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In the past decade, bone marrow (BM)-derived cell-based thera-
pies have been increasingly performed in various fields of regen-
erative medicine. Yet, little is known about standard values of
these BM cells. Furthermore, CD34 + cell counts, markers for
multipotent hematopoietic stem cells, are still not routinely re-
ported in therapeutic studies with autologous BM. Thus, crucial
knowledge of what we are doing in regenerative medicine is at
least in part lacking. The reason for this discrepancy may be that
hematooncologist, who have the best knowledge in BM physi-
ology, rarely engage in regenerative medicine, while on the other
side, specialists (mainly surgeons) engaged in regenerative med-
icine lack specialization in hematology.

Autologous BM-derived cell-based therapies in regenera-
tive medicine are on the rise. While it is generally known that
BMA contains a mix of nucleated cells and other biologics
such as growth factors and exosomes, comprehensive infor-
mation regarding normal ranges of leucocytes and/or CD34 +
cell counts in BMA in a large series of patients of all age
groups was missing.

Stem cells are mononuclear cells and therefore, a fraction of
the BM-derived leukocytes. Surprisingly, to our knowledge no
prior study described the positive and strong correlation between
both parameters, whichmight be of use in future clinical practice.
Since stem cells can only be identified using specific CD antigen
sets (CD34, CD90, CD45, CD107,…), which is costly and la-
borious, this correlation can be utilized, to predict the amount of
stem cells based on the number of BM-derived leukocytes alone,

which is much easier. Using the newly described correlation, a
much cheaper possibility exists, to assess, if a specific patient has
a high or low stem cell number. It has to be assessed in the future,
if patients with a higher leukocyte- and stem cell- count will have
better outcomes and might therefore be better suitable for stem
cell operations.

However, stem cell counts are important, since it is generally
assumed that better clinical results can be achieved with a higher
donor-site stem cell count [1], especially for hematopoietic stem
cell transplantation where the volume of graft required is com-
monly based on either the number of CD34 + cells or the number
of total nucleated BM cells [2]. In addition, BM stem cell counts
may serve as a maker for severity of disease.

To be able to compare various point-of-care autologous
stem cell procedures, and thus, to optimize techniques, similar
to studies reporting cell counts after applying expansion tech-
niques, the major aim of this project was the attempt to define
reference values for cell counts in BM, especially in children.

With the present study, we are reporting counts of CD34 +
cells and leukocytes in BMA in a large number of children
(n = 445) and adult (n = 284) patients who underwent autolo-
gous point-of-care stem cell transplantation for various non-
malignant diseases. Cell counts in BMA and centrifuged
BMA-concentrate were also analyzed regarding influences
of gender and diagnose related groups (Table S1).

The median percentage of CD34 + cells in BMA leukocyte
counts was 1.1 %; which was significantly higher in children
aged between 2 and 18 years (1.38%; IQR 1.03–1.77) than in
adults (0.62%; IQR 0.38–0.88; p < 0.001).

Very strong correlations were detected between age (years)
and CD34 + cells (count/µl/kg) in BMA (Fig. 1; rho = -0.827, p
< 0.001). All correlations between age and cell counts are pre-
sented in Table S2.

Children (9.8, IQR 5.1–16.6) had significantly more
CD34 + cells/µl/kg than adults (1.0, IQR 0.7–1.6; p < 0.001)
in BMA. Furthermore, comparison regarding CD34 + cells
(count/µl) in BMA showed significant differences between
age groups (p < 0.001), while no significant differences were
detected between adults’ age groups (19-39years vs. 40-
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59years: p = 0.326; 19-39years vs. 60-79years: p = 0.874; 40-
59years vs. 60-79years: p = 0.999).

Comparisons between gender and diagnose related groups
regarding BMA and BMA concentrate showed significant
differences between diagnose related groups, but not between
females and males (Table S3).

Results in the assessment of the association between age
and stem cell counts may be influenced by the underlying
disease of the patients. Hence, the results of such studies are
controversial [3, 4]. Obviously, large samples in healthy peo-
ple will hardly ever be collected.

According to our data stem cell counts do not deteriorate in
adults (18–75 years); this supports the work by Povsic et al.[5]
who reported that ageing is not associated with BM-resident
progenitor cell depletion (18–85 years).

Yet, we are unaware of any study reporting data of cell
counts in children (2-18years). Despite the fact that cell counts
of our large group of children had several different diagnoses,
leucocytes and CD34 + cell counts were significantly lower in
adults. It remains speculative, if the higher cell count in chil-
dren is necessary for growth and differentiation up to the age
of puberty. However, since cell counts remained stable in
adults (18-75years), increasing age might not necessarily be
a contraindication for autologous stem cell therapy.

It is also not clear yet, if heterogeneous clinical results are
linked to heterogeneous BM-derived stem cell counts. One
could assume, that a higher yield of stem cells might result
in a superior clinical outcome. Anyway, the possible predic-
tive value of stem cell counts needs further investigations,
especially linking donor-site cell counts to clinical outcome
and thus, to sort out patients with unfavorable cell counts to
avoid unnecessary interventions.

Despite the large sample size reporting cell counts, there
are some limitations: Cell counts are probably not comparable
to individuals with other diagnoses than those reported.

Severity of illness might also contribute to cell count varia-
tions and hence, influence data. Cell counts might also be
influenced by BMA volume, which we did not measure in
this study. Further studies of different age groups are needed
to evaluate typical BM-derived cell counts of individuals with
other diagnoses and to report cell count related outcome.
However, this large study provides baseline data showing that
BM-derived CD34 + cells were significantly higher in youn-
ger patients, while similar cell counts were detected within
adults for further evaluations regarding autologous BM-
derived cell therapies.
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Fig. 1 CD34 + cells and age.
Scatter plot showing the
relationship between CD34 +
cells (count/µl/kg body weight)
and age (years) in bone marrow
(BM) aspirate
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