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INTRODUCTION
Inflammatory bowel disease (IBD), or ulcerative colitis 
(UC) and Crohn’s disease (CD), is characterized by 
inflammation in the intestinal tract without any evident 
infection. The pathogenetic mechanisms underlying the 
disease induction and progression is still unclear, although 
clinical studies and animal models have offered insights 
into the pathogenesis of  IBD[1]. It is also of  prognostic 
value in finding analyses enabling early detection of  
relapses, thus being able to define medical treatment and 
possibly cease the disease progression at an early stage. 
Alternatively, if  the patients are at a higher risk of  relapse, 
a more intense clinical contact is necessary[2]. Exploring 
the pathogenesis of  IBD and finding early markers 
of  the disease activity are two approaches that might 
benefit each other. In this context, on the experimental 
basis, it is of  great value to continuously follow animals 
that are born healthy, therefore displaying a disease-
free interval, but pre-disposed for IBD. G protein αi2 
deficient mice develop a chronic intestinal inflammation 
much resembling UC in human beings, including the 
development of  adenocarcinomas[3]. Since the mice are 
born healthy and develop disease at the age of  12-25 wk, 
it is possible to study the pathogenesis as well as the effect 
of  interventions initiated before the induction of  the 
disease or during ongoing inflammation. Furthermore, the 
murine model of  Gαi2-deficient mice enables studies on 
early markers of  IBD induction/progression.

The importance of  the commensal f lora for the 
induction of  experimental IBD is reported in several 
different models where animals under specific pathogen-
free conditions develop intestinal inflammation, while 
they remain healthy or develop only mild inflammation 
in a germ-free environment[4-7]. This is true also for Gαi2-
deficient mice (Birnbaumer, personal communication). As 
far as we know, the toll-like receptors (TLRs) form one of  
the primary sensors of  the immune system in detecting 
bacterial structures. Interestingly, several components of  
the TLR intracellular (IC) signaling pathway are shared 
also by interleukin-1 receptor type I (IL-1RI) and the 
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Abstract
AIM: To study the serum concentration of IL-1β, IL-1 
receptor antagonist (IL-1Ra) and IL-18 in Gαi2-deficient 
mice at the age of 6 (healthy), 12 (pre-colitic) and 24 wk 
(colitic) and in healthy control mice.

METHODS: At the time of kil l ing, serum samples 
were collected and IL-1β, IL-1Ra and IL-18 levels were 
measured using enzyme-linked immunosorbent assays.

RESULTS: Serum concentrat ion of IL-1Ra was 
significantly increased in pre-colitic (median: 524 ng/L; 
P = 0.02) and colitic (450 ng/L; P = 0.01), but not in 
healthy (196 ng/L) Gαi2-deficient mice as compared with 
controls (217 ng/L). Serum concentrations of IL-1β did 
not differ between Gαi2-deficient mice and their controls, 
irrespective of age, IL-18 was significantly increased in 
colitic, but not in pre-colitic mice compared with controls 
(510 ng/L vs  190 ng/L; P = 0.05).

CONCLUSION: The increased serum concentrations of 
IL-18 and IL-1Ra in established diseases are suggested 
as markers of ongoing col i t is. Interest ingly, the 
significantly increased serum concentration of IL-1Ra in 
pre-colitic mice is found to be an early marker of disease 
progression.
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interleukin-18-receptor (IL-18R). Since these IC signaling 
mediators, e.g. IL-1 receptor-associated kinase-1 (IRAK-1)[8] 
and -M (IRAK-M)[9], are highly involved in the regulation 
of  TLR signaling, one might expect an early and important 
role of  IL-1RI and IL-18R in regulating inflammation 
induced via TLR. IL-18 is a co-stimulator for IFN-γ 
production[10] and the Gαi2-deficient mice is known to 
display an immunological dysregulation characterized by 
high IFN-γ production in intestinal compartments[11]. The 
main sources of  IL-18 in the intestinal tract are intestinal 
epithelial cells (IEC), macrophages and dendritic cells 
(DCs)[12-14] The importance of  IL-18 for the induction 
of  colitis has previously been shown in the model of  
2,4,6-trinitrobenzene sulfonic acid (TNBS) induced colitis 
in which IL-18-deficient mice do not develop disease, 
whereas a Crohn’s-like disease develops in the wild-type 
mice[15]. The interleukin-1-receptor antagonist (IL-1Ra) 
binds to the IL-1RI and blocks the pro-inflammatory 
function of  IL-1 in colitis[16] and neutralization of  IL-1Ra 
results in the exacerbation of  colitis[17] Though the IL-
1Ra production is significantly increased by IEC during 
inflammation in CD and UC patients[18], an increased IL-1/
IL-1Ra ratio in the intestinal mucosa is still seen in these 
patients[19]. The spontaneous production of  IL-1β is highly 
increased (30-fold) in colons of  Gαi2-deficient mice with 
colitis as compared with wild-type mice, while the increase 
in TNF production is more modest (2-fold)[11]. The aim 
of  this study was to analyze the serum concentrations of  
IL-1β, IL-1Ra, and IL-18 in pre-colitic and colitic Gαi2-
deficient mice in order to find early serum markers of  
colitis.

MATERIALS AND METHODS
Mice
Mice were kept and bred at the animal facility of  the 
Department of  Experimental Biomedicine, Göteborg 
University, Sweden. They were kept under standard 
conditions of  temperature and light, and fed with 
standard laboratory chow and water ad libitum. The 
procedure of  Gαi2 gene disruption has been described 
in detail elsewhere[3]. Gαi2-deficient mice on a mixed 
C57BL/6X129SvEv background were backcrossed 
four generations into 129SvEv and then intercrossed. 
Homozygous Gαi2–/– males were bred with heterozygous 
females and the offspring were genotyped by polymerase 
chain reaction (PCR) analysis. Gαi2-deficient mice (Gαi2
–/–) on this background developed colitis between 12 and 
25 wk of  age, irrespective of  sex, while the Gαi2+/– similar 
to Gαi2+/+ mice stayed healthy. The mice were killed at the 
age of  6 (healthy), 12 (pre-colitic), and 24 (colitic) wk. At 
the time of  killing, a gross examination of  the intestines 
was performed to look for the presence of  colitis. Colitis 
was scored: 0 = normal; 1 = mild colitis; 2 = moderate 
colitis and 3 = severe colitis. Blood samples were taken 
and spleens were weighed. Both male and female mice 
were included in the study. Heterozygous mice were used 
as controls throughout the study. The experiments were 
approved by the Göteborg Animal Ethics Committee.

Cytokine analyses
Serum concentrations of  IL-1β and IL-1Ra were estimated 
using Quantikine mouse immunoassays (R&D Systems, 
Minneapolis, MN, USA) and IL-18 was measured using 
a commercially available enzyme immunosorbent assay 
(MBL, Nagoya, Japan). Detection limits were: IL-1β:  
3 ng/L, IL-1Ra: 7 ng/L and IL-18: 25 ng/L. All the assays 
were performed in accordance with the manufacturer’s 
instructions.

Statistical analysis
Data were analyzed using the non-parametric Mann-
Whitney U test. A value of  P ≤ 0.05 was considered as 
statistically significant.

RESULTS
Serum IL-18 but not IL-1β is a marker of ongoing colitis
We examined the serum concentrations of  IL-18 and IL-1β 
in the colitic animals as well as their littermate controls. As 
expected heterozygous controls displayed no or very low 
serum IL-1β concentration, but also the 24-wk-old Gαi2-
deficient mice had serum levels of  IL-1β as compared 
to Gαi2+/– controls (median: 18 ng/L vs 9 ng/L; ns, not 
shown). The levels of  circulating IL-18 in heterozygous 
controls were clearly above the detection limit of  the assay. 
However, in contrast to the IL-1β serum levels, the IL-18 
concentration was significantly increased in the colitic mice 
as compared with control animals (Figure 1A). One of  the 
Gαi2+/– mice displayed a highly increased IL-18 level as 
compared with the controls. This mouse appeared healthy 
and was included in the statistical analysis.

Serum IL-1-receptor antagonist is an early indicator of 
colitis onset
The serum concentrations of  IL-1Ra were analyzed in 
Gαi2-deficient mice and their littermate controls. In 
parallel with IL-18, serum IL-1Ra was also easily detected 
in control animals. In contrast to IL-1β that was not 
increased in colitic animals, the IL-1Ra concentrations 
were significantly higher than the controls (Figure 1B). 
Interestingly, similar to the colitic animals, pre-colitic Gαi2–/– 
mice also had significantly higher serum IL-1Ra levels than 
their controls. In contrast, serum concentrations of  IL-18 
and IL-1β were not raised in the 12-wk-old pre-colitic 
animals as compared with their controls (median 325 ng/L 
vs 190 ng/L; and 10 ng/L vs 9 ng/L).  

In the 12-wk-old g roup of  pre-col i t ic Gαi2 –/– 
mice, 6 mice did not show any signs of  colitis at gross 
examination, two had mild disease, one moderate and one 
was judged to have severe colitis. In the 24-wk-old group 
only one mouse had a normal colon by gross examination, 
two had mild disease, three moderate and three had severe 
disease. 

The IL-18 concentrations were found higher in 
colitic than in pre-colitic mice, which was in parallel with 
a disease progression between 12 and 24 wk of  age. 
However, this was not seen with regard to the serum IL-
1Ra concentration. In our previous study Gαi2-deficient 
cells showed exaggerated cytokine production upon 
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stimulation, even if  they were derived from a non-colitic 
genetic background[20]. To examine whether the IL-1Ra 
concentration was increased upon colitis onset, we also 
analyzed the serum IL-1Ra concentration in 6-week-old 
(healthy) Gαi2-deficient mice. The 6-wk-old Gαi2–/– mice 
had similar serum level of  IL-1Ra to the Gαi2+/– control 
animals. Thus, serum IL-1Ra concentrations increased 
upon colitis onset which is not merely a consequence of  
the Gαi2 deficiency (Figure 1B).

Spleen weight seemed to be also correlated with the 
stage of  the disease. The median weight of  132 mg in 
12-wk-old mice, was significantly higher than in Gαi2+/– 
mice (84 mg; P = 0.03). The 24-wk-old mice displayed a 
higher spleen weight (222 mg) than not only the controls, 
but also the 12-wk-old mice (P = 0.03). Interestingly, 
the two 12-wk-old mice with severe and moderate 
colitis judged by gross examination demonstrated the 
highest spleen weight and the highest serum IL-1Ra 
concentrations: 271 mg and > 4 000 ng/L in mouse with 
severe colitis and 180 mg and 1 276 ng/L in mouse with 
moderate colitis.

DISCUSSION
We analyzed serum concentrations of  IL-18, IL-1β and 
the IL-1 receptor antagonist in Gαi2-deficient mice on 

a colitis-prone genetic background. Since mice are born 
healthy and develop colitis at the age of  approximately 
12-25 wk, we were able to examine the mice at a “pre-
colitic (12 wk of  age) and a “colitic” age (24 wk). Our 
results showed that the serum IL-18 concentration was 
significantly increased in Gαi2-deficient mice at 24 wk of  
age, a time when most of  the mice displayed moderate or 
severe colitis, as compared with the controls. At this time-
point serum IL-1Ra concentrations were also significantly 
increased, whereas the serum IL-1β levels were similar in 
Gαi2-deficient and control mice. The 12-wk-old, “pre-
colitic” Gαi2-deficient mice did not display increased 
serum levels of  neither IL-18 nor IL-1β. In contrast, the 
serum concentration of  IL-1Ra was significantly increased 
in these mice. Our results suggest a potential clinical 
importance of  measuring serum concentrations of  IL-18 
and IL-1Ra in IBD patients to determine the status of  the 
inflammatory disease. The value of  measuring serum IL-18 
might be related to confirming ongoing colitis, additional 
information could be obtained by examining the serum IL-
1Ra concentration. In fact, serum concentration of  IL-1Ra 
is an early indicator for the onset of  colitis.

We know from previous studies on Gαi2-deficient 
mice that the production of  IL-1β is highly increased 
locally in the large intestine during ongoing colitis[11]. 
However, the present study clearly shows that such a 
dysregulation of  the IL-1β production is not reflected 
in the systemic circulation. In contrast to IL-1β, IL-18 is 
easily detected in the blood in healthy individuals, of  both 
mouse and man, which enables evaluation of  fluctuations 
in IL-18 concentrations during the disease. The finding of  
significantly increased IL-18 levels in the 24-wk-old colitic 
mice is not very surprising, inasmuch as the intestinal 
inflammation of  the Gαi2-deficient mice is characterized 
by high IFN-γ production, with IL-18 being a co-stimulator 
for IFN-γ production. It has been previously shown that 
serum IL-18 was higher in patients with CD than healthy 
blood donors[21]. A recent report also showed increased 
plasma IL-18 level in patients with moderate or severe UC, 
but not in patients with mild disease[22]. Our results confirm 
a role of  IL-18 levels measurement in established colitis. 
However, it seems that IL-18 is not as sensitive as IL-1Ra 
in indicating onset of  colitis, or perhaps not as useful as 
an early indicator of  a relapse as compared with IL-1Ra. 
We found that although there were clearly detectable levels 
of  IL-1Ra in young healthy Gαi2-deficient mice, the levels 
were similar to what was found in the control mice. In 
contrast, the 12-wk-old “pre-colitic” Gαi2-deficient mice 
displayed significantly higher serum IL-1Ra concentrations 
than their controls. In the healthy mucosa, IEC is capable 
of  producing IL-1Ra[18] which might be one of  the sources 
for the serum IL-1Ra detected in healthy Gαi2–/– mice and 
their Gαi2+/– littermates. During intestinal inflammation, 
IEC increased the production of  IL-1Ra, but a decreased 
IL-1Ra:IL-1 ratio was nevertheless seen[23]. One reason 
for finding IL-1Ra but not IL-1β in the circulation at 
the onset and in established colitis might simply be 
that the receptor antagonist is produced excessively as 
compared with the cytokine and is therefore more easily 
detected. Another explanation could of  course be that 
the IL-1Ra is systemically derived. Although the visceral 
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Figure 1 A: Serum IL-18 concentrations in 24-wk-old Gαi2-deficient mice (n = 9) 
and their heterozygous littermates (controls; n = 7). Data were analyzed using 
the non-parametric Mann-Whitney U test. A value of P ≤ 0.05 was regarded as 
statistically significant. The horizontal bars mark the median values within each 
group; B: Serum IL-1Ra concentrations in 6-wk-old (healthy; n = 11), 12-wk-
old (pre-colitic; n = 8), and 24-wk-old (colitic; n = 7) Gαi2-deficient mice and their 
heterozygous controls (n = 10). Data were analyzed using the non-parametric 
Mann-Whitney U test. A value of P ≤ 0.05 was regarded as statistically significant. 
The horizontal bars mark the median values within each group.
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organs of  Gαi2-deficient mice were previously screened 
microscopically without finding any abnormalities, except 
the colon[3], splenomegaly seems to be correlated with 
disease progression in Gαi2-deficient mice. One possible 
tissue origin of  serum IL-Ra in healthy individuals, except 
IEC, is the adipose tissue[24,25]. An increased serum IL-
1Ra concentration in the older Gαi2-deficient can hardly 
be related to increased BMI. In contrast from previous 
results we found that serum leptin, also originating from 
white adipose tissue, is decreased upon colitis onset in 
Gαi2-deficient mice[26]. Furthermore, the 12-wk-old mouse 
displaying severe colitis had a substantial weight reduction 
as compared with the other mice in the group and still 
highly increased serum IL-1Ra concentration.

In conclusion, our results show that while circulating 
IL-18 and IL-1Ra are markers of  established intestinal 
inflammation, IL-1Ra is also an early indicator of  onset of  
colitis in Gαi2-deficient mice. We therefore suggest that 
IL-1Ra might be a useful serological marker of  disease 
progression in IBD at an early stage as well as at a relapse.

ACKNOWLEDGMENTS
We thank Maria Sapnara for her technical assistance.

REFERENCES
1	 Bouma G, Strober W. The immunological and genetic basis of 

inflammatory bowel disease. Nat Rev Immunol 2003; 3: 521-533 
2	 Costa F, Mumolo MG, Ceccarelli L, Bellini M, Romano MR, Sterpi 

C, Ricchiuti A, Marchi S, Bottai M. Calprotectin is a stronger 
predictive marker of relapse in ulcerative colitis than in Crohn’s 
disease. Gut 2005; 54: 364-368 

3	 Rudolph U, Finegold MJ, Rich SS, Harriman GR, Srinivasan Y, 
Brabet P, Boulay G, Bradley A, Birnbaumer L. Ulcerative colitis 
and adenocarcinoma of the colon in G alpha i2-deficient mice. 
Nat Genet 1995; 10: 143-150 

4	 Taurog JD, Richardson JA, Croft JT, Simmons WA, Zhou M, 
Fernández-Sueiro JL, Balish E, Hammer RE. The germfree state 
prevents development of gut and joint inflammatory disease in 
HLA-B27 transgenic rats. J Exp Med 1994; 180: 2359-2364 

5	 Dianda L, Hanby AM, Wright NA, Sebesteny A, Hayday AC, 
Owen MJ. T cell receptor-alpha beta-deficient mice fail to develop 
colitis in the absence of a microbial environment. Am J Pathol 
1997; 150: 91-97

6	 Sellon RK, Tonkonogy S, Schultz M, Dieleman LA, Grenther W, 
Balish E, Rennick DM, Sartor RB. Resident enteric bacteria are 
necessary for development of spontaneous colitis and immune 
system activation in interleukin-10-deficient mice. Infect Immun 
1998; 66: 5224-5231 

7	 Schultz M, Tonkonogy SL, Sellon RK, Veltkamp C, Godfrey VL, 
Kwon J, Grenther WB, Balish E, Horak I, Sartor RB. IL-2-deficient 
mice raised under germfree conditions develop delayed mild 
focal intestinal inflammation. Am J Physiol 1999; 276: G1461-G1472 

8	 Medvedev AE, Lentschat A, Wahl LM, Golenbock DT, Vogel 
SN. Dysregulation of LPS-induced Toll-like receptor 4-MyD88 
complex formation and IL-1 receptor-associated kinase 1 
activation in endotoxin-tolerant cells. J Immunol 2002; 169: 
5209-5216

9	 Nakayama K, Okugawa S, Yanagimoto S, Kitazawa T, Tsukada K, 
Kawada M, Kimura S, Hirai K, Takagaki Y, Ota Y. Involvement 
of IRAK-M in peptidoglycan-induced tolerance in macrophages. 
J Biol Chem 2004; 279: 6629-6634

10	 Micallef MJ, Ohtsuki T, Kohno K, Tanabe F, Ushio S, Namba M, 
Tanimoto T, Torigoe K, Fujii M, Ikeda M, Fukuda S, Kurimoto M. 

Interferon-gamma-inducing factor enhances T helper 1 cytokine 
production by stimulated human T cells: synergism with 
interleukin-12 for interferon-gamma production. Eur J Immunol 
1996; 26: 1647-1651

11	 Hörnquist CE, Lu X, Rogers-Fani PM, Rudolph U, Shappell S, 
Birnbaumer L, Harriman GR. G(alpha)i2-deficient mice with 
colitis exhibit a local increase in memory CD4+ T cells and 
proinflammatory Th1-type cytokines. J Immunol 1997; 158: 
1068-1077

12	 Pizarro TT, Michie MH, Bentz M, Woraratanadharm J, Smith 
MF, Foley E, Moskaluk CA, Bickston SJ, Cominelli F. IL-18, a 
novel immunoregulatory cytokine, is up-regulated in Crohn’s 
disease: expression and localization in intestinal mucosal cells. J 
Immunol 1999; 162: 6829-6835 

13	 Monteleone G, Trapasso F, Parrello T, Biancone L, Stella A, 
Iuliano R, Luzza F, Fusco A, Pallone F. Bioactive IL-18 expression 
is up-regulated in Crohn’s disease. J Immunol 1999; 163: 143-147

14	 Kanai T, Watanabe M, Okazawa A, Nakamaru K, Okamoto M, 
Naganuma M, Ishii H, Ikeda M, Kurimoto M, Hibi T. Interleukin 
18 is a potent proliferative factor for intestinal mucosal 
lymphocytes in Crohn’s disease. Gastroenterology 2000; 119: 
1514-1523

15	 Kanai T, Watanabe M, Okazawa A, Sato T, Yamazaki M, 
Okamoto S, Ishii H, Totsuka T, Iiyama R, Okamoto R, Ikeda M, 
Kurimoto M, Takeda K, Akira S, Hibi T. Macrophage-derived 
IL-18-mediated intestinal inflammation in the murine model of 
Crohn’s disease. Gastroenterology 2001; 121: 875-888 

16	 Cominelli F, Nast CC, Duchini A, Lee M. Recombinant 
interleukin-1 receptor antagonist blocks the proinflammatory 
activity of endogenous interleukin-1 in rabbit immune colitis. 
Gastroenterology 1992; 103: 65-71

17	 Ferretti M, Casini-Raggi V, Pizarro TT, Eisenberg SP, Nast 
CC, Cominelli F. Neutralization of endogenous IL-1 receptor 
antagonist exacerbates and prolongs inflammation in rabbit 
immune colitis. J Clin Invest 1994; 94: 449-453

18	 Daig R, Rogler G, Aschenbrenner E, Vogl D, Falk W, Gross V, 
Schölmerich J, Andus T. Human intestinal epithelial cells secrete 
interleukin-1 receptor antagonist and interleukin-8 but not 
interleukin-1 or interleukin-6. Gut 2000; 46: 350-358 

19	 Casini-Raggi V, Kam L, Chong YJ, Fiocchi C, Pizarro TT, 
Cominelli F. Mucosal imbalance of IL-1 and IL-1 receptor 
antagonist in inflammatory bowel disease. A novel mechanism of 
chronic intestinal inflammation. J Immunol 1995; 154: 2434-2440 

20	 Bjursten M, Hultgren OH, Hultgren Hörnquist E. Enhanced pro-
inflammatory cytokine production in Galphai2-deficient mice on 
colitis prone and colitis resistant 129Sv genetic backgrounds. Cell 
Immunol 2004; 228: 77-80 

21	 Furuya D, Yagihashi A, Komatsu M, Masashi N, Tsuji N, 
Kobayashi D, Watanabe N. Serum interleukin-18 concentrations 
in patients with inflammatory bowel disease. J Immunother 2002; 
25 Suppl 1: S65-S67

22	 Wiercinska-Drapalo A, Flisiak R, Jaroszewicz J, Prokopowicz D. 
Plasma interleukin-18 reflects severity of ulcerative colitis. World 
J Gastroenterol 2005; 11: 605-608 

23	 Daig R, Andus T, Aschenbrenner E, Falk W, Schölmerich J, Gross 
V. Increased interleukin 8 expression in the colon mucosa of 
patients with inflammatory bowel disease. Gut 1996; 38: 216-222 

24	 Juge-Aubry CE, Somm E, Giusti V, Pernin A, Chicheportiche R, 
Verdumo C, Rohner-Jeanrenaud F, Burger D, Dayer JM, Meier 
CA. Adipose tissue is a major source of interleukin-1 receptor 
antagonist: upregulation in obesity and inflammation. Diabetes 
2003; 52: 1104-1110

25	 Meier CA, Bobbioni E, Gabay C, Assimacopoulos-Jeannet F, 
Golay A, Dayer JM. IL-1 receptor antagonist serum levels are 
increased in human obesity: a possible link to the resistance to 
leptin? J Clin Endocrinol Metab 2002; 87: 1184-1188 

26	 Hultgren OH, Ohman L, Hörnquist EH. Decreased leptin 
production in mice after onset of ulcerative colitis-like disease. 
Scand J Gastroenterol 2004; 39: 1166-1167 

S- Editor  Ma JY, Pan BR and Guo SY    L- Editor  Elsevier HK    E- Editor  Kong LH

624           ISSN 1007-9327      CN 14-1219/ R     World J Gastroenterol     January 28, 2006    Volume 12     Number 4


