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中文摘要 

介紹： 

 風濕性心臟病至今仍為公共衛生及臨床上一重要課題，其發病是由 A

群鏈球菌喉炎後引發風濕熱所導致。慢性病人則因心臟瓣膜發炎後結疤變形

破壞而失去功能，機轉極可能是鏈球菌與心臟中有共同之抗原 epitope而造成

的自體免疫反應，但至今對影響宿主感受性之因素了解不多，而細胞激素

interleukin-1 (IL-1)為一強效之助發炎物質，調節許多其他基因的表現，在發

炎反應的啟動及進行具關鍵性角色。IL-4 為體液免疫反應的重要物質，控制

免疫球蛋白類型轉換及 IgE之製造，為第二型幫助 T 細胞分化所不可或缺，

並會抑制巨噬細胞及細胞免疫反應。轉型生長因素(TGF-ß)為細胞週期之重要

調控因子，具有免疫抑制作用並促進組織修補及纖維化。血管增壓素原轉換

脢(ACE)為血壓及體液調節之重要因子，並與許多心臟疾病產生有關。故此

研究利用 IL-1, IL4, TGF-ß, 及 ACE 基因群組多形性 (polymorphism)分布在

風濕性心臟病病人與正常人的不同，來探討此些基因與疾病之間的關連。 

 

方法： 

於 84 位因風濕性心臟病導致嚴重二尖瓣狹窄並已接受氣球擴張術之病患及

103位正常人抽取血液，用聚合? 連鎖反應 (polymerase chain reaction [PCR])

及電泳法，研究白血球中 IL-1ß促進質 (promoter)，IL-1ß exon 5，IL-1受體

抗頡質 (receptor antagonist [RA])，IL-4 intron 3，TGF-ß1促進質，及 ACE intron 

16六段基因序列多形在兩組人員分布的不同。 
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結果： 

在檢測的基因序列多形中， IL-1 RA intron 2 多形在病人與正常人的分布不

同達到統計上意義，其中正常人其因型 (genotype) 分布為 I/I: 96(93.2%)，I/II: 

6(5.8%)，II/II: 1 (0.9%)，而病人中 I/I: 68 (81.0%)，I/II: 16 (19.0%)，II/II: 0，

p=0.014，對偶質(allele)頻率在正常人 I: 96.1%，II: 3.9%，而病人 I: 90.5%，

II: 9.5%，p=0.023，故基因型 I/II及對偶質 II在病人中所佔比例顯著增加。 

TGF-ß1 促進質(-509)基因型 C/C 在病人中 (3.6%)較常人(23.3%)顯著減少

(p<0.001)，但對偶質 T及 C在兩組人員分布並無差異(p>0.1)。而 IL-1ß促進

質(-511)，IL-1ß exon 5，IL-4 intron 3及 ACE intron 16之基因型及對偶質在兩

組人員分布均無差異 

結論： 

 在一群選擇後之重度二尖瓣狹窄病患，IL-1RA基因多型中對偶質 II 

(基因型 I/II) 比例較正常人有顯著升高，此一結果與其他文獻報告在發炎性

疾病中發現吻合，顯示 IL-1RA II可能可以作為風濕性心臟病患嚴重二尖瓣狹

窄之標記基因，並待進一步更多病患的研究以證實，而 TGF-ß1 促進質(-509)

基因型 C/C病人中減少，亦待證實及闡釋。 
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ABSTRACT 

 

Background: Rheumatic heart disease, as the major sequela of acute rheumatic 

fever, remains an significant problem in public health and clinical medicine in 

many developing countries. Balloon dilatation or surgical replacement of the 

diseased valves is the only effective treatment when the cardiac valves are 

severely scarred and deformed. Antigenic mimicry of the streptococcal and 

cardiac glycoproteins has been proposed to initiate an autoimmune reaction 

culminating in destruction the cardiac valves. However, little is known concerning 

the genetics in host susceptibility. A group of polymorphic genes, including the 

interleukin(IL)-1ß promoter(-511), IL-1 exon 5, IL-1 receptor antagonist(RA) 

intron 2, IL-4 intron 3, TGF-ß promoter(-509), and ACE intron 16, invovled in 

inflammatory reactions, fibrosis and cardiac diseases were selected and  

compared between patients with severe mitral stenosis (MS) and normal controls. 

 

Methods: Six polymorphic genes, namely IL-1ß promoter -511 single neucleotide 

polymorphism (SNP), IL-1ß exon 5 SNP, IL-1 receptor antagonist (RA) intron 2 

variable number of tandem repeats (VNTR), IL-4 intron 3 VNTR, TGF-ß1 

promoter -509 SNP, and ACE intron 16 insertion/deletion were analyzed using 

polymerase chain reaction (PCR), restriction fragment analysis, and gel 

electrophoresis. The distribution of genotypes and alleles were determined and 
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compared in a group of 84 patients with severe MS requiring percutaneous 

balloon mitral valvuloplasty and 103 normal controls. 

 

Results: Among the 6 DNA sequences examined, the distribution of the 

polymorphism in IL-1RA intron 2 was significantly different between patients and 

controls. The genotypes in normal controls were I/I: 96(93.2%), I/II: 6 (5.8%), and 

II/II: 1(0.9%); whereas in patients the distribution was I/I: 68(81.0%), and I/II: 16 

(19.0%), p=0.014. The allele frequencies of controls were I:96.1% and II:3.9% 

and those of patients were I:90.5% and II:9.5%, p=0.023. The genotype I/II and 

the allele IL-1RA II were significantly increased in patients.  The incidence of 

TGF-ß1 promoter(-509) genotype C/C is significantly decreased in MS patients 

(3.6%)compared to controls(23.3%; p<0.001). But the frequencies of allele T and 

C showed a similar distribution in patients and controls.(p>0.1) The genotypes and 

alleles frequencies of IL-1ß promoter(-511), IL-1ß exon 5, IL-4 intron 3, and ACE 

intron 16 were not significantly different between patients and controls. 

 

Conclusion: The finding of increased incidences of genotype I/II and allele 

frequency IL-1RA II in patients with severe MS was consistent with other reports 

on many diseases associated with chronic inflammation. IL-1RA II may be used as 

a genetic marker for patients of rheumatic heart disease with severe MS if the 

result can be confirmed by studies with large samples. The validity and 
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significance of decreased incidence of TGF-ß1 promoter(-509) genotype C/C 

awaits further elucidation as well.  
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INTRODUCTION 

 

Rheumatic fever (RF) remains a very significant public health problem in many 

developing countries.  It is characterized by damage to the collagen fibrils and the 

ground substance of connective tissue by an inflammatory reaction involving 

multiple organs, primarily the heart, the joints, and the central nervous system. 

The major importance of RF is its ability to cause scarring and dysfunction of the 

cardiac valves, leading to a crippling hemodynamics in the chronic stage. The 

symptoms of acute RF usually become manifest 3 weeks after a group A 

streptococcal (GAS) tonsillopharyngitis. However, there is no specific laboratory 

test that can establish a diagnosis of RF. To fulfill the Jones criteria,[1] either two 

major criteria, or one major criterion and two minor criteria, plus evidence of an 

antecedent streptococcal infection are required. Carditis is often regarded as the 

most specific manifestation, present in almost 80% of patients with acute RF.[2] It 

is almost always associated with a murmur of valvulitis, and mitral regurgitation is 

the hallmark. The Aschoff nodule in the proliferative stage is considered 

pathognomonic of rheumatic carditis. 

 

The major factors that are related to the risk of RF are the magnitude of the 

immune response to the antecedent streptococcal pharyngitis, which is related to 

the virulence (“rheumatogenecity”) of the infecting strain, and persistence of the 
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organism during convalescence. M proteins of rheumatogenic streptococci contain 

epitopes shared with human cardiac sarcolemmal membrane proteins and 

myosin.[3][4] Autoimmunity induced by antigenic mimicry between the 

streptococcal  glycoprotein and human cardiac myosin and laminin may be 

responsible for the pathogenesis of rheumatic carditis[5]. The incidence of RF 

after streptococcal pharyngitis is significantly increased to 50% in patients with a 

previous history of RF.[6] The streptococcal M proteins may also act as 

superantigens to augment the immune response.[7] There has been also some 

evidence to suggest a genetic basis for susceptibility to RF. Familial predisposition 

to the disease has been indicated in numerous epidemiological studies. A specific 

B-cell alloantigen has been described in almost all patients with RF, [8] and 

susceptibility to RF has been liked with HLA-DR 1,2,3 and 4 haplotypes in 

various ethnic groups.[9] However, predisposing genetic factors of the hosts for its 

development remains incompletely defined. 

 

The predominant cause of mitral stenosis (MS) is RF. Rheumatic involvement is 

present in 99% of stenotic mitral valves excised at the time of mitral valve 

replacement.[10] The valve leaflets are diffusely thickened by fibrous tissue 

and/or calcific deposits. The mitral commissures fuse, the chordae tendineae fuse 

and shorten, the valvular cusps become rigid, and these changes, in turn, lead to 

narrowing at the apex of the funnel-shaped (fish-mouth) valve. The anatomical 
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changes in severe MS may result from the combined effect of a smoldering 

rheumatic process and a constant trauma to the mitral valve by the turbulent blood 

flow.[11] The principal symptom of MS is exertional dyspnea. Other clinical 

manifestations include pulmonary edema, hemoptysis, chest pain, systemic 

embolism and signs of right-sided heart failure. In temperate zones, patient who 

develop acute rheumatic fever have an asymptomatic period of approximately 15 

to 20 years before symptoms of MS develop. It then takes approximately 5 to 10 

years for most patients to progress from mild disability (i.e. early New York Heart 

Association [NYHA] Class II) to severe disability (i.e. NYHA Class III or IV). 

The progression can be much more rapid in patients in tropical and subtropical 

areas.[11] 

 

Mitral valvotomy is indicated in patients with severe MS whose effective orifice 

(normal: 4-6 cm2) is reduced to less than approximately 1.0 cm2/m2 body surface 

area (or < 1.6 cm2 in normal-sized adults), or in symptomatic patients with mild 

stenosis (orifice area 1.0-1.5 cm2/m2) who are symptomatic during ordinary 

activity and who develop pulmonary arterial systolic pressures exceeding 60 

mmHg, or mean pulmonary capillary wedge pressures exceeding 25 mmHg during 

exercise.[12]  Percutaneous mitral balloon valvotomy (PBMV) has been accepted 

as an alternative to surgical mitral commissurotomy in the treatment of patients 

with symptomatic rheumatic mitral stenosis. [13] 
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Interleukin-1(IL-1), the prototypic “multifunctional” cytokine, affects nearly every 

cell type with potent inflammatory and stimulatory properties. It is one of the 

major cytokines produced at sites of inflammation and is involved in the initiation 

and progression of connective tissue destruction, and monocytes are the cell type 

responsible for the majority of IL-1 production.[14] The varied biological 

functions are due to its effects on the expression of over 80 other genes. The 

margin between clinical benefit and unacceptable toxicity in humans is 

exceedingly narrow. In addition to controlling gene expression, synthesis, and 

secretion, the regulation of its biological activities extends to surface receptors, 

soluble receptors, and a receptor antagonist. Among the members of the IL-1 gene 

family, IL-1ß is a systemic, hormone-like mediator intended to be released from 

cells, compared to IL-1a as primarily a regulator of intracellular events and 

mediator of local inflammation. Both molecules are translated in the cytosol 

associated with cytoskeletal rather than endoplasmic reticulum structure, and both 

precursors undergo myristoylation on lysine residues in their respective propieces.  

However, differences between these two cytokines are remarkable when 

examining regulation of gene expression, mRNA stability, translation, processing,  

and secretion. In addition, the affinities of pro and mature IL-lß binding to surface 

and soluble forms of the receptors  are different from those of IL-la. Once released 

from cells, mature IL-lß encounters two antagonistic molecules: the soluble form 

of the type I1 receptor, which tightly binds IL-lß, and the soluble IL-1 receptor 
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antagonist (IL-1RA), which competes with IL-1ß for cell surface receptor 

occupancy. The activity of IL-1ß is thus regulated by the large and complex nature 

of the IL-l ß promoter, the mRNA splicing processes, the phosphorylations of 

proteins required for translation, the stabilization of the 3’ untranslated region, the 

cleavage of proIL-1ß, and secretion, the effects of antagonistic molecules, and the 

presence of decoy receptors. 

 

Unlike the promoter of IL-1a, the promoter region for IL-lß contains a clear TATA 

box, a typical motif of inducible genes. The half-life of IL-1ß mRNA depends on 

the cell type and the conditions of stimulation. Studied in cell lines derived from 

myelomonocytic leukemias established that endotoxin triggers transient 

transcription and steady state levels of IL-lß mRNA, which accumulate for 4 hours 

followed by a rapid decrease due to synthesis of a transcriptional repressor.[15][16] 

Monocyte mRNA levels can be sustained for over 24 hours with cAMP-inducing 

agents or IL-1 itself.[17][18] Raising cAMP levels in human monocytes by 

histamine or prostaglandin (PG) E2 enhances IL-la-induced IL-lß gene expression 

and synthesis.[19] But cAMP reduces IL-lß synthesis by lipopolysaccharide (LPS) 

stimulation. Unlike most cytokine promoters, IL-lß regulatory regions can be 

found distributed over several thousand basepairs (bps) upstream and a few bps 

downstream from the transcriptional start site. IL-lß gene expression is regulated 

at different levels.[20] Sequences in the IL-lß promoter required for transcription 
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has been confirmed. The enhancer region -2782 to -2729, strongly LPS-responsive,  

is required for transcription and contains cAMP response element(CRE) and 

binding sites for nuclear factor(NF)-?B and nuclear factor for IL-6 expression 

(NFIL-6). Another enhancer at -2896 to -2846, containing a cAMP response 

element, appears to act cooperatively. Activating protein-l (AP-l) sites also 

participate in endotoxin-induced IL-1ß gene expression. Proximal promoter 

elements between -131 and +14, required for maximal IL-1ß gene expression, 

contains binding sites for NF-ßA, which are identical to those of the hematopoietic 

transcription factor Spi-1/PU.1.[21] The requirement for Spi-1/PU.1 for IL-1ß 

gene expression imparts tissue specificity, because not all cells constitutively 

express this NF. Human blood monocytes, which constitutively express Spi-l/PU.1, 

are exquisitely sensitive to gene expression of IL-1ß by 1-10 pg/mL of LPS. The 

IL-1RA promoter also contains the proximal Spi-1PU.1 site, and is highly 

sensitive to LPS as well[20]. 

 

It is documented that there is a dissociation between transcription and translation 

of IL-1ß; for example, complement component C5a, hypoxia, adherence to 

surfaces or clotting of blood induces the synthesis of large amounts of IL-lß 

mRNA in monocytic cells without significant translation into the IL-1ß 

protein.[22][23] However, adding bacterial endotoxin or IL-1 itself to cells with 

high levels of steady state IL-1 ß mRNA results in augmented translation. Possible 
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explanations include stabilization of the AU -rich 3’ untranslated region by adding 

LPS, or prevention of deadenylation of the poly (A) tail of IL-l mRNA by IL-1 

itself. This stabilization of mRNA poly(A) tail may be seen in the stimulation of 

production of other cytokines, such as IL-8, by IL-1 as well.[24] by preventing 

deadenylation. An additional signal, transduced through mitogen-activated protein 

(MAP) kinase cascade, is required for the translation of IL-1 and can be inhibited 

by the dual cyclooxygenase/lipooxygnase inhibitors.[25] 

 

After synthesis, proIL-1ß remains primarily cytosolic until it is cleaved by the 

interleukin-1ß converting enzyme (ICE) at the aspartic acid-alanine (116-117) 

peptideand transported out of the cell.[26] Although the proIL-1ß can be released 

from a cell independent of processing by ICE.[27] A Taq I polymorphism in the 

coding sequence of proIL-1ß has been correlated with IL-1ß secretion activity.[28] 

The 45-kD precursor of ICE requires two internal cleavages itself before 

becoming enzymatically active. Five isoforms of ICE, namely a, ß, ?, d, and e, can 

be produced from alternate RNA splicing.[29] Among them,  ICEa cleaves the ICE 

precursor and proIL-lß, and ICEe inhibits the enzymatic activity by binding to the 

p20 chain of ICE to form an inactive complex, and suppresses apoptosis when 

overexpressed. ICE activity and thus the secretion of IL-1ß are regulated by 

inflammatory reaction as evidenced by the effects of interferon(INF)? and 

prostaglandin(PG)E2.[17][30] Although IL-1 can induce apoptosis in the 
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pancreatic ß cell, mediated by increased inducible nitric oxide synthase(iNOS),[31] 

it can also be a growth factor for many other cells. The substrate for ICE 

overexpression to induce apoptosis remains unidentified.  

 

The naturally occurring IL-1 receptor antagonist (IL-1RA) appears to be a unique 

situation in cytokine biology. It binds to the same IL-1 receptor but does not 

initiate signal transduction and acts as a competitive inhibitor of IL-1 without 

agonist activity.[32] [33] ProIL-1RA is processed in the Golgi apparatus and 

secreted. The expression of IL-1RA can be also induced by LPS stimulation of 

monocytes, but there is a delay of 1 to 2 hours, compared to the expression of 

IL-1ß.[34] The IL-1 signal can only be transduced when a heterodimer of the type 

I IL-1 receptor (IL-1RI) and the IL-1R accessory protein(IL-1R-AP) is formed and  

the GTPase domains in the cytoplasmic portions of IL-RI and IL-1R-AP are 

activated. While IL-1ß possesses 2 binding sites for each of the components, the 

IL-1RA has only one bidning site. Thus it binds the IL-1RI but cannot dock the 

IL-1R-AP to complete dimerization, and signaling cannot be initiated. IL-1RA has 

a nearly equal affinity for IL-1RI as IL-1ß[35] and occupancy of the IL-1RI by 

IL-1RA is an effective prevention of IL-1 signaling. But a 100 to 1000 fold excess 

of IL-1RA over IL-1 is necessary to block its action because of the spare receptor 

effect.[36] The observation of low and high binding affinities of IL-1 to various 

cells may be explained as that IL-l binds first to the IL-1RI with a low affinity, 
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then a structural change may take place in IL-l allowing for docking of IL-1R-AP 

to the IL-1RI/IL-1 complex. The promoter region of the IL-1RI gene lacks a TATA 

or CAAT box characteristic of inducible genes, but the significance of its 

constitutive expression is unknown. IL-1RI expression is downregulated in T cells 

with a decreased mRNA half life and surface expression.[37] In cells that 

synthesize PGE2, IL-1 upregulates its own receptor via PGE2; however, when 

PGE2 synthesis is inhibited, IL-1 downregulates IL-1RI in the same cell.[38][39] 

The type II IL-1R(IL-1RII), lacking a cytosloic domain, binds IL-1ß tightly and 

acts as a decoy receptor.[40] Upregulation of IL-1RII is expected to reduce the 

activities of IL-1. IL-1 itself has differential effects on IL-1RI and IL-1RII gene 

expression: downregulates IL-1R1, but upregulates IL-lRII.[41] The transcription 

factor PU.l, present in cells of hematopoietic origin, is required for the expression 

of IL-1RII.[42] Dexamethasone and IL-4 has been shown to upregulates IL-1RII 

expression and thus counteract the activity of IL-1.[40] Of the three members of 

the IL-1 family, IL- 1ß has the lowest affinity for the cell bound form of IL-1RI,   

but it is the most avid binding member for the non-signal transducing type II 

receptor. In addition, the binding between IL-1ß and soluble IL-1RII is nearly 

irreversible because of a slow dissociation rate.[43] Because the type II receptor is 

more likely to bind to IL-1ß than IL-la, this can result in a diminished response to 

IL-1ß. The double antagonist mechanism of receptor antagonist and decoy 

receptor probably reflects the high functional level of only a few type I receptors 
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and amplification of post-receptor events.  

 

Interleukin-4(IL-4) is the primary cytokine involved in the humoral immune 

response leading to class switching to and production of immunoglobulin E (IgE) 

by B cells.[50] Naïve T cells, when presented with antigen in the presence of an 

early IL-4 burst, are driven to differentiate into T helper type 2 (TH2) cells.  TH2 

cells then provides the essential signals, IL-4 being one of them, to induce IgE 

production by B cells.[51] The IL-4 receptor(IL-4R) on B cells transduces the 

signal through the Janus kinase-signal transducer and activation of transcription 

(JAK-STAT) pathways. Mast cells, basophils and eosinophils also secret IL-4 to 

amplify the IgE response.[52][53] In addition to deviate the immune reaction to 

favor a TH2 response, IL-4 is also a down-regulator of macrophages and depresses 

cell-mediated immunity.[54][55] The IL-4 genes are mapped to chromosome 5q, 

along with a cluster of tightly linked genes that includes those for IL-3, IL-5, IL-9, 

IL-12, IL-13, and granulocyte-macrophage colony-stimulating factor (GM-CSF).  

Various polymorphisms in the IL-4 family genes including IL-4 promoter -590T/C, 

IL-4 intron 3 VNTR, and IL-4Ra I50V and Q551R have been described. These 

polymorphisms have been correlated with atopy,[56-58] rheumatoid 

arthritis,[59][60] inflammatory bowel disease,[61][62] periodontitis,[63] and IgA 

nephropathy.[64] 
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Transforming growth factor (TGF-ß), a member of a family of dimeric 

polypeptide growth factors that includes bone morphogenic proteins and activins, 

regulates the proliferation and differentiation of cells, embryonic development, 

wound healing, and angiogenesis. Every cell in the body, including epithelial, 

endothelial, hematopoietic, neuronal, and connective-tissue cells, produces TGF-ß 

and has receptors for it.[65] Each of the three isoforms, namely TGF-ß1, TGF-ß2,  

and TGF-ß3, is encoded by a distinct gene and is expressed in both a tissue- 

specific and a developmentally regulated fashion, but their biologic properties are 

nearly identical. TGF-ß1 mRNA is expressed in endothelial,  hematopoietic, and 

connective-tissue cells; TGF-ß2 mRNA in epithelial and neuronal cells; and 

TGF-ß3 mRNA primarily in mesenchymal cells.[66] During development,  

TGF-ß1 and TGF-ß3 are expressed early in structures undergoing morphogenesis, 

and TGF-ß2 is expressed later in mature and differentiating epithelium. It arrests 

the cell cycle in the G1 phase by stimulating production of the cyclin-dependent 

protein kinase inhibitor p15 and by inhibiting the function or production of 

essential cellcycle regulators, especially the cyclin-dependent protein kinases 2 

and 4 and cyclins A and E.[67] The immunosuppressive effects of TGF-ß include 

inhibition of leukocyte proliferation and promotion of their differentiation, and 

suppression of inflammatory TH1 cells and macrophages. It also provides 

chemotactic stimuli for leukocyte migration and regulates adhesion 

molecule –mediated localization of these cells.[68-71] Another important feature 
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of TGF-ß that may be relevant to the chronic scarring of valves in patients with 

rheumatic heart disease is that it induces extracellular matrix (ECM) and mediates 

pathologic fibrosis. Fibrogenesis is not a unique pathologic process but  is due to 

excesses in the same biologic events involved in normal tissue repair. TGF-ß is a 

key cytokine that initiates and terminates tissue repair and whose sustained 

production underlies the development of tissue fibrosis.[72] The TGF-ß1 gene is 

up-regulated in response to tissue injury, and TGF-ß1 is the isoform most 

implicated in fibrosis. TGF-ß is first synthesized as part of a large precursor 

molecule containing also a propeptide region, then cleaved from, but still attached 

to this propeptide through noncovalent bonds before secretion. Most TGF-ß is 

then stored in the ECM as an inactive, high-molecular-weight complex of TGF-ß, 

the propeptide, and the latent TGF-ß–binding protein. Active TGF-ß can be 

released from the complex by plamin-mediated cleavage or 

thrombospondin-1induced conformational change of the latent TGF-ß–binding 

protein.[73] There are 3 types of TGF-ß receptors on the cell surface. The most 

abundant type III receptor functions by binding TGF-ß and transferring it to the 

signaling receptors type I and II. These type I and II receptors contain 

serine–threonine protein kinases in the intracellular domains, which initiate 

intracellular signaling by phosphorylating the transcription factors Smads. The 

resulting Smad complex then moves into the nucleus, where it interacts in a 

cell-specific manner with various transcription factors to regulate the transcription 
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of many genes.[74][75] TGF-ß not only stimulates fibroblasts and other cells to 

produce extracellular-matrix proteins and cell-adhesion proteins, including 

collagen, fibronectin, and integrins, but also decreases the production of enzymes 

that degrade the extracellular matrix, including collagenase, heparinase, and 

stromelysin, and increases the production of proteins that inhibit enzymes that 

degrade the extracellular matrix, including plasminogen-activator inhibitor type 1 

and tissue inhibitor of metalloprotease.[76] Thus, the production of TGF-ß has 

been reported to be increased in patients with various diseases associated with 

fibrosis of the kidney, liver, lung or systemically.[65][77] In addition, 

polymorphisms in the TGF-ß1 gene regulate its level of expression in 

humans.[78][79] The SNP -509 T/C, which is in linkage disequilibrium with the 

SNP -800 G/A, has been associated with the plasma concentration of latent 

TGF-ß1.[80] creates two different alleles located in a region that is thought to be a 

negative regulatory area of the TGF-ß1 gene.[100] It is associated with risk for 

asthma and allergies,[101] promoting an increase in the levels of serum IgE, and 

susceptibility to osteoporosis.[102] However, the precise effect of T or C alleles 

on the transcriptional activity of the TGF-ß1 gene is not known. 

 

The renin–angiotensin system (RAS), a two-enzyme cascade, plays an important 

role in the regulation of blood pressure, fluid balance, and electrolyte homeostasis 

and in the pathogenesis of cardiovascular disease. The initial enzyme, renin, 
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cleaves its substrate, angiotensinogen, to angiotensin I, a decapeptide. Angiotensin 

I undergoes a second cleavage, mainly by tissue-bound angiotensin-converting 

enzyme (ACE) and serine proteinase to generate angiotensin II, an octapeptide , 

which via the angiotensin II type 1 receptor acts as a potent vasoconstrictor and 

aldosterone stimulating peptide. The ACE also inactivates the nonapeptide 

bradykinin and blocks the tissue kallikrein system.[84] Interests in the possible 

role of RAS as a risk factor for cardiovascular disease have been generated as 

large clinical trials demonstrated the effects of the ACE inhibitors (ACEI) in 

decreasing morbidity and mortality in patients with heart failure.[81-83] Inhibition 

of the ACE and antagonism of the angiotensin II type 1 receptor decrease blood 

pressure in hypertensive patients, and more importantly prevent mortality and 

morbidity in patients with symptomatic or asymptomatic congestive heart failure, 

acute myocardial infarction, or diabetic nephropathy.  A tissue-based RAS can 

elevate blood pressure quite independently of the plasma system. Although renin 

appears to be a rate-limiting enzyme in the endocrine RAS, tissue ACE may be a 

more important independent factor in influencing plasma and tissue angiotensin II 

levels in the local autocrine or paracrine RAS.[85-88] Thus, the RAS acts 

systemically and locally to influence vascular tone, blood volume, myocardial 

contractility, thromboresistance, and tissue responses to injury.  

The most prominent polymorphism in the angiotensin-converting enzyme gene is 

defined by the insertion(I) or deletion(D) of a 287 base pair insert in intron 16 of 
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the gene. This insert harbors a sequence very similar to a silencer element,[89] 

which may explain why subjects with one or two D alleles have approximately 

25% and 50% higher angiotensin-converting enzyme levels than subjects with the 

other genotype both in plasma and at tissue sites.[90-93] Membrane-bound ACE, 

rather than soluble ACE, is responsible for the regional conversion of angiotensin 

I into angiotensin II. Since the plasma or tissue angiotensin I levels are six orders 

of magnitude below the Michaelis constant (Km) for angiotensin I, and thus this 

process follows first-order kinetics, angiotensin I–II conversion was found to be 

similar over a wide range of arterial angiotensin I levels.[94-96] Increased ACE 

gene expression and ACE activity in the vessel wall stimulate the local rate of 

angiotensin II production. This increased ACE activity in DD homozygotes has 

been correlated with higher risk of hypertension in men, excess risk of left 

ventricular hypertrophy in untreated hypertensive patients, and an increased risk 

of nephropathy in the presence of diabetes or other concomitant diseases.[97] 

There is also an significant inter-racial variation of the allele frequencies, so that  

the prevalence of the D allele was 56.2% in Caucasians, higher in blacks (60.3%), 

but substantially lower in Asians (39.1%). [98] 

 

We hypothesized that polymorphisms of the IL-1, IL-4, TGF-ß, and ACE families 

affects the inflammatory destruction of cardiac valves in patients with rheumatic 

heart disease and the development of heart failure. Polymorphisms in IL-1ß 
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promoter, IL-1ß exon 5, IL-1RA intron 2, IL-4 intron 3, TGF-ß promoter, and 

ACE intron 16 were compared between a group of MS patients receiving PBMV 

and normal controls. 
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PATIENTS AND METHODS 

 

A group of 84 consecutive patients (mean age 43.6 ± 5.8 years; 12 males and 72 

females) with severe MS were collected. All were symptomatic during ordinary 

activity and underwent PBMV after a detailed clinical and echocardiographic 

evaluation to assess the valve morphology and cardiac function. Indications for 

PBMV were effective mitral orifice less than approximately 1.0 cm2/m2 body 

surface area, and New York Heart Association (NYHA) class III or IV symptoms. 

Patients with more than grade 2 mitral regurgitation (MR) on left ventriculogram, 

persistent left atrial thrombus on transesophgeal echocardiography (TEE), 

extensive commissural calcification, or concomitant cardiac disease requiring 

surgical intervention were excluded.  

 

There were 103 age- and sex- matched ( mean age 48.1 ± 8.1 years; 17 males and 

86 females) normal controls. All people enrolled were ethnic Chinese living in 

Taiwan and have signed the informed consent. The study was reviewed and 

approved by our research ethics committee. 

 

Polymerase chain reaction and typing for IL-1 related allelic polymorphisms 

 

The genomic DNA was prepared from peripheral blood using a DNA Extractor 
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WB kit (Wako, Japan). Polymerase chain reactions (PCRs) were carried out in a 

total volume of 50 ml, containing genomic DNA, 2-/6 pmole of each primer, 1 x 

Taqpolymerase buffer (1.5 mM MgCl2), and 0.25 units of AmpliTaq DNA 

polymerase (Applied Biosystems, Foster City, CA). PCR amplification was 

performed in a programmable thermal cycler GeneAmp PCR System 2400 

(Applied Biosystems). The primers for the IL-1ß promoter region, exon 5 and 

IL-1RA intron 2 gene polymorphisms and the cycling conditions are given in 

Table 1. 

 

The IL-1ß promoter polymorphism at position -511 was analyzed by PCR 

amplification followed by restriction analysis using Ava I (New England Biolabs, 

Beverly, USA) digestion. The allele with cytosine (‘C’) at position -511 showed 

up as 190-bp and 114-bp on agarose ele ctrophoresis, while the thymine (‘T’ ) 

allele was 304-bp. (Figure 1) 

 

The region containing the polymorphic site at position +3953 within exon 5 of the 

IL-1ß gene was amplified and then digested by Taq I (New England Biolabs). 

Class ‘E1’ was 135+114 bp and ‘E2’ was 249 bp as revealed by electrophoresis. 

(Figure 2) 

 

For IL-1RA intron 2, 10 ml of the products were loaded into 3% agarose gel 



 24 

containing ethidium bromide for electrophoresis and each allele was identified 

according to its size. The 86-bp variable number tandem repeat (VNTR) of 

IL-1RA gene was classified as ‘I’ for 410-bp, ‘II’ for 240-bp, ‘III’ for 500-bp, ‘IV’ 

for 325-bp and ‘V’ allele for 595-bp. (Figure 3) 

 

The IL-4 intron 3 contains a 70-bp length of VNTR. The upstream primer 

sequences for fragment amplification and PCR was 5’-AGGCTAAAGGGG- 

GAAAGC-3’ and the downstream primer 5’-CTGTTCACCTCAACTGCTCC-3’. 

Denaturation, annealing and extension were performed at 95°C for 30 seconds,  

60°C for 42 seconds, and 72° for 42 seconds, respectively, for 30 cycles.[99] PCR 

products were analyzed by electrophoresis on agarose gel without digestion.  Each 

allele was recognized according to its size. The 183 bp fragment was designated 

RP1 and the 253 bp fragment RP2. 

 

In the analysis of TGF-ß1 -509 T/C, the sequences of PCR primers were 5’-TTTT- 

GCCATGTGCCCAGTAG -3’ (upstream) and 5’-CACCAGAGAAAGAGGACC- 

AG- 3’ (downstream). PCR was carried out for 35 cycles of 1 min at 95°C, 1 min 

at 57°C and 1 min at 72°C, with a final extension of 721C for 7 min. The product 

then underwent restriction endonuclease digestion. A 15-ml aliquot of PCR 

products was mixed with a 5 ml solution containing 2 ml 10_NE Buffer (50mM 

NaCl, 10mM Tris-HCl, 10mM MgCl2, 1mM dithiothreitol, pH 7.9), 0.1 ml Eco 
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81I(20 U/ml) (New England Biolabs, Inc., Beverly, MA, USA) and 2.5 ml sterile 

deionized H2O incubated at 37°C. The total amount aliquot of the digest was 

mixed with 3 ml of loading buffer and electrophoresed on a 10% vertical 

non-denaturing polyacrylamide gel at 20 mA. The gel was silver stained by DNA 

Silver Staining Kit (Amersham Pharmacia Biotech AB, Uppsala, Sweden)[100]  

 

The primer pair used to amplify of the ACE gene consisted of 5’-CTGGAGACC- 

ACTCCCATCCTTTCT-3’ and 5’-GATGTGGCCATCACATTCGTCAGAT-3’. 

Amplification was performed for 35 cycles with steps of denaturation at 94°C for 

2 minutes, annealing at 58°C for 15 seconds, and extension at 72°C for 30 seconds. 

PCR products were subjected to electrophoresis in agarose gels and stained by 

ethidium bromide for visualization. To avoid mistyping of the ID genotype as DD, 

dimethyl sulfoxide was added to the PCR reaction mix to enhance amplification of 

the I allele, and repeated the procedure with samples with the DD genotype.  

[103-105] 

 

Statistical analysis 

 

Continuous variables are expressed as the mean ± SD. The genotype distribution 

and allele frequency of the gene polymorphisms among patients and controls were 

compared by use of the Chi-square test and the Fisher’s exact test. A P value < 
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0.05 was considered to be significant. The statistical analysis was done by use of 

the software SPSS for windows (SPSS Inc, Chicago, Ill)



 27 

RESULTS 

 

There were 84 patients who have received PBMV for severe MS. Their ages 

ranged from 32 to 68 years (mean 43.6 ± 5.8 years). Seventy (83.3%) of them 

were female and 14 (16.7%) were male. Three patients received mitral valve 

replacement surgery with a mechanical valve because of recurrent, calcific MS 

from 8 to 13 years after PBMV. All patients were in NYHA functional class I or II 

currently. The mean area of the post-dilated mitral valve estimated by 

echocardiographic planimetry was 1.62 ± 1.8 cm2 ( range 1.28 – 1.83 cm2 ) as of 

the last follow-up, excluding the 3 patients who had a mechanical valve 

implanted. 

 

Genotypes and allele frequencies of the three genomic polymorphisms of the IL-1 

gene family were analyzed in MS patients and in healthy controls by PCR, 

restriction digestion, and gel electrophoresis. The genotype distribution and allele 

frequency of polymorphisms in IL-1ß promoter were shown in Table 2 and 3 

respectively. There were no significant difference between patients and controls. 

 

As shown in Table 4 and 5, there were no significant difference in the genotype 

distribution and allele frequency of polymorphisms in IL-1ß exon 5 between 

patients and controls. 
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In the analysis of the IL-1RA gene polymorphism, neither of the rare alleles III, IV, 

V, or the recently reported single copy VNTR was identified in the samples 

studied. Genotype II/II was found only once in the control group, and none in the 

patients. Genotype I/II was significantly increased in the patient group compared 

to controls ( p<0.05; Table 6 ). The odds ratio for people with genotype IL-1RA 

I/II to develop severe MS was 3.80 compared to people with non- IL-1RA I/II 

genotypes. 

 

Allele II of the IL-1RA gene was significantly increased in the patient group 

compared to controls ( p<0.05; table 7 ). The odds ratio for IL-1RA II carriers to 

develop severe MS was 2.61 compared to noncarriers. 

Analysis of linkage between alleles IL-1RA II and alleles of the IL-1ß exon 5 or 

IL-1ß promoter restriction polymorphisms showed an equal distribution of IL-1Ra 

alleles in carriers of the different IL-1ß exon 5 or IL-1ß promoter 5alleles (Table 

8), which suggested that the results of our study were not affected by unsuspected 

linkage between the polymorphisms studied. 

 

For the genotypes and allele frequencies the IL-4 intron 3 VNTR polymorphism, 

there is no significant difference between controls and MS patients (Table 9 & 10). 

 

The genotype C/C in the polymorphism of TGF-ß promoter(-509) appeared in 

only 3.6% of the MS patients, compared with 23.3% in the control group.( p < 
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0.001, Table 11), and genotypes T/C and T/T were 71.4% vs. 45.6% and 25.0% vs. 

31.1%, respectively, in patient vs. control group.  The odds ratio for IL-1RA II 

carriers to develop severe MS was 2.61 compared to noncarriers. But further 

analysis of the individual T and C allele frequencies revealed a similar distribution 

in patient and control groups.(p > 0.1, Table 12) 

 

Both the genotype and allele frequency of the ACE intron 16 I/D polymorphism 

showed similar distribution in patient and control groups. (Table 13 & 14)  



 30 

DISCUSSION 

 

Carditis is the most severe complication of post-streptococcal rheumatic fever, 

which remains a significant problem worldwide, especially in developing 

countries because of the persistently high incidence. When congestive heart failure 

is caused by deformed and dysfunctional valves, mechanical dilation and surgical 

replacement of the diseased valves are the only effective treatment, with the 

inherent costs and risks. Very little is know concerning host susceptibility. Certain 

HLA class II alleles/haplotypes were also associated with risk or protection from 

rheumatic heart disease.[106][107] As the basic rheumatic process is inflammation 

and destruction of connective tissue, and IL-1, IL-4 TGF-ß are cytokines involved 

in the immuno-inflammatory response and tissue repair, and ACE may affect the 

cardiac adaptation to hemodynamic changes, we examined the effects that 

polymorphisms of the these genes might have on the development of rheumatic 

heart disease. 

 

For the sake of completeness in data collection, only patients with MS severe 

enough to receive PBMV are included in this study. Our results revealed 

significantly increased incidences of IL-1RA I/II genotype and IL-1RA II allele 

frequency in the patient group compared to controls, and this difference in 

distribution of the IL-1RA polymorphism is not linked to IL-1ß promoter or IL-1ß 
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exon 5 polymorphisms. As these are a homogenous group of patients with severe 

disease, the association of IL-RA polymorphism with severe MS may reflect its 

effect on either the pathogenesis of rheumatic carditis, or the progression and 

severity of inflammatory reaction in general.  

 

The loci for the human IL-1a, IL-1ß and IL-1RA are all linked within the 

proximal region of the long arm of chromosome 2.[44] Different polymorphisms 

have been described in the IL-1ß genes, and at least two of them could influence 

protein production: one is located within the promoter region, [45] the other in 

exon 5. [46] The polymorphism in intron 2 of IL-1RA is a variable number of 

tandem repeats (VNTR) of an 86-bp sequence. So far 6 alleles of one to six copies 

of the 86-bp sequence respectively have been reported.[47][48] Because three 

potential protein binding sites are located in this 86-bp sequence, the number of 

repeats may influence gene transcription and protein production. The IL-1RA gene 

polymorphism affects both IL-1Ra and IL-1 production. Possession of allele II of 

the IL-1RA gene has been associated with variable productions of IL-1RA and 

IL-1RA/IL-1ß ratios among conditions associated with chronic inflammation. 

Persons with IL-1RA II homozygosity have a more prolonged and more severe 

proinflammatory immune response than persons with other IL-1RA 

genotypes.[49] 
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IL-1RA inhibits activities of IL-1 by competitive binding to the same functional 

receptor without initiating signal transduction, thus the balance between IL-1RA 

and IL-1 levels influences the biological effects of IL-1. Many inflammatory 

diseases such as ulcerative colitis[108], multiple sclerosis[109], psoriasis[110],  

silicosis[111], periodontitis[112], etc. have been associated with IL-1RA II. 

However, IL-1RA II has been associated with variable production of IL-RA in 

different disease states[113][114], and increased IL-1ß production was 

observed.[115][116] Conversely, the participation of the IL-1ß gene in the 

regulation of IL-1RA production has also been implicated.[117] This reflects the 

complex interactions of cytokines involved in inflammation. In addition, it was 

suggested that the regulation of IL-1RA and IL-1 production were different in men 

and women[114]. Rheumatic heart disease is also characterized by chronic 

inflammation and female preponderance. Unfortunately, patients with milder 

forms of MS were not included in this study. With the biological actions of IL-1 

and the reports of increased incidences of the allele IL-1RA II in other 

inflammatory diseases taken into account, our findings provide some evidence that 

this allele is associated with severe MS in patients with rheumatic heart disease. 

Functional correlation of the polymorphisms with IL-1 and IL-1RA tissue levels in 

the mitral valve was not performed in this study as most patients received PBMV 

only and tissue sample was not obtained. Although the IL-1RA allele was reported 

to be in linkage disequilibrium with IL-1ß polymorphism[118], our findings 
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revealed no linkage between the three polymorphisms of the IL-1 family. The 

possible association of IL-1RA polymorphisms with rheumatic heart disease 

warrants further study. If the findings can be confirmed in large samples, IL-1RA 

II may be used as a marker for selection in patients with MS for novel therapeutic 

modalities such as the use of specific IL-1 receptor antagonist before the disease 

progresses to a late stage.  

 

TGF-ß mediates a complex mix of pro- and anti-inflammatory activities. In 

immunity, however, its predominant functions are anti-inflammatory.[69][70] It 

also induces formation of the extracellular matrix and fibrosis.[72] The base 

exchange at -509 in the TGF-ß promoter was linked to elevated total IgE in 

asthmatic patients.[101] This polymorphism represented a C-to-T base exchange 

which induced a YY1 consensus sequence and is present in a region of the 

promoter associated with negative transcription regulation.[119][120] The C allele 

was associated with lower levels of acid-activatable latent TGF, with a 

dose-response effect of the T allele.[80] The genotype T/T was found to be 

increased in patients with severe periodontitis.[121] Our result revealed a 

significantly lower incidence of the C/C genotype in patients with MS.(Table11) 

However, this possible protective effect, if any, of the C allele cannot be 

demonstrated in the comparison of allele frequencies. (Table 12) A sampling error 

due to the small size of our cohort shoulde also be considered. 
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CONCLUSION 

 

The finding of increased incidence of IL-1RA II in patients with severe MS 

suggests this allele may be used as a marker for disease severity and progression 

in patients with rheumatic heart disease. The incidence of the TGF-ß1(-509) C/C 

genotype was found to significantly decreased in our small group of patients with 

MS. Confirmation awaits further studies with large samples.
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Table 1. Main characteristics of IL-1ß and IL-1RA gene polymorphisms and 

techniques used for screening 

 IL-1ß promoter IL-1ß exon 5 IL-1RA 

Type of   
polymorphism 

SNP SNP 86-bp VNTR 

Site of  
Polymorphism 

Position -511 Position +3953 Intron 2 

Upstream  PCR 
Primer 

5’-TGGCATTGA-            
TCTGGTTCATC-3’            

5’-GTTGTCATCA- 
GACTTTGACC-3’ 

5’-CTCAGCAA- 
CACTCCTAT-3’   

Downstream PCR 
Primer 

5’-GTTTAGGAA-                             
TCTTCCCACTT-3’ 

5’-TTCAGTTCATA- 
TGGACCAGA-3’ 

5’-TCCTGGTCT- 
GCAGGTAA-3’ 

PCR conditions 
Denaturation  
Annealing 
Extension 

 
95 °C, 30s 
55 °C, 30s 
72 °C, 30s 

 
95 °C, 30s 
55 °C, 30s 
72 °C, 30s 

 
95 °C, 30s 
58 °C, 30s 
72 °C, 30s 

No. of cycles 30 30 35 

Restriction site Ava I TaqI None 

Allele size, bp -511C: 190+114 
-511T: 304 

E1: 135+114 
E2: 249 

I: 410 
II:240 
III:500 
IV:325 
V:595 

IL-1ß: interleukin-1ß; IL-1RA: interleukin-1 receptor antagonist;  

SNP: single nucleotide polymorphism; VNTR: variable number of tandem 

repeats. 
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Table 2. Genotype distribution of IL-1ß promoter in MS patients and normal 

controls 

Genotype 

IL-1ß promoter 

 

CC 

 

CT 

 

TT 

 

Total 

Control 26(25.2%) 53(51.5%) 24(23.3%) 103 (100%) 

MS 26(31.0%) 42(50.0%) 16(19.0%) 84 (100%) 

Chi-square test: x2 = 0.953, p = 0.621 

 

Table 3. Allele frequency of IL-1ß promoter in MS patients and normal controls 

Allele 

IL-1ß promoter 

 

C 

 

T 

 

Total 

Control 105(51.0%) 101(49.0%) 206 (100%) 

MS 94 (56.0%) 74 (44.0%) 168 (100%) 

Chi-square test: x2 = 0.922, p = 0.196 

 

Table 4. Genotype distribution of IL-1ß exon 5 in MS patients and normal 

controls 

Genotype 

IL-1ß exon 5 

 

E1E1 

 

E1E2 

 

Total 

Control 98(95.1%) 5(4.9%) 103 (100%) 

MS 80(95.2%) 4(4.8%) 84 (100%) 

Fisher exact test: x2 < 0.001, p = 0.626 
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Table 5. Allele frequency of IL-1ß exon 5 in MS patients and normal controls 

Allele 

IL-1ß exon 5   

 

E1 

 

E2 

 

Total 

Control 201(97.6%) 5(2.4%) 206 (100%) 

MS 164 (97.6%) 4(2.4%) 168 (100%) 

Fisher exact test: x2< 0.001, p = 0.626 

 

Table 6. Genotype distribution of IL-1RA in MS patients and normal controls 

Genotype 

IL-1RA 

 

I/I 

 

I/II 

 

II/II 

 

Total 

Control 96 (93.2%) 6 (5.8%) 1 (0.9%) 103 (100%) 

MS 68 (81.0%) 16(19.0%) 0 84 (100%) 

Fisher exact test: x2 = 8.483, p = 0.014; Odds ratio for genotype I/II:3.80 

 

Table 7. Allele frequency of IL-1RA in MS patients and normal controls 

Allele 

IL-1RA   

 

I 

 

II 

 

Total 

Control 198 (96.1%) 8 (3.9%) 206 (100%) 

MS 152 (90.5%) 16(9.5%) 168 (100%) 

Chi-square test: x2 = 4.902, p = 0.023; Odds ratio for allele II:2.61 
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Table 8.  Allele linkage of the 3 IL-1 gene polymorphisms in MS patients 

 IL-1RA II (+) IL-1RA II (-) p 

IL-1ß promoter C (+) 13 55 NS 
IL-1ß promoter C (-) 3 13  

IL-1ß exon 5 E2 (+) 1 3 NS 
IL-1ß exon 5 E2 (-) 15 65  

 

Table 9. Genotype distribution of IL-4 intron3 in MS patients and normal controls 

Genotype 

IL-4 intron 3 

 

RP1/RP1 

 

RP1/RP2 

 

RP2/RP2 

 

Total 

Control 72(69.9%) 29(28.2%) 2(1.9%) 103 (100%) 

MS 57(67.9%) 25(29.8%) 2(2.4%) 84 (100%) 

Fisher exact test: x2< 0.001, p = 0.626 

 

Table 10. Allele frequency of IL-4 intron3 in MS patients and normal controls 

Allele 

IL-1RA   

RP1 RP2 Total 

Control 173(84.0%) 33(16.0%) 206 (100%) 

MS 139(82.7%) 29(17.3%) 168 (100%) 

Chi-square test: x2 = 0.46, p = 0.49 
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Table 11. Genotype distribution of TGF-ß promoter(-509) in MS patients and 

normal controls 

Genotype 

TGF-ß(-509) 

T/T T/C C/C Total 

Control 32(31.1%) 47(45.6%) 24(23.3%) 103 (100%) 

MS 21(25.0%) 60(71.4%) 3(3.6%) 84 (100%) 

Chi-square test: x2= 17.92  , p < 0.001     

 

Table 12. Allele frequency of TGF-ß promoter(-509) in MS patients and normal 

controls 

Allele 

TGF-ß(-509)  T C Total 

Control 111(53.9%) 95(46.1%) 206 (100%) 

MS 102(60.7%) 66(39.3%) 168 (100%) 

Chi-square test: x2 = 1.73 , p > 0.1  
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Table 13. Genotype distribution of ACE intron 16 in MS patients and normal 

controls 

Genotype 

ACE intron 16 I/I D/D I/D Total 

Control 38(36.9%) 12(11.7%) 53(51.5%) 103 (100%) 

MS 36(42.9%) 14(16.7%) 34(40.5%) 84 (100%) 

Chi-square test: x2 = 2.46  , p = 0.29    

 

Table 14. Allele frequency of ACE intron 16 in MS patients and normal controls 

Allele 

ACE intron 16   I D Total 

Control 129(62.6%) 77(37.4%) 206 (100%) 

MS 106(63.1%) 62(36.9%) 168 (100%) 

Chi-square test: x2 < 0.01  , p > 0.9   
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Figure 1   Gel electrophoresis of IL-1ß promoter sequence after Ava I digestion. 

 

 

 

 

 

 

 

 

 

 

Figure 2   Gel electrophoresis of IL-1ß exon 5 sequence after Taq I digestion. 
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Figure 3    Gel electrophoresis of IL-1RA intron 2 sequences 
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