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Abstract—Decellularized extracellular matrices show а great promise as materials for tissue engineering and
regenerative medicine. Recently, there has been an increasing interest in the use of cell-derived extracellular
matrices (CD-ECMs). The present mini-review focuses on advantages and disadvantages of the CD-ECMs,
describes the variety of approaches to modify the CD-ECMs and discusses the CD-ECMs application fields.
In particular, CD-ECMs were shown to serve as cell culture substrate, as base for biocompatible scaffold pro-
duction, as drug for cell-free therapy and as component of disease models.
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INTRODUCTION
A multicellular organism is organized into a single

whole due to the extracellular matrix (ECM). ECM is
a complex structure consisting of three-dimensional
fibrillar protein network within the proteoglycan gel.
Along with structural proteins, ECM contains so-
called matricellular proteins regulating cell functions,
and deposits growth factors and other signaling mole-
cules. From a functional perspective, ECM is not just
a cement connecting cells into tissues and organs.
ECM provides a substrate for cell adhesion and migra-
tion, maintains the appropriate environment, deposits
nutrients and signaling molecules controlling multiple
cell functions such as proliferation, differentiation and
even cell death. Besides, ECM determines organ
shape and mechanical properties of tissues, plays key
roles in development and regeneration, and maintains
tissue homeostasis.

Obviously, ECM is the most natural substrate for
the existence and functioning of cells. ECM is a point
of interest for tissue engineering and regenerative
medicine fields because of its unique biological activ-
ity and excellent biocompatibility. Usage of ECM in
bioengineering studies (development of artificial tis-
sues and organs, vascular prostheses et cetera) has
become a true trend in recent decades. ECM-based
products have been successfully used in clinics. To
date, more than 80 approved ECM-based products are
applied in orthopedics, dentistry, cardiovascular and

plastic surgery (Parmaksiz et al., 2016). For instance,
Alloderm product (acellular matrix of human skin)
has proved its effectiveness in more than million appli-
cation cases for treatment of burns, wounds, gum
recession, mammoplasty et cetera (Konofaos et al.,
2017). Restoration of walking function in patients with
volumetric muscle loss with the use of decellularized
pig bladder that served as scaffold for muscle regener-
ation (Sicari et al., 2014) is an encouraging achieve-
ment, demonstrating that usage of ECM opens up new
horizons for medicine.

Decellularized (i.e. physically or chemically
treated in order to remove cellular component) organs
and tissues are traditional ECM sources. In recent
years interest in cell-derived ECM (CD-ECM) has
grown. In this mini-review we consider benefits and
drawbacks of such ECM source and assess its pros-
pects of using.

CD-ECM ADVANTAGES 
AND DISADVANTAGES

Advantages
Firstly, cell-derived extracellular matrices can be

an alternative to ones of xenogeneic or allogeneic ori-
gin. Commercially available acellular products are
extracted from animal or human tissues, and although
highly conserved ECM components are considered to
be non-immunogenic (Cheng et al., 2014), ECM-
based xenografts and allografts harbour the risk of an
immune response and rejection, likely because of
incomplete cell removal or ECM proteins modifica-
tion during decellularization (Methe, 2020; Massaro

Abbreviations: ECM, extracellular matrix; CD-ECM, cell-
derived extracellular matrix; iPSC, induced pluripotent stem
cells; MSCs, mesenchymal stromal/stem cells; ESC, embryonic
stem cells.
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Fig. 1. CD-ECM customization potential. Created on BioRender.com
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et al., 2021). Besides, usage of allogeneic (cadaveric)
human tissues as ECM source are related to disease
transmission risks as well as to ethical and logistic con-
cerns. These difficulties can be overcome by using the
recipient’s own cells as ECM source. Similarly, CD-
ECM based materials can serve as an alternative to
autografts. Although autografts are considered the
gold standard, for example, in bone surgery, autoge-
nous bone graft is a limited resource with determined
shape and size; in addition, complications can occur at
donor site. Alternatively, an appropriate graft may be
engineered with the use of patient mesenchymal
stem/stromal cells or osteogenic cells producing bone
matrix (Cheng et al., 2014).

Secondly, cell culture can produce ECMs that are
difficult or impossible to isolate from tissues. For
instance, dense cartilage matrix is low-permeable for
decellularization agents (Zhu et al., 2021); stem cell
niche can barely be extracted from tissues, but specific
niche matrix environment can be imitated with use of
MSC-produced ECM (Assunção et al., 2020). Rela-
tive simplicity of CD-ECM handling makes it possible
to use milder decellularization methods: for example,
CD-ECM can be obtained without use of detergents,
thus ensuring absence of residuals that can cause
adverse reactions and affect ECM structure (Nellinger
et al., 2022).

Thirdly, CD-ECMs have considerable customiza-
tion potential. Compared to organ- or tissue-derived
CELL AND TISSUE BIOLOGY  Vol. 17  No. 3  2023
ECMs whose structure and composition are determi-
nate, ECMs secreted by cell cultures can be tailored
for specific purposes (Fig. 1). All the variety of cell
lines or primary cultures can be engaged in ECM
in vitro production; cells can also be genetically mod-
ified (for example, for ECM components overexpres-
sion). Thus, human bladder carcinoma cell line 5637
transfected with vector carrying fibronectin gene was
used for modification of PLA scaffold with ECM;
modified scaffold was demonstrated to exert biological
influence upon Hep2G hepatocytes, suggesting that it
can be implicated in liver tissue engineering (Grant
et al., 2018). Placenta-derived MSCs immortalized
with hTERT transduction were shown to secrete bio-
logically active ECM over many passages (Kusuma et
al., 2017). Along with many other cell types, induced
pluripotent stem cells (iPSC) are also of interest; it was
shown that iPSC-derived fibroblasts demonstrate
augmented ECM proteins production compared to
cells before reprogramming (Shamis et al., 2012). 

Three-dimensional cultures can also be exploited
for CD-ECM production. It is known that aggregation
of MSCs into spheroids leads to elevated expression
and secretion of paracrine factors; spheroids treat-
ment with macromolecular crowders accelerating
deposition of ECM and accumulation of secreted fac-
tors followed by decellularization allowed to produce
3D-scaffold promoting cell adhesion and proliferation
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Fig. 2. CD-ECM potential uses. Created on BioRender.com
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as well as the in vivo angiogenesis (Chiang et al.,
2021).

Another approach to ECM customization is co-
culture. Mixed fibroblasts and osteoblasts were
demonstrated to deposit ECM that stimulated osteo-
genic differentiation in vitro and promoted bone
regeneration in vivo better than matrices produced by
fibroblasts and osteoblasts each separately (Li et al.,
2020). CD-ECM composition is also influenced by
culture conditions (Matveeva and Andreeva, 2020);
thus, MSCs cultured in chondroinductive medium
secrete ECM that mimics microenvironment of early
chondrogenesis stage, and such ECM was used for
production of hydrogel supporting chondrogenesis
and hyaline cartilage formation in vivo (Antich et al.,
2021). Besides, CD-ECM can be equipped with addi-
tional functional groups directly during the culture:
thus, cells cultured in medium supplemented with
modified monosaccharide produced an ECM func-
tionalized with azide groups; such ECM can easily be
covalently bound with antibiotics, growth factors or
other molecules with use of bioorthogonal azide-
alkyne cycloaddition (“click” reaction) (Ruff et al.,
2017). Cells cultured on surfaces with specific nanoto-
pography were shown to deposit ECM significantly
affecting genes expression (including upregulation of
chondrogenesis-related genes) in cells seeded on such
nanopatterned ECM (Ozguldez et al., 2018).
C

Disadvantages
Discussing CD-ECM disadvantages, it should first

be stressed that, compared to organ- and tissue-
derived ECMs, cells produce very small amounts of
ECM, so production of CD-ECM should massively
be scaled up if it is meant to be used for biomedical
applications. Large-scale culture brings a variety of
challenges such as need for appropriate facilities
(automated cell culture systems, biobanks), standard-
ization of culture protocols, media, supplements and
cell lines producing ECM; surely, proper equipment
and large-scale cell culture itself require substantial
financial costs. Nonetheless, development of the opti-
mized scaling technology would allow to produce
ECM of desired composition and unlimited quantities
(Chan et al., 2021). Some approaches are suggested for
stimulation of CD-ECM deposition, such as hypoxia
culture conditions (Gilkes et al., 2013; Du et al., 2017),
macromolecular crowders (Marinkovic et al., 2021)
and matrix metallopeptidase inhibitors as medium
supplements (Han et al., 2016).

In addition, CD-ECM are inferior in mechanical
properties to native tissues. Among the approaches to
overcoming this drawback, mention may be made of
the introduction of crosslinking agents into CD-ECM
(Nyambat et al., 2020); combining synthetic polymers
that possess necessary mechanical properties with
CD-ECM that provides specific biological activities
can also be a potential solution. Thus, a polycaprolac-
tone scaffold was modified with ECM of co-cultured
MSCs and endothelium of umbilical vein (HUVEC);
this composite did not lose its mechanical properties
ELL AND TISSUE BIOLOGY  Vol. 17  No. 3  2023
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and was shown to promote proliferation and osteo-
genic differentiation (Carvalho et al., 2019).

POTENTIAL OF USING CD-ECM
Cell Culture Substrate

Obviously, routinely used tissue/cell culture plastic
is physiologically irrelevant. ECM significantly influ-
ences cell physiology in vivo, since it has optimal stiff-
ness, regulates cellular polarity and forms specific
microenvironment. Deprived of natural conditions,
cells in culture manifest chromosomal aberrations,
lose ability to differentiate and undergo premature
senescence. These challenges can be exhibited during
large-scale in vitro cell expansion for therapeutic use,
as cells are grown for several passages. Compared to
plastic, CD-ECM appears to be more physiological
culture substrate. In a number of works it was shown
that CD-ECM promotes proliferation and migration
(Lin et al., 2012) and upregulates associated genes
(Ragelle et al., 2017), maintains differentiation capac-
ity (Lai et al., 2010), supports differentiation towards
few lineages (Rao Pattabhi et al., 2014; Novoselets-
kaya et al., 2020), rejuvenates cultured cells (Choi
et al., 2011; Joergensen and Rattan, 2014) and protects
from H2O2-induced senescence (Yu et al., 2019).
CD-ECM can also be used as feeder-free culture sys-
tem for iPSC and embryonic stem cells (ESC). Widely
used for this purpose commercially available substrate
Matrigel is actually ECM produced by murine sar-
coma cell line; it was also shown that other CD-ECM
matrices can be used as substrate for iPSC, such as
produced by human choriosarcoma cell line and den-
tal pulp MSCs (Vuoristo et al., 2013; Chen et al.,
2015).

Using in Tissue Engineering and Regenerative Medicine
In a number of studies it was shown that CD-ECM

is an promising material for bone (Cheng et al., 2014;
Junka and Yu, 2020; Li et al., 2020; He et al., 2021),
cartilage (Antich et al., 2021; Dikina et al., 2017; Tang
et al., 2019; Zhu et al., 2021) and skeletal muscle engi-
neering (Zhang et al., 2020); MSCs are often used as
ECM source for these purposes. Fibroblast-produced
ECM was used for developing the composite vascular
grafts (L’Heureux et al., 2006), heart valves (Weber
et al., 2013) and scaffold for post-infarct cell therapy
(Kim et al., 2019). CD-ECM can potentially be used
in regenerative endodontics (Aksel et al., 2022).

CD-ECM can be used not only as a basis for creat-
ing scaffolds that deliver cultured cells into patients,
but it may be implicated as per se drug that promotes
regeneration by activation of resident cells. Proteomic
analysis revealed that CD-ECMs contain proteins reg-
ulating immune processes, proliferation, differentia-
tion, migration, adhesion and angiogenesis (Ragelle
et al., 2017; Li et al., 2020); therapeutic effects of
ECM applied to injured tissues is apparently related to
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ECM degradation and release of its bioactive compo-
nents (Lee et al., 2019). In this regard, the use of ECM
can be considered as a kind of cell-free therapy. Thus,
ECMs of astrocytes and neural stem cells were
demonstrated to promote spinal cord regeneration
(Thompson et al., 2018; Chen et al., 2022); Schwann
cell-derived ECM was able to restore injured nerves
(Gu et al., 2014); ECMs produced by bone marrow
MSCs and adipose tissue MSCs were shown to have
wound healing properties (Du et al., 2017; Lee et al.,
2019); it was patented a scaffold based on cardiac
fibroblasts ECM that can be used for both cell delivery
and as therapeutic itself for treatment of ischemic dis-
ease (Schmuck and Raval, 2016). It was also patented
method for preparing biomaterial based on cell-free
matrix produced by adipose tissue MSCs that can be
used to stimulate regenerative processes (Nimiritskiy
et al., 2016; Tkachuk et al., 2020).

Disease Modeling

It is known that many pathological states (neuro-
degenerative diseases, tumors, osteoarthritis, fibrosis,
etc.) are accompanied with abnormal ECM remodel-
ling, including quantitative and qualitative alterations
of ECM composition, rearrangement of native tissue
architectonics, impairment of dynamic equilibrium
between degradation and synthesis of ECM, changes
in ECM stiffness (Sonbol, 2018; Theocharis et al.,
2019). Since ECM comprehensively controls cell
functions, abnormal ECM remodelling violates tissue
homeostasis and aggravates the course of the disease.
Thus, the establishment of the ECM role in pathogen-
esis can result in development of new diagnostic meth-
ods or in discovery of therapeutic targets (Rubi-Sans
et al., 2020). In this regard, ECM is of interest as com-
ponent of cancer niche that promotes tumor progres-
sion and metastasis (Xiong and Xu, 2016). Along with
ECM of malignant tissues, CD-ECM deposited by
cancer cell lines is used as model for studying tumor
microenvironment; although CD-ECM alone can not
fully reproduce microenvironment of tumor tissue, it
is considered to be methodologically convenient and
scalable model for in vitro studies (Hoshiba, 2019).
CD-ECMs are used for developing three-dimensional
artificial tumors (Malakpour-Permlid et al., 2021);
thus, the macroscopic (>1 cm) 3D tumor model based
on PLA scaffold modified with ECM deposited by
adipose tissue MSCs was similar in fibrillar structure
and mechanical properties to tumor tissue and this
model increased cancer cells resistance to doxorubicin
(Rubi-Sans et al., 2021). ECM secreted by human tra-
becular meshwork cells (HTMC) was used to study the
ECM role in glaucoma (Raghunathan, 2018). The
microfluidic device was modified with fibroblast-
derived ECM (Hong et al., 2017), and such approach
can be utilized in production of organs-on-chips for
consideration of ECM influences in disease modelling
or in drug screening.
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CONCLUSIONS
Cell cultures present an attractive alternative to tra-

ditional ECM sources, such as tissues and organs. The
main benefit of CD-ECM is in vitro customization
ability that is backed up by a rich methodological arse-
nal of cell biology and other domains of knowledge.
Recent publications demonstrate that CD-ECM can
potentially find broad biomedical application. Never-
theless, studies related to CD-ECM are still limited to
cell and animal models. Apparently, the transition to
clinical trials is constrained by low CD-ECM yield, so
the CD-ECM translation into the clinic will require
solving the scaling issue.

FUNDING
The work was supported by the Russian Scientific Foun-

dation (project no. 22-74-10126).

COMPLIANCE WITH ETHICAL STANDARDS
The author declares no conflicts of interest. This article

does not contain any studies involving animals or human
participants.

REFERENCES
Aksel, H., Sarkar, D., Lin, M.H., Buck, A., and
Huang, G.T., Cell-derived extracellular matrix proteins in
colloidal microgel as a self-assembly hydrogel for regenera-
tive endodontics, J. Endod., 2022, vol. 48, p. 527. 
https://doi.org/10.1016/j.joen.2022.01.011
Antich, C., Jiménez, G., de Vicente, J., López-Ruiz, E.,
Chocarro-Wrona, C., Griñán-Lisón, C., Carrillo, E.,
Montañez, E., and Marchal, J.A., Development of a biomi-
metic hydrogel based on predifferentiated mesenchymal
stem-cell-derived ECM for cartilage tissue engineering,
Adv. Healthcare Mater., 2021, vol. 10, p. e2001847. 
https://doi.org/10.1002/adhm.202001847
Assunção, M., Dehghan-Baniani, D., Yiu, C.H.K.,
Später, T., Beyer, S., and Blocki, A., Cell-derived extracel-
lular matrix for tissue engineering and regenerative medi-
cine, Front. Bioeng. Biotechnol., 2020, vol. 8, p. 602009. 
https://doi.org/10.3389/fbioe.2020.602009
Carvalho M.S., Silva J.C., Udangawa R.N., Cabral J.M.S.,
Ferreira F. C., da Silva C. L., Linhardt R. J., Vashishth D.
2019. Co-culture cell-derived extracellular matrix loadede-
lectrospunmicrofibrous scaffolds for bone tissue engineer-
ing. Mater. Sci. Eng. C. Mater. Biol. Appl, vol. 99, p. 479. 
https://doi.org/10.1016/j.msec.2019.01.127
Chan, W.W., Yu, F., Le, Q.B., Chen, S., Yee, M., and
Choudhury, D., Towards Biomanufacturing of cell-derived
matrices, Int. J. Mol. Sci., 2021, vol. 22, p. 11929. 
https://doi.org/10.3390/ijms222111929
Chen, Y., Zheng, Y.L., Qiu, D.B., Sun, Y.P., Kuang, S.J.,
Xu, Y., He, F., Gong, Y.H., and Zhang, Z.G., An extracel-
lular matrix culture system for induced pluripotent stem
cells derived from human dental pulp cells, Eur. Rev. Med.
Pharmacol. Sci., 2015, vol. 19, p. 4035.
Chen, Z., Wang, L., Chen, C., Sun, J., Luo, J., Cui, W.,
Zhu, C., Zhou, X., Liu, X., Yang, H., and Shi, Q., NSC-
C

derived extracellular matrix-modified GelMA hydrogel fi-
brous scaffolds for spinal cord injury repair, NPG Asia Ma-
ter., 2022, vol. 14, p. 20. 
https://doi.org/10.1038/s41427-022-00368-6
Cheng, C.W., Solorio, L.D., and Alsberg, E., Decellular-
ized tissue and cell-derived extracellular matrices as scaf-
folds for orthopaedic tissue engineering, Biotechnol. Adv.,
2014, vol. 32, p. 462. 
https://doi.org/10.1016/j.biotechadv.2013.12.012
Chiang, C.-E., Fang, Y.-Q., Ho, C.-T., Assunção, M.,
Lin, S.-J., Wang, Y.-C., Blocki, A., and Huang, C.-C.,
Bioactive decellularized extracellular matrix derived from
3D stem cell spheroids under macromolecular crowding
serves as a scaffold for tissue engineering, Adv. Healthcare
Mater., 2021, vol. 10, p. 2100024. 
https://doi.org/10.1002/adhm.202100024
Choi, H.R., Cho, K.A., Kang, H.T., Lee, J.B., Kaeberl-
ein, M., Suh, Y., Chung, I.K., and Park, S.C., Restoration
of senescent human diploid fibroblasts by modulation of the
extracellular matrix, Aging Cell, 2011, vol. 10, p. 148. 
https://doi.org/10.1111/j.1474-9726.2010.00654.x
Dikina, A.D., Almeida, H.V., Cao, M., Kelly, D.J., and
Alsberg, E., Scaffolds derived from ECM produced by
chondrogenically induced human MSC condensates sup-
port human MSC chondrogenesis, ACS Biomater. Sci. Eng.,
2017, vol. 3, p. 1426. 
https://doi.org/10.1021/acsbiomaterials.6b00654
Du, H.C., Jiang, L., Geng, W.-X., Li, J., Zhang, R.,
Dang, J.-G., Shu, M.-G., and Li, L.-W., Evaluation of xe-
nogeneic extracellular matrix fabricated from CuCl2-con-
ditioned mesenchymal stem cell sheets as a bioactive wound
dressing material, J. Biomater. Appl., 2017, vol. 32, no. 4,
p. 472. 
https://doi.org/10.1177/0885328217731951
Gilkes, D.M., Bajpai, S., Chaturvedi, P., Wirtz, D., and
Semenza, G.L., Hypoxia-inducible factor 1 (HIF-1) pro-
motes extracellular matrix remodeling under hypoxic con-
ditions by inducing P4HA1, P4HA2, and PLOD2 expres-
sion in fibroblasts, J. Biol. Chem., 2013, vol. 288, p. 10819. 
https://doi.org/10.1074/jbc.M112.442939
Grant, R., Hay, D., and Callanan, A., From scaffold to
structure: the synthetic production of cell derived extracel-
lular matrix for liver tissue engineering, Biomed. Phys. Eng.
Express, 2018, vol. 4, p. 065015. 
https://doi.org/10.1088/2057-1976/aacbe1
Gu, Y., Zhu, J., Xue, C., Li, Z., Ding, F., Yang, Y., and
Gu, X., Chitosan/silk fibroin-based, Schwann cell-derived
extracellular matrix-modified scaffolds for bridging rat sci-
atic nerve gaps, Biomaterials, 2014, vol. 35, p. 2253. 
https://doi.org/10.1016/j.biomaterials.2013.11.087
Han, S., Li, Y.Y., and Chan, B.P., Extracellular protease in-
hibition alters the phenotype of chondrogenically differen-
tiating human mesenchymal stem cells (MSCs) in 3D col-
lagen microspheres, PLoS One, 2016, vol. 11, p. e0146928. 
https://doi.org/10.1371/journal.pone.0146928
He, S.K., Ning, L.J., Yao, X., Hu, R.N., Cui, J., Zhang, Y.,
Ding, W., Luo, J.C., and Qin, T.W., Hierarchically demin-
eralized cortical bone combined with stem cell-derived ex-
tracellular matrix for regeneration of the tendon-bone in-
terface, Am. J. Sports Med., 2021, vol. 49, p. 1323. 
https://doi.org/10.1177/0363546521994511
Hong, Y., Koh, I., Park, K., and Kim, P., On-Chip fabrica-
tion of a cell-derived extracellular matrix sheet, ACS Bioma-
ELL AND TISSUE BIOLOGY  Vol. 17  No. 3  2023



THE POTENTIAL OF DECELLULARIZED CELL-DERIVED MATRICES 221
ter. Sci. Eng., 2017, vol. 3, p. 3546. 
https://doi.org/10.1021/acsbiomaterials.7b00613
Hoshiba, T., Decellularized extracellular matrix for cancer
research, Materials (Basel), 2019, vol. 12. P.1311. 
https://doi.org/10.3390/ma12081311
Joergensen, P. and Rattan, S.I.S., Extracellular matrix
modulates morphology, growth, oxidative stress response
and functionality of human skin fibroblasts during aging in
vitro, J. Aging Sci., 2014, vol. 2, p. 122. 
https://doi.org/10.4172/2329-8847.1000122
Junka, R. and Yu, X., Polymeric nanofibrous scaffolds lad-
en with cell-derived extracellular matrix for bone regenera-
tion, Mater. Sci. Eng. C. Mater. Biol. Appl., 2020, vol. 113,
p. 110981. 
https://doi.org/10.1016/j.msec.2020.110981
Kim, I.G., Hwang, M.P., Park, J.S., Kim, S.H., Kim, J.H.,
Kang, H.J., Subbiah, R., Ko, U.H., Shin, J.H., Kim, C.H.,
Choi, D., and Park, K., Stretchable ECM patch enhances
stem cell delivery for post-MI cardiovascular repair, Adv.
Healthcare Mater., 2019, vol. 8, p. e1900593. 
https://doi.org/10.1002/adhm.201900593
Konofaos, P., Szpalski, C., Rogers, G.F., Rae, M.M.,
Bumgardner, J., and Warren, S.M., Biomaterials and their
application in craniomaxillofacial surgery, Compr. Bioma-
ter. II, 2017, vol. 7, p. 406. 
https://doi.org/10.1016/B978-0-12-803581-8.10166-3
Kusuma, G.D., Brennecke, S.P., O’Connor, A.J., Kalio-
nis, B., and Heath, D.E., Decellularized extracellular ma-
trices produced from immortal cell lines derived from dif-
ferent parts of the placenta support primary mesenchymal
stem cell expansion, PLoS One, 2017, vol. 12, no. 2,
p. e0171488. 
https://doi.org/10.1371/journal.pone.0171488
Lai, Y., Sun, Y., Skinner, C.M., Son, E.L., Lu, Z.,
Tuan, R.S., Jilka, R.L., Ling, J., and Chen, X.D., Recon-
stitution of marrow-derived extracellular matrix ex vivo: a
robust culture system for expanding large-scale highly func-
tional human mesenchymal stem cells, Stem Cells Dev.,
2010, vol. 19, p. 1095. 
https://doi.org/10.1089/scd.2009.0217
Lee, Y.J., Baek, S.E., Lee, S., Cho, Y.W., Jeong, Y.J.,
Kim, K.J., Jun, Y.J., and Rhie, J.W., Wound-healing effect
of adipose stem cell-derived extracellular matrix sheet on
full-thickness skin defect rat model: histological and immu-
nohistochemical study, Int. Wound J., 2019, vol. 16, p. 286. 
https://doi.org/10.1111/iwj.13030
L’Heureux, N., Dusserre, N., Konig, G., Victor, B.,
Keire, P., Wight, T.N., Chronos, N.A., Kyles, A.E., Greg-
ory, C.R., Hoyt, G., Robbins, R.C., and McAllister, T.N.,
Human tissue-engineered blood vessels for adult arterial re-
vascularization, Nat. Med., 2006, vol. 12, p. 361. 
https://doi.org/10.1038/nm1364
Li, M., Zhang, A., Li, J., Zhou, J., Zheng, Y., Zhang, C.,
Xia, D., Mao, H., and Zhao, J., Osteoblast/fibroblast co-
culture derived bioactive ECM with unique matrisome pro-
file facilitates bone regeneration, Bioact. Mater., 2020,
vol. 5, p. 938. 
https://doi.org/10.1016/j.bioactmat.2020.06.017
Lin, H., Yang, G., Tan, J., and Tuan, R.S., Influence of de-
cellularized matrix derived from human mesenchymal stem
cells on their proliferation, migration and multi-lineage dif-
ferentiation potential, Biomaterials, 2012, vol. 33, p. 4480. 
https://doi.org/10.1016/j.biomaterials.2012.03.012
CELL AND TISSUE BIOLOGY  Vol. 17  No. 3  2023
Malakpour-Permlid, A., Buzzi, I., Hegardt, C., Johans-
son, F., and Oredsson, S., Identification of extracellular
matrix proteins secreted by human dermal fibroblasts cul-
tured in 3D electrospun scaffolds, Sci. Rep., 2021, vol. 11,
p. 6655. 
https://doi.org/10.1038/s41598-021-85742-0
Marinkovic, M., Sridharan, R., Santarella, F., Smith, A.,
Garlick, J.A., and Kearney, C.J., Optimization of extracel-
lular matrix production from human induced pluripotent
stem cell-derived fibroblasts for scaffold fabrication for ap-
plication in wound healing, J. Biomed. Mater. Res. A, 2021,
vol. 109, p. 1803. 
https://doi.org/10.1002/jbm.a.37173
Massaro, M.S., Pálek, R., Rosendorf, J., Červenková, L.,
Liška, V., and Moulisová, V., Decellularized xenogeneic
scaffolds in transplantation and tissue engineering: immu-
nogenicity versus positive cell stimulation, Mater. Sci. Eng.
C. Mater. Biol. Appl., 2021, vol. 127, p. 112203. 
https://doi.org/10.1016/j.msec.2021.112203
Matveeva, D.K. and Andreeva, E.R., Regulatory activity of
decellularized matrix of multipotent mesenchymal stromal
cells, Tsitologia, 2020, vol. 62, no. 10, p. 699. 
https://doi.org/10.31857/S004137712010003X
Methe, K., Transplantation of normal and decellularized
syngeneic, allogeneic and xenogeneic cardiac tissue in mice
and non-human primates, Doctoral Thesis, University of
Gothenburg. Sahlgrenska Academy, 2020.
Nellinger, S., Mrsic, I., Keller, S., Heine, S., Southan, A.,
Bach, M., Volz, A.C., Chassé, T., and Kluger, P.J., Cell-
derived and enzyme-based decellularized extracellular ma-
trix exhibit compositional and structural differences that are
relevant for its use as a biomaterial, Biotechnol. Bioeng.,
2022, vol. 119, p. 1142. 
https://doi.org/10.1002/bit.28047
Nimiritskii, P.P., Dus’, T.A., Grigor’eva, O.A.,
Sagaradze, G.D., Efimenko, A.Yu., and Makarevich, P.I.,
Cell sheets from human adipose tissue mesenchymal stro-
mal cells and derivation of decellularized native extracellu-
lar matrix components, Tekhnol. Zhiv. Sist., 2016, vol. 13,
no. 6, p. 4.
Novoseletskaya, E., Grigorieva, O., Nimiritsky, P., Basalo-
va, N., Eremichev, R., Milovskaya, I., Kulebyakin, K., Ku-
lebyakina, M., Rodionov, S., Omelyanenko, N., and Efi-
menko, A., Mesenchymal stromal cell-produced compo-
nents of extracellular matrix potentiate multipotent stem
cell response to differentiation stimuli, Front. Cell Dev. Biol.,
2020, vol. 8, p. 555378. 
https://doi.org/10.3389/fcell.2020.555378
Nyambat, B., Manga, Y.B., Chen, C.H., Gankhuyag, U.,
Pratomo, W.P.A., Kumar Satapathy, M., and
Chuang, E.Y., New insight into natural extracellular ma-
trix: genipin cross-linked adipose-derived stem cell extra-
cellular matrix gel for tissue engineering, Int. J. Mol. Sci.,
2020, vol. 21, p. 4864. 
https://doi.org/10.3390/ijms21144864
Ozguldez, H.O., Cha, J., Hong, Y., Koh, I., and Kim, P.,
Nanoengineered, cell-derived extracellular matrix influ-
ences ECM-related gene expression of mesenchymal stem
cells, Biomater. Res., 2018, vol. 22, p. 32. 
https://doi.org/10.1186/s40824-018-0141-y
Parmaksiz, M., Dogan, A., Odabas, S., Elçin, A.E., and
Elçin, Y.M., Clinical applications of decellularized extra-
cellular matrices for tissue engineering and regenerative



222 USHAKOV
medicine, Biomed. Mater., 2016, vol. 11, p. 022003. 
https://doi.org/10.1088/1748-6041/11/2/022003

Ragelle, H., Naba, A., Larson, B.L., Zhou, F., Prijić, M.,
Whittaker, C.A., Del Rosario, A., Langer, R., Hynes, R.O.,
and Anderson, D.G., Comprehensive proteomic character-
ization of stem cell-derived extracellular matrices, Biomate-
rials, 2017, vol. 128, p. 147. 
https://doi.org/10.1016/j.biomaterials.2017.03.008

Raghunathan, V.K., Cell-derived matrices as a model to
study ocular hypertension, in Glaucoma Research and Clin-
ical Advances: 2018 to 2020, Amsterdam: Kugler Publica-
tions, 2018, p. 69.

Rao Pattabhi, S., Martinez, J.S., and Keller, T.C., 3rd, De-
cellularized ECM effects on human mesenchymal stem cell
stemness and differentiation, Differentiation, 2014, vol. 88,
p. 131. 
https://doi.org/10.1016/j.diff.2014.12.005

Rubi-Sans, G., Castaño, O., Cano, I., Mateos-Timone-
da, M.A., Perez-Amodio, S., and Engel, E., Engineering
cell-derived matrices: from 3D models to advanced person-
alized therapies, Adv. Funct. Mater., 2020, vol. 30,
p. 2000496. 
https://doi.org/10.1002/adfm.202000496

Rubí-Sans, G., Nyga, A., Rebollo, E., Pérez-Amodio, S.,
Otero, J., Navajas, D., Mateos-Timoneda, M.A., and En-
gel, E., Development of cell-derived matrices for three-di-
mensional in vitro cancer cell Models, ACS Appl. Mater. In-
terfaces, 2021, vol. 13, p. 44108. 
https://doi.org/10.1021/acsami.1c13630

Ruff, S.M., Keller, S., Wieland, D.E., Wittmann, V.,
Tovar, G.E.M., Bach, M., and Kluge, P.J., clickECM: De-
velopment of a cell-derived extracellular matrix with azide
functionalities, Acta Biomater., 2017, vol. 52, p. 159. 
https://doi.org/10.1016/j.actbio.2016.12.022

Schmuck, E. and Raval, A., Cardiac fibroblast-derived ex-
tracellular matrix and injectable formulations thereof for
treatment of ischemic disease or injury, WO Patent no.
WO2016197038A1, 2016.

Shamis, Y., Hewitt, K.J., Bear, S.E., Alt-Holland, A.,
Qari, H., Margvelashvilli, M., Knight, E.B., Smith, A., and
Garlick, J.A., iPSC-derived fibroblasts demonstrate aug-
mented production and assembly of extracellular matrix
proteins, In Vitro Cell Dev. Biol. Anim., 2012, vol. 48, p. 112. 
https://doi.org/10.1007/s11626-011-9478-4

Sicari, B.M., Rubin, J.P., Dearth, C.L., Wolf, M.T., Am-
brosio, F., Boninger, M., Turner, N.J., Weber, D.J., Simp-
son, T.W., Wyse, A., Brown, E.H.P., Dziki, J.L.,
Fisher, L.E., Brown, S., and Badylak, S.F., An acellular bi-
ologic scaffold promotes skeletal muscle formation in mice
and humans with volumetric muscle loss, Sci. Transl. Med.,
2014, vol. 6, p. 234ra58. 
https://doi.org/10.1126/scitranslmed.3008085

Sonbol, H.S., Extracellular matrix remodeling in human
disease, J. Microsc. Ultrastruct., 2018, vol. 6, p. 123. 
https://doi.org/10.4103/JMAU.JMAU_4_18

Tang, C., Jin, C., Li, X., Li, J., Du, X., Yan, C., Lu, S.,
Wei, B., Xu, Y., and Wang, L., Evaluation of an autologous

bone mesenchymal stem cell-derived extracellular matrix
scaffold in a rabbit and minipig model of cartilage repair,
Med. Sci. Monit., 2019, vol. 25, p. 7342. 
https://doi.org/10.12659/MSM.916481

Theocharis, A.D., Manou, D., and Karamanos, N.K., The
extracellular matrix as a multitasking player in disease,
FEBS J., vol. 286, p. 2830. 
https://doi.org/10.1111/febs.14818

Thompson, R.E., Pardieck, J., Smith, L., Kenny, P., Craw-
ford, L., Shoichet, M., and Sakiyama-Elbert, S., Effect of
hyaluronic acid hydrogels containing astrocyte-derived ex-
tracellular matrix and/or V2a interneurons on histologic
outcomes following spinal cord injury, Biomaterials, 2018,
vol. 162, p. 208. 
https://doi.org/10.1016/j.biomaterials.2018.02.013

Tkachuk, V.A., Akopyan, Zh.A., Efimenko, A.Yu., Grigor-
eva, O.A., Makarevich, P.I., Nimiritskii, P.P., and Novose-
letskaya, E.S., Biomaterial based on cell-free matrix pro-
duced by human mesenchymal stromal cells, method for
preparing thereof and method of using thereof to stimulate
regenerative processes, RF Patent no. 2018143484, Byull.
Izobret. 2020, no 11.

Vuoristo, S., Toivonen, S., Weltner, J., Mikkola, M., Usti-
nov, J., Trokovic, R., Palgi, J., Lund, R., Tuuri, T., and
Otonkoski, T., A novel feeder-free culture system for hu-
man pluripotent stem cell culture and induced pluripotent
stem cell derivation, PLoS One, 2013, vol. 8, p. e76205. 
https://doi.org/10.1371/journal.pone.0076205

Weber, B., Dijkman, P.E., Scherman, J., Sanders, B., Em-
mert, M.Y., Grünenfelder, J., Verbeek, R., Bracher, M.,
Black, M., Franz, T., Kortsmit, J., Modregger, P., Peter, S.,
Stampanoni, M., Robert, J., et al., Off-the-shelf human
decellularized tissue-engineered heart valves in a non-hu-
man primate model, Biomaterials, 2013, vol. 34, p. 7269. 
https://doi.org/10.1016/j.biomaterials.2013.04.059

Xiong, G.F. and Xu, R., Function of cancer cell-derived ex-
tracellular matrix in tumor progression, J. Cancer Metasta-
sis Treat., 2016, vol. 2, p. 357. 
https://doi.org/10.20517/2394-4722.2016.08

Yu, X., He, Y., Chen, Z., Qian, Y., Wang, J., Ji, Z., Tan, X.,
Li, L., and Lin, M., Autologous decellularized extracellular
matrix protects against H2O2-induced senescence and aging
in adipose-derived stem cells and stimulates proliferation in
vitro, Biosci. Rep., 2019, vol. 39, p. BSR20182137. 
https://doi.org/10.1042/BSR20182137

Zhang, X., Liu, Y., Clark, K.L., Padget, A.M.,
Alexander, P.G., Dai, J., Zhu, W., and Lin, H., Mesenchy-
mal stem cell-derived extracellular matrix (mECM): a bio-
active and versatile scaffold for musculoskeletal tissue engi-
neering, Biomed. Mater., 2020, vol. 16, p. 012002. 
https://doi.org/10.1088/1748-605X/abb6b3

Zhu, W., Cao, L., Song, C., Pang, Z., and Jiang, H., and
Guo, C., Cell-derived decellularized extracellular matrix
scaffolds for articular cartilage repair, Int. J. Artif. Organs,
2021, vol. 44, p. 269. 
https://doi.org/10.1177/0391398820953866
CELL AND TISSUE BIOLOGY  Vol. 17  No. 3  2023


	INTRODUCTION
	CD-ECM ADVANTAGES AND DISADVANTAGES
	Advantages
	Disadvantages

	POTENTIAL OF USING CD-ECM
	Cell Culture Substrate
	Using in Tissue Engineering and Regenerative Medicine
	Disease Modeling

	CONCLUSIONS
	REFERENCES

		2023-05-27T11:43:54+0300
	Preflight Ticket Signature




