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Introduction

Lymphocytes from patients with insulin-dependent diabetes
mellitus (IDDM), a chronic autoimmune disease, have re-
cently been shown to have decreased surface expression of
MHCclass I antigens. Since IDDM and other autoimmune
diseases share a strong genetic association with MHCclass II
genes, which may in turn be linked to genes that affect MHC
class I expression, we studied other autoimmune diseases to
determine whether MHCclass I expression is abnormal. Fresh
PBLs were isolated from patients with IDDM, Hashimoto's
thyroiditis, Graves' disease, systemic lupus erythematosis,
rheumatoid arthritis, and Sjogren's syndrome. Nondiabetic and
non-insulin-dependent diabetes mellitus patients served as
controls. MHCclass I expression was measured with a confor-
mationally dependent monoclonal antibody, W6/32. Freshly
prepared PBLs from the autoimmune diseases studied and the
corresponding fresh EBV-transformed B cell lines had de-
creased MHCclass I expression compared with PBLs from
normal volunteers and non-insulin-dependent (nonautoim-
mune) diabetic patients. Only 3 of more than 180 donors with-
out IDDM or other clinically recognized autoimmune disease
had persistently decreased MHCclass I expression; one pa-
tient was treated with immunosuppressive drugs, and subse-
quent screening of the other two patients revealed high titers of
autoantibodies, revealing clinically occult autoimmunity. Pa-
tients with nonautoimmune inflammation (osteomyelitis or tu-
berculosis) had normal MHCclass I expression. Autoimmune
diseases are characterized by decreased expression of MHC
class I on lymphocytes. MHCclass I expression may be neces-
sary for self-tolerance, and abnormalities in such expression
may lead to autoimmunity. (J. Clin. Invest. 1993. 91:2301-
2307.) Key words: major histocompatibility complex-class I .
insulin-dependent diabetes mellitus * Graves' disease * Hashi-
moto's thyroiditis * systemic lupus erythematosis * rheumatoid
arthritis
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Insulin-dependent diabetes mellitus (IDDM)' is characterized
by autoimmune destruction of the insulin-producing beta cells
of the pancreas (1). Similar to other autoimmune diseases,
IDDMhas a genetic predisposition. In the absence of an identi-
fied specific gene abnormality, the strongest genetic associa-
tions have been between IDDMand genes encoding the MHC
class II polypeptides (2-4). Similar linkage has been shown for
other autoimmune diseases, including Graves' disease, Hashi-
moto's thyroiditis, systemic lupus erythematosis, and autoim-
mune adrenal insufficiency (5-7). MHCclass II molecules
function to present foreign proteins to T lymphocytes. The
strong association between autoimmune disease and MHC
class II genes has suggested that abnormalities in MHCclass II
gene products play a central pathogenetic role in autoimmune
diseases.

Our recent work in IDDM has shown that in human (and
murine) autoimmune diabetes, antigen presentation and ex-
pression of the MHCclass I pathway is defective (8). More-
over, complete or partial transgenic disruption of MHCclass I
expression alone is sufficient to induce a syndrome of mild
autoimmune diabetes in mice that are otherwise not suscepti-
ble to diabetes. Finally, preliminary evidence in a mouse model
of spontaneous autoimmune diabetes (the nonobese diabetic
[NOD] mouse) links the defective expression of MHCclass I
molecules to genes located within the MHCclass II region (8);
these genes within the MHCclass II region code for proteins
that control endogenous peptide delivery into the endoplasmic
reticulum and allow proper MHCclass I assembly and subse-
quent MHCclass I cell surface expression (8-16). Interruption
of these MHCclass II-linked genes uniformly results in low-
ered MHCclass I expression on lymphocytes. The central role
of MHCclass I expression and disease course is well illustrated
in the NODdiabetic mouse as well as in identical twins discor-
dant for IDDM. Independent of genotype, only the subset of
NODmice with decreased MHCclass I expression develops
diabetes. In identical twins discordant for IDDM, only identi-
cal twins with IDDM have reduced MHCclass I expression on
peripheral blood lymphocytes; the nondiabetic twins have nor-
mal or near normal MHCclass I expression. From this work, it
appears that proper MHCclass I presentation may be a path-
way for self-tolerance and if altered, regardless of genotype, can
lead to autoimmune diabetes.

1. Abbreviations utsed in this paper: IDDM, insulin-dependent diabetes
mellitus; MAD, mean antigen density; NIDDM, non-insulin-depen-
dent diabetes; NOD, nonobese diabetic.
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Because of the strong association of autoimmune diabetes
(IDDM) with the MHCclass I defect, we investigated other
autoimmune diseases for defective MHCclass I expression on
fresh peripheral blood as well as on freshly produced EBV-
transformed B cell lines.

Methods

Patients. Patients with IDDM (n = 54), Graves' disease (n = 36),
Hashimoto's thyroiditis (n = 16), SLE (n = 14), and RA(n = 16) were
identified from the out-patient clinics of the Massachusetts General
Hospital. To be included, patients had to have histories and physical
findings consistent with their diagnoses. Additionally, for Graves' dis-
ease, Hashimoto's thyroiditis, SLE, and RA, serological evidence of the
specific autoimmune disease (long-acting thyroid stimulating, antithy-
roid, and anti-DNA antibodies, and rheumatoid factor, respectively)
was required. Patients with IDDM had diabetes onset before age 30,
were ketosis prone, and were treated continuously with insulin. Nor-
mal volunteers and patients with non-insulin-dependent diabetes mel-
litus (NIDDM) who had no personal history and no family history of
any of the diseases listed above were included as control subjects.
NIDDMpatients (n = 42) developed their diabetes after age 45 and
had no history of urine ketones. One NIDDMpatient was on high dose
steroids for kidney transplant. Five lupus patients, one Sjcgren's pa-
tient, and two rheumatoid arthritis patients were treated with low dose
steroids (generally less than 10 mgPrednisone daily) for their underly-
ing disease process. Seven patients with nonautoimmune inflamma-
tion (six with osteomyelitis and one with tuberculosis) were studied as
an additional control group. Five of the six patients with osteomyelitis
also had NIDDM.

Study design. A preliminary study on MHCclass I expression in
fresh peripheral blood lymphocytes from controls ranging in age from
12 to 45 yr revealed no age, sex, or HLA haplotype-related changes in
this marker. MHCclass I expression was slightly age related between
ages 2 and 12, therefore IDDMpatients of this age group were analyzed
with age-matched controls. Patients with the other autoimmune dis-
eases were all older than 12 yr. A comparison of the results of repeated
assays of MHCclass I expression on controls performed on the same
day consistently revealed < 1%absolute differences in percentage (95%
confidence interval) and < 2% absolute difference (95% confidence
interval) in mean antigen density between repeated analyses of the
same sample or between different normal individuals who were ana-
lyzed for MHCclass I antigens using either MHCclass I antibodies
(W6/32, BBM1) or antibody directed to 32-microglobulin, the cell
surface protein which associates in a 1:1 fashion with MHCclass I. An
example of the histograms of MHCclass I expression for eight normal
donors, measured on the same day, is shown in Fig. 1. In contrast,
greater variation was seen in the same normal sample analyzed on
different days due to the well-described analysis day effect of flow cy-
tometry. An analysis of covariance with terms for age, sex, group (same
control sample compared with repetitive self-sample versus another
control sample), HLA type, and analysis day, revealed only a signifi-
cant effect of analysis day (P = 0.0004). The results of this preliminary
study dictated that isolated peripheral blood lymphocytes from pa-
tients and control subjects be obtained and analyzed on the same day.
Patient and control EBV lines were also analyzed on the same day for
direct comparison. This study design was also chosen to prevent the
changes in lymphocyte surface markers that occur with incubation,
freezing, and fixation ( 17, 18). A paired t test was used to test whether
lymphocyte surface markers (MHCclass I) were different between pa-
tients in each group and their paired control subjects. Data are reported
as mean±standard deviation unless noted otherwise.

Flow cytometer analysis. PBLs were prepared, as previously de-
scribed, from 40 cc of blood freshly collected in heparinized tubes ( 17).
In addition to the analysis of PBLs, new permanent B cell lines were
established by EBV transformation of fresh B cells from both patients
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Figure 1. MHCclass I expression on PBLs from eight normal donors
analyzed on the same day. PBLs were analyzed with W6/32, a
monoclonal antibody to human class I.

and controls. Approximately 2-3 mo after EBV transformation, the
newly transformed patient cell lines were randomly paired with newly
transformed EBV cell lines from control individuals and analyzed by
immunofluorescence. Most new patient EBV cell lines were analyzed
at least twice with different simultaneously paired new control EBVcell
lines. Patient and control cell lines appeared stable during the time
frame of this study; the data presented represent data from only one of
the analysis days. Fluorescence activated cell sortic analysis was used to
quantitate cell surface differences in class I density. This technique was
chosen because of the ability of this method to quantitate accurately
epitope density over four logs of immunofluorescence.

For the analysis of MHCclass I determinants on fresh cells or EBV
lines, mouse monoclonal antibody W6/32 (American Type Culture
Collection, Rockville, MD), which recognizes all alleles of human
MHCclass I, was used at a fresh stock concentration of 0.88,g/ml with
the addition of 100 microliters for 1 X 106 EBV cells or fresh stock at
1.6 ,gg/ml with the addition of 100 ,g for 1 x 106 PBLs. This concentra-
tion of antibody represents an excess over the 50% saturation point for
each cell population but eliminates irrelevant Fc receptor binding
when used at a higher concentration or low-affinity binding to the class
I dimer, i.e., class I and ,32-microglobulin without peptides. The puri-
fied W6/32 antibody was used with goat anti-mouse IgG2a FITC
(Tago, Burlingame, CA) for indirect immunofluorescence at a concen-
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Table I. Expression of MHCClass I Determinants on Freshly
Isolated Lymphocytes from a Variety ofAutoimmune Diseases

No. of
paired Expression of MHC

samples class I antigens*

% MAD

IDDM control 54 82.4±13 6.0±4.5
90.9±12 9.7±6.7
P<0.001 P<0.O01

NIDDMcontrol 42 97.4±2.7 15.5±7.6
96.6±3.4 16.3±8.4
P=0.20 P=0.37

Hashimoto's control 16 77.7±21 6.9±5.6
94.5±3.1 10.0±7.7
P= 0.003 P= 0.001

Graves' control 36 79.5±22 7.4±4.5
91.4±14 12.3±7.2
P<0.001 P<0.001

Lupus control 14 81.2±20 7.4±4.5
95.4±2.5 14.4±11.4
P=0.01 P=0.009

Rheumatoid arthritic
control 17 80.4±18 10.0±11.5

93.8±7.7 13.1±11.6
P=0.01 P=0.02

* Values are mean±standard deviation for a paired t test between a
patient and simultaneously paired control samples. Patients less than
12 yr old also had an age-matched paired sample due to the slight
differences in MHCclass I expression in younger children.

tration greater than 100-fold excess of the 50% saturation point. The
W6/32 antibody was selected because it is conformationally depen-
dent and thus demonstrates most dramatically the lowered MHCclass
I on autoimmune cells (19). Subset analysis of fresh peripheral blood
lymphocytes was performed by two-color analysis using directly FITC-
conjugated W6/32 antibody with directly phycoerythrin (PE)-conju-
gated Bi antibody (B cell marker), Mo2 antibody (macrophage and
monocyte marker), or CD2 antibody (T cell marker) (Coulter Elec-
tronics Inc., Hialeah, FL). For two-color analysis, FITC emission was
separated from PE emission using appropriate filters, differentially
conjugated beads, as well as a control sample labeled with CD4 and
CD8for the determination ofthe appropriate compensation. All pheno-
typing samples were analyzed on a flow cytometer (Elite; Epic Inc.,
New York); more than 5,000 cells per sample were analyzed. The
sample flow rate was maintained at more than 350 cells/second. The

operator was masked to sample identity. For PBL, a gate on the FACS®
machine (Becton Dickinson & Co., Mountain View, CA) was set to
exclude small nonlymphocyte debris using a T200 antibody (KC57;
Coulter Immunology) specific for all lymphocyte subpopulations. In
addition, viable cells were identified by forward light scatter intensity
and exclusion of propidium iodine which labels dead cells. For EBV
analysis, a gate was set to exclude debris and included EBVcells of the
large size on log fluorescence. EBV cells before analysis were in log
phase of growth, never frozen and determined to have viability of
> 95%. The percentage of positive cells was determined using a three
log decade histogram with a 95% region for isotype control. Back-
ground immunofluorescence, determined by an isotype-matched,
FITC-conjugated, or PE-conjugated antibody was virtually identical in
all cases and always less than 5%.

Due to the difference in mean antigen density (MAD) of MHC
class I on monocytes versus lymphocytes, two gates were set to analyze
unseparated PBLs with single-color immunofluorescence using the
W6/ 32 antibody. For data calculations in Tables I and II, a gate was set
on the small-sized but abundant nonmonocyte population. As ex-
pected, identical statistical trends were observed for the data in Tables I
and II with a gate set only on the very large-sized but less abundant
monocyte subpopulation (data not shown). For the two-color immu-
nofluorescence presented in Table III, an open gate excluding only
nonlymphocyte debris was utilized. This open gate was used to deter-
mine the density of MHCclass I on specific lymphocyte subpopula-
tions, i.e., T cells, B cells, and monocytes.

Results

As previously reported, MHCclass I antigen expression on
fresh peripheral blood lymphocytes from patients with IDDM
was consistently depressed (Table I, Fig. 2). Lymphocytes
from NIDDMpatients, on the other hand, had a similar mean
percentage of MHCclass I determinants compared with nondi-
abetic controls (97.4±2.7 vs. 96.6±3.4, P = 0.20) (Table I) as
expected for a disease without autoimmune etiology. In addi-
tion, fresh lymphocytes from NIDDMpatients had a similar
density of MHCclass I antigens compared with fresh control
cells ( 15.5±7.6 vs. 16.3±8.4, P = 0.37). Interestingly, 3 of the
42 NIDDMpatients analyzed appeared to have significant de-
creases in MHCclass I percentages or mean antigen densities
compared with simultaneously analyzed control samples. As
outlined in Methods, normal control samples from different
donors analyzed on the same day demonstrated less than± 1%
variability between individuals in percentage and/or less
than±2% variability in mean antigen density of MHCclass I
antigens. If the absolute difference in percentage of MADbe-

Table II. Modification of NIDDMLymphocyte MHCClass I Expression by Underlying Autoimmunity or Steroids

NIDDMPatient 1* Control NIDDMPatient 2t Control NIDDMPatient 30 Control

Fresh PBL
% 93% 99% 78% 93% 65% 94%
MAD"I 7.08 17.7 7.2 13.5 9.3 18.2

EBV cell line
% 97% 96% 42% 82% 97% 99%
MAD 5.6 4.7 1.39 4.50 13.7 19.8

* NIDDMpatient on chronic high dose steroids secondary to a kidney transplant. * NIDDMpatient subsequently found to have anti-smooth
muscle antibodies. § NIDDMpatient subsequently found to have anti-thyroid colloid antibodies, antimicrosomal antibodies and antinuclear
antibodies. 11 Mean antigen density.
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Table III. MHCClass I Expression on Subsets of Peripheral Blood Lymphocytes from Various Autoimmune Diseases

Macrophage/monocyte* B cells* T cells*

% MAD % MAD % MAD

A. Individual patients
IDDM patientl control 97 7.8 56 4.1 91 5.6

99 26 94 14 97 7.1
Graves' patient controls 95 26 92 20 99 19

100 32 100 27 100, 21
Hypothyroid patient control 96 18 96 28 99 13

99 41 99 35 99 20
Lupus patient control 90 33 84 28 90 14

96 39 86 31 92 25
Sjogren's patient control 97 19 96 24 98 18

99 56 99 41 100 30
B. Combined autoimmune patientst

MAD MAD MAD

Autoimmune patients n = 53
paired samples 25±2.9 18±2.1 12±1.0

Controls 32±2.7 24±1.9 17±1.2
P= 0.000 P= 0.000 P= 0.000

* As described in Methods, two-color immunofluorescence was performed, using directly conjugated W6/32 (MHCclass I monoclonal marker)
with Mo2 (macrophage and monocyte monoclonal marker), B 1 (B cell monoclonal marker), or CD2 (T cell monoclonal marker) to quantitate
the relative amounts of MHCclass I epitopes on different lymphocyte subsets. * These data represent pooled values from 10 lupus patients, 15
Graves' disease patients, 8 rheumatoid arthritis patients, 10 Hashimoto's patients, and 10 type I diabetics compared with their paired controls.
§ As discussed in Methods, the mean antigen density of MHCclass I on lymphocytes does not vary between adults age 12-45 yr old. In
contrast, MHCclass I on lymphocytes from children, ages 2-12 yr old, is age dependent. Many of our IDDM patients were children and were
age matched, therefore accounting for the slightly lower mean values for the density of MHCclass I on the patients and matched controls in
this autoimmune category of patients. 1l Because of the log fluorescence scale for mean antigen density and the fact that the total number of class
I molecules is less on T cells compared with B cells or macrophages, the magnitude of class I change was usually least dramative in the T cell
subset. This is well demonstrated in the above table for the Graves' disease patient where the T cell fluorescence is decreased in the patient but
the actual values are close to the control value.

tween the patient and control exceeded 1%or 2% respectively,
the patient was considered to have abnormal MHCclass I ex-
pression. Three NIDDMpatients demonstrated an unexpected
decrease (6%, 15%, and 29%) in percentage and decreased in
mean antigen density ( 11%, 6.3%, and 9%) of MHCclass I on

I.
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lymphocytes compared with their nondiabetic controls. Fur-
ther studies were performed in these NIDDMpatients. One of
the three NIDDMpatients was treated with high dose glucocor-
ticoids as well as immunosuppressive drugs (Cyclosporin A;
Sandoz, Basel, Switzerland; and Aziothioprine; Burroughs
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Figure 2. MHCclass I expression on PBLs
from autoimmune patients (dashed line)
compared with control individuals (solid
line). (A), IDDM; (B), rheumatoid arthritis;
(C), lupus erythematosis; (D), Graves'; (E),
noninsulin dependent diabetes (NIDDM).
Patient and paired control were analyzed on
the same day (see Methods).
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Wellcome, Research Triangle, NC) for a kidney transplant (Ta-
ble II, patient 1). Steroids and immunosuppressive drugs have
known lymphocyte-modifying effects and therefore might mod-
ify MHCclass I expression on fresh peripheral blood lympho-
cytes (20). Newly produced EBVtransformed B cells from this
patient demonstrated the return of normal MHCclass I deter-
minants in culture, demonstrating that the in vivo depression
in MHCclass I was most likely secondary to the in vivo drug
effects (Table II). The other two NIDDM patients with low
MHCclass I expression on fresh lymphocytes were not treated
with any medication that could adversely affect MHCclass I
determinants and had no clinical or family history of autoim-
mune diseases. A laboratory screen for clinically silent autoim-
munity revealed high titers of anti-smooth-muscle antibodies
in one patient and anti-thyroid-colloid antibodies, antimicro-
somal antibodies, and antinuclear antibodies in the other pa-
tient, suggesting underlying autoimmunity was present in these
two NIDDMpatients identified by low MHCclass I antigen
expression on fresh peripheral blood lymphocytes. Newly es-
tablished EBV cell lines from both NIDDM patients main-
tained decreased MHCclass I expression with repeated pheno-
typing, as predicted for a genetically controlled autoimmune
abnormality (Table II). The seven patients with osteomyelitis
or tuberculosis had normal MHCclass I expression with
99.3±0.59% expression and 13.5±3.3 MADand thus were vir-
tually identical to the control samples performed on the same
day as expected for a nonautoimmune but inflammatory dis-
ease.

Westudied four groups of patients with other autoimmune
diseases. The lymphocytes from 29 of 36 Graves' disease pa-
tients had a decreased percentage of MHCclass I positive lym-
phocytes with a mean percentage of 79.5±1.22 compared with
91.4±14 percent positive fresh lymphocytes for the controls (P
< 0.001) (Table I). Decreased expression was similarly re-
flected in the MADof MHCclass I epitopes on Graves' disease
lymphocytes compared with control lymphoid cells (7.4±45
vs. 12.3+7.2, P < 0.001 ) (Table I).

The fresh lymphocytes from 12 of 14 lupus patients also
had a decreased percentage of MHCclass I positive lympho-
cytes compared with control lymphocytes (81.2±20 vs.
95.4±2.5; P = 0.01) (Table I); fresh lymphocytes from lupus
patients also had a depression in the MHCclass I density of
MHCclass I epitopes (7.4±4.5 vs. 14.4±11.4) in 12 of 14 indi-
viduals compared with simultaneously analyzed controls (P
= 0.009).

15 of 16 patients with Hashimoto's thyroiditis had fresh
lymphocytes with decreased MHCclass I determinants com-
pared with the lymphocytes from matched controls (77.7±21
vs. 94.5+3. 1, P = 0.003); the mean density of MHCclass I
antigens was similarly depressed in these hypothyroid individ-
uals (6.9±5.6 vs. 10.0+7.7, P = 0.001) (Table I).

The fresh lymphocytes from 16 of 17 rheumatoid arthritis
patients demonstrated a statistically significant depression in
MHCclass I expression for both the percentage of positive
lymphocytes (P = 0.01 ) as well as mean antigen density (P
= 0.02) (Table I).

Peripheral blood lymphocytes represent a diverse variety of
cell types, i.e., macrophages/monocytes, B cells, and T cells.
These cells can be nonspecifically identified by flow cytometry
analyses by their distinct sizes (T and B cells vs. monocytes), as
well as individually studied by two-color flow analysis with
cell-specific antibodies in combination with a MHCclass I an-

tibody. Both of these studies were performed on fresh blood
samples in order to determine if the defective MHCclass I
expression in fresh peripheral blood was confined to a given
subpopulation of cells or expressed equally by all lymphoid
cells. In each sample from patients with the autoimmune dis-
eases, differential gating by cell size revealed similar, statisti-
cally significant, MHCclass I depression in all cell populations
compared with similarly gated fresh control cells. Follow-up
two-color immunofluorescence, which finds specific lympho-
cyte cellular subsets, identified low MHCclass I expression
proportionally on T cells, B cells as well as macrophages/ mono-
cytes from type I diabetics, Graves', Hashimoto's/ hypothyroid-
ism, lupus, and Sjogren's syndrome. Table III shows the results
of this two-color analysis for five different diseases as well as for
all autoimmune patients combined and demonstrates the non-
exclusive nature of the MHCclass I defect in different lympho-
cyte subpopulation from fresh blood samples of patients with
diverse autoimmune diseases. Examples of individual histo-
grams of the cellular subsets are shown in Fig. 3. The autoim-
mune histograms for each cellular subset, i.e., T cells (A, B), B
cells (C, D) and macrophages (E, F) clearly demonstrate a
shift to the left, even when the y-axis fluorescence is repre-
sented on a log scale. Because the total number of class I mole-
cules is less on T cells than B cells or macrophages, the magni-
tude of the log fluorescence change in class I density (fluores-
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Figure 3. MHCclass I expression on T cells, B cells, and macrophages
from two type I diabetic patients (dashed lines; A, C, E represent
Patient 1 and B, D, F represent Patient 2) compared with matched
control (solid line). All samples were analyzed on the same day.
MHCclass I expression on T cells (A, B), B cells (C, D), and mac-
rophages (E, F) from the two different type I diabetic patients are
shifted to the left compared with the control.
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Table IV. Expression of MHCClass I Determinants
in EBVCell Lines from a Variety ofAutoimmune Diseases

No. of Expression of MHC
paired samples class I antigens*

% MAD

IDDM control 35 76.7±16.0 4.3±3.2
92.6±6.7 6.7±5.0
P<0.001 P<0.001

NIDDMcontrol 11 95.9±2.2 7.1±3.2
96.5±2.9 6.9±2.9
P=0.57 P=0.80

Graves'/Hashimoto's
control 9 84.6±18.9 4.7±2.9

96.3±5.3 7.7±5.3
P=0.03 P=0.02

Lupus control 7 59.1±31 2.7±1.4
88.0±8.8 6.3±3.2
P = 0.02 P = 0.004

Rheumatoid arthritis
control 1 5 75.9±11.7 3.8±1.5

90.5±7.0 7.8±2.8
P<0.001 P<0.001

* Values are mean±standard deviation for a paired t test between a
patient and simultaneously paired control samples. Patients less than
12 yr old also had an age-matched paired sample due to the slight
differences in MHCclass I expression in younger children.

cence) was least impressive on T cells for all autoimmune
categories of patients.

Nonconformationally dependent polyclonal anti-fl2-mi-
croglobulin serum was used on 10 IDDM fresh lymphocytes
compared with 10 matched controls. Similar to the transporter
mutant cell lines such as RMA-S, the magnitude of the lowered
class I fluorescence was significantly less dramatic. The mean
fluorescence for f2-microglobulin was 37.5±6.7 for IDDM
cells; the mean fluorescence for 32-microglobulin was 40.9±7.9
for matched control (P = 0. 16). Presumably because a confor-
mationally dependent antibody such as class I specific W6/32
requires both the presence of class I as well as peptide in the
groove of class I for detection, the diabetic cells have both
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empty unstable class I on the cell surface as well as less total
class I on the cell surface, thus explaining why conformation-
ally dependent antibodies dramatize the class I defect better in
autoimmune cells as well as on mutant cell lines.

As mentioned previously, many in vivo factors other than
genetics could be influencing MHCclass I expression. The pos-
sible influence of steroids and/or immunosuppression in modi-
fying lymphocyte functions should be considered (20). To
control for this variable, newly transformed EBVB cells were
produced from patients for each of the autoimmune diseases.
The analysis of these cell lines eliminated the possible influence
of concurrent medications or yet unknown serum factors.

The percentage (76.7±16 vs. 92.6±6.7, P< .001 ) and mean
fluorescence intensity (4.3±3.2 vs. 6.7±5.0, P < .001 ) of MHC
class I determinants is depressed in type I diabetic EBVB-cell
lines compared with control cell lines (Table IV). As expected,
EBVcell lines from nonautoimmune NIDDMpatients did not
show depressed numbers of MHCclass I cells (95.9±2.2 vs.
96.5±2.9, P = 0.57) or a difference in cell surface density of
MHCclass I determinants (7.1±3.2 vs. 6.9±2.9, P = 0.80). All
3 Graves' EBV cell lines, all 7 lupus EBV cell lines, all 15
rheumatoid arthritis EBVcell lines, and the cell line established
from a patient with Sjogren's all showed a decrease in the per-
centage (P = 0.03, P = 0.02, P = 0.001, respectively) as well as
mean channel fluorescence (P = 0.02, P = 0.004, P < 0.001,
respectively) of MHCclass I lymphocyte epitopes compared
with simultaneously analyzed EBVcell lines from controls (Ta-
ble IV). Fig. 4 shows the characteristic histograms obtained
from EBV cell lines analyzed with the monoclonal antibody
directed to MHCclass I for a given autoimmune disease com-
pared with simultaneously matched control EBVcell line. For
each autoimmune disease, the leftward shift in MHCclass I
fluorescence intensity reflects a decreased density of MHCclass
I epitopes in each transformed B cell line and thus decreased
percentage of positive cells compared with controls. At no time
during our analysis of over 80 new EBVcell lines from autoim-
mune patients did we observe maintenance of a normal MAD
of MHCclass I determinants with a decreased percentage of
MHCclass I positive cells; therefore, the existence of a truly
negative MHCclass I B lymphocyte cell subpopulation is un-
likely. Fig. 4 demonstrates in the sample histograms from di-
verse autoimmune diseases that the major shift in MADoften

111 10 T100 10 II

I1. I10 100 1000 .1I 1. 10 100 1000 .1 1. 1'0 100 1000
Figure 4. MHCclass I expression on
EBVB cell lines from autoimmune
patients (solid line) compared with
control individuals (dashed line). A,
IDDM; B, rheumatoid arthritis; C,
lupus erythematosis; D, Graves'; E,
noninsulin dependent diabetes
(NIDDM). Background immunoflu-
orescence is shown and was similar
for all the cell lines. Each histogram
pair represents a single characteristic
patient and matched control.
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secondarily causes histogram overlap with background fluores-
cence and a resulting decrease in the percentage of positive
cells. Therefore, the mean fluorescence as well as percentage of
positive EBV cells for MHCclass I are decreased in autoim-
mune diseases. As expected EBV cell lines from nonautoim-
mune NIDDMpatients had a virtually identical MHCclass I
flow histogram to nondiabetic controls (Fig. 4 E).

Discussion
Analysis of fresh lymphocytes and newly produced EBV-trans-
formed B cell lines from Graves' disease, lupus erythematosis,
Hashimoto's thyroiditis, Sjogren's syndrome, and rheumatoid
arthritis patients revealed a uniform decrease in MHCclass I
expression on lymphoid cells not observed in control individ-
uals or NIDDM, a chronic nonautoimmune disease. Similar to
IDDM, a commonfinding in a variety of autoimmune diseases
with strong genetic association with MHCclass II linkage is a
paradoxical defect in MHCclass I expression that was present
on all lymphocyte subpopulations and was most dramatically
observed with a conformationally dependent class I antibody.
Weidentified two NIDDMpatients with decreased MHCclass
I expression on fresh PBL and EBV cell lines; follow-up au-
toantibody screening confirmed subclinical acute autoimmu-
nity.

In light of the recent identification of new genes in the
MHCclass II region that influence MHCclass I expression by
supplying endogenous cytoplasmic peptides to MHCclass I in
the endoplasmic reticulum (8-15), it is interesting to speculate
that, similar to IDDM, a common theme in autoimmunity is
defective MHCclass I function (8). Cell lines with induced
mutations in these MHCclass II-linked genes have defective
MHCclass I expression due to the faulty delivery of endoge-
nous peptides associated with the abnormal MHCclass II
genes. This results in decreased class I assembly and surface
expression. In the past, it has been difficult to explain how
defective MHCclass II could result in autoreactivity to self,
since the known function of MHCclass II is to present phago-
cytozed exogenous antigens to CD4 cells to elicit a positive
immune response. The demonstration of a uniform decrease in
MHCclass I expression of lymphoid cells in autoimmune dis-
ease suggests that the presentation of endogenous peptides on
MHCclass I is a possible pathway for self-tolerance. Similar to
transporter mutant cell lines, the defect in surface class I ex-
pression was most dramatically observed with a conformation-
ally dependent antibody, thus implying that total surface class I
is not only decreased in autoimmune lymphocytes but presum-
ably peptide empty class I is also present on the cell surface (21,
22). Interruption of this self-antigen presentation pathway, by
any mechanism, is sufficient for autoreactivity manifested
against a variety of target organs (8). A transgenic murine
model with decreased MHCclass I expression also develops
autoimmunity (8).

A central unanswered question is how the target tissue of
the various autoimmune diseases is specified. Perhaps the tar-
get of any given autoimmune disease is determined by non-
MHG-linked genes determining target specificity. Alterna-
tively, interruption of specific peptide supply factor genes in
the MHCclass II region in combination with a specific MHC
class I haplotype may determine the target tissue most vulnera-
ble to autoimmune attack. Further studies are required to es-
tablish the specific mechanisms by which MHCclass I surface
expression and presentation are altered in autoimmune dis-
ease.
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