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Abstrac t t 
Despitee widespread use of IVIG in immune disorders, the mechanism of action of intravenous 

immunoglobulinn (IVIG) preparations is not well known. We previously described that neutrophils de-
granulatee upon incubation with IVIG due to interaction of IgG dimers and/or polymers with FcyRlla. 
Activationn of neutrophils in vitro by various pro-inflammatory agents results in a delay apoptosis of 
neutrophils.. The aim of this study was to determine whether IVIG could affect the survival of neutro-
philss and to assess the role of Fey receptors in this process. 

Ass detected by analysis of Annexin-V binding, expression of CD16, and size/shape changes 
off neutrophils, apoptosis of neutrophils in whole blood cultures was delayed by IVIG, but not by albu-
min,, in a dose-dependent way. In contrast, IVIG did not induce delay of apoptosis of isolated neutro-
phils.. Monomeric IgG, dimeric IgG, as well as polymeric IgG in the IVIG preparation were able to delay 
apoptosiss of neutrophils in whole blood. Expression of CD16 and CD64 on neutrophils was also al-
teredd during incubation with IVIG: expression of CD16 was down regulated, while expression of CD64 
wass increased. As CD64 can be up regulated on neutrophils by interferon-y (INF-y) or G-CSF, we 
measuredd these cytokines in the whole blood cultures and found the former to be dose-dependently 
releasedd during incubation with IVIG. 

Wee conclude that IVIG delays the apoptosis of neutrophils in vitro, probably via inducing cyto-
kinee release by mononuclear cells and suggest that this effect may add to the immunomodulating 
effectss of IVIG in vivo. 

Introductio n n 
Cellss undergoing apoptosis rapidly shrink and lose their normal intercellular contacts and sub-

sequentlyy exhibit dense chromatin condensation, nuclear fragmentation, cytoplasmic blebbing, and 
cellularr fragmentation into small apoptotic bodies. These apoptotic bodies are quickly phagocytosed 
andd digested by macrophages in general without evoking inflammation.1 The apoptotic demise of in-

43 3 



flammatoryy neutrophils provides a recognition signal for phagocytes, which eliminates the inflamma-
toryy neutrophils before these cells become leaky and release their cytotoxic intracellular compounds 
thatt could damage the surrounding tissues.2 Among the leukocytes, mature neutrophils have the 
shortestt life span and die rapidly via apoptosis resulting in the demise of the entire population within 
722 hours. Apoptosis is associated with a loss of neutrophil functions, such as chemotaxis, phagocyto-
sis,, stimulated shape change, ability to degranulate, and generation of a respiratory burst. Therefore, 
itt has been proposed that apoptosis represents a mechanism that contributes to the resolution of 
acutee inflammation.3 

Apoptosiss of neutrophils can be inhibited in vitro by proinflammatory mediators such as granu-
locytee colony-stimulating factor (G-CSF), granulocyte-macrophage colony-stimulating factor (GM-
CSF),, IFN-y, TIMF-a, IL-1, IL-2 and LPS. The inhibition of neutrophil apoptosis through these media-
torss does not only increase the life span of cultured neutrophils, but also prolongs their functional lon-
gevityy assessed by a number of parameters including secretion of toxic products.4 Thus, certain 
agentss may up-regulate neutrophil function both by priming for enhanced functional responsiveness to 
agonistss and by delaying apoptosis, which prolong their functional life span.5 

Memberss of the Bcl-2 family regulate apoptosis in many cells, some of which are expressed in 
neutrophilss as well (Mcl-1, Bcl-x, Bad, Bax) The Bcl-2 family consists of members with either anti- or 
pro-apoptoticc function. Bax is a member of the Bcl-2 family that stimulates apoptosis. Bcl-2 antago-
nizess the pro-apoptotic activity of Bax by forming heterodimers with it.6 Because Bax, but not Bcl-2 is 
expressedd in neutrophils, it has been proposed that functional Bax homodimers contribute to the short 
lifee span of these cells.6 

Intravenouss immunoglobulin (IVIG) preparations were originally developed as replacement 
therapyy for the treatment of primary and secondary antibody deficiencies. In addition, controlled clini-
call trials suggest that IVIG also has beneficial effects in systemic inflammatory diseases.7 Several 
mechanismss of action of IVIG have been proposed including blockade of Fey receptors on phago-
cytes,, modulation of cytokine production, the inhibition of T and B cell effector functions and inhibition 
off complement-deposition.8,9 Previously, we found that IVIG binds to neutrophils via interaction of 
FcyRIII and FcyRIII. Binding of IVIG, in particular IgG dimers, which were present in the IVIG, resulted 
inn activation and degranulation of neutrophils. 

Recently,, it was shown that triggering of Fey receptors by immune complexes could delay 
apoptosiss of human neutrophils.10 In the present study we determined that IVIG also alters the life 
spann of neutrophils via triggering of Fey receptors. We show that IVIG does not influence neutrophil 
apoptosiss directly, but instead delays apoptosis indirectly via production of cytokines. 
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Materia ll  and Method s 

ImmunoglobulinImmunoglobulin preparations 
Humann y-globulin for intravenous use (IVIG) was obtained from our institute (Immunoglobulin 

I.V.,, 6%, w/v). This is a freeze-dried product prepared from pooled plasma from at least 1000 donors 
byy Cohn fractionation followed by pH 4/pepsin incubation. Fresh IVIG was immediately frozen after 
reconstitutionn and kept at C until further use. This preparation contained 2% (w/w) IgG dimers. An 
agedd IVIG preparation was prepared by storing the reconstituted preparation at C for several 
months.. This yielded an increase in IgG dimer content to about 12%. IVIG preparations used in the 
experimentss were analysed for actual monomer, dimer and polymer contents on a calibrated Su-
perosee 12 gelfiltration column connected to a FPLC system (Pharmacia, Uppsala, Sweden). A com-
puterr program (Ezchrom Chromatography Data System version 6.5) was applied to determine the 
peakk areas of the chromatograms. 

ReagentsReagents and antibodies 
Thee following monoclonal antibodies (mAb) against cell surface markers were used: CLB ir-

relevantt murine control mAbs of the lgG1 and lgG2a subclass, Leu-8, (CD62L, lgG1), CD15 (CLB-
gran/2,, B4, IgM), CD16 (5D2, lgG2a), CD66e (lgG1, CLB-gran/10, IH4Fc), PE-conjugated F(ab')2 

fragmentss of goat-anti-mouse Ab (DAKO) was used as a secondary mAb to detect non-conjugated 
mAb.. CD62L was obtained from DAKO (Glostrup, Denmark). All other mAbs were produced in our 
ownn laboratory (CLB, Amsterdam, The Netherlands). Anti-Bcl-2 (Bcl-2/100, lgG1), anti-Bax (6A7, 
lgG1),, polyclonal rabbit anti-human Mcl-1, and anti granulocytes colony-stimulating factor (G-CSF, 
BVD11-37g10,, rat lgG2a) mAb were purchased from Pharmingen (San Diego, CA, USA). Lipopoly-
saccaridee was obtained from Sigma (Sigma Fine Chem, St. Louis, MO) 

WholeWhole blood cultures 
Venouss blood was collected from healthy volunteers by venapuncture in vacutainer tubes con-

tainingg heparin at a final concentration of 15 U/ml (Becton Dickinson, Rytherford, NJ). Blood was di-
lutedd in endotoxin-free Iscove's modified Dulbecco's medium (IMDM; Biowithaker, Verviers, Belgium) 
supplementedd with 0.1% (v/v) endotoxin-free fetal calf serum (FCS; Biowithaker), 100 U/ml penicillin 
andd 100 ug/ml streptamycin, further referred to as culture medium. Whole blood was cultured in 96-
welll flat-bottom microtiter plates (Nunc, Roskilde, Denmark) at a final volume of 0.2 ml/well at a 1 to 
100 dilution incubated with different concentrations of IVIG or culture medium alone as a control in a 
humidifiedd atmosphere of 5% C02 for 20 hours at o harvest the supernatants, the plates were 
centrifugedd at 2000 rpm for 1 minute at room temperature, and the cell free supernatants were trans-
ferredd into microtiter plates and stored at C until further analysis. 
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IsolationIsolation of neutrophils 
Neutrophilss were isolated from peripheral blood anti-coagulated with heparin as described be-

fore.111 Briefly, mononuclear cells and platelets were removed by density gradient centrifugation over 
isotonicc Percoll with a specific gravity of 1.078 mg/ml, at room temperature. Erythrocytes were lysed 
byy incubating the pellet fraction with ice-cold isotonic NH4CI solution (155 mmol/L NH4CI, 10 mmol 
KHC03)) 0,1 mmol/L EDTA, pH 7.4). The remaining granulocytes were washed twice and resuspended 
inn culture medium. 

FlowFlow cytometric analysis 
Expressionn of surface markers and exposure of phosphatidyl serine was assessed with differ-

entt mAbs or Annexin V (Bender) diluted at appropriate concentration in incubation medium (10 mM 
HEPES,, 150 mM NaCI, 5 mM KCI, 1.5 mM CaCI2, 2 mM MgCI2, pH 7.4) supplemented with 0.02% 
(w/v)) NaN3 and 0.5% w/v bovine serum albumin (BSA). During the incubation procedure, the cells 
weree kept at . Incubation using non-conjugated mAbs was followed by PE-conjugated F(ab)2 goat-
anti-mousee Ab (DAKO). Subsequently, erythrocytes were lysed using FACS lysing solution according 
too the manufacture's instructions (Becton Dickinson). Leukocytes were resuspended in incubation 
mediumm and kept in the dark at C until analysis with a FACScan flow cytometer (Becton Dickinson). 

ELISAELISA for nucleosomes 
Nucleosomee levels in the supernatant were assessed with a sandwich-type ELISA as de-

scribedd by van Nieuwenhuijze et al (manuscript in preparation). Briefly, affinity-purified monoclonal 
mouse-antii human histon (CLB-ANA/60) was diluted in 0.1 M carbonate buffer, pH 9.6, at a final con-
centrationn of 2 ug/ml and incubated overnight at room temperature in ELISA plates (Maxisorb; Nunc, 
Roskilde,, Denmark). After washing with PBS-0.02% (w/v) Tween-20, supernatants of whole blood 
culturess were appropriately diluted in HPE buffer (high performance Elisa buffer, CLB, The Nether-
lands)) containing 5% (v/v) DNAse-treated normal mouse serum and 0.1 M sodium EDTA pH 8.4 and 
incubatedd for 1 hour at room temperature. Thereafter the plates were incubated with biotinylated 
monoclonall mAb CLB-ANA/58 in PBS. ANA-58 was detected with streptavidin poly-horse-radish per-
oxidasee (CLB). Finally, the plates were developed with tetramethyl-benzidine (TMB, Sigma Chemical 
Co.,, St Louis, MO). Serial dilutions of a culture supernatant of confluently grown Jurkat cells, cultured 
forr an additional week to obtain 100% dead cells, were used as a standard. The amounts of nu-
cleosomess were expressed as arbitrary U/ml. One unit is the amount of nucleosomes released by 
approximatelyy 100 Jurkat cells. 

ELISAELISA for IFN-yor G-CSF 

IFN-yy was assessed with a sandwich-type ELISA as described in detail elsewhere.12 
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G-CSFF was assessed with a sandwich-type ELISA using a matched monoclonal antibody pair 
againstt human G-CSF purchased from Pharmingen. The detection limit was 10 ng/ml. Serial dilutions 
off rmetHuG-CSF (Neupogen, Amgen, Inc. Thousand Oaks, CA) was used as a standard and samples 
weree expressed as ng/ml. 

ExpressionExpression  of  Bcl-2  family  members 

Bcl-22 and Bax expression was analysed by flowcytometry. Briefly, whole blood from healthy 
individualss was stimulated with various concentration of IVIG for 20 hours at . After incubation, 
erythrocytess were lysed and leukocytes were fixed using FACS lysis buffer (Becton and Dickinson) 
accordingg to the manufacturer's instructions. After pelleting and washing them, leukocytes were incu-
batedd for 10 minutes at room temperature with FACS permeabilization buffer (Becton and Dickinson). 
Thereafter,, cells were incubated with mAb mouse anti-human Bcl-2 (Pharmingen) or mouse anti-
humann Bax mAb (Pharmingen) for 60 minutes at 4 . After two washes, cells were incubated with 
PE-labelledd F(ab')2 fragments of goat-anti-mouse Ab for 30 minutes at . Expression of Mcl-1 was 
detectedd using rabbit polyclonal antibodies against human Mcl-1 (Pharmingen). After two washes, 
cellscells were incubated with FITC-labelled goat-anti-rabbit for 30 minutes at . Finally, cells were 
washedd twice, resuspended in buffer B and kept on ice until analysis by flow cytometry. 

RNAseRNAse  protection  assay  (RPA) 

Totall RNA was extracted from whole blood cultures, incubated for 30 minutes, to 20 h with 
medium,, aged IVIG (6 mg/ml) or fresh IVIG (6 mg/ml), using Trizol isolation reagent (Life Technolo-
gies,, Paisley, Scotland) and subjected to RNAse Protection analysis (RPA) using the RiboQuant Mul-
tiprobee RPA System from Pharmingen according to the manufacturer's instructions. Briefly, a ^P-
labelledd antisense RNA probe set specific for different human cytokines (human cytokine set, hCK-2) 
wass hybridized in excess to 10 ug of total RNA from each sample, after which free probe and other 
ssRNAA were digested with RNases. The remaining RNAse-protected probes annealed to homologous 
sequencess in the sample RNA, were purified by ethanol precipitation and resolved on denaturating 
PAGE.. Following separation by PAGE, protected ^P-labelled probe fragments were visualized by 
autoradiographyy (Kodak, Rochester, NY, USA): the presence of the target mRNA in the sample was 
revealedd by the appearance of an appropriately sized fragment of the probe. 

StatisticalStatistical  analysis 

Pairedd t-tests were performed to show significant differences. A p-value < 0.05 was consid-
eredd to indicate significant differences. 
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Result s s 

SpontaneousSpontaneous apoptosis of neutrophils is delayed by IVIG 
Too analyse the effect of IVIG on neutrophil apoptosis, whole blood was cultured with various 

concentrationss of IVIG for 20h at . The degree of neutrophil apoptosis was assessed by two in-
dependent,, flow-cytometry methods, e.g. a change in the FSC vs. SSC profiles and the externalization 
off phosphatidyl serine (PS), as detected by Annexin V-FITC). The apoptosis of neutrophils cultured for 
200 hours in the presence of 5 mg/ml IVIG is shown in Figure 8. Neutrophils in whole blood cultured for 
200 h at C without addition of IVIG spontaneously underwent apoptosis as shown by an increase in 
thee amount of cells positive for Annexin V binding. In addition, the typical features of apoptosis, such 
ass cell shrinkage, were observed, as indicated by decreased forward versus side angle light scatter. 
Titrationn of IVIG showed a dose dependent inhibition of neutrophil apoptosis (data not shown). The 
optimall concentration of IVIG was 5 mg/ml, with increasing concentrations of IVIG showing less effect 
onn apoptosis. A time course study showed that the delay of neutrophil apoptosis induced by IVIG 
startedd after 6 hours and was still present after 3 days of incubation (data not shown). IVIG delayed 
neutrophill apoptosis for 8 donors tested except for 2 in whom apoptosis already appeared to be de-
layedd (Figure 9). IVIG did not affect the spontaneous apoptosis in purified neutrophils (Figure 11), 
suggestingg that the effect on apoptosis induced by IVIG was indirect, i.e., mediated by PBMC, rather 
thann as a result from a direct effect on neutrophils. 

InIn vitro, cells may release nucleosomes from 10 hours after apoptosis induction. Hence, the 
degreee of apoptosis was also determined by measuring the amount of nucleosomes in the super-
natantt upon incubation with different stimuli. Incubation of whole blood for 20 hours, with culture me-
diumm alone showed release of nucleosomes in the supernatant, whereas incubation with IVIG resulted 
inn a dose-dependent decrease of nucleosome release into the supernatant (Figure 10). 
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Figur ee 8 IVIG delay s apoptosi s of neutrophil s in whol e bloo d culture s 

Wholee blood was cultured for 20h at C with or without addition of IVIG (5 mg/ml) to the medium. Data are plotted as forward 
lightt scatter (FSC), a measure for relative cell size, versus sideward scatter (SSC) of the leukocytes (A) and Annexin V binding 
(FLL 1) to the neutrophils (B) present in the whole blood cultures. 

4 i i 

5 22 3-
 o 

z ~~ 2 

ss
-- w 

oo  — 
 a> 

oo o -I 
J33
E E 

0 J J 

CO O 

33 7 

5 5 

B B 

IVIG G mediu m m IVIG G mediu m m 

Figur ee 9 IVIG delay s apop -
tosi ss  of neutrophil s in whol e 
bloo dd fro m mos t donor s 

Wholee blood from 8 donors 
wass incubated with or without 
IVIGG (5 mg/ml) for 20 hours, 
whereafterr apoptosis was 
assessedd as percentage (%) 
off total number of neutrophils 
analysedd with decreased cells 
sizee compared to that of fresh 
bloodd as determined by de-
creasedd forward scatter (A) 
andd the percentage (%) of 
totall cells positive for Annexin 
VV binding (B). 
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Figur ee 10 Nucleosom e releas e in whol e 
bloo dd is inhibite d by IVIG in a dos e 
dependen tt  way. 

Wholee blood was cultured for 20h at C 
inn the presence of different concentrations 
off aged IVIG. After 20h, nucleosome 
levelss were measured in the supernatant 
ass described in Material and Methods. 
Resultss represent mean and SEM of 10 
independentt experiments. Data values 
aree significantly different from control 
withoutt IVIG when indicated (* = p< 0.05, 
pairedd t-test) 
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Figur ee 11 IVIG does not delay apop -
tosi ss  in purifie d neutrophil s 

Purifiedd neutrophils were cultured for 20h 
att C with or without (medium) addition 
off IVIG (5 mg/ml) or LPS (100 pg/ml). 
Dataa are plotted as forward scatter versus 
sidewardd scatter (A) and Annexin V bind-
ingg (FL1)(B). 

Too identify the constitu-
entt in the IVIG preparation that 
mediatess the survival effect on 
neutrophils,, IVIG was fraction-
atedd by gel chromatography. 
Fractionss with highest content of 
eitherr IgG monomers (99%), IgG 
dimerss (40%) or IgG polymers 
(40%)) were pooled, and these 3 
differentt fractions were incubated 
withh whole blood and assessed 
forr their ability to modulate neu-
trophill apoptosis. The actual 
monomeric,, dimeric and poly-
mericc composition of the fractions 

^^ was verified by fast performance 
liquidd chromatography (FPLC). 

AnnexinAnnexin V binding No differences were observed 
betweenn monomeric or complexed IgG; all three fractions were equally potent in delaying apoptosis. 
Too definitely rule out pro-survival effect of endotoxin contamination due to fractionation, also com-
paredd two different IVIG preparations, i.e. aged IVIG and fresh IVIG, both kept under aseptic condi-
tions,, which only differed in the amount of IgG dimers. These preparations showed no major differ-
encess with regard to the inhibition of neutrophil apoptosis. 
Inn a next series of experiments, the effect of IVIG on neutrophil activation and survival was determined 
byy simultaneous analysis of Annexin V and CD16 (Figure 11 A). Whole blood cultured for 20 h at C 
withoutt addition of IVIG resulted in spontaneous apoptosis of neutrophils as shown by an increase in 
thee percentage of cells positive for Annexin V binding with coinciding decrease in CD16 surface ex-
pression.. Incubation with aged IVIG showed that approximately 10% of the cells analysed showed 
bindingg of Annexin V (Figure 11B) while simultaneously showing a decreased expression of CD16, 
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whereass the majority of the cells analysed showed decreased expression of CD16 without binding of 
Annexinn V. A similar effect on apoptosis was observed after incubation with fresh IVIG, although this 
wass less pronounced compared to aged IVIG. 

Too further investigate whether neutrophils were activated by IVIG, the expression of CD66e 
wass analysed. CD66e is constitutively expressed on neutrophils, and expression is up regulated upon 
activationn of neutrophils by fusion of granules with the plasma membrane. Incubation of IVIG indeed 
showedd a significant increased expression of CD66e (p<0.05, n=5), whereas culture medium alone 
didd not have an effect (Figure 13). In addition, neutrophils showed a significant increased expression 
off FcyRI (p<0.05, n=5) as compared to unstimulated cells (Figure 13). It is known that surface 
expressionn of FcyRI on neutrophils can be up regulated by IFN-y and G-CSF.13 

Too study cytokine expression in whole blood upon stimulation with IVIG, an RNAse protection 
Assayy (RPA) was performed. Whole blood was incubated with aged IVIG, fresh IVIG or culture me-
diumm alone and total RNA was isolated at different time points after addition of IVIG. Induction of IL-1p 
mRNAA was observed already after 30 minutes in whole blood cultures incubated with aged IVIG as 
welll as fresh IVIG, whereas culture edium alone did not induce mRNA of this cytokine. After 2 hours of 
incubation,, expression of IL-1RA mRNA was observed with aged IVIG as well as fresh IVIG, and in-
terestingly,, IFN-y mRNA was induced upon incubation with aged IVIG, which was not visible in sam-
pless taken after 4 hours of incubation. After 20 hours, expression of IL-12p40, IL-1a, IL-1RA, IL-6 and 
IFN-yy mRNA was observed after incubation with IVIG, whereas no mRNA of these cytokines was in-
ducedd by culture medium alone. Analysis of the supernatants of whole blood cultures using an ELISA 
indeedd showed a dose-dependent increase of IFN-y secretion upon incubation with aged IVIG (Figure 
14),, whereas G-CSF remained undetectable (< 10 ng/ml, data not shown). 

52 2 



culturee medium IVIGG 5 mg/ml 
44 6% 41.6% 

Q Q 
O O 

6 33 8 % 41 7<X» 

Annexinn V 

z^z^ * ** s£ * *** 

II i l l * , i  :LiI_ 

Figur ee 12 Analysi s of CD16 and 
Annexi nn V bindin g to neutrophil s 

S8%% in whol e bloo d incubate d wit h 
IVIG G 

Wholee blood was cultured for 20h at 
CC without or with aged IVIG. 

Afterr 20h, whole blood was triple-
stainedd for CD16 surface expres-
sion,, Annexin V binding and CD15 
too distinguish neutrophils from other 
cellss and analysed by flow cytome-
tryy as described in M&M. (A) Data 
aree expressed as Annexin V bind-
ingg (FL1) versus CD16 surface 
expressionn (FL2) on CD15-positive 
cells.. Results represent a represen-
tativee experiment. (B) Cells with 
decreasedd CD16 expression 
(CD16dull)) were gated and ana-
lysedd for Annexin V binding. Data 
aree expressed as % of total number 
off neutrophils analysed negative 
(Q1)) or positive (Q2) for Annexin V 
bindingg on CD16 dull cells (5B). 
Resultss represent mean  SEM of 3 
independentt experiments. 

Agedd IVIG Fresh IVIG m e d i u m Agedd IVIG Fresh IVIG 
medium m 
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mediumm aged IVIG fresh IVIG mediumm aged IVIG 

Figur ee 13 Expressio n of CD64 
andd CD66e on neutrophil s in 
whol ee bloo d culture s 

Wholee blood was cultured for 20h at 
CC with or without stimuli. After 

20h,, whole blood was stained for 
CD644 and CD66e surface expres-
sionn and analysed by flow cytometry 
ass described in M&M. A neutrophil 
gatee was made based on the for-
wardd and sideward scatter. Data are 
expressedd as Mean Fluorescence 
Intensityy (MR) of CD64 (A) and 
CD66ee (B) on neutrophils. Results 
representt mean  SEM of 5 inde-
pendentt experiments. Data values 
aree significantly different from con-
troll without IVIG when indicated (* = 
p<< 0.05, paired t-test (one tailed). 
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Figur ee 14 lnterferon- y is release d in 
whol ee bloo d incubate d wit h IVIG in 
aa dos e dependen t way. 

Wholee blood was cultured for 20h at 
CC with different concentrations of 

agedd IVIG. After 20h, interferon-g 
releasee was measured in the super-
natantt as described in M&M. Results 
representt mean M of 12 inde-
pendentt experiments. Data values 
aree significantly different from control 
withoutt IVIG when indicated (* = p< 
0.05,, ** = p< 0.01, paired t-test). 
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Expressionn of Bcl-2, Bax, and Mcl-1 by neutrophils in whole blood upon incu-
bationn with IVIG 

Thee expression of Bcl-2, Bax and Mcl-1, major determinants of apoptosis in a number of cells, 
wass examined in neutrophils and lymphocytes cultured in whole blood with or without IVIG by flow-
cytometryy using specific antibodies. Figure 15 shows that lymphocytes expressed Bcl-2 abundantly, 
whereass the expression of Bcl-2 in neutrophils expression was absent. Bax was strongly expressed in 
bothh lymphocytes and neutrophils. Incubation of whole blood with increasing concentrations of IVIG 
showedd a down-regulation of Bax in neutrophils, whereas the expression of Bax in lymphocytes re-
mainedd the same. Expression of Mcl-1 was also changed upon incubation of IVIG. Up-regulation of 
thiss anti-apoptotic protein was observed in a dose-dependent way. 

IVIG IVIG cultureculture  medium IVIG IVIG cultureculture  medium 

X3 3 

J J _J J Mcl-1Mcl-1  j 

Bax Bax 

Bcl-2 Bcl-2 

J J i i 
a--

Lii  L i 
JLJL  'LL 

PMN N Lymphocyte s s 

Fluorescenc e e 

Figur ee 15 Expressio n of Bcl-2 , Bax and Mcl-1 in neutrophil s and lymphocyte s incubate d in whol e bloo d wit h IVIG. 

Wholee blood was cultured for 20h at C supplemented with aged IVIG (5 mg/ml) and stained for intracellular expression of 
Bcl-2,, Bax and Mcl-1 in neutrophils (A) and lymphocytes (B) as described in M&M. A neutrophil gate and a lymphocyte gate 
weree based on forward and sideward scatter. Figure shows a representative experiment from 4 independent experiments with 
similarr results. 
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Discussio n n 
Despitee its widespread use in various immune disorders, the in vivo biological mechanisms of 

actionn of intravenous immunoglobulin (IVIG) preparations are not well known. In the present study we 
showw that incubation of whole blood with IVIG results in a delay of spontaneous apoptosis of neutro-
phils.. In contrast, incubation of IVIG with isolated neutrophils did not have such an effect on cell sur-
vival,, indicating that the effect of IVIG on neutrophil apoptosis is mediated indirectly, presumably via 
activationn of mononuclear cells. 

Apoptosiss of neutrophils was assessed using different parameters, i.e., by binding of Annexin 
V,, change in cell size and release of nucleosomes into the culture medium. All methods used indicate 
thatt apoptosis of neutrophils was delayed upon incubation of whole blood with IVIG. Previous work 
hass shown that surface level of CD16 correlates well to neutrophil apoptosis, however CD16 is also 
knownn to be shed from the cell surface after activation of the neutrophil in vitro, prior to shedding of 
CD166 due to apoptosis of neutrophils.14"16 We demonstrate that incubation of IVIG leads to decreased 
expressionn of CD16, whereas no binding of Annexin V could be observed, suggesting that neutrophils 
weree activated by incubation of IVIG. Furthermore, the loss of CD16 likely resulted from cell activation, 
sincee the surface expression of CD66e was increased upon incubation with IVIG. Furthermore, acti-
vatedd neutrophils show an increased expression of FcyRI compared to unstimulated cells and it is 
knownn that surface expression of FcyRI on neutrophils can be upregulated by interferon-y and G-CSF 
andd other stimuli.17"19 

Apoptosiss can be regulated by the Bcl-2 family of proteins, with certain members of this family 
actingg to protect from apoptosis (Bcl-2, Bcl-XI, and Mcl-1), whereas others act to promote apoptosis 
(Bax,, Bcl-Xs and Bad). Bcl-2 is not expressed in mature neutrophils, whereas mediators that delay 
apoptosiss can induce expression of Mcl-1.20 Bax is expressed at high levels and a reduced intracellu-
larr Bax level is associated with increased cell survival.6 In agreement with this study, we demonstrate 
decreasedd expression of intracellular levels of Bax with coinciding increase of Mcl-1 expression upon 
incubationn of whole blood with IVIG. No changes were found in the levels of these proteins in lympho-
cytes. . 

Inn the present study we demonstrate that IVIG did not affect the spontaneous apoptosis in pu-
rifiedd neutrophils, whereas IVIG did affect neutrophil apoptosis in whole blood cultures. These data 
suggestt that the effect on apoptosis induced by IVIG was indirect, i.e., mediated by PBMC, rather than 
ass a result from a direct effect on neutrophils. It is likely to assume that IVIG activates mononuclear 
cellscells and/or lymphocytes in whole blood cultures, resulting in the release of proinflammatory media-
tors. . 

Apoptosiss of neutrophils can be modulated in vitro by several proinflammatory mediators such 
ass granulocyte colony-stimulating factor (G-CSF), granulocyte-macrophage colony-stimulating factor 
(GM-CSF),, IFN-y, TNF-a,, IL-1, IL-2 and LPS.21 In addition, it has been postulated that IVIG influences 
thee cytokine network, both by binding of cytokine-specific antibodies present in IVIG preparations as 
welll as by modulating cytokine secretion by immune cells.22"25 Incubation of whole blood with IVIG 
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showedd a dose dependent increase of FcyRI expression on neutrophils. Measurement of IFN-y and G-
CSFF in culture medium suggest that release of IFN-y from mononuclear cells is responsible for the 
increasedd expression of FcyRI on neutrophils; a dose-dependent increase in IFN-y was detected upon 
incubationn of whole blood with IVIG, whereas G-CSF remained undetectable. None was detected in 
culturess of isolated neutrophils (data not shown). 

Itt is known that IVIG interacts with Fey receptors expressed on different immune cells, result-
ingg in blockade26 or triggering of Fey receptors, leading to release of inflammatory mediators. It is likely 
too assume that the effect of IVIG on neutrophil apoptosis is mediated by triggering of Fcy-receptors 
expressedd on mononuclear cells present in the whole blood cultures, rather than an effect of plasma, 
sincee secretion of inflammatory mediators was detected. Direct activation of NK cells via triggering of 
FcyRIIIAA could explain the induction of IFN-y mRNA at early time points.26,27 Alternatively, activation of 
monocytess could also account for induction of IFN-y mRNA, via release of IL-12 followed by synthesis 
andd release of IFN-y by the T-cells. However, we found that expression of IFN-y mRNA was observed 
att 2 hours of incubation, whereas IL-12p40 mRNA could not (yet) be detected. After 20 hours, both 
IFN-yy mRNA and IL-12p40 mRNA were detected in the cells analysed. These data suggest that IFN-y 
mRNAA expression is due to direct interaction of IVIG with NK cells, whereas IFN-y expression at later 
timee points results from the indirect activation of T cells (or NK cells), via IL-12 released from mono-
cytes. . 

Inn a previous study we showed that administration of aged IVIG to rats causes a marked in-
creasee in number of circulating neutrophils, which was mediated by macrophage activation. Release 
off proinflammatory cytokines, resulting in a delay of neutrophil apoptosis, might provide an explana-
tionn for these phenomena. This hypothesis is supported by a recent study which shows that patients 
withh severe inflammatory diseases, associated with neutrophilia, demonstrated a marked delay of ceil 
deathh ex vivo.6 This study showed that neutrophil expansion and the resolution of inflammation ap-
pearss to be regulated by the expression of the Bax gene in neutrophils, as a result of increased cyto-
kinee expression. Cytokines not only influence cells phenotypically, but also functionally like antibody-
dependentt cellular cytotoxicity (ADCC) and priming for respiratory burst. These cytokines play a com-
plexx role in the inflammatory process; they increase the lifetime of neutrophils and prepare newly gen-
eratedd cells for a strong functional response by increasing the expression FcyRI on neutrophils. 

Wee previously reported that IVIG can activate neutrophils in a direct way, via interaction with 
FcyRllaa expressed on neutrophils.28 IgG dimers and IgG polymers present in the IVIG preparations 
mediatedd this process. To study whether IgG dimers were also responsible for the effect on neutrophil 
survival,, we tested the effect of an experimental IVIG preparation enriched for IgG dimers (aged IVIG) 
comparedd to a preparation with a low amount of IgG dimers. Although the effect was more pro-
nouncedd after incubation with aged IVIG i.e., expression of FcyRI and IFN-y mRNA, no significant 
differencess were found between the two different preparations, indicating that IgG dimers were not 
foundd to play a major role in the delay of neutrophil apoptosis in vitro. It has been reported that im-
munee complexes can directly modulate neutrophil apoptosis, i.e., particulate immune complexes in-
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creasee neutrophil apoptosis, dependent on interaction with FcyRlla, whereas soluble immune com-
plexess delay neutrophil apoptosis.10 Although IVIG preparation always contain a certain amount of IgG 
dimers29,, which can activate neutrophils in vitro in a direct way, cross-linking of Fey receptors by IgG 
dimerss is not sufficient to alter the life span of neutrophils (whereas larger immune complexes possibly 
are).. Incubation of purified neutrophils with IVIG resulted in activation of these cells, however, the life-
spann could not be modified. 

Inn the present study we demonstrate that the life span of neutrophils in vitro can be altered by 
IVIG.. We show that spontaneous apoptosis of neutrophils is delayed upon incubation of IVIG, medi-
atedd by cytokines released from mononuclear cells. The indirect activation of other immune cells may 
bee expected in vivo as cytokine secretion by T cells and monocytes will, in turn, activate other immune 
cells.. Neutrophil apoptosis may be delayed in vivo via production of cytokines, which may partly ex-
plainn the immunomodulating effect of IVIG in patients receiving IVIG. 
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