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Acute exercise enhances circulating stem and precursor cells (CPCs) in the peripheral blood. The responsible mechanisms and molecular pathways, however, have not been fully identified. The aim of the present study was to investigate a pathway related to elevated levels of apoptotic peripheral blood mononuclear cells (MNCs) and their secretome. An increased uptake of miRNA126 in MNCs was suggested to lead to reduced levels of RGS16 mRNA and, in turn, an enhanced translation and secretion of CXCL12. Eighteen healthy, young men underwent two identical incremental cycling exercises of which the first served as control while the second was preceded by a 7-day-long antioxidative supplementation. Blood samples were collected at baseline (−10min) and several time points after exercise (0, 30, 90, 180, and 270min). Relative concentrations of miRNA126 in MNCs and CXCL12 levels in plasma were determined at all time points while RGS16 mRNA was assessed in MNCs at baseline and 30min after exercise. CXCL12 increased after exercise and strongly correlated with CPC numbers. MiRNA126 increased 30min and, to a lesser extent, also 180 and 270min after exercise but only with supplementation. RGS16 mRNA decreased 30min after exercise independent of the intervention. The amount of RGS16 mRNA inversely correlated with levels of miRNA126, but not with plasma CXCL12. In conclusion, even though plasma CXCL12 correlated with CPC numbers, the increase in CXCL12 cannot be explained by the increased concentration of miRNA126 and lower RGS16 mRNA in MNCs that would have allowed for an enhanced translation of CXCL12.

Clinical Trial Registration: ClinicalTrials.gov, NCT03747913. Registered 20 November 2018, https://clinicaltrials.gov/ct2/show/NCT03747913.
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INTRODUCTION

Under physiologic conditions and at rest, the human peripheral blood contains a relatively low number of circulating stem and precursor cells (CPCs, in the present publication defined as the entirety of circulating angiogenic, as well as non-angiogenic precursor cells), which are able to replenish the vessel-lining endothelium (Timmermans et al., 2009), cells of the immune, and blood system (Ratajczak, 2015), as well as mesenchymal tissues (Hass et al., 2011). Physiological stressors, such as acute exercise, have been shown to induce a transient, but substantial increase in CPC numbers in a variety of studies (Schmid et al., 2021). The detailed mechanisms as well as the extent of the interplay of different factors, however, have not yet fully been solved.

Agha et al. (2018) identified sympathetic stress as one of the responsible mechanisms for stem cell mobilization after acute exercise. Further, a study by Montgomery et al. (2019) could not confirm blood flow restriction as another potential player in exercise-dependent CPC mobilization. A recent publication of our own group studied the effects of oxidative stress evoked by a dynamic bout of exercise and examined whether a reduction in the oxidative stress index due to antecedent antioxidative supplementation could have an effect on exercise-induced CPC mobilization (Schmid et al., 2020). Our results suggested that oxidative stress was not a direct driving mechanism behind exercise-related CPC mobilization. An indirect influence of oxidative stress on CPC mobilization through the induction of apoptosis in circulating peripheral blood mononuclear cells (MNCs), however, could not be excluded. Although we did not observe any attenuation of the exercise-induced increase of apoptotic MNCs with a reduced oxidative stress level, other redundant mechanisms that induce cell apoptosis after exercise could be at play. Moreover, in our recent study, circulating precursor cell numbers significantly correlated with apoptotic MNC numbers in a repeated-measures correlation performed over all time points, which suggests that further investigations are warranted. In face of the diverse and multi-faceted roles that have already been attributed to apoptotic MNCs and their cell secretome (Beer et al., 2016), a working model of CPC mobilization after exercise that focusses on circulating apoptotic MNCs and includes players at a molecular level might be of scientific interest. The present study therefore presents a follow-up analysis to our previously published results, addressing one of these potential mechanisms (Schmid et al., 2020).

We started at the downstream end of the pathway by first identifying a possible candidate that acts as an effector, thus as a stem cell mobilizing agent in the circulation. CXC chemokine ligand 12 (CXCL12) is a potent cytokine that mediates the egress of CXC receptor 4 (CXCR4)-expressing stem and precursor cells from the bone marrow to the periphery (Sugiyama et al., 2006; Yin et al., 2007). CXCL12 serum and plasma concentrations reportedly increased after various dynamic exercise interventions (Zaldivar et al., 2007; Van Craenenbroeck et al., 2010, 2011; Chang et al., 2015; Niemiro et al., 2017, 2018).

MicroRNAs (miRNAs) are small, non-coding RNAs that function as highly conserved regulators of gene expression by recognizing specific sequences on their messenger RNA (mRNA) targets, inducing mRNA degradation or repression of protein translation (Cai et al., 2009). MiRNA126 is primarily expressed by endothelial cells and has previously been shown to be present in plasma in increased concentrations after physical exertion (Uhlemann et al., 2014). A study by Zernecke et al. (2009) found miRNA126 to be abundantly present in apoptotic bodies derived from human umbilical vein endothelial cells in vitro. Additionally, miRNA126-containing bodies were shown to be taken up by recipient cells where they upregulated CXCL12 expression via control of the regulator of G protein signaling 16 (RGS16), a potent suppressor of CXCL12 (Zernecke et al., 2009). We speculated that these findings might also translate to MNCs in a human in vivo setting where increased apoptotic MNC counts after an acute bout of exercise could also release increased amounts of miRNA126-containing bodies. In turn, they might be taken up by intact MNCs, inducing a heightened production, and release of CXCL12 into circulation, as freshly isolated lymphocytes and monocytes have previously been shown to secrete CXCL12 in vitro (Sánchez-Martín et al., 2011).

Thus, the aim of the present investigation was (1) to characterize CPC mobilization on a molecular level by looking at a potential pathway connected to the apoptotic MNC secretome and (2) to examine whether the extent of exercise-induced oxidative stress plays a significant role for this pathway as an apoptosis-inducing element.

We hypothesized that increased numbers of CPCs after acute exercise are induced by an elevated concentration of circulating CXCL12, which would be caused by lower levels of RGS16 mRNA due to miRNA126 uptake in MNCs. The kinetics of this cascade should correlate with the extent of cell apoptosis and be connected to oxidative stress.



MATERIALS AND METHODS


Ethics Approval

This study was approved by the Ethics Committee of the Canton of Zurich (project ID: BASEC 2018-02075) and registered at clinicaltrials.gov (NCT03747913), as well as at the Swiss National Clinical Trials Portal (SNCTP). Written informed consent was obtained from all participants.



Participants and Study Design

This investigation is part of a larger project (Schmid et al., 2020) and presents an exclusive follow-up analysis to further explain and investigate previous findings in more detail. Results of the present investigation address completely novel aspects and have not yet been addressed before. Participant characteristics and details of the study design have been described in more detail previously (Schmid et al., 2020).

In brief, 18 healthy, young, and normal-weight male participants (18–35years) performed two identical, individually standardized incremental cycling sessions, starting at 20% of their individual maximal workload, increasing by 20% every 2min up to 100% of their individual maximal workload determined in a prior maximal incremental cycling test to exhaustion. Prior to the second exercise session, participants underwent a 1-week-long supplementation of antioxidative vitamins (Vitamin C retard; 2×500mg/day; Burgerstein Vitamine, Antistress AG, Rapperswil-Jona, Switzerland and Vitamin E; 400 I.E/day, Burgerstein Vitamine).



Blood Withdrawal and Processing

Venous blood was drawn by repeated venepuncture 10min before (baseline) and at several time points after exercise cessation (0, 30, 90, 180, and 270min) from the antecubital vein into 6ml BD vacutainer tubes spray-coated with EDTA anti-coagulant for isolation of MNCs and 2ml BD vacutainer tubes spray-coated with EDTA anti-coagulant for isolation of plasma (Becton Dickinson AG, Allschwil, Switzerland).

Plasma was isolated by immediate centrifugation (1,500g, 10min at room temperature) and stored in aliquots at −80°C until further analysis of CXCL12 concentrations. MNCs were isolated using Ficoll Histopaque-dependent density gradient centrifugation (Ficoll-Paque™_Plus; GE Healthcare, Opfikon, Switzerland). Isolated MNCs were lysed in 1ml peqGOLD TriFast™ (VWR, Dietikon, Switzerland) and stored at −20°C until RNA isolation and subsequent real time PCR (qPCR) analyses.



CXC Chemokine Ligand 12 ELISA

To measure CXCL12 levels in plasma, a commercial human CXCL12/SDF-1𝛼 ELISA Kit was used (Quantikine® kit DSA00, R&D systems, Bio-Techne AG, Zug, Switzerland). Analysis was performed in duplicates with 50μl of plasma and the protocol was designed according to the manufacturer’s instruction. Plasma samples were not subjected to a dual-centrifugation process in order to prevent a potential loss of platelet-bound CXCL12.

Changes in plasma volume with exercise were calculated using the calculation of Dill and Costill (1974).



RNA Isolation and DNase Treatment

Samples of already homogenized MNCs were subjected to phase separation, RNA precipitation, washing, and solubilization. TURBO DNase treatment (Life Technologies Europe BV, Zug, Switzerland) was performed using 1μg of isolated RNA and samples were frozen at −80°C until further analysis. All steps were performed according to the manufacturers’ protocols.



Real Time PCR Analysis


Relative Quantification of miRNA126 in Circulating MNCs

TaqMan™ Advanced miRNA cDNA Synthesis Kit (Thermo Fisher Scientific, Basel, Switzerland) was used to transcribe mature miRNA present in the RNA samples isolated from MNCs into cDNA. All steps were performed according to the manufacturer’s protocol. Briefly, 10μg RNA was subjected to elongation of mature miRNAs at the 3′-end via poly-A-tailing and ligation of a universal adaptor to the 5′-end. Samples were then reverse transcribed using universal RT primers. To enhance detection of low-expressing miRNA targets, the transcribed cDNA was further amplified.

Real time PCR was performed in triplicates for each measured miRNA and time point, using TaqMan™ Fast Advanced Master Mix (Thermo Fisher Scientific, Basel, Switzerland) and commercial primers for human miRNA126-3p and human miRNA191-5p as an endogenous control (TaqMan™ Advanced miRNA Assay; Thermo Fisher Scientific, Basel, Switzerland). Obtained data were analyzed using the Bio-Rad CFX Maestro 1.1 Software vs.4.1.2433.1219 (© Bio-Rad Laboratories). Individual measurements were excluded if they deviated ≥1cycle from the other replicates or showed cycle numbers ≥35. Relative quantification of miRNA126 to miRNA191 was computed with the ΔCt method.



Relative Quantification of RGS16 mRNA in Circulating MNCs

MNCs isolated from samples taken at baseline and 30min after exercise cessation were analyzed for their relative expression of RGS16 mRNA. Synthesis of cDNA was performed on 200ng of DNase-treated RNA isolated from MNCs using the iScript™ cDNA Synthesis Kit (Bio-Rad Laboratories, Cressier, Switzerland) according to the manufacturer’s instructions.

iTaq™ Universal SYBR® Green Supermix (Bio-Rad Laboratories, Cressier, Switzerland) and custom-made primers for RGS16 mRNA and GAPDH mRNA as an endogenous control (Thermo Fisher Scientific, Basel, Switzerland; Table 1) were used for qPCR analysis. Samples were tested in triplicates and results were analyzed as described before, using the ΔCT method. One sample had to be excluded from further analysis due to technical difficulties during preparation.



TABLE 1. mRNA primer sequences for qPCR analysis.
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Oxidative Stress Index, Apoptotic MNC, and CPC Counts

Methods regarding the measurements of the oxidative stress index via total (anti-)oxidative capacities as well as the quantification of (apoptotic) MNCs and CPCs (angiogenic and non-angiogenic precursor cells) via flow cytometry were published previously (Schmid et al., 2020).



Statistics

Data of CXCL12 plasma concentrations and relative quantification of miRNA126 in MNCs were analyzed using a two-way repeated-measures analysis of variance. Upon detection of significant effects, post-hoc tests were carried out in the form of multiple comparisons, applying Dunnett’s correction for multiple testing. Results from the relative quantification of RGS16 mRNA in MNCs were analyzed by fitting a mixed-effects model, rather than performing a repeated-measures ANOVA, due to a missing value. Multiple comparisons with Sidak’s correction were carried out in a post-hoc testing upon detection of significance. Mauchly’s test of sphericity was conducted on all data sets and whenever assumption of sphericity was violated, the Greenhouse–Geisser correction was applied.

To test for associations between datasets, repeated-measures correlations were carried out. The design of this test, which includes all measured time points, respects the assumption of independence and assures greater statistical power compared to simple correlations.

To test whether changes in plasma volume after exercise were significant, two-tailed one-sample t-tests were performed and the Bonferroni method was applied to correct for multiple testing.

The level of significance was set at p<0.05 and data are presented as mean±SD, unless indicated otherwise. All statistical tests were conducted in GraphPad Prism 9 for macOS vs. 9.0.0 (86; GraphPad Software Inc., San Diego, California Unites States), except for Mauchly’s test of sphericity which was carried out in IBM SPSS Software version 26 (IBM Corp., Armonk, NY, United States) and repeated-measures correlations which were computed in R version 4.0.5 (R Core Team, 2019; R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria).




RESULTS


Plasma Concentrations of CXCL12

Concentrations of plasma CXCL12 are depicted in Figure 1. The two-way ANOVA showed a significant main effect of time [F(3.36, 57.09)=8.532, p<0.0001], while intervention and interaction effects were not significant [F(1, 17)=2.301, p=0.148 and F(3.20, 54.35)=0.978, p=0.414]. Post-hoc analysis revealed a significant increase in CXCL12 levels from baseline to 0min after exercise in the control trial, as well as in the supplementation trial (p=0.040 and p=0.031). Overall changes in plasma volume between baseline and 0min after exercise were not significant (Δ=−0.00548, p=0.193, data not shown).

[image: Figure 1]

FIGURE 1. Plasma CXCL12 concentrations in pg/ml (n=18). Values are mean±SD. Differences from baseline are indicated by *, with *p<0.05.


Correlations of plasma CXCL12 concentrations were performed for both exercise sessions with CPC numbers (entirety of angiogenic, as well as non-angiogenic precursor cells), oxidative stress index, and apoptotic MNCs. These data were published previously by our group (Schmid et al., 2020). Analysis of CXCL12 concentration and absolute CPC numbers resulted in a significant correlation for both, the control and supplementation trial (r=0.404, p<0.0001 and r=0.440, p<0.0001). Similarly, CXCL12 concentrations were significantly correlated with numbers of apoptotic MNCs in both control and supplementation trial (r=0.390, p<0.001 and r=0.340, p=0.001). The correlation between CXCL12 concentrations and oxidative stress index, however, was only significant in the control trial (r=0.275, p=0.008), while no significance was detected in the supplementation trial (r=0.139, p=0.190).

To summarize, plasma CXCL12 levels were elevated directly after exercise cessation in both interventions and CXCL12 significantly correlated with numbers of apoptotic MNCs and CPCs in circulation over all time points.



Relative Quantification of miRNA126 in MNCs

Relative Quantification of miRNA126, represented by the −ΔCt value, is shown in Figure 2. Statistical analysis via two-way ANOVA revealed a significant effect of interaction [F(5, 170)=3.506, p=0.005], but no significant time or intervention effects [F(5, 170)=1.120, p=0.352 and F(1, 34)=1.938, p=0.173]. Multiple comparisons with Dunnett’s correction showed significant increases in miRNA126 levels compared to baseline at 30min (p=0.004), 180min (p=0.029), and 270min (p=0.012) after exercise in the supplementation trial only.
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FIGURE 2. Relative quantification of miRNA126 to miRNA191 in MNCs using the ΔCt method (n=18). Bars include 50% of all data points while the line within the bars represents the median. Additionally, the mean is indicated by a “+”-sign in each bar. Whiskers represent minimum and maximum values with all individual data points being shown. Differences from baseline are indicated by *, with *p<0.05; **p<0.01.


To summarize, the first and most distinct increase in miRNA126 levels in MNCs was observed 30min after exercise cessation, but only in the supplementation trial.



Relative Quantification of RGS16 mRNA in MNCs

Quantification of RGS16 mRNA in MNCs at baseline and 30min after exercise (when the first and most substantial increase in miRNA126 levels was observed) is given in Figure 3. A mixed-effect analysis showed a significant effect of time [F(1, 33)=5.410, p=0.026] but no significance of intervention or interaction effects [F(1, 34)=0.405, p=0.529 and F(1, 33)=0.448, p=0.508]. However, the follow-up analysis of RGS16 mRNA levels 30min after exercise compared to baseline resulted in no significant difference in the control trial (p=0.445) but showed a trend toward reduced levels in the supplementation trial (p=0.078).

[image: Figure 3]

FIGURE 3. Relative quantification of RGS16 mRNA to GAPDH mRNA in MNCs using the ΔCt method (n=17 for control intervention and n=18 for supplemented intervention). Bars include 50% of all data points while the line within the bars represents the median. Additionally, the mean is indicated by a “+”-sign in each bar. Whiskers represent minimum and maximum values with all individual data points being shown. Differences between the two time points are indicated by *, with *p<0.05.


RGS16 mRNA levels negatively and significantly correlated with miRNA126 concentrations in the control (r=−0.677, p=0.002), as well as in the supplementation trial (r=−0.569, p=0.011). However, no significant correlation was found between RGS16 mRNA and plasma CXCL12 levels in both interventions (control trial: r=0.421, p=0.082 and supplemented trial: r=−0.156, p=0.524).

To summarize, pooled RGS16 mRNA levels in MNCs significantly decreased from pre- to 30min post-exercise. If analyzed individually, RGS16 showed a trend toward reduced levels 30min after exercise only in the supplementation trial. Over all time points, RGS16 inversely correlated with miRNA126 but not CXCL12.




DISCUSSION

The current investigation tested the presence of a potential pathway of stem cell mobilization after physical exertion that depends on apoptotic MNCs and their secretome involving miRNA126, RGS16, and the chemoattractant CXCL12 as main agonists.

We found that plasma CXCL12 increased after exercise and strongly correlated with CPC and apoptotic MNC numbers. The possibility of an artificial elevation of CXCL12 due to a reduced plasma volume immediately after exercise was excluded. MiRNA126 concentrations increased in MNCs 30min and, to a lesser extent, also 180 and 270min after exercise, but all three increases were only apparent in the presence of antioxidative supplementation. RGS16 mRNA levels in MNCs decreased 30min post-exercise with no detectable intervention or interaction effect. RGS16 inversely correlated with miRNA126, but not with plasma CXCL12.

Our observations of increased circulating CXCL12 directly after exercise are in line with previous publications (Zaldivar et al., 2007; Van Craenenbroeck et al., 2010, 2011; Chang et al., 2015; Niemiro et al., 2017, 2018) while no significant changes in plasma CXCL12 were found by others (Ribeiro et al., 2017; Ross et al., 2017). We assume those discrepancies might most likely result from the different nature of the physical interventions. Resistance exercise (Ribeiro et al., 2017) might not affect CXCL12 levels in the same way as an aerobic exercise intervention which lead to a significant increase directly after exercise cessation and similarly, a submaximal exercise (Ross et al., 2017) might not have been of an intensity high enough to elicit comparable increases in CXCL12 as seen after a maximal exercise intervention. Some authors additionally correlated the observed increase in CXCL12 concentrations with changes in CPCs where most did not find a significant correlation (Van Craenenbroeck et al., 2011; Niemiro et al., 2017, 2018) except for one study in young men (Ross et al., 2017). While these studies performed simple correlations on calculated changes in CPC numbers pre- to post-exercise, we detected a significant correlation between CXCL12 and CPCs by correlating absolute numbers for all measured time points in a repeated-measures design. Further, CXCL12-measurements in the present study were performed in plasma that still contained platelets while the other studies used platelet-free plasma or serum. The present study thus expands the existing knowledge in showing that CPC numbers are likely connected to (platelet-bound) plasma CXCL12 in a more general, not necessarily exercise-dependent way. A similar association was already shown for patients with congestive heart failure (Jorbenadze et al., 2014) and may also hold true in healthy participants. Furthermore, our results indicate that differences in baseline values, which are not taken into account when correlating changes, might be of importance as well. The exercise-induced increase in circulating CXCL12 observed in this and other studies might thus contribute to, but not be the only factor causing the simultaneously observed increase in CPCs.

Moreover, we showed that CXCL12 significantly correlated with apoptotic MNC numbers, regardless of the level of oxidative stress. The oxidative stress index, however, correlated with CXCL12 concentrations only if no exogenous antioxidants were supplied. This finding is consistent with our previously published results of no direct correlation between oxidative stress and the extent of apoptosis after exercise (Schmid et al., 2020), which points toward an involvement of additional, possibly redundant apoptosis-inducing mechanisms like a rise in intra-cellular Ca2+, growth-factor withdrawal, increases in glucocorticoid secretion, and/or inflammatory processes in general. These processes were previously seen to be associated with the induction of apoptosis in lymphocytes during and after acute exercise (Phaneuf and Leeuwenburgh, 2001; Krüger and Mooren, 2014).

In a second step, we aimed to explain the connection between levels of CXCL12 and apoptotic MNCs in circulation in analogy to a previous finding in endothelial cells where endothelial-cell derived apoptotic bodies, abundantly containing miRNA126, were taken up by vessel-lining, intact recipient endothelial cells causing them to produce increased levels of CXCL12 (Zernecke et al., 2009). We speculated that the same cause of events might also take place in MNCs where intact circulating cells take up miRNA126-containing apoptotic bodies formed by apoptotic MNCs causing them to produce and secrete enhanced amounts of CXCL12. We found an increase in miRNA126 in MNCs 30min after exercise, which is concomitant with an increase in apoptotic cells. This suggests that not only cells of the endothelium, but also MNCs hold increased levels of miRNA126 when higher numbers of apoptotic cells are present. It might be speculated that this rise is caused by an enhanced endogenous production of miRNA126 rather than the uptake of external miRNA126. We tend to reject this theory though as miRNA126 is specifically expressed by endothelial cells which make up only a minority of circulating MNCs (Fish et al., 2008; Fish and Srivastava, 2009; Schmid et al., 2020). Additionally, an enhanced uptake of miRNA126 by MNCs due to higher circulating miRNA126 levels is in line with a previous finding of significantly higher miRNA126 serum levels after exercise (Uhlemann et al., 2014). Interestingly, we only observed increased miRNA126 levels in MNCs in the supplementation trial while a previous study found increased levels of serum miRNA126 30min after exercise only without previous antioxidative supplementation (Da Silva et al., 2015). Possibly, oxidative stress impedes the cellular uptake of circulating miRNA126, which could explain increased miRNA126 in MNCs with antioxidative supplementation and increased serum miRNA126 after exercise without antioxidative supplementation. It needs to be pointed out, however, that the study by Da Silva et al. (2015) was performed in patients with intermittent claudication and findings might thus not be comparable to the situation in healthy participants.

In a last step, we examined whether the increase in miRNA126 30min after exercise translated into reduced amounts of RGS16 mRNA, a direct target of miRNA126, and, via its actions on CXCR4, a potent repressor of CXCL12 (Zernecke et al., 2009). According to our hypothesis, RGS16 mRNA in MNCs would be decreased 30min after exercise in the supplementation trial, which was indeed the case 30min after exercise compared to baseline, but with no significant intervention or interaction effect. Individual post-hoc tests revealed no significant change in RGS16 in the control trial but showed a trend toward reduced levels after exercise in the supplementation trial. Together with the correlation between RGS16 and miRNA126 levels, our data are thus consistent with the theory of RGS16 as a direct target of miRNA126 in MNCs. However, contrary to our hypothesis, lower levels of RGS16 mRNA did not result in higher levels of circulating CXCL12, neither 30min post-exercise nor at any other time point. The only significant increase in CXCL12 occurred before any changes in the miRNA126-RGS16 cascade were observed. It is thus not surprising that RGS16 mRNA and plasma CXCL12 were unrelated. Even if lower amounts of RGS16 resulted in an increased secretion of CXCL12 by MNCs, we suspect that this contribution to the general pool of CXCL12 might simply be too small to result in a physiologically significant change. This is in line with findings reported in our previous publication where we observed increased absolute numbers of apoptotic MNCs after acute exercise, but relative to the increase in total MNCs the apoptotic subset actually became smaller (Schmid et al., 2020). Our findings further agree with interpretations from a large dataset where 29 cell types within the MNC fraction were characterized by RNA sequencing, showing that RGS16 mRNA is expressed rather abundantly, while CXCL12 mRNA is expressed at very low levels and only in a few subtypes of MNCs (Monaco et al., 2019). They also indicate that the observed increase in CXCL12 levels directly after exercise is likely caused by an enhanced production and/or secretion into the peripheral blood by other tissues, such as the thymus, the lymph nodes, or the liver, which were previously shown to express CXCL12 (Sánchez-Martín et al., 2011). Future studies should investigate whether the general regulation of CXCL12 secretion of those tissues to the peripheral blood is mediated by the apoptotic MNC secretome.

We conclude that the correlation between CXCL12 and apoptotic MNCs cannot be explained by an increased uptake of miRNA126 by circulating MNCs and lower intra-cellular amounts of RGS16, allowing for an enhanced translation of CXCL12. However, we found a significant correlation of CXCL12 with CPC numbers over all measured time points. This highlights CXCL12 as an attractive target to discern other regulatory pathways of CPC numbers in the peripheral blood, also, but not only, after exercise. Additionally, we revealed an interesting connection between exercise, oxidative stress, and the miRNA126-RGS16 cascade in circulating MNCs. Even though this pathway did not translate into higher levels of circulating CXCL12 as expected, we suggest it warrants further research, possibly also examining other downstream effectors and targets of RGS16 and/or miRNA126.


Limitations

Being a follow-up investigation of samples collected in a previous study to allow further mechanistic insight, this publication comes with certain limitations. First, we could only further investigate variables in already collected plasma samples and total MNCs. As we did not measure any apoptotic bodies or vesicles in the blood stream, our predications on their presence or uptake are limited. Also, CXCL12 mRNA concentrations in MNCs were not analyzed, which would have provided a valuable link between RGS16 mRNA and plasma CXCL12 levels. We undertook different analytical approaches but were not able to retrieve this data – most probably due to the aforementioned low levels of CXCL12 mRNA in MNCs, which fall below qPCR detection levels.
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