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In this paper I describe more than 30
years of investigations of the autoin-

flammatory syndrome hyper-IgD syn-
drome (HIDS). In the first paper after
the recognition of the syndrome pub-
lished in 1984, we described the charac-
teristics of this periodic fever syndrome.
The hypotheses regarding the pathogene-
sis of the fever and the acute phase
response in these patients prompted us
to study interleukin-1 (IL-1), the cyto-
kine formerly described as endogenous
pyrogen and lymphocyte activating fac-
tor. Although we were unable to find ele-
vated concentrations of IL-1 in the
circulation, we discovered that white
blood cells spontaneously produced ele-
vated amounts of IL-1b. A major next
discovery was the identification of the
gene defect by us and others in 1999:
quite unexpectedly the mevalonate
kinase, an enzyme in the cholesterol syn-
thesis pathway was found to be mutated.
We were able to describe a founder effect
and a phenotypic continuum with the
classical mevalonate aciduria in the years
to follow. A major step forward was the
finding that recombinant interleukin-1
receptor antagonist (anakinra) was an
effective treatment for the majority of
patients. Thus, research over a period of
three decades after the first recognition
of the syndrome, has yielded much
insight into the pathogenesis as well as
an effective therapy for HIDS.

Introduction

In this legacy paper I will give an
account of 30-year long travels between
bedside and bench and vice versa because
of a peculiar periodic fever syndrome, i.e.,
hyper-IgD syndrome. As the paper deals
mainly with the results obtained by our
group, this is a very biased literature
review, with probably too little credits to
the work of others.

Discovery of a New Syndrome

As a young internist working in the
Department of Infectious Diseases at the
University Medical Center in Leiden in
the early 1980’s, I became intrigued by
the febrile response of human beings. I
had just finished my PhD on proliferation
and differentiation of mononuclear phag-
ocytes in long-term cultures under the
guidance of Ralph van Furth, and was
wondering how to proceed. I felt that the
subject of my PhD thesis was not very
well connected to clinical medicine. At
that crossroad, we had admitted 2 unre-
lated male adolescents with unexplained
fever attacks, patient M and patient S to
our ward. Patient S had an older sister M-
S with a similar picture, who I had seen at
the outpatient clinic.

Because I was also building up an out-
patient clinic for adolescents and adults
with primary immunodeficiencies (such as
agammaglobulinemia and phagocyte dis-
orders), I had close contacts with the tech-
nicians and the laboratory staff at the
Department of Immunohematology
headed by Professor Jon van Rood. Once
a week, there was a session on immuno-
globulin measurements with Dr Jiri Radl
(Fig. 1), who would scrutinize the immu-
noelectrophoresis patterns. At the time
that patients M and S were admitted, Jiri
showed the findings of their immunoelec-
tropherograms, pointing to a distinct
band, representing IgD, which was present
in both. A week later I received a phone
call from Riek Schuit, a technician of Dr

Willy Hijmans. She had received bone
marrow samples of patient M and of M-S,
the sister of patient S. She asked me
whether M and M-S were relatives,
because of the remarkable resemblance of
the immunofluorescence pattern of their
bone-marrow specimens: both showed
strong staining for cytoplasmic IgD and
IgA. In her vast experience, Riek had never
seen such a pattern before. I told her that
these 2 were unrelated, and that she would
receive a bone-marrow sample from S, the
brother of M-S. At that point, I started to
realize that we probably touched on a new
syndrome, characterized by periodic fever
and hyperimmunoglobulinemia D.

More Patients

Within half a year, by sheer coinci-
dence, another patient was referred to my
outpatient clinic, a 16-year old girl with a
life-long history of incapacitating fever
attacks. Just like the other 3 patients, her
attacks had started at the first childhood
vaccinations, and she would have lymph
node swelling and loose stools during the
attacks. Some attacks were accompanied
by a skin rash. I could hardly wait to see
her immunoelectrophoresis pattern; it
showed the most prominent IgD precipi-
tation line we had seen up to then
(Fig. 2). The quantification by single
radial immunodiffusion showed a serum
IgD concentration of 5300 IU/l, higher
than what we had seen before.

Soon after, 2 more patients were diag-
nosed. During the months to come we did
a couple of obvious things. We investi-
gated bone marrow of all patients, and did
a series of additional immunological
investigations. We also investigated
whether patients with Familial Mediterra-
nean Fever (FMF), the only established
periodic fever syndrome at that time, had
elevated IgD concentrations in their
blood. With the exception of one Turkish
girl, who showed a serum IgD of 177 IU/l
(normal value < 150 IU/l), all FMF
patients had low or undetectable IgD
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concentrations. We tried whether the drug
that was shown to prevent attacks in FMF,
colchicine would influence the attacks.
There was no convincing preventive or
therapeutic effect. Of course, we also spec-
ulated about the pathogenesis. Immune
complexes at that time were a favorite
mechanism of many immunologists, so
we considered IgD complexes as an expla-
nation for the pathogenesis.

That same year, Joost Oppenheim vis-
ited our Department and gave a seminar
on lymphocyte activating factor (LAF), in
which he highlighted the discovery of LAF
as endogenous pyrogen,1 and the new
nomenclature in which this mediator was
named interleukin-1 (IL-1). To me this
was an eye opener: the immune system
linked to the febrile response, this might
well be a pathophysiological mechanism
in our new syndrome. This was definitely
a possibility to pursue.

Our First Hyper-IgD Paper

The paper was relatively easy to write.
In first instance, we submitted it to New
England Journal of Medicine. After a few
weeks it came back judged by one
reviewer. Naively, I had given the paper
the title: ’Hyperimmunoglobulinaemia D
and periodic fever, a syndrome resem-
bling Familial Mediterranean Fever’. The
reviewer stated: ‘this syndrome does not
resemble FMF, since there is no clear
serositis, there is lymphadenopathy and
diarrhea’. This was enough for the Jour-
nal to reject the paper. Based on the
review I decided to slightly rewrite
it to emphasize the differences with
FMF, and submitted it to Lancet as
’Hyperimmunoglobulinaemia D and
periodic fever, a new syndrome’. Without
any revision, it was immediately accepted
and rapidly published.2

I was convinced that we were the first
to recognize this syndrome, because I had
not been able to find similar descriptions
in the literature written in English. Later
it appeared that Anne-Marie Prieur and
Claude Griscelli in Paris had published a
paper in French in 1983, in which they
described similar patients as a form of
early-onset systemic juvenile arthritis.3

Our Lancet paper was published in
May 1984.2 That same month Charles
Dinarello published his interleukin-1
review in Reviews of Infectious Diseases.4

I phoned him and asked whether I could
visit Boston to discuss our papers, and
whether he could teach me how to mea-
sure interleukin-1. I visited him in con-
nection to a conference that I attended in
Washington shortly thereafter. We had
great discussions that day, he showed me
the first Northern blots of IL-1b and we
laid the basis for a friendship of decades.

Boston 1984 and 1987

In November 1984, I went to Boston
where Charles’ technician Gail LoPreste
taught me the gel filtration of the plasma
and the IL-1 bioassay using either D10
cells or mouse thymocytes. One of the first
evenings in Boston, Charles invited me for
a dinner at his house, where he had also
invited his boss and mentor Sheldon
Wolff with his family. Shelley, as he was
generally called, had read my hyper-IgD
paper and confessed that he had been the
reviewer who destroyed the submission to
the New England Journal. We became
good friends.

Measuring IL-1 in plasma of patients
with the assay did not really work. In sam-
ples from patients with an acute phase
response (like in hyper-IgD syndrome),
there was a tremendous amount of inhib-
iting molecules of about the same molecu-
lar weight as the 17 kD IL-1, leading to
massive inhibition of the IL-1 bioassay.

However, my interest in IL-1 was kin-
dled, and in 1987, I went to Charles in
Boston for a sabbatical. This was a very
productive period, because the conditions
were incredible. Charles was (and is) a
magnificent mentor (Fig. 3). Sheldon
Wolff was there in the background.
Recombinant IL-1 b, IL-1 a and TNF

Figure 1. Jiri Radl, around 1984.

Figure 2. Immunoelectrophoresis pattern showing IgD precipitation of serum IgD in a HIDS patient.
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were just available and together with Ste-
fan Endres, Gert Lonnemann and Joe
Cannon, we developed the first specific
radioimmunoassays to measure IL-1a, IL-
1b and TNF.5,6 We also worked on opti-
mization of the assays for measuring IL-
1b in plasma, using chloroform extraction
and designed a whole blood cytokine
assay.7-9 In parallel I did a project on the
effects of IL-1 on the innate defense to
infection.10

The year after my return from Boston,
I was appointed as a full professor of inter-
nal medicine in Nijmegen.

Between 1984 and 1992, I had quite a
lively correspondence with physicians
from many parts of the world who had
diagnosed patients with hyper-IgD syn-
drome. In that period a number of case
reports were published as well. Remark-
ably, there were no American cases during
that time frame.

Despite the fact that we had the sensi-
tive and specific assay for IL-1b 11 we were
not successful in finding measurable con-
centrations of this cytokine during attacks
of patients with hyper-IgD syndrome.

Joost Drenth

In 1992, Joost Drenth MD, received a
grant from the Dutch funding organization
NWO to do a PhD on hyper-IgD syn-
drome. With great enthusiasm Joost started
his project. The first things Joost and I did
were contacting clinicians and scientists who
had expressed their interest in hyper-IgD
syndrome to establish the International
hyper-IgD Study Group and building a reg-
istry of patients with the syndrome. This
was the basis for international collaboration
and further studies. Exactly 10 years after
the Lancet paper, Joost together with the
study group published the collective data on
50 patients with hyper-IgD syndrome in

Medicine (Table 1).12 He also described the
cutaneous manifestations 13 and embarked
on studies of cytokines and other inflamma-
tory markers.14-16 These studies revealed
that there is a brisk acute phase response dur-
ing the attack (as measured by CRP,a1-acid
glycoprotein, and soluble PLA2), and a
moderate rise in IL-6. No measurable
increase in circulating IL-1b, IL-1a and a
slight change in plasma TNF and inter-
feron-g was found during the attacks.14,17

Anti-inflammatory mediators such as IL-1
receptor antagonist (IL-1ra) and soluble
TNF receptors p55 and p75 were markedly
elevated during the attacks.14

More remarkable perhaps were the
experiments on ex-vivo cytokine produc-
tion. For the first time, it became clear
that unstimulated white blood cells of
asymptomatic hyper-IgD patients pro-
duced more IL-1b, IL-6 and TNF than
controls.14 Although unstimulated cells
from FMF patients also produced more
cytokines than controls, they produced
less than those of hyper-IgD patients.15

These data pointed to a pre-activated state
of the monocytes in our patients, later also
found in other periodic fever syndromes.
During the attacks the unstimulated and
stimulated cytokine production increased
significantly.14

Urinary neopterin was shown to be a
reliable marker to assess attacks.17

Taken together it was clear that there
was an augmented cytokine and acute phase
protein response in our patients, although
we could not pinpoint the cytokine in the
blood that was responsible for the systemic
symptoms and signs (such as fever).

At that time we had lengthy discussions
how to explain our inability to convinc-
ingly demonstrate the presence of major
pyrogenic cytokines in the blood of febrile
patients. Would it be only IL-6 doing the
job as a circulating endogenous pyrogen
and a mediator of the acute phase
response? Could it be that IL-1b is only
detectable in the circulation under
extreme circumstances, such as sepsis?11,18

Was it that our IL-1b assays were still
lacking sensitivity? Was IL-1b hiding for
our assays, e.g., by complexing with bind-
ing substances (a binding that was resis-
tant to our chloroform extraction7)? Was
IL-1b only acting at the tissue level in a
paracrine and autocrine fashion?

Figure 3. Charles Dinarello (right) and Jos van der Meer (cartoon by Jos van der Meer).

Table 1. Symptoms and signs during attacks in
patients with HID

%

Fever 100
Diarrhea 41
Arthralgia 40
Chills 38
Abdominal pain 36
Vomiting 28
Headache 26
Lymphadenopathy 47
Skin lesions 41
Arthritis 34
Splenomegaly 24
Serositis 3

Adapted from ref.12
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Another thing Joost and I did, was
organizing the first international Hyper-
IgD workshop in Nijmegen in 1995.19

The workshop met with a lot of enthusi-
asm and it strengthened the international
collaboration; here it was decided to adopt
the abbreviation HIDS for the syndrome
(Fig. 4).

Search for the Gene Defect

The international collaboration had
already facilitated the collection of genetic
material of a number of families with

patients with HIDS. The pedigrees were
compatible with an autosomal recessive
mode of inheritance. Following the work
of Pras and Kastner et al in FMF,20 we
could demonstrate that in the case of
HIDS, there was no linkage with chromo-
some 16p and neither with chromosomes
17q and 14q.21

After Joost Drenth had cum laude
defended his thesis (1996), and when the
gene defect in FMF was discovered by the
American Israeli consortium22 and the
French group,23 we decided to try and
identify the gene for HIDS. We had been
able to expand the number of informative

families, and Joost obtained a grant from
the Niels Stensen Foundation. For a
genome-wide search, Joost went to Paris
to collaborate with Marc Delpech and
with G�en�ethon. Within a couple of
months, he was able to link HIDS to
chromosome 12q and more precisely to
the mevalonate kinase gene (MVK).24

Independently, based on the serendipitous
detection of mevalonate aciduria in a
HIDS patient, Houten et al also discov-
ered this gene defect. The papers were
published back-to-back in Nature Genet-
ics.24,25 Interestingly, mevalonate aciduria
(MIM 251170) was already known as a
very serious inborn error of metabolism at
that time. HIDS apparently represented a
milder variant, with a residual mevalonate
kinase activity of 5–15 %.

Nice to know the gene defect, but how
to link a defect in the mevalonate pathway
(the isoprenoid pathway) to an inflamma-
tory, immunological disorder?

Anna Simon

In 1999, the young physician Anna
Simon (Fig. 5) started her residency in
internal medicine in Nijmegen. She
received a NWO grant for a training posi-
tion as a clinical investigator in 2000 and
started to work on HIDS. Her first
accomplishment was to create a website
HIDS.net and an electronic database for
the registry. Next she was able to show
that there was a founder effect for the
most common MVK mutation in HIDS,
V377I.26 Another major accomplishment
was the discovery by the neurologist
Hubertus Kremer and Anna Simon of
the phenotypic continuum between the
classic mevalonate aciduria and HIDS: 5
mentally retarded adult patients suffering
from cerebral ataxia were found to have
MVK mutations and very low enzyme
activity. Four of them suffered from fever
episodes and had an elevated serum
IgD.27

Another important finding was that
approximately 25% patients in our regis-
try had no MVK mutations. Anna found
out that those without mutations (‘variant
HIDS’) were most often sporadic, had a
milder clinical picture, a somewhat later
onset (i.e., not having the first attack at

Figure 4. First hyper-IgD working group meeting in Nijmegen, 1995 Joost Drenth in the middle of
the first row, Jos van der Meer to the far right.

Figure 5. Dr Anna Simon.
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the first childhood vaccination), attacks of
slightly longer duration (»6.9 days versus
4.7 days) and lower serum IgD and IgA.28

In hindsight one may question whether it
is wise to use the diagnosis variant HIDS,
because it is uncertain that these patients
represent a single syndrome.

Regarding the pathophysiology of
HIDS patients with MVK mutations a
key question was whether the attacks
were due to excess mevalonic acid (MA)
or to a depletion of downstream prod-
ucts. Although I will come back to this
issue at the end of this paper, our initial
data were favoring the former mecha-
nism. In-vitro we found evidence that
MA was able to prime white cells for IL-
1 and IL-6 production (A Simon, unpub-
lished). More relevant perhaps were the
results of a randomized controlled clinical
trial, in which we found that simvastatin
(which inhibits the formation of MA by
inhibiting the reduction of HMG CoA)
significantly decreased the number of
febrile days in HIDS.29 Others have sug-
gested that the depletion of isoprenoids is
responsible for the enhanced cytokine
response through decreased geranylgera-
nylation of RAC1. 30

The Concept of Autoinflammatory
Syndromes

In 1999, also the genetic background
of TRAPS, TNF receptor associated peri-
odic syndrome, originally described as
Familial Hibernian Fever, was elucidated/
In conjunction with that discovery, Daniel
Kastner and co-workers coined the term
‘autoinflammatory syndromes’ to distin-
guish a group of disorders in which there
was a ‘seemingly unprovoked inflamma-
tion without high-titer auto- or autoagres-
sive T lymphocytes antibodies’.31 Kastner
et al later defined autoinflammatory syn-
dromes as disorders with abnormally
increased inflammation, mediated pre-
dominantly by the cells and the molecules
of the innate immune system with a
significant host predisposition.32 It is
clear that this definition distinguishes the
autoinflammatory syndromes from auto-
immune diseases. The term autoinflam-
matory syndromes has now largely
replaced that of periodic fever syndromes.

25 Years of HIDS

In November 2008, at the threshold of
the 25th anniversary of the original
description of HIDS, our PhD student
Jeroen van der Hilst published a long-
term follow up study of 103 HIDS
patients with MVK mutations.33 In this
paper, it is reported that although the fre-
quency of attacks in general decreases over
the years, 50% of the patients over the age
of 20, still experienced more than 6
attacks per year. Also it was found that
HIDS interferes markedly with quality of
life and hampers educational achievement
and employment status. Long-term
sequelae appeared to be very rare. AA
amyloidosis, a major and relatively com-
mon threat in other autoinflammatory
syndromes (such as untreated FMF,
TRAPS) was found to be very rare in
HIDS, despite a life-long duration of dis-
ease and frequent attacks with a brisk
acute phase response. Jeroen van der Hilst
did a series of experiments that made it
plausible that blocking the isoprenoid
pathway (as in HIDS) inhibits
amyloidogenesis.34

Therapy

Since the discovery of HIDS, we have
been eagerly searching for an effective
treatment. Pretty soon we found that col-
chicine, which is very effective in FMF,
did not alleviate and prevent attacks. High
dose steroids, however seem to have an
effect in some patients,33 but of course at
the price of serious side effects. Based on
preliminary positive experience with tha-
lidomide in 2 HIDS patients, we per-
formed a formal trial with this drug in
1999 – 2000; this study did not show a
benefit.35 The simvastatin trial, men-
tioned above met with a moderate effect.29

Despite our inability to demonstrate
that IL-1b was a circulating pyrogen in
HIDS, we felt – based on the augmented
ex-vivo IL-1b production mentioned
above14,15 – that IL-1b probably plays a
major role in the pathogenesis. The way
to demonstrate that would be an interven-
tion directed toward IL-1. Already in
1995 (!) I sent a request to the manufac-
turer of Anakinra (recombinant IL-1

receptor antagonist) to provide the drug
for compassionate use in HIDS. Although
at that time the anakinra trial in sepsis
patients was known to be negative,36 the
request was turned down without a thor-
ough argumentation. Our experience with
refusals like that kindled our initiative for
a recent letter to Science Translational
Medicine.37 It took until 2005 before we
could investigate the drug in HIDS.38 In
our initial studies with anakinra in HIDS,
we used vaccination to provoke attacks;
with the PhD student Evelien Bodar, we
observed that anakinra was able to abort
an attack, much more effectively than the
TNF inhibitor etanercept.38

At that time we had investigated
whether the oral HDAC inhibitor ITF
2357 (givinostat), which inhibits a series
of cytokines, would be effective in autoin-
flammatory disorders. The results of that
pilot study did not demonstrate a sizable
effect in HIDS.39

In 2011 we could publish the results of
a prospective observational study in which
we showed decreased duration and sever-
ity of fever attacks with anakinra on
demand.40 Unlike in the studies in the
cryopyrin-associated periodic syn-
dromes,41 anakinra was not effective in all
patients, suggesting that HIDS is not a
pure IL-1 disorder. More insight in the
pathophysiology is needed to find new
leads for treatment.

More Pathophysiological Studies

Returning to the question how to link
a defect in the mevalonate pathway (the
isoprenoid pathway) to an inflammatory,
immunological disorder, the work of our
former PhD student Monique Stoffels is
relevant. She found that HIDS patients
exhibit an enhanced response of the cyto-
kines IL-1b, IL-1a, TNF and IL-6, specif-
ically after stimulation of Toll-like
receptors 4 and 2 and NOD2.42 Within
the activated cytokine network, it may
well be that IL-1b is a major driver, since
there is an enhanced ratio between active
and inactive caspase-1, a major IL-1b acti-
vating enzyme.42 In addition, experiments
in vitro in the presence of IL-1 receptor
antagonist showed decreased production
of TNF and IL-6. Similar effects were
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seen when patients are treated with ana-
kinra. However, Monique’s finding that
the IL-6-receptor blocking monoclonal
antibody tocilizumab blocks the IL-1b
response more than 5 fold and the obser-
vation mentioned above that not all
HIDS patients respond to anakinra, point
to a multi-cytokine disease.

Another link between the isoprenoid
pathway and inflammation comes from
recent reports by David Russell’s
group.43,44 They found that 25-OH cho-
lesterol is an inhibitor of IL-1b produc-
tion. The production of 25-OH
cholesterol as a metabolite of cholesterol is
dependent on the enzyme cholesterol-25-
hydroxylase (Ch25h) in monocytes. The
transcription of this enzyme is under con-
trol of the type-1 interferon pathway.43

Thus, it is conceivable that a deficiency of
MVK leads to depletion of 25-OH choles-
terol and hence to an enhanced IL-1b
response.45 It also might shed some light
on the still enigmatic high concentrations
of IgD and IgA in HIDS. Although not
all patients with MVK mutations have a
high serum IgD and IgA,25,33 the majority
of patients exhibits this immunoglobulin
pattern, as does the MVK knockout
mouse.46 Interestingly, the Ch25h knock-
out mouse, also has high concentrations
of IgA through an effect on B lympho-
cytes.47 Whether these mice have high
IgD is not known (D Russell, personal
communication).

Final Remarks

In this paper I have given a personal
account of our 30 years research on HIDS.
What started with a challenge at the bedside
of 3 patients with periodic fever, and the
remarkable laboratory findings of elevated
serum IgD concentrations and a pecular
bone-marrow immunofluoresence became a
recognizable clinical syndrome. At the time
of the first description, we speculated about
the role of IL-1, at that time the only bona-
fide endogenous pyrogen.

The hunting for the gene yielded a
peculiar link between the isoprenoid path-
way (cholesterol synthesis pathway) and
inflammatory mechanisms. To try and
connect these different areas posed a new
challenge. In the mean time the role of

proinflammatory cytokines became more
obvious, with a major, although not
monopolistic role for IL-1.

Although anakinra is not universally
effective in HIDS, it is beneficial in quite
some patients, and for them it means that
there is an effective treatment available now.
The effect of the anti-IL-1b human mono-
clonal antibody (Canakinumab) still needs
more study, like perhaps other treatments.

As I said in the introduction, the work
on periodic fevers came from a bedside
fascination for patients with fever of
unknown origin (FUO). In Nijmegen I
further explored this great clinical chal-
lenge with young internists like Elisabeth
(Lilly) de Kleijn and Chantal Bleeker-
Rovers.48-50 With regard to the diagnostic
approach we were able to make progress,
especially using Fluoro desoxyglucose pos-
itron emission tomography (FDG-
PET).50

Over the past decades, I have felt very
privileged for a number of reasons. As a
clinician in the university hospitals in Lei-
den and Nijmegen, I felt challenged at the
bedside, taking care of patients presented
that with unclear clinical pictures. I have
always tried to envisage what was going on
in such patients in terms of pathophysiol-
ogy, and tried to investigate that in our
laboratory.

Secondly, the decision to get involved
in the new and rapidly expanding cytokine
field allowed us to explore the role of cyto-
kines like IL-1 in host defense against
infection and their role in non-infectious
inflammation. This led to a highly pro-
ductive research line that came to full
bloom when Mihai Netea joined the
group. He started as a summer student
from Cluj, Rumania, in our laboratory;
next he became a PhD student and a resi-
dent in internal medicine and infectious
diseases. Currently he is a full professor of
experimental medicine at our university.
Of the large number of contributions to
medical sciences of Mihai, one of the
most appealing is without doubt the para-
digm of trained immunity, which encom-
passes the induction of persistent
activation of monocytes and macrophages
through epigenetic mechanisms.51-53

Satisfaction did not only come from
taking care of ‘difficult’ patients, but also
from mentoring young clinicians and

clinical investigators, guiding them and
stimulating them on their career path. I
had the opportunity to be the mentor
(‘promotor’) of more than 75 PhD candi-
dates. Many of their PhD theses have con-
tributed to the progress in medical
sciences.
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