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circKLF4 Upregulates Klf4 and Endoglin to Promote Odontoblastic Differentiation of Mouse Dental Papilla Cells via Sponging miRNA-1895 and miRNA-5046
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circular RNAs (circRNAs) is a broad and diverse endogenous subfamily of non-coding RNAs, regulating the gene expression by acting as a microRNA (miRNA) sponge. However, the biological functions of circRNAs in odontoblast differentiation remain largely unknown. Our preliminary study identified an unknown mouse circRNA by circRNA sequencing generated from mouse dental papilla and we termed it circKLF4. In this study, quantitative real-time PCR and in situ hybridization were used and demonstrated that circKLF4 was upregulated during odontoblastic differentiation. Gene knockdown and overexpression assays indicated that circKLF4 promoted odontoblastic differentiation of mouse dental papilla cells (mDPCs). Mechanistically, we found that circKLF4 increased the linear KLF4 expression in a microRNA-dependent manner. By mutating the binding sites of microRNA and circKLF4, we further confirmed that circKLF4 acted as sponge of miRNA-1895 and miRNA-5046 to promote the expression of KLF4. We then also found that ENDOGLIN was also up-regulated by circKLF4 by transfection of circKLF4 overexpression plasmids with or without microRNA inhibitor. In conclusion, circKLF4 increases the expression of KLF4 and ENDOGLIN to promote odontoblastic differentiation via sponging miRNA-1895 and miRNA-5046.
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INTRODUCTION

Neural crest derived dental papilla cells play pivotal role in odontoblast differentiation, during which multiple signaling molecules, receptors, and transcription factors have been implicated in mediating odontoblast differentiation (Zhang et al., 2005). Odontoblasts are differentiated cells that produce dentin and (Dassule et al., 2000) and dental papilla cells are usually used to investigate odontoblast differentiation mechanism in vitro (Thesleff et al., 1987). With the in-depth research on the odontoblast differentiation, the molecular research mechanism about non-coding RNAs (ncRNAs) was implicated in this differentiation processes (Sun et al., 2015).

ncRNAs play crucial roles in many biological processes. As a member of ncRNAs family, circular RNAs (circRNAs) have become new research hotspots with the rapid development of high-throughput sequencing (RNA-seq) and bioinformatics recently (Sun et al., 2020). Unlike the linear RNAs with 5′ and 3′ termini, circRNAs is a new class of RNA composed of covalently single-stranded closed circular structure due to alternative splicing and back-splicing processes (Memczak et al., 2013; Ashwal-Fluss et al., 2014). Lacking 5′-caps and 3′-tails render circRNAs higher degrees of sequence conservation and stability (Capel et al., 1993; Pasman et al., 1996). circRNAs are ubiquitous across multiple species and the abundance of the circRNAs is approximately 5–10% of their linear counterparts for circular RNA isoforms of most genes. Furthermore, it is estimated that the circular transcript isoforms of some genes are more abundant than linear isoforms for some genes (Salzman et al., 2012, 2013). Besides, circRNAs exhibits tissue-specific and development stage-dependent patterns, which indicates its important role in regulating physiological activities (Memczak et al., 2013; Salzman et al., 2013; Szabo et al., 2015; Greene et al., 2017). Emerging evidence has revealed that circRNAs participate in osteogenesis of periodontal ligament stem cell (PDLSCs) by interacting with miRNA (Gu et al., 2017). Moreover, 154 differentially expressed circRNAs were found to associate with osteogenic differentiation in MC3T3-E1 cells (Qian et al., 2017). In our preliminary study, using circRNA sequencing, we detected the differential expression of circRNAs in mouse dental papilla cells (mDPCs) cultured in either growth medium or differentiation medium for 9 days. Based on these data, we found that 3,255 and 809 circRNAs were upregulated and downregulated after 9 days’ induction of differentiation. These circRNAs profiles suggested that the differentially expressed circRNAs had specific functions during odontogenesis. We screened that the expression level of circRNA_ID:4:55530561-55530959 was 6.7 times more than that in the control group, which indicates its close relationship to odontoblast differentiation. According to its sequence, we confirmed that this circRNA was derived from the third exon of Klf4. As a newly discovered circRNA absent from circBase,1 we term it circKLF4. Concerning the important function of its parental gene, Klf4, during odontoblastic differentiation (Lin et al., 2013; Tao et al., 2019), we supposed that circKLF4 might be closely related to the odontoblast differentiation.

In this study, we investigated the role circKLF4 plays during the odontoblastic differentiation of mDPCs and the underlying molecular mechanism during this process.



MATERIALS AND METHODS

The entire study satisfied the requirements of the Ethics Committee of the School of Stomotology, Wuhan University (protocol 00266935).


Cell/Tissue Isolation and Culture

The primary mDPCs were separated from Kunming mice (China) at embryonic day (E) 18.5, digested with 3 mg/mL trypsin and cultured in Dulbecco modified Eagle medium (DMEM; Hyclone) supplemented with 10% fetal bovine serum (FBS; Gibco) and 1% penicillin/streptomycin (Hyclone). mDPCs were seeded in a 12-well plate at an initial density of 1 × 105 cells/well. The culture medium was changed every 2–3 days as previously described (Lin et al., 2013). The dental pulp tissues were isolated from mandibular molar teeth of six Kunming mice (China) at postnatal day (PN) 21.



Odontoblastic Differentiation of mDPCs

For odontoblastic differentiation induction, mDPCs were incubated with 1 mL of DMEM supplemented with 10% FBS, 1% penicillin/streptomycin, 50 μg/mL ascorbic acid (Sigma-Aldrich), 10 mmol/L β-glycerophosphate (Sigma-Aldrich) and 10 nmol/L dexamethasone (Sigma-Aldrich) after the cells became confluent.



In situ Hybridization

Kunming mice were sacrificed for sample collection at PN 1. Tissues for in situ hybridizations were dissected and fixed in 4% paraformaldehyde. Samples were followed by paraffin embedding and sectioning. Digoxin-labeled specific targeting the mouse circKLF4 probe was prepared and the in situ hybridization procedures were performed as described earlier (Yuan et al., 2009). Briefly, hybridization was performed at 65–68°C overnight in a solution containing 50% formamide, 0.5 mM EDTA (pH 8), formamide (50%), 20 × SSC (pH 4.5), yeast RNA (50 mg/mL), heparin (10 mg/mL), 0.1% Tween 20, CHAPS (10%) and circKLF4 probe. After hybridization, add anti–digoxygenin (DIG)-alkaline phosphatase (AP) antibody at 4°C overnight. Wash the slides with freshly made NTMT buffer and then incubate them in BM purple and develop color in dark, humid environment at 4°C for several days. Stop reaction with washing in PBS and dehydrate slides, then mount with mounting medium and capture images.



circKLF4 and Dicer Knockdown, Plasmid Construction

The sequences of circKLF4 siRNA oligonucleotides (circKLF4-si) (GenePharma) are 5′-UGGGGGAAGUCGCUUGUUGTT-3′ (sense) and 5′-CAACAAGCGACUUCCCCCATT-3′ (anti-sense). Silencer select negative control siRNA (GenePharma) was used as the control. Dicer siRNA oligonucleotides were purchased from Thermo.

The circKLF4 sequence was cloned into the pcDNA 3.1 (+) circRNA Mini Vector (P-vector) to construct its overexpression plasmid (P-circKLF4). The mutated circKLF4 plasmids (P-circKLF4-Mut-1895 and P-circKLF4-Mut-5046) were created using the Fast Mutagenesis Kit (Vazyme).

After 3–4 days’ culture of mDPCs, siRNA, miRNA inhibitor (30 pmol, GenePharma) and wild type or mutant circKLF4 plasmid were co-transfected into cells with Lipofectamine 2,000 (Invitrogen).



Real-Time RT-PCR

Total RNAs were isolated using the HP Total RNA Kit (Omega Bio-tech) according to the manufacturer’s protocol and was transcribed into cDNA using the Revert Aid First Strand cDNA Synthesis Kit (Thermo Scientific). The cDNA samples were then amplified using FastStart Universal SYBR Green Master (Rox) with primers (Table 1). Total microRNA was isolated using miRNeasy mini Kit (QIAGEN) and was transcribed into cDNA using the miSript Reverse Transcription Kit (QIAGEN). The cDNA samples were amplified using miSript SYBR Green PCR Kit (QIAGEN) with primers (Table 1). The cDNA samples were assayed using the CFX Connect Real Time PCR Detection System (Bio-Rad). The relative gene expression levels of circRNA and mRNA were normalized to GAPDH primers, and levels of microRNA were normalized to U6 primers using the 2–Δ Δ Ct method. The gene expression ratio was determined from three independent experiments.


TABLE 1. Oligonucleotide primer sequences utilized in RT-qPCR.
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Western Blot

Cells were lysed in protein lysis buffer (Beyotime). The whole cell lysis products were analyzed with SDS-PAGE and then transferred to PVDF membrane (Millipore). The following primary antibodies were used: anti-KLF4 polyclonal antibody (ab106629, Abcam), anti-DMP1 polyclonal antibody (ab103203, Abcam), anti-DSP polyclonal antibody (NBP191612, NOVUS), and anti-β-ACTIN monoclonal antibody (660091Ig, Proteintech). After incubation with the corresponding antibodies, the membrane was washed 3 times for 5 min each with TBST. We used ImageJ software for further densitometric analysis. Bound primary antibodies were detected by incubating for 1 h with horseradish peroxidase conjugated goat anti-mouse or anti-rabbit IgG (Biofly, China) for analysis. The membrane was washed and developed by a chemiluminescence assay (GE Healthcare).



Statistical Analysis

All experiments were independently repeated at least 3 times and the results are presented as mean ± standard deviation (SD). Differences between two groups were analyzed with a 2-tailed t-test with p-values less than 0.05 indicated significant. Data analysis were performed by GraphPad Prism 5.0 software (San Diego, CA, United States).




RESULTS


circKLF4 Promotes the Odontoblastic Differentiation of mDPCs

In order to determine whether circKLF4 is associated with odontoblast differentiation, the expression level of circKLF4 was detected in mDPCs cells during odontoblastic differentiation. Specific primers covering the head-to-tail splicing site of circKLF4 were designed. The specificity of the primers was confirmed by PCR, with cDNA and genomic DNA (gDNA) as the template. As expected, PCR products were only amplified in cDNA but not in gDNA (Figure 1A), which suggests that the primers are specific for circKLF4 but not for linear KLF4. qPCR results showed that circKLF4 was significantly upregulated on day 9 in primary mDPCs (Figure 1B). Furthermore, the mRNA and protein expression levels of odontoblastic-related genes (Alp, Dmp1, Dspp, and Klf4) were significantly upregulated on day 9, which confirmed the odontoblastic differentiation of the cells (Figures 1B,C). The expression level of circKLF4 in dental pulp cells of erupted molar of 3 weeks old was also investigated and we found that the expression levels of both circKLF4 and linear Klf4 in mouse dental pulp cells were significantly up-regulated compared with that in the mDPCs (Supplementary Figure 1A). Then the expression pattern of circKLF4 in the mouse lower molar at PN1 was detected in vivo, using in situ hybridization. As showed in Figure 1D, circKLF4 displayed at a low level in the papilla but was expressed intensely and specifically in odontoblasts and ameloblasts.
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FIGURE 1. circKLF4 promotes the odontoblastic differentiation of mDPCs. (A) The existence of circKLF4 was validated by gel electrophoresis using the products of quantitative real-time PCR. (B) mRNA levels of Alp, Dmp1, Dspp, circKLF4, and Klf4 by real-time reverse transcription polymerase chain reaction in the mDPCs cultured in differentiation medium. (C) Western blot and quantification of the relative protein levels of DMP1, DSP, KLF4 cultured in differentiation medium. (D) In situ hybridization of circKLF4 in PN1 mouse molar. (E) mRNA levels of Alp, Dmp1, Dspp, circKLF4, and Klf4 after transfection with circKLF4 siRNA (circKLF4-si) compared with the control group (NC). (F) DMP1, DSP, KLF4 levels and quantified density after circKLF4 was knocked down. (G) mRNA levels of Alp, Dmp1, Dspp, Klf4, and circKLF4 after transfected with circKLF4 overexpression plasmid (P-circKLF4) compared with the empty vector (P-vector). (H) The protein levels of DMP1, DSP, and KLF4 after overexpression of circKLF4. Right panel shows the quantified data. Significant difference vs. day 0, *P < 0.05; **P < 0.01; ***P < 0.001. Scale bars = 100 μm for (D).


To determine the biological function of circKLF4 in odontoblastic differentiation, a small interfering RNA specifically targeting the back-splicing junction site of circKLF4 (circKLF4-si) was designed to knock down circKLF4. circKLF4 was substantially decreased at 48 h after transfection with circKLF4-si (Figure 1E). The expressions of the odontoblast marker genes were also substantially down-regulated both in mRNA and protein levels (Figures 1E,F). Furthermore, these odontoblast marker genes were upregulated both in mRNA and protein levels with overexpression of circKLF4 (Figures 1G,H).



circKLF4 Increases the Linear Klf4 Expression in a microRNA-Dependent Manner

Since KLF4 operates as a switch-triggering odontoblast differentiation (Feng et al., 2017), Figure 1 showed circKLF4 was able to up-regulate linear KLF4 expression in the gain- and loss- of circKLF4 experiments, which indicates circKLF4 promotes odontoblastic differentiation of mDPCS via upregulation of linear KLF4. Then the mechanism of how circKLF4 regulates linear KLF4 was explored. As circRNAs can regulate gene expression by sponging microRNAs, to determine whether circKLF4 can increase the liner Klf4 expression by sponging certain microRNAs, we knocked down Dicer, an enzyme required for cleavage of precursor miRNAs, to decrease mature miRNAs (Song and Rossi, 2017). qRT-PCR results showed that Dicer was significantly knocked down with Dicer siRNA (Dicer-si) transfection (Figure 2A). Overexpression of circKLF4 increased the expression of Klf4 in mRNA and protein levels, but co-transfection with Dicer siRNA partially abolished this effect (Figures 2B,C), suggesting that the regulation of linear Klf4 by circKLF4 is in a microRNAs-dependent manner.
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FIGURE 2. circKLF4 up-regulates liner Klf4 expression to promote Odontoblastic Differentiation in a microRNA-dependent manner. (A) mRNA level of Dicer was significantly down-regulated after Dicer-si was transfected. (B,C) Compared with overexpression of circKLF4 alone, mRNA and protein levels of Klf4 were significantly down-regulated after co-transfected with Dicer-si. (D,E) miR-1895 and miR-5046 was analyzed by RT-PCR after 9 days’ differentiation induction or using the inhibitors. (F,G) mRNA and protein levels of Klf4 were significantly down-regulated after co-transfection of miR-1895/miR-5046 inhibitor with P-circKLF4. *P < 0.05; **P < 0.01; ***P < 0.001.


To screen the certain microRNAs binding to circKLF4, 10 predicted miRNAs were acquired by mirBase2 and listed in Supplementary Table 1. miRNA-1895 and miRNA-5046 were found to be among the top 2 miRNAs of the list. The binding sequences of miR-1895 and miR-5046 on linear Klf4 were shown in Supplementary Figure 1. Given that these sequences are shared by both circKLF4 and linear Klf4 in miR-1895 and miR-5046 (Figure 3A and Supplementary Figure 1B), we hypothesized that circKLF4 might promote liner Klf4 expression by sponging miR-1895 or miR-5046.
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FIGURE 3. circKLF4 promotes liner Klf4 expression by competitively binding miR-1895 and miR-5046. (A) The left scheme demonstrated the predicted binding sites of miR-1895 and miR-5046 in P-circKLF4. The right two diagrams showed the characteristics of mutant-type P-circKLF4 (P-circKLF4-Mut-1895 and P-circKLF4-Mut-5046). (B,C) Western blot and qPCR results showed the expression of KLF4 after transfected with or without P-circKLF4, miR-1895 or miR-5046 inhibitor, P-circKLF4-Mut-1895 or P-circKLF4-Mut-5046. *P < 0.05; ***P < 0.001.


The RT-PCR results showed that both miRNA-1895 and miRNA-5046 were down-regulated at day 9 (Figure 2D). To further elucidate the function of miR-1895 and miR-5046 during the regulation of linear KLF4 by circKLF4, the inhibitors of miR-1895 and miR-5046 were used and knock-down efficiency was confirmed by qPCR (Figure 2E). Furthermore, we transfected the miR-1895 inhibitor and/or miR-5046 inhibitor into mDPCs with or without overexpression of circKLF4. Overexpression of circKLF4 increased the mRNA and protein levels of linear Klf4, but co-transfection with miR-1895 inhibitor or miR-5046 inhibitor could abolished this effect (Figures 2F,G). These results indicated that circRNA circKLF4 upregulates linear KLF4 via miR-1895 and miR-5046.



circKLF4 Promotes Liner Klf4 Level by Competitively Binding miR-1895 and miR-5046

To further confirm whether circKLF4 regulates linear Klf4 level by competitively binding miR-1895 and miR-5046, we mutated the binding site of miR-1895 and miR-5046 in circKLF4 overexpression plasmid (Figure 3A) and transfected the mutants into mDPCs with/without co-transfection of miR-1895/miR-5046 inhibitor. The western blot results showed that transfection of either wild type circKLF4 expression plasmid or circKLF4-mut-1895 plasmid was able to upregulate KLF4 expression (Figure 3B, lane 2 and 4). Co-transfection of miR-1895 inhibitor was able to effectively abolish the upregulation effect of wild type circKLF4 expression plasmid to linear KLF4 expression (Figure 3B, compared lane 3 and 2), but was not so effective to abolish the upregulation effect of circKLF4-mut-1895 plasmid to linear KLF4 expression (Figure 3B, compared lane 5 and 4). The similar results were found in the transfection of circKLF4-mut-5046 and miR-5046 inhibitor (Figure 3C). These results indicated that circKLF4 regulates linear KLF4 expression by competitively binding miR-1895 and miR-5046.



circKLF4 Also Promotes Endoglin Expression via Sponging miR-1895 and miR-5046

Since circKLF4 could competitively bind miR-1895 and miR-5046, furthermore, miRNA could regulate multiple genes’ expression (Panda, 2018). Thus, we wondered if it is possible that circKLF4 can regulate odontoblastic differentiation by regulating other genes except for Klf4 through miR-1895 and miR-5046. By querying the miRNA target gene prediction and functional analysis database TargetScan,3 we found that both miRNA-1895 and miRNA-5046 have binding sites with Endoglin by binding its 3′ untranslated region (3′UTR) (Supplementary Figure 1C). Endoglin has been identified to participate in odontoblast differentiation in the previous studies. In our in vitro odontoblastic differentiation experiments, western blot results showed that ENDOGLIN was significantly increased on day 9 (Figure 4A). Overexpression of circKLF4 upregulated both the protein and mRNA levels of Endoglin (Figures 4B,C). However, co-transfection of miR-1895/miR-5046 inhibitor abolished this effect (Figures 4D,E). These results showed, besides KLF4, circKLF4 also promotes Endoglin expression via miR-1895 and miR-5046 to induce odontoblastic differentiation of mDPCs.
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FIGURE 4. circKLF4 also promotes Endoglin expression via sponging miR-1895 and miR-5046. (A) Protein level of ENDOGLIN was significantly up-regulated after 9 days’ induction. (B,C) The protein and mRNA levels of ENDOGLIN were significantly up-regulated after transfected with P-circKLF4 compared with the P-vector group. (D,E) Western blot results showed the expression level of ENDOGLIN after co-transfected of miR-1895 or miR-5046 inhibitor with P-circKLF4. *P < 0.05; **P < 0.01; ***P < 0.001.





DISCUSSION

The study of odontoblastic differentiation is essential to understand the process of tooth development and to achieve tooth regeneration in the future. Emerging evidence has revealed that circRNAs participate in odontoblast differentiation (Li and Jiang, 2019). Here, we reported and elucidated the potential role of a circRNA termed circKLF4 during odontoblast differentiation. We demonstrated that circKLF4 modulated the expression of KLF4 and ENDOGLIN to promote odontoblastic differentiation by sponging miRNA-5046 and miRNA-1895 mechanistically (Figure 5).
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FIGURE 5. A scheme indicates that circKLF4 upregulates Klf4 and Endoglin to promote odontoblastic differentiation of mDPCs via sponging miRNA-1895 and miRNA-5046.


As we know, the studies about circRNAs in odontoblast differentiation are still limited (Li and Jiang, 2019). A recent study demonstrated that 1,314 and 1,780 circRNAs were upregulated and downregulated in human dental pulp cells during odontogenic differentiation (Li and Jiang, 2019). In our preliminary circRNA sequencing data, we also found the differential expression of circRNAs in dental papilla cells after differentiation. In this study, we identified that circKLF4 was upregulated in differentiated odontoblasts with 9 days’ induction of differentiation. Our in situ hybridization result showed that circKLF4 expression was intense in the odontoblasts and ameloblasts, but was at a low level in the mesenchyme cells. Similarly, as the parental gene of circKLF4, KLF4 was also detectable in polarizing odontoblasts and ameloblasts in the first molar at PN1 in the previous investigation (Chen et al., 2009). The similar expression patterns of circKLF4 and linear KLF4 indicated the possibility of regulation between circKLF4 and KLF4. Besides, KLF4 has been identified to promote odontoblast differentiation both in vitro and in vivo (Tao et al., 2019), which leads us to explore the role of circKLF4 during odontoblastic differentiation. In the present investigation, gain- and loss-of-circKLF4 confirmed that circKLF4 could up-regulate KLF4 expression and promote odontoblast differentiation.

Accumulating investigations have implied that circRNAs act as miRNA sponges to regulate gene expression. MicroRNA are predicted to regulate protein-coding genes (Berezikov et al., 2005). The miRNA genes are transcribed into primary miRNA (pri-miRNA) to generate pre-miRNA, which is then processed by Dicer to produce mature miRNA (Siomi and Siomi, 2010). As Dicer could inhibit the formation of miRNAs (Song and Rossi, 2017), with transfection of Dicer siRNA we revealed that known-down of Dicer abolished the upregulation of KLF4 by circKLF4, suggesting that circKLF4 modulated KLF4 expression in a miRNAs-dependent manner. The targeted microRNAs binding to circKLF4 were predicted by mirBase, miRNA-1895 and miRNA-5046 were found to be the top 2 miRNAs. Accumulating evidence indicates that miRNAs participate in odontoblast differentiation (Sun et al., 2015) and circRNAs are shown to regulate gene expression by inhibiting miRNA activity (Panda, 2018). Our previous study showed that miR-1895 inhibited the odontoblastic differentiation (Zhang and Yang, 2021), suggesting that circKLF4 might be a miR-1895 antagonist with a miR-1895-binding capacity. To our knowledge, the function of miR-5046 during odontoblast differentiation has not been studied. However, RT-PCR data demonstrated that miR-1895 and miR-5046 were both downregulated in the differentiated mDPCs. Several other assays, including gain- and loss-of-circKLF4, use of microRNAs inhibitor and mutation of the binding sites of the microRNAs in circKLF4 overexpression plasmid were also performed, which indicated that circKLF4 regulated KLF4 expression via sponging miR-1895 and miR-5046.

As miRNA could target the 3′ UTRs of specific mRNA targets (Pillai, 2005) and regulate multiple genes’ stability and/or translation (Panda, 2018). By querying the miRNA target gene prediction and functional analysis database TargetScan (see text footnote 3), we found that both miR-1895 and miR-5046 have binding sites with the 3′ UTR region of the gene Endoglin. So it is predicted that circKLF4 could also regulate Endoglin expression via miR-1895 and miR-5046. Endoglin, also called CD105, which is ubiquitously expressed in mesenchymal stem cells. Besides, the Endoglin positive selection has been proposed for the isolation of DPSC (dental pulp stem cells) and Endoglin expression was detected in odontoblasts of human (Huang et al., 2010). A previous study showed that, Endoglin was found to be upregulated in DPSCs during the induction of DPSCs into dentin-secreting odontoblast-like cells (Liu et al., 2007) and involved in osteogenic differentiation of periodontal ligament cells (Ishibashi et al., 2010). Consistent with our study, we also identified that Endoglin was significantly increased with odontoblastic differentiation in mDPCs and overexpression of circKLF4 increased the expression levels of Endoglin. Besides, co-transfection with miR-1895 or miR-5046 could inhibited the up-regulation of ENDOGLIN by overexpression of circKLF4, indicating the potential role of miRNA during the regulation of ENDOGLIN by circKLF4.

To summarize, we identified that circKLF4 was up-regulated in differentiated mDPCs and promoted odontoblast differentiation through up-regulation of KLF4 and ENDOGLIN by sponging miR-1895 and miR-5046.
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Supplementary Figure 1 | (A) mRNA levels of circKLF4 and Klf4 were significantly up-regulated in mouse dental pulp of PN21, compared with those in mouse dental papilla cells of PN1. (B,C) A scheme shows the potential binding sites between miR-1895 or miR-5046 and the Klf4 or Endoglin.
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1http://www.circbase.org/
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Gapdh  F: TGTGTCCGTCGTGGATCTGA

Alp F
TCATTCCCACGTTTTCACATTC

Dmp?  F:CTGTCATTCTCCTTGTGTT
CCTTTG

Dspp  F: ATCATCAGCCAGTCAGAA
GCAT

Kif4 F: GGGAAGTCGCTTCATGTG
AGAG

circKLF4 F: TCGCTTCATGTTGAAGGGGG
Dicer F: AGCTCCGGCCAACACCTTTA
Endoglin  F: CACAGCTGCACTCTGGTACA

Reverse primer
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R: GTTGTTGTGAGCGTAATCTACC

R: CAAATCACCCGTCCTC
TCTTCA

R: TGCCTTTGTTGGGACC
TTCA

R: GCGGGAAGGGAGAAGA
CACT

R: CCTGCAGCTTCAGCTATCCG
R:GTGTACCGCTATGAAATCATTGA
R: GGAGGCTTGGGATACTCACG





