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The advent of induced pluripotency has raised the prospect of personal-
ized therapies based on the derivation of induced pluripotent stem cells 
(iPSC) derived from a patient’s own somatic cells. Such bespoke cell prod-
ucts may successfully circumvent issues of rejection by the recipient’s 
immune system but raise questions of affordability, the costs of gener-
ating patient-specific cell lines and their subsequent differentiation un-
der cGMP conditions, proving a challenging business model. However, 
principles that have guided the decision between autologous and allo-
geneic cell products in the past may prove less reliable when consider-
ing the therapeutic use of dendritic cells (DC) differentiated from iPSC, 
whose role in the immune system would be adversely compromised in a 
fully allogeneic setting. Here, we review the immunological concepts that 
inform the debate between autologous and allogeneic cell therapies and 
discuss whether recent breakthroughs might provide a novel solution to 
this long-standing issue, paving the way for the widespread adoption of 
DC-based immunotherapy and increasing its reach from immune oncology 
(IO) to the induction of immunological tolerance. 
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INTRODUCTION
The field of regenerative medicine 
has begun to mature over recent 
years, fueled by advances in repro-
gramming technologies, optimiza-
tion of protocols for the directed 
differentiation of iPSC and the 
establishment of significant manu-
facturing capacity. These advances 
have resulted in on-going clinical 
trials for disease states as distinct 
as age-related macular degenera-
tion, diabetes, Parkinson’s disease, 
myocardial infarction and spinal 
cord injury [1,2]. Furthermore, the 
refinement of differentiation proto-
cols for the production of more-spe-
cialized cell types continues to offer 
new avenues for subtle intervention 
in rare conditions that constitute 
unmet medical needs. Given that 
iPSC may be generated from the 
somatic cells of any patient, the op-
portunity to develop personalized 
therapies, tailored to the needs of 
the individual, remains an alluring 
prospect but one responsible for re-
kindling the debate as to whether 
autologous or allogeneic stem cells 
should ultimately be pursued for 
clinical applications. 

This debate has traditionally re-
volved around two issues that are 
naturally in tension with one anoth-
er. The production of an allogeneic 
cell line that serves as an off-the-
shelf product for the treatment of 
numerous patients is clearly attrac-
tive but risks immunological rejec-
tion of the very cells required to re-
store the function of affected tissues 
[3,4]. So-called ‘alloreactivity’ that 
underlies allograft rejection, is pre-
cipitated by the recognition of prod-
ucts of the major histocompatibility 
complex (MHC), a series of highly 
polymorphic proteins that define an 
individual’s immunological identity 

(Box 1): by resembling a molecular 
barcode, MHC molecules mark 
tissues as belonging to an individ-
ual while simultaneously identify-
ing those from a donor as foreign 
to the body with no legitimacy to 
remain. The successful use of an 
allogeneic source of iPSC is, there-
fore, dependent on the judicious 
use of immune suppression, the 
long-term risks of which may para-
doxically outweigh those of the very 
disease state being treated, making 
such a strategy ethically conten-
tious. Under such circumstances, 
the production of autologous iPSC 
as a source of cells that would be ac-
cepted indefinitely without recourse 
to immune suppression would clear-
ly be preferable, were it not for the 
inevitable time lag involved in cre-
ating appropriate cell lines and the 
current costs of manufacture which 
threaten to undermine the econom-
ic viability of such an approach. In 
most cases, companies producing 
cell therapy products have opted for 
an allogeneic source in the unproven 
anticipation that the transient appli-
cation of immune suppression may 
secure long-term survival of replace-
ment tissues. While the veracity of 
this assumption has yet to be fully 
determined for the variety of cell 
types and tissues currently in use, 
the arguments on which such deci-
sions are based are eclipsed by issues 
of efficacy when considering DC 
differentiated from iPSC for immu-
notherapeutic purposes.

HARNESSING THE  
POTENTIAL OF  
iPSC-DERIVED DC
DC are attractive vehicles for immu-
notherapy since they are responsible 
for setting the underlying tone of the 
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immune system, either establishing 
and maintaining a state of self-tol-
erance or breaking the status quo to 
initiate protective immune respons-
es. These diametrically-opposed out-
comes are equally dependent on the 
presentation of antigenic peptides 
via products of the MHC (Box 1), 
the outcome of antigen recognition 
by responding T cells being deter-
mined by the balance of auxiliary 
signals supplied by the DC in the 
form of cell surface receptors and 
secreted cytokines (Figure 1). Pro-
vision of peptide-MHC complexes 
in combination with the co-stimu-
latory molecules CD40, CD80 and 
CD86 and the pro-inflammatory 
cytokine IL-12, provokes a poten-
tially destructive immune response. 
In contrast, circumstances that en-
courage expression of inhibitory 
receptors by DC, such as PD-L1/2 
and ILT3/4, together with their 
secretion of the anti-inflammato-
ry cytokine IL-10, favor tolerance 

through the polarization of respond-
ing T cells towards a regulatory phe-
notype (Figure 1). While the use of 
DC to re-establish a tolerant state 
to self-proteins implicated in auto-
immunity or to induce tolerance de 
novo to therapeutic proteins remains 
largely in its infancy [5], more than 
200 clinical trials to date have ex-
ploited the properties of DC for vac-
cination to defined tumor associated 
antigens (TAA) for the treatment of 
melanoma, glioblastoma, prostate 
cancer and renal cell carcinoma [6]. 

DC used in clinical trials are con-
ventionally derived from the patient’s 
own peripheral blood monocytes 
(moDC) for ease of access, however, 
this preferred source may help ex-
plain the disappointingly low objec-
tive response rates reported so far: by 
lacking appreciable capacity for the 
cross-presentation of TAA to CD8+ 
cytotoxic T cells (CTL), the ability 
of this population of DC to effect tu-
mor regression is inevitably limited. 

Box 1 The Major Histocompatibility Complex
The Major Histocompatibility Complex (MHC) represents a large genetic locus on chromosome 6 in hu-
mans containing genes encoding so-called MHC molecules. In man, these molecules are referred to as 
human leukocyte associated antigens (HLA) and are of two types known as class I and class II. Although 
class I and II molecules differ in their structure, they share a peptide binding groove which confers on them 
the capacity to bind epitopes derived from foreign antigen and present them to the T-cell repertoire: in-
deed, the T-cell receptor (TCR) is inherently MHC-restricted, preferentially recognizing peptides bound to 
self-MHC molecules. MHC class I determinants are responsible for the presentation of epitopes to CD8+ 
cytotoxic T cells and are expressed by all nucleated somatic cells. By contrast, epitopes bound to MHC 
class II molecules are recognised by CD4+ Th cells and Treg and are far more restricted in their pattern 
of expression to dedicated antigen presenting cells, of which DC are uniquely capable of eliciting a pri-
mary immune response. In man, there are three loci encoding MHC class I molecules, HLA-A, HLA-B and 
HLA-C, and likewise three class II loci known as HLA-DR, HLA-DP and HLA-DQ. Each of these loci is highly 
polymorphic, existing in thousands of different allelic forms within the human population: given that each 
individual co-dominantly expresses two alleles at each locus, up to 12 different MHC molecules may be ex-
pressed by an individual, defining their unique MHC ‘haplotype’. While diversity within the MHC is critical 
for establishing herd immunity to emerging pathogens, it creates a significant barrier to the success of tis-
sue and organ transplantation, allogeneic MHC molecules marking tissues as foreign to the body. Indeed, a 
high precursor frequency of T cells is capable of recognising allogeneic MHC molecules, irrespective of the 
peptides bound, eliciting polyclonal T-cell responses that prove highly damaging to transplanted tissues. 
It is the balance between the roles played by MHC molecules in allograft rejection and the physiological 
function of DC that must be held in tension when seeking to develop a DC product for downstream clinical 
applications.
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Under these circumstances iPSC 
offer a credible alternative source of 
DC that circumvents many of the 
difficulties encountered previously 
[7]. For instance, an appropriate iPSC 
line provides a permanent and scal-
able resource conducive to genome 
editing and the provision of an un-
limited supply of DC proven to be 
safe and efficacious in animal models 
of IO [8,9]. More importantly, how-
ever, iPSC provide access to rare yet 
desirable subsets of DC previously 
beyond the reach of clinicians, in-
cluding plasmacytoid DC that facil-
itate anti-viral responses [10,11] and 
the elusive CD141+ subset whose un-
rivalled capacity for antigen cross-pre-
sentation is essential for anti-tumor 
immunity [12]. Furthermore, by sub-
tly altering the conditions for their 
differentiation, DC committed to 
tolerance induction may be readily 
obtained. In the mouse, these so-
called regulatory DC (DCreg) carry 

a tolerogenic signature defined by 
constitutive expression of inhibitory 
receptors and IL-10 secretion which 
elicits potent Treg responses in vivo 
[13,14]. Human iPSC, cultured un-
der similar conditions, have likewise 
been shown to spawn DC that share 
with DCreg from peripheral blood 
[15], a CD141+ phenotype and ca-
pacity for copious IL-10 synthesis 
[16]. While the access afforded by 
induced pluripotency to functional-
ly-distinct populations of DC offers 
unparalleled opportunities for their 
use in immunotherapy, it raises, once 
again, the question of whether an au-
tologous or allogeneic source would 
be preferable. 

THE PROS & CONS OF 
AN ALLOGENEIC DC 
PRODUCT

 f FIGURE 1
Dendritic cells determine the outcome of antigen recognition by T 
cells. 
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Antigen specificity of the immune response is conferred through recognition by naïve 
T cells of peptide epitopes from foreign antigen bound to MHC molecules. T-cell 
receptor (TCR) engagement leads to T-cell activation when accompanied by ligation of 
the co-stimulatory receptors CD28 and CD40L and provision of the pro-inflammatory 
cytokine IL-12. In contrast, antigen recognition accompanied by ligation of inhibitory 
receptors in an environment replete with IL-10 polarises responding T cells towards a 
regulatory phenotype involved in the establishment and maintenance of tolerance.
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There is little doubt that economic 
considerations would favor an allo-
geneic source of DC, the generation 
of an off-the-shelf product available 
to a broad spectrum of recipients, 
justifying the significant financial 
investment required for the deriva-
tion of an iPSC line under cGMP 
conditions. However, unlike any 
other cell type whose efficacy in vivo 
is unrelated to its MHC haplotype, 
MHC molecules play an essential 
role in antigen presentation by DC 
and are inextricably linked to their 
physiological function, making the 
cost–benefit analysis rather more 
nuanced. Most importantly, a fully 
allogeneic source of DC would have 
no capacity to interact productive-
ly with recipient T cells in an an-
tigen-specific manner: the debate 
between autologous and allogeneic 
sources therefore strikes at the very 
heart of efficacy of the DC product 
itself. 

Given that fully allogeneic DC 
are physiologically impotent, such 
a cell therapy product would fail to 
fulfil the very function for which 
it was intended. Consequently, 
as a minimum requirement, the 
source of DC would need to be 
semi-allogeneic, sharing with the 
recipient one or more MHC class 
I loci through which TAA could 
be productively presented to the 
CD8+ T cell repertoire. Given that 
some MHC class I loci, such as 
HLA-A*0201, are particularly prev-
alent, being expressed by approx-
imately 27% of the US Caucasian 
population [17], a source of iPSC 
derived from an HLA-A*0201+ 
donor would be compatible with a 
significant proportion of the pop-
ulation. Indeed, this reasoning has 
already led to the development of 
a plasmacytoid DC product based 
on a leukemic cell line derived from 

an HLA-A*0201+ patient [18]. En-
suring provision for the remainder 
of the population expressing alleles 
other than HLA-A*0201 would, 
however, require the generation of 
iPSC lines relevant to progressive-
ly smaller cohorts of potential pa-
tients, rapidly invoking the law of 
diminishing returns. Importantly, 
patients with rare MHC haplotypes 
poorly represented within the pop-
ulation would be unlikely to ever 
have access to treatment, raising 
ethical issues of equitability. But 
although a semi-allogeneic source 
may potentially fulfil the econom-
ic advantages of a fully allogeneic 
product, the downstream techno-
logical risks are far from insignif-
icant. While presentation of TAA 
may occur through the shared 
MHC class I molecules, the allo-
geneic MHC determinants would 
inevitably provoke the polyclonal 
activation of antigen non-specific 
alloreactive T cells. Given that the 
phenotype of DC renders them 
uniquely immunogenic, such allo-
responses are especially dramatic, 
engaging an estimated 7% of the 
entire T-cell repertoire [19], and 
are, therefore, responsible for the 
ultimate demise of the adminis-
tered cells. Consequently, while 
semi-allogeneic DC may theoretical-
ly succeed in provoking a TAA-spe-
cific response, they inevitably set 
in motion a race against time to 
vaccinate the recipient before they 
themselves are actively targeted for 
destruction. 

While the ultimate demise of 
semi-allogeneic DC is inescapable, 
it has been argued that the allo-re-
sponse elicited against them may, 
paradoxically, contribute to the 
concurrent activation of TAA-spe-
cific CTL by mimicking the ac-
tivity of an adjuvant [20]: indeed, 
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DC have often been described as 
‘nature’s adjuvant’ to reflect their 
inherent capacity to provoke potent 
inflammatory responses. It is feasi-
ble, for instance, that the polyclonal 
activation of CD4+ helper T cells 
(Th cells) through recognition of 
allogeneic MHC class II molecules, 
may provide bystander help in the 
form of secreted IL-2 and IFN-γ to 
CTL engaged in the cognate recog-
nition of TAA (Figure 2). That such 
a pathway may operate in vivo is ev-
idenced by the induction of alloan-
tibody responses to vascularized or-
gan allografts which has been shown 
to be wholly dependent on DC car-
ried over within the graft eliciting 
CD4+ T cell activation as a potent 
source of B-cell help [20]. More di-
rect evidence in support of this no-
tion comes from studies in mice of 
DC differentiated from ES cells [8]. 
Administration of DC loaded with 
a nominal TAA to semi-allogeneic 
recipients induced antigen-specif-
ic responses that restricted tumor 
progression in vivo, despite the si-
multaneous induction of significant 
alloreactivity [8]. That the secretion 
of pro-inflammatory cytokines 
was fundamental to this outcome 
was suggested by the findings of 
Martín-Fontecha and colleagues 
who injected recombinant TNF-α  
subcutaneously to mice followed by 
administration of TAA-laden DC at 
the same location. Prior exposure to 
TNF-α induced the up-regulation 
of the chemokine CCL21 by local 
lymphatic endothelium resulting in 
a 40-fold increase in the numbers 
of DC reaching the draining lymph 
nodes [21], a highly-relevant finding 
given that less than 5% of injected 
cells are normally expected to reach 
the site of T-cell activation [22]. 

These encouraging findings have 
recently gained further traction 

from studies of cancer immuno-
therapy in man which likewise sug-
gest that on-going inflammation at 
the site of DC administration may 
substantially increase the effica-
cy of cancer vaccination. By using 
tetanus/diphtheria toxoid (Td) as a 
potent recall antigen, Mitchell et al. 
induced local inflammatory respons-
es in patients with glioblastoma mul-
tiforme at the same site to which 
they subsequently administered DC 
pulsed with the TAA, pp65. This 
regimen showed significantly en-
hanced accumulation of DC in the 
draining lymph nodes, as assessed 
by Indium-111 labelling of the ad-
ministered cells, which correlated 
with enhanced progression-free and 
overall survival of patients [23]. The 
role played by CD4+ T cells as the 
principal source of pro-inflamma-
tory cytokines was subsequently 
confirmed in mice, their depletion 
abrogating any beneficial impact of 
prior conditioning with Td [23]. 

Although these findings sup-
port the notion that allorespons-
es by CD4+ T cells elicited by 
semi-allogeneic DC may, paradox-
ically, enhance concurrent activa-
tion of TAA-specific CTL (Figure 2), 
enthusiasm for this strategy must 
be tempered by two important con-
siderations. Firstly, the polyclonal 
activation of CD4+ alloreactive T 
cells inevitably leads to a broad rep-
ertoire of memory T cells capable of 
evoking far more dramatic respons-
es upon subsequent exposure to the 
same inoculum. Indeed, careful ex-
periments evaluating the survival of 
TAA-pulsed DC in mice revealed 
their greatly accelerated clearance 
following prior immunization with 
the same source of DC [24]. Con-
sequently, the desired effects of DC 
vaccination in a semi-allogeneic 
setting would need to be achieved 
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through the administration of a 
single inoculum, since subsequent 
doses would be rapidly destroyed 
by an anamnestic response. Impor-
tantly, such a regimen runs counter 
to current evidence suggesting that 
the efficacy of DC vaccination cor-
relates positively with the number 
of doses given, successive inocu-
la serving to boost immunity over 
time. For instance, Teramoto and 
colleagues demonstrated that 1-year 
survival of patients with refractory 
non-small cell lung cancer increased 

from 25% in patients receiving 1–2 
injections of autologous MUC-1-
pulsed DC, to 39% in those receiv-
ing six or more vaccinations. Fur-
thermore, the median survival time 
increased from 2.7 to 9.5 months, 
strongly supporting the expediency 
of progressively augmenting immu-
nity over time [25]. Secondly, while 
the pro-inflammatory microenvi-
ronment elicited by semi-allogeneic 
DC may be compatible with vacci-
nation protocols, it would doubt-
less prove profoundly antagonistic 

 f FIGURE 2
Alloreactivity among CD4+ T cells may serve to bolster anti-tumour immunity. 
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DC semi-allogeneic to the recipient have the capacity to present epitopes from TAA to CTL via shared MHC class I molecules. The 
simultaneous recognition of allogeneic MHC class II molecules by alloreactive CD4+ T cells may enhance anti-tumor immunity by the 
provision of pro-inflammatory cytokines and bystander help for the activation and clonal expansion of TAA-specific CTL.
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to the induction of immunological 
tolerance, the release of inflam-
matory cytokines inhibiting the 
induction of Treg and most likely 
favoring aggressive Th17 responses 
instead. It is, therefore, challenging 
to envisage how semi-allogeneic DC 
could ever be re-purposed for toler-
ance induction, greatly limiting the 
reach of DC-based immunotherapy 
to IO. Such constraints naturally 
raise questions as to the feasibility 
of working towards an autologous 
cell therapy product instead.

THE PROS & CONS OF 
AN AUTOLOGOUS DC 
PRODUCT
The scientific mandate for an autol-
ogous DC product is beyond dis-
pute. In the absence of confound-
ing alloreactivity, the use of DC to 
establish or reinforce immunolog-
ical tolerance becomes a far more 
realistic prospect [5]. Such a strategy 
would pave the way for the poten-
tial use of DC to establish tolerance 
to defined protein antigens serving 
as biological therapeutics, such as 
the recombinant enzymes required 
for the treatment of lysosomal stor-
age diseases or clotting factors such 
as Factor VIII for the treatment of 
hemophilia A. The recent demon-
stration of pre-existing immunity 
to the bacterial enzyme Cas9 [26,27] 
may threaten the very future of in 
vivo gene editing, suggesting that 
new targets continue to emerge for 
which the establishment of immu-
nological tolerance is necessary [28]. 
Furthermore, the role played by 
DC in autoimmunity and allograft 
rejection suggests that these indica-
tions may also serve as potential, al-
beit ambitious targets for the future 
establishment of tolerance [29].

In the context of IO, the avail-
ability of autologous DC would 
likewise prove a significant advan-
tage since DC sharing all MHC class 
I loci with the recipient would be 
able to present a broad spectrum of 
epitopes generated from an appro-
priate TAA, provoking a polyclonal 
yet antigen-specific CD8+ T-cell re-
sponse against an established tumor. 
In contrast, the token expression 
of a single MHC class I allele in 
common between semi-allogeneic 
DC and recipient, would necessari-
ly restrict the response to the small 
number of epitopes presented by the 
relevant MHC molecule. Given that 
the number and diversity of tumor 
infiltrating lymphocytes (TIL) serves 
as a biomarker of favorable prog-
nosis [30], diversity in the immune 
response is an important goal with 
significant implications for efficacy. 
Furthermore, the absence of foreign 
MHC molecules that would pro-
voke potent non-specific alloreactiv-
ity paves the way for the delivery of 
multiple doses of an autologous DC 
product over an extended period of 
time, a strategy that might establish 
and progressively augment immuni-
ty to the desired TAA. The adminis-
tration of multiple small doses of DC 
is also preferable since it is less likely 
to provoke adverse reactions, such as 
cytokine release syndrome, than the 
delivery of a single large inoculum 
that a semi-allogeneic product would 
necessitate. Such considerations are 
clearly important, since, to date, the 
vast majority of clinical trials have 
made use of autologous moDC, on 
the basis of which, this form of im-
mune intervention has been deemed 
safe and well-tolerated by patients [6]. 
The use of a semi-allogeneic source 
would, however, involve stepping 
into the unknown, the safety and ef-
ficacy data that have been acquired 
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over the past decade bearing limited 
relevance to this new scenario. 

While the scientific credentials of 
an autologous DC product are in-
disputable, the economic argument 
is undoubtedly rather less persuasive 
since the more bespoke a treatment, 
the greater the cost of manufacture is 
likely to be: a fully autologous prod-
uct is clearly at one end of the spec-
trum taking little advantage of the 
economies of scale [31]. Neverthe-
less, there is little doubt that the costs 
of manufacture of a cGMP-compli-
ant product are likely to fall sub-
stantially in the future, fueled by the 
increased success and consequent 
uptake of cell therapies, the intro-
duction of competition into market 
forces and the streamlining of reg-
ulatory pathways. Furthermore, in 
the context of tolerance induction, 

many indications may be considered 
orphan diseases with few alternative 
treatment options, greatly increas-
ing the likelihood of reimburse-
ment and altering the cost–benefit 
analysis [31]. Given that predictions 
of decreasing costs of manufacture 
have yet to be realized, however, it 
is doubtless pertinent to ask wheth-
er recent developments in the iPSC 
field might suggest solutions to the 
issue of alloreactivity that are com-
patible with the development of an 
off-the-shelf product.

TOWARDS A UNIVERSAL 
DC PRODUCT
Arguably the greatest impediment 
to the use of a semi-allogeneic 
DC product is the restriction that 

 f FIGURE 3
Design of an off-the-shelf product for tolerance induction. 
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MHC-deficient iPSC may be transfected with the most commonly expressed MHC class II alleles to create a bank of lines, each 
expressing a single MHC class II allele. Administration of antigen-pulsed DC differentiated from such lines to appropriately-matched 
recipients may permit the expansion of antigen-specific Treg cells in the absence of confounding alloreactivity.
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alloreactivity imposes on the num-
ber of doses that can be adminis-
tered. One approach to circum-
venting the anamnestic response 
might be to derive multiple iPSC 
lines from different donors for each 
MHC haplotype, each of which 
could be administered in turn. For 
the most prevalent haplotype based 
on HLA-A*0201, for instance, 
six unrelated iPSC lines might 
be derived, each expressing the 
HLA-A*0201 allele but differing 
at all other loci. Repeated exposure 
to HLA-A*0201-restricted epitopes 
derived from an appropriate TAA 
would, therefore, be expected to es-
tablish robust anti-tumor immunity 
over time without provoking mem-
ory responses to allogeneic MHC 
molecules which would elicit only 
primary T-cell responses on each oc-
casion. Such a strategy would build 
on the demonstrated success of us-
ing multiple doses of a DC vaccine 
[25] while also preserving the po-
tentially beneficial adjuvant effect 
of a semi-allogeneic product [20]. 
The obvious disadvantage of such 
an approach is the associated costs 
of deriving multiple iPSC lines for 
each MHC haplotype, significantly 
weakening the economic arguments 
for such a semi-allogeneic product. 

An alternative strategy might be 
to exploit recent efforts to gener-
ate so-called ‘universal’ iPSC lines, 
compatible with all patients, irre-
spective of their MHC haplotype. 
Various groups have succeeded in 
the genome editing of PSC lines to 
render the cells deficient in MHC 
class I. For instance, Gornalusse and 
colleagues targeted the β2-micro-
globulin gene, a structural compo-
nent of all MHC class I molecules, 
but protected the differentiated 
products of the resulting cells from 
Natural Killer (NK) cell lysis by 

the forced expression of minimal-
ly-polymorphic HLA-E molecules 
that actively engage inhibitory re-
ceptors expressed by NK cells [32]. 
A more refined approach has since 
been reported which targets HLA-A 
and HLA-B alleles while preserving 
expression of HLA-C. This serves 
the dual function of facilitating 
residual antigen presentation to 
MHC class I-restricted CTL while 
pacifying NK cells through the li-
gation of KIR receptors [33]. Given 
the lower levels of polymorphism at 
the HLA-C locus, Xu et al. have cal-
culated that as few as 12 iPSC lines 
could be immunologically com-
patible with more than 90% of the 
global population [33]. 

While such developments hold 
promise for the generation of nu-
merous cell types for the purpose of 
regenerative medicine, DC pose a 
greater challenge by virtue of their 
constitutive expression of MHC 
class II molecules as well as class I. 
To generate a universal DC product 
would, therefore, require the addi-
tional targeting of all class II loci, 
perhaps through disruption of the 
gene encoding the class II transac-
tivator (CIITA) that controls all 
MHC class II expression. Notwith-
standing the additional complexity 
of targeting CIITA in cell lines al-
ready devoid of MHC class I, such 
iPSC would provide a blank can-
vass in which to express individual 
MHC alleles prevalent within the 
population. TAA-pulsed DC differ-
entiated from iPSC solely expressing 
HLA-A*0201 could be administered 
to all HLA-A*0201+ patients with 
impunity and as often as necessary 
to build up anti-tumor immunity 
over time without the confounding 
influence of alloreactivity. Further-
more, DC differentiated from iPSC 
lines uniquely expressing some of 
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