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Banking on cord blood stem cells

Michael J. Sullivan

The accuracy and veracity of information
provided to parents is crucial to their mak-
ing an informed choice about whether to
bank their child’s cord blood; on this point
the correspondents on my article (Banking
on cord blood stem cells. Nature Rev.
Cancer 8, 555-563 (2008)), J. J. Nietfeld
(Opinions regarding cord blood use need
an update. Nature Rev. Cancer 24 Sep

2008 (d0i:10.1038/nrg2418-c1))*and D. T.
Harris (Cord blood stem cells: worth the
investment. Nature Rev. Cancer 24 Sep 2008

(d0i:10.1038/nrg2418-c2))? and I are in
complete agreement.

Influencing this decision is the likelihood
that your child’s stored cord blood has a
reasonable chance of being used during the
time that the cryopreserved cells remain
viable'.

However, Nietfeld disagrees with most of
the previously published opinions that the
likelihood of use is indeed minute’. In their
recent paper, published after submission
of my manuscript, Nietfeld and colleagues
report an estimated (not actual) lifetime
risk of needing haematopoietic stem cell
transplantation of 1:200 and, for autologous
transplantation, a risk of 1:400 (REF. 4).
However, many assumptions in this paper
have yet to be questioned and the data is
based on an estimated, not actual, transplant
population.

In a further recent report’, Nietfeld et al.
have responded to the American Society of
Blood and Marrow Transplantation 2008
Position Statement on the Collection and
Preservation of Cord Blood for Personal
Use® questioning the previous estimated
probability of needing an autologous cord
blood transplant. In doing so they have erro-
neously linked the risk of needing haemat-
opoietic stem cell transplantation (HSCT)
with the probability of using one’s own cord
blood for an autologous transplant. These
are not one and the same; however, one can
assume that commercial cord banks will use
this prediction to justify continued commer-
cial cord banking.

In analysing the chance of needing an
autologous HSCT in the first 20 years of
life, I have not restricted my analysis to
the 0-14 age group, as stated by Nietfeld,
but rather looked at indications for each
specific disease diagnosis (see Table 1 in
REF. 1). However, as it so happens, most of

conditions benefiting from autologous stem
cell transplant under the age of 20 occur in
younger children.

Here, and in his paper, Nietfeld includes
both brain tumours and sarcomas as indica-
tions for autologous stem cell transplanta-
tion. However, this assumption is flawed.
There is no compelling evidence that
high-dose therapy with autologous HSCT
improves the outcome for the common
malignant brain tumours, such as high-grade
gliomas or glioblastoma, in either adults
or children”®. Similarly, autologous HSCT
has no role in the routine treatment of
standard or high-risk medulloblastoma, or
ependymoma in older children’. Autologous
HSCT for brain tumours in those under
the age of 20 is largely restricted (with some
exceptions) to younger children with high-
risk medulloblastoma (<10) as part of open
collaborative clinical trials (Headstart III
and COG ACNS0334)'*!!, However, many
contemporary clinical trials use tandem pro-
cedures with multiple cycles of autologous
HSCT, which is not possible with a single
stored unit of cord blood. The outcome of
these studies is pending completion of the
trials. Some rare but chemosensitive brian
tumours in children, such as germinoma and
pineoblastoma, may respond to high-dose
therapy and autologous HSCT"2.

Similarly, with regard to sarcomas, and
again contrary to Nietfeld’s claim, autolo-
gous HSCT has no role in the treatment of
primary localized or metastatic soft tissue
sarcomas, rhabdomyoscarcoma or oste-
osarcoma in either children or adults"-'5.
Autologous transplantation has a limited
role in the treatment of some recurrent
sarcomas and of metastatic Ewing’s sarcoma
(pulmonary metastases only) as part of the
collaborative European and North American
clinical trials (EuroEwing 99 and COG
AEWS0331)". Again these trials remain
open for accrual and results will not be pub-
lished for several years.

However, as I stated previously, there is a
role for autologous HSCT in other tumour
groups such as relapsed lymphoma and high-
risk metastatic testicular germ cell tumours,
and a more limited role in rare instances
of chemotherapy-sensitive relapsed solid
tumours such as metastatic Wilms tumour”.

The common error made by Nietfeld
and others in estimating the ‘likelihood of

LINK TO HARRIS CORRESPONDENCE

use’ for autologous cord blood is failing to
consider that in nearly all cancers where an
autologous HSCT is indicated, other sources
of haematopoietic stem cells are readily
available at the time the cancer is diagnosed,
either from the bone marrow or by harvest
of peripheral blood stem cells, obviating the
need for autologous cord blood storage'.

Hence, autologous cord blood is only
indicated as an alternative source of stem
cells for HSCT in diseases that have a proven
chance of cure and where a standard stem
harvest is not possible, either because the
bone marrow is itself involved with disease
or because there is acquired marrow failure
syndrome such as aplastic anaemia. Nietfeld
also omitted to consider that autologous
cord blood cannot not be used for contem-
porary intense tandem autologous stem cell
transplants in cancers.

It is not possible to make an accurate
estimate of the chances of using an autolo-
gous cord blood sample given the rarity of
the cancers and the uniqueness of many
clinical indications. However, Nietfeld’s own
estimate of needing an autologous stem
cell transplant in the first 20 years, exclud-
ing brain tumours and sarcomas as noted
above, is 0.0092% (~1:11,000) and, given
that most of these cases will be treatable
without cord blood, I stand by my statement
that the chance of using stored autologous
cord blood is substantially less and indeed
unlikely.

Both Harris and Nietfeld refer to recent
clinical trials using autologous cord blood
in non-malignant disorders, in particular
type I diabetes and neonatal hypoxic ischae-
mic encephalopathy and cerebral palsy, as
evidence to support the autologous storage
of cord blood. The University of Florida
study of type I diabetes (NCT00305344) is a
phase I/II study recruiting a total of 23 eligi-
ble children with available autologous cord
blood. The hypothesis is that autologous
cord blood may modulate the host immune
response and that endogenous cord-derived
stem cells may contribute to pancreatic
tissue repair. This is a non-randomized
study with no control group. Ironically,
the a priori animal data supporting the
study were based on bone marrow-derived
mesenchymal stem cells in mice, not those
from cord blood (NCT00305344). The Duke
study of hypoxic-ischaemic encephalopathy
(NCT00593242) is a phase I, non-rand-
omized, historical control study recruiting
a total of 12 eligible newborns to determine
the safety of autologous cord blood reinfu-
sion in newborns with clinical signs of acute
hypoxic-ischaemic encephalopathy. The
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secondary endpoints will be the assess-
ment of neurodevelopmental outcome

and measurable changes on neuroimaging
compared with normal and historic controls.
The outcome of this study will be awaited
with interest, as cord blood taken at birth

is haematologically indistinguishable from
the newborn’s own circulating blood and in
neonatal terms is simply a top-up transfu-
sion! An additional Duke study is enrolling
patients with established cerebral palsy for
treatment with autologous cord blood, but
evidence for benefit of this therapy will
depend on the outcome of controlled, rand-
omized studies comparing autologous cord
blood transplantation with other therapies,
especially the use of other sources of stem
cells such as bone marrow and peripheral
blood.

Harris has raised the issue of family
banking, in which storage of cord blood
may benefit a relative such as a sibling or
parent. Such storage is termed ‘directed’
when there is a known genetic disease risk
or affected at-risk individual, and ‘non-
directed’ when there is no known genetic
risk or affected family member. Directed
cord blood storage is clearly indicated for
expectant parents who already have a child
with a cancer or genetic disorder treatable
by an allogeneic HSCT®. Most public cord
blood banks offer directed cord blood stor-
age without a fee and, in the United States,
the National Institutes for Health fund the
Oakland Directed Cord Blood Program for
the treatment of haemoglobinopathies and
malignancy®.

However, non-directed or family banking,
where there is no at-risk individual, is cur-
rently not recommended, as the chance of use
in the absence of a high-risk factor is low*.

The pluripotency of cord blood-derived
stem cells raised by Harris remains a moot
point at present, particularly given the recent
challenge to the notion of ‘stemness’ arising
from work on the induction of pluripotency
in differentiated adult tissues™*.

Indeed, in a recent phenotypical analysis
of multiple human stem cell lines, Muller
et al. used microarray gene expression
analysis and a machine learning algorithm
to classify 150 pluripotent, multipotent and
adult stem cell lines, including the recently
defined differentiated human umbilical vein
endothelial stem cells*.

Pluripotent stem cells cluster as a
discrete subset of cell lines expressing a
unique profile of stem cell-related proteins
(PluriNet), which influence stem cell
growth, self-renewal and differentiation.
However, haematopoietic and mesenchymal

multipotent stem cells and the human
umbilical vein endothelial stem cells did not
cluster in the pluripotent profile.

However, of crucial importance for the
future direction of stem cell-based therapies,
induced pluripotent stem cells (iPS), which
are derived from adult differentiated tissues,
cluster with pluripotency, supporting the
notion that pluripotency can be indeed be
derived from differentiated adult tissues®.

Finally, it appears that direct reprogram-
ming of differentiated adult cells is now
possible even without the induction of
pluripotency. Zhou et al. used a viral transfec-
tion strategy to re-express developmentally
regulated genes in the adult mouse pancreas
and, in vivo, have reprogrammed adult mouse
exocrine cells into -islet cells. Molecular
analysis showed these induced cells are phe-
notypically and functionally indistinguishable
from endogenous mouse P-islet cells>.

Finally, both Harris and Nietfeld
justify commercial cord blood banking
by observing that over 60 autologous cord
blood transplants have been done to date
(http://www.parentsguidetocordblood.
org). However, of these 60 cases, most were
enrolled recently in the Duke and Florida
trials for hypoxic encephalopathy and
cerebral palsy, and diabetes, respectively.
Only 17 cases were treated for malignancy
(11) or acquired aplastic anaemia (6). A
recent survey of US commercial cord blood
banks by the American Society for Blood
and Marrow Transplantation reported
a total of 490,000 privately banked cord
blood units®. At an average of US$2,000 to
collect and store a cord blood unit for 20
years, the US health consumer has invested
nearly US$1 billion, resulting in the treat-
ment of just 17 patients with malignancy or
marrow failure and with no peer-reviewed
published clinical outcome data.

It remains clear that marketing com-
mercial cord banking to expectant parents
for the treatment of diseases by autologous
HSCT cannot currently be justified, and
claims for the future use of cord blood
for regenerative medicine need to be re-
evaluated in the light of recent technical
developments in stem cell technology.
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