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Abstract

Allogeneic Mesenchymal Stromal Cells (MSCs) are often selected for their manufacturing scalability and immunomodulatory
properties, but their description as absolutely immune privileged is unsupported. Animal studies demonstrate cellular and humoral
responses to mismatched MSCs, and human studies document treatment-emergent anti-human leukocyte antigen antibodies, in-
cluding donor-specific antibodies. These findings establish immunogenic potential but do not demonstrate universal rejection or
a progressive decline in efficacy with repeated administration. This narrative review distinguishes immune recognition, sensitiza-
tion, cell clearance, and clinical consequences; evaluates mechanistic, preclinical, and human evidence; and proposes a framework
for repeat-dose development. Interpretation requires attention to donor identity, recipient immune status, administration route,
manufacturing attributes, assay methods, and follow-up. Cord-tissue products require the same product-specific assessment as
adult-tissue products. Importantly, clearance may contribute to immunomodulation through apoptosis and efferocytosis, so per-
sistence alone is an insufficient surrogate for therapeutic activity. Repeat-dose studies should link serial immune measurements to
subsequent-dose pharmacodynamic and clinical outcomes. The priorities are reliable attribution of sensitization, determination of
its functional consequences, and identification of circumstances in which donor selection or regimen modification improves benefit
and reduces risk.
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Introduction

Mesenchymal Stromal Cells (MSCs) have been investigated
across inflammatory, immune-mediated, degenerative, and regen-
erative indications because of their immunomodulatory, trophic,
angiogenic, and tissue-reparative properties [1]. Clinical develop

ment of the therapeutic potential of MSCs has been accelerated on
part, by the feasibility of manufacturing capabilities. A key advance-
ment in MSC therapeutics has been the development of allogene-
ic products from expanded donor-derived cell banks, creating the
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prospect of standardized, inventory-based therapy rather than pa-
tient-specific manufacturing [2]. A central biological premise sup-
porting this model was the characterization of MSCs as “immune
privileged.” Early in vitro experimentation showed relatively low
expression of Major Histocompatibility Complex (MHC)/Human
Leukocyte Antigen (HLA) class I, limited constitutive HLA class
II and costimulatory-molecule expression, and weak stimulation
in mixed lymphocyte assays [3]. These observations were inter-
preted to mean that MSCs could cross histocompatibility barriers
with little meaningful immune recognition [4,5]. However, animal
studies subsequently demonstrated cellular and humoral respons-
es to MHC-mismatched MSCs, including memory responses and
rejection of allogeneic cells,6,7 shifting the field toward the more
qualified concepts of “immune evasive,” “hypoimmunogenic,” or
“relatively low immunogenicity” [6,7]. Human studies have rein-
forced the need for this distinction by documenting anti-HLA and
Donor-Specific Antibody (DSA) formation after allogeneic MSC ad-
ministration [8,9]. An equally important correction is required in
the opposite direction, i.e., evidence of immune recognition is not
synonymous with clinically important graft rejection, treatment
failure, or cumulative toxicity [10,11]. In a systematic assessment
of clinical alloimmune responses available to date, DSA formation
was observed in a minority of treated patients and was not clearly
associated with reduced safety or tolerability [12]. This distinction
matters most when allogeneic MSCs are administered repeatedly.
Re-exposure to mismatched donor antigens provides a biologically
plausible setting for immune priming, memory, accelerated clear-
ance, or altered therapeutic activity [13,14]. Preclinical models
support this concern, but human evidence remains heterogeneous
and insufficient to conclude that repeated dosing universally caus-
es progressive loss of efficacy [15,16]. The question is particularly
relevant to umbilical cord- and Wharton'’s jelly-derived products,
which are often positioned as low-immunogenicity sources and may
be used in repeated-dose protocols. The appropriate translational
framework must therefore separate four related but non-equiva-
lent phenomena: immune recognition, sensitization, cell clearance,
and clinically consequential loss of safety or efficacy. This narrative
review examines the evidence that challenged the immune-privi-
lege paradigm, evaluates what human data do and do not establish
about alloimmunization and repeat dosing, and proposes practical
immune-monitoring and trial-design considerations for contempo-
rary allogeneic MSC development.

Review Approach

This narrative review draws on the supplied evidence summa-
ry and a targeted literature update and reference verification com-
pleted on October 3, 2026. Searches of PubMed-indexed records
and publisher pages combined terms for mesenchymal stromal or
stem cells with allogeneic, immunogenicity, alloimmunization, do-
nor-specific antibodies, repeat dosing, umbilical cord, apoptosis,
and efferocytosis. Primary human studies reporting immune mea-
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surements were prioritized; foundational animal experiments were
retained for mechanistic interpretation, and recent perspectives
were used to frame research questions. Findings were compared by
tissue source, donor relationship, recipient immune status, route,
dosing schedule, assay, and follow-up. No quantitative pooling, for-
mal risk-of-bias scoring, or exhaustive systematic search was per-
formed.

From Immune Privilege to Conditional Immune Evasion

MSCs also exert broad immunomodulatory effects through
soluble mediators and cell-cell interactions [17]. Although the
inherent properties of MSCs in theory reduce the intensity of al-
lorecognition relative to more immunogenic cell types, this state
of reduced immunogenicity exists under conditions rather than an
intrinsic absence of antigenicity [18]. Inflammatory licensing, dif-
ferentiation, culture conditions, passage history, cryopreservation,
tissue source, and local microenvironment can alter the immuno-
logic phenotype of MSCs [19]. HLA expressions can increase under
inflammatory conditions, and differentiated progeny may not re-
tain the same immunologic profile as the administered stromal-cell
product. [7,13] Accordingly, the immune phenotype relevant to
clinical use is dynamic and product specific. The phrase “immune
privileged” is therefore problematic because it collapses lower im-
munogenicity into immune invisibility.

Preclinical Evidence Establishes Imnmunogenic Potential

Several foundational in vivo studies directly challenged the
assumption that allogeneic MSCs are intrinsically tolerated. Eliop-
oulos and colleagues demonstrated rejection of allogeneic marrow
stromal cells in MHC-mismatched mice [20]. Nauta and colleagues
showed that donor-derived MSCs could induce a memory T-cell
response and promote donor graft rejection in an allogeneic host
[21]. Badillo and colleagues subsequently demonstrated both cel-
lular and humoral alloimmune responses to murine bone-marrow
stromal progenitor cells. 6 Together, these studies established a
principle that remains important for clinical translation: low stimu-
latory activity in vitro does not reliably predict absence of immune
recognition in vivo. Preclinical repeat-dose studies further suggest
that a first exposure can alter the response to subsequent alloge-
neic MSC administration. In an equine model, a second intra-artic-
ular injection of allogeneic MSCs produced a greater inflammatory
response than a second autologous injection, consistent with ac-
quired immune recognition [22]. Differentiation can also increase
immunogenicity and constrain durability; in cardiac repair models,
differentiation-associated increases in MHC expression were as-
sociated with immune rejection and reduced long-term benefit of
allogeneic MSCs [23]. These studies establish biological plausibili-
ty for sensitization-dependent loss of persistence or activity. They
should not, however, be treated as direct evidence that the same
magnitude or clinical consequence occurs in humans.
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Human Alloimmune Evidence

In a systematic review including 555 participants, of whom 356
received allogeneic MSCs treatment-emergent DSA was identified
in a subset of recipients without a clear association with report-
ed safety or tolerability [12]. This was not an adequately powered
pooled test of efficacy loss after successive doses. Variation in im-
mune testing and clinical context limits interpretation of negative
associations. In a Crohn disease sub study, local administration of
allogeneic adipose-derived MSCs generated DSA in some recipients,
with pre-existing immunity influencing subsequent sensitization.
Antibody levels decreased during follow-up in some groups, and
investigators did not detect an association between DSA generation
and the measured therapeutic response [16]. These findings con-
cern a specific product and local administration regimen; they can-
not establish the effect of repeated intravenous dosing. Sun and col-
leagues treated 12 children with autism spectrum disorder using
one, two, or three intravenous cord-tissue MSC doses at two-month
intervals. Five of nine initially anti-HLA-negative participants de-
veloped class | antibodies; no antibody-associated clinical man-
ifestations were reported [24]. The mixed dosing cohorts, small
sample and uncontrolled design do not establish a dose-dependent
sensitization rate or preserved efficacy after sensitization. A 2024
reanalysis of two kidney-transplant MSC cohorts illustrates the
difficulty of attributing antibody specificity. High-resolution HLA
information changed interpretation of some previously assigned
DSA, and shared donor mismatches complicated separation of re-
sponses to the kidney graft and MSCs [25]. Therefore, an antibody
detected after MSC administration is not automatically caused by
MSC exposure, particularly when recipients have additional alloge-
neic exposures. In a 2025 kidney-transplant study, six human par-
ticipants were enrolled and four received 12 monthly kidney-do-
nor-derived MSC infusions with concurrent immunosuppression.
Infusions were acutely tolerated, but immune tolerance was not
achieved, and DSA or rejection affected eligibility for or success of
immunosuppression withdrawal [26]. The shared organ/MSC do-
nor and changing immunosuppression prevent attribution of these
outcomes to MSC sensitization alone. A 2025 single-dose lumbar
facet study enrolled ten patients and reported no clinical signs of an
immune reaction [27]. Its report did not include serial anti-HLA or
DSA outcomes. Clinical tolerability without immune testing there-
fore cannot establish absence of sensitization.
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Cord Tissue and Wharton Jelly Products

Umbilical cord tissue and Wharton'’s jelly are source descrip-
tors, not interchangeable standardized products. The cord-tissue
findings above should not be generalized to every isolation method,
tissue compartment, donor bank, or manufacturing process. Claims
of lower immunogenicity require comparisons of final products
under comparable conditions. Tissue origin alone is insufficient to
justify omission of immunogenicity assessment.

Clearance and Therapeutic Activity

Cell loss is not necessarily therapeutic failure. Pang and col-
leagues showed that blocking MSC apoptosis attenuated immu-
nosuppression in experimental disease models and implicated ef-
ferocytosis, the phagocytic removal of apoptotic cells, in the host
response [28]. These findings establish a mechanism in the tested
models, not a universal requirement for every MSC product. Alloan-
tibody-mediated clearance could reduce viable-cell exposure, alter
host-mediated activity, or have little effect; the direction must be
measured. A 2026 expert perspective emphasizes functional per-
sistence and delivery context rather than cell tracking alone, [29]
also highlighted in a recent review [30], supporting pairing via-
ble-cell measurements with host-response biomarkers.

Repeat Dose Development

A test of immune-mediated loss of response requires temporal-
ly ordered measurements: immune status before each administra-
tion, product exposure and early pharmacodynamic activity after
dosing, and clinical outcomes at prespecified intervals. Analyses
should relate acquired immunity to the response to a subsequent
dose, account for donor and lot changes, and distinguish loss of ini-
tial benefit from disease progression or variation in manufacturing
potency. Missing immune samples and withdrawals after reactions
should be reported because they can bias later-dose comparisons.
Table 1 presents a proposed framework, not a universal regulatory
requirement. Donor typing and serial serology are especially in-
formative in repeat-dose programs where sensitization may affect
retreatment or future transplantation. Cellular assays, functional
antibody testing, and cell tracking should be selected according to
mechanism, analytical feasibility, and the clinical question (Table
1).

Table 1: Proposed assessments for repeat-dose allogeneic MSC studies.

Domain Assessment And Timing

Interpretation

Donor and recipient

Type donor HLA sufficiently to assign specificity; retain
donor and lot identities for every dose.

Record relevant recipient typing and pregnancy, transfusion
or transplant exposures.

Baseline and retreatment

Collect serum before treatment and, when feasible,
before subsequent administrations.

Separate pre-existing sensitization from newly detected or
amplified responses.

Postdose serology
samples.

Prespecify post dose and end-of-course sampling,
with later follow-up for persistence; identify missing

Report class 1/11 specificity, DSA denominator, assay platform,
threshold and signal; do not equate mean fluorescence inten-
sity with antibody titer.
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Functional immunity

Use selected donor-reactive cellular or antibody-func-
tional assays in mechanistic sub studies.

Serology alone cannot measure all cellular responses or prove
cytotoxicity.

Final product

Document source/compartment, passage, post-thaw
viability, potency, HLA phenotype and process materials.

Assess batch effects separately from recipient sensitization.

Regimen and outcomes
clinical response.

Record dose, route, interval and concomitant therapy;
link immunity to the next dose pharmacodynamic and

Use prespecified temporal comparisons and report uncertain-
ty rather than inferring causality from seroconversion.

Future transplantation

For relevant populations, characterize persistent anti-
body specificity with transplant specialists.

Potential future donor incompatibility is distinct from demon-
strated MSC-related clinical harm.

Clinical and Regulatory Context

Approved repeat-dose therapy demonstrates that allogeneic
MSC development need not depend on an absolute immune-privi-
lege claim. The US prescribing information for remestemcel-L-rknd
recommends eight initial intravenous infusions for pediatric ste-
roid-refractory acute graft-versus-host disease, with additional
treatment determined by response [31]. This establishes an indi-
cation-specific clinical use, not freedom from alloimmunization or
applicability to immunocompetent recipients and other products.
Persistent antibodies could affect future donor compatibility if their
specificities overlap those of a later organ or hematopoietic graft.
The kidney-transplant reanalysis shows why specificity and com-
peting exposures require careful attribution [25]. This is a rationale
for follow-up in transplant-relevant populations, not evidence that
MSC administration has reduced subsequent transplant access.

Evidence Gaps and Limitations

The principal evidence gap is prospective linkage of acquired
donor-reactive immunity to the response to a later MSC dose. Prior-
ity studies should incorporate adequate donor typing, distinguish
same donor redosing from donor switching, and report product
attributes and concomitant therapies. Source comparisons require
comparable manufacturing and delivery conditions; otherwise, ap-
parent source effects may reflect differences in the administered
products. This synthesis is limited by targeted rather than exhaus-
tive retrieval and the absence of formal risk-of-bias assessment.
Small clinical cohorts, inconsistent immune ascertainment, missing
samples, limited follow-up and recipient immunosuppression con-
strain estimates of incidence and outcome associations. Transplant
recipients may have multiple sources of alloantigen exposure, and
local administration cannot be assumed to predict intravenous re-
sponses. No universal sensitization rate, clinically validated anti-
body threshold, or causal estimate of repeat-dose efficacy loss can
be derived from this evidence.

Conclusions

Allogeneic MSCs have context-dependent immunogenicity. Clin-
ical development should determine whether donor-reactive immu-
nity changes subsequent-dose activity or safety, using assays capa-

ble of assigning specificity and outcomes aligned with the intended
mechanism. Manufacturing accessibility and immune compatibility
are complementary development considerations. Product-specific
evidence, rather than a categorical immune-privilege label, should
guide donor selection, monitoring, and retreatment.
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