
original article© The American Society of Gene & Cell Therapy

Interleukin-1β (IL-1β) is a key cytokine involved in 
inflammatory illnesses including rare hereditary diseases 
and common chronic inflammatory conditions as gout, 
rheumatoid arthritis, and type 2 diabetes mellitus, sug-
gesting reduction of IL-1β activity as new treatment 
strategy. The objective of our study was to assess safety, 
antibody response, and preliminary efficacy of a novel 
vaccine against IL-1β. The vaccine hIL1bQb consisting of 
full-length, recombinant IL-1β coupled to virus-like par-
ticles was tested in a preclinical and clinical, randomized, 
placebo-controlled, double-blind study in patients with 
type 2 diabetes. The preclinical simian study showed 
prompt induction of IL-1β-specific antibodies upon 
vaccination, while neutralizing antibodies appeared 
with delay. In the clinical study with 48 type 2 diabetic 
patients, neutralizing IL-1β-specific antibody responses 
were detectable after six injections with doses of 900 µg. 
The development of neutralizing antibodies was associ-
ated with higher number of study drug injections, lower 
baseline body mass index, improvement of glycemia, 
and C-reactive protein (CRP). The vaccine hIL1bQb 
was safe and well-tolerated with no differences regard-
ing adverse events between patients receiving hIL1bQb 
compared to placebo. This is the first description of a 
vaccine against IL-1β and represents a new treatment 
option for IL-1β-dependent diseases such as type 2 dia-
betes mellitus (ClinicalTrials.gov NCT00924105).
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INTRODUCTION
Interleukin-1β (IL-1β) is a key cytokine involved in a spectrum 
of chronic inflammatory syndromes including orphan diseases 
such as cryopyrin-familial cold autoinflammatory syndrome, 
Muckle-Wells syndrome, neonatal-onset multisystem inflamma-
tory disease and in common medical conditions like rheumatoid 
arthritis, gout, and type 2 diabetes.1 Pathological overproduction 

of IL-1β can be blocked by IL-1 receptor antagonists or neutraliz-
ing antibodies against the protein itself. In orphan hereditary dis-
eases, drugs that block the IL-1β effect have emerged as first-line 
therapy.2 In type 2 diabetes and prediabetic subjects, inhibition 
of the IL-1 receptor revealed to be beneficial in terms of glycemic 
and inflammatory parameters.3,4 A number of monoclonal anti-
bodies directed against IL-1β5–7 have shown comparable results. 
Accordingly, IL-1β antagonism is now in phase 3 of clinical devel-
opment for diabetes and associated cardiovascular complica-
tions.8 However, existing IL-1 antagonists require daily injections 
of interleukin-1 receptor antagonist (IL-1Ra) and neutralizing 
antibodies are costly.

An alternative approach to block the IL-1β pathway is the 
development of active vaccination against endogenous proin-
flammatory proteins. We have previously described the preclini-
cal evaluation of a murine vaccine against IL-1β9 and shown that 
active immunization against IL-1β, using the recombinant cyto-
kine chemically conjugated to virus-like particles (VLP) of the 
bacteriophage Qβ efficiently protected mice from inflammation 
in a model of rheumatoid arthritis.9 Hence, vaccination against 
IL-1β may be explored clinically for inflammatory diseases where 
IL-1β is involved. A subcutaneous injection of wild-type IL-1β 
has been shown to induce a febrile response in patients already 
at low doses.10–12 Therefore, we developed a human IL-1β mutein 
with a roughly 10,000-fold lower biological activity compared to 
wild-type human IL-1β as assessed by IL-1β-induced IL-6 release 
in HeLa cells.13 A Qβ VLP-based vaccine comprising the murine 
form of this mutated IL-1β was shown to induce neutralizing anti-
bodies in mice and to protect from diet-induced type 2 diabetes.13 
Hence, this IL-1β mutein exhibited the right conformation to 
induce IL-1β-neutralizing antibodies but with lower proinflamma-
tory activity and was further developed for preclinical and clinical 
studies. Here, we show the tests for safety and immunogenicity in 
nonhuman primate studies using human and the corresponding 
simian IL-1β muteins coupled to Qβ VLPs. The preclinical study 
was followed by a phase 1/2 clinical trial in patients with type 2 dia-
betes mellitus using the human version of the vaccine (hIL1bQb) 
to evaluate its safety, immunogenicity, and preliminary efficacy.
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RESULTS
Safety and immune function in nonhuman primates 
upon vaccination
Rhesus monkeys repeatedly dosed with Alum-adjuvanted Qb 
(control), rhesus- (rmIL1bQb) or human (hIL1bQb)- vaccine 
over 10 weeks followed by a 6-week treatment-free recovery 
period showed no signs of systemic toxicity (Supplementary 
Tables S1, S2a and S2b). Importantly, analyses of body tem-
perature and cytokine profiles after dosing showed no evidence 
of acute reactivity to the detoxified IL1β-antigen component of 
the vaccine at the relatively high dose-level tested. The ability of 
primates to mount an antigen-specific, T-cell-dependent anti-
body response upon keyhole limpet hemocyanin challenge was 
not impaired by immunization (data not shown). Flow cytometry 
showed no treatment-related changes in any specific immune 
cell population beyond what might be considered general and 
expected changes following subcutaneous immunizations with 
Alum-based vaccines (Supplementary Figure S1). Thus, the vac-
cine did not negatively impact key immune cell populations of the 
innate and adaptive immune system.

Anti-IL-1β immunoglobulin G (IgG) antibody responses 
became detectable after a single injection. In contrast, neutralizing 
antibody responses were delayed and became detectable only after 
three to four injections (Figure 1a). To test whether the induced 
antibodies were also able to neutralize IL-1β in vivo, six rhesus 
monkeys of the control group immunized with Qβ alone and six 
animals immunized with the simian and the human version of 
the vaccine were challenged with 1 µg/kg wild-type rhesus IL-1β 
by intravenous injection on day 84. Serum IL-6, a biomarker of 
IL-1β activity, was measured 3, 6, and 9 hours after injection. 
Control animals showed a robust IL-6 response upon IL-1β chal-
lenge, while those immunized with rmIL1bQb or hIL1bQb had 
no detectable IL-6 response, demonstrating that induced antibod-
ies efficiently neutralized IL-1β in vivo (Figure 1b). The favorable 
safety profile and evidence for induction of neutralizing antibodies 

obtained in rhesus monkeys supported the decision to commence 
first-in-human studies.

A randomized, double-blind, placebo-controlled 
phase 1/2 clinical trial of hIL1bQb in patients with 
type 2 diabetes
Baseline characteristics. To investigate the safety, immuno-
genicity, and preliminary efficacy of hIL1bQb, a randomized, 
double-blind, placebo-controlled phase 1/2 study was initiated in 
patients with type 2 diabetes. Forty-eight of 94 patients initially 
screened were randomly assigned to six different treatment groups 
of vaccination with hIL1bQb or placebo (Figure 2). Most frequent 
reasons for ineligibility were positivity of a tuberculosis-specific 
interferon (IFN)γ-release assay (n = 15), unsuitable HbA1c levels 
(n = 8), medical conditions (n = 5), or medications (n = 4). There 
were no significant differences concerning baseline characteris-
tics among the groups (Table 1).

Primary outcome safety. The vaccine was well tolerated with a 
total of 233 adverse events (AE) in 48 patients during the study 
period of 48 weeks (Table 2). No dropouts occurred throughout 
the study. The number of adverse events per subject was similar 
for patients who received hIL1bQb or placebo, namely 4.8 and 5.1 
AEs/subject respectively. Patients in the highest treatment group 
experienced more adverse events (8.3 AEs/subject), although not 
statistically significant compared to placebo. Overall, the major-
ity of adverse events was mild in intensity (67.5% mild, 25.3% 
moderate, 7.2% severe) and only 5.7% of the adverse events were 
reported to be possibly related to the study drug. There was no 
significant difference concerning serious adverse events between 
patients receiving hIL1bQb and those receiving placebo. All eight 
serious adverse events occurred during the follow-up period 
(weeks 16–48). Serious adverse events in patients receiving study 
medication were all classified as being unrelated to the study drug 
(Table 2).

Figure 1  Characterization of the immune response to IL1bQb in rhesus monkeys. To assess immune response in rhesus monkey, 24 animals were 
injected subcutaneously six times every 14 days (day 1, 15, 29, 43, 57, and 71, see arrows) with a rhesus monkey version (rmIL1bQb, n = 12) or a 
human version (hIL1bQb, n = 12) of the IL-1β vaccine. Rhesus monkeys developed anti-IL-1β IgG antibody responses after one injection and neu-
tralizing antibody responses after three to four injections. Anti-IL-1β IgG titers and neutralization titers are expressed as the reciprocals of the serum 
dilutions needed to achieve half-maximal signal in enzyme-linked immunosorbent assay (ELISA) or half-maximal inhibition of the IL-6 response in the 
cellular assay, respectively. (a) Two weeks after the last injection (day 84), animals were challenged with an intravenous injection of rhesus IL-1β. IL-6 
concentrations were determined in serum collected after 3, 6, and 9 hours. Control animals treated with the virus-like particles carrier Qb showed 
pronounced IL-6 levels, while immunization with rmIL1bQb and hIL1bQb completely protected against the IL-1β challenge (b).

10,000 4,000 Day 84

3,000

2,000

1,000

0
0 2 4

Qb
rmIL1bQb

hIL1bQb

6

Hours after IL-1β challenge

8 10

1,000

100

0 25

G
eo

m
et

ric
 m

ea
n 

tit
er

S
er

um
 IL

-6
 (

pg
/m

l)

50 75

Days

ELISA, rmIL1bQb

ELISA, hIL1bQb Neutralization, hIL1bQb

Neutralization, rmIL1bQb

100
= Injections

a b

1004� www.moleculartherapy.org  vol. 24 no. 5 may 2016



© The American Society of Gene & Cell Therapy
Development of an interleukin-1β vaccine in patients with type 2 diabetes

Primary outcome: immunogenicity and neutralizing 
capacity of hIL1bQb. Before the first immunization, no anti-IL-
1β IgG antibodies were detected in any of the patients. Moderate 
anti-IL-1β IgG antibody responses were observed in the first five 
treatment groups with dose-dependent antibody response rates 
and peak titers (Figure  3a inset, Supplementary Figure S2). 
Antibody response rates were 0/12 for placebo; 3/6 for treatment 
group 1 (2 × 10 μg); 4/6 for group 2 (3 × 30 μg); 6/6 for group 3 
(3 × 100 μg); 5/6 for group 4 (4 × 300 μg); 6/6 for group 5 (6 × 300 
μg), and 6/6 for group 6 (6–8 × 900 μg). Geometric mean titers at 
week 14 in treatment groups 1 through 5 were 39 ± 35, 104 ± 166, 
324 ± 73, 517 ± 425, and 364 ± 581, respectively (Figure  3a in-
set, Supplementary Figure S2). Substantially higher anti-IL-1β 
IgG antibody titers were observed in the highest treatment 
group 6 with a geometric mean titer of 2,798 ± 2,631 at week 14 
(Figure 3a). After the last vaccine application, anti-IL-1β IgG an-
tibody titers declined in all patients over time: geometric mean 
titers at week 48 were below detection limit (titer <60) for treat-
ment groups 1 to 4, 71 ± 262 in group 5 and 530 ± 579 in group 6 
(Figure 3a). Half-lives of anti-IL-1β IgG antibodies were 7 weeks 
in treatment groups 5 and 6 compared to 2.6–2.9 weeks in treat-
ment groups 2–4, indicating that higher dosage and increased 
number of injections resulted in a prolonged antibody response 
(Figure 3b).

The IgG antibody response against the Qβ VLP part of the 
vaccine was measured to assess if absent or low IL-1β antibody 

titers resulted from an inability to respond to the IL-1β part of 
the vaccine or from a poor overall antibody response. There was 
a tight correlation between IL-1β- and Qβ-specific IgG antibody 
levels (Figure  3c, R2  =  0.71), suggesting that individual poor 
anti-IL-1β responses were not due to specific limitations in the 
B-cell repertoire, but rather a consequence of generally reduced 
immune responses in certain individuals. Importantly, these data 
also indicate that induction of Qβ-specific antibodies does not 
interfere with the development of an IL-1β-specific response.

No IL-1β-neutralizing antibodies could be detected in 
groups 1 to 5 (Supplementary Figure S2). Neutralizing antibody 
responses were observed only with the highest treatment group 
6 and only after at least five injections (Figure 4). Three patients 
developed sustained anti-IL-1β IgG antibody titers as determined 
by enzyme-linked immunosorbent assay (ELISA; geometric 
mean titers at week 14 of 8,155 ± 3,830 and 2,107 ± 720 at week 
48) and substantial and long-lasting neutralizing responses (single 
patients Figure 4a–c, average Figure 4g). This group is referred to 
as responders based on their neutralizing response. In contrast, 
one patient with a short-lasting peak of anti-IL-1β IgG antibody 
levels and two patients with only moderate antibody titers (geo-
metric mean titers of 960 ± 2,146 at week 14 and of 133 ± 228 at 
week 48) did not exhibit a neutralizing response (single patients 
Figure 4d–f, average Figure 4g) and are thus referred to as non-
responders. The three responders had received eight injections 
as opposed to the three nonresponders that only got six to seven 

Figure 2 Enrollment and outcomes of phase 1 clinical trial. A total of 94 type 2 diabetic patients were screened in four participating centers. Of 
those, 46 of patients were not eligible according to entry criteria, most often due to a positive TB-specific test. Forty-eight patients were randomly 
assigned to active treatment (hIL1bQb) or placebo in ascending treatment groups. All patients completed the study and were analyzed according to 
the intention-to-treat approach.

Assessed for eligibility
(n = 94)

Excluded (n = 46)
•
•
•
•

TB-spec. IFN γ release assay pos. (n = 15)
Unsuitable HbA1c (n = 8)
Medical condition (n = 5) or medication (n = 4)
Miscellaneous (n = 14)

Randomized
(n = 48)

Allocated to placebo
(n = 12)

Dose
Inj. (week)

2 × 10 µg
0, 4
(n = 6)

3 × 30 µg
0, 4, 12
(n = 6)

3 × 100 µg
0, 4, 12
(n = 6)

4 × 300 µg
0, 4, 8, 12
(n = 6)

6 × 300 µg
0, 2, 4, 6, 8, 12
(n = 6)

6–8 × 900 µg
0, 2, 4, 6, 8, (10), 12, (14)
(n = 6)

Completed the study (n = 12)
(core and follow-up study)

Completed the study (n = 36)
(core and follow-up study)

Analyzed for the study
(n = 12)

Analyzed for the study
(n = 36)

Allocated to active treatment
(n = 36)
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injections of hIL1bQb. Of note, responders had lower BMIs, lower 
C-reactive protein (CRP) levels, and lower levels of naturally 
occurring IL-1 receptor-antagonist at baseline compared to non-
responders (Supplementary Table S3). The differences in weight 
and IL1-Ra persisted throughout the study and were unaffected 
by neutralizing antibody responses. In addition, adverse events 
were more common in responders compared to non-responders 
(Supplementary Table S4).

Secondary outcome: preliminary effects on metabolic and 
inflammatory parameters. As neutralizing responses only de-
veloped in the highest-dose group (6–8 × 900 μg), we compared 
secondary outcomes HbA1c, glucose, and CRP between respond-
ers (patients with long-lasting neutralizing response) and nonre-
sponders (patients without neutralizing response). HbA1c levels 
at baseline compared to the end of the core study (weeks 16, 20, 
or 24) increased in all nonresponders, while they were unchanged 
or decreased in responders (Figure  5a, Supplementary Figure 
S3g–l). Similarly, fasting glucose levels at the end of the core 
study compared to baseline were reduced in two of three respond-
ers compared to increased levels observed in nonresponders 
(Figure  5b, Supplementary Figure S4g–l). CRP, a surrogate 
for inflammatory activity, was increased in the majority of non-
responders, while it was stable or decreased in responders from 
baseline to the end of the core study (Figure 5c, Supplementary 
Figure S5g–l). This was despite the fact that nonresponders start-
ed from higher levels at baseline, making them more susceptible 
for CRP reductions over time. Time courses of these outcome 
measures for placebo and all treatment groups are presented in 
Supplementary Figures S3–S5.

DISCUSSION
In the presented preclinical and clinical study, we demonstrate 
that neutralizing IL-1β antibodies can be induced using a vaccine 
against IL-1β. This is the first study demonstrating that vaccina-
tion against IL-1β is feasible in humans and apparently safe. This 
may be a valuable approach to treat patients with type 2 diabetes or 
other IL-1-mediated inflammatory diseases. The induction of neu-
tralizing antibodies was delayed compared to the overall antibody 
response, suggesting occurrence of affinity maturation. In humans, 
the induction of antibodies was more challenging than in animals 
and neutralizing antibodies were only observed after several injec-
tions of the highest dose of the vaccine. Importantly, the induced 
antibodies neutralized IL-1β without impacting key immune cells 
of the innate and adaptive immune system. The vaccine was well 
tolerated and raised no safety concerns in nonhuman primates or 
humans. Analysis of the patients in the highest treatment group, 
which developed a neutralizing IL-1β-specific immune response, 
points to improved glycemic control and inflammatory levels. The 
responders had a lower BMI as well as lower CRP and IL1-Ra lev-
els at baseline (Supplementary Table S3), indicative for a different 
immunologic ability to respond to IL-1β vaccination.

In comparison to other established methods inhibiting the 
IL-1β pathway (e.g., monoclonal antibodies) the use of a vaccine 
blocking IL-1β activity harbors advantages as well as disadvantages: 
One advantage of using a vaccine is the favorable cost-to-benefit 
profile compared to monoclonal antibody therapies. In addition, 
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exogenous antibody treatment comprises the risk of endogenous 
neutralizing antibody formation, potentially limiting long-term 
efficacy, which is not the case with vaccination. On the other 
hand, a current disadvantage of vaccination against IL-1β is that 
since antibody titers vary upon IL-1β vaccination, the appropriate 
dosing and monitoring regimen in terms of antibody responses 
yet needs to be defined. Another disadvantage is that it needs to 
be investigated whether reversibility of the anti-IL-1β antibody 
response will also occur at higher/more frequent vaccine doses. So 
far, the effects of a long-standing persistence of IL-1β antibodies 
cannot be definitively estimated. However, the effects of long-term 
(several years) IL-1 antagonism has been extensively studied in 
different diseases including patients with rheumatoid arthritis in 
combination with immunosuppressive drugs revealing very lim-
ited side effects.8

Although numerous reports have shown preclinical evi-
dence for cytokine-neutralizing antibodies induced by 

vaccination (for review, see ref. 14), clinical translation has 
remained difficult due to a number of obstacles. Those include 
(i) cytokine-specific T-helper (Th) and B-cell tolerance, (ii) 
acute toxicity exhibited by cytokines, which renders use of vac-
cines displaying native cytokines potentially difficult, and (iii) 
antibody responses that need to be of substantial quantity and 
quality (affinity). The vaccine described in this report addresses 
most if not all of these obstacles. Conjugation of IL-1β to 
Qβ-VLPs grafts VLP-specific T helper (Th) cell epitopes onto 
the cytokine, which readily overcomes Th-cell tolerance.15 
Indeed, mice, rhesus monkeys as well as humans responded 
with Th-cell-dependent IgG responses against the self-protein 
IL-1β upon vaccination. Potential toxicity of wild-type IL-1β 
displayed on the vaccine was avoided by using an engineered 
version of IL-1β. Tolerability of hIL1bQb was comparable to 
previously tested Qβ-based vaccines.16–19 This demonstrates 
that the genetic inactivation of IL-1β had been successful and 

Table 2 AEs of patients with type 2 diabetes

AE
All patients  

(n = 48)
Placebo 
(n = 12)

Tx group 1 
(n = 6)

Tx group 2 
(n = 6)

Tx group 3  
(n = 6)

Tx group 4  
(n = 6)

Tx group 5  
(n = 6)

Tx group 6 
(n = 6)

Dose (no injections × μg) NA - 2 × 10 µg 3 × 30 µg 3 × 100 µg 4 × 300 µg 6 × 300 µg 6–8 × 900 µg

Headache, abs. (%) 30 (12.9) 8 (13.1) 1 (4.3) 4 (17.4) 4 (19.0) 2 (6.1) 2 (9.1) 9 (18)

Nasopharyngitis, abs. (%) 28 (12.0) 7 (11.5) 3 (13.0) 4 (17.4) - 6 (18.2) 6 (27.3) 2 (4)

Arthralgia, abs. (%) 9 (3.9) 2 (3.3) - - 1 (4.8) 2 (6.1) - 4 (8)

Musculoskeletal pain, abs. (%) 7 (3.0) - - - 2 (9.5) - - 5 (10)

Fatigue, abs. (%) 6 (2.6) 1 (1.6) - - 1 (4.8) 1 (3.0) - 3 (6)

Diarrhea, abs. (%) 6 (2.6) 3 (4.9) - - - - - 3 (6)

Muscle spasms, abs. (%) 6 (2.6) 2 (3.3) 2 (8.7) - - 2 (6.1) - -

Upper respiratory tract infection, abs. (%) 4 (1.7) 1 (1.6) 1 (4.3) 2 (8.7) - - - -

Hypoglycemia, abs. (%) 4 (1.7) - - 1 (4.3) 1 (4.8) 1 (3.0) - 1 (2)

Urinary tract infection, abs. (%), 4 (1.7) - - - 2 (9.5) - - 2 (4)

Microalbuminuria, abs. (%) 4 (1.7) - 3 (13.0) 1 (4.3) - - - -

Rhinitis, abs. (%) 3 (1.5) 1 (1.6) - - - - - 2 (4)

Palpitations, abs. (%) 3 (1.3) 3 (4.9) - - - - - -

Dizziness, abs. (%) 2 (0.9) 2 (3.3) - - - - - -

Contusion, abs. (%) 2 (0.9) - 2 (8.7) - - - - -

Albuminuria, abs. (%) 2 (0.9) - - - - - - 2 (4)

Cholelithiasis, abs. (%) 2 (0.9) - - 2 (8.7) - - - -

Myalgia, abs. (%) 2 (0.9) - - - - - - 2 (4)

Puncture site pain, abs. (%) 2 (0.9) 2 (3.3) - - - - - -

Renal impairment, abs. (%) 2 (0.9) 2 (3.3) - - - - - -

Induration, abs. (%) 2 (0.9) 2 (3.3) - - - - - -

Nausea, abs. (%) 2 (0.9) - - - - - 2 (9.1) -

Intervertebral disc protrusion, abs. (%) 2 (0.9) - - - - - 2 (9.1) -

Nasal obstruction, abs. (%) 2 (0.9) - - - - - - 2 (4)

Hyperglycemia, abs. (%) 2 (0.9) 2 (3.3) - - - - - -

All other Adverse events, abs (%) 95 (40.8) 23 (37.7) 11 (47.8) 9 (39.1) 10 (47.6) 19 (57.6) 10 (45.5) 13 (26)

Total adverse events, abs. (%) 233 (100) 61 (100) 23 (100) 23 (100) 21 (100) 33 (100) 22 (100) 50 (100)

All adverse events (AEs) are listed that occurred at least twice in any treatment group. Values are presented as frequency (percent). Serious adverse events were: 
Umbilical hernia (Placebo group), femoral neck fracture (Tx group 1), cholelithiasis and coronary artery disease (Tx group 2), nephrolithiasis and renal stone removal 
(Tx group 3), intervertebral disc protrusion (Tx group 5), tubulointerstitial nephritis (Tx group 6).

Molecular Therapy  vol. 24 no. 5 may 2016� 1007



© The American Society of Gene & Cell Therapy
Development of an interleukin-1β vaccine in patients with type 2 diabetes

that the mutated IL-1β on Qβ did not cause local or systemic 
clinical symptoms while preserving the ability of the vaccine 
to induce neutralizing antibody responses. In fact, the mutated 
IL-1β-vaccine readily induced neutralizing antibodies in mice, 
demonstrating proper conformation for induction of such anti-
bodies (data not shown).

Whereas overall anti-IL1β IgG titers were relatively low, 
robust IgG responses were detected against the VLP carrier 
Qβ, indicating that the vaccine can induce a strong T-cell-
dependent IgG response in humans (Figure  3c). This might 
point to the possibility that the antigen-specific B cells rather 
than the Th cells were limiting in the induction of high-affin-
ity neutralizing antibodies against IL-1β. Earlier studies with 
different Qβ-based vaccines demonstrated that titers against 
Qβ were in a similar range as titers against the attached anti-
gen.16,19,20 With our vaccine, more than five to six immuniza-
tions were required to induce antibodies that were of sufficient 
high affinity to exhibit ex vivo IL-1β neutralizing activity. This 
finding was rather surprising, since soluble proteins gener-
ally fail to induce B-cell tolerance.15 While we cannot formally 
exclude that the point mutation we introduced delayed the 
development of neutralizing antibodies, this possibility seems 
rather unlikely. Since essentially all studies on B-cell tolerance 
against specific antigens have been performed in mice, it is pos-
sible that B-cell tolerance in humans is stricter than in mice. In 
support of this notion is the finding that mice generated neu-
tralizing anti-IL-1β responses after a single immunization with 
the murine version of the vaccine and that neutralizing titers 

were not affected by genetic deficiency for IL-1β.13 Compared 
to other VLP-based anticytokine vaccines it could be noted, 
however, that IL-1β-neutralizing responses were rather low in 
mice after the first vaccine injection, and only substantially 
increased after the second injection.13 Furthermore, primates 
generated neutralizing antibody responses after three to four 
injections, exhibiting a phenotype between mice and humans. 
On the other hand, spontaneously arising cytokine-neutraliz-
ing antibodies are frequently found in humans.21 Prominent 
examples are neutralizing IL-1α and IL-6 antibodies found in 
up to 10% of humans.22,23 Moreover, in a previous clinical trial, 
therapeutically effective antibodies could be induced against 
angiotensin using Qβ VLPs as a carrier.16 Hence the apparent 
partial B-cell tolerance observed in this study may be specific 
for IL-1β.

We summarize that a treatment with up to eight subcutaneous 
injections of 900 µg hIL1bQb was safe and well tolerated in patients 
with type 2 diabetes. The vaccine stimulated an IL-1β-specific anti-
body response that was dose-dependent and partially reversible 
over time. Clinical effectiveness is promising, but larger studies in 
patients with type 2 diabetes are necessary to evaluate this novel 
vaccine. Importantly, other chronic common diseases involving 
IL-1β such as gout, rheumatoid arthritis and in particular heredi-
tary chronic diseases requiring life-long treatment such as Muckle-
Wells-syndrome, cryopyrin-familial cold autoinflammatory 
syndrome and neonatal-onset multisystem inflammatory disease 
could particularly benefit from a treatment with this novel vac-
cine. All the more, prospective and long-term follow-up of safety 

Figure 3 Induction of IgG antibody responses in type 2 diabetic patients. There was a moderate, dose-dependent anti-IL-1β IgG antibody 
response in the first 5 dose groups as measured by ELISA assay (inset a). Substantially higher antibody titers were measured in the highest treatment 
group (a). Decay phase of the anti-IL-1β IgG antibody response shown in (a) with logarithmic y-axis. Half-lives of anti-IL-1β antibodies were about 
7 weeks in treatment groups 5 and 6, while in the lower treatment groups half-lives were 2·6-2·9 weeks (b). There was a tight correlation between 
anti-IL-1β and anti-Qβ IgG antibody titers at week 14 (R2 = 0·71), indicating that the lack of an anti-IL-1β antibody response in some subjects was most 
likely not due to an IL-1β-specific limitation in the antibody response, but rather due to levels below the detection limit (c). Anti-IL-1β and anti-Qβ IgG 
antibody titers are expressed as the reciprocal of the serum dilutions needed to achieve half maximal absorbance in ELISA.
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Figure 4 Neutralizing capacity is dependent on strong IL-1β antibody responses. Anti-IL-1β IgG antibody titers measured by ELISA (solid lines) 
and neutralizing antibody responses (dashed lines) for individual patients in the 900 µg treatment group are shown (open squares for individual 
subjects with neutralizing response=responders (a–c); closed squares for individual subjects without neutralizing response=nonresponders (d–f)). 
Anti-IL-1β IgG antibody titers are expressed as outlined in the legend to Figure 1. Neutralizing responses are expressed as % decrease of the absor-
bance signal detected in the IL-6 quantification assay, when comparing supernatants from HeLa cells incubated with 25 pg/ml IL-1β in the presence 
of immune sera to supernatants of HeLa cells incubated with 25 pg/ml IL-1β in the presence of the corresponding preimmune serum at a 1:5 dilution. 
Anti-IL-1β IgG antibody responses measured by ELISA were substantially higher in responders compared to nonresponders. Neutralizing antibody 
responses were delayed compared to the overall anti-IL-1β IgG antibody response measured by ELISA. (g) Geometric means of anti-IL-1β IgG titers 
(solid line) and % neutralization (dashed line) are shown for grouped responders (open squares) and nonresponders (closed squares).
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measures are needed to fully understand the clinical potential of 
this newly developed vaccination approach against endogenous 
IL-1β.

MATERIALS AND METHODS
Generation of the IL-1β vaccine. Detailed information on the production 
strategy of the IL-1β vaccine has been published previously.13 The mature 
forms of rhesus monkey and human IL-1β differ in 6 out of 153 residues 
(see Supplementary Figure S6 for sequence alignment). The mature, 
cleaved 17-kDa forms of rhesus monkey (rmIL1bQb) and human (hIL-
1bQb) IL-1β were engineered to contain a modified N-terminus, an inac-
tivating D→K mutation at position145 and a cysteine-containing aa linker 
at the carboxy-terminus. A rhesus (rmIL1bQb) and human (hIL1bQb) 
version of the IL-1 β vaccine were generated with an identical inactivat-
ing mutation of the IL-1β polypeptide. The corresponding rhesus mon-
key (rmIL1bQb) and human (hIL1bQb) IL-1β vaccines were produced by 
chemically cross-linking the engineered IL-1β proteins to Qb VLP. Upon 
coupling, an epitope density of 0.5 IL-1β molecules per Qb monomer was 
estimated, corresponding to a total of 90 IL-1β molecules per Qb VLP. 
Coupling densities were comparable between the rhesus monkey and 
human vaccines.

Nonhuman primate study. As part of a broad safety assessment prior to 
dosing human subjects, a local tolerance and repeat-dose toxicity study was 
performed with rhesus monkeys. Animals (n = 12 per group; six males and 
six females) were repeatedly injected with either Qb carrier (control group) 
or rhesus- (rmIL1bQb) or human vaccine IL1bQb (hIL1bQb). Animals 
were dosed six times by subcutaneous administration of 300 μg of the 
respective vaccine in the presence of Alhydrogel (1.0 mg/dose Al(OH)3) at 
14 day-intervals (day 1, 15, 29, 43, 57, and 71). The total in-life phase of the 
study was 16 weeks. Half of the animals from each group were sacrificed 2 
weeks after the final dose and the remaining animals a further 4 weeks later.

Study parameters assessed at defined time intervals throughout the 
study included: Observations (mortality/ morbidity (injuries), clinical 
observations (body weights, electrocardiography and body temperature), 
coagulation, hematology, clinical chemistry, and urinalysis, and terminal 
studies (organ weights, necropsy, and histopathology) (Supplementary 
Tables S1, S2a and S2b).

Antibody titers and neutralization titers were determined as described 
below for human samples. To determine in vivo neutralization capacity of 
the induced antibodies, six animals per group were challenged 2 weeks 

after the last injection of vaccines (day 84) with an intravenous injection 
of 1 µg/kg rhesus monkey IL-1β. IL6 levels in serum were determined 3, 
6, and 9 hours after challenge using a cytometric bead assay kit according 
to the manufacturer’s recommendations (BD Biosciences). Basic immune 
function was assessed by measuring the ability of the immunized animals 
to mount an antigen-specific, T-cell-dependent, IgG-antibody response 
following immunization with Keyhole Limpet Hemocyanin. Additionally, 
immune cell populations (T cells and B cells, monocytes, and natural 
killer cells) were measured by flow cytometry.

Study design. The clinical study was designed as a double-blind, random-
ized, placebo-controlled, multicenter trial in 48 patients with type 2 dia-
betes mellitus. The trial was performed from July 2009 to January 2011 
in four different centers (University Hospital Zurich, Zurich; University 
Hospital Basel, Basel; Outpatient Clinic Roemerhof, Zurich; Momentum 
Pharma Services GmbH, Hamburg).

Study approval. The study was conducted in accordance with the 
International Conference on Harmonization-Good Clinical Practice (ICH-
GCP) guidelines and the Declaration of Helsinki and approved by inves-
tigational regulations committees in Switzerland and Germany. Written 
informed consent was obtained from all participants before study inclusion. 
The study was sponsored by CYTOS (Switzerland), the manufacturer of 
hIL1bQb.

Patients. Patients were eligible for the study if diagnosis of type 2 diabetes 
was established according to the American Diabetes Association guidelines 
for at least 3 months. Further inclusion criteria were HbA1c levels between 
6.5 and 9.5%, fasting plasma glucose levels below 13.4 mmol/l (<240 mg/
dl), age between 18 and 70 years, and BMI between 23 and 40 kg/m2. 
Additionally, patients had to be on a stable diet, receiving antidiabetic treat-
ment with diet and exercise alone and/or metformin and/or sulfonylurea.

Patients were excluded if they showed features of type 1 diabetes 
(positive Glutamic Acid Decarboxylase 65 (GAD65) or Islet Antigen-2 
(IA-2) auto-antibodies), had no measurable β-cell function (fasting 
C-peptide level <400 pmol/l), active infection, immunosuppressive 
disorders or immunosuppressive therapy, use of systemic anti-
inflammatory medication other than aspirin (100 mg/day), malignancy, 
severe allergy, relevant cardiovascular or hematological disease, renal 
insufficiency or hepatopathy. Further on, patients were not eligible if they 
had childbearing potential or if they previously participated in a clinical 
trial with Qβ-based vaccine.

Figure 5 Changes in metabolic and inflammatory parameters. Secondary outcome measures HbA1c, glucose, and C-reactive protein (CRP) 
were compared in the highest-dose group (6−8 × 900 μg) as neutralizing responses only developed with this dose level. Changes in neutralization 
responses are depicted on the x-axis, while changes in HbA1c-levels from baseline (screening and baseline average) to the end of the core study 
(average for weeks 16, 20, 24) are plotted on the y-axis (a). Changes in fasting glucose levels were related to changes in neutralization in participants 
from baseline to the end of the core study (average of weeks 14, 16, 20, 24 (b)). Changes in CRP levels were related to changes in neutralization in 
study participants from baseline to the end of the core study (average of weeks 14, 16, 20, 24 (c)). CRP levels above 30 mg/dl or >3-fold increased 
compared to baseline as well as HbA1c and glucose levels at time points of increased CRP were not included in the analysis. Colors indicate individual 
subjects. Nonresponders: closed squares; responders: open squares.
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Study procedures. The study consisted of a screening phase of 2 weeks, 
a core study of 16 weeks, and a follow-up period up to week 48. In the 
core study, patients were assessed weekly for 10 weeks and biweekly for 
another 6 weeks. During the follow-up period, another five visits were per-
formed. Cohorts of eight patients with a treatment allocation ratio of 3:1 
(six patients hIL1bQb, two patients placebo) were treated with stepwise 
increasing doses and number of injections at preset time points (Figure 2 
for exact dosing regimens and time points).

In view of the good safety profile, two additional cohorts were added 
to the preplanned four cohorts to further explore immunogenicity 
at higher doses and expand the tested safety margin. Once eligible, 
patients were allocated according to a block randomization list created 
by Contract Manufacturing Organization (CMO; Fisher Clinical Services 
AG, Switzerland). Patients as well as study personnel were blinded to the 
medication allocation. Study medication was injected subcutaneously in 
the lateral site of the upper arm. Dose escalation was assessed by the Data 
Review Board (DRB) and only initiated when sufficient safety data of 
previous cohorts were available.

Study endpoints. Primary outcome measures were safety and immuno-
genicity of hIL1bQb. Secondary outcome measures were preliminary bio-
logical activity on glycemia (HbA1c, fasting glucose) and inflammatory 
biomarkers (CRP, IL-1Ra).

Safety was assessed by AEs including clinical examination, 
electrocardiogram, standard laboratory evaluations, as well as immune 
complexes and antinuclear antibodies.

Immunogenicity was analyzed by ELISA. Eight different dilutions of 
sera were incubated on ELISA plates that had been coated with 1 μg/ml 
wild-type human IL-1β (Peprotech). Bound antibodies were detected by 
incubation with a horseradish peroxidase-conjugated goat anti-human 
IgG secondary antibody followed by incubation with O-phenylenediamine 
and hydrogen peroxide as substrates. Absorbance at 492 nm was measured 
using an ELISA reader (Molecular Probes). IL-1β-specific IgG antibody 
titers were determined as the reciprocals of those serum dilutions that led 
to half-maximal absorbance at 492 nm and were calculated using a four-
parameter logistic equation (GraphPad Prism).

Neutralizing capacity of antibodies was assessed by IL-1β 
neutralization assay. Serial dilutions of immune sera were preincubated 
for 17–19 hours at 4 °C with wild-type human IL-1β. Solutions were 
then incubated for 3 hours at 37 °C with 5.2 × 104 HeLa cells per well; the  
IL-1β concentration was 25 pg/ml. IL-6 concentrations in the cell culture 
supernatants were determined with a sandwich ELISA using a mouse 
anti-human IL-6 capture Antibody (R&D systems), a biotinylated goat 
anti-human IL-6 detection-antibody (R&D systems) and horseradish 
peroxidase-conjugated streptavidin. For the monkey serum samples, 
neutralization capacity was expressed as neutralization titer, which 
corresponds to the reciprocal of the serum dilution needed to reduce 
the absorbance of the IL-6 quantification assay by 50%. For the human 
samples, the neutralization capacity is given as the % reduction of 
the IL-6 response obtained with a 1:5 dilution of the immune sera by 
comparing supernatants from HeLa cells incubated with 25 pg/ml IL-1β 
in the presence of immune sera to supernatants of HeLa cells incubated 
with 25 pg/ml IL-1β in the presence of the corresponding preimmune 
serum. Background IL-6 release was determined with the same dilution 
of preimmune serum, but in the absence of IL-1β. For the assessment of 
inflammatory parameters, CRP levels above 30 mg/dl or >3-fold increased 
compared to baseline were excluded from the analysis as they were 
interpreted as indicators of acute infections. HbA1c and glucose levels at 
time points of increased CRP were also not included in the analysis.

Statistics. All 48 patients completed the study and were analyzed accord-
ing to the intention-to-treat principle. The number of patients per cohort 
was chosen according to generally accepted procedures for first-in-human 
studies. A safety interim analysis was performed after all patients had 

completed the core study. For descriptive statistical analyses, values are 
expressed as medians/range and geometric means  ±  SEM for antibody 
titers due to logarithmic dilution steps in the ELISA. We used the non-
parametric t-test (Mann-Whitney) and Student’s t-test for statistical sig-
nificance as indicated. All tests were two tailed; P < 0.05 was defined as 
significant. Data were analyzed using statistical software (SAS software, 
version 9.3, SAS Institute, Cary, NC).

SUPPLEMENTARY MATERIAL
Table  S1.  Clinical observations in rhesus monkeys on day 84.
Table  S2.  Laboratory findings in rhesus monkeys on day 84.
Table  S3.  Baseline characteristics of type 2 diabetic patients in high-
est treatment group.
Table  S4.  Adverse events of type 2 diabetic patients in highest treat-
ment group.
Figure  S1.  Flow cytometry shows no treatment-related changes of 
specific cell populations in rhesus monkeys.
Figure  S2.  Anti-IL-1β antibody titers and neutralizing capacity of 
individual type 2 diabetic patients of all treatment groups.
Figure  S3.  Time course of HbA1c (%) and neutralization capacity over 
time in type 2 diabetic patients in placebo and all treatment groups.
Figure  S4.  Time course of glucose (mg/dl) and neutralization capac-
ity over time in placebo and all treatment groups.
Figure  S5.  Time course of CRP (mg/dl) and neutralization capacity 
over time in placebo and all treatment groups.
Figure  S6.  Sequence alignment between human and rhesus IL-1β.
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