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Antigen presentation by common variable immunodeficiency (CVID) B cells
and monocytes is unimpaired
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SUMMARY

CVID is a primary immunodeficiency syndrome comprising a heterogeneous group of patients with
hypogammaglobulinaemia and defective formation of specific antibodies. Previous studies demon-
strated defective T cell responsiveness to antigen in a major subgroup of patients. In the present study
we investigated the capacity of peripheral blood monocytes and Epstein—Barr virus (EBV)-transformed
B cell lines from seven patients with CVID, including two patients expressing an extended MHC
haplotype described to be associated with CVID, to present antigen (Tet. Tox.) foailigen-specific

T cell lines from healthy controls. The results presented show an unimpaired capacity of peripheral
blood monocytes to present antigen in all patients studied. In addition, the present study demonstrates
for the first time that CVID B cells function normally as antigen-presenting cells (APC). These findings
indicate that expression of a certain MHC phenotype in CVID is not associated with a defect in the
presentation of recall antigen by monocytes and B cells. Based on these studies, uptake, processing and
re-expression of recall antigen in association with MHC class Il molecules on the APC surface are
functional and there is no indication for structural abnormalities of the MHC class Il molecules
expressed by the patients studied that could be essential for their function in antigen binding and
presentation.
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INTRODUCTION not, in the great majority of cases, at the B cell level. Several
The first step in T cell activation is recognition of antigen on the abnormahtles at the T. cell level have been des_crlbed n .CVID
patients, and recent evidence suggests that a partial defect in T cell

rf f antigen-presentin lIs (APC) in jiation with” .~ ™~ . ) : .
surtace o gen-presenting cells ( ) N associatio activation is present in most patients with CVID, thereby leading to
products of the MHC gene complex. Professional APC, such as . . ) ! . . .

n impairment in T—B cell interaction required for normal anti-

dendritic cells, cells of the mononuclear phagocyte system and I%ody formation. A defective response of T cells to recall antigen
I hocyt ti t tei ti t ti ti- - . . .
ymphocytes, convert ingested protein antigens to peptides (an Ihas been described in a major subset of CVID patients [7,8].

gen processing) and present peptide—MHC complexes in a forrp

that can be recognized by T lymphocytes [1—3]. Surface membrane[npa'red responsiveness of T cells to stimulation with recall

structures of the APC and APC-derived cytokines provide costi-2NtIgeN could be due to a defect at the level of the CO4cell,

mulatory activity to the T cell [2—4], thereby leading to fully the major subset responsible for recall antigen responses, such as

functional T cell activation which enables T cells to promote B cell |r_|r_12§re:] Z!gpe:jl ;ranﬁduci.tlo?. iS‘ZOC'a:?td Wllt(;] bT celll rr?cgri)tor
activation, proliferation, differentiation and immunoglobulin pro- ( )-mediate cell activation [9], o It could be explained by
duction [5,6]. a defect at the level of the APC, such as inadequate uptake and/or

CVID is a primary immunodeficiency syndrome characterized Zgzziﬁgi%e:fof)i\;l)a%n?:llja?ssarl]lu?r(\ec?lefgletsh?eQJFI)ticrigoirn f\lljv';gl'(ogﬁl
by h lobuli i d defective f ti f ifi T U ) .
y hypogammaglobulinaemia and Jelective formation ot Spectic nstable binding of antigenic peptides to MHC class Il, leading to

antibodies. Evidence available at present indicates that in most ol’rfn aired activation of antigen-specific T cells of the CDA4
these patients the B cells are principally capable of makingI pai vatl '9 pectll

- : - . _“phenotype.
antibodies and suggests that the defect in antibody production i Susceptibility to certain immune-mediated diseases such as

Correspondence: Martha M. Eibl MD, Institute of Immunology, Uni- insulin-dependent type | diabetes mellitus (IDDM), ankylosing
versity of Vienna, Borschkegasse 8a, A-1090 Vienna, Austria. spondylitis or progression of disease in HIV-1 infection has been

© 1997 Blackwell Science 1



2 V. Thonet al.

related to the expression of specific amino acids or epitopes withitNon-adherent cells were fractionated into T- and B-enriched cells
the HLA-DR, -DP or -DQ molecules. In IDDM patients the by rosetting with 2-aminoethylisothiouronium bromide (Sigma
increased frequency of certain MHC class Il genes may have &hemical Co., St Louis, MO) as described earlier [27].
functional role in the development of disease [10—-12], as in the
mouse the development of T cell-mediated autoimmune diabetes iSell lines
closely linked to the expression of a certain MHC class Il B cells contained in the non-T cell population were transformed
phenotype [13,14]. A functional correlate was provided by thewith Epstein—Barr virus (EBV) using supernatant from a B 95-8
demonstration of weak and unstable binding of immunogenicmarmoset cell line (ATCC, Rockville, MD) according to a
peptides to the MHC class Il molecule, resulting in impaired standard protocol [28]. Growing cells were expanded in complete
antigen presentation, ultimately leading to failure in the elimina-RPMI 1640 medium [27] containing 20% heat-inactivated fetal
tion and/or inactivation of autoreactive T cells [15]. Alternatively, calf serum (FCS; HyClone Labs, Logan, UT) under standard
a genetic contribution of MHC class Il to IDDM in the BB rat conditions.
model has been suggested, i.e. that binding oéll peptides (the Antigen-specific T cell lines were established from healthy Tet.
autoantigen) to certain permissive MHC class Il molecules is likelyTox.-immunized blood donors sharing one HLA-DR haplotype
to result in the activation of diabetes-inducing T cells [16]. Thus awith one or more CVID patients. MNC were stimulated in
functional correlate for disease association with certain MHCcomplete RPMI 1640 medium with tetanus toxoid (10 Lf/ml;
alleles may arise on the basis of abnormalities in antigen present&wiss Serum and Vaccine Institute, Bern, Switzerland) for 7
tion by certain MHC class Il phenotypes. days. Cells were then further cultured in the presence of highly
Previous studies showed an association of CVID with certainpurified IL-2 (10 U/ml; Lymphocult-T-HP; Biotest AG, Dreieich,
alleles encoded in the MHC region [17—-23]. Analysis of extendedGermany). After at least 14 days of culture the cells were
MHC haplotypes (e.g. HLA-DQB1*0201, -DR3, C4B-Sf, C4A-0, repeatedly restimulated with freshly isolatedrradiated autolo-
G11-15, Bf-04, C2a, HSP-7.5, TN#F5, HLA-B8, -Al) suggests gous macrophages in the presence of tetanus toxoid and IL-2.
that CVID may be associated with genes of the MHC class llAntigen-specific T cells were further cultured by limiting dilution
region such as HLA-D@ [17] or the class Il region [19,20]. An  (U-bottomed plate; Greiner, Gind, Austria) in the presence of
association of CVID with certain MHC haplotypes could point tetanus toxoid, irradiated autologous MNC and IL-2 (10 U/ml).
towards a possible defect at the level of the function of MHC on theOne week later, half of the medium was replaced by fresh IL-2-
APC. Results of studies on antigen presentation by APC of CVIDcontaining medium. Growing cells were transferred to 24-well
patients are not uniform, and this could be due to the heterogeneitglates and expanded. Antigen specificity was tested by stimulating
of the CVID population with respect to the expression of a certainthe T cell lines withEscherichia coli(5 x 10%/ml, heat-inactivated
MHC phenotype [24,25]. Therefore, antigen presentation in thisE. coli 089:H10), purified protein derivative (PPD) (&g/ml;
group of patients needs further clarification. Tuberculin PPD; Statens Seruminstitut, Copenhagen, Denmark),
The aim of the present study was to clarify further whether aand tetanus toxoid (10 Lf/ml; Swiss Serum and Vaccine Institute),
defect in antigen presentation is present in CVID, and to answer thand the absence of alloreactivity was examined by stimulation
guestion whether a possible defect would be associated with theith HLA-mismatched APC from healthy blood donors. The
expression of certain MHC class Il phenotypes. We studied sevephenotype of the cell lines was tested by flow cytometry using
patients with different MHC phenotypes, including two patients commercially available MoAbs and standard methodology.
expressing an extended MHC haplotype, and examined antigen Antigen-specific T cell lines were used as responder cells
presentation restricted by different HLA-DR haplotypes. in the experiments with APC from patients at least 14 days
The results presented show that CVID monocytes present recadlfter the last stimulation with irradiated autologous APC and
antigen normally, independent of the MHC class Il phenotypeantigen.
expressed by the patients. Furthermore, we have proved for the
first time that also B cells from CVID patients present antigenT cell proliferation and cytokine production
normally. Triplicate cultures containing monocyteg-ifradiated with 60 Gy,
1 x 10%well) or EBV-transformed B cellsytirradiated with 90 Gy,
PATIENTS AND METHODS 5 x 10%well) and peripheral blood T-enriched cells 110°/well,
purity > 90% CD3 cells) or antigen-specific T cell lines ¢610%
well) were resuspended in complete RPMI 1640 medium containing
10% pooled, heat-inactivated human AB serum and were cultured
in flat-bottomed microtitre plates @ml/well; Falcon microtest Il;
Eecton Dickinson, Lincoln Park, NJ). Tetanus toxoid (10 Lf/ml) or
phytohaemagglutinin (PHA; 1:1250; Wellcome, Dartford, UK) were
dded and cells were cultured for 3 days (antigen stimulation of
cell lines and PHA stimulation of resting peripheral blood
T cells) or for 7 days (antigen stimulation of resting T cells) at
Cell preparation 37°C in a CQ incubator (5% C@ in humidified air). T cell
Mononuclear cells (MNC) were isolated from heparinized periph-proliferation was assessed by measufidghymidine incorporation
eral blood (75 U/ml preservative-free heparin) by buoyant density as described earlier [8]. IL-2 release was measured with the
gradient centrifugation (Lymphoprep; Nycomed Pharma AS, Oslointerleukin two Enzyme Immunoassay Kit (Immunotech S.A.,
Norway). Monocytes were prepared by adherence to plastivarseilles, France), and interferon-gamma (HNwith the IFN-
surfaces as described earlier [27]. Cell purity was > 85% asgjamma EASIA Kit (Medgenix Diagnostics, Fleurus, Belgium) as
determined by measurement of CD1dells with flow cytometry.  described earlier [8].

Patients

Seven patients with well documented CVID according to the
diagnostic criteria of the WHO expert group for primary immu-
nodeficiency diseases were included in the study [26]. Patient:
were on regular substitution therapy with IVIG at 3- to 4-week
intervals. Blood samples were always collected before IVIG
infusion was given. All patients were immunized and re-boosteq?
with tetanus vaccine before the study was started.
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Fig. 1. Characterization of an HLA-DR4-restricted Tet. Tox.-specific T cell line from a healthy control. The Tet. Tox.-specific T cell line was
established from the peripheral blood mononuclear cell (MNC) population of a Tet. Tox.-immunized healthy donor as described in Patients
and Methods. The proliferative response of peripheral blood MNC (a) or the antigen-specific T cell line (b) to stimulation with different recall
antigens, alloantigen or mitogen (pokeweed mitogen (PWM)) was examined as described in Patients and Methods. The phenotype of the T
cell line was examined by two-colour flow cytometry (c). PPD, Purified protein derivative.

FACS analysis peripheral blood T and B lymphocytes, and a variable increase in
The purity and lineage of cell preparations were tested in two-CD8" cells with a normal or slightly reduced percentage of ¢D4
colour flow cytometry analysis using a FACScan (Bectoncells. In all seven patients studied there was a significant defect in
Dickinson, San Jose, CA). Anti-TCRB3 (TCR-w/$-1), anti-CD3  their T cells’ capacity to respond to antigen stimulation (tetanus
(Leu-4), anti-CD4 (Leu-3a), anti-CD8 (Leu-2a), anti-CD45RA toxoid) despite recent vaccination before the study, while PHA
(Leu-18), anti-CD45R0O (Leu-45R0), anti-CD19 (Leu-12), anti- responses were normal, as has also been described previously
CD20 (Leu-16), and anti-CD14 (Leu-M3), all MoAbs purchased [8,29,30]. The seven patients showed four different HLA-DR
from Becton Dickinson, were used in direct immunoflorescencecharacteristics. Defective T cell response was observed in patients

staining following a standard methodology. independently of their MHC class Il phenotype, including two
unrelated patients (patients 1 and 2) who were HLA-histoidentical
Statistical analysis and expressed an extended MHC haplotype (Table 1).

Statistical analysis was performed using the two-tailed Student’s

test for unpaired samples, aRdk 0-05 was considered significant. Independent of the patients’ MHC class |l phenotype expressed,
the capacity of patients’ peripheral blood monocytes to function as
APC is normal

RESULTS To clarify whether patients’ defective T cell response to antigen

A defective T cell response to antigen in CVID patients is notwas due to a defect at the level of the APC, we performed

limited to the expression of a certain MHC class Il phenotype  experiments using antigen-specific T cell lines from healthy

As can be seen in Table 1, the seven patients included in the studylood donors as responder cells and, as APC, adherence-purified

had the typical characteristics of CVID, i.e. significant reduction of peripheral blood monocytes from unrelated healthy controls or

one or more serum immunoglobulin isotypes, normal numbers oCVID patients sharing at least one HLA-DR haplotype with the T
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TR e Ll Fig. 3. Antigen presentation of HLA-DR2,5-expressing CVID monocytes
10 100 to a DR2-restricted tetanus toxoid-specific normal T cell line. Monocytes
(1 x 10%well, y-irradiated) from a CVID patient expressing HLA-DR2,5
and Tet. Tox. antigen-specific HLA-DR2-restricted normal T cells (8"
well) were stimulated with Tet. Tox. (10 Lf/mlEscherichia col(5 x 107/
Fig. 2. Response of an HLA-DR4- or DR7-restricted normal T cell line to ml), purified protein derivative (PPD; hg/ml) or IL-2 (10 U/ml). 3H-
Tet. Tox. presented by monocytes from patients and controls. HLA-DR4+thymidine incorporation was determined after 3 days. Values represent
or DR7-expressing monocytes {10%well, y-irradiated) and Tet. Tox.-  mean= s.d. of one representative experiment set up in triplicate.
specific HLA-DR4- or DR7-restricted antigen-specific T cellsx3.0Y
well) were stimulated with Tet. Tox. (10 Lf/ml) for 3 days befote-
thymidine incorporation was determined. Monocytes from four patients ~ The results shown in Fig. 2 indicate that adherence-purified
expressing HLA-DRA4 (top), three patients expressing HLA-DR7 (bottom), peripheral blood monocytes from healthy donors were capable of
two HLA-DR4-expressing and two HLA-DR7-expressing haploidentical presenting antigen to a Tet. Tox.-specific T cell line sharing one
controls were tested. Values represent means.d. of six to seven HLA-DR haplotype (e.g. DR4-positive; DR7-positive). The pro-
experiments (patients) or three to four experiments (haploidentical confiferative response obtained upon stimulation with haploidentical
trols). As a _control, autologous monocytes were u_sed to present an‘tlgen rt‘honocytes in this system was comparable to the response observed
the respective DR-7- or DR_LL.'eXpreSS'n.g T cell line (meas.d. of six when autologous monocytes were added as APC. In addition, our
experiments for DR4-expressing T cell line, mears.d. of one represen- .
tative experiment set up in triplicate for the HLA-DR7-expressing T cell r_esults clearly Sho_w that monocytes from_ CVID pa_tlems_ fun<_:-
line). O, Medium: W, Tet. Tox. tioned normally with respect to presentation of antigen in this
system (Fig. 2). CVID monocytes that expressed either DR4 or
DR7 were capable of presenting antigen to Tet. Tox.-specific
cell donor. Figure 1 shows the characteristics of a representativBR4- or DR7-expressing T cells, and the proliferative response
antigen-specific HLA-DR4-restricted T cell line from a healthy obtained was comparable to that observed with normal HLA-DR-
person. The cell line was specific for Tet. Tox., and in contrast tocompatible monocytes as APC. Allo-non-responsiveness of the
the donor’s peripheral blood T cells (Fig. 1a) showed practically noantigen-specific T cell lines has been reconfirmed in every experi-
response to stimulation with alloantigen or other recall antigensment by showing that the proliferative response of T cells
such asE. coli or PPD in the presence of autologous monocytescocultured with APC from patients or healthy controls sharing
(Fig. 1b). The phenotype of the antigen-specific T cell linesone HLA-DR haplotype with the T cells never exceeded T cell
generated was uniformly CD4 CD3", TCR o8, CD45RCO', proliferation observed in cultures containing autologous instead of
CD45RA", CD8 (for a representative example see Fig. 1c). HLA-DR-haploidentical APC (Fig. 2). Furthermore, monocyte

=y
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Fig. 4. Monocytes from two CVID patients expressing an extended MHC haplotype present antigen normally to histoidentical T cells.
Monocytes from two unrelated CVID patients expressing an extended MHC haplotype and Tet. Tox.-specific T cells from the histoidentical
healthy sister of patient 1 were cocultured in the presence of Tet. Tox. (10 Lf/ml) as described in Patients and Methods. IL-% aelgSH-

were measured in the cell-free supernatants by ELISA after 48 h of incubation, and the proliferative response was determined by measuring
3H-thymidine incorporation after 3 days. Values shown are from one representative experiment (proliferative response is giveh agimean

of triplicate cultures)], Medium; W, Tet. Tox.
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T cells cocultured with APC from patients or healthy controls

EBV B cells: sharing one HLA-DR haplotype with the T cells never exceeded
Autologous control T cell proliferation observed in cultures containing autologous
cells only (Fig. 5). Furthermore, EBV-transformed B cells from the

two patients with the extended haplotype were examined for their
antigen-presenting capacity. Normal levels of proliferative
responses were observed when a Tet. Tox.-specific T cell line

Control S . . . .
omres from the healthy histoidentical sister of one patient was stimulated
HLA-DRA4- with antigen in the presence of the patients’ EBV-transformed
expressing B cells (antigen-inducetH-thymidine incorporation in the normal

T cell line stimulated in the presence of EBV-B cells from: patient
1, 36 291+ 3203 dpm (meart s.d. of triplicate cultures); patient
2, 33 358+ 8835 dpm; HLA-DR compatible healthy control,

Lol 1 R | 17314i1441dpm)
2 10 100

Response of a DR4-restricted T cell line
(3H-thymidine uptake, dpm x 10%)

CVID

DISCUSSION

Fig. 5 CVID patients’ _B cells present antige_n normaII)_/. A T_et. Tox.- QF:I%?):EI:C;S?{;Q iarr:lr?u?;is?en;?)t(l)?gés aonnllr;r) p;r;:\r,:/t E?sts\/ehn;\lz
specific HLA-DR4-restricted T cell line was stimulated with antigen (Tet. . . :
Tox. 10 Lf/ml) in the presence of Epstein—Barr virus (EBV)-transformed B formally examined the capacity of CVID APC to present rgcall
cells (5x 10%well, y-irradiated). Four patients expressing HLA-DR4 and @ntigen, and the results from these studies are inconclusive, as
three healthy haploidentical controls expressing DR4 were examineddefective antigen presentation has been observed under some
Proliferative responses were determined by measufidghymidine  circumstances, but not in others [24,25,31-33]. In the present
uptake, and values represent means.d. of nine (patients) and three study we further clarified the functional integrity of APC (both
(controls) experiments. As a control, autologous EBV-transformed B cellsmonocytes and B lymphocytes) in CVID patients belonging to a
were used to present antigen to the T cell line, and the results giverﬂnajor subgroup in whom antigen-induced T cell activation was
represent the mean s.d. of five experiments, Medium; M, Tet. Tox. shown to be defective. We established Tet. Tox.-specific CD4
cell lines generated from MHC class Il-compatible healthy con-
trols as responder cells for MHC class IlI-dependent antigen

antigen presentation was also normal in a patient expressing DR@resentation to study the function of APC of CVID patients
when antigen-specific stimulation of a DR2-restricted normal Tindependent of a possible defect in antigen responsiveness at the
cell line was examined (Fig. 3). No response was observed whelevel of the T cell. In addition, this system enabled us to use the
the T cell lines were cultured in the presence of monocytes alonesame T cell line as responding cells for antigen presented by
when stimulated with antigen in the absence of APC, or followingpatients and controls as well as monocytes and B cells, thus
addition of irrelevant antigens such as PPCEorcoli. allowing a direct comparison between patients and controls as

The results depicted in Fig. 4 extend the findings presentedvell as the different types of APC. Our results show that the
above by showing that monocytes from two additional patientscapacity of peripheral blood monocytes and EBV-transformed B
expressing an extended MHC haplotype described to be associatedlls from CVID patients to present antigen in conjunction with
with CVID presented Tet. Tox. normally to a histoidentical MHC class Il to CD4 T cells was unimpaired in all seven patients
antigen-specific T cell line established from the healthy sister ofstudied. Thus a defect in uptake, processing and re-expression of
patient 1. The proliferative response as well as IL-2 and 4FN- the antigen in association with MHC class Il molecules on the
release following stimulation of the T cells with antigen in the surface of the APC as well as structural abnormalities of the MHC
presence of the patients’ monocytes was comparable to the levetdass I| molecules relevant for their function in antigen binding and
observed when autologous monocytes were employed as APC. presentation could be ruled out. This conclusion is in accordance

These results clearly show that monocytes from CVID patientswith recent findings from our laboratory showing a defect in signal
function normally with respect to presentation of antigen to T cellsintegration in these patients’ purified Cb4r CD8" T cells when
from healthy individuals, and that the capacity to present recalkstimulated with MoAbs against defined surface structures in the
antigen was independent of the HLA-class Il haplotype expressedbsence of accessory cells (V. Thon, manuscript submitted).

and acting as the restriction element. CVID and IgA deficiency are the most prevalent immunode-
ficiencies and usually occur sporadically. However, reports of
B cells from patients with CVID function normally as APC familial aggregation of cases of CVID and IgA deficiency continue

In addition to peripheral blood monocytes we examined theto accumulate [18—20,22,23,34] and have led to the notion that
capacity of EBV-transformed B cells from patients to presentthese patients might share genetic factors influencing disease
antigen to a Tet. Tox.-specific T cell line obtained from a healthysusceptibility, including MHC genes; however, this correlation
control. The results presented in Fig. 5 show that both autologouhas not been established without exception [19,20,22]. Although
and HLA-DR-compatible EBV-transformed B cells from patients polymorphic MHC genes have a profound influence on various
or control individuals expressing HLA-DR4 presented antigen tolevels of the immune system, the mechanism by which the
the HLA-DR4-positive T cell line, and the levels of proliferative expression of certain MHC haplotypes might correlate with a
response obtained were comparable between patients and controiefect in antibody production is unclear. The results presented in
Allo-non-responsiveness of the antigen-specific T cell lines washis study clearly indicate that independent of the MHC phenotype
again reconfirmed by showing that the proliferative response oéxpressed, patients’ monocytes show a normal capacity to present
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recall antigen in association with MHC class Il to CDdntigen- 12 Cohen-Hauguenauer O, Robbins E, Massat . A systemic study of

specific T cells from an HLA-DR-compatible healthy donor. In HLA class Il-b DNA restriction fragments in insulin-dependent dia-

addition, our findings indicate that expression of the extended betes mellitus. Proc Natl Acad Sci USA 198%:3335-9. .

MHC haplotype in CVID is not associated with functional abnorm- 13 Hattori M, Buse JB, Jackson Rét al. The NOD mouse: recessive

alities of the MHC class Il molecules with respect to presentation ~9iabetogenic gene in the major histocompatibility complex. Science
! . 1986;231:733-5.
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uted to a failure of B cells to mature into immunoglobulin- 15 Carrasco-Marin E, Shimizu J, Kanagawa O, Unanue ER. The class I
secreting cells due to the lack of appropriate T cell help or an  MHC I-A97 molecules from non-obese diabetic mice are poor peptide
intrinsic B cell defect [35]. In addition to antibody production, B binders. J Immunol 1996;56450-8.

lymphocytes play an important role in the immune system byl6 Ellerman KE, Like AA. A major histocompatibility complex class Il
acting as APC, and cell-specific regulatory mechanisms have been restriction for BioBreeding/Worcester diabetes-inducing T cells. J Exp
shown to have an impact on antigen presentation [27]. Although Med 1995:182923-30. )

the presence of intrinsic B cell defects in CVID patients has beent? ©'erup O. Smith CIE, Bjkander J, Hammarsto L. Shared HLA
discussed over the years and a variety of functional abnormalities class ll-associated genetic susceptibility and resistance, related to the

. - . HLA-DQBL1 gene, in IgA deficiency and common variable immunode-
in the B cells of these patients have been described [35-37], the ficiency. Proc Natl Acad Sci USA 19989:10653—7.

_capacjty of CVID B cells to function as APC has not be_en 18 Ashman RF, Schaffer FM, Kemp JD, Yokoyama WM, Zhu Z-B,
investigated previously. The present study extends the functional Cooper MD, Volanakis JE. Genetic and immunologic analysis of
characterization of B cells in CVID by showing that EBV-trans-  a family containing five patients with common-variable immune
formed B cells from CVID patients function normally as APC for deficency or selective IgA deficiency. J Clin Immunol 1992;406—
MHC class ll-dependent CD4T cell activation. These findings 14.

provide further evidence that important B cell functions opera-19 Schaffer FM, Palermos J, Zhu Z-B, Barger BO, Cooper MD, Volanakis
tional in T-B cell interaction required for a normal antibody  JE. Individuals with IgA deficiency and common variable immunode-
response, such as MHC class Il-dependent presentation of antigen ficiency share polymorphisms of ‘major histocompatibility complex
to CD4' T cells [1], are principally intact in CVID patients with an class lll genes. Proc Natl Acad Sci USA 19888015-9,

impaired T cell response to antigen. More likelv. the defectivezo Volanakis JE, Zhu ZB, Schaffer FMt al. Major histocompatibility
p P gen. y: complex class Il genes and susceptibility to immunoglobulin A

antibody production present in these patients could be explained by yeficiency and common variable immunodeficiency. J Clin Invest
adefect atthe T cell level, such as a partial T cell defect associated 1992:89:1914—22.

with TCR-dependent T cell activation, leading to impaired help for21 Howe HS, So AKL, Farrant J, Webster ADB. Common variable

B cell antibody production [5,6,8]. immunodeficiency is associated with polymorphic markers in the
human major histocompatibility complex. Clin Exp Immunol 1991;

84:387-90.
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