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Differential expression and regulation of GTPases (RhoA and Rac?2)
and GDls (LyGDI and RhoGDI) in neutrophils from patients
with severe congenital neutropenia

Brigitte Kasper, Nicola Tidow, Dirk Grothues, and Karl Welte

Severe congenital neutropenia (SCN) or
Kostmann syndrome is a disorder of
myelopoiesis characterized by a matura-
tion arrest at the stage of promyelocytes
or myelocytes in bone marrow and abso-
lute neutrophil counts less than 200/  pLin
peripheral blood. Treatment of these pa-
tients with granulocyte colony-stimulat-
ing factor (G-CSF) leads to a significant
increase in circulating neutrophils and a
reduction in infection-related events in
more than 95% of the patients. To date,
little is known regarding the underlying

pathomechanism of SCN. G-CSF-induced
neutrophils of patients with SCN are
functionally defective (eg, chemotaxis,
superoxide anion generation, Ca ** mobi-
lization). Two guanosine triphos-
phatases (GTPases), Rac2 and RhoA,
were described to be involved in many
neutrophil functions. The expression of
these GTPases and their regulation in
patients’ neutrophils were of interest.
This study determined that the guanosine
diphosphate (GDP)-dissociation inhibitor
RhoGDI is overexpressed at the protein

level in patients’ neutrophils and that
overexpression is a result of G-CSF
treatment. RhoA and LyGDI are ex-
pressed at similar levels, whereas Rac2
shows a decreased expression. In addi-
tion, association of Rac2 and RhoGDI or
LyGDI is abrogated or not detectable
based on the low Rac2 expression in
patients’ neutrophils. (Blood. 2000;95:
2947-2953)
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Introduction

Severe congenital neutropenia (SCN) or Kostmann syndrome, fiastive only in the GTP-bound state. Cycling between GTP-bound
described by Kostmann in 1936s a disorder of myelopoiesis and guanosine diphosphate (GDP)-bound states is therefore tightly
characterized by a block in differentiation of myeloid progenitoregulated. GTPase-activating proteins (GAPS) accelerate the intrin-
cells at the promyelocytic stage in bone marrow and absence or Ieie GTP hydrolytic activity of the GTPases and thereby down-
levels of mature neutrophils in peripheral blogtPatients with regulate their activitie$®1” Other regulatory proteins, termed
SCN suffer from severe and recurrent bacterial infections. Tre&DP/GTP exchange factors (GEFs), alter the activity of the
ment of these patients with pharmacologic doses of granulocy@d Pases by controlling the rate of spontaneous GDP dissociation
colony-stimulating factor (G-CSF) leads to an increase in tifeom the GTPases; guanidine nucleotide-releasing factors (GRFs)
neutrophil counts to above 1000/pL associated with a reductioniicrease the dissociation rate and GDP-dissociation inhibitors
infection-related events in more than 95% of the patiéfts, (GDIs) decrease the dissociation rate.
suggesting a defect in the response to G-CSF. G-CSF preferentiallyRhoGDI (RhoGDI-1 or RhoGI) is expressed in all cell types
stimulates the proliferation and differentiation of neutrophil progenand can interact with several Ras-like GTP-binding proteins,
tor cell$ and the function of mature neutrophils. In 1992 and 199%cluding RhoA, RhoB, and Raé:2° RhoGDlI is also found in a
Elsner et al® demonstrated that neutrophils from patients witlzytosolic complex with Rac2 and NADPH oxidase and thus may
SCN are functionally defective (eg, chemotaxis, superoxide anioegulate superoxide anion formatigh.LyGDI (RhoGDI-2 or
generation, Ca" mobilization). Some of the functional featuresRhoGDI) is preferentially expressed in hematopoietic cé&lls.
seen in neutrophils from these patients were also detectedTihis indicates that LyGDI likely plays some significant role in the
neutrophils from healthy individuals or patients with cancer undgrrowth and differentiation processes of hematopoietic cells. This
treatment with G-CSF (for review, see Spiekermann®t al significance is underscored by increasing evidence for the involve-
The Ras-related small guanosine triphosphate (GTP)-bindingent of regulators of G-proteins in clinical diseases.
proteins (GTPases) are signaling molecules involved in a number Recently, Rac2 knock-out mice have been describéudthese
of cellular processes such as cell growth, cytoskeletal organizati@amimals an increase of myelopoiesis was observed. Neutrophils
and secretion (for review, see H8l RhoA is involved in the from Rac2 knock-out mice displayed defective functions, similar to
formation of actin stress fibers and focal contact siteshereas defects seen in neutrophils from patients with SCN (eg, reduced
Rac proteins are involved in the activation of nicotinamide adenirseiperoxide anion generation, decreased chemotaxis). Therefore,
dinucleotide phosphate (NADPH) oxidd%&* and play a role in we were interested in the expression and regulation of GTPases and
growth factor-induced membrane rufflidg. The GTPases are GDlIs in neutrophils from these patients.
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To identify differences in the expression of cytosolic proteingimol/L NaF, 4 pg/mL leupeptin, 4 pg/mL pepstatin, 10 ug/mL aprotinin, 4
(eg, G-proteins) in neutrophils from SCN patients as comparedmgnol/L Pefabloc SC, 250 U Benzonase, 2 mmol/L MgCind shaken for
healthy donors, we performed 2-dimensional gel electrophotesigl0 minutes at 4°C. The lysates were then centrifuged at 18,69015

Analyzing differentially expressed proteins in normal neutroph”gﬂnutes at 4°C to remove insoluble materials. Proteins were determined by
the Bradford metho@® A protein assay solution and bovine serum albumin

as compared to neutrophils from SCN patients, we Identlfl% SA) as a standard were used (Biorad,idben, Germany). For Western

LyGDI by amino acid sequencing. RhoGDI, which shows a high rIotting 50 pg protein was diluted in3sample buffer (X sample buffer:

expression in patients’ neutrophils, could be identified by Westegs 5 mmol/L Tris-base pH 6.8, 2% wiv sodium dodecyl sulfate [SDS], 5%
blot analysis with a specific antibody. To investigate the role of thgy 2-mercaptoethanol, 20% viv glycerol, traces of bromophenol blue), and
GTPases (RhoA, Rac2), which are regulated by GDIs (LyGDihe samples were boiled for 5 minutes before electrophoresis. For immuno-
RhoGDI) in human neutrophils, we performed immunoprecipitgrecipitations the cell lysates (500 ug protein) were precleared by rotating
tions and Western blot analyses. As a control we tested neutroplidis30 minutes at 4°C with 10 L of a 50% w/v slurry of protein A-agarose
from healthy individuals treated with G-CSF (10 pg/kg/d) for 4 day&eads (Biomol, Hamburg, Germany). After centrifugation to pellet the
protein A-agarose beads, lysates were incubated with antibodies (2 pg each)
against LyGDI, RhoGDI, Rac2, or RhoA, respectively, for 16 hours at 4°C
with rotation. Immunocomplexes were collected with protein A- or protein
G-agarose beads (UBI, Hamburg, Germany) at 4°C with rotation for 4
hours. Immunoprecipitates were washed 3 times in lysis buffer and then
eluted by boiling in 30 pL X sample buffer.
Neutrophils from 3 different patients who were clinically diagnosed as
having SCN or Kostmann syndrome were tested according to the followi
criteria: absolute neutrophil counts (ANC) below 200/uL in the peripher.
blood, maturation arrest at the promyelocyte level in the bone marro@ell lysates and immunoprecipitates were prepared as described above. The
absence of antineutrophil antibodies, and onset of severe bacterial infgmteins were separated by sodium dodecyl sulfate-polyacrylamide gel
tions during the first 12 months of life224All 3 patients being tested were electrophoresis (SDS-PAGE)using a 8% wi/v polyacrylamide gel, and
treated with r-metHuG-CSF (filgrastim; 1-10 ug/kg/@nd they revealed were transferred onto a nitrocellulose membrane (Biorad) with a semidry
no signs of bacterial infections at the time when the study was performegansfer unit (Forschungswerkstatt from the Medical School Hannover) in a
As controls neutrophils from 3 healthy individual treated for 4 days withuffer containing 50 mmol/L boric acid pH 9 and 20% v/v methanol. Then
G-CSF (10 pg/kg/d) and from 6 untreated healthy donors were tested.  the membranes were blocked with TBS-T (10 mmol/L Tris-base pH 7.5,
100 mmol/L NaCl, and 0.1% v/v Tween-20) containing 5% w/v nonfat dry
Antibodies and chemicals milk (TBS-TM) for 1 hour at room temperature, and incubated with primary
antibody (anti-RhoA, anti-Rac2, anti-LyGDI, or anti-RhoGDI were 1:1000
All chemicals were purchased from Sigma (Deisenhofen, Germany) @ifiuted in TBS-TM) for an additional 1 hour at room temperature. After
Merck (Darmstadt, Germany). The primary antibodies against LyGQhat, the membranes were washed with 4 changes of TBS-T for a total of 20
(sc-6047), RhoGDI (sc-360), RhoA (sc-418), and Rac2 (sc-96) Wefginutes, and incubated with HRP-conjugated goat-antimouse 1gG, HRP-
purchased from Santa Cruz (Heidelberg, Germany), and the Rac2 amib%}ﬁjuga’[ed swine-antirabbit 1gG (1:3000 diluted in TBS-TM), or HRP-
is not cross-reactive to Racl. Horseradish peroxidase (HRP)-conjuga&%jugated antigoat IgG (1:15,000 diluted in TBS-TM) for 1 hour at room
antiphosphotyrosine (anti-PY) antibody (RC20) was from Dianova (Hamemperature. Next the membranes were washed again with 6 changes of
burg, Germany). The HRP-conjugated secondary antibodies gog{zs.T for a total of 30 minutes and the immunoblot was developed by the
antimouse 1gG and swine-antirabbit IgG were from Dako (Hamburgnnanced chemiluminescence method following the manufacturer’s guide-

Material and methods

Samples

aWestern blot analysis

Germany), and the antigoat antibody was from Santa Cruz. line (ECL; Amersham, Braunschweig, Germany). For detection of protein
tyrosine phosphorylation the membrane was blocked in TBS-T containing
Isolation of neutrophils 1% w/v BSA (TBS-TB), and detection was performed with HRP-

conjugated anti-PY antibody (1:2500 diluted in TBS-TB), and ECL system.

meutrc:pgns v_ver;:/ls_eparated from hepa}:mlzlegl(lt()jobU/?L I-_|eparc|jr_1 NOVO; Eor reprobing, the membranes were stripped in 62.5 mmol/L Tris-base
ovo Industrie, Mainz, Germany) peripheral blood by dextrin se |ment% 6.7, 100 mmol/L 2-mercaptoethanol, 2% w/v SDS, for 30 minutes at

tion (Plasm_asteril; Fresenius, Ob_erursel, _Germ_any) and Ficoll-Paq_ue (P 0°C, followed by reblocking and reprobing with the appropriate antibodies.
macia, Freiburg, Germany) density centrifugation. The pellet was immedi-

ately resuspended in 5 mL ice-cold distilled water and subsequently in 2.5
mL of a 2.7% w/v solution of NaCl to lyse contaminating erythrocytesRNA isolation

Then the cells were washed twice in ice-cold phosphate-buffered sa“‘PgtaI RNAs were extracted from the cells with the single-step isolation

(PBS) pH 7.2 (137 mmol/L. NaCl, 3'7 mmol/L KCl, 10 r_nmoI/L biePO, method described by Chomczynsky and Sachsing TRIzol (Gibco
5.5 mmol/l KH,PQ,). More than 98% of the cells were viable as assayed b%RL Gaithersburg, MD). In brief, 1 to & 10 cells were lysed with 1 mL

trypan blue dye exclusion and _the p:_sr_centage of neutrophils was more tr(])zfml'Rlzol. After addition of 0.1 mL chloroform, the lysates was mixed
95% as assayed by hematoxylin staining.

thoroughly and incubated on ice for 5 minutes. Centrifugation of the lysate

) ) ) ) forms 2 phases. RNA remains exclusively in the upper aqueous phase and
In vivo stimulation of normal neutrophils was precipitated with an equal volume of isopropanol and washed once
Three healthy individuals were treated for 4 days with G-CSF (10 ug/kg/mth 70% v/v ethanol. The air-dried RNA pellet was dissolved in water

for peripheral stem cell separation. At day 5 neutrophils were isolated %§ated with diethylpyrocarbonate (DEPC), and concentration was deter-
described above. mined by measuring extinction at 260 nm.

Cell lysis and immunoprecipitation Semiquantitative reverse transcriptase-polymerase chain

. ) . reaction (RT-PCR) analysis
The neutrophils (2< 107 cells) from peripheral blood were pulse centri-

fuged and resuspended in 100 pL (for Western blotting) or 500 pL (f&®NA has been transcribed into complementary DNA (cDNA) with reverse
immunoprecipitation) lysis-buffer (50 mmol/L Tris-base pH 7.4, 15Qranscriptase (10 U Superscript Il reverse transcriptase/ug RNA; Gibco
mmol/L NaCl, 1 mmol/L EGTA, 1% v/v NP-40, 2 mmol/L N¥O4, 1  BRL) using random primers (0.5 pg/pug RNA) in 50 mmol/L Tris-HCI, 50
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mmol/L KCI, 10 mmol/L MgCh, 10 mmol/L DTT, 0.5 mmol/L spermidine,  kd ds

and 1 mmol/L dNTPs at 42°C for 45 minutes. 45 — N SCN N d5 SCN
Polymerase chain reaction was performed with specific primers for * -?

Rac2, RhoGDI oB-actin, respectively. Primers for Rac2Z{ACCGTGTTT- *

GACAACTATTCAG-3' and B-ACGGCCCGGATGGCCTCG-3 amplify
a 425 base pair (bp) fragment, primers for RhoGDICRATCCAGGA-
GATCCAGGAGC-3 and 3-GACTTGATGCTGTAGCTGCC-3) am- 29 —
plify a 435 bp fragment, and primers fpractin (5-TACATGGCTGGGGT-
GTTGAA-3' and 3-AAGAGAGGCATCCTCACCCT-3) amplify a (] - eme -
218 bp fragment.

The cDNA amplifications were carried out in 25 pL of 10 mmol/L
Tris-HCI, 50 mmol/L KCI, 1 mmol/L MgC}, 0.1 pmol/L primer, ad 1 U of
Taq DNA Polymerase (Gibco BRL). Each cycle of PCR consisted of Blot: anti RhoA Blot: anti Rac2
denaturation for 60 seconds at 94°C, annealing for 60 seconds at 60°CHiure 1. Expression of GTPases, RhoA and Rac2, in neutrophils from healthy
Rac2, 62°C for RhoGDI, and 64°C f@actin, respectively, and extension individuals and SCN patients. ~ Neutrophil lysates (50 g protein each) were
for 60 seconds at 72°C and was repeated 22 times (Rac2), 25 tin%ét%aratidRohn 18% SD?;QPA(;E, k;:-c;)ttzq ont_?;itrocellulcl)tse membranes, a?dt-detefcteg

. . . Y wi antl- OA Or anti-racZ antibodies. ese results were representative tor

(RhoGDI), or 2_0 “mes [{-actln),' rgspectlvely. PCR'-a'mpImed DNA frag- independent experiments with cells from 3 SCN patients, 3 G—CSlp:—treated individu-
ments were visualized by ethidium bromide staining after agarose &, and 6 untreated healthy individuals. N indicates normal neutrophils; SCN,

electrophoresis. patients’ neutrophils; and d5, in vivo-stimulated neutrophils from a healthy donor.

- ]

Hybridization with an internal oligonucleotide mass of 42 to 44 kd (Figure 1; right part, arrow with question

Gel-separated PCR products were blotted onto a positively charged nytmark). This protein shows the highest expression in normal
membrane (Boehringer Mannheim, Mannheim, Germany) by capillapeutrophils, too. In neutrophils from a healthy individual treated
transfer in 20< SSC (3 mol/L NaCl, 0.3 mol/L sodium citrate, pH 7.0).with G-CSF, the signal was weaker, and in SCN patients we found
Prehybridization (30-45 minutes) and hybridization (1-2 hours) occurred e \weakest signal. Our hypothesis is that this protein might

42°C in DIQ Easy-Hyb solution'(Boehringgr Mannheim). As a hybridizal’epresent a Rac2-LyGDI, Rac2-RhoGDI, or Rac2-Rac2 complex,
tion probe, internal oligonucleotides specific for RacC2ZCATCATCCTG- respectively.

GTGGGCACCAAG-3), RhoGDI (8-CATGAAGTACATCCAGCATACG-
3') or p-actin (S-ATCGAGCACGGCATCGTCAC-3), respectively, were - gy nression of GDIs, LyGDI and RhoGDI, in neutrophils from
labeled with Digoxigenin (DIG) using the DIG'3End labeling Kit R .
(Boehringer Mannheim). Washes were repeated twiceXnSSC for 5 healthy individuals and SCN patients
minutes at room temperature and in 8.5SC for 5 minutes at 42°C. The Next, we investigated the expression patterns of GDIs (LyGDI and
membrane was blocked (1% w/v blocking reagent in maleic acid buffer) fthoGDI), which were described to associate with Rac2 or RhoA or
30 minutes before incubation with anti-DIG antibodies coupled to alkalingoth. These GDIs negatively regulate GTPases by inhibiting the
phosphatase (30 minutes). After washing twice in maleic acid buffe§issociation of GDP and therefore the binding of GTP. LyGDI,
detection was performed by incubating with the chemiluminescent s hich is preferentially expressed in hematopoietic cells, was
strate CDP-Star (Tropix, Bedford, MA). Autoradiographic film (X- . . . ’
etectable at similar levels in neutrophils from healthy donors (N)
OMAT/AR by Kodak, Rochester, NY) was exposed to the blot for severg d . h h biaui |
seconds up to 30 minutes. and SCN patients (SCN),. whereas R _oGDI, a u iquitously e>$-
pressed GDI, showed a higher expression in patients’ neutrophils
(Figure 2). To test whether this increased expression of RhoGDl is
a result of G-CSF treatment, we tested neutrophils from a healthy

Resul oo .

esults individual treated with G-CSF for 4 days (10 pg/kg/d). At day 5
Expression of GTPases, RhoA and Rac2, in neutrophils from neutrophils were investigated (d5) and we could show that on
healthy individuals and SCN patients G-CSF treatment in a healthy individual the RhoGDI expression is

We examined the expression patterns of 2 GTPases (RhoA éjrpdregulated. These results were representative for 6 independent

Rac?2), which were reported to be involved in different neutrophil

functions, in neutrophils from healthy individuals and SCN pa- kd N d5 SCN N d5 SCN
tients in Western blot analysis with specific antibodies. RhoA is

expressed at a similar level in normal (N) and patients’ neutrophils

(SCN), whereas Rac2 shows a decreased expression in SC

patients (Figure 1). To test whether this decreased expression is29 — m< * -
result of G-CSF treatment, we tested neutrophils from healthy

individuals treated with G-CSF for 4 days (10 pg/kg/d). At day 5

(d5) neutrophils from these G-CSF-treated healthy individuals “‘

revealed RhoA expression similar to normal neutrophils without

G-CSF stimulation, and comparable to SCN patients. Rac2 expre:

sion, however, was decreased as compared to normal unstimulat Blot: anti LyGDl Blot: anti RhoGDI!
neutrophils, but similar t(? neutrophlls from SCN patle_ms' The%}? ure 2. Expression of GDIs, LyGDI and RhoGDl, in neutrophils from healthy
results were representative for 6 independent experiments Wiflviduals and SCN patients.  Neutrophil lysates (50 pg protein each) were

cells from 3 SCN patients, 3 G-CSF-treated individuals, and separated on a 8% SDS-PAGE, blotted onto nitrocellulose membranes, and detected
untreated healthy individuals. with anti-LyGDI or anti-RhoGDI antibodies. These results were representative for 6

. . . . . independent experiments with cells from 3 SCN patients, 3 G-CSF-treated individu-
Interestlngly, in Rac2 immunoblots in addition to the 21-k Is, and 6 untreated healthy individuals. N indicates normal neutrophils; SCN,

protein, we also detected a protein with an estimated moleculatients’ neutrophils; and d5, in vivo stimulated neutrophils from a healthy donor.
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experiments with cells from 3 SCN patients, 3 G-CSF treatelyrosine phosphorylation patterns of GDIs and GTPases in

individuals, and 6 untreated healthy individuals. neutrophils from healthy individuals and SCN patients
Immunoprecipitations were performed to test the tyrosine phosphor-

RNA expression of Rac2 and RhoGDI in neutrophils from ylation of GDIs and GTPases in neutrophils from normal individu-

healthy individuals and SCN patients als and patients. GDIs or GTPases were immunoprecipitated and

To test the expression of Rac2 and RhoGDI at the messenger Rmﬂ d(_ete_ctlon was performed with ant|-_PY antibodies. LyGDI_ was’
(mRNA) level, semiquantitative RT-PCR analyses were perform 8nstltutlyely tyrosine phosphorylated in normal (’.\I) and patients
(Figure 3). Rac2, which demonstrated a decreased protein explréesgtrophlls (SCN)’ Whergas RhoGDI was not (Flgyre SA). As a
sion in SCN patients and G-CSF-treated healthy individuals 38””0" in Figure 5B the immunoprecipitated proteins are shown

well, also showed decreased expression in SCN patients (SCN | the same results as shown in Figure 2 were obtained. These

the MRNA level. Under treatment with G-CSF a decreased Ral ez'sults were representative for 3 independent experiments with 3
y CN patients and 3 healthy individuals.

expression could also be observed in healthy individuals (d5). In RhoA or Rac? i initati ¢ . hosoh
Interestingly, RhoGDI, which demonstrated increased prote'n_n OA Or Racs iImmunoprecipitations no tyrosin€é pnosphory-

expression in SCN patients and G-CSF-treated healthy individu jon of the GTPases (p21) could be demonstrated (Figure 6A),

as well, showed decreased RhoGDI mRNA expression, too. The¥ ergas other co-immunopreci_pitated tyros_ine phosphqrylated
results were representative for 5 independent experiments teins could be detected. In Figure 6B the immunoprecipitated

cells from 2 SCN patients, 2 G-CSF-treated individuals, and oteins are shown and the same results as shown in Figure 1 were
untreated healthyindividuaI’s ' obtained. These results were representative for 3 independent
' experiments with cells from 3 SCN patients and 3 healthy

individuals.
Association of GTPases and GDls in neutrophils from healthy Taken together, our results demonstrate that the GTPase RhoA
individuals and SCN patients and the GDI LyGDI are expressed at similar levels in normal and

Interactions of GTPases with GDIs are a possibility in th@atients’ neutrophils, whereas Rac2 shows a decreased expression

regulation of GTPase activity. We investigated these associationgfid RhoGDI an increased expression at the protein level. The
co-immunoprecipitation experiments. As shown in Figure 2 waigher expression of RhoGDI and the decreased expression of
found that RhoGDI was overexpressed in patients’ neutrophils af@Cc2 may be a result of G-CSF treatment in SCN patients. At the
that overexpression was a result of G-CSF treatment. RhoA aftRNA level both Rac2 and RhoGDI expression are decreased in
LyGDI were expressed at similar levels, whereas Rac2 showe®&N patients and G-CSF treated healthy individuals. We suggest
decreased expression (Figure 1). In LyGDI and RhoGDI immun#lat G-CSF may act as a negative regulator for Rac2 mRNA and
precipitates Rac2 (Figure 4A) and RhoA (Figure 4B) could pRrotein expression. Treatment with G-CSF also leads to decreased
detected in normal neutrophils (N) but not in patients’ neutrophif@RNA expression of RhoGDI, and possibly to a diminished
(SCN). In patients’ neutrophils (SCN) only RhoA was detectable i#egradation or an increased stability of the RhoGDI protein.
LyGDI and RhoGDI immunoprecipitations (Figure 4B). As 2LyGDl is constitutively tyrosine phosphorylated in normal, unstimu-
control, in Figure 4C the immunoprecipitated proteins are shoWted, and patients’ neutrophils, but RhoGDI is not. In addition,
and reveal the same results as shown in Figure 2. These results vg&ociation of Rac2 and RhoGDI or LyGDI is abrogated or not
representative for 3 independent experiments with cells from dgtectable based on the low Rac2 expression in patients’ neutrophils.
SCN patients and 3 healthy individuals.

Discussion

Rac2 RhoGDI B-actin Severe congenital neutropenia is a disorder of myelopoiesis
characterized by severe neutropenia, secondary to a maturation
arrest at the promyelocyte/myelocyte stage in bone marrow and an

N d5 SCN N d5 SCN N d5 SCN ANC below 200/pL in the peripheral blood of the affected patients,

and the onset of severe bacterial infections during the first 12
PCR = - - months of lifel2 The etiology of SCN is still unknown. Although
G-CSF serum levels are elevated in SCN patiéhtigily subcuta-

neous administration of pharmacologic dosages of recombinant
| human G-CSF (filgrastim or lenograstim) in these patients leads to
Blot e - - - S -« a significant increase in circulating neutrophils up to 1000/uL,
associated with clinical benefit
) ) o ) In previous studies, the functions of G-CSF-induced neutrophils
Figure 3. Semiquantitative RT-PCR analysis of Rac2 and RhoGDI mRNA £ SCN tient . tigated. Th I I with
expression in neutrophils from healthy individuals and SCN patients. RNA was rom pa I(.EFI S \(\{ere Investigated. (?SE cells Were norma_ wi
isolated from neutrophils?” and RT-PCR was performed using specific primers for ~ respect to their ability to produce reactive oxygen intermediates
Rac2 or Rho_GDI, respectively. PCR products were sep_arated by agarose gel (ROI) after PMA (phorbol 12—myristate 13—acetate) stimulation.
glectrophore5|s and blott.ed onto ny]on memb.ranes. Spe_qflc products were hybrid- However, they demonstrated a decreased superoxide anion genera-
ized with DIG-labeled internal oligonucleotides specific for Rac2 or RhoGDlI, . L X
respectively, and detection was performed with anti-DIG antibodies and the chemilu-  tiON and chemotaxis in response to fMLP (n-formyl methionyl leucyl
minescent substrate CDP-Star. As a control B-actin expression was tested. These  phenylalanin), an impaired Ca mobilization after fMLP stimulation,
L‘;F;'iswezreeregrseser:::g‘t’:df‘?;j ',Zd‘:?:”gﬁzt ;‘Xpsgzzzzs ‘:g:ltge"ig?',‘; chm an increased adhesion to plastic surfaces, and an altered surface
I y - - indaviau y u y Inaividu . . 9 .
indicates normal neutrophils; SCN, patients’ neutrophils; and d5, in vivo stimulated marker express!on (eg’ CD§4' CD14, CDiB')Z' _Some functional
neutrophils from a healthy donor. features seen in neutrophils from SCN patients could also be
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A B : :
IP: anti LyGDI / anti RhoGDI IP: anti LyGDI / anti RhoGDI
N SCN N SCN kd N SCN N SCN
kd
66 —
66 —
- 45—
45 —
M “
29 3
29 = A = <
—-—
Blot: anti RhoA
Blot: anti Rac2
IP: anti LyGDI / anti RhoGDI
kd N SCN N SCN
66 —

- IgH
- e -

29— B - - -

Figure 4. Association of GTPases and GDIs in neutrophils from healthy

individuals and SCN patients.  GDIs were immunoprecipitated from neutrophil
cytosol (500 pg protein each), separated on a 8% SDS-PAGE, blotted onto nitrocellu-
lose membranes and detected with (A) anti-Rac2 antibody, (B) anti-RhoA antibody, or

. - (C) anti-LyGDI or anti-RhoGDI antibodies. These results were representative for 3
Blot: anti LyGDI / anti RhoGDI

independent experiments with cells from 3 SCN patients and 3 healthy individuals. N
indicates normal neutrophils, and SCN, patients’ neutrophils.

detected in healthy individuals and cancer patients under G-CBF many neutrophil function¥14 We were interested in the
treatment, for example, reduced chemotaxis, increased adhesexpression of these GTPases and their regulation in patients’
and altered surface marker expression (for review, see Spiek€rCSF-induced neutrophils. We found that the GTPase Rac2 is
mann et &)). In 1998, Leavey et & demonstrated that in healthy only weakly expressed and the GDP-dissociation inhibitor RhoGDI
individuals G-CSF administration imparts only modest effects da overexpressed in patients’ neutrophils at the protein level. These
neutrophil function and molecular events and results in a diverdéferences are most likely the result of G-CSF treatment, because
pattern of activities not always consistent with increased functiosimilar changes in the protein expressions could also be observed in
Given the diverse functional and molecular effects of neutrophilsgutrophils from healthy individuals treated with G-CSF. However,
the clinical benefit of G-CSF most likely lies in an increased cannot be excluded that these differences are due to the
absolute number of neutrophils with enhanced survival charactenisxderlying pathomechanism of SCN. The GTPase RhoA and the
tics (B Kasper, own observations in SCN neutrophils) providinGDP-dissociation inhibitor LyGDI are expressed at similar levels
improved host defense. in neutrophils from SCN patients and healthy individuals.

Two GTPases, Rac2 and RhoA, were described to be involved It has been postulated that GDIs may serve as a chaperon-like
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disruption of the actin cytoskeleton. These changes were described
to be associated with inactive Rho protein{s)The author®
66— 66— conclude, that overexpression of GDIs may inactivate the Rho
——— . IaF protein(s). In SCN patients, RhoGDI overexpression may be due to
decreased degradation or an increased stability under G-CSF
treatment. In addition Elsner efdbund increased amounts of total
actin and basal F-actin content. Elevated basal F-actin limits the

B
IP: anti LyGDI / anti RhoGDI IP: anti LyGDI [ anti RhoGDI
kd N SCN N SCN kd N SCN N SCN

45— 45—

»- SRS . £ 2= - - ae- magnitude of fMLP-induced change in F-actin content. The
author§ conclude that the abnormalities in microfilamentous
P Blot: anti LyGDI / anti RhoGDI cytoskeletal organization in response to fMLP could translate into a

! . ) ) ) decreased chemotaxis of neutrophils from SCN patients. Another
Figure 5. Tyrosine phosphorylation of GDIs in neutrophils from healthy . . X .
individuals and SCN patients.  GDIs were immunoprecipitated from neutrophil Mechanism, that leads to inactivation of GTPases was found by
cytosol (500 pg protein each), separated on a 8% SDS-PAGE, blotted onto  Zhang and Zherfd who described that Rho family GTPases (eg,
nitrocellulose membranes, and detected with (A) anti-PY antibody, or (B) anti-LyGDI Cdc42 or Rac2) form reversible homodimers in both the GTP- and
or anti-RhoGDI antibodies. These results were representative for 3 independent e . .
experiments with cells from 3 SCN patients and 3 healthy individuals. N indicates GDP-bound states. The h0m0phI|IC interaction of GTPases In the
normal neutrophils, and SCN, patients’ neutrophils. GTP-bound state (eg, Cdc42-GTP or Rac2-GTP) caused a signifi-

cant stimulation of the intrinsic GTPase activity and the aufitors

concluded that dimerization may play a role in the negative

molecul_e to transport Rho proteins through the cytosol to their Sl|Iggulation of specific Rho family GTPases. Interestingly, as shown
of function at a target membrafklt could be suggested that the;

G-CSF-stimulated d d . ¢ Rac2 o IH Figure 1, we have detected a protein with a molecular mass
) -stimulated decreased expression of Rac2 protein in patible with a Rac2 homodimer, when anti-Rac2 antibody was

cytoplasm may be due to the translocation of Rac2 to the plasr@ged for detection
membrane or membrane cytoskeleton or due to the overexpression, ;937 cells 'a myelomonacytic cell line, stimulation with

of th()Glljl' Ir.1 Intact neutrophllsl stlm.ulatlofn W'chfMLPhor PIMA PMA results in differentiation into monocyte-/macrophage-like
results also in part in a translocation 0 Rac2 to t_e Plasmids and phosphorylation of LyGDI, but not RhoGBIPurifica-
membrane (0.9% or 10% of total cytosolic Rac2 protein, respets of GTPase-GDI complexes from cytosol in these cells
i 14

tively).™ In contrast, el Benna et3#lfound a small percentage Ofdemonstrated that LyGDlI is not able to form stable complexes with

Rac2 was transferred to the membrane cytoskeleton on activatlgﬂoA Racl, or Rac2, respectively. Gorvel ébaoncluded that

of neu_trophlls, but not to the plasma me_mbre}ne. A'tog?th?“ ﬂll GDlI is associated with yet uncharacterized Rho proteins. A new
detection of decreased Rac2 levels in patients’ neutrophils is m

. Pase belonging to the Rho family has recently been identified:
Ilkely_ not only d_ut_a to memb_rane or cytos_keletqn bo_und RaG?TF (Translocation Three Fout§.TTF is expressed in a restricted
protein, because itis not very likely that on stimulation with G-CS anner in hematopoietic cells and represents a potential interacting
nearly 95% of the total Rac2 would have been translocated. T Srtner of LyGDI. Our experiments were performed with neutro-
differences in the Rac2 protein expression in patients’ neutroph fiils, and we could demonstrate associations between LyGDI and
were really Signiﬁca,”t as compared to normal ngutrophils. ac2 or RhoA in normal human neutrophils, respectively. In
Next, we mvestlgate_d the mRNA expression of Rac2 a tients’ neutrophils no LyGDI-Rac2 or RhoGDI-Rac2 associa-
RhoGDI. As shown in Figure 3, .bOth Rac2 mRNA and RhOGDl!ions could be demonstrated most likely due to the lack or low level
mMRNA expression decreased during G-CSF treatment, as well ag{hac? expression.
SCN patients. We suggest that G-CSF treatment negatively '®9U" 1 1999, Roberts et #presented their results obtained in Rac2
lates Rac2 mRNA and protein expression, whereas RhoGDI protgj

ST . ; &Mock-out mice. Interestingly, neutrophils from Rac2-deficient
demonstrated a diminished degradation or an increased stabi Yee displayed defective functions, similar to defects seen in
under G-CSF treatment. '

L 3 . neutrophils from SCN patients, expressing low levels or no Rac2
effers etaﬁ demonstrated thatovere.xpressmn of both GDIs ip stain and Rac2 mMRNA. We suggest that G-CSF treatment
human keratinocytes produces rounding up of the cells a ggatively regulates Rac2 mRNA expression and that the low level
of Rac2 protein might be responsible for at least some of the

B impaired functions in patients’ neutrophils. The clinical benefit of
IP: anti RhoA / anti Rac2 IPsantiRNaR | sntiRacZ G-CSF in these patients is probably not due to an enhancement of
L " SCN: -t _Ste - i R0 neutrophil functions, but lies most likely in an increased absolute
‘ . . - g " o num_bgr of neutrophils with enhanced survival cha_ractenstlcs
— - i prowd!ng improved ho_st defen§e. The pathor_nechamsm for the
- . - - - defective Rac2 expression remains to be investigated. One possible
o mechanism is that overexpression of the RhoGDI protein second-
29— r ’ 20— arily leads to a decreased expression of its binding partner Rac2. In
G - o'w - - addition to the effect on neutrophil function, Rac2 might also be
involved in the G-CSF receptor signaling pathway via mitogen-
Blot: anti-PY Blot: anti RhoA | anti Rac2 activated protein kinases. Indeed, recent reports document the

Figure 6. Tyrosine phosphorylation of GTPases in neutrophils from healthy functhnal role of Ra? protelns n dISI_InCt_ Slgnal_mg _p:_:lthwéﬂ/s,_
individuals and SCN patients. GTPases were immunoprecipitated from neutrophil eSpeC|a”y on p21-act|vated kinase activation, which is involved in
cytosol (500 ug protein each), separated on a 8% SDS-PAGE, blotted onto  several functions associated with cell cycle regulation, cell transfor-
nitrocellulose membranes, and detected with (A) anti-PY antibody, or (B) anti-RhoA or mation, and apoptosis. It could be postulated that decreased Rac2
anti-Rac2 antibodies. These results were representative for 3 independent experi- . . . . . .
expression is one of the pathomechanisms involved in defective

ments with cells from 3 SCN patients and 3 healthy individuals. N indicates normal . . !
neutrophils, and SCN, patients’ neutrophils. G-CSF receptor signaling in SCN.
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