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SUMMARY

Interleukin-4 (IL-4) has been shown to induce IgE synthesis by peripheral blood mononuclear cells
(PBMC) of normal donors in vitro. However, induction of PBMC of patients with common variable
immunodeficiency (CVI) with IL-4 resulted in IgE production in only two out of eight cases tested.
PBMC of the first patient that produced IgE in response to 1L-4 also secreted normal levels of 1L-4
upon activation. PBMC of the second patient secreted very low levels of IL-4 in vitro which may
account for the very low serum IgE levels in this patient. Of the other six patients who had very low
serum IgE levels and whose PBMC failed to produce IgE in response to 1L-4 in vitro. five did not
secrete [L-4 upon in vitro activation. The capacity of the T cells to produce 1L-4 was intact in the sixth
patient. Collectively our data indicate the PBMC of the majority of patients with CVI are defective
since they failed to respond appropriately to 1L-4 and they failed to produce 1L-4, contributing to the
view that CVI is a heterogeneous disorder in which a variety of T and B cell defects occur.

Keywords interleukin-4  IgE synthesis

INTRODUCTION

Common variable immunodeficiency (CVI) is a heterogeneous
disorder characterized by the failure of B cells to differentiate
into antibody-secreting plasma cells (Cooper. Lawton & Bock-
man, 1971; Preud homme. Griscelli & Seligman, 1973: Geha er
al..1974: Wu, Lawton & Cooper, 1974; de la Conchaeral., 1977:
Siegal & Good, 1977; Schwaber, Lazaurus & Rosen, 1978: Saiki
eral., 1982). Patients with CVI consequently have reduced levels
of serum immunoglobulins and are unabile to generate antibody
responses against common antigens. The block in B cell
differentiation has been attributed to intrinsic B cell defects
(Schwaber et al.. 1978: Saiki er al., 1982; Jones, 1984: Perri &
Weisdorf. 1985). defects in immunoregulatory T cells (Reinherz
etal.. 1981a, 1981b: Lopez-Botet er al.. 1982: Saiki er al., 1984:
Matheson & Green. 1987). defects in monocyte functions
(Siegal, Siegal & Good. 1976) or to increased T suppressor cell
activity (Waldman er al.. 1974; Siegal er al., 1976; Mitsuva et al..
1981: Jones, 1984

Normal B cell differentiation procedes through a series of
events which require B cell growth and differentiation factors
produced by T cells or monocytes (Kishimoto. 1987). However.
attempts to induce immunoglobulin production by B cells of
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immunodeficiency patients

patients with CVI by Epstein-Barr virus (EBV), pokeweed
mitogen (PWM) or supernatants of activated T cells containing
the necessary B cell growth and differentiation factors, generally
results in IgM secretion with no or very low levels of IgG and
IgA production (de Gast ez al.. 1980: Perreira, Webster & Platts-
Mills. 1982: Haber, Kubagawa & Cooper, 1983; Mayer et al..
1984: Perri & Weisdorf. 1985). In addition to the reduced levels
of the three major immunoglobulin isotypes, patients with CV1
generally have reduced serum IgE levels. Recently we demon-
strated that both recombinant and natural interleukin-4 (IL-4
can nduce IgE synthesis by mononuclear cells derived from:
healthy donors (Péne ez al., 1988a). This IgE-inducing effcct of
IL-4 15 completely dependent of autologous CD4* T cells (Pénz
er al.. 1989). In addition. it was shown that the IgE inducing
effect of 1L-4 was inhibited by interferon-gamma (IFN-y) and
interferon-alpha (IFN-x) (Péne er al., 1988a) and enhanced b
interleukin-3 (IL-3) (Péne er al., 1988c¢) and interleukin-6 (I1L-6:
(Pene et al.. unpublished results). Furthermore, recent murinz
studies have demonstrated that [L-4 induces B cells pre-
activated by lipopolysaccharide (LPS) to switch to IgE-produc-
ing cells (Rothman er w/.. 1988). These observation prompted s
to mvestigate whether B cells of patients with CVI could b
induced to switch to TgE-producing cells in response to 11L.-4
Here we demonstrate that peripheral blood mononucle--
cells tPBMCOC) of two our of cight patients could be induced .
produve lebl Inaddivon, PBMC of these two patients seerete -
TL-2 upon aetvation, whereas PBMC of five out of the six oth: -

patients Laled w0 do so
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These results confirm the heterogeneity ot the syndrome and
indicate that cither B or T cell defects, or a combination of both
may contribute to the pathogenesis of CV1

MATERIALS AND METHODS

Patients

Eight patients tfour women and four men, age range 7-21 years)
with CVI were studied. At the ume of our investigation, two
paticnts, Band C. were not having gammaglobulin replacement
therapy, despite the reduced levels of serum IgM, IgG and IgA.
because they did not have severe recurrent infections. The other
patients received regular 1.v. gammaglobulin every 2-3 weeks.
Eight age- and sex-matched healthy donors were tested simulta-
ncously as controls.

Cvytokines and reagents

Purified rIL-4 (specific activity 10° U/ml) was kindly provided
by Dr P. Trotta (Schering-Plough Corporation, Bloomfield.
NJ). One unit of IL-4 was defined as the concentration of [L-4
inducing half-maximal proliferation of 5 x 10° T cells that were
preactivated for 3 days with phytohaemagglutinin (PHA).
Recombinant IFN-; (rIFN-y) (specific activity 107 IU/mg) was a
gift of Drs P. Trotta and S. Nagabhushan (Schering-Plough
Corporation). The monoclonal antibodies (MoAbs) OKT3
(anti-CD3). OKT4 (anu-CD4) and OKT8 (anti-CD8) were
purchased from Ortho Pharmaceutical Corporation (Raritan,
NJ). The B cell-specific MoAb Leul6 (anti-CD20) was obtained
from Becton Dickinson (Mountain View, CA). The polyclonal
rabbit anti-IFN-y antiserum (BEA) was raised and character-
ized as described previously (Favre er al.. 1988). The immuno-
globulin fraction was purified by affinity chromatography on
protein A columns according to the instructions of the manufac-
turer (BioRad. Richmond, CA). This antiserum blocks the
induction of class 1 and class II MHC antigen on human
melanoma cells by rIFN-; and neutralizes the inhibitory effects
of IFN-7 on the cytopathic effects of encephalomyocarditis
virus. The BEA antibody is specific for IFN-; and does not react
with rIL-1x and f, IL-2. IL-3. IL-4. IL-5, granulocyte-macro-
phage colony-stimulating factor (CSF), and IFN-x.

The rabbit anti-IL-4 antibody was raised in our laboratory
(Chrétien er al., 1989). The immunoglobulin fraction was
purified on protein A columns (BioRad). This anti-serum is
specific for IL-4. It binds in solution and blocks IL-4 induced T
and B cell proliferation and IL-4-induced expression of CD23
on the Burkitt lymphoma cell line Jijoye. In addition, the anu-
IL-4 antiserum does not react with rIL-1x and rIL-14. IL-5, low
mol. wt B cell growth factor. IFN-;, or granulocyte-macro-
phage CSF.

IL.-4-induced IgE svnthesis

Recently we demonstrated that a two-step culture procedure 1s
optimal of maximal IL-4-induced IgE production (Chrétien er
al.. 1990). Briedly. PBMC were 1solated from heparinized blood
by Ficoll-Hypaque (Pharmacia. Uppsala. Sweden) density-
gradient centnitugation. After three washings in phosphate-
butfered saline (PBS) (Furobio. Pans, France). the cells were
resuspended 1 Yssel's medium (Yssel erafl . 1984) and cultured
at i concentriztion of o cells mbin 24 fizt-bottomed wells
(Becton Dickinsony in the presence or absence of suturating
concentratiors of ril-2 (200 U mb for <8 h at 37 C in

humidified atmosphere with * - CO-. Atter this pre-incubation
step. the non-adherent cells were coliected and washed twice in

PBS and cultured in the presence of varous concentrations of
-4 (100, 300 or 2000 U mb) with o7 without anu-11-4
antiserum  (inal dilution 7 0)0 coa-TEN- antbiseram (hnal

dilution 1.230) or r1FN= (moad concentrezion 100 U omby, The
appropriate pre-immune rabaitsera were ased as controls. The
cultures were carricd out in @ ml culture miedium at coneentra-
tions of 10* PBMC/ml in I ml ussuc culture weiis (Becton
Dickinson) for 9 days at 37 C and 3 - CO:. The supernatants of
these cultures were then har ested and tested for their [gE TgM.
1gG and IgA content.

ELISAs for IgE, IgM, IgG ond IgA
IgE production was measured in @ sandwich ELISA as de-
scribed previously (Péne er al.. 1988b). Briefly, 96-well flat-
bottomed microtitre plates tNunc, Roskilde, Denmark) were
coated with rabbit anti-IgE immunoglobulin (Dako. Copenha-
gen, Denmark) diluted 1/2000 in a hydrogen carbonate buffer,
pH 9-6. After incubation for 18 h at 4-C the plates were washed
four times with PBS/0-05°¢ Tween (Merck. Darmstadt, FRG)
and incubated with RPMI 1640/10° . FCS to saturate protein-
binding sites for 1 h at 20 C. The plates were emptied and a
murine anti-IgE MoAb (Hybritech. San Diego, CA) was added
at a final dilution of 1/5000. incubated for 18 h at 20 C and
finally incubated for 4 h at 20 C with goat anti-mousc
immunoglobulin coupled to alkaline phosphatase. dilution 1,
100 (Sigma, St Louis, MO). pre-adsorbed on normal rabbit
serum. After washing, IgE was visualized by incubation with
p-nitropheny! phosphate (Sigma) in 1 M diethanolamine ' HCI
buffer, pH 9-8, and the plates were read in a micro-ELISA
autorcader, MR 580 (Dynatech, Alexandna, VA), at405nm. A
standard IgE serum (Behringwerke. Marburg, FRG) was used
as a reference. The limit of the sensitivity of the assay was 150 pg
of [gE/ml.

ELISAs for IgM, IgG. IgA were carned out as described
(Siegal & Good, 1977). The sensitivity of these ELISAswas 2 ng;
ml (IgM), 1 ng/ml (IgG) and 4 ng:ml (IgA).

Lymphokine production

PBMC were resuspended in culture medium at a concentration
of 10° cells/ml. The cells were incubated at 37 C in humidified
atmosphere with 5% COs in 24-well plates (Becton Dickinson)
in the presence of (PHA) (Difco. Detroit, MI) at a final
concentration of 10 or 100 pg/ml in combination with the
phorbol ester TPA (1 ng:ml) (Stgma).

The supernatants of the cultures were harvested after 48 h of
incubation and stored at —20 C unul testing for lvmphokine
activity. Incubation times of 48 h were found to resultin optimal
lymphokine production (not shown).

Determination of 1L-2, [L-4 and {FN-;

The IL-2 activity of the supernatant was assessed byits ability to
support the proliferation of an IL-2-dependent murine cyvto-
toxic T cell line (CTLL). A 110-pd semple containing 108 CTLL
cells was mixed with 100 gl serial diluton of the test samples in
96-well microplates. Cultures were performed in tnipheate. Atter
24 o L pCrof H-thvmidine < H-TER ) was added 0 cach well

and cells were further anouhated tor o ho Culsiares were

harvested and the incorporaad radiosctn oy was deternuned by

a liquid seintillation counte Bvery assan aas compared with o
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Table 1. Characteristics of patients with common variable :mmunodeticiency (CVD

Serum immunoglobulin leveis® Positnve cells
Lymphocyvte with MoAbs (")
Age count TaM 12G leA et o
Paticnt  Sex  (years) (mm’) (mg dl) (mg/dl) medh) KU D) CDY CD4 CDS CD20
A M 15 4300 94 223 96 0y 80 s2 24 [§
B M 7 3200 R 276 18 <17 68 42 19 7
C F 17 4200 Ris 286 17 a2 83 43 13 3
D F 7 3700 26 20 5 0-3 R 43 8 12
E M 10 3230 27 182 2:6 43 73 s2 33 35
F M 8 3300 177 24 74 08 63 40 12 6
G F 21 1200 1t 206 8 02 60 52 12 35
H F 15 1300 36 52 <1 0-02 77 12 49 2

Normal valuest 1200-3500 40-350  300-1350  30-350  14-120 350-75 35-45 [15-25 5-13

* Diagnostic values at onset of the disease
+ The lower limit of the normal values represent normal values for the age at which diagnosis was made.

laboratory standard IL-2 supernatant (100 IU/ml) which was IgE {ng/mi)
calibrated against the Biological Response Modifiers Program 2 3 e 8 10 12 g
(BRMP) reference reagent human IL-2 (Jurkat) (National A

Cancer Institute, Frederick, MD). To determine IL-2 units, the
logarithm of ct/min of *H-TdR uptake was plotted against the
logarithm of the dilution of the sample. The IL-2 titre was
calculated by the reciprocal of the test samples that gave 50% of
the maximal ct/min of our laboratory standard.

IL-4 was quantified by an immunoenzymatic assay per- £
formed as follows: polyvinylchloride microtitre plates (Dyna- i§ D
tech, Alexandria, VA) were coated with 10 ug/ml of purified & £

immunoglobulin fraction of rabbit anti-IL-4 that was raised

against Escherichia coli-derived recombinant 1L-4, The plates F
were then washed by an automatic washer (Titertek, Flow
Laboratories, Irvine, UK) with PBS supplemented with 0-05%
Tween 20. Next, various dilutions of the culture supernatants in H

RPMI + 10% FCS were added to the coated wells and incubated

for 90 min at room temperature. The samples were tested in

duplicate. After washings, 0-1 pg/ml purified rat anti-IL-4 Fig. 1. Induction of IgE synthesis by PBMC of patients with common
MoAb 11B4 (Chrétien et al. 1989) was added in SO pl variable immunodeficiency by IL-4. IgE production is expressed as
RPMI + 10% FCS and incubated for 90 min. Subsequently, the mean +s.d. of duplicate Fultures; Spontaneous IgE synthesis 1r the
wells were washed and incubated with 1/2000 dilution of goat ?Einicogﬁl‘i“slnfia;%z(ljbl(;ig ;%‘El/ ?2'(?/’5{)%';;?3 ZJ/T(") L. :
anti-rat antibody coupled to peroxidase (Tago, Burlingame, ml)-.L(éomrélmrla.bi‘t Semn;“,,g(‘)g]) antt OO LA
CA). Enzyme activity was determined with the substrate 2,2- T
aminobis-3-ethyl-benzthiazolin sulphonic acid (ABTS:; Sigma)

ata concentration of I mg mlin acitric acid buffer and 0-{ gl/ml duplicate. Senal dilutions of purified IFN-y (Schering-Plough
H,O.. The plates were read with an ELISA reader. Calibration Research) were incubated to establish a calibration curve. Arter
curves were made with serial dilutions of highly purified E. coli- washings. the samples were incubated for 90 min with the znu-
derived IL-4. Sensitivity of the assay was 25-50 pg/ml (Chrétien IFN-y MoAb B27 that was labelled with biotin. After an
et al., 1989). additional incubation for | h with alkaline phosphatase coupied
IFN-y present in the supernatant of the cultures was to avidin (Tago) diluted 1,500 in PBS, BSA, Tween 20, followed
determined with an immunoenzymatic assay carried out as by washing. positive samples were revealed by the adding o7 the
described previously (Favre ¢f al.. 1989). Brietly, flat-bottomed substrate p-nitrophenyl phosphate (Sigma). Sensitivity of he
wells of Nunc microtitre were coated with 10 gg'ml of the anti- assay was 30 pe [FN- ml (Favre er al.. 1989).
IEN- MoAb A35 1 a volume of 200 g for 16 h at 16 C. Next.
the wells were incubated with 200 gl PBS supplemented with 5%, Ceoll surtace marker analvsis
BSA (Sigma) and 0-05° Tween 20 (Merck) for | h at room PBMC (107 were resuspended in PBS ina volume of 100 . 2=
temperature. After washings, dilutions of culture supernatants incubated for 30 min at 4 C with 3 @l of anti-CD3. ant-C D4,
were added in PBS supplemented with 170 BSA and 0-05"% anu-CDX or 2au CD20 MoAbs, Arter washing the cells taooin

Tween 20 and incubated for 90 min. The samples were tested in PBS. the cell nellet was resuspended i 50 ¢d of goat antiboc . —o
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Fig. 2. Induction of IgE synthesis by PBMC of healthy donors by 1L-4. PBMC of donor 3 were not tested in the presence of TL-3 (300
U ml). Inhibition studies with anti-1L-4 antiserum were only carried out with PBMC of donors. 2. 3and 8. IgE production is expressed
as mean +s.d. of duplicate cultures. 0. IL-4 (100 U/ml); ®&, 1L-4 (500 U;ml): @. 1L-3 (500 U'mh)+anu-1L-4 (1:300); ©. 1L-4 (500

U mh+rabbit serum (1 300).
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Fig. 3 The etfect of IFN- and anti-IFN-; antibody on gk synthesis by
PBMC of CVI patients IgE production is expressed as mean +
duplicate cultares. 2140300 U mby: @ TL-2 300 U 'mb — TFN- (100
Umlbe ac -4 (300 U mhy=saru-10-4 (1 200 a0 10-4 (500 U
mby —anu-TEN- b 250 o TL-40300 U mly = TEN- (100 U mb) + anu-
THN= o) 280,

sdof

mouse IgG and IgM labelled with fluorescein (Bionetics,
Labtek. Milan, Italy) and 100 gl of PBS. After incubation for 30
min at 4 C, the cells were washed twice, resuspended in PBS and
analysed with the FACScan (Becton Dickinson).

RESULTS

Cell counts, serum immunoglobulin values, and phenotyping of
PBMC of CVI patients
Immunoglobulin serum value. lvmphocyte counts and pheno-
typing of PBMC of the patients are shown in Table I
Lymphocyte counts of the eight patients were in the normal
range. All patients presented low or non-detectable serum levels
of the IgM. [gG and IgA 1sotvpes with the exception of patient
A. who had normal scrum IgM and IgA levels. and patient F
whose secrum IgM concentranons were in the normal range.
Serum IgE levels were normal 1n patient B, patient E had very
reduced serum IgE levels. whereas the other patients had serum
ek levels that were below the detection level. Normal percent-
ages of CD2 . CD4 and CDX- T cells were tound. with the
exception of patient D who had decreased numbers of CDN T
cells.and patent H who nad reduced numbers o CD3 - T eells,
Normal percentages of CDIZ00 Beells were observed in four
patients (AL B, Do Fiwhereas toe Beell numbers aere reduced in
the other four pauents (C F Gl HD
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% Table 2. Production of 1L-4, [L-2 and 1FFN-; by peripheral blood mononuciear cells of patients with
common variable immunodeficiency and healthy controls

1L.-4 1.2 1N- Heaits, 11-4 [L-2 TN

Puatient Activation (pg.mb) (U mb (ng mi doner (pgmi (IU mib (ng'ml)

A Medium <25 <01 <3 1 <23 <01 <3

PHA+TPA*  39+3 56 [-2=-0 426 +2 S6 36401

PHA+TPAt 3042 20 360 S84 +X 95 331401

B Medium <25 <01 <0-3 2 <2% <01 <03
PHA +TPA* NT 20 2301 285 +4 30 65+1

PHA + TPAT 300+8 87 3-1+0-1 370 £ % 72 81402

C Medium <25 <01 <03 3 <25 <01 <03

PHA+TPA* 4540 120 35401 9743 58 54402

PHA +TPAT  54+0 ) 21401 49340 72 47402

D Medium <25 <01 <03 4 <25 <01 <03

PHA +TPA* <25 120 1-6+0 120+4 56 [-5+01

PHA +TPA+t <25 90 4340 290 +8 87 74403

E Medium <25 <01 <03 S <25 <01 <03
PHA + TPA* NT NT NT NT NT NT

PHA + TPAT <25 26 30+01 560+ 4 72 4-1+01

F Medium <25 <01 <03 6 <25 <01 <03
PHA + TPA* NT NT NT NT NT NT

PHA +TPAYT <25 4 2:0+01 140 + 4 85 11-1+04

G Medium <25 <01 <03 7 <25 <01 <03

PHA + TPA* <25 20 6-:0+04 508+9 70 83105

PHA + TPAt <25 26 11-:3+02 NT 91 143402

H Medium <25 <01 <03 8 <25 <01 <03

PHA +TPA* 292411 10-7 9-7+0 360+8 > 300 6:6+03

PHA + TPAT 218+4 S 10-4+0-1 136 +7 24-6 57402

* PHA 10 pug/ml+TPA | ng/ml
+ PHA 100 pug/ml+TPA 1 ng/ml
NT. not tested.

Induction of IgE synthesis by PBMC of CVI patients by 11-4
We demonstrated previously that IL-4 can induce IgE synthesis
by mononuclear cells isolated from peripheral blood, tonsils or
spleen of healthy non-allergic, non-atopic individuals (Péne et
al., 1988a, 1988b, 1988c. 1989). IL.-4 concentrations of 200 U/ml
were found to be optimal to induce maximal IgE synthesis by
PBMC of healthy donors. In order to investigate whether the
PBMC of CVI patients could also be induced to synthesize IgE
in vitro in the presence of [L-4, the mononuclear cells of eight
CVI patients were incubated with varied concentrations of IL-4.
In Fig. 1 it is shown that IL-4 induced IgE synthesis in two
patients (B and C), whereas PBMC of 6 other patients (A, D, E,
F. G, H) failed to synthesize IgE on multiple occasions tested.
Maximal IgE synthesis (approximately 10 ng/ml) was obtained
at IL-4 concentrations cn 3500 U/ml, whereas IL-4 at 100 U/ml
was suboptimal in these two patients (Fig. 1). IgE levels induced
by IL-4 at 2000 U/m!} were similar to those induced by IL-4 at
500 U/ml (not shown). The IgE synthesis is specifically induced
by IL-4. since the anti-IL-4 antiserum completely blocked IgE
synthesis (Fig. 1). Sporiineous IgM. IgG or IgA synthesis by
PBMC of the patients w:s extremely low or absent and could
not be up-regulated by 1L-4 (not shown).

PBMC of seven ou: of ecight healthy controls tested in
parallel with CVI patier:s produced variable levels (1-49 ng-mi)
of IgE in respense to TL-<¢Fig. 2). With the exception of donor
4. no significant differcnces were observed between the levels of
[¢E induced by 100 o7 700 U 'ml of IL-4. In the cases tested

(donors 2. 5 and 8). IL-4-induced IgE synthesis was strongly
blocked by anti-IL-4 antiserum. These results are similar to
those described previously with PBMC of other serics of healthy
individuals (Péne er al., 1988a: Chrétien et al., 1989, 1990). In
addition, spontaneous 1gM, IgG and IgA production by PBMC
of the healthy donors was low and was not significantly affected
by IL-4 (not shown).

[L-4-induced IgE synthesis by PBMC of CVI patients is blocked
by TFN-;
We demonstrated that IL-4 induced IgE synthesis by PBMC of
healthy donors was strongly inhibited by IFN-y or IFN-x.
indicating that these IFNs act as antagonists of IL-4 (Péne er al..
1988a. 1988b). In order to establish whether IFN-y had similar
inhibitory effects on 1L-4-induced IgE synthesis by PBMC of
patients with CVI, blocking studies with IFN-y were carried out
with PBMC of patients B and C. Figure 3 shows that IFN-; at
100 U’/mi significantly reduced IgE synthesis induced by IL-4
(500 U mh. Thisinhibitory effect is neutralized by an anti-IEN--
antiserum. illustrating the specificity of the blocking effect. in
the presence of this anti-IFN- antiserum. iL-4-induced 1k
svnthesis by PBMC of patients B and C was only slightiy
enhanced. indicating that the levels of endogenous TEN-
production by T cells present in the culture are msuflicient o
diminish [L-4-induced IgE synthesis sigmificantly.
Furthermore. we excluded the possibility that the tailure of
the PBMC of the six other OV patients to produce Ieb on
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responsc to 1L-4 alone was due to high levels of endogeneous
1FN-y production by T cells in the culture. since cultures carried
out in the presence of the anti-IFN-y antserum did not resultin
114 induced TgE synthesis (not showm

J1L-2 114 and 1FN= production by PBMC of paticus with CVI
The results obtained so far suggest that two out of the six
patients have Beells. or B cell precursors that can produce IgE in
responsc to 1L-4 in vitro. However. since 1L-4 has been shown to
be the sole inducer of IgE svnthesis (Péne ez al.. 1988b). defective
production of IL-4 by T cells may account for the low levels of
I¢E observed in some patients in viro. Therefore. we mvestigated
the capacity of T cells of our patients to produce IL-2. IL-4 and
IFN-7. Table 2 shows that the levels of IL-4 produced by PBMC
of patients Band H after activation by combinations of PHA (10
ug/ml)+TPA (Ing ml), or PHA (100 ug ml)+TPA (1 ng/ml)
were in the normal range. PBMC of patient C produced low but
significant levels of 1L-4, which were, however, reduced com-
pared with IL-4 production by PBMC of healthy donors tested
in parallel. PBMC of patient A produced 1L-4 (30-40 pg/ml),
but these levels have to be considered as borderline because of
the sensitivity of our ELISA (25-50 pg ml). PBMC of all eight
healthy donors tested in parallel produced significant levels of
IL-4 which varied between 120 and 584 pg/m! (Table 2).

Although the series of patients with CVI tested here is
relatively small, it seems that in addition to defective IL-4
production by PBMC, there is also impaired production of IL-2
and IFN-;.

DISCUSSION

The reduced levels of immunoglobulin produced in CVI
patients have been attributed to defects in regulatory T cells,
and/or B cells or defective monocyte functions (Waldman et al.,
1974; Siegal er al., 1976: Schwaber et al.. 1978: Mitsuya et al.,
1981; Reinherz er al., 1981a. 1981b; Lopez-Botet er al., 1982;
Saiki et al., 1982, 1984; Jones, 1984; Perri & Weisdorf, 1985;
Matheson & Green. 1987). Here we demonstrate that PBMC of
two out of eight patients with CVI (pauents B and C) could be
induced to produce IgE in vitro by IL-4. showing that their B
cells, like B cells of the majority of healthy donors, can be
induced to switch to IgE producing cells upon interaction with
1L-4.

Although 1L-4 is the sole inducer of IgE synthesis (Péne et
al.. 1988a, 1988b) the capacity of IL-4 to induce IgE synthesis by
B cells of healthy individuals is completely dependent on CD4 ¢
T cells (Péne er al., 1989). enhanced by monocytes (Pene er al.,
1988a, 1989) and suppressed by autologous CD8- T cells (Péne
e al.. 1989, manuscript in preparation) indicating the multiple
cells or factors are involved in a cawcade of events finally
resulting in [gE synthesis.

Of the two patients (B and C) whose PBMC could be
induced to synthesize IgE in vitro. patient B had very low levels
of serum IgM. 1gG and IgA. but his serum IgE levels were in the
normal range. Our in virro data reflected exactis the in civo
situation. since the PBMC of this patiert were ‘normal” in their
capacity to produce IgE in response to IL-4. Furthermore. we
demonstriated that the T eells of patient B produced quantities of
-4 incitro that were in the normai range. These resulisindicate
that the regulatory circuits tinally resuzingin ek synthesis m

vivo and o cizro are intactin this patient whereas regulation off

lgG. TgA and IgM production, as measured in vivo. 1s defective.
PBMC of patient €.
recombinant [L-4 i rirro synthesized minimal amounts of 1L-4

which also produced Igk in response to

in virro and failed o produce significant [gE levels in rivo. This
shows that in this patient the cells required tor the cascade of
events finally resulting in Th-4-induced  Tgh synthesis are
functioning normally i cirro. and suggests that the very low
levels of 1gE in rivo could be due to the reduced capacity to
produce 1L-4 upon T cell activation. Howcever. it may be
possible that other. vet to be defined mechanisms are responsible
for the very reduced serum IgE levels in this patient.

PBMC of the six other patients failed to produce Igk in viro
and in ritro despite normal. or slightly reduced numbers of B
cells present in their peripheral blood. We excluded that the lack
of in rirro 1gE synthesis was due to excessive endogenous IFN-y
production by T cells present in the cultures. since in the
presence of anti-IFN-; antibody. IL-4 was unable to induce IgE
synthesis (not shown). This indicates that the B cells of these six
patients may be intrinsically defective.

Apart from possible defects in B cells. it is clear that patients
with CVI also have defects in regulatory T cells. PBMC of five
out of six patients failed to produce IL-4 upon activation.
PBMC of these five patients also failed to secrete IgE in response
to exogeneous 1L-4 in vitro. The only exception was patient H,
whose PBMC failed to produce IgE despite normal levels of IL-
4 secretion.

Collectively. our data indicate that failure to produce
normal IgE levels in rico may be attributed to both defective IL-
4 production by T cells of these five patients and to failure of the
B cells to respond to 1L-4 appropriately, whereas the absence of
IgE synthesis in vivo in the sixth patient seems to be related toa B
cell defect. On the other hand, it is possible that the lack of IgE
synthesis is due to other defects in helper functions of the CD4*
T cells, increased suppressive effects of the CD8§* T cells or
defective monocvte functions. The lack of production of
detectable levels of IL-4 confirms our previous observations
which demonstrated that the capacity 1o secrete 1L-4 by PBMC
of a group of 11 CVI patients was significantly reduced as
compared with that of PBMC of healthy donors (Pastorelli et
al., 1989). In addition. in that study overall 1L-2 and IFN-y
production were aiso found to be reduced. compared with those
obtained by PBMC of an age- and sex-matched group of control
donors (Pastorell: er al.. 1989); this is confirmed in the present
study.

Furthermore. 1t is clear that although the precise cascade of
events leading to IgE production induced by IL-4 in vivo still
remains to be determined, the frequency of successful IgE
production in virro by PBMC of patients with CVIEis much lower
than that by PBMC of healthy donors (2/8 versus 7/8). It
remains to be clarified why PBMC of healthy donor 6 failed to
produce IgE, but recent studies in our laboratory have indicated
the PBMC of a small proportion of healthy donors do not
produce IgE under the present culture conditions (Chrétien ef
al.. 1990).

It has been »7own that B cells of patients with CVI behave
functionally like ‘mmature cord blood B cells (de Gast er ol..
1980 Tosato er.: . 1980: Platts-Mills ozl 1981 Perreira ¢z al.,
1982: Haber s, 1983 Brenner eral. 1984 Muser eral . 1984).
Sumulation of B _ells of paticnis with CVE by EBV. PWA or
supernatants of couvated T eells resuits, as with cord blood B
cells. predomin. v n seeretion of oM oand no or very low
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levels of TgA and TgG. However. we have found that cord blood
cells from & ¥ donors produced 1gE in the presence of 11.-4,
indicating that cord blood B cells and B cells of CV1 patients
differ in their capacity o produce gk i response to -4
(Pastorelll er «/.c unpubished). Therefore, B cells from patients
with CVI cannot be compared tuncuonally with cord blood B
cells.

The study of the mechamsms underlving defective Igk
synthesis by PBMC of certain patients with immunodeticiencies
may contribute to our understanding of the various steps in the
cascade of events leading to IgE production in both normal and
allergic individuals.
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