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Abstract: This study examined the homing capacity of human induced pluripotent stem cell-derived endothelial 
cells (iPSC-ECs) and their response to chemotactic gradients of stromal derived factor-1α (SDF). We have previously 
shown that EC derived from murine pluripotent stem cells can home to the ischemic hindlimb of the mouse. In the 
current study, we were interested to understand if ECs derived from human induced pluripotent stem cells are ca-
pable of homing. The homing capacity of iPSC-ECs was assessed after systemic delivery into immunodeficient mice 
with unilateral hindlimb ischemia. Furthermore, the iPSC-ECs were evaluated for their expression of CXCR4 and their 
ability to respond to SDF chemotactic gradients in vitro. Upon systemic delivery, the iPSC-ECs transiently localized 
to the lungs but did not home to the ischemic limb over the course of 14 days. To understand the mechanism of 
the lack of homing, the expression levels of the homing receptor, CXCR4, was examined at the transcriptional and 
protein levels. Furthermore, their ability to migrate in response to chemokines was assessed using microfluidic and 
scratch assays. Unlike ECs derived from syngeneic mouse pluripotent stem cells, human iPSC-ECs do not home to 
the ischemic mouse hindlimb. This lack of functional homing may represent an impairment of interspecies cellular 
communication or a difference in the differentiation state of the human iPSC-ECs. These results may have important 
implications in therapeutic delivery of iPSC-ECs.
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Introduction

Ischemic cardiovascular diseases are a leading 
cause of death and disability in the United 
States [1]. Included in this category is periph-
eral arterial disease (PAD), affecting over 8 mil-
lion people in the US [2]. Usually due to athero-
sclerotic occlusive disease of the limb arteries, 
PAD causes intermittent claudication, ulcer-
ation, and gangrene. A key feature of PAD is 
dysfunction or damage to the vascular endo-
thelial cells (ECs) that regulate vascular tone, 
remodeling and angiogenesis. Despite the ben-
efits of pharmacotherapy or interventional 
approaches, improved therapies for PAD are 
needed. Cell-based approaches to revascular-
ize ischemic tissues are a promising approach. 

Although adult stem cell therapy has shown 
moderate improvement in limb perfusion and 
walking distance, a major limitation is the 
reduced number and impaired function of adult 
stem cells in patients with age and other cardio-
vascular risk factors [3, 4].

We have previously demonstrated that human 
induced pluripotent stem cells (iPSCs) are a 
potential source of autologous ECs for repair of 
PAD. We have found that iPSC-derived ECs 
(iPSC-ECs) manifest both the phenotype and 
function of mature ECs [5]. In mice with experi-
mentally induced hindlimb ischemia, the locally 
injected iPSC-ECs enhanced limb perfusion, 
incorporated into existing vasculature, and 
secreted angiogenic factors that promoted 
endogenous vessel formation [6].
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In the current study, we were interested to 
extend our characterization of human iPSC-ECs 
by assessing their capacity to home to isch-
emic tissue. Previously, we observed that sys-
temically delivered syngenic murine embryonic 
stem cell-derived ECs (ESC-ECs) were capable 
of homing to the site of ischemia after femoral 
artery ligation [7]. If human iPSC-ECs were also 
capable of homing, this would make therapeu-
tic application more feasible, by permitting 
intravenous delivery. 

Chemokines, including those comprising the 
CXC family, enhance angiogenesis by directed 
cell migration along a soluble concentration 
gradient. Stromal derived factor-1α (SDF, also 
known as CXCL12) is released by stromal cells 
at sites of ischemia and recruits bone marrow-
derived stem/progenitor cells bearing the 
CXCR4 receptor [8, 9]. The SDF-CXCR4 axis 
plays a prominent role in stem/progenitor cell 
trafficking, chemotaxis, engraftment, and ther-
apeutic angiogenesis. The importance of this 
axis is evident in embryonic development as 
CXCR-/- null mice display abnormal branching of 
the mesentery vessels hemorrhaging of the 
small intestines, suggesting that CXCR4 is 
required for normal vascularization of the small 
intestines and mesentery branching [10]. 
CXCR4 appears to be indispensable as CXCR4-/-  
null mice die shortly after birth [11]. 

Accordingly, in this study, we investigated the 
homing capacity of iPSC-ECs by evaluating their 
response to chemotactic gradients of SDF or 
VEGF. We show that iPSC-ECs express CXCR4n 
but do not respond to SDF signaling cues in 
vitro or in vivo.

Materials & methods

Cell culture

Human iPSCs (HUF5) were expanded on mouse 
embryonic fibroblasts in standard pluripotent 
stem cell media containing 10 ng/ml basic 
fibroblast growth factor. The iPSCs were differ-
entiated into iPSC-ECs by the formation of 
embryoid bodies, along with stimulation with 
vascular endothelial growth factor (VEGF) and 
bone morphogenetic protein-4 (BMP4), as 
described previously [6]. The iPSC-ECs were 
purified by fluorescence activated cell sorting 
(FACS) based on CD31 expression and charac-
terized as described in our previous publica-

tions [5, 6]. Human primary microvascular ECs 
(HMDECs, Lonza) were cultured in EGM-2MV 
endothelial expansion media (Lonza). Human 
Jurkat T lymphocytes (ATCC) were cultured in 
Roswell Park Memorial Institute medium (RPMI) 
with 10% fetal bovine serum.

Incorporation of acetylated low density lipopro-
tein (ac-LDL)

To confirm endothelial identity of the iPSC-ECs, 
we examined their ability to incorporate ac-LDL, 
which is a functional characteristic of ECs. The 
iPSC-ECs were incubated in fluorescently 
labeled ac-LDL in expansion media for 8 hours, 
before the media was rinsed with phosphate 
buffered saline. The samples were then fixed in 
4% paraformaldehyde and counterstained with 
Hoechst33342 before visualizing the samples 
using a Nikon Eclipse fluorescence micros- 
cope.

Immunofluorescence staining

Immunofluorescence staining of cells was car-
ried out by fixation in 4% paraformaldehyde, fol-
lowed by permeabilization in 0.5% Triton-X100, 
and then blocking in 1% bovine serum albumin 
(BSA). The primary antibodies consisted of 
CD31 (R&D Systems), vascular endothelial-cad-
herin (VE-cadherin, Santa Cruz Biotechnology), 
eNOS (BD Transduction Labs), and CXCR4 (R&D 
Systems). The primary antibodies were applied 
to the samples for overnight incubation, fol-
lowed by incubation with Alexafluor (Invitrogen) 
secondary antibodies. Total nuclei were stained 
with Hoechst33342 (Invitrogen). Fluorescence 
images were acquired on a Nikon Eclipse 
microscope.

Immunoblotting

BCA protein assay (Pierce), polyacrylamide gel 
electrophoresis (SDS-PAGE) and transfer to 
nitrocellulose membranes were performed as 
previously described [12]. The nitrocellulose 
membranes were incubated with CXCR4 
(Abnova), VE-cadherin (Abcam), or total actin 
(Sigma) antibodies. Horseradish peroxidase 
(HRP)-conjugated secondary antibodies were 
applied, and the proteins were visualized by an 
ECL Detection Kit (Amersham). Protein quanti-
ties were normalized by total actin abundance. 
Data was quantified using ImageJ software 
(NIH). Data was averaged out of 4 samples.
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Gene expression

Total RNA was isolated using the RNEasy Kit 
(Qiagen) with modifications, as described previ-
ously [12]. First strand DNA was synthesized by 
Superscript II reverse transcriptase (Invitrogen), 
and quantitative real-time PCR using 
VE-cadherin, eNOS, CXCR4, and GAPDH 
Taqman assays (Applied Biosystems) was per-
formed on a 7300 Real-Time PCR system 
(Applied Biosystems). Relative fold change 
gene expression was calculated using the ΔΔCt 
method and normalized to GAPDH housekeep-
ing gene. 

FACS

Cells were dissociated using accutase (Sigma) 
and then passed through a 70 µm cell strainer. 
Cells were then blocked in 1% BSA before incu-
bating with R-phycoerythrin (PE)-labeled CXCR4 
antibody (R&D Systems). Isotype-matched Abs 
served as negative controls (Ebioscience). The 
cells were sorted using a FACS Aria (BD 
Biosciences) cell sorter.

Genetic modification of iPSC-ECs for biolumi-
nescence imaging

For non-invasive tracking in vivo, the iPSC-ECs 
were genetically modified with a lentiviral con-
struct encoding a ubiquitin promoter driving 
firefly luciferase (Fluc) and enhanced green flu-
orescence protein as described previously [7]. 
The transduced cells were purified by using 
FACS based on positive GFP expression and 
then expanded in EGM-2MV expansion media. 

Systemic delivery and tracking of iPSC-ECs in 
vivo

C57Bl/6J mice (7-9 months old) were anesthe-
tized under constant isoflurane. Unilateral 
hindlimb ischemia was induced by ligating and 
excising the femoral artery, as described previ-
ously [5, 13]. For systemic delivery of cells, a 
two-centimeter-long anterior midline cervical 
incision was made. The right external jugular 
vein (EJV) was exposed from the clavicle. Two 
6-0 prolene sutures were loosely tied immedi-
ately distal to the right subclavian vein and 
proximal to the EJV bifurcation. The sutures 
were attached to hemostatic clips that could be 
raised, allowing the EJV to be temporarily 
occluded. Using a 28-gauge syringe, the biolu-

minescent iPSC-ECs (5X105 cells in 150 µl PBS) 
were injected into the EJV (n=6). Both the proxi-
mal and distal EJV were ligated immediately to 
prevent excessive bleeding. The incision site 
was then closed using 5-0 vicryl sutures. To 
track iPSC-EC homing and survival over the 
course of 14 days, D-luciferin (375 mg/kg body 
weight) was administered by intraperitoneal 
injection and animals imaged on an IVIS-
Spectrum (Xenogen) machine. All animal proce-
dures were approved by the Administrative 
Panel on Laboratory Animal Care at Stanford 
University.

Microfluidic device fabrication and chemotaxis 
assays

Microfluidic devices were fabricated using stan-
dard soft lithography and micro-molding tech-
niques at the Stanford Microfluidics Foundry 
clean room. The devices were made by pouring 
polydimethyl siloxane (PDMS) (Sylgard 184 
Silicone elastomer kit) onto the silicon mold 
and baking in the oven for 1 hour. Inlets and 
outlets to the cell culture chamber and reagent 
channels were punched using a tin-coated hole 
puncher, and the devices bonded irreversibly 
onto glass slides by treatment with oxygen 
plasma.

The cell culture chamber was adsorbed with 
fibronectin overnight (10 µg/mL) and rinsed 
three times with media. HMDECs or iPSC-ECs 
were suspended (500,000 cells/mL) in EGM-
2MV, modified with reduced (5%) fetal bovine 
serum and without growth factor supplements. 
The cells were injected into the cell culture 
chamber, and allowed to adhere for 3 hours. By 
supplying media spiked with VEGF (50 ng/ml) 
or human SDF1α (hSDF; 125 ng/ml, Peprotech) 
into the source reagent channel, and assay 
media into the sink reagent channel (flow rate = 
0.6 mL/hr), a stable linear gradient of growth 
factors is formed across the cell culture cham-
ber. In some experiments, hSDF was added to 
the source channel at much higher concentra-
tions of 1000 ng/ml. The stability of the linear 
gradient in this microfluidic device was charac-
terized previously [14].

To track migrating cells, a time-lapse video 
microscopy system (Zeiss) equipped with an 
incubator to control temperature and CO2 (set 
to 37°C and 5% CO2 respectively) was used. 
Cells were imaged every 15 minutes for 24 
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hours, and tracked using ImageJ mTrackJ plu-
gin. Cell migration was determined by tracking 
the center of each cell nucleus over time. 
Chemotactic Index was defined to be the ratio 
of the net distance a cell migrates in the direc-
tion of the gradient to the total length of the cell 
track. At least 56 cells were quantified in total 
for each condition.

The distribution of the chemotactic indices 
within each group was determined to be 
Gaussian using Prism (GraphPad). Directional 
histograms of migrating cells were generated 
using Chemotaxis Tool freeware (Ibidi), which 
generates a smoothed histogram for the num-
ber of cells migrating within a specific angular 
trajectory (in bins of 10°).

Wound healing scratch assay

The iPSC-ECs were cultured in EGM-2MV within 
silicone inserts with defined wound area (Ibidi) 
between two adjacent chambers. Upon conflu-
ency, the silicone chambers were detached 
using forceps, and the cells were switched to 
EGM-2MV media, modified with reduced (5%) 
fetal bovine serum and no growth factor sup-
plements. VEGF (20 ng/ml), hSDF (150-500 
ng/ml), or murine SDF (mSDF, 150 ng/ml, 
Peprotech) were then added to the media. 
Images of the wound area were taken at 0 and 
24 hours using brightfield exposure and then 

analyzed for the area between edges of the 
wound (ImageJ). The percent scratch closure is 
defined as [15]:

Data was averaged over four independent 
experiments.

Statistical analysis

Data are shown as mean ± standard deviation, 
unless otherwise stated. For microfluidic migra-
tion analysis, the median and interquartile 
ranges are shown. 

Statistical analysis between multiple groups 
was performed by analysis of variance (ANOVA) 
with the Tukey adjustment. Statistical signifi-
cance was accepted at P<0.05.

Results

Characterization of iPSC-ECs for endothelial 
phenotype

The iPSC-ECs have been extensively character-
ized in our previous publications [5, 6]. To con-
firm the endothelial identity of the iPSC-ECs, we 
showed that the iPSC-ECs uniformly express 
endothelial phenotypic markers CD31, VE- 
cadherin, and eNOS, as shown by the immuno-

Figure 1. Characterization of iPSC-ECs. The iPSC-ECs express known endothelial markers including CD31 (A), VE-
cadherin (VE-cad, B), and eNOS (C), and incorporate acetylated low density lipoprotein (ac-LDL) (D). Gene expression 
analysis of VE-cad (E) and eNOS (F). Scale bar: 50 µm.

Scratch Closure (%) [1
Wound Area (t 0 h)

Wound Area (t 24 h)
] X100= -

=

=
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fluorescence images in Figure 1A-C. 
Furthermore, they could incorporate ac-LDL 
(Figure 1D). We further verified the expression 
of VE-cadherin and eNOS at the transcriptional 
level by demonstrating >100-fold higher 
expression in iPSC-ECs, when compared to the 
parental iPSCs, reaching levels similar to those 
of HMDECs (Figure 1E and 1F).

Localization and survival of systemically deliv-
ered iPSC-ECs

Based on our previous work demonstrating that 
murine syngenic embryonic stem cell-derived 

ECs (ESC-ECs) localize to the ischemic limb 
upon systemic delivery [7], we evaluated 
whether human iPSC-ECs could also home to 
the site of ischemic injury. We genetically modi-
fied the cells with a lentiviral construct to 
enable non-invasive cell tracking using biolumi-
nescence imaging (Figure 2A). We and others 
have previously shown a linear correlation 
between bioluminescence intensity and cell 
number, which enables semi-quantification of 
cell numbers in vivo. Bioluminescence imaging 
demonstrated that, after intravenous delivery, 
the cells were transiently lodged in the lungs, 

Figure 2. Localization and survival of iPSC-ECs after intravenous delivery. A. Lentiviral construct for bioluminescence 
imaging. B. Upon systemic delivery, the bioluminescent iPSC-ECs lodged in the lungs and did not home to the isch-
emic hindlimb.

Figure 3. Protein expression of CXCR4 in HMDECs, iPSC-ECs, and parental iPSCs. A. Representative immunoblots. 
B. Quantification of protein expression. **<P.005.
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as we had previously observed using ESC-ECs 
(Figure 2B). However, in contrast in our previ-
ous studies that demonstrated subsequent 
homing of murine ESC-ECs to the ischemic 
limb, the iPSC-ECs did not home to the isch-
emic limb after 14 days, and the signal over the 
lungs disappeared, indicating loss of viability of 
the injected cells. 

Localization and expression of CXCR4 in iPSC-
ECs

To understand the mechanism for the lack of 
homing capacity of human iPSC-ECs, we evalu-
ated the expression of CXCR4, the main recep-
tor that binds to the chemoattractant SDF. 
Comparison of CXCR4 at the mRNA level indi-
cated 1000-fold reduction of CXCR4 in iPSC-

ECs by comparison to HMDECs, and 100-fold 
reduction in comparison to the parental iPSCs 
(**P<0.05). Despite the significantly lower level 
of mRNA transcript, the protein expression of 
CXCR4 in the iPSC-ECs was similar to that of 
HMDECs (Figure 3A and 3B). 

To elucidate the cellular localization of CXCR4, 
we performed immunofluorescence staining 
and subsequent FACS for CXCR4. Based on 
immunofluorescence staining, CXCR4 was 
prominently expressed intracellularly within 
iPSC-ECs, HMDECs, as well as iPSCs (Figure 
4A). To evaluate cell surface expression of 
CXCR4, we performed FACS. To our surprise, 
both iPSC-ECs as well as HMDECs expressed 
no or extremely low (1%) yields of CXCR4 on 
their surface (Figure 4B). In contrast, 96% of 

Figure 4. Localization of CXCR4. Immunofluorescence staining (A) and fluorescence activated cell sorting (B) of 
CXCR4. Scale bar: 50 µm.
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the Jurkat T lymphocytes (positive cell type con-
trol) showed CXCR4 expression, ruling out the 
possibility of technical error. The percentage of 
iPSCs having CXCR4 surface expression was 
9%, which is consistent with the reported low 
expression levels found in undifferentiated plu-
ripotent stem cells [16]. Together, these data 
suggested that CXCR4 intracellular protein 
expression was abundant in iPSC-ECs, but not 
on the cell surface.

Chemotactic response of iPSC-ECs to SDF 
gradients

Since CXCR4 is the receptor for SDF, we next 
determined whether the iPSC-ECs could 
respond to SDF chemotactic gradients. We cre-
ated quantitative SDF gradients using a micro-
fluidic device in which the SDF source channel 
and sink channels created a linear gradient 
across the cell culture chamber. Using 

Figure 5. Chemotaxis of iPSC-EC in response to SDF and VEGF. A. Individual cell tracks are plotted, beginning from 
their origin (0,0). The number of cells migrating towards (red tracks) or away from (black tracks) the chemokine is 
given for each condition. B. Corresponding angular histogram plots. P values are indicated. C. Chemotactic index of 
iPSC-EC migration indicates chemotaxis towards VEGF (20 ng/ml) but not towards hSDF (125 ng/ml) after 24 hours. 
Median and interquartile range are shown. D. Scratch assay revealed enhancement of wound closure by VEGF, but 
not by hSDF or mSDF. **P<0.005, *P<0.05.
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timelapse microscopy and migration analysis 
software, we could quantitatively track the 
direction and magnitude of cell migration 
across the gradient. In support of our FACS and 
immunostaining results demonstrating the lack 
of CXCR4 at the cell surface, we did not observe 
chemotaxis in response to hSDF gradients, 
when compared to the negative control group 
in the absence of an hSDF gradient, based on 
cell tracking maps and their corresponding 
angular histogram plots (Figure 5A and 5B). As 
a positive assay control, the chemokine VEGF 
did stimulate iPSC-EC migration along increas-
ing VEGF concentrations, as is expected of ECs. 
We further quantified these results in the mea-
surement of the chemotactic index as a mea-

sure of the accuracy of chemotaxis. The chemo-
tactic indices for hSDF and the control groups 
were dispersed with a median value close to 0, 
suggesting no uniform directional movement 
along the concentration gradient (Figure 5C). In 
contrast, the chemotactic index for the VEGF 
group was +0.1, suggesting a significant direc-
tional movement up the concentration gradient 
(P<0.005). 

We further verified these microfluidic experi-
ments using a two-dimensional scratch assay. 
Here, hSDF did not statistically enhance clo-
sure of the wound (Figure 5D), even at higher 
concentration levels of 1000 ng/ml (Figure S1). 
By contrast, VEGF significant enhanced wound 

Figure 6. Chemotaxis of HMDEC in re-
sponse to SDF. A. Individual cell tracks are 
plotted, beginning from their origin (0,0). 
The number of cells migrating towards 
(red tracks) or away from (black tracks) 
the chemokine is given for each condition. 
B. Corresponding angular histogram plot. 
P values are indicated. C. Chemotactic 
index indicates that VEGF (20 ng/ml), but 
not hSDF (125 ng/ml) stimulates HMDEC 
chemotaxis after 24 hours. Median and in-
terquartile range are shown. **P<0.005.
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closure (P<0.05). To further verify whether 
there may be species-related discrepancies 
that could account for the lack of homing of 
iPSC-ECs to ischemic murine tissue in vivo, we 
also performed similar experiments using 
mSDF, demonstrating that neither mSDF nor 
hSDF induced enhanced wound healing 
closure. 

Chemotactic response of HMDECs to SDF 
gradients

Based on these data, we wondered whether 
the iPSC-ECs were impaired, or if the loss of 
homing might be a feature of more mature 
HMDECs. Accordingly, we utilized the same 
assays of chemotaxis response in HMDECs. 
Similar to the iPSC-ECs, the HMDECs did not 
migrate in response to hSDF, based on cell 
migration tracks and the corresponding angular 
histogram plots (Figure 6A and 6B). In contrast 
to hSDF, VEGF gradients stimulated a signifi-
cant chemotactic gradient in the positive direc-
tion, suggesting that VEGF promoted direction-
al movement up the concentration gradient 
(Figure 6C).

Discussion

The salient findings of this study are: 1) iPSC-
ECs express abundant CXCR4 protein intracel-
lularly, but not on the cell surface; 2) systemi-
cally delivered iPSC-ECs did not home to the 
site of hindlimb ischemia in vivo; and 3) iPSC-
ECs did not respond to chemotactic gradients 
of SDF using a microfluidic approach or a wound 
healing scratch assay. Although these respons-
es are different than those observed in syngen-
ic ESC-ECs, they resemble the response of 
mature human ECs to the same stimuli.

To date there are limited studies that have 
examined the expression of CXCR4 and/or SDF 
on pluripotent stem cell-derived ECs, and the 
reported results have been inconsistent.
Blancas et al. reported that murine ESC-ECs 
did not express CXCR4 on the cell surface 
based on flow cytometry analysis [17]. In con-
trast, Chen et al. showed that the ESC-ECs 
expressed CXCR4 on the cell surface as well as 
in the intracellular space, and could respond to 
SDF chemotaxis by the Boyden chamber assay 
[18]. However, the seemingly contradictory find-
ings between Chen et al. and the present study 
can be attributed to the difference in the matu-

ration of their ESC-ECs, in comparison to our 
iPSC-ECs. Rather than purifying the ESC-ECs 
using a mature endothelial marker such as 
VE-cadherin, the authors selected for cells 
expressing a progenitor marker (CD34) that is 
abundantly expressed on endothelial progeni-
tor cells and hematopoietic stem cells. After 
conditioning the CD34+ cells with endothelial-
inducing factors, the CD34+ cells co-expressed 
CD31 and were termed ESC-ECs. The authors 
further demonstrated the plasticity of CD34+ 
cells to commit to hematopoietic lineages that 
were CD45+ and formed colony forming units 
in methylcellulose. Therefore, it is likely that the 
cell population defined by the authors as ESC-
ECs are at a less mature stage than our iPSC-
ECs, and thus resembled progenitor cells that 
may have homing capacity. 

Various reports suggest that SDF-CXCR4 sig-
naling stimulates chemotaxis of primary ECs. 
The biological effects begin with binding of SDF 
to CXCR4 or CXCR7, forming CXCR4 homodi-
mers or CXCR4/CXCR7 heterodimers. CXCR4 is 
then by internalized by G-protein-coupled 
receptor kinases with subsequent binding of 
β-arrestin [19]. CXCR4 increases chemotaxis 
and cell survival by activating downstream sig-
naling cascades including AKT, protein kinase 
C, and phosphoinositide 3-kinase [20, 21]. 
CXCR4 then traverses through endosomes 
before being recycled back to the cell surface. 

Normal human ECs express CXCR4 at the tran-
scriptional and protein levels, and could 
respond to SDF chemotactic gradients [22-24]. 
In contrast, we observed abundant intracellu-
lar, but not cell surface protein expression. 
Furthermore, our HDMECs did not respond to 
SDF but responded to VEGF with chemotaxis as 
expected. The cytoplasmic localization of 
CXCR4 in the iPSC-ECs suggests receptor inter-
nalization. One potential mediator of this pro-
cess in iPSC-ECs is CXCR7, which is known to 
negatively regulate CXCR4 expression by affect-
ing downstream signaling pathways as well as 
by blocking CXCR4 binding to SDF [25]. CXCR7 
and its agonists induce CXCR4 internalization 
and subsequent degradation [26, 27]. 
Therefore, it is possible that CXCR7 may be 
highly expressed in both the iPSC-ECs as well 
as HMDECs, leading to a reduction in CXCR4 
cell surface receptor as well as sequestration 
of SDF away from CXCR4.
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In summary, we have demonstrated that sys-
temically delivered iPSC-ECs failed to home to 
the site of tissue ischemia. This is in contrast to 
previous results using murine ECs derived from 
syngenic ESCs. Unlike ECs derived from synge-
neic mouse pluripotent stem cells, human 
iPSC-ECs do not home to the ischemic mouse 
hindlimb. This lack of functional homing may 
represent an impairment of interspecies cellu-
lar communication or a difference in the differ-
entiation state of the human iPSC-ECs. These 
results may have important implications in 
therapeutic delivery of iPSC-ECs.
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Figure S1. Lack of chemotaxis to high dose SDF. A. Individual cell tracks are plotted, beginning from their origin 
(0,0). The number of cells migrating towards (red tracks) or away from (black tracks) the chemokine is given for each 
condition. B. Corresponding angular histogram plot. P values are indicated. C. Chemotactic index indicates lack of 
chemotaxis towards hSDF (500 ng/ml) after 24 hours. Median and interquartile range are shown. D. Confirmation 
by scratch assay that hSDF does not stimulate chemotaxis in iPSC-EC.


