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 Summary: 
 Physical forces regulate stem cell differentiation in-vivo, however few simple and 

 precise methods exist to better understand this biology in-vitro. Here we describe the 
 use of a novel bioreactor that enables addition of physical force in the form of elevated 
 atmospheric pressure during reprogramming of human fibroblasts and culture of human 
 induced pluripotent stem cell (iPSC) and neural stem cell (NSC) lines. We demonstrate 
 that elevated atmospheric pressure and hypoxia can positively regulate reprogramming 
 of human fibroblasts to iPSCs across multiple donors. Prolonged culture of iPSCs in 
 elevated atmospheric pressure (+ 2 PSI) and 15% oxygen exhibited progressive 
 differentiation with concomitant metabolic and epigenetic gene expression changes. 
 Furthermore, elevated atmospheric pressure positively regulates differentiation of iPSCs 
 to neural-ectodermal and hematopoietic lineages when combined with appropriate 
 soluble factors and oxygen concentration. In summary, these results demonstrate the 
 significance of applied atmospheric pressure for stem cell applications and warrants 
 further investigation. 

 Introduction: 
 An increasing number of studies are revealing a role for micro-environmental 

 control as it relates to stem cell maintenance and differentiation by factors such as 
 oxygen concentration and physical force. The influence of oxygen concentration on 
 stem cell maintenance (Yoshida et al, 2009; Mathieu et al, 2013) and differentiation (Zhu 
 et al, 2005; Giese et al, 2010) is well-documented, and the implementation of physical 
 force during in-vitro stem cell culture is gaining traction in the field. Methods of physical 
 force application in stem cell culture attempt to recapitulate the stem cell niche in-vivo, 
 including mechanical force due to three-dimensional cell-to-cell interactions, 
 extracellular matrix (ECM) composition and stiffness, and fluid shear stress generated 
 by the vascular system (Eiraku and Sasai, 2012; Zhong et al, 2014; Yin et al, 2016; 
 Engler et al, 2006; Saha et al, 2008; Leipzig et al, 2009; Shimizu et al, 2008; Correia et 
 al, 2014). Protocols for stem cell differentiation occasionally implement these forms of 
 physical force; however, they often include only a single element of force at a time and 
 additionally, variable inter-laboratory outcomes exist due to a lack of standardized 
 delivery methods (Battista et al 2005; Hong et al, 2010; McKee and Chaudhry, 2017; 
 Tworkoski et al, 2018). To address these limitations and to provide insight into a largely 
 under-appreciated environmental variable in cell culture, we employed a novel 
 bioreactor that can apply precise levels of physical force in the form of atmospheric 
 pressure and oxygen that can be leveraged with available stem cell differentiation 
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 protocols. In the current study, we provide a proof-of-concept demonstrating that 
 elevated atmospheric pressure and hypoxia can enhance somatic cell reprogramming 
 and stem cell differentiation workflows. 

 Common cell culture methodology relies on incubation in static pressure and 
 ambient oxygen concentration, which in the context of the human body are considered 
 non-physiologic. For example, a wide range of oxygen concentration encompasses the 
 adult human body and developing tissues during adult stem cell differentiation and 
 embryogenesis, respectively, yet methods to recapitulate in-vivo oxygen concentration 
 are not commonly employed in stem cell culture. What is deemed “hypoxic” in the 
 laboratory cell culture incubator (i.e. 1-5% oxygen) more closely mimics tissue normoxia 
 than conventional CO  2  incubators that maintain a constant  ~18.6% oxygen 
 concentration (Place et al, 2017). For example, physiologic oxygen concentration in the 
 developing mammalian brain and cortical tissue is between 1 to 5% (Studer et al, 2000; 
 Sakadzic et al, 2010). In vitro studies using hypoxic culture reveal that neurogenesis is 
 promoted in fetal human neurons maintained in 3% O  2  and hypoxia inducible factor 
 (HIF) proteins can promote adult stem cell differentiation to astrocytes (Ortega et al, 
 2016; Yasui et al, 2017). Similarly, hematopoietic stem/progenitor cells (HSPCs) in the 
 bone marrow niche experience oxygen concentration in the range of 1-3%, and when 
 leveraged in vitro exhibit greater self-renewal capacity (Spencer et al, 2014; Ivanovic et 
 al, 2004). These observations support the rationale for applying physiologic oxygen 
 concentration during culture. 

 The implementation of atmospheric pressure as a physical force during cell 
 culture has been evaluated across a wide range of systems, including batch microbial 
 culture (Lopes et al, 2014), simulation of the vascular endothelium tissue 
 micro-environment (Ohashi et al, 2007), disease-modeling for glaucoma and 
 hypertension (Luo et al, 2014; Stanley et al, 2005), and induction of cancer metastasis 
 by simulating increased interstitial fluid pressure of solid tumors (Kao et al, 2017). Like 
 these studies, our bioreactor technology imparts physical force on cells through 
 increased hydrostatic pressure, but by means of gas compression above the liquid 
 layer. To date, few if any studies demonstrate the role of atmospheric pressure on 
 pluripotent stem cell generation and differentiation, however its positive influence on 
 adult stem cell differentiation has been reported. For example, chondrogenic and 
 osteogenic differentiation of mesenchymal stem cells is shown to be positively regulated 
 by elevated atmospheric pressure (Labedz-Maslowska, 2021; Zhou et al, 2014; Wagner 
 et al, 2008) and there is a recognized need for the ability to produce functional HSPCs 
 ex vivo for clinical use and pressure could be one of factors to achieve this (Li et al, 
 2021). Translating these regulatory effects of atmospheric pressure to iPSCs, which 
 have virtually limitless differentiation potential, could enable more efficient generation of 
 lineage-specific cell types. 

 To evaluate the role of atmospheric pressure during stem cell culture, we first 
 examined its influence on reprogramming of somatic cells to iPSCs. When combined 
 with hypoxia (1% O  2  ), transient culture of fibroblasts  transfected with reprogramming 
 factors in elevated pressure (+ 5 PSI, relative to ambient) resulted in a significant 
 increase in reprogramming efficiency across 10 unique human donors. To dissect the 
 impact of atmospheric pressure on stem cell state, we leveraged whole-transcriptome 
 mRNA sequencing (mRNA-seq) on iPSCs cultured over time in variable atmospheric 
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 pressure and oxygen concentration. We cultured three unique human donor iPSC lines 
 in 5% or 15% oxygen with either ambient (+ 0 PSI) or elevated (+ 2 PSI) atmospheric 
 pressure and examined global gene expression changes by mRNA-seq and 
 immunofluorescence staining for pluripotency and differentiation markers. Interestingly, 
 and despite maintenance in medium supporting self-renewal, iPSCs cultured specifically 
 in elevated atmospheric pressure and 15% oxygen for seven passages demonstrated 
 morphologic and global gene expression changes consistent with stem cell 
 differentiation and embryonic development, unlike their counterparts cultured in ambient 
 atmospheric pressure or 5% oxygen. As early as passage three, iPSCs cultured in 
 elevated atmospheric pressure and 15% oxygen exhibited a shift in metabolic gene 
 expression and an up-regulation of genes involved in epigenetic regulation. To examine 
 if atmospheric pressure promotes generation of lineage-specific cell types, we 
 differentiated NSCs to both motor- and central nervous system (CNS)-type neurons 
 using proteins / small molecules, and observed increased expression of neuronal 
 maturation markers in response to pressure. We further show that atmospheric pressure 
 can regulate hematopoietic differentiation of iPSCs through enrichment of a unique 
 subset of CD34  +  CD43  low  CD45  high  hematopoietic stem/progenitor  cells (HSPCs) 
 previously reported to exhibit greater potential for T-cell generation (Timmermans et al, 
 2009; Kennedy et al, 2012). In summary, our preliminary insights demonstrate that 
 elevated atmospheric pressure during culture can enhance somatic cell reprogramming 
 and stem cell differentiation workflows and offers a promising new strategy for 
 generation of clinically important cell types. 

 Results: 

 Elevated atmospheric pressure induces a 3-fold increase in somatic cell 
 reprogramming to iPSCs across 10 unique human fibroblast donors. 

 Previous findings highlight the regulatory role of hypoxia for maintenance of 
 pluripotency and reprogramming of fibroblasts to iPSCs (Yoshida et al, 2009; Mathieu et 
 al, 2013), therefore we investigated if elevated atmospheric pressure can further 
 enhance reprogramming of human fibroblasts to iPSCs under hypoxic conditions. We 
 transfected 10 unique human donor fibroblast lines with mRNA-based reprogramming 
 factors (  OCT4, KLF4, SOX2, GLIS1, c-MYC  mRNAs) and  found that transient exposure 
 of fibroblasts to elevated atmospheric pressure (+ 5 PSI) and hypoxia (1% O  2  ) for 24-hrs 
 post-transfection followed by culture in 5% O  2  and  ambient atmospheric pressure 
 resulted in ~3-fold increase in reprogramming efficiency (Figures 1A-1C). Interestingly, 
 static culture in 5% O  2  with increasing atmospheric  pressure had an inhibitory effect on 
 reprogramming efficiency (Figure S1). Immunofluorescence staining for the pluripotency 
 markers NANOG, POU5F1, SOX2, and SSEA-4 in iPSC lines established using this 
 transient elevated pressure strategy did not indicate any loss of protein expression 
 (Figure 1B). These results highlight a previously unknown role of atmospheric pressure 
 during fibroblast re-programming that can provide for more robust iPSC generation 
 without compromise to pluripotency. 
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 Elevated atmospheric pressure induces altered expression of 56 genes 
 associated with embryo development and cell differentiation. 

 To investigate the role of atmospheric pressure and oxygen concentration during 
 culture of iPSCs, we varied atmospheric pressure (+ 0 PSI and + 2 PSI, relative to 
 ambient) and oxygen concentration (5% and 15% O  2  )  and performed routine passaging 
 under feeder-free conditions using three unique human donor iPSC lines from both 
 fibroblast and cord blood sources; iPSC-1 and iPSC-2 from skin fibroblast, and iPSC-3 
 from cord blood CD34+ cells were used in this study. We cultured iPSCs feeder-free in 
 mTesr1 medium and incubated in 15% O  2  + 0 PSI or +  2 PSI, and 5% O  2  + 0 PSI or + 2 
 PSI, and performed mRNA-seq and immunofluorescence profiling for pluripotency 
 markers at the time-points illustrated in Figure 2A. By passage seven we observed 590 
 significant (false discovery rate (FDR) adjusted p-value < 0.05) differentially expressed 
 genes unique in 15% O  2  + 2 PSI relative to 15% O  2  + 0 PSI, and 348 similarly 
 differentially expressed genes unique in 5% O  2  + 2  PSI relative to 5% O  2  + 0 PSI, with 
 only 56 genes overlapping between these two groups (Figures 2B & 2C). Of these 56 
 “pressure-specific” overlapping genes significantly differentially expressed in elevated 
 pressure in both 15% and 5% O  2,  many play a role in  embryo development, cell 
 differentiation, ECM composition, and metabolism (Figure 2C). These observations 
 suggest that elevated atmospheric pressure influences distinct sets of genes 
 synergistically with differential oxygen concentration as evidenced by the unique 
 expression profile of iPSCs cultured in 15% O  2  + 2  PSI relative to 5% O  2  + 2 PSI 
 (Figures 2B, 2C and S3A). 

 Elevated atmospheric pressure increases pluripotency gene transcription and 
 retains protein expression of POU5F1, NANOG, and SOX2 largely independent of 
 hypoxia. 

 To further define the differentiation state of iPSCs cultured to passage seven in 
 15% O  2  + 2 PSI we examined the expression levels of  germ layer commitment and 
 pluripotency-regulating genes. Interestingly, the protein expression of 
 pluripotency-regulating genes POU5F1, NANOG, and SOX2 are largely retained in 
 iPSCs in 15% O  2  + 2 PSI, except in areas of the cultures  that are distinct from the tight 
 colony formations typical of un-differentiated iPSCs (Figure 3C). Phase contrast images 
 of iPSCs cultured in 15% O  2  + 2 PSI indicate a larger  cytoplasm-to-nucleus ratio relative 
 to ambient pressure controls or iPSCs cultured in 5% O  2  , a feature common in 
 differentiated pluripotent stem cells (Figure 3A). Surprisingly, expression levels of 
 several pluripotency-regulating genes are significantly increased in iPSCs in 15% O  2  + 2 
 PSI relative to 15% O  2  + 0 PSI, including  GDF3  ,  MMP2  ,  NANOG  ,  NR5A2  , and 
 POU5F1  , whereas in 5% O  2  only  NANOG  and  NR5A2  reached  statistical significance 
 (Figure 3B). Despite the increased expression of pluripotency-regulating genes, 
 canonical germ layer commitment markers are significantly up-regulated in iPSCs in 
 15% O  2  + 2 PSI, with a predominance of endodermal  lineage genes (Figure 3B). 
 Moreover, gene ontology enrichment analysis of iPSCs in 15% O  2  + 2 PSI identified 
 pathways related to embryo development and cell differentiation with up-regulated 
 genes, and pathways related to cell adhesion, extracellular space/region, and plasma 
 membrane with down-regulated genes (Figure 2D & Supplementary data). Conversely, 
 gene ontology enrichment analysis of iPSCs in 5% O  2  + 2 PSI identified cell 
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 differentiation pathway genes as down-regulated at both passage three and seven, 
 indicating a strong inhibitory effect of lower oxygen in conjunction with elevated 
 pressure on these pathway gene members (Figure S2A & Supplementary data). In 
 summary, iPSCs cultured in 15% O  2  + 2 PSI largely  retain expression of POU5F1, 
 NANOG, and SOX2 with concomitant increases in subsets of pluripotency and germ 
 layer commitment markers. 

 Up-regulation of genes associated with primed- and naïve-state pluripotency and 
 NODAL/LEFTY signaling pathway in iPSCs cultured short-term in elevated 
 atmospheric pressure. 

 To elucidate the genetic perturbations that precede the differentiation phenotype 
 observed at passage seven in iPSCs cultured in 15% O  2  + 2 PSI, we analyzed 
 mRNA-seq data of iPSCs at passage three for differentially expressed genes in 15% O  2 
 + 2 PSI  vs.  15% O  2  + 0 PSI. We observed an approximately  4-fold increase in the 
 number of significant (FDR adjusted p-value < 0.05) differentially expressed genes in 
 15% O  2  + 2 PSI  vs.  15% O  2  + 0 PSI (1473 total) compared  to 5% O  2  + 2 PSI  vs.  5% O  2 
 + 0 PSI (358 total), with 117 overlapping genes between the two groups (Figures 4A & 
 4F, Figure S4). To better characterize the pluripotent state of iPSCs cultured short-term 
 in elevated atmospheric pressure, we examined differential expression of genes 
 involved in naïve- and primed-state pluripotency. Surprisingly, we observed significant 
 increases in expression levels of both naïve- and primed-state pluripotency markers in 
 iPSCs in 15% O  2  + 2 PSI (Figure 4B), suggesting an  intermediary pluripotent state. The 
 mRNA expression level of  NANOG  is significantly higher  in both 15% O  2  + 2 PSI and 
 5% O  2  + 2 PSI relative to ambient atmospheric pressure  controls (Figure 4B). NANOG 
 protein expression is progressively up-regulated during murine embryonic development 
 and remains high in the inner cell mass population that specifies formation of the 
 epiblast (Komatsu et al, 2015). Similarly,  DPPA3  ,  a gene enriched in human 
 pre-implantation epiblast cells (Chan et al, 2013) is also up-regulated in elevated 
 pressure, but specifically in 15% O  2  (Figure 4B). 

 The primed-state pluripotency-associated DNA methyltransferase family genes 
 DNMT3A  and  DNMT3B  are significantly up-regulated in  15% O  2  + 2 PSI relative to 15% 
 O  2  + 0 PSI (Figure 4B), which are reported to increase  in expression during transition 
 from pre- to post-implantation epiblast stage of mammalian embryogenesis (Boroviak et 
 al, 2015). We next evaluated the protein expression level of the primed-state 
 pluripotency-associated surface marker B3GAT1 (Collier et al, 2017) by flow cytometry 
 in iPSCs in 15% O  2  + 2 PSI and observed an approximately  0.5 log increase in 
 fluorescence intensity relative to 15% O  2  + 0 PSI  across all three iPSC lines (Figure 
 4C), with only a modest increase in 5% O  2  + 2 PSI  (Figure S2A). Furthermore, the 
 transforming growth factor beta family member  NODAL  ,  as well as its targets  LEFTY1 
 and  LEFTY2  , are highly up-regulated in iPSCs cultured  in 15% O  2  + 2 PSI. These 
 NODAL-signaling pathway genes are known to be up-regulated during epiblast priming 
 in mammalian embryogenesis or during transition from naïve state pluripotency in 
 murine embryonic stem cells (ESCs) cultured in-vitro (Figure 4B) (Boroviak et al, 2015, 
 Mulas et al, 2016). In summary, these observations suggest that iPSCs cultured to 
 passage three in 15% O  2  + 2 PSI are in a pluripotent  state with transcriptional features 
 in common with the epiblast-stage of the developing mammalian embryo. 
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 Elevated atmospheric pressure promotes iPSC differentiation through 
 epigenetic-regulatory gene expression changes independent of hypoxia  . 

 The epigenetic modifications that occur during both in vitro pluripotent stem cell 
 differentiation and in developing pre-implantation embryos consist of a progressive 
 genome-wide establishment of methylation patterning and histone modifications (Wu et 
 al, 2006; Hawkins et al, 2010; Gifford et al, 2013). DNA methylation during 
 differentiation of pluripotent stem cells and in early embryogenesis is facilitated by DNA 
 methyltransferases DNMT1, DNMT3A, and DNMT3B, along with co-factors such as 
 UHRF1 (Boland et al, 2014) and the TET-family dioxygenase TET3 (Kang et al, 2015). 
 The differential gene expression levels for these DNA methylation-regulating enzymes 
 are significantly up-regulated in iPSCs cultured to passage three in 15% O  2  + 2 PSI  vs. 
 15% O  2  + 0 PSI, as are the chromatin remodeling genes  ARID1A  ,  ARID1B  , and 
 ARID5A  (Figure 4B), of which ARID1A is shown to be  essential for murine ESC 
 differentiation (Baba et al, 2011; Gao et al, 2008). Interestingly, increased expression of 
 genes encoding histone subunits are observed in 15% O  2  + 2 PSI (Figure 4B), possibly 
 to meet the demand of progressive methylation in the DNA landscape. Moreover, gene 
 ontology enrichment analysis revealed that pathways involved in nuclear processes and 
 RNA-binding contain genes significantly up-regulated in 15% O  2  + 2 PSI (Figure 4E, 
 supplementary data), suggesting increased transcriptional and/or chromosomal activity 
 in these iPSCs. These findings provide further evidence that iPSCs in 15% O  2  + 2 PSI 
 are transitioning to a more differentiated state. 

 Elevated atmospheric pressure down-regulates glycolysis and OXPHOS 
 metabolic pathways independent of hypoxia. 

 Gene ontology enrichment analysis of iPSCs cultured to passage three in 15% 
 O  2  + 2 PSI indicates pathways governing carbohydrate  and small molecule metabolic 
 processes, as well as oxidoreductase activity, contain genes that are significantly 
 down-regulated (Figure 4E). Additionally, differential gene expression analysis of 15% 
 O  2  + 2 PSI  vs.  15% O  2  + 0 PSI revealed that 38 genes  involved in glycolysis and 29 
 involved in oxidative phosphorylation (OXPHOS) are significantly differentially 
 expressed (FDR adjusted p-value < 0.05), with the majority down-regulated (62% and 
 69%, respectively) in response to elevated pressure (Figure 4D). The prevalent 
 down-regulation of glycolysis- and OXPHOS-related genes in 15% O  2  + 2 PSI may be a 
 result of differentiation, as a previous study demonstrated decreased expression of 
 TCA-cycle and glycolysis-related genes in fibroblasts cells compared to counterpart 
 iPSC lines (Varum et al, 2011). Only 7 genes involved in glycolysis and 6 involved in 
 OXPHOS are significantly differentially expressed in 5% O  2  + 2 PSI  vs.  5% O  2  + 0 PSI 
 (Figure S2B), indicating a contribution of higher oxygen to the shift in metabolic gene 
 expression (Figure S2C). In summary, iPSCs cultured in 15% O  2  + 2 PSI exhibit a 
 general down-regulation of glycolysis- and OXPHOS-related gene expression. 

 Neural-ectoderm markers PAX6 and NES are increased during 
 directed-differentiation of iPSCs in response to elevated atmospheric pressure. 

 Physical force-mediated regulation of neuronal differentiation in adult stem cells 
 has been achieved through modulation of substrate rigidity (Engler et al, 2006; Saha et 
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 al, 2008; Leipzig et al, 2009). To investigate if elevated atmospheric pressure exerts a 
 similar regulatory influence we cultured iPSCs in neural induction medium in varying 
 oxygen (5% and 15% O  2  ) and atmospheric pressure (+  0 PSI and + 2 PSI) and 
 evaluated the expression of the neural-ectoderm markers PAX6 and NES by 
 immuno-fluorescence imaging and flow cytometry. After 6 days of differentiation, iPSCs 
 cultured in 5% O  2  + 2 PSI exhibited 93% of cells co-expressing  PAX6 and NES and a 
 ~2-fold increase in mean fluorescence intensity of protein staining by flow cytometry 
 relative to 5% O  2  + 0 PSI (Figure 5A). Surprisingly,  in the absence of the neutralizing 
 factor NOGGIN in induction medium, iPSCs cultured in 5% O  2  + 2 PSI exhibited 90% of 
 cells co-expressing PAX6 and NES, approximately 5-fold greater than ambient pressure 
 controls or iPSCs cultured in 15% O  2  + 2 PSI (Figure  5A), demonstrating that elevated 
 atmospheric pressure and hypoxia are significant drivers of neuronal differentiation. 

 Elevated atmospheric pressure and hypoxia induces ChAT and NF-H in 
 motor-neurons and SYN1 in CNS-type neurons. 

 Based on our neural induction results and previous reports showing that low 
 oxygen promotes differentiation and maturation of neuronal cell types (Xie et al, 2014; 
 Yasui et al, 2017), we next asked if elevated pressure acts synergistically with 5% O  2  to 
 generate terminally differentiated neurons. We differentiated 2 unique NSC lines, one 
 derived from a cord-blood sourced iPSC line (CB iPSC-NSC) and one from a bone 
 marrow sourced iPSC line (BM iPSC-NSC), to both motor and CNS-type neurons in the 
 presence of 5% O  2  + 2 PSI. Following 31 days of NSC  differentiation to motor neurons, 
 we stained the cells for the mature motor neuron markers choline acetyltransferase 
 (ChAT) and neurofilament-H (SMI-32) and observed a significant increase in expression 
 of both markers in 5% O  2  + 2 PSI (Figure 5C). We observed  a similar trend upon 
 differentiation of NSCs to CNS-type neurons; immunofluorescence staining for MAP2 
 and the mature neuronal marker SYN1 at days 14 and 21 of differentiation showed a 
 significant increase in SYN1 expression in 5% O  2  +  2 PSI (Figure 5B). Taken together, 
 these results show that elevated atmospheric pressure when combined with hypoxia, 
 positively regulates differentiation and maturation of neuronal lineages. 

 Elevated atmospheric pressure enriches for a CD43  low  CD45  high  hematopoietic 
 lineage subset associated with T-lymphocyte commitment. 

 We next evaluate the influence of elevated atmospheric pressure on mesoderm 
 lineage commitment. Physical force in the form of shear stress has been leveraged to 
 enhance ESC differentiation to endothelial progenitor and hematopoietic lineages 
 (Wolfe and Ahsan, 2013), and a combination of osteoblasts and intermittent hydrostatic 
 pressure has been used to show an influence on HSPC migration (Kim et al, 2019; Lee 
 et al, 2020), however no studies have implemented hydrostatic pressure to generate 
 HSPCs from pluripotent stem cells on their own. We differentiated iPSCs to HSPCs 
 expressing CD34, CD43, and CD45 using a bi-phasic oxygen concentration protocol to 
 simulate in-vivo HSPC development. The hematopoietic stem cell niche is progressively 
 lower in oxygen at greater distances from the bone marrow sinuses, where the most 
 primitive stem cells reside (Chow et al, 2001). We found that transitioning from 3% O  2  + 
 2 PSI to 15% O  2  + 2 PSI enriched a sub-population  of cells expressing 
 CD34  +  CD43  low  CD45  high  compared to ambient atmospheric  pressure controls (Figures 6A 
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 & 6B). Sorting and further differentiation of this subset of CD34  +  CD43  low  CD45  high  - 
 expressing HSPCs has been reported to possess lineage bias for T-lymphocyte 
 commitment (Timmermans et al, 2009, Kennedy et al, 2012), suggesting that 
 T-lymphocyte generation from iPSCs can be enhanced by implementation of elevated 
 atmospheric pressure to serve as a potent differentiation cue. 

 Discussion: 
 Physical forces can regulate differentiation of both adult and pluripotent stem 

 cells in-vivo and in-vitro. Here we demonstrate a novel bioreactor that can apply 
 physical force using atmospheric pressure to enhance somatic cell reprogramming and 
 induce differentiation of both iPSCs and NSCs. Elevated atmospheric pressure (+ 2 
 PSI) in conjunction with 15% oxygen during extended culture of iPSCs resulted in a 
 differentiation phenotype characterized by increased germ-layer commitment and 
 pluripotency marker expression and enrichment of genes involved in embryo 
 development and cell differentiation gene ontology pathways. iPSCs cultured short-term 
 in 15% O  2  + 2 PSI exhibit up-regulation of epigenetic-regulatory  gene expression and a 
 general down-regulation of metabolic gene expression. Furthermore, we demonstrated 
 an enhancement in differentiation of iPSCs to neural-ectoderm and NSCs to motor and 
 CNS-type neurons by culture in elevated atmospheric pressure and 5% oxygen. Lastly, 
 enrichment of a hematopoietic progenitor CD34  +  CD43  low  CD45  high  population with 
 T-lymphocyte lineage bias was achieved by simultaneous culture in elevated 
 atmospheric pressure and transition from low to high oxygen. These findings shed light 
 on a previously unknown role for atmospheric pressure as a physical force during iPSC 
 culture and stem cell differentiation. 

 How does elevated atmospheric pressure act to induce stem cell differentiation? 
 Fluid-pressure measurements within the mouse blastocyst reveals increased pressure 
 over the course of development, thereby generating a physical force input and a 
 potential cue for embryo morphogenesis (Wang et al, 2018). In vitro application of 
 physical force can influence stem cell differentiation through activation of 
 mechano-transduction pathways (Northey et al, 2017). For example, transmembrane 
 integrins, stretch activated ion channels, and focal adhesion proteins are all implicated 
 in physical force-directed cell signaling to trigger both phenotypic and functional 
 responses, including cell differentiation (Formigli et al, 2007; Chistiakov et al, 2017). 
 Additionally, cross-talk between mechano-sensing pathways and cellular metabolism 
 are known to exist in cancer cells (Boulter et al, 2018), thus it is possible atmospheric 
 pressure is triggering a similar response in iPSCs and NSCs given our observation that 
 metabolic gene expression is significantly altered in elevated atmospheric pressure. 
 Metabolism is known to regulate differentiation states of pluripotent stem cells (Prigione 
 and Adjaye, 2010), however it is unclear if our observations of metabolic gene 
 expression changes are a direct effect of elevated atmospheric pressure or rather, a 
 consequence of the differentiation phenotype. Future experiments employing a transient 
 exposure or dose-response of elevated atmospheric pressure would enable 
 interrogation of mechano-sensing pathways. 

 Elevated atmospheric pressure-mediated physical force could be exerting its 
 regulatory influence on stem cell state by a similar mechanism to other 
 well-characterized forms of force that are currently utilized in cell culture. For example, 
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 physical force in the form of substrate rigidity has been leveraged towards in-vitro stem 
 cell differentiation by modulating ECM composition and stiffness of the culture surface 
 (Engler et al, 2006; Saha et al, 2008; Leipzig et al, 2009). Specifically, Engler et al 
 showed using Collagen-I coated gel substrates of tunable rigidity that lineage 
 specification during mesenchymal stem cell differentiation is mediated through 
 mechano-sensing of physical force via ECM focal-adhesion complexes. Substrate 
 viscoelasticity has also been shown to influence lineage commitment through 
 modulation of ECM protein composition, with measurable changes in viscoelasticity 
 depending on the concentration and combination of Collagen-1/4, Laminin, and 
 Heparan Sulfate (Raghavan and Bitar, 2014). These findings demonstrate that external 
 physical cues generated by substrate rigidity and/or manipulation of ECM composition 
 in the microenvironment can direct stem cell differentiation. 

 Another attractive method to generate physical force in stem cell culture is via 
 three-dimensional cellular models to mimic cell-to-cell interactions (Eiraku and Sasai, 
 2012; Zhong et al, 2014; Yin et al, 2016). These three-dimensional cellular models 
 exploit the stem cell’s innate ability to differentiate into adult cell types and self-organize 
 into the appropriate tissue architecture corresponding to the lineage identity of the stem 
 cell (Murrow et al, 2017). The orchestration of this self-assembly in-vivo not only 
 requires cell-to-cell interactions via adhesion molecules (Runswick et al, 2001; Chanson 
 et al, 2011), but likely some contribution from physical forces to act as differentiation 
 cues, as in-vitro differentiation is heavily influenced by ECM spatial arrangement and 
 composition (Yin et al, 2016). The recapitulation of three-dimensional cell-to-cell 
 interactions is a promising strategy for stem cell differentiation, however these models 
 still generally lack the contribution of physical force by neighboring tissues that exists 
 in-vivo. Elevated atmospheric pressure could simulate physical force exerted by the 
 surrounding tissue microenvironment and combination with these three-dimensional 
 models warrants future investigation. 

 Lastly, fluid mechanical force or “shear stress,” is common to cells residing in or 
 surrounding the vascular system in-vivo and plays a significant role in cell 
 differentiation. For example, vascular smooth muscle cells and endothelial cells that 
 make up the lining of blood vessels are subject to variable degrees of shear stress due 
 to haemodynamic forces, which in turn elicit phenotypic and functional responses to 
 maintain homeostasis of the circulatory system (Chistiakov et al, 2017). During in vitro 
 embryonic stem cell differentiation, fluid-mechanical force in the form of cyclic strain or 
 shear stress can induce vascular smooth muscle cell and cardiomyocyte differentiation, 
 respectively (Shimizu et al, 2008; Correia et al, 2014). Although haemodynamic forces 
 are inherently variable relative to those found in most adult tissues in the human body, 
 which are by comparison mechanically static, tissue homeostasis is likely maintained by 
 tissue-specific tensional homeostasis (Northey et al, 2017). By this reasoning, physical 
 force should be applied in a manner that recapitulates development of the desired 
 tissue type for in vitro stem cell differentiation protocols. 

 The observation of a synergistic effect of elevated atmospheric pressure and 
 15% O  2  , but not 5% O  2  , on iPSC differentiation under  standard stem cell culture 
 conditions is unclear, but could be explained in part by the known positive regulation of 
 pluripotency by hypoxia (Yoshida et al, 2009; Mathieu et al, 2013). For example, 
 hypoxia inducible factors HIF1A and HIF1B are necessary for metabolic shift from 
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 oxidative phosphorylation to glycolysis during reprogramming of somatic cells to iPSCs 
 (Mathieu et al, 2014) and HIF2A is shown to activate Oct4 (mouse homolog of POU5F1) 
 in mouse embryonic stem cells (Covello et al, 2006). Therefore, the influence of 
 elevated atmospheric pressure on iPSC differentiation may be negated or diminished by 
 culture in 5% O  2  , which is sufficiently hypoxic for HIF protein stabilization. 

 Conversely, 5% O  2  and elevated atmospheric pressure was demonstrated to be 
 optimal for directed-differentiation of iPSCs to neural-ectoderm and NSCs to motor and 
 CNS-type neurons. The enhancement of neural induction observed in 5% O  2  is not 
 surprising given that physiologic oxygen concentration in the developing mammalian 
 brain is between 1 to 5% (Studer et al, 2000). Moreover, the positive influence of 
 physical force on neuronal differentiation is well-established (Engler et al, 2006; Saha et 
 al, 2008; Leipzig et al, 2009), therefore the combined contribution of 5% oxygen and 
 elevated atmospheric pressure in our studies highlights the importance of mimicking the 
 relevant tissue micro-environment for in vitro stem cell differentiation. This concept was 
 further demonstrated for HSPC differentiation using a culturing protocol consisting of a 
 combination of bi-phasic oxygen concentration and elevated atmospheric pressure to 
 mimic hematopoietic development in the bone marrow niche. In summary, we have 
 demonstrated a novel technology to improve stem cell generation and differentiation by 
 modulating oxygen and atmospheric pressure simultaneously in the culture 
 microenvironment. Importantly, this technology can be leveraged with existing stem cell 
 differentiation protocols to improve efficiency of generating mature cell types for 
 translational studies and clinical applications. 

 Experimental Procedures: 

 Fibroblast re-programming.  Human fibroblasts lines were obtained from the Coriell 
 Institute or ATCC (see below table containing line information) and cultured in Eagle’s 
 Minimum Essential Medium (MEM, Gibco 11095-080) with 10% FBS (Gibco 26140079), 
 1mM sodium pyruvate, and 0.1 mM non-essential amino acids in 5% CO  2  and ambient 
 O  2  in a Forma series II CO  2  incubator (Thermo). Fibroblast lines were transfected with 
 an RNA-based reprogramming vector ReproRNA-OKSGM (Stemcell Technologies) 
 containing  POU5F1  ,  KLF4  ,  SOX2  ,  GLIS1  , and  c-MYC  according to the manufacturer’s 
 protocol and incubated in 5% O  2  , 5% CO  2  , and ambient atmospheric pressure in an 
 AVATAR cell control system (Xcell Biosciences). Single colonies were picked to 
 establish iPSC lines and maintained in either 5% or 15% O  2  and expanded for 3 
 passages before initiation of the experiment outlined in Figure 2A. iPSC-1 and iPSC-2 
 were generated from fibroblast lines GM04504 and GM00730, respectively. iPSC-3 was 
 obtained from the NIH under the identifier NCRM-5 (male, cord-blood source). 

 iPSC culture.  All iPSC lines were maintained in mTesr1 (Stemcell Technologies) on 
 ESC-grade reduced growth factor basement membrane matrix (Geltrex, Gibco) in the 
 following incubator conditions using the AVATAR cell control system (Xcell Biosciences): 
 5% O  2  + 2 PSI, 5% O  2  + 0 PSI, 15% O  2  + 2 PSI, and 15% O  2  + 0 PSI all at 37° C and 
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 5% CO  2  . iPSCs lines were passaged every 5 days using Gentle Cell Dissociation 
 Reagent (Stemcell Technologies) and plated in mTesr1 in the presence of 10 uM 
 Y-27632 (Stemcell Technologies). Medium was exchanged daily. 

 NSC culture.  Neural stem cell lines from cord-blood derived iPSCs (XCL-6, Xcell 
 Science) and bone marrow derived iPSCs (ACS-5003, ATCC) were cultured on 
 ESC-grade reduced growth factor basement membrane matrix (Geltrex, Gibco) in NSC 
 maintenance medium (Xcell Science) and medium exchanged every other day. 

 Differentiation to neural-ectoderm.  For neural-ectoderm induction, iPSCs were 
 washed 1x in PBS and dissociated into single-cell suspensions using Gentle Cell 
 Dissociation Reagent (Stemcell Technologies) for 10 min at 37° C and seeded on to 
 Geltrex-coated 12-well plates at a density of 700,000 cells in neural induction medium + 
 10 uM Y-27632 (Stemcell Technologies) and cultured for 7 days with daily medium 
 exchange. 10 uM Y-27632 was omitted from the neural induction medium after day 2. 
 Neural induction medium (adapted from Li et al, 2011) is composed of 1:1 ratio of 
 Advanced DMEM/F12 (Gibco) and Neurobasal (Gibco), 1x B27 (Gibco), 1x N2 (Gibco), 
 1x Glutamax (Gibco), 10 ng/mL human LIF (Peprotech), and 10 ng/mL human NOG 
 (Peprotech). 

 CNS-type neuronal differentiation  : NSC lines were dissociated into single-cell 
 suspensions using Accutase (Stemcell Technologies) and plated onto Poly-L-Ornithine 
 (15 ug/mL, Sigma) / Laminin (10 ug/mL, Sigma) coated 12-well plates. NSC 
 suspensions were seeded at 200,000 cells per well in STEMdiff Neuron Differentiation 
 Kit medium (Stemcell Technologies) and medium replaced every other day until day 7. 
 To initiate neuronal maturation, cells were dissociated into single-cell suspension using 
 Accutase and re-seeded onto fresh Poly-L-Ornithine / Laminin coated 12-well plates at 
 a density of 150,000 cells in STEMdiff Neuron Maturation Kit medium (Stemcell 
 Technologies) and medium exchanged every other day until days 14 and 21. 

 Motor neuron differentiation.  We used the protocol described by Maury et al, 2015 
 with slight modifications. Briefly, 10,000 NSC cells (XCL-6 and ACS-5003) were seeded 
 in each well of 96-well round-bottom suspension plates (Corning) in motor neuron 
 differentiation medium with 3 uM CHIR99021 (Stemcell Technologies) and cultured for 2 
 days to form neurospheres. Medium was replaced with motor neuron differentiation 
 medium containing 3 uM CHIR99021, 500 nM SAG (Tocris), and 100 nM retinoic acid 
 (Sigma) and cultured for a further 2 days. Medium was then replaced with motor neuron 
 differentiation medium containing only 500 nM SAG and 100 nM retinoic acid and 
 cultured until day 9, with medium exchanged every other day. On day 9, neurospheres 
 were pooled and treated with Accutase for 5-10 min at 37° C and gently pipetted to 
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 generate a single-cell suspension. 150-200,000 cells were seeded onto 
 Poly-L-Ornithine (20 ug/mL) / Laminin (5 ug/mL) coated 12-well plates in motor neuron 
 differentiation medium containing 10 uM DAPT and cultured for 2 days. On days 11, 
 medium was replaced with motor neuron maturation medium and replaced every other 
 day until day 31. Motor neuron differentiation medium is composed of 1:1 ratio of 
 DMEM/F12 (Gibco) and Neurobasal (Gibco), 2% B27 (Gibco), 1% N2 (Gibco), 1x 
 non-essential amino acids (Gibco), 1x Glutamax (Gibco), and 0.5 uM ascorbic acid 
 (Sigma). Motor neuron maturation medium contains the same formulation as 
 differentiation medium but with the addition of 1 uM db-cAMP (Sigma), 20 ng/mL human 
 BDNF and 10 ng/mL human GDNF (both from Peprotech). 

 HSPC differentiation.  HSPC differentiation protocol and medium was adapted from 
 Angelos et al, 2017. Briefly, fibroblast and cord blood derived iPSC lines (Line 7, 
 GM00730 and NCRM-5, respectively) were seeded into 12-well plates coated with 
 Geltrex at a concentration of 100 aggregates per well of approximately 100-200 nm in 
 diameter in mTesr1 + 10 uM Y-27632 and incubated overnight in a CO  2  incubator. On 
 day 1, a full medium exchange with 1 mL of phase 1 medium containing 20 ng/mL 
 human BMP4, 20 ng/mL human VEGF  121  , 40 ng/mL human SCF, 1% anti-anti (Gibco), 
 and 5% PFHM-II (Gibco) in APEL 2 base medium (Stemcell Technologies). On day 3, a 
 full medium exchange with 1 mL of fresh phase 1 medium was performed. On day 6, a 
 full medium exchange was performed with phase 2 medium containing 40 ng/mL human 
 VEGF  121  , 40 ng/mL human SCF, 30 ng/mL human TPO, 30 ng/mL human IL-3, 30 
 ng/mL human IL-6, 1% anti-anti, and 5% PFHM-II in APEL 2 base medium. On days 9 
 and 12, 80% of medium was removed followed by addition of 1.5 mL of fresh phase 2 
 medium. On day 14, supernatant was removed and stained for CD34, CD43, CD45, and 
 Propidium Iodide (Life Technologies). Primary antibodies are listed in the table below. 
 All proteins were purchased from Peprotech. 

 Whole transcriptome mRNA-seq.  Total RNA was purified using the Single-cell RNA 
 Purification Kit (Norgen Biotek) and mRNA-seq libraries were prepared using TruSeq 
 Stranded mRNA HS protocol (Illumina) using 500 ng total RNA input. Library quality 
 was confirmed using the High Sensitivity DNA chip on the Agilent 2100 Bioanalyzer 
 System (Agilent Technologies). mRNA-seq libraries were then run using 75 bp 
 paired-end reads on a NextSeq 500 (Illumina). 

 mRNA-seq analysis.  Reads were aligned using hisat2 (PMID=25751142) v2.0.4 to the 
 GRCh38 snp_trans reference genome downloaded from the hisat2 website. The 
 resulting BAM file was processed using CleanSam from the picard v2.0.1 package 
 (  http://broadinstitute.github.io/picard  ) and sorted using samtools v1.3 
 (PMID:19505943). Read and alignment quality was evaluated using FastQC 
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 (http://www.bioinformatics.babraham.ac.uk/projects/fastqc/) and RSeQC v2.6.3 
 (PMID:22743226). Gene read counts were quantified using featureCounts v1.5.0-p1 
 (PMID:24227677) in paired-end mode and gene expression quantified using DESeq2 
 v1.14.0. Differential expression analysis was performed using DESeq2 v1.14.0. 

 For hierarchical clustering of mRNA-seq expression values and Spearman 
 correlation values we used Cluster 3.0: 
 [ref: https://www.ncbi.nlm.nih.gov/pubmed/14871861?dopt=AbstractPlus] 
 with average linkage un-centered hierarchical clustering followed by heatmap 
 visualization using Java TreeView v1.1.6r4 [ref: 
 https://academic.oup.com/bioinformatics/article/20/17/3246/186177]. For figure 2B, a 
 filtration step was applied to remove oxygen-specific significant differentially expressed 
 genes extracted from DEseq2 analysis of 15% O  2  + 0 PSI  vs  . 5% O  2  + 0 PSI expression 
 counts data of passage seven iPSCs. 

 GO term enrichment was performed using the goseq v3.8 package found here: 
 (https://bioconductor.org/packages/release/bioc/html/goseq.html). 

 Immunofluorescence microscopy.  iPSC lines were plated onto 
 glutaraldehyde-activated glass coverslips coated with ESC-grade reduced growth factor 
 basement membrane matrix (Geltrex, Gibco). Neuronal cultures were plated onto 
 glutaraldehyde-activated glass coverslips coated with appropriate substrates as 
 mentioned above. Cells were fixed in 4% formaldehyde for 10 min and blocked in a 
 solution containing 5% normal goat or donkey serum and 0.3% Triton X-100 in PBS 
 without Ca  2+  /Mg  2+  . Primary antibodies were stained overnight at 4° C in antibody dilution 
 buffer containing 1% BSA and 0.3% Triton X-100 in PBS without Ca  2+  /Mg  2+  . Primary 
 antibody was washed 2x in PBS without Ca  2+  /Mg  2+  and stained with DAPI and 
 Alexa-conjugated IgG secondary antibodies for 1 hr at RT. Secondary antibody was 
 washed 3x in PBS without Ca  2+  /Mg  2+  and mounted with VECTASHIELD Hardset 
 Antifade Mounting Medium (Vector #H-1400). Images were acquired on a fluorescence 
 microscope (Zeiss) and all analysis performed using ImageJ with a minimum of 3 
 images per stain for each replicate experiment. 

 Flow cytometry  . For staining of neural-ectoderm cells for PAX6 and NES, cells were 
 first stained with Live/Dead Fixable Violet Dead Cell Stain Kit (Invitrogen) then fixed in 
 2% formaldehyde for 10 min and washed 2x in PBS without Ca  2+  /Mg  2+  . Cells were 
 permeabilized in 0.7% Tween-20 (Fisher) in PBS for 15 min at RT and washed 1x in 
 PBS. Primary antibody staining was performed in a solution of 0.5% Tween-20, 1% 
 BSA, and 10% normal goat serum in PBS for 1 hr at RT. Secondary antibody staining 
 was performed at 1:1000 in PBS for 30 min in the dark, then washed 2x in PBS. 

 For CD34, CD43, CD45, and CD57 extra-cellular staining, conjugated primary 
 antibodies were diluted in PBS without Ca  2+  /Mg  2+  with 1% BSA and incubated with cells 
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 for 1 hr at 4° C, washed 2x in PBS, then analyzed on LSRII flow cytometer (BD 
 Bioscience). Data analysis was performed using FlowJo v10.5. 

 Primary antibodies: 
 Antibody name  Manufacturer / Catalog  Dilution 

 POU5F1 (Oct-4a)  Cell Signaling / 2840  1:400 

 NANOG  Thermo Fisher / MA1-017  1:100 

 SOX2  Abcam / ab97959  1:400 

 PAX6  Biolegend / 901301  1:300 

 NES (Nestin)  Thermo Fisher / MA1-110  1:100 

 ChAT  Millipore / AB144P  1:200 

 SMI-32 
 (Neurofilament-H) 

 Biolegend / 801701  1:1000 

 MAP2  Aves Labs / MAP  1:500 

 SYN1  Invitrogen / A6442  1:500 

 CD57  Sigma / C6680  1:30 

 CD34  BD / 562577  1:20 

 CD43  Stemcell Technologies / 60085PE  1:20 

 CD45  Stemcell Technologies / 60018AD  1:20 

 Human fibroblast lines: 
 Cat #  Vendor  Gender  Age 

 GM23962  Coriell  Male  27 YR 

 GM23963  Coriell  Male  48 YR 

 GM04504  Coriell  Female  32 YR 

 GM06111  Coriell  Female  16 FW 

 GM06168  Coriell  Male  20 FW 

 GM05294  Coriell  Male  22 YR 

 GM00730  Coriell  Female  45 YR 

 GM08399  Coriell  Female  19 YR 
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 CRL-2097  ATCC  Male  Neo-natal 

 CRL-2129  ATCC  Female  34 YR 
 * FW = fetal weeks 
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 the experiments, wrote the manuscript. JL and BA reviewed and helped prepare the 
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 Figure Legends: 

 Figure 1.  Elevated atmospheric pressure and hypoxia positively regulate 
 re-programming of human fibroblasts to iPSCs. 
 (a)  Schematic of fibroblast re-programming strategy using transient elevated 
 atmospheric pressure and hypoxia. 
 (b)  Re-programming of 10 unique human fibroblast lines using an mRNA 
 reprogramming vector either in 5% O  2  culture conditions for the entire experiment (static 
 culture, gray) or transient exposure to 1% O  2  + 5 PSI for 24 hr post- mRNA transfection 
 followed by 5% O  2  culture (transient pressure, blue) until colony counts were performed 
 on day 19. Re-programming efficiency is calculated as the number of iPSC colonies / 
 number of transfected fibroblasts. Representative immunofluorescence staining of each 
 iPSC line at passage three for SSEA-4, SOX2, NANOG, and POU5F1 is shown below 
 the column graph. 
 (c)  Boxplot showing the median % reprogramming efficiency for each culture condition 
 across all 10 fibroblast lines. * = p-value < 0.05 student’s Ttest. 

 Figure 2.  Culture of iPSCs in elevated atmospheric pressure induces 
 transcriptional changes associated with epigenetic regulation and differentiation. 
 (a)  Schematic of experimental design. 
 (b)  Unsupervised hierarchical clustering of cumulative differentially expressed genes 
 (763 total) by whole-transcriptome RNA-seq at passage seven in the indicated O  2  and 
 PSI with adjusted (FDR) p-value <  0.05 between 15% O  2  + 2 PSI  vs.  15% O  2  + 0 PSI, 
 and 5% O  2  + 2 PSI  vs.  5% O  2  + 0 PSI using DEseq2. n = 3 independent donor iPSC 
 lines, 2 from human fibroblast (iPSC lines 1 and 2) and 1 from human CD34+ cord 
 blood (iPSC line 3) cells. Data in heatmap is displayed as log2 transformed gene 
 expression. 
 (c)  Venn diagram of significant differentially expressed genes from  (b)  showing overlap 
 between analysis groups and heatmap showing overlapping genes that are significantly 
 differentially expressed in response to elevated pressure in both 5% and 15% O  2  . 
 (d)  The top 5 GO terms for both up-regulated and down-regulated differentially 
 expressed genes between 15% O  2  + 2 PSI  vs.  15% O  2  + 0 PSI at passage seven. Gene 
 ontology enrichment is ranked according to adjusted p-value (FDR) and displayed on 
 log10 scale. The number of significant differentially expressed genes for each GO term 
 is displayed inside the bar graph. 

 Figure 3. iPSCs cultured long-term in elevated atmospheric retain pluripotency 
 with concomitant increases in differentiation markers and loss of morphology. 
 (a)  Representative phase contrast images of passage seven iPSCs in the indicated 
 culture conditions. Scale bars are 200 um. 
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 Figure 5.  Elevated atmospheric pressure can regulate iPSC differentiation to 
 ectodermal and mesodermal lineages and enhance re-programming of somatic 
 cells. 
 (a)  Representative immunofluorescence images and parallel flow cytometry analysis of 
 iPSC-2 line differentiated for 6 days in medium containing 10 ng/mL recombinant LIF 
 with and without 10 ng/mL NOG and stained for PAX6 and NES. Top column graph 
 shows % PAX6 and NES double positive cells from flow cytometry data. Bottom column 
 graph shows geometric mean fluorescence of PAX6 and NES staining from flow 
 cytometry data. Scale bar = 50 um. 
 (b)  CNS-type neuronal differentiation from cord blood derived iPSC neural stem cells 
 (CB iPSC-NSC) and bone marrow derived iPSC neural stem cells (BM iPSC-NSC) 
 stained for both MAP2 (red) and SYN1 (green) day 14 and 21 of differentiation. Scale 
 bars = 50 uM. Quantification of the mature neuronal marker SYN1 is displayed in the 
 column graphs to the right. 
 (c)  Representative immunofluorescence images of day 31 motor neurons differentiated 
 using the same source NSC lines as in  (b)  stained for Choline Acetyltransferase (ChAT, 
 in red) and Neurofilament-H (SMI-32, in green). Scale bars = 50 um. Quantification for 
 ChAT and SMI-32 is displayed in the column graphs to the right as % of total area of 
 staining. For both  (b)  and  (c)  , n = 3 images quantified per  condition. Error bars are 
 standard error of the mean. * = p-value < 0.05, ** = < 0.01 student’s Ttest. 

 Figure 6.  Elevated atmospheric pressure regulates iPSC differentiation to a 
 specific subset of CD34  +  CD43  low  CD45  high  HSPCs. 
 (a)  Schematic of hematopoietic stem cell differentiation protocol showing incubation 
 strategy to enrich for CD34  +  CD43  low  CD45  high  subset. 
 (b)  Hematopoietic stem cell differentiation from a fibroblast-derived iPSC line (Fb iPSC) 
 and cord blood iPSC line (CB iPSC) stained for CD34, CD43, and CD45 and analyzed 
 by flow cytometry. Conditions denoted with 3% • 15% O  2  were transitioned from 3% to 
 15% O  2  at day 6 of differentiation and allowed to culture for a further 8 days before 
 analysis. The column graph below shows the quantification of the percent CD34+ (left) 
 and CD34  +  CD43  low  CD45  high  (right) population indicated  by red gates in the plots. Error 
 bars are standard error of the mean. 
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 (b)  Pluripotency and germ layer differentiation marker gene expression from DEseq2 
 mRNA-seq analysis between both 15% O  2  + 2 PSI  vs.  15% O  2  + 0 PSI (blue bars) and 
 5% O  2  + 2 PSI  vs  . 5% O  2  + 0 PSI (red bars) iPSC lines. Error bars represent standard 
 error of log2 fold change. Adjusted p-value (FDR) < 0.05 for all 15% O  2  + 2 PSI  vs.  15% 
 O  2  + 0 PSI differentially expressed genes and those gene names with an orange dot are 
 also significant for 5% O  2  + 2 PSI  vs.  5% O  2  + 0 PSI  (red bars). n = 3 independent iPSC 
 lines as described in (  2a  ). 
 (c)  Representative immunofluorescence images of passage seven iPSCs showing 
 expression of POU5F1, NANOG, and SOX2 in the indicated culture conditions. Scale 
 bars are 50 um. 

 Figure 4.  A shift in metabolic and epigenetic gene expression signature is 
 observed in iPSCs cultured short-term in elevated atmospheric pressure. 
 (a)  Unsupervised hierarchical clustering of differentially expressed genes (1473 total) by 
 whole-transcriptome mRNA-seq at passage three with FDR adjusted p-value <  0.05 
 between 15% O  2  + 2 PSI  vs  . 15% O  2  + 0 PSI. n = 3 independent donor  iPSC lines as 
 described in (  2a  ). 
 (b)  Naïve/Primed pluripotency-associated and epigenetic-regulator gene expression 
 from DEseq2 represented as log2 fold changes between both 15% O  2  + 2 PSI  vs.  15% 
 O  2  + 0 PSI (blue bars) and 5% O  2  + 2 PSI  vs.  5% O  2  + 0 PSI (red bars) iPSC lines. Error 
 bars represent standard error of log2 fold change. All 15% O  2  + 2 PSI  vs.  15% O  2  + 0 
 PSI (blue bars) have FDR adjusted p-value < 0.05, and those gene names with an 
 orange dot are also significant for 5% O  2  + 2 PSI  vs.  5% O  2  + 0 PSI (red bars). n = 3 as 
 described in  (2a)  . 
 (c)  Flow cytometry analysis of passage three iPSCs stained for the primed-state 
 pluripotency associated surface marker CD57 (B3GAT1). 
 (d)  Glycolysis and oxidative phosphorylation (OXPHOS) pathway-related genes from 
 Hallmark, GO, and Kegg gene ontology databases that are differentially expressed 
 between 15% O  2  + 2 PSI  vs  . 15% O  2  + 0 PSI at passage three with FDR adjusted 
 p-value <  0.05. Un-supervised hierarchical clustering  of genes / samples shown as 
 scaled log2 fold change across rows (genes). 
 (e)  The top 5 GO terms for both up-regulated and down-regulated differentially 
 expressed genes between 15% O  2  + 2 PSI  vs  . 15% O  2  + 0 PSI at passage three. Gene 
 ontology enrichment ranked according to FDR adjusted p-value and displayed on log10 
 scale. The number of significant differentially expressed genes for each GO term is 
 displayed in the bar graph. 
 (f)  Venn diagram of significant differentially expressed genes from (  a  ) and additionally, 
 differentially expressed genes between 5% O  2  + 0 PSI  vs  . 5% O  2  + 2 PSI showing 
 overlap between groups. 
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