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E D I T O R I A L

The definition of autoimmune disease: 
are Koch’s postulates applicable?

J.G.M.C. Damoiseaux*, J.W. Cohen Tervaert

University Hospital Maastricht, Department of Clinical and Experimental Immunology, PO Box 5800,
6202 AZ Maastricht, the Netherlands, tel.: +31 (0)43-388 14 33, fax: +31 (0)43-388 41 64, 

e-mail: jdam@limm.azm.nl, * corresponding author

To date about 60 to 80 diseases have a proven or strongly
suspected autoimmune aetiology. Nevertheless, it remains
a matter of debate how to prove that a given disease is
indeed an autoimmune disease. While some people claim
that every disease is autoimmune until proven otherwise,
others advocate that every autoimmune disease is a chronic
hypersensitivity response to an infectious agent. 
This issue of The Netherlands Journal of Medicine contains
two papers that deal with autoimmune disease: a review on
several aspects of autoimmunity in the context of Addison’s
disease,1 and a case report on a patient with thymoma and
four different autoimmune diseases.2 These papers have
given rise to re-evaluation of the currently available criteria
a disease has to fulfil to be called an autoimmune disease.
We will apply these criteria to a couple of diseases covering
the spectrum of diseases from proven to disputed with
respect to being autoimmune in nature, i.e. myasthenia
gravis (MG), multiple sclerosis (MS), Wegener’s granulo-
matosis (WG), and celiac disease (CD). We will show that
the criteria are far too stringent for many diseases that
are generally covered in the currently available textbooks
on autoimmune diseases.3,4

It is well accepted that a disease can be classified as
autoimmune if one shows that an adaptive immune
response to a self-antigen causes the observed pathology.
Koch’s postulates for the role of micro-organisms in
infectious diseases have thus been adjusted as follows: 
1. the specific adaptive immune response is directed to

the affected organ or tissue;
2. autoreactive T cells and/or autoantibodies are present

in the affected organ or tissue;
3. autoreactive T cells and/or autoantibodies can transfer

the disease to healthy individuals or animals;

4. immunisation with the autoantigen induces the disease
in animal models;

5. elimination or suppression of the autoimmune response
prevents disease progression or even ameliorates the
clinical manifestation.

Myasthenia gravis (MG), a prototypic antibody-mediated
autoimmune disease, is characterised by a humoral
immune response against the acetylcholine receptor (AChR)
on the post-synaptic membrane.5 The autoantibodies cause
the functional blockade and loss of AChR at the neuromus-
cular junction, resulting in muscular weakness. Passive
transfer of anti-AChR antibodies to animals, or via the
placenta to the neonate, reproduces the clinical manifesta-
tions of MG in the recipient, and immunisation of rodents
with AChR induces experimental autoimmune MG.
Finally, elimination of autoantibodies by plasmapheresis is
beneficial, but long-term immunosuppression is required
for down-modulation of the autoimmune response.
Hereby MG is one of the few autoimmune diseases that
completely fulfil the criteria according to Koch’s postulates.

Multiple sclerosis (MS) is considered a T-cell-mediated
autoimmune disease, although more recently a role for
the humoral immune response has been attributed to a
subgroup of MS patients. MS is a chronic inflammatory
demyelinating disease affecting the central nervous system.6

Sites of active demyelination are characterised by inflam-
matory infiltrates composed of CD4 T cells, activated
macrophages, and small numbers of B cells. The T cells are
directed to a whole array of myelin-associated autoantigens,
including myelin basic protein, proteolipoprotein, and
myelin oligodendrocyte glycoprotein. Adoptive transfer of
T-cell-mediated autoimmune disease, however, is difficult
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usually treated by a combination of prednisolone and
cyclophosphamide in order to induce disease remission. 

Coeliac disease (CD) is characterised by hypersensitivity to
gluten, a cereal grain storage protein.10 The gluten-sensitive
enteropathy results in weight loss, diarrhoea, nutritional
deficiencies, and growth failure. The mucosal lesions con-
sist of a T-cell infiltrate of the lamina propria, followed by
crypt hyperplasia and villous atrophy. The T cells from
CD lesions recognise deamidated epitopes of gliadin, the
ethanol-soluble fraction of gluten, in the context of HLA-
DQ2. Active CD is associated with the presence of circu-
lating antibodies to gliadin as well as to the autoantigen
tissue transglutaminase (tTG). Autoreactive T cells recog-
nising tTG, however, have not yet been described. The
presence of anti-tTG autoantibodies is considered to be
secondary to the selective lack of T-cell tolerance for
deamidated gliadin, combined with the inherent character-
istics of tTG to catalyse post-translational modification
(deamidation) of gliadin and thereby enable the formation
of gliadin-tTG complexes. In the presence of these com-
plexes tTG-specific B cells can be supported by gliadin-
specific CD4 T cells and eventually produce the anti-tTG
antibodies. Animal models for CD have not yet been
described and since (auto)antibodies in CD are predomi-
nantly of the IgA isotype, cross-placental transfer to the
neonate does not occur. Therefore, a possible pathophysi-
ological function of antibodies to gliadin, and in particular
of anti-tTG autoantibodies, has not been established.
Finally, elimination of gluten from the diet results in
complete resolution of the clinical symptoms as well as
the disappearance of (auto)antibodies in the circulation.

From these examples we conclude that Koch’s postulates
are far too stringent as a definition for the wide array of
diseases with potentially an autoimmune aetiology.
Especially criterion 3, i.e. passive/adoptive transfer of the
autoimmune component to animals, is often hampered
by the poor recognition of the xenogeneic autoantigen by
autoantibodies, as well as by the MHC-restricted antigen
recognition of T cells. As starting point we would like to
propose that every disease is an autoimmune disease as
long as there is: a clear adaptive immune response to a
self-antigen, and unequivocal involvement of this autoim-
mune response in the immunopathology of the disease
(cf MG). For this second criterion it should be acceptable
that the role of autoantibodies and/or autoreactive T cells
in the immunopathology is demonstrated only in animal
models (cf MS). If the immunopathology can only be
explained theoretically and is not proven in human or
experimental models (cf WG), there should be additional
criteria: therapy based on the eradication or suppression
of the autoimmune response should ameliorate the clinical
manifestation or at least prevent progression of the disease,
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to establish: T cells do not cross the placenta and transfer
of human T cells to animal models is hampered by the
self-MHC restriction of the respective T cells.
Nevertheless, the clinical manifestations of MS can be
reproduced in animals upon immunisation with myelin-
associated antigens and T cells can adoptively transfer dis-
ease to syngeneic recipients. Finally, immune suppressive
agents are used as treatment for relapses and/or acute
MS exacerbations, but the beneficial effects of immuno-
modulatory agents for the long-term control of MS are not
yet well established. 

Wegener’s granulomatosis (WG) is a small-vessel vasculitis
affecting the kidneys, the upper and lower airways, and
other organ systems.7 WG is usually associated with anti-
neutrophil cytoplasmic autoantibodies (ANCA) directed
against proteinase-3 (PR3). Although circulating autoanti-
bodies are detected in WG patients, the renal lesions are
characterised as pauci-immune crescentic glomerulonephri-
tis, indicating that autoantibodies, and/or immune com-
plexes, are absent in the affected organ. Apparently, the
autoantibodies are not present in the affected kidneys.
Nevertheless, rises in levels of PR3-ANCA often precede
disease activity, suggesting a role for PR3-ANCA in the
pathophysiology of WG. PR3 is stored in intracellular
granules of neutrophils. It has been suggested that during
infection, neutrophils become ‘primed’ or pre-activated,
resulting in surface expression of PR3. This enables binding
of PR3-ANCA with PR3. This interaction firstly leads to
neutrophil degranulation and release of free radicals, and
subsequently results in endothelial cell damage, which is
characteristic of vasculitis. Since human PR3-ANCA are not
cross-reactive with rodent PR3, passive transfer studies
cannot reveal the possible pathogenetic involvement of
these antibodies. Since WG is a granulomatous disease, it
was expected that autoreactive T cells were not only pro-
viding T-cell help for ANCA production, but were also
involved in the production of cell-mediated tissue injury.8

Indeed, Th1-like cells are localised in the upper airway
granulomatous lesions, but the role of T cells in the patho-
physiology has not yet been established. Moreover, there
is no obvious or consistent HLA association, suggesting
that the T-cell response may be heterogeneous. Since
there is evidence that the majority of patients with WG
are chronic nasal carriers of Staphylococcus aureus and
since this carriage is associated with an increased frequency
of relapses of WG, the lacking HLA association may be
explained by a polyclonal T-cell activation, possibly by
superantigens produced by S. aureus.9 Therefore it is
hypothesised that infections play a major role in the patho-
genesis of WG, whereas involvement of the autoimmune
nature of the disease remains hard to prove. Indeed, limited
or loco-regional forms of WG can be treated with cotrimox-
azole only. Nevertheless, the generalised forms of WG are
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and there should not be another well-defined cause that
explains the whole spectrum of the disease. Obviously,
the latter criterion should not exclude the involvement of
a co-factor, like infections, as is the case in WG. Finally,
CD does not fulfil these criteria since the aberrant T-cell
response to the dietary gluten is sufficient to explain the
enteropathy. On the other hand, CD also has several
extra-intestinal manifestations like the blistering skin rash
of dermatitis herpetiformis (DH). This is associated with
granular IgA deposition in the dermal papillae. Since it is
not to be suspected that gliadin is present in the skin, it is
most likely that the IgA antibodies react with tTG in the
extracellular matrix. If so, some of the extra-intestinal
manifestations of CD, like DH, may be true autoimmune
diseases that are secondary to the gluten-hypersensitivity.

Altogether, these examples illustrate that it is hard to give
a definition that completely covers the ever-increasing
number of diseases that are considered autoimmune in
terms of pathogenesis. It should be kept in mind, however,
that the label autoimmune disease is predominantly
important as a working hypothesis for further research in
terms of therapy and elucidation of the pathophysiology;
definitions, and/or criteria, should be used as such.

R E F E R E N C E S

1. Martorell PM, Roep BO, Smit JWA. Autoimmunity in Addison’s disease.

Neth J Med 2002;60:269-75.

2. Asakawa H, Kashihara T, Fukuda H, Yamamoto M. A patient with thymoma

and four different organ-specific autoimmune diseases. Neth J Med

2002;60:292-5.

3. Bona CA, Siminovitch KA, Zanetti, M, Theofilopoulos AN. The molecular

pathology of autoimmune diseases. Chur, Switzerland: Harwood

Academic Publishers, 1993.

4. Peter JB, Shoenfeld Y. Autoantibodies. Amsterdam: Elsevier Science,

1996.

5. Vincent A, Palace J, Hilton-Jones D. Myasthenia gravis. Lancet

2001;357:2122-8.

6. Compston A, Coles A. Multiple sclerosis. Lancet 2002;359:1221-31.

7. Yi ES, Colby TV. Wegener’s granulomatosis. Semin Diagn Pathol

2001;18:34-46.

8. Clayton AR, Savage CO. What you should know about PR3-ANCA.

Evidence for the role of T cells in the pathogenesis of systemic vasculitis.

Arthritis Res 2000;2:260-2.

9. Popa ER, Stegeman CA, Kallenberg CG, Cohen Tervaert JW.

Staphylococcus aureus and Wegener’s granulomatosis. Arthritis Res

2002;4:77-9.

10. Farrell RJ, Kelly CP. Celiac sprue. N Engl J Med 2002;346:180-8.



A B S T R A C T

Addison’s disease has a low incidence and is most fre-
quently the result of an autoimmune disease in developed
countries. Addison’s disease can present as an isolated
entity or in combination with other autoimmune diseases:
Addison’s disease can be part of the distinct polyglandular
autoimmune syndromes APS I and II. Autoantibodies in
patients with isolated Addison’s disease are directed
against the enzymes involved in steroid synthesis, P450c21,
P450scc and P450c17. Addison’s disease, both isolated and
in the context of APS II, has been associated with the
haplotype HLA-A1, -B8 and DR3. The value of the increased
expression of these molecules on adrenocortical cells could
point towards an infectious pathogenesis. Given the
prevalence, up to 80%, of autoantibodies in Addison’s
disease as well as the high predictive value for developing
the disease when antibodies are present (41% in three years),
we advise screening high-risk populations, such as patients
with other autoimmune endocrinopathies or their relatives
for the presence of these antibodies. The adrenocortical
function of patients positive for antibodies should be 
followed yearly.

I N T R O D U C T I O N

In this review different aspects of autoimmunity in the
context of Addison’s disease are discussed. Firstly, the dif-
ferent types of autoimmune adrenocortical insufficiency
(isolated or associated with an autoimmune polyglandular
syndrome) and their features are dealt with. Next, the
focus is on the prevalence of adrenocortical antibodies as

well as the antigens against which they are directed in the
different types of autoimmune Addison’s disease. Thirdly,
the possible pathogenesis of the disease is considered.
The article concludes by looking at the clinical implications
of adrenocortical autoantibodies with respect to adrenal
dysfunction and the value of screening in the clinical setting.

A D D I S O N ’ S  D I S E A S E

Addison’s disease is a pathological process of the adrenal
cortex leading to insufficient production of glucocorticoids,
mineralocorticoids and sex steroids.
The prevalence of Addison’s disease in the general popu-
lation is low, ranging from 30 to 60 cases per million,1-5

although some authors report prevalences of up to 117
cases per million.6

Before, antibiotics were widely used, tuberculosis was the
main cause of primary adrenocortical failure. However,
with the introduction of effective antibiotic therapies
against tuberculosis, autoimmune Addison’s disease is
now the prime cause, accounting for nearly 80% of the
cases. 
Addison’s disease manifests when 90% of the adrenocor-
tical gland has been destroyed, and thus can remain sub-
clinical for a long time.
In the case of autoimmune Addison’s disease, adrenocortical
failure usually develops in five stages.5-7 In stage 0 normal
adrenocortical function is retained. In stage 1 high plasma
renin activity (PRA) is observed, with normal or low
aldosterone levels. In stage 2 the cortisol response to
ACTH is impaired. In stage 3 elevated ACTH basal levels
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are measured and in stage 4 clinically overt Addison’s dis-
ease is present. 
The diagnosis of the disease is discussed under the heading
Clinical implications of adrenocortical autoantibodies for
the diagnosis of Addison’s disease. The current treatment
of chronic Addison’s disease falls beyond the scope of this
article. 

A S S O C I A T E D  P O L Y E N D O C R I N E
A U T O I M M U N E  D I S E A S E S

Autoimmune Addison’s disease is often associated with
other endocrine autoimmune diseases, most frequently
with autoimmune thyroid disease, pernicious anaemia
and diabetes mellitus.8-10

Three types of autoimmune polyendocrine syndromes
can be distinguished, the characteristics of which are
given in table 1. In autoimmune polyendocrine syndrome
type I, (APS I, also known as Blizzard’s syndrome or

autoimmune polyendocrinopathy-candidiasis-ectodermal
dystrophy (APECED)) Addison’s disease is often associated
with hypoparathyroidism and chronic mucocutaneus can-
didiasis. The diagnosis is established by the presence of at
least two of these main disease components. 
This rare autosomal recessive disease usually appears at a
young age. Approximately half of the patients eventually
develop all three major components. The incidence of
APS I seems to be especially high in the Finnish,11

Iranian Jewish12 and Sardinian populations.13 In contrast
with APS II, most authors found that APS I had no asso-
ciation with the HLA DR3 gene. 
The mode of inheritance is autosomal dominant, with
incomplete penetrance.1 The major features of this poly-
endocrinopathy are Addison’s disease, autoimmune thyroid
disease, and type 1 diabetes mellitus. As is the case in APS I,
there is often gonadal failure. Other components, such as
those APS I (alopecia, vitiligo, pernicious anaemia) may
also be present, but are much less commonly associated
with APS II. 
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Table 1
Autoimmune polyglandular syndromes

APS DISEASE COMPONENTS FREQUENCY OF THE  DIFFERENT P450 ANTIGENS MOST 
COMPONENTS11,15 OFTEN INVOLVED

Main disease components

Addison’s disease 72%

Chronic mucocutaneous candidiasis 100%

Hypoparathyroidism 79%

I Associated conditions

Gonadal failure: - ovarian failure 60% P450scc (67-100%)10,13

- testicular failure 14% P450c17 (0-41%)13,19,20

Diabetes mellitus 12%

Chronic active hepatitis 12%

Alopecia 29%

Vitiligo 35%

Main disease components

Addison’s disease 100%

Autoimmune thyroid disease 69%

II IDDM 52% P450c21 (67-80%)16,19,21

Gonadal failure 4% P450scc (0-50%)16,19

Associated conditions

Vitiligo 5%

III Autoimmune thyroid disease

IDDM None

APS I: Ahonen et al.,11 APS II: Neufeld et al.15 and Uibo et al.19 make a distinction between APS I patients with and without the adrenocortical insufficiency
component. This percentage refers to APS I patients with Addison’s disease. No data regarding the frequencies of the different disease components in APS III
have been found.



APS II, or Schmidt’s syndrome, is more common than
APS I and has a later age of onset, usually between the
ages of 20 and 40 years (peak incidence around 10
years).14,15

A third type of APS (APS III) consists of autoimmune
thyroid disease and IDDM, without Addison’s disease.16

A U T O I M M U N I T Y  I N  A D D I S O N ’ S  
D I S E A S E

Autoantibodies against adrenocortical antigens can often be
detected in sera from patients with clinical autoimmune
Addison’s disease. The prevalence found in literature
ranges from 25%3 up to 84%.1,8,9,16,17 The prevalence of these
antibodies in the general population has been estimated
at 1:10,000.8,18 The most common adrenal antibodies found
in patients with Addison’s disease are directed against the
P450 enzymes involved in steroid synthesis, 21-hydroxylase
(P450c21), 17�-hydroxylase (P450c17) and cholesterol side
chain-cleaving enzyme (P450scc). In immunofluores-
cence studies it has been shown that both P450c21 and
P450scc antigens are found in all three layers of the adre-
nal cortex (figure 1), while sera reacting with the antigen
P450c17 do not stain the outermost zona glomerulosa.19,20

The antigens P450c17 and P450scc are found in all
steroid-producing cells, such as gonadal (both antigens) and
placental tissue (only P450scc). This correlates with the
finding that reactivity against these antigens also occurs
in these organs in the presence of these antibodies. This
could explain the relatively common presence of gonadal

failure in APS I and APS II patients. P450c21 is only
present in the adrenal glands.
The prevalence of each of these antibodies usually depends
on the type of autoimmune Addison’s disease (isolated or
associated with a polyglandular syndrome). 
In the isolated form of Addison’s disease the antigen most
often involved is P450c21. The prevalence of autoantibodies
in patients with this type of Addison’s was found to vary
from 20 to 100%.9,16,19-22 This variability in prevalence can
be due to several factors. Different detection methods were
used in the different studies, some using Western blotting
techniques, others using immunofluorescence or radiobind-
ing assays. These last two methods were found having the
highest prevalences. Antibodies against P450scc are also
present in these patients although in a much smaller pro-
portion than P450c21.16 P450c17 seems to be the least
common target antigen in isolated autoimmune
Addison’s.3,9,16,19

In the case of APS I, the literature is not unanimous as to
which of these three types of antibodies is predominant.
Some authors report relatively high prevalences of anti-
bodies against P450c21 in APS I patients with Addison’s
disease (42%),19 while others have found this antigen to
be the least immunogenic.13,20 There seems to be a general
consensus that P450scc and P450c17 are the antigens most
often involved. Some authors claim the first one to be the
main antigen13,19,20,23 while others have found antibodies
against P450c17 more common.3 Antibodies against the
hepatic cytochrome antigen P4501A2 were also frequently
observed in these patients. This antigen is different from
those found in autoimmune and viral hepatitis, and could
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Immunofluorescence pattern of adrenocortical antibodies on monkey adrenal tissue
Monkey adrenal tissue (Scimedx, Denville, USA) was incubated with patients’ sera and stained with antihuman IgG fluorescein isothyacyanate 

gammaglobuline (FITC, Scimedx, Denville, USA).

Figure 1a
(100 x amplification)

Figure 1b
(400 x amplification)



be used to identify APS I patients at risk of developing
chronic active hepatitis, as fulminant hepatic failure is a
serious complication of APS I.
As in the case of isolated Addison’s disease, P450c21 is the
predominant target antigen in APS II.16,19,21 Antibodies
against P450scc are also present and P450c17 appears to
be the least immunogenic of the three antigens.16,20

In APS III, P450 enzymes appear to play a minor role.16

Adrenal autoantibodies are generally of the IgG class, and
less frequently of the IgA and the IgM class.4,7,18 

Antibodies directed against antigens other than P450
cytochrome enzymes have been found in some patients
with isolated Addison’s disease. Wulffraat et al.5 found
antibodies of the IgG type directed against the ACTH
receptor on adrenal cells, which blocked ACTH-induced
cortisol secretion as well as ACTH-induced DNA synthesis
in these cells. This was the case in 74% and 80%, respec-
tively, of the Addisonian patients studied, and was found in
none of the healthy control subjects. This blocking effect
was lost at higher titres of IgG concentration. However,
these antibodies were also found in some patients with
other adrenal disorders (Cushing’s disease, adrenal 
nodules). Weetman, however, observed no clear blocking
effect from such antibodies in Addisonian patients.1 The
reason for this discrepancy in results is not clear.

P A T H O G E N E S I S

In a study of a murine model,24 autoimmune adrenalitis
was induced in mice by immunising them with a mixture
of adrenal extract and Klebsiella O3 lipopolysaccharide as
adjuvant. Histologically, extensive lymphocytic infiltration
of the adrenal cortex was seen. The adrenal medulla
remained unaffected in all cases.
In humans, the pathological picture is similar. In early
stages of the disease the glands may be enlarged with
extensive lymphocytic infiltration.14 In a later stage the
cortex of the adrenal gland becomes atrophic. The cortex is
characterised by a strong mononuclear infiltration (mainly
lymphocytes, but also plasma cells and macrophages).
The mechanism by which the adrenal cortex is destroyed
in autoimmune Addison’s disease is not yet clear. The
antigens most often involved, P450 cytochrome enzymes
(P450c21, P450c17 and P450scc), are intracellular and
localised in the endoplasmatic reticulum, and thus no
sensitisation against them could take place prior to the
destruction of the tissue since plasma membranes are
impermeable to immunoglobulins. According to some
studies, these adrenal antigens are also represented on
the plasma membrane.25 Therefore, the question remains
if the autoantibodies are the cause of the tissue destruction
or actually a result of it.
Antibodies may destroy cells by activating the cytolytic

complement cascade (leading to lysis of the cell) or by initiat-
ing antibody-dependent cell-mediated immunity (leading
to phagocytosis). Complement fixing autoantibodies have
been found in a number of Addisonian patient cohorts.7,18,26

In one study,4 patients with adrenal cortex autoantibodies
all had complement fixing antibodies against adrenal cells.
All had C3 and C4 fixing antibodies, whereas seven of the
nine cases also had C5-C9 fixing antibodies, which have a
lytic effect on cells. The four patients who developed overt
Addison’s disease during follow-up all had C5-C9 fixing
antibodies. Betterle et al. therefore postulate complement
fixing autoantibodies, and C5-C9 fixing antibodies in par-
ticular, to be a marker for patients at risk of developing
Addison’s disease.
Analogous with other endocrine autoimmune disease such
as hypothyroidism or IDDM, another possible mechanism
would be antibody-mediated cytotoxic cellular response by
T lymphocytes as reviewed by Isselbacher et al.27

Several T-cell abnormalities are associated with Addison’s
disease. An increased percentage of activated HLA-DR
positive T lymphocytes have been found in some studies
with Addisonian patients.26 Another study showed increased
T-cell sensitisation to a heterogeneous variety of adrenal
antigens more frequently than antibodies in Addisonian
patients.2 Arulanantham et al. have found hypergamma-
globulinaemia, selective IgA deficiency and defective T-cell
suppressor activity in some APS I patients.28 These studies
indicate that several components of the immune system,
including T cells, autoantibodies and complement, are
involved in the pathogenesis of adrenocortical destruction.
Addison’s disease is associated with certain HLA poly-
morphisms. This is also the case with autoimmune
hypothyroidism and IDDM. Addison’s disease in the iso-
lated form and in the context of APS II has been associated
with HLA-A1, -B8 and possibly -DR3.1,10,29 HLA-DR4 was
also found by Maclaren and Riley to be more prevalent
amongst these patients,10 but these results have not been
confirmed since. Some HLA-DR genes (DR2, DR5 and
DR7) appear to protect against Addison’s disease.10

However, the strongest association remains with HLA-DR3.
No clear HLA association has been found in the case of
APS I. HLA-DR3 was found by most authors to have no
association with APS I.10,30 Others have found HLA-A28
to be positively associated with this disease. This link was,
nevertheless, weaker than that found between HLA-DR3
and HLA-B8 and Addison’s disease in the isolated form
and in APS II.30

The role of MHC class II molecules on adrenal cells
remains unclear. These molecules were thought to be
present only on antigen presenting (APC) cells and capillary
endothelium. They play an important role in the regulation
of an immune response by CD4+ cells. The presence of
these molecules on APCs is a condition for the successful
presentation of antigens to CD4+ cells. The adrenal cortex,
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and particularly the zona reticularis, has also been found to
express MHC class II molecules under normal condi-
tions.29,31,32 In autoimmune Addison’s disease, an increased
expression of these molecules is observed.29 This could
facilitate the activation of T lymphocytes against adrenal
cells. It has been postulated that HLA-DR expression could
be the result of previous infectious episodes, and of the
IFN-� produced as a result by activated T lymphocytes,33

as has been found in thyrocytes in autoimmune hypothy-
roidism.34 This would enhance the expression of HLA-DR
molecules on cells and could induce T cells to react with
autoantigens. The idea of infectious processes underlying
autoimmune diseases has long been suggested.
However, the consequence of T-cell interaction with HLA
on the target (adrenocortical cells) will be determined by
the costimulation with other membrane proteins. In the
absence of costimulation or in case of expression of B7.2
(CD86) on the target, interaction with CTLA-4 will inhibit
rather than amplify the T-cell response. Therefore, hyper-
expression of HLA class I or aberrant expression of HLA
class II on adrenocortical cells could be an immune escape
mechanism to avoid tissue destruction.
In this context, it is of interest that genetic CTLA-4 poly-
morphisms have been found to be associated with the
development of Addison’s disease.35,36

C L I N I C A L  I M P L I C A T I O N S  O F
A D R E N O C O R T I C A L  A U T O A N T I B O D I E S
F O R  T H E  D I A G N O S I S  O F  A D D I S O N ’ S
D I S E A S E

An important question is whether the presence of autoanti-
bodies can predict the chance of developing Addison’s
disease, and whether the levels correlate with the severity
of the disease.
A strong positive correlation between the presence of
autoantibodies aimed at adrenal cortex cells (particularly
the P450 enzyme antigens) and the subsequent develop-
ment of overt adrenal impairment has been found.
Betterle et al.4 found during follow-up that four out of nine
patients with autoantibodies developed clinical Addison’s
disease. An additional patient had an inadequate response
to ACTH stimulus. In another study, Betterle et al.7 per-
formed a longitudinal analysis of 15 patients positive for
adrenocortical antibodies. Nine were initially at stage 0 of
adrenocortical dysfunction, two at stage 1, two at stage 2
and two at stage 3. Follow-up varied from six months to
ten years. Of the patients with a subclinical adrenal dys-
function when entering the study (two at stage 2 and two at
stage 3) three developed clinically overt Addison’s disease.
Of the nine patients at stage 0 three developed clinical
Addison’s disease as well. Of the control patients two
developed autoantibodies, of which one later developed

Addison’s disease. In conclusion, 41% of the patients with
anti-adrenal antibodies developed Addison’s disease during
a mean observation time of 3.2 years. The yearly incidence
of worsening of adrenal function was 19%. In another
study,18 five out of 30 patients with other endocrine dis-
orders and with adrenal cortex autoantibodies developed
Addison’s disease. Interestingly, four of these five had
complement fixing antibodies. Three of these cases had
adrenal insufficiency on entering the study, while the other
two developed Addison’s disease during follow-up. 
The results of these studies show that many of the patients
positive for these autoantibodies later progress towards
clinically overt disease. In all three of these studies, anti-
bodies were detected using standard immunofluorescence
methods. The populations used in these studies are, how-
ever, small. 
Several authors suggested that titres of adrenal autoanti-
bodies correlate positively with the chance of developing
the clinical disease, specially in high-risk populations such
as people with other organ-specific autoimmune diseases
and their family relatives, as well as family relatives of
Addisonian patients.21,37,38

The assessment of adrenal function in patients positive for
autoantibodies includes basal cortisol and ACTH levels,
rapid and prolonged ACTH stimulation tests, and PRA
and aldosterone levels.
Although basal cortisol levels and ACTH levels have been
used to assess adrenal function, these are generally insuf-
ficient to exclude adrenal dysfunction, unless the cortisol
level found is <0.55 �mol/L.39

ACTH stimulation tests are often used to detect subclinical
adrenocortical dysfunction with a high sensitivity.40 In the
past, a 250 �g dose of ACTH was used in the rapid
ACTH stimulation test, but several studies have achieved
better results using lower doses of 10 �g41 or 1 �g.42

Some studies also report disappearance of the antibodies
with increasing disease duration.8,37,38 This disappearance of
the antibodies sometimes goes hand in hand with recovery
of the impaired adrenal function, and in some cases even
with total remission of the disease.37,38 The percentage of
patients who underwent this recovery was 26% and 30%
respectively for each of these studies. Other authors have
not been able to find such a remission of antibody titre or
of the actual disease.43

In conclusion, given the prevalence (up to 80%) of auto-
antibodies in Addison’s disease, as well as the high predic-
tive value for developing the disease when antibodies are
present (40% in three years), we advise screening high-risk
populations, such as patients with other autoimmune
endocrinopathies or their relatives for the presence of these
antibodies. When antibodies are present, an ACTH test
should yearly be performed, unless fasting cortisol levels
are >0.55 �mol/L. 
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A B S T R A C T

Background: Nocturia, a common symptom in the elderly,
is often caused by increased urine production at night.

Methods: The present study comprised 17 men and six
women aged 68.1 ± 4.7 (mean ± SD) years with nocturia
(≥2 nocturnal voids) and nocturnal polyuria (nocturnal
urinary output of ≥0.9 mL min-1). A physical examina-
tion, measurements of recumbent blood pressure after a 
15-minute rest, plasma AVP assay at noon and midnight,
and urine collection performed during a 24-hour period.

Results: The daytime urine output was 1358 ± 664 mL, and
the nocturnal urine output 796 ± 312 mL. The AVP level
was lower at midnight than at noon in 17 persons, and
higher at midnight in six persons. Blood pressure was
142.0 ± 15.7/87.4 ± 9.1 mmHg. Systolic (but not diastolic)
blood pressure increased with decreasing nocturnal plasma
AVP. Increasing nocturnal diuresis rate (r2=0.26; p<0.01)
but not plasma AVP was associated with increasing systolic
blood pressure.

Conclusion: In elderly persons with nocturia and nocturnal
polyuria, the plasma AVP is low and does not rise noctur-
nally. The systolic blood pressure is increased with increas-
ing diuresis but unaffected by plasma AVP.

I N T R O D U C T I O N  

Nocturia is a common symptom in the elderly, with a pro-
found influence on health and the quality of life.1 In many
cases nocturia is caused by a nocturnal overproduction of
urine due to the absence of an increase in the plasma level
of arginine vasopressin (AVP) at night, or to a low level of
AVP throughout the whole 24-hour period.2-5 This condition
has been termed the Nocturnal Polyuria Syndrome (NPS).6

Nocturnal polyuria commonly occurs in elderly men with
persistent nocturia after prostatic resection or in association
with other lower urinary tract symptoms (LUTS).4,7

Nighttime incontinence among nursing home residents
and elderly persons with impaired health is often caused
by an increased urine production at night.5

In an earlier study it was found that 29% of the men and
24% of women with a mean age of 74 ± 6 years had two
or more nocturnal micturition episodes.1 Most cases of
nocturia among the elderly are not explained by LUTS.7

The aim of the present report was to analyse the relation-
ship between nocturnal polyuria, AVP and blood pressure
in a group of healthy elderly men and women with nocturia
but without LUTS.

M A T E R I A L S  A N D  M E T H O D S

All persons aged 60 to 74 years and resident in two munici-
palities (Strömsund and Hammerdal) in the county of
Jämtland, Sweden were contacted by post and were asked
to answer a questionnaire concerning health and micturition
habits. A reminder questionnaire was sent out to those who
did not respond within one month.

© 2002 Van Zuiden Communications B.V. All rights reserved.
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The respondents were invited to proceed in the study if:
- they were healthy, i.e. had no diseases or medications

with a possible influence on the AVP system;
- they had no symptoms or signs of any disease of this

system at a thorough physical examination and after
an extensive laboratory work-up;

- they were non-smokers and not misusing alcohol;
- they had nocturia (≥2 nocturnal voids) and nocturnal

polyuria (a nocturnal diuresis rate of ≥0.9 mL min-1).8-10

The participants were asked to live as usual with regard to
eating and drinking, physical activity, rest and sleep. They
completed a questionnaire on current medical symptoms
and a thorough physical examination was performed,
including measurements of recumbent blood pressure
after 15-minutes rest, electrocardiography (ECG) and plasma
AVP assay at noon and at midnight. Urine collection was
performed throughout a 24-hour period, from rising in
the morning to bedtime, and from bedtime to rising in the
morning, and voiding measurements were made during
the daytime (defined as time out of bed) and at night
(defined as time in bed). In the daytime the investigations
were performed at Strömsund Hospital, while at night the
subjects were visited by trained nurses in their homes.
Blood samples were drawn by direct venipuncture at 12 noon
and 12 midnight. The midnight samples were taken with
the subject in a recumbent position, while at noon the
subjects sat comfortably for sampling. Samples for AVP
measurement were sent to Ferring Pharmaceuticals, Malmö,
Sweden. The laboratory procedure has been described
previously.11 In the numerical analysis undetectable AVP
was given an arbitrary value of 0.25 pg mL-1.

Statistical methods
Values are presented as mean ± standard deviation (SD)
unless otherwise stated and were calculated according to
standard methods. Student’s t-test was used to compare
two numerical variables. For comparison of pairs of
numerical data, regression analysis was used, while forward
stepwise regression analysis was performed (StatView SE
Graphics for Macintosh) for the multivariate analysis.

Ethics
The study was approved by the Ethics Committee of the
University of Umeå and conducted in accordance with the
rules of the Declaration of Helsinki. Each person gave
his/her informed consent of participation (oral and signed).

R E S U L T S

The target group for selection consisted of 1438 individuals,
43% of whom were men. The first questionnaire was com-
pleted by 882 persons. On the second occasion, 231 persons

replied (total response rate = 77.4%). Among the respond-
ents, 246 reported having two or more micturitions per
night, of whom 150 persons considered themselves to be
healthy. 
After exclusions for contraindicating illnesses, concomitant
medication and smoking, 64 persons remained. Fifty 
persons agreed to undergo a clinical examination. After
exclusions based on the results of the examination, 
23 persons (17 men and 6 women) remained and formed
the study group.
Their age was 67.8 ± 4.7 years, height 174.7 ± 8.6 cm and
weight 78.3 ± 11.7 kg. Their blood pressure was 142.0 ±
15.7/87.4 ± 9.1 mmHg.

Diuresis
In the whole group the daytime urine output was 1358 ±
664 mL, the nocturnal urine output was 796 ± 312 mL
and the total 24-hour urine output was 2154 ± 712 mL.
Accordingly, the diuresis rates were 1.4 ± 0.7, 1.6 ± 0.7 and
1.5 ± 0.5 mL min-1, respectively. In 16 subjects the diuresis
rate was higher at night than in the daytime.
The 24-hour diuresis was 2848 ± 732 mL 24 h-1 in subjects
without detectable AVP at midnight and 1910 ± 534 mL
24 h-1 in subjects with detectable AVP (p<0.01). The
diuresis rates in these two groups were 2.0 ± 0.5 and 1.3
± 0.4 mL min-1, respectively (p<0.01). The daytime diuresis
was 2081 ± 835 mL in persons without detectable AVP at
midnight and 1103 ± 350 mL in those with detectable AVP
(p<0.001). There was no difference in nocturnal diuresis
between subjects with and without detectable AVP at
midnight.
There was no correlation between daytime and nocturnal
diuresis.

Vasopressin levels and diuresis
The plasma AVP concentrations at noon and at midnight
were 1.0 ± 0.6 and 0.8 ± 0.5 pg mL-1, respectively. In two
samples at noon and in six samples at midnight the AVP
level was undetectable (<0.5 pg mL-1). The AVP level was
lower at midnight (N-) than at noon in 17 subjects, and
higher at midnight (N+) in six subjects. Plasma AVP showed
no relation to age. The daytime AVP level increased with
increasing nocturnal AVP (r=0.68; r2=0.45; p<0.001).
The 24-hour urine excretion in N- subjects was 30.7 ± 9.6
mL/kg-1 body weight and in N+ subjects 20.6 ± 2.9 mL/kg-1.
N- subjects had a higher diuresis rate both in the daytime
and at night than N+ subjects (figure 1). 
A higher nocturnal AVP level was associated with lower
24-hour urine output (figure 2). A stepwise regression
analysis with 24-hour urine output as the dependent vari-
able and plasma AVP at midnight and at noon as explana-
tory variables revealed a decrease in 24-hour urine output
with increasing AVP at midnight (r=0.60; r2 = 0.36; p<0.01),
while plasma AVP at noon was deleted by the model.
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AVP at noon and at midnight as explanatory variables
revealed an increase in systolic blood pressure with
increasing nocturnal diuresis (r=0.50; r2= 0.25; p<0.05),
while plasma AVP at noon and at midnight was deleted by
the model.

D I S C U S S I O N

Nocturia due to overproduction of urine is common in
elderly persons.10,12-14 Frequent voiding episodes at night
cause sleep disturbance and daytime tiredness, leading to
impaired well-being and poor daytime performance.1 In
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Figure 2
The relationship between plasma AVP at midnight and
24-hour urine output (regression line ± 95% confidence
limits for mean 24-hour diuresis; r2=0.35; p<0.05)
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Figure 1
The daytime and nighttime urine output in subjects with
higher plasma AVP at night than in the daytime (N+)
and in those with lower plasma AVP at night than in the
daytime (N-) (mean ± SEM) 
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Figure 3
The relationship between nocturnal diuresis and systolic
blood pressure (regression line ± 95% confidence limits
for systolic blood pressure; r2=0.20; p<0.05)
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Figure 4
The relationship between plasma AVP at midnight and
systolic blood pressure (regression line ± 95% confidence
limits for systolic blood pressure; r2=0.20; p<0.05)
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Blood pressure, diuresis and vasopressin levels
The blood pressure was 142.6 ± 16.0/87.2 ± 9.3 mmHg. A
higher nocturnal diuresis rate was associated with higher
systolic blood pressure than a lower diuresis rate (figure 3).
This was true for both men (r=0.48; r2= 0.25; p<0.05) and
women (r=0.85; r2= 0.72; p<0.05). Systolic blood pressure
showed no relation to the daytime diuresis rate. There was
no relation between diastolic blood pressure and either
nocturnal or daytime diuresis rate.
The systolic (but not diastolic) blood pressure increased
with decreasing nocturnal AVP level (figure 4). A stepwise
regression analysis with systolic blood pressure as the
dependent variable and nocturnal diuresis rate and plasma



elderly persons in poor health and with difficulties in
locomotion, incontinence is a common consequence of
nocturnal polyuria.13

In general the present study group was healthy and free
from diseases or symptoms of the urogenital tract. The
criterion for nocturnal polyuria, a nocturnal diuresis rate
of ≥0.9 mL min-1, was chosen to include both severely
polyuric subjects and subjects with an assumed normally
functioning nocturnal AVP secretion and, thus, near normal
urinary output.7,9,10 By studying subjects with this range of
urine output, it should be possible to analyse the 24-hour
distribution of the urinary output and plasma AVP secretion
in different degrees of nocturnal polyuria.
In the present study the urine output was high both at night
and during the daytime in persons with a lower nocturnal
than daytime AVP (figure 1). Their nocturnal diuresis was,
in accordance with the inclusion criteria, higher than could
be expected in an unselected group of persons of the same
age.10 However, also the daytime diuresis was higher in
persons with lower AVP at night than in the daytime. 
The total 24-hour urine volume was higher in the present
study group than in previously reported studies among
healthy elderly persons.7,9 Although the nocturnal diuresis
rate was higher than that in the daytime in two-thirds of the
study subjects, the mean nocturnal diuresis rate in the
whole group was only moderately increased as compared
with that in the daytime (figure 1).
The plasma AVP levels in this studied group of polyuric
persons were in general lower both at night and in the
daytime in comparison with those in the non-polyuric
group.3,15 In a study on AVP in healthy persons with a
mean age of 78 ± 3 years, Johnson et al. found a mean
daytime AVP level of 4.7 ± 0.7 pg mL-1, and in an earlier
study of healthy elderly persons without nocturnal voiding
episodes we found a mean midnight AVP level of 7.3 ±
10.2 pmol L-1 in the men and 1.3 ± 1.2 pmol L-1 in the
women, and at noon 3.2 ± 3.9 pmol L-1 and 1.3 ± 1.0 pmol
L-1 in the men and women, respectively.3,15 On average, the
subjects of the present study were about five years
younger than our previous group. The plasma AVP
showed an age-related increase, but it is not probable that
more than a minor part of the difference in AVP is
explained by age.15

The 24-hour urine output was about 1000 ml higher in
persons without detectable AVP at midnight than in
those with detectable AVP. Increasing nocturnal plasma
AVP levels were associated with a decreasing 24-hour
urine output (figure 2). In two-thirds of the cases the AVP
level at midnight was lower (N-) than that at noon (N+).
The N- group showed higher urine output figures both at
night and in the daytime than the N+ group. Matthiesen
et al. found that compared with non-polyuric persons,
polyuric persons had a slightly increased daytime urine
output and an increased 24-hour urine volume.16 The

daytime urine output showed a more pronounced
increase in the present study.
One surprising finding was that there was no relation
between the daytime and nocturnal urine output. This is in
contrast to results reported by Matthiesen et al. concerning
elderly men who suffered from nocturnal polyuria and
lower urinary tract symptoms (LUTS).16 The discrepancy
between the results may be explained by differences in the
inclusion criteria between the two studies. In the present
study persons who were free from LUTS, and thus had pure
polyuria, were enrolled. An increase in the nocturnal
diuresis rate was associated with an increase in systolic
blood pressure (figure 3). Such a relationship has previously
been observed among men.16 The results in the women in
the present study were in accordance with those in the men,
but this finding should be interpreted with caution as the
groups, especially the group of women, were very small.
This result may be in line with the observation by Bulpitt
et al. that among elderly hypertensives nocturia is the most
frequent complaint in persons with isolated systolic hyper-
tension (68% in both sexes).17 A decrease in nocturnal
plasma AVP was also associated with an increase in systolic
blood pressure (figure 4). When the influence of the noc-
turnal diuresis rate and nocturnal plasma AVP were
analysed together, however, only the former was associ-
ated with systolic blood pressure. This is in accordance
with a recently suggested hypothesis that urodilatin,
rather than AVP, plays an important role in the occurrence
of nocturnal polyuria in elderly hypertensives, and that
‘nocturnal polyuria and hypertension are manifestations
of the same pathophysiological process’.18,19 High AVP
levels have been observed particularly in persons with
secondary hypertension.20 However, Kawano et al. sum-
marise their findings in a study of the interaction between
AVP and blood pressure by stating: ‘Our results suggest
that AVP does not play an important role in mild essential
hypertension’.21

From the present study it was concluded that nocturnal
polyuria occurs in persons with normal blood pressure and
that the nocturnal AVP level is not related to the blood
pressure level in normotensive persons.
In summary, in elderly persons with nocturia and nocturnal
polyuria the plasma AVP level is low and does not rise
nocturnally. Their 24-hour diuresis is increased and the
urine output shows no circadian rhythm. The systolic
blood pressure is increased with increasing diuresis, but
is unaffected by plasma AVP.
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A B S T R A C T

Background: The diagnosis of tuberculosis in asylum
seekers is followed by contact tracing, which is routinely
performed by the Municipal Health Service (MHS). We
investigated cases of tuberculosis whose symptoms
became apparent after closure of regular contact tracing. 

Methods: Analysis of data from the DNA Fingerprinting
Surveillance Project on all Mycobacterium tuberculosis

isolates and contact tracing instances.

Results: Four additional cases of tuberculosis were detected,
caused by bacteria of identical DNA fingerprints. No fur-
ther contacts with a bacteriologically confirmed form of
tuberculosis were found around these four new patients.

Conclusion: DNA fingerprinting contributed to tracing
instances of late manifestations of tuberculosis transmission.

I N T R O D U C T I O N

In the period 1993 to 1998, an average of 32,986 asylum
seekers per year entered the Netherlands.1 The annual per-
centage of screening for tuberculosis by chest X-ray on entry
varied from 90 to 98%. Pulmonary tuberculosis was diag-
nosed in an average of 93 asylum seekers per year, which is
a detection rate of almost 300 per 100,000 of the population.
In 37 persons, the diagnosis was confirmed bacteriologically;
i.e. a prevalence rate of 124 per 100,000.1 Since 1993, all
M. tuberculosis cultures have been sent to the National
Institute of Public Health and the Environment (RIVM) for

DNA fingerprinting.2 This technique provides insight into
which tuberculosis patients in the Netherlands have been
infected by the same M. tuberculosis strain. This is of impor-
tance for source case finding and contact tracing. It has also
led to new insights into the epidemiology of tuberculosis in
broader terms.
Tracing of close contacts is effective in identifying further
diseased individuals at an early stage. In asylum patients
with tuberculosis, contact tracing is performed in the
usual way according to the ring principle.3,4 First, the close
contacts who share the same facilities or have been involved
in the same procedures from the native country onwards,
are traced and examined. If the infection rate within this
first ring is high, it is decided to extend contact tracing to
the second ring of shelter employees or visitors or even
residents who have moved to other shelters for asylum
seekers. However, on the basis of contact tracing it is
unknown how many cases of tuberculosis occur in which
symptoms became apparent after closure of the regular
contact tracing. The DNA Fingerprinting Surveillance
Project was structurally analysed to examine such trans-
mission from an asylum seeker.

P A T I E N T S  A N D  M E T H O D S

DNA typing of M. tuberculosis isolates was performed by
the IS6110 Restriction Fragment Length Polymorphism
(RFLP) technique. Different M. tuberculosis strains con-
tain a varying number of IS6110 insertion elements,
and/or vary in the genomic sites where IS6110 elements
are inserted. In RFLP typing, restriction fragments are
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visualised that contain IS6110 DNA.
Patients infected by the same M. tuberculosis strains (100%
identical DNA fingerprints) belong to one cluster.2 Such a
cluster may be subdivided into groups of patients who are
epidemiologically linked. To establish such a link a nurse
from the Royal Netherlands Tuberculosis Association
(KNCV) contacts a TB nurse at the respective MHS where
the patients with 100% identical DNA fingerprints have
been found. This is done in the framework of the nation-
wide DNA Fingerprinting Surveillance Project.5 To make
an epidemiological link, consultation takes place between
the TB nurse from the MHS and the individual patients,
under strict privacy regulations. Potential epidemiological
links are assessed by the TB nurse through evidence of
direct or highly probable contact between patients; e.g.:
do they know each other very well, or have they been living
in the same area in the infectious period of one of them?

R E S U L T S

In November 1993, an infectious form of pulmonary
tuberculosis was diagnosed in an aspirant asylum seeker
from Algeria who was staying at the Temporary Shelter
(POC) ‘Waalhaven’. Examination took place within the
framework of the compulsory screening for tuberculosis,
applicable to asylum seekers after entering the Netherlands.
Because the ventilation facilities at the Waalhaven POC
were absolutely inadequate, a high rate of transmission
was considered.3 Contact tracing was performed by the
MHS according to the usual ring principle.4 Contact tracing
around the persons who belonged to the first ring of the
asylum seeker revealed an infection rate of 60% (n=5).
Therefore, it was decided to extend the contact tracing to
the second ring. The second ring comprised 105 employ-
ees/visitors and 110 asylum seekers residing at the Waal-
haven POC.3 Eleven employees/visitors had a positive
Mantoux test. This meant an infection rate of 10.5%
(n=105). In the meantime, the 110 asylum seekers had been
transferred to 16 other shelters. 
With the cooperation of the affiliated MHSs, the respective
persons could be approached personally. The asylum
seekers had all received BCG vaccination in their countries
of origin, which made detection of a latent tuberculosis
infection by the Mantoux test impossible. Therefore,
screening for tuberculosis was done by chest X-ray and on
the basis of clinical symptoms. No cases of active tubercu-
losis were detected among the 110 asylum seekers. 

After the regular contact tracing had been completed in
February 1994, an infectious form of pulmonary tubercu-
losis was diagnosed in four of these 110 asylum seekers
(one from Afghanistan, one from Bosnia and two from
Somalia). Three of them had already contacted a physician

on their own initiative because of tuberculosis symptoms.
This happened in March 1994, April 1994 and September
1996, respectively. In the remaining asylum seeker, infec-
tious tuberculosis was diagnosed in April 1994 within the
framework of the six-monthly screening programme for
tuberculosis that applies to asylum seekers and immigrants
during their first two years in the Netherlands.6 Screening
was performed by chest X-ray.
RFLP typing by the RIVM revealed that these four patients
were infected by M. tuberculosis bacteria with identical DNA
fingerprints to those of the index patient who came from
Algeria and had been a co-tenant at the Waalhaven POC
in November 1993.
These five patients belonged to a cluster of 14 persons
whose M. tuberculosis DNA fingerprints were identical.
Three groups of patients could be distinguished within this
cluster, comprising of five, three and six persons each; no
epidemiological links could be established between the
three different groups, and between the six patients of the
remaining group 3. 
Group 1 of the cluster comprised five persons: the asylum
seeker from Algeria who was diagnosed with an infectious
form of pulmonary tuberculosis at the Waalhaven POC, and
the four asylum seekers from Afghanistan (1), Bosnia (1)
and Somalia (2). These four asylum seekers were staying
at the Waalhaven POC in November 1993 and belonged
to the second ring of the patient from Algeria. In these
four asylum seekers there were no signs of active tuber-
culosis in November 1993 or in February 1994. 
In group 2 of the cluster, three patients had been in contact
with each other: two were members of a family from
Somalia and the remaining person was a Dutch nurse.
The link between the nurse and her index patient (from
Somalia) was made after it became known that the DNA
fingerprints were identical; this was later on confirmed by
anamnesis.
Group 3 of the cluster comprised six patients who had not
shared accommodation or shelter facilities. They indicated
that to their knowledge they had never met any of the other
persons in the group or any of the other eight patients in
the cluster with an identical DNA fingerprint. One patient
came from Algeria, two from Iran, one from the Nether-
lands, one from Somalia and one from Syria.

D I S C U S S I O N

In the Netherlands, the IS6110 RFLP patterns of M. tuber-

culosis strains are highly polymorphic. However, an identical
fingerprint does not form indisputable evidence that contact
has taken place between patients in the same cluster,
because there can be a non-identified index patient or an
external source. The finding of identical DNA fingerprints
in immigrants means that the patients must have had a

Van Loenhout-Rooyackers, et al. Contact tracing using DNA fingerprinting in an asylum seeker with pulmonary tuberculosis.
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common source in the Netherlands or in their country of
origin, or that they infected each other in their country of
origin or in the Netherlands.
Regular contact tracing by the MHS is conducted according
to the ring principle. If infections are found, for example,
in co-tenants, i.e. the first ring, then contact tracing is
extended to the next ring and so on until no more cases
of infection are found.

On the basis of contact tracing by TB nurses from MHSs
on 1673 patients over the period 1997 to 1999 an epidemio-
logical link was suspected in 22% of the patients. This was
before the results of RFLP typing were known.7 A definite
epidemiological link was made in 26% of the patients and
a suspected link in 21% with the aid of the RFLP technique
and supplementary anamnesis. Therefore, RFLP typing
contributed significantly to demonstrating links that were
not found by regular contact tracing.
These findings support the results of the present study.
None of the four contacts with the index patient at the
Waalhaven POC were detected by means of regular contact
tracing in February 1994. Three out of these four patients
consulted a physician because of symptoms. Patients who
might have been exposed to infection and have therefore
been invited for contact tracing belong to risk groups for
tuberculosis. In persons known to have a positive Mantoux
test and in persons who have received a BCG vaccination
in the past, it is not possible to make a diagnosis of latent
tuberculosis by means of a Mantoux test. A Mantoux test
can also give a false-negative result. Three of the four
contacts became ill within two years of infection. This rate
is compatible with data in the literature on the latency of
tuberculosis infections. Although the incubation period
for tuberculosis may be lifelong, the majority of patients
manifest active tuberculosis within two years of infection.8

Endeavouring to achieve optimal compliance with the volun-
tary six-monthly screening for tuberculosis by means of a
chest X-ray during the first two years of an asylum seeker’s
stay in the Netherlands is therefore highly desirable.6 On
the one hand, because the risk of developing active tuber-
culosis is the greatest in the first two to five years after
immigration and on the other hand, because it is possible
for a person to become infected while staying at a shelter
for asylum seekers.9 The risk of infection is the most pro-
nounced when the ventilation facilities at a shelter are
deficient and when a (too) large group of people, who have
not been screened for tuberculosis, are sharing such accom-
modation. Regular contact tracing every three months after
the last contact cannot always be performed, because it is
common practice for asylum seekers to be transferred from
one shelter to another.

From the evaluation of DNA fingerprinting programmes
in San Francisco and New York it was expected in the

Netherlands that patient clustering would re-open or extend
contact tracing to detect previously unidentified infections.
Five years after the start of the DNA surveillance pro-
gramme, a re-opening of the contact tracing was only
decided upon in 1% of the patients. A total number of
2640 contacts were examined of whom 75 (3%) appeared
to be infected, and 12 (0.5%) had active tuberculosis. The
ring principle for contact tracing, in practice in the
Netherlands since the sixties, still is an efficient method
of surveillance.7

On the basis of contact tracing it is very likely that one index
patient caused a latent tuberculosis infection in 14 persons
(positive Mantoux test, normal chest X-ray and no symp-
toms of active disease). Moreover, on the basis of 100%
identical DNA fingerprints and anamnestic findings, it is
very likely that the same index patient caused bacteriolo-
gically proven active tuberculosis in four other persons.
At the time of regular contact tracing, none of these four
asylum seekers had any signs of active tuberculosis.
Three out of these four persons became ill within two years
of infection and one became ill within three years. Three
of the four patients were detected as a result of symptoms
and one was detected by screening. The epidemiological
link with the source case was found by DNA fingerprinting
of the M. tuberculosis isolates. No further patients with a
bacteriologically proven form of tuberculosis were found
around these four new patients. DNA fingerprinting appears
useful to detect late manifestation of transmission, long
after contact tracing has been finalised.
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Narcissus
Miranda Penning

This month’s cover, entitled ‘Narcissus’,
shows graphic art by Miranda Penning.

The technique is the art of woodcarving.
Miranda was born in Oosterhout, Noord-

Brabant, the Netherlands in 1974. She 
graduated at the Academy of St. Joost in

Breda and the Academy of Art in Arnhem.
Miranda received a number of assignments (e.g. from

‘Royal Nederland’ in 2000 and from ‘De Blauwe Kamer’),
participated in the Graphic fair in Essen, Germany (2001)

and contributed to the Siemens Art Calendar (2002).

She is inspired by the world’s mythologies
and transfers the contents of these stories
to pictures. She focuses on a surrealistic
world with structures of nature, such as rocks,
trees, water and air. She depicts dreams and
a symbolic and mythical animal world. 
A limited edition of original prints 

(size 85 x 78 cm) of this month’s cover is available at a
price of € 300. You can order the print at Galerie Unita,
Rijksstraatweg 109, 6573 CK Beek-Ubbergen, 
the Netherlands or by e-mail: galerie-unita@planet.nl. 
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A B S T R A C T

Background: Light to moderate alcohol consumption is
associated with a reduced risk of coronary heart disease.
Stimulation of fibrinolysis has been suggested as one of
the mechanisms involved. The present study analyses the
effect of regular alcohol consumption on various parameters
of fibrinolysis. The question whether the alcohol-induced
plasma increase of plasminogen activator inhibitor (PAI-1)
may originate from thrombocytes was also addressed.

Methods: Six healthy male volunteers consumed three
glasses of red wine daily during two periods of a week,
with a week of abstinence from alcohol in between. PAI-1
antigen and activity levels, t-PA antigen and activity levels
and plasmin antiplasmin (PAP) complexes were measured
on days 1, 3, 8, 15, 17 and 22 of the experiment period. On
the first day, PAI-1 antigen and activity before and after
alcohol consumption was also measured in platelet-rich
plasma (prp).

Results: Although some slight shifts in the various
parameters could be noticed during the drinking periods,
all favouring impairment rather than stimulation, no 
significant effect of regular moderate alcohol use could be
observed on fibrinolysis. Alcohol did not trigger a release
of PAI-1 from platelets.

Conclusions: Regular moderate alcohol consumption has
no significant effect on fibrinolysis. The alcohol-induced
increase of plasma PAI-1 does not originate from throm-
bocytes. The cardioprotective effect of moderate alcohol
consumption cannot be explained by a beneficial influence
on fibrinolysis.

I N T R O D U C T I O N

Light to moderate alcohol consumption is associated with
a reduced incidence of coronary heart disease.1 However,
the mechanisms involved in this cardioprotective effect
are only partly understood and data from experimental
studies are scarce. Alcohol causes a slight decrease in
low-density lipoprotein-cholesterol (LDL-c) and a marked
increase in high-density lipoprotein-cholesterol (HDL-c),
which might explain 50 to 60% of its beneficial effect.2

Apart from lipid metabolism, alcohol also influences the
haemostatic balance.3 Thrombocytes as well as components
of the clotting system and fibrinolysis play a role in the
process of atherosclerosis and the final occlusion of vessels
leading to infarction. Alcohol is known to affect platelet
function and to lower levels of fibrinogen, von Willebrand
factor and factor VII.4 It has also significant effects on the
serum levels of two important components of the fibrino-
lytic system, tissue-type plasminogen activator (t-PA) and
its inhibitor plasminogen activator inhibitor-1 (PAI-1).5,6

Serum levels of these two components increase within
hours after alcohol consumption with the rise of PAI-1
being more outspoken than that of t-PA, resulting in
inhibition of fibrinolysis. 
Although alcohol consumption shifts fibrinolysis in an
unfavourable direction in the short term, this does not
necessarily imply that such a shift also occurs in regular
moderate drinking. Since the acute intake of alcohol causes
a very profound increase of PAI-1, regular consumption
may result in a gradual exhaustion of this component.
Such exhaustion is not unthinkable, since blood platelets
with their half-life time of seven days contain the majority
of PAI-1 antigen concentration in blood.7 If alcohol were to
release PAI-1 from platelets, PAI-1 concentrations could be
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expected to fall within a week of daily alcohol consumption.
With t-PA concentrations being less affected, the balance
may even gradually shift towards enhancement of fibrino-
lysis.
This hypothesis was addressed in the present study, which
investigates the effect of daily moderate alcohol consump-
tion on both the antigen and activity levels of PAI-1 and t-PA
as well as on the production of plasmin, the end product
of the fibrinolytic pathway. The question whether the
alcohol-induced serum increase of PAI-1 originates from
thrombocytes was also addressed. 

M A T E R I A L S  A N D  M E T H O D S

Subjects
Six male volunteers participated in the study (age 34 ± 6.1
years, BMI 24 ± 2). All individuals were healthy, non-smok-
ing men taking no medication or supplementary vitamins.
Their average alcohol consumption was two units of an
alcoholic beverage per day. Before entering the study a
routine blood profile was performed showing normal liver
function tests and a normal lipid profile.

Study design
All volunteers gave informed consent to the study protocol,
which was approved by the medical ethical committee of
the Eemland Hospital, Amersfoort. All abstained from
alcohol for a period of one week preceding the experiment.
On the first day of the experiment three glasses of red wine
(Diego de Almagro 1994, 12.5 vol. % alcohol) were con-
sumed with a meal between 5 and 6 p.m. That first day
blood samples were drawn from an antecubital vein with
minimal venous stasis after 15 minutes in supine position
at 3 p.m., 6 p.m., 8 p.m. and 11 p.m.
After that first day each volunteer consumed three glasses

of red wine either at dinner or during the evening for a
period of a week. After the first week of the experiment
the volunteers abstained from alcohol for another week,
while in the third week of the experiment the regimen of
the first week was repeated. No other alcoholic beverages
were allowed during the whole experiment. Apart from
the first day, blood samples were taken on day 3, 8, 15, 17
and 22 at 8 a.m.

Methods
Blood samples were centrifuged within 30 minutes at 4 °C
at 3000 rpm (1800 g). Plasma samples were snapfrozen
and stored at -70 °C until assay. Platelet-rich plasma was
prepared and lysis performed by snapfreezing and thawing.
PAI-1 activity and t-PA activity were determined using
chromogenic amydolytic assays (Biopool®). PAI-1 antigen
and t-PA antigen were determined with enzyme immuno-
assays (Innotest®, Innogenetics). Plasmin-antiplasmin
complexes were determined with an enzyme immunoassay
by Enzygnost®, PAP micro, Boehringer, Germany.

Statistical analysis
Statistical calculations were performed with a non-parametric
manoeuvre comparing measurements of the group in
time with day 1. 

R E S U L T S

Release of PAI-1 from platelets was analysed by measuring
PAI-1 in platelet-rich plasma (prp) before and after alcohol
consumption (three glasses of red wine = 36 g of alcohol).
No significant decrease of this component could be observed
after alcohol consumption indicating no depletion of PAI-1
from platelets (table 1). Since PAI-1 significantly increased
in platelet-poor plasma after alcohol intake, PAI-1 must

Table 1
Plaminogen activator inhibitor (PAI-1) activity and antigen after the intake of three glasses of red wine at 5 p.m.

PARAMETER PRP (PLATELET RICH PLASMA) PPP (PLATELET POOR PLASMA)

PAI-1 activity U/ml (n=6) Mean and SD (median)              Mean and SD (median)

4 p.m. 20 ± 4            (19) 4 ± 6              (2)

6 p.m. 31 ± 10         (29) 20 ± 11         (18)

8 p.m. 27 ± 10     (25) 18 ± 11         (16)

11 p.m. 30 ± 13        (27) 21 ± 14         (21)

PAI-1 antigen �g/l (n=6) Mean and SD    (median)              Mean and SD    (median)

4 p.m. 540 ± 88        (535) 25 ± 19         (19)

6 p.m. 576 ± 93        (565) 62 ± 30         (57)

8 p.m. 592 ± 74        (620) 72 ± 34         (65)

11 p.m. 573 ± 81        (580) 64 ± 35         (61)
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originate from another source than platelets. In accordance
with the observation that thrombocytes were not involved
is the fact that platelet count, LDH and von Willebrand
factor were also not affected by the consumption of three
glasses of red wine (data not shown).
As shown in table 2 no significant changes in the parameters

of fibrinolysis measured (PAI-1 antigen, PAI-1 activity, t-PA
antigen, t-PA activity and PAP complexes) could be observed
during the weeks of alcohol intake (days 1-8 and 15-22).
However, the small and non-significant shifts all point in
the same direction, inhibition of fibrinolysis rather than
stimulation. PAI-1 antigen and activity tend to rise, while
t-PA activity and PAP complexes show the tendency to
drop. These shifts return to baseline values during the
week of abstinence. 

D I S C U S S I O N

Alcohol has an acute inhibitory effect on fibrinolysis that,
in the case of excessive drinking, may interfere with the
circadian rhythm of the fibrinolytic system and contribute
to a higher risk for acute cardiac events.6 Since this effect
has been shown for red wine, beer as well as spirits, it
should be attributed to the alcohol component and not to
other substances.5 It has been suggested that a more
chronic moderate drinking pattern stimulates fibrinolysis,
a hypothesis mainly based on a rise of t-PA antigen.8 This
would be true if t-PA activity were to increase as well,
which happens if the counteracting component, PAI-1,
does not change or decreases. The present study shows
no significant effect of regular and moderate drinking on
fibrinolysis although there are small shifts that all point
to inhibition rather than stimulation of fibrinolysis. PAI-1
antigen and its activity tend to rise while t-PA activity and
PAP complexes tend to drop. All parameters return to
normal baseline values within a week of total abstinence
from alcohol. It cannot be excluded that prolongation of the
drinking periods would result in a significant inhibition. 
Since thrombocytes are a source of PAI-1 and alcohol is
known to affect certain platelet functions, chronic alcohol
consumption might stimulate fibrinolysis by depleting
platelets from their PAI-1 content gradually leading to lower
PAI-1 concentrations in the circulation.
However, our study shows that the PAI-1 content of platelets
is not affected by alcohol consumption and that no exhaus-
tion of this inhibitor of fibrinolysis occurs. Our experimen-
tal data are therefore in accordance with a recent observa-
tional analysis from the Framingham Offspring Cohort.4

In that 20-year observational study an alcohol intake of 7 to
21 drinks weekly, generally considered as moderate drink-
ing, was associated with impaired fibrinolytic potential,
reflected by higher levels of the antigens of PAI-1 and t-PA. 
In contrast to platelets, the endothelium is a more likely
source from which both PAI-1 and t-PA are released after
alcohol intake. Up-regulation of the production of these
components by endothelial cells has been demonstrated
during alcohol challenge.9 Because of the extent and 
production capacity of this organ, exhaustion of PAI-1 is
unlikely even in cases of chronic excessive alcohol abuse.

Table 2
Parameters of fibrinolysis during two weeks of daily moder-
ate alcohol consumption (days 1-8 and 15-22) and one week
of abstinence (days 8-15)

PARAMETER AT 8 A.M. MEAN AND SD MEDIAN

PAI-1 activity U/ml (n=6)

Day 1 16 ± 16 13

Day 3 18 ± 14 16

Day 8 15 ± 7 15

Day 15 18 ± 25 6

Day 17 20 ± 24 7

Day 22 12 ± 9 9

PAI-1 antigen :g/l (n=6)

Day 1 59 ± 56 49

Day 3 66 ± 46 63

Day 8 64 ± 26 63

Day 15 67 ± 83 33

Day 17 76 ± 74 41

Day 22 54 ± 40 45

t-PA activity U/ml (n=6)

Day 1 0.7 ± 0.4 0.85

Day 3 0.6 ± 0.3 0.6

Day 8 0.6 ± 0.2 0.6

Day 15 0.9 ± 0.6 1.1

Day 17 0.6 ± 0.3 0.8

Day 22 0.7 ± 0.3 0.6

t-PA antigen :g/l (n=6)

Day 1 4.2 ± 1.5 4.7

Day 3 5.3 ± 1.1 5.1

Day 8 5.5 ± 1.0 5.6

Day 15 4.5 ± 1.2 4.4

Day 17 5.4 ± 1.1 5.6

Day 22 5.8 ± 2.3 5.1

PAP compl. :g/l (n=6)

Day 1 388 ± 131 398

Day 3 313 ± 93 330

Day 8 295 ± 59 310

Day 15 421 ± 152 485

Day 17 328 ± 159 285

Day 22 344 ± 96 325
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In fact, high levels of PAI-1 and return to normal levels
have been described in chronic alcoholics at admission
and during their stay in hospital.10

In conclusion, regular moderate alcohol consumption is
not associated with significant changes in fibrinolysis.
Therefore, the cardioprotective effect of this type of drink-
ing cannot be attributed to a favourable effect on this part
of the haemostatic balance.
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A B S T R A C T

Rheumatoid arthritis is a chronic inflammatory disease
that primarily affects the joints and is often treated with
non-steroidal anti-inflammatory drugs (NSAIDs) on demand
and disease-modifying antirheumatic drugs (DMARDs),
with a relatively low risk of side effects. Although an
infrequent side effect, neutropenia has been described as a
sequel of NSAIDs. We report a case of neutropenia proven
(by rechallenge) to be due to naproxen therapy. The 
literature on neutropenia during treatment with NSAIDs
and DMARDs is briefly reviewed. 

I N T R O D U C T I O N

Rheumatoid arthritis (RA) is a chronic inflammatory 
disease resulting in inflammation primarily of joints, but
possibly involving extra-articular sites as well. Because of
the severity and chronicity of rheumatoid inflammation,
disease-modifying antirheumatic drugs (DMARDs) are
prescribed in RA. DMARDs bear a relatively low and
acceptable risk of evoking side effects. At the onset of
DMARD therapy non-steroidal anti-inflammatory drugs
(NSAIDs) are often prescribed to directly reduce the
painful inflammation. Neutropenia has been reported
during the treatment of RA, due to NSAIDs, and/or
DMARDs, and/or due to the disease itself. A patient is
reported in whom neutropenia occurred, which was proven
to be due to naproxen following a thorough analysis
including rechallenge.

C A S E  R E P O R T

A 53-year-old man was admitted because of active RA. His
medical history revealed a mild chronic obstructive pulmo-
nary disease (COPD) and an IgM-rheumatoid factor (RF)
positive RA that had started two months before. At that
time several treatment modalities were discussed, and the
NSAID naproxen 500 mg b.i.d. combined with the DMARD
leflunomide (100 mg daily for three days, followed by 20 mg
daily) were started. Due to a misunderstanding the patient
accidentally stopped the leflunomide after 30 days. At the
seventh week of treatment, his white blood cell count (WBC)
had fallen to 2.2 x 109/l. (normal range 4.5 to 10 x 109/l).
The course of the haemoglobin, thrombocytes and WBC
is depicted in figure 1. He was then prompted to stop all
medication. An active polyarthritis recurred within one
week. Because of inflammatory pain, naproxen was restarted
three days prior to admission. On admission, his WBC was
5.0 x 109/l. Therapy was started with methotrexate (MTX)
plus folic acid (prophylactically) instead of leflunomide,
which was held responsible for the neutropenia.
Naproxen was continued. Five days later the WBC again
dropped to 2.1 x 109/l. Vitamin B12 and folate levels were
normal. Bone marrow aspiration showed normal granu-
lopoiesis. Hepatosplenomegaly was excluded because
abdominal ultrasonography was normal. As inadequate
production and excessive destruction were ruled out, it
was concluded that the leucopenia was drug-related.
However, it was unclear which medication had actually
caused it. Therefore, all medication was stopped immedi-
ately. Within a week the WBC normalised to 4.0 x 109/l.
The potential causes of the second neutropenia were MTX,
naproxen, or possibly naproxen combined with low blood
levels of leflunomide. The neutropenia occurred one day

A U G U S T  2 0 0 2 ,  V O L .  6 0 ,  N O .  7

© 2002 Van Zuiden Communications B.V. All rights reserved.

289

Severe neutropenia due to naproxen therapy
in rheumatoid arthritis: a case report and

review of literature

R. Kalksma, T.L.Th.A. Jansen*, G.A.W. Bruyn

Leeuwarden Medical Centre, Department of Rheumatology, PO Box 888, 8901 BR Leeuwarden, 
the Netherlands, fax: +31 (0)58-286 61 05, e-mail: T.Jansen@znb.nl, * corresponding author

C A S E  R E P O R T



as a chronic, usually benign condition. After thorough
analysis, it was concluded that the leucopenia was drug-
related in our patient.

Various side effects have been reported as being secondary
to DMARDs and there are major differences between the
various DMARDs and the organ systems involved (table I).
Although data on these side effects are reported in percent-
ages, odds ratios and incidence per 100 patient years and
therefore not easily comparable, DMARDs seem to cause
blood dyscrasias (especially neutropenia) more frequently
than NSAIDs (table I). Neutropenia is most frequently
observed during azathioprine and intramuscular gold
therapy. In the case of azathioprine an incidence of 2.0 to
4.5 per 100 patient years was found.1-5 An incidence of
0.4 to 3.5 per 100 patient years was reported for intra-
muscular gold.2,4,6 MTX (particularly with folic acid supple-
mentation) and sulphasalazine (SSZ) have less often been
associated with neutropenia. Stewart et al. found that leuco-
penia developed in three out of 200 patients who were on
low-dose MTX plus folic acid supplementation,7 while
others reported an incidence 0.5 to 2.0 per 100 patient
years.2-4,6 The risk of neutropenia secondary to SSZ is 
0 to 5.6%.3,8-11 Neutropenia is relatively uncommon with
hydroxychloroquine4 and d-penicillamine2,3 treatment.
Data on leflunomide, a novel isoxazol DMARD, are
scarce. It has been prescribed in about 76,000 patients of
whom only eight developed a mild leucopenia.12

Blood dyscrasias, such as agranulocytosis, aplastic anaemia
and thrombocytopenia, have been described during the
application of NSAIDs in the past.13 Strom et al. found
that the relative risk of developing neutropenia during
NSAID therapy was 4.2 (95% CI 2.0 - 8.7).14 Given the low
incidence rate, for every one million patients exposed to
NSAIDs during a full year, 145 extra cases of neutropenia
were to be expected. Usually, these blood dyscrasias are
caused by the pyrazolidinediones, and to a lesser extent
by indomethacin. The arylpropionic acids, including
naproxen, are commonly regarded as the safest among
the NSAIDs with respect to blood dyscrasias. Although
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Figure 1 
Time course of haemoglobin, thrombocytes and leucocytes
Day 1 is start of leflunomide and naproxen. The black arrow indicates

the start of the rechallenge
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Figure 2 
Counts of leucocytes (circle) and neutrophils (square)
during rechallenge with naproxen (black box)
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after the first application of MTX and after the rechallenge the
WBC remained normal despite continuing MTX, excluding
MTX as causative drug. Although leflunomide was suspected
to be the neutropenic agent in the first episode, during the
second episode there was no evidence as to what had caused
the neutropenia. After performing a literature search, we
concluded that epidemiologically the odds that naproxen had
caused these neutropenias were very low. After informed
consent was obtained, the patient was rechallenged with
naproxen under close clinical control. Naproxen was restarted
at 500 mg b.i.d., and MTX plus folic acid was continued.
The course of the WBC and differentiation during rechallenge
is depicted in figure 2. The naproxen was stopped permanently
when after one week the WBC again dropped to 2.5 x 109/l
with 0.6 x 109/l neutrophils. Interaction with low levels of
leflunomide is unlikely given the half-life of leflunomide
(approximately two weeks) and the time of rechallenge
(70 days after the first neutropenia). The patient developed a
fever without a clear focus, for which a course of the antibiotic
cefuroxim was given. Nine days later the WBC had returned
to normal values again. DMARD and NSAID therapy were re-
evaluated: MTX with folic acid supplementation was continued,
propionic acid derivatives including naproxen were prohibited,
and meloxicam, a preferential COX-2 selective NSAID was
given. Follow-up was uneventful with this medication regimen
and remission was reached without further irregularities.

D I S C U S S I O N

Neutropenia may occur secondary to inadequate granulocyte
production, excessive granulocyte destruction, or sometimes



extensively prescribed worldwide, naproxen has been asso-
ciated with severe neutropenia only very rarely.14-17 One
patient who developed a neutropenia after naproxen was
replaced by ibuprofen has been reported.17 In the Nether-
lands, neutropenia due to naproxen has never been report-
ed to the Dutch pharmacovigilance foundation LAREB
(personal communication). 
In our patient, leflunomide was initially suspected to be the
causative drug. After the second episode naproxen was
incriminated as the causative agent. This was confirmed
following rechallenge. 
In a chronic disorder such as rheumatoid arthritis, it is of
eminent importance to ascertain which medication causes
the side effect encountered, since RA patients will often have
to continue medication for many years thereafter. In our
patient it is clear that a propionic acid derivative will bear a
risk. In the hypothetical case of MTX failure this patient may
well be willing to take leflunomide again in the future.
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Table 1
Neutropenia due to medication used in rheumatoid arthritis and eponyms of well-known side effects

NEUTROPENIA CLINICAL SIDE EFFECTS REFERENCE FOR
NEUTROPENIA

% Incidence/100 Odds ratio
patient years

DMARDs

Azathioprine 0 - 18.1 2.0 - 4.5 L, B 1-5

Gold i.m. 0 - 10.3 0.4 - 3.5 S, R, B 2, 4, 6

Methotrexate 0 - 6.4 0.5 - 2.0 G, L, P, B 2-4, 6-7

Sulphasalazine 0 - 5.6 1.5 G, L, B, S 3, 8-11

Hydroxychloroquine 0 - 8.3 E 4

d-Penicillamine 0 - 6.9 0.6 - 0.8 S, R, B 2-3

Leflunomide 0.01 L, G 12

NSAIDs 4.2 G, R 14

Clinical side effects: P = pulmonary, B = blood, L = liver, S = skin, G = gastrointestinal, E = eye, R = renal. Data taken from literature are given in percentage,
incidence and odds ratio and therefore are not directly comparable.



Abstract

This is the first report of a patient with four organ-specific
autoimmune diseases; myasthenia gravis, type 1 diabetes
mellitus, autoimmune hepatitis and Hashimoto’s thyroidi-
tis. The clinical history suggests a relationship with a
non-removed thymoma. Not only the thymoma seems to
have triggered these four diseases, the dramatic progressive
course with an active autoimmune hepatitis and high
concentrations of multiple autoantibodies was probably
also associated with non-removal of the thymoma.
Thymectomy should be performed in myasthenia gravis
patients with thymoma and associated autoimmune 
diseases. 

I N T R O D U C T I O N

Myasthenia gravis (MG) is an autoimmune disease caused
by the binding of antibody to acetylcholine receptors on the
muscle membrane. Patients with MG often have circulating
antibodies to a variety of tissue constituents and several
studies have shown an increased occurrence of other
autoimmune diseases in MG patients.1,2 For example, thy-
roid diseases were observed in more than 5% of MG
patients.1,2 However, the occurrence of MG and type 1 di-
abetes mellitus (DM) is very rare.3-5. The association of MG
and autoimmune hepatitis is also very rare.6,7 On the other
hand, autoimmune thyroiditis and type 1 DM are closely
associated in Japan. A survey showed that the prevalence
of autoimmune thyroiditis was 22% at onset of type 1 DM
and 28% after three years.8 According to the nation-wide
survey in Japan, hypothyroidism, which is usually due to

Hashimoto’s thyroiditis, was seen in 12% of autoimmune
hepatitis patients.9 However, a patient with MG, Hashi-
moto’s thyroiditis, type 1 DM and autoimmune hepatitis
has not been reported. These four conditions are organ-spe-
cific autoimmune disease. Patients with MG often also have
thymoma. We report here a case with thymoma, MG, Has-
himoto’s thyroiditis, type 1 DM and autoimmune hepatitis.

C A S E  R E P O R T

A 77-year-old female visited the Ophthalmology Department
in our hospital because of recent blepharooptosis in May
1997. Her edrophonium chloride (Tensilon) test was positive
and acetylcholine receptor antibody titre was high; 
64.1 nmol/l (upper limit of normal: >0.3, RIA). She was
diagnosed with MG and pyridostigmine bromide (Mestinon)
was administered at 180 mg a day. The administration im-
proved her symptoms, but in December 1998, she experien-
ced general fatigue, thirst and pollakisuria. Her fasting plas-
ma glucose level was 310 mg/dl, her HbA1c was 13.3%, thus
she was diagnosed with diabetes mellitus and admitted to
our hospital. There was no known family history of diabetes
mellitus and autoimmune diseases. Her family included
a younger sister, her two children and four grandchildren
who were all clinically unaffected. Her parents were not
consanguineous; they had died of old age. Her other labora-
tory data were as follows: urinary C-peptide 2.7-2.8 �g/day
(normal: 43~146); antiglutamic acid decarboxylase (GAD)
antibody titre 17,000 U/ml (normal: >1.5, RIA); islet cell anti-
body (ICA) positive; percent of anti-insulin binding antibody
6.8% (normal: <10); level of aspartate aminotransferase
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392 IU/L; ALAT 280 IU/L; AP 335 IU/L; total bilirubin
6.33 mg/dl; direct bilirubin 3.87 mg/dl (0.05-0.30); IgG
3134 mg/dl; IgA 1176 mg/dl; IgM 232 mg/dl; anti-GAD
antibody titre 25900 U/ml; percent of anti-insulin binding
antibody 25.7%; anti-DNA antibody titre 1280 (normal: x
>80, passive haemagglutination test); anti-ss-DNA IgG
antibody 30.3 AU/ml (normal: >25.0, ELISA); anti-ds-DNA
IgG antibody negative; anti-RNP antibody negative; anti-
nuclear antibody negative; antimitochondrial antibody neg-
ative; anti-smooth muscle antibody negative; anti-
liver/kidney microsome (LKM) 1 antibody negative; anti-
acetylcholine receptor antibody 108 nmol/l. Common
viral aetiologies were excluded (hepatitis A, B, and C, and
Epstein-Barr virus). She had not been receiving any other
drugs. Abdominal CT and ultrasound showed no dilata-
tion of intrahepatic bile duct. Therefore, we suspected
autoimmune hepatitis and a laparoscopy for a biopsy was
scheduled. However, the laparoscopy was abandoned
because of the appearance of ascites. The administration
of prednisolone 40 mg per day was started. However, total
bilirubin and ammonia levels increased and prothrombin
time and a test for vitamin k-dependent ‘clotting’ factors
deteriorated. A plasma exchange was started. Finally
plasmapheresis was performed four times and immuno-
absorption was performed twice. Although her condition
improved transiently, finally she died. The findings of
necropsied liver specimens were compatible with auto-
immune hepatitis (figure 2): connective tissue replacing the
lost parenchyma, periportal necrosis and fibrosis extending
far beyond the portal region and linking with an adjacent
portal tract forming a bridging necrosis. Many of inflamma-
tory cells had infiltrated the portal areas. They were mainly
lymphocytes and 10 to 15% of them were plasma cells.
Contrary to viral hepatitis, plasma cells were present in a
significant number. According to the international scoring
system (probably autoimmune hepatitis: 10~15, definite
autoimmune hepatitis: <15) for the diagnosis of autoimmune
hepatitis,10 the patient’s score was 15 (probably autoimmune
hepatitis). 

D I S C U S S I O N

Four autoimmune diseases occurring in the same patient
suggests a pathogenic interrelationship between them.
MG is induced by the secretion of antiacetylcholine recep-
tor antibody and tests performed at the first visit to Itami
City Hospital showed a high titre of antiacetylcholine
receptor antibody in this patient. Type 1 DM is well-known
to be induced by an autoimmune mechanism and the
positive ICA and a high titre of anti-GAD antibody in this
case indicate an autoimmune mechanism. Autoimmune
hepatitis has been proposed as a distinct disease entity
from primary biliary cirrhosis, without antimitochondrial
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Figure 1
Epithelial components in lymphoid tissues were observed

(ASAT) 22 IU/L (7-38); alanine aminotransferase (ALAT)
26 IU/L (5-35); alkaline phosphatase (AP) 145 IU/L (40-250);
total bilirubin 0.73 mg/dl (0.22-0.30); IgG 1586 mg/dl
(800-1800); IgA 483 mg/dl (90-380); IgM 139 mg/dl 
(60-300); TSH 30.4 �IU/ml (0.24-3.7); free T3 1.8 pg/ml
(2.4-4.3); free T4 0.6 ng/dl (0.9-1.8); thyroid test (antithyro-
globulin antibody titre) x 102,400 (normal: x >100, gelatin
particle agglutination); microsome test (antithyroid peroxi-
dase antibody titre) x 409,600 (normal: x >100, gelatin
particle agglutination). 

Physical examination showed emaciation; BMI 17.5 kg/m2

and multi-nodular goitre. Insulin treatment was started at
once and improved her condition. 
Chest computed tomography revealed an anterior mediasti-
nal tumour of 5 cm in diameter, which suggested thymoma.
She had undergone thoracoplasty at the age of 33 because
of pulmonary tuberculosis: her left lung volume had
decreased and her right lung had expanded. The anterior
mediastinal tumour was deviated to the left and an aspira-
tion biopsy was performed. The biopsy specimen showed
epithelial components in lymphoid tissues, which were
compatible with thymoma (figure 1). The patient refused
thymectomy for her thymoma. Pyridostigmine bromide was
administered, together with insulin. At this time, she was
diagnosed with MG, type I DM and Hashimoto’s thyroiditis
with thymoma. 
In August 1999, laboratory data showed liver dysfunction:
ASAT 89 IU/L; ALAT 97 IU/L. In September, the data
indicated that the dysfunction had deteriorated and, in
October, she was readmitted. Physical examination showed
icterus. Her laboratory data were as follows: level of ASAT



antibody but with a high titre of antinuclear antibody in the
serum.10 Our case showed negative antinuclear antibody
and positive DNA antibody. Autoimmune hepatitis generally
progresses slowly. However, in this subject the disease
progressed rapidly and resulted in her death. Thus, we
speculated that the massive production of autoantibody by
the thymoma might explain this different clinical behaviour.
In Japan the major associated autoimmune diseases in
autoimmune hepatitis are rheumatoid arthritis, Sjogren’s
syndrome and Hashimoto’s thyroiditis.9 All patients compli-
cated with other autoimmune diseases were female. Our
patient had Hashimoto’s thyroiditis. A high titre on thyroid
test and microsome test, and the mild hypothyroidism in
this patient indicated Hashimoto’s thyroiditis. These facts
suggest that the production of various antibodies, triggered
by thymoma, may have induced the occurrence of these
four different autoimmune diseases. 
Thymomas are associated with the highest frequency of
paraneoplastic autoimmune disease, of which MG is the
most common disease. Although various autoantibodies
in patients with thymoma are detected, the antigens that
these antibodies recognise are not always present in the
thymomas.11 It has been proposed that thymomas may
generate autoantigen-specific T cells by a process of abnor-
mal positive or negative T-cell selection and that these T cells
may leave the thymoma to induce autoimmune diseases.11

In our case different autoantigen-specific T cells might have
been produced one after another in the thymoma and
moved to the periphery to activate B cells, resulting in anti-

body production. Initially acetylcholine receptor antibody
and anti-GAD antibody, which are related to muscle and
neurons, were produced and later the other antibodies
were also produced. 
Polyglandular autoimmune (PGA) syndrome is well-known
as a combination of autoimmune diseases.12 Type 1 PGA
consists of Addison’s disease, hypoparathyroidism and
chronic mucocutaneous candidiasis. Type II PGA com-
monly consists of Addison’s disease, type 1 DM and
autoimmune thyroiditis, but no hypoparathyroidism or
candidiasis. Type III PGA consists of type 1 DM, auto-
immune thyroiditis and pernicious anaemia, but no
Addison’s disease. Our case does not fit into any of the
known PGA syndromes. 
Thymectomy should be performed in MG patients with
thymoma and associated autoimmune diseases. Since our
patient refused the operation, it is unclear whether a 
thymectomy would have prevented the progression of
autoimmune hepatitis. However, in this patient, the IgG
level at second admission had increased twofold. We 
speculate that this increase may have induced autoimmune
hepatitis. Thymectomy may have been useful in preventing
the progression of autoimmune hepatitis. 

In this case, we speculate that thymoma may have induced
MG, type 1 DM and autoimmune hepatitis, although the
timing of the occurrence of Hashimoto’s thyroiditis was
obscure. Further investigation into the mechanisms causing
these four diseases is required.

Asakawa, et al. A patient with thymoma and four different organ-specific autoimmune diseases.
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Necropsied specimen
Connective tissue replaces the lost parenchyma. Periportal necrosis and

fibrosis extend far beyond the portal region and link with an adjacent

portal tract forming a bridging necrosis. 

Higher magnification of necropsied specimen
A lot of inflammatory cells infiltrate within the portal areas. They are

mainly lymphocytes and 10 to 15% of them are plasma cells. Contrary to

viral hepatitis, plasma cells are present in a significant number (x 260).

Figure 2
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Introduction
Type 1 (insulin-dependent) diabetes is a T cell-mediated
autoimmune disease in which the insulin-producing 
pancreatic �-cells are destroyed.1 The disease has a strong
genetic predisposition, but the events that could lead to
autoimmunity and disease are still largely unknown.
Until recently, the disease was considered to be incurable
and the �-cell destruction irreversible. Against all odds, it has
now been demonstrated beyond doubt that type 1 diabetes
in humans can be cured though replacement of �-cells and
effective immunotherapy, while �-cell neogenesis from
autologous stem cells is possible. Furthermore, the critical
components of the immune system involved in the patho-
genesis are being unravelled. The pressure is on to trans-
late these developments into clinical practice to the popu-
lation of type 1 diabetic patients at large. Yet, significant
problems need to be overcome to achieve this goal. 

Pathogenesis
The hallmark in the pathogenesis of type 1 diabetes is the
infiltration of the islets of Langerhans with mononuclear
cells including T cells, B cells, macrophages and dendritic
cells. With the disappearance of �-cells no insulitis remains,
which indicates that the inflammatory process is �-cell
driven.2 Autoantibodies directed against �-cells have been
described that precede the clinical manifestation of the
disease. Yet, these autoantibodies are neither required nor
sufficient. The same applies to B cells, as was recently
demonstrated by the development of type 1 diabetes in a
patients with severe inherited B cell deficiency (XLA).3

The targets of islet autoantibodies are diverse. Most of these
targets are neither �-cell nor disease specific, but islet cells
autoantibodies serve as best predictor of preclinical type 1
diabetes. The critical involvement of T cells has been
demonstrated by the recurrence of �-cell destruction after
transplantation of a pancreas segment between identical
twins to a diabetic recipient, the delay of �-cell destruction

by cyclosporin A and the adoptive transfer of diabetes with
bone marrow from a diabetic donor to an immunodeficient
recipient. The last-mentioned has only been described if
T cells were not depleted from the graft. The reason why
T cells become autodestructive is an enigma. However,
we were recently able to demonstrate that an important 
�-cell autoantigen (GAD65) bears sequence homology with
cytomegalovirus protein that causes cross-reactivity of T cells
from a prediabetic subject between virus and islets of
Langerhans.4 This molecular mimicry may be one of many
ways in which tolerance to islet antigens is broken.

Cure
Beta-cell replacement in type 1 diabetic patients could be
restored by implantation with allogeneic islets of Langer-
hans provided the initial cause of the disease is adequately
dealt with. This was demonstrated in a clinical trial in
which islet allografts were transplanted in type 1 diabetic
patients that had previously received a kidney graft.5 In this
study of seven long-term type 1 diabetic patients receiving
an implant of highly purified human islet preparations, it
was demonstrated that successful islet graft function beyond
one year was accompanied by absence of T cell auto- and
alloreactivity to islets in three patients. In four patients,
loss of �-cell function was associated with appearance of
auto- or alloreactivity, suggesting a complex reaction
between the graft and the immunosuppressed immune
system in the recipient. All successful restorations of
insulin production occurred following T-cell depletion
with ATG, which suggests that a T cell-directed immuno-
therapy is critical to achieve a cure. This study further
demonstrates that T-cell reactivities in peripheral blood can
indeed be used to monitor immune mechanisms, which
influence survival of �-cell allografts in diabetic patients.
Allogeneic pancreas islet transplantation can restore insulin
production in C-peptide negative type 1 diabetic patients,
but persistence of �-cell function depends on control of
recurrent autoreactivity and allograft rejection. Induction
and maintenance of tolerance towards the islet allograft is
therefore a critical component to achieve successful
restoration of insulin production. Until recently, islet and
pancreas transplantation was limited to patients that
required suppressive medication because of implantation
of a kidney (due to diabetic nephropathy), since life-long
immune suppression is critical. With the development of
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novel drugs it may become possible to offer islet implan-
tation alone by rendering �-cells resistant to immune attack
while other immune responses are not compromised.
This would enable islet reconstitution in type 1 diabetic
patients prior to development of complications. 

Neogenesis
Another major problem is the availability of sufficient
numbers of �-cells to restore insulin-independence. A
promising development that creates novel opportunities
for �-cell generation and reconstitution relates to �-cell
neogenesis from precursor stem cells. This possibility
arises because important gene products driving this type of
endocrine differentiation have been identified (e.g. PDX-1,
HES-1). Potentially, this enables the generation of autolo-
gous �-cells from type 1 diabetic patients that require less
severe immune suppression to prevent recurrence of
autoimmunity. In mice, islets grown from stem cells iso-
lated from the pancreatic duct could reverse hyperglycaemia.
Yet, perhaps the biggest challenge remains: suppression
or eliminattion of the autoimmune process to allow new
�-cells to survive.
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Introduction
Assessment of the risk for cardiovascular events in healthy
persons or patients with existing cardiovascular disease will
help to select persons that should benefit from appropriate

intervention. However, cardiovascular events still often
occur in persons without ‘traditional’ risk markers such
as smoking, diabetes mellitus, hyperlipidaemia, hyperten-
sion. Hence, identification of novel risk markers is
urgently needed. During the last decade a number of
studies have shown an association between plasma levels
of the acute phase protein C-reactive protein (CRP) and the
risk for cardiovascular events.1 Essentially these studies
indicate that high normal levels of CRP in apparently
healthy persons or patients with stable angina pectoris
are associated with a three- to fivefold increased risk for
cardiovascular events, as compared with persons with
low-normal levels. Most studies agree that the risk predicted
by plasma CRP is independent of other risk markers. In
addition, CRP levels in patients with unstable angina pec-
toris constitute the best plasma parameter predicting pro-
gression to infarction. Finally, the course of CRP following
myocardial infarction is associated the risk for short-term
mortality.

CRP
CRP is a member of the so-called pentraxin protein family,
which is characterised by its members consisting of pen-
tamers of one peptide chain. In man, CRP is the prototype
of the acute phase proteins. CRP levels in normal persons
are below 5 mg per L, which may increase up to 100-fold
during acute phase reactions. This increased synthesis is
stimulated by cytokines such as interleukin-6. Although
the protein was discovered more than 70 years ago
because of its property to bind to C-polysaccharide of
pneumococci, its function is still unknown. Among the
functions attributed to CRP are activation of complement
upon binding to a ligand, and binding to phospholipids.
We have shown that in man CRP also activates complement
in vivo.2 Furthermore, we have postulated that CRP in
cooperation with another acute phase protein, secretory
phospholipase A2 (sPLA2), can bind to injured cells sug-
gesting not only that CRP may contribute to the clearance
of dead cells and cell debris in a complement-dependent
fashion, but also that under some conditions it may cause
irreversible damage to reversibly injured cells by mobilising
a complement attack.3

CRP and cardiovascular disease: explanations in the 
literature
There is now ample evidence that arteriosclerosis is at least
in part an inflammatory disease.4 Hence, the associations
between CRP and cardiovascular events often have been
considered to reflect that CRP, by virtue of its acute phase
behaviour, is an indirect parameter for the degree of
inflammation ensuing in atherosclerotic lesions or in the
infarcted myocardium. Alternatively, CRP levels have been
claimed to reflect an infection of the vessels by micro-organ-
isms, for example C. Pneumoniae. 
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CRP and cardiovascular disease: a hypothesis
In vitro and in vivo studies have shown that CRP has the
ability to activate complement via the classical pathway.
Therefore an intriguing possibility is that CRP can bind to
jeopardised cardiomyocytes and stimulate complement
activation. The triggering event for the cells in binding CRP
likely is a flip-flop of the membrane (exchange of phospho-
lipids from the inner and outer leaflets of the cell) due to
decreasing intracellular ATP. Flip-flopped cells, in the
presence of sPLA2, which by hydrolysing phospholipids
renders their phosphorylcholine groups more accessible,
then bind CRP, which in turn starts to activate complement.
Indeed, immunohistochemical studies show the colocalisa-
tion of CRP and activated complement fragments in infarct-
ed, but not in normal myocardium of patients who had
died from AMI.5 Interestingly deposition of CRP was pre-
ceded by binding of sPLA2,6 and coincided with the bind-
ing of �2-glycoprotein I,7 a protein with affinity for phospha-
tidylserine. These observations fully support the hypothesis.
These results strongly implicate CRP as a main activator of
complement in human AMI. Whether this supposed role
of CRP contributes to infarction size is not known.
Human CRP administered to rats undergoing myocardial
infarction significantly enhances infarct size by activation of
complement,8 suggesting that in human AMI indeed CRP
and complement enhance infarction size. Attenuation of
CRP-mediated complement activation thus provides an
attractive therapeutic option for patients with myocardial
infarction. Initial clinical trials seem to support this idea.

Conclusions
CRP levels in plasma constitute a novel and independent
cardiovascular risk marker. A possible explanation for this
association is that CRP actively participates in the local
inflammatory reactions ensuing in the ischaemic myocar-
dium, causing additional injury by activating complement.
Future studies should reveal whether CRP-mediated com-
plement activation constitutes a novel target for therapy in
cardiovascular disease.
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The arsenal of immunosuppressive drugs available to the
clinic has increased. Thanks to different mechanisms of
action, combinations of drugs working synergistically or
additively may be selected.1,2 Given a different profile of
side effects, acute toxicity may be avoided by use of drug
combinations where lower dosages of each can be selected.
However, long-term hazards such as opportunistic infec-
tions and increased incidence of malignancies remain a
major concern.
Corticosteroids have both immunosuppressive and anti-
inflammatory properties. A main target of the action of
corticosteroids is the transcription factor NF-6B. By prevent-
ing activation of this transcription factor, corticosteroids
inhibit the transcription of several cytokine genes. As a
consequence, the function of T lymphocytes, monocytes
and macrophages is inhibited. Moreover, corticosteroids
exert a profound influence on the traffic of mononuclear
cells. Immediately following administration of a single dose,
a profound depletion of both T lymphocytes and monocytes
from the peripheral blood compartment is observed. Most
likely, these cells are temporarily sequestered in lymphoid
organs such as bone marrow and spleen. In that way their
encounter of antigen in lymph nodes and tissues is prohib-
ited. Calcineurin-inhibitors cyclosporin and tacrolimus

prevent the dephosphorylation of NF-ATc. Since phospho-
rylated NFAT cannot enter the nucleus, the initiation of
transcription of the most important cytokine IL2 is inhibited,
which will lead to inability of T cells to go into prolifera-
tion. The antiproliferative drugs methotrexate, azathioprine

and mycophenolic acid interfere with nucleotide synthesis,
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leading to inhibition of DNA and RNA synthesis.
Mycophenolic acid is rather selective in its action on
lymphocytes because these cells do not have a salvage
pathway for purine synthesis. The new drug rapamycine

(sirolimus) is structurally related to tacrolimus, but has a
different mechanism of action. It interferes with the
intracellular signalling pathway that is initiated after
binding of IL2 to its IL2 receptor. Thereby, it prevents cell
progression from G1 to S phase of the cell cycle. This effect
is probably related to its suppression of protein synthesis by
inhibiting a kinase that increases the protein synthetic
activity of the S6 ribosomal protein. The alkylating agent
cyclophosphamide is a nitrogen mustard derivate that dis-
rupts nucleic acid replication by alkylation and cross-link-
ing of DNA strands. In that way, it interferes with the
function of actively replicating T and B lymphocytes,
which makes it to an inhibitor of the specific immune
response. Monoclonal antibodies directed against the CD3
antigen on T lymphocytes inhibit reactivity of these T lym-
phocytes to antigen because of modulation of the CD3-
TCR complex. Whether their ability to induce a profound
depletion of CD3 positive T lymphocytes from the periph-
eral blood compartment is needed for their immunosup-
pressive action, is not known. IL2R-monoclonal antibod-
ies are directed against the �-chain of the IL2R (CD25)
and are effective against activated T lymphocytes only.
They induce an effective blockade of IL2 receptors for
about 30 days, thereby preventing full activation of T cells
after they have encountered their antigen. Monoclonal
antibodies and the TNF-receptor IgG1 fusion protein, each
directed against TNF�, may prevent the tissue damaging
actions of TNF�, which plays a role not only in the induc-
tive phase, but also in the effector and inflammatory phase
of the immune response.
In conclusion, a number of non-specific immunosuppres-
sive drugs are available and of great value in medicine.
However, because of their non-specific mechanism of action,
they may induce several adverse effects. The ultimate goal
of clinical immunosuppression, to achieve long-term
unresponsiveness to a specific antigen without impairing
the response to other antigens, i.e. tolerance, is still far
beyond the horizon. Yet, considerable progress has been
made in the last few years. Studies on the induction of
antigen specific non-reactivity, i.e. tolerance, have focussed
on inhibition of the ‘second signal’, provided by interactions
via costimulatory molecules. It became apparent that some
of the conventional immunosuppressive drugs may inhibit
the induction of tolerance, in which process apoptosis plays
an important role.3 In contrast, anergy and/or immuno-
regulatory mechanisms appear to be crucial in the mainte-
nance of tolerance. 
In parallel with the extension in the arsenal of immuno-
suppressive drugs, studies have been performed or are in
progress testing some of them in the treatment of autoim-

mune diseases and vasculitides.4,5 For example, the effect
of mycophenolate mofetil on SLE disease activity looks
promising.6 Interesting data have been published from a
phase I clinical trial on immunosuppressive efficacy of
CTLA4Ig on psoriatic skin disease.7 Study protocols which
are evaluating the optimal drug treatment for vasculitides
such as Wegener’s disease will be discussed. 
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Primary immunodeficiencies (PID) include approximately
80 diseases that disturb development and function of the
immune system. The most severe forms of PID are severe
combined immunodeficiencies (SCID), which are charac-
terised by a profound block in T-cell differentiation and
thus, by absence of mature T cells. Patients with SCID
suffer from recurrent infections, failure to thrive, and die
during the first year of life. Haematopoietic stem cell
transplantation (HSCT) is the treatment of choice for SCID,
which is curative for those patients who have an HLA-
identical donor. In the absence of this ideal donor haplo-
identical T-depleted HSCT has been performed but the
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survival rate is around 60% due to the clinical consequen-
ces of acute graft-versus-host disease (GVHD) as well as
the delay to immune function development.
Autologous transplantation of genetically modified bone
marrow cells therefore appeared a reasonable therapeutic
alternative to allogeneic HSCT. 
Correction of an inherited disorder by gene therapy involves
understanding the pathogenesis of the disease. In recent
years, numerous disease-causing mutations have been
identified, knockout mouse models have been produced.
These models, in which pathological features mimic human
SCID diseases, offered the opportunity to gain new insights
into the pathogenesis of the disease and to evaluate new
therapeutic approaches. One of the most frequent form of
SCID in man, the X-linked SCID or SCID-X1 results from
defects in the common � chain (� c) which participated in
the receptors for IL-2, IL-4, IL-7, IL-9, IL-15, and likely IL-21.
The molecular basis of this SCID-X1 highlights the role
played by some cytokines in promoting survival and/or
proliferation of early thymocytes. SCID-X1 is characterised
by the complete absence of mature T and natural killer
cells, whereas B cells are present in normal or increased
numbers. The blockade in T cell development occurs very
early and patient’s thymuses are almost completely devoid
of T cells. The � c mutations result in either the absence
of the � c sub-unit or the expression of truncated protein
that cannot associate with the Jak-3 tyrosine kinase and
thus do not transduce growth signals. Mutations in Jak-3
cause a phenotype indistinguishable from patients with
SCID-X1. The defect in � c and Jak-3 appears more severe
in humans than in mice. � c-deficient mice are charac-
terised by the development and accumulation of mature,
dysfunctional T cells, while the B-cell development is
markedly diminished. These mice lack NK cells and gut-
associated intraepithelial lymphocytes (IELs). Despite the
difference between humans and mice, this model is valu-
able to study the feasibility of in vivo retroviral gene transfer
to correct the defects in lymphoid development and T-cell
function. Murine- � c or human- � c gene transfer into �
c(-) bone marrow cells, led after transplantation to substan-
tial lymphoid reconstitution of T, NK, and B cells. � c-trans-
duced lymphocytes are functional as demonstrated by their
responsiveness to � c-dependent cytokines and by their
capacity to generate a cooperative (B-T cell) immune
response following antigen immunisation.1-3 Bunting and
collaborators observed similar results in their mouse
model of Jak-3 deficiency.4 Transplanted mice displayed
significant correction of both cellular and humoral immu-
nity and also circulating immunoglobulin (Ig) levels.5 In
addition, it was found that transgene expression was
much more frequent in lymphoid than in myeloid cells,
thus providing in vivo evidence for a selective advantage
conferred to transduced lymphoid cells. This naturally
occurring selective advantage for Jak-3 expressing lymphoid

progenitors has been confirmed by this group since they
observed nearly the same immune reconstitution using
lethally irradiated mice or unablated hosts.5

The selective advantage conferred to transduced progenitor
cells accounts for clinical benefit obtained in four SCID-
X1 with � c deficiency following � c gene transfer into
CD34+ cells using a MFG vector. Evidence for complete
correction of the immune system has been provided, 
T-lymphocyte counts reached normal values for age between
three months and five months post-therapy. These T cells
were shown to express the � c transgene, to display a
polyclonal repertoire, and to proliferate to mitogens and
antigens after immunisation. Even, the fraction of trans-
duced B cells is very low (1%), protective titres of specific
antibodies to polioviruses, tetanus and diphtheria toxoids
were detected in patients’ sera. In all patients, � c+ NK
cells have also developed. These children are doing well,
free of infections without any therapy with follow-up
ranged between two years and one year.6 The significant
correction of � c-deficient SCID phenotype suggests that
human SCID conditions represent appropriate diseases
for treatment by ex vivo gene transfer. SCID characterised
by a deficiency in the early steps of V(D)J recombination
and caused by mutations in either the Rag-1 or Rag-2 encod-
ing genes (without increased radio-sensitivity) are the next
candidates. Affected children, lack circulating T- and B-
lymphocytes. A selective advantage of correct precursor
cells on endogenous Rag-/- cells is also expected
(although it might be less strong, as Rag-1 and Rag-2 are
expressed at a later stage during 
T- and B-lymphocyte development). Another advantage is
that constitutive expression of one of the two Rag proteins
should not be harmful since concomitant expression of
both genes is required for the recombination activity.
As a logical step towards gene therapy clinical trial, a pre-
clinical model attempted to correct the immunological
defect in Rag-1 and Rag-2 deficient mice models.
Modified retroviral vectors (MND) encoding the Rag-1 or
Rag-2 cDNA transgenes were built. Sca-1+ selected bone
marrow cells were transduced and transplanted into sub-
lethaly irradiated Rag-2-/- mice. Treated mice have been
analysed two to six months after transplantation, both
peripheral T- and B-cell numbers as well as seric IgM and
IgG were significantly increased. Long-term follow-up and
secondary transplants will be required to determine the
duration of the correction, TCR/BCR diversity and its
corollary: the capacity of these mice to generate a full res-
ponse to a live pathogen as well as the toxicity of transgene
expression. Immune reconstitution after gene transfer of
Rag-1 deficient mice is currently being studied with the
double aim of proving the feasibility and the lack of toxicity
of the ectopic expression of this catalytically active protein.
In conclusion, beside the efficacy criteria, animal models
can reply to safety issues regarding potential toxicity of
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gene therapy protocols, particularly in those diseases
where gene expression should be tightly regulated. This is
the case for the X-linked hyper-IgM syndrome, characterised
by failure of immunoglobulin isotype switching and severe
defects of cell-mediated immunity. This disease results from
a deficiency in CD40 ligand. Brenners’group showed that
constitutive low-level expression of CD40L in CD40L-/-
treated mice induce T-lympho proliferative disorders.7

The analysis of the in vivo consequences of constitutive gene
expression may allow to circumscribe applications of gene
therapy for some diseases in which effective regulation of
the transgene is not required.
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Introduction
Autoimmune hepatitis (AIH) is a chronic necro-inflam-
matory disease of the liver that, if left untreated, leads to
cirrhosis, liver failure, and death. Landmark studies con-
ducted in the late 60s and early 70s have unequivocably
shown that prompt treatment with corticosteroids (with
or without azathioprine) effectively induces remission of

the disease and almost normalises life expectancy.
Paradoxically, the effectiveness of this treatment has been
a barrier for the development of new regimens, and the
progress achieved in immunosuppressive treatment of
other conditions, e.g. solid organ transplants, has hardly
changed the treatment of AIH. Here, we will briefly review
topics that are of interest from clinical and immunological
points of view. 

Diagnostic problems
There is no single diagnostic marker that reliably differen-
tiates AIH from other immune-mediated, viral, metabolic
or drug-induced liver diseases. Thus, clinicians have tradi-
tionally arrived at a diagnosis by looking for clues sugges-
tive of the disease (epidemiology, biochemistry, immuno-
serology, histology), while trying to exclude alternative
causes. This intuitive approach has been formalised by the
International Autoimmune Study Group, resulting in a
scoring system that recently has been updated,1 and which
is very helpful in clinical practice. Unfortunately, liver 
diseases have a tendency not to respect classic textbook
boundaries. Overlap syndromes combining features of AIH
and PBC (primary biliary cirrhosis) or PSC (primary scleros-
ing cholangitis) occur frequently.2 In such cases, the various
components all have to be recognised and properly treated.
Autoantibodies, e.g. directed against F-actin (smooth muscle
antibodies, SMA) or antineutrophil cytoplasmatic antibodies
(ANCA) are frequently present in chronic hepatitis C infec-
tion, probably as an epiphenomenon. They should not lead
to institution of immunosuppressive treatment, however, as
this will promote viral replication and further increase
liver damage.

Therapeutic problems
Corticosteroids with or without azathioprine induce remis-
sion of clinical and biochemical abnormalities in over 85%
of patients. Treatment needs to be continued for at least
two years, and toxicity may be troublesome. Steroid-related
side effects can be limited by careful dose titration using
transaminases and total IgG as indicators of disease activity.
Alternatively, increasing the dose of azathioprine to 2 mg/kg
may allow complete discontinuation of steroids. 
Firm guidelines are lacking on how to treat patients who do
not, or only partially respond. The side effects of prolonged
treatment with high doses of steroids may appear worse
than the disease itself. It has been advised to aim for doses
that reduce but not eliminate inflammation and that have
manageable toxicity. Uncontrolled studies have suggested
that mycophenolate mofetil3 and cyclosporin A4 may be
effective in such cases. These drugs may also be helpful in
patients experiencing troublesome side effects. It may be
difficult in patients presenting with impending liver failure
to decide whether immunosuppressive treatment still is
worthwhile, or whether the patient should be offered a
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transplant right away. Survival rates of patients transplanted
because of AIH are generally excellent, but patients who
fail on conservative treatment are extremely susceptible to
opportunistic infections, and may have to be transplanted
in a far worse condition than on initial presentation (if
still transplantable at all). No firm guidelines can be given
here, but early referral to a transplant centre is recom-
mended. 

New therapeutic options
Budesonide is a potent corticosteroid that has an extremely
high first-pass effect in the liver after oral administration.
Theoretically, this should provide effective anti-inflamma-
tory and immunosuppressive activity in the liver, with mini-
mal extrahepatic side effects. An uncontrolled study5

showed evidence supporting this hypothesis, and a random-
ised trial comparing budesonide versus prednisolone, both
combined with azathioprine, is presently being conducted.
This study may not only improve patient care by amelio-
rating side effects, but – more interestingly – will also tell us
whether ‘local immunosuppression’ as a concept is valid
in AIH.

AIH after liver transplantation
A minority of patients with AIH develops liver failure and
needs to be transplanted. It has become clear in recent years
that AIH may recur after liver transplantation, and that it
may even lead to transplant failure.6 This may occur despite
the fact that no HLA matching is performed in liver trans-
plantation, generally resulting in an (almost) complete HLA
mismatch. It is the impression that the recurrence of AIH
is related to the type of immunosuppression, since recur-
rences are observed predominantly in centres striving to
maintain patients on tacrolimus or cyclosporine monothe-
rapy, but not in those keeping their patients on steroids.
We have not seen a single case of recurrent AIH in over
30 patients maintained on prednisolone/azathioprine
therapy. 

Immunopathogenesis
AIH may be considered to be initiated by a specific event,
such as an infection, occurring in a genetically predisposed
individual. In white northern Europeans the disease is rela-
ted to HLA alleles encoding the six amino acid sequence
LLEQKR at positions 67-72 of the DRB1 polypeptide, sug-
gesting a role in optimal T-cell recognition of autoantigen(s).
Moreover, there is a distict relation with CTLA-4 gene
polymorphisms.7 There is observational evidence that AIH
may be triggered by viral infections such as hepatitis A or
EBV. This suggests that a failure to switch off immune
responses lies at the heart of this disease. 
Autoantibodies directed against a variety of self-proteins
(such as histone, F-actin, et cetera) can be demonstrated in
most AIH patients, but their role in the immunopathogene-

sis of the disease (target, innocent bystander or epiphenom-
enon) remains uncertain. 
These observations indicate that AIH provides immunolo-
gists with an excellent opportunity to study the pathogenesis
of autoimmune diseases. This might hopefully lead to radi-
cally new treatment approaches, no longer based on pro-
longed, non-specific immunosuppression, but directed
towards restoring the normal immunological homeostasis
and tolerance of ‘self’. 
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The results of the first human intestinal transplants in
the early 60s where overshadowed by early rejection and
sepsis resulting in a high mortality rate. At the same time
total parenteral nutrition became an acceptable option with
a good quality of life for those suffering from intestinal
failure. An important turning point for intestinal trans-
plantation in humans was the introduction of FK 506/
tacroliminus as an immunosuppressive agent. In the 
pretacrolimus period, the three-year patient survival rate
ranged from 0 to 28% with graft survival rates of 0 to 11%.
Long-term survival now exceeds 50% in large series.1,2

Also combined small bowel/liver and multivisceral trans-
plantations have been successful. The Intestinal Transplant
Registry reported 55 active intestinal transplant centres
between April 1985 and May 2001. In total 651 patients have
been transplanted and there are currently 335 survivors.
Of note is that 83% of these survivors have a modified
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Karnofsky index between 90 and 100 points, indicating a
good quality of life.3

Intestinal failure itself is not an indication for small bowel
transplantation, but should only be considered as a life-
saving option for patients with severe complications from
(home) parenteral nutrition (HPN) or if HPN is not an
option. Therefore only a small number of patients are
candidate for an isolated or combined small bowel/liver
transplantation. Identifying the right candidates in cooper-
ation with referring HPN centres is a prerequisite for a
small bowel transplant programme.

A characteristic problem encountered in intestinal trans-
plantation is that rejection immediately results in loss of
integrity of the barrier between the outer world and the
human body, offering a condition for massive bacterial
translocation and sepsis.
Histological diagnosis of intestinal allograft rejection is
therefore crucial in monitoring postoperative patients.
Increase in apototic bodies in the crypts can be an early
signal of rejection without any clinical symptoms.
Balancing between immunosuppressive therapy, which
should protect the integrity of the bowel mucosa, and pre-
venting CMV and EBV proliferation and/or opportunistic
infections is the clinical challenge in small bowel trans-
plantation programmes. 

Intestinal transplantation has evolved from an experimental
therapy to a standard therapeutic option for selected patients
with intestinal failure. Identifying good candidates for
intestinal transplantation, development of novel immuno-
suppressive strategies and improving postoperative moni-
toring techniques will be the base for improving clinical
outcome of intestinal transplantation in the near future.
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Celiac disease is characterised by hypersensitivity to cereal
grain storage proteins (gluten) of the taxonomic closely
related species wheat, barley, and rye (Triticeae), but not
oats, rice or maize. The prevalence of clinically diagnosed
celiac disease is estimated to be 1:1000, however, screening
trials suggest a prevalence of up to 1:100.1 The gluten-sen-
sitive enteropathy results in weight loss, diarrhoea, symp-
toms due to nutritional deficiencies, such as anaemia and
fatigue, and growth failure. These symptoms are the result
of the mucosal lesions that develop in a sequence of pro-
gression.2 The initial event in the mucosal lesions is a lym-
phocytic infiltration of the lamina propria (stage 1) and is
followed by crypt hyperplasia (stage 2) and villous atrophy
(stage 3).3 Celiac disease may also present as extra-intestinal
manifestation, such as dermatitis herpetiformis, or remain
clinically silent. Because of the wide spectrum of symptoms
the European Society for Paediatric Gastroenterology,
Hepatology and Nutrition (ESPGHAN) has defined diagnos-
tic criteria of celiac disease.4 First, the diagnosis is based on
the appearance of flat small intestinal mucosa with the
histological features of hyperplastic villous atrophy while
the patient is still eating adequate amounts of gluten.
Second, there should be unequivocal and full clinical
remission after withdrawal of gluten from the diet. The
clinical response to a gluten challenge is not essential for
diagnosis.

Active celiac disease is accompanied by the presence of
circulating (auto)antibodies.5 Since celiac disease is a
mucosa-associated disease, these antibodies are predomi-
nately of the IgA isotype. The discovery of the presence of
agglutinating antibodies against wheat gluten eventually
resulted in the development of sensitive methods for meas-
uring IgA antibodies to gliadin (AGA), the ethanol-soluble
fraction of gluten, as a screening tool for celiac disease
(sensitivity 30 to 100%; specificity 81 to 100%). Methods
used for AGA determination include enzyme-linked 
immunosorbent assays (ELISA) and fluorescent-enzyme
immunoassays (FEIA). Besides AGA, several types of
autoantibodies to extracellular matrix constituents have
been associated with celiac disease. The first-described
autoantibodies are the antireticulin autoantibodies (ARA)
as detected by indirect immunofluorescence (IFT) on rat
tissues including liver, kidney, and stomach. The ARA
includes five subtypes, but only the IgA R1 subtype is
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associated with celiac disease (sensitivity 53 to 92%; 
specificity nearly 100%). The most distinctive feature of
R1 type ARA is the staining of the peritubular and peri-
glomerular connective tissue fibres in rat kidney sections.
Next, IgA antibodies to the lining of smooth muscle bun-
dles, i.e. endomysium, of the distal part of monkey oeso-
phagus were described (sensitivity nearly 100%; specificity
nearly 100%). These antiendomysium antibodies (EMA)
also react with similar antigenic structures in human umbil-
ical cord vein. Furthermore, adsorption studies have
demonstrated that there is no difference between EMA
and ARA of type 1. The endomysial antigen has been iden-
tified as tissue transglutaminase (tTG), and recently recom-
binant human (rh)-tTG has become available for testing
of IgA anti-rh-tTG antibodies (rh-tTGA) in solid-phase
assays (sensitivity 95 to 100%; specificity 90 to 97%).6,7

Although the presence of circulating (auto)antibodies is
not essential for diagnosis according to the ESPGHAN
criteria, the high sensitivity and specificity of these anti-
bodies for celiac disease enables the selection of suspected
patients for the requirement of an intestinal biopsy for
verification of the diagnosis. The high sensitivity, however,
has been disputed in a couple of situations. First, in clinical
practice autoantibodies are primarily tested for the IgA
isotype and given the relatively high incidence of IgA
deficiency (~10%) in patients with celiac disease, it is sur-
prising that several studies claim sensitivities of nearly
100% when only testing for the IgA isotype.5 To enable
serological screening for possible celiac disease in patients
with IgA deficiency, additional testing for the IgG isotype
is recommended. However, due to the reduced specificity
of IgG isotype (auto)antibodies, interpretation of positive
test-results should be done in relation to defined IgA defi-
ciency. In a small cohort of untreated patients with biopsy
confirmed celiac disease, we recently confirmed that indeed

~10% was IgA deficient, and that all these IgA deficient
patients were positive when tested for AGA, EMA, and/or
rh-tTGA of the IgG isotype.8 Second, tests for (auto)anti-
bodies may be negative in celiac patients less than two years
of age, as well as in patients with only partial villous atrophy.9

It is well established that AGA, ARA, and EMA disappear
when a gluten-free diet is installed. Furthermore assays for
these (auto)antibodies are helpful in therapy control of celiac
disease. Detection of AGA in these situations is superior to
ARA and EMA since AGA are measured in a quantitative
assay and may respond within a period of three to six
months. Whether detection of rh-tTGA, combining the
highest sensitivity in a quantitative assay, performs even
better than AGA, remains to be determined. Another
application of the serological tests for celiac disease is epi-
demiological screening of the general population in order
to detect patients with silent disease. The rationale for this

approach is the relatively high incidence of small bowel
lymphoma as well as decreased bone mineral density in
patients with untreated celiac disease.1,2 Besides popula-
tion-wide serological screening for silent celiac disease, it
was recently suggested that a two-step strategy should be
performed for screening, based on selection of the indivi-
duals with potential celiac disease by HLA-DQ typing and
on longitudinal serological screening in this selected
group.10 This approach is based on the strong linkage of
celiac disease with HLA-DQ2 (90 to 99%), whereas the
remaining patients express HLA-DQ8.2 However, since
also 20 to 30% of the general population expresses HLA-
DQ2, the advantage of this preselection may not be cost
effective.

Altogether, serological assays for celiac disease are useful for
three reasons. First, these assays are valuable in screening
suspected patients for the necessity of an intestinal biopsy;
second, they are helpful in therapy control; and third, popu-
lation-wide screening may reveal silent celiac disease and
thereby enable the prevention of associated side effects like
small bowel lymphoma. Until recently qualitative detection
of EMA was the golden standard, but this assay may be
replaced by the quantitative detection of rh-tTGA in the
near future.
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Introduction
Celiac disease is a disease of the small intestine.
Approximately one out of 200 individuals suffer from the
disease, corresponding to roughly one million patients in
Western Europe alone. Since the 50s it is known that the
gluten proteins in wheat and related grains cause celiac
disease. Recent studies have revealed a complex interaction
between gluten, the enzyme tissue transglutaminase and
components of the immune system. These observations
provide an explanation for the disease inducing capacity
of gluten.

Background
Celiac disease (CD) is a permanent intolerance to gluten.
Typical disease symptoms include chronic diarrhoea,
fatigue, and failure to thrive. These are the result of a
lesion in the small intestine. The only known cure is a
lifelong gluten free diet. Gluten is a complex mixture of
storage proteins found in wheat. The major components
are the gliadins and glutenins of which multiple variants
are found in any wheat variety. 
CD is almost exclusively found in individuals with a parti-
cular genetic background: they express the HLA-DQ2
and/or -DQ8 molecules. The function of HLA molecules
is to bind protein fragments, peptides, and to ‘present’
these to cells of the immune system. The immune system
should only respond when these peptides are derived from
a pathogen. In the case of celiac disease the immune system
makes a mistake and responds to gluten peptides.
Inflammation and tissue damage is the result.

Which gluten peptides initiate this response?
The sequences of five gluten peptides that stimulate the
immune system have now been published1-6 and seven more
are known Koning, et al. unpublished. These peptides are
derived from �-gliadins, �-gliadins and glutenins.
Moreover, some of these peptides represent repetitive
sequences and homologue sequences are also present in
gluten. One of the glutenin sequences, for example, has
32 homologues2 and the majority of these can stimulate the
immune system.2 Thus, multiple gluten peptides that can
stimulate the immune system are present in a variety of
gluten proteins.

Why do HLA-DQ2 and/or HLA-DQ8 molecules predispose
to disease? 
HLA molecules bind peptides but they do not bind just any
peptide. Such peptides have to fulfil particular requirements.
In the case of HLA-DQ2 and HLA-DQ8, the molecules
found in CD patients, the peptides must contain one or
two amino acids with a negative charge.7 When this was
first observed it did not seem to make any sense because
gluten molecules contain very few negative charges. This
puzzle was solved when it was found that gluten could be
modified by an enzyme, tissue tranglutaminase (tTG).3,4

Due to the modification, negative charges are introduced
in gluten peptides and this facilitates the binding to HLA-
DQ2 or -DQ8 molecules.3,4,7 While some unmodified gluten
peptides can stimulate the immune system, the majority of
gluten peptides require the tTG modification for optimal
stimulation of the immune system.1-6 In conclusion, the
expression of HLA-DQ2 and/or- DQ8 molecules allows
disease development because tTG generates gluten peptides
that bind with high affinity to these HLA molecules.
Individuals that do not express HLA-DQ2 and/or -DQ8,
therefore, will not develop disease.

Unresolved issues
There are two major unresolved issues. First, the majority
of individuals that express HLA-DQ2 and/or -DQ8 do not

develop CD: while 25% of the population is HLA-DQ2
positive, only 0.5% develops CD. We do not know why that
is. Second, and related to the first issue: we do not know
what triggers the disease development. While in some indi-
viduals CD develops after the first contact with gluten, in
others it develops much later in life. Also, the disease
heavily affects some patients while others have only mild or
even absent clinical symptoms. Two possibilities warrant
further investigation: the role of intestinal infections that
could lead to uncontrolled immune responses in the intes-
tine, including those to gluten, and the role of additional
genetic factors that predispose to disease development.
These are topics for future investigations.

How can we use this knowledge? 
There are several options:
- Since we now know which peptides in gluten appear

responsible for disease development we can develop a
test to screen food products for the presence of such
peptides. This would certainly be an improvement on
the current tests that either screen for the presence of
a single gliadin type or nitrogen content, and thus
only give a rough estimate of gluten content.

- We could use such a test system to screen for wheat
varieties that lack one or more of the toxic gluten pep-
tides. Such varieties could form the basis for a dedicated
breeding programme to develop wheat varieties that
contain gluten molecules with considerably less toxicity
for CD patients.8
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- Given the importance of gluten modification by tTG a
seemingly logical step would be to block the enzyme
activity in the intestine of CD patients in order to prevent
the immune response to gluten. Unfortunately, tTG
has important biological functions other than gluten
modification, in particular the cross-linking of extra-
cellular matrix proteins upon tissue damage as part of
the wound-healing process. Prolonged blocking of tTG
activity may thus have adverse side effects.9

- Finally, the dream of an immunologist: manipulate
the immune system so that it will no longer respond
to gluten. This goal is more realistic now we know
which gluten peptides stimulate the immune system
but complicated by the fact that so many peptides are
involved.10

Conclusions
In the last four years we have gained detailed insight in the
events that play a key role in the development of celiac
disease. Peptides derived from gluten bind to the HLA-DQ2
and/or HLA-DQ8. Subsequently these HLA-DQ-peptide
complexes stimulate the immune system. The interaction
between gluten peptides and HLA-DQ-molecules is facili-
tated by the activity of the enzyme tTG. Multiple gluten
peptides derived both from the gliadin and glutenin mole-
cules can stimulate the immune system. This knowledge
opens novel approaches for the development of safer food
products and novel therapies for CD patients. 
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