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Patients with common variable immunodeficiency (CHID) are heterogeneous in the clinical 
manifestations of the disease and in the underlying mechanisms leading to the 
immunodeficiency. The impairment of B-cell function can be due to an intrinsic defect of the B 
cells, a deficiency in the function of the antigen-presenting cell, or a dysfunction in the course 
of T-cell activation. In the present report we have focused our attention on T-lymphocyte 
activation in three patients with CVID, Numbers of T and B cells, as well as CD4 and CD8 T 
cell subsets, were within the normal range. The patients’ B cells secreted IgM but did not secrete 
I’ and &A in response to B-cell stimuli in vitro. Addition of allogeneic T cells was followed 
by an increase in IgMproduction but had no effect on the other immunoglobulin isosotupes. 
Examination of T-cell function revealed impaired prolverative response, interleukin-2 (IL-2) 
and interferon-y gene expression and IL-2 release after antigenic stimulation, whereas T-cell 
proliferation, as well as IL-2 gene expression and release in response to stimulation via 
anti-CD3, were comparable to those of healthy control subjects. Anti-CD3induced IFN- y gene 
activation in T cells from two patients was comparable to that of control subjects, whereas T 
cells from the third patient showed reduced expression of IFN- y mRNA. In contrast to the 
decreased IL-2 and IFN- y mRNA levels, IL-2R transcripts examined in parallel were normal in 
C?!ID T cells on stimulation with antigen. The defect in IL-2 and IFN- y mRNA expression 
after stimulation with antigen, but not with anti-CD3, suggests an abnormaliiy confined to 
T-cell activation by the T-cell receptor. (J ALLERGY CLIN IMUUNOL 1993;92:340-52.) 
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Common variable immunodeficiency (CVID) 
comprises a heterogeneous group of disorders 
characterized by defects in B-cell differentiation 
and/or antibody secreti0n.l. ’ Serum concentra- 
tions of some or all isotypes of immunoglobulins 
may be reduced or absent, while circulating B 
cells are present, albeit occasionally reduced in 
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Abbreviations used 
CVID: Common variable immunodeficiency 
MNCs: Mononuclear cells 

mAb: Monoclonal antibody 
PCR: Polymerase chain reaction 
PMA: Phorbol 1Zmyristate 13-acetate 
PPD: Purified protein derivative 
TEE: Tickborne encephalitis virus 
TCR: T-cell receptor 

numbers. The intrinsic antibody deficiency makes 
these patients unduly susceptible to infections 
caused by some ubiquitous bacteria and myco- 
plasmas. The deficiency can be due to functional 
impairment at any stage of the complicated inter- 
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actions among B cells, T cells, and antigen-pre- 
senting cells required for antibody production. On 
the basis of B-cell function, for example, several 
groups of patients could be identified according to 
the capacity of their B cells to secrete immuno- 
globulins of different isotypes on in vitro stimula- 
tion with anti-IgM and interleukin-2 (IL-2).‘-5 In 
some patients a deficiency of antigen-presenting 
cell function has been reported.6-8 Defects at the 
T-cell lev’el included abnormal T helper func- 
tions,‘. ’ increased T suppressor activities,’ and 
abnormalities in T-cell activation caused by an 
impairment of lymphokine production.l’-l3 Re- 
cently, a subgroup of patients with CVID in whom 
T lymphocytes could not be adequately stimulated 
by mitogens has been described.‘” This was ac- 
companied by significantly decreased expression 
of IL-2, IiL-4, IL-5, and interferon-y in these 
patients’ T cells, whereas their IL-2R expression 
was comparable to that of the control subjects. 

In previous studies we identified patients whose 
T lymphocytes proliferated normally in response 
to mitogens (e.g., phytohemagglutinin) but were 
unable to mount an adequate proliferative re- 
sponse when stimulated with antigens.14 In the 
present study we have concentrated on this sub- 
group of patients and attempted to delineate 
further the nature of the underlying T-cell defect. 
We approached the question by analyzing lym- 
phoproliferative responses, lymphokine secretion, 
and gene expression of IL-2, IL-2R, and interfer- 
on-y in antigen- and mitogen-driven cultures. 
Lymphocytes of healthy control subjects and pa- 
tients with CVID, as well as naive lymphocytes 
from umbilical cord blood, were investigated. The 
results of these studies indicate that T lympho- 
cytes from this subgroup of patients with CVID 
did not respond to antigen with adequate expres- 
sion of IL..2 and interferon-y mRNA. 

METHODS 
Patients and control subjects 

Criteria for the diagnosis of CVID include signifi- 
cantly decreased serum IgG levels and a consistent 
impairment of the production of specific antibody. 
Patients with CVID are heterogenous regarding serum 
concentrations of IgA and IgM and with respect to B 
and T cell numbers and function and presumed patho- 
genesis.” III the present article we report on three 
patients with CVID who had severe agammaglobuline- 
mia (i.e., IgG level below 2 gm/L and IgA and IgM 
levels below 0.2 gm/L), normal numbers of T and B 
cells, and no lymphoproliferative response to recall 
antigens. Three other patients of 12 who were followed 
up at our institution at the time of the study were also 

agammaglobulinemic and showed decreased cellular 
response to recall antigen, but two of them showed very 
low numbers of B cells (i.e., ~2% of the peripheral 
blood lymphocytes), and one patient was not available 
for repeated examinations. The three patients de- 
scribed in this study-one woman, aged 49 and two 
men, aged 39 and 24, had received bacille Calmette- 
GuCrin vaccinations at birth and had received tetanus 
toxoid and tickborne encephalitis virus (TBE) vaccina- 
tions or boosters within the last 12 months before 
testing. They were receiving regular gammaglobulin 
replacement therapy (intravenous application of 400 
mg IgG per kilogram of body weight every 2 to 4 
weeks), and their IgG trough levels ranged between 5 
and 8 gm/L. None of them had acute infections or were 
receiving corticosteroids or antibiotics. Blood samples 
were taken 2 to 4 weeks after administration of immu- 
noglobulins. 

The patients had normal numbers of T cells and B 
cells, and their CD4- and CD8-expressing T lympho- 
cytes were also within the normal range. The patients’ 
T cells cocultured with autologous monocytes re- 
sponded normally to mitogens (phytohemagglutinin, 
concanavalin A, and anti-CD3). However, the patients’ 
T cells failed to respond to a number of different 
antigens (e.g., Escherichia coli, tetanus toxoid, purified 
protein derivative [PPD] and TBE). 

Thirty healthy volunteers, who were investigated in 
parallel, served as control subjects. The control subjects 
included both men and women and ranged in age from 
19 to 50 years. The vaccination histories of the control 
subjects were comparable to those of the patients. 

Isolation of mononuclear cells and 
preparation of a T-enriched 
lymphocyte population 

Mononuclear cells (MNCs) were isolated from the 
peripheral blood of patients and healthy human volun- 
teers and from umbilical cord blood by buoyant density 
gradient centrifugation.‘” Monocytes were prepared by 
adherence to plastic.” Nonadherent cells were fraction- 
ated into T-enriched cells (> 95% CD2’ and >90% 
CD3’) and non-T cells ( > 40% B cells as judged by 
CD19 expression) by rosetting with sheep erythrocytes 
treated with neuraminidase (Behring, Marburg, Ger- 
many) or 2-aminoethylisothiouronium bromide (Sigma 
Chemical Co., St. Louis, MO.), as described else- 
where.“. ” 

Phenotypic analysis of MNCs 

Monocytes, B cells, T cells, T-cell subsets, and T-cell 
activation markers were analyzed by direct two-color 
immunofluorescence staining with the following mono- 
clonal antibodies (mAbs): Leu-2a (CDS), IL-2R 
(CD2.Q HLA-DR, Leu 18 (CD45RA), Leu 45R0 
(CD45RO), and WT-31 (T-cell receptor [TCR] c+) 
(Becton Dickinson, San Jo&, Calif.); T3 (CD3), T4 
(CD4), Mo2 (CD14), B4 (CD19), and 2H4 (CD45RA) 
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(Coulter Immunology, Hialeah, Fla.); and BMA-031 
(TCR-a-8) (Behring). Evaluation was performed with 
a cytofluorograph (Becton Dickinson FACS 440 or 
FACStar plus), and a total of 10,000 cells were ana- 
lyzed. 

Lymphocyte proliferation 

Triplicate cultures that contained adherence-purified 
monocytes (1 x 10” per well) and T-enriched cells 
(1 x lo5 per well) were set up in flat-bottomed micro- 
titer plates (Falcon Microtest II; Becton Dickinson, 
Lincoln Park, N.J.). To assess the proliferative response 
to ubiquitous antigens, heat-inactivated E. coli 089:HlO 
(5 x lo6 E. coli per milliliter) and tetanus toxoid (10 
LF/ml, Swiss Serum and Vaccine Institute, Beme, Swit- 
zerland) were added. In addition, the cells were stim- 
ulated with mAbs specific for anti-CD3 (10 rig/ml 
OKT3, Ortho Diagnostic Systems Inc., Raritan, N.J.) 
and TCR a-8 (WI-31, BMA-031, 2 p,g mAb per milli- 
liter) coated on beads (Dynabeads M450, 4 x lo8 per 
milliliter; Dynal, Oslo, Norway), as well as with a 
combination of the diacylglycerol analog phorbol 12- 
myristate 13-acetate (PMA) (10 @ml; Sigma) and the 
calcium ionophore ionomycin (0.1 &ml; Calbiochem, 
San Diego, Calif.). The cell cultures were kept at 37” C 
in a CO2 incubator (5% CO, in humidified air). After 
incubation with antigen for 7 days, PMA + ionomycin 
for 5 days, and the mAbs for 3 days, the cultures were 
pulsed with 0.2 uCi tritiated thymidine (Amersham, 
Buckinghamshire, England) and harvested 16 hours 
later onto glass fiber filter strips with a semiautomatic 
cell harvester (Skatron, Lier, Norway). Tritiated thymi- 
dine incorporation was determined by liquid scintilla- 
tion counting (Packard Instruments Corp., Tri-Carb, 
Meriden, Conn.). Results are presented as mean disin- 
tegrations per minute + SD. Statistical analysis was 
performed with Student’s t test. 

Induction of IL-2 release and assay of 
IL-2 activity 

Macrophages (1 x lo4 per well) and T-enriched cells 
(1 x 10’ per well) were activated with the stimuli and 
culture conditions described above. Culture supema- 
tants were removed once every 24 hours over a period 
of 7 days, sterile-filtered, and frozen at -20” C until 
analysis. IL-2 concentration in the culture supematants 
was determined by a bioassay on the basis of the 
supernatants’ capacity to induce proliferation of the 
murine cytotoxic lymphoid cell line CTLL-2 according 
to the method of Gillis and Smith.” The linearity of the 
dose-response calibration curve allowed assessment of 
IL-2 concentrations that ranged from 0.1 to 100 U/ml. 

Cytokines 

Purified recombinant human IL-2 (Amersham), IL- 
l-a, IL-3, IL-4, IG5, IL-6, TNF-a and interferon-y 
(Genzyme, Boston, Mass.) were added to the cultures 
in concentrations of 100 III/ml and 5 IU/ml. 

Polymerase chain reaction 

Reverse transcriptior? of total RNA, followed by 
polymerase chain reaction (PCR) analysis? was used 
to detect the activation levels of IL-2, IG2R, and 
interferon-y mRNA. For this purpose T lymphocytes 
isolated from three patients and three control subjects 
were stimulated with PMA + ionomycin, tetanus tox- 
oid, or anti-CD3 mAbs (OKT3). At 6 hours and 24 
hours after stimulation, the total cellular RNA was 
isolated from 5 x lo6 T cells by the method of Chirg- 
win et al.** and quantified by measurement of absor- 
bance (optical density) at 260 nm. Equal amounts (2 to 
5 kg) of total RNA were reverse transcribed into 
cDNA by first and second strand synthesis with the use 
of avian myeloblastosis virus reverse transcriptase 
(Boehringer Mannheim Biochemicals, Mannheim, Ger- 
many). The cDNA copies were then amplified (30 
cycles) with a BIO-MED Thermocycler 60 (BIO-MED 
Devices, Inc., Madison, Conn.) by Taq polymerase 
(USB Corp., Cleveland, Ohio) with oligonucleotide 
primer sets specific for IL-2, IL-2R, interferon-y and, 
as an internal control, p-actin (MAPPing Amplimer, 
Clontech Laboratories, Inc., Palo Alto, Calif.). The 
amplification program consisted of denaturation at 
94” C for 1 minute, primer annealing at 60” C for 2 
minutes, and extension at 72” C for 3 minutes. Finally, 
the PCR-generated products were fractionated on 
1.5% agarose gels and validated by the predicted size of 
the amplified cDNA fragments and by hybridization of 
the corresponding filters with specific cDNA probes 
(IL-2 and IL-2R), as well as by interferon-y and p-ac- 
tin-specific oligonucleotides.23 

DNA hybridization 

The fractionated amplification products were blotted 
from agarose gels onto Hybond-N membranes (Amer- 
sham) according to the manufacturer’s protocol and 
hybridized at 65” C in 5 x standard sodium citrate, 25 
mmol/L NaHPO,, pH 6.5, 5 x Denhardt’s solution, 
0.1% sodium dodecylsulfate, 10% dextransulfate for 16 
hours. pT-cell growth factor-11 (IL-2; ATCC No. 
39673), pIL-2R2 (IL-2R-az4) plasmid DNA and an 
interferon-y-specific (position 366-395)25 or B-actin- 
specific (position 401-434=) oligonucleotide probe were 
used for hybridization. The excess radioactive label was 
removed by washing three times in 0.1 x standard 
sodium citrate/O.l% sodium dodecylsulfate at 65” C. 
The air-dried filters were exposed at - 70” C to Kodak 
X-OMAT AR films (Eastman Kodak Co., Rochester, 
N.Y.) with intensifying screens. 

Quantitative evaluation of PCR assays 

The relative density of the signals obtained by South- 
em blot analysis of the PCR-generated products was 
determined by laser densitometry (LKB Ultroscan XL 
2.1 Laser Densitometer; LKB, Bromma, Sweden). The 
densitometric reading of IL-2, interferon-y, and IL-2R 
in a particular test was related to the corresponding 
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densitometric reading for B-actin, and the results for a 
given patient are expressed as percentage of the read- 
ing for the healthy control subject who was examined in 
parallel. In addition, quantitative analysis of the ampli- 
fied mRNA specific for IL-2 was performed with radio- 
active labeled IL-2-specific anti-sense oligonucleotides. 
The anti-sense oligonucleotide was labeled with 
y-phosphorous 32-adenosine triphosphate by using 
polynucleotide kinase, and unincorporated nucleotides 
were removed on a Pharmacia NAP-5 column, followed 
by ethanolis: precipitation. 

3’ “P-end-labeled IL-2-specific primer (100 
umol/L), 5’ IL-2-specific primer (100 umol/L) and 
deoxyribonucleic triphosphates (50 pmol/L) in 1 x 
PCR buffer were mixed to produce a total volume of 50 
ul. The amplification profile involved denaturation at 
94” C for 1 minute, primer annealing at 60” C for 2 
minutes, and extension at 12” C for 3 minutes for 25 
cycles. Fifteen microliters of each PCR reaction mix- 
ture was electrophoresed on 1.5% agarose gels in 1 x 
Tris/acetate/ethylenediaminetetraacetic acid buffer. 
Gels were exposed for 1 hour to Kodak X-OMAT AR 
film. Appropriate bands were cut out of the gel, and 
radioactivily was determined in a liquid scintillation 
counter. Results were expressed as counts per minute. 
Quantitation of changes in IL-2 mRNA levels in acti- 
vated T cells by PCR can be problematic because of the 
exponential nature of this assay. Therefore we used an 
internal DNA standard (pJC) in a competitive PCR 
assay. pJC, a nonhomologous DNA fragment derived 
from the plasmid pBR 322, was cloned between the 
IL-2-specific primer pairs and thus will compete with 
the target cDNA in the PCR assay. In each reaction 
3 ug of total RNA was used for the synthesis of 
double-stranded cDNA. Identical aliquots (5%) of 
these cDNA templates were amplified in the presence 
of twofold serial pJC dilutions ranging from 50 fg/ul to 
0.195 fg/ul. The PCR assay was performed as described 
above, and the amplified products were resolved on a 
1.5% ethidium bromide-agarose gel. The size of the 
resulting pJC-specific DNA product was 300 bp, 
whereas th.at of the IL-2-specific sequence of the target 
cDNA wa.s 458 bp. Because the quantities of the 
competitive pJC DNA that were used are known, the 
actual amount of IL-2 cDNA (in femtograms per mi- 
croliter) added to the PCR reaction can be determined 
by estimaung the dilution in which the pJC and the 
target PCR products appear to be equal. 

Induction of B-cell lg secretion by 
stimulation of patients’ and control subjects’ 
peripheral blood mononuclear cells with 
pokeweed mitogen 

MNCs (1 x 106) of three patients and four control 
subjects were cultured in 24-well flat-bottomed culture 
plates (Multiwell Tissue Culture Plates, Falcon, Lincoln 
Park, N.J.). To assess Ig production, cultures were 
stimulated with pokeweed mitogen (Gibco, Grand Is- 

land, N.Y.) at a final dilution of 1: 500, anti-IgM mAbs 
(kindly provided by Dr. 0. Majdic, Institute of Immu- 
nology, University of Vienna) coupled to Dynabeads M 
450 at a fIna1 dilution of 1 x lo6 beads per milliliter, 
anti-IgM-beads in combination with rIL-2 (Genzyme) 
at a concentration of 100 U/ml, or Staphylococcus 
aureus Cowan I (Calbiochem Corp., San Diego, Calif.) 
at a final concentration of 1:5000. On day 7 culture 
supernatants were harvested, sterile-filtered, and kept 
at - 20” C until analysis of immunoglobulin concentra- 
tions by ELISA. 

lmmunoglobulin isotype-specific ELISA 

Maxisorp Immuno plates (Nunc GmbH, Wiesbaden, 
Germany) were coated overnight at 4” C with 4 &ml 
of sheep anti-human antibodies (Boehringer Mann- 
heim) in a coating buffer (carbonate-bicarbonate 
buffer, Sigma, pH 9.6). The plates were washed three 
times and blocked with 1% bovine serum albumin. 
Culture supernatants or purified Ig of the respective 
isotype (N/T protein control serum [human], Behring) 
in different concentrations were added in order to 
obtain standard curves, and the plates were incubated 
overnight at 4” C. Then the plates were washed and 
incubated for 1 hour at room temperature with the 
appropriate alkaline phosphatase-labeled isotype-spe- 
cific goat anti-human IgG, IgM, and IgA mAbs (Sigma). 
After this was done, the plates were washed once again 
and 1 mg/ml of p-nitrophenyl phosphate (Sigma) in 
10% diethanolamine buffer, pH 9.8, containing 0.5 
mmol/L MgCl, was added. Reaction was stopped by 
addition of 50 u.1 3M NaOH per 200 ul of reaction 
mixture. The plates were assayed with an ELISA 
reader with a wavelength of 405 nm, and supernatant 
concentration of Ig was calculated with regression anal- 
ysis. The linearity of the assay allowed determination of 
0.01 &ml to 10 kg/ml. 

RESULTS 
Enumeration and phenotypic 
characterization of lymphocytes 

Both patients and control subjects presented 
with normal numbers of circulating T cells, and 
the distribution of T-cell subsets was comparable 
in the two groups. Immunofluorescence analysis 
of patients’ MNCs (freshly isolated) showed nor- 
mal percentages of CD2 (61% rt 7%), CD3 
(59% & 6%), CD4 (38% +- 3%), and CD8 
(27% +- 4%) positive cells, and the majority of 
the T cells coexpressed the heterodimer TCR-a-B 
(97% + 2% of the CD3-positive cells were TCR- 
positive). T-cell subsets, defined as memory cells 
by the coexpression of CD4 and CD45RO and 
naive cells identified by CD4 and CD45RA ex- 
pression, were comparable in patients and control 
subjects (data not shown). B cells and monocytes 
of all patients were normal in numbers and in 
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FIG. 1. T-cell proliferation in patients and control subjects. T cells isolated from the peripheral 
blood (1 x IO5 per well) were cultured in triplicate with autologous monocytes (1 x IO4 per well) 
and stimulated with a combination of PMA (10 rig/ml) + ionomycin l/M) (0.1 kg/ml), mAbs (OKT3, 
10 rig/ml, BMA031 coated on beads, 2 pg mAbs per milliliter beads), or antigen (tetanus toxoid 
[ret Tax], 10 Lf/ml, and E. co/i, 5 x 106/ml). Proliferative responses were determined by 
incorporation of tritiated thymidine (0.2 @Zi). Results are expressed as mean dpm -+ SD. 

their expression of major histocompatibility com- 
plex class II molecules. 

T lymphocytes obtained from cord blood dif- 
fered from those of patients and control subjects 
in that the cord blood CD4 population expressed 
high levels of bright CD45RA but no bright 
CD45RO (data not shown), results that confirm 
data in the literature.26 

Lymphoproliferative response 

T cells from 30 healthy control subjects re- 
sponded with substantial proliferation to antigens 
such as E. coli or tetanus toxoid after 7 days of 
cultivation (Fig. l), as well as to TBE and PPD.14 
In contrast, the lymphoproliferative response of 
the patients’ T cells to antigens was significantly 
decreased. A shift in the peak of the T-cell 
response seemed unlikely, because antigen-in- 
duced T-cell proliferation was found to be de- 
creased in patients between day 3 and day 21 of 
the culture period. 

To further characterize the defect in the course 
of T-cell activation, lymphocytes were stimulated 
with a combination of PMA and ionomycin. PMA, 
a diacylglycerol analog, is a direct activator of 
protein kinase C and can bypass membrane re- 
ceptors. The calcium ionophore ionomycin mobi- 
lizes free calcium from internal and external 

stores. The combination of these two agents mim- 
ics activation of the second messengers diacylglyc- 
erol and inositol triphosphate during T-cell acti- 
vation.27-31 Application of PMA + ionomycin re- 
sulted in comparable proliferation of lymphocytes 
in patients with CVID and control subjects 
(Fig. 1). 

To determine whether the defect was located at 
the TCR level, the proliferative response of T 
lymphocytes after stimulation via CD3 (OKT3) 
and TCR (WT-31, BMA031) was measured. Pro- 
liferation in response to anti-CD3 mAbs was 
comparable in patients and control subjects, 
whereas the response to anti-TCR mAbs was 
decreased in patients’ T cells (Fig. 1). 

IL-2 production 

To determine IL-2 release by lymphocytes of 
patients with CVID and control subjects, pe- 
ripheral blood lymphocytes were subjected to 
antigenic and mitogenic stimuli. To study the 
time kinetics of IL-2 release, supernatants were 
assayed every 24 hours over a period of 7 
days. When cells were activated with PMA + 
ionomycin or anti-CD3 mAbs, the time kinetics of 
IL-2 release and the amounts secreted were com- 
parable in patients and control subjects (Fig. 2). 
Maximum levels of IL-2 could be observed in the 
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FIG. 2. IL-2 production in response to PMA + ionomycin, anti-CD3 mAbs, and antigen (tetanus 
toxoid) in T cells of healthy control subjects and patients with CUD. T cells and monocytes from 
control subjects and patients were cultured in the presence of PMA + ionomycin f/Ml (A), 
anti-CD3 mAbs (B), and tetanus toxoid (C), respectively. Culture supernatants were harvested at 
the times indicated and assayed for IL-2 as described in the Methods section. 

culture supernatants 24 hours after stimulation. the supernatant of cultures set up with the pa- 
In response to antigen, however, a marked differ- tients’ cells were below 1% of control levels. 
ence between the two groups was observed. Al- 
though lymphocytes of the 30 control subjects Lymphocyte proliferation in the presence of 

showed peak IL-2 release on day 3 and secreted externally added lymphokines 

an average of 50 IU/ml on stimulation with teta- Proliferation of patients’ T lymphocytes in re- 
nus toxoid, T lymphocytes of patients failed to sponse to tetanus toxoid plus rIL-2 was signifi- 
respond (Fig. 2). The amounts of IL-2 detected in cantly higher (p < 0.05) than the response to 
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FIG. 3. T-cell proliferative response to antigen with and without addition of rlL-2 in healthy 
control subjects, cord blood, and patients with CVID. Control subjects’, cord blood, and patients’ 
T cells and monocytes were cultured in triplicate in the presence of antigen (tetanus toxoid, 10 
Lf/ml) with and without 100 U rlL-P/ml added. Proliferation was determined by tritiated thymidine 
uptake. Results are expressed as mean dpm f SD. 

either rIL-2 or tetanus toxoid alone (Fig. 3). 
Other exogenously added lymphokines (rIL-1, 
rIL-3, rIL-4, rIL-6, recombinant interferon-y, 
rTNF-a) had no effect (data not shown). Cord 
blood cells, which are naive with respect to anti- 
genie stimulation and represent a population of 
truly unprimed cells, did not proliferate in re- 
sponse to antigenic stimulation but responded to 
externally added rIL-2. The lymphoproliferative 
response to rIL-2 was not increased by the addi- 
tion of antigen to the culture (Fig. 3). Addition of 
rIL-2 resulted in comparable augmentation of the 
PMA + ionomycin and anti-CD3-induced re- 
sponses in patients’, control subjects’, and cord 
blood lymphocytes (data not shown). 

Detection of IL-2, IL-2R, and interferon-y 
gene expression in stimulated 
T lymphocytes 

With the use of PCR technology, the relative 
IL-2, IL-2R, and interferon-y mRNA levels in 
cultured T cells from the three patients were 
determined. Three healthy individuals who were 
matched in vaccination history were tested in 
parallel, and results from one representative con- 
trol subject are shown in Fig. 4. After stimulation 
with anti-CD3 mAb (OKT3) and antigen (tetanus 
toxoid), respectively, the total cellular RNA was 
isolated, reverse-transcribed into cDNA, and sub- 
jected to amplification by Tuq polymerase with 30 
reaction cycles (see Methods). To validate the 
PCR reaction conditions used, a series of reac- 
tions with IL-2R primers was performed by in- 
creasing the number of reaction cycles in incre- 
ments of 5 cycles from 5 to 30. Below 20 reaction 

cycles, no PCR product was detectable on the 
agarose gel. Between 20 and 30 cycles, however, a 
specific signal was easily detectable for the pa- 
tients, as well as for the healthy individuals tested 
as control subjects. The ratio of the signals for the 
different cycles was constant, also indicating the 
validity of the reaction conditions used (data not 
shown). The PCR-generated products were visu- 
alized by agarose gel electrophoresis and subse- 
quent hybridization. The results obtained for the 
activation of IL-2, IL-2R, and interferon-y gene 
expression on stimulation with anti-CD3 mAbs 
are shown in Fig. 4, B. At 6 hours (Fig. 4, B) and 
24 hours (Fig. 4, B) after stimulation, IL-2- IL- 
2R- and interferon-y-specific gene expression in 
T cells from two patients (Fig. 4, B, lanes 2 and 3) 
was comparable to the results obtained from the 
healthy control (Fig. 4, B, lane I). One patient 
(MM) expressed normal levels of IL-2 and IL-2R 
on stimulation with anti-CD3 mAbs but failed to 
produce interferon-y mRNA 6 hours and 24 
hours after stimulation (Fig. 4, B, lane 4). A 
negative control lacking the reverse-transcribed 
mRNA as primer substrate was run in parallel 
and indicated specificity of the amplification re- 
action (Fig. 4, A, B, and C, lane 5). Amplification 
of p-actin served as an internal control. The 
amplified cDNA fragments obtained in these and 
the following experiments displayed the predicted 
sizes; their specificity was confirmed by hybridiza- 
tion with specific IL-2, IL-2R cDNA, or specific 
internal interferon-y and p-actin sequences (see 
Methods). In contrast to anti-CD3 stimulation, 
the response of all patients’ T cells after stimula- 
tion with tetanus toxoid resulted in substantially 
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FIG. 4. Southern blot analysis of amplified cDNA from stimulated T cells. Total cellular RNA was 
isolated from T cells of three healthy control subjects (the level for one control subject is shown 
ir lane 1 as representative of all three) and three patients with CVID (lanes 2, 3 and 4). T cells of 
patients and control subjects were incubated for 6 hours and 24 hours in the presence of anti-CD3 
mAbs (B) or tetanus toxoid (C). Incubation of these cells for 24 hours in medium without stimulus 
was included as a control (A). After reverse transcription of the mRNA, the cDNA copies were 
amplified by PCR technology with the indicated specific primer sets (IL-2, IL-2R, interferon-y and 
p-actin). PCR assayed without cDNA template served as a negative control (lane 5). PCR- 
generated products were fractionated on 1.5% agarose gels, blotted onto Hybond N membranes, 
and hybridized with specific 32P-labeled cDNA and internal oligonucleotide probes (see Methods). 

reduced activation of IL-2 and interferon-y gene 
expression (Fig. 4, C, lanes 2, 3, and 4) as com- 
pared with the healthy control subject (Fig. 4, C, 
lane I). The IL-2R signals obtained 6 hours and 
24 hours after stimulation, however, did not differ 
in patients and control subjects (Fig. 4, C, lanes 2, 
3, and 4 vs lane 1). Unstimulated T cells (medium) 
of the three patients and the control subjects 
expressed very low levels of IL-2 and IL-2R 
mRNA and completely lacked expression of the 
interferon-.-y mRNA (Fig. 4, A, lanes 1, 2, 3, 
and 4). 

Quantitative analysis of IL-2, interferon-y, 
and IL-2R mRNA 

Quantit,ative measurements of antigen-induced 
IL-2 and interferon-y gene expression confirmed 
that the mRNA levels of both cytokines are sig- 
nificantly decreased in T cells of patients with 
CVID aft’er antigenic stimulation. The data de- 
picted in Table I show that levels of IL-2-specific 
mRNA as examined by quantitative PCR with 
radioactively labeled IL-2-specific anti-sense oli- 
gonucleotides were substantially lower in the 
three patients with CVID than in the three 
healthy control subjects. A significant reduction in 

TABLE I. Quantitative PCR of IL-2-specific 

mRNA 

Patients with CVID Healthy control subjects 
(wm) (cm) 

D.W. 7 175 RC 1 39 525 
G.F. 8 121 RC 2 40 740 
M.M. 5 526 RC3 38 690 

IL-2-specific mRNA from T cells previously stimulated with 
antigen (tetanus toxoid, 10 Lfiml) in the presence of autol- 
ogous monocytes for 24 hours was obtained and quantitated 
as described in the Methods section, with [y-32P]ATP-labeled 
IL-2-specific anti-sense oligonucleotides. The radioactivity 
of the IL-2 transcripts was determined in a liquid scintillation 
counter and is expressed as counts per minutes (cpm). 

IL-2 mRNA of antigen-activated CVID T cells 
was also found in a competitive PCR analysis with 
a nonhomologous DNA fragment (pJC) as an 
internal standard (Fig. 5). Althpugh between 9 
and 11 fg/$ of IL-2 mRNA could be detected in 
two healthy control subjects, between 1 and 3 
fg/Fl were found in the three patients. Further- 
more, quantitative evaluation of PCR analysis by 
laser densitometry showed that in the three pa- 
tients tested both IL-2 and interferon-y gene 
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FIG. 5. Quantitation of IL-2 mRNA levels by competitive PCR analysis. Analysis of IL-2 mRNA levels 
in T cells from patients (G.F., D.W., M.M.) and healthy control subjects (1,2) after stimulation with 
tetanus toxoid for 24 hours was performed by a competitive PCR. Target cDNA was amplified in the 
presence of an internal DNA standard (pJC) as described in Methods. pJC was employed at twofold 
serial dilutions ranging from 50 fg/ml to 3.12 fg/ml for the healthy control subjects and the patient 
G.F., and between 3.12 fg/ml and 0.195 fg/ml of pJC was used for the patients D.W. and M.M. The 
PCR-generated products were analyzed on a 1.5% ethidium bromide-agarose gel. The size of the 
target cDNA is 458 bp; the size of the pJC product is 300 bp. 

expression in antigen-activated T cells were sig- metric reading of the cytokinekytokine receptor 
nificantly reduced as compared with a represen- to the P-actin signal, and the results are given as 
tative healthy control subject. The values for rel- percentage of the control value (Fig. 6). Reduced 
ative density of IL-2, interferon-y, and IL-2R IL-2 and interferon-y gene expression were found 
signals were calculated by relating the densito- both 6 hours and 24 hours after activation (Fig. 
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FIG. 6. Densitometric quantitation of IL-2, interferon-y, and IL-2R signals obtained from patients’ 
and control subjects’ T lymphocytes after stimulation with antigen (tetanus toxoid) and anti-CD3 
(OKT3). The relative density of the signal obtained by Southern blot analysis of the PCR-generated 
products (depicted in Fig. 4) was measured by laser densitometry. In each of the three patients 
(D.W., G.F., M.M.) and in one representative healthy control subject the relative density of the IL-2, 
interferon-y, and IL-2R signals was calculated by relating the densitometric reading of the 
cytokine/cytokine receptor signal to the P-actin signal. Relative levels of IL-2, interferon-y, and 
IL-2R mRNA in the three patients are presented as percentages of the levels found in the healthy 
control subject examined in parallel. The numbers 1 to 4 correspond to the respective lanes in 
Fig. 4. 

6). In contrast, levels of IL-2R mRNA deter- 
mined in parallel were only slightly reduced. Fur- 
thermore, stimulation of CVID T cells with anti- 
CD3 mAbs (OKT3) resulted in normal activation 
of the IL-2 gene in all three patients and of the 
interferon-y gene in two patients, whereas in one 
patient (MM) interferon-y mRNA was reduced 
on anti-CD3 activation of T cells as well (Fig. 6). 

IgG, IgA, and IgM production by 6 cells from 
patients and control subjects after 
T-celldepemient and T-cell-independent 
B-cell stimulation 

After stimulation with pokeweed mitogen, a 
T-cell-dependent B-cell stimulus, MNCs from all 
three patients showed adequate mitogenic re- 
sponses as determined by proliferation, but pro- 
duction of IgG and IgA by their B cells was 
almost absent (IgG, patients: 0.15 + 0.08 &ml, 

control subjects: 47.55 r 10.01 pg/ml; IgA, 
patients: 0.57 +- 0.16 Fg/rnl, control subjects: 
25.41 ? 12.34 pg/ml). In contrast, patients’ 
B cells were capable of secreting IgM, but 
the amounts observed were reduced in com- 
parison with those of control subjects (pa- 
tients: 2.56 +- 0.38 rig/ml, control subjects: 
25.56 + 8.98 Kg/ml). When a T-cell-indepen- 
dent stimulus such as S. uureus Cowan I or a 
combination of anti-IgM and IL-2 was used, pa- 
tients’ B cells could be activated to proliferate and 
produce IgM but not IgG and IgA. With the same 
stimuli, control subjects’ B cells secrete IgM, IgG, 
and IgA. Addition of allogeneic T cells to pa- 
tients’ B-cell cultures driven by pokeweed mito- 
gen, S. aureuS Cowan I, or IgM + IL-2 led to a 
two- to three-fold increase in IgM production but 
did not affect IgG or IgA production (data not 
shown). 
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DISCUSSION 

IL-2 is an important growth factor involved in 
T-cell activation. A complete defect in IL-2 gene 
expression leads to the clinical manifestation of 
severe combined immunodeficiency. In two pa- 
tients with severe combined immunodeficiency 
who were described recently,32v 33 the defect in 
IL-2 gene expression was due to absence of a 
transacting regulatory factor involved in the initi- 
ation of transcription of the affected lymphokine 
gene. Defects in IL-2 gene expression and/or IL-2 
secretion have also been described in patients 
with CVID. In these patients, however, lympho- 
cytes had the basic potential for IL-2 transcription 
but failed to express the IL-2 mRNA when acti- 
vated via certain pathways, resulting in impair- 
ment of the dialogue between T cells and B cells 
in these syndromes.g-lZ* 34-36 Kruger et a1.37 demon- 
strated defects in response to mitogens such as 
phytohemagglutinin and OKT3, as expressed by 
reduced IL2 production in some patients. In 
their hands, the response could be normalized by 
addition of exogenous IL-2, whereas other au- 
thors3* did not succeed in reconstituting the de- 
pressed response by adding exogenous cytokines. 
This indicates that patients with CVID are het- 
erogeneous in this context. Pastorelli et al.‘* de- 
scribed a subgroup of patients with CVID whose 
lymphocytes reacted to mitogen with adequate 
proliferation but produced reduced levels of B-2, 
IL-4, and interferon-y protein. Yet another sub- 
group has been described by North et al.‘l These 
authors recognized that the patients whose lym- 
phocytes were poorly responsive to phytohemag- 
glutinin comprised two distinct entities: one group 
whose T cells responded normally when stimu- 
lated via the antigen receptor-independent path- 
way with PMA + ionomycin and a second group 
in whom this response was impaired as well. 
Sneller et al.” studied patients who were likewise 
unable to mount an adequate response to mito- 
genie stimulation. They demonstrated that the 
defect in mitogen-induced T-cell activation was 
due to an impairment in the course of lymphokine 
gene activation in these patients. This resulted in 
decreased expression of IL-2, IL-4, and interfer- 
on-y mRNA, whereas IL-2R gene expression was 
normal. 

In the present study we describe three patients 
with CVID whose lymphocytes could be stimu- 
lated by mitogens but were incapable of respond- 
ing to antigenic stimulation. When activated with 
antigens such as tetanus toxoid, TBE, and PPD, 
the patients’ T cells failed to proliferate, although 

the patients had previously been vaccinated. The 
response to the ubiquitous antigen E. cd was also 
impaired.14 The defect after activation by antigens 
could not be attributed to a shift in the peak of 
the T-cell response. Time kinetic studies showed 
that the antigen-induced response was decreased 
during culture periods up to day 21. Transwell 
experiments indicated that the release of soluble 
suppressor factors was not responsible for the 
deficiency seen in patients’ antigen-driven cul- 
tures (data not shown). A defect in the patients’ 
antigen-presenting cells seems unlikely, because 
these cells were capable of presenting the antigen 
tetanus toxoid to tetanus toxoid-specific cell lines 
of histoidentical or major histocompatibility com- 
plex class II-compatible subjects (manuscript in 
preparation). 

Impairment of cytokine gene expression was 
limited to activation by antigen. Although IL-2 
gene expression in patients’ antigen-driven cul- 
tures was significantly reduced or absent, expres- 
sion of IG2R mRNA was comparable in patients 
and control subjects. Anti-CD3 mAb stimulation, 
however, led to IL-2 mRNA levels comparable to 
those of control subjects. In one of the patients, 
however, no interferon-y mRNA was detectable 
after anti-CD3 mAb stimulation. Because lym- 
phocytes of this patient produce IL2 in response 
to anti-CD3 mAbs, a lack of this cytokine could 
not be the reason for impaired interferon-y ex- 
pression.” The results observed in these experi- 
ments were comparable to data reported by Lewis 
et a140 on cord blood lymphocytes. When stimu- 
lated with anti-CD3 mAbs, T lymphocytes iso- 
lated from cord blood expressed IL-2 and IL-2R 
mRNA but no interferon-y mRNA. Unlike cord 
blood cells, however, our patients’ T cells had 
been primed in vivo, as indicated by surface ex- 
pression of putative markers for memory T cells 
(CD29 and CD45RO expressed on CDCpositive 
lymphocytes). The presence of memory markers 
on the patients’ CD4-positive lymphocytes made 
it unlikely that impaired recognition of antigen by 
the T-cell receptor was responsible for the defect 
observed. This was also demonstrated by experi- 
ments in which exogenous rIL-2 was added to 
tetanus toxoid-driven cultures, resulting in signif- 
icantly higher proliferation than was observed 
when rIL-2 or tetanus toxoid was used alone. This 
assumption is furthermore confirmed by the re- 
sults obtained with cord blood cells, a truly 
unprimed population of lymphocytes. These cells 
could not be activated by antigen, and prolifera- 
tion with antigen plus exogenously added rIL-2 
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did not differ from proliferation in response to 
rIL-2 alone. 

T cells play an important role in inducing B 
cells to proliferate and produce IgM, IgG, and 
IgA by delivering signals mediated via both T-cell 
and B-cell contact and lymphokines.41 IL-2 and 
interferon--f are essential for B cells to produce 
certain immunoglobulin isotypes in vivo.42 A de- 
fect in antibody production has been shown to be 
a feature in mice rendered IL-2-deficient by gene 
targeting.43 Thus it seems likely that the impaired 
IL-2 and interferon-y gene expression seen in 
these patients’ T cells after antigenic stimulation 
may contribute to the pathogenesis of the immu- 
nodeficiency in these patients. However, further 
studies are needed to define whether the T-cell 
defect described in the present study is confined 
to a small ;segment of patients with CVID or can 
be identified in a larger subgroup of patients with 
this disease. 
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