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PREFACE 

This study was based both laboratory experiments and vivd c1inical 

evaIuations and folIow up that took place during my postgradllate study at 

Kllmamoto university， School of Medicil1e， Kllmamoto， Japan. 

This thesis is divided into two chapters. The study of cytokines in vitro in 

patients with allergic bronchial asthrna and atopic dermatitis explained in 

two pa口sin vitro stlldy 1， and in vitro stlldy 11. Inclllded in Chapter 1. 

The in vitro study of cytokines production and modulation in patients with 

chronic fatigue syndrome is explained in Chapter 11. Each of the two 

chapters has i ts own abstract守 introduction‘materialsand methods， results， 

and discussion. The References mentioned at the end as (1.1. references) of 

the first stlldy， (1.2. references) of the second study and (2. references) of 

the study in chapter 11. 

1 hope this thesis wiU simply describe the role of cytokines and its 

involvement in the pathogenesis of allergic disorders and chronic fatiglle 

syndrome. 

1 believe that the data presented here help to fllrther understanding to 

cytokines and its important role and its possible help in the treatment of 

al1ergic and immunological diseases. 
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SUMMARY 

Cytokines are reported to be involved in the reglllation of cellular 

interaction that comprise immune responses. IL-18 is a novel cytokine 

formerIy called IFN-γinducing factor， which has been thought to be an 

important cofactor involved in Thl and Th2 cytokines production. The 

mechanism whereby IL-18 is involved in the pathogenesis of allergic 

disorders is still undetermined. PBMCs were obtained from patients with 

al1ergic BA， AD and controls， and then cultured with LPS or PHA. The 

concentrations of IL-18， IFN-γ ， and IL-13 in supernatant fluids were 

detelmined by enzymatic immunoassaying. IL-18 secretion in the BA 

patients (gm= 189 pg/mI) and AD patients (172 pg/m1) was significantly 

higher than that in non-allergic controls (118 pg/ml). In contrast‘IFN-γ 

secretion in the BA patients (7.3 IU/ml) and AD (6.8 IU/ml) was 

significantly lower than that in non-allergic controls (20.7 IU/ml). These 

results imply a defect in the responsiveness to IL-18 in patients with 

allergic disorders. So that， a second study was undertaken to check the 

responsiveness to IL-I8. 

PBMCs were cultured with IL-18 in the presence of IL-12 or IL-2， and 

then the concentration of IFN-γ， IL-13 and IL-4 in the culture supernatants 

were determined by enzymatic immunoassaying. IFN-γproduction was 

detected i n all culture from non-allergic controls with IL-18 in the presence 

of IL-12， however， the results of 5 BA patients and 5 AD patients were 

under the detection Iimit for IFN-y. In collaboration with lL-2， IL-18 was 

abJe to induce IFN-γproduction by PBMCs from all non-allergic controls 

and all allergic patients. Synergistic induction of IL-13 production was 

found in cultures with IL-18+IL-2， and it was significantly increased in BA 

patients‘ suggesting the involvement of IL-18 in the pathogenesis of 

allergic disorders. 

In addition to the role of cytokines in allergic disorders， cytokines have 

been suggested to play a role in the pathogenesis of chronic fatigue 

syndrome (CFS). PBMCs were cllltured with LPS or PHA， The 
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concentrations ofTGF-s 1， IL-6， IL-IO， IL-4， IFN-γ， IL-18 and TNF-αm 

the culture supernatants were measured by the specific immunoassaying 

(ELISA). In CFS patients who received the low dose intravenous -γ 

globulin treatment we examined the cytokines production as we]] as， the 

patients performance status score (PS). 

There was significant decrease in TGF-s 1 protein and mRNA production 

in LPS stimulated PBMC culture supernatants. Significant increase in TGF-

s 1 productivity and improvement of the PS in four of five CFS patients 

who received low dose intravenolls (IV)-γglobulin treatment were 

observed. These results sllggest that anti-inflammatory cytokine TGF-[3 1 

might be involved in the inflammatoηcharacteristics of CFS. 
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General introduction 

Cytokines are small-to medium-sized soluble proteins and 

glycoproteins secreted by one cell that can alter the behavior or properties 

of the ceIl itself or of another cell. They mediate highly potent biological 

effects on many cell types. They have critical roles in haematopoiesis， 

infIammatory responses and development and maintenance of immllne 

responses. Importantly， cytokines act in networks or cascades. Typical 

prope口iesof cytokines in these net¥¥!ork are pleiotropy， redllndancy， 

synergistic activity and antagonistic effects upon each other. It has been 

reported that stimlllated lymphoid cells either express 01' induce the 

expression in other celIs of heterogeneous group of solllble mediators that 

exhibit either effector or regulatory functions. These solllble mediators 

i ncl ude cytoki nes‘hormones， and neurotransmitters， which in tllrn affect 

immllne fllnction and may underlie many of the pathological manifestations 

seen in immunedisorders (2.R.35). Most cytokines produced by T cells are 

given the name interlellkin (IL) followed by a number. In mouse models， 

production of cytokines by stimulated T cells has been grollped into two 

major patterns， T-helper 1 and T-helper 2 types， depending on whether the 

cytokines favor the function of macrophages and natllral killer cells or of B 

cells， respectively. Thl-type cytokines incIude IL-2 and IFNγ ‘while IL-4， 

IL-5， IL-13 and IL-10 are examp]es of Th2-type cytokines. 

One of recently identified cytokines is IL-18， a potent proinfIammatory 

cytokine able to induce IFNgamma， GM-CSF， TNFalpha and IL-l in 

immunocompetent celIs， to activate killing by Iymphocytes， and to IIp-

regulate the expression of certain chemokine receptors. IL-18 is also 

essential to host defences against sever infections. Recent stlldies also 

demonstrated a convincing role for IL-18 in atopic responses， inclllding 

atopic asthma. IL-18 indllces naive T cells to develop into Th2 cells. 

Moreover， IL-18 also indllces IL-13 andlor IL-4 production by NK cells、

mast cells and basophils. Therefore， IL-18 ShOllld be seen as a uruqlle 

cytokine that enhances innate immllnity and both Th 1-and Th2・ dliven
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immune responses (2.R.37). 

Al1ergic diseases characteristically exhibit elevated serum IgE levels. 

Allergic reactions are the results of the production of specific IgE antibody 

to common， innocuolls antigens. Such antigens normally enter the body at 

very low doses by diffusion across mucosal surfaces， and trigger a Th2 

response. Naive allergen-specific T cells are induced to develop into Th2 

cells in the presence of an early burst of IL-4. The allergen-specific 丁目

cells drive allergen-specific 8 celIs to prodllce IgE. Although the 

pathophysiology of increased IgE production in such patients has been 

investigated， it has not been clarified completely. It has been shown that the 

class switch to IgE and prodllction by B cells is regulated by the cytokines 

prodllced by Th2 cells. In particular， IL-4 which is necessary for the 

expression of germline C e transcripts in B cells and indllces the cIass 

switch to IgE together with additional signal sllch as the CD40-CD40 ligand 

interactions (2.R.36). In contrast， IFN-γprodllced by Thl cells inhibits IgE 

synthesis by human PBMCs in vitro . 

Up to 40呪 ofpoplllations in western cOllntries show an exaggerated 

tendency to mOllnt IgE responses to a wide variety of common 

environmental antigens. This state is called atopy and app回 rto be 

infIuenced by several genetic loci. Atopic individuals have higher total 

levels of IgE measured in the circulation and higher eosinophils levels than 

their normal cOllnterparts. They are more sllsceptible to allergic diseases 

sllch as hay fever， bronchial asthma and atopic dermatitis. 

Chronic fatiglle syndrome (CFS) and allergy cohorts are similar in 

terms of their immllne status， and cytokines dysregulation was sllggested to 

be a factor involved in the pathogenesis of both allergic disorders and CFS. 

However， CFS sllbjects cOllld be discriminated by the distinct psychologic 

profiles among sllbjects with and withollt immllne activation. lt was 

reported that in at least large subgroup of sllbjects with CFS who had 

allergies， the concomitant influences of immune activation brollght on by 

allergic inflammation in an individual with the appropriate psychologic 
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profile may interact to produce the symptoms of CFS. In addition， it has 

been reported that prolonged or excessive production of cytokines 

secondary to allergen exposure or other immune insults has been proposed 

as being responsible for the development of CFS (2.R.20). In addition， 

some studies of cytokines in CFS have been done in peripheral blood 

compartment and on the immunopathogenesis of CFS conc1uded that 

neuropsychiatric symptoms in CFS patients may be more c10sely related to 

disordered cytokines production by glial cells within the CNS which play a 

role in the pathogenesis of immunologically mediated fatigue in CFS. 

Our studies have been done to investigate and c¥arify the possi ble 

involvement of cytokines and its impact on the pathogenesis and c1inical 

manifestations of allenuc BA. AD and CFS in children and adolescents. To o"'- &..J.& &， 

address this issue， we studied candidate Thl and Th2 cytokines which 

might be involved in the pathogenesis of these disorders. 
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Chapter 1 

Cytokine陀 sponsein patient with allergic disorders 

Study 1: production of IL-18 in vitro by peripheral blood mononuclear cells 

of patients with bronchial asthma and atopic dermatitis 

Fiom: Rabab 1. EI-Mezayen， T. Matsumoto‘H. Nomiyama and T. Miike. 

Increased secretion of IL-18 in vitro by peripheral blood mononuclear cells 

of patients with bronchial asthma and atopic dermatitis. Clin Exp lmmzll101 

(2001); 126: 193-198. 

1.1. Abstract 
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1.3. Materials and Methods 

1.4. Results 
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1.1.1. Abstract 

Objectives: This study was performed to determine whether or not IL-18， 

formerly called IFN-γinducing factor‘is involved in the pathogenesis of 

allergic disorders. 

Methods: Peripheral blood mononuc¥ear cells (PBMCs) were obtained 

from patients with allergic bronchial asthma (BA)， patients with atopic 

dermatitis (AD) and controIs who did not have any allergic disease‘and 

then cultured with Iipopolysaccharide (LPS) or phytohaemagglutinin 

(PHA). The concentrations of IL-18‘IFN-γand IL-13 in the Sl中ernatant

fluids were determined by enzymatic immunoassay‘and the expression of 

IFN-γmessenger (m) RNA in the cells was measured by colorimetric 

microplate assay. 

Results: IL-18 secretion in the BA patients ((gm)ニ189pg/ml) and AD 

patients (gm = 172 pg/ml) was significantIy higher than that in non-allergic 

controIs (gm二 118pg/ml). In contrast. IFN-γsecretion in BA patients (gm 

= 7.3 IU/ml) and AD patients (gm = 6.8 IU/ml) was significantly lower than 
that in non-allergic controls (gm = 20.7 IU/mI). The amount of IL-13 in the 

supematant fluids and IFN-γmRNA in the celIs were not statisticalIy 

different among the BA， AD patients and non-allergic controIs. 

Conclusion: IL-18 is one of important cytokines that is possibly involved in 

the pathogenesis of allergic bronchial asthma and atopic dermatitis. 
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1.1.2. Introduction 

It is widely a∞epted that helper T (Th) cells consist of two functionally 

di汀erentsubsets， Thl and Th2. They have very different functions: Th2 

cells are most effective activators of B cells， especially in primary 

responses， while Thl cells are crllcial for activating macrophages. The two 

subsets can regulate each other， these slIbsets are characterized by the 

profile of cytokines involved: Th 1 cells mainly prodllce IFN-γ ‘while Th2 

cells selectively secrete IL-4， IL-5， and IL-13. There is overwhelming 

evidence that abnormal Th 1 and Th2 functions contribute not only to the 

production of IgE but also to the pathogenesis of allergic disorders. 

Studies on PBMCs from patients with BA and patients with AD have 

shown decreases in polycIonally-stimulated IFN-γrelease (ト9).IL-18 also 

designated as IFN-γinducing factor， is a novel cytokine that plays an 

important role in the Thl cell response， primarily through its ability to 

induce IFN-γproduction， especially in collaboration with IL-12 (10，11). 

Recent animal studies， however， indicated a more compJicated 

pleiotrophic role for IL-18 than simply induction of IFN-γproduction， and 

IL-18 was reported to induce the production of IgE and Th2 cytokines (12-

15). 

Since the assessment of in vitro IL-18 production in alIergic patients 

has not been reported， the present stlldy was undertaken to examine the in 

vitro IL-18 secretion in different allergic disorders. Its results showed that 

IL-18 secretion by LPS-stimulated PBMCs in vitro in allergic patients was 

significantly higher than in non-allergic controls， IFN-γsecretion by PHA-

stimulated PBMCs was significantly lower in allergic patients than in non-

allergic normal controls. Reduced IFN-γproduction with increased 

secretion of IL-18 may imply a defect in IL-18 responsiveness in allergic 

patients. However， recent animal studies indicated a more complicated 

pleiotrophic role for IL-18 than simply the indllction of IFN-γproduction， 

and IL-18 with IL-2 but not with IL-12， cOllld be a strong cofactor for the 

expression of Th2 cytokines， IL-13 and IL-4， in T cells. So that， a second 
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study was undertaken to examine the in vitro inducing effect of IL-18 in 

combination with IL-12 or IL-2 on Thl and Th2 cytokines production by 

PBMCs and to check IL-18 responsiveness in patients with different 

clinical categories of allergic disorders. 

1.1.3. Materials and Methods 

3.1. Subjects 

The study groups comprised 18 patients with allergic BA without any 

skin disorders， 16 patients with AD withollt any respiratory problems， and 

19 non-allergic controls without any haematological or nutritional problems. 

All the subjects， aged between 2 and 22 years， visited the dep訂 tmentof 

Child Development， Kumamoto university School of Medicine (tablel). 

The asthmatic patients met the diagnostic criteria of the Guidelines for the 

Diagnosis and Management of BA of the Japanese Society of AlIergiology. 

AIl the asthmatic patients were sensitive to house-dust mites， as judged 

from the skin prick test reactivity and mite-specific IgE serum levels， and 

had the moderate， persistent type of asthma according to the disease 

severity grading of the guidelines described above. They had been managed 

by means of inhaled cromoglycate， inhaled /3 -agonist， oral theophylline 

and/or inhaled corticosteroids. Subjects on more than 400μ g/day of 

prophylactic inhaled corticosteroids were excl uded to avoid any possible 

systemic effects of absorbed steroids on cytokines production. AD was 

diagnosed according to the criteria of Hanifin and Rajka and all the AD 

patients were affected by an exacerbated form of chronic dennatitis， i.e. 

more than 18Ck of the skin of the face， limbs and trunk was involved， and 

thus were graded as having the moderate or sever type of AD according to 

the guidelines for the SCORAD index. 

None of the allergic donors was undergoing systemic corticosteroids 

therapy. The test was performed during the remission phase not only in the 

patients with BA， bllt also in those with AD， and all the subjects were free 

from infection. Heparinized blood (5ml) was obtained at the time of routine 

1 6 



blood examination， and this study was approved by the Ethics Committee 

of the Kumamoto S∞iety for Paediatric AIIergy. Informed consent for the 

investigation was obtained for aIl aIIergic and non-allergic subjects， the 

parents consent being obtained for children. 

Table .1. Profiles of subjects 

Controls BA 

Number 19 18 

Age (years) 14+6 13士5

(4-22) (4-20) 

Sex (M/F) 11/8 11/7 

IgE (U/ml) 93 933 

(50-174) (537-1622) 

AD 

16 

13士5

(4-21) 

9/7 

1349 

( 741-2455) 

Age (years) is shown as the mean + 1 standard deviation and range. The 

levels of IgE are presented as the geometric means and 95% confidence 

intervals. 

3.2. Cell culture 

PBMCs were isolated by density gradient centrifugation， wasbed 

three tirnes， and then adjusted to 1 x 106 ceIls/rnl with RPMJ 1640 medium 

containing 10% heat-inactivated fetal calf serum and 2 mM  L-glutamine. 

The celIs were then cultured in round-bottomed Falcon tubes (No. 2054~ 

Beckton Dickinson， Lincoln Park， NJ， USA) with 50 ng/ml LPS or 5μg/rnl 

PHA， or without any stirnulation， at 37 G C under 5% CO~. In sorne 

experiments PBMCs were cultured with LPS for 1 hour in the presence of 

cyclohexarnide (10011-g/ml; Sigma‘St. Louis， MO， USA). 

The kinetics of IL-18， IFN-γ， and IL-13 secretion were similar in 

allergic and non-allergic subjects， with maximal secretion of IL-18 at 6 h in 

LPS-stirnulated cultures， and maximal secretion of IFN-γand IL-13 at 3 

days in PHA-stimulated cultures. Since there was rnoderate secretion of IL-

1 7 



18 within 1 h of stimlllation with LPS， and moderate secretion of IFN-γ 

and IL-13 after 18 h of stimlllation with PHA， the PBMC cllltures were 

suspended at 1 h for the IL-18 assay， and at 18 h for the IFN-γand IL-13 

assays. 

3.3. Aleasurement ollgE， IL-18， IFN-r. IL-13ωld IL-12 

Plasma IgE was measured with an ELISA kit， IgE-MP Mitsui， from 

Mitsui-Seiyakll司 Tokyo，Japan. This kit incIudes a MoAb as the first 

antibody and a peroxidase-conjllgated polycIonaI anti-IgE antibody as a 

second antibody， and is capable of detecting 0.65-1000 U/mI of IgE. The 

ELISA kit for IL-18 was obtained from Medical& Biolo~ical Laboratories句。
Nagoya， Japan， and those for 1 FN-γand IL-13 were purchased from 

Immunotech， Marseil， France. Each kit incIudes two non-competing 

MoAbs for each cytokine. Mouse MoAb# 125-2H and rat MoAb# 159-12 

B were used in the human IL-18 ELISA kit， and both MoAbs were 

confirmed to neutralize IFN-γproduction by IL-18 (19). 

The minimum sensitivities for IL-18‘IFN-yand IL-13 assays were 12.5 

pg/mI. 0.08 Iu/ml and 1.5 pg/ml， respectively. The levels of IL-12 were 

determined with a kit involving the multiple sandwich principle from R&D 

Systems， Minneapolis， MN， USA. This kit incIude a MoAb as the first 

antibody and alkaline phosphatase conjugated polycIonal anti-IL-12 as a 

second antibody‘and a color-amplification system consisting of NADH， 

diaphorase and tetrazolium. The standard curve was linear from 0.5 to 40 

pg/ml of IL-12 with this assay kit. 
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3.4."セsternblot analysis for IL-18 

Western blotting was performed‘followi ng the protocoI recommended 

by Cell signaling technology， Inc. (Beverly， MA‘USA). Brief1y， samples of 

celllysates containing 20μg protein were heat-denatured in the presence of 

62.5 mM  Tris-HcI， pH 6.8， 2% SDS， 10% gIycerol and 50 mM  DTI， and 

then fractionated by 12.5% SDS-PAGE. The protein was then transferred to 

a Hybond-P membrane (Amersham Pharmacia Biotech， Inc.， UK). The 

rabbit anti-human IL-18 antibody (H-173; Santa Cruz Biotechnology， CA‘ 

USA)， which detects both 24 kDa precursor and 18 kDa mature form IL-18‘ 

was diluted to a concentration of 1:1000 before use. The bound antibody 

was detected with horseradish peroxidase-conjugated anti-rabbit IgG (CelI 

Signaling Technology) and visualized with an ECL kit (Amersham 

Pharmacia Biotech) according to the manufacturers' instructions. 

3.5. Determination of IFN-r mRNA expressio}1 

For RNA extraction， 1 x 106 PBMCs were cultured with PHA for 3 h. 

then mRNA was isolated using a poly (A)+ RNA isolation kit with oligo 

dT-latex beads (mini-Messae Marker; Novagen Inc.， Madison， WI， USA). 

Samples were then hybridized with hIFN-r -specific biotin-labelled 

capture oligonucIeotide probes and digoxigenin-Iabelled detection probes 

on streptavidin-coated microplates (Colorimetric mRNA Qllantification kit; 

R&D Systems) according to the manllfacturers' instructions. The standard 

curve was linear from 4.7 to 300 amoIlml IFN-γmRNA. 

3.6. Statistical anal¥'sis 

All samples were coded and read blind on assaying. The plasma IgE 

level and in vitro Cytokines amollnt data were logarithmicaIIy transformed 

before statistical analysis， and were expressed as gm and 95% confidence 

intervals (ci). Group means were compared by means of the llnpaired 

Students. t-test. Correlation was determined by mllltiple and single 

regression analysis. Frequencies were compared as to their statistical 
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significance with the Fisher' s exact test. All statistical analysis were 

performed with State View statistical Package 4.5 (SAS institllte， NC， 

USA). Probability (p) vallles of less than 0.05 were considered significant. 

1.1.4. Results 

The levels of IgE in plasma from BA patients and AD patients were 

extremely elevated compared with those in age， sex-matched controls who 

did not have any allergic disease (Tablel). However， no statistical 

difference in the plasma IgE levels was observed between BA patients and 

AD patients. Spontaneous secretion of IL-18， IFN-r and IL-13 by 

unstimlllated PBMCs was very low or unmeasurable in all cllltures. The 

means and standard error of the mean (s.e.m.) of IL-18 concentration in the 

supernatant flllids of LPS-stimulated PBMCs cultured for 1 h were 114:i: 17 

pg/ml without cycIoheximide and 122 + 9 with cycIoheximide 173土 15

pg/ml without cycIoheximide and 157+ 10 pg/ml with cycIohexil1lide in 

three allergic patients. Western blot analysis was perforl1led using extracts 

of PBMCs cultured with or withollt LPS for 1 h frol1l three BA patients‘ 

three AD patients and three non-allergic controls. 

The results showed that only mature form IL-18 was present in cultured 

PBMCs with LPS in BA and non-allergic controls、althoughmature form 

IL-18 was detected in both unstimulated PB恥1Csand LPS-stimulated 

PBMCs from AD patients. Representative results are (shown in Fig.l). 

There was moderate enhancement of the level of mature form 1 L-18 wi thin 

1 h of stimulation with LPS in an AD patient. (Fig.2)， increased IL-18 

secretion by LPS-stimlllated PBMCs was observed in the BA patients (189 

pg/ml， 95% ci 161 -223 pg/ml) and AD patients (gm 172 pg/ml， 95% ci 

151 -196 pg/ml) compared with controls who did not have any allergic 

disease (gm 118 pg/ml， 95慌.ci 91 -153 pg/m1). 
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form 1 L-18 and 18 kDa mature f orm IL-18. 
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Fig.2. Secretion of (a) IL-18 by LPS-stimulated PBMC cultures at 1 h and 

(b) IFN-y by PHA-stimulated PBMC cultures at 18 h was measured by 
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In contrast， secretion of IFN-γby PHA-stimulated PBMCs from the BA 

patients (gm 7.3IU/ml， 95% ci3.5 -15.5 IU/ml) and AD patients (gm 6.8 

IU/ml， 95% ci 3.3-13.9 IU/mI) was significantly decreased compared with 

controls who did not have any allergic disease (gm 20.7 IU/ml， 95% ci 13.6 

-53.3 IU/ml). The amounts of IL-18 and IFN-γin the culture supernatant 

fluids did not differ markedly between the BA patients and AD patients. 

The amounts of IL-13 secreted by PHA-stimulated PBMCs were 

comparable among the BA patents (gm 27.9 pg/ml， 95% ci 11.1 -70.0 

pg/mI)， AD patients (gm 31.3 pg/mI， 95% ci 11.3 -86.9 pg/mI) and non-

allergic controIs (gm 54.6 pg/ml 95% ci 34.8 -85.5 pg/ml). No significant 

differences in IFN-γmRNA expression in PHA-stimulated PBMCs were 

observed among the BA patients (mean 18.3 amoll106 cells， 95% ci 15.1 -

21.4 amol/l06 celIs)， AD patients (20.6 amoI/l06 cells‘95% ci 14.6 -26.5 

amoI/l06 cells) and non-allergic controls (15.3 amoll106 celIs， 95% ci 11.1 -

19.5 amol/l06 cells). 

All plasma samples gave results above the detection Iimits of the IL-18 

assay in this study ， and the mean + s.e.m. plasma IL-18 levels were 192 + 

17 pg/ml in BA patients， 216士29pg/mI in AD patients and 150+ 18 pg/ml 

in non-aIlergic controls. Although the plasma IL-18 levels in allergic 

patients were more increased than those in non-allergic controls， the 

differences were not significant (BA patients versus controls， p = 0.107; AD 

patients versus controls， pニ 0.074).Six plasma samples (three from 18 BA 

patients， two from 16 AD and one from 19 non-allergic controls) gave 

results above the detection limit of the IL-12 assay， and the frequencies of 

subjects showing results above the sensitivity of the IL-12 assay were not 

statistically different among the three groups. 

The cytokine levels in stimulated PBMC cultures were used as 

independent variables， and regressed against the plasma IgE concentration 

as the dependent variable for multiple regression analysis. IL-18 secretion 

was significantly correlated with the plasma IgE concentration in BA 

patientsヤ=0.026)， although IL-18 secretion was not correlated with the 

plasma IgE concentration in AD patients (P=0.121) or non-allergic controls 
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(P =0.748). IFN-γsecretion， IL-13 secretion and IFN-γmRNA expression 

were not statistically correlated with the plasma IgE concentration in the 

three groups， respectively. IFN-γsecretion was chosen as the dependent 

variable and analysis with IL-18 secretion， IL-13 secretion and IFN-γ 

mRNA expression as independent variables for multiple regression ana1ysis. 

IL-13 secretion was significantly correlated with IFN-γsecretion in non-

allergic controls (P =0.031). However， IL-13 secretion was not statistically 

correlated with IFN-γsecretion in BA patients (P =0.146) or AD patients (P 

=0.204). 

Fig.3 depicts the positive correlation between the plasma IgE levels and 

IL-18 secretion in BA patients (r =0.556， P =0.017)， and the positive 

correlation between IFN-γsecretion and IL-13 secretion in non-allergic 

controls (戸0.533，P =0.019)， observed on single regression analysis， 

respectively， IL-18 secretion was chosen as the dependent variable and 

analysed with lFN-γsecretion， IL-13 secretion and lFN-γmRNA 

expression as the independent variables for multiple regression analysis. 

IL-18 secretion was correlated with neither IFN-γsecretion ， IL-13 

secretion nor IFN-γmRNA expression in the three groups. 
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Fig.3. Correlation between plasma IgE concentration and in vitro IL-18 

Secretion by LPS-stimulated PBMCs in BA patients (a)， and that between 
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were assessed by single regression analysis. A significant positive 
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= 0.017). Secretion of IFN-y was significantly correlated with secretion of 
IL-13 (r = 0.533， P= 0.019). 
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1.1.5. Discussion 

The original characteristics of PBMCs might be considerably a1tered 

during in vitro incubation with stimulants. ln this study， cytokines secretion 

by PBMCs was measured in short-term cultures to minimize alterations in 

the nature of PBMCs， somewhat， reflecting the state of in vivo cytokines 

pl吋 uction.Spontaneous secretion of IL-18 by unstimulated PBMCs was 

very low or unmeasurable， and mature form IL-1 8 was not present in 

Iysates unstimulated PB肘fCsfrom BA patients and non-allergic controls. 

Puren et al (20) reported that mature form IL-18 was detected in freshly 

obtained PBMCs from heaIthy donors. Mature form IL-18 was found in 

unstimulated PBMCs from AD patients in this study句 suggestingthat de-

novo IL-18 synthesis occurs in these cells without any stimulation. Since 

the amounts of IL-18 in the supernatant fluids of lh-stimulated PB恥1Cs

with LPS were not statistically different between cycloheximide-treated 

and untreated cultures， it is probable that IL-18 in the supernatant fluids 

might have been preformed IL-18 released by the cells. 

The present study clearly showed that IL-18 secretion by stimulated 

PBMCs was increased in BA patients and AD patients. The amount of IL-

18 did not differ markedly between the BA patients and AD patients. This 

implies that the increased IL-18 secretion is related to the allergic state per 

se rather than to the clinical features of alIen.!Ic diseases. The effects of IL-。
18 in allergic disorders have been previously assessed in murine asthma 

models with different outcomes (14司 15，21).In the study by Hofsta et al. 

(21)， the combined in vivo administration of IL-18 and IL-1 2 inhibited 

allergen-induced ainvay hyperresponsiveness， lung production of 

eosinophilia and serum IgE， although the administration of IL-18 alone 

failed to modlllate any of these allergic responses. However， Kumano et al. 

(14) and Wild et al. (15) showed that in vivo IL-18 administration alone 

enhanced allergen-induced eosinophilic recruitment to the Illngs， Th2 

cytokines production and IgE production in sensitized mice. The latter 
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finding in murine models are in accord with the results of the present study 

for BA patients. 

In the recent stlldy by Hoshino et al. (22)， the administration of IL-18 

alone il1 vivo significantly increased the serum IgE level in non-sensitized 

mice， and the administration of IL・18plus IL-2 induced a 70-fold higher 

serum level of IgE than in control mice. Alternatively， human IL-18 may be 

involved in the increased IgE production in BA， since the IL-18 secretion 

by LPS引 imlllatedPBMCs was associated with the plasma IgE level in BA 

patients in the present study. An important question is whether the 

cytokines imbalance demonstrated in the in vitro study was the cause or the 

result of the disease process. All the patients were examined during the 

remission phase in the present study， suggesting that an imbalance of IL-1 8 

and IFN-γdeficiency in PBMCs precedes the allergic state‘rather than 

reslllting from it， as suggested by the finding of decreased IFN-γ 

production in cord blood cel1s of neonates who subsequently developed 

allergic diseases (23). Therefore， defective IFN-γsecretion by PBMCs il1 

vitro is Iikely to llnderlie allergic disorders. 

IL-18 has been described as a potent inducer of IFN-γ(10句 11).and 

reduced IFN-γsecretion with increased IL-18 may imply a defect in IL-18 

responsiveness in allergic patients. Supporting this possibility， Jllng et al. 

(24) repo口edthat a deficiency of IFN-γproduction in sever AD patients 

could not be reversed by IL-18 in vitro. There is an absolllte reqllirement 

for IL-1 2 for development of the Th 1 cel1 response， and it well established 

that in the presence of low picomolar concentration of 11-12，11-18 becomes 

essential for the production of IFN-γ(25). Another interpretation is that the 

regulatory cytokines involved in IFN-γprodllction may differ between 

allergic and non-allergic controls. However， the freqllencies of cases 

showing results above the detection limit of the IL-12 assay (0.5 pg/ml) 

were not statistically different among BA patients， AD patients and 110n-

alIergic controls. 
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In contrast to reduced in vitro IFN-γsecretion in the BA patients and AD 

patients， however， equivalent expression of IFN-γmRNA in stimulated 

PBMCs was observed for the allergic patients compared with the normal 

controls. 

Comparable studies have dernonstrated that expression of IFN-γmRNA 

is not necessarily correlated to secretion， as children with AD exhibit 

comparable or increased expression of IFN-γmRNA in stimulated PBMC 

compared with controls， despite exhibiting reduced IFN-γsecretion (5， 9). 

The discrepancy between IFN-r mRNA expression and secretion 

demonstrated here for allergic patients suggests that reduced secretion of 

IFN-γis not related to abnorrnal regulation of transcription， but rather to a 

post-transcriptionaI defect of IFN-γproduction. This study demonstrated a 

positive correlation between IFN-γsecretion and Th2 cytokine IL-13 

secretion in cultures of PHA-stimulated PBMCs in non-allergic controls. 

IL-18 has been reported to have the ability to stirnulate the production 

of IFNγ-by T cells， NK ceIls and B ceIls (11， 25)， and appeared recently 

to induce the production of IL-13 by T celIs and NK cells in vitro (12). The 

present study did not reveal any correlation between IL-18 secretion by 

LPS-stimulated PBMC cultures and IFN-r secretion or IL-13 secretion by 
PHA-stimulated PBMC cultures in non-allergic controls. IFN-y was found 

not to be generally co-expressed with IL-13 in human T cells in an 

intracell ular cytokine staining assay， and IFN-γdoes not affect IL-13 

production in stimulated human T-cell cultures (26). However， both IFN-γ 

and IL-13 are cytokines with long-lasting kinetics on secretion frorn T cells 

(26). It is tempting to speculate that IFN-γand IL-13 play roles in ongoing 

immune responses in humans without any disorders. 

IL-18 is considered to possess biological properties other than induction 

of IFN-y， IgE or Th2 cytokines， such as up-regulation of the expression of 

intercellular adhesion molecule-l(1CA恥1-1) and fas-ligand in human 
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myelomonocytic KG-l cells (27， 28). Circulating lCAM-l levels have been 

reported to increase gradually with the severity of AD (29)， and successful 

phototherapy for AD patients has been found to result from ultraviolet A 

radiation-induced apoptosis of skin-infiltrating activated T cells through the 

Fas/Fas-ligand system (30). The plasma levels of IL-18 were not different 

between the remission-phase allergic patients and the non-allergic controls. 

Therefor， further study was done to confirm the biological significance of 

IL-18 during the allergic inflammatory process. (see below) 
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IL・18responsiveness in patien白 withbronchial asthma and atopic 

dermatitis 

From: Rabab 1. EI-Mezayen， T. Matsumoto and T. Miike. In vitro 

responsiveness to IL-18 in combination with IL-12 or IL-2 by PBMC from 

patients with Bronchial asthma and Atopic dermatitis. (submitted)， Clinical 

immunology (2003). 

2.1. Abstract 

2.2. Materia1s and Methods 

2.3. Results 

2.4. Discussion 
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1.2.1. A bstract 

Background: Interleukin (lL)-18 is a proinflammatory cytokine， and is now 

recognized as an important regulator of both Th1 and TH2 cytokine 

production. An increased IL-18 secretion has been reported in patients 

with allergic disorders. It is predominantly produced by activated 

macrophages， and synergize with IL-12 to induce IFN-r synthesis， 

thereby promoting Thl cytokine response. Paradoxically， IL-18， by itself， 

strongly indllces immunoglobulin (lg) E and allergic inflammation， 

indicating a role for IL-18 in promoting Th2 response. This study was 

performed to investigate the inducing effect of combining IL-18 and IL-12 

01" IL-2 on Thl and Th2 cytokines production by peripheral blood 

mononuclear cells (PBMCs) from patients with allergic diseases. 

Patients and Methods: PBMC deIived from Fourty-four allergic patients 

(23 bronchial asthma (BA) and 21 atopic dermatitis (AD) ones) and 20 

healthy controIs， who did not have any allergic disorders，.were cultured 

wi th IL-18 in the presence of lL-12 OI・IL-2.The levels of IFN-γ， IL-13 

and IL-4 in the culture supernatants were determined by enzymatic 

immunoassay. IL-12R /3 1 expression was analysed by flow cytometry. 

Results: IFN-γprodllction was detected in aIl cllltures from non-aIlergic 

controIs with IL-18 in the presence of IL-12， however， the results for 5 BA 

patients and 5 AD patients were under the detection limit for IFN-γ. In 

coIlaboration with IL-2， IL-18 was able to induce IFN-y production by 

PBMCs from all non-allergic controls and alI allergic patients， with the 

exception of one AD patient. Synergistic induction of IL-13 production was 

found in cultures with IL-18+IL-2， and the IL-13 induction was 

significantly increased in BA patients when compared with that in non-

allergic controls (p=0.006). The stimulation by IL-18， even in combination 

with IL-2， failed to induce IL-4 production by PBMCs from both non-

aIlergic controls and allergic patients. 
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Conc1usion: Although the induction of IFN-γby IL-18+IL-12 was 

impaired in around a quarter of the allergic patients， the impairment of 

IFN-γproduction was completely restored by IL-2 in the presence of IL-18. 

IL田 13production induced by IL-18+IL・.2was increased in BA patients， 

suggesting the involvement of the IL-18+IL・2 mechanism in the 

pathogenesis of BA. 

1.2.2. Materials and Methods 

2.1. subjects 

The study groups comprised 23 patients with allergic BA without any 

skin disorders， 21 patients with AD without asthmatic episodes， and 20 
non-aIlergic controls without any haematologic， immunological or 

nutritional problems. All the su吋ects，aged between 3 to 21 years old， 

visited the Pediatrics c1inic of Kumamoto University Hpspital (see table1). 

Tablel. Profiles of study subjects. 

Control Bronchial asthma Atopic dermatitis 

Number 20 23 21 

Age (years) 11.8+5.5 11.7+4.9 12.4+4.8 

(3-21) (4-19) (3-20) 
Sex (MIF) 11/9 12/11 12/9 
19E (IU/ml) 30 1，157 1，588 

(16-57) (695・1，923) (925-2，729) 

Age (years) is shown as the mean士standarddeviation. The levels of 19E 
are presented as the geometric means and 95% confidence intervals. 
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The asthmatic patients met the diagnostic criteria of the Guidelines for the 

Diagnosis and Management of BA of the Japanese S∞iety of Allergology 

(16). All the asthmatic patients were sensitive to house-dust/mites‘ as 

judged from the skin prick test reactivity and mite-specific IgE serum level， 

and had the moderate， persistent type of asthma according to the disease 

severity grading of the guidelines described above. They had been managed 

by means of inhaled cromoglycate， an il1haled s -agonist， oral theophylline 

and/or inhaled corticosteroids. 

Subjects on more than 400μg/day of prophylactic-inhaled 

corticosteroids were exc1uded to avoid any possible systemic effects of 

absorbed steroids on cytokines production . AD was diagnosed according to 

the criteria of HαR (17)， and all the AD patients were affected by an 

exacerbated form of chronic dermatitis， i.e.more than 18% of the skil1 of the 

face， limbs and trunk were involved， and thus were graded as having the 

moderate or sever type of AD a∞ording to the guidelines for the SCORAD 

index (18). None of the allergic patients were undergoing systemic 

corticosteroids therapy. The test was peば'ormedduring the remission phase 

not only in the patients with BA， but also in those with AD， al1d all the 

subjects were free from infection. Five milliliters of heparinized peripheral 

blood was obtail1ed at the time of routine blood examination， and this study 

was approved by the Ethics Committee of the Kumamoto S∞iety for 

Pediatric Allergy. Informed consent for the investigation was obtained for 

all alIergic and nOI1-allergic subjects， the parents' consent being obtained 

for children. 

2.2. Cell culture 

PBMCs were isolated by density gradient cel1tI汀ugation，washed three 

times， and then adjusted to 1 X 106 cells/ml with RPMl 1640 medium 

containing 109もheat-inactivatedfetal calf serum al1d 2mM L-glutamil1e. 

The cells were then cultured in round-bottomed Falcon tubes (No. 2054; 

Beckton Dickinson， Lincoln Park， NJ) with IL-18 (Medical αBiological 

Lab.， Nagoya， Japan)， IL-12 or IL-2 (Genzyme Techn， MPLS， MN)， the 
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combination of IL-18 + IL-12 or IL-18 + IL-2， 5μg/ ml of PHA (DIFCO 

Lab.，Detroit， MI) or without any stimulant at 3T c under 5現 C02.

2.3. Measurement o/lgE. IFN-れ /L-13，IL-4ωldIL-10 

Plasma IgE was measured with an ELISA kit obtained from ICN 

Phamaceuticals， NY. This kit includes a monoclonal antibody (MoAb) as 

the first antibody and a peroxidase-conjugated polyclonal anti-IgE antibody 

as the second antibody， and is capable of detecting 5-1，000 IU / ml of IgE. 

The human IFN-r， IL-13， IL-4 and IL-IO concentrations were measured 

with commercially available ELISA kit (BioSource Intemational， 

Camarillo， CA) according to the procedure recommended by the 

manufacturer， respectively. 

Each kit includes two non-competing MoAb for each cytokine， and 

does not measure the presence of other cytokines. Duplicated samples were 

all coded and read blind in the assay. The absorbance was measured with a 

Model 2550 EIA reader (BioRad， Richmond， CA). Each kit is capable of 

detecting 4-1，000 pg/ml of IFN-γ， 12-2，500 pg/ml of IL-13， 2-500 pg/ml 

of IL-4， and 1-500 pg/ml of IL-I0， respectively. 

2.4. Skin test 

A skin prick test with the usual panel of aeroallergens and food extracts 

(Torii， Tokyo) were performed. Histamine hydrochloride (1 mglml) and 

10% glycerine-saline were applied as control solutions. Wheal reactions 

greater than those with histamine hydrochloride were considered positive. 

2.5. Statistical analγSIS 

The plasma IgE levels and in vitro cytokine level data were expressed as 

geometric means (gm) and 95% confidence intervals (ci). The Mann 

Whitney u-test was used to compare the study groups for significant 

differences. Frequencies were compared by means of Fisher' s exact test. 

Correlation was determined by multiple and single regression analysis. All 
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statistical analysis were performed with State View Statistical Package 4.5 

(SAS Institute， Cary， NC). Probability (P) values of less than 0.05 were 

considered significant. 

1.2.3. Results 

The levels of IgE in plasma from BA patients and AD patients were 

extremely elevated compared with those in age-and sex-matched controls 

who did not have any allergic diseases (tablel). However， no statistical 

difference in the plasma IgE levels was observed between the BA patients 

and AD patients. Spontaneous secretion of IFN-γ， IL-13， IL-4 and IL-I0 

by unstimulated PBMCs was very low or unmeasurable in all cllltures. 

IFN-γ，and 1 L-13 prod llcti on by PB恥1Csstimlllated with variOllS doses of 

IL-18， IL-1 2， IL-2， IL-18+IL-12 and IL-18+ IL-2 was determined in a non-

allergic controls. 

The reslllts are summarized in (table2). IL-18 alone was not capable of 

inducing IFN-γIn vIfro. IFN-γproduction was fOllnd after 24 hr in a 

PBMCs culture with a high dose of IL-12 (100 ng/ml) alone‘however、low

doses of IL-1 2 induced much more IFN-γproduction In vIfro in the 

presence of IL-1 8. IL-18 and IL-2， respectively， induced low levels of IL・

13 production after 5 days by PBMCs， however， combined stimlllation with 

IL-18+IL-2 caused the production of much more IL-13 in the cllltures than 

IL-18 alone or IL-2 alone， showing the synergistic indllction of IL-13 

prodllction. High doses of IL-2 (100-200 ng/ml) induced low levels of IFN-

γproduction (24-52 pg/ml) in PBMCs cultures after 5 days， however， 

strong synergistic production of up to 13，100 pg/ml of IFN-γwas found on 

stimulation with IL-18 (200 ng/mI) + IL-2 (100 ng/ml). 

The amounts of lL-4 in PBMC cultures with variolls concentrations of IL-

18， even in combinalion with 100 ng/ml of IL-2， were llnder the detection 

limit of the assay. (As shown in Fig. 1 A) IFN-γproduction was detected in 

all PBMC cultures from non-allergic controls with IL-18 (200 ng/ml)+ IL-

12 (20 ng/ml)‘however， the results for 5 BA patients and 5 AD patients 
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were under the detection limit for IFN-γ. The frequency of AD patients 

who did not respond to stimulation with IL-18+IL-12 was significantly 

higher statistically than in the case of non-allergic controls (p=O.048). 

Although 5 of the 23 BA patients did not respond to the stimulation with 

IL-l8+ IL-12， the P vallle was 0.051 when compared with that for non-

allergic controls. (Table 3) summarizes the clinical features of the 5 BA 

patients and 5 AD patients who did not respond to IL-18+IL-12 stimlllation. 

Althollgh 3 AD patients showed extremely elevated serum-lgE levels of 

more than 5，000 IU/ml， none of them had the clinical disorders due to 

immunodeficiency， as jlldged on examination of hospital charts. The 

amounts of IFN-γin the clllture sllpernatants from the patients who 

responded to stimulation with IL-18+IL-12 with BA (n= 18， gm 5，598 pg/ml， 

95ln ci 3，532-8‘872 pg/ml) and with AD (n二 16，gm 3‘882 pg/ml， 95% ci 

1，337-11，272 pg/ml) were not different statistically when compared with in 

the case of non-allergic controls (n=20， gm 7，464 pg/rnl， 950/() ci 5，495-

10，139 pg/ml). 

On the contrary， IL-18+IL-2 was capable of indllcIng IFN-γprodllction 

by PBMCs from all non-allergic subjects and all allergic sllbjects (Fig.lB)， 

with the exception of one AD patient， i.e.K.H. in (table 3). No significant 

differences in IFN-γprodllction induced by IL-18+IL-2 were observed 

statistically arnong the BA patients (gm 12，823 pg/ml‘95% ci 11，376-

14，454 pg/ml)， AD patients (gm 7，396 pg/ml， 95% ci 2，992-18，281 pg/ml) ， 

and non-allergic controls (gm 13，428 pglml， 95% ci 11.967・15β66pg/ml). 
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Table 2. IL-18 synergizes with IL-12 or IL-2 to induce IFN-γand IL-13 

IFN-γproduction (pglml) 

IL-12 o ng 10ng 20ng 100ng 
IL-18 

o ng く4 く4 く4 217 
10 ng く4 71 62 129 

50 ng く4 814 1，295 1，488 
200 ng く4 2，961 4‘119 4，271 

IL-13 production (pglml) 

IL・2 o ng 10 ng 100 ng 200 ng 
IL-18 

Ong く12 75 197 166 

5 ng く12 n.d* 336 n.d. 

50 ng 51 171 310 298 
200 ng 109 n.d. 513 433 

Non-allergic PBMCs were cultured with various concentrations of 1し18，

IL・12，IL-2， IL-18+IL・12or IL-18+IL-2. 

The amounts of IFN-γin the supernatants were measured after 24 hr， and 

IL-13 was determined after 5 days by enzymatic immnuoassay， respectively. 

ng，. nanogram per mililiter. *n.d. = not done. 
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Fig.1. IFN-y production (A) by IL-18+IL-12 stimulated PBMCs cultured 

at 24 h and (B) by IL-18+IL-2 stimulated PBMCs cultured at 5 days 

was measured by enzymatic immunoassay. C， non-allergic controls; 

BA， bronchial asthma; AD， atopic dermatitis. 
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IFN-γwas not Table 3. The clinical features of the patients in whom 

produced by PBMCs following stimulation with IL-18+IL-12. 

prick test Plasma 19E， 
(IU/ml) 

Complications Sex 

MIF 
Subject Age 

(yr) 

Bronchial asthma 

Mites 

498， Mite 
728， Mite 

2，609， Mites，grass 
1，594， Mites，wheat 

Cedar and history of SU*2 

378， Fibroma 

AR*1 

AR 
AR 

AR 

F 

F
F
F
M
 

19 

7 
18 
18 

19 

O.K. 

M.M. 
K.R. 
I.S. 
T.F. 

Mites，Egg，Milk 
Mites 

恥1ites，Doghair 
Not done 

Mites 

5，658， 
5，027， 
7，512， 
937， 
511， 

m
m

成立

Atopic dermatitis 

M
F
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(As shown in Fig.2)， increased IL-13 production after stimulation with IL-

18+IL-2 was observed in BA patients (伊n743 pg/n止 95%ci 575-959 

pg/ml) compared with in non-al1ergic controls (gm 452 pg/ml， 366-558 

pg/ml). The levels of IL-13 production in AD patients (gm 593 pg/ml， 95% 

ci 461-762 pg/ml) were comparable to those in BA patients and non-

al1ergic controls. No significant differences in IL-4 production by PHA-

stimulated PBMCs in 24 hr were observed among the BA patients(gm 35 

pg/ml， 95% ci 25 -50 pg/ml) ， AD patients (gm 44 pg/ml， 95% ci 31-64 

pg/ml)， and non-al1ergic controls (gm 51 pg/ml，95% ci 32-80 pg/ml). 

10.000 I 
P=0.112 

P=0.006 I I P=0.225 

。
。

@o α。コ。。
--・旬、 1.000 

議 供~千チヌJS J グa「、E 
モぁ 可ヤー

唱ふ
、Qー.〆. 
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J 

100 

C BA AD 

Fig.2. Production of IL-13 by IL-18+IL-2 stimulated PBMCs cultured at 5 

days， measured by enzymatic immunoassay. It is significantly increased凶 BA

patients than other two groups. C， non-al1ergic controls; BA， bronchial-

asthma; AD， atopic dermatitis. 
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In addition， the amounts of IL-I0 produced by PHA-stimulated PBMCs 

in 24 hr were comparable among the BA patients (gm 232 pg/ml，95%ci 

195-275 pg/ml)， AD patients (gm 274 pg/ml 95% ci 195-385 pg/ml) and 

non-allergic controls (gm 191 pg/ml 95% ci 109-332 pg/m 1). The plasma 

IgE concentrations was chosen as the dependent variable and then 

regressed against the independent variables of the cytokines levels in 

stimulated PBMC cultures for multiple regression analysis. The results did 

not show any significant correlations between the plasma IgE concentration 

and the cytokine levels in each group守 respectively.

Furthermore‘ no correlationship were observed statistically on single 

regression analysis between one of the cytokine level and the other 

cytokine levels in stimulated PBMC cultures from each group‘respectively. 
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1.2.4. Discussion 

Although IL-18 has been described as potent indllcer of IFN-y 

prodllction， the present data show that IL-18 itself did not indllce IFN-γ， 

but acted in synergy with either IL-12 or IL-2 to enhance IFN-y 

production. 

To date， IL-12 has been shown to augment expression of IL-18 receptors 

on Th 1 cells， NK cells and B cells‘which produce IFN-γ(1，2). IFN-γ 

induction was found in all cultures from non-allergic controls with IL-

18+IL-12、however，the results for 5 of 23 (22%) BA patients and 5 of the 

21 (24%) AD patients were lInder the detection limit for IFN-γin PBMC 

cultures. Since PBMCs from all cases incIuding allergic patients prodllced 

IFN-γfollowing stimlllation with IL-18+IL-2， with the exception of one 

AD patient， it was suggested that impairment of IL-12 signal cascade was 

involved in around a quarter of the allergic patients. Recently， various 

allergic conditions have been reported to be associated with altered IL-12 

receptors gene expression. Matslli et al. (11) demonstrated that IFN-γ 

production in response to IL-12 stimulation of PBMCs was reduced in 24 

of 75 allergic patients， and 10 of these 24 allergic patients were 

heterozygous for trllncated or missense mutations of the IL・12receptors s 

2 chain gene. In another study (12)， both IL-12 production and IL-12 

receptors s '2 chain gene expression in tisslle biopsy specimens from 

patients with allergic rhinitis were found to be reduced compared with 

those in control patients. However， flow cytometric analysis (data not 

shown) of PBMC stimulated with IL-18+IL-12 showed that there are no 

differences in IL-1213 1 receptor expression between the allergic patients 

who prodllced high and those who prodllced non-detectable IFN-γ. 

In our first stlldy (mentioned above)， eqllivalent expression of IFN且 γ

mRNA in PHA-stimlllated PBMCs was observed for allergic patients 

compared with non-allergic controls， and PHA stimulation elicited 

detectable IFN-γproduction by PBMCs from all allergic patients (5). 

Therefore‘other regulatory cytokines seem to reverse the impaimlent of IL-
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12 signal1ing in IFN-γproduction in allergic subjects. Supporting this 

possibility‘the present study showed that IL-18+IL-2 stimulation caused 

the production of a lot of IFN-γin PBMCs by almost all cases including 

aIlergic patients. IL-18 has been thought to be an important cofactor 

involved in Thl cytokines production and Th I cell development‘however， 

it is clearly shown in this study that IL-18 is capable of inducing Th~ 

cytokine IL-13 production in synergy with IL-2. Recently， Hoshino et al. 

(6) described that treatment with IL-2 in vivo up-regulated IL-18 receptors 

expression on T~ cells as well as Thl cells， and observed the indllction of 

lL-4， IL-IO and 1 L-13 prod ucti on as well as 1 FN-γproduction in mice upon 

stimulation with IL-18+IL-2. 1 FN-γand IL-13 are not generally found to be 

co-expressed on human T-cells in an intracellular cytokine staining assay‘ 

and IFN-γdoes not affect IL-13 production in stimulated human T-cell 

cultures (13).it has also ， demonstrated a positive correlation between IFN-

γproduction and IL-13 as cytokines with long-Iasting kinetics on secretion 

from T cells (13). Therefore， it is tempting to speculate that the synergistic 

induction of both lFN・γandIL-13 production upon IL-I8+1L-2 stimulation 

plays a role in an ongoing immllne response. 

Altematively， significantly more IL-13 was produced by PBMCs after 

stimulation with IL-18+1L-2 from BA patients than those from non-allergic 

controls and AD patients. Recent animal model data suggest that IL-13 is a 

central cytokine in the promotion of asthma‘through the stimulation of 

bronchial epithelial mucus secretion and smooth muscIe hyperreactivity 

(14-16). Accumulated evidence has demonstrated exaggerated IL-13 

production in the lllngs of human asthmatic sllbjects (17， 18). Interestingly， 

elevation of IL-13 mRNA and protein levels appears to be more associated 

with asthma than with allergic conditions、becausethe levels are increased 

in the Illngs of allergic and non-alIergic asthmatic patients but not in those 

of allergic non-asthmatic patients， in comparison with in non-allergic non-

asthmatic sllbjects (18). IL-18 has been reported to be constitutevly 

expressed in normaI human I ungs (19)‘and the concentration of lL-2 has 

been repo口edto be higher in the bronchoalveolar lavage of symptomatic 
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patients with BA than in that of normal subjects (20). Therefore， it seems 

likely that the IL-18+IL-2 mechanism is involved in the pathogenesis of 

BA in the lungs. 
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Chapter 11 

Cytokine response in patients with chronic fatigue syndrome (CFS) 

From: Rabab 1. EI-Mezayen， A. Tomoda， T. Matsumoto， T. lhodoi and 

T.Miike. Cytokines production and modulation after low dose gamma 

globulin therapy in patients with chronic fatigue syndrome (2003). 
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2.1. Abstract 

Objectives: To investigate the cytokine production pattern and the 

effectiveness of intravenous (IV). Gamma globulin treatment in patients 

with chronic fatigue syndrome (CFS). In five CFS patients， we examined 

the cytokines production as we]] as the patients performance status score 

(PS) before and after IVγ-globulin therapy. 

Methods: 23 hea1thy controls and 15 patients with CFS， all met the 

diagnostic criteria of the center for disease control (CDC)， were incIuded in 

the study. PBMCs were cultured with LPS or PHA. The concentration of 

cytokines was measured in the culture supernatants by the enzymatic 

lmmunoassay. 

Results: In patients with CFS there was a significant decrease in TGF-βl 

production in LPS-stimulated PBMC culture supernatants. It was decreased 

at the level of mRNA as well. Significant improvement of performance 

status score (PS) was observed in four of five patients received low dose IV 

γ-globulin treatment for 4 consecutive months. 

Conclusion: cytokines dysregulation might be one of the factors involved 

in the pathogenesis of CFS. TGF-β1 might be involved in the 

inflammatory characteristics of CFS‘it may help in the evaluation of the 

effectiveness of the treatment. Low dose IVγ-gJobulin therapy suggested to 

be likely of clinical benefits in the treatment of CFS. 
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2.2. Introduction 

Chronic fatiglle syndrome (CFS) is a condition of llnknown aetiology‘ 

characterized by llnexplained disabling fatigue， often accompanied by low-

grade fever and sllbtle indication of immune system activation these 

syptoms are often exacerbated by physiαactivity (1). In addition‘ 

unrefreshing sleep， headach， impaired concentration and memory， as well 

as‘depressed mood and anxiety are common the syndrome predominantly 

affects young adults in the peak of their productive ye訂 s，the illness is 

associated with significant disruption to school and social life that may 

extend for several years resulting in significant economic and social cost to 

the commllnity (2). 

Althollgh the pathogenesis of CFS is stiIl a sllbject of intensive study， 

some studies sllggest that a persistent viral infection is of etiologic 

importance as patients with CFS frequently report that their condition was 

preceded by an acute infective illness (eg.， sinllsitis， inflllenza-like illness， 

gastroenteri ti ts‘or glandlllar-fever-like illness) (6，7). A present report of a 

variety of immllllologic abnormalities in a high proportion of patients 

suggests that an immllnoreglllatory defect may be involved (8，9). ln 

addition， it was sllmmarized (27) that magnetic resonance imaging has 

revealed punctate areas of high signal in the white matter. Single photon 

emlsslon compllted tomography (SPECT) signal abnormalities also are 

found more often in patients with chronic fatigue syndrome， abnormalities 

like those seen in patients with encephalopathy due to the acquil吋

immunodeficiency syndrome (AIDS) and unlike the findings in patients 

with depression (28). 

Furthermore， alltonomic nervous system testing has revealed 

abnormalities of the sympathetic and parasympathetic systems that are not 

explained by depression or physical deconditioning (29). Stlldies of 

hypothalamic and pitllitary fllnction have also revealed neuroendocrine 

abnormalities not seen in healthy control s刈ects，a吋 generallyopposite to 

those fOllnd in m吋ordepression. There is often a central down-reglllation 
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of the hypothalamic-pituitary-adrenal axis， resulting in a mild 

hypocortisolism (30)， as wel1 as disruption of both serotonergic and 

noradrenergic pathways (31， 32). 

Cytokines have been suggested to play a role in the pathogenesis and 

c1inical manifestations of CFS via their effects on CNS (10， 11). In addition， 

one striking feature of CFS is its sudden onset following an acute 

presumably viral illness and persistence of recurrent (Flu-Like) symptoms， 

such symptoms have attributed to persistent production of cytokines (12， 13， 

14). In addition， there is considerable evidence from different investigators， 

using different tec1mologies band studying different groups of patients， of a 

state of chronic immune activation in many patients with chronic fatigue 

syndrome. 

Most investigators have found increased numbers of CD8+ cytotoxic T 

ceIls with antigenic markers of activation (33) and depressed function of 

naturaI killer ceIls (34). The relation of these immunological findings to the 

symptoms reported by patients is unclear (35). One hypothesis is that a 

state of chronic immune activation could Iead to the production of 

cytokines that disrupt neurotransmitter function and result in the symptoms 

of the chronic fatigue syndrome. To date、thereis no c1early effective 

therapy for this disorder (3)ー aIthoughconflicting data from placebo-

controIled studies suggest intravenous immunoglobulin may provide 

benefi t (4， 5). 

The group of patients inc1 uded in this study received low dose IY. 

gamma globulin therapy in the form of biweekly dose 1 gm. The purpose of 

this study is to determine the cytokines production pattem and investigate 

the effectiveness of IV. 2.amma 2.10bulin treatment and its relation to b~U""'~' b 

immuneactivity depending on the evalllation of cytokines production 

before and after receivim? this treatment for conseclltive four months. 。
Here， we present the cytokines production in cuIture supernatants and 

in the plasma of patients with CFS before and after IVγ-gIobulin treatment 

for more c1arification and better understanding of cytokines dysregulation 

which might be one of important factors involved in the pathogenesis of 
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this syndrome and might help in the eva1uation of the effectiveness of this 

treatment. 

2.3. Materials and Methods 

3.1. Subjects 

This study comprised of 15 patients with CFS (8 males &7 F)， aged 20.3士

9.47 years and 23 normal controls (14 males&9 F)‘aged 23+2.27 years. 

All patients referred to our hospital because of CFS symptoms. These 

patients met the diagnostic criteria of CFS of the Center For Disease 

Control (CDC). The period of CFS symptoms was longer than 12 months 

(Average， 1.3 years; range， 1 to 3 years). Their performance status scores 

(PS) on admission were more than 7 (average， 8.3 months: range，8 to 9). 

3.2. Cell culture 

PBMCs were isolated by density gradient centrifugation ， washed three 

times， and then adjusted to 1 X 106 cells/ml with RPMI 1640 medium 

containing 10% heat-inactivated fetal calf serum (FCS)， (FCS-free medillm 

for TGF-s 1 study)， and 2 m肘1L-glutamine. Cells were then cultured with 

5μIml phytohemaglutinin (PHA) or 50 ng/ml lipopolysaccharide (LPS) 

and incubated three days at 3TC under 5 % C02 . 

3.3. Cvtokines measurement 

(lL-l s， IL-6， TNFα): The concentrations of these cytokines in the 

culture supernatants of LPS-stimulated PBMCs were measured by the two 

steps (sandwich) enzyme immunoassay from Immllnotech， Marseille， 

France. Samples and standars were incubated in a microtitre plate wells， 

coated with the first monoclonal antibody. The wells were emptied， washed 

and a second monoclonal antibody linked to acetylcholinestrase was added. 

After incubation the wells were emptied. washed and the bound enzymatic 

activity was measured by adding a chromogenic substrate. The intensity of 
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the color is proportional to the concentration the cytokines. The sensitivity 

of this ELISA assay is 3 pg/ml for IL-6， 5 pg/ml for TNFα， and 15 pg/mI 

for IL-1/3. 

(TGF-13 1): concentration in cell culture supernatants of LPS-stimulated 

PBMCs was assayed using the quantitative sandwich enzyme immunoassay 

technique from R&D systems， Minneapolis. TGF s 1 soluble receptor type 

11， which binds TGF s 1， has been pre-coated onto a microplate. standards 

and samples were piptted into the wells and any TGFβ1 present is bound 

by the immoblized receptor. The minimum detectable dose of TGF-s 1 is 

less than 7 pg/ml. 

(IF1斗γ):from PHA-stimulated PBMC culture supernatants， This assay 

employs the (ELISA) from R & D Systems， Minneapolis， MN. The 

sensitivity of this assay is 8 pg/ml. 

(IL-4 and IL-18): IL-4 concentration in the culture supernatant of PHA 

stimulated PB恥1Cswas measured by an ELISA from The Biosource 

Intemational， Inc. The sensiti vity of this assay is < 2.0 pg/ml. IL-18 

concentration in the culture supernatants of LPS-stimulated PBMCs was 

measured by ELISA kit obtained from Medical & Biological Laboratories， 

Nagoya， Japan. The minimum sensitivity for this assay is 12.5 pg/ml. 

3.4. TGF-β1 mRNA expression 

For RNA extraction， 5 X 106 PBMCs were cultured with LPS for 3 hours， 

and then mRNA was isolated using Rneasy Mini Kit from (QIAGEN)， then 

samples were hybridized with gene-specific biotin-Iabelled capture 

oligonucleotide probes and digoxigenin-labelIed detection probes on 

streptavidin-白coatedmicroplate (Colorimetric mRNA Quantitation Kit ; R& 

D Systems， Minneapolis， MN) according to the maniufacturers・instructions.

The standard curve was linear from 6.25 to 400 attomole/ml (amol/ml) of 

TGFs 1 mRNA. 
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.3.5. Stμtistical AnαIvsis 

The data reported were logarithmically transformed before statistical 

analysis and were expressed as gm and lsd range. The Mann Whitney u -
test was llsed to compare the study grollpS for significant differences. 

Probability (P) vallles of less than 0.05 were considered statistically 

significant. 

2.4. Results 

Cytokine陀 sponseand TG F・β1mRNA: 

Before intravenous (IV)・yglobulin treatment; 

TGF-s I protein prodllction in the culture supernatants of LPS-

stimulated PBMCs from CFS Sll吋ects(gm 4，642 & 1 sd range 3，033-7，102) 

was significantly decreased when compared with the normal controls 

(6，330&4，449-9，006) P=0.018 (see Fig.l).TGF-betal mRNA production in 

LPS stimlllated PBMCs was significantly decreased in CFS patients ( 35.8 

& 1，9-6，6) when compared with the normal controls (92.54 & 6，55-13，1) 

and P<O.∞1 (Fig. 2.). However， no statistical significant differences cOllld 

be detected when IL-IO， IL-18， IL-4匂 TNFα‘IFNγ ‘IL-6were measured. 

Results are shown in table 1. 

After intrdvenous (IV) -Y globulin treatment; 

In four of five patients with CFS who received the treatment司 TGF-s 1 

protein prodllction and mRNA were found to be progressively increased 

with receiving low dose -y globulin treatment 1 gm/biweekly for 4 months. 

Importantly， the stlldy of the patients pelformance status scores (PS)， 

demonstrated that four of five patients who received the treatment showed 

an improvement in their peIformance status score (PS). (Fig. 3， A&3 8) 
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Table 1. Cytokines levels in culture supernatants and plasma before 

intravenous (I V)γ-globulin therapy. 

Cylokinc (pg/ml) Conlrol Paticnl P 

(n= 23) (n= 14) 

TGF-bela 1 (ln yitro) 6.330* 4‘642 =0.018 

(4.449-9，∞6) (3.033・7、102)

TGF-bctal mRNA 92，54 35、8 <0.∞ 1 
(amollml) (6、55・13、1) (1， 9-6、6)

TGF-bclal (plasma) 5、2 4.9 

(0. 96-3. 46) (0.26・1.1) 

IL-6 (in vitro) 11. 7 13，5 

(3，9-4‘2) (3，8-4，4) 

IL-6 (plasma) 1，3 1，2 

(0. 12・0.35) (0. 16・0.38)

TNF-α(in vitro) 5、48 8，11 

(2‘3-3.2) (2.6-3，2) 

IL-l・s(in vitro) 4， 16 3.42 
(2，3・2、9) (2. 2・2、8)

IL-lO (in vitro) 44，6 29，6 

(3‘1-3，8) (3，4-3.9) 

IL-18 (in vitro) 60‘7 58‘5 
(2，5-2.6) (ト 6・1.9) 

IFN-γ(i n vi lm) 21， 3 33.4 

(1、 6-2.9) (1， 7-2，5) 

IL・4(invilro) 8‘2 16， 1 

(0.43・1.4) (0.45-1.9) 

*gm (Geometric means and lsd range) 
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2.5. Discussion 

The present study demonstrated the cytokines production pattern i n 

patients with chronic fatigue syndrorne (CFS) as well as， comparative 

evaluation of cytokines production before and after receiving low dose of 

intravenous (IV)γ-globulin treatment for 4 consecuitive months in five 

patients who completed the protocol. Abnormal regulation of cytokines 

activity may contribute to the pathophysiology and c1inical manifestations 

of CFS (10，11). 

The present study suggests that intravenous gamma globulin (low dose 

intravenous (I V)γ-globulin) therapy is likely to be of clinical benefit in 

treatment of patients with chronic fatigue syndrome. Given the finding of 

improvement of the status performance score in 4 of 5 CFS patients who 

showed improvement in their abilities to participate in daily activities and 

their degree of involvement in work or school， sports and different social 

activities when compared to their conditions before recelvmg the 1 V 

gamma-globulin treatment. These data concur with a previous repo口 of

diminished fatigue after intramuscular gamma globulin in patients with 

chronic mononucleosis syndrome (15). 

Silverman and coworker presented in a pilot study the effects of IV gamma 

globulin in systemic juvenile rheumatoid arthritis (JRA)， eight patients with 

active systemic JRA that was unresponsive to first-line agents， second-line 

agents， andJor corticosteroids received this therapy monthly for 6 months‘ 

the outcome measures included changes in articular and extraarticular 

features， steroid dosage， and laboratory parameters. Fol1owing IV gamma 

globulin therapy， there was significant improvement in arthritis and/or 

morning stiffness in 5 of 8 patients， while extra-articular features 

significantly improved in 7 of 8 patients (25). 

The important aspect of our study is the observation that TGF-s 1 might 

be considered an indicator for the improvement of CFS patients conditions、

supportive to this， is the progressive increase in its production during 
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recelvmg the treatment together with the improvement of those patients 

performance status score. Therefore， TGF-s 1 as a multifunctional anti-

inflammatory cytokine might be involved in the immune function and the 

deficiency of this cytokine reported in CFS patients in the present study 

may contribute to the inflammation characteristics of CFS syndrome such 

as myalgia and musclllar fatigl1e. This finding sl1pport the antiinflammatory 

and imml1nosupressive functions of TGFβ 1. Our results are suppo口edby a 

previous published report in which a longitudinal study of the first qPCR 

evaluation of TGF s 1 mRNA every 2 weeks in conjunction with monthly 

MRI， indicated that TGF s 1 mRNA level inversely correlates with MRI 

disease activity in multiple sclerosis (MS) (26). 

TGF s 1 also been reported to have important roles in lInresolved 

infl田nmation，immune suppression， fibrosing processes， angiogenesis and 

was also highly expressed in joints in RA and was considered to be a 

regulator of anti-inflammation in rheumatoid arthritis (24). 

The improvement of the patients performance status score together with 

the progressive increase of TGF-s I productivity reported here might be a 

good sign for the effectiveness of this trial as a treatment of patients with 

CFS. 

In the current study we also investigated the in vitro production of anti-

inflammatory cytokine IL-IO which has been reported to inhibit the 

production of IFN-γand IL-4 by Th Iymphocytes， IL-l s ， IL-6 and TNF-α 

by mononuclearphagocytes (16，17，18，19). In addition令 wealso examined 

cytokines IL-4， IFN-γ ， IL-l日、 TNF-αand IL-18. However， these 

cytokines were found to be of comparable values between CFS patients and 

normal controls. This is consistent with the finding by Larry Borish which 

explained the increased prodl1ction of proinflammatoηcytokines IL-l s 

and TNF-αand decreased anti-inflammatory cytokine IL-IO concentration 

in CFS patients with al1ergy to be due to the presence of allergy， and that 

prolonged or excessive production of cytokines secondary to allergen 

exposure or other immune ins111ts has been proposed as being responsible 

for the development of CFS (25). 111 addition， while Starus et al (21) fOl1nd 
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no difference in the levels of lL-l s in CFS patients， Visser and colleagues 

reported that， although CD4T cells from CFS patients prodl1ce less lFN-γ 

than cells from controls‘ IL-4 production and， cell proliferation are 

comparable. In other studies no difference in the production of IL-6 in CFS 

patients was observed (22，23). 

Regarding these previous studies and our results， fl1rther detailed 

studies about cytokines are still needed to c1arify the roles of each of these 

cytokines in the pathogenesis of CFS. 
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CONCLUSIONS 

This study demonstrated that the secretion of IL-18 by peripheral blood 

mononuclear cells (PBMCs) was increased in patients with bronchial 

asthma (BA) and atopic dermatitis (AD). The induction of IFN-γby IL-

18+IL-12 was impaired in around a quarter of allergic patients， however， 

this impairment was completely restored by IL-18 in combination with IL-

2. IL-13 production induced by IL-18+IL-2 was increased in BA patients. 

These results suggest the involvement of proinf1ammatory cytokine IL-18 

i n the pathogenesis of allergic disorders. 

The cytokine study of patients with chronic fatigue syndrome (CFS) 

demonstrated that the production of anti-inf1ammatory cytokine TGF-s 1 

by PBMCs was decreased. And that receiving low dose γglobulin treatment 

increases the production of TGF-s I and improves the patients 

performance status scores. We suggest the involvement of TGF-s I in the 

pathogenesis of CFS. 
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