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Abstract
Background  Wharton’s jelly, the mucoid connective tissue that surrounds umbilical cord vessels, contains both 
acellular and cellular components with recognized relevance to regenerative medicine. The acellular extracellular 
matrix (ECM) is composed of collagen fibers, hyaluronic acid, proteoglycans, glycosaminoglycans, that provides a 
scaffold for bioactive molecules such as growth factors and cytokines that support structural integrity and tissue 
repair. The cellular component of native Wharton’s jelly consists primarily of multipotent mesenchymal stromal cells 
(MSCs), which are leveraged in regenerative medicine for their differentiation capacity, trophic signaling, angiogenic 
activity, and immune modulatory activities. There is a growing commercial market for injectable, minimally 
manipulated Wharton’s jelly allograft products for clinical use to provide structural support or cushioning. Although 
these products comprise ECM, they are often presumed or represented to also contain viable MSCs capable of 
providing therapeutic benefit.

Methods  A comprehensive literature review was performed, examining published data on the biologic components 
of Wharton’s jelly and common methods of processing and utilizing this tissue as a source of ECM or MSC-based 
therapeutics. Empirical laboratory analyses were also conducted on minimally manipulated Wharton’s jelly tissue 
products to microscopically quantify total cell content, viable cell counts, and to assess the percentages of MSCs by 
flow cytometry.

Results  Published literature shows that ECM-based preparations can support endogenous repair processes or 
serve as scaffolds in tissue engineering, but they do not contain therapeutically meaningful quantities of viable 
primary MSCs. To achieve any measurable biological or clinical effect using MSCs, administration of MSCs at defined 
therapeutic doses is required, typically ≥10 million MSCs for local delivery and 70–190 million cells for systemic 
infusion. These doses can only be obtained by intentionally isolating MSCs from fresh Wharton’s jelly tissue and 
subsequently expanding them in vitro. Indeed, our analyses of minimally manipulated Wharton’s jelly product samples 
show that these materials contain ECM with only trace levels of residual cells. Total cell counts in Wharton’s jelly tissue 
preparations ranged from 3,369 to 111,170 cells per cubic centimeter, with 0–19.1% viability, and only rare viable 
MSCs.

Conclusions  Minimally manipulated Wharton’s jelly products should be viewed as acellular ECM preparations, 
comprising negligible MSCs and lacking the capacity to provide cell-mediated therapeutic benefits. An 
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Therapeutically relevant cellular and Acellular 
materials in Wharton’s jelly
The field of regenerative medicine seeks to restore or 
replace damaged tissues using biologic materials that 
recapitulate the biological processes of tissue or cellu-
lar repair. Perinatal tissues, such as the human umbili-
cal cord, have been the focus of considerable research 
due to their accessibility, ethical acceptability, and abun-
dance of bioactive molecules. The human umbilical cord 
is a vital structure that connects the developing fetus to 
the placenta, serving as a lifeline for exchange of oxygen, 
nutrients, and waste products between the mother and 
the developing fetus. At term, in humans, the umbilical 
cord is 40–60 cm long, with a girth of 1–2 cm [1]. The 
structure has outer covering comprising a layer of amni-
otic epithelium that encloses a mucoid connective tis-
sue through which three vessels, a vein and two arteries, 
carry the oxygenated and deoxygenated blood between 
the placenta and fetus, respectively [1].

Wharton’s jelly, the gelatinous connective tissue that 
supports the two umbilical arteries, has the function of 
resisting torsional and compressive stresses imposed on 
the umbilical vessels throughout gestation [2]. Wharton’s 
jelly is rich in extracellular matrix (ECM) components, 
including collagen, chondroitin sulfate, hyaluronic acid, 
and sulfated proteoglycans. Additionally, this tissue har-
bors growth factors, cytokines, and extracellular vesicles, 
which may have therapeutic properties [1]. In Wharton’s 
jelly, MSCs actively secrete bioactive factors that contrib-
ute to the structural integrity and biochemical milieu of 
the ECM [3]. While Wharton’s jelly was once viewed as 
a waste product to be discarded after birth, it has more 
recently been explored as a source of cellular and extra-
cellular material for regenerative medicine applications. 
Wharton’s jelly is easily accessible and available since 
every birth presents an opportunity to harvest regenera-
tive substances, offering advantages over other sources of 
therapeutic cells such as bone marrow or adipose tissue 
[1].

Wharton’s jelly-derived products derive from the bio-
logically distinct but complementary components, ECM 
and MSCs,which have each been investigated in the sci-
entific and medical literature for their therapeutic poten-
tial [4]. ECM provides the structural and biochemical 
scaffold of the tissue, rich in collagen, glycosaminogly-
cans, and proteoglycans that maintain tissue hydration, 
facilitate cell adhesion, and retain growth factors that 
influence tissue repair [5–7]. Depending on how the 
ECM is processed, specific structural or functional 

components can be selectively preserved, leveraged, 
or enhanced. Processing methods may enrich certain 
matrix elements, modify their bioactivity, or alter their 
mechanical properties, thereby influencing the intended 
therapeutic application and the performance of the final 
product [8]. MSCs are present throughout the ECM 
of Wharton’s jelly but are particularly enriched in the 
perivascular region, which corresponds to the connec-
tive tissue immediately surrounding the umbilical cord 
arteries and vein [3, 9, 10]. While MSCs can be isolated 
from Wharton’s jelly, yields from fresh tissue are typically 
modest unless specific isolation methods and reagents 
are applied to release the cells, followed by in vitro expan-
sion. Table 1 provides a comparison of distinctive com-
position and mechanisms of action of MSCs and ECM 
from Wharton’s jelly, emphasizing their distinct biologi-
cal properties [6].

The need for a scientific appraisal of claims and 
misconceptions regarding the composition of 
marketed Wharton’s jelly matrix products
There is an expanding commercial market for Whar-
ton’s jelly-derived biological products in the United 
States, which are typically presented as ready-to-use 
ECM allografts for regenerative medicine applications, 
supplied as cryogenically preserved viscous suspensions 
or gels that are injectable or implantable. These prod-
ucts are sourced from full-term umbilical cords donated 
with consent and are generally marketed as “minimally 
manipulated” Wharton’s jelly allografts, highlighting both 
their processing methods and their regulatory classifica-
tion. Minimally manipulated Wharton’s jelly products 
are available for clinical use in the United States without 
full regulatory review under the Food and Drug Admin-
istration (FDA) Human Cells, Tissues, and Cellular and 
Tissue-Based Products (HCT/P) regulations (21 CFR 
Part 1271). To qualify under this pathway, the criteria 
for a product include manufacturing processes that do 
not alter the tissue’s original relevant characteristics, and 
homologous use, defined as use consistent with the native 
function of Wharton’s jelly as a structural, cushioning 
and protective connective tissue. Specifically, homolo-
gous uses for Wharton’s jelly may include replacement, 
support, or repair of structural tissues. Such indications 
may include structural scaffolding for cartilage repair 
and for wound healing such as for chronic skin ulcers 
or pressure sores, or surgical wound coverage. As addi-
tional examples, these products may be applicable for 
other aspects of soft tissue augmentation or support, for 

understanding of the compositions of ECM products and true MSC-based therapies is essential to ensure appropriate 
clinical use and responsible integration into regenerative medicine practices.
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example as subcutaneous fillers, or as injectable hydro-
gels to provide localized cushioning. Conversely, using 
these minimally manipulated Wharton’s jelly products 
to treat unrelated conditions, for example, for systemic 
immunomodulation or cardiac repair, would be consid-
ered non-homologous since these uses are outside the 
scope of the functions that Wharton’s jelly naturally per-
forms in the body.

Minimally manipulated Wharton’s jelly products are 
tissue matrix preparations that have been processed to 
retain the fundamental structural characteristics of native 
ECM. Minimal manipulation of tissue involves gentle, 
non-disruptive processing techniques such as mechani-
cal dissociation and washing steps. These steps are often 
followed by cryopreservation techniques optimized 
to maintain the architecture of ECM tissue fragments 
although it is not explicitly clarified whether these tissue-
focused approaches also preserve resident MSCs. The 
methods for minimally processing Wharton’s jelly ECM 
contrast with the mainstay approaches used in tissue 
engineering applications in which ECM is typically sub-
jected to deliberate decellularization through chemical, 
enzymatic, and/or physical methods. These techniques 
remove or degrade bioactive constituents including cells 
within Wharton’s jelly, often for the purpose of also alter-
ing the tissue’s mechanical properties and to improve 
immunological compatibility.

In instances where manufacturers do not disclose 
detailed compositions of Wharton’s jelly-derived bio-
logics, product descriptions or claims leave room for 
assumptions or representations that these materials 
contain biologically active components beyond ECM. 
A particularly persistent and unsupported belief is that 
minimally manipulated Wharton’s jelly preparations 
contain clinically meaningful quantities of MSCs. There-
fore, to address the ongoing ambiguities and controver-
sies surrounding Wharton’s jelly–derived products, the 
following sections present a comprehensive analysis of 

native Wharton’s jelly and its biologic derivatives. We 
herein review the compositions and therapeutic appli-
cability of Wharton’s jelly-derived biologics, including a 
focused assessment of whether MSCs are meaningfully 
present in ECM-based tissue preparations.

Biological and clinical insights into Wharton’s jelly–
derived mesenchymal stem cells
Wharton’s jelly-derived MSCs are perinatal cells that 
retain primitive characteristics while maintaining prop-
erties typical of adult MSCs [9]. Wharton’s jelly is read-
ily accessible compared to other tissues, offering practical 
advantages over bone marrow and adipose-derived stem 
cell sources. Its ease of collection, coupled with the 
robust expansion potential of Wharton’s jelly MSCs 
and the presence of immune modulatory molecules 
makes Wharton’s jelly a highly attractive MSC source 
for regenerative medicine applications [9, 11]. Whar-
ton’s jelly-derived MSCs have the prototypical features 
of MSCs defined by the International Society for Cellular 
Therapy [12] including fibroblast-like adherence to plas-
tic and expression of the surface markers CD90, CD73 
and CD105 [13]. MSCs from this tissue demonstrate 
strong proliferative capacity, multilineage differentia-
tion potential (osteogenic, chondrogenic, and adipogenic 
lineages), and paracrine activity. Like MSCs from other 
tissues, Wharton’s jelly MSCs are also highly immune 
suppressive and have low immunogenicity. They express 
MHC class I antigens at low levels and do not express 
MHC class II or costimulatory molecules CD80, CD86, 
and CD40 but express HLA-G [11, 14, 15]. After expo-
sure to pro-inflammatory stimuli such as treatment with 
IFN-γ or TNF-α, the upregulation of HLA-DR molecules 
on Wharton’s jelly MSCs is less as compared to that on 
MSCs sourced from bone marrow [16, 17]. Moreover, 
exposure to pro-inflammatory stimuli strongly upregu-
lated the synthesis of immunosuppressive molecules by 
MSCs from Wharton’s jelly, including TGF-β and IL-10 

Table 1  Biological characteristics of Wharton’s jelly extracellular matrix and mesenchymal stem cells
Aspect Extracellular Matrix (ECM) Mesenchymal Stem Cells (MSCs)
Composition Acellular network of extracellular matrix and matrix-bound 

growth factors.
Stromal cells of mesodermal origin; fibroblast-like mor-
phology, multipotent differentiation potential.

Primary Function Mechanical support, tissue elasticity, biochemical cues for cell 
adhesion, proliferation, and differentiation.

Tissue repair via direct differentiation, secretion of 
trophic factors, immune modulation.

Molecular Components Collagens, fibronectin, laminin, decorin, biglycan, hyaluronic 
acid, matrix-bound cytokines and growth factors (e.g., TGF-β, 
VEGF, FGF).

Surface markers CD73, CD90, CD105; negative for 
hematopoietic markers CD34 and CD45; produce cyto-
kines, chemokines, growth factors, extracellular vesicles.

Mechanisms of Action Biophysical scaffold that modulates cell behavior via integrin 
signaling and matrix stiffness; retains and presents bioactive 
molecules.

Paracrine signaling (secretion of cytokines and growth 
factors that promote angiogenesis, suppress inflamma-
tion, stimulate tissue repair); trilineage differentiation

Immunogenicity Minimally immunogenic when decellularized; largely inert; 
lacks viable donor antigens.

Low immunogenicity due to HLA-G and lack of MHC 
class II; can actively suppress immune responses.

Complementarity Provides a supportive niche for MSCs. Able to repopulate or remodel ECM scaffolds, enhanc-
ing biointegration and repair.
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release, and inducing indoleamine 2,3-dioxygenase (IDO) 
expression [17]. In mixed lymphocyte cultures. Whar-
ton’s jelly MSCs also exerted more significant effects on 
in vitro T cell activation and proliferation compared to 
bone marrow-derived MSCs [17].

Recognition that MSCs exert much of their activity 
through the activity of secreted factors has also driven 
growing interest in the MSC secretome and its constit-
uents, such as extracellular vesicles and exosomes, as 
therapeutic candidates [18–20]. The secretome of cul-
tured MSCs may confer advantages over MSCs them-
selves from the standpoint of product manufacturing 
including greater scalability, fewer release criteria, longer 
shelf live, and easier storage. In preclinical studies, secre-
tome derived from WJ-MSCs induced in vitro prolifera-
tion and migration of fibroblasts that are critical for skin 
repair [21], scratch closure in an in vitro assay [22], and 
accelerated wound closure when delivered in a pluronic 
gel in an animal model [23]. Despite encouraging early 
evidence, broader and much more rigorous preclini-
cal validation is still needed to advance MSC secretome 
toward clinical use for many of these indications.

Preclinical studies of Wharton’s jelly MSCs for a vari-
ety of indications are abundant, whereas clinical inves-
tigations, though ongoing, remain limited in scale and 
maturity [1, 6]. Wharton’s jelly MSCs have been explored 
for mechanisms of action and therapeutic potential for 
numerous indications including myocardial repair [24], 
osteoarthritis [25, 26], rheumatoid arthritis [27], graft-
versus-host disease [28, 29], type 1 diabetes [30, 31], mul-
tiple sclerosis [32, 33], diabetic wound healing [34, 35], 
and bronchopulmonary dysplasia [36, 37]. Examples of 
clinical studies of Wharton’s jelly MSCs include a ran-
domized study of 61 patients with type 2 Diabetes Melli-
tus who received two intravenous infusions of Wharton’s 
jelly MSCs at mean doses of 6.1 ± 2.1 × 107 (1.0 × 106/kg; 
range, 5.3–8.9 × 107), with the number of MSCs admin-
istered calculated based on body weight [38]. Treatment 
with Wharton’s jelly MSCs improved βcell function and 
reduced the incidence of diabetic complications rela-
tive to control saline over a 36 month followup with a 
favorable safety profile. Wharton’s jelly MSCs have also 
been examined for orthopedic indications, including 
an open-label Phase I/IIa trial in patients with osteopo-
rotic vertebral compression fractures in which patients 
were randomized to receive daily teriparatide (parathy-
roid hormone) treatment alone or combined treatment 
of MSCs (4 × 107 cells by intramedullary injection and 
2 × 108 cells intravenously one week later) [39]. Whar-
ton’s jelly MSC treatment improved pain and disability 
scores, and enhanced microarchitecture at 6–12 months 
compared to teriparatide alone. In a small phase I study 
of Wharton’s jelly MSCs administered intramuscularly 
in diabetic patients with critical limb ischemia reported 

no serious adverse events, administration of the cells 
into the ischemic lower limbs improved painfree walking 
time and functional scores at six months [40]. In a pilot 
phase I trial in patients with acute respiratory distress 
syndrome (ARDS) caused by COVID-19, subjects were 
assigned to receive three intravenous doses of Wharton’s 
jelly MSCs: 1 infusion of 1 × 106 WJ-MSCs/kg or placebo 
within 48 h of invasive ventilation followed by 2 infusions 
of 0.5 × 106 WJ-MSCs/kg or placebo over 5 days [41]. The 
data showed that treatment was safe although the study 
treatment did not improve the dependency on ventilation 
or mortality endpoints. Overall, the earlyphase studies 
report that MSCs from Wharton’s jelly are safe and well-
tolerated, however, robust evidence of efficacy remains 
preliminary and large randomized controlled trials with 
longterm followup are still needed.

Wharton’s jelly-derived MSCs: meeting clinically 
relevant dose thresholds
Yields of primary MSCs isolated from various tissue 
sites in the body are relatively low, although the num-
ber of MSCs isolated from a tissue depends on numer-
ous factors including the donor’s age, health status, and 
the isolation methods applied [42]. Since MSCs are rela-
tively scarce in primary tissues, even optimized isola-
tion from fresh, uncultured samples yields insufficient 
cells for therapeutic doses. For Wharton’s jelly, the MSCs 
yields reported in the literature are often expressed per 
unit cord length or per unit tissue volume. A typical 
umbilical cord measure an average of 40–60 cm at term 
[1], and while some protocols utilize the entire cord to 
maximize primary MSC yields [43] other groups report 
procurement of shorter segments [44]. Multiple reports 
place observed yields of primary MSCs from Wharton’s 
jelly in the range of 10⁴ to 5x105 MSCs per cm of cord 
across studies with the exception of a single outlier report 
claiming yields of several million MSCs per cm [14, 45–
50]. Theoretically, by applying a mid-figure of 105 MSCs 
per cm from a 50-cm full length umbilical cord, approxi-
mately 5.0 × 106 MSCs could be isolated before cell cul-
ture and expansion. In practice, many protocols do not 
process the full cord length, balancing potential yield 
against workflow and manufacturing logistics, and there-
fore would yield even fewer MSCs.

Consequently, even when employing optimal isolation 
techniques using fresh Wharton’s jelly, the maximum the-
oretical yields of primary MSCs are too low for treatment 
of even a single subject without first expanding the cells 
in vitro. While there is no universally accepted minimum 
effective dose of MSCs, empirical evidence from reported 
positive outcomes across clinical trials from 2004 to 2018 
identified minimum effective doses ranging from 70 to 
190 million MSCs/patient/dose for MSCs administered 
intravenously [51]. Of the clinical trials that reported 
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dose response data, a narrower minimum effective dose 
between 100 and 150 million MSCs/subject was identi-
fied [51]. For indications relying on local MSC admin-
istration, effective doses tend to fall into a lower range. 
For example, in a meta-analysis of osteoarthritis clinical 
trials, the optimal dosing window was determined to 
be 50–100 million cells [52]. For local administration of 
MSCs to treat degenerative disc disease (i.e., intradiscal 
injection), signals of efficacy have been demonstrated 
using ranges of 10–25 million MSCs [53, 54]. Accord-
ingly, even with optimized isolation methods, the MSCs 
recoverable from a native, unexpanded Wharton’s jelly 
specimen are insufficient to meet clinically effective dos-
ing thresholds for even a single patient.

Methods for producing therapeutic MSCs from Whar-
ton’s jelly prioritize maximizing MSC release from the 
native tissue followed by expansion of the cells in cul-
ture, which is required to generate a bank of clinically 
relevant cell doses. Significant effort has been invested 
in optimizing both the initial isolation processes and the 
downstream expansion phases for clinical translation. 
Wharton’s jelly MSCs are typically isolated using two 
main approaches: explant methods and/or enzymatic 
digestion techniques [55]. In the explant method, Whar-
ton’s jelly is first rinsed to remove blood and debris and 
is then mechanically cut into small fragments, typically 
a few mm in size. These fragments are placed in tissue 
culture plates with growth medium to allow MSC out-
growth. After several days, the tissue pieces are removed 
and the adherent MSC monolayer that has formed is cul-
tured for further expansion. This technique is relatively 
simple and preserves cell viability and functions. The 
enzymatic digestion method involves cutting the Whar-
ton’s jelly into fragments and subsequently incubating 
with a solution of proteolytic enzymes to degrade ECM 
and liberate the MSCs. After washing the MSCs, the sus-
pension is then cultured in growth medium to support 
MSC expansion. Improper control of enzyme concentra-
tion or exposure time can lead to excessive matrix deg-
radation and cellular damage, reducing the quality of the 
isolated MSC population. While differences in early cul-
ture behavior and yield of MSCs are observed, expanded 
Wharton’s jelly MSCs from either approach are compa-
rable with respect to the desired characteristics including 
viability, morphology, proliferation, immunophenotype, 
and differentiation potential [43, 44, 46, 56–60].

Wharton’s jelly extracellular matrix as a 
regenerative resource
Wharton’s jelly ECM is a rich, hydrated scaffold com-
posed primarily of collagens, proteoglycans, and glycos-
aminoglycans. Collagen types I, III, IV, and V provide 
structural support, while proteoglycans such as decorin, 
biglycan, and versican, along with hyaluronic acid and 

other glycosaminoglycans, maintain tissue hydration, vis-
coelasticity, and facilitate cell adhesion [5, 7]. The ECM 
also serves as a reservoir for growth factors and bioactive 
molecules, contributing to the tissue’s potential regenera-
tive and trophic properties. These components create a 
viscoelastic matrix that supports MSCs and modulates 
cellular signaling. Embedded and bound to ECM com-
ponents are a variety of growth factors that regulate cell 
behavior and contribute to the regenerative potential of 
the tissue including transforming growth factor-beta 
(TGF-β), basic fibroblast growth factor (bFGF), epi-
dermal growth factor (EGF), insulin-like growth factor 
(IGF-1) and platelet-derived growth factor (PDGF) [61]. 
Collectively, this ECM composition, which is dense in 
structural proteins and enriched with trophic factors, 
underpins the reparative properties attributed to Whar-
ton’s jelly.

Wharton’s jelly can be processed into structural 
allograft tissue using two general approaches, minimal 
manipulation and decellularization, which differ in that 
the former preserves the native architecture and com-
ponents of the tissue, whereas the latter deliberately 
removes cellular material to produce a modified ECM. 
Minimally manipulated Wharton’s jelly products pre-
serve the native ECM, rich in collagen, glycosamino-
glycans, and hyaluronic acid, although assertions that 
such processing also maintains viable cellular content 
remain largely speculative. Minimal manipulation of 
Wharton’s jelly refers to processing steps that preserve 
the tissue’s original structural and functional charac-
teristics without altering its biological properties, for 
example, simple rinsing or cutting of tissue. In con-
trast, decellularization employs chemical, enzymatic, 
or mechanical methods specifically intended to remove 
cells from the tissue, resulting in a fundamentally differ-
ent type of product [62–64]. Mechanical methods, such 
as freeze–thaw cycles or controlled agitation, physically 
disrupt cell membranes with minimal impact on ECM 
structure. Enzymatic methods use agents like DNase 
to degrade nucleic acids and facilitate removal of cellu-
lar debris without extensively altering matrix proteins. 
Chemical decellularization relies on detergents such as 
sodium dodecyl sulfate or Triton X-100 to solubilize cell 
membranes and extract intracellular components, effec-
tively clearing cellular material while aiming to main-
tain the integrity of collagen, glycosaminoglycans, and 
other ECM constituents. Following decellularization, the 
remaining ECM may be lyophilized into a dry matrix or 
suspended to form gels, hydrogels, or injectable formu-
lations. Some commercial preparations also incorporate 
stabilizers or buffers to improve handling characteristics 
and shelf-life. Table 2 summarizes the biological compo-
sitions, processing methods, and forms of ECM, includ-
ing minimally processed and decellularized, as well as 
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MSCs from Wharton’s jelly. These data also underscore 
how these products may also be deployed in different 
therapeutic settings.

Decellularization methods are widely employed in tis-
sue engineering to transform the ECM components into 
customizable scaffolds with tailored structural, mechani-
cal, and biochemical properties. When applied to Whar-
ton’s jelly, these techniques enable the production of 
engineered extracellular matrix materials that extend far 
beyond simple cell removal, supporting applications that 
native tissue cannot achieve. Following decellularization, 
the ECM can be lyophilized and ground into powders, 
then solubilized and re-gelled to form hydrogels, freeze-
dried and crosslinked to create sponges, or formulated 
into hydrogel-microcarrier systems for cell delivery [65–
71]. Advanced fabrication methods, such as 3D molding, 
electrospinning, or blending with synthetic polymers, 
can be performed using decellularized ECM to produce 
scaffolds with customizable mechanical and architectural 
properties.

Decellularized ECM can be seeded with culture-
expanded MSCs, other cell types such as fibroblasts, 
extracellular vesicles, and/or tissue-specific cells, sup-
porting regeneration and functional tissue integration 
[72–74]. Unlike native Wharton’s jelly, which contains 
few MSCs, decellularized Wharton’s jelly ECM pro-
vides a dense, instructive scaffold that supports the 
attachment, survival, and functional differentiation of 
exogenously seeded MSCs. For example, in one study, 
decellularized Wharton’s jelly ECM was used as a scaf-
fold to culture Wharton’s jelly MSCs and intervertebral 

disc cells, which demonstrated MSC proliferation, dif-
ferentiation of intervertebral disc cells, and maintenance 
of their viability and homeostasis [75]. In another study, 
an injectable hydrogel from decellularized Wharton’s 
jelly ECM was combined with Wharton’s jelly mesenchy-
mal stem cells and myocardial repair was examined in 
ischemic rats. This composition significantly improved 
cardiac function recovery, reduced scar formation, and 
promoted cardiomyogenesis as compared to MSCs 
alone or ECM hydrogels alone, providing evidence for 
synergistic activity of MSCs seeded on the tissue scaf-
fold [76]. In another study, decellularized Wharton’s jelly 
hydrogel was combined with CD56+ exosomes derived 
from MSCs, and the injectable composition was used in 
an in vivo model of meniscal tear. The Wharton’s jelly 
hydrogel/exosomes promoted meniscal chondrogenesis, 
improved meniscal ECM remodeling, and prevented 
articular cartilage degeneration, which accelerated 
meniscus healing [72]. Decellularized Wharton’s jelly 
ECM has also been found to serve as a chemoattractive 
scaffold in vivo in a calvarial defect model [64]. A matrix 
comprising bone marrow MSCs cultured on Wharton’s 
jelly ECM was implanted into mice along with green flu-
orescent protein-labeled osteocytes, and the osteocytes 
were observed to migrate into the matrix within 24 hours 
and were retained there for up to two weeks. These pre-
clinical studies support the conclusion that decellular-
ized Wharton’s jelly transforms an otherwise cellsparse 
tissue into a bioactive scaffold, providing MSCs with 
a niche that amplifies their survival, proliferation, and 
regenerative capacity.

Table 2  Overview of Processing and Formulations of Wharton’s Jelly-Derived Biologics
WJ Product
Type

Composition Prospective Clinical Applications Physical Form(s) Key Processing Steps Admin-
istration
Method

MSCs Living cells Tissue repair, wound healing, autoim-
munity, cardiovascular diseases, 
GVHD, neurological disorders, other 
conditions

Cell suspension Explant culture or enzymatic treatment 
of WJ fragments, isolate MSCs, seed and 
expand MSCs in culture

Inject-
able

MSC 
secretome

Acellular 
conditioned 
medium: extracel-
lular vesicles, 
soluble bioactive 
molecules

As above for WJ-MSCs Liquid, concentrated 
filtrate or lyophilized 
powder

Culture WJ-MSCs, collect conditioned 
medium, filter/centrifuge, concentrate 
or lyophilize

Inject-
able

Decellular-
ized ECM

Acellular ECM, Broad uses in tissue engineering as 
various customized scaffolds

Gel, suspension, solid 
or semi-solid scaffold, 
tissue fragments, or 
dry powder

Decellularize WJ using physical, chemi-
cal, and/or enzymatic methods, formu-
late in gel, suspension or other form (or 
lyophilize or micronize for powder)

Inject-
able or 
implant-
able

may have lim-
ited or no growth 
factors

Structural support, tissue protection 
and cushioning (e.g., to supplement 
wound healing, surgical grafting, or for 
cartilage, ligament, muscle etc.

Minimally 
manipu-
lated ECM

Acellular ECM, 
growth factors

Structural support, tissue protection 
and cushioning

Gel, suspension, solid 
or semi-solid forms, 
or tissue fragments

Gentler or minimal processing of WJ, 
e.g., rinsing and cutting tissue, formu-
late in gel, suspension or other form

Inject-
able or 
implant-
able

ECM = extracellular matrix; MSCs = mesenchymal stem cells; WJ = Wharton’s jelly



Page 7 of 11Marleau et al. Journal of Translational Medicine          (2026) 24:189 

Minimally manipulated Wharton’s jelly under 
the microscope: a quantitative assessment of cell 
content
Minimally manipulated Wharton’s jelly products are typ-
ically marketed as tissue-matrix allografts, however, the 
specific processing steps used to generate them are typi-
cally not described, and their final composition is like-
wise not clearly defined. These products are not expected 
to be fully decellularized since certain mechanical, chem-
ical, or enzymatic methods would exceed the definition 
of minimal manipulation. However, processing methods 
such as rinsing, mechanical trimming, low-shear agita-
tion, or filtration may be used to generate these prepara-
tions (Table 3).

Although direct analyses of cellular content in mini-
mally manipulated Wharton’s jelly products may not be 
available, there is evidence indicating that some cryo-
preserved Wharton’s jelly preparations may be effec-
tively acellular, even without the application of a formal 
decellularization process. This would likely reflect the 
absence of intentional methods to preserve MSCs dur-
ing processing. In a published report, viable MSCs could 
not be isolated from cryopreserved Wharton’s jelly tissue 
fragments after thawing [47]. Since standard cryopreser-
vation methods are generally insufficient to maintain 
MSC viability within intact tissues, specialized cryopro-
tectants and controlled-rate freezing protocols have been 
explored to identify optimized conditions for preserving 
MSC viability, supporting tissue banking strategies for 
MSC-based therapies [77].

We examined commercially available, cryogenically 
preserved human Wharton’s jelly specimens sourced 
from different vendors and marketed as minimally 
manipulated tissues. Six different specimens were thawed 
and analyzed to quantify the total cells and viable cells 
(Table 3). These studies were conducted in triplicate for 
each product and repeated in two independent experi-
ments conducted in different laboratories. Examination 
of total cell counts by trypan blue exclusion showed that 
all six minimally manipulated Wharton’s jelly products 

contained very low total cell numbers ranging from 3369 
cells/cc to 111,170 cells/cc. In terms of the viable cell con-
tent, between 0 and 19% of the cells were viable, with the 
absolute numbers of viable cells ranging from no cells up 
to 18,348 cells/cc. These data demonstrate that commer-
cial minimally manipulated Wharton’s jelly allografts are 
virtually devoid of viable cells. It is also worth noting that 
these viable cell numbers are orders of magnitude below 
a minimally effective therapeutic dose of MSCs, and the 
residual MSCs are insufficient to exert any meaningful 
biological or therapeutic activity.

Additionally, flow cytometry was used to assess the 
MSC content in the commercial Wharton’s jelly samples 
by assessing the typical MSC surface markers CD90, 
CD105, and CD73. Data for culture-expanded Wharton’s 
jelly-derived MSCs were also included as positive con-
trols, which showed uniform staining for CD90, CD105, 
and CD73 (Fig. 1). Expectedly, negative control cells com-
prising peripheral blood mononuclear cells comprised 
virtually no MSCs. Analysis of three minimally manipu-
lated Wharton’s jelly samples that contained cellular 
material revealed highly variable staining for the MSC 
surface markers. Based on the very low event counts 
and low forward scatter profiles of the cells, it is possible 
that the samples contained smaller, dying, or fragmented 
MSCs, which often lose surface marker expression.

In another experiment, the Wharton’s jelly samples 
were cultured for 24 hours and then visualized micro-
scopically to evaluate the morphology of the biological 
material alongside in-house cultured Wharton’s jelly-
derived MSCs (Fig. 2). As anticipated, the cultures of 
MSCs showed adherence of cells to the tissue culture 
vessel, displaying the expected fibroblast-like morphol-
ogy. In contrast, the commercial matrix preparations 
comprised a gelatinous structure in which cells were not 
visible.

Taken together, these data clearly show that minimally 
manipulated Wharton’s jelly products contain only trace, 
largely non-viable MSCs, and as such, should be regarded 
as ECM-based therapies rather than cell-based interven-
tions, with claims of MSC-mediated therapeutic effects 
considered unsupported.

Conclusions
Wharton’s jelly-derived products represent a promis-
ing frontier in regenerative medicine, offering accessible 
sources of biologically active materials for tissue repair 
and structural support. These products encompass two 
complementary components: the ECM, which provides 
a hydrated, growth factor–rich scaffold capable of sup-
porting tissue regeneration, and MSCs, which contribute 
multipotent differentiation potential and a broad spec-
trum of trophic and immunomodulatory activities. While 
both components have demonstrated preclinical and, to 

Table 3  Total cells and viable cells in commercial Wharton’s jelly 
matrix preparations
Sample Total Cells Cells/cc % Viable Viable Cells/cc
1 9,375 4,261 7.5 492

2 62,500 28,409 19.05 4,329

3 261,083 111,170 15.77 18,348

4 7,749 3,369 0 0

5 45,500 81,185 1.5 596

6 16,999 14,897 8.63 956
Minimally manipulated Wharton’s jelly samples purchased from commercial 
vendors (6 different products) were thawed and analyzed for cell content. Total 
cells and viable cells were quantified by manual counting methods (trypan blue 
exclusion) in triplicate samples. The values shown represent the average total 
number of cells, number of cells/cc, and number of viable cells/cc from the two 
separate experiments conducted in different laboratories
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a more limited extent, clinical efficacy for degenerative, 
inflammatory, and traumatic conditions, they differ fun-
damentally in composition, mechanisms of action, and 
appropriate therapeutic application. This distinction 
underscores the necessity of a precise biological under-
standing of their compositions and functions to inform 
their development and use.

The expanding commercial availability of injectable 
Wharton’s jelly products comprising minimally manip-
ulated ECM has highlighted a critical need for clarity 
of product compositions. Despite misconceptions to 
the contrary, this study demonstrates that ECM-based 
Wharton’s jelly products are largely devoid of viable 
MSCs. In fact, the MSC quantities in minimally manipu-
lated Wharton’s jelly are insufficient to have meaningful 

biological activity, being present at levels that are orders 
of magnitude lower than a minimum effective dose for 
a true MSC-based therapy. Even with optimal isolation 
conditions for MSCs directly from fresh Wharton’s jelly, 
achieving therapeutic cell doses from this tissue requires 
in vitro culture and expansion of isolated MSCs. The sci-
entific evidence presented from the literature reinforces 
that it is essential to identify the compositions of ECM 
preparations to avoid mischaracterizing these products. 
With careful scientific scrutiny and judicious clinical 
deployment, Wharton’s jelly products have the potential 
to meaningfully advance regenerative therapies while 
avoiding overextension beyond their biologically appro-
priate roles.

Fig. 1  Flow cytometric assessment of mesenchymal stem cell markers in Wharton’s jelly-derived biologics. Commercially sourced Wharton’s jelly matrix 
samples purchased from different vendors (n = 3) were analyzed by flow cytometry for residual MSCs using the canonical MSC surface markers CD73, 
CD90, and CD105. An additional three commercial samples did not have sufficient cells to apply to this analysis. Events were gated on forward scatter 
versus fluorescence intensity for surface markers. MSCs are presented as the percentage of total counted events. Cultured Wharton’s jelly–derived MSCs 
served as positive controls. Also shown are dot plots for unstained cells and peripheral blood mononuclear cells (PBMCs), which contain negligible MSCs, 
as negative controls
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