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ABSTRACT: Many autoimmune diseases are chronic conditions that
progress over the course of years, and are characterized by the pres-
ence of autoantibodies that precede the overt disease by months or years.
As examples, the presence of two islet cell antibodies (ICA) are associ-
ated with a 50% risk of developing diabetes mellitus in 5 years, anticyclic
citrullinated (anti-CCP) antibodies are found in the sera of rheumatoid
arthritis (RA) patients a median of 4.5 years before the overt disease,
and in systemic lupus erythematosus (SLE), patients accrue antibodies
throughout a foreseen course during the 3—4 years prior to the clinical
symptoms. This ability to predict autoimmune diseases, or rather their
clinical manifestations, leads to the prospect of screening healthy indi-
viduals for autoantibodies. The importance of such a notion lies not only
in the ability to prevent life-threatening manifestations, such as Addiso-
nian’s crisis and thyroid storm, but also in the ability to treat and even
prevent overt autoimmune diseases. Among such documented treatment
modalities are administration of aspirin in antiphospholipid syndrome,
ursodeoxycholic acid in primary biliary cirrhosis (PBC), vitamin D in
SLE and autoimmune thyroid diseases (AITD), and more. Although ad-
ditional studies are still needed to fully assess these notions, as well as the
appropriate screening strategies to apply them, one cannot ignore the
prospect of predicting and preventing autoimmunity.
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INTRODUCTION

Taken as a group, autoimmune diseases are the third leading cause of mor-
bidity and mortality in the industrialized world, only surpassed by cancer and
heart disease.! Many autoimmune diseases are chronic diseases that progress
over the course of years and are characterized by the presence of autoantibodies
that precede the overt disease.! Autoantibodies may also predict specific clini-
cal manifestation, disease severity, and rate of progression,” as well as specific
clinical phenomena, such as autoimmune pregnancy loss.> The identification
of these markers and the assessment of their predictive value might enable
secondary prevention using specific drugs, such as ursodeoxycholic acid in
primary biliary cirrhosis (PBC), or by immunological treatment, as is already
being studied in type 1 diabetes mellitus. In addition, the ability to predict the
severity of disease and its specific clinical manifestation allows tertiary pre-
vention of disease complications. Such prevention may be accomplished by
relatively simple adjustments of therapy and lifestyle including administration
of aspirin* as well as vitamin D,® dietary modifications,® and avoidance of
ultraviolet light exposure’ or of oral contraceptives.®

The following is a brief article of the predictive role of autoantibodies in
various autoimmune diseases and of specific pathologic phenomena associated
with autoimmune responses.

TYPE 1 DIABETES MELLITUS

Type 1 diabetes is manifested by a destruction of the pancreatic B cells
that lead to insulin deficiency. At the time of clinical symptoms, 60—80% of
the B3 cells are destroyed. Insulitis, an inflammatory infiltrate containing large
numbers of mononuclear cells and CD8 T cells, typically occurs around or
within individual islets.’

Islet cell antibodies (ICA) in type 1 diabetes were first discovered in the
1970s and later shown to be antibodies directed against an isoform of glutamic
acid decarboxylase (GAD65) and a protein tyrosine phosphatase—like molecule
(IA-2). Autoantibodies directed against insulin are found in type 1 diabetes
patients as well, but are also developed in patients receiving insulin replacement
therapy and thus are not useful for classification of diabetes after such treatment
has begun. It has been found that these autoantibodies precede the development
of diabetes by many months or years, allowing prediction of overt disease and
identification of subjects at high risk of developing diabetes.” Prospective
studies regarding the predictive value of these antibodies have shown that the
presence of autoantibodies directed against two or more antigens is far more
strongly associated with the risk of disease than is a high titer of autoantibody to
any single antigen (up to a 50% risk of developing type 1 diabetes within 5 years
in the presence of both anti-GADG65 and I1A-2). Moreover, the combination of
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high-risk human leukocyte antigen (HLA) genes with autoantibodies further
increases positive prediction.’

In addition, the value of diabetes-associated autoantibodies (anti-GAD and
IA-2), as well as HLA type in the prediction of type 1 diabetes after gestational
diabetes, has been studied. Twenty-four women out of 43 found positive for at
least one diabetes-associated antibody developed type 1 diabetes in a 5-year
follow-up. A combination of HLA typing and autoantibody measurements has
been found highly predictive of future type 1 diabetes in these cases.'”

The possibility to predict type 1 diabetes resulted in the development of
clinical research protocols for the prevention of type 1 diabetes in high-risk
patients. These protocols included randomized treatment with either insulin as
in the DPT-1 study,'! or nicotinamide as in the ENDIT study.'?> None of these
treatment modalities were able to change the rate of onset of type 1 diabetes
compared to placebo. Nonetheless, these studies have contributed greatly to the
assessment of factors that control the progression from islet cell autoimmunity
to clinical onset, such as baseline glucose tolerance, age, and the number of
ICAs detected.'3

Another application of antibody testing may be the screening of healthy
population or population at risk. In Finland, a population-based birth-to-age-
4 screening program'# has combined HLA typing and autoantibodies testing
in 31,526 babies, in order to identify patients prior to overt disease. Genetic
susceptibility (2.5-15 times the risk of the general population) was deter-
mined in all babies through HLA testing. Only those of HLA-DQBI1 genotypes
*02/*0302 and *0302/x (x not equal to *02, *0301, and *0602) were invited to
autoantibody follow-up. Overall, the program has identified about 75% of the
children developing diabetes at an early age. Of the 22 children who developed
diabetes, 17 were found to carry the risk genotypes. The importance of such
a program lies in both the attempt to prevent the overt disease, but also in the
prevention of its life-threatening complications, such as diabetic keto-acidosis
and coma.

Screening strategy must take into consideration the sensitivity and speci-
ficity of any single serological test as well as their combination. Such evalua-
tion was recently performed in the DPT-1 study.!! It was found that testing for
anti-GADG65 and [A-2 achieved a higher sensitivity compared to the testing of
any single antibody. Screening for any three antibodies guaranteed detection
of all multiple antibody-positive subjects.

Furthermore, a screening program must also take into consideration the
validity, sensitivity, and specificity of different laboratory methods regarding
the different antibody testing. In the Diabetes Autoantibody Standardization
Program, a proficiency evaluation program has shown that in the majority of
participating laboratories, GAD and IA-2 antibody assays perform well. It has
been possible to identify GAD antibody, IA-2 antibody, and insulin autoan-
tibody (IAA) assays, which achieved high sensitivity and specificity, and to
define the characteristics associated with good levels of discrimination between
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health and disease. The workshops have shown that good interlaboratory con-
cordance has been achieved if GAD and [A-2 antibody levels are expressed in
terms of common WHO units/mL derived from the WHO reference reagent. '3

In conclusion, the prediction of type 1 diabetes mellitus is now considered
feasible by autoantibody testing. In order to achieve significant specificity
and sensitivity, multiple-antibody testing, such as anti-GAD and IA-2 would
be advised. The combination of such tests with HLA typing may increase
sensitivity and specificity. However, its cost and complexity may limit the use
of HLA typing as a screening method. As to date, screening of the general
population or rather of high-risk population is yet to be justified, mostly on
account of the inability to prevent an overt disease. Still, many efforts are
being made, and thus further advancement in prevention and treatment of type
1 diabetes mellitus is inevitable.

RHEUMATOID ARTHRITIS

Rheumatoid Arthritis (RA) is a common systemic autoimmune disease with
aprevalence of about 1% worldwide. It is marked by a chronic inflammation of
the synovial joints that leads to joint swelling, progressive joint erosions, and
eventually to disability.'® The pathogenesis of RA is poorly understood, yet
there is evidence of a preclinical or asymptomatic phase of the disease during
which there may be already histological evidence of synovitis.!” Studies have
proven that aggressive treatment given early in the course of disease has a
great beneficial effect on the outcome. Therefore, early diagnosis prior to joint
damage is of great importance.'®

Several autoantibody systems have been described in association with RA.!
The autoantibodies most frequently found in patients with RA are antibodies
against IgG (IgM rheumatoid factor [IgM-RF]) and antibodies against citrul-
linated proteins.!” The latter were originally measured as antibodies against
keratin or filaggrin and more recently as anticyclic citrullinated peptide (anti-
ccp).V7

Autoantibodies may be present in RA patients before clinical disease is
apparent.!” It has been shown recently that anti-CCP antibodies are present in
the blood of RA patients years before development of overt disease. In a study
by Nielen et al.,'” sera of 79 RA patients who had been blood donors, had
tested positive for antibodies years before the disease became apparent. About
half of the patients were shown to be positive for [gM-RF and/or anti-CCP on
at least one occasion before the development of RA symptoms, a median of
4.5 years before symptom onset.

In a similar study by Rantapii-Dahlqvist ef al.,'® 83 individuals with RA
were identified as having donated blood before presenting with any symptoms
of joint disease (median 2.5 years before RA). In samples obtained before the
onset of RA, the prevalence of autoantibodies was 33.7% for anti-CCP, 16.9%
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for IgG-RF, 19.3% for [gM-REF, and 33.7% for IgA-RF (all highly significant
compared with controls). The sensitivities for detecting these autoantibodies
>1.5 years and <1.5 years before the appearance of any RA symptoms were
25% and 52% for anti-CCP, 15% and 30% for [gM-RF, 12% and 27% for IgG-
REF, and 29% and 39% for IgA-RF. In conditional logistic regression models,
anti-CCP antibody and IgA-RF were found to be significant predictors of
RA.IS

Several other studies have shown the ability of CCP to predict the erosiveness
of the developing RA.'%!? It has been found that combining the anti-CCP test
with the routinely used RF test renders the highest prognostic value for RA.
These studies concluded that the presence of anti-CCP antibodies can clearly
and specifically predict the development of RA, and may indicate progression
to an erosive disease.®

In conclusion, anti-CCP antibodies and RF may serve as predictive markers
of RA and its severity and thus allow early more appropriate management of
the disease. Nevertheless, more large-cohort prospective studies are needed
in order to further establish the use of these antibodies in routine serological
testing for diagnosed RA patients as well as healthy or high-risk individuals.

SYSTEMIC LUPUS ERYTHEMATOSUS

Systemic lupus erythematosus (SLE) is a prototypic autoimmune disease
characterized by multisystem involvement in association with autoantibody
production. Clinical manifestations of SLE include inflammation and dam-
age to the skin, joints, serosal surfaces, kidneys, and nervous system, often
accompanied by fatigue, malaise, and pain.?’

Antinuclear antibodies directed against nuclear components of the cell are
the most characteristic of SLE, although they have limited specificity. Other
autoantibodies in SLE include antibodies directed against other molecules,
such as phospholipids, cell surface proteins, and humoral factors.?’

It has been recently found that some of these antibodies are present in the
sera of patients long before the clinical manifestation of SLE. In a study by
Arbuckle et al.,?! sera of 130 SLE patients were obtained from the Department
of Defense Serum Repository. These samples were originally obtained from
U.S. Armed Forces personnel on enlistment and, on average, every other year
thereafter, all before the diagnosis of SLE. In 88% of these patients, at least
one of the autoantibodies tested was present, a mean of 3.3 years before the
diagnosis. Antinuclear, antiphospholipid , anti-Ro, and anti-La antibodies first
appeared a mean of 3.4 years prior to the diagnosis of SLE. These antibodies
appeared early in the developmental course of disease compared to antidouble-
stranded DNA antibodies, which were first detected a mean of 2.2 years before
diagnosis. Anti-Sm and antinuclear ribonucleoprotein antibodies appeared a
mean of 1.2 years prior to diagnosis, making them the latest predictors of
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clinical disease. Also described was an accrual of autoantibodies throughout
the years, which precedes clinical symptoms and halts upon diagnosis.?!

Once SLE has been diagnosed, certain autoantibodies can be used as mark-
ers for disease activity or organ-specific clinical manifestation.?’ In a study
by Ravirajan et al.,** there was a significant difference in heparan sulphate
(HS) reactivity between patients with lupus nephritis compared with patients
without renal disease. Also, patients with active disease and lupus nephritis
had significantly higher levels of antinucleosome antibodies than patients with
inactive disease and nephritis. Global disease activity score was seen to cor-
relate with both antinucleosome and antihistone antibodies. The presence of
renal disease correlated with antibodies to dSDNA and HS, but only the latter
showed a significant correlation with disease activity in the kidney.??

In pregnant women with lupus, the presence of anti-Ro antibodies repre-
sents a significant risk factor for neonatal lupus and congenital heart block,
prompting more careful monitoring. Monitoring antiphospholipid antibodies
is of great importance in pregnancy on account of the greater risk of fetal loss,
fetal growth retardation, and premature deliveries associated with the presence
of these antibodies. In these cases, anticoagulant therapy may be advised.?’

Furthermore, positive serology in pregnant women for anti-Ro and anti-La,
has been found to be associated with future development of SLE and Sjogren’s
syndrome. Although most of the mothers with such serological findings are
clinically healthy at the time of delivery, different studies have shown that the
majority of these women will develop clinical SLE or Sjogren’s syndrome in
long-term follow-up.'®

Central nervous system manifestations may be associated with certain anti-
bodies and thus predicted. Among these antibodies are antiphospholipid anti-
bodies associated with strokes, and antiribosomal P protein antibodies associ-
ated with cerebritis,?’ psychosis, and depression.?

Despite the predictive value of autoantibodies in SLE, and the correlation
of specific antibodies with certain disease presentations (TABLE 1), no clinical
intervention has been established as management in lack of overt manifestation.
Nevertheless, the presence of autoantibodies in asymptomatic individuals as

TABLE 1. Autoantibodies as predictors of specific disease manifestations in SLE

Antibody SLE manifestation

Anti-HS lupus nephritis

Antinucleosome lupus nephritis

Anti-Ro neonatal lupus,* congenital heart block™*

Anti-PL pregnancy loss,* fetal growth retardation,*
premature deliveries,* strokes

Antiribosomal P protein cerebritis, psychosis, depression

HS = heparan sulphate; PL = phospholipids.
*Disease manifestations when antibody is present during pregnancy.
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TABLE 2. Chronological pattern of appearance of autoantibodies predictive of SLE

Antibody Mean years prior to clinical manifestation
Anti-PL 3.4 years
Anti-Ro 3.4 years
Anti-La 3.4 years
Anti-dsDNA 2.2 years
Anti-Sm 1.2 years
Antinuclear ribonucleoprotein 1.2 years

PL = phospholipids; dsSDNA = double-stranded DNA.

well as the typical chronological pattern (TABLE 2) may justify the foundation of
screening and follow-up programs for high-risk or general populations.

ANTIPHOSPHOLIPID SYNDROME

Antiphospholipid syndrome (APS) is a disorder of recurrent vascular throm-
bosis and pregnancy losses associated with persistently positive anticardiolipin
or lupus anticoagulant tests.?* A variety of abnormalities of the skin, the car-
diac valves, central nervous system, and other organ systems have been also
described.?’

Many patients with APS have clinical and laboratory features found in other
autoimmune disease, particularly SLE. Such patients are defined as having
“secondary” APS, as apposed to patients with features of APS alone, thus
defined as “primary”” APS. Clinical and laboratory features in these two groups
are similar.?*

The similarity of these two entities has led to the notion that some primary
APS patients may develop SLE or other autoimmune diseases, thus actually
having secondary APS, which has yet to be exposed. A retrospective study?®
following 128 primary APS patients for a mean follow-up period of 9 years
has investigated this notion. During the follow-up and after a median disease
duration of 8.2 years (range, 1-14 years), 11 (8%) patients developed SLE, 6
(5%) developed lupus-like disease, and 1 (1%) developed myasthenia gravis.
The remaining 110 patients (86%) continued to have primary APS. Of the
risk factors related to the development of other autoimmune diseases, only
the presence of Coomb’s positivity had statistical significance (odds ratio,
66.4; 95% confidence interval [CI], 1.6-2714; P = 0.027) and was associated
with the development of SLE. Hence, this study confirms that progression
from primary APS to SLE or lupus-like disease is unusual, even after years of
follow-up.%6

Positive antiphospholipid tests have been known to be found in a variety
of patients with drug-induced disorders and miscellaneous infectious disor-
ders, such as syphilis, acquired immunodeficiency syndrome (AIDS), and
others.?* These patients, as opposed to APS patients, do not exhibit the clinical
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phenomena of APS.?* This special subgroup, along with healthy individuals
positive for antiphospholipid antibodies, confounds the value of antiphospho-
lipid antibodies in asymptomatic individuals as predictors of APS.

Antiphospholipid antibodies have been found to be associated with an in-
creased risk of thrombotic phenomena, such as deep vein thrombosis, myocar-
dial infarction, and stroke.?* In a prospective nested case—control study by
Ginsburg et al.,?” the presence of anticardiolipin was found as a risk factor for
deep vein thrombosis or pulmonary embolism in healthy adult men, regardless
of age and smoking status. The risk for such a thrombotic event was directly
correlated with antibody level, but a significantly increased risk was limited to
values above the 95th percentile. In another 4-year-long prospective study,?®
the presence of elevated anticardiolipin antibody levels, 6 months following a
venous thrombotic event, was found to be associated with an increased risk of
recurrence and of death. The predictive values of the anticardiolipin antibody
test increased with antibody levels.

In a large prospective study of SLE patients,?’ the presence of both lupus
anticoagulant and anticardiolipin antibodies was found to be associated with an
increased risk of venous thrombosis. However, of the two autoantibodies, lupus
anticoagulant was found as a better predictor for venous thrombotic events.

In a prospective study performed by Brey et al.,>® an association was demon-
strated between the presence of IgG B2 glycoprotein-1-dependent anticardi-
olipin antibodies and the incidence of myocardial infarction (MI) and stroke.
The risk factor for stroke after 15 years of follow-up in positive versus nega-
tive subjects for these antibodies was 2.2 (95% CI 1.5-3.4), and for MI was
1.8 (95% CI 1.2-2.6). The association between the presence of anticardiolipin
antibodies and MI and stroke was shown to be attenuated in the last 5 years of
follow-up.

In conclusion, although the presence of antiphospholipid antibodies may not
be specific indicators of “primary” APS, their presence indicate greater risk of
both venous and arterial thrombotic events. Therefore, testing for these autoan-
tibodies may allow better risk stratification of healthy individuals in preven-
tion programs, as well as better management of patients following thrombotic
events in an attempt to prevent recurrence.

HEPATIC AUTOIMMUNE DISEASES

PBC is a chronic, progressive, cholestatic liver disease characterized histo-
logically by fatal damage to the biliary epithelial cells lining the small intra-
hepatic bile ducts.>! This damage is accompanied by a rich T cell mononu-
clear cell infiltrate with granuloma formation. Patients with late-stage dis-
ease can present with end-stage liver failure disease (portal hypertension and
hepatocellular failure), although synthetic function is usually reserved till
very late end-stages. Other characteristic symptoms are cholestatic itch and
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profound fatigue, which bare no correlation to biochemical or histological
disease severity.’!

The principal autoantibody responses seen in PBC are directed against a
specific mitochondrial (antimitochondrial antibodies [AMA]) and nuclear au-
toantigens (antinuclear antibodies [ANA]).?! The main autoantigenic substrate
for AMA is the E2 component of a mitochondrial enzyme complex—the pyru-
vate dehydrogenase complex (anti-PDC),3? while ANA are directed against
the nuclear pore membrane protein gp210. These autoantibodies, along with
cholestatic blood biochemistry and appropriate histological findings comprise
the diagnostic criteria for PBC.>!

Numerous studies have attempted to prove the prognostic value of ANA
and AMA, rather than their diagnostic value, yet so far most results are ques-
tionable. A possible exception is the association found between anti-gp210
antibodies and histologically advanced disease. Still, clinical significance is
unclear.!

The predictive value of AMA was sought in a prospective study performed
by Kisand ef al.3?> A 9-year follow-up of asymptomatic, anti-PDC positive
subjects was carried out. Three out of 8 subjects available for follow-up de-
veloped abnormal liver biochemical test results by the ninth follow-up year.
Nevertheless, it is not clear whether anti-PDC antibodies mark the initiation
of PBC, or rather reflect a predisposition to the disease.*? Despite the ongo-
ing prospective trials regarding the significance of different autoantibodies to
disease development and prognosis, no clinical decisions are currently based
upon serological findings.’!

The sensitivity and specificity of AMA detected by indirect immunofluo-
rescence and anti-PDC detected by ELISA for the diagnosis of PBC are both
95%. In comparison, the reported prevalence of ANA in PBC varies from 10—
40%.3! The predictive value of presence of AMA for PBC disease spectrum is
demonstrated by the observation that 24 out of 29 patients who had AMA in
the context of normal serum liver biochemistry were found to have histological
features diagnostic of PBC on liver biopsy.3! The vast majority of these pa-
tients went on over time to develop cholestatic liver biochemistry and classical
symptoms of PBC.3! The importance of such a finding lies in the ability to
treat asymptomatic patients with drugs, such as ursodeoxycholic acid, and thus
prevent or postpone the need for liver transplantation, and improve survival.>?

The ability to identify asymptomatic individuals, the presence of a single
specific test, and the ability to effectively treat asymptomatic patients leads to
the notion of population screening. Since screening the general population is
not cost-effective, specific screening of populations at-risk may be in order.
For one, the 10:1 female to male ratio®* suggests the screening of the female
population alone. Furthermore, PBC shows strong heritability according to
familial occurrence and monozygotic twin-concordance,** suggesting screen-
ing family members of diagnosed patients. Interestingly, and in contrast to
other autoimmune diseases, PBC shows only weak associations with the usual
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genetic risk elements for autoimmunity, such as the HLA alleles.>* Hence,
AMA screening of female individuals, especially family members of PBC
patients may be greatly beneficial.

Autoimmune hepatitis (AIH) is an inflammatory liver disease characterized
histologically by a dense mononuclear cell infiltrate in the portal tract and sero-
logically by the presence of nonspecific autoantibodies and increased levels of
transaminases and immunoglobulin G.*> AIH is divided into two subgroups,
AlH type 1 and AIH type 2, on the basis of the presence of ANA or antismooth
muscle antibodies versus antibodies to liver/kidney microsome type 1 (LKM
1), respectively.

Primary sclerosing cholangitis (PSC) is a disease characterized by advanced
fibroinflammatory damage of intra- and extrahepatic bile ducts, at times
accompanied by autoimmune serology. Autoimmune sclerosing cholangitis
(ASC) is a variant of PSC, typical of children and young adults, which is clin-
ically characterized by less advanced bile duct lesions and laboratory findings
similar to those of AIH type 1.3

Positivity to autoantibodies is critical for the diagnosis of AIH and ASC. Fur-
thermore, the levels of these antibodies have been shown to mirror the extent of
inflammatory activity in both diseases. The predictive role of autoantibodies
in AIH and ASC is yet unknown, although antibody profiles suggestive of ATH
type 1 have been found in asymptomatic family members of AIH type 1 pa-
tients. Furthermore, autoantibodies typical of AIH type 1 are often detected in
formerly seronegative liver transplant patients, a proportion of whom will de-
velop AIH. Still, more prospective studies are needed in order to fully establish
the predictive role of autoantibodies in AIH of both types and ASC.?

INFLAMMATORY BOWEL DISEASES

Crohn’s disease (CD) and ulcerative colitis (UC) are common clinical sub-
types of idiopathic inflammatory bowel disease (IBD). These diseases are
characterized by excessive, and tissue damaging inflammatory responses of
the gastrointestinal tract.3® Although the etiology is unknown, it is increas-
ingly clear that these diseases represent the outcome of three essential inter-
active cofactors: environmental factors (e.g., enteric microflora), multigenic
host susceptibility, and immune-mediated tissue injury.>¢

Several autoantibodies differentially associated with CD and UC have been
investigated of which the most frequently studied in clinical trials are anti-
Saccharomyces cerevisiae antibodies (ASCA) and perinuclear antineutrophil
cytoplasmic antibodies (pANCA). These autoantibodies are considered as dis-
ease markers for IBD, although the clinical significance of their presence in
healthy individuals up until recently has remained controversial.*¢

In a recent study by Israeli ez al.,>® sera of asymptomatic military personnel
later diagnosed with CD or UC were obtained from a sera repository. The sera
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were examined for ASCA and pANCA in an attempt to evaluate the predictive
value of these autoantibodies for IBD. ASCA were found in the sera of CD
patients up to 60 months prior to diagnosis, but were not found in any of the
control sera. The estimated odds ratio calculated for CD in ASCA positive
versus negative subjects was 30 (95% CI 4.27-1301.93). Also demonstrated
was a significant rise in ASCA titer with time, and until clinical symptoms
appear, suggesting that contrary to current beliefs ASCA are a marker of an
autoimmune process occurring in IBD rather than a genetic marker alone.

Also demonstrated in this study was a significant association between
pANCA and UC3®; of 8 UC patients, 2 were pANCA positive prior to di-
agnosis, as opposed to none of the controls (P = 0.014).

In conclusion, the presence of autoantibodies, such as ASCA and pANCA
in asymptomatic individuals may predict or rather precede clinical IBD. Such
serological testing may allow early management or attentive follow-up pro-
grams, in an attempt to decrease morbidity associated with the disease as well
as with surgical treatment.

AUTOIMMUNE ADDISON’S DISEASE

Primary adrenal insufficiency (PAI) is a clinical condition characterized by
the inadequate secretion of corticosteroid hormones resulting from bilateral
destruction or impaired function of the adrenal cortex. Among the many eti-
ological agents recognized for this condition, a T cell-mediated autoimmune
process (autoimmune Addison’s disease [AAD]) is by far the most common
cause in Western countries.’

AAD is associated with susceptible HLA haplotypes and is characterized
by the appearance of autoantibodies to adrenal cortex cells (ACA).>® ACA
recognize an autoantigen located in the microsomal subcellular fraction of the
adrenocortical cells, which has been identified as the steroid-synthesizing en-
zyme 21-hydroxylase (210H). It has been shown that 210H autoantibodies
(210HADb) have a high diagnostic sensitivity and specificity for autoimmune
adrenal insufficiency. Most likely, the pathogenic role of adrenocortical au-
toantibodies is irrelevant, but their presence is a useful marker for disease
classification at clinical onset.®

The determination of adrenal autoantibodies is critical to distinguish between
subjects with ADD and subjects with nonautoimmune disease. The importance
of a correct etiological classification is largely on account of the frequent
association of ADD with other autoimmune endocrine diseases, in the so-
called autoimmune polyglandular syndromes.>’

Adrenal autoantibodies can be used to identify subjects with preclinical
AAD, at high risk of progression toward clinical Addison’s disease. It has been
shown’® that levels of adrenal autoantibodies correlate with the severity of
adrenal dysfunction in the preclinical period. Also, early biochemical signs of
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adrenal dysfunction have been shown to spontaneously remit, in parallel to the
disappearance of both ACA and 210HAD.

Because of the low prevalence of AAD in the general population and the low
frequency of ACA or 210HAb among healthy subjects, the predictive value
of these markers has so far been studied only in patients with organ-specific
autoimmune disorders.?’ It has been found that in children with hypoparathy-
roidism or type 1 diabetes mellitus, the predictive value of ACA for future
clinical AAD is as high as 90% at 4 years, becoming 100% at 10 years. In
adults, the predictive value of adrenal autoantibodies is lower than that ob-
served in children and is around 20%.%’

In a recent study of type 1 diabetes patients,*® it was proposed that 210HAb
can be used as a marker for the large-scale screening of patients with endocrine
autoimmune diseases for adrenal insufficiency. However, as also demonstrated
by previous studies, the presence of adrenal autoantibodies does not lead nec-
essarily to clinical Addison’s disease.*”

Recently reported*® was the occurrence of long-term remission of subclini-
cal adrenal failure with disappearance of 210HAb and ACA in a patient with
Graves’ ophthalmopathy treated with corticosteroids. This effect of short-term
glucocorticoid therapy can be attributed to the well-known immunosuppressive
activity of steroids. Alternatively, corticosteroid therapy could act as an iso-
hormonal therapy preventing progressive adrenal destruction with restoration
to the normal state of adrenal function in subclinical autoimmune Addison’s
disease.*’ Such findings suggest the possibility of preventing clinical adrenal
insufficiency. Nevertheless, such notions need to be independently confirmed.

Hence, adrenal autoantibody testing may serve as a useful tool to distinguish
between subjects with ADD as apposed to anonautoimmune disease, to identify
subjects with preclinical AAD, and to predict future AAD in individuals with
organ-specific autoimmune disorders, such as hypoparathyroidism or type 1
diabetes mellitus.

AUTOIMMUNE THYROID DISEASES

The term autoimmune thyroid diseases (AITD), encompasses a diverse range
of clinical entities including among others Hashimoto’s thyroiditis, juvenile
thyroiditis, and Graves’ disease. All AITD share a variable degree of lympho-
cytic infiltration of the thyroid gland along with thyroid antibody production.
The presence of different AITD in members of the same family suggests a
common etiological factor. The overlap extends to the occurrence of thyroid
autoantibodies that are directed against three major autoantigens: thyroglobulin
(TG), thyroid peroxidase (TPO), and the TSH-receptor (TSH-R).*!

Several large studies have confirmed the value of anti-TG and anti-
TPO antibodies in prediction of autoimmune hypothyroidism.*! In a 20-year
follow-up study in Whickman, UK, it has been shown that the odds ratio of
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developing hypothyroidism in individuals with positive thyroid antibodies and
normal TSH were 8 for women and 25 for men. These values rose up to 38
and 173, respectively, in the presence of elevated TSH levels and normal free
T4 (subclinical hypothyroidism). These findings suggest the value of TSH
surveillance in subjects with positive thyroid autoantibody serology.*!

Anti-TPO antibodies found in pregnant women have been found to be
correlated with postpartum AITD. It has been shown that 50% of preg-
nant women found positive for anti-TPO antibodies will develop postpar-
tum thyroiditis.*! The value of anti-TPO antibodies as predictors of thy-
roiditis depends upon their titer; a titer of 1:1600 or higher at delivery was
found to have a 97% sensitivity and 91% specificity for postpartum AITD.!?
This close relationship between thyroid antibodies and postpartum thyroiditis
has led to suggestions that all pregnant women should be offered antenatal
screening for TPO autoantibodies, but as yet there is no consensus on its
benefits.*!

In conclusion, the presence of thyroid antibodies may be considered a risk
factor for the development of future AITD, and thus renders a careful TSH
follow-up. However, the benefits of screening for such antibodies in the general
population or pregnant women have not been established.

PEMPHIGUS

Pemphigus comprises a group of chronic cutaneous bullous diseases that
are characterized by autoantibody-induced epidermal cell to cell detachment
(acantholysis). Pemphigus manifests itself clinically with flaccid blisters and
erosions of the skin, histologically with acantholysis, and immunologically
with bound and circulating IgG autoantibodies against various keratinocyte
desmosomal antigens.*?

The four major forms of pemphigus are pemphigus vulgaris (PV), pemphi-
gus foliaceus (PF), and its endemic form fogoselvagem (FS), drug-induced
pemphigus, and paraneoplastic pemphigus. The diagnosis of any of the clin-
ical forms of pemphigus relies on clinical, histological, and immunological
findings. Two desmosomal autoantigens have been characterized as the ma-
jor targets of PV and PF autoantibodies: desmoglein 3 and desmoglein 1,
respectively.?

The role of these antibodies as predictive markers has been explored in a
study of a special population of Amerindians in Brazil in which the preva-
lence of FS is especially high. It has been found that antidesmogleinl can be
detected in patients months or years before onset of clinical disease. Also,
clinical disease has been shown to be associated with a dramatic increase in
these antibodies. In the same study, autoantibodies directed against desmoglein
1 were demonstrated in normal individuals, especially relatives of patients.
These findings, along with the findings of a consecutive epitopal study have



HAREL & SHOENFELD: PREDICTING AND PREVENTING AUTOIMMUNITY 335

demonstrated two different types of antidesmoglein 1 antibodies, only one of
which is pathogenic. Thus, it has been suggested that individuals developing
diseases are those with the appropriate genetic background. These individuals
are exposed to environmental factors that allow the formation of pathogenic
antibodies by means of epitope spreading.*?

Hence, the presence of specific autoantibodies may predict pemphigus in
asymptomatic individuals. Furthermore, the research of such antibodies in
first-degree relatives of pemphigus patients may shed light on the pathogen-
esis of the disease and the role of genetic versus environmental factors in its
development.

RECURRENT MISCARRIAGES

Many autoantibodies have been associated with impaired fertility.
Among these are antiphospholipid antibodies, such as anticardiolipin,**~*>
antiphosphatidyl-serine,*® antiprothrombin,*’*% antilaminin-1,* and anti--
2-glycoprotein 1, antibodies to thyroid antigens, such as anti-TG and anti-TPO,
antibodies to extractable nuclear antigens (anti-ENA),*3° autoantibodies as-
sociated with SLE, such as anti-DNA,>' and many more.*

Recurrent pregnancy losses are one of the most consistent complications of
APS.?* Losses can occur at any stage of pregnancy, although miscarriages as-
sociated with APS are strikingly frequent during the second and third trimester.
However, the significance of positive serology for antiphospholipid antibod-
ies on the outcome of the pregnancy depends greatly on previous obstetric
outcome. It has been estimated that findings of a positive lupus anticoagulant
test, or a moderate level of IgG anticardiolipin in a lupus patient are associated
with a 30% risk of miscarriage during the first pregnancy. A history of two
previous miscarriages in such a patient raises the risk of miscarriage during
the following pregnancy to 70%. Although the risk of fetal loss is directly re-
lated to antibody titer, particularly the IgG anticardiolipin, many women with
recurrent miscarriages have IgM anticardiolipin while others with persistently
elevated antiphospholipid antibodies have no fetal complications at all. In con-
clusion, the best predictor of pregnancy outcome remains the previous obstetric
history.

Several studies have found an association between spontaneous abortions
and autoantibodies to the thyroid gland, such as anti-TPO or anti-TG, although
the direct role of thyroid autoantibodies in fetal loss is debatable.’® In a study
by Tartakover-Matalon et al.,’® it has been shown that active immunization of
mice with human TG results in the production of anti-TG autoantibodies and
pregnancy failure manifested by an increased fetal resorption rate (equivalent
to human missed abortions) and reduced placental and embryo weights. The
mice presented normal thyroid function and normal thyroid histology. This
suggests that the higher rate of pregnancy loss observed in this model, as
well as that described in women with thyroid antibodies, reflects primarily
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an autoimmune phenomenon, rather than, or in addition to, a consequence of
overt thyroid hormone abnormalities.>

Antilaminin antibodies, which may be detected in SLE and APS patients,
have been previously shown to be associated with reproductive failures in an-
imal models.*’ In a more recent study, a possible association has been made
between anti-DNA antibodies in SLE and recurrent pregnancy loss.’! It had
been shown that exposure of human placentas to anti-DNA, an autoantibody
previously shown to cross-react with laminin-1, resulted in abolishment of
trophoblast attachment and migration. Laminins are basement membrane gly-
coproteins believed to play an important role in the remodeling of endometrial
stroma, an important aspect of the implantation of the fertilized ovum into the
uterus wall. Thus, anti-DNA antibodies which cross-react with laminin-1 may
cause pregnancy loss in SLE patients by inhibiting this process.>! Such knowl-
edge may allow the prediction of possible pregnancy loss in women with high
titers of anti-DNA or antilaminin antibodies, as well as contribute to future
research regarding its prevention.

In a study testing different panel-kits in women suffering from impaired
fertility, a significant association has been shown between recurrent miscar-
riages and autoantibodies to a combinational panel of anti-TPO, anti-TG, and
anti-ENA.? In the same study antiphospholipid antibodies have been found to
be associated with infertility.

The use of precise kits to anti-TG, anti-TPO, and anti-ENA autoantibodies
as screening may diagnose immunologically mediated miscarriages,® and thus
allow more appropriate and earlier management of such cases. Still, it is not
clear which antibodies should be assessed in the evaluation and management
of infertility and recurrent miscarriages.’

SUMMARY AND CONCLUSIONS
The Profile of an Individual Prone to Develop Autoimmune Diseases

It is now clear that autoimmune diseases, as does the end-organ pathologies
they cause, do not begin at the time of clinical appearance, but rather many
years before that. The implication of this concept lies in the possibility of
predicting autoimmunity. Throughout the years, many risk factors have been
found to be associated with autoimmune diseases. Of these, well documented
were a female gender, a family history of autoimmune diseases and specific
major histocompatibility complex (HLA) alleles.” Among these alleles are Al
and DQW!1 associated with SLE,”>* DQ3-DR4, DQ3-DR9, DQ5-DR1, and
DQ5-DR10 associated with RA,> DR3 and B8 associated with RA, SLE, au-
toimmune thyroiditis, celiac, multiple sclerosis, and myasthenia gravis, etc.’
Other genetic risk factors researched are polymorphisms in specific genes
encoding molecules involved in antigen presentation, such as Tap-1 and pro-
teosomes, as well as many other candidate genes.>> %!
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Also documented were specific immune deficiencies associated with au-
toimmune diseases.®?> These immune deficiencies are genetically determined
and in most cases precede or possibly lead to autoimmune phenomena. Comple-
ment system abnormalities, for example, have been linked to the development
of SLE.® Among the different abnormalities, the most prevalent and most
severe disease has been found to be associated with deficiency of the proteins
of the C1 complex and with total C4 deficiency.®® Antibodies directed against
complement proteins have also been found in SLE patients.®* Of these anti-
bodies, the most important autoantibody to a complement protein is anti-Clq,
which is found in approximately a third of patients with SLE.®*

Other immune deficiencies associated with autoimmunity are common vari-
able immune deficiencies associated with thrombocytopenia and hemolytic
anemia, and selective IgA deficiency associated with SLE and RA.%? Further-
more, individuals with selective IgA deficiency have been found to be positive
for many autoantibodies despite lack of clinical diseases.®*® These findings
may suggest a common immune disturbance, and/or a tendency to develop
future overt autoimmune diseases. Furthermore, immune deficiency creates
susceptibility to infections by various agents, thus increasing the risk of a
secondary antiself immune response.®¢

All of these risk factors and many others therefore create a profile of an
“autoimmune-prone individual” (FiG. 1), which may be prone to develop an
autoimmune disease upon exposure to a trigger antigen via infection,®® vacci-
nation,®” or exposure to chemical substances.®” While the specific autoimmune
disease such an individual may develop depends upon the specific trigger anti-
gen, as well as on the individual’s genetics, the date of the disease’s future
clinical appearance and its specific manifestations may be predicted by spe-
cific serological tests (FIG. 1).

Indeed, it is now evident that many autoimmune diseases are preceded by
a preclinical phase, which may be manifested by the presence of different
autoantibodies (see TABLE 3). Nevertheless, these findings give rise to many
questions regarding the management of individuals with positive autoantibody
serology, as well as questions regarding future screening policies.

Screening for Autoantibodies as Predictors of Autoimmune
Diseases—Practical and Ethical Issues

There is the real prospect that by screening the general population, identifi-
cation of high-risk individuals for some diseases may be allowed. The goal of
such identification would be either prevention of disease, or limitation of clin-
ical impact.? However, while having answered the question “why,” a number
of other questions must be answered for appropriate strategies to be devised:

Who should be screened? Should screening include the general population,
or rather first-degree relatives of patients, genetically prone HLA groups, etc?
These special groups may benefit more from antibody screening compared to
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the general population. Accordingly, testing high-risk groups may change the
positive predictive value of autoantibody serological tests.

When should individuals be screened? The best age for screening varies in
different diseases; for example, while diabetes-associated antibodies appear
by 52years of age, thyroid antibodies uncommonly appear before 20 years of
age.
Which antibodies should be screened for? Different autoantibodies appear-
ing in the same diseases have different predictive values as individual screening
test, as well as in combination.

How should the screening be performed? Specificity and sensitivity of dif-
ferent laboratory assays must be considered.

Who should be informed? Once autoantibodies have been found, a risk of
future disease is established. This information may have great implication re-
garding one’s future, and thus its distribution should be handled with great
care. Should family members be informed, especially taking into account their
associated risk? Should employment authorities be notified? Should such in-
formation be available to all caring physicians? Should military authorities be
informed? Should one be obligated to inform insurance companies?

These seminal practical and ethical questions have to be resolved before any
wide screening policy will be implemented.

The Prevention of Overt an Autoimmune Disease in a Prone Individual

As complex as it may be, the identification of positive autoantibody serology
in an asymptomatic individual might allow immunological treatment whereby

FIGURE 1. Predicting and preventing autoimmunity. Risk factors, such as a female
gender, certain HLA haplotypes, such as A1 B8 DR 3,79 matrix metalloproteases (MMPs)
activity,”!=73 specific immune deficiencies, and the presence of already one autoimmune
disease, all create a profile of an “autoimmune-prone” individual. Upon exposure to an
environmental factor, such as infection, vaccination, or a chemical substance,®’ such an
individual may produce autoantibodies detectable by serological tests. These autoantibod-
ies may serve as predicting markers of a specific autoimmune disease, as well as mean
of approximation of its date of clinical appearance. Identification of these autoantibod-
ies may allow the treatment and possibly prevention of the overt autoimmune disease.
AID, autoimmune disease; MMP, matrix metalloprotease; RA, rheumatoid arthritis; MS,
multiple sclerosis; SLE, systemic lupus erythematosus; EBV, Epstein Barr virus; CMV, cy-
tomegalovirus; UV, ultraviolet; ERT, estrogen replacement therapy; OC, oral contraceptives;
GBS, Guillian-Barré syndrome; MMR, measles/mumps/rubella; ITP, immune thrombocy-
topenic purpura; DM, diabetes mellitus; RF, theumatoid factor; CCP, cyclic citrullinated
peptide; PL, phospholipids; dsDNA, double-stranded DNA; HS, heparan sulphate; rP, ribo-
somal P protein; PDC, pyruvate dehydrogenase complex; PBC, primary biliary cirrhosis;
ASCA, anti-Saccharomyces cerevisiae antibodies; PUFA, polyunsaturated fatty acids; APS,
antiphospholipid syndrome.
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TABLE 3. Predictive autoantibodies in autoimmune diseases

Disease Autoantibodies

Type 1 diabetes mellitus Anti-GAD
IA-2
TIAA

RA RF (anti-IgG)
Anti-CCP

SLE Anti-PL
Anti-Ro
Anti-La
Anti-dsDNA
Anti-Sm
Antinuclear ribonucleoprotein
Anti-HS
Antinucleosome
Antihistone
Antiribosomal P protein

Sjogren’s disease Anti-Ro
Anti-La

APS Anticardiolipin
Lupus anticoagulant

PBC Anti-gp120
Anti-PDC

ATH ANA

Crohn’s disease ASCA

ucC pANCA

Autoimmune Addison’s disease
AITD

Pemphigus

ACA (anti-21-hydroxylase)
Anti-TG

Anti-TPO

Antidesmoglein 1

GAD = glutamic acid decarboxylase; IA-2 = protein tyrosine phosphatase-like molecule;
IAA = insulin autoantibodies; RF = rheumatoid factor; CCP = cyclic citrullinated peptide;
PL = phospholipids; HS = heparan sulphate; PDC = pyruvate dehydrogenase complex; ANA =
antinuclear antibodies; ASCA = anti-Saccharomyces cerevisiae antibodies; pANCA = perinuclear
antineutrophil cytoplasmic antibodies; ACA = adrenal cortex cells antibodies; TG = thyroglobulin;
TPO = thyroid peroxidase.

disease is prevented, as is already being studied in diabetes.!? Additionally,
lifestyle modification may be recommended in order to prevent clinical dis-
ease or disease flare-ups. Such modifications include ursodeoxycholic acid
treatment for PBC,} dietary enrichment with polyunsaturated fatty acids,®
avoiding ultraviolet light exposure’ and avoiding oral contraceptive agents
for SLE,® and aspirin treatment in APS.* Still in question is the benefit of
avoiding vaccination,%” mainly on account of the relative risk of developing an
autoimmune disease versus the risk of serious infection.

Another treatment or rather preventive modality currently being studied
is the use of vitamin D receptor (VDR) agonists.®® Different experimen-
tal models have shown the ability of VDR agonists to prevent different
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autoimmune diseases, such as SLE in MRL”"/%" mice, experimental aller-
gic encephalomyelitis (EAE), collagen-induced arthritis, Lyme arthritis, IBD,
and autoimmune diabetes in non-obese diabetic (NOD) mice.®® Furthermore,
1,25(0OH), D3 analogs are able not only to prevent but also to treat ongoing au-
toimmune diseases, as demonstrated by their ability to inhibit type 1 diabetes
development in adult NOD mice, and to inhibit the recurrence of autoimmune
disease after islet transplantation in the NOD mouse. These analogs have also
been shown to ameliorate significantly the chronic-relapsing EAE induced in
Biozzi mice by spinal cord homogenate.®

Recently investigated is the benefit of synthetic peptides in the treatment of
autoimmune diseases, and specifically APS.% Further research of this modality
and its therapeutic and safety profile may enable its use earlier in the clinical
course—prior to overt disease.

All of these treatment and preventive modalities underline the great impor-
tance that lies in autoantibody testing of asymptomatic individuals. Alterna-
tively, even if disease cannot be prevented, by identification of individuals at
risk, perhaps life-threatening conditions, such as thyroid storm and Addiso-
nian’s crisis could be avoided.!?

In conclusion, although many issues remain unresolved, identification of
autoimmune diseases in their preclinical stage has become feasible by autoan-
tibody testing. The implementation of this ability is the treatment and possibly
the prevention of autoimmune diseases. Nevertheless, many prospective stud-
ies are needed in order to assess the predictive value of antibody testing, as
well as the means to apply them to clinical management of healthy population
and high-risk individuals.
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