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ABSTRACT 21 
Rationale: Pluripotent stem cells (PSCs) serve as a critical source of seed cells for regenerative 22 
therapies due to their unlimited proliferative capacity and ability to differentiate into all three germ 23 
layers. Despite their potential, the risk of teratoma formation caused by residual PSCs within 24 
differentiated cell populations poses a significant barrier to clinical applications. This study aims to 25 
develop a novel strategy to selectively remove residual PSCs while preserving the safety and 26 
functionality of PSC-derived differentiated cells (iDCs). 27 
Methods: The calcium- and magnesium-free balanced salt solution (BSS(Ca-Mg-)) was employed to 28 
selectively target PSCs in a co-culture system comprising PSCs and four types of iDCs. The effect of 29 
BSS(Ca-Mg-) treatment on teratoma formation was evaluated in immunodeficient mice following cell 30 
transplantation. Comparative analysis and gene knockdown experiments were conducted to explore the 31 
molecular mechanisms underlying the differential response of PSCs and iDCs to BSS(Ca-Mg-), 32 
focusing on FAK signaling and its interaction with OCT4 and ITGA6. 33 
Results: The BSS(Ca-Mg-) treatment effectively induced the detachment of PSCs in the co-culture 34 
system without disrupting iDC adhesion. In vivo experiments confirmed that cells treated with BSS(Ca-35 
Mg-) did not form teratomas upon implantation into immunodeficient mice. Mechanistic studies 36 
revealed that PSCs exhibit lower activation of FAK signaling compared to iDCs, contributing to their 37 
selective detachment. Additionally, OCT4 and ITGA6 were found to maintain each other's protein 38 
expression, forming a feedback loop that suppressed FAK signaling, while FAK suppression further 39 
enhanced OCT4 expression. 40 
Conclusions: The study presents a safe, effective, and cost-efficient method for the selective removal 41 
of residual PSCs. This approach enhances existing safety measures for iDC applications, improving the 42 
clinical feasibility of iDC-based cell therapies. 43 
 44 
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INTRODUCTION 47 
Pluripotent stem cells (PSCs), renowned for their capacity for unlimited self-renewal and differentiation 48 
into all three germ layers, have emerged as a promising cell source for regenerative therapies aimed at 49 
treating a wide range of diseases and injuries [1-3]. Since the groundbreaking work by James Thomson’s 50 
group in 1998, which first introduced human embryonic stem cells (ESCs) [4], two main types of human 51 
PSCs (induced pluripotent stem cells (iPSCs) and ESCs), have been extensively studied for potential 52 
clinical applications[5-7]. To date, more than 90 clinical trials involving PSCs have been registered, 53 
exploring their therapeutic potential in treating conditions such as heart failure, retinal degenerative 54 
disorders, and acute ischemic stroke. 55 
Currently, PSC-based cell therapies are generating considerable excitement. However, significant 56 
challenges remain regarding their clinical application, including ethical concerns related to embryo use, 57 
tumorigenicity, immunogenicity, and cellular heterogeneity. Among these, teratoma formation is one of 58 
the most critical risks associated with PSC transplantation [1, 8-10]. A major advantage of PSCs is their 59 
capacity for unlimited expansion, which enables the production of large quantities of human cells for 60 
therapeutic use. However, this same proliferative capacity poses a risk of tumor development if the cells 61 
continue to divide post-transplantation. Even a small number of residual PSCs in the transplanted cell 62 
population can potentially lead to teratoma formation. For instance, a 2022 case report documented the 63 
formation of an immature teratoma following the injection of PSC-derived pancreatic β-cells [11]. As 64 
such, the effective detection and removal of residual PSCs in PSC-derived cell therapies are essential to 65 
enhancing the safety of these treatments and overcoming barriers to their broader clinical application. 66 
Several strategies have been explored to reduce residual PSCs from differentiated cell populations to 67 
reduce the risk of teratoma formation [12, 13]. One promising approach leverages the differential 68 
sensitivity of PSCs and PSC-induced differentiated cells (iDCs) to apoptosis-inducing agents, enabling 69 
the selective removal of PSCs using small molecules. In 2004, Jeong et al. [14] demonstrated that S18 70 
(N-oleoyl serinol) effectively induced apoptosis in murine embryoid body (EB) cells, selectively 71 
removing OCT4-positive stem cells while enriching Nestin-positive neural precursor cells. This strategy 72 
not only prevented teratoma formation but also promoted neural differentiation in implanted cells in 73 
mouse models [14]. Since then, various small molecules or proteins, including Bee Venom, L-Alanine, 74 
PluriSIn#1, phospho-D-peptides, clostridium perfringens enterotoxin, lectin-toxin fusion protein, and 75 
JC011, have shown potential for clearing residual PSCs [15-21]. Although small-molecule/protein 76 
approaches are effective and relatively simple, they present challenges in ensuring the functional 77 
integrity and safety of all PSC-derived cell types in vivo, given the diverse biological properties of these 78 
cells [12]. In addition to small molecules/proteins, other methods like gene editing strategies that 79 
introduce suicide genes or miRNA switches, metabolic regulation, as well as antibody-based selective 80 
removal, have gained attention in recent years [12, 13, 22-27]. However, the introduction of foreign 81 
genes into PSCs carries additional risks, such as genetic mutations, and issues related to reagent residues 82 
further complicate their clinical application. 83 
Some biophysical approaches also hold potential for the removal of residual PSCs. Two studies from 84 
the same research group successfully achieved effective separation of PSCs from differentiated cells 85 
using dielectrophoresis and controlled fluid flow, without the need for fluorescent dyes or magnetic 86 
antibodies [28, 29]. Although the primary objective of these studies was different, the principle 87 
underlying this method suggests the possibility of effectively removing residual PSCs by selectively 88 
collecting differentiated cells [28, 29]. However, the researchers did not further investigate the 89 
characteristics of the treated differentiated cells, and whether this method affects their properties remains 90 
to be verified. Visible light and irradiation have also been explored for the removal of residual PSCs. A 91 
study by Cho et al. [30] demonstrated that CDy1, a fluorescent probe specifically targeting PSCs, can 92 
selectively induce PSC death upon visible light exposure, while leaving differentiated endothelial cells 93 
unaffected. Takeda et al. [31] demonstrated that X-ray irradiation can effectively remove residual PSCs 94 
from PSC-derived cardiomyocytes. Furthermore, Chen et al. [32] leveraged size differences between 95 
suspended cells and utilized an inertial microfluidic-based device to achieve label-free, high-throughput 96 
separation of PSCs from PSC-derived spinal cord progenitor cells. However, challenges such as 97 
potential probe residues and whether these approaches can achieve harmless PSC removal in other PSC-98 
derived differentiated cell types remain unexplored. Given the limitations of current strategies for 99 
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residual PSC clearance, there is a pressing need to develop novel or alternative approaches that can 100 
effectively and selectively remove PSCs without compromising the characteristics of iDCs. 101 
The adhesion of adherent cells (such as mesenchymal stem cells or fibroblasts) is primarily mediated 102 
by the integrin receptor family [33-35]. These receptors can sense both chemical and mechanical 103 
properties of the extracellular microenvironment and generate functional responses that regulate cellular 104 
behavior [33]. The activation of integrins depends on the participation of divalent cations, including 105 
Ca²⁺, Mg²⁺, and Mn²⁺ [36]. When the concentration of divalent cations in the surrounding environment 106 
changes, the structure of integrins and their interactions with ligands are altered, thereby influencing the 107 
cell adhesion process [37, 38]. We serendipitously discovered that treatment with calcium- and 108 
magnesium-free balanced salt solution (BSS(Ca-Mg-)) leads to a rapid loss of adhesion in PSCs, while 109 
multiple iDCs demonstrate greater resistance to the treatment. Leveraging the observed differences in 110 
cellular responses, this study employs iPSCs, extended pluripotent stem cells (EPSCs), and iDCs as 111 
models to investigate the efficacy of BSS(Ca-Mg-) in clearing residual PSCs from differentiated cells. 112 
Additionally, it investigates the mechanisms underlying the differential responses of PSCs and iDCs to 113 
BSS(Ca-Mg-) treatment. The study hypothesizes that BSS(Ca-Mg-) can rapidly and cost-effectively 114 
remove residual PSCs without causing additional damage to the cells. This approach could mitigate 115 
concerns surrounding the clinical use of iDCs and potentially accelerate progress in PSC-based therapies 116 
in both research and clinical settings.  117 
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METHODS AND MATERIALS 118 
PSCs and Human Umbilical Vein Endothelial Cells (HUVECs) culture 119 
The pluripotent stem cell lines were provided by Allife Medicine Inc. (http://www.allifetech.com/), 120 
including iPSCs-001-5, iPSCs-006-1, EPSCs-001-5, and EPSCs-006-1. TeSR™-E8™ Medium (E8, 121 
#05990, STEMCELL Technologies, British Columbia, Canada) was used to maintain the culture of 122 
iPSCs. The maintenance medium for EPSCs consisted of DMEM/F12 (11330032, Gibco, California, 123 
USA) and Neurobasal (21103049, Gibco, California, USA) (1:1), supplemented with 1% GlutaMAX 124 
(35050061, Gibco, California, USA), 1% NEAA (11140050, Gibco, California, USA), 0.1mM β-125 
Mercaptoethanol (21985023, Merck, Hesse, Germany), 3% KSR (10828028, Gibco, California, USA), 126 
0.5% N2 (17502048, Gibco, California, USA), 1% B27 (12587010, Gibco, California, USA), 1% ITS-127 
X (51500056, Gibco, California, USA), 100μg/mL L-AA-pi (a4544, Sigma-Aldrich, Missouri, USA), 128 
2 μM (S)-(+)-Dimethindene maleate (HY-107647, MedChemExpress, New Jersey, USA), 10 ng/mL LIF 129 
(30005, Peprotech, New Jersey, USA), 40ng/mL Activin A (#78001.3, STEMCELL Technologies, 130 
British Columbia, Canada), 2 μM Minocycline hydrochloride (HY-17412, MedChemExpress, New 131 
Jersey, USA), 10 μM Trolox (HY-101445, MedChemExpress, New Jersey, USA), 1 μM CHIR99021 132 
(S1263, Selleck, Texas, USA), 5 μM Y-27632 (ab120129, Abcam, Cambridge, UK), 2 μM XAV939 133 
(ab120897, Abcam, Cambridge, UK) , and 1 μM GSK126 (S7061, Selleck, Texas, USA). 134 
During the maintenance culture, the medium was changed daily. When the PSCs reached 80% 135 
confluence, the cells were passaged. Cells were digested with 5μM EDTA at 37°C for 5 min and then 136 
seeded onto Matrigel-coated dishes. For iPSC passaging, an additional 10μM Y27632 was added to the 137 
TeSR™-E8™ Medium, which was removed 24 hours after seeding. In contrast, no additional Y27632 138 
was required for EPSC passaging. Finally, only PSCs with less than 35 passages were used for 139 
subsequent experiments. 140 
When assessing the pluripotency of PSCs, HUVECs were used as a negative control. HUVECs were 141 
purchased from ScienCell Research Laboratories (Catalog #8000; Sciencell, CA, USA) and maintained 142 
in endothelial cell medium (ECM, Catalog #1001; Sciencell, CA, USA). HUVECs at passages 3 to 5 143 
were used for subsequent experiments. 144 
Differentiation procedures of iPSCs into mesenchymal stem cells (iMSCs), fibrochondrocytes 145 
(iFCs), osteoblasts (iOBs), endothelial progenitor cells (EPCs), neuroectoderm, and mesendoderm 146 
To harvest cells for co-culture experiments, iPSCs were directed to differentiate into iMSCs, iFCs, iOBs, 147 
and iEPCs, respectively.  148 
iMSCs: The method similar to that used in previously published studies was employed for the induction 149 
of iMSC differentiation [39]. Briefly, iPSCs were maintained in TeSR™-E6 medium (E6, #05946, 150 
STEMCELL Technologies, British Columbia, Canada) containing 10 ng/mL BMP4 (ab87063, Abcam, 151 
Cambridge, UK), 4 μM SB431542 (ab120163, Abcam, Cambridge, UK), and 0.1 μM PD173074 for 5 152 
days. After digestion, the cells were passaged at a density of 4 × 104 cells/cm2 onto Matrigel-coated 6-153 
well plates and further cultured in αMEM (11900073, Gibco, California, USA) containing 5% 154 
UltraGRO (HPCFDCRL50, Helios, Berlin, Germany), designated as passage 1 (P1). Cells were 155 
passaged every 6 days, and passages P3-P8 were used for subsequent experiments. 156 
iFCs: The iFCs were induced from iPSCs according to the protocol of Kaji et al. [40]. In short, iPSCs 157 
were cultured in TeSR™-E8™ Medium supplemented with 500 nM LDN-193189 (S2618, Selleck, 158 
Texas, USA) for 2 days to form EBs.  The induction was then continued for 4 days with DMEM 159 
(11320033, Gibco, California, USA) supplemented with 500 nM LDN-193189, 5 μM CHIR99021 and 160 
100 nM AGN 193109 (HY-U00449, MedChemExpress, New Jersey, USA). The culture was then 161 
incubated for another 4 days, and the medium was prepared using DMEM supplemented with 10 ng/mL 162 
TGFβ1 (CA32002, Cellapybio, Beijing, China), 100 nM SAG (S7779, Selleck, Texas, USA), 10 ng/mL 163 
FGF2 (AF-100-18B, Peprotech, New Jersey, USA), and 100 nM AGN 193109. 164 
iOBs: For the induction of osteogenic lineages from iPSCs, this study follows the protocol in the article 165 
by Kawai et al. [41]. The iPSCs were first cultured in an environment containing 20% mTeSR1 and 80% 166 
osteogenic induction medium for 24 hours. Cultures were started from the second day using 100% 167 
osteogenic induction medium and changed on the fourth and seventh days. The osteogenic induction 168 
medium consisted of KnockOut DMEM (10829018, Gibco, California, USA), 20% FBS (Cellmax, 169 
SA211.01, Taiwan, China), 1% GlutaMAX, 10 mM glycerol-2-phosphate (G9422, Sigma-Aldrich, 170 
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Missouri, USA), 1 nM dexamethasone (D4902, Sigma-Aldrich, Missouri, USA), 0.1 mM β-171 
Mercaptoethanol, 50 μg/mL 2-Phospho-L-ascorbic acid trisodium salt (49752, Sigma-Aldrich, Missouri, 172 
USA), 1% NEAA, 10 μM Y27632, and 1 μM retinoic acid (R2625, Sigma-Aldrich, Missouri, USA). 173 
iEPC: The iPSCs were differentiated into EPCs in 2D monolayer-based serum-free cultures using a 174 
published procedure [42]. In brief, the differentiation of iEPCs was divided into two phases, the first 175 
phase (3 days) from iPSCs to mesoderm and the second phase (2 days) to further differentiate into iEPCs. 176 
The first phase medium was DMEM/F12 supplemented with N2, B27, β-Mercaptoethanol, 25 ng/mL 177 
BMP4, 10 μM CHIR99021, 50 ng/mL Activin A (added only on the first day). Stage II medium was 178 
selected as StemPro-34 SFM medium supplemented with 50 ng/mL VEGFA, 10 μM SB431542, and 179 
Forskolin. 180 
Neuroectoderm: The iPSCs were seeded at a density of 2×104 cells/cm2 in E8 medium supplemented 181 
with 10 µM Y27632 onto Matrigel-coated 6-well plates. After 24 hours, the medium was replaced with 182 
neuroectoderm differentiation medium, which was refreshed daily for 7 days. The neuroectoderm 183 
differentiation medium consisted of DMEM/F12 (11330032, Gibco, California, USA) supplemented 184 
with 2% B27, 1% N2, 1% NEAA, 1% GlutaMAX, 25 µg/mL Insulin (abs42019847, Absin Bioscience, 185 
Shanghai, China), 10 µM SB431542, 100 nM LDN193189, 100 nM retinoic acid, and 0.1 µM β-186 
Mercaptoethanol. 187 
Mesendoderm: When iPSCs reached 70% confluence in Matrigel-coated 6-well plates, mesendoderm 188 
induction was initiated. The mesendoderm induction medium consisted of IMDM/F12 (1:1, 12440053/ 189 
11765054, Gibco, California, USA) supplemented with 0.5% BSA (A1933, Sigma-Aldrich, Missouri, 190 
USA), 550 nM thioglycerin, 1% Chemically Defined Lipid Concentrate (CDLC, 11905031, Gibco, 191 
California, USA), 1% penicillin/streptomycin (15140122, Gibco, California, USA), 100 ng/mL Activin 192 
A, and 3 µM CHIR99021. The medium was refreshed daily for 5 days. 193 
Establishment of a co-culture system for iPSCs and their differentiated cells 194 
In this study, the co-culture system of PSCs and their differentiated cells was used to simulate the 195 
presence of residual pluripotent stem cells in a realistic differentiation environment. First, PSCs were 196 
digested with 5μM EDTA and seeded at different densities (3×104/cm2 and 9×104/cm2) onto Matrigel-197 
coated 6-well plates using TeSR™-E8™ Medium supplemented with 10 μM Y27632. Four hours later, 198 
the medium was replaced with TeSR™-E8™ Medium and the cells were cultured for an additional 20 199 
hours. 200 
For the differentiated cells, they were digested with TrypLE at 37°C for 5 min. After centrifugation, the 201 
cells were resuspended in their respective maintenance media and seeded at different densities onto the 202 
6-well plates containing adherent PSCs. Differentiated cells were added at a density of 9x104/cm2 to the 203 
6-well plates with PSCs at a density of 3x104/cm2. Conversely, for PSCs at a density of 9 x 104/cm2, the 204 
differentiated cells were added at a density of 3x104/cm2. To minimize the impact of the differentiation 205 
maintenance media on the pluripotency of PSCs, the co-culture system was considered established 8 206 
hours after the addition of the differentiated cells (when the differentiated cells had adhered). 207 
Subsequent experiments were then carried out. 208 
Tri-lineage differentiation of iMSCs. 209 
The tri-lineage differentiation potential of iMSCs was assessed by inducing adipogenic, osteogenic, and 210 
chondrogenic differentiation. For osteogenic and adipogenic differentiation, the MesenCult™ 211 
Osteogenic Differentiation Kit (Catalog # 05465, STEMCELL Technologies, British Columbia, Canada) 212 
and the MesenCult™ Adipogenic Differentiation Kit (Catalog # 05412, STEMCELL Technologies, 213 
British Columbia, Canada) were used, respectively. Briefly, when iMSCs cultured in 6-well plates 214 
reached 90% confluency, the medium was replaced with osteogenic or adipogenic induction medium. 215 
The cells were maintained in the induction medium for 14 days, with the medium being refreshed every 216 
3 days.  217 
For chondrogenic differentiation, a 3D pellet culture system was utilized. Briefly, 1 × 105 iMSCs were 218 
resuspended in 0.5 mL of MesenCult™-ACF Chondrogenic Differentiation Medium (Catalog # 05455, 219 
STEMCELL Technologies, British Columbia, Canada) in a 15 mL polypropylene tube. The cell 220 
suspension was centrifuged at 300 × g for 5 min at room temperature to form a pellet. The caps of the 221 
tubes were gently loosened, and the cells were cultured at 37°C in a humidified atmosphere with 5% 222 
CO2 for 3 days. After 3 days, 0.5 mL of Chondrogenic Differentiation Medium was added to each tube, 223 
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and the medium was partially changed every 3 days thereafter. The chondrogenic pellets were harvested 224 
on day 21 for further analysis. 225 
Colony formation assay 226 
The colony formation assay was conducted to evaluate the self-renewal potential of iMSCs. The iMSCs 227 
were trypsinized to create a single-cell suspension and then seeded in 6-well plates at a low density of 228 
500 cells per well in 2 mL of MSCM. The cells were cultured under standard conditions (37°C, 5% 229 
CO2) for 14 days to allow colony formation. During this period, the medium was refreshed every 2 days. 230 
At the end of the incubation period, when visible colonies had formed, the medium was gently aspirated, 231 
and the cells were washed twice with PBS. The colonies were then fixed with 4% paraformaldehyde for 232 
10 min and subsequently stained with 0.1% crystal violet solution for 30 min at room temperature. The 233 
number of colonies containing at least 50 cells was counted manually. The colony formation efficiency 234 
was calculated as the percentage of seeded cells that formed colonies. 235 

Colony formation efficiency (%) = (Total number of colonies/500) × 100 236 
Alizarin Red staining 237 
Alizarin Red staining was performed to assess calcium deposition as a marker of osteogenic 238 
differentiation. The iMSCs treated with DPBS(Ca-Mg-) and the control iMSCs underwent osteogenic 239 
differentiation as described earlier. At the end of the differentiation period, the medium was aspirated, 240 
and the cells were gently washed twice with PBS. The cells were then fixed with 4% paraformaldehyde 241 
and washed twice to remove any residual fixative. Afterward, the cells were stained with 0.2% Alizarin 242 
Red S solution (C0140, Beyotime Biotechnology, Jiangsu, China) for 30 min at room temperature. 243 
Oil Red O staining 244 
To evaluate lipid accumulation as a marker of adipogenic differentiation, Oil Red O staining was 245 
performed. The iMSCs treated with DPBS(Ca-Mg-) and the control iMSCs underwent adipogenic 246 
differentiation as described earlier. Upon completion of the differentiation period, the culture medium 247 
was carefully removed, and the cells were rinsed twice with PBS. The Oil Red O Stain Kit (G1262, 248 
Solarbio LIFE SCIENCES, Beijing, China) was used to assess the adipogenic differentiation potential 249 
of the cells, following the manufacturer's instructions. 250 
Alcian Blue staining 251 
To detect glycosaminoglycan (GAG) accumulation in chondrogenic pellets derived from iMSCs, an 252 
Alcian Blue staining procedure was carried out. The pellets formed by DPBS(Ca-Mg-)-treated iMSCs 253 
and control iMSCs, as described above, were collected. The fixed pellets were cryoprotected by soaking 254 
them sequentially in 15% and 30% sucrose solutions (S8271, Solarbio LIFE SCIENCES, Beijing, China) 255 
in PBS at 4°C until they sank, indicating full saturation. Subsequently, the pellets were embedded in 256 
optimal cutting temperature (OCT) compound (4583, Sakura Finetek, California, USA), rapidly frozen, 257 
and sectioned into 20 µm slices using a cryostat. The sections were mounted on glass slides. Following 258 
the manufacturer's instructions, Alcian Blue staining was performed using the Alcian Blue Stain Kit 259 
(G1560, Solarbio LIFE SCIENCES, Beijing, China). 260 
Wound Healing Assay 261 
The wound healing assay was conducted to evaluate the migratory capacity of iMSCs and those treated 262 
with DPBS(Ca-Mg-). The iMSCs were plated in 6-well plates and cultured until reaching 90-100% 263 
confluency in complete growth medium. One group of iMSCs was treated with DPBS(Ca-Mg-) at 37°C 264 
for 30 min, followed by replacement with MSCM for continued culture over 24 hours. The control group 265 
was directly replaced with MSCM. 266 
Following treatment, a sterile 200 µL pipette tip was used to create a straight scratch (wound) across the 267 
cell monolayer. The wells were then gently washed twice with PBS to remove any detached cells and 268 
debris. The cells were subsequently cultured in αMEM to minimize proliferation and emphasize 269 
migration. Images of the wound were captured immediately after scratching (0 hours) and at subsequent 270 
intervals (3 hours, 6 hours, and 72 hours). Wound closure was quantified by comparing the wound width 271 
at each time point to the initial width at 0 hours. 272 
Cell Counting Kit-8 (CCK8) assay 273 
The CCK-8 assay was conducted to assess the proliferation and viability of iMSCs. The iMSCs were 274 
seeded into 96-well plates at a density of 5 × 103 cells per well in 100 µL of MSCM. After allowing the 275 
cells to adhere overnight (marked as 0h), a portion of the iMSCs was treated with DPBS(Ca-Mg-) at 276 
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37°C for 30 min, while the rest remained untreated. The CCK-8 assay was then performed at 0, 24, 48, 277 
and 72 hours. At each indicated time point, 10 µL of CCK-8 solution (C0037, Beyotime Biotechnology, 278 
Jiangsu, China) was added to each well, and the plates were incubated at 37°C with 5% CO2 for 1 hour. 279 
The absorbance was measured at 450 nm using a microplate reader. 280 
Crystal Violet Staining 281 
Following different treatments, the culture medium was removed, and the cells were gently washed 282 
twice with PBS to remove any residual medium. Cells were then fixed with 4% paraformaldehyde for 283 
20 min at room temperature. Following fixation, the cells were washed three times with PBS. Following 284 
the washing steps, the cells were stained with 0.1% (w/v) crystal violet solution (110703008, BKMAN, 285 
Hunan, China/C0121, Beyotime Biotechnology, Jiangsu, China) at room temperature for 30 min. The 286 
cells were then gently rinsed with PBS to remove excess dye. Photographs were taken to record the 287 
results. 288 
Trypan Blue Exclusion Assay 289 
To assess cell viability, the trypan blue exclusion assay was performed. Cells were harvested by 290 
trypsinization and resuspended in an appropriate volume of complete culture medium. A 10 µL aliquot 291 
of the cell suspension was mixed with 10 µL of 0.4% trypan blue solution (T8154, Sigma-Aldrich, 292 
Missouri, USA) and incubated for 3 min at room temperature. Following incubation, 10 µL of the trypan 293 
blue-cell mixture was loaded into a hemocytometer, and both viable (unstained) and non-viable (blue-294 
stained) cells were counted under a light microscope. Cell viability was calculated as the percentage of 295 
viable cells relative to the total number of cells counted. The formula used was: 296 

Cell Viability (%) = (Total number of cells/Number of viable cells) × 100 297 
Alkaline phosphatase (ALP) staining 298 
The undifferentiated PSCs express high levels of ALP, and ALP staining was used to identify PSCs 299 
applied in this study. The PSCs were seeded in 6-well plates or 12-well plates and cultured until they 300 
reached the desired confluency. The culture medium was removed, and the cells were gently washed 301 
twice with PBS. Cells were then fixed with 4% PFA for 10 min at room temperature. After fixation, 302 
cells were washed three times with PBS and incubated with the ALP staining solution (C3206, Beyotime 303 
Biotechnology, Jiangsu, China) at room temperature for 2 hours in the dark. After the incubation, the 304 
staining solution was removed, and the cells were washed three times with distilled water to stop the 305 
reaction. 306 
EGFP, shOCT4, and shITGA6 lentiviral vector transduction 307 
iPSCs were transduced with lentiviruses carrying EGFP, shOCT4, and shITGA6 to facilitate tracking in 308 
co-culture systems and to study the signaling and phenotypic changes following the knockdown of 309 
OCT4 and ITGA6 in iPSCs. According to the manufacturer's instructions, PEI Prime™ Powder 310 
(PRIME-P100-1G, SEROCHEM, Guangdong, China) was used to co-transfect HEK293T cells with the 311 
packaging plasmids pRSV-Rev, pVSV-G, pMD2.G, and the target plasmids to produce lentiviral 312 
particles. Forty-eight hours post-transfection, the culture supernatant containing lentiviral particles was 313 
collected, filtered through a 0.45 µm membrane, and subsequently concentrated using polyethylene 314 
glycol (PEG) 8000 (V900156, Sigma-Aldrich, Missouri, USA). 315 
Lentiviral transduction was performed when the cells reached approximately 70% confluence. The 316 
iPSCs were incubated in TeSR™-E8™ Medium containing 10 µg/mL Polybrene (TR-1003, Sigma-317 
Aldrich, Missouri, USA) and concentrated lentiviral supernatant. After 24 hours, the medium was 318 
replaced with fresh TeSR™-E8™ Medium. To select for stably transduced cells, 2 µg/mL puromycin 319 
(A1113803, Sigma-Aldrich, Missouri, USA) was added to the medium, and selection was maintained 320 
for 3 days. The transduction efficiency of EGFP was subsequently assessed using immunofluorescence. 321 
The knockdown efficiency of shOCT4 and shITGA6 proteins was verified by qPCR and 322 
immunofluorescence. Once the sequences are validated for efficacy, they will be used for subsequent 323 
functional and expression studies. The validated shRNA sequences will be transfected using the 324 
aforementioned methods, followed by cell selection through puromycin treatment for three days. The 325 
cells after puromycin selection will be directly used for subsequent qPCR analysis and 326 
immunofluorescence staining. 327 

The following shRNA sequences were used: 328 
Human OCT4: 329 
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5’- GTGGATGTGGTCCGAGTGTGGTTCAAGAGACCACACTCGGACCACATCCTTTTTT-3’; 330 
Human ITGA6-1: 331 
5’-ACCGGTGCACATTTCTAGAGGAATACTCGAGTATTCCTCTAGAAATGTGCTTTTTTGAATTC-3’; 332 
Human ITGA6-2: 333 
5’-ACCGGTGGATATGCCTCCAGGTTAACTCGAGTTAACCTGGAGGCATATCCTTTTTTGAATTC-3’; 334 
Human ITGA6-3: 335 
5’-ACCGGTTGATAGAGATGGAGAAGTTCTCGAGAACTTCTCCATCTCTATCATTTTTTGAATTC-3’. 336 

ITGA6 Function Blocking 337 
In addition to using shRNA to knockdown ITGA6, this study also employed ITGA6 function blocking 338 
to investigate ITGA6 and its downstream effects in iPSCs. First, iPSCs were cultured on Matrigel-339 
coated plates. When the confluence reached 70%, 40 µg/mL ITGA6 function-blocking antibody (GoH3, 340 
14-0495-82, Invitrogen, Carlsbad, California, USA) was added to the medium and incubated for 24 341 
hours to block ITGA6. Subsequent analyses were performed to assess the resistance of iPSCs (with or 342 
without ITGA6 function blocking) to DPBS (Ca-Mg-) as well as FAK signaling status using 343 
immunofluorescence. 344 
EBs Formation and Assessment 345 
EBs are three-dimensional structures that form spontaneously from PSCs in vitro, containing cells from 346 
the three germ layers (endoderm, mesoderm, and ectoderm), which is the critical indicator of the 347 
differentiation potential of PSCs. To form EBs, iPSCs were cultured in low-adhesion 6-well plates (10× 348 
105 iPSCs/well, 3471, Corning, New York, USA) for 24 hours in TeSR™-E8™ Medium supplemented 349 
with 10 µM Y27632. Following this, the cells were cultured for an additional 12 days in EB formation 350 
medium, with the medium being changed every 2 days. The EB formation medium consisted of 351 
DMEM/F12 supplemented with 15% KSR, 1% NEAA, 1% GlutaMAX, and 0.1 mM β-Mercaptoethanol. 352 
After the EBs were formed, they were transferred to Matrigel-coated 6-well plates and further cultured 353 
for 2 days in EB formation medium. The gene and protein expression levels of the three germ layer 354 
markers were assessed using qPCR and immunofluorescence. 355 
RNA isolation, reverse transcription and qPCR 356 
The total RNA was extracted using TRIzolTM reagent (10296010, Invitrogen, Carlsbad, California, 357 
USA). The RNA with A260/280 value between 1.8–2.1 determined by nanodrop 2000c were used for 358 
further study. Reverse transcription was performed applying TransScript® One-Step gDNA Removal 359 
and cDNA Synthesis SuperMix (#AT311-02, Transgen Biotech, Beijing, China) according to the 360 
manufacturer’s instructions.  361 
The TransStart® Green qPCR SuperMix (#AQ131-01, Transgen Biotech, Beijing, China) and the Roche 362 
light-cycle 480 real-time PCR system were applied for the mRNA expression levels measurement. 363 
GAPDH was used as the internal reference. The relative expression of transcripts was calculated using 364 
the formula fold = 2−ΔΔCT. The primer sequences were shown in Table S1. 365 
Western blotting 366 
When the Western blotting experiment is required, the cells were first washed twice with cold PBS in 367 
the culture dish. Cells were lysed using RIPA lysis buffer (P1013B, Beyotime Biotechnology, Jiangsu, 368 
China) supplemented with 1 mM PMSF (ST506, Beyotime Biotechnology, Jiangsu, China) and a 1× 369 
Protease and Phosphatase Inhibitor Cocktail (P1045, Beyotime Biotechnology, Jiangsu, China). The 370 
dish was incubated on ice for 30 min, with occasional gentle agitation to promote lysis. The lysate was 371 
collected using a cell scraper and transferred to a centrifuge tube. After centrifuging at 14,000 × g for 372 
15 min at 4°C, the supernatant was collected. The loading buffer (P0015L, Beyotime Biotechnology, 373 
Jiangsu, China) was added to the protein lysate at a ratio of 1:4 and heated at 95°C for 8 min.  374 
Equal amounts of protein samples were separated by SDS-PAGE and transferred onto polyvinylidene 375 
fluoride (PVDF) membrane. The membranes were blocked with 5% non-fat milk (P0216, Beyotime 376 
Biotechnology, Jiangsu, China) or BSA (ST025, Beyotime Biotechnology, Jiangsu, China) in 1× TBST 377 
(ST673, Beyotime Biotechnology, Jiangsu, China) for 1 hour at room temperature. Then, the membrane 378 
was incubated with the primary antibody overnight at 4°C. After washing with TBST, the membranes 379 
were incubated with corresponding secondary antibody at room temperature for 1 hour. Protein bands 380 
were visualized using the Syngene G-Box imaging system (Syngene, Cambridge, UK) and ECL Plus 381 
Western Blotting Substrate (Catalog #32132; ThermoFisher Scientific, Massachusetts, USA), and 382 
quantified using ImageJ software (Fiji). The information of primary antibody applied in this part was 383 
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listed at Table S2.   384 
Immunofluorescence (IF) staining and fluorescence detection 385 
For immunofluorescence, cells were fixed in PFA for 15 min at room temperature. For non-membrane 386 
proteins, cells need to be permeabilized for an additional 20 min with 0.2% Triton-X-100 (T8200, 387 
Solarbio LIFE SCIENCES, Beijing, China). Then, cells were blocked in 5% BSA for 30 min and labeled 388 
for 4 hours at room temperature or overnight at 4 ℃ with various primary antibodies. Cells were 389 
incubated with fluorescent secondary antibodies for 60 min at room temperature, followed by Nuclei 390 
counterstaining with DAPI (C0060, Solarbio® LIFE SCIENCES, Beijing, China). For observation of 391 
live cells transfected with EGFP, fixation and antibody incubation are not required. Images were 392 
acquired using OLYMPUS confocal microscope.  393 
Phalloidin staining 394 
Phalloidin staining was performed to visualize filamentous actin (F-actin) structures in cultured cells. 395 
iPSCs and iMSCs were cultured in 12-well plates and then treated with calcium- and magnesium-free 396 
DPBS, calcium- and magnesium-free PBS, calcium- and magnesium-containing DPBS, and E8/MSCM, 397 
respectively. The cells were gently washed twice with PBS. They were then fixed with 4% 398 
paraformaldehyde (PFA, DF0135, Leagene Biotechnology, Beijing, China) in PBS for 15 min at room 399 
temperature. Following fixation, the cells were washed three times with PBS and permeabilized with 400 
0.1% Triton X-100 in PBS for 5 min. After permeabilization, the cells were washed again three times 401 
with PBS. To stain F-actin, the cells were incubated with Phalloidin conjugated to Alexa Fluor 594 402 
(1:100, C2205S, Beyotime Biotechnology, Jiangsu, China) for 30 min at room temperature in the dark. 403 
After staining, the cells were washed three times with PBS to remove excess Phalloidin. Then, as with 404 
immunofluorescence, the cell nuclei were stained with DAPI and observed and recorded using an 405 
OLYMPUS confocal microscope. 406 
Flow cytometry 407 
Flow cytometry was performed to assess the expression of cell markers and cell cycle distribution. Cells 408 
were harvested by TrypLE, washed twice with cold phosphate-buffered saline (PBS), and fixed in 4% 409 
PFA for 20 min at room temperature. For surface marker analysis, cells were incubated with 410 
fluorochrome-conjugated antibodies specific for the target markers for 30 min at room temperature in 411 
the dark. After incubation, cells were washed twice with PBS to remove unbound antibodies and 412 
resuspended in 500 µL of PBS. The information of primary antibody applied in this part was listed at 413 
Table S2. For cells transfected with EGFP, the cells were resuspended using PBS containing 0.4% BSA 414 
instead of fixing them. The cells were then detected in the same way as the other cells treated with 415 
antibodies. 416 
For cell cycle analysis, cells were fixed in 70% ethanol at -20°C for at least 2 hours, followed by 417 
incubation with 50 µg/mL propidium iodide (PI) and 100 µg/mL RNase A (Cell Cycle and Apoptosis 418 
Analysis Kit, C1052, Beyotime Biotechnology, Jiangsu, China) in the dark for 30 min at room 419 
temperature.  420 
Data acquisition was performed using a BD FACSCanto II flow cytometer (BD Biosciences, California, 421 
USA), and at least 3000 events were collected for each sample. Specific fluorescence channels were 422 
used to assess marker expression or DNA content. Results were expressed as percentages of positive 423 
cells for surface markers or as distributions across different phases of the cell cycle (G0/G1, S, and 424 
G2/M).  425 
RNA-sequencing (RNA-seq)  426 
Total RNA was extracted from cells using the TRIzolTM reagent according to the manufacturer’s 427 
instructions. The RNA quality was assessed using the Agilent 2100 Bioanalyzer (Agilent Technologies, 428 
CA, USA). To construct RNA-seq libraries, mRNA was enriched using Oligo dT-attached magnetic 429 
beads, fragmented, and reverse-transcribed into cDNA.  430 
The cDNA was then ligated to sequencing adapters, and PCR amplification was performed to enrich the 431 
libraries. After the library construction was completed, the library was initially quantified using the 432 
Qubit 2.0 Fluorometer (ThermoFisher Scientific, Massachusetts, USA) and then diluted to 1.5 ng/µL. 433 
The insert size of the library was subsequently analyzed using the Agilent 2100 Bioanalyzer. Once the 434 
insert size met the expected criteria, the effective concentration of the library was accurately determined 435 
using qRT-PCR (with the effective concentration being higher than 1.5 nM) to ensure the quality of the 436 
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library. After the library passed quality control, different libraries were pooled according to their 437 
effective concentration and the required target data output for sequencing. The pooled libraries were 438 
then subjected to Illumina sequencing.  439 
Differentially expressed genes (DEGs) were identified from RNA-seq data using DESeq2 with an 440 
log2|FC|＞1 and adjusted p-value < 0.05. The DEGs were divided into upregulated and downregulated 441 
groups based on their log2FC values. To gain insights into the biological processes, molecular functions, 442 
and cellular components associated with these DEGs, Gene Ontology (GO) enrichment analysis was 443 
performed using the clusterProfiler package in R. GO terms with an adjusted p-value < 0.05 were 444 
considered significantly enriched. Similarly, KEGG pathway enrichment analysis was conducted using 445 
clusterProfiler to identify significantly enriched pathways in the upregulated and downregulated DEGs. 446 
The KEGG pathways with an adjusted p-value < 0.05 were considered significantly enriched.  447 
In addition to the individual enrichment analyses, Gene Set Enrichment Analysis (GSEA) was 448 
conducted on the entire gene expression dataset to assess the enrichment of predefined gene sets across 449 
the ranked list of genes.  GSEA was performed by https://www.bioinformatics.com.cn, an online 450 
platform for data analysis and visualization. The normalized enrichment score (NES) were calculated 451 
for each gene set. 452 
Chromatin Immunoprecipitation-sequencing (CHIP-seq) 453 
ChIP-seq was performed to investigate the binding of specific transcription factors (OCT4) across the 454 
genome. Cells were cross-linked with 1% formaldehyde for 10 min at room temperature, followed by 455 
quenching with 125 mM glycine. The cells were then washed with cold PBS, harvested, and lysed in 456 
lysis buffer containing protease inhibitors. The chromatin was sheared to an average fragment size of 457 
200-400 bp using a Covaris S220 (Covaris, Massachusetts, USA). The sheared chromatin was incubated 458 
overnight at 4°C with protein A/G magnetic beads pre-bound to specific antibodies against the target 459 
protein (OCT4). After immunoprecipitation, the beads were washed, and the bound DNA-protein 460 
complexes were eluted and reverse cross-linked. For ChIP-seq library preparation, The DNA fragments 461 
were end-repaired and A-tailed. Then, the DNA fragments with A tail were ligated with sequencing 462 
adaptors. The final DNA library was obtained after size selection and PCR amplification. Libraries were 463 
analyzed for size distribution by Agilent 5400 system (Agilent, California, USA) and quantified by 464 
qPCR (1.5nM).  465 
After library quality control, different libraries are pooled according to their effective concentrations 466 
and the required amount of data for sequencing on the Illumina platform, generating paired-end reads 467 
of 150 bp. The basic principle of sequencing is synthesis while sequencing. In the sequencing flow cell, 468 
four fluorescently labeled dNTPs, DNA polymerase, and adapter primers are added for amplification. 469 
With each complementary strand extension in a sequencing cluster, the incorporation of a fluorescently 470 
labeled dNTP releases corresponding fluorescence. The sequencing instrument captures the 471 
fluorescence signals, and computer software converts these signals into sequencing peaks, thus 472 
obtaining the sequence information of the target fragments. 473 
For the processing of OCT4 ChIP-seq data, raw reads were trimmed with Trim-Galore software (version 474 
0.4.5). Trimmed reads were mapped to the human (Homo sapiens) hg38 genome obtained from UCSC 475 
genome browser database using Bowtie2 (version 2.5.4). Duplicated reads were discarded by 476 
MarkDuplicates.jar program in Picard tools (version 1.119). Then, reads were sorted with SAMtools 477 
(version 1.2.0). MACS2 (version 1.1) was used to call peak with the parameters set to ‘-f BAMPE -p 478 
0.05 -g hs’. The genomic annotation of ChIP-seq peaks were produced using the ChIPseeker v1.26.0 R 479 
package. BAM files were converted to bigWig files with CPM normalization using deepTools 480 
bamCoverage tool (version 3.3.5) and bigWig files were visualized in the WashU epigenome browser. 481 
Genomic position of OCT4 binding site on ITGA6 promoter was predicted on JASPAR database 482 
(https://jaspar.elixir.no/). 483 
Teratoma formation assay 484 
To further verify the clearance effect of calcium- and magnesium-free (Ca-Mg-) BSS, a testicular 485 
teratoma formation model was selected for subsequent experiments. The BALB/c nude mice (6 weeks 486 
old, male) applied in this study were purchased from Vital River Laboratory Animal Technology Co., 487 
Ltd (401, Beijing, China) and were maintained under specific pathogen-free (SPF) conditions at Beijing 488 
Huilin Zegu Biotechnology Co., Ltd (Beijing, China). All procedures involving animals were reviewed 489 
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and approved by the Institutional Animal Care and Use Committee (IACUC) of Beijing Huilin Zegu 490 
Biotechnology Co., Ltd (Approval No. HLZG-DWLL-2023-1205-02). 491 
The experiment was divided into three groups: Group 1: co-cultured iPSCs and iMSCs (1×106 cells, n 492 
= 6); Group 2: co-cultured iPSCs and iMSCs, after removal of iPSCs using DPBS(Ca-Mg-) (1×106 cells, 493 
n = 6); Group 3: iMSCs (1×106, n = 6).  494 
Co-culture conditions similar to those used in in vitro experiments were applied. Briefly, 7.5×105 iPSCs 495 
were first seeded onto Matrigel-coated 6-well plates (TeSR™-E8™ + 10 µM Y27632), and after 4 hours, 496 
the TeSR™-E8™ medium was replaced to remove Y27632. After another 20 hours of culture, 7.5×105 497 
iMSCs were seeded onto the plates containing the iPSCs using MSCM, and the co-culture was continued 498 
for an additional 8 hours. In Group 2, the procedures for removing iPSCs using DPBS(Ca-Mg-) were 499 
also similar to those in the in vitro experiment. The co-cultured cells were first washed twice with 500 
DPBS(Ca-Mg-), followed by treatment with 2 mL DPBS(Ca-Mg-) at 37°C for 30 min. The co-cultured 501 
cells were first washed twice with DPBS(Ca-Mg-), followed by treatment with 2 mL DPBS(Ca-Mg-) at 502 
37°C for 30 min. Residual iPSCs were further removed by gentle pipetting, and the cells were then 503 
washed three times with DPBS(Ca-Mg-). Before injection, cells from all groups were digested with 504 
TrypLE at 37°C for 5 min, centrifuged, and then resuspended in serum-free DMEM and Matrigel (1:1). 505 
Subsequently, 20 µL (Containing 1×106 cells) of the cell suspension was directly injected into the left 506 
testis of the nude mice using a microinjection syringe. After injection, the mice were maintained under 507 
standard conditions and regularly monitored for tumor formation in the testes. After 4 weeks, the mice 508 
were sacrificed, and both testes were dissected. The size and weight of both testes, as well as the 509 
Hematoxylin-Eosin (HE) staining results, were used to assess tumor formation. 510 
HE staining 511 
First, tissue samples were fixed in 4% PFA at 4°C for 24–48 hours. After fixation, the samples were 512 
dehydrated in a graded ethanol series (70%, 80%, 90%, 95%, and 100%) followed by clearing in xylene. 513 
Subsequently, the samples were embedded in paraffin using a paraffin embedding machine. The paraffin 514 
blocks were sectioned into 5 µm thick slices using a rotary microtome. These sections were mounted 515 
onto slides and dried at 60°C for 1 hour to ensure proper adhesion of the tissue to the slides. 516 
The HE staining was performed using the Hematoxylin-Eosin (HE) Stain Kit (G1120, Solarbio LIFE 517 
SCIENCES, Beijing, China) following the manufacturer’s instructions. Briefly, the paraffin sections 518 
were deparaffinized in xylene and rehydrated through a graded ethanol series (100%, 95%, 80%, and 519 
70%) before being rinsed with distilled water. Next, the sections were stained in hematoxylin solution 520 
for 3–5 min to visualize the cell nuclei. After rinsing with tap water, the sections were quickly 521 
differentiated in acid alcohol and rinsed again with water. The sections were then stained with eosin for 522 
1–2 min to stain the cytoplasm. Following staining, the sections were dehydrated through a graded 523 
ethanol series (70%, 80%, 95%, and 100%), cleared in xylene, and mounted with a permanent mounting 524 
medium under a coverslip. The stained sections were observed under a light microscope to examine 525 
tissue morphology. 526 
Statistics and reproducibility 527 
For all experiments, statistical methods were not used to predetermine sample size. Sample sizes are 528 
directly indicated in the figure legends. Image data were excluded from analysis if poor staining quality 529 
precluded image acquisition or analysis. In the animal studies, nude mice were randomly assigned to 530 
different groups, but other experiments were not randomized. No blinding was used in the analysis of 531 
any experiments. All quantitative data are presented as mean ± standard error of the mean (SEM). Unless 532 
otherwise stated, all experiments were repeated at least three times. Data were statistically analyzed and 533 
visualized using GraphPad Prism (version 8.0, GraphPad Software, CA, USA), with t-tests, one-way 534 
ANOVA, or two-way ANOVA. All statistically analyzed p-values are presented in figures or Table S3. 535 
Illustrations were created using BioRender and PowerPoint (Microsoft Corp., Washington, USA). 536 
  537 
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RESULTS 538 
Characteristics of PSCs 539 
The characteristics of the PSCs applied in this study (iPSCs-001-5, iPSCs-006-1, EPSCs-001-5, EPSCs-540 
006-1) were assessed through qPCR, immunofluorescence, ALP staining, and EB formation. As 541 
illustrated in Figure S1A, the colonies of the four PSCs appeared round or nearly round, with bright 542 
halos at the edges and tightly packed cells within. Compared to the negative control cells, HUVECs, all 543 
four PSC lines showed high gene-level expression of pluripotency markers OCT4, SOX2, Nanog, Klf17, 544 
and Dppa3 (Figure S1B). As shown in Figure S1C, the PSC colonies stained intensely with the ALP 545 
substrate, indicating high levels of ALP expression, a characteristic marker of undifferentiated PSCs. 546 
The staining was uniform across the colonies.  547 
The results of Immunofluorescence staining demonstrated at the protein level that all four groups of 548 
PSCs highly express pluripotency markers, including OCT4, SOX2, Nanog, TRA-1-60, and SSEA-4 549 
(Figure S1D). To label PSCs for subsequent co-culture experiments, iPSCs were transduced with 550 
lentivirus carrying EGFP (Figure S1E). The transduced iPSCs expressed EGFP while maintaining the 551 
expression of pluripotent stem cell markers OCT4 and SOX2 (Figure S1F). 552 
EB formation is a critical characteristic of PSCs and serves as a key method for assessing their 553 
pluripotency and differentiation potential. In this study, we evaluated the in vitro EB formation capacity 554 
of the primary PSC line used, iPSCs-001-5. As shown in Figure S1G, The PSCs successfully formed 555 
EBs when cultured under suspension conditions. From the first day of induction to the thirteenth day, 556 
the EBs were characteristically spherical with well-defined borders and gradually increasing in diameter. 557 
After culturing EBs on an adherent surface, the expression of markers for the three germ layers as well 558 
as pluripotency markers was assessed. Immunofluorescence staining confirmed the presence of 559 
ectodermal markers (PAX6, NESTIN and βIII-tubulin), mesodermal markers (PDGFα and α-smooth 560 
muscle actin), and endodermal marker (GATA4) within the EBs, indicating successful tri-lineage 561 
differentiation (Figure S1H). The qPCR analysis further supported these findings, showing significant 562 
upregulation of lineage-specific genes such as DLX3 (ectoderm), PAX6 (ectoderm), Brachyury 563 
(mesoderm), and SOX17 (endoderm) compared to undifferentiated PSCs (Figure S1I.). Additionally, a 564 
significant downregulation of pluripotency markers OCT4 and SOX2 was observed in the EBs 565 
compared to undifferentiated iPSCs (Figure S1I). 566 
BSS (Ca-Mg-) is able to induce detachment of iPSCs in vitro, but not iPSC-derived differentiated 567 
cells (iDCs)  568 
This study serendipitously discovered that a short exposure to BSS (Ca-Mg-) could cause PSCs to lose 569 
cell adhesion, similar to the effect of various enzymes or appropriate concentrations of EDTA used for 570 
cell dissociation. Interestingly, this phenomenon was not observed in iMSCs. In summary, under the 571 
same conditions, iMSCs were found to resist the detachment-inhibiting effects of BSS (Ca-Mg-). The 572 
iPSCs-001-5 and iMSCs were selected as representative models for PSCs and PSC-derived 573 
differentiated cells, respectively, to explore the conditions for BSS (Ca-Mg-) treatment. Initially, iPSCs 574 
and iMSCs were treated with DPBS(Ca-Mg-), PBS(Ca-Mg-), DPBS(Ca+Mg+), and their respective 575 
maintenance media (E8 or MSCM) at 37°C or room temperature for 15 to 120 min. Cell adhesion was 576 
then assessed through light microscopy, Phalloidin staining and crystal violet staining (Figure 1A-B). 577 
At room temperature, treatment with DPBS(Ca-Mg-) and PBS (Ca-Mg-) for 60 min caused iPSCs to 578 
lose adhesion, leading to cell shrinkage and a weakening of cell-cell connections (Figure 1C.). As the 579 
treatment time increased, some cells detached from the culture dish and became suspended in the two 580 
BSS (Ca-Mg-) solutions (Figure 1C). In contrast, iPSCs treated with DPBS (Ca+Mg+) and E8 showed 581 
no significant changes in colony morphology or adhesion compared to before treatment. Notably, within 582 
120 min of treatment, iMSCs did not undergo extensive cell detachment, regardless of whether calcium 583 
and magnesium ions were present (Figure 1C). To further explore the optimal conditions for BSS (Ca-584 
Mg-) treatment, iPSCs and iMSCs were treated under the same conditions at 37°C as at room 585 
temperature. The results showed that at 37°C, BSS (Ca-Mg-) required only 30 min to induce iPSC 586 
detachment (compared to 60 min at room temperature) (Figure 1D). However, within 120 min of 587 
treatment at 37°C, the presence or absence of calcium and magnesium ions did not negatively impact 588 
iPSC adhesion or iMSC adhesion (Figure 1D).  589 
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Phalloidin staining was utilized to visualize the organization of F-actin within the cells. This study 590 
further investigated the impact of BSS (Ca-Mg-) on the cytoskeleton under adherent conditions using 591 
Phalloidin staining. The results showed that iPSCs and iMSCs treated with E8/MSCM and/or DPBS 592 
(Ca+Mg+) at room temperature and 37°C maintained well-organized cytoskeletal structures (Figure 593 
1E-F). In contrast, iPSCs treated with DPBS(Ca-Mg-) and/or PBS (Ca-Mg-) exhibited significant 594 
cytoskeletal contraction, while iMSCs showed no notable changes (Figure 1E-F). This finding supports 595 
the observation under light microscopy that BSS (Ca-Mg-) selectively induces detachment in iPSCs.  596 
After treatment at room temperature (60 min) and 37°C (30 min), cells in each group were gently 597 
pipetted and washed, followed by assessment of cell retention through crystal violet staining. As shown 598 
in Figure 1G-H, BSS (Ca-Mg-) treatment effectively cleared iPSCs at both room temperature and 37°C 599 
without affecting the adhesion of iMSCs. Trypan blue staining was performed on cells treated with 600 
DPBS(Ca-Mg-) and PBS (Ca-Mg-) at room temperature and 37°C to preliminarily explore the cause of 601 
cell detachment. The results indicated that treatment with DPBS(Ca-Mg-) and PBS (Ca-Mg-) at 37°C 602 
for 30 min led to the death of approximately 20%-25% of iPSCs, while treatment at room temperature 603 
for 60 min caused 25%-30% iPSC death. Therefore, the detachment of iPSCs induced by BSS (Ca-Mg-) 604 
treatment might be partially due to the rapid induction of cell death, although other mechanisms may 605 
also be involved.  606 
In addition to iPSCs-001-5, this study further investigated whether the response of PSCs to BSS (Ca-607 
Mg-) was consistent across three additional PSC cell lines (iPSCs-006-1, EPSC-001-5, and EPSCs-006-608 
1). The results indicated that both DPBS(Ca-Mg-) and PBS (Ca-Mg-) effectively caused all three types 609 
of PSCs to lose adhesion under 37°C or room temperature conditions (37°C for 30 min or room 610 
temperature for 60 min) (Figure S2A-F). This was further confirmed by subsequent crystal violet 611 
staining (Figure S2G-I). The condition of treating cells with DPBS(Ca-Mg-) at 37°C for 30 min was 612 
chosen for subsequent experiments for the following reasons: 1) DPBS(Ca-Mg-) and PBS (Ca-Mg-) 613 
had similar effects; 2) To achieve the same clearance effect, the 37°C condition required a shorter time 614 
(30 min); 3) 37°C is the normal culture temperature for cells. 615 
Using the established experimental conditions, this study examined other iDCs to determine whether 616 
their resistance to DPBS(Ca-Mg-) was consistent with that of iMSCs. First, the iPSCs were 617 
differentiated into iFCs, iOBs, and iEPCs using well-established methods (Figure S3A). Treatment with 618 
DPBS(Ca-Mg-) at 37°C for 30 min did not cause significant changes in iFCs, iOBs, or iEPCs (Figure 619 
S3B). This suggests that DPBS(Ca-Mg-) may be used for the removal of residual PSCs following the 620 
culture of at least four types of iDCs (iMSCs, iFCs, iOBs, and iEPCs). 621 
DPSC (Ca-Mg-) selectively removes PSCs in iPSCs/iDCs co-culture system in vitro 622 
To simulate the residual PSCs in a realistic induction environment, a co-culture model of iPSCs and 623 
iDCs was established (Figure 2A; Figure S3A). Briefly, EGFP-transduced iPSCs were initially seeded 624 
in Matrigel-coated 6-well plates using E8 medium with 10 μM Y27632. After 4 hours, the medium was 625 
changed to E8 without Y27632, and the cells were cultured for an additional 20 hours. Then, different 626 
iDCs were seeded onto the iPSC-adherent plates using their respective differentiation media and co-627 
cultured for 8 hours to establish the iPSC-iDC co-culture system (Figure 2b; Figure S3C). The seeding 628 
ratio of iPSCs to iDCs was either 1:3 (3×105:9×105) or 3:1 (9×105:3×105). 629 
As shown in Figure 2B, a co-culture system of iPSCs and iMSCs was successfully established, where 630 
iPSCs exhibited clonal-like growth, surrounded by scattered spindle-shaped iMSCs (blue arrows: 631 
iMSCs; white arrows: iPSCs). After treatment with DPBS(Ca-Mg-), some cells lost adhesion and 632 
detached, floating in the DPBS(Ca-Mg-) solution. Following the PBS washing, only spindle-shaped 633 
cells remained adherent at the bottom of the dish. Confocal microscopy revealed that the majority of 634 
EGFP-positive cells (iPSCs) were effectively cleared (Figure 2C). This observation was further 635 
confirmed by subsequent flow cytometry analysis, which showed that the percentage of EGFP-positive 636 
cells in the co-cultures with iMSCs at different ratios (1:3 and 3:1) significantly decreased from 32.3% 637 
and 58.15% to 4.12% and 7.44%, respectively (Figure 2D-E). 638 
The Figure 2F illustrated the differences in the cell cycle distribution among the iPSCs group, iMSCs 639 
group, the two co-culture groups, and the two co-culture groups treated with DPBS(Ca-Mg-). The results 640 
indicated that the proportion of cells in the G0/G1 phase was significantly lower in the iPSCs group 641 
compared to the iMSCs group, while the G0/G1 phase proportion in the co-culture groups was 642 
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intermediate between that of iPSCs and iMSCs (Figure 2F). After DPBS(Ca-Mg-) treatment, the G0/G1 643 
phase proportion in the co-culture groups increased and showed no statistical difference compared to 644 
the iMSCs group (Figure 2F). Similar trends were observed in the expression of pluripotency genes 645 
(OCT4, SOX2, and Nanog) across the same groups, as detected by qPCR. Specifically, the expression 646 
levels of all three pluripotency genes were significantly higher in iPSCs compared to iMSCs, while the 647 
co-culture groups showed intermediate expression levels between iPSCs and iMSCs (Figure 2G). 648 
Following DPBS(Ca-Mg-) treatment, the expression of pluripotency genes in the co-culture groups 649 
decreased to levels comparable to those in the iMSCs group (Figure 2G). 650 
The cell cycle analysis and qPCR results suggested that the vast majority of cell population with a lower 651 
G0/G1 phase proportion and higher pluripotency gene expression was successfully removed by 652 
DPBS(Ca-Mg-). This is consistent with the fluorescence microscopy and flow cytometry findings, 653 
where the proportion of EGFP-positive iPSCs was markedly reduced. Thus, in the co-culture system of 654 
iPSCs and iMSCs, DPBS(Ca-Mg-) was demonstrated to selectively remove iPSCs. 655 
In addition to co-culturing iMSCs, this study also established co-culture systems of EGFP-positive 656 
iPSCs with iOBs, iFCs, and iEPCs (Figure S3C). Similar to the iPSCs and iMSCs co-culture, iPSCs 657 
exhibited clonal-like growth, surrounded by differentiated cells (blue arrows: iDCs, including iOBs, 658 
iFCs, and iEPCs; white arrows: iPSCs) (Figure S3C). After treatment with DPBS(Ca-Mg-), a portion 659 
of the cells were dissociated (Figure S3C). Following PBS washing, fluorescence analysis of the 660 
remaining cells in the dish was conducted. As shown in Figure 2H-J, after DPBS(Ca-Mg-) treatment, 661 
the majority of EGFP-positive (iPSCs) cells in each co-culture group were cleared. Flow cytometry 662 
provided further evidence supporting the selective clearance of iPSCs by DPBS(Ca-Mg-) in co-cultures 663 
with iDCs. Specifically, in the co-culture groups of iPSCs and iOBs, the percentage of EGFP-positive 664 
cells decreased from 16.02% and 38.34% to 2.25% and 2.36%, respectively (Figure S3D). In the iPSCs 665 
and iFCs co-culture groups, the EGFP-positive rate dropped from 23.14% and 50.33% to 4.83% and 666 
10.33% (Figure S3D). Lastly, in the iPSCs and iEPCs co-culture groups, the EGFP-positive rate 667 
decreased from 24.88% and 52.26% to 5.26% and 7.78%, respectively (Figure S3D).  668 
In this section, the study simulates PSCs residuals under real differentiation conditions in vitro through 669 
a co-culture system. In the co-culture systems of iPSCs with four different iDCs (iMSCs, iOBs, iFCs, 670 
and iEPCs), DPBS(Ca-Mg-) effectively and selectively cleared the iPSCs. 671 
The iPSCs/iMSCs co-culture system treated with DPBS(Ca-Mg-) does not induce teratoma 672 
formation in vivo 673 
Further evaluation of the selective clearance ability of DPBS(Ca-Mg-) on iPSCs was conducted using 674 
an in vivo teratoma formation assay. In this study, co-cultured iPSCs/iMSCs, DPBS(Ca-Mg-)-treated 675 
co-cultured iPSCs/iMSCs, and iMSCs alone were injected into the left testicular region of nude mice 676 
(Figure 3A). Each group consisted of 6 nude mice. However, one nude mice in Group 2 died due to an 677 
anesthesia-related incident.Four weeks post-injection, both the left (injection) and right (non-injection) 678 
testicles were harvested for analysis (Figure 3B). No significant differences in weight were observed in 679 
the right testicles across all groups (Figure 3C). 680 
In five out of six mice injected with the co-cultured iPSCs/iMSCs, the left testicle showed an increase 681 
in weight and dimensions (length and width) compared to the right testicle (Figure 3B-D). The weights 682 
of the enlarged left testicles ranged from 176.6 mg to 1239.8 mg, while the right testicles weighed 683 
between 77.5 mg and 96.4 mg (Figure 3C). Histological sections of the enlarged left testicles confirmed 684 
the presence of tissues derived from all three germ layers: ectoderm, mesoderm, and endoderm. 685 
Ectodermal derivatives included immature neural tube, neural tissue, and immature differentiated 686 
squamous epithelium. Mesodermal tissues comprised loose fibrous connective tissue, cartilage, and 687 
vascular. Endodermal structures clearly exhibited bronchial mucosal epithelium. However, the overall 688 
structure of the right testis in each group and the left testis in Group 2 was basically normal, the structure 689 
of the seminiferous tubules was clear, and the spermatogenic cells in the seminiferous tubules were 690 
arranged regularly. In contrast, no significant increase in weight or dimensions was observed in the left 691 
testicles of mice injected with DPBS(Ca-Mg-)-treated co-cultured iPSCs/iMSCs or iMSCs alone 692 
compared to their right testicles (Figure 3B-D). 693 
Characterization of iMSCs is not affected by DPBS(Ca-Mg-) treatment 694 
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The above experiments provide both in vitro and in vivo evidence for the selective clearance of iPSCs 695 
by DPBS(Ca-Mg-). Subsequently, this study used iMSCs as a model to preliminarily explore the impact 696 
of DPBS(Ca-Mg-) treatment on the characteristics of iDCs (Figure S4A). Similar to adult MSCs, 697 
iMSCs also exhibit tri-lineage differentiation potential and self-renewal capabilities, while expressing 698 
MSC markers [39]. As shown in Figure S4B, regardless of whether iMSCs were treated with DPBS(Ca-699 
Mg-) at 37°C or room temperature, when the iMSCs were subsequently cultured in MSCM at 37°C, 700 
they maintained their typical spindle-shaped morphology without any noticeable cell death.  701 
After DPBS(Ca-Mg-) treatment, iMSCs continued to express high levels of MSC markers, including 702 
CD44 (99.87%), CD73 (96.67%), CD90 (99.92%), CD105 (99.40%), and CD166 (99.88%), while 703 
remaining negative for MSC-negative markers such as CD34 (0.08%), CD45 (0.08%), and HLA-DR 704 
(0.11%). This marker expression profile is consistent with that observed before DPBS(Ca-Mg-) 705 
treatment (Figure S4C). On the other hand, DPBS(Ca-Mg-) treatment did not affect the tri-lineage 706 
differentiation potential of iMSCs. Alizarin Red staining (for osteogenic differentiation), ALP staining 707 
(for osteogenesis), Oil Red O staining (for adipogenesis), and Alcian Blue staining (for chondrogenesis) 708 
of both untreated and DPBS(Ca-Mg-)-treated iMSCs after lineage-specific induction support this result 709 
(Figure S4D-G). 710 
Additionally, this study compared the migration and self-renewal abilities of iMSCs before and after 711 
DPBS(Ca-Mg-) treatment. The wound healing assay results showed no significant differences in the 712 
migratory capacity between DPBS(Ca-Mg-)-treated iMSCs and untreated iMSCs (Figure S4H-I). In 713 
both the colony formation assay and CCK8 assay, DPBS(Ca-Mg-)-treated iMSCs maintained normal 714 
colony formation and proliferation abilities, consistent with those of untreated iMSCs (Figure S4J-L). 715 
These findings suggest that short-term DPBS(Ca-Mg-) treatment does not affect iMSC characteristics, 716 
indicating that the application of DPBS(Ca-Mg-) to remove residual PSCs after iMSC induction does 717 
not hinder subsequent application of iMSCs. However, this study did not further investigate the effects 718 
of DPBS(Ca-Mg-) treatment on other iDCs, which requires future research. 719 
RNA-seq revealed differences in adhesion signaling and associated integrin signaling between 720 
iPSCs and iMSCs 721 
To explore the mechanisms underlying the differential response of PSCs and four types of iDCs to DPBS 722 
(Ca-Mg-), this study first compared the transcriptomic profiles of iMSCs and PSCs via RNA-seq 723 
(Figure 4A). Differentially expressed genes (DEGs) between iMSCs and PSCs were identified using 724 
criteria of adjusted p-value < 0.05 and |log2 fold change| > 1 (Figure 4B). GO enrichment analysis was 725 
performed separately for the upregulated and downregulated DEGs. Among the upregulated DEGs, 726 
many GO terms related to cell adhesion were enriched, including integrin binding, collagen binding, 727 
actin binding, fibronectin binding, laminin binding, and focal adhesion (Figure 4C). KEGG pathway 728 
analysis further revealed that the upregulated DEGs in iMSCs were significantly enriched in pathways 729 
such as focal adhesion, TNF signaling pathway, and ECM-receptor interaction, all of which are also 730 
related to cell adhesion (Figure 4D). Both GO enrichment analysis and KEGG pathway analysis suggest 731 
potential differences in adhesion capability between iMSCs and iPSCs. 732 
GSEA (Gene Set Enrichment Analysis) was used to further investigate the biological pathways and 733 
processes involved in iPSCs and iMSCs. Interestingly, iMSCs showed enrichment in pathways related 734 
to cell adhesion with the extracellular matrix, such as KEGG_FOCAL_ADHESION and 735 
KEGG_ECM_RECEPTOR_INTERACTION (Figure 4E). In contrast, iPSCs were enriched in 736 
pathways associated with cell-cell adhesion, such as KEGG_TIGHT_JUNCTION (Figure 4E). This 737 
suggested that iMSCs may have stronger adhesion to the extracellular matrix, while iPSCs are more 738 
inclined towards cell-cell adhesion. To investigate the genes in iMSCs that play crucial roles in cell-739 
extracellular matrix adhesion, the genes enriched in the two pathways (KEGG_FOCAL_ADHESION 740 
and KEGG_ECM_RECEPTOR_INTERACTION) were intersected (Figure 4F). The results revealed 741 
that several integrin genes, such as ITGA6 and ITGB1, play significant roles in both pathways (Figure 742 
4F). The heatmap in Figure 4H illustrated the gene expression profiles of certain genes in PSCs and 743 
iMSCs, including pluripotency genes (such as OCT4, SOX2, and Nanog), MSCs markers (like CD44, 744 
NT5E, and ALCAM), and genes associated with cell adhesion.  745 
Villa-Diaz et al. [43] reported that several integrins, including ITGA6, ITGB1, ITGA3, ITGA5, and 746 
ITGA1, are highly expressed in hESCs. Consistent with their findings, ITGA6 was the only integrin 747 



17 
 

among these that exhibited significantly higher expression in PSCs compared to iMSCs in this study 748 
(Figure 4G). The expression patterns of other integrins in both PSCs and iMSCs are presented in Figure 749 
4G and Figure S5A. In summary, through bioinformatics analysis, this study highlighted alterations in 750 
pluripotency genes and integrin signaling, particularly ITGA6.  751 
Notably, integrin signaling was able to mediate cell adhesion by recruiting and activating signaling 752 
proteins, transmitting both mechanical and chemical signals into the cell's interior [44]. FAK, a 753 
cytoplasmic tyrosine kinase, played a crucial role as a downstream component in this process [45]. 754 
Previous studies had reported the regulation of ITGA6 expression by the pluripotency gene OCT4 [46]. 755 
Therefore, this study hypothesized that the differences in OCT4, ITGA6, and FAK signaling between 756 
iPSCs and iMSCs led to differences in cell adhesion and their response to DPBS (Ca-Mg-). However, 757 
the upstream and downstream regulatory mechanisms of OCT4, ITGA6, and FAK signaling remained 758 
unclear. The expression profiles of the pluripotency gene SOX2 and other common integrin genes are 759 
presented in Figure 5A. 760 
Differences in OCT4 and ITGA6 expression and FAK signaling between PSCs and iDCs 761 
Consistent with the RNA-seq results, both qPCR and immunofluorescence confirmed significant 762 
downregulation of OCT4 and ITGA6 in iMSCs at the gene and protein levels (Figure 5A-B). The lower 763 
ITGA6 protein expression in iMSCs compared to iPSCs was further validated by WB analysis (Figure 764 
5E-F). Additionally, immunofluorescence and WB assays were used to assess FAK signaling activation 765 
in both iPSCs and iMSCs. Quantification of the immunofluorescence images revealed that iPSCs 766 
exhibited higher FAK levels, but p-FAK expression and the p-FAK/FAK ratio were significantly lower 767 
in iPSCs compared to iMSCs (Figure 5C-D), which was consistent with the WB results (Figure 5E-F). 768 
This indicates that FAK signaling is more actively engaged in iMSCs than in iPSCs. iMSCs possess 769 
mesodermal phenotypes and potential for differentiation into various mesodermal lineages (Figure S4). 770 
Whether the differences in OCT4, ITGA6, and FAK signaling between iPSCs and iMSCs also occur 771 
during differentiation into other germ layers (beyond mesoderm) was further explored in subsequent 772 
experiments. 773 
The study induced the directed differentiation of iPSCs into neuroectoderm and mesendoderm lineages 774 
following previously reported protocols (Figure S6A). The differentiated cells were characterized via 775 
qPCR and immunofluorescence. The qPCR results showed that neuroectoderm cells exhibited higher 776 
expression levels of the neuroectoderm marker PAX6 compared to iPSCs (Figure S6B). In 777 
mesendoderm cells, both Brachyury (mesoderm marker) and SOX17 (endoderm marker) were 778 
significantly upregulated (Figure S6B). Immunofluorescence further confirmed the successful 779 
induction of neuroectoderm and mesendoderm cells, with PAX6 and NESTIN (neuroectoderm markers) 780 
being positive in neuroectoderm cells, and GATA4 (endoderm marker) positive in mesendoderm cells 781 
(Figure S6D).  782 
As shown in Figure S6B, OCT4 expression was significantly reduced in both differentiated lineages 783 
compared to iPSCs (Figure S6B-C). Additionally, qPCR, immunofluorescence, and WB results 784 
demonstrated that differentiation into both germ layers led to decreased ITGA6 expression (Figure S6B-785 
C, G-H). The activation of FAK signaling in these differentiated cells was also examined. Both 786 
immunofluorescence and WB data showed that p-FAK levels and the p-FAK/FAK ratio were 787 
significantly higher in the neuroectoderm and mesendoderm cells than in iPSCs (Figure S6E-H). In 788 
summary, these findings suggest that differentiation of iPSCs (into mesoderm, mesendoderm, or 789 
neuroectoderm) leads to reduced expression of OCT4 and ITGA6 and increased activation of FAK 790 
signaling. 791 
Differences in FAK signaling led to variations in the resistance of iPSCs and iMSCs to BBS(Ca-792 
Mg-) 793 
In the above section, it was revealed that the FAK signaling pathway is more strongly activated in iMSCs 794 
compared to iPSCs under normal culture conditions. Building on this, the study further investigated the 795 
rapid regulation of the FAK signaling in both iMSCs and iPSCs upon DPBS (Ca-Mg-) treatment, to 796 
explain why this treatment causes rapid detachment in iPSCs but not in iMSCs. Figure 5C-D show the 797 
immunofluorescence staining results of p-FAK and FAK in iMSCs and iPSCs after DPBS (Ca-Mg-) 798 
treatment (37°C, 30 min). The results indicate that after DPBS (Ca-Mg-) treatment, both p-FAK levels 799 
and the p-FAK/FAK ratio were significantly downregulated in iPSCs and iMSCs (Figure 5C-D). 800 



18 
 

However, it is noteworthy that the p-FAK levels and the p-FAK/FAK ratio remained significantly higher 801 
in DPBS (Ca-Mg-)-treated iMSCs compared to treated iPSCs (Figure 5C-D). 802 
Subsequently, the study examined FAK signaling levels over different time points (15 to 120 min) after 803 
DPBS (Ca-Mg-) treatment at 37°C via WB. As shown in Figure 5E-F, p-FAK levels and the p-804 
FAK/FAK ratio in iPSCs gradually decreased as the DPBS (Ca-Mg-) treatment duration increased. In 805 
contrast, p-FAK levels and the p-FAK/FAK ratio in iMSCs decreased during the first 30 min of treatment, 806 
but then stabilized at relatively high levels over the next 90 min (Figure 5E-F). Consistent with the 807 
immunofluorescence results, p-FAK and p-FAK/FAK in iMSCs after 30 min of DPBS (Ca-Mg-) 808 
treatment was significantly higher than in iPSCs treated for the same duration (Figure 5E-F). Based on 809 
these findings, the study hypothesized that the differences in FAK signaling directly contribute to the 810 
varied responses of iPSCs and iMSCs to DPBS (Ca-Mg-) treatment. These differences in FAK signaling 811 
between the two cell types may stem from two key factors: (1) a higher level of FAK activation in 812 
iMSCs under normal culture conditions, and (2) the early downregulation of FAK signaling in iMSCs 813 
during the initial phase of DPBS (Ca-Mg-) treatment, followed by sustained stability thereafter (Figure 814 
5G). 815 
To test this hypothesis, the study pretreated iMSCs with a FAK phosphorylation inhibitor (PF-562271, 816 
1μM, FAKi) for 24 hours to reduce FAK signaling activation in iMSCs (Figure 6A). PF-562271 is a 817 
potent, ATP-competitive and reversible FAK kinase inhibitor that inhibits FAK phosphorylation in a 818 
dose-dependent manner [47-49]. Immunofluorescence and WB results confirmed that FAKi treatment 819 
significantly downregulated p-FAK levels, FAK levels, and the p-FAK/FAK ratio in iMSCs (Figure 6B-820 
E). After DPBS (Ca-Mg-) treatment, iMSCs pretreated with FAKi exhibited noticeable cell shrinkage 821 
(Figure 6F), which was further validated by phalloidin staining. In DPBS (Ca-Mg-)-treated iMSCs, the 822 
cytoskeleton remained intact, tightly arranged, and uniformly distributed in the cytoplasm. However, in 823 
FAKi-pretreated iMSCs, DPBS (Ca-Mg-) treatment led to disorganized and disrupted cytoskeletal 824 
structures (Figure 6G). Subsequent crystal violet staining confirmed that FAKi-pretreated iMSCs lost 825 
their resistance to DPBS (Ca-Mg-) treatment and were effectively cleared (Figure 6H), similar to the 826 
response observed in iPSCs (Figure 1H). Based on these findings, the intrinsic differences in baseline 827 
FAK signaling and the rapid regulation of FAK signaling following DPBS (Ca-Mg-) treatment may 828 
explain the differential responses between iMSCs and iPSCs to DPBS (Ca-Mg-) treatment (Figure 5G). 829 
OCT4 knockdown in iPSCs: ITGA6 downregulation, FAK signaling activation, and establishing 830 
resistance to DPBS(Ca-Mg-)  831 
The differences in FAK signaling expression levels and the response of FAK signaling to DPBS (Ca-832 
Mg-) treatment can explain the variations in adhesion ability between iPSCs and iMSCs following 833 
DPBS (Ca-Mg-) treatment. To further investigate the reasons behind the differences in FAK signaling 834 
between iPSCs and iDCs, this study focused on two genes, OCT4 and ITGA6, identified through RNA-835 
seq analysis and literature review. Pluripotency genes, such as OCT4, play a crucial role in the 836 
reprogramming and maintenance of pluripotency in stem cells, ensuring their ability to self-renew and 837 
differentiate into various cell types [50, 51]. During the differentiation of PSCs into specific cell types, 838 
there is a concurrent downregulation of pluripotency genes (including OCT4) and the activation of 839 
differentiation-specific genes[50]. 840 
Therefore, a lentiviral vector was used in this study to transduce shOCT4 into iPSCs, simulating the 841 
early downregulation of OCT4 during the differentiation of iPSCs into iDCs (Figure 7A). The 842 
successful knockdown of OCT4 in iPSCs by shOCT4 was confirmed by qPCR and immunofluorescence 843 
results (Figure 7B-C). Interestingly, the knockdown of OCT4 in iPSCs alone led to a significant 844 
downregulation of the pluripotency gene SOX2 and several common integrin genes, including ITGA6, 845 
ITGA1, ITGA3, ITGA5, ITGA7, ITGAV, ITGB1, and ITGB5 (Figure 7B). Notably, among all the 846 
common integrin types analyzed, ITGA6 was the only one integrin showing a consistent trend of 847 
downregulation in both shOCT4-iPSCs and iMSCs compared to iPSCs. The downregulation of ITGA6 848 
in shOCT4-iPSCs was further confirmed at the protein level through both immunofluorescence and 849 
Western blot analysis (Figure 7C,F-G). Upon OCT4 knockdown, shOCT4-iPSCs exhibited a 850 
significant activation of FAK signaling, indicated by an increase in both p-FAK levels and the p-851 
FAK/FAK ratio, which enhanced their resistance to DPBS (Ca-Mg-) (Figure 7D-H). Unlike iPSCs, 852 
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DPBS (Ca-Mg-) treatment for 30 min at 37°C did not result in the detachment of shOCT4-iPSCs 853 
(Figure 7H). 854 
OCT4 is a well-known transcription factor [51], and in this study, it was shown to be associated with 855 
ITGA6 expression. To explore whether OCT4 directly interacts with the promoter region of ITGA6, this 856 
study employed ChIP-seq to identify genome-wide binding sites of OCT4. ChIP-seq revealed 111,643 857 
significant OCT4 binding peaks across the genome (p < 0.05), with 4,514 peaks located in promoter 858 
regions. As shown in Figure 7I, OCT4 was enriched in the promoter region of ITGA6 (binding peak 859 
region: chr2, 172428575-172429094). Further analysis using the JASPAR database predicted the precise 860 
binding motif within the identified ChIP-seq peak. JASPAR analysis found a recognizable OCT4 motif 861 
(5’-ATGCAAC-3’, chr2, 172428922-172428937) within the OCT4-ITGA6 promoter binding region 862 
(Figure 7I). This suggested that OCT4 may maintain ITGA6 expression by directly binding to the 863 
ITGA6 promoter and activating its transcription. When OCT4 expression is downregulated, ITGA6 864 
expression is also reduced accordingly (Figure 7J). 865 
ITGA6 knockdown and blocking in iPSCs: FAK signaling activation and establishing resistance 866 
to DPBS(Ca-Mg-) 867 
Furthermore, lentiviral vectors were used to transduce shITGA6 into iPSCs to identify whether ITGA6 868 
signaling is the key mediator of OCT4 regulation of the FAK pathway (Figure 8A). 869 
Immunofluorescence and WB results showed that in all three ITGA6 knockdown iPSC lines (shITGA6-870 
1-iPSCs, shITGA6-2-iPSCs, and shITGA6-3-iPSCs), ITGA6 expression was significantly 871 
downregulated, while p-FAK and p-FAK/FAK was significantly upregulated (Figure 8B-G). After 872 
ITGA6 knockdown, DPBS (Ca-Mg-) treatment (37°C, 30 min) did not result in cell detachment (Figure 873 
8H). 874 
Notably, OCT4 downregulation was observed in all three ITGA6 knockdown groups (Figure 8B,E). 875 
The downregulation of the pluripotency gene OCT4 is a typical marker of PSC differentiation. Similar 876 
to the findings reported by Villa-Diaz et al.[43], our results suggested that ITGA6 appeared to play an 877 
important role in maintaining PSC pluripotency. Furthermore, this study utilized an ITGA6 blocking 878 
antibody (GoH3, 40 µg/ml) to directly inhibit ITGA6 activity and examine potential changes in FAK 879 
signaling and the response to DPBS (Ca-Mg-) treatment (Figure 8A). As shown in Figure 8I, after 24 880 
hours of treatment with the ITGA6 blocking antibody, most cells exhibited an increased resistance to 881 
DPBS (Ca-Mg-) treatment, remaining adherent post-treatment. On the other hand, immunostaining 882 
results indicated that ITGA6 blocking antibody treatment significantly upregulated p-FAK and the p-883 
FAK/FAK ratio in iPSCs (Figure 8J-K). This aligns with the findings observed from directly knocking 884 
down ITGA6 in iPSCs.  885 
Additionally, this study examined the impact of FAK signaling on the expression of the pluripotency 886 
gene OCT4. The iPSCs were treated with different concentrations of FAK inhibitor (FAKi) to suppress 887 
FAK signaling in these cells (Figure S7A). As shown in Figure S7B, FAKi treatment (100 nM and 1 μ888 
M) significantly upregulated OCT4 gene expression in iPSC. Subsequently, iPSCs were treated again 889 
with 100 nM FAKi, and OCT4 level were measured via immunofluorescence. The results indicated that 890 
FAKi effectively upregulated the protein level of OCT4 (Figure S7C-D). These results suggested a 891 
complex regulatory network between OCT4, ITGA6, and FAK signaling in PSCs. OCT4 and ITGA6 892 
appear to be involved in a positive feedback loop, with ITGA6 inhibiting FAK signaling (Figure S7E). 893 
This weakened FAK signaling contributes to the detachment response to BBS (Ca-Mg-) of PSCs. 894 
Additionally, a negative feedback mechanism exists for FAK signaling, where inhibition of FAK 895 
signaling leads to increased expression of the pluripotency gene OCT4 in iPSCs (Figure S7E). This 896 
regulation suggests a potential link between the cell adhesion signaling pathway (mediated by FAK and 897 
integrins) and the maintenance of stem cell pluripotency (indicated by OCT4 levels). The upregulation 898 
of OCT4 may indicate an adaptive response of iPSCs to the altered signaling environment, potentially 899 
enhancing their stemness when FAK activity is inhibited.  900 
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DISCUSSION 901 
In this study, we developed a novel approach for removing residual PSCs using BSS(Ca-Mg-), 902 
capitalizing on the distinct responses of PSCs and iDCs to BSS(Ca-Mg-) treatment. Unlike previous 903 
methods that triggered PSC death through various mechanisms [13, 15-17], BSS(Ca-Mg-) selectively 904 
induced rapid detachment of PSCs without affecting the adhesion of the iDCs tested. Although further 905 
validation with additional iDC types is needed, the stability of iMSCs characteristics after BSS(Ca-Mg-) 906 
treatment supports the safety of this method. Moreover, our findings reveal a complex signaling network 907 
in PSCs involving ITGA6, OCT4, and FAK signaling, which contributes to the differential response 908 
between PSCs and iDCs. This innovative strategy of pre-treating iDCs in vitro could help reduce the 909 
risk of teratoma formation in iDC-based therapies. 910 
We first address the efficacy and safety of BSS(Ca-Mg-) treatment. In our co-culture model of PSCs 911 
and iDCs, BSS(Ca-Mg-) successfully cleared residual PSCs in at least four types of iDCs, including 912 
iMSCs, iOBs, iFCs, and iEPCs. However, while no teratomas were observed in vivo following BSS(Ca-913 
Mg-) treatment, our in vitro data did not demonstrate complete removal of PSCs. The occurrence of 914 
teratomas remains unpredictable and is highly dependent on the number of residual PSCs introduced 915 
[52, 53]. Studies in immunodeficient mice have shown that at least 1 x 105 hESCs injected into the 916 
myocardium and 1 x 104 hESCs injected into skeletal muscle are required to form teratomas [52]. 917 
Therefore, while complete clearance may not be achieved, we anticipate that BSS(Ca-Mg-) treatment 918 
could reduce the risk of teratoma formation by lowering the number of residual PSCs in iDC injections. 919 
Additionally, PBS and DPBS are commonly used reagents in cell culture, being non-toxic to most cells 920 
and suitable for various applications such as cell washing, cell or tissue sample transport, cell dilution 921 
for counting, and reagent preparation [54, 55]. In our experiments, we did not observe any toxic effects 922 
of DPBS(Ca-Mg-) on iMSCs. The safety profile of BSS(Ca-Mg-) supports its potential use either as a 923 
standalone method or in combination with other strategies for residual PSC clearance. Future studies 924 
should explore a wider array of combinations involving BSS(Ca-Mg-) and different iDCs to thoroughly 925 
evaluate its applicability, efficacy, and safety. 926 
In the mechanisms section, we have expanded upon the important findings by Villa-Diaz et al. [56] and 927 
conducted further investigations. Our results reveal a positive feedback regulation between the 928 
pluripotency gene OCT4 and ITGA6, suggesting that OCT4 regulation of ITGA6 may be related to its 929 
direct interaction with the ITGA6 promoter. The transcription factor OCT4 is highly expressed in PSCs 930 
and plays a critical role in the induction and maintenance of pluripotency [57]. The direct positive 931 
regulation of ITGA6 transcription by Oct4 accounts for ITGA6 being one of the most frequently 932 
expressed integrins in PSCs [56]. However, the mechanisms by which ITGA6 contributes to the 933 
upregulation of Oct4 expression remain unclear and require further investigation. 934 
Additionally, both OCT4 and ITGA6 exhibit negative regulation of FAK signaling, which aligns with 935 
previous studies reporting low levels of FAK phosphorylation in undifferentiated PSCs [56]. FAK, a 936 
non-receptor tyrosine kinase [58], relies on phosphorylation at the Tyr-397 site for the assembly of focal 937 
adhesions (FAs), a process that is driven by interactions between the extracellular matrix (ECM) and 938 
integrins [59, 60]. And FA-based cell-ECM interactions are essential for cellular anchoring  [61, 62]. 939 
Therefore, the lower p-FAK levels in PSCs themselves and after BSS (Ca-Mg-) treatment compared to 940 
iDCs may be the reason why BSS (Ca-Mg-) causes loss of adhesion in PSCs (but not iDCs). This was 941 
confirmed by subsequent experiments. On the one hand, either knockdown of OCT4 (one of the 942 
pluripotency markers in PSCs) or ITGA6 in PSCs increased cellular resistance to BSS (Ca-Mg-) while 943 
up-regulating FAK phosphorylation and manifested as a maintenance of the adhesion state. On the other 944 
hand, inhibition of FAK phosphorylation in iMSCs (with lower expression of OCT4 and ITGA6 945 
compared to PSCs) induced loss of adhesion after BSS (Ca-Mg-) treatment.  946 
Interestingly, inhibition of FAK signaling in PSCs led to a further upregulation of the expression level 947 
of OCT4, which is expressed at high levels in PSCs, suggesting the existence of a complex regulatory 948 
network of OCT4, ITGA6, and FAK signaling in the domains of pluripotency maintenance, 949 
differentiation, and cell adhesion in PSCs. The role of ITGA6 in maintaining OCT4 expression may be 950 
partly attributed to ITGA6-mediated downregulation of FAK phosphorylation. Therefore, further 951 
investigation of the process and expression of these signals may help to reveal the mechanisms involved 952 
in multiple biological processes of PSCs and further develop strategies that can completely remove 953 
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residual PSCs from iDCs.  954 
This study has certain limitations. First, although we employed a co-culture system of PSCs and iDCs 955 
to mimic the presence of residual pluripotent stem cells during differentiation, this model may not fully 956 
replicate the in vivo differentiation environment. Second, we only evaluated the ability of BSS(Ca-Mg-) 957 
to remove residual PSCs in four types of iDCs (iMSCs, iFCs, iOBs, and iEPCs). Whether this approach 958 
is effective for other PSC-derived cell types remains unexplored. Finally, we have not directly compared 959 
the clearance efficiency of this method with other reported strategies. Future studies will focus on 960 
addressing these limitations, further optimizing the approach, and clarifying its potential clinical 961 
applications.  962 
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CONCLUSION 963 
In conclusion, we have proposed a novel strategy for removing residual PSCs in iDCs using BSS(Ca-964 
Mg-), and validated its effectiveness across various iDCs, including iMSCs, iOBs, iFCs, and iEPCs. 965 
Treatment with BSS(Ca-Mg-) rapidly and efficiently induced detachment of iPSCs without causing 966 
damage to iDCs, and significantly inhibited teratoma formation in immunodeficient animal models. 967 
This effect is closely linked to the differential regulation of OCT4, ITGA6, and FAK signaling between 968 
PSCs and iDCs. This innovative approach provides a safe strategy for future research and clinical 969 
translation of iDCs. Further testing of this method across a broader range of BSS(Ca-Mg-) conditions 970 
and iDCs could facilitate its wider application and help overcome key challenges in the clinical 971 
translation of PSC-based therapies. 972 
  973 
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 1173 
Figure 1. BSS (Ca-Mg-) treatment rapidly induces detachment of iPSCs but does not affect iMSCs. 1174 
A-B. Schematic representation of the treatment protocol and evaluation criteria for iPSCs and iMSCs 1175 
following BSS (Ca-Mg-) exposure; C-D. Light microscopy images showing the morphology of iPSCs 1176 
and iMSCs after treatment with BSS (Ca-Mg-) at room temperature and 37°C. Scale bars, 200 µm; E-1177 
F. Phalloidin staining illustrating the cytoskeletal structure of iPSCs and iMSCs after BSS (Ca-Mg-) 1178 
treatment at room temperature (30 min) and 37°C (15 min). Scale bars, 50 μm; G-H. Crystal violet 1179 
staining indicates the presence of residual iPSCs and iMSCs after BSS (Ca-Mg-) treatment at room 1180 
temperature and 37°C; I-J. Trypan blue staining reveals the death rate of detached cells following BSS 1181 
(Ca-Mg-) treatment at room temperature and 37°C. Data for each point are presented as the mean ± SEM 1182 
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from three independent experiments (n = 3), and no statistical analysis was performed to assess 1183 
differences between groups. 1184 
  1185 
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 1186 
Figure 2. DPBS (Ca-Mg-) efficiently and selectively removes iPSCs from iPSCs/iDCs co-culture 1187 
systems. A. Schematic illustration of the co-culture system setup, DPBS (Ca-Mg-) treatment, and 1188 
evaluation criteria; B. Light microscopy images of the iPSCs/iMSCs co-culture (white arrows: iPSCs; 1189 
blue arrows: iMSCs). Scale bars, 200 µm; C. Fluorescence images of the iPSCs/iMSCs co-culture before 1190 
and after DPBS (Ca-Mg-) treatment (iPSCs express EGFP, iMSCs do not). Scale bars, 100 µm; D-E. 1191 
Flow cytometry analysis of adherent cells before and after DPBS (Ca-Mg-) treatment (iPSCs express 1192 
EGFP, iMSCs do not). The data are presented as the mean ± SEM from five biological replicates (n = 1193 
5). Statistical significance was determined using two-way ANOVA, with *p < 0.05; **p < 0.01; ***p < 1194 
0.001; F. Cell cycle analysis of adherent cells before and after DPBS (Ca-Mg-) treatment; The results 1195 
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from three independent experiments (n = 3) are presented as mean ± SEM. One-way ANOVA was used 1196 
for comparisons between groups. No significance (ns) p > 0.05; *p < 0.05; **p < 0.01; ***p < 0.001; 1197 
G. qPCR analysis of adherent cells, iPSCs, and iMSCs before and after DPBS (Ca-Mg-) treatment. The 1198 
data from three independent experiments (n = 3) are expressed as mean ± SEM. Group comparisons 1199 
were performed using one-way ANOVA. Statistical significance is indicated as follows: no significance 1200 
(ns) p > 0.05, *p < 0.05, **p < 0.01, ***p < 0.001; H-J. Fluorescence images of iPSCs/iOBs, iPSCs/iFCs, 1201 
and iPSCs/iEPCs co-culture systems before and after DPBS (Ca-Mg-) treatment (iPSCs express EGFP, 1202 
while iOBs, iFCs, and iEPCs do not). Scale bars, 100 µm. 1203 
  1204 
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 1205 
Figure 3. DPBS (Ca-Mg-) treated iPSCs/iMSCs co-culture system does not induce teratoma 1206 
formation in vivo. A. Schematic and grouping of the in vivo teratoma formation experiment. B. Images 1207 
of nude mice testes after injection with different cell groups (left testis: injected with cells; right testis: 1208 
no injection; Group 1, n = 6; Group 2, n = 5; Group 3, n = 6). C. Testis weights of nude mice injected 1209 
with different cell groups. Data are presented as mean ± SEM, but no statistical analysis was performed 1210 
(Group 1, n = 6; Group 2, n = 5; Group 3, n = 6). DPBS (Ca-Mg-) treated iPSCs/iMSCs co-culture 1211 
system does not induce teratoma formation in vivo. D. Length and width of teratomas formed in nude 1212 
mice injected with different cell groups (Group 1, n = 6; Group 2, n = 5; Group 3, n = 6). E. HE staining 1213 
results of the testis injected with iPSCs/iMSCs (left side) and DPBS (Ca-Mg-) treated iPSCs/iMSCs 1214 
(left side), along with the right-side testis that did not receive cell injections. I. Immature neural tube 1215 
(yellow arrow, ectoderm), immature nerve tissue (red arrow, ectoderm); II. Loose fibrous connective 1216 
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tissue (red arrow, mesoderm), blood vessels (yellow arrow, mesoderm); III. Immature cartilage tissue 1217 
(yellow arrow, mesoderm); IV. Immature differentiated squamous epithelium (yellow arrow, ectoderm), 1218 
bronchial mucosal epithelium (red arrow, endoderm); V-VIII. Spermatogenic cells (yellow arrow), 1219 
Leydig cells (red arrow), sperm (black arrow). 1220 
  1221 
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 1222 
Figure 4. RNA-seq analysis of PSCs and iMSCs reveals differential gene expression. A. Schematic 1223 
diagram showing the workflow for RNA-seq; B. Volcano plot displaying the distribution of 1224 
differentially expressed genes (DEGs). Genes with a log2|FC| > 1 and adjusted p-value < 0.05 are 1225 
considered significantly differentially expressed (upregulated genes are marked in red, downregulated 1226 
genes in blue); C. Gene Ontology (GO) enrichment analysis for upregulated and downregulated DEGs, 1227 
showing significantly enriched biological processes; D. KEGG pathway enrichment scatter plot. The X-1228 
axis represents the GeneRatio, and the Y-axis shows the KEGG pathways. The size of the points 1229 
corresponds to the number of DEGs enriched in each pathway, and the color gradient (red to blue) 1230 
represents the statistical significance (adjusted p-value), with redder colors indicating higher 1231 
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significance; E. Gene Set Enrichment Analysis (GSEA) of RNA-seq data, identifying enriched 1232 
biological pathways. The X-axis represents the ranking of genes between iPSCs and iMSCs, while the 1233 
Y-axis indicates the Enrichment Score (ES). The peak of the curve indicates where the gene set is most 1234 
enriched, with higher ES signifying stronger enrichment; F. Venn diagram showing the overlap of genes 1235 
enriched in two GSEA-identified pathways (KEGG_FOCAL_ADHESION and 1236 
KEGG_ECM_RECEPTOR_INTERACTION). These genes play crucial roles in both pathways; G. 1237 
Violin plot comparing the expression levels of common integrins in PSCs and iMSCs. The p-values 1238 
from the Wilcoxon test are shown in the figure; H. Heatmap displaying the expression of pluripotency 1239 
genes, MSC marker genes, and adhesion-related genes between PSCs and iMSCs. 1240 
  1241 
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 1242 
Figure 5. DPBS (Ca-Mg-) treatment rapidly modulates FAK signaling in iPSCs and iMSCs. A. 1243 
qPCR analysis of the expression levels of common pluripotency and integrin genes in iPSCs and iMSCs. 1244 
Data are presented as mean ± SEM from three independent experiments (n = 3), with statistical 1245 
significance determined using Student's t-test (*p < 0.05; **p < 0.01; ***p < 0.001); B. 1246 
Immunofluorescence images showing the expression of OCT4, SOX2, and ITGA6 in iPSCs and iMSCs. 1247 
Scale bars, 100 µm; C-D. Immunofluorescence images and quantitative analysis of p-FAK and FAK in 1248 
iPSCs and iMSCs before and after DPBS (Ca-Mg-) treatment. Quantification is based on five 1249 
independent experiments (n = 5), with data presented as mean ± SEM and analyzed using one-way 1250 
ANOVA, *p < 0.05; **p < 0.01; ***p < 0.001. Scale bars, 200 µm; E. Western blot showing the 1251 
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expression levels of p-FAK, FAK, and ITGA6 before and after DPBS (Ca-Mg-) treatment; F. 1252 
Quantification of p-FAK, FAK, and ITGA6 expression. Statistical analysis for p-FAK, FAK, and p-1253 
FAK/FAK ratios was performed using two-way ANOVA (n = 3), while ITGA6 expression was analyzed 1254 
using Student's t-test (n = 3). Data are presented as mean ± SEM, * compared with iPSCs, # compared 1255 
with iMSCs, $ compared with iPSCs: 30min (*/#/$ p < 0.05; **/##/$$ p < 0.01; ***/###/$$$ p < 0.001); 1256 
G. Schematic diagram illustrating the modulation of FAK signaling by DPBS (Ca-Mg-) treatment. 1257 
  1258 
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 1259 
Figure 6. Inhibition of FAK signaling in iMSCs weakens their resistance to DPBS (Ca-Mg-) 1260 
treatment. A. Schematic diagram illustrating the strategy for inhibiting FAK signaling in iMSCs using 1261 
the PF-562271; B-C. Immunofluorescence images and quantitative analysis of p-FAK and FAK 1262 
expression in iMSCs before and after FAKi treatment (n = 5). Data are presented as mean ± SEM, with 1263 
statistical comparisons between groups performed using Student's t-test (*p < 0.05; **p < 0.01; ***p < 1264 
0.001). Scale bars, 100 µm; D-E. Western blot analysis and quantification of p-FAK and FAK expression 1265 
in iMSCs before and after FAKi treatment (n = 3). Data are presented as mean ± SEM, with statistical 1266 
comparisons performed using Student's t-test (*p < 0.05; **p < 0.01; ***p < 0.001); F. Bright-field 1267 
images showing the morphology of iMSCs and FAKi-treated iMSCs before and after DPBS (Ca-Mg-) 1268 
treatment. Scale bars, 200 µm; G. Phalloidin fluorescence images showing the cytoskeleton structure of 1269 
iMSCs and FAKi-treated iMSCs before and after DPBS (Ca-Mg-) treatment. Scale bars, 100 µm; H. 1270 
Crystal violet staining images of iMSCs and FAKi-treated iMSCs before and after DPBS (Ca-Mg-) 1271 
treatment. 1272 
  1273 
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 1274 
Figure 7. Knockdown of OCT4 in iPSCs enhances their resistance to DPBS (Ca-Mg-) treatment. 1275 
A. Schematic diagram illustrating the knockdown of OCT4 in iPSCs using shOCT4; B. qPCR analysis 1276 
showing the expression differences in common pluripotency genes and integrin genes between iPSCs 1277 
and shOCT4-iPSCs. Data are derived from three independent experiments (n = 3) and are presented as 1278 
mean ± SEM. Statistical analysis was performed using Student's t-test (*p < 0.05; **p < 0.01; ***p < 1279 
0.001); C. Immunofluorescence images of OCT4 and ITGA6 in iPSCs and shOCT4-iPSCs. Scale bars, 1280 
100 µm; D-E. Immunofluorescence images and quantification of p-FAK and FAK expression in iPSCs 1281 
and shOCT4-iPSCs based on five independent experiments (n = 5). Data are presented as mean ± SEM, 1282 
with group comparisons performed using Student's t-test (*p < 0.05; **p < 0.01; ***p < 0.001). Scale 1283 
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bars, 200 µm; F-G. Western blot analysis and quantification of p-FAK, FAK, and ITGA6 expression in 1284 
iPSCs and shOCT4-iPSCs. Data are presented as mean ± SEM (n = 3), with component statistical 1285 
comparisons performed using Student's t-test (*p < 0.05; **p < 0.01; ***p < 0.001); H. Bright-field 1286 
images showing the morphology of iPSCs and shOCT4-iPSCs before and after DPBS (Ca-Mg-) 1287 
treatment. Scale bars, 200 µm; I. The ChIP-seq peaks of OCT4 in iPSCs. Peaks represent regions with 1288 
significant ChIP-seq enrichment, and the Y-axis shows ChIP-seq signal intensity (reads). X-axis 1289 
represents genomic coordinates. The highlighted region corresponds to the binding site of OCT4 to the 1290 
ITGA6 promoter region. For specific binding sites in this binding region, JASPAR was applied to 1291 
predict the site; J. Schematic diagram showing the regulation of ITGA6 transcription and translation by 1292 
OCT4. 1293 
  1294 
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 1295 
Figure 8. Knockdown or blocking of ITGA6 in iPSCs enhances their resistance to DPBS (Ca-Mg-) 1296 
treatment. A. Schematic diagram illustrating the knockdown or blocking of ITGA6 in iPSCs; B. 1297 
Immunofluorescence images of OCT4 and ITGA6 in iPSCs and shITGA6-iPSCs. Scale bars, 200 µm; 1298 
C. qPCR analysis of OCT4 and ITGA6 gene expression in iPSCs and shITGA6-iPSCs. Data from three 1299 
independent experiments (n = 3) are presented as mean ± SEM, with statistical analysis performed using 1300 
one-way ANOVA (*p < 0.05; **p < 0.01; ***p < 0.001); D-E. Western blot analysis and quantification 1301 
of p-FAK, FAK, and ITGA6 expression in iPSCs and shITGA6-iPSCs. Data (n = 3) are presented as 1302 
mean ± SEM, with component statistical comparisons performed using one-way ANOVA; F-G. 1303 
Immunofluorescence images and quantification of p-FAK and FAK expression in iPSCs and shITGA6-1304 
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iPSCs, based on five independent experiments (n = 5). Data are presented as mean ± SEM, and statistical 1305 
comparison was performed using one-way ANOVA (***p < 0.001); H. Bright-field images showing 1306 
iPSCs and shITGA6-iPSCs before and after DPBS (Ca-Mg-) treatment. Scale bars, 200 µm; I. Bright-1307 
field images showing iPSCs and ITGA6-blocked iPSCs before and after DPBS (Ca-Mg-) treatment. 1308 
Scale bars, 200 µm; J-K. Immunofluorescence images and quantification of p-FAK and FAK expression 1309 
in iPSCs and shITGA6-iPSCs, based on five independent experiments (n = 5). Data are presented as 1310 
mean ± SEM, and statistical comparison was performed using Student's t-test (***p < 0.001). 1311 


