
Abstract. Regenerative medicine is a branch of medicine
that incorporates tissue-engineering, biomaterials, and cell
therapy approaches to replace or repair damaged cells and
tissues. Umbilical cord serum (UCS) is an important liquid
component of cord blood, which has a reliable source of
innumerable growth factors and biologically active
molecules. Usually, serum can be prepared from different
sources of blood. In therapeutic application, cord serum can
be prepared and used in the form of eye drops for the
treatment of severe dry eye diseases, ocular burns,
glaucoma, persistent corneal epithelial defects and
neurotrophic keratitis. In addition, cord serum combined
with synthetic bio scaffold materials is used to regenerate
different types of tissues including tympanic membrane
regeneration, bone regeneration and nerve regeneration.
Absence of animal origin viruses and bacteria, lack of
xenoproteins and cost-effective features make cord serum a
feasible choice as replacement of fetal bovine serum in cell
culture techniques. Thus, this review emphasizes the role of
cord serum in regenerative therapy and clinical uses.

Umbilical cord (UC) is a biological leftover obtained during
parturition. Although it is an excess material, it has many
treasures in it. During pregnancy, umbilical cord acted as a

channel between mother and developing fetus. This structure
permits the transfer of nutrients and oxygen from the maternal
into fetal circulation whereas concurrently the excretion of
waste materials from fetal circulation to be removed
maternally. Umbilical cord blood (UCB) primarily enriched
with a high number of hematopoietic stem cells/progenitor
cells. Therefore, it is one of the preferred choices of grafts for
allogenic hematopoietic stem cell transplantation (HSCT) in
leukemic condition (1, 2). UCB comprises not only
hematopoietic stem cells, also has several types of non-
hematopoietic stem/progenitor cells including mesenchymal
stromal cells (MSCs), endothelial progenitor cells (EPCs),
neural progenitor cells (NPCs), multi-lineage progenitor cells
(MLPCs) and unrestricted somatic stem cells (USSCs). Hence,
UCB is an attractive source for tissue repair mechanism,
allogenic transplantation and regenerative medicine (3).  

Interestingly, a chief milestone of umbilical cord blood is
its liquid composition namely umbilical cord serum (UCS)
and plasma (UCP). The main difference of these fluids is
presence or absence of clotting factors (serum lacks clotting
factors whereas plasma has clotting factors). Cord serum
contains rich sources of growth factors, neurotrophic factors
and cytokines with wound healing, anti-inflammatory, anti-
aging and anti-apoptotic properties (4). Predominantly, cord
serum used to relieve irritation or dryness of the ocular
surface and maintain ocular epithelial tissue to be healthy
and moisture than artificial teardrops. In clinical trials, cord
serum successfully applied in the treatment of corneal
epithelial wound healing, dry eye syndromes, recurrent
corneal erosions and ocular surface diseases. Besides this,
the topical use of cord serum research has increased in
different regeneration studies including bone regeneration,
tympanic membrane regeneration, tracheal regeneration and
nerve regeneration (5-9). Moreover, some of the findings
reported that the existence of molecular markers in cord
serum may reveal an early diagnosis of neurodevelopmental
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dysfunction or disorder in newborn babies (10). Additionally,
cord serum used as a potential media supplement for cell
growth, proliferation, migration and differentiation in cell
culture applications. Therefore, we have highlighted the role
of UCS in regeneration therapy and its clinical uses. 

Preparation of Umbilical Cord Serum

The isolation of human UCS is much easier than fetal bovine
serum. After delivery, cord blood immediately collected from
pregnant mothers in a sterile container without anti-coagulants.
Before procurement, respective umbilical cord donors must
give their written consent. Under laboratory settings, cord
blood donor samples need to be screened for contagious viral
pathogens such as human immunodeficiency virus (HIV),
hepatitis B and C viruses (HBV, HCV). The collected virus-
free cord blood is allowed to clot for two to four hours room
temperature incubation followed by centrifugation process at
desire rpm or rcf conditions (may vary with protocols). After
centrifugation, a yellow color liquid (serum) supernatant is
carefully isolated into a new sterile tube and remaining
sediment of red blood cells, and other cell debris must be
discarded. In order to remove donor-to-donor variations, heat
inactivation must be carried out at 56˚C for 30 minutes in
collected sera followed by filtration and preservation at −20˚C
or −80˚C for further experimental use (11-13). 

Reservoir of Growth Promoting Factors

Growth factors are naturally occurring biological molecules
capable of stimulating new cell growth at the damaged or
injured sites, serving as signaling molecules in cell–cell
communication, regulating a number of cellular processes,
and enhancing cell proliferation. Human peripheral blood
serum, platelet-derived products, cord plasma and cord
serum are rich sources of different growth-promoting factors.
Among them, umbilical cord serum boasts their regenerative
efficacy due to the presence of vascular endothelial growth
factor (VEGF), epidermal growth factor (EGF), platelet-
derived growth factor (PDGF), fibroblast growth factor
(FGF), transforming growth factor (TGF), hepatocyte growth
factor (HGF), insulin like-growth factor (IGF) and nerve
growth factor (NGF) etc. In addition to these growth factors,
it has different cytokine/chemokine molecules, neurotrophic
factors and biologically active substances (4, 14) and their
biological roles have discussed in Tables I and II. Thus, the
application of UCS has increased in various regenerative
approaches and cell culturing techniques.

Regeneration

Regeneration is an essential biological process for every
organism. It is mediated by the presence of enormous

biological and physiological factors surrounding the cellular
microenvironment. Herein, the use of cord serum associated
with different regeneration studies are discussed.

Umbilical Cord Serum in Ocular Regeneration

Usually, natural tears contain sufficient growth factors,
neurotrophic factors and vitamin A that are vital for the
proliferation and maturation of the normal ocular
epithelium and that can keep the ocular epithelial surface
healthy. In dry eye disease cases, eyes are able to produce
enough tears for the moisturization and cleansing function.
Artificial ear drops including cyclosporine A and
corticosteroids, therapeutic lenses and protective goggles
have been used for this dry eye condition. Nevertheless, in
the past few years, blood-derived products such as
autologous serum and cord blood serum have been
introduced in the treatment of these types of ocular
ailments. Initially, autologous serum eyedrops were
assumed to provide essential tear elements and growth
factors in the treatment of persistent corneal epithelial
defect (15). Later, researchers found that cord serum
contains more growth factors and neurotrophic factors than
autologous serum (14, 16). The first trial of cord serum
established in persistent corneal epithelial defects patients
by Vajpayee et al. In that trial, most of the UCS treated
patients exhibited higher healing rates in the defect areas
than the autologous serum-treated group (17). The reason
may be that presence of growth factors are probably higher
in the UCS than autologous serum, which may enhance
significant migration and proliferation of epithelial cells
that consequently lead to a faster re-epithelialization. Yoon
et al. first confirmed that cord blood serum comprises a
higher level of crucial tear elements, neurotrophic factors,
biological substances and growth factors than autologous
serum and they are effectively used to improve the
symptoms of neurotrophic keratitis, severe dry eye
syndrome and persistent corneal defects (14, 16, 18, 19).
To assess the efficacy and safety of UCS eye drops in dry
eye associated graft-versus-host-disease (GVHD), recruited
patients were treated with 20% cord serum eye drops. After
two months of UCS treatment observation, patients showed
a significant improvement in corneal sensitivity, corneal
staining score and tear film breakup time and were
maintained by after six months of treatment (20).
Furthermore, a combined therapy of regenerating agent
(RGTA) with cord serum eyedrops has been developed for
a corneal disease patient who is resistant to conventional
treatment (21). This combination therapy could strengthen
the healing process and be considered a new therapeutic
option for eye degenerative diseases. From overall
observations, cord serum eyedrops could be an effective
and safest treatment for eye diseases in clinical evaluation.
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UCS in Tympanic Membrane Regeneration

Tympanic membrane (eardrum) is a thin membrane found in
the middle ear, which separates the outer ear from the middle
ear and acts as a boundary between them. The membrane
could be injured or damaged due to many external causes.
The majority of acute tympanic membrane perforations
(TMPs) healed spontaneously. However, the chronic TMPs
require surgical intervention or other therapeutic
interventions. So that researchers were developed, many
different therapeutic applications by the tissue engineering
approach (22-24). Among different approaches, the topical
use of umbilical cord serum with biodegradable polymers,
synthetic scaffolds and collagen nanofibers have been used
to regenerate injured tympanic membrane. Jang et al.
presented the first trial of UCS with three-dimensional
collagen scaffolds to enhance the tympanic membrane
healing process (6). This study revealed that the topical use
of UCS with collagen bio scaffold might facilitate the
fibroblasts ingrowth and extracellular matrix formation in the
ruptured sites thus leading to an increased thickness of the
tympanic membrane in the experimental group. Since cord
serum has many growth factors within, it is combined with

polycaprolactone/silk-fibroin scaffold to improve the closure
rate of subacute TM perforation in guinea pigs (9).
Therefore, cord serum emerges as a good choice of
biological fluid in tissue engineering studies.

UCS in Bone Regeneration

Growth factors are playing a crucial role in regulation of bone
formation and bone repair processes (25, 26). In clinical
applications, commonly used exogenous growth factors are
expensive and the extraction process complex as well. These
limitations make researchers look into growth factor-rich
sources. Among various biological fluids, cord serum has
several bone regeneration-related growth factors for promoting
cell proliferation, differentiation and cell migration. Hence, in
in vitro cultures, cord serum has emerged as a new supplement
for osteogenic induction in human mesenchymal stem cells
(hMSCs) (13, 27, 28). In in vivo research, human cord serum
combined with scaffold material may be used to enhance the
osteogenic process. Mastoid bone is one of the parts of
temporal bone, located behind the ear. In the mastoid
obliteration study, the use of UCS with polycaprolactone/
alginate scaffold greatly stimulate the bone regeneration (5).
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Table I. Major growth factors in UCS and their biological function in regeneration.

Growth factors                                                           Biological function

Vascular endothelial growth factor (VEGF)            Potent angiogenic factor; facilitates angiogenesis (4, 43) 
Fibroblast growth factor (FGF)                                Promotes fibroblast cell proliferation, epithelial cells proliferation, and neural stem cells 
                                                                                   proliferation; involved in wound healing (44)
Platelet-derived growth factor (PDGF)                    Majorly contributes in blood vessel formation; involved in wound healing process (4, 45)
Hepatocyte growth factor (HGF)                              Stimulates mitogenesis, angiogenesis and tissue regeneration (46, 47)
Epidermal growth factor (EGF)                                Essential factor for epithelial cell proliferation and wound healing (16)
Nerve growth factor (NGF)                                      Essential neurotrophic factor for the growth, survival and maintenance of sensory nerves (48)
Transforming growth factor (TGF)                          Important factor for extracellular matrix formation and tissue homeostasis; crucial role 
                                                                                   in stem cell differentiation (45, 49, 50)
Insulin-like growth factor (IGF)                               Important factor for prenatal and postnatal development of a fetus; play a significant role 
                                                                                   in stem cells growth and proliferation; also facilitates corneal regeneration (51, 52)

Table II. Major chemokine/cytokines in UCS and their biological function in regeneration.

Chemokine/cytokines                                                Biological function

Stem cell factor (SCF)                                              Important factor for hematopoietic progenitor cell proliferation, migration and survival (53)
Interleukin-8                                                              Chemotactic inducing factor; potent promoter of angiogenesis (54, 55)
Interleukin-9                                                              Key regulator for variety of hematopoietic cells; stimulates cell proliferation (56)
Interleukin-12                                                            Activator of T-lymphocyte growth and function; involved in immune responses (57)
Interleukin-17                                                            Mediator of pro-inflammatory responses; function linked with many autoimmune diseases (58)
C–X–C motif chemokine 10 (IP-10)                        Regulates cell growth and proliferation and angiogenesis (59)
C-X-C motif ligand 9 (MIG)                                    Regulator of immune cell migration and activation (60)
C-X-C motif ligand 1 (GRO-α)                                Involved in wound healing and inflammatory processes (61)



Therefore, the application of UCS not only promotes the
wound healing process but also assists in stimulating new
bone formation. However, several in vitro and in vivo studies
are required to establish the use of cord serum in bone
regenerative medicine.

UCS in Nerve Regeneration

During regeneration, nerve growth factor, neurotrophin-3,
brain-derived neurotrophic factor, glial-derived neurotrophic
factor, platelet-derived growth factor and other factors are
playing a critical role in neuronal survival, neuronal growth,
proliferation and differentiation (29). Since cord serum has
been found to be rich in sources of various neurotrophic
factors, it can be used to regenerate different types of neuronal
cells in clinical applications. For example, glaucoma is a
common eye disease that can damage the optic nerves and
further lead to loss of vision. A preliminary study analyzed
that topical administration of cord serum in glaucoma patients
observed with better improvements in their visual field test
parameters. This efficacy is assumed to be related with high
growth factor amount of the cord serum, which possibly exerts
a neuroprotective action on the optic nerves (30). In a rare
ocular neurodegenerative disease, cord serum treated patients
showed better improvement in their visual acuity, corneal
sensitivity and epithelial healing rate (14). Recent
advancements in tissue engineering, incorporation of cord
serum with engineered scaffold has been emerged as a new
option for nerve regeneration. In facial nerve regeneration
study, a nerve fibrous conduit contains synthetic biodegradable
material, collagen and human cord serum successfully applied
for the regeneration of facial nerves in experimental animals
(7). Therefore, cord serum components play a major role in
nerve regeneration and neuroprotection.

Clinical Uses of UCS

Additionally, cord serum has been used as an effective
supplement for in vitro cell culture as well as good diagnostic
tool to predict an early progression of diseases (11, 31-33).

Effective Supplement for In Vitro Cell Culture

To date, fetal bovine serum (FBS) is believed to be the
standard growth supplement in diverse cell culture
applications. It contains enormous growth factors, vitamins,
hormones, cell adhesive factors, extracellular matrix molecules
and minerals that boost the cell attachment, as well as cell
proliferation and differentiation. Even though it has lot of
valuable sources, it has certain limitations in its use. To obtain
blood from bovine fetus requires more animal sources and
some ethical problems need to be resolved. Since FBS is an
animal serum, the risk of contamination by bovine viruses,

prions and bacteria especially by mycoplasma infections is
higher. As well as, the presence of xenoproteins in bovine
serum can trigger the adverse immunological responses to the
growing cells on culture plate. Therefore, several investigators
have established possible alternative sources for FBS in cell
culture procedures. They found that, among several blood-
derived growth additives, cord blood serum showed an equal
or higher potential to FBS in stem cell cultures (13, 34). The
key benefits of using cord serum are that it can be obtained
easily and massively from umbilical cord blood after delivery
without any ethical issues. It is free of animal origin pathogens
and has remarkably lower immunogenicity. In recent years,
cord blood serum is mainly preferred as a reasonable
supplement for different sources-derived mesenchymal stem
cells (bone-marrow mesenchymal stem cells, placenta-derived
mesenchymal stem cells, Wharton’s jelly mesenchymal stem
cells and cord blood mesenchymal stem cells) proliferation,
osteogenic and adipogenic differentiation and migration (13,
28, 33-35). Moreover, in fibroblast cell cultures, human cord
serum potentially induces higher proliferation rate than FBS
(36). For ocular surface epithelial cells (limbal, conjunctival,
and cornea epithelial cells) proliferation and differentiation,
cord serum is established as an effective and safer alternative
growth media supplement in culture systems (37, 38).
Additionally, Xia et al. described cord serum can increases the
proliferation of human fetal islet-like cells when compared to
fetal calf serum (FCS) (39). Hence, UCS can serve as a good
alternative to FBS or FCS.

Disease Diagnosis

Cord blood serum may have certain molecular markers for
early detection of specific diseases or estimation of severity
and disease progression. For example, atopic dermatitis is
the common inflammatory skin disease, characterized by the
higher expression of several chemokine markers. Among
them, CCL17 overexpression leads to development of atopic
dermatitis (40). The presence of a higher level of CCL17
marker in umbilical cord serum may predict the onset of
atopic dermatitis in infants (32). Perinatal asphyxia is a fatal
condition in which a newborn baby’s brain does not get
enough oxygen during or after birth due to many causes. In
this case, the level of interleukin-6 (IL-6) cytokine in
umbilical cord serum can suggest an early diagnosis of brain
dysfunction or disorder in neonates (10). Procalcitonin (PCT)
is a peptide precursor of calcitonin hormone. Usually, PCT
is not detectable in healthy adult serum. But during bacterial
infection, PCT concentration noticeably increases in blood
serum (41). In umbilical cord serum samples, higher level of
PCT marker seems to be an important parameter for the
diagnosis of early bacterial infection in newborn infants (31).
Therefore, cord serum markers played an important role in
an early detection of a disease.
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Challenges of Using UCS

So far, there have been reported no major clinical
complications but possible adverse effects must always be
considered when using cord serum. Though many laboratory
examinations are carried out in cord blood donors, there is
a possibility of transmission of blood-borne pathogens or
blood-borne diseases (18). Moreover, incompatibility,
allergic reactions and bacterial contamination are other
possible complications (17). Cord blood can be obtained
from multiple pregnant donors. Therefore, donor to donor
blood variations must be completely eliminated by heat
inactivation and other required processes (13). In addition,
additional costs for serum preparation should also be taken
into consideration (42). Avoiding frequent freeze-thaw
cycles can preserve the cord serum efficacy in clinical
applications. 

Conclusion and Future Applications

Overall, due to the availability of numerous essential
biological factors, cord serum can be recognized as a potent
supplement in various clinical applications. Most of the
investigators have performed the comparative analysis for
the purpose of revealing the advantage of using cord blood
serum with fetal bovine serum and other blood-derived
supplements. In ophthalmologic field, cord serum is
prepared in the form of eye drops because it is rich in
various growth factors and neurotrophic factors. Therefore,
it can be successfully applied in the treatment of many
ocular diseases. But in other fields, the use of cord serum
needs to be enhanced. Particularly in regenerative
medicine, fewer studies are available for cord serum
application. However, some have demonstrated a better
outcome for tissue regeneration including bone
regeneration, corneal epithelial tissue regeneration,
tympanic membrane regeneration and nerve regeneration.
In tissue engineering, the employment of bio scaffold
materials incorporating cord serum is considered as the
most promising approach to enhance wound healing and
regeneration processes in experiment models. Further
research in this area is required to establish cord serum
therapeutic approach in clinical evaluation. 
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