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CLINICAL OBSERVATIONS, INTERVENTIONS, AND THERAPEUTIC TRIALS

Neutrophil Activation and Hemostatic Changes in Healthy Donors
Receiving Granulocyte Colony-Stimulating Factor

By A. Falanga, M. Marchetti, V. Evangelista, S. Manarini, E. Oldani, S. Giovanelli,
M. Galbusera, C. Cerletti, and T. Barbui

Granulocyte colony-stimulating factor (G-CSF) enhances neu-
trophil functions in vitro and in vivo. It is known that
neutrophil-derived products can alter the hemostatic bal-
ance. To understand whether polymorphonuclear leukocyte
(PMN) activation, measured as PMN degranulation and
phenotypical change, may be associated to hemostatic alter-
ations in vivo, we have studied the effect of recombinant
human G-CSF (rHuG-CSF) administration on leukocyte pa-
rameters and hemostatic variables in healthy donors of
hematopoietic progenitor cells (HPCs). Twenty-six consecu-
tive healthy donors receiving 10 ng/kg/d rHuG-CSF subcuta-
neously for 5 to 7 days to mobilize HPCs for allogeneic
transplants were included in the study. All of them re-
sponded to rHuG-CSF with a significant white blood cell
count increase. Blood samples were drawn before therapy
on days 2 and 5 and 1 week after stopping rHuG-CSF
treatment. The following parameters were evaluated: (1)
PMN activation parameters, ie, surface CD11b/CD18 antigen
expression, plasma elastase antigen levels and cellular elas-
tase activity; (2) plasma markers of endothelium activation,
ie, thrombomodulin (TM) and von Willebrand factor (VWF)
antigens; (3) plasma markers of blood coagulation activa-
tion, ie, F1+2, TAT complex, D-dimer; and (4) mononuclear

cell (MNC) procoagulant activity (PCA) expression. The re-
sults show that, after starting rHuG-CSF, an in vivo PMN
activation occurred, as demonstrated by the significant
increment of surface CD11b/CD18 and plasma elastase anti-
gen levels. Moreover, PMN cellular elastase activity, which
was significantly increased at 1 day of treatment, returned to
baseline at day 5 to 6, in correspondence with the elastase
antigen peak in the circulation. This change was accompa-
nied by a parallel significant increase in plasma levels of the
two endothelial and the three coagulation markers. The PCA
generated in vitro by unstimulated MNC isolated from
rHuG-CSF-treated subjects was not different from that of
control cells from untreated subjects. However, endotoxin-
stimulated MNC isolated from on-treatment individuals pro-
duced significantly more PCA compared with both baseline
and control samples. All of the parameters were decreased
or normal 1 week after stopping treatment. These data show
that rHuG-CSF induces PMN activation and transiently af-
fects some hemostatic variables in healthy HPC donor sub-
jects. The clinical significance of these findings remains to be
established.

© 1999 by The American Society of Hematology.

RANULOCYTE colony-stimulating factor (G-CSF) stimu- ing cells capable of priming respiratory burst, inducing the
lates the proliferation and differentiation of hematopoi- release of secretory vesicles and cytoplasmic granules, and
etic progenitor cells (HPCs) and the release of mature granulomodulating expression of surface adhesion molecules.
cytes from bone marrow. It also induces mobilization of CD34  Upon activation, polymorphonuclear leukocytes (PMN) re-
HPCs in circulating blood? These properties justify the lease reactive oxygen species and intracellular proteases that
expanding use of recombinant human G-CSF (rHuG-CSF) irpossess several activities on endothelial cells and platelets and
clinical conditions, including chronic idiopathic neutropenia, may modify the hemostatic balance towards a prothrombotic
chemotherapy-induced myelosuppression, and mobilization oftate. In vitro experiments have indeed shown that leukocyte
HPCs in the circulation with or without prior chemotherdpy. elastase and cathepsin G can induce detachfiémr even
Recently, it has been administered to normal subjects tdysis'213of endothelial cells. In addition, independently from a
mobilize (and collect) HPCs for allogeneic transplantafién. cell-damaging effect, these proteases may modify endothelial
Several studies in vitfo’ and in vivé*® have documented the cell function involved in thromboregulation. In this respect,
neutrophil-activating effect of G-CSF, indicating that it should PMN-derived proteases have been reported to prevent thrombin-
be considered a potent immediate activator of mature circulatinduced prostacyclin production by endothelial céjlsathep-
sin G has also been shown to induce the plasminogen activator
inhibitor release by the endotheliuthProteolysis of compo-
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tisement”in accordance with 18 U.S.C. section 1734 solely to indicate N @ddition to endogenous products release, G-CSF-activated
this fact. neutrophils present phenotype changes involving the expression
of surface adhesion molecul&gincluding integrins (eg, CD11b/
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0006-4971/99/9308-0031$3.00/0 CD18) and selectins (eg, L-selectin), which mediate PMN
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adhesion to endothelial cells and plateRét¥. It has been after venipuncture. Whole blood was layered onto Ficoll-Hypaque
shown that G-CSF can increase PMN adhesive function in vitrdPharmacia, Uppsala, Sweden) density gradient system and centrifuged
and in vivo7:282° Besides other implications, this property is at1,500 rpm for 15 minutes at 4°C. The MNC fraction was recovered at
relevant for the in vivo biological activity of PMN-derived the interface, whereas the PMN cell fraction and erythrocytes separated

proteases. In fact, this phenomenon allows the formation of in the bottom pellet. Isolated MNC were washed, resuspended in RPMI

| . - tin which th | d 40 (2% 10° cells/mL) and used for the PCA assay. The pellet was
close mlcroenylromgn _m_ which these gnzymes are re efise aNfashed and the PMN cell-enriched fraction was obtained after dextrane
protected against inhibitors and their interaction with the

) erythrocyte sedimentation. Isolated PMN were washed and resuspended
substrate facilitate&32 in 10 mmol/L HEPES-Tyrode buffer, pH 7.4, containing 1% Triton
Taking into account all the observations reported above, Wec100. PMN lysates (by 3 cycles of freezing and thawing) were used for
evaluated in an established in vivo model in which G-CSFthe elastase proteolytic activity assay. Cell viability was assessed by the
injection in healthy humans results in neutrophil activation trypan blue exclusion dye test and found to be greater than 90%.
whether endothelial cell perturbance and imbalance of the ]
hemostatic system may also occur. We report here on th&outine Hematological Assays
evaluation of PMN activation status in vivo, as measured by White blood cell (WBC) differential counts, hematocrit counts,
degranulation parameters and phenotypical change, and a seriegmoglobin counts, red blood cell (RBC) counts, and platelet counts
of variables reflecting perturbance of the endothelium andwvere determined by automated methods by a NE80O Analyzer (Dasit,
activation of blood coagulation and monocytes in a group ofMilan, Italy).
gﬁgggﬂigg.nors receiving rHuG-CSF to mobilize HPCs for Assays of PMN Activation
PMN membrane CD11b/CD18.The expression of PMN CD11b/
MATERIALS AND METHODS CD18 antigen was measured in whole blood by direct immunofluores-
cence using flow cytometry analysis and monoclonal antibodies
(MoAbs). Cells were incubated with phycoerythrin (PE)-conjugated
Twenty-six consecutive healthy individuals (sex, 13 male and 13mouse antihuman CD11b MoAb (Becton Dickinson, Mountain View,
female; median age, 40 years; age range, 8 to 61 years) receivedA) or with isotype-identical negative control MoAb (IgG2a PE;
rHuG-CSF (Neupogen; Amgen-Roche, Basel, Switzerland) for HPCBecton Dickinson) for 30 minutes at 4°C in the dark. After erythrocyte
harvesting from peripheral blood and use for allogeneic transplantlysis, samples were analyzed by a FACScan flow cytometer (Becton
Detailed written informed consent was obtained from each individualDickinson). PMN were selectively gated using their forward and side
donor before starting the procedure. Results of an examination obcatter properties. The results were expressed as mean fluorescence
medical history, physical examination, and routine laboratory investiga-units (MIF).
tion were normal in all subjects. These subjects were negative for Plasma PMN elastase antigenThis is the plasma marker to test the
previous history of thrombosis and other known risk factors for release of azurophil granule content. Elastase coupled to its natural
thrombosis. rHUG-CSF (10 pg/kg/d) was administered subcutaneouslinhibitor a1-antitrypsin ¢1AT) was detected in plasma as elastase-
for 5 to 6 consecutive days; the daily dose was administered in two haltx1AT complex by an immunoassay procedure (PMN Elastase IMAC;
doses, each administered every 12 hours. Leukapheresis was performbterck, Darmstad, Germany).
on a Cobe Spectre continous flow cell separator on day 5 or 6 of PMN elastase proteolytic activity assayElastase activity was
rHUG-CSF administration (when CD34cells were>0.5%). rHUG- measured in PMN lysates by monitoring the rate of release of
CSF was stopped on the day of leukapheresis. p-nitroanilide from the specific chromogenic substrate N-Succinil-Ala-
Thirty-one healthy non-HPC donor subjects (15 male and 16 femaleAla-Val-p-nitroanilide (Sigma, St Louis, MO). Five microliters of a 100
median age, 40 years; age range, 13 to 64 years) acted as control groopmol/L solution of the specific synthetic substrate dissolved in

Donor Subjects

for the laboratory parameters studied. N-methylpirrolidinone (final concentration, 0.5 mmol/L) was added to
the cell lysate and its cleavage was monitored spectrophotometrically
Samples by following the release of p-nitroanilide at 410 nm. The activity of the

samples was then compared with a standard curve prepared with

Venous blood was collected into sterile siliconized tubes containing™’ ) o
different concentrations of purified elastase.

trisodium citrate (0.129 mol/L, 1:10 vol/vol). In selected patients, blood
samples for the analysis of plasma multimeric vVWF were also obtaine . A
in an anticoagulant and proteinase inhibitor mixture (0.125 mmoI/Lci\/Iarkers of Endothelial Cell Activation
citrate, 5 mmol/L EDTA, 6 mmol/L n-ethilmaleimide, and 500 klU/mL The parameters of endothelium damage studied were the plasma
aprotinin). Blood samples were drawn before the morning injection ofconcentrations of thrombomodulin (TM) and von Willebrand factor
rHUG-CSF at the following time intervals: (1) before starting rHUG- (VWF).33TM is the endothelial membrane receptor for thromYinwF
CSF (time 0= TO0); (2) on the second consecutive day (time T1) of is a multimeric protein synthesized and released from endothelial cells,
rHuG-CSF administration; (3) on the fifth or sixth consecutive day which are important for the mechanism of platelet adhesion to the vessel
(time 2= T2) of rHuG-CSF administration (corresponding to the day of wall.3> The multimeric structure of VWF determines its biological
leukapheresis); and (4) 1 week after leukapheresis and stoppingctivity, ie, high molecular weight (HMW) vVWF multimers are function-
rHUG-CSF (time 3= T3). ally more potent than other forms of vVWF.

Plasma was obtained by centrifugation of anticoagulated whole blood Plasma TM antigen was quantitated by an enzyme-linked immunosor-
at 3,00@ for 20 minutes at room temperature and stored in aliquots atbent assay (ELISA) kit from Diagnostica Stago (Boheringer Mannheim,

—80°C until assays (within 2 months). Milan, Italy) according to the manufacturer’s instructions.
Whole blood was used for cytofluorimetric evaluation of PMN  Plasma vWF antigen was determined by an electro-immunodiffusion
surface CD11b/CD18. procedure using reagents from Diagnostica Stago (Assera-Plate VWF;

The PMN and mononuclear cell (MNC) fractions (for the analysis of Boheringer Mannheim). The values were expressed as the percentage of
PMN cellular elastase and MNC procoagulant activity [PCA], respec-vWF by comparison with a standard curve obtained by serial dilutions
tively) were prepared from citrated fresh venous blood immediatelyof pooled normal plasma (undiluted plasma00% vWF).
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In selected patients (r 6) the multimeric pattern of VWF was X-deficient human plasmas (Istituto Behring). In some experiments, TF
analyzed by discontinuous sodium dodecyl sulfate (SDS) agarose geictivity (TF:Act.) was further characterized by incubating the samples
electrophoresis [1.5% HGT(P)], as descriedyith minor modifica- for 15 minutes at 37°C with an antihuman TF purified polyclonal IgG (1
tions3¢ Densitometric analysis to quantitate the multimers was per-mg/mL final concentration; American Diagnostica Inc, Greenwich, CT)
formed with a computer-based digital image processing, by the softwaréefore the clotting assay. A normal nonimmune rabbit IgG was the
Image 1.55 (National Institutes of Health, Bethesda, MD). Low negative control in this assay.
molecular weight (LMW) multimers were defined as the area of two
peaks at the bottom of the gel, and HMW multimers were defined as thestatistical Analysis
area after the first 10 peaks resolved. LMW and HMW were expressed

as a percentage of the total area of sample. Studies of VWF fragments | "€ Mann Whitney U-test was used to assess the significance of
were also conducted, as previously descriffedNF was immunoiso- differences between the mean baseline values of the donors versus the

lated by anti-vWF MoAb (kindly provided by Dr Z.M. Ruggeri, The untreated control group. T_o test the_intragroup differences over time, the
Scripps Research Institute, La Jolla, CA). ANOVA one-way ana_lly5|s of variance for repeated_measures and
Fisher’s test for multiple comparisons were used. Differences were
Markers of Hypercoagulation considered significant atRwvalue less than .05.
Regression analysis was performed by the method of the least squares

As markers of in vivo clotting activation, the plasma levels of and the correlation coefficientwas calculated.

prothrombin fragment Ft2 (F1+2), thrombin-antithrombin (TAT)
complex, and D-dimer were measured. These are enzyme-inhibitor RESULTS
complexes or byproducts of the coagulation reactions, liberated during
clotting activation, which provide a biochemical tool for the definition ~ Table 1 shows the variations of the healthy donors’ hemato-
of the hypercoagulable state and are modulated by thé?&fy. logical parameters at the different times of the study. At baseline
Plasma Fi2 and TAT complex concentrations were determined by (T0), before the start of rHUG-CSF treatment, none of the
ELISA methods, using commercially available kits (EnzygnostE1 subjects had hematological abnormalities. Then, all of them
and Enzygnost TAT, respectively; Istituto Behring, Scoppito, taly). \oqnqnded to rHUG-CSF administration, with a significant
Plasma D-dimer levels were determined by a commercial ELISAincrease in WBC count (on T1 and T2 < .01 v TO).

method (Asserachrom D-dimer; Boheringer Mannheim). Calibration . . } . S

was performed using the standards provided with the commercial kits.Accord'ngly' the circulating PMN fragtlon was SIngflcantIy
increased. Also, the monocytic fraction resulted increased.
PCA of MNC WBC, PMN, and monocytes were back to the basal values 1

The PCA expressed by circulating MNC, identified as tissue factoreek after HPC collection and rHUG-CSF discontinuation (T3).

(TF), represented the parameter of white blood cell-mediated clotindNO Significant modifications occurred to the other parameters
activation. This activity plays an important role in physiological and during treatment, except for the median platelet count, which
pathological condition&? tended to decrease on T2, at the peak of rHUG-CSF—induced
Isolated MNC from healthy donors ¢a 6) and control subjects were  leukocytosis. After apheresis (T3), this reduction became statis-
washed and resuspended in RPMI 164020 cells/mL). Final cell  tically significant. Also at this time, the hematocrit, hemoglobin,

preparation contained greater than 97% MNC and less than 1 plateleind RBC counts were slightly, but significantly decreased
per nucleated cell. Monocytes were 12% to 30% (mean, 19%) of tmabompared with the baseline.

MNC. PCA of MNC suspensions was measured immediately after

isolation and after 4 hours of incubation at 37°C with or without PMN Activation Mark

stimulus (1 pg/mLSalmonella Enteritididipopolysaccharide [LPS]) ctivation Markers

under an atmosphere consisting of 5% LCQells were lysed by 3 Cytofluorimetric analysis (Fig 1A). The baseline expres-
cycles of freezing and thawing and PCA was measured by the one-stagsion of the surfaced2 integrin CD11b/CD18 by donor PMN
recalcification assay of normal human plasth&riefly, 0.1 mL of was not different from that of control subject PMN (donor
sample was added to 0.1 mL of citrated normal human plasma; after Jcontrol MIE values: 137.62+ 21 v 125 + 32' P = not
minute oflncu'batlon at3r°c, 0.1 mL 0.025 m.O.VL Ca@has addgd and significant [NS]). In response to rHUG-CSF, the expression of
the clotting time was recorded. PCA activity was quantitated by CD11b/CD18 by donor PMN significantly increased over the

reference to a calibration curve (log-log plot) constructed with different . . N
dilutions (from 102 to 10°5) of a standard rabbit brain thromboplastin Pretreatment values (T 376 = 55 MIF; and T2= 366 + 92

(RBT; Sigma). Results were expressed as arbitrary units, with 1 uniMIF; P < .05). However, 1 week after stopping rHuG-CSF
equal to the activity of 1 mEg/mL RBT in the one-stage clotting assay.(T3), the membrane CD11b/CD18 was decreased and returned

PCA was identified as TF by the clotting assay of factor VII-, VIII-, or to baseline (186 20 MIF, P =NS).

Table 1. Effect of rHuG-CSF on Routine Hematological Parameters

TO T1 p<* T2 p<* T3 pP<*
WBC (X10°/L) 5.9 (4.3-10.3) 28.35 (16.3-42.0) 01 44.36 (22.6-74.63) 01 4.8 (2.92-11.4) NS
PMN (X109/L) 3.1(1.9-6.3) 23.1(13.4-33.2) 01 37.6 (17.1-67) 01 2.8 (1-6.6) NS
Monocytes (X 109L) 0.4 (0.1-1.0) 1.2 (0.6-5.6) 01 2.3 (1.2-6.0) 01 0.2 (0.1-2.0) NS
Hematocrit (%) 42 (33.8-45.7) 40.1 (33.5-47.0) NS 41.4 (34.3-48.0) NS 38.4 (30.3-48.1) 01
Hemoglobin (g/L) 14.1 (11.5-16) 14 (11.7-16.6) NS 13.8 (11.1-16.5) NS 13.0 (10.7-16.8) .01
RBC (X10%2/L) 4.72 (3.7-5.3) 4.68 (3.99-5.22) NS 4.63 (3.66-5.25) NS 4.39 (3.41-5.5) .01
Platelets (X 10%/L) 218 (146-296) 205 (129-279) NS 199 (98-341) NS 189 (114-344) .05

Abbreviation: NS, not significant.
*Anova one-way analysis of variance test.
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Changes of PMN activation parameters in healthy HCP

donors before (T0), during (T1 and T2), and 1 week after stopping (T3)
rHuG-CSF administration. (A) Flow cytometry analysis of the expres-
sion of CD11b/CD18 on PMN cell surface; results are expressed as the
mean intensity fluorescence (MIF). (B) Plasma concentration of elas-
tase-alAT complex during rHuG-CSF administration. (C) Elastase
activity of lysed PMN isolated from citrated whole blood. The results
are the mean = SEM. Dashed lines represent the cut-off of normal
control values (mean + 2SD). Statistical analysis by ANOVA for
repeated measures and Fisher’s test for multiple comparisons is
shown. *P < .05, **P < .01 vTO.
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Plasma elastase antigen levels (Fig 1B)'he concentration
of this marker (at TO= 59.9 = 28.4 ug/L,P = NS v normal
controls) increased after starting rHuG-CSF administration,
peaking at T2 (635.5- 60.6 ug/L,P < .01). It decreased to
45.9 = 27.7 pg/L after stopping the growth factor administra-
tion (T3vTO: P = NS).

PMN cellular elastase activity (Fig 1C).At TO, cellular
elastase activity was in the normal control range values;
rHuG-CSF administration resulted in a significant elevation of
this activity from TO to T1 (T1lv TO: 626 = 116v 352 = 72
ng/1@ cells;P < .05). Thereafter, the enzyme activity started to
decrease on T2, before leukapheresis (#4835 ng/10 cells; T2
vTO,P = NS), and even more on T3 (32748 ng/10 cells; T3
vTO,P = NS).

Endothelial Cell Markers

At TO, the levels of circulating endothelial cell markers of the
donors were within the normal range values. A significant
increment of TM and VWF was observed during rHUG-CSF
treatment (Fig 2A and B). In both cases, the increments peaked
at T2, before HPC apheresis (V20: TM = 65+ 22v32 + 12
ng/mL,P < .01; VWF:Ag= 241%=* 72%vV 114%=* 26%,P <
.01). At T3, both parameters were decreased back to the baseline
values. In 6 subjects, the multimeric structure of VWF was
analyzed at the different time intervals. VWF multimeric
analysis showed a normal pattern of multimeric distribution as
shown by autoradiography of a representative donor (Fig 3) and
by densitometric analysis. The percentage of LMW multimer
fraction was comparable in normal controls (21.6%62.4%)
and in donors on rHUG-CSF (T2: 21.7%:3.2%) as well as the
area of HMW fraction (controls: 20.6% 2.1%; donors [T2]:
19.1% = 1.8%). In the same plasma samples obtained during
rHUG-CSF administration were found the 225-kD subunit as
well as the normal 189-, 176-, and 140-kD fragments. No new
fragments were detected. The proportion of the intact 225-kD
subunit was comparable, at the different times, when calculated
by densitometric analysis (TO: 71.4% 4.2%; T2: 67.2%=*
6.3%; T3: 71.5%+ 4.5%).

Plasma Markers of Hypercoagulation

HPC donors showed pretreatment normal values of plasma
F1+2, TAT complex, and D-dimer. During the days of rHUG-
CSF administration, a gradual increment of these markers was
observed (Fig 4A, B, and C). On T2, the levels of all three
parameters were all significantly greater as compared with TO
(T2vTO: F1+2 = 2,17+ 0.39v 0.95* 0.09 nmol/L,P < .01,

TAT complex= 4.72 = 0.39v 3.55+ 0.25 ng/mL,P < .05;
D-dimer = 0.37 = 0.04v 0.29 = 0.04 pg/mL;P < .05).
However, the increment of the plasma D-dimer remained within
the range of normal control values. On T3, the mean plasma
levels of F+2 and D-dimer were both decreased back to
pretreatment values, whereas the TAT complex levels, although
decreased, remained above the upper limit of normal control
values.

Statistical Correlations

As shown in Table 2, at any time of observation there was a
significant positive correlation between the plasma level of
elastasex1AT complex and the number of circulating PMN
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Fig 2. Markers of endothelial cell activation in HPC donors receiv-
ing rHUG-CSF. Plasma levels of VWF (A) and TM (B) were determined
before (T0), during (T1 and T2), and 1 week after stopping (T3)
rHuG-CSF administration. Mean values and SD are shown. Dashed
lines represent the cut-off of normal control values. Statistical
analysis asin Fig 1. *P < .05, **P < .01 v TO.
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tion), compared with that of MNC at TO (before starting) and T3
(after stopping treatment). Instead, in the absence of stimulus
(—LPS; Fig 5, left panel), there were no significant differences
between the PCA of donor MNC from all of the time points.

DISCUSSION

A variety of functions of activated PMN can interfere with
the hemostatic system. To test the hypothesis as to whether
PMN activation is associated with hemostatic changes in vivo,
we have analyzed in a group of healthy HPC donors receiving
rHUG-CSF the PMN activation status, as measured by param-
eters of PMN degranulation and phenotypical change, simulta-
neously to a series of plasma variables reflecting ongoing
endothelial and clotting activation.

First of all, besides the WBC count (which was significantly
increased in all subjects), other hematological parameters,
including hematocrit, hemoglobin, RBC, and platelets, were
analyzed during treatment. Among them, only the median
platelet count tended to decrease at the peak of rHUG-CSF-
induced leukocytosis. After apheresis, the platelet reduction
became statistically significant, and the hematocrit, hemoglo-
bin, and RBC also appeared to be significantly reduced. This
finding is in agreement with previous observatiorsd is
interpreted as a complication of large-volume leukapheresis.

The study of leukocytes confirmed the occurrence of acti-
vated PMN in the circulation of the healthy donors during
treatment with rHUG-CSF. The PMN surface antigen CD11b/
CD18 expression and the plasma elasi@$sAT complex levels
were increased, as reported by oth&tdn parallel, we also
evaluated the elastase content of circulating neutrophils. Inter-
estingly, this parameter significantly increased from baseline to
the second day of treatment (T1), probably due to the presence
of a large population of young neutrophils with no prior
experience of activation into the circulation. Indeed, after 5to 6

cells. Furthermore, the elastas®#AT complex concentration
positively correlated to the plasma levels of both endothelial
markers, VWF and TM, and to the levels of +2. Significant
positive correlations also were found between TM and vVWF anc
F1+2 versus both TAT complex and D-dimer.

MNC PCA

MNC were freshly isolated from 6 donor subjects on TO, T2,
and T3. The PCA was evaluated before and after 4 hours o 1 2 3 4
incubation with and without 1 pg/mL LPS. The results indicate
that freshly isolated donors’ MNC as well as control MNC had Fig 3. Representative autoradiographic image of vVWF multimers
virtually no PCA (not shown). After 4 hours of incubation at If_’:r:zisr‘]‘slr‘:nc;ref;‘;']r;g t‘;ﬁ;se':-;hfagaf?rzfn:htig‘i'ljg_zghbee;gfé
37°C, in LPS,_StI,rT]UIat?d samplgs LPS; Fig 5, right p_a“?') the rHl’JG-CSF a'zjministfatio'n (TO); ’Ie?ne 3, plasma from tlhe subject
there was a significant increase in the PCA generated in Vitro bter 2 days rHuG-CSF administration (T1); lane 4, plasma from the

donors’ MNC obtained at T2 (during rHUG-CSF administra- subject after 5 days rHuG-CSF administration (T2).
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Fig 4. Markers of hypercoagulation. Plasma levels of F1+2 (A),
TAT complex (B), and D-dimer (C) before (T0), during (T1 and T2), and
after the end (T3) of rHUG-CSF in HPC donors. Data are expressed as
the mean values = SEM. Dashed lines represent the cut-off of normal
control values. Statistical analysis asin Fig 1. *P < .05, **P < .01 v TO.
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Table 2. Correlations Between Plasma Elastase-a1lAT Complex
Levels and (1) PMN Cell Count, (2) Plasma Markers of Endothelial
Cell Damage (TM and vWF), and (3) Plasma Markers of Clotting
Activation (F1 + 2, TAT Complex, and D-Dimer)

Elastase Versus r P<
PMN .79 .001
VWF .54 .001
™ .50 .001
F1+2 .40 .01
TAT A1 NS
D-dimer .19 NS

Abbreviations: r, correlation coefficient; NS, not significant.

days of treatment (T2), when circulating elastad&T com-

plex levels were maximal, the cellular elastase was already
reduced towards baseline, indicating that PMN had partially
secreted their elastase content. This observation is in agreement
with the hypothesis that elastase release by G-CSF-activated
neutrophils requires an additional stimulus probably occurring
in the vascular environmeftAn alternate explanation for the
elastase content reduction at T2 might be the accelerated
formation and transit of PMN from the marrow to the blood.
However, this was ruled out because, in that case, the lowest
levels of PMN elastase should have been found at T1, when the
number of circulating PMN is increased about 7 times from the
basal level (corresponding to the highest rate of PMN produc-
tion), compared with T2 (when the number of PMN increases
<2 timesv T1) and with the basal (TO) pretreatment value
(corresponding to a normal condition of PMN formation and
transit). On the other hand, the finding that the PMN-associated
elastase reaches the highest levels at T1 (concomitantly with the
highest rate of PMN production) suggests rather that the fresh
PMN population contains more elastase than the basal popula-
tion. These considerations, together with the finding that the
plasma levels of elastagetAT complex reach the maximal
value at T2, support that the most plausible hypothesis to
explain the observed results remains that the reduced levels of
PMN-associated elastase at T2 result from PMN degranulation.

In the same subjects, we then have measured a series of
plasma parameters to detect the occurrence of endothelial cell
and coagulation system activation in vivo.

High levels of markers of endothelial cell damage/activation,
TM and VWF, were found in the plasma, suggesting an in vivo
endothelial cell dysfunction conditici TM can be synthesized
also by other cells, including PM® therefore, a possible
contribution of PMN to the increased TM plasma levels during
G-CSF treatment cannot be completely excluded. However,
PMN-associated TM would be in an intracellular compartement
not under the regulation of secretory agonists. Moreover, it is
not known whether G-CSF may stimulate the release of TM
from PMN. In this study, the levels of TM paralleled the levels
of circulating VWF, which is a more specific marker of
endothelial perturbance and is 80% to 90% derived from the
endothelium, with the remaining being from plate@&3he
positive correlation between the plasma levels of these variables
is in favor of the hypothesis that endothelial cells are the
common source of the two proteins. The levels of VWF and TM
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Fig 5. MNC PCA. MNC were isolated from 6 healthy donors at baseline (T0), after 5 days of rHuG-CSF administration (T2), and 1 week after
stopping the drug (T3). The dashed line indicates the mean PCA of MNC from the normal control subject group. The PCA of lysed MNC
suspensions was tested after 4 hours of incubation with 1 pg/mL LPS (+LPS, right panel) or the vehicle (—LPS, left panel) by the one-stage
recalcification assay of normal human plasma. Results are expressed as arbitrary units obtained from a calibration curve of standard
thromboplastin (RBT, from 10-* to 10-9); 1 unit equals the activity of 1 mEg/mL RBT in the one-stage clotting assay. PCA was identified as TF, as
indicated in Materials and Methods. Statistical analysis as in Fig 1. *P < 0.05 v TO.

positively correlated also to the plasma levels of elastase. Thisnoderate, but statistically significant. The D-dimer concentra-
type of study does not allow us to directly demonstrate ations never exceeded the normal control cut-off value. Interest-
cause-effect relationship between neutrophil activation andngly, only the F1+-2 level positively correlated with the plasma
endothelial cell dysfunction. However, on the basis of the inelastase levels, suggesting that this parameter may be also a
vitro results showing that elastase is able to stimulate VWFproduct of the lytic effect of elastase. However, the pattern of
releas&® and to remove proteolytically TM from endothelial changes of the three markers during the observation period
surfacel’ it is reasonable to speculate that this is the case. In thiparalleled each other, with a positive correlation of the plasma
condition, other factors, such as the production and release df1+2 to the levels of both TAT and D-dimer. Particularly, the
inflammatory cytokines (eg, tumor necrosis factQy*346 may relation with the TAT complex concentration definitely provides
also contribute to the increment of plasma vVWF and TM levels,evidence that part of Fi2 takes origin from the activation of
as well to the changes of other coagulation parameters. Finallythe clotting cascade with actual thrombin formation. This is the
a direct effect of G-CSF on endothelial TM and VWF releasefirst study using very sensitive markers to test the activation of
could be hypothesized on the basis that endothelial cells expred8ood coagulation in vivo in individuals receiving rHu-G-CSF.
G-CSF receptof$;, however, no studies have been conductedOther investigators have reported no changes in hemostatic
on the effect of G-CSF on these specific proteins. No alterationsariables during therapy with rHu-G-C%¥The discrepancy
in the VWF subunits and fragments were found, indicating thatcan be explained by various differences with our study. The type
after secretion outside the cells, this factor is no furtherand the number of subjects analyzed were very different (6
proteolyzed by neutrophil proteases. This is in agreement witlcancer patients in remission, mostly with hematological malig-
the interpretation that neutrophil proteases may act on endothaxancies). The types of parameters tested, with the exception of
lial cell when released by adherent neutrophils, but are inactivWF antigen, were all different (ie, assays of coagulation
vated by inhibitors when released in the circulation. The normalfactors activity, in vitro platelet aggregation, and analysis of
multimeric pattern of the VWF protein also shows that in theseplatelet surface antigens). The dose of rHUG-CSF was not the
subjects there is no increase of the HMW multimers with same. Interestingly, in another study conducted on normal
greater proadhesive and proaggregating activity. individuals receiving rHuUG-CSF, increased in vitro platelet
According to the hypothesis that the hemostatic balanceaggregation was document&d.
could be altered in this condition, we found that the markers of Finally, we have studied the PCA (TF) expressed by MNC,
clotting activation (F#2, TAT complex, and D-dimer) were because this WBC property is relevant for the activation of the
increased during rHUG-CSF, with a time course superimposablelotting system in humar. In addition, it is not known
to that of neutrophil activation markers. An increase of thesewhether this activity is affected by G-CSF administration. We
markers shows increased thrombin generation{Zand TAT  found that MNC of rHUG-CSF-treated subjects were primed to
complex) and fibrin formation (D-dimer) in viv#:3® The  expose their TF, as an increase of the PCA generated in vitro
increments of these parameters from basaline values werepon LPS stimulus was recorded, whereas basal TF PCA was
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not modified. This effect on MNC PCA also terminated after therecombinant human granulocyte and macrophage-stimulating factors
growth factor administration was stopped. This is the first reporton signal transduction pathways in human granulocytes. J Immunol
on an effect of G-CSF on monocyte PCA. Whether this effect is139:3422, 1987

due to a direct or an indirect action of G-CSF is not established, /- Yu0 A Kitagawa S, Ohsaka A, Miyazono K, Okabe T, Urabe A,
with both possibilities being plausible. In fact, although no Takaku F: .Recomblnant human granulocyte colony—§tlmulatlng factor
functional effect of G-CSF on monocytes has been described, gs an activator of human_ granmocyt.eS: Pmem'?tlon 9f responses
subset of these cells possess G-CSF rec&pfbhe indirect triggered by receptor-mediated agonists and stimulation of C3bi

. ! ];eceptor expression and adherence. Blood 74:2144, 1989
effect may be hypothesized to take place in the network of g "cpaya Gs, Price TH, Allen RC, Dale DC: Effects of in vivo

cellular interactions occurring in the circulation or it may be recombinant methionyl human granulocyte colony-stimulating factor
induced by other cytokines, ie, tumor necrosis factor  on the neutrophil response and peripheral blood colony-forming cells in
produced by activated PMM:4® Platelets also possess a healthy young and elderly adult volunteers. Blood 84:2923, 1994
functional G-CSF receptor that seems to transduce a priming 9. de Haas M, Kerst JM, van der Schoot CE, Calafat J, Hack CE,
effect and makes the platelets more responsive to additionalluijens JH, Roos D, van Oers RHJ, von dem Borne AEGKr: Granulo-
agonistsB_1 Although we did not directly investigate the activa- cyte colony-stimulating factor administration to healthy volunteers:
tion status of platelets in the study subjects, it is possible thaf\nalysis of the immediate activating effects on circulating neutrophils.
also platelets per se or via the interaction with neutrophils and?lood 84:3885, 1994

monocyte¥ may contribute to the imbalance of the hemostatic 10- Harlan M, Killen PD, Harker LA, Striker GE, Wright DG:
system observed in this study. Neutrophil-mediated endothelial injury in vitro mechanism of cell

. . . ) . detachment. J Clin Invest 68:1394, 1981
In conclusion, this study provides the first evidence that the 11. Kolpakov V, D'Adamo MC, Salvatore L, Amore C, Mironov A,

changes in .the activation status c.)f PMN observed in health)iacoviello L, Donati MB: Neutrophils derived cathepsin G induces
‘?O“OVS receving G-CSF-are.aSSOCIated with changes of endOthﬁbtentially thrombogenic changes in human endothelial cells: A scan-
lial cell and clotting activation markers and a change of theying electron microscopy study in static and dynamic conditions.
procoagulant response of circulating MNC. The abnormalitieSthromb Haemost 72:140, 1994
of plasma markers and MNC PCA are transient and related to 12. varani J, Ginsburg I, Schuger L, Gibbs DF, Bromberg J, Johnson
the drug administration. One week after the end of the therapykJ, Ryan US, Ward PA: Endothelial cell killing by neutrophils.
all of the parameters were not significantly different from thoseSynergistic interaction of oxygen products and proteases. Am J Pathol
before rHUG-CSF therapy. 135:435, 1989

No thrombotic events have been reported in normal subjects 13. Chignard M, Balloy V, Renesto P: Leukocyte elastase-mediated
during G-CSF administration, suggesting that the transient,release of von Willebrand factor from cultured endothelial cells. Eur
although significant, alteration of the hemostatic markers re-R€sPJ 6519'| 1993 " o OF: Uk
ported here does not indicate a real thrombotic risk for healthy 14. We sler BB, Jaffe EA, B_r(_)wer MS, Cole OF: Hu.m".’m eukocyte

. .. cathepsin G and elastase specifically suppress thrombin-induced prosta-

persons. Recently, 2 cases of acute arterial thrombosis in cancer

. L cyclin production in human endothelial cells. Blood 74:1627, 1989
patients receiving rHUG-CSF have been repottéaHowever, 15. Pintucci G, lacoviello L, Castelli MP, Amore C, Evangelista V,

in malignancy, a number of other variables (eg, tumor Ce"Cerletti C, Donati MB: Cathepsin G-induced release of PAI-1 in the

procoagulants, _cytokines, cherr_lotherapy, etc.) can influencgyjiure medium of endothelial cells: A new thrombogenic role for
blood coagulatio?>5 and contribute to the occurrence of polymorphonuclear leukocytes? J Lab Clin Med 122:69, 1993

thrombotic complications in course of G-CSF. 16. Key NS, Platt JL, Vercellotti GM: Vascular endothelial cell
proteoglycans are susceptible to cleavage by neutrophils. Arterioscler
ACKNOWLEDGMENT Thromb 12:836, 1992

. ) ) 17. Abe H, Okajima K, Okabe H, Takatsuki K, Binder BR:
_T_h? authors are_ gr_atef l_JI to S. Bertoletti and A. Vignoli (Hematology Granulocyte proteases and hydrogen peroxide synergistically inactivate
D|V|s_|on, Ospedall_ Riuniti Bergamo, Bergamp, Italy) and to C. Rossi thrombomodulin of endothelial cells in vitro. J Lab Clin Med 123:874,
(Mario Negri Institute, Bergamo Laboratories, Bergamo, lItaly) for 1094
technical assistance. 18. Selak MA, Chignard M, Smith JB: Cathepsin G is a strong
platelet agonist released by neutrophils. Biochem J 251:293, 1988
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