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Influence of repeated subcutaneous G-CSF
injections on selected blood parameters
relevant for monitoring programmes in sports
drug testing

Katja Walpurgis,® Mirjana Slgepcevic,b Folker Wenzel,” Andreas Thomas,®
Hans Geyer,” Stefan Franz,“® Wilhelm Schinzer® and Mario Thevis®%*

The use of growth factors in sports is restricted under the terms of the World Anti-Doping Code (WADC). While the
beneficial effects of erythropoietin (EPO) on erythropoiesis and therefore its performance-enhancing properties have been
well documented and established for decades, the aim of this study was to elucidate the relevance of the cytokine G-CSF in
a doping control context, particularly concerning its influence on selected blood parameters representing central aspects of
the Athlete Biological Passport. For that purpose, the effect of repeated subcutaneous granulocyte colony-stimulating factor
(G-CSF) injections in therapeutic dosages (10 p.g/kg/d) on white blood cells, erythrocytes, hemoglobin, hematocrit and percent
reticulocytes was analyzed by using commonly employed fluorescence flow cytometry-based approaches. A total of 20 people
were tested (14 male, 6 female) and both white blood cell count and reticulocyte percentages were found to significantly in-
crease following a 5-day treatment with G-CSF. Simultaneously, all other volume-dependent parameters (red blood cell count,
hemoglobin, hematocrit) slightly but significantly decreased. Due to the relevance of these measurands for the validity of
blood tests for doping controls and the anecdotal evidence of G-CSF being potentially misused by elite athletes, G-CSF

analyses might be indicated in case of unusually altered blood profiles. Copyright © 2012 John Wiley & Sons, Ltd.
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Introduction

Hematopoietic growth factors such as erythropoietin (EPO) or
granulocyte colony-stimulating factor (G-CSF) are a family of
cytokines regulating the proliferation and differentiation of
hematopoietic progenitor cells.!” In general, the use of such
growth factors is restricted under the terms of the World Anti-
Doping Agency (WADA) and the annually issued Prohibited
List.>®! The performance-enhancing properties of EPO are well
documented and other hematopoietic growth factors also hold
a considerable potential for misuse in sports.

G-CSF is a hematopoietic growth factor used for the mobilization
of CD34+ hematopoietic progenitor cells from the bone marrow to
the blood.!*®! Moreover, G-CSF increases the survival, proliferation,
differentiation, and functional activation of cells of the neutrophil
lineage, thus, among other aspects, regulating granulopoiesis.”"”?

Human G-CSF consists of 174 amino acids arranged in four anti-
parallel a-helices and has a molecular weight of approximately
20 kDa'*® A variety of cell types including monocytes/macrophages,
fibroblasts and endothelial cells are able to produce and secrete
G-CSF in response to an appropriate stimulus.”'® Such stimulatory
agents are for example lipopolysaccharides (LPS), tumor necrosis
factor-alpha (TNF-o) and interleukin-1 (IL-1). For this reason, the
plasma levels of G-CSF in healthy humans are generally very low
(< 78 pg/ml) increasing only in case of bacterial infections and
other stress stimuli.”*~'%

Currently, three pharmaceutical products of G-CSF have
received clinical approval.® Filgrastim (Amgen, Thousand Oaks,
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CA, USA) is a recombinant, non-glycosylated protein expressed
in Escherichia coli, which bears an additional methionine-residue
at its N-terminus. A stabilized, glycosylated form of recombinant
G-CSF named Lenograstim (Chugai Pharmaceuticals, Tokyo,
Japan) is produced in Chinese hamster ovary cells.*® Addition-
ally, Amgen has developed a PEGylated variant of Filgrastim
which features an increased plasma half-life. ! Despite the
different persistence in vivo, all recombinant forms of G-CSF have
a similar biological activity and bioavailability following subcuta-
neous or intravenous administration.”®® Clinical applications for
these drugs are, for example, the treatment of neutropenia
caused by chemotherapy or hematopoietic stem cell transplanta-
tion and the G-CSF mediated mobilization of CD34+ peripheral
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blood stem cells.®®'3) Moreover, the influence of G-CSF on the
number and activity of mature neutrophils predestines this drug
for the treatment of bacterial infections.’®?!

In the present study, the influence of repeated subcutaneous
G-CSF injections on different blood parameters including hemat-
ocrit, hemoglobin, red blood cell count, white blood cell count
and percentage of reticulocytes was analyzed by means of
fluorescence flow cytometry. Since these parameters are essen-
tial for sports drug testing monitoring programmes, the rele-
vance of G-CSF as potential performance-enhancing or masking
agent in sports was to be elucidated.

Materials and methods

G-CSF administration and sample collection

In the course of regular peripheral blood stem cell donations,
20 healthy volunteers (14 male, 6 female, aged 21-57 years)
performed subcutaneous self-injections of 10 micrograms of
Lenograstim (Granocyte®, Chugai Pharma, Frankfurt a. Main,
Germany) per kilogram body weight for a total of five consecutive
days. Written informed consent was obtained from each donor
and the study protocol was conformed to the ethical guidelines
of the Declaration of Helsinki as reflected in an approval by the
institutional ethical review committee. From each volunteer,
two blood samples were collected in EDTA Vacutainer® (BD
Biosciences, Heidelberg, Germany) tubes before and after G-CSF
administration and analyzed within 36 h. Until analysis, samples
were stored at 4°C in order to prevent cellular damage.

Measurement of blood parameters

Prior to hematological analysis, blood samples were homogenized
on a roller mixer at room temperature (RT) for at least 15 min.
For blood analysis, a Sysmex (Norderstedt, Germany) XT-2000i
fluorescence flow cytometer was used and the performance of
the instrument checked by measuring quality controls provided
by the manufacturer. A total of five blood parameters comprising
white blood cells (10%/pl), red blood cells (10%/ul), hemoglobin
(g/dl), hematocrit and percent reticulocytes were determined
according to standard procedures. Paired Student’s t-test was
used to perform a statistical evaluation of the recorded data
and to determine the significance of the observed alterations.
Additionally, R software (version 2.8.1) was used to create box plots
(logarithmic and non-logarithmic scale) of the data.

Determination of G-CSF plasma concentrations

Following hematological analysis, plasma, buffy coat and red
blood cells were separated by centrifugation for 2 min at
1000 x g and RT. The plasma supernatant was transferred to a
fresh tube and stored at —20 °C until further analysis.

Preliminary tests with urine samples collected after G-CSF
administration and literature research™ have shown that only
minute amounts of intact G-CSF (< 67 pg/ml) are renally
eliminated. Consequently, plasma specimens were chosen for
the determination of G-CSF. The plasmatic G-CSF concentrations
before and after repeated administration of Lenograstim were
determined by means of a commercial G-CSF ELISA kit (R&D
Systems, Wiesbaden, Germany). The assay was performed accord-
ing to the manufacturer’s instructions without dilution and all
samples were measured in duplicate.
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Enumeration of CD34+ cells

In order to evaluate the mobilization of hematopoietic progenitor
cells from the bone marrow to the peripheral blood, the number
of circulating CD34+ cells before and after G-CSF administration
was determined by using the two-platform ISHAGE (International
Society of Hemotherapy and Graft Engineering) protocol."
Thereby, the absolute number of leukocytes is determined by
using an automatic cell counter (CellDyn, Abbott Diagnostics,
Wiesbaden, Germany). Simultaneously, the number of CD34+
events expressed as percentage of CD45+ events is measured with
an Epics XL flow cytometer (Beckman Coulter, Krefeld, Germany)
equipped with a 488-nm argon-ion laser. By multiplying the per-
centage of CD34+ cells with the total number of WBCs, the absolute
number of CD34+ cells (/ul) in the sample can be calculated.

For flow cytometric analysis, a total of 40 pl of peripheral blood
was incubated with 10 pl each of anti-CD45-FITC antibody (J33)
and anti-CD34-PE antibody (clone 581) (Pharmingen/Becton
Dickinson, San José, CA, USA) in duplicate. Flow cytrometric
measurements were performed within 1 hour and until analysis,
all samples were stored at 4 °C and in the dark.

Results and discussion
Determination of G-CSF plasma concentrations

A total of 40 plasma samples were analyzed, collected before
and after repeated subcutaneous injection of recombinant
human G-CSF. As shown in Table 1, only 5 of the 20 samples
collected prior to the G-CSF administration contained detectable
amounts of G-CSF and all measured values were below the
lowest standard of 39 pg/ml (mean: 2.6 pg/ml & 7.2). Following five
consecutive days of subcutaneous self-injections of 10 pg of
Lenograstim per kg of body weight, G-CSF plasma concentrations
were found to range between 16 and more than 2500 pg/ml
(mean: 1603.4 pg/ml + 687.9).

Generally, the plasma levels of G-CSF in healthy humans are low
(less than 78 pg/ml) and increase only in response to different
stress stimuli such as bacterial infections.”®~'" Thus, only small
amounts of G-CSF were expected in the plasma samples collected
before G-CSF administration. After five days of medication, the
plasma levels increased to an average value of 1603.4 pg/ml
with a relatively high standard deviation of 688 pg/ml. Depending
on the dosage, Lenograstim (Granocyte®) has a bioavailability
between 26 and 61% and the serum elimination half-life was found
to range between 3 and 4 h."*'® As the volunteers were all treated
with the same dosage of the cytokine (10 ng/kg/day), the
widespread range of G-CSF plasma levels observed in this study
could indicate an inaccurate subcutaneous application as well as
a varying clearance of the cytokine. Despite this considerable
variability in plasma G-CSF concentration, atypically elevated
plasma levels could serve as an indicator for an administration
of the growth factor to athletes. However, as the physiological
G-CSF amount in the blood can increase in case of bacterial infec-
tions to more than 2000 pg/ml"? the evaluation of additional
inflammatory parameters might be necessary to distinguish
between G-CSF doping and an inflammatory response.

Enumeration of CD34+ cells

Besides the treatment of neutropenia, the main clinical use of
G-CSF is the mobilization of CD34+ hematopoietic progenitor
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cells from the bone marrow into the peripheral blood for
subsequent stem cell collection and transplantation."?’ The
efficiency of this process can be evaluated by means of
fluorescence flow cytometry. Within this study, the number of
circulating CD34+ cells was found to increase from 2.5 (£ 1.1) to
78.4 (+ 52.0) cells per pl of blood (Table 1 and Figure 1). Therefore,
the repeated subcutaneous injections of Lenograstim successfully
led to an enhanced release of hematopoietic progenitor cells from
the bone marrow. The high standard deviation probably indicates
individual responses to the treatment with the cytokine, which
may vary depending on different parameters such as the age of
the stem cell donor.!"”?

Influence of repeated subcutaneous G-CSF injections on
blood parameters

In order to elucidate the relevance of G-CSF in a doping con-
trol context, the influence of repeated subcutaneous G-CSF
injections on different blood parameters was investigated.
Leukocytes (10%/ul), red blood cells (10%/ul), hemoglobin (g/dl),
hematocrit and percent reticulocytes were measured before
and after G-CSF administration (Table 1 and Figure 1). The white
blood cell content of all 20 samples increased significantly due to
the G-CSF administration from 6.0 x 10° (& 1.7 x 10°) to 43.0 x 10°
(£ 13.2 x 10%) cells per pL blood (p < 0.001). As the stimulation of
granulopoiesis is one of the main functions of G-CSF,">7” the
elevated number of circulating white blood cells (leukocytosis) is
the logical consequence of G-CSF administrations. In addition, the
percentage of circulating reticulocytes considerably increased from
1.1 % (& 0.4 %) to 1.9 % (£ 0.4 %) (p < 0.001). As G-CSF generally
stimulates the release of hematopoietic progenitor cells from the
bone marrow into the peripheral blood, an elevated number of
circulating reticulocytes due to repeated G-CSF administrations
seems to be conclusive. Additionally, earlier studies have reported
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positive (side) effects of G-CSF on erythropoiesis and the cytokine
was found to induce the release of erythropoietic progenitor
cells from the bone marrow into the peripheral blood and their
migration to the spleen.'®27

By contrast, slight but statistically significant decreases of
red blood cell count (p < 0.001), hematocrit (p < 0.05) and hemo-
globin (p <0.001) were observed. The number of circulating
erythrocytes declined from 5.0 x 10° (+ 0.4 x 10°) to 4.8 x 10°
(+ 0.4 x 109 cells per ul of blood, the amount of hemoglobin
from 15.0 g/dl (+ 1.1 g/dl) to 143 g/dl (= 1.0 g/dl) and the
hematocrit from 45.2 % (£ 3.0 %) to 44.0 % (+ 2.8 %). The
lowered values in hematocrit and other volume-dependent
parameters might indicate a slight imbalance between hydro-
static and colloid osmotic intravascular pressure due to the
elevated number of circulating leukocytes (which contribute with
their globular cell structure to the total blood volume in average
with approximately 60 ml/L) without inflammatory response or
attendance for extravasation. Moreover, as detailed in Table 1,
the statistical evaluation of the measured blood parameters
might indicate a gender-dependent difference in response to
G-CSF administration as the observed decrease in hemoglobin
concentration is significant only for male (p=0.00061) and not
for female subjects (p=0.07126); however, due to the rather
limited number of individuals particularly in the female group,
the observed bias will require further studies to verify or falsify
the tendency.

Overall, one of the most distinct effects of the repeated G-CSF
injections is the massively increased number of circulating
leukocytes. This parameter is recorded routinely along with those
considered within the Athlete Biological Passport haematological
module®” but its potential relevance for doping control pur-
poses is yet undetermined. The incidence of a leukocytosis might
result from severe pathological conditions such as infections
or leukemia but also physical exertion can lead to a so-called
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Figure 1. Log-transformed box-plot presentation of parameters monitored before and after G-CSF intervention with 20 volunteers.
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‘stress leukocytosis’ with occasionally extremely elevated WBC
counts.”?>%1 As such, the WBC count might become an interest-
ing measurand to be monitored by anti-doping authorities
given the fact that athletes with significantly elevated WBCs
due to serious infection or hematologic diseases would not be
able to compete or exercise; hence, differential diagnosis of acute
leukocytosis in athletes in training or competition would mostly
be limited to stress-induced leukocytosis or the use of G-CSF.
Consequently, testing athletes with leukocytosis concerning
elevated plasma G-CSF levels might be warranted. Since stress
leukocytosis resolves within hours, the frequent occurrence of
significantly increased WBC counts in- as well as out-of-competition
would raise concerns of doping.

Concluding remarks

In the past, several growth factors such as EPO or human growth
hormone (hGH) have gained much attention as performance-
enhancing agents.”® Circumstantial evidence suggests that the
cytokine G-CSF is misused by athletes and can potentially affect
blood parameters relevant for monitoring programs in sports drug
testing. Therefore, the aim of this study was to elucidate the
relevance of G-CSF in a doping control context by analysing its
influence on selected blood parameters included in the Athlete
Biological Passport. The analysis of 40 samples collected before
and after medication yielded a significant increase of both white
blood cell count and percent reticulocytes as well as a simultaneous
decrease of red blood cell count, hematocrit and hemoglobin. As
these parameters are highly relevant for the validity of blood tests
for doping controls and G-CSF was found to have an obliterating
effect on blood profiles, its analysis might be indicated in case of
unusual findings in blood passport analyses. Such unusual (or
atypical) findings concerning blood parameters can also include
pathologically elevated WBC counts, which might be relevant from
a doping control as well as medical perspective since the origin of a
leukocytosis can be manifold and, thus, the information potentially
relevant concerning the athlete’s health status. In summary,
further studies investigating the biological effects of G-CSF and its
influence on variables measured within the Athlete Biological
Passport as well as the relevance of WBC in a doping control setting
might be necessary.

Acknowledgements

The presented work was conducted with support of the
Federal Ministry of the Interior of the Federal Republic of
Germany and the Manfred-Donike Institute for Doping Analysis
(Cologne, Germany).

References

[1] R.G.Bociek, J. O. Armitage. Hematopoietic growth factors. CA Cancer
J. Clin. 1996, 46, 165.

wileyonlinelibrary.com/journal/dta

[2]

[3

[4

[5

[13

[14

[15

[16]

(7]

(18]

[19

[20

[21

[22]

[23]

Copyright © 2012 John Wiley & Sons, Ltd.

K. Walpurgis et al.

L. Creaney, B. Hamilton. Growth factor delivery methods in the
management of sports injuries: the state of play. Br. J. Sports Med.
2008, 42, 314.

World Anti-Doping Agency. The 2012 Prohibited List. 2011. Avaialble
at: http://www.wada-ama.org/documents/world_anti-doping_program/
wadp-prohibited-list/2012/wada_prohibited_list_2012_en.pdf [accessed
3 October 2012].

J. Thomas, F. Liu, D. C. Link. Mechanisms of mobilization of hemato-
poietic progenitors with granulocyte colony-stimulating factor. Curr.
Opin. Hematol. 2002, 9, 183.

Y. Zhang, G. Cheng, K. Yang, R. Fan, Z. Xu, L. Chen, et al. A novel
function of granulocyte colony-stimulating factor in mobilization of
human hematopoietic progenitor cells. Immunol. Cell Biol. 2009,
87, 428.

K. Hubel, A. Engert. Clinical applications of granulocyte colony-stimulating
factor: an update and summary. Ann. Hematol. 2003, 82, 207.

J. E. Layton. Granulocyte colony-stimulating factor: structure, function
and physiology. Growth Factors 1992, 6, 179.

D. C. Dale. The discovery, development and clinical applications of
granulocyte colony-stimulating factor. Trans. Am. Clin. Climatol.
Assoc. 1998, 109, 27.

E. M. Boneberg, T. Hartung. Molecular aspects of anti-inflammatory
action of G-CSF. Inflamm. Res. 2002, 51, 119.

G. D. Demetri, J. D. Griffin. Granulocyte colony-stimulating factor and
its receptor. Blood 1991, 78, 2791.

P. Anderlini, R. E. Champlin. Biologic and molecular effects of
granulocyte colony-stimulating factor in healthy individuals: recent
findings and current challenges. Blood 2008, 111, 1767.

J. L. Eyles, A. W. Roberts, D. Metcalf, I. P. Wicks. Granulocyte colony-
stimulating factor and neutrophils--forgotten mediators of inflam-
matory disease. Nat. Clin. Pract. Rheumatol. 2006, 2, 500.

A. R. Waladkhani. Pegdfilgrastim: a recent advance in the prophylaxis
of chemotherapy-induced neutropenia. Eur. J. Cancer Care (Engl).
2004, 13, 371.

Chugai Pharma Marketing Ltd. Fachinformation GRANOCYTE® 13/34 Mio.
IE/ml: Frankfurt am Main, Germany, 2008.

D. R. Sutherland, L. Anderson, M. Keeney, R. Nayar, I. Chin-Yee. The
ISHAGE guidelines for CD34+ cell determination by flow cytometry.
International Society of Hematotherapy and Graft Engineering.
J. Hematother. 1996, 5, 213.

A. C. Houston, L. A. Stevens, V. Cour. Pharmacokinetics of glycosy-
lated recombinant human granulocyte colony-stimulating factor
(lenograstim) in healthy male volunteers. Brit. J. Clin. Pharmaco.
1999, 47, 279.

K. El-Ghariani. in Practical Transfusion Medicine, 3rd Ed (Eds: M. F.
Murphy, D. H. Pamphilon), Wiley-Blackwell: Oxford, UK, 2009.

B. Bungart, M. Loeffler, H. Goris, B. Dontje, V. Diehl, W. Nijhof.
Differential effects of recombinant human colony stimulating factor
(rh G-CSF) on stem cells in marrow, spleen and peripheral blood in
mice. Br. J. Haematol. 1990, 76, 174.

I. Roeder, G. de Haan, C. Engel, W. Nijhof, B. Dontje, M. Loeffler.
Interactions of erythropoietin, granulocyte colony-stimulating factor,
stem cell factor, and interleukin-11 on murine hematopoiesis during
simultaneous administration. Blood 1998, 91, 3222.

W. Nijhof, G. De Haan, B. Dontje, M. Loeffler. Effects of G-CSF on
erythropoiesis. Ann. N. Y. Acad. Sci. 1994, 718, 312.

World Anti-Doping Agency. Athlete Biological Passport - Operating
Guidelines 3.1. 2012. Available at: http://www.wada-ama.org/en/
science-medicine/athlete-biological-passport/operating-guidelines/
[accessed 3 October 2012].

M. R. Vas, D. Pantalony, K. C. Carstairs. Transient 'stress lymphocytosis’.
Arch. Emerg. Med. 1990, 7, 126.

D. J. Freidenreich, J. S. Volek, Immune responses to resistamce
exercise. Exerc. Inmunol. Rev. 2012, 18, 8.

Drug Test. Analysis 2012, 4, 798-802


http://www.wada-ama.org/documents/world_anti-doping_program/wadp-prohibited-list/2012/wada_prohibited_list_2012_en.pdf
http://www.wada-ama.org/documents/world_anti-doping_program/wadp-prohibited-list/2012/wada_prohibited_list_2012_en.pdf
http://www.wada-ama.org/en/science-medicine/athlete-biological-passport/operating-guidelines/
http://www.wada-ama.org/en/science-medicine/athlete-biological-passport/operating-guidelines/

