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SUMMARY
Interleukin-6 (IL-6) is an important pro-inflammatory mediator implicated in immune-mediated complications of allogeneic haematopoietic stem cell transplantation (aHSCT). In compliance with the previous reports, this preliminary study on 56 donor-recipient pairs revealed IL-6-174 single nucleotide polymorphisms as a risk factor for the development of acute graft versus host disease and decreased survival after aHSCT.

INTRODUCTION

Graft versus host disease (GVHD) is one of the most important complications which influence morbidity and mortality after the allogeneic haematopoietic stem cell transplantation (aHSCT). Because clinically significant acute GVHD (grades II to IV) occurs even in 20-40% patients transplanted with the HLA-matched sibling donors, further genetic factors (“nonHLA” polymorphisms) are studied as the possible risk factors for development of this complication (Socié et al., 2001; Mullighan et al., 2004). Cytokine genes, coding the inflammatory mediators involved in pathogenesis of GVHD, are the candidate loci for studying their association with the aHSCT outcome (Dickinson and Charron, 2005). 
Interleukin-6 is an important pro-inflammatory mediator implicated in immune-mediated complications of aHSCT, especially GVHD. IL-6 production is affected by functional single nucleotide polymorphism (SNP) in the promoter region of IL-6 gene at position -174 (G/C). Healthy donors possessing G allele produce high serum levels of IL-6 (Fishman et al., 1998). IL-6 -174*G allele in patient and/or donor was associated with the risk of development of acute or chronic GVHD in previous studies (Cavet et al., 2001; Mullighan et al., 2004; Karabon et al., 2005).

In this preliminary study of 56 haematological patients who underwent allogeneic HSCT from their HLA identical sibling donors we genotyped IL-6-174 (G/C) polymorphism to reveal whether it is a risk factor for development of acute or chronic GVHD or for increase of mortality after aHSCT in Czech population.  
MATERIALS AND METHODS

Patients and donors

Fifty six patients (female:male ratio 20/36; aged 18-61 [median 44 years]) transplanted for haematological disorder between January 2000 and April 2005 at the Department of Haematooncology of University Hospital Olomouc and their 56 HLA-matched sibling donors (female:male ratio 22/34; aged 19-69 [median 45 years]) were typed for IL-6-174(G/C) polymorphism. Detailed clinical characteristics of the study population are shown in Table1. The study was performed with the approval of the Ethics Committee of Medical Faculty Palacky University in Olomouc. 
Genetic analysis

IL-6-174(G/C) genotypes were determined using polymerase chain reaction with the following sequence specific primers (PCR-SSP): specific primer no.1: 5´AAT GTG ACG TCC TTT AGC ATC, specific primer no.2: 5´AAT GTG ACG TCC TTT AGC ATG, constant primer: 5´TCG TGC ATG ACT TCA GCT TTA (Marshall et al., 2001). Reaction conditions were adopted from the Phototyping methodology (Bunce et al. 1995). 
Statistical analysis

Allelic and genotype frequencies for IL-6-174 SNP were calculated by direct counting. Distribution of genotypes was tested for conformity with the Hardy-Weinberg equilibrium using Chi-squared test. Possible associations between patient or donor IL-6-174 genotype and development of acute or chronic GVHD were tested by Chi-squared test with Woolf-Haldane correction in cases of small numbers. Kaplan-Meier analysis for disease free survival and overall survival was performed using SPSS software. p values less than 0.05 were considered as statistically significant and values between 0,05 and 0,1 as indicative of a trend.

RESULTS  AND  DISCUSSION

Distribution of IL-6 –174 alleles and genotypes  

Distribution of IL-6-174 alleles and genotypes in the groups of patients after HSCT and their sibling donors was in compliance with Hardy-Weinberg equilibrium. Furthermore, no significant difference in the proportion of IL-6-174 alleles / genotypes was observed between the groups of patients and donors.
Association between patient and donor IL-6-174 gene variants and GVHD

In order to reveal possible association between IL-6-174 variants and aGVHD we compared proportion of IL-6-174 alleles and genotypes between the recipients with / without clinically significant aGVHD (grade II-IV).  We observed that the frequency of the IL-6-174*G allele was significantly higher among the recipients with clinically significant aGVHD (66.7%) compared to those without aGVHD (40.9%; p=0.01; odds ratio (OR) =2.8, Table 2). Furthermore, IL-6-174 GG homozygous patients developed aGVHD more frequently than individuals with the other genotypes: aGVHD was present in 10 out of 17 patients with GG genotype (58.8%) compared to 11 out of  37 patients with other genotypes (29.7%; p=0.04; OR=3.2, Figure 1). No association between donor IL-6-174 variants and acute or chronic GVHD was found (data not shown).
Despite the limitation of our preliminary study by the relatively small sample size our data are in compliance with several previous reports (Cavet et al., 2001, Socié et al., 2001 and Karabon et al., 2005) that described the IL-6-174*G allele in recipients as a risk factor for development aGVHD. We may, therefore, provide further evidence on the relevance of IL-6 gene polymorphisms for the outcome of HSCT. In contrast, the contribution of donor IL-6-174*G allele to the risk of aGVHD observed in another study (Mullighan et al., 2004) was   not confirmed in our study.
Association between patient and donor IL-6 gene polymorphism and survival after aHSCT


Except the association of IL-6-174 SNP with GVHD we were interested if this polymorphism may affect also survival after HSCT.  We revealed significant decrease of overall survival (Log Rank test: p=0.01) and a trend for decrease of disease free survival (p=0.07) in patients with IL-6-174 GG genotype. Interestingly, shorter disease free survival was observed in patients with IL-6-174 GG homozygous donor (p<0.001). 
There is not enough data about the association of IL-6-174 SNP and survival of the recipients in the previous studies. Only one group (Karabon et al., 2005) described no significant correlation between IL-6 gene polymorphism in patient or the donor and overall survival. On the contrary, we have found the association between IL-6 SNP of the recipient or the donor and overall or disease free survival after aHSCT.
Conclusion


Our preliminary data suggest that IL-6-174 polymorphism is associated with the risk of acute GVHD and survival after aHSCT in the Czech population and conform to the results of the previous studies. Because of wide compliance on the relevance of IL-6-174 SNP for the aHSCT outcome among several centres this polymorphism seems to be one of the most promising markers that might be useful e.g. for the individualization of the GVHD prophylaxis. Nevertheless, potential usage of this marker in clinical protocols has to be further confirmed on the substantially large cohorts of donor-recipient aHSCT pairs where complex effects of other clinical/genetic factors may be considered (Mullally and Ritz, 2007).  

Acknowledgements


Technical assistance of  S. Zachova and M. Lukesova is gratefully acknowledged. This study was supported by the Czech Government funding (Research Programme MSM 6198959205 and IGA MZ CR-NR9099).

REFERENCES

Bunce M, O´Neill CM, Barnardo MC, Krausa P, Browning MJ, Morris PJ, Welsh KI (1995) Phototyping: comprehensive DNA typing for HLA-A, B, C, DRB3, DRB4, DRB5 & DQB1 by PCR with 144 primer mixes utilising sequence-specific primers (PCR-SSP). Tissue Antigens, 46, 355.
Cavet, J., Dickinson, A.M., Norden , J., Taylor, P.R.A., Jackson, G.H., Middleton, P.G. (2001) Interferon-γ and interleukin-6 gene polymorphisms associate with graft-versus-host disease in HLA-matched sibling bone marrow transplantation. Blood, 98, 1594.
Dickinson, A.M. & Charron, D. (2005) Non-HLA immunogenetics in hematopoietic stem cell transplantation. Current Opinion in Immunology, 17, 1.
Fishman, D., Faulds, G., Jeffrey, R., Mohamed-Ali, V., Yudkin, J.S., Humphries, S., Woo, P. (1998) The effect of novel polymorphisms in the interleukin-6 (IL-6) gene on IL-6 transcription and plasma IL-6 levels, and association with systemic-onset juvenil chronic arthritis. Journal of Clinical Investigation, 102, 1369.
Karabon, L., Wysoczanska, B., Bogunia-Kubik, K., Suchnicki, K., Lange, A. (2005) IL-6 and IL-10 promoter gene polymorphisms of patients and donors of allogeneic sibling hematopoietic stem cell transplants associate with the risk of acute graft-versus-host disease. Humman Immunology, 66, 700.
Marshall, S.E., McLaren, A.J., McKinney, E.F., Bird, T.G., Haldar, N.A., Bunce, M., Morris, P.J., Welsh, K.I. (2001) Donor cytokine genotype influences the development of acute rejection after renal transplantation. Transplantation, 71, 469.
Mullally, A., Ritz, J. (2007) Beyond HLA: the significance of genomic variation for allogeneic hematopoietic stem cell transplantation. Blood, 109, 1355.
Mullighan, C., Heatley, S., Doherty, K., Szabo, F., Grigg, A., Hughes, T., Schwarer, A., Szer, J., Tait, B., To, B., Bardy, P. (2004) Non-HLA immunogenetic polymorphisms and the risk of complications after allogeneic hemopoietic stem-cell transplantation. Transplantation, 27, 587.
Sociè G., Loiseau, P., Tamouza, R., Janin, A., Busson, M.,Gluckman, E., Charron, D. (2001) Both genetic and clinical factors predict the development of graft-versus-host disease after allogeneic hematopoietic stem cell transplantation. Transplantation, 72,699.
Table 1. Characteristics of the aHSCT patient / donor pairs
___________________________________________________________________________

  

Characteristic






Value

___________________________________________________________________________

Number of patients







56

Age (median, range) (years)






44 (18-61)

Sex (female/male)







20/36

Diagnosis


AML








20


NHL








10


CML








9


CLL








4


ALL








3


Other








5

AB0 compatibility


Matched







32


MM








24

Gender compatibility


Matched







28


MM








28

Conditioning regimen


Non-myeloablative






33


Myeloablative







23

Acute GVHD prophylaxis


CsA+MTX







21


CsA








20


CsA+MMF







10


Csa+MTX+MP






2


CsA+MTX/MP+MMF





1


MP+MMF







1


without







1

Acute GVHD


Grade 0 – I







33

Grade II







14

Grade III







4


Grade IV







3


Not determined






2

Chronic GVHD


0








24


Limited







8


Extensive







8

___________________________________________________________________________

AML, acute myeloid leukaemia( NHL, Non-Hodgkin lymphoma( CML, chronic myeloid leukaemia( CLL, chronic lymphatic leukaemia( ALL, acute lymphoblastic leukaemia( MM, mismatched( GVHD, graft-versus-host disease( CsA, cyclosporine A( MTX, methotrexate( MMF, mycophenolate mofetil( MP, methylprednisolon.

Table 2: Genotype and allele frequencies of the IL-6-174 G/C SNP in the Czech patients with (aGVHD+) and without (aGVHD-) acute GVHD. Data are presented as relative proportions of genotypes (alleles) with the absolute numbers in parentheses. 
___________________________________________________________________________






    Patients aGVHD +
     Patients aGVHD - Genotype frequency



n = 21



n = 33                    
Genotype GG




0.48 (10) 


0.22 (7)*


Genotype GC




0.38 (8)


0.39 (13)

Genotype CC




0.14 (3)


0.39 (13)

Allele frequency



2n = 42


2n = 66

Allele G




0.67 (28) 


0.41 (27)**


Allele C




0.33 (14)


0.59 (39)

___________________________________________________________________________

* IL-6-174 GG genotype frequency: p=0.04 for the comparison aGVHD+ versus aGVHD- 

** IL-6-174*G allele frequency: p=0.01 for the comparison aGVHD+ versus aGVHD-  

___________________________________________________________________________
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Legend to the Fig. 1:
Frequency of acute GVHD (grades II-IV) in groups of patients with IL-6-174 GG  and recipients with other genotypes (IL-6-174 GC/CC). 




































