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Abstrac t t 
Administrationn of intravenous immunoglobulins (IVIG) is the treatment of choice for patients 

withh primary antibody deficiencies. Although well tolerated by most patients IVIG may induce side 
effectss in some patients up to 24 hrs after infusion. Most of the commercially available IVIG prepara-
tionss are free of complement-activating activity, suggesting that other effector mechanisms are in-
volved. . 

Too determine whether release of inflammatory mediators can be held responsible for the de-
velopmentt of clinical side effects, we evaluated the release of neutrophil degranulation products, cyto-
kiness and complement activation products in plasma of 17 hypogammaglobulinemic patients with 
primaryy hypogammaglobulinemia upon IVIG treatment. 

Administrationn of IVIG resulted in an increased production of IL-6, IL-8, IL-10 and TNF-a in 
patientss with clinical side effects, whereas these cytokines remained undetectable in patients without 
sidee effects. Furthermore, we observed a decrease in circulating neutrophils as well as monocytes 
shortlyy after the start of the infusion, which was most pronounced in patients with side effects. In addi-
tion,, these patients showed elevated levels of elastase and lactoferrin during infusion of IVIG. Finally, 
changess of several of these parameters were more pronounced in patients with elevated baseline 
levelss of cytokines 

Inn conclusion, our results indicate that neutrophils and monocytes become activated by IVIG 
inn patients with hypogammaglobulinemia and that this effect correlates with the development of clinical 
sidee effects. Furthermore, chronic immune activation in these patients may enhance the release of 
variouss inflammatory parameters. 
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Introductio n n 
Thee clinical benefit of intravenous immune globulin (IVIG) therapy in patients with primary an-

tibodyy deficiencies has been clearly established. Although IVIG preparations administered at slow rate 
aree well tolerated by most patients, side effects do occur. The incidence of adverse reactions occur-
ringg during or after administration of IVIG ranges between 1-15% (usually < 5%).1'2 Most side effects 
startt within 30-60 minutes after the onset of the infusion, and are often mild and self-limiting. They 
includee low-grade fever, headache, myalgia, chills, low back pain, nausea and vomiting. Changes in 
bloodd pressure and tachycardia, shortness of breath and chest tightness occasionally occur.3 Most 
adversee reactions can be managed simply by reducing the infusion rate. These reactions are as-
sumedd to be caused by aggregated immunoglobulin molecules, which activate complement, although 
thee presence of vasoactive proteases such as prekallikrein activators (PKA) or kallikrein in the IVIG 
preparationss have also been suggested as a cause.4 Although manufacturers have therefore adapted 
productionn processes to deplete IVIG preparations from complement-activating activity and from PKA, 
thesee preparations may still induce clinical side effects, suggesting that additional effector mecha-
nismss are involved. 

Adversee reactions to IVIG may result from the release of cytokines and other inflammatory 
mediators.. Aukrust et al have reported increases of plasma concentrations of IL-6, IL-8, TNF-a and 
solublee TNF-receptors in patients with primary immune deficiency after infusion of an IVIG prepara-
tion.6,77 Adverse reactions of IVIG are not only occurring in patients but also in healthy persons.3 In the 
studyy of Bagdasarian et al, subjects developing side effects displayed activation of neutrophils, as was 
suggestedd from decreased numbers of these leukocytes upon administration of IVIG. 

Inn a previous study, we demonstrated that neutrophils in whole blood become activated and 
degranulatee after in vitro incubation with clinically relevant concentrations of IVIG. The neutrophils 
releasee elastase and lactoferrin, express more CD11b and less L-selectin.8 This activating effect of 
IVIGG was mediated by IgG dimers, which bind to FcyRlla. In rats, we subsequently demonstrated that 
infusionn of IVIG also activates neutrophils in vivo, albeit indirectly through triggering of macrophages.9 

Thee present study describes the effect of IVIG infusion in human patients with primary hypo-
gammaglobulinemiaa on neutrophils, cytokines, and complement. These findings were related to the 
developmentt of clinical side effects. 

Materia ll  and Method s 

StudyStudy population 
Thee study population consisting of 17 primary hypogammaglobulinemia patients is summa-

rizedd in Table VII. At the day of the study, all patients received a single dose of 0.4 g/kg IVIG adminis-
teredd as a slow intravenous infusion (median total time 2h, range 1-5h). Some patients had experi-
encedd side effects to previous IVIG infusions, like headache, fatigue and nausea. Based on the devel-
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opmentt of side effects during previous infusions, the patients were divided into a susceptible group 
(n=5)) or non-susceptible group (n=12) and will be referred to as 'patients with side effects' and 'pa-
tientss without side effects', respectively. The patients were clinically monitored until 1 h after the infu-
sion. . 

BloodBlood sampling 
Totall leukocyte counts and differential counts were determined with an automatic coulter 

counter.. Venous blood samples (collected in EDTA, 10 mM; benzamidine, 10 mM; and SBTI, 100 
ug/ml,, final concentrations, respectively, to prevent in vitro activation) were obtained immediately be-
foree the start of the infusion of IVIG, 30 minutes, 1 and 2 hours after the start of the infusion and at the 
endd of the infusion. For determination of soluble neutrophil markers and other inflammatory mediators, 
plasmaa prepared from the blood samples by centrifugation was immediately frozen in aliquots using 
liquidd nitrogen (N2 (I)) and stored at -80  C until tests were performed. 

ImmunophenotypicalImmunophenotypical analysis 
Forr flowcytometry, whole blood samples were analysed immediately after collection. Expres-

sionn of surface markers was assessed with different monoclonal antibodies (mAb) diluted at appropri-
atee concentrations in incubation medium (10 mM HEPES, 150 mM NaCI, 5 mM KCI, 1.5 mM CaCI2, 2 
mMM MgCI2, pH 7.4, supplemented with 0.5% (w/v) BSA and 0.015% (w/v) NaN3). Cells from 20 ul of 
wholee blood were washed twice in ice-cold incubation medium. Either direct or indirect immunofluo-
rescencee was performed according to standard techniques, using a panel of murine mAbs. Binding of 
thee mAb in the indirect immunofluorescence technique was visualized with Phycoerythrine (PE)-
labelledd F(ab')2 fragments of goat anti-mouse Ig (Becton Dickinson, San Jose, CA). The following an-
tibodiess were used: CLB irrelevant murine control mAbs of the lgG1 and lgG2a subclass, C1A2 (HLA-
DR),DR), B2.12 (CD11b), CLB-LFA-1/1 (CD18), CLB mon/1 (CD14), CLB FcR-gran/1 (CD16), AT10 
(CD32),, 10.1 (CD64), Leu-8 (L-selectin), BRIC 110 (CD55), CLB-IL2R (CD25), CLB-HEC (CD31), 
CLB-gran/100 (CD66e). The AT10 mAb was a kind gift of Dr. JGJ van de Winkel (University Medical 
Center,, Utrecht, The Netherlands). Leu-8 was obtained from Becton Dickinson. All other mAb were 
producedd in our own laboratory. After incubation of the cells with different surface markers, erythro-
cytess were lysed and leukocytes were fixed after 30 minutes using FACS lysing solution according to 
thee manufacturer's instructions (Becton Dickinson). The cells were resuspended in incubation medium 
andd kept in the dark at C until analysis. Samples were analysed with a FACScan flow cytometer 
(Bectonn Dickinson). Apart from characteristic forward scatter and sideward scatter patterns, neutro-
philss were identified on the basis of CD15 expression, using a FITC-labelled mAb against CD15 
(CLB).. Whole blood of healthy volunteers (n=9) was used to determine the normal expression values 
forr the different CD markers on neutrophils. 
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ELISAELISA systems 

Complementt activation products C4b/c and C3b/c. Activation of C4 was assessed with an 
ELISAA as described previously.1 In brief, mAb anti-C4-1, which recognizes a neo-epitope on C4b/c, 
wass used as a catching Ab and biotinylated polyclonal rabbit anti-human C4 Abs were used as detect-
ingg Abs. This ELISA does not discriminate between C4b, C4bi or C4c, and hence the products recog-
nizedd are referred to as C4b/c. A titration curve of normal serum incubated for 1 week at 379C in the 
presencee of NaN3 (normal serum aged, NSA), was tested in each plate as an in-house standard with 
aa known amount of C4b/c. Activation of C3 was assessed with a similar ELISA10,11, using mAb anti-
C3-99 recognizing a neo-epitope on C3b/c as a catching Ab, and biotinylated polyclonal rabbit anti-
humann C3c Abs as detecting Abs. Levels of activated C4 or C3 were expressed as nmol/ L. 

ElastaseElastase and lactoferrin. 

Elastasee concentrations were assessed as described previously8 with some modifications. In 
brief,, polyclonal rabbit anti-human elastase was used as a catching Ab and biotinylated mAb against 
1-anti-trypsinn (1-AT, AT15, CLB) was used as detecting Ab. Serial dilutions of human plasma supple-
mentedd with a known amount of purified elastase, were used as a standard. The amount of elastase in 
sampless was expressed as ng/ml. The lower limit of detection was 1 ng/ml. Levels of lactoferrin were 
assessedd by a sandwich-type ELISA as described before.8 The lower limit of detection was 22 ng/ml. 
Lactoferrin,, as well as the anti-lactoferrin antibodies were kindly provided by Dr J.H. Nuijens (Pharm-
ingg BV, Leiden, The Netherlands). 

TNF-a,TNF-a, IL-8, IL-6and IL-10. 

Tumorr necrosis factor- (TNF-a), interleukin-8 (IL-8), IL-6 and IL-10 were measured by 
commerciallyy available ELISA's (CLB) The lower limit of detection of TNF-a, IL-8, IL-6, and IL-10 was 
55 pg/ml, 10 pg/ml, 5 pg/ml, and 20 pg/ml, respectively. 

IFN-y. IFN-y. 

IFN-yy was measured with ELISA as described previously.12 The concentration of IFN-y was 
determinedd with reference to serially diluted recombinant human IFN-y (Genentech, San Fransisco, 
CA).. The lower limit of detection was 20 pg/ml. 

IL-12p40. IL-12p40. 

IL-122 p40 was measured with an enzyme-linked immunosorbent assay (ELISA) as de-
scribed.133 Briefly, mAb C11.79 and biotinylated mAb C8.6, both directed against IL-12 p40 subunit 
(12)) were used as coating and detecting antibodies, respectively. Streptavidin-polymerized horserad-
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ishh peroxidase (poly-HRP; CLB, Amsterdam, the Netherlands) was used to quantify bound antigen. 
Recombinantt human p40 was used as a standard. This ELISA recognizes the recombinant forms of 
p400 and p70 equally well. The lower detection limit was 8 pg/ml. 

SCD16SCD16 (sFcRlllb). 

SFCTRIIII was measured by ELISA, as described before.14 In short, plates were coated with 
FcYRIIIbb mAb 5D2. Detection of sFcyRlllb in the samples was performed with a biotin-labelled poly-
clonall rabbit-anti-human-FcyRIII antibody and streptavidin poly-HRP. The concentration of sFcyRlllb in 
eachh sample was calculated from a standard curve obtained by serial dilution of human plasma con-
tainingg 5 nMsFcyRIII. 

IgGIgG levels. 
IgGG levels in plasma were determined with a nephelometer using antiserum from the Dept of 

Immunee Reagents of the CLB. 

StatisticalStatistical analysis. 
Thee term "mean change" is used herein to refer to the change in concentration or expression 

relativee to baseline level. Differences between plasma concentrations before and after IVIG infusion 
weree analysed with paired Student t-tests. Coefficients of correlation (r) were calculated by the 
Spearmann Rank Test (1-tailed) or linear regression. The calculations were performed using the SPSS 
program.. Data are given as mean and standard deviation. P values were considered significant when 
p<0.05. . 

Result s s 
Too determine whether the differences in cytokine and neutrophil degranulation products were 

relatedd to clinical side effects, we compared the plasma levels of these inflammatory mediators in the 
patientss who developed clinical side effects to previous IVIG infusions with those in the patients who 
didd not. It should be noted that during the IVIG infusion described in the present study, none of the 
patientss suffered from serious clinical side effects, except for one who developed fever and chills. 
Somee patients who developed side effects to previous IVIG infusions, complained of headache and 
nauseaa during and after the present infusion of IVIG (Table VII). 
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Tablee VII Descriptio n of the patient-grou p 

PatientPatient Sex Age Indication Side effects 

1 1 

2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 9 
10 0 
11 1 
12 2 
13 3 
14 4 
15 5 
16 6 
17 7 

F F 

F F 
M M 
M M 
F F 
M M 
M M 
F F 
M M 
M M 
M M 
F F 
M M 
M M 
M M 
M M 
F F 

41 1 

66 6 
67 7 
21 1 
37 7 
20 0 
28 8 
41 1 
16 6 
14 4 
67 7 
24 4 
37 7 
35 5 
39 9 
3 3 
64 4 

CVID D 

CVID D 

Thymomaa ass. hypogammaglobulinemia 
CVID D 

Dysgammaglobulinemia a 
Dysgammaglobulinemia a 

CVID D 
Dysgammaglobulinemia a 

XLA A 
XLA A 

CVID D 
CVID D 
CVID D 
CVID D 
CVID D 
CVID D 
CVID D 

History: : 

yes s 

no o 
no o 
no o 
yes s 
no o 
no o 
yes s 
no o 
no o 
no o 
no o 
yes s 
no o 
no o 
no o 
yes s 

Present: : 

headache, , 
nausea a 

no o 
no o 
no o 
myalgia a 
no o 
no o 
headache e 
no o 
no o 
no o 
no o 
no o 
no o 
no o 
no o 
feverr chills 

Commonn variable immunodeficiency (CVID), X-linked agammaglobulinemia (XLA) 

PeripheralPeripheral leukocyte counts. 

AA marked decrease in leukocyte counts was observed 30 minutes after the start of the infu-
sionn of IVIG in the patients (Figure 31). The initial decrease in the number of circulating neutrophils 
wass followed by an increase, i.e. -9.7%4.9%; p=0.07 and 9.8%13.2%; p=0.47, respectively. The num-
berr of peripheral monocytes and lymphocytes also decreased during IVIG treatment. A significant 
decreasee in circulating monocytes was observed 30 minutes after the start of the infusion (-32.4% 
8.3%;; p=0.002), which returned to subnormal values later on in the observation period (-10.4. 16.4; 
p=0.55). . 

Thee changes in leukocyte counts were more pronounced in patients susceptible for side ef-
fectss (Figure 31). Such an explicit biphasic change in neutrophil counts was not observed in patients 
withoutt side effects. Furthermore, patients susceptible for side effects showed a decreased number of 
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peripherall monocytes during the whole observation period, whereas in patients without side effects 
thee initial decrease in number of monocytes tended to normalize later on in the observation period. 

PMN N mono o Figur ee 31 Periphera l leukocyt e count s 
upo nn infusio n of IVIG in patient s wit h or 
withou tt  clinica l sid e effect s 

Leukocytee counts were determined 30 
minutess after the start of the IVIG infusion 
(300 min) and at the end of the treatment 
(end).. Leukocytes were differentiated using 
ann automatic Coulter counter. Mean 
changess compared to baseline levels of 
neutrophilss (PMN) and monocytes (mono) 
off patients with side effects (closed bars, 
n=5)) and patients without side effects (open 
bars,, n=9) are shown. Data are expressed 
ass mean changes of baseline values
standardd error of the mean (SEM). A p 
valuee < 0.05 was considered statistically 
significantt using the Student t-test. 

II I no side effects II side effects 

ImmunophenotypicalImmunophenotypical analysis and cellular activation parameters in plasma 

Too analyse whether circulating neutrophils displayed an activated phenotype after infusion of 
IVIG,, we determined the expression of several activation markers on the surface of these cells in pa-
tientss treated with IVIG. The changes in the expression of function-related antigens are summarized in 
Tablee VIII. 

Cell-purificationn protocols for neutrophils may induce phenotypical changes in these cells and 
requiree substantial amounts of blood. Therefore, we performed phenotypical analysis on whole blood 
samples.. Surface markers that are decreased due to shedding upon activation of neutrophils, included 
CD62LL (L-selectin) and CD16.13'14 

AA significant decrease in the expression of these 2 markers was found in the patients upon in-
fusionn of IVIG. The shedding was also analysed by determination of plasma levels of sCD16. Shed-
dingg of CD16 from the plasma membrane correlated significantly with sCD16 in plasma (r= -0.583, 
p=0.023,, Spearman). Neutrophil degranulation from specific granules was analysed by measurement 
off plasma membrane expression of CD11b and CD66e. Both showed a relative decrease in mem-
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branee expression (Table VIII). No differences were found in the expression of HLA-DR, CD55, CD25 
andd CD31 expression. 

Tablee VIII Immunophenotypica l analysi s of activatio n marker s expresse d on circulatin g neutro -
phil ss  upo n infusio n of IVIG 

CD16 6 

CD64 4 

CD11b b 

CD18 8 

CD62L L 

CD31 1 

CD32 2 

HLA-DR R 

CD55 5 

CD66e e 

CD25 5 

surfacee IgG 

Isotytpe e 

matched d 

control l 

Baseline e 

1393 3 

195 5 

199 9 

181 1 

3105 5 

222 2 

682 2 

12 2 

10 0 

59 9 

35 5 

103 3 

23 3 

Mean n 

change e 

-351 1 

-76 6 

-46 6 

-21 1 

-319 9 

-57 7 

-71 1 

0 0 

-11 1 

-11 1 

4 4 

-43 3 

-2 2 

SEM M 

155 5 

33 3 

12 2 

10 0 

152 2 

27 7 

151 1 

1 1 

9 9 

2 2 

3 3 

10 0 

2 2 

pp (2-tailed) 

0.04 4 

0.04 4 

0.001 1 

0.05 5 

0.05 5 

0.06 6 

0.65 5 

0.59 9 

0.23 3 

0.00002 2 

0.19 9 

0.001 1 

0.28 8 

n n 

17 7 

14 4 

17 7 

16 6 

17 7 

13 3 

15 5 

16 6 

16 6 

17 7 

16 6 

12 2 

17 7 

nn (%) of 

patientss with 

decrease e 

12{71) ) 

7(50) ) 

13(76) ) 

13(81) ) 

133 (76) 

8(62) ) 

8(53) ) 

0(0) ) 

9(56) ) 

166 (94) 

5(31) ) 

12(100) ) 

0(0) ) 

Meann change in Mean Fluorescence Intensity (MFI) SEM of baseline values as determined by flowcy-
tometry.. Change in membrane expression of different CD markers was analysed on whole blood sam-
pless before and after IVIG treatment. The mean change in expression during and after IVIG infusion 
wass compared with baseline levels (mean change). P-values represent results from comparison be-
tweenn the MFI's before the start of the IVIG infusion and after the end of the infusion with the two-tailed 
Student'ss t-test. A p<0.05 was considered statistically significant 

DegranulationDegranulation of neutrophils 

Wee measured the plasma levels of inflammatory mediators in these IVIG-treated patients to 
determinee neutrophil and/or mononuclear cell activation and subsequent cytokine release (Figure 32 
Releasee of neutrophil degranulation products after infusion of IVIG). Plasma markers to determine 
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neutrophill activation, more specifically degranulation, used in this study, were lactoferrin for the spe-
cificc granules and elastase (bound to its natural inhibitor in plasma, 1-antitrypsin) for the azurophil 
granules.. Plasma concentrations of both proteins only slightly increased during IVIG treatment (Figure 
32A;; n.s.). Although, plasma concentrations of elastase increased during IVIG treatment in both pa-
tientt groups, those of lactoferrin tended to be higher in patients with clinical side effects (Figure 32B). 
Interestingly,, baseline levels of elastase and lactoferrin tended to be increased in patients with side 
effects,, compared to normal values (data not shown). 

Figur ee 32 Release of neutrophi l degranu -
latio nn products  after infusio n of IVIG 

Plasmaa levels of degranulation products 
uponn infusion of IVIG in primary immunode-
ficiencyy patients (n=17 closed bars) as a 
cohortt (A), and (B) in patients with side 
effectss (hatched bars, n=5) and patients 
withoutt side effects (open bars, n=12) as 
determinedd by ELISA as described in mate-
riall and methods. Changes in elastase and 
lactoferrinn are expressed as mean changes 
inn plasma (ng/ml) compared to baseline 
levelss  SEM. 

sidee effects 

Cytokines Cytokines 

Thee systemic release of cytokines (TNF-a, IL-6, IL-8, IL-12p40, IL-10 and IFN-y) in response to IVIG 
showedd an increase in plasma concentration of TNF-a, IL-8, IL-10, IFN-y during IVIG treatment, al-
thoughh not statistically significant due to the variation noted in the patients as a cohort (Figure 33A). 
Ann increase in plasma concentrations of different cytokines was noted in patients with side effects, i.e. 
IL-10,, IL-8 and TNF-a significantly increased compared to baseline levels (Figure 33B). Plasma con-
centrationss of these cytokines remained unchanged in patients without side effects. 

„„  60 

"3) ) 

40 0 
Ol l 

20 0 I I 
150 0 

100 0 

50 0 

0 0 
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noo side effects §ss 
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Figur ee 33 Release of cytokine s after infusio n of IVIG 

Plasmaa levels of cytokines upon infusion of IVIG in primary immunodeficiency patients (n=17 closed bars) as a cohort (A) and 
(B)) in patients with side effects (hatched bars, n=5) and patients without side effects (open bars, n=12) as determined by ELISA 
ass described in material and methods. Changes in cytokines are expressed as mean changes in plasma (pg/ml) compared to 
baselinee levels  SEM. A p<0.05 was considered statistically significant; * indicates p<0.05 and ** indicates p<0.01 using Stu-
dent'ss t-test. 

KineticsKinetics of cytokine release 

Baselinee levels of all cytokines, except for circulating IL-12p40, were similar to normal values 
off these cytokines (Figure 33). Peak values for TNF-oc and IL-10 were observed at 1 hour after the 
startt of the infusion and remained high during the infusion of IVIG, whereas IL-8 reached peak values 
att 2 hour post-infusion and then declined during the further infusion of IVIG (Figure 34). Only one pa-
tientt had a rise in circulating IL-6, reaching a peak value after 2 hours. 
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Figuree 34 Kinetics of cytokine releas e upo n infusio n of IVIG 

Plasmaa levels of IL-10, IL-12p40, IFN-y, IL-6, IL-8 and TNF-a upon infusion of IVIG in primary immunodeficiency patients with-
outt side effects . n=12) and patients with side effects (open square, n=5) as determined by ELISA as described in material 
andd methods. Data are expressed as absolute levels in plasma (pg/ml)  standard deviation (SD). Normal values are depicted 
ass a dashed line. * indicates a p value < 0.05 using the Student t-test. 

ReleaseRelease of inflammatory mediators in plasma upon infusion of IVIG. 

Thee individual relation between the various cytokines and neutrophil activation (i.e., degranu-
lationn products) upon infusion of IVIG was determined (Table IX). The changes in TNF-a correlated 
significantlyy with changes in IL-6, IL-8, IL-10, and elastase (Spearman rank correlation). Furthermore, 
changess in IL-8 correlated significantly with changes in IFN-y, IL-6 and elastase, suggesting that ad-
ministrationn of IVIG results in release of different cytokines as well as increased levels of elastase, 
albeitt in only a part of the patients. The increased levels of cytokines and neutrophil degranulation 
markerss also correlated with the changes in circulating leukocyte numbers (data not shown). We did 
howeverr not find a correlation between the decrease in circulating neutrophils (at t = 30 min) and the 
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releasee of eiastase or lactoferrin. In contrast, the change in circulating monocytes at t =30 min nega-
tivelyy correlated with IL-8, TNF-oc and eiastase and lactoferrin. Furthermore, the increase of circulating 
neutrophilss 1 hour after the end of the infusion (PMN end) were positively correlated with IL-10 and IL-
12p400 responses. 

Tablee IX Relatio n betwee n cytokin e releas e and neutrophi l degranulatio n after infusio n of IVIG 

DataData represent correlation coefficients ( R ) of the mean change of baseline levels of different cytokines and neutrophil degranu-
lationn products. Statistical analysis was performed using the Spearman rank test and p<0.05 was considered statistically signifi-
cant. . 

IL-100 IL-12p40 IFN-y eiastase IL-6 IL-8 8 TNF-a a 

Lactoferrin n 0.29 9 0.17 7 0.14 4 -0.18 8 0.29 9 0.38 8 

IL-10 0 0.244 0.26 0.35 5 

IL-12p40 0 

IFN-y y 

eiastase e 

IL-6 6 

IL-8 8 

R R 

0.044 -0.14 0.05 -0.06 0.29 

0.16 6 

0.07 7 

Correlationn is significant at the .01 level (1-tailed). 

Correlationn is significant at the .05 level (1 -tailed). 
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ComplementComplement activation 
Itt has been postulated that the clinical side effects results from complement activation by ag-

gregatedd IgG present in the IVIG preparations. Administration of IVIG resulted in complement activa-
tion,, as determined by a significant increase in complement activation products i.e., C3b/c and C4b/c 
(Figuree 35A). A significant increase in both plasma C3b/c concentrations (59.7+14.6; p=0.001) and 
C4b/cc concentration (6.1+2.0; p= 0.007) during IVIG treatment was observed in all patients, irrespec-
tivee of susceptibility to side effects (Figure 35B). 
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Figur ee 35 The effec t on complemen t activatio n upo n infusio n of IVIG 

Plasmaa levels of C3b/c and C4b/c upon infusion of IVIG in primary immunodeficiency patients as determined by ELISA as 
describedd in material and methods. A) Mean change in C3b/c and C4b/c in all patients (n=17). B) Mean change in C3b/c and 
C4b/cc in patients without side effects (closed bars, n=9) and patients with side effects (open bars, n=6) Data are expressed as 
absolutee levels in plasma (nM)  standard deviation (SEM). A p<0.05 was considered statistical significant; * indicates p<0.05 
andd ** indicates p<0.01 using Student's t-test. 
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TheThe effect of IVIG in patients with chronic immune activation. 

Too determine whether IVIG exerts a stronger effect regarding cytokine release and neutrophil 
activationn in patients with chronic immune activation at the start of the infusion of IVIG, we analysed 
whetherr increased TNF-a and/or elastase release due to IVIG infusion was related with abnormal, 
increasedd baseline plasma levels of cytokines (Table X). Increased plasma levels of TNF-a as a result 
off treatment with IVIG significantly correlated with increased baseline levels of IL-12p40, IFN-y and 
TNF-aa compared to normal values. Furthermore, increased plasma levels of elastase as a result of 
IVIGG treatment significantly correlated with increased baseline levels of IL-12p40, IFN-y, IL-6 and TNF-
a.. These data suggest that the release of TNF-a as well as elastase was higher in patients already 
havingg an activated immune status. 

Tablee X Relation between cytokine release and neutrophil de-
granulationn after infusion of IVIG 

Dataa represent correlation coefficients ( R ) of the mean change of 
baselinee levels of different cytokines and neutrophil degranulation prod-
ucts.. Statistical analysis was performed using the Spearman rank test 
andd p<0.05 was considered statistical significant 

plasmaa concentration after IVIG infusion 

baseline e 
levels s 

lactoferrin n 
elastase e 

IL-10 0 
IL-12p40 0 

IFN-y y 
IL-6 6 
IL-8 8 

TNF-a a 

C4b/c c 
C3b/c c 

TNF-a a 
R R 

0.41 1 
0.14 4 

0.06 6 
0.85 5 
0.88 8 
0.06 6 
0.22 2 
0.91 1 

0.19 9 
0.19 9 

P P 

0.12 2 
0.60 0 

0.81 1 
0.0001 1 
0.0001 1 
0.82 2 
0.40 0 

0.001 1 

0.47 7 
0.46 6 

elastase e 
R R 

0.38 8 
0.31 1 

0.44 4 
0.53 3 
0.68 8 
0.52 2 
0.17 7 
0.59 9 

0.47 7 
0.11 1 

P P 

0.14 4 
0.23 3 

0.08 8 
0.03 3 

0.003 3 
0.03 3 
0.52 2 
0.01 1 

0.06 6 
0.66 6 
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Discussio n n 
Inn the present study, in hypogammaglobulinemia patients receiving IVIG substitution, we show 

thatt neutrophils become activated upon infusion of IVIG, likely by the induction of inflammatory cyto-
kinee release from mononuclear cells. The patients were all long-term recipients of IVIG infusions. Six 
outt of 17 patients studied had experienced clinical side effects of IVIG infusions in the past. During the 
presentt study, except for one, none of the patients had serious clinical side effects. Some patients 
complainedd of headache and nausea during and after the infusion of IVIG. 

Thee decreased expression of CD16 and CD62L on circulating neutrophils, which are both 
shedd from the surface upon activation15,16 indicated that neutrophils became activated during infusion 
off IVIG. The soluble forms of these antigens, however, were not found elevated in plasma, rather, 
sCD166 plasma concentrations slightly decreased during infusion of IVIG. It is possible that sCD16 
boundd to the infused IgG, and therefore, was not detected in the ELISA used to determine plasma 
levelss of sCD16. In contrast to decreased expression of CD16 and CD62L, we did not find increased 
expressionn of CD11b or CD66e, which both become expressed on the surface of neutrophils upon 
activationn and degranulation in vitro. Instead we found a slightly decreased expression of both anti-
gens.. Strongly activated neutrophils adhere to the endothelium or may have already left the circulation 
andd are therefore underrepresented in the blood samples studied. These results are very similar to 
thosee obtained in rats receiving IVIG.9 In this study, activation of neutrophils was evidenced by a de-
creasee in circulating neutrophils followed by increased influx of these cells in the lung; here too, we did 
nott detect major changes in CD11b or CD62L on circulating neutrophils. This was also reported in 
patientss with infections in whom no changes were found in the expression of CD11b.17 This means 
thatt a phenotypic analysis of circulating neutrophils do not necessarily provides the correct information 
aboutt the activation state of these blood cells. In agreement with this notion we observed a decrease 
inn circulating neutrophils (as well as of monocytes) shortly after the start of the infusion of IVIG. This 
decreasee was most pronounced in patients with side effects. Furthermore, in the latter patients, the 
initiall decrease in circulating neutrophil numbers was followed by an increase; such a biphasic re-
sponsee was not observed in patients without side effects. Thus, neutrophils and monocytes become 
activatedd by IVIG, which correlated with the development of clinical side effects. This conclusion is 
supportedd by our finding of elevated levels of elastase and lactoferrin during infusion of IVIG. It should 
bee noted that the increase of these neutrophil degranulation markers was marginal: elastase concen-
trationss increased to twice the normal value and lactoferrin, though increasing upon infusion, remained 
withinn the normal value. Thus, taken together, these findings point to a mild activation of neutrophils in 
thee patients receiving IVIG. 

Ann important question is how these changes in phagocytic cells are produced by IVIG infu-
sion.. Most likely these effects were mediated by interaction of IgG (either monomeric IgG of com-
plexedd IgG) with Fcy-receptors on monocytes, neutrophils or NK cells6,18"20. Immune complexes have 
beenn shown to induce the secretion of cytokines such as TNF-cc4,19, and IL-620 from monocytes and 
IFN-YY from NK-cells via Fcy-receptor interaction21 and indeed, apart from the effect on circulating cells, 
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increasedd production of the cytokines IL-10, TNF-a and IL-8 were found, in particular in patients with 
sidee effects. This finding suggests that these mediators are involved in the development of side ef-
fects.. Since we found a significant positive correlation between these proinflammatory cytokines and 
releasee of elastase, the question arises whether the release of cytokines by IVIG is involved in neutro-
phill activation. In addition, since the decrease in circulating monocytes correlated with IL-8, TNF-a 
andd elastase and lactoferrin, a similar question may be posed for monocytes. Since peak levels of 
TNF-aa and IL-10 were reached at 1 hour, and elevated levels of elastase and lactoferrin at 2 hour 
post-infusion,, the temporal relationship fits with this assumption. Furthermore, infusion of TNF-a in 
healthyy volunteers has been shown to induce activation of neutrophils and a decrease of monocytes. 

Alternatively,, complement activation products, in particular C3a and C5a, which are also po-
tentt activators of neutrophils could be responsible for the observed effects.22"24 From the elevated 
plasmaa levels of C3b/c and C4b/c we conclude that IVIG activates complement but since no difference 
inn the degree of complement activation was found in the two patient groups, a role in neutrophil activa-
tionn was less likely. 

Proinflammatoryy cytokines may lead to priming of neutrophils, making them more sensitive for 
subsequentt activation by mediators. This could explain the significantly higher concentrations of elas-
tase,, TNF-a and also of lactoferrin, IL-8 and C3b/c and C4b/c during IVIG in the patients of the pre-
sentt study who already showed significantly increased levels of proinflammatory cytokines at the start 
off the IVIG treatment. Neutropenia and monocytopenia were also more severe in these patients. 
Thesee data suggest that IVIG may have undesirable effects especially in patients with an activated 
immunee status more frequently, compared to patients with a normal immune status. Chronic immune 
activationn in primary immunodeficiency disorders may be due to recurrent and chronic bacterial infec-
tions,, which is common in these disorders. Chronic immune activation could involve both T cells and 
monocytes/macrophagess as reflected by raised serum levels of cytokines.25"27 

Inn conclusion, this study demonstrates that monocytes and neutrophils become activated in 
primaryy immunodeficiency patients upon infusion of IVIG, coinciding with increased levels of different 
pro-inflammatoryy mediators. Release of these mediators was most pronounced in patients who devel-
opedd clinical side effects to previous treatments with IVIG. In addition, patients with chronic immune 
activationn showed even stronger stimulation of monocytes and neutrophils, suggesting that this activa-
tionn predisposes to the development of clinical side effects upon treatment with IVIG. 
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