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ABSTRACT

Background: Rheumatic heart disease, as the mgjor sequela of acute rheumatic
fever, remains an significant problem in public heath and clinical medicine in
many developing countries. Balloon dilatation or surgica 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)-13 promoter(-511), IL-1 exon 5, IL-1 receptor antagonist(RA)
intron 2 IL-4 intron 3, TGF3 promoter(-509), and ACE intron 16, invovled in
inflammatory reactions, fibross and cardiac diseases were sdlected and

compared between patients with severe mitral senosis (MS) and norma controls.

Methods: Six polymorphic genes namely IL-13 promoter -511 single neucleotide
polymorphism (SNP), IL-13 exon 5 SNP, IL-1 receptor antagonist (RA) intron 2
variable number of tandem repeats (VNTR), IL-4 intron 3 VNTR, TGF-31
promoter -509 SNP, and ACE intron 16 insertion/deletion were anayzed using
polymerase chain reaction (PCR), restriction fragment analysis, and g€

electrophoresis. The digtribution of genotypes and alleles were determined and



compared in a group of 84 patients with severe MS requiring percutaneous

baloon mitra vavuloplasty and 103 norma 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/1: 96(93.2%), I/11: 6 (5.8%), and
[1/11: 1(0.9%); whereas in patients the distribution was I/1: 68(81.0%), and I/I1: 16
(19.0%), p=0.014. The alee frequencies of controls were 1:96.1% and 11:3.9%
and those of patients were 1:90.5% and 11:9.5%, p=0.023. The genotype I/Il and
the alele IL-1RA 11 were significantly increased in patients. The incidence of
TGF-31 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
aldesfrequencies of |L-113 promoter(-511), IL-13 exon 5, IL-4 intron 3, and ACE

intron 16 were not sgnificantly different between patients and controls.

Conclusion: The finding of increased incidences of genotype I/Il and allde
frequency IL-1RA Il in patients with severe MS was consistent with other reports
on many diseases associated with chronic inflammation. IL-1RA Il may be used as
a genetic marker for patients of rheumatic heart disease with severe MSif the

result can be confirmed by studies with large samples. The validity and



significance of decreased incidence of TGF31 promoter(-509) genotype C/C

awaits further ducidation as well.



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 mgor 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 criterig,[1] either two
major criteria, or one maor 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 dmost 80% of patients with acute RF.[2] It
Is amost aways associated with a murmur of valvulitis, and mitral regurgitation is
the halmark. The Aschoff nodule in the proliferative stage is considered

pathognomonic of rheumatic carditis.

The maor 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



organism during convalescence. M proteins of rheumatogenic streptococci contain
epitopes shared with human cardiac sarcolemma membrane proteins and
myosin.[3][4] Autoimmunity induced by antigenic mimicry between the
streptococcal  glycoprotein and human cardiac myosn and laminin may be
responsible for the pathogenesis of rheumatic carditig5]. The incidence of RF
after streptococca 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. Familia predisposition
to the disease has been indicated in numerous epidemiological studies. A specific
B-cell alloantigen has been described in dmost dl 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

deve opment remains incompletely defined.

The predominant cause of mitra stenosis (MS) is RF. Rheumatic involvement is
present in 99% of stenotic mitral valves excised a the time of mitral vave
replacement.[10] The vave ledflets are diffusaly thickened by fibrous tissue
and/or cacific 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 funne-shaped (fish-mouth) valve. The anatomical



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 clinica
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 I1) to severe disability (i.e. NYHA Class Il or 1V).
The progression can be much more rapid in patients in tropical and subtropical

areas.[11]

Mitral valvotomy isindicated in patients with severe MS whose effective orifice
(normal: 46 cm2) is reduced to less than approximately 1.0 cm2/m?2 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 arteria 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 dternative to surgical mitral commissurotomy in the treatment of patients

with symptomatic rheumatic mitra stenosis. [13]



Interleukin-1(IL-1), the prototypic “ multifunctiona” 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 magority of IL-1 production.[14] The varied biological
functions are due to its effects on the expresson 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-1R is a systemic, hormone-like mediator intended to be released from
cels, compared to IL-1a as primarily a regulator of intracellular events and
mediator of loca inflammation. Both molecules are trandated 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, trandation, processing,
and secretion. In addition, the affinities of pro and mature IL-13 binding to surface
and soluble forms of the receptors are different from those of IL-la. Once released
from cells, mature IL-113 encounters two antagonistic molecules. the soluble form

of the type |1 receptor, which tightly binds IL-13 and the soluble IL-1 receptor



antagonist (IL-1RA), which competes with IL-13 for cell surface receptor
occupancy. The activity of IL-113is thus regulated by the large and complex nature
of the IL-I 3 promoter, the mMRNA splicing processes, the phosphorylations of
proteins required for trandation, the stabilization of the 3 untrandated region, the
cleavage of prolL-13 and secretion, the effects of antagonistic molecules, and the

presence of decoy receptors.

Unlike the promoter of |L-1a, the promoter region for IL-13 contans aclear TATA
box, a typical motif of inducible genes. The half -life of IL-1/3 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-113 MRNA, which accumulate for 4 hours
followed by arapid decrease due to synthesis of atranscriptiona repressor.[15][16]
Monocyte mRNA levels can be sustained for over 24 hours with cCAMP-inducing
agents or IL-1 itsdlf.[17][18] Raisng cAMP levels in human monocytes by
histamine or prostaglandin (PG) E, enhances IL -la-induced IL-I13 gene expression
and synthesis.[19] But cAMP reduces | L-I3 synthesis by lipopolysaccharide (LPS)
stimulation. Unlike most cytokine promoters, IL-I3 regulatory regions can be
found distributed over several thousand basepairs (bps) upstream and a few Ips
downstream from the transcriptional start site. |L-1l3 gene expression is regulated

a different levels.[20] Sequences in the IL-I3 promoter required for transcription
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has been confirmed. The enhancer region -2782 to -2729, strongly L PSresponsive,
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-1 (AP-1) sites adso
participate in endotoxin-induced IL-13 gene expresson. Proximal promoter
elements between -131 and +14, required for maxima IL-13 gene expression,
contains binding sites for NFRA, which are identical to those of the hematopoietic
transcription factor Spi-1/PU.1.[21] The requirement for Spi-1/PU.1 for IL-13
gene expression imparts tissue specificity, because not al cells constitutively
expressthis NF. Human blood monocytes, which constitutively express Spi-I/PU. 1,
are exquisitely senditive to gene expression of IL-13by 1-10 pg/mL of LPS. The
IL-1RA promoter also contains the proximal Spi-1PU.1 site, and is highly

sengitive to LPSaswdl[20].

It is documented that there is a dissociation between transcription and trandation
of IL-13;, for example, complement component C5a, hypoxia, adherence to
surfaces or clotting of blood induces the synthesis of large amounts of IL-If3
MRNA in monocytic cells without sSignificant trandation into the [L-113
protein.[22][23] However, adding bacterial endotoxin or IL-1 itself to cells with

high levels of steady state IL-1 3 MRNA results in augmented trandation. Possible
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explanations include stabilization of the AU -rich 3 untrandated region by adding
LPS, or prevention of deadenylation of the poly (A) tail of IL-I mRNA by IL-1
itself. This stabilization of MRNA poly(A) tail may be sen 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 trandation of IL-1 and can be inhibited

by the duad cyclooxygenasa/lipooxygnase inhibitors.[25]

After synthess, prolL-13 remains primarily cytosolic until it is cleaved by the
interleukin-13 converting enzyme (ICE) at the aspartic acid-alanine (116-117)
peptideand transported out of the cell.[26] Although the prolL-1(3 can be released
from a cell independent of processing by ICE[27] A Tag | polymorphism in the
coding sequence of prolL-113 has been correlated with IL-113 secretion activity.[ 28]
The 45kD precursor of ICE requires two interna cleavages itself before
becoming enzymatically active. Five isoforms of ICE, namely a, 13, ?, d, and e, can
be produced from aternate RNA splicing.[29] Among them, ICEa cleaves the ICE
precursor and prolL-Ii3, 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-13 are regulated by
inflammatory reaction as evidenced by the effects of interferon(INF)? and

prostaglandin(PG)E,.[17][30] Although IL-1 can induce apoptosis in the



pancregtic 3 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 gpoptoss remains unidentified.

The naturally occurring IL-1 receptor antagonist (IL-1RA) appears to be a unique
Stuation 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] ProlL-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-13[34] ThelIL-1 signal can only be transduced when a heterodimer of the type
| 1L-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 ae
activated. While IL-113 possesses 2 binding stes for each of the components, the
IL-1RA has only one bidning ste. 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-13[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

cdls may be explained as that IL-I binds first to the IL-1RI with a low affinity,

13



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 lacksaTATA
or CAAT box characterigtic of inducible genes, but the significance of its
congtitutive expression is unknown. IL-1RI expression is dowrregulated in T cells
with a decreased mMRNA haf life and surface expresson.[37] In cells that
synthesize PGE,, IL-1 upregulates its own receptor via PGE,; however, when
PGE, synthesis is inhibited, IL-1 downregulates IL-1RI in the same cell.[38][39]
The type Il IL-1R(IL-1RII), lacking a cytosloic domain, binds IL-113 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-IRII.[41] The transcription
factor PU.|, 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-1RI|
expression and thus counteract the activity of IL-1.[40] Of the three members of
the IL-1 family, IL- 113 has the lowest affinity for the cell bound form of IL-1Rl,
but it is the most avid binding member for the nonsigna transducing type 11
receptor. In addition, the binding between IL-13 and soluble IL-1RII is nearly
irreversible because of adow dissociation rate.[43] Because the type Il receptor is
more likely to bind to IL-13 than IL-la, this can result in a diminished response to
IL-13. The double antagonist mechanism of receptor antagonist and decoy

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

Interleukin-4(1L-4) is the primary cytokine involved in the humoral immune
response leading to class switching to and production of immunoglobulin E (IgE)
by B cdls[50] Naive T cdls, when presented with antigen in the presence of an
early IL-4 burst, are driven to differentiate into T helper type 2 (T,,2) cdls. T,2
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
signa through the Janus kinase-signa transducer and activation of transcription
(JAK -STAT) pathways. Mast cdlls, basophils and eosinophils also secret IL-4 to
amplify the IgE response.[52][53] In addition to deviate the immune reaction to
favor a T,,2 response, I1L-4 is aso 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, [L-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 150V 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 (TGFR), 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 epithelia,
endothelial, hematopoietic, neuronal, and connective-tissue cells, produces TGFI3
and has receptors for it.[65] Each of the three isoforms, namely TGF-31, TGF-2,
and TGF-33, 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-31 mRNA is expressed in endothelial, hematopoietic, and
connective-tissue cells;, TGFR2 mRNA in epithelid and neurona cells, and
TGF-3 mRNA primarily in mesenchyma cells.[66] During development,
TGF-31 and TGF-33 are expressed early in structures undergoing morphogenesis,
and TGF-32 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, especialy the cyclin-dependent protein kinases 2
and 4 and cyclins A and E.[67] The immunosuppressive effects of TGF3 include
inhibition of leukocyte proliferation and promotion of their differentiation, and
suppression of inflammatory T,1 cells and macrophages. It aso provides
chemotactic stimuli  for leukocyte migration and regulates adhesion

molecule—mediated localization of these cdls.[68-71] Another important feature
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of TG that may be relevant b 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 normaltissue repair. TGF3 isa
key cytokine that initiates and terminates tissue repair and whose sustained
production underlies the development of tissue fibrosis.[72] The TGF-31 geneis
up-regulated in response to tissue injury, and TGF-[31 is the isoform most
implicated in fibrosis. TGF-I 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-3 is
then stored in the ECM as an inactive, high-molecular-weightcomplex of TGF-3,
the propeptide, and the latent TGF3- binding protein. Active TGF-3 can be
released from the complex by plamin-mediated cleavage or
thrombospondin-linduced conformational change of the latent TGF-[3- binding
protein.[73] There are 3 types of TGF-I3 receptors on the cell surface. The most
abundant type Il receptor functions by binding TGF-3 and transferring it to the
signaling receptors type | and Il. These type | and Il receptors contain
serine-threonine protein kinases in the intracdlular 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-3 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-3 has
been reported to be increased in patients with various diseases associated with
fibross of the kidney, liver, lung or systemicaly.[65][77] In addition,
polymorphisms in the TGF-BL gene regulate its level of expresson 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-31.[80] createstwo different alleles located in aregion that is thought to be a

negative regulatory area of the TGF31 gene.[100] It is associated with risk for
asthma and alergies,[101] promoting an increase in the levels of serum IgE, and
susceptibility to osteoporosis.[102] However, the precise effect of T or C aleles

on the transcriptional activity of the TGF-[31 gene is not known.

The renin—angiotensin system (RAYS), 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 initid enzyme, renin,
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cleaves its substrate, angiotensinogen, to angiotensin |, a decapeptide. Angiotensin
| undergoes a second cleavage, mainly by tissue-bound angiotensin-converting
enzyme (ACE) and serine proteinase to generate angiotensin 11, an octapeptide ,
which via the angiotensin 1l type 1 receptor acts as a potent vasoconstrictor and
adosterone stimulating peptide. The ACE aso 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 |l 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 ||
levels in the locd autocrine or paracrine RAS.[85-88] Thus, the RAS acts
systemically and locally to influence vascular tone, blood volume, myocardia
contractility, thromboresistance, and tissue responses to injury.

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

defined by the insertion(l) 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 smilar 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
| into angiotensin 1. Since the plasma or tissue angiotensin | levels are six orders
of magnitude below the Michaelis constant (Km) for angiotensin I, and thus this
process follows first-order kinetics, angiotensin I-1I conversion was found to be
similar over a wide range of arterial angiotensin | levels[94-96] Increased ACE
gene expression and ACE activity in the vessel wall stimulate the local rate of
angiotensin |l production. This increased ACE activity in DD homozygotes has
been correlated with higher risk of hypertenson 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 ds0 an significant inter-racia variation of the allele frequencies, so that
the prevalence of the D alde was 56.2% in Caucasians, higher in blacks (60.3%),

but substantidly lower in Asans (39.1%). [98]

We hypothesized that polymorphisms of the IL-1, IL-4, TGF-[3, 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-13
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promoter, IL-13 exon 5, IL-1RA intron 2, IL-4 intron 3, TGF-I3 promoter, and
ACE intron 16 were compared between a group of MS patients receiving PBMV

and norma controls.
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PATIENTSAND METHODS

A group of 84 consecutive patients (mean age 43.6 + 5.8 years; 12 males and 72
femaes) with severe MS were collected. All were symptomatic during ordinary
activity and underwent PBMV after a detailed clinical and echocardiographic
evauation 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 [l or IV symptoms.
Patients with more than grade 2 mitral regurgitation (MR) on left ventriculogram,
persistent left atrial thrombus on transesophgeal echocardiography (TEE),
extensive commissura calcification, or concomitant cardiac disease requiring

surgica intervention were excluded.

There were 103 age- and sex- matched ( mean age 48.1 + 8.1 years, 17 maes and
86 females) normal controls. All people enrolled were ethnic Chinese living in
Tawan 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 reated dldic polymorphisms

The genomic DNA was prepared from peripheral blood using a DNA Extractor



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, 1x
Tagpolymerase buffer (1.5 mM MgCI2), and 0.25 units of AmpliTag 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-1f3 promoter region, exon 5 and
IL-1RA intron 2 gene polymorphisms and the cycling conditions are given in

Table 1.

The IL-1 promoter polymorphism at postion -511 was andyzed by PCR
amplification followed by restriction analysis using Ava |l (New England Biolabs,
Beverly, USA) digestion. The dlele with cytosine (C) at postion -511 showed
up as 190-bp and 114-bp on agarose eectrophoresis, while the thymine (T )
dlde was 304-bp. (Figure 1)

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

IL-13 gene was amplified and then digested by Tag | (New England Biolabs).

Class ‘' E1' was 135+114 bp and * E2' was 249 bp as reveded by eectrophoress.

(Figure 2)

For IL-1RA intron 2, 10 ml of the products were loaded into 3% agarose ge
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containing ethidium bromide for eectrophoresis and each dlele 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, * 11" for 500-bp,‘ IV’

for 325-bpand ‘' Vv’ dlde 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 3-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-31-509 T/C, the sequences of PCR primerswere5-TTTT-
GCCATGTGCCCAGTAG-3 (upstream) and 5-CACCAGAGAAAGAGGACG
AG- 3 (downstream). PCR was carried out for 35 cycles of 1 min a 95°C, 1 min
a 57°C and 1 min a 72°C, with afina extension of 721C for 7 min. The product
then underwent restriction endonuclease digestion. A 15-ml diquot of PCR
products was mixed with a 5 ml solution containing 2 ml 10_NE Buffer (50mM

NaCl, 10mM Tris-HCI, 10mM MgCl2, 1mM dithiothreitol, pH 7.9), 0.1 ml Eco
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811(20 U/ml) (New England Biolabs, Inc., Beverly, MA, USA) and 2.5 ml sterile
deionized H20 incubated at 37°C. The total amount aiquot of the digest was
mixed with 3 ml of loading buffer and electrophoresed on a 10% vertical
non-denaturing polyacrylamide gel a 20 mA. The gel was silver stained by DNA
Slver Saning Kit (Amersham Pharmacia Biotech AB, Uppsda, 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 | dlele, and repeated the procedure with samples with the DD genotype.

[103-105]

Saisticd andyss

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 vaue <
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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, 1ll)
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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 femae and 14 (16.7%) were male. Three patients received mitral vave
replacement surgery with a mechanical valve because of recurrent, cacific MS
from 8 to 13 years after PBMV. All patients were in NYHA functional class| or Il
curently. The mean aea of the post-dilated mitra valve estimated by
echocardiographic planimetry was 1.62 + 1.8 cn? ( range 1.28 — 1.83 cm?) as of
the last follow-up, excluding the 3 patients who had a mechanicd vave

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

respectively. There were no sgnificant 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-13 exon 5 between

patients and controls.
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In the analysis of the IL-1RA gene polymorphism, neither of therare dlelesllil, IV,
V, or the recently reported single copy VNTR was identified in the samples
studied. Genotype I1/I1 was found only once in the control group, and none in the
patients. Genotype I/11 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/l to develop severe MS was 3.80 compared to people with non- IL-1RA 1/11

genotypes.

Allele Il of the IL-1RA gene was sgnificantly increased in the patient group
compared to controls ( p<0.05; table 7 ). The odds ratio for IL-1RA Il carriers to
develop severe MS was 2.61 compared to noncarriers.

Anaysis of linkage between aleles IL-1RA 11 and aleles o the IL-13 exon 5 or
IL-113 promoter restriction polymorphisms showed an equal distribution of IL-1Ra
dldes in cariers of the different IL-113 exon 5 or IL-13 promoter 5alleles (Table
8), which suggested that the results of our study were not affected by unsuspected

linkage between the polymorphisms sudied.

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

there is no sgnificant difference between controls and M S patients (Table 9 & 10).

The genotype C/C in the polymorphism of TGFI3 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 Il
carriers to develop severe MS was 2.61 compared to noncarriers. But further
anaysis 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 dlele frequency of the ACE intron 16 I/D polymorphism

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

Carditis is the most severe complication of post-streptococcal rheumatic fever,
which remains a dignificant problem worldwide, especidly 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 vaves are the only effective treatment, with the
inherent costs and risks. Very little is know concerning host susceptibility. Certain
HLA class |l aleles/haplotypes were aso 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-3 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 reveded
significantly increased incidences of IL-1RA I/ genotype and IL-1RA 1l dlele
frequency in the patient group compared to controls, and this difference in

distribution of the IL-1RA polymorphism is not linked to IL-1f3 promoter or IL-113



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 ether the pathogenesis of rheumatic carditis, or the progression and

severity of inflammatory reection in generd.

The loci for the human IL-1a IL-13 and IL-1RA are al linked within the
proximal region of the long arm of chromosome 2.[44] Different polymorphisms
have been described in the IL-113 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 6alleles of oneto 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 Il of
the IL-1RA gene has been associated with variable productions of IL-1RA and
IL-1RA/IL-1R ratios among conditions associated with chronic inflammation.
Persons with IL-1RA |1 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 biologica effects of IL-1. Many inflammatory
diseases such as ulcerative colitig108], multiple sclerosig109], psoriasig110],
slicosq 111], periodontitigf112], etc. have been associated with IL-1RA II.
However, IL-1RA Il has been associated with variable production of IL-RA in
different disease doates[113][114], and increased |IL-1R production was
observed.[115][116] Conversdly, the participation of the IL-13 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 alele IL-1RA |l in other
inflammatory diseases taken into account, our findings provide some evidence that
this dlele is associated with severe MS in patients with rheumatic heart disease.
Functional correlation of the polymorphismswith IL-1 and IL-1RA tissue levelsin
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 alele was reported

to be in linkage disequilibrium with IL-1R polymorphism[118], our findings
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revedled 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
I1' may be used as a marker for selection in patients with MS for nove therapeutic
modalities such as the use of specific IL-1 receptor antagonist before the disease

progresses to a late stage.

TGF-R mediates a complex mix of pro- and anti-inflammatory activities. In
immunity, however, its predominant functions are anti-inflammatory.[69][70] It
aso induces formation of the extracellular matrix and fibrosis[72] The base
exchange at -509 in the TGF-3 promoter was linked to elevated total IgE in
asthmatic patients.[101] This polymorphism represented a Gto-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 dlele
was associated with lower levels of acid-activatable latent TGF, with a
dose-response effect of the T alele[80] The genotype T/T was found to be
increased in patients with severe periodontitis[121] Our result reveadled a
significantly lower incidence of the C/C genotype in patients with MS.(Tablell)
However, this possible protective effect, if any, of the C alele cannot be
demongtrated in the comparison of alele frequencies. (Table 12) A sampling error

due to the smdl sze of our cohort shoulde aso be considered.



CONCLUSION

The finding of increased incidence of IL-1RA Il 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 TGF31(-509) C/C
genotype was found to significantly decreased in our small group of patients with

MS. Confirmation awaits further sudies with large samples.
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Table 1. Main characterigtics of IL-18 and IL-1RA gene polymorphisms and

techniques used for screening

IL- 113 promoter IL-13 exon 5 IL-1RA
Type of SNP SNP 86-bp VNTR
polymorphism
Site of Postion -511 Postion +3953 Intron 2
Polymorphism
Upstream PCR 5-TGGCATTGA- 5-GTTGTCATCA- 5 -CTCAGCAA-
Primer TCTGGTTCATGS3 GACTTTGACC-3 CACTCCTAT-3
Downstream PCR 5 -GTTTAGGAA- 5-TTCAGTTCATA- 5-TCCTGGTCT-
Primer TCTTCCCACTT-3  TGGACCAGA-3 GCAGGTAA-3
PCR conditions
Denaturation 95 °C, 30s 95°C, 30s 95°C, 30s
Annedling 55°C, 30s 55°C, 30s 58°C, 30s
Extenson 72 °C, 30s 72 °C, 30s 72 °C, 30s
No.of cycles 30 30 35
Redtriction Ste Aval Taql None
Allde sze, bp -511C: 190+114 El: 135+114 I: 410
-511T: 304 E2: 249 [1:240
[11:500
1V:325
V:595

IL-213: interleukin-1(3; IL-1RA: interleukin-1 receptor antagonist;

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

repeats.



Table 2. Genotype distribution of IL-13 promoter in MS patients and normal

controls

Genotype

IL-1f3 promoter CcC CT TT Totd
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-sgquare test: ¥ = 0.953, p = 0.621

Table 3. Allde frequency of IL-1(3 promoter in MS patients and normal controls

Allde

IL-113 promoter C T Totd

Control 105(51.0%) 101(49.0%) 206 (100%)
MS 94 (56.0%) 74 (44.0%) 168 (100%)

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

Table 4. Genotype distribution of IL-13 exon 5 in MS patients and normal

controls

Genotype

IL-1Rexon 5 E1E1 E1E2 Tota
Control 98(95.1%) 5(4.9%) 103 (100%)
MS 80(95.2%) 4(4.8%) 84 (100%)

Fisher exact test: % < 0.001, p = 0.626
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Table 5. Allde frequency of IL-13 exon 5 in MS patients and norma controls

Allde

IL-1f3 exon 5 E1l B Totd
Control 201(97.6%) 5(2.4%) 206 (100%)
MS 164 (97.6%) 4(2.4%) 168 (100%)

Fisher exact test: ¥’< 0.001, p = 0.626

Table 6. Genotype digtribution of IL-1RA in MS patients and norma controls

Genotype

IL-1RA 1/l 11 /11 Totd
Control 96 (93.2%) 6 (5.8%) 1 (0.9%) 103 (100%)
MS 68 (81.0%) 16(19.0%) O 84 (100%)

Fisher exact test: X = 8.483, p = 0.014; Odds ratio for genotype 1/11:3.80

Table 7. Allde frequency of IL-1RA in MS patients and norma controls

Allde

IL-1RA | 1 Totd
Control 198 (96.1%) 8(3.9%) 206 (100%)
MS 152 (90.5%) 16(9.5%) 168 (100%)

Chi-square test: ¥ = 4.902, p = 0.023; Odds ratio for dlde11:2.61



Table8 Alldelinkage of the 3 IL-1 gene polymorphisms in MS patients

IL-1RA 1l (+) IL-1RA 11 (-) p
IL-1@ promoter C (+) 13 55 NS
IL-13 promoter C (-) 3 13
IL-1R3exon 5 E2 (+) 1 3 NS
IL-13exon 5 E2 (-) 15 65

Table 9. Genotype digtribution of I1L-4 intron3 in M S patients and norma controls

Genotype

IL-4intron 3 RP1/RP1 RP1I/RP2 RP2/RP2 Tota
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: < 0.001, p = 0.626

Table 10. Allde frequency of IL-4 intron3 in M S patients and norma controls

Allde RP1 RP2 Totd

IL-1RA

Control 173(84.0%)  33(16.0%) 206 (100%)
MS 139(82.7%)  29(17.3%) 168 (100%)

Chi-square test: ¥ = 0.46, p = 0.49
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Table 11. Genotype distribution of TGF3 promoter(-509) in MS patients and

norma controls

Genotype TIT T/IC C/iC Totd
TGF-3(-509)

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: ¥=17.92 , p <0.001

Table 12. Allele frequency of TGF-I3 promoter(-509) in MS patients and normal

controls

Allde

TGF-R(-509) T C Totd
Control 111(53.9%) 95(46.1%) 206 (100%)
MS 102(60.7%) 66(39.3%) 168 (100%)

Chi-square test: ¥ = 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 D/D /D Totd
Control 3B(36.9%) 12(11.7%) 53(51.5%) 103 (100%)
MS 36(42.9%) 14(16.7%) 34(40.5%) 84 (100%)

Chi-squaretest: ¥ =246 ,p=0.29

Table 14. Allde frequency of ACE intron 16 in MS patients and norma controls

Allde

ACEintron 16 I D Totd
Control 129(62.6%) 77(37.4%) 206 (100%)
MS 106(63.1%) 62(36.9%) 168 (100%)

Chi-square test: ¥ <0.01 ,p>0.9



Fgurel  Gd eectrophoresisof IL-113 promoter sequence after Aval digestion.
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Fgure2 Gd dectrophoresis of IL-113 exon 5 sequence after Tag | digestion.
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Figure 3 Gd dectrophoresis of IL-1RA intron 2 sequences
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