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Abstract

Antigen-presenting cells (APCs), such as dendritic cells (DCs)
and macrophages, are important regulators of the immune
system, as they connect the innate and adaptive immunity
by critically regulating T-cell responses. Thus, APCs are in-
volved in both tissue homeostasis and tolerance, but also
coordinate immune responses in case of infection and in-
flammation. Primary APCs are commonly generated from
peripheral blood-derived monocytes and have been used as
cell therapeutics in several (pre-)clinical settings, e.g., im-
mune oncology, however, with varying efficiency. One
promising alternative to study antigen presentation in vitro
and to develop novel cell-based therapies are induced plu-
ripotent stem cells (iPSCs). IPSCs can nowadays be generat-
ed from a variety of different cell types using several refined
reprogramming techniques. Given their unlimited prolifera-
tion and differentiation potential, they hold great promise
forregenerative medicine, and recently, first iPSC derivatives
have found their way into first clinical studies for cell-based
therapies. In this review article, we will give a brief overview
of current methods for the generation and applications of
primary APCs, but also specifically focus on different strate-
gies for the generation of defined subsets of DCs and mac-
rophages from human PSCs. Moreover, we will highlight the
potential but also hurdles for the clinical translation of iPSC-

Introduction

The immune system is composed of various hemato-
poietic cell types, which orchestrate not only host defense
but also fulfill various other functions, such as maintain-
ing tissue homeostasis or mediating cellular tolerance.
Disturbances in this finely balanced network of cell-cell
interaction or interference with the reactivity or produc-
tion of cell-extrinsic modulators may lead to unwanted
side effects and can cause a variety of diseases with vary-
ing clinical outcomes. Given the interplay of hematopoi-
etic cells of the innate and adaptive immunity, both mac-
rophages and dendritic cells (DCs) have been described
as two critical cellular players in mediating and regulating
T-cell responses. Thus, a variety of strategies are under-
way to directly target these professional antigen-present-
ing cells (APCs) in order to develop new therapeutic
strategies to counteract different disease entities, such as
allergies, autoimmune disorders, graft-versus-host dis-
ease, cancers, and many others. While the investigation
or validation of new immunomodulatory drugs by so-
phisticated in vitro (co-)culture systems is only one ap-
proach, also the emerging field of cellular immunothera-
pies and the development of innovative adoptive cell
transfer regimens opens new therapeutic options. To
pave the way for such seminal (pre-)clinical approaches,
both macrophages and DCs are typically generated from
peripheral blood-derived CD14" monocytes. Recently,
however, the technology of induced pluripotent stem
cells (iPSCs) has introduced a promising alternative strat-

derived APCs. ©20205. Karger AG, Basel  egy for the generation of APCs. In fact, iPSCs can be gen-
erated from various cell types and donors and their de-
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rivatives can be used either in an autologous or alloge-
neic context. Moreover, iPSC can be extensively
genetically manipulated in vitro, further highlighting
their attractiveness for regenerative medicine.

While previous studies could already demonstrate the
generation of specific subsets of macrophages and DCs
from human iPSCs, this review will provide a brief over-
view of different differentiation strategies and recent in-
sights into the immunomodulatory properties of iPSC-
derived APCs. In the first part, we will give a short back-
ground about primary APCs and introduce different
subtypes as well as ex vivo differentiation strategies. In the
second part, we will focus on different methods to gener-
ate DCs and macrophages from human PSCs. Given the
embryonic developmental background of iPSC-derived
macrophages and DCs, also, their functional and tran-
scriptomic fingerprint compared to their in vivo counter-
parts will be described. Finally, we will highlight seminal
adoptive transfer approaches of primary as well as iPSC-
derived APCs to enhance drug development and to fa-
cilitate the field of transfusion medicine.

The Status Quo of Studying Antigen Presentation in
vitro and in vivo

Myeloid, professional APCs that can prime naive T
cells are DCs and macrophages [1]. Although APCs are
critical modulators for the adaptive immune system, the
distinct definition and function of specific APC subsets
and how those cells precisely control primary T-cell fate
and activation remains largely unexplored, emphasizing
the need for suitable models to study basic APC biology.

Dendritic Cells

DCs can be classified into conventional DCs 1 and 2
(cDC1 and cDC2), plasmacytoid DCs (pDCs), monocyte-
derived DCs (moDCs), and Langerhans cells (LCs). cDCs
represent a classical morphology and capture a large va-
riety of antigens in the periphery and subsequently pres-
ent those to T cells in lymphoid organs [2, 3]. Thereby,
cDCI are highly capable of cross-presentation without
further stimulation enabling activation of CD8-positive T
cells, whereas ¢cDC2 show a wide capability to prime
CD4-positive T cells [4]. cDCI as well as pDCs, a more
rare subset with a plasma cell morphology, are specialized
to release high amounts of interferons following sensing
of viral nucleic acids. LCs, known also as a subset within
the family of tissue resident macrophages (TRM), are lo-
cated in the basal epidermis and other epithelia, maintain
tolerance under steady-state and respond towards intra-
cellular pathogens and viruses under inflammatory con-
ditions. However, the main population of DCs appearing
in inflammation are moDCs, which have high expansion
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properties and are involved in many inflammatory dis-
eases.

To study properties and function of DCs, primary hu-
man DCs are predominantly generated from human pe-
ripheral blood-derived monocytes. Other DC subsets
represent such a rare population in the peripheral blood
that they cannot be harvested in larger quantities. More-
over, these cells are postmitotic cells and cannot efficient-
ly be expanded in culture. Thus, DCs for (pre-)clinical
evaluation are commonly generated from peripher-
al blood-derived CD14" monocytes by the addition
of granulocyte-macrophage colony-stimulating factor
(GM-CSF) and interleukin (IL)-4 for 5-7 days yielding
high numbers of moDCs. Advancing the functionality of
in vitro-generated DCs, the cells can be genetically mod-
ified at different differentiation stages using, for example,
lentiviral overexpression of specific cytokines or also an-
tigens which are subsequently presented to tumor and
virus-infected cells for use as vaccines [5]. As DCs devel-
op from hematopoietic stem and progenitor cells in vivo,
alternatively, also proliferative CD34" cells derived from
cord blood or mobilized peripheral blood samples can be
used to produce DCs by addition of cytokines, such as
FLT3 ligand (F1t3-L), stem cell factor (SCF), GM-CSF, IL-
4, and tumor necrosis factor-a [6, 7]. Of note, the gener-
ated DCs can be further matured and, with varying effi-
ciency, also differentiated in distinct DC subsets includ-
ing cDCs, pDCs, and LCs by addition of specific cytokine
cocktails allowing to choose the appropriate subset for the
intended use [6]. Similarly, micro-RNAs have been ap-
plied to further direct the fate of DCs into specific subsets
(8].

For preclinical evaluation of APCs, several mouse
models have been applied, including genetically modified
strains that allow for the ablation of specific DC subsets
(reviewed in [9]). To reveal the functional interplay with
other immune cells following presentation of distinct an-
tigens in vivo, also adoptive transfer of antigen-loaded
DCs or targeted delivery of specific antigens to DCs me-
diated by DC-specific antibodies have been utilized. Lim-
itations of these resource-intensive, low-throughput, and
costly murine in vivo models are quickly reached when
the research focus shifts from basic biology to (pre-)clin-
ical evaluation of different drugs or large compound
screens. Moreover, these murine models do not necessar-
ily reflect all facets of human DC and macrophage physi-
ology. For specific aspects of human DC or macrophage
biology, myeloid leukemia-derived cell lines or primary
leukemia-derived cells (DC,.,) can be differentiated to-
wards the desired phenotype providing cells in large
numbers and extending tools for genetic manipulation
[10-12]. However, none of these cell lines fully recapitu-
lates all features of primary human APCs.
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Macrophages

Like DCs, human macrophages can easily be generated
from human peripheral blood CD14* monocytes or
CD34* hematopoietic stem and progenitor cells by the
addition of lineage instructive cytokines, such as M-CSF,
GM-CSF, and IL-3 [13, 14]. Although macrophages are
mainly associated with their antimicrobial activity exert-
ed by sensing, phagocytosing, and killing of bacteria as
well as secretion of pro- and anti-inflammatory cytokines
and chemokines to modulate the immune system, they
also represent an important member of the class of APCs.
Indeed, an early study suggests that macrophages can
present antigens to naive CD8" T cells in similar efficien-
cy to moDCs [15]. Moreover, specific macrophage sub-
sets (e.g., CD169" in the subcapsular sinus of the lymph
nodes) have been shown to be crucially involved in cross-
presentation of tumor antigens from apoptotic cells to
CD8* T cells [16] and are also capable of presenting native
antigens to B cells [17, 18]. However, the specific func-
tions and further subtypes of antigen-presenting macro-
phages especially in humans remain largely unexplored.
In the last years, it became evident that a variety of TRM,
comprising alveolar macrophages in the lung, microglia
in the brain, or Kupffer cells in the liver, are not only spe-
cifically adapted to maintain homeostasis and organ
function, but are also derived from embryonic precursors
early in development. Similar to studying the complex
functions of specific DC subtypes, also the biology and
function of these specific TRM are quite difficult to mod-
el with mature monocyte-derived macrophages.

Generation and Inmunomodulatory Properties of
iPSC-Derived APCs

One promising source for the generation of APCs for
disease modeling or cell-based therapiesareiPSCs (Fig. 1).
iPSCs have been introduced in 2006 by Takahashi and
Yamanaka [19], who could prove that the simple overex-
pression of the 4 transcription factors OCT4, SOX2,
KLF4, and c-MYC can convert a somatic cell back into a
pluripotent status. Over the past years, iPSCs have been
generated from a variety of different cell types using sev-
eral refined reprogramming techniques and have - giv-
en their unlimited proliferation and differentiation po-
tential — been applied for disease modeling studies and
drug screening approaches. Moreover, in the past years,
iPSC derivatives found their way into first clinical studies
for cell-based therapies [20, 21]. So far, the generation of
long-term engraftable hematopoietic stem cells (HSCs)
remains hampered and has only been shown in a seminal
study using a combinatory approach of a morphogen-
driven differentiation together with the overexpression of
7 different transcription factors (e.g., several HOX genes)
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[22]. Whereas also the production of mature lympho-
cytes, such as B and T cells, remains challenging, the ef-
ficient differentiation of iPSCs into mature DCs or mac-
rophages has been demonstrated by several groups [23].

The first generation of APCs derived from human
PSCs, specifically embryonic stem cells (ESCs), was re-
ported in 2004 by Zhan et al. [24]. The authors used a dif-
ferentiation protocol based on the formation of embryoid
bodies to induce undirected 3 germ layer differentiation
and further supported hematopoietic specification and
development by the addition of the hematopoietic cyto-
kines SCF, FLT3 ligand, thrombopoietin, IL-3, GM-CSF,
and IL-4. This rather unspecific protocol generated a va-
riety of different CD45* leukocytes, predominantly my-
eloid cells, including about 25% of HLA class II* and
CD86" macrophages and DCs. These HLA class II* APCs
were able to stimulate purified allogeneic CD4 and CD8
T cells in mixed lymphocyte reactions.

Further studies generating more specific populations
of DCs or macrophages were published following this re-
port. Most of these protocols are either based on the for-
mation of embryoid bodies or use a supportive/instruc-
tive co-culture with specific feeder cells (e.g., murine OP9
stromal cell) with or without the addition of mesoderm
priming cytokines, such as BMP4, VEGF, and SCF. Sub-
sequently, hematopoiesis is generally supported by the
addition of hematopoietic cytokines, such as GM-CSF,
M-CSF, and/or IL-4, depending on the desired output
(see Table 1 for a summary of differentiation strategies).

iPSC-Derived DCs

For the generation of DCs from human ESCs, first re-
fined protocols were introduced in 2006 and 2007 [25,
26]. Those 2 groups, however, focused on the develop-
ment of protocols employing murine feeder cell-based
co-culture strategies to induce hematopoietic develop-
ment as already successfully applied before for the gen-
eration of DCs from murine PSCs [27]. Slukvin et al. [25]
initiated differentiation by co-culture of human ESCs
with murine OP9 stromal cells, followed by an expansion
of myeloid cells with GM-CSF and - after purification us-
ing a density gradient centrifugation step — subsequent
generation of DCs with GM-CSF and IL-4. Another study
used a similar 3-step protocol specifying differentiation
into DCs by the addition of GM-CSF, M-CSF, and IL-4,
however, without the necessity for further purification
steps [26]. The functionality of ESC-derived DCs was de-
termined by cytokine secretion as well as the capacity to
stimulate the proliferation of allogeneic T cells. Besides
the use of murine feeder cells to support the hematopoi-
etic differentiation of ESCs, improved embryoid body-
based protocols for the specific generation and matura-
tion of iPSC-derived DCs have been introduced [28, 29].
DCs generated by those 2 protocols showed a typical sur-
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Fig. 1. Potential of induced pluripotent stem cells (iPSC)-derived
antigen-presenting cells (APCs) for in vitro modeling of T-cell in-
teractions. Left: Generation of iPSC-derived APCs: iPSC can be
generated from easily assessable donor material, such as skin biop-
sies or blood samples, by overexpression of specific transcription
factors. iPSC can be differentiated in vitro into different APCs,
such as dendritic cells or macrophages, using specific lineage in-

face phenotype and fulfilled critical biological functions,
such as phagocytosis, chemotaxis, and cytokine/chemo-
kine secretion (e.g., IL-12p70). Most importantly, ESC-
derived DCs also modulated allogeneic T-cell responses
and were able to induce antiviral (Epstein-Barr virus and
cytomegalovirus) and tumor antigen (melanoma antigen
recognized by T cells 1 [MART-1] and telomerase reverse
transcriptase [hnTERT])-specific T-cell activation and ex-
pansion in a semi-allogenic context. Of note, both studies
reported that the ESC-derived DCs showed a highly sim-
ilar phenotype and function compared to peripheral
blood moDCs.
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structive cytokines (e.g., IL-4 and GM-CSF or IL-3 and M-CSF,
respectively). Right: Modeling antigen presentation in vitro: Sub-
sequently, co-cultivation of the iPSC-derived APCs with autolo-
gous or allogeneic T cells derived from peripheral blood or iPSCs
can be performed to study antigen presentation in vitro (created
with BioRender.com).

Soon after the generation of human iPSCs, the estab-
lished protocols were also utilized and further developed
for the generation of iPSC-derived DCs [30, 31]. Impor-
tantly, studies applying iPSC-derived DCs now also of-
fered the possibility to investigate their interaction with
autologous T cells derived from the same donor/patient.
Indeed, iPSC-derived DCs can stimulate not only alloge-
neic naive T cells but also demonstrate efficient stimula-
tion of autologous, antigen-specific CD8* T cells after
loading with a cytomegalovirus pp65 peptide [31]. More-
over, CD8* T cells demonstrated efficient anti-tumor cy-
totoxicity when previously stimulated with autologous,
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genetically modified, carcinoembryonic antigen-express-
ing iPSC-derived DCs [32]. Thus, these cells represent a
highly attractive model system to study antigen presenta-
tion and T-cell priming by DCs in physiological and path-
ological settings. In the following years, differentiation
protocols were further optimized to serum and feeder-
independent strategies, preparing for the requirements
necessary for clinical translation of iPSC-DC-based cell
therapies [29, 32-34].

Importantly, the generation of DCs from human PSCs
in vitro also provides the possibility to finely modulate the
differentiation process and generate rare and specific
subsets of APCs with a defined immune-regulatory sta-
tus. Indeed, iPSCs can give rise to defined cDC1, cDC2,
and pDC subsets applying specific differentiation proto-
cols. The generation of cDC1 cells characterized by the
expression of chemokine receptor XCR1 and CD141 as
well as the potential for cross-presentation and the induc-
tion of cytotoxic T cells was already demonstrated in 2012
[33] and further developed over the last years [35]. More-
over, a recent study demonstrates the generation of spe-
cificcDC1 (HLA-DR*, CD11c", CD141%, Clec9a*), cDC2
(HLA-DR*, CD11c*, CD14-, CD1c*), and pDC (HLA-
DR*, CD11c°v, CD123*, CD303*, CD304") subsets from
human iPSCs and applied this system to model and study
the pathophysiology of IRF8 deficiency, a severe mono-
cytic and DC immunodeficiency [3]. Especially these lat-
er studies further highlight the potential of iPSC technol-
ogy for the generation of larger amounts of specific DC
subsets to model (rare) diseases and provide and evaluate
novel concepts for cell-based therapies.

iPSC-Derived Macrophages

Another interesting member of the class of profession-
al APCs are macrophages. Similar to the generation of
DCs, also the first protocols for the generation of mono-
cytes/macrophages from human iPSCs can be grouped
into protocols that are based on the formation of embry-
oid bodies or induce hematopoiesis by co-culture with
stromal cells (also reviewed in [11, 21, 36]). However, the
majority of currently applied protocols are based on the
formation of embryoid bodies and induction of hemato-
poiesis by IL-3, M-CSF, or GM-CSF as described in 2008
by the team around William James [37]. Of note, here
especially IL-3 seems to be an important cytokine and
potent driver in iPSC-derived hematopoiesis [38]. In the
last decade, this protocol has been further modified,
adapted, and used for different in vitro studies [39-44].
As a prerequisite for the preclinical evaluation of iPSC-
derived macrophages in suitable mouse models and also
a future translation of cell-based therapies, we further en-
hanced this protocol towards the continuous and scalable
generation of iPSC-derived macrophages in industry-
compatible stirred tank bioreactors [14]. The so gener-
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ated macrophages are similar to their peripheral blood-
derived counterparts in terms of morphology, surface
marker profile, phagocytosis, and bacterial killing. How-
ever, when looking at whole transcriptome analysis,
iPSC-derived macrophages show a more primitive tran-
scriptional fingerprint comparable to yolk sac-derived
macrophages. Functionally, iPSC-derived macrophages
have been used for disease modeling studies, in vitro in-
fection experiments, as well as adoptive cell therapies, for
example, for a rare pulmonary disease (pulmonary alveo-
lar proteinosis [13]) or as a novel immunotherapy con-
cept to target pulmonary infections [14]. Although the
functionality of iPSC-derived macrophages in the context
of cytokine secretion, chemotaxis, phagocytosis, as well as
the antimicrobial activity has been studied in detail, the
antigen-presenting properties of iPSC-derived macro-
phages remain mainly elusive. However, promising data
has recently been provided by Joshi et al. [45] who showed
that human iPSC-derived macrophages can indeed pres-
ent antigens to autologous, islet-infiltrating CD4" T cells
of a diabetes type I patient. Moreover, our own unpub-
lished results indicate that iPSC-derived macrophages are
also able to present viral antigens and thereby expand au-
tologous antigen-specific CD8* T cells. The results fur-
ther highlighting the applicability of iPSC-derived mac-
rophages for disease modeling and cellular therapies
based on APCs.

Preclinical Assessment and Adoptive Transfer of
(iPSC-Derived) APCs

Primary APCs

DCs as well as macrophages are critical regulators of
the immune system, as they are involved in both tissue
homeostasis and the induction of tolerance, but also the
initiation and coordination of protective immune re-
sponses in case of infection and inflammation. Given
their pivotal roles in modulation of T- and B-cell respons-
es and, thus, the finetuning of the adaptive immune sys-
tem, it does not come as a surprise that especially DCs but
also macrophages have been used in several (pre-)clinical
studies targeting a variety of diseases characterized by im-
balanced or unappropriated immune responses. One
very well-explored application of DC-based cellular ther-
apies is immune-oncology and, specifically, the use of
DC-based cellular vaccines to poorly immunogenic can-
cer antigens [46]. Similarly, also activated macrophages
have been applied for the treatment of cancer patients in
clinical studies [47]. On the other side, also therapeutic
approaches applying APCs to modulate the immune sys-
tem and create tolerance, for example, in the context of
whole-organ transplantations or also type 1 diabetes,
have been performed [48]. Although all these studies
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demonstrate a good safety profile of the adoptive cell
transfer, the results in relation to clinical efficacy were
quite heterogeneous [35].

One of the reasons underlying these partially disap-
pointing outcomes might be attributed to the phenotype
of DCs and macrophages employed in the clinical trials.
Those cells were mainly derived from autologous pa-
tients’ peripheral blood monocytes, which were further
differentiated in vitro. This strategy, however, includes
several problems. First, it is well appreciated that there is
great heterogeneity between monocyte-derived macro-
phages and DCs derived from different donors. More-
over, a number of donors have previously been treated,
for example, with anti-cancer chemotherapy, further im-
pacting the quality and activation status of the isolated
monocytes and, thus, also the generated cell product [49].
Finally, the specific cell identity might have a strong im-
pact on its function and the clinical outcome. Especially
in respect to an application in immune-oncology, moDCs
have been described to have an inadequate capacity for
cross-presentation of antigens to naive CD8" T cells and
induce only insufficient cytotoxic T-cell responses to the
cancer cells [35].

The Potential of iPSC-Derived APCs in Clinical

Translation

One possibility to overcome those limitations and
hopefully increase the success of cell-based therapies em-
ploying APCs could be the use of iPSC technology. As
mentioned before, several groups have described the gen-
eration of iPSC-derived DCs and macrophages, which
display classical morphology, surface marker profiles,
and also functionality. Moreover, the in vitro generation
from human iPSCs also allows for the derivation of rare,
yet desirable, specialized populations of APCs. Impor-
tantly, Silk et al. [33] demonstrate that only their XCR1*/
CD141" iPSC-derived DCs could be used for cross-pre-
sentation of tumor-associated antigen to naive T cells, but
not classical XCR1™ moDCs.

Although iPSC-derived APCs have been mainly evalu-
ated in complex co-culture systems in vitro due to com-
plications with suitable xenograft models, murine iPSC-
derived APCs have shown therapeutic success in mouse
models. For example, murine iPSC-derived regulatory
DCs have been efficiently applied as an immunosuppres-
sive vaccine to induce donor-specific regulatory T cells in
a murine transplantation model for allogeneic cardiac
grafts. This study even demonstrated a superior effect of
iPSC-derived DCs when comparing them to bone mar-
row-derived DCs [50]. Similarly, Kitadani et al. [32] - af-
ter proving the functionality of their human iPSC-de-
rived DCs in vitro — showed proof of concept in vivo stud-
ies for anti-cancer vaccination therapy using mouse
iPSC-derived DCs in suitable mouse models.
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Hurdles for iPSC-Derived APCs in Clinical

Translation

Besides all these advantages, the use of iPSC-derived
cells in clinical practice also includes challenges. One crit-
ical point is the efficient upscaling of cultivation and dif-
ferentiation processes, but also the purity of the generated
cell product [21]. One more challenge could be a poten-
tially immature phenotype of the iPSC derivatives. In-
deed, it has been reported in several publications that one
critical challenge for iPSC-based therapies is that the cells
more closely resemble embryonic or neonatal cell types
with subtle but potentially important differences. In the
case of immune cells, those differences are mainly associ-
ated with the activation status. Some reports, for example,
demonstrate that iPSC-derived DCs secrete more of the
anti-inflammatory cytokine IL-10, a feature also observed
in neonatal DCs and associated with tolerance induction
[35]. Similarly, iPSC-derived macrophages show tran-
scriptional similarities with embryonic yolk sac-derived
macrophages — precursors of several tissue-resident mac-
rophage populations [11]. Those cells have been de-
scribed as more immunomodulatory, and our own stud-
ies show that also iPSC-derived macrophages secrete
more IL-10 then their monocyte-derived counterparts
[42]. These features may favor the application of iPSC-
derived APCs in diseases associated with hyperinflamma-
tion or transplantation settings with the aim of tolerance
induction. However, we also recently examined the po-
tential to use iPSC-derived macrophages as an immuno-
therapy approach to target pulmonary infections. The
iPSC-derived cells were not only able to efficiently ame-
liorate disease-associated symptoms and bacterial load in
a murine model for pulmonary Pseudomonas aeruginosa
infections, but in vitro data also demonstrated that the
iPSC-derived macrophages reacted with stronger pro-in-
flammatory transcriptional changes to pathogen contact
and secreted higher amounts of pro-inflammatory cyto-
kines when compared to monocyte-derived macrophages
[14 and own unpubl. data]. These data indicate that de-
spite a more primitive phenotype, iPSC-derived cells can
still possess appropriate or even superior antimicrobial
potential. Thus, it will be very exciting to study the effect
of cell-based therapies employing iPSC-derived APCs in
various disease entities.

Conclusion

APCs play a pivotal role in the modulation of T- and
B-cell responses and the finetuning of the adaptive im-
mune system. Thus, they hold great promise for cell-
based immunotherapies. iPSC technology offers a reliable
cell source to generate a plethora of DCs, macrophages,
and other cells of the innate immune system. In this line,
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various studies could already demonstrate that iPSC-de-
rived DCs and macrophages share critical hallmarks with
their in vivo counterparts in respect to morphology and
functionality. Given these similarities, iPSC from both
healthy individuals and diseased patients have been used
to gain insights into the immunomodulatory properties
of iPSC derivatives and the underlying mechanism of the
respective disease. In addition, preclinical studies using
DCs and macrophages could already demonstrate that
the adoptive transfer of these two cell types can have ben-
eficial effects in defined immunotherapeutic applica-
tions. Hence, the technology of iPSC as an unlimited cell
source and the possibility for their scalable cultivation
and precise differentiation into rare yet desirable subsets
may enhance the field of transfusion medicine. Although
recent progress has been made in the scalable cultivation
as well as differentiation of iPSC towards APCs, knowl-
edge of critical attributes with respect to the developmen-
tal origin of iPSC-derived APCs or overall immunogenic-
ity of the generated cells is still scarce and these issues
need to be considered in future (pre-)clinical applica-
tions. Especially the latter is of great importance if think-
ing of an off-the-shelf cell product. While as of yet, the
generation, establishment, and subsequent differentia-
tion of iPSC towards APCs for an individual patient are
very cost intensive, strategies to manipulate the HLA
compartment to maintain, for example, the capacity for
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