepatic damage caused by schistosome eggs induces severe inflammation, to prevent further acute injury, reparative fibrosis starts and numerous collagen fibers are secreted. We speculate that the upregulation of Smad7 is decided by the intensity of hepatic fibrosis, that is, only an extremely high degree of TGF-β1 activity and collagen secretion can initiate the negative feedback effect of Smad7. This assumption is based on the following two reasons: first, at 15 weeks after infection in the model group, hepatic fibrosis was present, but at a lower degree than previously, however, the expression of Smad7 was almost down to normal levels; secondly, after the administration of BMP-7, the degree of hepatic fibrosis at 9 wk after infection was markedly alleviated, accompanied by a lack of Smad7 induction. Interestingly, a previous report on an animal model of CCl4-induced liver fibrosis showed that Smad7 levels (both mRNA and protein) were up-regulated in the model group in a time-dependent manner which lasted 12 wk after modeling compared to the control group, and at week 12 Smad7 was significantly lower in the BMP-7 treatment group than in the model group and control group[36]. Thus, our speculation regarding the expression pattern of BMP-7 remains controversial and needs further verification.
In conclusion, the role of BMP-7 as an antagonist to the TGF-β1/Smads signaling pathway and its antifibrotic effect during both the extreme and stationary phase of schistosomal hepatic fibrosis were confirmed in this study. This provides a new research strategy and offers therapeutic potential in the treatment of hepatic schistosomiasis, although the detailed intervention mechanism still requires more research. In addition, the preparatory work for the clinical application of BMP-7 is a long, arduous task.
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Figure 1 Representative images of schistosomal hepatic fibrosis in the groups over time. Collagen fibers are stained blue and arrows show egg granulomas. 100 × original magnification. Histogram shows the percentage of collagen which represented the degree of hepatic fibrosis.

Figure 2 Representative images of immunostaining for transforming growth factor-beta 1 and alpha-smooth muscle actin in the groups over time. Target protein positive staining is yellow, brownish yellow or snuff. 100 × original magnification. Histogram shows integral optical densities of target proteins. 
Figure 3 Representative images of immunostaining for pSmad2/3 and Smad7 in the groups over time. Target protein positive staining is yellow or brownish yellow. 100 × original magnification. Histogram shows integral optical densities of target proteins.
Figure 4 Representative electrophoretic bands of transforming growth factor-beta 1, alpha-smooth muscle actin, pSmad2, pSmad3 and Smad7 mRNA (reverse transcription-polymerase chain reaction). Numbers 1-3 represent group A, B and C, respectively, at 9 wk; Numbers 4-6 represent group A, B and C, respectively, at 15 wk. The 132bp GAPDH mRNA fragment was used as an internal control. M: Marker.
Figure 5 Representative electrophoretic bands of transforming growth factor-beta 1, alpha-smooth muscle actin, pSmad2/3 and Smad7 protein (western blotting). Numbers 1-3 represent group A, B and C, respectively, at 9 wk. Numbers 4-6 represent group A, B and C, respectively, at 15 wk. The 37 kD GAPDH was used as an internal control. 

Figure 6 Relative mRNA expressions (target gene IOD/GAPDH IOD, reverse transcription-polymerase chain reaction) of transforming growth factor-beta 1, alpha-smooth muscle actin, pSmad2, pSmad3 and Smad7.
Figure 7 Relative protein expressions (target protein IOD/GAPDH IOD, western blotting) of transforming growth factor-beta 1, alpha-smooth muscle actin, pSmad2/3 and Smad7.
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