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THE ADMINISTRATION OF GRANULOCYTE
COLONY-STIMULATING FACTOR TO HEALTHY DONORS
FOR ALLOGENEIC PERIPHERAL BLOOD PROGENITOR
CELL COLLECTION MAY INDUCE THE TISSUE FACTOR
DEPENDENT PATHWAY

Pervin Topguoglu* < Muhit Ozcan* + Klara Dalva* + Mutlu Arat*

SUMMARY

The hypercoagulable state caused by the use of rhG-CSF has
been cited in several case reports. Since tissue factor (TF) is the
main initiator of the coagulation protease cascade, we examined
whether or not rhG-CSF had an inductive effect on the TF-depen-
dent pathway. We measured plasma TF antigen (TF Ag) and TF
procoagulant activity (TF PCA), TF expression on peripheral
blood monocytes and neutrophils and plasma coagulation factor
activities in 18 healthy donors (8F/10M; aged 17-52) receiving
10pg/kg/day rhG-CSF for five days in the aim of peripheral blood
progenitor cell mobilization. Blood samples were collected
before starting G-CSF and on the first day of stem ‘cell apheresis.
There were significant Increases in TF Ag (p<0.05) and TF PCA
(p=0.06) levels. Flow cytometric evaluation revealed a significant
increase in TF expression on CD33 (+) cells (p=0.04). Mean plas-
ma FVIIl activity and vWF activity also increased significantly.
Thrombin time was slightly prolonged (p=0.06) due to significant
increases in plasma D-dimer levels (p<0.05). In addition, while
FIX activity remained stable, there were marked decreases in
mean plasma FX and Fil activities and a slight decrease in FVII
activity that resulted in significant prolongation of prothrombin
time. The administration of rhG-CSF in healthy stem cell donors
increased the mean TF Ag and TF PCA in plasma and TF expres-
sion on cells, decreased extrinsic pathway factor activity,
increased D-dimer levels and endothelial markers and prolonged
PT. In conclusion, the administration of rhG-CSF led to a ‘pro-
thrombotic state’ via stimulation of TF and increased endothelial
markers such as F VIl and vWF. In light of these findings, the use
of thG-CSF for stem cell mobilization should be undertaken cau-
tiously in healthy donors with underlying thrombotic risk factors.
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OZET
ALLOJENEIK PERIFERIK KOK HUCRE TOPLANAN SAGLIKLI
VERICILERDE GRANULOSIT KOLONI STIMULE EDICI FAK-

TOR KULLANIMI DOKU FAKTORU BAGIMLI YOLU UYARA- -
BILIR

Grantllosit koloni stimule edici faktér (rhG-CSF) kullaniminin
neden oldugu hiperkoagulabiliteden degisik vaka sunufarinda
s6z edilmektedir. Doku faktSriniin (DF) koagulasyon-proteaz
kaskadimin esas baglaticist oldugundan dolayi, rhG-CSF'nin DF
bagimli yol dzerine uyarict bir etkisi olup olmadigr gahgildi. Pe-
riferik kan kék hiicre mobilizasyonu amact ile 10ug/kg/giin rhG-
CSF 5 giin silre ile kullanan 18 saglikli (8K/10E, yag 17-52) veri-
cide, plazma DF antijen (DF:Ag), DF prokoagulan aktivite
(DF:PKA), periferik kandaki monosit ve ndtrofillerde DF:Ag eksp-
resyonu ve plazma koagulasyon faktdr aktivite dilzeyleri gahgil-
d. Kan 8rnekleri G-CSF baglamadan énce ve kék hilcre aferezi-
nin ilk gund toplandi. DF:Ag (p<0,05) ve DF:PKA’da (p=0,06)
dnemli arti vardi. Akim sitometrik degerlendirme CD33 (+) hilc-
relerde DF ekspresyonunda anlaml bir artis ortaya kondu
(p=0,04). Beraberinde plasma FVIIl ve vWF aktivitesi de anlamli
olarak artti. Trombin zamani, plazma D-Dimer seviyesindeki an-
lamli arti (p<0,05) nedeni ile hafif uzadi (p=0,06). Ek olarak FIX
aktivitesi sabit kalirken, ortalama plazma FX ve Fil aktivitelerin-
de ise belirgin azalma ve protrombin zamaninda (PTZ) anlamli
uzamaya neden olan FVII aktivitesinde hafif bir azalma vard.
Saghkh kdk hicre vericilerinde rhG-CSF kullamimi ortalama
plazma DF:Ag ve DF:PKA ve hilcrelerde DF ekspresyonunu art-
tirdy, ekstrensek yol faktdr aktivitesini azalttr D-Dimer diizeyleri
ve endotelyal belirleyicileri arttirdi ve PTZ'yi uzatti. Sonug olarak
thG-CSF kullanimi DF uyarimi ve, FVIil ve vWF gibi endotelyal
belirleyicileri arttirarak bir ‘protrombotik durum”’a neden olmak-
tadir. Bu bulgulann igiginda k&k hilcre mobilizasyonu igin rhG-
CSF kullanirken saghkh vericilerde altta yatabilecek trombotik
risk faktorleri dikkate alinmahidir. Biz G-CSF kullanimindan énce
saghkli vericilerin altta yatan trombotik risk faktSrleri yéntinden
degerlendirilmelerini 8neriyoruz.

Anahtar Kelimeler: Koagulasyon, G-CSF, Saglikh Verici, Doku
Faktéro
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Granulocyte-colony stimulating factor (G-
CSF) is a hematopoietic cytokine that stimulates
neutrophil production and the release of mature
granulocytes from bone marrow and enhances
neutrophil function (1). Because of its ability to
induce mobilization of CD34+ hematopoietic
progenitor cells (HPC) into circulating blood, G-
CSF has recently been used in normal subjects to
mobilize and collect HPC for allogeneic trans-
plantation (1) The most commonly used protocol
for stem-cell mobilisation is the administration of
G-CSF to donors at a moderate-high dose such as
10pg/kg/d for four or five days and subsequent
leukapheresis (1,2).

The safety of G-CSF administration in healthy
donors has been investigated by several authors
(1,2). However, there is limited knowledge about
the effects of G-CSF on hemostasis. Thrombosis
was the first event attributable to G-CSF (3), and
two cases of healthy donors with acute arterial
thrombosis, which might be related to G-CSF,
have been documented (2). In a meta-analysis of
studies investigating the use of G-CSF with
chemotherapy, 1.2% of cancer patients were
reported to have encountered thrombotic compli-
cations (4). Whether G-CSF has a direct role on
thrombus formation is still unknown. Following
preliminary studies that showed the presence of a
receptor for G-CSF on platelets and megakary-
ocytes (5), it was claimed that G-CSF caused
thrombosis by increasing platelet aggregation (6).
Tissue factor (TF) is a main physiological initiator
of blood coagulation-protease cascade in normal
hemostasis (7). It has a cofactor role for factor
Vilffactor Vlla (FVII/FVila) during activation of
factor IX (FIX) and factor X (FX) by FVII (4). TF is
constitutively expressed on cells separated from
the blood stream (8). Normally, peripheral blood
cells (monocytes/macrophages) and endothelial
cells do not express TF. However, recent studies
have shown that monocytes and macrophages
also contributed to thrombin generation under
various pathological conditions in which TF acti-
vation on these cells increased procoagulant
activity (9,10).

To date, there is a lack of knowledge about

the role of TF in the hypercoagulable state
induced by the use of G-CSF for allogeneic HPC
mobilisation in healthy donors. This study inves-
tigated the effect of G-CSF on plasma TF antigen
and TF procoagulant activity as well as TF anti-
gen expression on peripheral blood cells, the fac-
tors involved in intrinsic and extrinsic coagula-
tion pathways, naturally occurring anticoagulants
and contribution of endothelium-derived factors
in healthy donors.

MATERIAL AND METHOD

Eighteen HLA-identical healthy sibling donors
who were candidates for allogeneic stem cell col-
lection (8 female, 10 male; mean age: 32) and 18
normal control cases (no G-CSF) were studied.
Donors received G-CSF (Filgrastim; Amgen,
Roche) 5pg/kg subcutaneously twice daily for
nine consecutive doses. Following the ninth dose
on Day 5, leukapheresis was performed using a
continuous-flow cell separator (COBE Spectra or
Baxter CS 3000 plus).

Blood Collection: Thirty-five mLs of blood BF
were collected from each donor before the first
dose and after the ninth dose of G-CSF. EDTA
anticoagulated tubes were used for complete
blood count (CBC), differential leukocyte count
(DLC) and detection of TF antigen (TF:Ag) expres-
sion. Citrated (3.8%) tubes were used for coagu-
lation tests and of TF:Ag and procoagulant analy-
sis activity (TF:PCA). Plasma samples obtained by
centrifugation of citrated tubes (3000G, 10 min,
22°C) were processed immediately or stored at -
80°C as aliquots until tests could be performed.

Assays: Plasma TF:Ag was determined using
an Imubind Tissue Factor ELISA Kit (#845, BF
American Diagnostic, Greenwich, USA). The kit
employs a murine anti-human tissue factor mo-
noclonal antibody for antigen capture. Prediluted
plasma samples (1/10 in sample buffer) were
incubated in micro test wells precoated with cap-
ture antibody. Captured TF was detected with a
biotinylated antibody fragment that specifically
recognised bound TF. After an incubation step
using streptavidin conjugated horseradish peroxi-
dase (HRP), the addition of TMB substrate creat-
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ed a blue colour in the wells. Addition of 0.05 M
sulphuric acid top solution caused it to turn yel-
low and stabilise. TF levels were determined by
measuring absorbency at 405 nm and comparing
the values with those of the standard curve.

Plasma TF:PCA was determined using an
Actichrome Tissue Factor Activity Kit (#846,
American Diagnostic, Greenwich, USA), which
measures intact TF as well as TF/Factor VII
(TF/FVII) and TF/factor Vlla (TF/FVIla) complexes.
Peptidyl activity of TF present in plasma was
measured to form a complex with FVIl. Plasma
samples diluted 1/10 with 5% TF/Tissue Factor
Pathway Inhibitor depleted plasma, mixed with
human factor Vlla and incubated, allowing for-
mation of the TF/FVII complex. The complex was
allosterically activated, and its activity was direct-
ly measured by its ability to cleave to a highly
specific chromogenic substrate for TF/FVila com-
plexes (Spectrozyme FVlla) that was added to the
reaction solution. The cleavage of the substrate
was terminated by releasing a paranitroaniline
(pPNA) chromophore into the reaction solution.
The absorbency of the solution was read at 450
nm and compared to the values obtained from a
standard curve generated using known amounts
of lipidated TF. To obtain the actual TF concen-
tration (ng/mL), results were multiplied by 10
(dilution factor) and 42 (conversion factor, 1
ng/mL TF:PCA is equal to 42 nM).

TF:Ag expression was detected using a
Fluorescein IsothioCyanete (FITC) conjugated
murine monoclonal antibody specific to human
tissue factor (#4508CJ, American Diagnostica,
Greenwich, USA). Whole blood was diluted with
PBS to obtain 0.5x106 WBC/mL. In order to iden-
tify specific bounding to monocyte/neutrophils,
monoclonal antibodies (moAbs) specific to
CD14, CD45 and CD33 and an isotypic control
were used simultaneously (Becteri Dickinson
Immunologic System = BDIS, San Jose, USA).
Five pl of anti-TF Mo.Ab. and 7 pL of other
MoAbs were added to prelabeled tubes.
Monoclonal antibodies were incubated with 100
L diluted blood for 30 min at 4(C. Following red
cell lyses procedure, cells were washed twice
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with PBS and fixed with 500 mclL 1%
paraformaldehyde solution (Cellfix, BDIS, Sana
Jose, USA). Data was collected within 24 hour by
counting 10.000 cells per tube in a flow cytome-
ter (FacSort, BDIS, San Jose, USA). Data was
analysed using Cell Quest Software (BDIS).
Monocytes and neutrophils were gated according
to forward- and side-scatter characteristics and
CD33 or CD14 expression intensity.
CD14+/CD33bright cells and CD33dim cells
were evaluated respectively as monocytes and
neutrophils. Isotypic control tubes and lympho-
cyte gates were used to set a marker for calculat-
ing TF expreszing cell percentage.

Other Parameters

Complete blood counts (CBC) and white
blood cell (WBC) differential counts were
obtained by processing anticoagulated blood
specimens through a properly calibrated and
quality-controlled  automated  hematology
analyser (STKS, Coulter Beckman).

Coagulation parameters including prothrom-
bin time (PT), partial thromboplastin time (PTT),
thrombin time (TT), factor Il (FIl), FVIl, FVHII, FIX,
FX and plasma fibrinogen level were measured
nephelometrically in an automated and quality-
controlled coagulometer (ACL, Futura, IL) using
reagents purchased by the same manufacturer.
The level of D-Dimer was measured using a
latex-enhanced turbidometric immunoassay in
the same coagulometer. VWF Ri:CoF activity was
measured  semi-quantitatively using von
Willebrand reagent (Dade Behring). Natural anti-
coagulants including protein C, protein S and
antithrombin [Il (ATIIl) were measured functional-
ly.

RESULTS

Baseline laboratory parameters (Day 0) of all
subjects were found to be within normal sauges
(Table 1 and Table 2). Significant increases in
WBC, neutrophil and monocyte counts were
observed in all donors administered rhG-CSF
(Day 5 vs Day 0, p<0.001). There were no
changes in red blood cell (RBC) and platelet
counts at Day 5 vs Day O (Table 1).



214 THE ADMINISTRATION OF GRANULOCYTE COLONY-STIMULATING FACTOR TO HEALTHY DONORS FOR ALLOGENEIC PERIPHERAL...

Hemostatic parameters

As shown in Table I, PT measures were slight-
ly but statistically prolonged from 11.5+0.6 sec to
12.020.6 sec after G-CSF (p<0.05). We observed
a significant rise in D-Dimer levels, with a slight-
ly prolonged TT at Day 5. G-CSF caused no
change on PTT and fibrinogen levels.

As shown in Table 2, a significant rise was
observed in mean activity of vWF:Ri CoF and

131+47% to 198+63% (p<0.05), respectively.
However, mean activity of Fll and FX decreased
significantly after G-CSF, from 108+14% to
97+16% (p<0.05) and from 118+20% to 103£15
(p<0.05), respectively. The mean activity of nat-
ural anticoagulants protein C, protein S and ATIII
decreased after G-CSF; however, only the
decrease in protein C activity was slightly signifi-
cant. There was no observable change in APCR-
R after G-CSF.

VI, from 70+£24% to 90x£20% (p<.05) and from
Table 1: Laboratory parameters before G-SCF (Day 0) and after G-CSF (Day 5)

Variables Day 0 (mean+SD) Day 5 (meantSD) p
Leukocyte (109/L) 7.3z21.0 47.4+13.8 <0.001
Neutrophil (109/L) 4.3+0.9 40.5+13.2 <0.001
Monocyte (109/1) 0.4+0.1 2.1£1.7 <0.001

Red blood cell (1012/L) 4.9x0.5 4.7£0.5 0.35
Platelet (109/L) 273+86 271+56 0.94
PT (second) 11.520.6 12.0£3.7 0.01
PTT (second) 31.5+3.7 31.418.1 0.96

TT (second) 12x1.0 14+2.4 0.06
Fibrinogen (mg/dL) 339+90.1 377+72.2 0.17
D-Dimer (ng/mL) 125+92.1 188+88.0 0.04

Table 2: Plasma factor activities and natural anticoagulants of healthy donors before (Day 0) and after G-

CSF (Day 5)
Variables Day 0 Day 5 P
(meanxSD) (meanxSD)

Factor Il (%) 108+14.1 97+16.0 0.03
Factor VIl (%) 126+32.7 114+63.7 0.49
Factor VIII (%) 131+47.6 198+63.7 0.001
Factor IX (%) 136+44.8 157+75.0 0.32
Factor X (%) 118+20.8 103+15.5 0.02
vWF:Ri CoF (%) 70+24.0 90+20.4 0.01
ATIN (%) 108+20.5 99+19.4 0.17
Protein C (%) 106+28.4 95+8.6 0.09
Protein S (%) 100+30.4 92+28.2 0.42
APC-R 2.1+0.3 2.0+0.3 0.68
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Tissue factor antigen (ELISA assay)

There was a significant increase in mean plas-
ma TF:Ag level from 34.3+52 pg/mL (0-185
pg/mL) to 100.4x90 pg/mL (0-287 pg/ml),
(p<0.01) while mean TF:Ag level was 100.8+78
pg/mLin the control group (Figure 1). When eval-
uated according to gender, the increase in mean
TF:Ag level was significantly higher in males
(from 37.2+58 pg/mL to 122.8+105 pg/mlL,
p<0.04) than in females (from 30.4+47 pg/mL to
70.9+72 pg/mL, p=0.2) (Table 3).

Tissue factor procoagulant activity (ELISA
assay)

Plasma TF:PCA level increased from 9.1+20
ng/ml to 48.9+81ng/mL after G-CSF, with a ten-
dency to be significant (p=0.06) (Figure 2).
Although this increase was more pronounced in
males, there were no significant changes in either
gender (12.5+27 ng/mL to 62.3x92 ng/mL,
p=0.14 in males; 5.2+7 ng/mL to 33.9+71 ng/mL,
p=0.27 in females) (Table 3).

No correlation between TF:Ag and TF:PCA
either before or after G-CSF could be detected.

Flow cytometrical data (Figure 3)

There was no change in TF:Ag expression on
CD14+ (monocytic) cells at Day 5 vs Day 0
(16.1%23% v.s.12.8+18%, p=0.37). However, a
significant increase in the level of TF:Ag expres-
sion on CD33+ cells after G-CSF (from 9.3+13%
to 15.6+x18%, p=0.04) was observed. This
increase was detected on both CD33bright cells
and CD33dim cells, from 13.2+22% to
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30.1+32% (p=0.04) and from 3.9+8% to
19.3+25% (p=0.01), respectively.

DISCUSSION

To provide further insight into the action of G-
CSF on hemostasis and thrombosis, we evaluated
coagulation parameters of 18 healthy stem-cell
donors and compared them with a control group.
The mean activities of FIl and FX were reduced
by a ratio of 11-13% following G-CSF. Mean FVII
activity also decreased slightly, resulting in pro-
longed PT. However, there was no change in
mean FIX activity or mean PTT on Day 5. This
indicates that the coagulation factors in the
extrinsic pathway are consumed rather than vita-
min K-dependent factors. If G-CSF had affected
vitamin K-dependent factors, we would also have
observed a decrease in FIX activity and pro-
longed PTT. To date, there has been insufficient
data about the effect of G-CSF on plasma coagu-
lation factors. G-CSF has short- and long-term
effects on hemostatic parameters, other than an
increase in FVIII levels following G-CSF reported
by LeBlanc (11). Following intravenous G-CSF
administration to healthy donors, platelet aggre-
gation response to adenosine diphosphate (ADP)
and collagen increased while D-dimer levels
remained unchanged (12). In our study, we found
that the level of D-dimer, an indicator of an acti-
vated coagulation system, increased significantly
from 125 ng/mL to 188 ng/mL (p<0.05), although
values were within the normal control range.
Additionally, TT was slightly prolonged (p=0.06),
possibly as a result of increased fibrinogen

Table 3: Plasma TF:Ag and TF:PCA levels before G-CSF (Day 0) and after G- CSF (Day 5)

Variables Day 0 Day 5 P
(mean+SD) (meanxSD)

TF:Ag (pg/mL) (n=18) 34.3+£52 100.4+92 0.01
Female (pg/mL) (n=8) 30.4+47 70.9+72 0.20 -

Male (pg/mL) (n=10) 37.2+58 122.8+105 0.04
TF:PCA (ng/mL) (n=18) 9.1+20 48.9+81 0.06
Female (ng/mL) (n=8) 5.2+7 33.9x71 0.27
Male {(ng/mL) (n=10) 12.5x£27 62.3+91 0.14
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Figure 1: TF:Ag (pg/mL) levels in control group and healthy donors
turnover. Falanga et al reported a similar increase higher dose of G-CSF (15ug/kg/day) (10). Our
in D-dimer levels, although within normal con- study presents the first line of evidence that the
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Figure 2: TF:PCA (ng/mL) levels in control group and healthy donors
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Figure 3: Comparison of mean TF:Ag expression (flow cytometric) on peripheral blood monocytes and
neutrophils before rhG-CSF (Day 0) and after rhG-CSF (Day 5)

administration by demonstrating a decrease in
coagulation factor activity of extrinsic pathway,
prolongation of PT and elevation of D-dimer lev-
els.

At present, our knowledge about the contribu-
tion of growth factors on TF and/or TF-dependent
pathway of coagulation is limited. We observed
significant increases in the mean levels of both
TF:Ag and TF:PCA in plasma after G-CSF (p=0.01
and p=0.06, respectively). However, there was
no correlation between TF:Ag and TF:PCA at
either Day 0 or Day 5. One of the possible rea-
sons for this conflict may be the incomplete acti-
vation of TF:Ag. It has been suggested that with
respect to procoagulant activity, the majority of
cell surface TF activity is normally “encrypted”,
in which state it is capable of binding antibody
and FVII/VIla, but not fully expressing antigenic
activity. To become fully activated, it must be
“de-encrypted” by processes involving plasma
membrane phospholipids and monomerization
of TF (13). In previous reports, G-CSF was shown

to increase monocyte procoagulant activity (10).
No influence of age and gender on plasma level
of TF:Ag has been demonstrated in normal indi-
viduals (14). In our study, the elevation of TF:Ag
after G-CSF tended to be more pronounced in
males (from 37pg/mL to 123pg/mL, p<0.05) than
females (from 30.4pg/mL to 71pg/mL, p=0.2)
(Table 3). Data related to the role of TF in the
development of atherosclerosis and an increased
incidence in men must be evaluated within this
context.

In normal individuals, TF:PCA in the circula-
tion is very low (14). What is the source of TF:Ag
and TF:PCA after G-CSF is a question that should
be answered. While there is debate over the con-
tribution of neutrophils to TF:PCA (15,16), the
main sources of TF in the circulation are consid-
ered to be monocytes and macrophages (9). It has
been put forward that circulating endothelial
cells might have been contributing to TF:PCA
during the aplasia period of stem-cell transplan-
tation because of the absence of mature myelo-
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monocytes (17). However, Ozcan et al followed
TF:PCA of stem cell transplant recipients during
the peritransplant period and detected a consid-
erable amount of remaining TF:PCA originating
neither from myelo-monocytes nor circulating
endothelial cells (18). The rise of endogenous G-
CSF levels during the aplasia period of stem-cell
transplantation has been previously shown, but
the effect of endogenous G-CSF levels on TF:PCA
remains to be elucidated (19). We observed a sig-
nificant increase in TF expression on CD33+ cells
(mature myeloid cells) without a major change in
TF:Ag on CD14+ cells (monocytes). Among
CD33+ cells, the increase was more pronounced
on CD33dim (neutrophil) cells than on
CD33bright (monocyte) cells (p=0.01 and
p=0.04, respectively). These two observations
lead us to suspect a possible contribution of neu-
trophils to TF:PCA. While an increase of TF
expression has been shown on G-CSF-treated
neutrophils in vitro (20), a clear correlation
between the number of monocytes and increased
TF expression has been demonstrated in vivo
(16,21).

The acquisition of TF:Ag by neutrophils may
have contributed to the increased TF levels in our
study, and monocytes are likely to have played a
role in this mechanism.

G-CSF exerts an important effect on endothe-
lial cells by inducing their migration and prolifer-
ation (22). VWF and thrombomodulin (TM) are
not only released from endothelial cells, but also
accepted as surrogate markers of stimulation and
toxicity of the endothelium (23). There have been
some studies reporting that G-CSF increases the
levels of vWF antigen, vWF activity and soluble
TM (10,11). We found a significant elevation of
plasma vWF:Ri CoF and FVIII activity after G-
CSF. The mechanism by which G-CSF exerts its
effects on the endothelium has not been fully
explained. Upon activation, neutrophils release
reactive oxygen species and intracellular pro-
tease that perform several activities on endothe-
lial cells and platelets and may modify the hemo-
static balance towards a prothrombotic state
(10,24), to which a series of leukocyte-mediated

events may have contributed, in addition to direct
toxicity. As we did not investigate the relationship
between levels of neutrophil-derived proteases
and activation markers, we were not able to
demonstrate the role of leukocyte-mediated
endothelial toxicity.

The most common factor causing prothrom-
botic tendency is hereditarily activated protein C
resistance due to FV-Leiden mutation (25). G-CSF
did not result in APCR phenotype in our study.
Data about the effect of G-CSF administration on
natural anticoagulants is still insufficient. It has
been reported that the use of G-CSF after HSC
transplantation had no negative impact on natur-
al anticoagulants (26). However, one study
observing the effect of G-CSF on patients under-
going allogeneic stem-cell transplantation
showed a significant decrease in ATl levels at
Day 5 versus Day 0 (27). Another study of cancer
patients showed that administration of G-CSF at
different dosages (1, 3, 10, 30 and 60
mcg/kg/day, iv) for 14 days did not affect ATHI
levels (28). After G-CSF, we observed a mild
reduction of natural anticoagulants with a
marked tendency of protein C levels. In contrast,
a study using higher doses of G-CSF
{12.5mcg/kg/day) on 25 healthy donors showed a
significant increase in protein C and protein S
levels and a slight decrease in ATHI levels (29).
Moreover, leukocyte-derived proteases such as
elastase, which is vulnerable to G-CSF, have
been known to suppress protein C, protein S and
ATIIl activities via proteolysis (10). The increase
in activated neutrophils as a result of G-CSF
might have contributed to the reduction in the
activities of natural anticoagulants.

The prothrombotic state seldom encountered
with the administration of G-CSF to both healthy
donors and patients still needs to be clarified.
Our study has provided the first evidence demon-
strating that G-CSF increases the consumption of
extrinsic pathway factors by stimulating coagula-
tion by TF and the production of D-dimer,
enhances VWF and FVIIi levels by stimulating
endothelial cells and reduces the activity of nat-
ural anticoagulants. Therefore, we propose that
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before administration of G-CSF to both donors
and patients with known risk factors, a survey
should be undertaken for evidence of inherited
thrombophilia, including FV Leiden mutation,
which has a quite frequent incidence of 3-10% in
the population. In individuals with underlying

REFERENCES

colony stimulating factor in normal individuals.
Blood, 1996; 88:2819-25.

. Anderlini P, Kérbling M, Dale D, Gratwohl A,
Schmitz N, Stroncek A, Howe C, Leitmen S,
Horowitz M, Gluckman E, Rowley S,
Przepiorka D, Champlin R. Allogeneic blood
stem cell transplantation: consideration for
donors. Blood, 1997; 90:903-8.

3. Conti JA, Scher HI. Acute arterial thrombosis after
escalated-dose methotrexate, vinblastine, dox-
orubicin and cisplatin chemotherapy with
recombinant granulocyte colony-stimulating
factor. Cancer, 1992; 70:2699-02.

4. Barbui T, Finazzi G, Grassi A, Marchioli R.
Thrombosis in cancer patients treated with
hematopoietic growth factors- a meta-analysis.
Thromb Haemost, 1996; 75:368-71.

5. Schimoda K, Okamura S, Harada N, Kondo S,
Okomura T, Niho Y. I[dentification of a
Functional Receptor for Granulocyte Colony-
Stimulating Factor on Platelets. ) Clin Invest,
1993; 9:1310-13.

6. Kawachi Y, Watanabe A, Uchida T, Yoshizawa K,
Kurooka N, Setsu K. Acute arterial thrombosis
due to platelet aggregation in patient receiving
granulocyte colony-stimulating factor. Br J
Haematol, 1996; 94:413-16.

7. Rappaport Sl, Rao LVM. The tissue factor pathway:
How it has become a “Prima Ballerina”.
Thromb Haemost, 1995; 74:7-17.

8. Nemerson Y, Giesen PLA. Some thoughts about
localization and expression of tissue factor.
Blood Coag and Fibrinol, 1998; 9 (suppl 1):45-
47.

9. Rao LVM, Pendurthi UR. Tissue factor on cells.
Blood Coag Fibrinol, 1998; 9 (suppl 1):27-35.

N

219

risk factors (hereditary and/or acquired throm-
bophilia), the responsible physician should take
the adverse effects of G-CSF on hemostasis into
consideration.

1. Anderlini P, Przepiorka D, Champlin R, Kérbling M.
Biologic and clinical effects of granulocyte

10. Falanga A, Marchetti M, Evangelista, Manarini S,
Oldani E, Giovanelli S, Galbusera M, Cerletti C,
Barbui T. Neutrophil activation and haemostat-
ic changes in healthy donors receiving granulo-
cyte colony-stimulating factor. Blood, 1999;
93:2506-14.

11. LeBlanc R, Roy J, Demers C, Vu L, Cantin G. A
Prospective study of G-CSF effects on hemosta-
sis in allogeneic blood stem cell donors. Bone
Marrow Transplant, 1999; 23:991-96.

12. Kuroiwa M, Okamura T, Kanaji T, Okamura §,
Harada M, Niho Y. Effects of granulocyte
colony-stimulating factor on the hemostatic sys-
tem in healthy volunteers. Int ) Hematol, 1996;
63:311-16.

13. Bach RR, Moldow CF. Mechanism of tissue factor
activation on HL-60 cells. Blood, 1997;
89:3270-3276.

14. Albrecht S, Kotzsch M, Siegert G, Luther T,
Grossmann H. Detection of circulating tissue
factor and factor VIl in a normal population.
Thromb Haemost, 1996; 75:772-77.

15. Hidekazu T, Nakamura S, Higure A. Neutrophils
express tissue factor in a monkey model of sep-
sis. Surgery, 2000; 127:209-16.

16. (sterud B, Rao LVM, Olsen JO. Induction of tissue
factor expression in whole blood: Lack evi-
dence for the presence of tissue factor expres-
sion in granulocytes. Thromb Haemost, 2000;
83: 861-867.

17. Morton CT, Solovey A, Dandelet L, Ozcan M,
Slungaard A, Hebbel RP, Key NS. Enhanced
expression of tissue factor (TF) by circulating
endothelial cells following bone marrow trans-
plantation. Blood, 1998: 92: Suppl 1 (part 1 of
2):173a.



220

THE ADMINISTRATION OF GRANULOCYTE COLONY-STIMULATING FACTOR TO HEALTHY DONORS FOR ALLOGENEIC PERIPHERAL...

18. Ozcan M, Morton CT, Solovey A, Dandelet R,

Bach RR, Hebbel RP, Slungaard A, Key NS.
Whole Blood Tissue Factor Procoagulant activ-
ity Remains during Severe Aplasia following
Bone Marrow and Peripheral Blood Stem Cell
Transplantation. Thromb Haemost, 2001;
85:250-55.

19. Ozcan M, Beksag M. s there a relationship

between G-CSF response to conditioning regi-
men and engraftment after bone marrow trans-
plantation. Bone Marrow Transpl, 1998;
21:533-35.

20. Kjalke M, Sorensen O, Niels B Ezban M, Kristensen

AT. Tissue factor expression by rabbit and
human neutrophils. Thrombos Haemost, 1999
(suppl 1); 761 (Abstract:2404).

21. Nemerson Y. Tissue factor in neutrophils. Thromb

Haemost, 2000; 83:802.

22. Bussolino F, Wang JM, Paola D, Turrini F, Sanavio

F. Granulocyte- and granulocyte macrophage-
colony stimulating factors induce human
endothelial cells to migrate and proliferate.
Nature, 1989; 337:471-72.

23. Blann AD, Taberner DA. A reliable marker for

endothelial cell dysfunction: Does it exist? Br )
Haematol 1995; 90: 244-52.

24. Lindemann A, Rumberger B: Vascular complica-

tions in patients treated with granulocyte

colony stimulating factor (g-csf). Eur ) Cancer,
1993; 29:2338-23.

25. Dahlback B. Reistance to activeted protein C, the
arg506 to Gln mutation in the factor V gene,
and venous thrombosis. Functional tests DNA-
based assays, pros and cons. Thromb Haemost,
1993; 72:739-42.

26. Lee KH, Lee JH, Choi §J, Kim S, Lee JS, Kim SH,
Kim WK. Randomized comparison of two dif-
ferent schedules of granulocyte colony-stimu-
lating factor administration after allogeneic
bone marrow transplantation. Bone Marrow
Transpl, 1999; 24:591-99.

27. Ozcan M. Changes in the natural anticoagulants
following hematopoietic stem cell trasnsplanta-
tion. T ) Haematol, 2000; 17 (suppl 1):138-42.

28. Lindemann A, Herrmann F, Oster W. Hematologic
effects of recombinant human granulocyte
colony-stimulating factor in patients with
malignancy. Blood, 1989; 8:2644-51.

29. Morrison AE, Green RHA, Watson D, Conkie JA,
Farrell A, Franklin IM. Haematological and
immunological changes in sibling allogeneic
peripheral blood progenitor cell donors. Blood,
1997; 90: Suppl 1 (part 2 of 2):391b.



