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SUMMARY

We examined the effects of intravenous immunoglobulin (IVIG) on cytokine regulation in vivo using

samples taken before and after replacement-dose (200±400 mg/kg) IVIG in a group of patients with

common variable immunode®ciency (CVID) and X-linked agammaglobulinaemia (XLA). The intra-

cellular cytokine content of CD4� and CD8� lymphocytes, and their CD28�/ÿ subsets, were measured

following in vitro activation with phorbol myristate acetate (PMA) and ionomycin. The cytokines IL-2,

interferon-gamma (IFN-g) and tumour necrosis factor-alpha (TNF-a), and the early activation marker

CD69, were assessed by four-colour ¯ow cytometry of whole blood cultures taken before and after IVIG

infusion. There was a signi®cant increase in IL-2 expression in CD4� (and CD4�28ÿ) cells and an

increase in TNF-a expression in CD8�28ÿ cells following IVIG in CVID, but not in XLA patients. IFN-g

and CD69 expression were not affected by IVIG infusion. This increase in TNF-a and IL-2, combined

with unchanged IFN-g expression, is evidence against the putative `anti-in¯ammatory' role of IVIG, and

may explain the failure of resolution of granulomata in CVID patients treated with IVIG alone.
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INTRODUCTION

Intravenous immunoglobulin (IVIG) therapy, consisting of pooled

human immunoglobulin (mainly IgG) from several thousand

donors, is now the treatment of choice for patients with antibody

de®ciency [1]. This replacement IVIG is typically given at doses of

200±400 mg/kg every 3±4 weeks. The mechanism of action of

IVIG in these patients has not been clearly established, but is likely

to operate in a number of overlapping fashions [2], including:

neutralizing toxins, binding to microbes and facilitating opsoniza-

tion, binding to Fc receptors and modulating cytokine synthesis

and release (reviewed in [3]). In addition, other soluble compo-

nents in commercial IVIG preparations, such as soluble CD8 and

soluble HLA molecules, and the sugars used as stabilizing agents,

may also be involved in the mechanisms of action [4].

In this study we investigate the effects of IVIG on modulating

cytokine expression by subsets of T cells. The anti-proliferative

actions of IVIG on T cells stimulated with mitogens have been well

documented both in vitro [5,6] and in vivo [7]. The effects of IVIG

on cytokine production have been harder to assess, but recent

developments in cell permeabilization and ®xation techniques,

together with the production of directly conjugated anti-cytokine

antibodies, mean that it is now possible to examine the cytokine

production of individually identi®ed lymphocytes under various

culture conditions [8,9].

SUBJECTS AND METHODS

In the present study, the effects of replacement dose IVIG (200±

400 mg/kg every 3±4 weeks) in vivo were assessed in lymphocytes

cultured from patients with the primary immunode®ciency dis-

orders, common variable immunode®ciency (CVID) and X-linked

agammaglobulinaemia (XLA). Blood samples were drawn before

and after routine IVIG therapy, and comparisons were made with

cells from normal subjects, who did not receive IVIG. As we have

previously established differences in interferon-gamma (IFN-g)

production between CD28ÿ and CD28�CD8� cells in CVID, and

between CVID and normals [10], the effects of IVIG on these

subpopulations were also examined in the CVID patients.

Subjects

This study involved nine patients with long-standing CVID (®ve

male, four female, mean age 49 years) who were receiving

replacement dose IVIG (200±400 mg/kg per 3 weeks), as detailed

in Table 1, and three subjects with XLA (aged 29, 37 and 25 years).

Five healthy controls (four male, one female, mean age 36´4 years)
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were used in the time-course experiment. All subjects gave

informed consent, and the research carried the approval of our

hospital's Ethics Committee.

In vivo effects of IVIG

The immunode®cient patients attended for routine IVIG therapy

and venous blood (5 ml) was collected into lithium-heparin tubes

immediately prior to IVIG administration. The immunoglobulin

was given at standard rates (mean time for infusion 3 h). After the

IVIG was administered, the drip was disconnected, approx. 10 ml

of blood were drawn through the administration needle and

discarded. A further 5-ml sample was collected into lithium-

heparin tubes as before. Both pre- and post-IVIG samples were

then analysed simultaneously. To control for any effects of the 3-h

delay ex vivo before analysing the pre-IVIG specimens, blood from

®ve normal volunteers was drawn on two occasions, 3 h apart, and

blood from both time points was analysed simultaneously.

Assessment of intracellular cytokine production

A whole blood method was used, as previously described [11].

Brie¯y, 250 ml of whole blood were diluted 1:3 and cultured in the

presence (`stimulated' cells) or absence (`unstimulated' cells) of

phorbol myristate acetate (PMA; 15 ng/ml) with ionomycin

2 mmol/l. Monensin 3 mmol/l was present in both culture systems

to block export of cytokine from the Golgi apparatus, increasing

the sensitivity of the technique by holding newly synthesized

cytokine within the cell. The cells were then incubated at 378C
for 2 h (4 h for the IL-2 assays). Erythrocytes were lysed using

Optilyse C (Coulter, Luton, UK), and the remaining cells were

®xed and permeabilized using commercial reagents (Leukoperm;

Serotec, Oxford, UK). The cells were stained using directly

conjugated anti-cytokine MoAbs, and directly conjugated anti-

surface marker antibodies. The monoclonals used were: anti-IFN-

g/FITC (clone B-B1), anti-tumour necrosis factor-alpha (TNF-a)/

FITC (clone B-D9), anti-IL-2/FITC (clone B-G5) (all Serotec),

anti-CD8/ECD (Coulter), anti-CD3/PE-Cy5, and anti-CD28/PE

(all Immunotech, Beckman Coulter UK, High Wycombe, UK).

Following staining, the cells were washed and resuspended in

paraformaldehyde (0´5% in PBS), prior to ¯ow cytometry on a four-

colour Coulter Epics XL/MCL ¯ow cytometer.

Flow cytometry

For analysis, 10 000 events in a lymphocyte light scatter gate were

acquired, without colour compensation for spectral overlap

between the four ¯uorescence channels. Compensation was applied

electronically after acquisition using the WinList Compensation

Toolbox (Verity) using, as standards, single-colour anti-CD3

staining for each of the four ¯uorochromes (FITC, PE, ECD, PE-

Cy5). Each four-colour tube contained an antibody against

cytokine, an antibody for cell subset (CD28), and anti-CD3 and

anti-CD8 to de®ne major lymphocyte populations. Cells from

within a tight lymphocyte light scatter gate were analysed using

WinList 3.0 (Verity). Regions were de®ned for CD3�8ÿ cells

(`CD4�' cells) and CD3�8bright� cells (`CD8�' cells). Further

subsetting of cells was carried out by dividing CD4� and CD8�

cells into CD28ÿ and CD28� populations. The cytokine production

within each subpopulation was determined by de®ning cytokine-

negative cells as those in the cultured but unstimulated (monensin

only) cells. Stimulated cells showing cytokine ¯uorescence greater

than that in the unstimulated cells were de®ned as cytokine-

positive. Cell activation after culture was con®rmed by staining

for CD69 expression, a marker for early activation.

Statistical analysis

Comparisons were made between the level of cytokine expression

before and after the 3 h ex vivo period (normals) or before and after

the 3 h IVIG infusion (CVID, XLA) within a given subject. Since

the number of subjects was small, and the results were not

normally distributed, the analysis was performed using the sign

test for paired samples, with signi®cance set at the P < 0´05 level.

For comparisons quoted in the text between donor groups, the

Mann±Whitney U-test was employed.

RESULTS

Changes in cytokine expression with IVIG are not due to ex vivo

changes in the pretreatment specimen (normal controls)

Cells treated with monensin only (unstimulated cultures) did not

produce cytokine, and regions to de®ne cytokine-positive cells

were set using the monensin only cultures. To exclude any effect of

sample age ex vivo prior to analysis of cytokine synthetic capacity,

blood was taken from normal volunteers and left at room tempera-

ture for 3 h (the mean duration of IVIG administration in the

patients). A second sample was then taken, and the 3-h-old sample

and fresh sample were analysed simultaneously. As illustrated in

Figs 1, 2, 3 and 4 and Table 2, there was no change in TNF-a, IFN-

g, IL-2 or CD69 expression in normal donors following a 3-h delay

in analysis. Any change in cytokine levels in the patient groups

could therefore be attributable to IVIG effects, rather than be due to

changes in the specimen ex vivo prior to analysis.

Fewer cells from CVID patients are activated by PMA and

ionomycin than cells from XLA patients or normals

The expression of CD69 following 2 h of culture with PMA and

ionomycin is shown in Fig. 1. In both CD4� and CD8� lympho-

cytes, the proportion of cells expressing CD69 was much lower in

CVID than in either XLA or normals. This ®nding was most

striking in CD4�28ÿ and CD8�28ÿ cells in CVID which showed

very low CD69 expression. Interestingly, the exception to this

pattern was in CD8�28� cells, which in normals displayed very

low levels of CD69 on activation (Fig. 1), yet high levels in XLA.

IVIG had no effect on CD69 expression in either CD4� or CD8�

cells, or their subsets delineated by CD28 in CVID patients

(Table 2), or XLA patients (Fig. 1).

IFN-g expression

Greater numbers of CD8� cells than CD4� cells expressed IFN-g

in all of the donor groups studied (Fig. 2). The highest levels of
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Table 1. Characteristics of common variable immuno-

de®ciency (CVID) patients studied

Subject Age/sex IVIG

1 59/F Alphaglobin 10 g 3-weekly

2 48/F Alphaglobin 17´5 g 2-weekly

3 73/M Sandoglobulin 18 g 4-weekly

4 22/M Alphaglobin 20 g 3-weekly

5 27/F Alphaglobin 12´5 g 4-weekly

6 42/M Sandoglobulin 30 g 2-weekly

7 36/F Alphaglobin 12´5 g 3-weekly

8 70/M Sandoglobulin 21 g 4-weekly

9 64/M Vigam S 25 g 3-weekly



IFN-g expression were in CVID. The ®ndings of North et al. [10]

were con®rmed, with the expanded CD8�28ÿ subset from CVID

patients expressing high amounts of IFN-g together with a sig-

ni®cant overproduction of IFN-g from the CD8�28� subset,

compared with normals. Although there was an upward trend in

IFN-g expression in CVID following IVIG therapy, this did not

reach statistical signi®cance (see Table 2).

IL-2 expression

IL-2 expression was greater in CD4� than CD8� cells in all

subsets, and for all groups studied (Fig. 3). CVID subjects had

greater percentages of CD4� cells expressing IL-2 than normals,

but this difference was not statistically signi®cant. Most strikingly,

a signi®cantly greater proportion of CVID CD4� cells expressed

IL-2 following IVIG; but there was no signi®cant change in IL-2
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Fig. 1. Expression of CD69 following activation with phorbol myristate acetate (PMA) and ionomycin in CD4 cells and CD8 cells and their CD28ÿ and

CD28� subsets. `Pre' indicates samples taken prior to intravenous immunoglobulin (IVIG) infusion, and `post' indicates samples following IVIG infusion, in

common variable immunode®ciency (CVID) patients (W) and X-linked agammaglobulinaemia (XLA) patients (A). Normal donors (X) are shown for

comparison, with `pre' samples taken 3 h before `post' samples and left at room temperature prior to simultaneous analysis with `post' samples.
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Fig. 2. Expression of IFN-g following activation with phorbol myristate acetate (PMA) and ionomycin in CD4 cells and CD8 cells and their CD28ÿ and

CD28� subsets. Symbols and explanation as for Fig. 1.



expression in total CD8� cells (Table 2). However, subset analysis

revealed that CD8�28ÿ cells from CVID patients signi®cantly

increased IL-2 expression following IVIG, although the increase

was small (see Table 2). IL-2 expression was not affected by IVIG

in the single XLA subject in whom this cytokine was measured

(Fig. 3).

TNF-a expression

Expression of TNF-a was similar in both CD4� and CD8� cells

(Fig. 4), and there were no signi®cant differences in levels of

expression between patient groups. However, the proportion of

CD8� cells positive for TNF-a increased signi®cantly following

IVIG in the CVID patients, but only in the CD8�28ÿ subset
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Fig. 3. Expression of IL-2 following activation with phorbol myristate acetate (PMA) and ionomycin in CD4 cells and CD8 cells and their CD28ÿ and

CD28� subsets. Symbols and explanation as for Fig. 1.
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Fig. 4. Expression of tumour necrosis factor-alpha (TNF-a) following activation with phorbol myristate acetate (PMA) and ionomycin in CD4 cells and CD8

cells and their CD28ÿ and CD28� subsets. Symbols and explanation as for Fig. 1.



(Table 2). This effect was not apparent in the three XLA subjects

studied (Fig. 4).

DISCUSSION

Until the development of the technology for intracellular cytokine

measurement, any abnormalities of expression of cytokines in

CVID were hard to relate to speci®c cell populations. As a

consequence, studies of cytokine levels within the plasma or

culture supernatants gave con¯icting results [12,13], and were

not able to account for the pathophysiology of CVID. Intracellular

cytokine assays go a long way to addressing this problem, and

using them we have previously reported high levels of IFN-g

expression in CVID [13] within the CD28�/ÿ subsets of Ficoll-

separated CD8� cells [10].

Intracellular cytokine content has previously been measured by

indirect immuno¯uorescence [14], which does not readily permit

the identi®cation of suf®cient numbers of cells within the lympho-

cyte subsets being examined. However, improvements in ¯ow

cytometry have recently permitted the examination of single

lymphocytes by subset and cytokine content in both separated

cells [13,15] and whole blood [11,16]. It can be argued that whole

blood techniques are more appropriate [17,18], since lymphocytes

are cultured in a more physiological milieu, and the potential of

cell activation by density gradient centrifugation [19] is avoided.

Flow cytometry has the dual advantages of better de®nition of the

association between cytokine expression in speci®c cell subpopu-

lations, and more rapid sampling of larger numbers of cells.

Alternative techniques assessing cytokine mRNA by in situ meth-

ods may not re¯ect actual cytokine protein expression, and only

examine small numbers of cells.

Several previous studies have investigated the in vitro effects

of IVIG on cytokine production, but the methods used (examina-

tion of cells by immuno¯uorescent microscopy or cell culture

supernatants) were limited in their ability to distinguish cytokine

production by speci®c cell populations, and may have been

perturbed by the cell separation techniques employed. For example,

commercial IVIG preparations were used at concentrations of

6 mg/ml in vitro in a series of experiments by Andersson's group

[20,21]. Following stimulation with PMA and ionomycin, lym-

phocytes (subsets not de®ned) from normal donors cultured with

IVIG for 96 h were shown to produce less IL-3, IL-4, IL-5,

transforming growth factor-beta (TGF-b) and granulocyte-

macrophage colony-stimulating factor (GM-CSF) as assessed by

intracellular indirect immuno¯uorescence. However, levels of

TNF-a and IFN-g were unchanged. When streptococcal exotoxin

A was used to stimulate lymphocytes cultured with IVIG, there

was a reduction in IFN-g expression, and reduced TGF-b produc-

tion [22].

Another in vitro study showed that IL-2 secretion into culture

supernatants is reduced by IVIG preparations [23]. Although there

was no effect on the level of IL-2 mRNA, the IVIG inhibited

intracellular IL-2 levels, suggesting that IVIG modulates IL-2

synthesis at the post-transcriptional level.

We now turn to the in vivo effects of IVIG. The anti-proliferative

effects of IVIG have been demonstrated in vivo in immunode®cient

children receiving replacement-dose IVIG [24]. Pokeweed mito-

gen (PWM)-stimulated immunoglobulin production was reduced

following therapy with IVIG. The effects of single doses of IVIG

were also studied in vivo in hypogammaglobulinaemic patients,

and were shown to increase plasma levels of TNF-a and soluble

TNF receptors [25]. In a separate study [26], Farber showed that

plasma TNF-a concentrations increase during adverse reactions to

IVIG but become undetectable prior to the next treatment.

Uneventful infusions were not associated with elevations in

TNF-a.

Increases in TNF-a production by lipopolysaccharide (LPS)-

stimulated lymphocytes were noted during a clinical trial of high-

dose IVIG for rheumatoid arthritis. In three out of four patients,

there was an increased TNF-a production following IVIG [27].
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Table 2. Effect of in vivo intravenous immunoglobulin (IVIG) infusions on expression of CD69, IFN-g, IL-2 and tumour necrosis factor-alpha (TNF-a) in

CD4 and CD8 lymphocyte populations, and their CD28-de®ned subsets

CD69 IFN-g IL-2 TNF-a

Cell

population Normals CVID Normals CVID Normals CVID Normals CVID

CD4 4.85 1.1 NS ±0.35 0.35 NS 1.8 6.3 P� 0´031 0 1.6 NS

(±0´25, 12´1) (±4´05, 5´75) (±3´45, 0´05) (±2´6, 2´1) (1´4, 4´9) (4´9, 7´5) (±0´3, 0´05) (±2´65, 14´7)

CD8 2.05 0.55 NS ±5.15 ±0.25 NS 0.15 1.55 NS ±0.15 6.45 NS

(0´8, 4´9) (±3´45, 6´65) (±6´85, ÿ3´5) (±6´0, 13´8) (±1´9, 1´4) (0´59, 3´11) (±0´3, 0´7) (±0´55, 14)

CD4 28ÿ 2´8 6´3 NS ±1´6 0´7 NS 0´8 2´55 NS ±0´5 0 NS

(±1´11, 11´4) (±9´2, 7´5) (±2´9, 0´7) (±4´4, 3´2) (0´6, 4´9) (1´73, 5´7) (±1´0) (± 0´1, 2)

CD4 28� 1.7 1 NS ±1 0.4 NS 6.3 10.6 NS ±0.4 4.9 NS

(1, 13´5) (±6´3, 9´2) (±3´7, 2´7) (±2´1, 2´8) (±3´8, 9´5) (4´8, 15´7) (±0´8, 0´2) (±1´7, 9´4)

CD8 28ÿ 0.4 ±1.7 NS ±6.1 1.6 NS 1.8 2.15 P� 0´031 ±1.4 7.3 P� 0´039

(0´2, 7) (±4´9) (±11´2, ÿ2´2) (±2´9, 6´6) (1´4, 2´8) (1´53, 3´45) (±2, ÿ0´2) (0´9, 24´5)

CD8 28� 0 2.8 NS ±0.5 2.8 NS 0.6 ±1.5 NS ±0.9 8.1 NS

(0, 0) (±14, 4) (±2´8, 0) (±2´3, 9´9) (0, 1´6) (±3´25, 6´2) (±3´2, 1´5) (±6´8, 16´2)

For the normal subjects, the median change of expression of cytokine (or CD69) over a 3-h ex vivo period prior to analysis is shown (with interquartile

range). For the common variable immunode®ciency (CVID) patients, the median change (`before' compared with `after' the 3-h IVIG infusion) is shown

(with interquartile range). For the CVID patients, the differences before and after IVIG are compared using the sign test for paired data; signi®cant P values

(P< 0´05) only are shown. NS, Not signi®cant. Using the sign test for paired data, there were no signi®cant differences over the 3-h ex vivo period for normal

subjects (not shown).



However, the dose of IVIG was ®ve times higher than in the

present study.

Plasma levels of cytokines have also been measured in a group

of children receiving IVIG for recurrent epilepsy [28]. Samples

taken immediately before, and 20 min after IVIG infusions did not

show any change in IL-2, IL-4 or IL-6 over 6 months of treatment.

However, there was a statistically signi®cant increase in plasma

IFN-g and IL-6 immediately following each infusion. No increase

in activation markers on lymphocytes or monocytes was detected,

but there was an increase in CD64 (FcgRI) expression on mono-

cytes. The authors attributed the mechanism to an IVIG-mediated

increase in lymphocyte-produced IFN-g causing monocyte activa-

tion and subsequent IL-6 production.

The mechanism of the changes in cytokines mediated by IVIG

is not clear. It must be borne in mind that IVIG preparations may

themselves contain cytokines which could in¯uence the production

of other cytokines: signi®cant quantities of TGF-b1 and TGF-b2,

but not IL-6, IL-10 or TNF-a, were recently demonstrated in a

number of commercial IVIG preparations [29]. Some of the

antibodies in IVIG may also be anti-cytokine in speci®city [30];

antibodies to IL-1a, TNF [31] and IL-8 [32] have been detected in

the serum of normal individuals. Other, non-immunoglobulin

components of commercial IVIG preparations may also be immu-

nomodulatory; both maltose and sucrose, at the concentrations

present in IVIG, can have an anti-proliferative effect [4].

There is some evidence that one mechanism for the effect of

IVIG on cytokine expression may be Fc-mediated, since intact

immunoglobulin in vitro (but not F(ab0)2) could induce TNF-a

expression in culture supernatants [33]. However, the effects of

IVIG are complex, since the same group [34] demonstrated that

both the production of IFN-g and TNF-a could be inhibited by

IVIG, and that this effect was due to anti-IFN-g (but not anti-TNF-a)

antibodies present within the IVIG. This effect could be duplicated

by addition of anti-IFN-g instead of IVIG. Such anti-IFN-g

antibodies were shown to be present at higher concentrations in

IVIG preparations high in speci®c antibodies to hepatitis B and

cytomegalovirus (CMV) [35], suggesting that they are an auto-

antibody response to viral infection.

It is possible that the effects of the immunoglobulin on cytokine

production by lymphocytes are indirect, since it has recently been

shown that the in vitro reduction of cytokine production by

lymphocytes cultured with IVIG is dependent upon accessory

cells [36]; we are currently investigating this effect in vivo.

We have now shown directly in CVID, for the ®rst time, that

IVIG in vivo increases the potential of a subset of CD8� lympho-

cytes to make TNF-a and CD4� lymphocytes to make IL-2. The

increase in TNF synthetic capacity by IVIG in vivo is supported

clinically by the ®nding that concurrent infections in IVIG recipients,

or excessively rapid administration, results in an adverse reaction

[37], and that increases in plasma TNF have been noted following

adverse reactions to IVIG [26]. In these cases, IVIG may be

reducing the TNF secretion threshold of lymphocytes already

partially activated by the infection. In contrast, IVIG has been

shown to down-regulate TNF-a expression in lymphocytes from

patients infected with HIV, and to increase membrane-bound p75

TNF receptors [38]. However, patients with HIV may have an

increased amount of TNF-a secretion compared with normals, and

the effects of IVIG in this context may not be found in other

clinical situations.

It is notable from our own work that the increases in IL-2 and

TNF-a expression following IVIG occurred mostly in the CD28ÿ

subset. This population of cells is expanded in CVID [39] and may

represent `end-stage' T cells entering the apoptotic process [40].

We have shown here that following stimulation with PMA and

ionomycin, the CD28ÿ population is activated to a greater extent

than the CD28� population (as shown by CD69 expression) in

normals, but not in CVID. This failure of CVID CD8�28ÿ cells to

be activated despite a high cytokine production may be fundamental

to the disease state. The high levels of CD69 expression, but low

levels of cytokine expression in XLA is interesting, but unexplained.

Finally, there is a general clinical perception that IVIG is `anti-

in¯ammatory'. However, in our studies there was no decrease in

IFN-g expression, but there was an increase in TNF-a (a pro-

in¯ammatory cytokine) expression following IVIG. This suggests

that there is a theoretical downside to IVIG therapy, although such

effects are likely to be transient. It is likely that the regulation of

TNF-a in CVID differs from that in either XLA or normals, since

the TNF allele �488A is over-represented in CVID patients with

granulomatous disease [41]. The effect of this increased TNF-a

may not be cytotoxic in vivo, since IVIG has been shown to protect

cell cultures against TNF-a-induced cell death. This occurs with

both Fab and Fc portions of immunoglobulin [42].

The increase in IL-2 expression, although small, was unex-

pected and appears to be limited to the CD4� subset. This may be

an advantage of IVIG therapy, since previously reported `de®cien-

cies' of IL-2 in CVID have been shown to be due to a reduction in

the number of IL-2-secreting CD4� cells [13].

Our results cast doubt on an anti-in¯ammatory role for IVIG,

although its effect on macrophage function needs to be tested to

obtain a better picture of the overall effect. Since XLA patients

show a different pattern of response to IVIG, our ®ndings in CIVD

may be speci®c for this disease, and may provide clues to an

underlying immunomodulatory defect involving TNF-a produc-

tion. Finally, we need to consider the possibility that IVIG could

exacerbate the common occurrence of granulomatous complica-

tions requiring steroid therapy in CVID, which usually progress,

despite IVIG therapy.
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