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Abstract

Patients with an autosomal recessive combined immunodefi-
ciency are characterized by an HLA negative phenotype of
activated T and B lymphocytes. To determine the molecular
basis of this syndrome we have studied the biosynthesis of
class I and II antigens and the expression of relevant genes in
these patients.

The synthesis of the HLA A, B, and C heavy chain is
markedly decreased, while 2 microglobulin is made in normal
amounts. Biosynthesis of HLA-DR a-chain and W-chain is
abolished in the lymphocytes of these patients and there is a
total absence of mRNA for either a-chains or fl-chains of
HLA-DR. This indicates that the lack of class II antigen on
these lymphocytes results from a block in the expression of
HLA-DR genes. The Ii-chain, the invariant polypeptide asso-
ciated intracellularly with HLA-DR, and its mRNA are made
in normal amounts. Since the structural genes coding for class
II polypeptides do not seem to be affected, the reported genetic
defect in the patients concerns the regulation of the expression
of HLA-DR genes.

Introduction

Major histocompatibility complex (MHC)' class II antigens
are developmentally regulated, highly polymorphic cell surface
glycoproteins that play a central role in the immune response
(1, 2). HLA-negative B lymphocytes have been described in a
group of patients with an autosomal recessive immunodefi-
ciency. Defective expression ofHLA antigens was first reported
in patients lacking the class I antigens (3, 4), while in other
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1. Abbreviations used in this paper: B2 m, anti-B2 microglobulin; EBV,
Epstein-Barr virus; IF, immunofluorescence; INF--y, recombinant in-
terferon gamma; MAb, monoclonal antibody; MHC, major histocom-
patibility complex; mRNA, messenger RNA; NP-40, Nonidet P40;
PAGE, polyacrylamide gel electrophoresis; PBL, peripheral blood
leukocytes; PHA, phytohemagglutinin; PWM, pokeweed mitogen.

patients, an absence of class II antigens was observed along
with a reduced level of class I antigens (5, 6). As expected
from the crucial role of class II antigens in the immune
response, these patients have a profound defect of antibody
production and of cell-mediated immunity to thymo-dependent
antigens.

We report here on the studies of class II deficient lympho-
cytes of patients with this type ofcombined immunodeficiency.
The analysis concerns the biosynthesis of HLA antigens and
demonstrates the absence of messenger RNA (mRNA) for the
a-chains and #-chains of HLA-DR in contrast to the presence
of mRNA for the HLA-associated invariant chain. This defect
in gene expression may represent a pathological counterpart
of the HLA-DR negative lymphoblastoid cell line variants
selected in vitro (7, 8).

Methods
Characterization of lymphocytes from immunodeficient patients. 12
patients with severe, repeated infections were shown to have an
autosomal recessive combined immunodeficiency associated with an
abnormal cell membrane expression of HLA antigens (5, 9). These
patients differed from the 45 other patients with more common
combined immunodeficiencies (10) investigated in our unit (adenosine
desaminase deficiency, severe combined immunodeficiency with an
increased amount of B cells or with a normal amount of T and B
lymphocytes), whose lymphocytes showed a normal expression of
HLA antigens. The twelve patients have normal level of circulating
lymphocytes (9). The percentage of cells bearing HLA A, B, and C
was always found to be decreased using immunofluorescence (IF) and
complement fixation (5). Cytotoxicity and IF analysis of class II
antigens failed to detect any positive cells on peripheral blood leukocytes
despite a normal number of B lymphocytes in all except two children
(5, 9). A search for immature T cells (OKT-6 positive) did not reveal
any positive lymphocytes. Mitogen-induced proliferations were normal
in all children as judged from [3Hlthymidine incorporations, but there
were no proliferations in response to antigens. In all instances, phyto-
hemagglutinin (PHA)-induced blasts were HLA class II negative by IF
with all monomorphic anti-DR antibodies used (9) and, in eight
patients out of eight studied, by immunoprecipitation of biosynthetically
labeled cell lysates. Four of those patients were selected for this study.

Antibodies. The MAb anti class I, clone W6/32 (Sera-Lab Ltd.,
Sussex, England) ( 11) and rabbit anti-B2 microglobulin (B2 m) (obtained
from C. Vincent, Hopital Edouard Heriot, Lyon, France) were used
to detect class I antigens. For class II, the monoclonal antibody (MAb)
to native class II antigens were: MAb 2.06 (12), VI. 15c (13), 147 (14),
171 (15), MAb B8/12 (from A. F. Lemmonier, Centre D'Immunologie,
Marseille, France), and LB 14/16 (obtained from J. Brochier, Hopital
Edouard Heriot). In addition, two MAbs used, 147 and 171, were
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Table I. Membrane Expression of T and B Markers

E+ OKT-3 sig FcyR

Control (20) 66.8±8.4 77.5±9.1 10.2±3.7 9.2±6.8
Patients

R.A. 55 49 14-26 13.0
O.A. 55 64 13-16 5.0
A.C. 61-71 83 2.5 4.1
N.H. 75 75 12-22 ND

E+ and Fcy receptor (FCyR) levels were assessed by rosetting in the
presence of neuraminidase-treated sheep erythrocytes and of anti-
body-coated Ox erythrocytes respectively. OKT-3 and surface Ig (sIg)
levels, by IF with MAb anti-T3 (Ortho Pharmaceutical Corp., Rari-
tan, NJ) and rabbit F(ab)2' anti-human Fab of Ig (Nordic Immuno-
logical Laboratories, Tilburg, The Netherlands). Results are expressed
as percentage of rosettes or of IF-positive lymphocytes. All patients
have a normal number of lymphocytes. E+, lymphocytes bearing the
receptors for sheep erythrocytes.

assayed in Western blot and found to react specifically with the a-
chains or the ,8-chains of HLA-DR class II antigen, respectively (15).

Cell labeling and immunoprecipitation. Patients and control pe-
ripheral blood leukocytes (PBL) were isolated by Ficoll-Hypaque
gradient centrifugation and cultured in RPMI 1640 medium containing
10% human AB serum and 10 gg/ml of PHA. The nonadhering cells
were collected at day 5, the percentage of blasts was determined, and
the cells were preincubated in methionine-free minimal essential
medium for 60 min. Then, 5 X 106 cells were incubated in 500 ul of
methionine-free minimal essential medium containing 100 OC/ml of
[35S]methionine (Amersham Corp., 500 Ci/mmol) and 10% dialyzed
fetal calf serum (FCS) at 370C for 3 h. Labeled cells were lysed in 50
mM Tris-HCl (pH 7.4), 150 mM NaCl, 2 mM EDTA, 2 mM PMSF,
and 1% Nonidet P40 (NP-40), for 30 min and centrifugated at 100,000
g for 30 min. Lysates from patients and control were adjusted to
contain the same amounts of radioactivity and were immunoprecipitated
with antibodies listed above, using formalin-fixed Staphylococcus aureus
as immunoabsorbent. Washed precipitates were analyzed by sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) (12.5%)
(16). In the two-dimensional gel analysis, the first dimension was a
nonequilibrium pH gradient electrophoresis, and the second was a
10% polyacrylamide slab gel (12). Gels were fluorographed, dried, and
exposed to Kodak AR film (Eastman Kodak Co., Rochester, NY) for
5-20 d.

Induction ofMHC class I and II antigens expression by recombinant
-y-interferon. Patients and control PBL were incubated for 48 h in
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Figure 1. SDS-PAGE (5-20%) analysis of immunoprecipitates of cell
lysates of [35S]methionine-labeled blasts from patient A.C. and con-
trol. Patient and control PHA or PWM blasts were at day 5 continu-
ously labeled with [35S]methionine, extracted with NP-40, and immu-
noprecipitated. Lanes precipitates from control lysate; lanes e-h,
from patient A.C. PHA-blasts; lane i, from patient's PWM-blasts.
The antibodies used sequentially were: a and e, 4 Al of NMS; b, f
and i, 20 ,l of MAb anti-class II 2.06; c and g, 3 Ml of MAb anti-
class I, W6/32; d and h, 3 Ml of rabbit anti-B2 microglobulin. Lane j
shows the anti-class II precipitate (MAb B8/12) obtained from the
EBV-transformed patients' cells labeled with [35S]methionine 5 wk
after transformation. The positions of relative molecular weight (Mr)
markers are shown to the left.

RPMI 1640 containing 10% fetal calf serum in the absence or presence
of 500 IU/ml of a preparation of purified recombinant interferon
gamma (INF-'y) (17) obtained through the courtesy of Dr. W. Fiers,
Rijksun University, Gent, Belgium. At the end of this incubation cells
were labeled, as described above, with 200 AC/ml of [35S]methionine
for 2 h. Lysates were proceeded and precipitated, as described above.

RNA preparation and analysis. RNA preparation and Northern
blot analysis were performed as already reported (18). In brief, total
RNA was prepared according to Chirgwin et al. (19), denatured in
glyoxal (20), electrophoresed in a 1.8% agarose gel, transferred to
diazobenzyloxymethyl paper, and hybridized with nick-translated 32p_
cDNA probes. After hybridization with a-DR (21), (3-DR (22), and Ii-
chain (23) cDNA probes under high stringency conditions, the filter

Table II. Membrane Expression of Class I and II Antigens on Resting and Culture Lymphocytes*

Resting lymphocytes

Class II PHA-induced blasts

Class I Untreated 'INF--t Class I Class II

Controls (10) 100 0.5±6.5 11.2±7.1 100 23.4±9.8
Patients

R.A. 7 <1 s1 37 0
O.A. 53 0 ND 23 0
A.C. 40 <1 1 20 0
N.H. 67 <1 <1 76 0

* Detected by IF with, respectively, MAb anti-class I, W6/32 (Sera-Lab Ltd.), and MAb anti-class II (Ortho-Pharmaceutical Corp.). Results are
expressed as the percentage of immunofluorescent lymphocytes. t Incubated for 24 h with 800 IU/ml of INF-,y, which provoked an increase of
class II expression on U.937 line from 2 to 64%.
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was washed (final washes, 0.1X SSC at 680C) and submitted to
autoradiography. Dehybridization of the filter was performed in 99%
formamide, 10 mM phosphate buffer, pH 7.5, 5 mM at 680C.

Results

The four patients described had a normal or subnormal
amount of T and B lymphocytes (Table I) and exhibited
normal proliferative responses to mitogens. The abnormal
HLA class I and II phenotype of their lymphocytes and of
PHA and pokeweed mitogen (PWM)-induced blasts (Table II)
prompted further investigations.

In all patients, the biosynthesis of HLA antigens was
abnormal in several labeling experiments for each patient. The
heavy chain of class I antigen was decreased as compared with

patient C

Figure 2. Two-dimensional gel analysis of
immunoprecipitates or total lysates of
[35S]methionine-labeled PHA blasts of pa-
tient A.C. The first dimension is a non-
equilibrium pH gradient electrophoresis,
according to O'Farrel (17). The second is a
10% polyacrylamide slab gel. 5 Al of MAb
147 (a) or of MAb 171 (b), which recog-
nize, respectively, free a-chains and (3-
chains as well as a-,8 complex, were used
to obtain immunoprecipitates of
[355]methionine-labeled cell lysate from
blasts from patient A.C. For total cell ly-
sate (c), 5 Al of labeled cell extract was
diluted with 45 Ml (1:10 ratio) of isoelectro-
focusing sample buffer. Similar results were
obtained with cells of three other patients.

controls (Fig. 1, c and g), contrasting with a normal synthesis
of 2 microglobulin (Fig. 1, d and h). With a series of different
monoclonal antibodies specific for MHC class II antigens, we
repeatedly failed to detect any class II molecules in the lysates
of the PHA-induced blasts (Fig. 1, b and f) or of PWM-
stimulated blasts (Fig. 1, i). Furthermore, even the reagents
specific for the nonassembled a-chains and (-chains of HLA-
DR could not detect either a or (3 polypeptides (Fig. 2, a and
b). In contrast, the invariant Ii-chain was readily detected in
cells of all four patients when the total lysates were analysed
by two-dimensional gel electrophoresis (Fig. 2, c).

Since INF-y is known to induce the expression of class II
antigens in vitro (24, 25, 26), we tested its effect on the
patients' leukocytes. While the preincubation of the PBL in
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Figure 3. Immunoprecipitates of
[35S]methionine labeled cell lysates
from patient and control PBL incu-
bated in vitro with INFy. At the
end of 48 h of in vitro culture in
absence (-INF) or presence ('INF)
of y-interferon, cells were labeled

N4 *.. with [355]methionine, extracted with
NP-40, and immunoprecipitated.
Doses of MAbs used to precipitate
class I and II antigens were the
same as in Fig. 1. Sequence of anti-
body additions was: a and e, NMS;
b andf MAb W6/32; c and g, Rb
anti-B2 m; d and h, MAb 2.06.
Lanes a-e, precipitates from nonin-
duced cells; lanes f-j, from induced
cells.
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the presence of INF--y clearly augmented the biosynthesis of
class I antigen (Fig. 3, left, b, c, and f g), it did not allow
detection of class II antigen (Fig. 3, left, h; and Table II). A
clear increase of class II molecules was observed in control
cells after an incubation with INF-'y (Fig. 3, right, d and h,
arrows).

Thus, neither mitogens nor the INF-Ey could induce expres-
sion of class II antigens in the leukocytes of these patients.
Yet, these cells can respond to INF-y as shown by the increase
in class I expression. In addition, a B cell line was established
with Epstein-Barr virus (EBV) from DR-negative cells from
one patient. After several weeks of culture, however, it reverted
to a class II positive phenotype (Fig. 1, j).

In view of these findings, it was of interest to explore
directly the level of activity of the HLA-DR genes of these
lymphocytes and to establish if the defect was due to a block
in gene expression. RNA was prepared from PHA-induced
blasts of two patients. These RNAs were analysed by Northern
blot hybridization for the presence ofmRNA specific of HLA-
DR, 3-chains, or Ii-chains, using our specific cDNA probes
(21, 22, 23). The same blot containing 6 and 1 gg of control
RNA and 13 jig of RNA from lymphocytes of patient R.A.
was hybridized successively with a-DR, (3-DR, and Ii probes
(Fig. 4). In the patient cells, no mRNA for HLA-DR a or 1
chain can be detected, whereas the mRNA for the Ii chain
was present in an amount comparable to control. Similar
results were obtained for RNA of patient A.C. (data not
shown). Even after a prolonged exposure of the same filters,
no class II mRNA could be detected in the lanes corresponding
to the patients' RNA.

Discussion

Because the expression of MHC class I and II antigens is
regulated in different cell populations and is clearly essential
in intercellular events leading to an immune response (1, 2)
such as antigen presentation (27), it was important to identify

the nature of the MHC defect in this particular immune
deficiency. In the light of a possible heterogeneity within this
syndrome, our conclusions apply only to the patients studied.
The present study shows that the lack of class II gene expression
in HLA-negative lymphocytes is not due to a failure to
synthesize the HLA-associated invariant, li-chain. The hybrid-
ization results indicate that, in two patients, the disease involves
a block in the expression of the MHC class II genes with a
normal expression of the invariant chain gene, which is located
on another chromosome (23). The situation in these patients
thus resembles the cases of DR-negative variants obtained
experimentally (7, 8), and in which an absence of HLA-DR
mRNA with the presence of li-chain mRNA was observed
(28). This uncoupling in the expression of HLA-DR and Ii
genes contrasts with the coordinate induction of both genes,
which we and others recently observed at the RNA level in
response to INF-,y (24, 25, 26). Recently, Volc-Platzer et al.
(29) proposed that the detection of li-chain provides strong
evidence for active HLA-DR biosynthesis by a given cell. Our
data with immunodeficient patients indicate that the synthesis
of Ii polypeptide is not necessarily associated with the biosyn-
thesis of HLA-DR chains.

The observed absence of HLA-DR a-chain and 1-chain
mRNA indicates a defect either in gene transcription or in the
processing of these transcripts, rather than a block of mRNA
translation or deficient polypeptide assembly, as it is observed
in the case of Daudi cells for HLA class I and 02 microglobulin
(18). A massive deletion of HLA-DR genes could be ruled out
in this syndrome by DNA/DNA hybridization studies (Mar-
cadet, A., D. Cohen, J. Dausset, A. Fischer, A. Durandy, and
C. Griscelli, submitted for publication). In addition, reversion
to DR positive B lymphoblasts was observed in the EBV-
induced culture of lymphocytes from one patient. Thus, the
apparent integrity of the structural genes for HLA-DR indicates
that the genetic defect in the patients studied is in the
regulation of the expression of DR genes. Furthermore, two
siblings with this immunodeficiency were shown to have

C6 Ci RA13 C6 Ci RA13 C6 Ci RA13
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Figure 4. Northern blot hybridiza-
tion of RNAs patient R.A. and
from control lymphocytes. RNA
was denatured in glyoxal, electro-
phoresed in 1.8% agarose gel, trans-
ferred to diazobenzyloxymethyl-pa-
per, and hybridized with nick-trans-
lated 32P-cDNA probes, as described
elsewhere (18). The same filter was
hybridized successively with a-DR,
13-DR, and Ii probes, and submitted
to radioautography. C6 and C,: 6
and 1 gg of total RNA from lym-
phocytes of a healthy donor. RA13:
13 gg of total RNA from the lym-
phocytes of patient R.A.
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different HLA haplotypes. In conclusion, our data strongly
suggest the existence of a transactive pleiotrophic MHC regu-
latory gene, possibly located outside of the MHC.
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