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Abstract

The bare lymphocyte syndrome is a disorder in which class I
histocompatibility antigens fail to be expressed normally on
the surface of lymphocytes. Utilizing complementary DNA
probes for both #-microglobulin and class I genes, the molecular
basis for this syndrome was investigated in a family with two
siblings exhibiting the bare lymphocyte syndrome. Southern
blot analysis demonstrated no gross internal defect in either
class I or j2-microglobulin genes. Northern blot analysis of
class I and ,B2-microglobulin messenger RNAs also revealed
no qualitative difference between affected and unaffected family
members. In contrast, quantitation of both class I and 2-
microglobulin transcripts demonstrated each to be decreased
in patients when compared to controls. Moreover, the decrease
in both transcripts was coordinate. These results suggest that
the bare lymphocyte syndrome may represent a pretranslational
regulatory defect of both class I and #2-microglobulin gene
expression.

Introduction

The bare lymphocyte syndrome is defined as a syndrome in
which a patient's lymphocytes cannot be tissue-typed by
standard serologic cytotoxicity tests. Touraine et al. (1) described
a child presenting with severe combined immunodeficiency in
the initial case report of 1978. Since then, several forms of the
syndrome have been identified. A defect in class I major
histocompatibility antigen expression has been described with
and without concomitant severe combined immunodeficiency
(2-7). Several case reports of a class II major histocompatibility
defect have appeared recently. This class II defect may be
isolated (8) or associated with a defect in class I expression (9-
1 1) and has a variable phenotype. Wehave previously described
two siblings without immunodeficiency who exhibit the bare
lymphocyte syndrome. The older affected child presented in
1980 with aplastic anemia but had normal IgA, IgG, and IgM
levels. The younger affected child has been healthy. Neither
has suffered from any opportunistic infections nor an unusual
number of viral infections (7). Analysis of these patients may
help clarify the factors involved in the regulation of cell surface
expression of class I antigens and may contribute to our
understanding of class I antigen functions. Here, for the first
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time is a demonstration of a pretranslational defect in both
class I and ,B2-microglobulin gene expression associated with
the bare lymphocyte syndrome.

Methods

Cells. Family "L," previously described (7), was used as the sole source

of "bare lymphocytes" for the experiments described. An affected child
(AC2; see Fig. 1) was identified during routine tissue typing in
consideration for bone marrow transplant as treatment for aplastic
anemia. At that time, another affected child (AC4) was also identified
as having the bare lymphocyte syndrome. Fresh peripheral blood
mononuclear cells (PBMCs),I consisting of lymphocytes and monocytes,
were isolated through a Ficoll-Hypaque gradient. Fresh circulating
leukocytes (lymphocytes, monocytes, and granulocytes) were isolated
in 1.5% dextran (200,000 mol wt). Epstein-Barr virus (EBV)-transformed
lymphocytes from the family members were continuously maintained
in RPMI 1640 supplemented with 10% fetal calf serum and the usual
antibiotics.

Northern and RNAdot blot analysis. Three probes were utilized in
these analyses. The B2-microglobulin probe (gift of K. Itakura) is a

550-base-pair (bp) complementary (c) DNA clone (12). The class I
probe (gift of S. Weissman) is homologous to HLA B7 but cross-

hybridizes to HLA-A, -B, and -C genes (13). The actin probe is a 1.5-
kilobase (kb) cDNA clone (gift of P. Gunning) (14). The gift of
ribosomal cDNA was generated from L cells by Andree Dozy. RNA
was isolated by the guanidinium method (15). For the Northern blot
in Fig. 2-C, 25 ,g of total RNAwas isolated from the EBV-transformed
lines, denatured in formaldehyde as previously described (16, 17), and
applied to a 0.8% agarose gel. For the Northern blot in Fig. 5, 5 ug of
total RNAisolated from PBMCswas used. The gel was photographed
using a silica thin-layer chromatography plate to identify the positions
of the 18S and 28S bands. Blots were baked and incubated with a 50%
formamide solution at 420C, as previously described (17). 50 ng of
probe, nick-translated to a specific activity of 108 cpm/ig was denatured
by boiling and added to 10 ml of fresh formamide solution. After 24
h of incubation the blots were washed in 0.1 X standard saline citrate
(pH 7.0), 0.1% sodium dodecyl sulfate (SDS) at 55°C as previously
described (17). Northern dot blots utilized total RNAisolated as above
from leukocytes. For the dot blots, I Mg of RNAwas denatured as

above. Twofold dilutions of RNA were made into microtiter wells
with 20-strength SSC. The RNA was then applied to nitrocellulose
and probed as above.

Fluorescent analysis. Three antibodies from Becton-Dickinson &
Co. (Mountain View, CA) were used in the identification of subpopu-
lations of PBMC. Leu 1 (clone L17F12) depicts most T cells (18).
HLA-D-related (DR) (clone L243)-specific antibody binds nonpoly-
morphic regions of class II molecules (19). The M3 (clone M4 P9)
antibody is specific for 70-90% of mature forms of circulating monocytes
(20). These three antibodies are linked to phycoerythrin, which emits
at a wavelength distinct from that of fluorescein isothiocyanate (FITC)
and allows simultaneous two-color analysis (21). Two other antibodies
were used to analyze the display of class I antigens on the surface of
PBMC. Anti-#2-microglobulin (clone L368) linked to FITC was pur-
chased from Becton-Dickinson & Co. (19). W6/32 is a monoclonal
antibody that recognizes a nonpolymorphic determinant on class I

1. Abbreviations used in this paper: EBV, Epstein-Barr virus; FITC,
fluorescein isothiocyanate; PBMC, peripheral blood mononuclear cell(s).
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Figure 1. Pedigree. Family "L" consists of the unaffected mother (M)
and father (F), two unaffected children (NC], NC3), and two affected
children (AC2, AC4).

molecules (22). Fluorescent analysis using W6/32 was performed using
an indirect immunofluorescent technique. Flow cytometry was per-
formed on a FACS IV (Becton-Dickinson & Co.) as previously
described. (21, 23).

Results

To examine the structure of the class I and the t32-microglobulin
genes, Southern blots were prepared from DNAisolated from
the family members' PBMCs. Southern blot analysis demon-
strated no gross internal rearrangements or deletions in either
the class I genes or the 132-microglobulin genes of the affected
children when compared to the normal siblings or the parents
(data not shown and reference 7). In an effort to analyze the
transcripts from these genes, RNAwas isolated from the EBV-
transformed cells of the family. Six weeks after EBV transfor-
mation, "bare lymphocytes" have been found to have normal
class I surface expression (5, 7). Hybridization of Northern
blots with the 132-microglobulin probe revealed bands -1 kb
in length for all family members (Fig. 2). There was no
qualitative difference between the affected and the unaffected
family members. When the Northern blots were hybridized
with the B7 probe, specific for class I antigens, a single band

- 1.7 kb in length was found for all family members (Fig. 2).
Therefore, it appears that neither the genes nor the transcripts
for class I and 32-microglobulin are qualitatively abnormal in
the bare lymphocyte syndrome.

Quantitative analysis by Northern dot blots was undertaken
in order to evaluate the levels of class I and j2-microglobulin
transcripts in the circulating leukocytes from the affected and
unaffected family members. 1 ug of total RNA isolated from
the leukocytes of the family members was dotted onto nitro-
cellulose. This dot blot was then hybridized with either the
class I, 02-microglobulin, or an actin control probe (Fig. 3).
Class I and (2-microglobulin transcripts were found to be
much lower by densitometry in the affected children than in
the unaffected family members. Actin transcripts were only
slightly decreased. Thus, the bare lymphocyte syndrome is
associated with a quantitative defect in the number of class I
and 12-microglobulin transcripts.

Decreased levels of RNAs specific for class I and 2-
microglobulin could indicate a general diminution among all
cells or represent the averaging of different levels among
subpopulations of cells. The density of class I antigens on
subpopulations of mononuclear cells was analyzed by flow
cytometry. PBMCsfrom the affected family members stained
with either anti-class I or anti-f32-microglobulin monoclonal
antibodies exhibited a density of each molecule that was 10-
25% of that seen in unaffected family members or unrelated
controls. Class I and f32-microglobulin staining on platelets
identified by forward light scatter demonstrated no difference
between affected and unaffected family members (data not
shown). Specific subpopulations of cells were identified by
means of phycoerythrin-labeled antibodies (i.e., phycoerythrin
Leu 1, phycoerythrin DR, and phycoerythrin M3), and the
relative class I and f32-microglobulin density on the cells of
each subpopulation was determined by using FITC-linked
antibodies (Fig. 4). In an affected child, class I and 12-
microglobulin-specific fluorescence associated with the T cell

F NC1 AC2 AC4

Class I 0

I bon

00
._ O~2Y- -
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Figure 2. Northern blot of transcripts isolated from EBV-transformed
cells of family "L." 25-pg samples of total RNAwere electrophoresed
on a Northern formaldehyde gel to assess transcript length differences
in the affected children. Shown in this figure are bands hybridizing
with class I and 02-microglobulin (02 I) specific probes for two
unaffected family members (M, NC]) and two affected family mem-

bers (AC2, AC4). There are no apparent differences in transcript
length when affected are compared with unaffected family members.

ACTIN *

Figure 3. Quantitative analysis of class I and 32-microglobulin tran-
scripts. RNAwas isolated as described from circulating leukocytes
and dotted onto nitrocellulose in twofold dilutions of 1 gg of RNA.
This blot was probed with class I, (12-microglobulin (132 A), or actin-
specific probes as indicated.
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population was 10.5-fold less than the mother or an unrelated
control. Staining in the DRand M3 positive population was
fourfold less in the affected child than in the control (Table I).

These findings suggest that not all cells are equally affected
and that RNAlevels might correspond more closely to surface
expression if only affected cells are analyzed. When RNA
from PBMCs, consisting of lymphocytes and monocytes, are
analyzed by Northern blotting and densitometric scannings
normalized to ribosomal (r)RNA levels, a 10-fold decrease of
class I transcripts is seen in an affected child when compared
to an unaffected family member (Fig. 5). These data demon-
strate that the levels of class I and #2-microglobulin transcripts
correlate directly with the cell surface expression of these
antigens. However, RNAdot blots revealed that class I and
#2-microglobulin transcripts are only threefold decreased in
leukocytes, consisting of granulocytes in addition to lympho-
cytes and monocytes. This suggests that class I and p32-micro-
globulin expression is not diminished in all circulating cells
and that patients granulocytes may in fact have normal class
I and #2-microglobulin transcript levels.

Discussion

These experiments have demonstrated a pretranslational defect
in class I and 02-rnicroglobulin expression. This defect is
differentially expressed in different subpopulations of cells and
it is possible that only mononuclear cells are affected. When
class I and #2-microglobulin transcript levels are analyzed from
total leukocytes they are found to be approximately threefold
decreased. Mononuclear cell transcripts, on the other hand,
are 10-fold decreased in the affected children. This suggests
granulocyte expression may be normal in these children.
Platelet expression was found to be normal and others have
reported normal class I surface expression on fibroblasts,
granulocytes, and platelets (1-6, 24).

Both class I and 132-microglobulin-specific transcripts were
found to be decreased in the mononuclear cells of these
affected children. Because these genes reside on chromosomes
6 and 15, respectively, and because EBV reverses the defect,
it is unlikely that mutations in either gene could account for

Table I. Peak Fluorescence Intensity for PBMCSubpopulations

Cell surface molecule detected

Source Leu I DP, M3

Unrelated control 112 110 105
Mother 89 85 89
AC2 8 22 24

In this table, values are given for the intensity of fluorescence corre-
sponding to the #2-microglobulin staining. Different subpopulations
of cells were detected with a counterstain. Leu 1 depicts most T cells,
DRdepicts B cells and monocytes, and M3 depicts mature mono-
cytes. Here, the intensity of #2-microglobulin staining in the Leu 1
population can be seen to be much less in the affected child (AC 2)
than in the mother (M). After normalization of peak channel values
to background, values were converted from the logarithmic scale us-
ing the formula, 101/s = fluorescence intensity (x = peak channel
value). Thus, in the Leu 1 population, the affected child's cells ex-
press only one-tenth the density of (2-microglobulin as the mother.
In the DR+ and M3 population, the affected child's cells express ap-
proximately fourfold less B2-microglobulin than the unaffected
mother.

our findings. Instead, it is likely that the bare lymphocyte
syndrome represents a defect in the regulation of class I and
j32-microglobulin gene expression. A related syndrome with a
class II defect is also thought to represent a defect in regula-
tion (9).

That these genes share common regulatory pathways is
suggested by the finding that they are coordinately expressed
in development. Class I and #2-microglobulin antigens are
absent from fertilized mouse eggs but appear later in devel-
opment (25, 26). This developmental control is reproduced in
embryonal carcinoma cells (27). Embryonal carcinoma cells
do not express class I antigens on their surface nor do they
have detectable levels of transcript for either gene (28-30),
Differentiation of these cells is accompanied by coordinate
accumulation of messenger RNAs and surface expression of
class I molecules (27). From these experiments, it is clear that
class I and #2 microglobulin genes are simultaneously induced
during development.

Figure 4. Two-color fluorescent cy-

tometry analysis of flrmicroglobulin
expression on PBMCsubsets. This
figure compares #2-microglobulin

M DR.M3. staining of an unaffected family
LEU1+* member's PBMCsubsets (M) and

LEUI- those of an affected family member
/ DR- '-~' (AC2). The vertical axis depicts

staining with either Leu I, anti-PR,
or M3 as indicated. Therefore, sub-
sets are separated on the vertical
axis, with the uppermost population
staining positive with the indicated

AC2 M3+ antibody. Notice that the intensity
LEUI+ DR+ of flourescence in the vertical axis is

K> __.f7 fgnormal in the affected child; dem-
LEUI- DR- (JM3L onstrating that Leu 1, DR, and M3

expression is normal on "bare lym-
-#2M LEUI & #21A DR & 2 M3 & 132A phocytes." The horizontal axis de-

picts staining with anti-flrmicro-
globulin. All subsets in the affected children exhibit decreased staining with anti-62-microglobulin with the greatest decrease apparent in T cells
depicted by Leu 1. This is quantified in Table I.
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DENSITOMETRYANALYSIS
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Figure 5. Northern blot and densitometry of transcripts isolated from
the PBMCs(lymphocytes and monocytes) of three family members.
Shown in this figure are bands hybridizing to the class I-specific
probe from two unaffected family members (M and NC)) and one

affected family member (AC2). Class I-specific transcripts are 10-fold
less abundant in the affected child when normalized to ribosomal
RNAlevels. The densitometry table also reveals a slight decrease in
actin transcript levels in the affected child. Notice the apparent
difference in Mand NCI class I' levels disappears when densitometry
levels are normalized to correct for loading error.

Experiments investigating the regulation of expression of
class I and /32-microglobulin genes in a mature, expressing cell,
also suggest that class I and /32-microglobulin genes share
common regulatory pathways. Lymphoblastoid and melanoma
cell lines as well as PBMCshave -been induced to increase
their class I and /32-microglobulin surface expression after
administration of interferon (31-33). It is not known which
sequences are responsible for the regulation of class I transcrip-
tion. In transfection experiments, interferon was shown to
increase the expression of the introduced HLA B7 genes

irrespective of deletions in the 5' flanking region and the first
exon (34, 35).

These experiments suggest that class I and 02-microglobulin
genes share common regulatory pathways. The bare lymphocyte
syndrome could represent a defect at some step leading to
coordinate gene expression. First, it could represent an abnor-
mality in the production of lymphokines (e.g., interferon)
known to increase class I and /32-microglobulin expression. In
two studies, patients with a defect in expression of both class
I and class II molecules, a-interferon was able to restore class
I expression (4, 36). Addition of a-interferon to the cells of
one of our patients failed to reverse the defect (data not
presented), suggesting that the defect is not simply due to
decreased production of a-interferon. Second, a synthetic or

structural abnormality in the a- or /3-interferon receptor could
make "bare lymphocytes" refractory to those lymphokines.

We have no data to address this issue. Third, intracellular
effector molecules such as DNAbinding proteins that recognize
regulatory sites flanking the class I and 02-microglobulin genes
and serve to modify their gene expression may be defective. If
tissue-specific regulators of transcription are shared between
these genes, one could postulate a lesion in a single protein
that binds those specific DNAsequences. Trans- acting regu-
latory factors have been postulated for class II histocompatibility
genes (37), and it is possible that they exist for class I
histocompatibility genes. The low levels of class I and /2-
microglobulin transcripts, which are found in the lymphocytes
of our patients, may be products of a constitutive pathway
unaffected by the absence of a regulatory protein. This consti-
tutive pathway may also account for the normal levels of class
I and /32-microglobulin found on our patients platelets.

The levels of class I and /2 microglobulin transcripts in
the bare lymphocytes were 10-fold lower than in normal
controls. The levels of surface class I molecules were from 4-
to 10-fold diminished when affected and unaffected family
members were compared. Actin levels were slightly decreased
compared to controls and this may reflect altered metabolism
in these cells. Therefore, a pretranslational defect in class I
and /32-microglobulin certainly constitutes a major factor in
the bare lymphocyte syndrome, but at this time we are not
able to rule out other effects. It should be stressed that the
defect observed in this family with the bare lymphocyte
syndrome without immunodeficiency may not reflect that
found in other cases of the bare lymphocyte syndrome with
immunodeficiency. Only through further study of this and
similar disorders will the true nature of the bare lymphocyte
syndrome defect be revealed and therapeutic intervention
become possible.
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