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Interleukin-18 is a cytokine that initiates and promotes host 
defense and inflammation. It is characterized by both structural 
and functional homology to the IL-1β family of cytokines [1,2]. 
IL-18 appears to be a pivotal mediator of T helper type 1 cell 
responses [3], as was manifested by the induction of T helper 1 

cytokines such as interferon gamma [4] synergistically with IL-12 
[5]. IL-18 was also shown to facilitate the development of Th2 
response [6] in the absence of IL-12.

IL-18 exerts its functions by binding to the IL-18 receptor 
complex. This complex consists of two chains, the ligand bind-
ing chain, IL-18Rα and the signaling chain IL-1Rβ. IL-18Rα is a 
member of the IL-1 receptor family and was previously called IL-1 
receptor-related protein. As is the case for the IL-1R complex, 
both chains are required for IL-18 signaling [7]. 

IL-18 is unique among other cytokines in that it has a specific 
binding protein, named IL-18 binding protein, which was puri-
fied from urine by ligand affinity chromatography [8,9]. IL-18BP 
is expressed in the spleen, colon and small intestine, and is 
found in plasma. It belongs to the immunoglobulin superfamily 
and has limited homology to the IL-1 type II receptor. Its gene 
was localized on the human chromosome 11q13. There is no 
exon coding for a trans-membrane component. Administration 
of IL-18BP abolishes the induction of IFNγ, IL-8 and activa-
tion of nuclear factor kappa B [10]. Thus, IL-18BP acts as an 
inhibitor in the early Th-1 response. It is of note that several 
viruses produce proteins homologous to IL-18BP [9], suggesting 
that viral products may interfere with cytotoxic T cell response. 
The balance between IL-18 and IL-18BP is complex and poorly 
understood.

The two inflammatory bowel diseases, Crohn’s disease and 
ulcerative colitis, are characterized by a chronic inflammatory 
process involving the gastrointestinal tract. The pathogenesis of 
these diseases remains unclear, but evidence suggests that the 
normal balance between inflammatory and regulatory cytokines 
is disturbed. This has been exploited in recent treatment mo-
dalities, such as anti-tumor necrosis factor alpha antibody that 
manipulates the immune system and returns the balance of the 
inflammatory process to normal. Cytokines that are up-regulated 

IL = interleukin 
IL-18BP = IL-18 binding protein 
IL-18R = IL-18 receptor

IFNγ = interferon gamma
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Background: Crohn’s disease and ulcerative colitis are inflam-

matory bowel diseases with an unknown etiology. Interleukin-18 
is a pro-inflammatory cytokine that is up-regulated in Crohn’s 
disease. IL-18 binding protein neutralizes IL-18. The relationship 
of IL-18 and IL-18BP and disease activity in these diseases is not 
fully understood. 

Objectives: To investigate the correlation of IL-18 and IL-18BP 
with disease activity and other disease parameters in inflammatory 
bowel disease. 

Methods: IL-18 and IL-18BP isoform α were measured in 129 
patients and 10 healthy individuals. Patients’ mean age was 40.5 
(range 15–70 years) and 43 were women; 58 Crohn’s and 28 colitis 
patients were in remission and 52 and 14, respectively, were in 
exacerbation. Twenty-three (19 and 4 respectively) were studied 
in both remission and exacerbation. 

Results: The mean level of free IL-18 was significantly different 
between healthy individuals and Crohn patients, and between Crohn 
patients during exacerbation and remission (167 ± 32 vs. 471 ± 88 
and 325 ± 24 pg/ml, respectively, P < 0.05). Mean level of IL-18BP 
was significantly different between healthy individuals and Crohn 
patients, and between Crohn patients during exacerbation and 
remission (2.1 ± 1.1, 7.5 ± 4 and 5.23 ± 2.8 ng/ml, respectively, P 
< 0.01). In the colitis patients, mean free IL-18 level and IL-18BP 
were significantly different between healthy individuals and patients, 
but not between disease remission and exacerbation (167 ± 32, 
492 ± 247 and 451± 69 pg/ml for IL-18, and 2.1 ± 1.1, 7.69 ± 4 and 
6.8 ± 7 ng/ml for IL-18BP, respectively, P = 0.05).

Conclusions: IL-18 and IL-18BP levels are higher in patients 
with inflammatory bowel disease compared to healthy individuals. 
In Crohn’s disease, but not in ulcerative colitis, IL-18 (but not free 
IL-18) and IL-18BP levels are significantly higher during exacerbation 
compared to remission. This observation highlights the importance 
of IL-18 in the pathogenesis of inflammatory bowel diseases, 
especially in Crohn’s disease.
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during the inflammatory process are likely candidates for future 
therapeutic interventions. 

In several studies, IL-18 was found to be up-regulated in 
Crohn’s disease. Monteleone et al. [11] used polymerase chain 
reaction and Western blot to examine whole mucosa intesti-
nal tissue and lamina propria mononuclear cells for IL-18 in 
12 patients with Crohn’s disease, 9 with ulcerative colitis, and 
15 healthy individuals. Transcripts for IL-18 were found in all 
samples. However, increased transcripts were present in the 
samples from Crohn patients as compared to the samples from 
colitis patients and controls. The levels of IL-18 were higher in 
samples from sites of more active disease. Only patients in an 
active phase of disease were examined in that study. In another 
study, Furuya and co-workers [12] measured IL-18 levels in the 
serum of five patients with Crohn’s disease and found that the 
level was 1.7 times higher than in the control group. They did 
not measure IL-18BP. They did not find a high level of IL-18 in 
colitis patients. In another study Ten Hove and team [13] found 
that in experimental models of colitis, neutralization of IL-18 
reduced the severity of the disease. In another study, Ludwiczek 
et al. [14] showed that IL-18 but not IL-18BP is higher in the 
serum of patients with Crohn’s but not with colitis. The purpose 
of our study was to measure IL-18 and IL-18BP in the sera of 
Crohn and colitis patients, in both active and non-active stages 
of the disease, and to correlate these levels with disease activity 
index and other disease parameters. 

Patients and Methods
Our study population included 129 patients with inflammatory 
bowel diseases, 91 with Crohn’s and 38 with colitis. Patients’ 
average age was 38 (range 10–72) and 44.8 years (range 14–84) 
in those with Crohn’s and colitis respectively. Male to female 
ratio was 52/39 in Crohn patients and 24/14 in colitis patients. 
The disease parameters studied are described in Table 1. They 
included the type of disease (fistulizing, inflammatory, or fibros-
ing), extra-intestinal manifestations, duration of disease, family 
history of disease, and the involved part of the intestine. Crohn’s 
Disease Activity index or Ulcerative Colitis Activity Index at the 
time of the study were calculated using the BEST score [15] or 
ulcerative colitis clinical activity score [16]. Briefly, the BEST 
score calculates Crohn’s disease activity by taking into account 
the patients’ well-being, number of bowel movements, extra-
intestinal disease manifestations, anemia and weight loss. The 
UCAI takes into account the number of bowel movements, the 
proportion of bloody stool, nocturnal diarrhea incontinence, and 
patient well-being. Remission was defined as CDAI below 150 
and UCAI below 6. In total, 110 blood samples were obtained 
from 91 Crohn patients to measure IL-18 and IL-18BP: 58 dur-
ing remission and 52 during an exacerbation. Nineteen blood 
samples were obtained from the same patient twice, once during 
remission and once during an exacerbation. 

Forty-two blood samples were obtained from 38 colitis pa-

UCAI = Ulcerative Colitis Activity Index
CDAI = Crohn’s Disease Activity index

tients. In only four patients were blood samples available during 
both exacerbation and remission. (Because of the small number 
they were not analyzed separately.) Results of patients with active 
disease and patients in remission were compared. Ten healthy 
volunteers picked from the hospital staff served as a control 
group. Male to female ratio was 4/6 and average age was 45. 
The study was approved by the medical ethics committee of the 
medical center. 

Laboratory tests 
 • IL-18 enzyme-linked immunosorbent assay: IL-18 was measured 

in patient’s serum by ELISA (MBL, Naka-Ku Nagoya, Japan). 
The assay uses two monoclonal antibodies against two dif-
ferent epitopes of human IL-18. Serum samples, blank and 
standards, were incubated in duplicates in 96-well microplates 
coated with anti-human IL-18 monoclonal antibodies. After 
washing, peroxidase conjugated anti-human IL-18 monoclonal 
antibodies were added and incubated. Then after another 

ELISA = enzyme-linked immunosorbent assay

Table 1. Disease parameters

Crohn’s disease

Disease duration (yrs) 9.47 (0.1–35)

Disease in family 15/91

Extra-intestinal manifestations 21/91

Involved organ

 Terminal ileum 52

 Colon 23

 Small intestine 7

 Terminal ileum + colon 8

 Terminal ileum + esophagus 1

Treatment*
 Before treatment 22

 5 ASA 37

 Steroids 26

 Immunssuppressive 20

 Anti-TNF 111

Ulcerative colitis

Disease duration (yrs) 15 (1–43)

Disease in family 1/38

Extra-intestinal manifestations 3/38

Involved organ

 Pan colitis 9

 Left colon 23

 Proctitis 6

Treatment*

 Before treatment 19

 5 ASA 13

 Steroids 2

 Immunosuppressive 6

* Note that 22 patients received more than one drug

    5 ASA = 5 aminosalicilic acid, anti-TNF = anti-tumor  

    necrosis factor
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washing a peroxidase substrate mixed with 
chromogen was added. The enzyme reaction 
was terminated by adding a sulfuric acid 
solution. Optical density of the developed 
color was measured at 450 nm in an ELISA 
microplate reader. The concentration of 
IL-18 in pg/ml was calibrated from a dose 
response curve, based on the five reference 
standards. The minimum detection limit of 
the kit is 12.5 pg/ml.

 • A double antibody ELISA for IL-18BP [17] to 
measure isoforms a+c: The ELISA consisted 
of two anti-rIL-18BP-His6 antibodies: Mab 
582.10 served as the capture antibody and rabbit polyclonal 
antibody was used for detection. A highly purified recombi-
nant human rIL-18BPa, quantitated by amino acid analysis, 
was used as a standard and a linear standard curve was 
obtained between 0.062 and 2 ng/ml.

 • Calculation of free IL-18: Antibodies used for the IL-18 ELISA 
detect both free IL-18 and IL-18 bound to IL-18BP and are 
not able to distinguish between the free and the bound form 
of IL-18. Therefore, the levels of free IL-18 were calculated. 
Free IL-18 was calculated according to the law of mass ac-
tion as recently described [1,18]. In brief, the calculation 
was based on a molecular weight of 18 kD and 20 kD of 
IL-18 and IL-18BP, respectively. A 1:1 stoichiometry in the 
complex is known from earlier cross-linking studies [9]. The 
dissociation constant (Kd) is 0·4 nM. 

Statistical analysis
Data were analyzed using SPSS; the Mann-Whitney test was 
used to compare results between the different groups. Paired 
sample t-test was used to compare results of the same patients 
in exacerbation and remission. 

Results
Levels of IL-18 and IL-18BP in Crohn’s patients are presented 
in Table 2. The levels of IL-18 and IL-18BP were significantly 
different between the control group and the patients, and 
between patients during disease remission and exacerbation. 
The level of free IL-18 was statistically different between 
patients and controls, but the difference between patients 
in exacerbation and remission did not reach statistical 
significance.

Table 3 presents the results in 19 of 91 Crohn’s patients in 
whom blood samples were available during both exacerbation 
and remission. A paired sample t-test showed a significant differ-
ence between IL-18 and IL-18BP levels during exacerbation and 
remission. When free IL-18 was calculated a significant difference 
was not found between exacerbations and remissions. 

No significant correlation was found between the levels of IL-
18 or IL-18BP and the patients’ age, gender, duration of disease, 
phenotype of disease (inflammatory, fistulizing or fibrosing), fam-

ily history of inflammatory bowel disease, region of the intestine 
involved, or extra-intestinal manifestations of disease. 

In the ulcerative colitis patients, the levels of IL-18 and IL-
18BP and free IL-18 were significantly different between patients 
and controls, but no significant difference was detected between 
patients during disease remission or exacerbation [Table 4].

Discussion
IL-18 is a pro-inflammatory cytokine that is an important 
contributor to systemic and local inflammation. IL-18 plays an 
important role in the activation and regulation of T1 helper cells 
(Th1) [4] that are mandatory in the inflammatory reaction of 
Crohn’s disease. IL-18 and IL-18BP have been found to be sig-

Table 2. Levels of IL-18 and IL-18 BP in Crohn’s disease 

Control
Crohn’s disease  
in exacerbation

Crohn’s disease  
in remission

P (control/
Crohn’s disease)

P (exacerbation/
remission)

Number * 10 52 58

CDAI 264 ± 91 80.6 ± 48 < 0.01

IL-18 (pg/ml) 218 ± 102 819 ± 866 539 ± 300 < 0.01 < 0.01

Free IL-18 167 ± 32 471 ± 88 325 ± 24 < 0.05 NS

IL-18BP (ng/ml) 2.1 ± 1.1 7.5 ± 4 5.23 ± 2 .8 < 0.01 < 0.05

Values are presented as mean ± SD
*  Blood samples were taken from 19 patients twice: during remission and during exacerbation, so the numbers  

     of blood samples is higher than the number of patients

     CDAI = Crohn’s Disease Activity Index

Table 3. Levels of IL 18 and IL 18 BP in the same Crohn patients 
during exacerbation and remission 

Exacerbation 
(n=19)

Remission
(n=19) P 

CDAI 255 ± 84 88 ± 41 < 0.001

IL-18 621 ± 362 446 ± 293 < 0.05

Free IL-18 377 ± 193 257 ± 145 NS

IL-18 BP 8.5 ± 4.5 5.7 ± 2.6 < 0.01

Values are presented as mean ± SD

CDAI = Crohn’s Disease Activity Index

Table 4. Levels of IL-18 and IL-18 BP in Ulcerative colitis

Control
Ulcerative colitis  
in exacerbation

Ulcerative 
colitis in 
remission

P  
(control/
colitis)

P
(exacerbation/
remission)

Number * 10 14 28

UCAI 11.3 ± 3 1.85 ± 2 < 0.05

IL-18 (pg/ml) 218 ± 102 853 ± 1300 822 ± 500 < 0.01  NS

Free IL-18 167 ± 32 492 ± 247 451 ± 69 < 0.01 NS

IL-18BP (ng/ml) 2.1 ± 1.1 7.69 ± 4 6.8 ± 7 < 0.01  NS

Values are presented as ± SD
*  Blood samples were taken from four patients twice: during remission and during  

     exacerbation, so the numbers of blood samples is higher than the number of patients

     UCAI = Ulcerative Colitis Activity Index.
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nificantly higher in both serum and tissue specimens of Crohn’s 
disease patients [14,19,20], but the changes of IL-18 and IL-18BP 
during disease remission and exacerbation in Crohn’s disease and 
in colitis were not fully explored. In Crohn patients, IL-18 and 
IL-18BP were elevated compared to healthy individuals, but their 
relation to disease activity was not clear. In patients with colitis, 
levels of free IL-18 did not seem to rise [14], despite the fact 
that in animal models suppression of IL-18 ameliorates colitis 
[10]. The purpose of our study was to examine the relationship 
between IL-18, IL-18BP and disease activity in both diseases.

We demonstrated again that levels of both IL-18 and IL-18BP 
are higher in patients with inflammatory bowel disease than in 
healthy individuals. In Crohn’s we found that both IL-18 and 
IL-18BP rise with disease relapse. Our findings that levels of 
IL-18 and IL-18 BP increase with disease activity further support 
a major role for this cytokine in the pathogenesis of Crohn’s 
disease. This rise is similar to a parallel rise of both IL-18 and 
IL-18BP in patients with sepsis [17], rheumatoid arthritis [21] and 
chronic hepatitis [22]. The high levels of IL-18 in Crohn patients 
compared to healthy individuals even during disease remission 
indicates that remission in Crohn’s is only relative and a certain 
degree of inflammation is constant. 

IL-18 is not completely free in the serum and is bound by 
IL-18BP. The amount of free IL-18 that is left depends on the 
initial concentration of IL-18, the concentration of IL-18BP and 
their dissociation constant (Kd) and can be calculated using the 
law of mass action [1,17]. That is why, despite the seemingly high 
concentrations of IL-18BP, IL-18 is not completely neutralized 
and levels above normal still remain free and biologically active. 
Though IL-18 level was always above normal in our patients, 
the rise of IL-18 during disease relapse was modest and not 
significant when free IL-18 was calculated. The lack of difference 
of free IL-18 levels between disease remission and exacerbation 
may be the result of suppression of this cytokine by IL-18BP. The 
possibility of increasing the inhibition by using IL-18BP needs to 
be explored. 

In their study, Ludwiczek and colleagues [22] did not find a 
correlation between CDAI and IL-18 levels. We, however, found 
that as a group, Crohn patients in relapse have a significantly 
higher level of IL-18 but not free IL-18 compared to Crohn pa-
tients during remission. It seems that the range of IL-18 levels in 
different individuals is wide; some have higher levels in remission 
than others would during relapse, but when examining the same 
individual during both remission and relapse we found that 
relapse levels were higher.

IL-18 also stimulates Fas ligand-mediated cytotoxic activity of 
natural killer cells [23]. This activity is part of the Th2 response, 
mandatory in the inflammatory reaction causing ulcerative colitis. 
Thus IL-18 may be a key cytokine, playing an important role in 
both colitis and Crohn’s disease [6].

Pizarro et al. [24] found that in tissue from patients with 
active colitis, IL-18 levels were only minimally elevated. Contrary 
to this, Ludwiczek et al. [14] found that colonic explant cultures 
from disease-involved areas from colitis patients showed elevated 
secretion of IL-18, but that blood levels of IL-18 did not differ 

between colitis patients and healthy individuals. Several studies 
in animal models of colitis have shown that neutralization of 
IL-18, by using either IL-18BP or by specific anti-IL-18 antibodies, 
led to a significant amelioration of colitis. [10,13,25]. 

When combined, all these data indicate that IL-18 does 
participate in the inflammatory process of ulcerative colitis. Our 
finding that total IL-18 and IL-18BP serum levels were signifi-
cantly increased in colitis patients compared to healthy controls 
further supports this role, though no significant difference be-
tween disease remission and exacerbation was observed. Further 
studies are needed to precisely understand the significance of 
the constant rise of cytokines during both disease remission and 
exacerbation.

In conclusion, our findings indicate a role for IL-18 and IL-
18BP not only in Crohn’s disease but in ulcerative colitis too. 
In view of the rise of IL-18BP during disease exacerbation, it 
may be used as a surrogate marker of ongoing inflammatory 
activity. Whether these cytokines could be used for therapeutic 
intervention, as was shown in experimental mouse models, is a 
possibility that should be explored. 
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Experts tracking the resurgence of yellow fever across Africa 
worry about one scenario in particular: simultaneous outbreaks 
in several of the continent’s teeming mega-cities. In Lagos, 
Nigeria, with its population of 15 million, an estimated 4.5 
million could be infected, says Sylvie Briand of the World 
Health Organization, and international stockpiles of vaccine 
would be rapidly exhausted fighting the outbreak. And that’s 
just for one city. That’s why WHO and partner agencies are 
launching a major initiative to protect the populations at 
highest risk for yellow fever epidemics. Announced at the 
World Health Assembly last week and kick-started with $58 
million from the Global Alliance for Vaccines and Immuniza-
tion (GAVI) – a public-private partnership established in 1999 
to strengthen immunization and boost the use of new and 
underused vaccines – the goal is to immunize more than 48 
million people in 12 West African countries over the next 5 
years. Thanks largely to vector control and the introduction 
of a remarkably safe and effective vaccine, known as 17D, 
yellow fever has disappeared from the developed world. 

But within the tropical belt in Africa and South America, it 
remains a very dangerous disease, with a high lethality. Since 
2000, 18 countries in Africa have reported cases of yellow 
fever. West Africa is the hardest hit region, with worrisome 
outbreaks occurring in four major cities. A 2001 outbreak in 
Abidjan, Ivory Coast, required immunizing 2.6 million people 
in 12 days. Yellow fever’s exact toll is hard to measure, but 
WHO estimates there are now up to 200,000 cases a year, 
with 30,000 deaths. As part of the new initiative, the GAVI 
Alliance will increase the emergency stockpile from 6 million 
to about 11 million doses a year. UNICEF will negotiate 
with vaccine manufacturers to ensure production of the 50 
million or so doses for the 12 country prevention campaign. 
The GAVI Alliance will foot the bill for the vaccine, syringes, 
and half of the operational costs. The 12 countries have 
committed to raising the rest of the money for the vaccina-
tion campaigns.

Science 2007;316:110.
Eitan Israeli

Capsu le

Resurgence of yellow fever in Africa

When work is a pleasure, life is a joy! When work is a duty, life is slavery

Maxim Gorky (1868-1936), Russian dramatist, founder of the socialist realism literary method, 
and political activist
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