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Mankind’s first natural stem cell transplant
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Abstract
The timing of the umbilical cord clamping at birth is still controversial. In the modern era of medicine, the cord has been clamped early
to facilitate resuscitation and stabilization of infants. However, recently delayed cord clamping has been supported by physicians
because it allows for the physiological transfer of blood from the placenta to the infant. Many clinical studies have revealed that the
delayed cord clamping elevates blood volume and haemoglobin and prevents anaemia in infants. Moreover, since it was known that
umbilical cord blood contains various valuable stem cells such as haematopoietic stem cells, endothelial cell precursors, mesenchymal
progenitors and multipotent/pluripotent lineage stem cells, the merit of delayed cord clamping has been magnified. In this review, we
discuss the advantages and disadvantages of delayed cord clamping at birth. We highlight the importance of delayed cord clamping in
realizing mankind’s first stem cell transfer and propose that it should be encouraged in normal births.
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Introduction
For decades, the timing of the umbilical cord clamping at birth
has been the focus of controversies and intense discussions
among practitioners [1, 2]. Although without clear benefit and no
rationale to support it, early cord clamping remains the most
common practice among obstetricians and midwives in the
western hemisphere [3, 4]. In a recent Cochrane review [5], early
cord clamping is defined as covering a wide range from immediately to less than 1 min. from birth, whereas delayed cord clamping is defined as greater than 1 min. to until the cord stops
pulsating. Normal cord clamping time can be construed as
between 30 sec. to 1 min. after birth. These definitions are used
within this review unless otherwise stated. It is however, worth

noting that there are some inconsistencies among studies with
respect to this, since the earlier (but recently reprinted in 2009)
Cochrane review by Rabe et al. [6] defined delayed as more than
30 sec. Historically, birthing included the mother squatting with
gravity being a contributing factor to both delivery and draining
of the blood from the umbilical cord (Fig. 1). In the era of
modern medicine, the cord has been clamped early to facilitate
resuscitation and stabilization of infants and because of
concerns that delayed clamping could have adverse effects [7].
Moreover, in this period of cord blood banking, the umbilical
cord is often clamped early in order to harvest a large amount of
blood since the success of cord blood transplantation relates to
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Early versus late clamping of the
umbilical cord

Fig. 1 A relief from the Temple of Hathor at Dendera, depicting a squatting
woman giving birth. She is assisted by two goddesses Hathor and Taweret.
Cairo, Egyptian Museum.

the volume and number of cells transplanted [8–10]. However,
there have been accumulating clinical and meta-analytical studies suggesting that delayed clamping increases blood volume
and prevents anaemia in infants without severe adverse effects.
In this review, we focus on the importance of delayed cord
clamping in terms of the existence of stem cells in the umbilical
cord blood (UCB) at birth.

Early haematopoiesis in foetus
To understand the relationship between cord clamping time and
stem cells, it is first necessary to comprehend the early
haematopoiesis during the human perinatal period [6]. At 2
weeks of human embryogenesis, foetal haematopoiesis begins
from stromal cells in the yolk sac. Liver haematopoiesis occurs
at 6 weeks in pluripotent stem cells migrating from the yolk sac,
but yolk sac haematopoiesis continues until 10 weeks. The liver
is the main source of the foetal blood components until 20 weeks
when medullary sites in axial bones start haematopoiesis with
pluripotent stem cells migrating from the liver. Although
haematopoiesis in foetal liver begins to slow following initiation
of bone marrow (BM) haematopoiesis, liver haematopoiesis still
continues until birth [11]. Haematopoiesis shifts completely
from liver to BM after delivery [12]. Therefore, the migration of
pluripotent stem cells to BM is still in progress until delivery,
suggesting that pluripotent stem cells should exist in the foetal
circulation including UCB at this time. With the significant presence of stem cells in the foetal circulation, the issue of cord
clamping timing is noteworthy.

Delaying the clamping of the umbilical cord at birth allows the
physiological transfer of blood from the placenta to the infant. This
placental transfusion can increase the infant’s blood volume up to
30 ml/kg of body weight depending on several factors, including
timing of clamping, initiation of first breath and cry, the effect of
gravity, mode of delivery and intensity of uterine contractions at
the end of the second stage of labour [13–17]. Increased blood
volume is particularly important for preterm infants because they
have less foetal-placenta blood volume than term infants, increasing the risk of relative hypoperfusion if immediate clamping
occurs [18, 19]. Hypoperfusion may disrupt the autoregulation
that is essential to stabilize cerebral blood flow and prevent a pressure-passive circulation [20].
Several randomized controlled trials, systematic reviews and
meta-analyses have compared the effects of late versus early
clamping of the umbilical cord. In preterm infants, delaying the
clamping of the cord for at least 30 sec. reduced the incidences of
intraventricular haemorrhage, late-onset sepsis and anaemia, and
decreased the need for blood transfusions [6, 21]. A 1-min. delay in
cord clamping resulted in remarkably elevated red blood cell
volume/mass and weekly haematocrit compared to early clamping
in neonates of 30–36 weeks’ gestation [22]. Furthermore, delayed
cord clamping improves cerebral oxygenation in preterm infants in
the first 24 hrs of life [23]. A recent study concluded that late clamping is safe and does not compromise the preterm infant in the initial
post-partum adaptation phase [24]. In term infants, delaying cord
clamping for at least 2 min. reduced the incidence of anaemia in the
neonatal period, prevented anaemia over the first 3 months of life
and enriched iron stores and ferritin levels for as long as 6 months
[25]. This is of particular importance for patients in developing
countries where anaemia during infancy and childhood is highly
prevalent [26–31]. In contrast to the belief of most practitioners, the
risk of some of the potential adverse effects of late cord clamping
such as tachypnea or grunting, hyperbilirubinemia, polycythemia
and hyperviscosity are not clinically significant and represent part of
the physiological compensatory mechanism [25–31].
Another potential benefit of delayed cord clamping is to ensure
that the baby can receive the complete retinue of clotting factors
necessary at birth since the actual birthing experience has been
shown to switch on both the mother’s and baby’s clotting and fibrinolytical systems [32]. It could be suggested that the latter effect
facilitates maintenance of umbilical cord flow to the baby.
Of course, there are still many supporters of early cord clamping, or at least for not delaying cord clamping, especially among
researchers or physicians who are associated with cord blood
banking or transplantation. The residual placental blood volume
following normal or delayed cord clamping is probably insufficient
for banking and donation [33, 34]. Therefore, harvesters of cord
blood may make an attempt to clamp as early as possible to force
a larger placental residual volume even though such practice is
thought to be ethically inappropriate [35].
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There are additional reasons that support early clamping, in
particular, the advancement of cord blood banking [12]. First, cord
blood harvest is considered a physiological event beyond the
preterm, in that consequences extend to full term and healthy
newborns’ matter. At term birth, generally the newborn has excessive haemoglobin to compensate for the hypoxic prenatal environment, and subsequently experiences transient physiological
anaemia following exposure to the more oxygenated extrauterine
environment [12]. A baby with a normal diet has no difficulty in
recovering from this natural lack in red blood cells. Therefore, the
healthy baby can tolerate considerable decreases in haemoglobin
without deleterious adverse effects, even if early clamping was
performed for the blood collection [12]. Second, even a normal
cord clamping time provides appropriate blood volume for future
transplantation [12]. If clamping is delayed unnecessarily in
healthy term babies and subsequently cord blood is not collected,
invaluable stem cells in the cord blood will be discarded. Thus a
concerted effort must be rendered against any intent to waste the
opportunity for stem cell collection, especially in view of the lack
of evidence demonstrating a relation between cord blood banking
and consequent anaemia [12]. Third, although delayed cord
clamping seems to increase haematocrit and red blood cell volume, there is no significant difference in clinical outcome such as
Apgar scores and requirements for mechanical ventilation even in
preterm groups [22]. In addition, clinical benefit from delayed
clamping such as fewer intraventricular haemorrhage and blood
transfusions is still controversial [22].

Stem cells in human umbilical
cord blood
Cellular composition
As mentioned above, the current debate over cord clamping time
has been intense due to the value of cord blood for stem cell transplantation, beyond the simple issue of infantile anaemia. The transfusion of blood from the placenta to the infant not only gives the
infant extra blood volume to stabilize the circulatory system and
enrich the iron stores, it also provides important cellular components such as the haematopoietic stem cells contained in the
mononuclear fraction of the umbilical cord blood. UCB has been
known to contain enough haematopoietic stem cells to be used for
transplantation, but there has been accumulating evidence about the
value of other types of UCB-derived stem cells for cell-based therapy. Human UCB plays a significant role as a reservoir of pluripotent
stem cells to provide a variety of stem cells such as haematopoietic
stem cells, endothelial cell precursors, mesenchymal progenitors
and pluripotent/ multipotent lineage stem cells [36–38].
Haematopoietic stem cells from human UCB are not only the
most primitive but are also able to repopulate blood lineages over
a long period [39–41]. In vitro, human UCB-derived haematopoi490

etic progenitors can proliferate in long-term cultures with various
growth factors and possess longer telomeres [42] as well as have
a higher colony-forming capability compared to adult stem cells
[43]. Therefore, transplantation of human UCB recovers the host
reservoir of haematopoietic progenitor cells to a greater degree
compared to adult BM stem cells [44]. Even a single human UCB
sample can provide enough haematopoietic stem cells for both
short- and long-term engraftment [45].
The mononuclear fraction of human UCB is primarily composed
of lymphocytes and monocytes [46]. Human UCB lymphocytes are
close to the B-cell population but have a lesser absolute T-cell
(CD3⫹) count and a higher CD4⫹/CD8⫹ ratio compared to adult
peripheral blood [46, 47]. Moreover, UCB-derived B-cell precursors
are more immature than adult blood derivatives with comparison of
the properties of B-cell differentiation in vitro from CD34⫹
haematopoietic progenitors [48]. Human UCB possess higher
numbers of immature T cells, but lower numbers of mature memory [47, 49] and CD56⫹ cytotoxic T cells [49] compared to other
adult sources. In addition, cord blood lymphocytes express less
pro-inflammatory cytokines and their receptors such as interleukin
(IL)-2, IL-6, IL-7, tumour necrosis factor (TNF)-␣, and interferon␥ [50, 51]. By contrast, they produce higher levels of IL-10 (antiinflammatory) than lymphocytes in adult blood [51, 52], which
down-regulates CD86 expression on dendritic cells (DCs).
Consequently, these reactions appear to inhibit the beginning of the
T-cell mediated immune reaction [53]. Besides, increased levels of
IL-10 probably activate regulatory T cells, which subsequently,
redouble inhibition of antigen-specific immune responses [54].
Monocytes and DCs in human UCB are also immature. UCB
monocytes do not respond to hepatocyte growth factor (HGF) by
which adult monocytes are stimulated [55]. Subsequently, they
cannot induce specific adhesion molecules, which are critical for
antigen presenting [55]. UCB monocytes also have less expression of the human leucocyte antigen-DR, which subsequently
decreases their cytotoxic capacity compared to adult cells [56].
Furthermore, UCB monocytes have difficulty in differentiating into
mature DCs to activate naïve T cells, even with special stimulatory
cytokines [57]. Unlike adult blood, DCs in cord blood have a lymphoid character that is more likely to be responsible for colonizing
neonatal tissue [58]. The lymphoid DCs promote anti-inflammatory T-helper 2 cell reactions, which presumably down-regulate
the immune and inflammatory responses along with the naïve T
cells [58, 59]. Of interest, natural killer (NK) cells which are able
to inhibit T-cell proliferation and decrease TNF-␣ production [60]
highly exist in cord blood [49]. By contrast, cytotoxicity of UCB
natural killer cells is much lower compared to adult blood [61].
There are two different subpopulations of mononuclear human
UCB cells, namely adherent and floating cells [62]. A significant
number of stem cell antigens as well as neural cell markers were
detected in the floating population, whereas the adherent cell population mainly contained lymphocytes (~53%) expressing
haematopoietic antigens. These findings suggest not only the
existence of a non-haematopoietic subpopulation within mononuclear UCB cells but also their potential to differentiate into cells of
other diverse lineages.
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Mesenchymal stem cells (MSCs) and MSC-like progenitors can
be isolated from amniotic fluid, placenta and Wharton’s jelly [63].
The MSC has also been found as a small fraction of UCB cells
[63–65]. Wharton’s Jelly and human umbilical vein endothelial
cells, which are closely associated with the umbilical cord, also
exhibit stem cell-like properties and may possess equally robust
haematopoietic and mesenchymal cell populations distinct from
UCB. It is unclear whether any cells apart from those in the UCB
are likely to enter the baby at birth and therefore their potential
contribution to the child warrants investigation. Consequently the
widespread availability of these cells from Wharton’s Jelly and
human umbilical vein endothelial cells even after the cord blood is
drained should not necessarily act against delayed cord clamping
until the interplay between these other non-UCB-derived cells and
the baby are known.
MSCs from human UCB have shown outstanding plasticity
including the capability for differentiation into cells of the three
germ-line derivatives [65–67]. Under specific growth conditions,
UCB-MSCs could differentiate into osteogenic and chondrogenic
cells [68]. After incubation in neural differentiation medium, human
UCB-MSCs expressed a number of neural cell antigens such as
glial fibrillary acidic protein (astrocyte marker) and TuJ-1 (neural
progenitor marker) as well as intermediate filament proteins
reflecting neural differentiation such as vimentin and nestin [69].

Usefulness of umbilical cord blood stem cells
In virtue of the unique and immature features of cord blood, since
the first human UCB transplantation to treat a 16-year-old male
with acute lymphoblastic leukaemia in 1972 [70], human UCB
stem cells have been successfully transplanted to treat a variety of
paediatric genetic, haematological, immunological, metabolical
and oncological disorders [71–82]. Their ability to differentiate
in vitro into non-haematopoietic cells, has led scientists to investigate other potential clinical uses of these cells.
As mentioned above, UCB cells have distinctive properties
such as outstanding pluripotency, great proliferative capability,
high self-renewal ability, unique T-cell immaturity, diminished
capacity for antigen presentation and inflammatory stimulation,
extended telomere length, and anti-inflammatory function [12,
83]. Most of all, the innate immaturity of cord blood cells including their immune naïveté may result in the optimal effects of these
cells for haematopoietic and somatic organ transplantation compared to other adult stem cells such as BM-derived MSCs. These
immature properties contribute to a lower incidence of immune
rejection including graft-versus-host disease (GvHD) and/or inhibition of deleterious inflammatory reaction after transplantation
even though they come from an allogeneic donor. Consequently,
these characteristics could allow for relatively flexible donor-recipient matching requirements, hence leading to a shorter preparatory period for treatment [83]. Rocha et al. [84] revealed that
GvHD incidence was significantly lower in children receiving
human UCB transplants compared to BM recipients, when both

sources were from an HLA-identical sibling. Furthermore, even
unrelated HLA-mismatched UCB recipients have a lower GvHD
incidence than HLA-identical BM recipients [85].
Encouraging results have been observed when human umbilical cord stem cells were infused intravenously following an
ischemic stroke in an experimental animal model. Reductions in
infarct volume and restoration of motor impairments were
observed and were dependent on the time of administration of the
cells and on the cell dose [86–88]. The neuroprotective effect of
human UCB stem cells in stroke [89] seems to be related to the
induction of the release of neurotrophic growth factors [90]
and/or angiogenic factors [91] and a reduction of inflammation
[92] rather than to cell replacement.
Human UCB stem cells have also been explored for the treatment of congenital metabolic diseases. For example, Sanfilippo
syndrome type B (mucopolysaccharidosis type III B) is an autosomal recessive disorder caused by a deficiency of ␣-N-acetylglucosaminidase enzyme. Clinical symptoms appear after 2 years of
normal development and then progressive cerebral and systemic
multiple organ abnormalites are seen. There have been accumulating data supporting the potential of UCB cells for transplantation in this devastating disease in vitro and in vivo [93–95].
Furthermore, in a neonatal rat model of perinatal hypoxic-ischemic
brain injury, intraperitoneal transplantation of human cord blood
mononuclear cells resulted in incorporation of these cells into the
damaged brain and alleviation of the neurological effects of cerebral palsy [96].

First stem cell transplantation at birth
Nature’s first stem cell transplant occurs at birth when the placenta and umbilical cord start contracting and pumping blood
toward the newborn. After the blood equilibrates in both compartments, the cord becomes pulseless and the blood flow stops. This
phenomenon occurs in most placental mammals and this transfusion of blood is allowed to end physiologically in most species
except in human beings. Human beings manipulate the transition
from foetal to neonatal life by early clamping of the umbilical cord,
meaning that nature’s first stem cell transplant is curtailed, thus
depriving infants of additional stem cells.
Regardless, stem cells play an essential role in the development and maturity of many organ systems including the central
nervous, respiratory, cardiovascular, haematologic, immunologic
and endocrine systems long before birth [97–102]. The aetiology
of many diseases of the newborn is related to delayed development and immaturity. In addition, the maturation of every organ
system continues after the neonatal period; thus the artificial loss
of stem cells at birth could potentially impact later development
and predispose infants to diseases such as chronic lung disease,
asthma, diabetes, epilepsy, cerebral palsy, Parkinson’s disease,
infection and neoplasm.
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In particular, the postnatal transfer of UCB cells may be important in preterm infants since the UCB of infants born between 24
to 31 weeks gestation contains a higher concentration of primitive
haematopoietic progenitor cells and long-term culture-initiating
cells compared with cord blood of infants born closer to term
[103]. Therefore, the timing of the clamping of the umbilical cord
may be more critical for the transfer of those stem cells to the
newborn infant, especially in the preterms, and late clamping of
the umbilical cord is a physiologic, safe and inexpensive practice
that can avoid the loss of such important cells if harvesting is not
planned. Avoiding stem cell loss by the simple practice of delayed
cord clamping could potentially decrease the morbidity and mortality associated with many newborn conditions (Table 1).
One important point to consider is the long-term effects of
delayed cord clamping. The present authors are unaware of any
studies in either animals or human beings that followed the organism to adulthood. In human beings the longest studies go to
6–7 months and some benefits can still be observed with respect
to iron status [27] and motor disability [106]. It is crucial to
perform long-term follow-up studies to determine whether the
reported benefits of delayed cord clamping are long term, or
whether additional benefits may become apparent.

Table 1 Common disorders of the newborn related to immaturity of
organ systems. There is evidence for benefit from delayed clamping for
the first five listed disorders. Only one reference is shown. The remaining five have yet to be conclusively shown to be altered by delayed
clamping. Note that the benefit for periventricular leukomalacia has so
far only been shown in sheep
Disorder [Ref.]
• Respiratory distress syndrome [13]
• Anaemia of prematurity [22]
• Intraventricular haemorrhage [24]
• Sepsis [104]
• Periventricular leukomalacia [105]
To be confirmed
• Chronic lung disease
• Apneas of prematurity
• Retinopathy of prematurity
• Necrotizing enterocolitis
• Patent ductus arteriosus

Conclusions
There is no consensus among scientists and clinicians about adequate timing for cord clamping and proper cord blood collection.
However, delayed cord clamping and stem cell banking are not
mutually exclusive activities, as some authors have suggested
[8]. By contrast, the most important thing is how to avoid the
loss of valuable stem cells during delivery. First of all, delayed
cord clamping should be recommended to populations that have
limited access to health care and presumed poor nutrition and
those that choose not to bank cord blood for financial or other
reasons. Cord clamping also should be delayed appropriately for
preterm babies to provide enough blood volume and stem cells
except in those who need immediate resuscitation. Unnecessary
excessive delayed clamping should be precluded in healthy term
cord blood donors. Until now, there has been no consensus
about the optimal stem cell amount that newborns need for normal development during the perinatal period. Nonetheless, if
cord clamping is performed at the normal time, it would not prevent the adequate stem cell migration that is responsible for
newborn babies’ health. In addition, even normal cord clamping
would be enough to prevent postnatal anaemia and collect the
adequate blood volume for banking in healthy term babies.
Nevertheless, if UCB yields a finite number of mononuclear cells
at normal time or delayed clamping, newer methods of isolation,
preservation and expansion of stem cells derived from UCB and
other tissues such as umbilical cord tissue and placenta will
decrease dependence on cord blood as a source of stem cells. In
the future, residual placental blood volume that remains after
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delayed cord clamping may yield a sufficient number of stem
cells that can be expanded and banked for transplantation. This
practice would maintain the physiological benefits of delayed
clamping for the infant, yet still yield stem cells for future transplantation use.
In summary, autologous transplantation of stem cells
naturally occurs in nature at birth in mammals via the umbilical
cord. A delay in the cord blood clamping may increase the stem
cell supply to the baby, thereby allowing an innate stem cell
therapy that can promote acute benefits in the case of neonatal
disease, as well as long-term benefits against age-related
diseases. We therefore propose based on the current literature
that delayed cord blood clamping should be strongly considered
in all healthy babies and when safe to do so in preterm babies.
At the same time, we do not wish to discourage the collection
of UCB and hope that future studies will show that delayed
cord clamping and cord blood collection do not have to be
mutually exclusive.
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