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background

 

Although much is known about the natural history of systemic lupus erythematosus
(SLE), the development of SLE autoantibodies before the diagnosis of the disease has not
been extensively explored. We investigated the onset and progression of autoantibody
development before the clinical diagnosis.

 

methods

 

The Department of Defense Serum Repository contains approximately 30 million spec-
imens prospectively collected from more than 5 million U.S. Armed Forces personnel.
We evaluated serum samples obtained from 130 persons before they received a diagnosis
of SLE, along with samples from matched controls.

 

results

 

In 115 of the 130 patients with SLE (88 percent), at least one SLE autoantibody tested
was present before the diagnosis (up to 9.4 years earlier; mean, 3.3 years). Antinuclear
antibodies were present in 78 percent (at a dilution of 1:120 or more), anti–double-
stranded DNA antibodies in 55 percent, anti-Ro antibodies in 47 percent, anti-La anti-
bodies in 34 percent, anti-Sm antibodies in 32 percent, anti–nuclear ribonucleoprotein
antibodies in 26 percent, and antiphospholipid antibodies in 18 percent. Antinuclear,
antiphospholipid antibodies, anti-Ro, and anti-La antibodies were present earlier than
anti-Sm and anti–nuclear ribonucleoprotein antibodies (a mean of 3.4 years before the
diagnosis vs. 1.2 years, P=0.005). Anti–double-stranded DNA antibodies, with a mean
onset 2.2 years before the diagnosis, were found later than antinuclear antibodies
(P=0.06) and earlier than anti–nuclear ribonucleoprotein antibodies (P=0.005). For
many patients, the earliest available serum sample was positive; therefore, these meas-
ures of the average time from the first positive antibody test to the diagnosis are under-
estimates of the time from the development of antibodies to the diagnosis. Of the 130
initial matched controls, 3.8 percent were positive for one or more autoantibodies.

 

conclusions

 

Autoantibodies are typically present many years before the diagnosis of SLE. Further-
more, the appearance of autoantibodies in patients with SLE tends to follow a predictable
course, with a progressive accumulation of specific autoantibodies before the onset of
SLE, while patients are still asymptomatic.
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ystemic lupus erythematosus (sle) is

 

an autoimmune disease that is virtually al-
ways accompanied by the production of auto-

antibodies. In fact, it has been demonstrated that
autoantibodies contribute directly to the pathologic
changes of SLE.

 

1

 

 Since autoantibodies are central to
the pathogenesis of the disorder, their development
must coincide with or precede clinical disease. Al-
though the prevalence of SLE autoantibodies among
patients with confirmed SLE has been established,
we know little about the autoimmune history of pa-
tients before SLE is diagnosed.

We evaluated a prospectively assembled collec-
tion of frozen serum samples to test the hypothesis
that the appearance of autoantibodies precedes the
diagnosis of SLE. The U.S. Department of Defense
Serum Repository contains more than 30 million se-
rum samples. The stringent physical requirements
of the U.S. military ensure that subjects are healthy
on induction for active duty. A review of military
medical records identified 130 persons, some for-
merly and some currently on active duty, who met
the criteria for SLE and for whom stored serum sam-
ples obtained before diagnosis were available.

 

serum samples

 

Since 1985, the Department of Defense Serum Re-
pository has stored serum samples obtained from
U.S. Armed Forces personnel on enlistment and, on
average, every other year thereafter. The samples are
stored at ¡30°C. Military data bases were searched
for records containing the 

 

International Classification of
Diseases, 9th Revision, Clinical Modification

 

 (ICD-9-CM)
code for SLE (710.0). Records containing this code
from 336 persons with serum in the repository were
reviewed. Patients were excluded because of inade-
quate data, insufficient evidence of a diagnosis of
SLE,

 

2

 

 or the absence of prediagnosis serum sam-
ples. For each patient with SLE, four controls were
randomly selected from among people on active
military duty, matched for sex, ethnic group, age
(within one year), length of military service, sample
availability, and enlistment date (to control for the
duration of sample storage).

 

review of medical records

 

Data on clinical and laboratory findings and on sex,
ethnic group, date of birth, and date and age at diag-
nosis were obtained by review of medical records.

 

2

 

The presence of each criterion for SLE was deter-

mined from the medical records, with many of the
diagnostic criteria being documented by military
rheumatology referral centers.

The protocol was reviewed and approved by the
institutional review board of the Oklahoma Medical
Research Foundation and the Human Use Commit-
tee of the Walter Reed Army Medical Center. In-
formed consent for the testing of coded, stored
serum samples and the review of records by appro-
priate military personnel was waived by both insti-
tutions. To protect the privacy of the patients, their
names and unique personal information were not
recorded or released. The dates of the sampling and
the analyses ranged from 1992 to 1999.

 

autoantibody assays

 

Assays for antinuclear antibodies were performed
by indirect immunofluorescence with HEp-2000
cells (Immuno Concepts). Detection of antinuclear
antibodies at a dilution of 1:120 was considered a
positive result. Enzyme-linked immunosorbent as-
says were used to evaluate serum for antibodies to
Sm, nuclear ribonucleoprotein, Ro, La, and phos-
pholipids (IgG and IgM).

 

3,4

 

 Values that were 3 SD or
more above normal values for background bind-
ing were considered positive results. Anti–double-
stranded DNA antibodies were screened with a
solid-phase assay (Varelisa, Pharmacia Upjohn Di-
agnostics). All tests yielding equivocal results were
repeated, and samples with persistently equivocal
results for anti–double-stranded DNA were tested
with a crithidia immunofluorescence assay (Protrac
Industries).

 

5

 

statistical analysis

 

Categorical variables (such as ethnic group and sex)
were assessed by the chi-square statistic. For each
type of autoantibody, the time from autoantibody
positivity to the diagnosis of SLE was calculated on
the basis of the date of the first positive antibody test
and the date of diagnosis. Patients in whom anti-
bodies developed before diagnosis were assigned
negative values for the time between antibody devel-
opment and diagnosis, and patients in whom anti-
bodies developed after diagnosis were assigned
positive values for the time between antibody devel-
opment and diagnosis. For patients whose first
available serum sample yielded a positive antibody-
test result, this time represents a lower boundary for
the duration of positivity before the diagnosis of SLE.

For each antibody, the mean time from the first
recorded positive test to the diagnosis of SLE was

s

methods
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calculated on the basis of data from all patients in
whom that antibody had developed at any time. Stu-
dent’s t-test was used to test for differences between
antibodies with respect to the mean time from the
first positive test to the diagnosis. The antibodies
were sorted into three groups: early-, intermediate-,
and late-appearing antibodies. Within each group,
the mean time from the development of antibodies
to the diagnosis of SLE did not differ significantly
among antibodies (P>0.05). The mean time from
antibody development to diagnosis for each of the
three groups of antibodies was determined by com-
puting averages weighted according to the number
of persons with each antibody.

The time between antibody development and the
appearance of the first American College of Rheu-
matology clinical criterion for SLE was also calculat-
ed and analyzed. The mean and median values for
the time from the appearance of the first clinical
criterion to the diagnosis of SLE were not similar to
each other, unlike the other values analyzed. Means
are therefore presented for all values, except for the
time from the appearance of the first clinical crite-
rion to the diagnosis of SLE, for which mean and
median values are presented.

Kaplan–Meier product–limit survival curves

 

6,7

 

were constructed for the time from the initial posi-
tive serum sample to the time of diagnosis and to the
appearance of the first American College of Rheu-
matology clinical criterion. Data from patients with
a positive autoantibody test for the earliest serum
sample available for testing were treated as cen-
sored observations at the time of the first serum

sample. The differences between autoantibodies in
the time from the first positive test to the appear-
ance of the first clinical criterion for SLE were then
evaluated with the use of Gehan’s generalized Wil-
coxon test.

 

7-9

 

patient population

 

A diagnosis of SLE was established in 130 military
personnel, some formerly and some currently on ac-
tive duty, for whom serum samples obtained before
diagnosis were available. Of these 130 patients, 36
percent were men, 62 percent were black, 26 percent
were of European ethnic background, 10 percent
were Hispanic, and 2 percent were Asian. The mean
(

 

±

 

SD) age at diagnosis was 30.4

 

±

 

6.8 years (range,
18.5 to 46.9). A mean of 4.9

 

±

 

2.5 serum samples
were available for each patient (range, 1 to 12). The
earliest available serum sample for each patient was
obtained a mean of 4.4

 

±

 

2.5 years before the diag-
nosis (with a maximal interval of 9.4 years). Serum
samples obtained after the diagnosis (up to six years
afterward) were also available from 77 patients (59
percent). For the analysis of autoantibodies detected
after the diagnosis, the data were censored to reflect
the loss to follow-up of persons after the time of col-
lection of the last available serum sample.

 

autoantibody prevalence

 

A total of 633 serum samples from patients and
390 samples from controls were evaluated for au-
toantibody binding with the use of assays for anti-

results

 

* Plus–minus values are means ±SE.

 

† The percentages are based on data from the 115 patients who had serum samples available from before the onset of symptoms.

 

Table 1. Detection of Autoantibodies before Diagnosis and before the Onset of Symptoms in 130 Patients with Systemic Lupus Erythematosus.*

Autoantibody

Positive
Test before
Diagnosis

Time from
First Detection
to Diagnosis

Positive Test
in First Serum

Sample

Total
Patients with
Positive Test

Interval between
Positive Test

and Diagnosis

Positive Test
before Onset

of Symptoms†

Interval between
Positive Test and 

Onset of Symptoms

 

no. (%) yr % no. (%) yr no. (%) yr

 

Antinuclear antibodies 101 (78) 9.2 50 109 (84) 3.01±0.25 89 (77) 2.25±0.27

Anti-Ro antibodies 61 (47) 9.4 64 64 (49) 3.68±0.34 55 (48) 2.97±0.39

Anti-La antibodies 44 (34) 8.1 62 45 (35) 3.61±0.38 39 (34) 2.83±0.43

Antiphospholipid antibodies 24 (18) 7.6 67 27 (21) 2.94±0.50 19 (17) 2.29±0.56

Anti–double-stranded DNA 
antibodies

72 (55) 9.3 48 80 (62) 2.24±0.31 54 (47) 1.24±0.31

Anti-Sm antibodies 41 (32) 8.1 31 49 (38) 1.47±0.34 28 (24) 0.47±0.44

Anti–nuclear ribonucleo-
protein antibodies

34 (26) 7.2 23 43 (33) 0.88±0.32 23 (20) 0.20±0.47
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nuclear antibodies or specific antigens. Antinuclear
antibodies were the most prevalent autoantibodies
in serum samples obtained before the diagnosis, oc-
curring in 78 percent of the patients, but other auto-
antibodies were also frequently found before the
diagnosis (Table 1). In fact, most of the patients with
a specific type of autoantibody had a positive test for
that autoantibody before the diagnosis (Table 1).

Of the 130 initial matched controls, 3.8 percent
were positive for one or more autoantibodies (3 per-
cent for anti–double-stranded DNA, 3 percent for
anti-Ro, 2 percent for antiphospholipid, and 2 per-
cent for anti–nuclear ribonucleoprotein antibodies).
These results are similar to those previously pub-
lished.

 

10-13

 

 Antinuclear antibodies were detected in
9.2 percent of samples from the matched controls at
a dilution of 1:40, but in none of the control samples
at a dilution of 1:120, the criterion used in this study.
No control samples were positive for anti-Sm or
anti-La antibodies.

Samples from an additional 130 matched con-
trols were also tested for antibodies at two separate
times, a mean of 4.69 years apart. None of these con-
trol samples had antinuclear antibodies (at a 1:120
dilution), anti-Sm antibodies, or anti-La antibodies.
One control had anti-Ro antibodies. Anti–nuclear

ribonucleoprotein or antiphospholipid antibodies
developed in two other controls, and two controls
with initially positive tests subsequently had nega-
tive tests.

 

time from the development
of autoantibodies to the diagnosis of sle

 

For each subject, the first positive test was identified
for each autoantibody. In a substantial number of
patients with SLE (90 of 130, or 69 percent), anti-
bodies were detected in the first available serum
sample, and therefore the time from the develop-
ment of autoantibodies to the diagnosis of SLE was
longer than our estimate. At least one SLE autoan-
tibody was present before diagnosis (up to 9.4 years
earlier; mean, 3.3) in 115 patients (88 percent). The
mean interval between the earliest autoantibody de-
tection and diagnosis ranged from 3.68 years for
anti-Ro antibodies to 0.88 year for anti–nuclear ri-
bonucleoprotein antibodies (Table 1). The antibod-
ies could be clearly separated into three groups ac-
cording to the length of this interval. The intervals
between the first detection of antibodies and the di-
agnosis of SLE for antinuclear, antiphospholipid,
anti-Ro, and anti-La antibodies were statistically in-
distinguishable from one another (Table 2) and were

 

* The numbers represent the mean time (in years) between the appearance of the antibodies listed in the left-hand column 
and those listed at the top of the other columns. Positive numbers indicate that the antibody listed on the left appeared 
before the antibody listed on the top, and negative numbers indicate that the antibody listed on the top appeared first. 
P values were calculated with the use of two-tailed Student’s t-tests. P values are for individual tests and are not appro-
priate for joint consideration.

† P=0.002.
‡ P=0.006.
§ P<0.001.
¶P=0.02.

 

¿ P=0.005.

 

Table 2. Relative Timing of the Development of Autoantibodies in Patients with Systemic Lupus Erythematosus.*

Antibody
Antinuclear
Antibodies

Anti-Ro
Antibodies

Anti-La
Antibodies

Antiphospholipid
Antibodies

Anti–Double-
Stranded DNA

Antibodies
Anti-Sm

Antibodies

Anti–Nuclear
Ribonucleoprotein

Antibodies

 

years

 

Antinuclear —

Anti-Ro 0.65 —

Anti-La 0.60 ¡0.07 —

Antiphospholipid ¡0.04 ¡0.71 ¡0.64 —

Anti–double-
stranded DNA

¡0.77 ¡1.44† ¡1.37‡ ¡0.73 —

Anti-Sm ¡1.54§ ¡2.21§ ¡2.14§ ¡1.50¶ ¡0.77 —

Anti–nuclear ribo-
nucleoprotein

¡2.13§ ¡2.80§ ¡2.73§ ¡2.09§ ¡1.36¿ ¡0.59 —
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longer than those for anti-Sm and anti–nuclear ri-
bonucleoprotein antibodies (mean, 3.4 vs. 1.2 years;
P=0.005). Anti–double-stranded DNA antibodies
were first detected a mean of 2.2 years before diag-

nosis, which was later than the first detection of
antinuclear antibodies (P=0.06) and earlier than
that of anti–nuclear ribonucleoprotein antibodies
(P=0.005).

In a substantial proportion of cases, autoanti-
bodies were present in the earliest available serum
sample and were therefore never documented as
having been undetectable (Table 1). To allow for pa-
tients with positive results in the first sample who
may actually have had autoantibodies much earlier,
we used Kaplan–Meier product–limit curves (Fig. 1)
to evaluate the change in the proportion of patients
with positive results over time.

The proportion of patients with SLE who had
anti-Sm or anti–nuclear ribonucleoprotein antibod-
ies increased dramatically in the year before the di-
agnosis. Among patients who ever had a positive
autoantibody result, the rate of seroconversion was
approximately 20 percent during the year before di-
agnosis for antinuclear, anti-Ro, or anti-La antibod-
ies and 30 percent for anti–double-stranded DNA
antibodies. In contrast, the rate of initial detection
in the year before the diagnosis was 82 percent for
anti-Sm antibodies and 75 percent for anti–nuclear
ribonucleoprotein antibodies. These findings reflect
the close temporal relation between the develop-
ment of these autoantibodies and clinical disease.

 

time from the development
of autoantibodies to the appearance
of the first clinical criterion

 

In 27 patients, the first documented appearance of
one of the clinical criteria of SLE occurred in the
same month as the diagnosis of SLE. Most patients
had a more insidious onset of disease; 21 of 130 (16
percent) presented with a clinical symptom more
than three years before the diagnosis, and a few pre-
sented with a clinical symptom as much as a decade
before the diagnosis. These data are somewhat
skewed, and, on average, the patients presented with
the first clinical symptom 1.5 years before the diag-
nosis (median, 0.42 year).

Since nearly all patients also acquired autoanti-
bodies before the diagnosis of SLE, we calculated
the time from the appearance of individual autoan-
tibodies to the appearance of any clinical manifesta-
tion of SLE. Serum samples obtained before the ap-
pearance of any clinical manifestation of SLE were
available for 115 of the 130 patients. In most of the
antibody-positive patients (90 percent), antibodies
developed before the appearance of the first clinical
manifestation. Indeed, analysis of the data accord-

 

Figure 1. Kaplan–Meier Product–Limit Curves for the Proportion of Patients 
with Positive Antibody Tests Relative to the Time of Diagnosis or Appearance 
of the First Clinical Manifestation of Systemic Lupus Erythematosus (SLE).

 

For each autoantibody, the proportion of patients testing positive relative to 
the time of diagnosis or to the time of appearance of the first clinical criterion 
was assessed. In the analyses of the time from antibody development to the 
diagnosis of SLE (Panel A), antinuclear antibodies (ANA) appeared significantly 
earlier than anti-Sm antibodies (Z=3.22, P<0.001) and anti–nuclear ribonucleo-
protein antibodies (anti-nRNP) (Z=4.18, P<0.001) but not significantly earlier 
than anti-Ro, anti-La, antiphospholipid (APL), or anti–double-stranded DNA 
antibodies (anti-dsDNA). In the analyses of the time from antibody development 
to the first clinical manifestation (Panel B), antinuclear antibodies appeared 
significantly earlier than anti-Sm antibodies (Z=2.98, P=0.003) and anti–nuclear 
ribonucleoprotein antibodies (Z=4.34, P<0.001) but not significantly earlier 
than the other autoantibodies, with anti–double-stranded DNA antibodies be-
ing intermediate (P=0.06).
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ing to the time from the first detection of each anti-
body to the onset of the first clinical (nonantibody)
criterion for SLE showed the progressive nature of
this disorder (Table 1 and Fig. 1 and 2). Over 90
percent of patients who were ever positive for anti-
nuclear, anti-Ro, anti-La, antiphospholipid, or anti–
double-stranded DNA antibodies had a positive test
long before the first clinical manifestation of SLE.
However, the initial detection of anti–nuclear ribo-
nucleoprotein and anti-Sm antibodies (mean inter-
val before diagnosis, 1.2 years) tended to coincide
with the onset of clinical manifestations of SLE
(mean interval, 1.5 years).

 

accrual of autoantibodies

 

The rate of appearance of new types of autoanti-
bodies gradually increased up to the diagnosis of
SLE. This accrual of antibodies in the year before di-
agnosis virtually stopped at diagnosis (Fig. 2). Six
years before the diagnosis, patients had, on average,
1.47 of the 7 types of antibodies measured in this
study. This number increased to 2.58 with the ap-
pearance of the first clinical criterion and then to
3.01 at diagnosis. This process of accrual of auto-
antibody specificities halted at diagnosis, with only
3.07 specificities present as late as five years after
diagnosis.

The prospectively assembled Department of De-
fense Serum Repository is a large, unique resource
that has provided an opportunity to examine the de-
velopment of autoimmunity before the onset of clin-
ical illness in patients with SLE. A number of im-
portant lessons are clear from these observations.
Some autoantibodies (antinuclear, anti-Ro, anti-La,
and antiphospholipid antibodies) usually precede
the onset of SLE by many years. Others (anti-Sm and
anti–nuclear ribonucleoprotein antibodies) typical-
ly appear only months before diagnosis, during the
time when characteristic clinical manifestations
appear. Anti–double-stranded DNA antibodies are
intermediate between these two groups of anti-
bodies. This pattern is consistent with the known
reports of positive tests for antinuclear, anti-Ro,
anti-La, and antiphospholipid antibodies before the
diagnosis of SLE,

 

14-19

 

 and with the virtual absence
of reports of positive tests for anti-Sm and anti–
double-stranded DNA antibodies before the clini-
cal diagnosis.

Our findings also correlate with the observed fre-

quency of these autoantibodies in the normal pop-
ulation and their known association with disease ac-
tivity.

 

20,21

 

 Anti-Ro, anti-La, antiphospholipid, and
antinuclear antibodies are in fact relatively common
in normal persons who never have clinical symp-
toms of rheumatic disease. In contrast, anti–dou-
ble-stranded DNA, anti-Sm, and anti–nuclear ribo-
nucleoprotein antibodies are very rare in normal
persons.

 

13,22

 

 We found that the interval between the
first positive test for each of these three autoanti-
bodies and the initial clinical manifestation of dis-
ease was shorter than that for anti-Ro, anti-La, anti-
phospholipid, and antinuclear antibodies.

A half-century ago, when the diagnosis was
first made with confidence, the five-year mortality
among patients with SLE was 50 percent.

 

23

 

 Dubois
argued that corticotropin and corticosteroids were
responsible for the dramatic improvement in surviv-
al between the 1950s and the 1970s.

 

24

 

 Our results
show that new autoantibodies steadily accumulate
before the diagnosis and cease to accumulate there-
after (Fig. 2), perhaps as a result of unknown aspects
of the natural history of the disease or of the modern
treatments typically used when SLE is diagnosed.

SLE tends to arise in asymptomatic persons with
positive serologic tests for SLE-associated autoan-
tibodies. The extent to which the risk among those
with positive serologic tests exceeds the overall rate
of 5.6 per 100,000 per year

 

25

 

 can be only crudely es-

discussion

 

Figure 2. Accumulation of Systemic Lupus Erythematosus Autoantibodies.

 

The curve shows the average number of types of autoantibody in relation to 
the time of diagnosis of systemic lupus erythematosus. Seven autoantibodies 
were evaluated, which bind cellular constituents (antinuclear antibodies), Ro, 
La, double-stranded DNA, Sm, phospholipid, and nuclear ribonucleoprotein. 
The time of diagnosis and the median time of the first appearance of any clin-
ical criterion useful for the classification of systemic lupus erythematosus 
(clinical onset) are indicated by arrows.
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timated from our data. The presence of antinuclear
antibodies (at a dilution of 1:120 or more) or anti-
Ro, anti-La, or antiphospholipid antibodies appears
to increase the risk by a factor of at least 40 (accord-
ing to their relative frequency in the normal controls
in our study); however, their presence does not sug-
gest that the onset of clinical illness is imminent.
Our findings do not address the question of whether
asymptomatic persons incidentally discovered to
have SLE-specific autoantibodies (anti-Sm or anti–
double-stranded DNA antibodies) should be mon-
itored or treated.

Our results are consistent with data from pro-
spective studies of asymptomatic women with pos-
itive tests for anti-Ro antibodies who gave birth to
babies with neonatal SLE manifested as complete
congenital heart block. After 5 to 10 years of fol-
low-up, either Sjögren’s syndrome or SLE developed
in many of these women.

 

26

 

 In a 10-year follow-up of
healthy subjects with a positive test for rheumatoid
factor, rheumatoid arthritis developed in only 9 of
129, but this rate was 40 times as high as that among
subjects without rheumatoid factor.

 

27

 

 There are also
prospective data from persons with positive tests for
diabetes-associated autoantibodies showing that 70
to 80 percent of those in whom type 1 diabetes later
developed could be identified by using a panel of
autoantibodies.

 

28

 

 In all of these diseases, as in SLE,
there is a tendency for the appearance of autoanti-
bodies to precede the clinical onset of disease, a
finding that underscores the potential importance
of autoantibodies in the pathogenesis of these dis-
eases.

Even though our study suggests that immune
events occur years before the diagnosis of SLE, our
findings should be interpreted in the context of the
limitations of the data. The estimates of time pro-
vided by this study are biased by the substantial pro-
portion of patients (69 percent) whose data were
censored because autoantibodies were present in
the first available serum sample (obtained a mean of
four years before the diagnosis). If serum samples
obtained before the development of autoantibodies
had been available for all patients, our estimates of
the mean time from autoantibody development to
the diagnosis would have been longer. Consequent-
ly, this study provides a lower-boundary estimate of
the time before the diagnosis at which particular au-
toantibodies develop.

Our serologic and clinical findings, along with
those of previous studies,

 

29

 

 suggest that there are
at least three phases in the development of SLE au-
toantibodies (Fig. 3). In the first, or normal, phase,
are asymptomatic persons with no SLE autoantibod-
ies. Only 32 of the 130 patients in whom SLE devel-
oped (25 percent) were found to be in this phase at
the time of the first serum sample. In the second
phase, benign autoimmunity, there is a laboratory
finding but without immediate clinical manifesta-
tions. Antinuclear, anti-Ro, anti-La, or antiphos-
pholipid antibodies are most likely to be present
during this phase. The third phase, pathogenic au-
toimmunity, is marked by the presence of the more
ominous autoantibodies — namely, anti–double-
stranded DNA, anti-Sm, and anti–nuclear ribonu-
cleoprotein antibodies — and by the onset of signs
and symptoms leading to clinical presentation and
diagnosis.

This concept of a crescendo of autoimmunity
culminating in clinical illness is also supported by
data showing increased concentrations of autoanti-
bodies before diagnosis
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 and progressive accrual
of autoantibody specificities at the epitope level. The
anti-Sm response, for example, appears to be elicit-
ed first by a single antigenic structure. The respons-
es to the first few additional epitopes follow a spe-
cific sequence of immune structural recognition.
These responses eventually mature (over a period of
approximately two years) into a more idiosyncrati-
cally complex reaction that binds an average of eight
epitopes of Sm B.
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Our results show that clinical SLE is preceded by
complicated autoimmune changes that are usually
under way for many years before diagnosis. Antinu-
clear, anti-Ro, anti-La, and antiphospholipid anti-

 

Figure 3. Phases in the Development of Pathogenic Autoimmunity.

 

Normal immunity progresses to benign autoimmunity through the influence 
of genetic composition and environment. Later, benign autoimmunity pro-
gresses to pathogenic autoimmunity. Symptoms of clinical illness appear 
soon after pathogenic autoimmunity develops.
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bodies appear first, followed by anti–double-strand-
ed DNA antibodies, and then by anti-Sm and anti–
nuclear ribonucleoprotein antibodies. The number
of autoantibody types continues to increase until the
time of diagnosis and therapeutic intervention. SLE,
then, is the culmination of compound autoimmune
abnormalities that begin simply, perhaps even as
isolated immunologic events, and that spread and
multiply until they are manifested as a potentially
devastating clinical disease.
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