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SUMMARY
Eosinophils are attractive innate immune cells to use to potentiate Tcell antitumor efficacy because they are capable of infiltrating tumors at

early stages and modulating the tumor microenvironment. However, the limited number of functional eosinophils caused by the scarcity

and short life of primary eosinophils in peripheral blood has greatly impeded the development of eosinophil-based immunotherapy. In this

study,we established an efficient chemically definedprotocol to generate a large quantity of functional eosinophils fromhumanpluripotent

stem cells (hPSCs) with nearly 100% purity expressing eosinophil peroxidase. These hPSC-derived eosinophils transcriptionally resembled

their primary counterpart. Moreover, hPSC-derived eosinophils showed competent tumor killing capacity in established solid tumors.

Furthermore, the combinationof hPSC-derived eosinophilswithCAR-Tcells exhibitedpotential synergistic effects, inhibiting tumor growth

and enhancingmouse survival. Our studyopens upnewavenues for the development of eosinophil-based immunotherapies to treat cancer.
INTRODUCTION

Adaptive T cell therapy has made breakthroughs in hemato-

logic malignancies (Guedan et al., 2019). However, it still re-

mains challenging for solid tumor treatment because of the

barrier that prevents T cells from infiltrating the tumor and

the immunosuppressive microenvironment (Majzner and

Mackall, 2019). Increasing studies have demonstrated that

innate immune cells play crucial roles in inducing the

Tcell immunity response and regulating the tumormicroen-

vironment, which makes them promising innate immune

cells for potentiating T cell antitumor efficacy (Demaria

et al., 2019).

Among the different innate immune cell types, eosino-

phils are attractive immune effector cells because of their

potential for improving immunotherapies. Eosinophils

possess the unique advantage of quickly infiltrating tumors

in the early response (Carretero et al., 2015; Reichman

et al., 2016). After infiltration of tumors, eosinophils ex-

press multiple chemokine and alarmin receptors that allow

them to orchestrate antitumor immunity from the

following different aspects: first, infiltrated eosinophils

could enhance the infiltration of antigen-specific T cells

into the tumors (Carretero et al., 2015); second, they can

regulate the tumor microenvironment with antitumori-

genic properties; and third, they can produce dendritic

cell and T helper cell chemoattractants (Rosenberg et al.,

2013). Aside from the above studies in the mouse model,

an increasing number of clinical studies show that the
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high efficiency of eosinophil infiltration of tumors corre-

lates with a better prognosis in certain solid tumors (Geb-

hardt et al., 2015; Prizment et al., 2016; Weide et al.,

2016). Moreover, eosinophils display antitumorigenic ac-

tivity in vitro that is mediated by secretory granules

(Spencer et al., 2014). The above studies have demon-

strated that eosinophils hold great promise as a new type

of immunotherapeutic cell for cancer treatment.

To develop eosinophil-based immunotherapy, oneprereq-

uisite is to generate a large number of functional human eo-

sinophils. However, eosinophils are present in rather low

numbers in peripheral blood, representing less than 3% of

the total population of leukocytes (Weller and Spencer,

2017), and their half-life is comparatively short, ranging

from 18 h to several days (Rosenberg et al., 2013). To resolve

the shortage problem of functional eosinophils, one prom-

ising strategy is to generate unlimited numbers of functional

mature eosinophils from human pluripotent stem cells

(hPSCs).

In this study, we describe a highly efficient, chemically

defined approach designed for just this purpose, based on

ourpreviouslydevelopedprotocol forgeneratinghematopoi-

etic progenitor cells (HPCs) (Wang et al., 2012). We further

show that these cells are able to directly kill various human

tumorcellsboth invitroand in vivoanddemonstratepotential

synergistic efficacy in suppressing established tumors by

combining with CAR-T cells. Therefore, these hPSC-derived

eosinophils could prove to be critical for the development

of new strategies to facilitate cancer immunotherapy.
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RESULTS

Efficient differentiation of eosinophils from human

embryonic stem cells

The present protocol to generate eosinophils from human

embryonic stem cells (hESCs) (H1) is modified from our

previous study that produced HPCs from hPSCs (Wang

et al., 2012). In our present method, we generated eosino-

phils in the order mesodermal progenitors, hemogenic

endothelial cells, and HPCs using the specified differentia-

tion media (Figure 1A).

We first monitored the generation of eosinophils from

HPCs. CD34+CD45+ HPCs were generated and expanded

from differentiation day 12 (E0) to differentiation day 16

(E4). These cells then gradually lost the expression of

CD34 and became nearly completely CD34�CD45+ he-

matopoietic cells on E20 (Figure S1A). In the meantime,

we traced the expression of the eosinophil-specific

marker eosinophil peroxidase (EPX), which showed the

earliest production of EPX+ cells on E4 (Figures 1B and

1C). On E20, 98% of cells in the final culture of differen-

tiation were EPX+ cells (Figures 1B and 1C). Consistent

with this, we found that the percentage of SSChigh cells

gradually increased from 21.5% to 94.3% between E0

and E20, indicating a maturation of eosinophils with

increasing level of cellular complexity (Figure S1B). We

further analyzed the mature eosinophils and found that

these cells expressed the active and mature eosinophil

markers (Figure 1D). In addition, we further confirmed

the expression of eosinophil-specific genes with immu-

nostaining (Figures S1C and S1D). In parallel, basophil-

specific genes could not be detected from E0 to E20 by im-

munostaining or RNA sequencing (RNA-seq) (Figures S1D

and S1E). We next performed Giemsa staining and elec-

tron microscopy to further characterize these EPX+ cells.

These cells displayed the typical features of eosinophils,

possessing bilobed nuclei and abundant granules in the

cytoplasm (Figure 1E). The granules of these cells were

highly electron dense, consistent with the characteristics

of granular proteins (Figure 1F). Eosinophils were gener-

ated at approximately 1,000-fold, that is, nearly 1,000 eo-

sinophils were generated from a single initiating hESC

(Figure 1G). Taken together, these results indicated that

we successfully established a protocol that robustly

generated eosinophils from hESCs with a high level of

purity.

Transcriptional analysis of hESC-derived eosinophils

We next investigated the transcriptional fidelity of the

eosinophil differentiation by conducting RNA-seq studies.

Hierarchical clustering revealed that hESC-derived

eosinophils (E20) clustered closely with primary naive

eosinophils, and the differentiation process involved a
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PSC-to-eosinophil transition with a stage-specific clus-

tering pattern (Figures 2A and 2B). Key eosinophil develop-

mental regulators, such as the transcription factors CEBPA,

CEBPE, SPI1, andGATA1 (Reichman et al., 2016) and the re-

ceptors IL5RA, CSF2RB, ADGRE1, and CD52 (Davis and

Rothenberg, 2014), showed a gradual increase in expres-

sion from H1 to D32 (E20) eosinophils. Notably, the

expression of the maturation marker Siglec-8 (Rosenberg

et al., 2013) was induced only at the later stages (Figure 2B).

Compared with H1 cells, D32 (E20) eosinophils possessed

high levels of the granular proteins EPX, RNASE2, RNASE3,

PRG2, and PRG3, which are known to play pivotal roles in

eosinophil cytotoxicity (Acharya and Ackerman, 2014)

(Figure 2B). hPSC-derived eosinophils exhibited high

expression levels of IL5RA, CD244, and ITGB2 (CD11b) in

the later stages (Figure 2B), of which CD244 can enhance

antitumor effects by mediating eosinophil and natural

killer cell degranulation (Lee et al., 2006). Impressively,

the above genes were expressed in E20 hESC-derived cells

at a level comparable to that seen in cord-blood-derived

naive eosinophils.

To further confirm eosinophil-specific gene expression in

thedifferentiated cells,weperformed real-timeqPCRon the

induced cells on days 0 (H1), 12 (E0), 28 (E16), and 32 (E20)

and on primary naive eosinophils (CB-E), and found that

they exhibited high expression levels of EPX, PRG2, PRG3,

RNASE2,RNASE3, and IL5RA in the later stages, comparable

to primary naive eosinophils (Figure 2C).

We next performedGeneOntology (GO) term and KEGG

pathway analyses on the RNA-seq data. The most upregu-

lated GO terms and pathways in day 32 (E20) eosinophils

are shown in Figure 2D. As the results show, several path-

ways that are characteristic of innate immune responses

were highly expressed in our induced eosinophils. In addi-

tion, these cells were highly associated with the terms

‘‘lysosome’’ and ‘‘lysosomal membrane,’’ both of which

are features of cells with large numbers of excretory gran-

ules. Taken together, the gene expression profiling strongly

suggests a conversion of hESCs to fully competent

eosinophils.

Functional assessment of the in vitro tumoricidal

activity of hESC-derived eosinophils

We next assessed the tumoricidal properties of the hESC-

derived eosinophils against three tumor cell lines:

HCT116 (human colorectal carcinoma),MDA-MB-231 (hu-

man breast adenocarcinoma), and HepG2 (human hepato-

cellular carcinoma).

The H1-derived eosinophils exerted significant tumor-

icidal activity toward these tumor cells. Our data

showed that H1-derived eosinophils showed compe-

tence in lysis ability of 40%–60% at 1:1 effector-to-

target ratio, which was comparable to that of naive



Figure 1. Efficient generation of eosinophils from hESCs
(A) Experimental schematic for the differentiation of hESCs into eosinophils.
(B) Representative flow plots from four independent experiments showing the generation of EPX+ cells during eosinophil induction from E0
to E20.
(C) Percentage of EPX+ cell population during the eosinophil induction process from starting H1 cells (n = 4 independent experiments).
Data shown as the mean value ± SD.
(D) Representative flow plots from three independent experiments showing staining for the indicated surface marker on H1-derived
eosinophils recovered on E20.
(E) Giemsa staining of induced cells recovered on E20. Scale bar, 20 mm.
(F) Electron microscope image of induced cells recovered on E16. Scale bar, 2 mm.
(G) Representative eosinophil yield at E16 from one H1 initiated cell (n = 3 independent experiments). Data shown as mean value ± SD.
See also Figure S1.
eosinophils (Figures 3A–3C). However, we did not

observe the cytotoxicity of hPSC-derived eosinophils

on human mesenchymal stem cells, human embryonic

fibroblasts, or human umbilical vascular and endothe-

lial cells (Figure S2A). These data demonstrate that

hESC-derived eosinophils possessed highly specific

cytotoxicity against tumor cells in vitro.

Functional assessment of the in vivo tumoricidal

activity of hESC-derived eosinophils

To determine whether our hESC-derived eosinophils were

capable of infiltrating tumors,wefirst injectedH1-derived eo-

sinophils into immunodeficient NPG mouse recipients that
were preconditioned with human tumors formed by

HCT116 cells by subcutaneous transplantation, and then

analyzed the tumors at48hafter eosinophil injection. Immu-

nohistochemistry revealed that hESC-derived eosinophils

(EPX+ cells) infiltrated tumors (Figures S2B–S2D). By using

flow cytometry analysis, we detected an apparent human

CD45+ cell population inside the tumors (Figure S2E), indi-

cating that hESC-derived eosinophils are able to infiltrate tu-

mors. Further, we tested the infiltration of hPSC-derived eo-

sinophils in main organs and tissues, and the data showed a

few hPSC-derived eosinophils detected in the spleen, but

not in brain, heart, liver, lung, kidney, intestine, or colon

(Figure S2F).
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Figure 2. Transcriptional analysis of H1-derived eosinophils
(A) Dendritic hierarchical clustering of global gene expression of H1 cells and induced cells harvested on E0, E4, E8, E12, E16, and E20.
Cord-blood-derived naive eosinophils (CB-E) were used as a positive control. Notably, the cells on E0 were sorted for CD34+ cell population
for transcriptional analysis, while the whole cell culture was collected for transcriptional analysis on E4, E8, E12, E16, and E20. For cells at
each time point, duplicate experiments were performed.
(B) Heatmaps of indicated gene expression, including cytotoxicity mediators, immune active modulators, developmental regulators,
endothelium genes, and pluripotency genes in H1, CB-E, and induced cells harvested on E0, E4, E8, E12, E16, E20, and CB-E based on Z
score from FPKM.
(C) Real-time qPCR analysis of key eosinophil gene expression in cells recovered on D0, E0, E16, and E20. Cord-blood-derived naive eo-
sinophils (CB-E) were used as a positive control (n = 2). Data are shown as mean value ± SD. Similar results were obtained in three in-
dependent experiments.
(D) GO term and KEGG analysis showing GO terms and KEGG pathways that were upregulated in H1-derived eosinophils collected on E20
compared with H1.
We next investigated the in vivo antitumor activity of the

hESC-derived eosinophils. We first inoculated tumor cells

(HCT116) into immunodeficient NPG mouse recipients

to establish tumor-xenograft models. Then we injected

H1-derived eosinophils into the tumor-bearing mice (Fig-

ure 3D). As the bioluminescence imaging showed, the in-

jection of eosinophils significantly inhibited tumor growth

inHCT116-tumor-bearingmice (Figure 3E). The eosinophil

infusion evidently prolonged the median survival time of

the HCT116-tumor-bearing mice compared with the un-

treated group (Figure 3F). In addition, the infusion of eosin-
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ophils significantly suppressed tumor growth (Figure S2G)

and prolonged the median survival time of MDA-MB-231-

tumor-bearing mice (Figure S2H). Taken together, these re-

sults demonstrate that hESC-derived eosinophils possess

tumoricidal properties in vivo.

Next, we evaluated the tumoricidal efficacy of hESC-

derived eosinophils in established tumors. HepG2 cells

were injected into each mouse and 60–70 mm3 tumors

were established on day 7 (Figures 4A and S2I). hESC-

derived eosinophils were injected into tumor-bearing

mice at the 7- and 10-day timepoints (Figure 4A).We found



Figure 3. Potent cytotoxicity of hESC-
derived eosinophils against solid tumors
in vitro and in vivo
(A–C) Cytotoxicity of the H1-derived eosin-
ophils (H1-E) and cord-blood-derived eosin-
ophils (naive-E) toward HCT116 (A), MDA-
MB-231 (B), and HepG2 (C) target cells at the
indicated effector-to-target ratios (n = 3).
The lysis rate of target cells is shown as the
mean percentage value ± SD. n = 3 inde-
pendent experiments.
(D) Schematic depicting the in vivo tumor
assay.
(E) The HCT116 tumor cell burden of each

group measured on the indicated days after tumor cell injection, as shown by bioluminescence imaging (n = 5 for control group; n = 4 for
HCT116+E group). Statistical significance was assessed using two-tailed ANOVA, where *p < 0.05 and ***p < 0.001; data shown as mean
values ± SEM.
(F) Kaplan-Meier curve representing the percentage survival of the experimental groups in the HCT116-xenograft mouse models (n = 5 for
control group; n = 4 for HCT116+E group). Statistical analyses were calculated using log-rank (Mantel-Cox) test, where *p < 0.05.
See also Figure S2.
that the injection of hESC-derived eosinophils signifi-

cantly inhibited the tumor growth (Figures 4B and 4C).

Similarly, hESC-derived eosinophils also exhibited signifi-

cant tumor inhibition effects on HCT116 colorectal carci-

noma (Figure S2J). We further detected the safety of

hPSC-derived eosinophils in main organs or tissues by he-

matoxylin and eosin staining after injecting different doses

of hPSC-derived eosinophils. No abnormal morphology

was observed at the doses we tested (Figure S3A). Taken

together, these data demonstrate that hESC-derived eosin-

ophils possess competent cytotoxic effects suppressing tu-

mor growth in established solid tumors.
hESC-derived eosinophils enhanced tumor killing

capacity of CAR-T cells in vivo

CAR-T cells may lose their antitumor effects against solid tu-

mors due to inactivation of CAR-T cells induced by the im-

mune-suppressive microenvironment (Newick et al., 2017).

We next studied whether hESC-derived eosinophils could

facilitate CAR-Tcell antitumor efficiency in established solid

tumors. We generated CAR-T cells through transduction of

the HER2 CAR gene into peripheral blood T cells (Figures

S3BandS3C).Then,we injected the cells into the established

tumor-bearingmice divided into three experimental groups:

CAR-T cells alone, hESC-derived eosinophils alone, and the

combination of hESC-derived eosinophils and CAR-T cells

(Figure 4D). The results showed that all three experiment

groups significantly inhibited tumor growth in HCT116 tu-

mor-bearing mice compared with the control group (Fig-

ure 4E). These three experiment groups apparently extended

the survival time of the HCT116-tumor-bearing mice

compared with the control group (Figure 4F). In particular,

we found that the combination of CAR-T cells and hESC-
derived eosinophils exhibited better antitumor effects

against established tumors than CAR-T cells alone or hESC-

derived eosinophils alone (Figures 4E, 4F, and S3D). Taken

together, these results indicate a potential synergy of action

when both eosinophils and CAR-T cells are used together.

Efficient differentiation of functional eosinophils

from human iPSCs

We also generated EPX+ eosinophils from human induced

pluripotent stem cells (iPSCs) (Figure S4A and S4E). Real-

time qPCR showed that the induced cells at E20 displayed

upregulation of eosinophil-specific genes compared with

iPSCs (Figures S4B and S4F). Human iPSC-derived eosino-

phils also exhibited potent tumor killing capacity on

HepG2 and HCT116 cells in vitro (Figures S4C and S4G)

and significantly suppressed tumor growth in vivo (Figures

S4D and S4H). All these data demonstrate that functional

mature eosinophils that possess competent cytotoxic ef-

fects on solid tumors can be derived from independent hu-

man iPSCs.
DISCUSSION

Here, we report the successful development of a protocol to

efficiently generate large numbers of eosinophils express-

ing eosinophil-specific granule proteins and genes from

hPSCs. We also demonstrate that these hPSC-derived eo-

sinophils possess a high degree of cytotoxicity against

diverse tumor cells in both in vitro and in vivo settings. In

particular, we found that the combination of hPSC-derived

eosinophils with CAR-T cells presents higher efficiency of

tumor killing in vitro and inhibits tumor growthmore effec-

tively in vivo.
Stem Cell Reports j Vol. 16 j 1697–1704 j July 13, 2021 1701



Figure 4. Enhanced tumoricidal activity of CAR-T cells against solid tumors by combination with hESC-derived eosinophils
(A) Schematic showing the in vivo tumor assay.
(B) HepG2 tumor size of each group was determined on the indicated days after tumor cell injection (n = 5 for each group). Statistical
significance was assessed using two-tailed ANOVA, where *p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001; data are shown as the
mean values ± SEM.
(C) Tumor weight of HepG2 on day 32 (n = 5 for each group). Statistical significance was assessed using unpaired t test, where *p < 0.05,
data are shown as the mean values ± SD.
(D) Schematic showing the in vivo tumor assay of CAR-T cells and hPSC-derived eosinophils.
(E) HCT116 tumor size of each group was measured on the indicated days after tumor cell injection (n = 5 for control group, CAR-T cell
group, and combination group; n = 4 for hESC-derived eosinophil group). Statistical significance was assessed using two-tailed ANOVA
compared with the HCT116 group, where ****p < 0.0001; data are shown as mean values ± SEM. These are representative data from two
independent experiments.
(F) Kaplan-Meier curve representing the percentage survival of the experimental groups in the HCT116-xenograft mouse models (n = 5 for
control group, CAR-T cell group, and combination group; n = 4 for hESC-derived eosinophil group). Statistical analyses were calculated
using log-rank (Mantel-Cox) test, where*p < 0.05 and **p < 0.01. These are representative data from two independent experiments.
See also Figures S3 and S4.
Notably, hPSC-derived eosinophils produced in our

study displayed eosinophil-specific features comparable

to those of naive eosinophils. In terms of morphological

phenotype, they exhibited bilobed nuclei, acidophilic stain

incorporation, and electron-dense granules. At the tran-

scriptional level, they expressed receptors involved in

eosinophil survival and signal transduction, such as

IL5RA and Siglec-8 (Rosenberg et al., 2013) at high levels.

In addition, these eosinophils also expressed cytotoxic

granular proteins such as EPX, PRG2, PRG3, RNASE2, and

RNASE3, which are known to be critical for the function

of eosinophils with tumoricidal properties (Acharya and

Ackerman, 2014). Most importantly, hPSC-derived eosino-

phils exhibited strong tumor killing activity, characteristic

of naive eosinophils. Eosinophils lack surface T cell recep-

tors and so should not cause graft-versus-host disease.

With the advantage of hPSCs’ ability to be genetically

manipulated to establishHLA-deficient universal stem cells

(Deuse et al., 2019), hPSC-derived eosinophils hold great

potential as a universal, ‘‘off-the-shelf’’ cell source for

immunotherapy.
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Another advantage of our study is the development of a

chemically defined approach to generate large quantities of

functional human eosinophils from hPSCs. Although pre-

vious studies showed that hPSC-derived myeloid progeni-

tors could generate MBP+ eosinophils (Choi et al., 2009),

these studies relied on stromal cells and serum, as well as

the purification of hematopoietic progenitors.More impor-

tantly, EPX+ eosinophils could be generated at a high purity

and in large quantities, with nearly 1,000-fold increase

from starting cells in number. Therefore, this protocol pos-

sesses multiple advantages that make it more suitable for

future clinical applications.

Our study is the first report to demonstrate competent

in vivo antitumor activity of hPSC-derived eosinophils

and showed potential to facilitate CAR-Tcell effects against

solid tumors. According to the in vivo data for evaluating

antitumor activity, hPSC-derived eosinophils exhibited

strong efficacy, not only in inoculated tumors, but also in

established tumors. Compared with other immune cell

types, the major advantages of eosinophils’ application in

immunotherapy would be their capacity to respond at an



early stage and quickly infiltrate tumors, which could facil-

itate the attraction of T cells and regulate the tumor micro-

environment to potentiate the T cell antitumor activity

(Carretero et al., 2015). Our data showed that the combina-

tion of hPSC-derived eosinophils and CAR-T cells signifi-

cantly inhibited tumor growth in vivo. This potential syner-

gistic efficacy may result from the eosinophils’ unique

advantage of quick infiltration of tumors at the early

response based on their expression of multiple chemokine

and alarmin receptors (Carretero et al., 2015; Reichman

et al., 2016). Their early infiltration of the tumor allowed

the regulation of the tumor microenvironment with anti-

tumorigenic properties or produced dendritic cell and T

helper cell chemoattractants (Rosenberg et al., 2013). The

eosinophils could directly lyse tumor cells, resulting in

enhanced alarmin signals or chemokine secretion to

enhance the infiltration of antigen-specific T cells into

the tumors (Carretero et al., 2015). These features may

potentiate the enhanced synergistic antitumor efficacy ex-

hibited by CAR-Tcells, and the underlyingmechanisms are

worth further study.

In summary, our study provides a robust method for

generating unlimited numbers of functional human eosin-

ophils for enhancing T cell antitumor activity, and this

could represent an important step toward developing

novel strategies of combining CAR-T cells with other im-

mune cells for cancer immunotherapy.
EXPERIMENTAL PROCEDURES

Eosinophil differentiation from hESCs and iPSCs
hESCs (H1) and iPS cells (iPS-#7, iPS-#8) were cultured in Matrigel-

coated plates at low density. Activin A, BMP4, and CHIR99021

were used to induce mesoderm. BMP4, VEGF, bFGF, and SB-

431542 were used to induce hemogenic endothelial cells. BMP4,

VEGF, SCF, NAC, and minocycline hydrochloride were used to

induce HPCs. IL-3 and IL-5 were used to induce eosinophils. A

detailed description is provided in the supplemental experimental

procedures.

In vitro cytotoxicity assays
Tumor cells were seeded in 96-well plates. Six to ten hours later, the

eosinophils were added to the target cells. After incubation for 20

h, the apoptotic cells of the tumor target cells were quantified by a

standard bioluminescence assay. A detailed description is provided

in the supplemental experimental procedures.

In vivo tumor assay
Luciferase-marked target cells were injected subcutaneously into

recipient NPG mice, followed by two intravenous injections of

E16–E20 hPSC-derived eosinophils. For established tumors, tumor

cells were injected subcutaneously and eosinophils were injected

intravenously. For evaluating the combination effects of CAR-T

and hESC-derived eosinophils, tumor cells were injected subcuta-
neously. Two intravenous injections of eosinophils, CAR-T cells,

or their combinationwere performed. A detailed description is pro-

vided in the supplemental experimental procedures.
Statistical analysis
Statistical analysis was performed with GraphPad Prism software.

Data are shown as the means with standard deviation or means

with standard error of the mean. Comparisons between groups

were assessed using unpaired t test or two-tailed ANOVA as indi-

cated. For all analyses, p < 0.05 was considered statistically signifi-

cant. The statistical significance and n values are described in the

figure legends. All the flow analysis data were processed with

FlowJo v.10 software.
Data and code availability
RNA-seq data of this study have been deposited in the GEO data-

base under accession no. GSE148907.

SUPPLEMENTAL INFORMATION

Supplemental information can be found online at https://doi.org/

10.1016/j.stemcr.2021.06.005.
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