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Overexpression of RUNX1 mitigates dexamethasone-induced impairment of osteogenic differentiation and oxidative stress injury in bone marrow mesenchymal stem cells by promoting alpha-2 macroglobulin transcription

QINGJIAN HE1, HUIXIN ZHU2,3 and SHANHONG FANG4,5,*

1Department of Bone Joint and Sports Medicine, Fuzhou Hospital of Traditional Chinese Medicine Affiliated to Fujian University of Traditional Chinese Medicine, Fuzhou, 350001, China
2Nursing Department, The First Affiliated Hospital of Fujian Medical University, Fuzhou, 350004, China
3Nursing Department, National Regional Medical Center, Binhai Campus of the First Affiliated Hospital of Fujian Medical University, Fuzhou, 350004, China
4Department of Orthopedic Surgery, The First Affiliated Hospital of Fujian Medical University, Fuzhou, 350004, China
5Department of Sports Medicine, National Regional Medical Center, Binhai Campus of the First Affiliated Hospital of Fujian Medical University, Fuzhou, 350004, China
*Address correspondence to: Shanhong Fang, fsh2503@fjmu.edu.cn
Received: 17 August 2023; Accepted: 24 October 2023; Published: 27 February 2024

Abstract: Introduction: Dexamethasone (Dex) caused impaired osteoblast differentiation and oxidative stress (OS) in bone marrow mesenchymal stem cells (BMSCs). This work sought to elucidate the precise molecular pathway through which Dex influences osteogenic differentiation (OD) and OS in BMSCs. Methods: The expression of Runt-related transcription factor 1 (RUNX1) and alpha-2 macroglobulin (A2M) was assessed in Dex-treated BMSCs using qRT-PCR and Western Blot. Following the functional rescue experiments, cell proliferation was determined by MTT assay, reactive oxygen species (ROS) expression by DCFH-DA fluorescent probe, lactate dehydrogenase (LDH), superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (Gpx) expression by kits, OD by alkaline phosphatase (ALP) staining and activity quantification, and the expression of OD-related proteins RUNX2, collagen type 1 alpha 1 (COL1A1), and osteocalcin (OCN) by qRT-PCR and Western Blot. The binding of RUNX1 to A2M was initially analyzed through Jaspar website and subsequently verified by dual-luciferase reporter and ChIP assays. Results: Dex-treated BMSCs had low RUNX1 and A2M expression. Dex treatment apparently elevated ROS and LDH levels, diminished cell proliferation rate and SOD, CAT, and Gpx expression, lightened intensity of ALP staining, and declined calcified nodules, ALP activity, and RUNX2, COL1A1, and OCN expression in BMSCs, which was counterweighed by RUNX1 or A2M overexpression. RUNX1 positively targeted A2M. A2M knockdown effectively nullified the ameliorative effects of RUNX1 overexpression on impaired OD and OS injury in Dex-induced BMSCs. Conclusions: Overexpression of RUNX1 attenuated Dex-induced impaired OD and OS injury in BMSCs by promoting A2M transcription.
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Abbreviations



	Dex
	Dexamethasone



	OS
	Oxidative stress



	BMSCs
	Bone marrow mesenchymal stem cells



	OD
	Osteogenic differentiation



	RUNX1
	Runt-related transcription factor 1



	A2M
	Alpha-2 macroglobulin



	ROS
	Reactive oxygen species



	LDH
	Lactate dehydrogenase



	SOD
	Superoxide dismutase



	CAT
	Catalase



	Gpx
	Glutathione peroxidase



	ALP
	Alkaline phosphatase



	COL1A1
	Collagen type 1 alpha 1



	OCN
	Osteocalcin



	PBS
	Phosphate-buffered saline



	ARS
	Alizarin red staining



	MTT
	3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide



	qRT-PCR
	Quantitative reverse transcription polymerase chain reaction



	ChIP
	Chromatin immunoprecipitation



	lgG
	Immunoglobulin G



	GAPDH
	Glyceraldehyde-3-phosphate dehydrogenase





Introduction

Dexamethasone (Dex), a glucocorticoid agonist introduced to clinics in 1961, has been extensively applied in the treatment of diverse disorders. These include joint disorders, cancers, eye disorders, allergies, the coronavirus disease 2019, and autoimmune disorders [1,2]. Glucocorticoid drugs including Dex have directly adverse effects on osteocytes, reduce the rate of new bone formation and lead to a heightened danger of osteoporosis and fracture in users [3]. Dex is known to contribute to a loss in bone mass and an increase in bone marrow adiposity. Furthermore, it has the potential to skew the differentiation of bone marrow mesenchymal stem cells (BMSCs) towards the adipocyte lineage rather than osteoblasts [4]. Moreover, many evidences indicated that Dex induced oxidative stress (OS) [5–7], while OS can inhibit OD of BMSCs and served as a primary mechanism in the pathogenesis of impaired bone formation [8]. Notably, Dex at a certain concentration can inhibit OD [9,10]. Hence, the concrete mechanism by which Dex influences OD and OS in BMSCs deserves to be queried.

Runt-related transcription factor 1 (RUNX1) was unveiled to protect lymphoma cells against apoptosis induced by Dex [11]. RUNX1 serves as a vital transcription factor known for its significant regulatory roles in diverse cellular processes, including proliferation, differentiation, DNA damage response, and tissue growth [12]. During the last decades, investigations on the functions of RUNX1 were primarily concentrated in acute leukemia and cancers, like hepatocellular carcinoma, pancreatic cancer, and colorectal cancer [13–16]. It was disclosed that RUNX1 facilitated the osteogenic ability and suppresses adipogenesis in BMSCs via the Wnt/β-catenin pathway [17]. On contrary, loss of RUNX1 suppressed OD of osteogenic induction medium-induced MC3T3-E1 cells [18]. Besides, RUNX1 participated in the repression of microRNA (miR)-18-5p on hypoxia-induced myocardial apoptosis and OS [19].

Furthermore, as a heterodimeric transcription factor, RUNX1 can bind to the core elements of numerous promoters and enhancers [20]. Predictions based on databases revealed that RUNX1 bound to alpha-2 macroglobulin (A2M) promoter and modulated A2M transcription. A2M, a multifunctional protein, is primarily renowned as an inhibitor of broad-spectrum proteases and can shift proteolysis to small substrates and facilitate the binding of damaged extracellular proteins, growth factors, and cytokines and cell migration [21]. A2M reduced the number of osteoclasts in the mandibular bone marrow and apoptosis of bone marrow cells and protects BMSCs from apoptosis and oxidative damage in advanced osteoradionecrosis [22]. Reference [23] pointed out that the cooperation between A2M and clozapine protected neural tissue against injury caused by OS.

In summary, a hypothesis was formulated suggesting that RUNX1 influenced OD and OS in BMSCs after Dex treatment by regulating A2M transcription. This work intended to elucidate the concrete actions of RUNX1/A2M on OD and OS in Dex-treated BMSCs for the purpose of providing a precious clue for the treatment of osteoporosis.

Materials and Methods

Cell culture and processing

BMSCs (CP-H166, Procell, Wuhan, China) were incubated at 37°C in Dulbecco’s modified eagle medium (Gibco, Grand Island, NY, USA) encompassing fetal bovine serum (10%) and penicillin/streptomycin (1%) under 5% CO2 [24].

Flow cytometry

Flow cytometry was utilized to assess the expression of surface antigens on BMSCs. Specifically, the third-generation BMSCs growing to approximately 80% were trypsin digested for 1 min and subsequently centrifuged for 5 min at 1000 g to eliminate the supernatant. Following resuspension in phosphate-buffered saline (PBS), the cells were counted and adjusted to l × l07 cells/mL. The cells were incubated on ice for 15 min with 100 μL cell suspension and antibodies against CD44, CD73, CD29, CD34, and CD45 in the dark. Following washing with l mL PBS, the cells were centrifuged. Following washing with l mL PBS, the cells were centrifuged for 5 min at 1000 g to remove the supernatant. Subsequently, the cells were treated with 200 μL PBS, and the expression of cell surface antigens was examined by flow cytometry (Beckman Coulter, Chaska, MN, USA) [25].

In addition, the cells were respectively identified for lipogenic, osteogenic, and chondrogenic differentiation ability using alizarin red staining (ARS) solution (GP1055, Servicebio, Wuhan, China), oil red O staining solution (ab150678, Abcam, Cambridge, UK), and alcian blue staining solution (BP-DL241, SenBeiJia Biological Technology, Nanjing, China). Next, only cells from the third generation were selected for subsequent experimentations.

Induction of osteogenesis, adipogenesis, and chondrogenesis and Dex treatment of BMSCs

BMSCs were osteogenically induced referring to the preceding literature [26]. Specifically, the third-generation BMSCs were seeded in 24-well culture plates (5 × 104 cells/well). The stock solution was aspirated and discarded after the BMSCs adhered to the wall. The osteogenic induction was then performed with complete α-minimum essential medium encompassing β-glycerophosphate (10 mM, Merck KGaA, Darmstadt, Germany) and ascorbic acid (20 μM, Merck KGaA) instead of the original medium. The old fluid was aspirated, discarded, and refilled with new fluid every three days. OD ability was determined via ARS, alkaline phosphatase (ALP) activity assay, and protein expression of osteogenic marker genes. The induction of adipogenesis was conducted utilizing adipogenic induction medium (PD-016, Procell, China). The induction medium and maintenance medium are cultured alternately, and then the maintenance medium is continuously cultured until the lipid droplets become large enough. Oil red O staining was used to detect adipocytes [25]. As for chondrogenic induction, BMSCs (1 × 106) were seeded onto 12-well plates, and then induced using the StemPro™ chondrogenic differentiation kit (A1007101, Thermo Fisher Scientific, Wilmington, DE, USA) for 0, 7, and 14 days. The medium was refreshed every 4 days. Finally, BMSCs were stained using alcian blue [27].

The osteogenically differentiated BMSCs were treated with reference to the preceding literature [26]. Briefly, the osteogenic medium of BMSCs was enriched with 5 μm Dex, and then the cells were cultivated for 7 days before subsequent experimentations. Dex was not included in the control group.

Cell transfection

Vectors for Overexpression (oe) (oe-RUNX1, oe-A2M, and oe-negative control [NC]) and low expression vectors (short hairpin RNA [sh]-A2M and sh-NC) were attained from Hanbio (Shanghai, China). The transfections were performed as per the specifications, with subsequent experimentations performed at 48 h of transfection.

ALP staining

ALP staining was performed following the instructions of the BCIP/NBT ALP Color Development Kit (C3206, Beyotime, Shanghai, China). To elaborate, the cells underwent a series of steps: they were rinsed 3–5 times with PBS buffer, subsequently fixed at room temperature for 30 min in a 4% paraformaldehyde solution and washed another 3 times with PBS buffer. Next, the cells were covered with appropriate volume of BCIP/NBT staining working solution to cover all cells and incubated at room temperature for 30 min in the dark. Following incubation, the working solution was discarded. The cells were washed 1–2 times with distilled water to terminate the color development reaction, followed by photography and observation under the microscope (Olympus).

ALP activity assay

ALP activity assay was performed following the instructions of the ALP assay kit (P0321S, Beyotime). The cells were washed 3 times with PBS buffer, lysed for 30 min with a 1% Triton X-100 solution on ice, and centrifuged for 5 min at 4°C and 7500 rpm. The supernatant was collected and thoroughly mixed and incubated for 15 min with working solution, 50 μL buffer, and 50 L substrate solution at 37°C. After terminating the reaction with 150 L chromogenic agent, the absorbance at 405 nm was measured [28].

3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) assay

The cells were seeded in 96-well plates in three replicates and treated with MTT solution (10 μL/well, M6494, Thermo Fisher Scientific, Wilmington, DE, USA) for 2 h. After termination of the reaction with dimethyl sulfoxide (Sigma-Aldrich, St Louis, MO, USA), the optical density value at 490 nm was determined using a microplate reader (Model 680, Bio-Rad, Hercules, CA, USA) [29,30].

Detection of reactive oxygen species (ROS)

ROS content in cells was assessed as per the previous literature [31]. Briefly, the ROS content was evaluated following the manuals of the ROS fluorescent probe (DCFH-DA molecular probe, Sigma-Aldrich). The cell supernatant was incubated for 30 min with 10 μmol/LDCFH-DA probe (2 mL) at 37°C in darkness. After oxidation, DCFH-DA was converted into DCFH with high fluorescence, which exhibited a green fluorescence in the cytoplasm. A fluorescent microscope (Olympus) was employed to acquire fluorescent images.

Lactate dehydrogenase (LDH) detection

The LDH assay kit (A020-2-2, Jiancheng, Nanjing, China) was employed for the determination of LDH, a marker of injury. Briefly, serum samples were added to a 96-well plate and operated following the protocols of the kit, and optical density values were evaluated at 450 nm on the microplate reader [32].

Detection of superoxide dismutase (SOD) and catalase (CAT)

The levels of OS factors CAT and SOD were evaluated using the SOD (A001-3-2, Jiancheng) and CAT (A007-1-1, Jiancheng) assay kits. Briefly, the supernatant was attained via cell centrifugation and executed following the protocols of the kits [26].

Glutathione peroxidase (Gpx) detection

Gpx concentration in cells was calculated following the manuals of the Gpx assay kit (A005-1-2, Jiancheng). Specifically, 1 × 108 cells were seeded onto the plates, followed by PBS washing, added with 3 volf 5% sulfosalicylic acid solution, and centrifuged for 10 min at 10,000 g. The supernatant underwent 5-min incubation with 150 μL Gpx mixture at room temperature and 20-min incubation with 50 μL diluted NADPH solution before examining the absorbance at 412 nm using the microplate reader (Model 680, Bio-Rad).

Quantitative reverse transcription polymerase chain reaction (qRT-PCR)

Total cellular RNA was isolated using the RNeasy mini kit (Qiagen, Valencia, CA, USA) with the concentration and purity determined using the Nano Drop micro-nucleic acid assay and reverse transcribed into cDNA using the RT kit (RR047A, Takara, Tokyo, Japan). qRT-PCR was conducted using the SYBR® Premix Ex TaqTM II and a real-time fluorescent quantitative PCR instrument (ABI 7500, Applied Biosystems, Foster City, CA, USA) with three replicates for each quantitative PCR reaction. Data were performed using the 2−ΔΔCt method with glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as an internal reference. Primer sequences are provided in Table 1.
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Western blot

Cells were harvested by trypsinization, lysed by enhanced Radio-Immunoprecipitation assay lysis solution with protease inhibitors. The protein concentration was determined by the bicinchoninic acid protein quantification kit (Boster, Wuhan, China). The proteins received separation by 10% sodium dodecyl sulfate polyacrylamide gel electrophoresis and transfer to polyvinylidene fluoride membranes, which were closed for 2 h by 5% bovine serum albumin at room temperature. The membranes received probing at 4°C with diluted primary antibodies (1:1000, Abcam Inc., Cambridge, UK) against RUNX1 (ab272456), A2M (ab109422), RUNX2 (ab236639), osteocalcin (OCN, ab93876), collagen type 1 alpha 1 (COL1A1, ab138492), and GAPDH (ab8245) before washing. The membranes were then probed for at room temperature with horseradish peroxidase-labeled secondary antibodies (ab6728 and ab6721, 1:2000, Abcam) before being washed for 10 min with Tris-buffered saline with Tween 20 for 3 times. Next, the membranes were developed with an electrogenerated chemiluminescence solution (P0018FS, Beyotime) before examination under a chemiluminescence imaging system (Bio-rad) and analysis by Quantity One v4.6.2 software. The relative protein content was calculated as the grayscale value of the corresponding protein bands/the grayscale value of the GAPDH protein bands.

Dual-luciferase reporter assay

The binding sites of RUNX1 to A2M were predicted by the Jaspar website (http://jaspar.genereg.net/) before designing and synthesizing the wild (wt) and mutant (mut) sequences of the binding sites. The wt-A2M and mut-A2M sequences received insertion into the luciferase reporter gene vectors (pGL3-Basic) before co-transfection with oe-RUNX1 or oe-NC into HEK 293T cells. The cell fluorescence activity was measured using the dual-luciferase reporter kit (Promega, Madison, WI, USA) and a luminometer (Turner Biosystems, Sunnyvale, CA, USA).

Chromatin immunoprecipitation (ChIP)

Cells received 10-min formaldehyde fixation to generate DNA-protein crosslinks. With a setting of 10 s sonication and 10 s interval for 15 cycles, a sonicator was employed to break the cells and interrupt the chromatin into fragments. The fragments received 10-min centrifugation at 12000 g and 4°C to attain the supernatant. The supernatant was divided into two tubes and respectively incubated with immunoglobulin G (lgG) antibodies (ab172730, Abcam) and the target protein-specific antibodies against RUNX1 (ab272456, Abcam) overnight at 4°C for sufficient binding. The DNA-protein complexes were precipitated with Protein Agarose/Sepharose and centrifuged for 5 min at 12,000 g and the supernatant were discarded. The non-specific complexes were washed, de-crosslinked overnight at 65°C, and purified by phenol/chloroform extraction to retrieve DNA fragments. qPCR was performed with A2M-specific primers to test the binding of RUNX1 to A2M.

Statistical analysis

The data were statistically analyzed with the GraphPad Prism7 software and presented as mean ± standard deviation. Comparisons between two groups were conducted using t-test and comparisons among multiple groups were conducted using one-way analysis of variance with Tukey’s multiple comparison test. p < 0.05 was considered statistically significant.

Results

Dex led to impaired OD and OS injury in BMSCs with low RUNX1 expression

Firstly, the purchased BMSCs were identified, which displayed a classical long shuttle or shuttle shape of BMSCs (Fig. 1A). The differentiation results demonstrated that BMSCs were positive for ARS, oil red O staining, and alcian blue staining when respectively cultured in osteogenic, lipogenic, and chondrogenic induction media (Fig. 1B). Flow cytometry results revealed that a positive expression of positive cell surface markers (CD29, CD73, and CD44) and a negative expression of negative cell surface markers (CD34 and CD45) in BMSCs (Fig. 1C). The aforementioned findings suggested that the purchased BMSCs were of high purity and homogeneity and were available for subsequent experiments.
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Figure 1: Dex caused low RUNX1 expression, impaired OD, and OS injury in BMSCs. Note: (A) morphological observation of BMSCs; (B) identification of OD (alizarin red staining), lipogenic differentiation (oil red O staining), and chondrogenic differentiation (alcian blue staining) of BMSCs; (C) flow cytometry to examine expression of BMSC markers CD29, CD73, and CD44 and non-BMSC markers CD45 and CD34. Then, BMSCs were treated with 5 μM Dex. (D) MTT assay to evaluate BMSC proliferation; (E) DCFH-DA molecular probe to detect ROS expression in BMSCs; (F) kits to examine the expression of OS indicators LDH, SOD, CAT, and Gpx in BMSCs; (G) ALP staining and ALP activity assay to assess OD of BMSCs; (H and I) qRT-PCR and Western Blot to measure the expression of OD-related proteins RUNX2, COL1A1, and OCN in BMSCs; (J) qRT-PCR and Western Blot to measure RUNX1 expression in BMSCs. Data were shown as mean ± standard deviation, N = 3. Comparisons between two groups were conducted using t-tests. *p < 0.05 compared with the control group. BMSCs, bone marrow mesenchymal stem cells; Dex, dexamethasone; RUNX1, Runt-related transcription factor 1; ROS, reactive oxygen species; LDH, lactate dehydrogenase; SOD, superoxide dismutase; CAT, catalase; Gpx, glutathione peroxidase; ALP, alkaline phosphatase; COL1A1, collagen type 1 alpha 1; OCN, osteocalcin.

Subsequently, the impacts of Dex on OD and OS in BMSCs were examined. MTT assay results exhibited that the increased concentrations of Dex substantially restrained BMSC proliferation ability, and the inhibition of cell viability was close to 50% after 5 μM Dex treatment (Fig. 1D, *p < 0.05), and 5 μM Dex was chosen to treat BMSCs in the follow-up experiments. The detection results of DCFH-DA fluorescent probes revealed that Dex treatment dramatically elevated ROS level in BMSCs (Fig. 1E, *p < 0.05). The detection results of the kits manifested that Dex treatment apparently increased LDH expression but decreased SOD, CAT, and Gpx expression in BMSCs (Fig. 1F, *p < 0.05). The results of ALP staining and activity assay to determine OD showed that Dex treatment resulted in a markedly lighter intensity of ALP staining and a remarkable reduction in calcified nodules and ALP activity (Fig. 1G, *p < 0.05). The results of Western Blot and qRT-PCR for OD-related protein expression presented that Dex treatment pronouncedly diminished RUNX2, COL1A1, and OCN expression (Figs. 1H and 1I, *p < 0.05). In addition, Western Blot and qRT-PCR results highlighted that Dex treatment dramatically reduced RUNX1 expression in BMSCs (Fig. 1J, *p < 0.05). These results indicated that Dex treatment resulted in impaired OD and OS injury in BMSCs with low RUNX1 expression.

Overexpression of RUNX1 suppressed Dex-induced impaired OD and OS injury in BMSCs

Dex-treated BMSCs were transfected with oe-RUNX1 or oe-NC to clarify the action of RUNX1 in Dex-induced impairment of OD and OS injury. The transfection efficiency was tested, which exhibited that oe-RUNX1 transfection considerably upregulated RUNX1 expression in Dex-treated BMSCs (Fig. 2A, *p < 0.05). Assays of OS in BMSCs demonstrated that oe-RUNX1 transfection notably lowered ROS and LDH levels, and upregulated cell proliferation rate and SOD, CAT, and Gpx levels in Dex-treated BMSCs (Figs. 2B–2D, *p < 0.05). Assays of OD of BMSCs manifested that oe-RUNX1 transfection resulted in a prominently darker intensity of ALP staining and a conspicuous elevation in calcified nodules, ALP activity, and RUNX2, COL1A1, and OCN levels in Dex-treated BMSCs (Figs. 2E and 2F, *p < 0.05). These findings indicated that overexpression of RUNX1 repressed Dex-induced impaired OD and OS injury in BMSCs.
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Figure 2: Dex-induced impairment of OD and OS injury in BMSCs was inhibited by RUNX1 overexpression. Note: Dex-treated BMSCs were transfected with oe-RUNX1. (A) qRT-PCR and Western Blot to detect RUNX1 expression in Dex-treated BMSCs; (B) MTT assay to measure BMSC proliferation; (C) DCFH-DA molecular probe to evaluate ROS expression in Dex-treated BMSCs; (D) kits to examine LDH, SOD, CAT, and Gpx expression in Dex-treated BMSCs; (E) ALP staining and ALP activity assay to determine OD of Dex-treated BMSCs; (F) qRT-PCR and Western Blot to detect RUNX2, COL1A1, and OCN expression in Dex-treated BMSCs. Data were shown as mean ± standard deviation, N = 3. Comparisons among multiple groups were conducted using one-way analysis of variance with Tukey’s multiple comparison test. *p < 0.05 compared with the oe-NC group. BMSCs, bone marrow mesenchymal stem cells; Dex, dexamethasone; RUNX1, Runt-related transcription factor 1; ROS, reactive oxygen species; LDH, lactate dehydrogenase; SOD, superoxide dismutase; CAT, catalase; Gpx, glutathione peroxidase; ALP, alkaline phosphatase; COL1A1, collagen type 1 alpha 1; OCN, osteocalcin.

RUNX1 bound to A2M promoter and promoted A2M transcription

Analyses of the hTFtarget and Jaspar websites identified that the transcription factor RUNX1 bound to A2M promoter and modulated A2M transcription (Fig. 3A). Western Blot and qRT-PCR results exhibited that A2M protein and mRNA expression was signally reduced in Dex-treated BMSCs (Fig. 3B, *p < 0.05). Therefore, we hypothesized that RUNX1 might engage in Dex-induced impaired OD and OS injury in BMSCs by modulating A2M transcription. Dual-luciferase reporter assays presented that oe-RUNX1 dramatically enhanced the luciferase activity of wt-A2M relative to oe-NC, whereas the luciferase activity of mut-A2M was not noticeably altered by oe-RUNX1 or oe-NC (Fig. 3C, *p < 0.05). ChIP assays displayed a pronounced increase in the A2M gene promoter bound by RUNX1 vs. lgG (Fig. 3D, *p < 0.05). Afterwards, Dex-treated BMSCs were transfected with oe-RUNX1 alone or combined with sh-A2M. Western Blot and qRT-PCR results manifested that oe-RUNX1 transfection strikingly upregulated A2M expression (*p < 0.05), while further sh-A2M transfection abolished the promotion of A2M expression by oe-RUNX1 transfection (Figs. 3E and 3F, #p < 0.05). These results indicated that RUNX1 bound to the A2M promoter and boosted A2M transcription.
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Figure 3: RUNX1 bound to A2M and promoted A2M transcription. Note: (A) Jaspar website to predict the binding of RUNX1 to A2M; (B) qRT-PCR and Western Blot to measure A2M expression in Dex-treated BMSCs; (C) dual-luciferase reporter assay to verify the binding of RUNX1 to A2M; (D) ChIP assay to verify the binding of RUNX1 to A2M; (E and F) qRT-PCR and Western Blot to measure A2M expression in Dex-treated BMSCs after transfection of oe-RUNX1 alone or combined with sh-A2M. Data were shown as mean ± standard deviation, N = 3. Comparisons between two groups were conducted using t-test and comparisons among multiple groups were conducted using one-way analysis of variance with Tukey’s multiple comparison test. *p < 0.05 compared with the control group; #p < 0.05 compared with the oe-NC or IgG group; &p < 0.05 compared with the oe-RUNX1 + sh-NC group. BMSCs, bone marrow mesenchymal stem cells; Dex, dexamethasone; RUNX1, Runt-related transcription factor 1; A2M, alpha-2 macroglobulin.

Overexpression of A2M2 inhibited Dex-induced impaired OD and OS injury in BMSCs

To identify the function of A2M in Dex-induced impaired OD and OS injury, Dex-treated BMSCs were transfected with oe-A2M. The transfection efficiency was examined, and the results exhibited that oe-A2M transfection significantly boosted A2M expression in BMSCs (Fig. 4A, *p < 0.05). The results of OS experiments displayed that oe-A2M transfection considerably diminished ROS and LDH levels and augmented cell proliferation rate and SOD, CAT, and Gpx levels in Dex-treated BMSCs (Figs. 4B–4D, *p < 0.05). The results of OD experiments revealed that oe-A2M transfection resulted in a markedly darker intensity of ALP staining and a noticeable enhancement in calcified nodules, ALP activity, and RUNX2, COL1A1, and OCN expression in Dex-treated BMSCs (Figs. 4E and 4F, *p < 0.05). These findings suggested that overexpression of A2M attenuated Dex-induced impaired OD and OS injury in BMSCs.
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Figure 4: Overexpression of A2M alleviated Dex-induced impairment of OD and OS injury in BMSCs. Note: oe-A2M was transfected into Dex-treated BMSCs. (A) qRT-PCR and Western Blot to determine A2M expression; (B) MTT assay to assess cell proliferation; (C) DCFH-DA molecular probe to detect ROS expression; (D) kits to detect LDH, SOD, CAT, and Gpx expression; (E) ALP staining and ALP activity assay to measure OD; (F) qRT-PCR and Western Blot to determine RUNX2, COL1A1, and OCN expression in Dex-treated BMSCs. Data were shown as mean ± standard deviation, N = 3. Comparisons among multiple groups were conducted using one-way analysis of variance with Tukey’s multiple comparison test. *p < 0.05 compared with the oe-NC group. BMSCs, bone marrow mesenchymal stem cells; Dex, dexamethasone; RUNX1, Runt-related transcription factor 1; A2M, alpha-2 macroglobulin; ROS, reactive oxygen species; LDH, lactate dehydrogenase; SOD, superoxide dismutase; CAT, catalase; Gpx, glutathione peroxidase; ALP, alkaline phosphatase; COL1A1, collagen type 1 alpha 1; OCN, osteocalcin.

Overexpression of RUNX1 attenuated Dex-induced impaired OD and OS injury in BMSCs by promoting A2M transcription

To ascertain whether RUNX1 affected OD and OS in Dex-treated BMSCs by boosting A2M transcription, Dex-treated BMSCs were transfected with oe-RUNX1 alone or in combination with sh-A2M. Corresponding experimental results highlighted that sh-A2M transfection reversed the mitigating effect of oe-RUNX1 transfection on impaired OD and OS injury in Dex-induced BMSCs (Figs. 5A–5E, #p < 0.05). Taken together, RUNX1 overexpression attenuated Dex-induced impaired OD and OS injury in BMSCs by increasing A2M transcription.
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Figure 5: Overexpression of RUNX1 alleviated Dex-induced impairment of OD and OS injury in BMSCs via promotion of A2M transcription. Note: Dex-treated BMSCs were transfected with oe-RUNX1 alone or combined with sh-A2M. (A) MTT assay to determine cell proliferation; (B) DCFH-DA molecular probe to examine ROS expression; (C) kits to evaluate LDH, SOD, CAT, and Gpx expression; (D) ALP staining and ALP activity assay to assess OD; (E) qRT-PCR and Western Blot to examine RUNX2, COL1A1, and OCN expression in Dex-treated BMSCs. Data were shown as mean ± standard deviation, N = 3. Comparisons among multiple groups were conducted using one-way analysis of variance with Tukey’s multiple comparison test. *p < 0.05 compared with the oe-NC + sh-NC group; #p < 0.05 compared with the oe-RUNX1 + sh-NC group. BMSCs, bone marrow mesenchymal stem cells; Dex, dexamethasone; RUNX1, Runt-related transcription factor 1; A2M, alpha-2 macroglobulin; ROS, reactive oxygen species; LDH, lactate dehydrogenase; SOD, superoxide dismutase; CAT, catalase; Gpx, glutathione peroxidase; ALP, alkaline phosphatase; COL1A1, collagen type 1 alpha 1; OCN, osteocalcin.

Discussion

One serious side effect of long-term Dex use is the elevated danger of osteoporosis or even osteonecrosis of the femoral head, which can result in substantial suffering to the patients [33]. High levels of OS after exposure to glucocorticoid generate excessive ROS that impairs DNA and cell membranes, lead impaired osteoblast differentiation, and even enhance apoptosis of BMSCs [26]. However, the particular molecular pathways via which Dex impacts OD and OS in BMSCs are unknown and warrant further investigation. This work disclosed that overexpression of RUNX1 attenuated Dex-induced impaired OD and OS injury in BMSCs by promoting A2M transcription.

Dex treatment of BMSCs resulted in a reduced intensity of ALP staining, decreased calcified nodules, ALP activity, and RUNX2, COL1A1, and OCN expression, enhanced ROS and LDH levels, and decreased cell proliferation rate and SOD, CAT, and Gpx expression in BMSCs. Since ALP, OCN, and COL1A1 are bone-specific matrix proteins related to bone formation, and RUNX2 is an essential transcriptional modulator of osteoblast differentiation [34]. OS is classified as a disturbance of the pro/antioxidant balance and excessively produces high ROS and reactive nitrogen species that are detrimental to cells [35]. LDH, SOD, CAT and Gpx are anti-oxidative and oxidative metabolites and enzymes [36], which are indicators of OS. This work indicated that Dex treatment hindered osteogenic development and caused OS injury in BMSCs, which is compatible with the findings of [26].

RUNX1 was documented to enhance glucocorticoid resistance in leukemia by enhancing long noncoding RNA (lncRNA) HOTAIRM1 expression [37]. RUNX1 is a member of the RUNX proteins (otherwise called master regulators of embryonic development), which are a family of transcription factors that exert critical functions in diverse biological processes, such as lineage determination and cell differentiation, apoptosis, and proliferation [38]. Our data revealed that RUNX1 expression was low in Dex-treated BMSCs. RUNX1 restrains adipogenesis and promoted osteoblast lineage commitment, osteoblast differentiation and proliferation, and bone formation by mediating several signaling pathways that participate in bone formation [39]. Overexpression of lncRNA maternally expressed gene 3 inactivates the miR-129-5p/RUNX1 axis to foster differentiation of BMSCs to chondrocytes [40]. Mesenchymal stem cells can differentiate into chondrocytes more easily when RUNX1 is over’ expressed [41]. Similarly, this work elucidated that overexpression of RUNX1 prevented Dex from impairing BMSCs’ ability to differentiate into osteoblasts. However, there has not been any prior discussion of RUNX1’s effect on OS in BMSCs. This work novelly disclosed that overexpression of RUNX1 inhibited Dex-induced OS injury in BMSCs.

Transcription factors are the proteins that bind to gene-specific sequences to modulate gene expression and transcription and perform a vital function in modulating cell biological activities [42]. In this work, analyses of the hTFtarget and Jaspar websites, as well as the dual-luciferase reporter and ChIP assays identified that the transcription factor RUNX1 bound to A2M promoter and enhanced A2M transcription. This work revealed that Dex-treated BMSCs had low A2M expression. A former paper illustrated that A2M plays a crucial function in osteogenesis by increasing the immediate availability of osteogenic growth peptide, which non-covalently complexes with thermosensitive and high molecular weight osteogenic growth peptide binding proteins, thereby stimulating bone formation [43]. Deer antler extract may inhibit the signaling network generated by Apof, A2M, Serpina3n, and their interacting regulators to orchestrate bone remodeling and formation, upsetting osteoblasts’ homeostasis [44]. As an enhancer of osteoblast differentiation, adrenocorticotropic hormone upregulates A2M to facilitate OD of BMSCs [45]. Likewise, this work uncovered that overexpression of A2M enhanced the OD of Dex-treated BMSCs. Moreover, A2M upregulates antioxidant enzyme (SOD2 and heme oxygenase-1) activities and resulted in a decrease in ROS and 8-hydroxy-2′-deoxyguanosine levels, thereby protecting BMSCs against OS injury [46]. A2M enhances the proliferative rate and OD and diminishes autophagy and apoptosis in BMSCs after irradiation through an antioxidant pathway [47]. Notably, this work found that overexpression of A2M attenuated Dex-induced OS injury in BMSCs. Besides, knockdown of A2M abolished the mitigating effect of RUNX1 overexpression on impaired OD and OS injury in Dex-induced BMSCs.

Conclusion

This research showed for the first time that RUNX1 bound to A2M and controlled its transcription. This work also unveiled that overexpression of RUNX1 repressed Dex-induced impairment of OD and OS injury in BMSCs by promoting A2M transcription. Since reduction in osteoblast proliferation and differentiation is a feature of osteoporosis and OS acts in osteoporosis pathogenesis [29], this work is expected to shed a novel light on the management of Dex-induced osteoporosis. However, the current study had the problem of not being validated in vivo. More comprehensive investigations about the effects of RUNX1/A2M on Dex-induced BMSCs in the animal setting and the modulation of other target genes are required in the future research.
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TABLE 1

Primer sequences

Genes F-mus (5’-3) R-mus (5’-3’)

RUNX1 GGACGCCAGAAGGAAGTCAA TCGGACCACAGAGCACTTTC
A2M TCTGTTCTCCTCCAGCTCCT GAAGAGGCTCCTGTTTCCCC
RUNX2 CGCCTCACAAACAACCACAG TCACTGTGCTGAAGAGGCTG
OCN CCACCGAGACACCATGAGAG TCAGCCAACTCGTCACAGTC
COLIAI AGAGGTCGCCCTGGAGC AAACCTCTCTCGCCTCTTGC

GAPDH ACCCTTAAGAGGGATGCTGC ATCCGTTCACACCGACCTTC

Note: F. forward: R. reverse.





OEBPS/Images/Biocell-48-45109-f004.png
(A) =1 Dex 3 Dex (B) = Dex
c 37 = oe-NC 2.54 BEa oe-NC 1004 EH oe-NC «
) El oe-A2M c El oe-A2M * Bl oe-A2M
a ol Dex oe-NC oe-A2M S 2.0- —~ 80-
g 2 ¢ >
Q 2- ey o
g A2M -—— S 45 £ 60-
s = 23 - -
< S 1.0- S 404
2 1 GAPDH | i M S © < z 4
s 3 0.5- O 20-
T (1
o
0- 0.0- 0
C
(C) Dex oe-NC =3 Dex
g 1.57 B oe-NC
S EN oe-A2M
(8]
(7]
2 10 L
e Jiy-=
=0
c
25 :
X -= 0.5
(]
=
k=
(]
o 0.0
(D) = Dex = Dex =3 Dex = Dex
15+ = oe-NC g— B2 oe-NC . g = oe-NC . g B oe-NC
§ B oe-A2M B oe-A2M B oe-A2M T B oe-A2M
(/)] *
7 T
o 6- 6- 6 T
5 104 1 2o 2 >
10 S9 59 58
T S Sa4d - S 5 a- S 54
9 o £ = £ x E
o 0.5 o2 2 52
2 ? = 2 © = 2- © =5
©
[
(1’4
0.3 c 0_ c
= Dex
B oe-NC
257 mm oe-A2M
*
= 2.0
292
2 5 1.5-
[SN &)
>
5 = 1.0
<
~ 0.5
0.0-
(F) = pex =3 Dex
c 3o B2 0e-NC Dex oe-NC  oe-A2M S 25 B 0e-NC
'ug, - OG-AZM * -a - Oe_A2M "
(7)) *
g * T COL1A1 | w— —— E— O 2.0 T T
* o
5 2- :
< RUNX2 | s o— a— - 1.5
: $ o]zt :
1.0 T
B4 T T OCN | 5
BIES ——
> = 0.5-
-it-v' . il
o GAPDH |« S S—_— s
& o @ 0.0-
COL1A1 RUNX2 OCN COL1A1 RUNX2 OCN





OEBPS/Images/Biocell-48-45109-f002.png
(A) =1 Dex
g 3= E3 oe-NC
L7 Hl oe-RUNX1
4
Q
% 27
<
4
)

X 1-
O
2
&
<]
X 0-
(C

)

(D)

- -
o [$4]
1 |

Relative LDH expression
o
o
|

= Dex

B oe-NC

*

) Dex

N oe-RUNX1

T

1

(F) = Dex

c 3_ - Oe-NC

-g B oe-RUNX1
(]

2 *

Q

5 27

<

E

£ 14 L T T &
(4]

=

©

©

X o-

COL1A1

RUNX2

Dex

oe-NC

oe-RUNX1

RUNX1

GAPDH

SOD activity
(U/mgprot)

OCN

10—

oe-NC

= Dex
B oe-NC
Bl oe-RUNX1

ul

COL1A1

RUNX2

OCN

GAPDH

CAT activity
(U/mgprot)

oe

Dex

Relative RUNX1 protein
expression

= Dex

2.5 EA oe-NC

oe-RUNX1

= Dex
8- HEH oe-NC
Bl oe-RUNX1
6_
4_
2_
0

Ty

-RUN

R

X

oe-NC oe-RUNX1

Bl oe-RUNX1 «

*

Relative protein expression

Cell Viability(%)

-
(3}
]

intensity
=
o

1

o©
o
1

Relative ROS fluorescence

o©
>

= Dex

= Dex

Ea oe-NC
Bl oe-RUNX1

I

Gpx activity
(U/mgprot)
T

o

3 Dex

B oe-NC
El oe-RUNX1

1]

ALP activity
(fold of control)

= Dex
B oe-NC
B oe-RUNX1

*

1

COL1A1

= Dex

EI oe-NC
Bl oe-RUNX1

=1 oe-NC
BN oe-RUNX1 X

il

*

RUNX2

OCN





OEBPS/Images/Biocell-48-45109-f001.png
‘:.*ff‘!"\s eV 5
LAY

s
L ] ."QSM a‘:%g

(C)

CD73

400
1

P2(99.34%)
1 Il

I

Count

200
1

CD29

400
1

Count

200
I

P2(99:30%)
'l

Count
200

400

102

P2(99.29%)
I il

CD34

Count

P2(0.04%)

CD45

300

Count

P2(0.61%)

108 104 105 10° 107 102 10®  10* 105 10 107 10 104 105 10° 107 102 10° 104 108 108 102 10° 104 108 108
FITC-A FITC-A FITC-A FITC-A FITC-A
(D) 120- (E) g 25- :
Control £
Q o -
2 90— ® 2.0
= L
g S £ 15-
Q - =
s % Q3 T
> O [ 1.0
= X =
[
30+ o
o 2 0.5
X
0 )
v x 0.0 T
Control Dex
- 2.5 10— 8= 8-
2 - 1
@ 2.0 8+ 6 ed
S = 2c -
X 1.5- = 92 6- S0 S
e - ‘5 Q. "5 o - o *
T = * & O 4+ O o 4-
3 1.0 T o g 44 - E % g
o) OD> ) 83
= n = o= 2+ T 2-
® 0.5+ 2-
2
0.0 1 0 T 0 . 0 -
Control Dex Control Dex Control Dex Control Dex
( ) - € 1.5 B3 Control mm Dex
Control Dex 1.5 9
7]
3 g
2510 L % 1.0
S c
F=e] <
0 O >
O Yy o
% 'g 0.5 : € 0.54
2 0.54 . *
<8 * :
©
©
0.0 T X 0.0-
(J) Control Dex COL1A1 RUNX2 OCN
( ) € 1.54 =3 Control mm Dex 1.5 1 5=
Control Dex ¢ -% £ °
0 7)) ©
COL1A1 ’— ---l £ £ 2
%1.0_ %1.0— T Control Dex S5 T
RUNX2’- —|-§, X RUNX1‘- —-‘ ey
2 =) 3
— i _ 2 i
OCN’-_| ;o.s % N % '3,:,°'5 % GAPDH‘_ _.‘ g 808 .
= s 3
GAPDH‘— -| s 5 ©
x 0.0- x 0.0 0.0

COL1A1 RUNX2

OCN

1
Control

Dex

I
Control

Dex





OEBPS/Images/copy.png





OEBPS/Images/Biocell-48-45109-f005.png
(A)

100

Cell Viability(%)

O

-
o
1

Relative LDH expression
o
|

=3 oe-NC+sh-NC

B3 o0e-RUNX1+sh-NC

Hl oe-RUNX1+sh-A2M
*

=3 oe-NC+sh-NC
E1 oe-RUNX1+sh-NC
Hl oe-RUNX1+sh-A2M

(B)

3 oe-NC+sh-NC
B3 oe-RUNX1+sh-NC
Hl oe-RUNX1+sh-A2M

1

0.0

(E)

oe-NC+sh-NC

{
2R YA

= oe-NC+sh-NC
Ea oe-RUNX1+sh-NC
Bl oe-RUNX1+sh-A2M

Relative mRNA expression

o

ulm

COL1A1 RUNX2

COL1A1

oe-NC+sh-NC oe-RUNX1+sh-NC oe-RUNX1+sh-A2M § 1.59
[}
g E 54 .
4
G E
()
X 0.0
= oe-NC+sh-NC =1 oe-NC+sh-NC = oe-NC+sh-NC
Em oe-RUNX1+sh-NC Em oe-RUNX1+sh-NC E= oe-RUNX1+sh-NC
g, oe—RUNi(1+sh-A2M g— M 0e-RUNX1+sh-A2M g— Hl 0e-RUNX1+sh-A2M
*
*
6- 6 6- 1
2 # 2 o
29 T > 9 > 9 #
= o = o - 0
® 541 T 3 5 4- §54] T
a £ - £ x £
o R} 5 2 8‘ 2
N = 5 2- 2-
0 0 0-
=3 oe-NC+sh-NC
B oe-RUNX1+sh-NC
oe-RUNX1+sh-NC oe-RUNX1+sh-A2M 25— Hl 0e-RUNX1+sh-A2M
ST e ., TR gg« T *
) 2 8 e % 2.0-
25
2 5 1.5- #
g ()
o S q.0-
3z
(@)
= 0.5
0.0
0e-NC o0e-RUNX1 oe-RUNX1 = 0e-NC+sh-NC
+sh-NC +sh-NC +sh-A2M - Ea oe-RUNX1+sh-NC
¥ 7 . S 25 mm oe-RUNX1+sh-A2M
T COLTAT | sens SR — @ * .
® 2.0 T *
Q T
- Q
Q
, °
OCN | AN S — o
=
®
ow GAPDH | *—— A o
N

RUNX2 OCN





OEBPS/Images/logo.png





