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Summary

Hematopoietic stem cell transplantation (HSCT) is a curative treatment of many hemato-
logical disorders. Recent studies have shown the associations between polymorphic fea-
tures of cytokine-encoding genes and the incidence of post-transplant complications in
the recipients of allogeneic HSCT. This review focuses on the relationship between
the polymorphic patterns of patient genes encoding tumor necrosis factor (TNF)-a and
TNF-B and the manifestation of post-transplant complications, acute graft-versus-host dis-
ease (aGvHD), generation of toxic lesions, and mortality. Discussed in more detail are the
relationships of TNFd microsatellites and polymorphisms within the promoter region of
the TNF-a-encoding gene (TNFA) in the position (-308) and within the first intron of the
TNF-B-encoding gene (TNFB). It appeared that heterozygosity within the TNFA promot-
er and the first intron of the TNFB gene increased the susceptibility to severe grades
ITII-1V of toxic complications, while the presence of the TNFd3 homozygous genotype
was associated with a higher risk of severe aGvHD and early mortality in patients after
allogeneic HSCT. These results imply that donor-recipient genotyping, extended to
cytokine loci, may be of prognostic value for transplantation outcome.
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INTRODUCTION

Hematopoietic stem cell transplantation (HSCT) is
a curative treatment for many hematological disorders.
Siblings compatible with the recipient with regard to
both human leukocyte antigen (HLA) haplotypes are
optimal for blood cell or bone marrow donation.
However, acute graft-versus-host disease (aGvHD) still
remains a major complication, even in the best HLA-
-matched donor-recipient pairs, affecting up to
40-50% of patients. The high occurrence in this group
of patients is largely due to minor histocompatibility
differences between donor and recipient’, and the
presence of particular HLA specificities in donor-
patient pairs® > ., More recently, non-HLA genes
encoding cytokines involved in the pathogenesis/con-
trol of the disease have been implicated®® ¥7. These
observations have led to studies investigating the possi-
ble role of patient cytokine genotypes that may influ-
ence the development of aGvHD through cytokine
activation during the pre-transplant conditioning
regiens. Recently published data have documented
the associations of polymorphic features of cytokine
genes with post-transplant complications in allogeneic
HSCTs® % 19,20, 43,45,49,56, 70 These have included tumor
necrosis factor (TNF)-a and TNF-3 cytokines encoded
within the major histocompatibility complex (MHC) on
chromosome 6, as well as those with genes located on
other chromosomes, as, for example, interferon (IFN)-
y, interleukin (IL)-6, IL-10, and transforming growth
factor (TGF)-. Cytokine genotypes associated with
aGvHD are listed in Table 1. It has been documented
that TNF and IL-10 microsatellites'> %, and single
nucleotide polymorphisms of the IL-10, IFN-y, and
TGF-B-encoding genes®® >, associate with the risk for
aGvHD manifestation. It has also been observed that
TNF-a gene (TNFA), TNF-B gene (TNFB), and IL-6
gene polymorphisms associate with the susceptibility
for severe toxic complications® 4> 43,

Table 1. Polymorphic features of cytokine-encoding genes associat-
ed with increased risk of aGvHD in the recipients of allogeneic HSCT

Polymorphism Genetic marker Reference
TNF microsatellite d3/d3 homozygotes 56
IFN-y (+874 T/A) allele A 44
T/A heterozygotes 49
IFN-y (intron 1) homozygotes with allele 3 19
IL-6 (-174 C/G) allele G° 44
IL-10 (-1064) (CA), (CA) 51 19, 56
IL-10 (-1082 G/A, -819 GCC/GCC homozygotes 65
C/T,-592 A/C) GCC 42
allele G 42, 44

2 Allele 3 of the | intron of IFN-y gene also associates with chronic
GvHD incidence®.

b IL-6 (-174) G/G homozygosity is a marker of increased risk for
chronic GvHD™.

Therefore, there are a number of cytokines whose
polymorphic features may contribute to the develop-
ment of post-transplant complications. This paper is
focused on associations between TNF alleles of recip-
ients of allogeneic stem cells and transplant outcome,
the generation of toxic lesions, and the incidence of
aGvHD and mortality.

ROLE OF TNF-a IN THE PERPETUATION OF GVHD

GvHD occurs when transplanted donor T lympho-
cytes react to foreign host cells and it is characterized
by hematopoietic dysfunction, immunosuppression,
and a wide variety of host tissue injuries. The skin,
gastrointestinal tract, and liver are major target
organs of aGvHD. Both T cells and cytokines, includ-
ing TNF-a, are the major effectors in GvHD. The ini-
tial phase of GvHD is arguably initiated prior to
transplantation, where necessary transplant condi-
tioning regimens damage GvHD target organs (ini-
tially skin and gut). This conditioning gives rise to
subsequent release of cytolytic cytokines, including
TNF-a and IL-1. This in turn causes an upregulation
of HLA-DR* and adhesion molecule expression,
which aids to activate allogeneic donor T cells during
the initial phase following stem cell transplantation.
Proliferation of T cells, release of IL-2, and the
cytokine cascade or “storm” ensue, causing the char-
acteristic lesions associated with GvHD in the target
organ®>. Acute GvHD usually commences 30-100
days post-transplant and is the most studied form of
GvHD. Chronic GVHD (cGvHD), occurring, by def-
inition, more than 100 days post-transplant, is often,
but not always, associated with prior aGvHD and can
in most respects be defined as a separate disease with
autoimmune type associations?!.

TNF-a and TNF-B are pro-inflammatory cytokines
with a number of biological activities, including the
mediation of inflammatory responses®. Pro-inflam-
matory cytokines, especially TNF-a, are involved in
the induction and effector phase of aGvHD? 3!, TNF-a
is released pre-transplant due to irradiation and cyto-
toxic pre-conditioning regimens. TNF-a serum level
during the pre-conditioning treatment has been
shown to correlate with severe complications, the
manifestation of aGvHD, and mortality after
HSCT?.

The role of TNF-a as a mediator of graft-versus-host
reactions (GVHR) has also been analyzed by an in
vitro skin explant assay'> 2% 28, This assay involves sen-
sitizing donor lymphocytes in vitro in a primary mixed
lymphocyte reaction (MLR) and then evaluating the
secondary response on patient skin biopsies by grad-
ing the GVHR (grades I-1V) histopathologically. The

241



Arch Immunol Ther Exp, 2004, 52, 240-249

in vitro skin explant model has been successfully used
to predict aGvHD in HLA-identical sibling bone
marrow transplants®> 2730 67 and to investigate the
role of cytokines (IFN-y and TNF-a) in GVHR?% %8, Tt
has been observed that unmatched mixed lymphocyte
culture supernatants containing high levels of TNF-a
could produce a graft-versus-host type of histopatho-
logical damage in human skin explant assays. TNF-a
production in an in vitro skin explant assay has been
found to correlate with the development of more
severe GvHD?> 2, Extended studies, including an
analysis of cytokine production of T cell lines and
clones derived from the skin explant culture, have
also implicated a role of TNF-a as a factor affecting
the manifestation and perpetuation of GvHD in
recipients of allogeneic bone marrow transplants
(BMT)> 13,

POLYMORPHISM WITHIN TNF-ENCODING GENES

The TNF genes are located within the class III region
of the human MHC, telomeric to the HLA class II
and centromeric to the HLA class I region (Fig. 1).
This region consists of at least 3 functional genes
encoding TNF-a, TNF-f (also known as lymphotoxin
(LT)-a), and LT-B8. Genes of the TNF locus map at
1000 kb telomeric to the DR and 1300 kb cen-
tromeric to the B locus in the human MHC.

In humans, genes located within the MHC, especially
HLA class I and class II loci, characterize by enor-
mous polymorphism®. A number of genetic markers
have also been identified for genes that map at the
TNF locus. One of the first, a dimorphism within the
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Figure 1. Genes within the human MHC with more detailed struc-
ture of the TNF gene region. Open boxes represent the relative
positions of the indicated loci. Underneath is a detailed represen-
tation of the TNF gene region. Open and closed boxes indicate
untranslated and translated portions of the TNF exons, respective-
ly. Double arrows indicate the transcriptional orientation of the
genes. Single arrows show an Ncol restriction sites. The —308 poly-
morphic position within TNFA gene is also indicated.

first intron (4+1069) of the TNFB gene, has been
described®> %, TNFB*1 (TNFB1) and TNFB*2
(TNFB2) alleles characterize individuals carrying C
or T in position + 1069 within the first intron of TNFB
gene (correlating with the presence of either
asparagine or threonine in position 26, respectively™).

Genetic analyses have also revealed a G to A transi-
tion polymorphism at position —308 in the promot-
er/enhancer region, an AP-2 transcription binding
site, of the TNFA gene”™. TNFA*1 (TNF1) and
TNFA*2 (TNF2) alleles are carried by individuals
having, respectively, G or A at the —308 polymorphic
position of the TNFA promoter.

In addition to the (-308) polymorphic site, the TNFA
gene is characterized by other nucleotide substitu-
tions in the next 8 positions: +70 (G/A)', —-1031
(T/C)®, -163 (G/A)', -238 (G/A)?, =308 (G/A)”,
=376 (G/A)', -5747, -856 (C/T)*> 7, and -862
(C/A)SS, 74,

Polymorphism within the TNFA and TNFB genes
(-308 and +1069, respectively) can be analyzed by
polymerase chain reaction (PCR) amplification fol-
lowed by Ncol digestion of the obtained amplificats'"
.7 TIn the case of TNFA -308 promoter polymor-
phism, this is indirect Ncol restriction fragment
length polymorphism typing. The Ncol restriction
site for TNFA is induced into the amplification prod-
uct of the allele with G in the position —308 by the 5’-
-primer”.

In brief, with the use of specific primers (TNFA: 5’-
-AGGCAATAGGTTTTGAGGGCC AT-3’ and 5’-
-TCCTCCCTGCTCCGATTCCG-3’; TNFB: 5’-
-CCGTGCTTCGTGCTTTGGAC TA-3’ and 5’-
-AGAGGGGTGGATGCTTGGGTTC-3), the 107
bp (with induced Ncol restriction site) and 782 bp
fragments are amplified for the promoter region of
the TNFA gene and the first intron of the TNFB
gene, respectively. Then, PCR products are digested
with Ncol restriction enzyme and analyzed on
agarose gel. For visualization of the TNFB and TNFA
alleles, 2 and 4% gels are used, respectively.
Electrophoresis demonstrates the original 107 bp
fragment (homozygous individuals TNFA*2 allele,
lacking the Ncol site), three fragments of 107, 87 and
20 bp of length (heterozygous individual), and two
fragments of 87 and 20 bp (homozygous individual
for the allele TNFA*1). A similar pattern is seen for
the TNFA alleles. The restriction digests of the TNFB
amplificats generate fragments of 586 and 196 bp or
782 bp for TNFB*1 or TNFB*2 homozygous individ-
uals, respectively. For heterozygous individuals, three
fragments (196, 586 and 782 bp) are detected.

242



K. Bogunia-Kubik — TNF genes and post-transplant complications

Table 2. Frequencies of TNF alleles in healthy individuals and patients with hematological disorders

TNFA*1 TNFA*2 TNFB*1 TNFB*2 Number of cases  References
Healthy individuals 0.85 0.15 0.31 0.69 130 5
0.81 0.19 0.35 0.65 216 64
0.85 0.15 0.24 0.76 124 4
0.84 0.16 0.26 0.74 117 24
0.86 0.14 - - 51 7
0.84 0.16 - - 40 53
Patients with hematological disorders 0.89 0.11 0.30 0.70 1252 5
0.945 0.055 0.26 0.74 73 (CLL) 24
0.81 0.19 0.38 0.62 76 (B-CLL) 53
- - 0.33 0.66 54 (NHL) 53
0.82 0.18 - - 49 56
0.78 0.22 - - 49 (CLL) 7
0.85 0.15 - - 36 (HD) 77

CLL - chronic lymphocytic leukemia, NHL - non-Hodgkin’s lymphoma, HD - Hodgkin’s disease.

@ Recipients of allogeneic HCST suffered from different hematological disorders.

Original results are given in bold. All the patients included in this study are of Polish origin and were transplanted at the Lower Silesian Center for
Cellular Transplantation with the National Polish Bone Marrow Donor Registry (formerly BMT Unit, K. Diuski Hospital) in Wroctaw.
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Figure 2. Frequencies of TNF microsatellite alleles based on the
data of: 80 bone marrow transplant (BMT) recipients, 28 unselect-
ed normals®, 57 patients with chronic lymphocytic leukemia (CLL),
100 patients with Hodgkin’s disease (HD)%®, and a panel of 105 cell
lines from the American Society of Histocompatibility and
Immunogenetics Workshop and the Center for Human Poly-
morphism Studies reference panels of HLA typing cell lines™.

Table 2 shows the allele frequencies of the TNFA
and TNFB loci in a panel of randomly selected nor-
mal healthy individuals. The TNFA*1 allele, in con-
trast to the TNFA*2, is the most frequent TNF allele,
present in over 85% of all individuals studied.
TNFB*2 is rarer than TNFA*1, but occurs more fre-
quently than the TNFB*2 allele.

Besides Ncol alleles, also a number of microsatellites
have been mapped within the TNF locus”. These
short repetitive sequences occasionally appear not
only in non-coding regions, but within the coding
regions of particular genes as well. They may function
in different ways, which are currently not well under-
stood. So far, 5 different TNF microsatellites have

been identified®® 7*: TNFa(2), b(1), ¢, d, e. One of
these in particular, TNFd, a (GA)n repeat micro-
satellite sequence’, has been mapped downstream of
the TNF-a encoding gene within intron 3 of the near-
by leukocyte-specific transcript-1 gene?’.

The presence of TNF microsatellites can be detected
by using unique primers and PCR to amplify the
microsatellite-containing region and measuring the
length of the amplified fragments. Alternatively,
amplified DNA fragments can be analyzed by
sequencing® 73,

According to the summarized data® %73, among the
TNFd microsatellites TNFd3 is the most frequent,
then d4 and d1, followed by d5, d2, while d6 and d7
occur very rarely (Fig. 2).

TNF-a AND TNF-[3 PRODUCTION IS INFLUENCED
BY POLYMORPHIC PATTERNS OF CYTOKINE-ENCODING
GENES AND HLA

TNF-a and TNF-{3 secretion in relation
to TNF genotypes

Polymorphism at the TNF gene cluster has been
shown to be associated with variations in TNF-a and
TNF-B production. Pociot et al.*! found that individ-
uals homozygous for TNFB*2 secrete higher
amounts of TNF-a than do heterozygous individuals
and individuals homozygous for TNFB*1 allele. This
was shown for phytohemagglutinin- and lipopolysac-
charide-stimulated monocytes. Also patients with
severe sepsis who were homozygous for TNFB2 dis-
played higher circulating TNF-a concentrations than
did heterozygous (TNFB1/TNFB2) individuals®.
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Bouma et al.'* documented that individuals carrying
the TNFA*2 allele secrete higher levels of TNF-a. It
has been suggested that high levels of TNF-a secre-
tion after mitogen stimulation of peripheral blood
lymphocytes from BMT recipients may be associated
with the TNFA*2 allele>*. The increased TNFA gene
expression related to the TNFA*2 allele has also
been reported by other groups (i.e.3® 47 48 80),
However, there is some conflicting data which sug-
gests that TNFA (-308) polymorphism has no effect
on TNFA gene expression'”> 3% 3% 71,74,

Similar to some reports on TNFA polymorphism, it
has been suggested that the polymorphic pattern of
the TNFB gene also correlates with the TNF-§3
response of mitogen-stimulated peripheral blood
mononuclear cells (at the mRNA and protein
level)*. It has been shown that the level of TNF-B
secreted correlates with the TNFB genotype in
healthy individuals: those with the TNFB*2 allele
secreted significantly higher levels of TNF-f3 than
those with the TNFB*1 allele. In insulin-dependent
diabetes mellitus (IDDM) patients, the reverse situa-
tion was observed”.

In addition to the associations described for TNFA
and TNFB Ncol alleles, some relationships have also
been found between the presence of particular TNF
microsatellites and TNF-a and TNF-f3 production.
The TNFd3 microsatellite allele has been reported as
being associated with higher in vitro TNF-a produc-
tion in cells derived from immunesuppressed heart
transplant recipients’!. TNFa6 has been correlated
with decreased TNF-a secretion, while TNFa2 has
been associated with increased TNF-a secretion®.
Among IDDM patients, individuals carrying either
TNFa2 or TNFa9 have presented with greater TNF-a
production, while those positive for TNFal3 have
lower TNF-a production than patients with non-
TNFa2, a9, and al3 alleles®.

Relationships between TNF alleles and HLA class 1
and II loci and their effect on TNF-a
and TNF-f3 secretion

The TNFA and TNFB genes are located within the
human MHC complex, between the HLA class I and
HLA class II loci (Fig. 1). This close localization
favors associations between HLA class 111 (TNF) and
other HLA loci. Therefore, some relationships
between the polymorphic pattern of TNF-encoding
genes and the presence of particular HLA class 1
and/or HLA class II specificities have also been iden-
tified (please note Table 3). For example, very strong
associations have been shown for the A1 B§ DR3
DQ2 haplotype with a rare TNFA*2 allele and

Table 3. Association between HLA and TNF alleles

Haplotypes References
A1 B8 DR3 TNFA*2 2,78

A1 B8 DR3 TNFA*2 DQA1*0501 DQB1* 0201 15
TNFA*2 A TNFB*1 (5,5)

A2 B44 TNFa6 TNFB*1 DR4 DQ8 60

A2 B15 TNFa2 TNFB*2 DR4 DQ8
A2 B40 TNFB*1 DR6
A1 B8 TNFB*1 DR3 DQ2

B18 TNFb5 TNFa1 TNFB*2 TNFc2 DRB1*0301 62
DQA1*0501 DQB1* 0201

DQB1*0201 DQA1*0501 DRB1*0301 TNFc2
TNFB*2 TNFa1 TNFb5 B18

Bw62 DR4 TNF*B2 76
TNFA*1 TNFB*2 1,12
TNFA*2 TNFB*1

TNFA*2 TNFB*1 DR3
TNFA*1 TNFB*1 DR1
TNFA*1 TNFB*2 DR6 and/or DR7

Table 4. Markers associated with increased expression
of TNF-a-encoding gene

Genetic marker References

Ncol alleles TNFA*2 14, 38, 47, 48, 54, 68, 80
TNFB*2,2 61, 66
Microsatellite TNFa2 59, 60
TNFa9 59
TNFd3 71
HLA-DR DR3 1, 40, 60
DR4 40, 60

between this TNFA allele and TNFB*1. These in
turn have been shown to affect TNF production. It
has been documented that TNF-a secretion could be
influenced by HLA-associated features; for example,
with high secretion potential among DR3 and DR4
and low among DRS5 normals® (Table 4). Inducibility
of TNF-a has also been found to be low for DR2-pos-
itive systemic lupus erythematosus patients and high
for those having HLA-DR3 and DR4 genotypes®.
The results of other study have demonstrated higher
TNF-a activity in culture supernatants of (Al, BS,
DR3) lymphoblastoid cell lines than that present in
the supernatants from cells homozygous for eight dif-
ferent MHC ancestral haplotypes! (Table 4).

TNF POLYMORPHISM AND HSCT OUTCOME

Ncol TNFA (-308) and TNFB (+1069)
polymorphisms do not affect development of aGvHD

Very early studies from our research group suggested
that (-308) polymorphism within the TNFA promot-
er region might influence the manifestation of
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aGVvHD in alloHSCT recipients’” !°. In these analyses,
39 recipients of HLA-matched sibling transplants
and, for comparison, 51 healthy individuals were
investigated. It was found that patients were more
frequently TNFA*1,1 than controls and that all the
patients with fatal aGvHD complications were
homozygous for TNFA*1. Patients rarely had the
TNFA*1,2/TNFB*1,2 genotype, and an association
of TNFA*1,1 with TNFB*1,1 was seen only in 3 out
of 39 patients, but not in controls. Furthermore, all
patients carrying the TNFA*1,1 TNFB*1,1 genotype
suffered from aGvHD.

In concordance with this data, a study by Mayer et
al.>* on 53 chronic myeloid leukemia patients receiv-
ing allogeneic BMT also indicated a possible role of
TNFA -308 polymorphism in severe GVHD due to
the increased secretion of TNF-a.

The first studies on TNFB gene polymorphism in
recipients of allogeneic HSCT reported a higher inci-
dence of TNFB heterozygous cases among patients
with aGvHD, especially in those who received
aggressive chemotherapy (receiving thio-tepa or
etoposide in addition to busulphan and cyclophos-
phamide)®® 3. However, our further analyses have
not confirmed these observations® ® of an association
between TNF polymorphisms of the recipient and
aGvHD incidence. No relationship has been
observed between either TNFA (-308) and/or TNFB
(4+1069) polymorphism and the manifestation of
aGvHD complications® °. This concurred with other
published data, as a lack of association between
TNFA polymorphism in the (-308) position and inci-
dence of aGvHD in allogeneic HSCT recipients has
also been reported by other groups™ %7, In our
more recent studies, TNFA and TNFB alleles have
shown similar distributions in patients and control
individuals. A higher rate of TNFA*1 homozygotes
has been found to characterize patients and controls,
but (in contrast to the previous data) without signifi-
cant difference between both groups (not shown). In
both patients and healthy individuals, TNFA*1
appeared as the greatest and TNFB*2 as the least
frequently seen of the TNFA and TNFB alleles’
(Table 2). Comparable frequencies of TNF alleles in
hematological patients have been documented in
other studies (Table 2).

Microsatellite polymorphism within the gene
encoding TNF-a and the incidence of aGvHD
and early mortality

As discussed above, no association has been found
between TNFA polymorphism in the —308 position
and manifestation of aGvHD. However, the studies

by Middleton et al.’® and Kogler et al.* have docu-
mented the association of aGvHD (grades III-IV)
complications post hematopoietic stem cell trans-
plantation with the presence of the d3 homozygous
allele in bone marrow and cord blood transplant
recipients, respectively. In more detail, the TNFd3
homozygous allele has been documented as being
preferentially associated with more severe (III-IV)
GvHD grades (in 7 out of 11 patients) compared with
its occurrence in 8 out of 38 patients with no or mild
GvHD (grades 0-I1)*°. In this study, 49 patients
transplanted from HLA-matched sibling donors
using only cyclosporine A monotherapy were investi-
gated. Interestingly, results of this analysis were also
correlated with in vitro skin explant results in 32 of
the 49 patient donor pairs tested””. The d3 allele of
the TNFd microsatellite preferentially associated
with the more severe GVHD grades III-IV and with
positive (grade II or above) skin explant assays.
However, these observed relationships between
TNFd3 and GvHD outcome were not seen in an
extended study involving a larger group of BMT
recipients (144 cases) receiving both cyclosporine
A and metotrexate prophylaxis. In this group of
patients, the presence of TNFd3 was found to corre-
late with early mortality”’. More TNFd3/d3-positive
patients died before day 30 than non-TNFd3/d3
recipients. In addition, the presence of TNFd3/d3
homozygotes, associated with the risk of transplant-
related complication in HSCT patients, has been also
shown to affect organ transplants, for example to
associate with increased rejection in cardiac trans-
plant recipients’.

TNFA (-308) and TNFB (+1069) polymorphism
and manifestation of toxic complications

Relationships between cytokine gene polymorphisms
and the generation of severe toxic lesions have been
extensively analyzed by our research group and, in
fact, all results known so far come from our studies® *
4951 Qur first observations suggesting a possible influ-
ence of TNFA heterozygous genotypes on the mani-
festation of severe toxic lesions in patients after allo-
geneic HSCT were presented in 1999 during the 25
Annual Meeting of the European Group for Blood
and Marrow Transplantation (Hamburg, Germany)*
and the 13" Meeting of the European Federation for
Immunogenetics (Crete, Greece)®'. In these studies,
72 and 97 recipients of allogeneic stem cells were
investigated, respectively. It was found that in patients
on standard conditioning regimen a high degree of
toxicity was present more frequently in TNFA*1,2-
-positive individuals. In the next analyses, homozy-
gous patients carrying the TNFB*2 allele were found
to suffer less frequently from severe (grades III and
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IV) toxic complications®. Please note that in all our
studies regarding the susceptibility to toxic complica-
tions, toxicity was evaluated according to the World
Health Organization standard criteria (for detail see:
www.fda.gov). The highest grade of toxic complica-
tions seen in any of the evaluated organs (mucosa,
skin, liver, and gut) was regarded as the representative
value of toxicity seen in an individual patient.

The extended studies® ° proved our preliminary data
on the influence of TNF polymorphic features on the
generation of severe toxic lesions in recipients of allo-
geneic HSCT. A higher incidence of toxic complica-
tions was seen among patients heterozygous for
TNFA and/or TNFB, while lower in those carrying
the TNFB*2,2 homozygous genotype. In the first of
these studies, patients with hematological malignan-
cies grafted from sibling, alternative, or matched
unrelated donors were analyzed. Recipients carrying
the TNFB*2 homozygous genotype suffered less fre-
quently from severe grades II-IV and grades I1I-IV
toxic complications, while those having the
TNFA*1,2 and/or TNFB*1,2 genotype were found to
be more susceptible to developing severe (grade
ITI-IV) toxic lesions®.

More detailed analysis focused on a group of patients
with hematological malignancies, recipients of HLA-
-matched sibling transplants, were concordant with
the previous results. Also in this cohort of patients,
TNFA*1,2 and TNFB*1,2 were found to be associat-
ed with increased risk of developing severe grades
III-IV toxic lesions, while TNFB*2 and TNFA*1
homozygosity had a protective role (Fig. 3). This

1.0
p=0.018 p=0.006 p=0.003
0.8 Toxicity
[ 11-1v grades
0.6 - [ o-ii grades
0.4
0.2 -
0.0 —
TNFA*1,2 TNFB*1,2 TNFA*1,2

TNFB*1,2

Figure 3. Manifestation of grades Ill-IV toxic complications in
alloHSCT recipients in relation to TNF genotypes. There is an
increased frequency of patients presenting with severe toxic com-
plications among heterozygous individuals carrying TNFA*1,2
(9/10 vs. 30/60, p < 0.05), TNFB*1,2 (20/26 vs. 19/44, p < 0.01)
and TNFA*1,2 TNFB*1,2 (9/9 vs. 30/61, p < 0.005)°. Toxicity was
evaluated accordingly to the World Health Organization standard
criteria. The highest grade of toxic complications seen in any of the
evaluated organs (mucosa, skin, liver, and gut) was regarded as
the representative value of toxicity seen in the individual patient.

effect was independent of the severity of the condi-
tioning regimen. The associations between TNF het-
erozygotes differed from those -characterizing
TNFA*1 and TNFB*2 homozygous patients. It has
been shown that the two latter genotypes (TNFA*1,1
together with TNFB*2,2), in a combined associated
fashion, play a protective role, while TNFA*1,2 in
TNFB*1,2-negative individuals and TNFB*1,2 in
those having TNFA*1,2 influence the development
of severe (grades III-1V) toxic lesions>°.

Interestingly, our preliminary study regarding the
outcome of alternative (HLA haplo-identical and
matched unrelated) transplants have suggested that
in HLA-A, -B, -DR matched alternative settings dif-
ferences in TNF alleles may influence the risk of
aGvHD?’. This study involved 25 patient-donor pairs.
It appeared that lack of HLA-A, -B, -DR matching
between patients and donors did not affect matching
of TNFA and TNFB alleles. Only in 1 out of 7 cases
where patients and donors were not matched at one
of the HLA class I or II loci (A, B, DR) were differ-
ences in TNFA and TNFB polymorphic features
detected. Among A-, B-, DR-matched patients-
donor pairs, typing results at TNF loci were dis-
crepant in 7 cases. In 5 out of these 7 cases, patients
developed aGvHD (grade II-1V). The incidence of
aGvHD complications in alternative settings
were more frequent in A-, B-, DR-matched,
TNF-mismatched transplants than in A-, B-,
DR-, TNF-matched transplants (0.71 vs. 0.27,
p=0.088, Fig. 4). Obviously, these results need to
be confirmed on larger cohorts of donor-recipient
pairs.

aGvHD aGvHD
absent present absent present
HLA-A, -B, -DR-matched HLA-A, -B, -DR, -TNFA,
TNFA and/or TNFB-mismatched -TNFB-matched transplants

transplants

Figure 4. Influence of TNF incompatibility on the incidence of
grades II-IV acute GvHD in HLA-A, -B, -DR-matched alternative
HSCT. A higher incidence of aGvHD was observed among patients
undergoing HLA-A, -B, -DR-matched TNF-mismatched transplants
than those grafted from HLA-A, -B, -DR, TNF-matched donors (0.71
vs. 0.27, p = 0.088).

CONCLUSIONS

It has been shown that cytokine gene polymorphisms,
in particular alleles at the TNF loci, affect the inci-
dence and severity of post-transplant complications.
Thus, the pre-transplant analysis of the patients’
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genetic predisposition may be considered an impor-
tant factor allowing the classification of the trans-
plant recipients as less or more susceptible to devel-
oping either toxic lesions or severe and/or fatal
aGvHD. Therefore, patient-donor genotyping,
extended to the cytokine loci, may be of prognostic
value for the transplantation outcome (for the gener-
ation of toxic lesions or the course of GvHD, as

REFERENCES

shown, for example, for HLA-DR and TNF-a or
HLA-DR and IFN-y in other disease® 8'). These
results could then be used to tailor GvHD prophylax-
is and/or to help in donor selection when more than
one sibling or matched unrelated donor is available,
together with aiding the development of therapeutic
strategies, possibly with the use of anti-cytokine ther-
apies or prophylaxis.

1. Abraham L. J., French M. A. and Dawkins R. L. (1993):
Polymorphic MHC ancestral haplotypes affect the activity of
tumor necrosis factor-a. Clin. Exp. Immunol., 92, 14-18.

2. Abraham L. J., Grimsley G., Leelayuwat C., Townend D. C.,
Pinelli M., Christiansen F. T. and Dawkins R. L. (1993): A region
centromeric of the major histocompatibility complex class I region
is as highly polymorphic as HLA-B. Implications for recombina-
tion. Hum. Immunol., 38, 75-82.

3. Antin J. H. and Ferrara J. L. (1992): Cytokine dysregulation and
acute graft-versus-host disease. Blood, 80, 2964-2968.

4. Barradinhas A. M., Ligeiro D., Sancho M. R., Almeida A., Papoila
A., Calao S. and Trindade H. (2002): Cytokine genotypes frequen-
cies in the Portuguese population. Eur. J. Immunogenet., 29, 119
(abstract 236).

5. Bogunia-Kubik K. (2003): Genetic and associated with cell regula-
tion factors of graft-versus-host reaction. Monograph for an asso-
ciate professor degree. Institute of Immunology and Experimental
Therapy, Wroctaw, Poland.

6. Bogunia-Kubik K. and Lange A. (2003): HLA-DR11 in addition
to donor age, gender relation and blood group incompatibility
influence the incidence of acute graft-versus-host-disease post
allogeneic haematopoietic stem cell transplantation. Transplant.
Proc., 35, 1556-1558.

7. Bogunia-Kubik K., Polak M. and Lange A. (1997): TNF-a and
TNF-f3 Ncol polymorphism in hematological patients undergoing
alloBM/PBPCT. Eur. J. Inmunogenet., 24, 61 (abstract 67).

8. Bogunia-Kubik K., Polak M. and Lange A. (2001): TNF-a and
TNF-B polymorphic features associate with toxic complications in
patients after allogeneic haematopoietic stem cell transplantation.
In Mackiewicz A., Kurpisz M. and Zeromski J. (eds.): Proceedings
of the “European Federation of Immunological Societies — EFIS
2000” (Poznan, Poland, September 23-27, 2000). Edited by:
Monduzzi Editore, Bologna (Italy), pp. 211-217.

9. Bogunia-Kubik K., Polak M. and Lange A. (2003): TNF polymor-
phisms are associated with toxic but not aGvHD complications in
the recipients of allogeneic sibling haematopoietic stem cell trans-
plantation. Bone Marrow Transplant., 32, 617-622.

10. Bogunia-Kubik K., Polak M., Pacuszko T. and Lange A. (1996):
Practical aspects and clinical implication of TNF-a and TNF-3
Ncol allelic polymorphism evaluation. NATO Advanced
Research Workshop, The First Congress of Slovak Foundation
Education in Immunogenetics, Bratislava, Casta Papernicka (SR),
5-9.09.1996.

11. Bogunia-Kubik K., Swider C., Polak M., Pacuszko T. and Lange
A. (1997): Ncol polymorphism within the TNF-a promoter region
and the first intron of TNF-f gene in association with DRB1
specificities in healthy volunteers. In Madrigal J. A., Bencova M.,
Middleton D. and Charron D. (eds.): Immunogenetics: Advances
and Education. The First Congress of the Slovak Foundation.
NATO ARW Proceedings. Kluwer Academic Publishers, The
Netherlands, pp. 163-168.

12. Bogunia-Kubik K., Swider C., Seitzer U., Gerdes J., Flad H.-D.
and Lange A. (1996): HLA class II antigens and allelic polymor-
phism within the human TNFA promoter region and within the
first intron of TNFB genes. Eur. J. Inmunogenet., 23, 79.

13. Bogunia-Kubik K., Wang X. N., Fallen P., Madrigal J. A., Cohen
S. B. A,, Jackson G. and Dickinson A. (2001): Characterisation of
T cells involved in cutaneous GvHD of allogeneic bone marrow

transplant recipients using an in vitro skin explant model. Blood,
98, 651a (abstract 2732).

14. Bouma G., Crusius J. B., Oudkerk Pool M., Kolkman J. J., von
Blomberg B. M., Kostense P. J., Giphart M. J., Schreuder G. M.,
Meuwissen S. G. and Pena A. S. (1996): Secretion of tumor necro-
sis factor-a and lymphotoxin-a in relation to polymorphisms in the
TNF genes and HLA-DR alleles. Relevance for inflammatory
bowel disease. Scan. J. Immunol., 43, 456-463.

15. Brinkman B. M., Giphart M. J., Verhoef A., Kaijzel E. L., Naipal
A. M., Daha M. R,, Breedveld F. C. and Verweij C. L. (1994):
Tumor necrosis factor o (-308) gene variants in relation to major
histocompatibility complex alleles and Felty’s syndrome. Hum.
Immunol., 41, 259-266.

16. Brinkman B. M., Huizinga T. W., Kurban S. S., van der Velde E.
A., Schreuder G. M., Hazes J. M., Breedveld F. C. and Verweij C.
L. (1997): Tumor necrosis factor-a gene polymorphisms in
rheumatoid arthritis: association with susceptibility to, or severity
of, disease? Br. J. Rheumatol., 36, 516-521.

17. Brinkman B. M., Zuijdeest D., Kaijzel E. L., Breedveld F. C. and
Verweij C. L. (1995): Relevance of the tumor necrosis factor a
(TNF-a) -308 promoter polymorphism in TNF-a gene regulation.
J. Inflamm., 46, 32-41.

18. Browning J. L., Ngam-ek A., Lawton P., DeMarinis J., Tizard R.,
Chow E. P., Hession C., O’Brine-Greco B., Foley S. F. and Ware
C. F. (1993): Lymphotoxin-B, a novel member of the TNF family
that forms a heteromeric complex with lymphotoxin on the cell
surface. Cell, 72, 847-856.

19. Cavet J., Dickinson A. M., Norden J., Taylor P. R., Jackson G. H.
and Middleton P. G. (2001): Interferon-y and interleukin-6 gene
polymorphisms associate with graft-versus-host disease in HLA-
-matched sibling bone marrow transplantation. Blood, 98,
1594-1600.

20. Cavet J., Middleton P. G., Segall M., Noreen H., Davies S. M. and
Dickinson A. M. (1999): Recipient tumor necrosis factor-a and
interleukin-10 gene polymorphisms associate with early mortality
and acute graft-versus-host disease severity in HLA-matched sib-
ling bone marrow transplants. Blood, 94, 3941-3946.

21. Chao N.J. and Deeg J. H. (1997): In vivo prevention and treat-
ment of GVHD. In Ferrara J. L. M., Deeg H. J. and Burakoff S. J.
(eds.): Graft versus host disease. M. Dekker, Inc., New York, pp.
639-666.

22. Clark R. E., Hermans J., Madrigal A., Nachbaur D., Kropshofer
G., Gratwohl A., Apperley J. and Niederwieser D. (2001): For the
Chronic Leukaemia Working Party of the European Group of
Blood and Bone Marrow Transplantation. HLA-A3 increases and
HLA-DRI1 decreases the risk of acute graft-versus-host disease
after HLA-matched sibling bone marrow transplantation for
chronic myelogenous leukaemia. Br. J. Haematol., 114, 36-41.

23. D’Alfonso S. and Richiardi P. M. (1994): A polymorphic variation
in a putative regulation box of the TNFA promoter region.
Immunogenetics, 39, 150-154.

24. Demeter J., Porzsolt F., Ramisch S., Schmidt D., Schmid M. and
Messer G. (1997): Polymorphism of the tumor necrosis factor-a
and lymphotoxin-a genes in chronic lymphocytic leukaemia. Br. J.
Haematol., 97, 107-112.

25. Dickinson A., Hromadnikova I., Sviland L., Jackson G., Taylor P.,
Vavrinec J., Sedlacek P., Cermakova M., Stary J., Vitek A.,
Sajdova J. and Proctor S. J. (1999): Use of a skin explant model

247



Arch Immunol Ther Exp, 2004, 52, 240-249

for predicting GVHD in HLA-matched bone marrow transplants
— effect of GvHD prophylaxis. Bone Marrow Transplant., 24,
857-863.

26. Dickinson A. M., Middleton P. G., Sviland L., Taylor P. R. A.,
Jackson G. H. and Proctor S. J. (1998): Cytokine gene polymor-
phisms (TNF-a and IL-10) associate with graft versus host disease
(GvHD) in HLA identical sibling transplants — correlation with a
skin explant assay for GvHD. In: Proceedings of the American
Society of Haematology Meeting, Miami, USA.

27. Dickinson A. M., Sviland L., Carey P., Reid M. M., Hamilton P.
J., Pearson A. J. and Proctor S. J. (1988): Skin explant culture as a
model for cutaneous graft-versus-host disease in humans. Bone
Marrow Transplant., 3, 323-329.

28. Dickinson A. M., Sviland L., Dunn J., Carey P. and Proctor S. J.
(1991): Demonstration of direct involvement of cytokines in graft-
-versus-host reactions using an in vitro human skin explant model.
Bone Marrow Transplant., 7, 209-216.

29. Dickinson A. M., Sviland L., Hamilton P. J., Usher P., Taylor P.,
Jackson G., Dunn J. and Proctor S. J. (1994): Cytokine involve-
ment in predicting clinical graft-versus-host disease (GvHD) in
allogeneic bone marrow transplants recipients. Bone Marrow
Transplant., 13, 65-70.

30. Dickinson A. M., Sviland L., Wang X. N., Jackson G., Taylor P.
R., Dunn A. and Proctor S. J. (1998): Predicting graft-versus-host
disease in HLA-identical bone marrow transplant: a comparison
of T-cell frequency analysis and a human skin explant model.
Transplantation, 66, 857-863.

31. FerraraJ. L. and Deeg H. J. (1991): Graft-versus-host disease. N.
Engl. J. Med., 324, 667-674.

32. Fiers W. (1991): Tumor necrosis factor. Characterization at the
molecular, cellular and in vivo level. FEBS Lett., 285, 199-212.

33. Galbraith G. M., Hendley T. M., Sanders J. J., Palesch Y. and
Pandey J. P. (1999): Polymorphic cytokine genotypes as markers
of disease severity in adult periodontitis. J. Clin. Periodontol., 26,
705-709.

34. E., Schipper R., Pool J., Blokland E., Falkenburg J. H. F., Vossen
J., Gratwohl A., Vogelsang G. B., van Houwelingen H. C. and van
Rood J. J. (1996): Mismatches of minor histocompatibility anti-
gens between HLA-identical donor and recipient and the develop-
ment of graft-versus-host disease after bone marrow transplanta-
tion. N. Engl. J. Med., 334, 281-285.

35. Higuchi T., Seki N., Kamizono S., Yamada A., Kimura A., Kato
H. and Itoh K. (1998): Polymorphism of the 5’-flanking region of
the human tumor necrosis factor (TNF)-a gene in Japanese.
Tissue Antigens, 51, 605-612.

36. Holler E., Kolb H. J., Mittermuller J., Kaul M., Ledderose G.,
Duell T., Seeber B., Schleuning M., Hintermeier-Knabe R. and
Ertl B. (1995): Modulation of acute graft-versus-host-disease after
allogeneic bone marrow transplantation by tumor necrosis factor
o (TNF-a) release in the course of pretransplant conditioning:
role of conditioning regimens and prophylactic application of a
monoclonal antibody neutralizing human TNF-a (MAK 195F).
Blood, 86, 890-899.

37. Holzinger 1., de Baey A., Messer G., Kick G., Zwierzina H. and
Weiss E. H. (1995): Cloning and genomic characterization of
LST1: a new gene in the human TNF region. Immunogenetics, 42,
315-322.

38. Huang D. R., Pirskanen R., Matell G. and Lefvert A. K. (1999):
Tumor necrosis factor-a polymorphism and secretion in myasthe-
nia gravis. J. Neuroimmunol., 94, 165-171.

39. Huizinga T. W., Westendorp R. G., Bollen E. L., Keijsers V.,
Brinkman B. M., Langermans J. A., Breedveld F. C., Verweij C. L.,
van de Gaer L., Dams L., Crusius J. B., Garcia-Gonzalez A., van
Oosten B. W., Polman C. H. and Pefia A. S. (1997): TNF-a promot-
er polymorphisms, production and susceptibility to multiple sclero-
sis in different groups of patients. J. Neuroimmunol., 72, 149-153.

40. Jacob C. O., Fronek Z., Lewis G. D., Koo M., Hansen J. A. and
McDevitt H. O. (1990): Heritable major histocompatibility com-
plex class II-associated differences in production of tumor necrosis
factor-a: relevance to genetic predisposition to systemic lupus ery-
thematosus. Proc. Natl. Acad. Sci. USA, 87, 1233-1237.

41. Jasinski M., Wieckiewicz J., Ruggiero I., Pituch-Noworolska A.
and Zembala M. (1995): Isotype-specific regulation of MHC class

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

IT gene expression in human monocytes by exogenous and endoge-
nous tumor necrosis factor. J. Clin. Immunol., 15, 185.

Karabon L. (2003): Association between IL-6 and IL-10 polymor-
phic features and the susceptibility to toxic and aGvHD complica-
tions in donors and recipients of haematopoietic stem cell trans-
plants. Institute of Immunology and Experimental Therapy, Ph.D.
Thesis, Wroctaw, Poland.

Karabon L., Bogunia-Kubik K. and Lange A. (2000): IL-6 promot-
er gene polymorphism is associated with an incidence of toxic
complication after allogeneic haematopoietic cell transplantation.
Immunol. Lett., 73, 208 (abstract 545).

Karabon L. and Lange A. (2003): IL-6, IL-10 and IFN-y gene
polymorphisms acting in concert in patients undergoing HSCT.
Genes Immun., 4, S44 (abstract 170).

Karabon L., Swider C., Bogunia-Kubik K., Zawadzka M. and
Lange A. (2001): Patients’ IL-10 genotype influences the outcome
of haematopoietic stem cell transplantation. Bone Marrow
Transplant., 27, S25 (abstract OS106).

Kogler G., Wilke M., Middleton P. G., Sendam B.E., Enczmann
J., Wernet P., Goulmy E. and Dickinson A. M. (2000): Cytokine
gene polymorphism of the recipient influences the development of
acute GvHD in HLA mismatched cord blood transplants. Hum.
Immunol., 61, S32.

Kroeger K. M., Carville K. S. and Abraham L. J. (1997): The -308
tumor necrosis factor-a promoter polymorphism effects transcrip-
tion. Mol. Immunol., 34, 391-399.

Kroeger K. M., Steer J. H., Joyce D. A. and Abraham L. J. (2000):
Effects of stimulus and cell type on the expression of the —308
tumor necrosis factor promoter polymorphism. Cytokine, 12,
110-119.

Lange A., Bogunia-Kubik K., Karabon L. and Polak M. (2000):
An evidence that while differences in polymorphism in TNF- and
IL-6 genes are associated with toxic complications after bone mar-
row transplantation, differences in polymorphism in IFN-y gene
with a higher risk of GVHD. Blood, 96, 398a (abstract 1716).

Lange A., Bogunia-Kubik K., Polak M., Karabon L., Suchnicki K.,
Sedzimirska M. and Swider C. (1999): TNFA and TNFB polymor-
phism is associated with toxic complications and severity of
aGvHD. Bone Marrow Transplant., 23, S80.

Lange A., Swider C., Polak M., Bogunia-Kubik K., Baranowska M.
and Karabon L. (1999): Tumor necrosis factor-a, - and inter-
leukin-10 gene polymorphism influences the outcome of bone
marrow transplantation. Hum. Immunol., 60, S99.

Lichtman A. H., Krenger W. and Ferrara J. L. M. (1997):
Cytokine Networks. In Ferrara J. L. M., Deeg H. J. and Burakoff
S. J. (eds.): Graft versus host disease. M. Dekker, Inc., New York,
pp. 179-218.

Mainou-Fowler T., Dickinson A. M., Taylor P. R., Mounter P.,
Jack F., Proctor S. J., Nordon J. and Middleton P. G. (2000):
Tumor necrosis factor gene polymorphisms in lymphoproliferative
disease. Leuk. Lymphoma, 38, 547-552.

Mayer F. R., Messer G., Knabe W., Mempel W., Meurer M., Kold
H. J. and Holler E. (1996): High response of TNF-a secretion in vivo
in patients undergoing BMT may be associated with the —308 TNF-a
gene enhancer polymorphism. Bone Marrow Transplant., 17, 101.

Messer G., Spengler U., Jung M. C., Honold G., Blomer K., Pape
G. R, Riethmuller G. and Weiss E. H. (1991): Polymorphic struc-
ture of the tumor necrosis factor (TNF) locus: an Ncol polymor-
phism in the first intron of the human TNF-f gene correlates with
a variant amino acid in position 26 and a reduced level of TNF-f3
production. J. Exp. Med., 173, 209-219.

Middleton P. G., Taylor P. R., Jackson G., Proctor S. J. and
Dickinson A. M. (1998): Cytokine gene polymorphisms associating
with severe acute graft-versus-host disease in HLA-identical sib-
ling transplants, Blood, 92, 3943-3948.

Mlynarczewska A., Wysoczanska B., Karabon L., Bogunia-Kubik
K. and Lange A. (2004): Lack of IFN-y 2/2 homozygous genotype
constitutes a risk factor of aGvHD manifestation after allogeneic
haematopoietic stem cell transplantation. Bone Marrow
Transplant. (in press).

Nedospasov S. A., Udalova I. A, Kuprash D. V. and Turetskaya
R. L. (1991): DNA sequence polymorphism at the human tumor

248



K. Bogunia-Kubik — TNF genes and post-transplant complications

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

necrosis factor (TNF) locus. Numerous TNF/lymphotoxin alleles
tagged by two closely linked microsatellites in the upstream region
of the lymphotoxin (TNF-B) gene. J. Immunol., 147, 1053-1059.

Obayashi H., Nakamura N., Fukui M., Tegoshi H., Fujii M., Ogata
M., Hasegawa G., Shigeta H., Kitagawa Y., Nakano K., Kondo M.,
Fukui I., Maruya E., Saji H., Ohta M. and Nishimura M. (1999):
Influence of TNF microsatellite polymorphisms (TNF-a) on age-
at-onset of insulin-dependent diabetes mellitus. Hum. Immunol.,
60, 974-978.

Pociot F., Briant L., Jongeneel C. V., Molvig J., Worsaae H.,
Abbal M., Thomsen M., Nerup J. and Cambon-Thomsen A.
(1993): Association of tumor necrosis factor (TNF) and class IT
major histocompatibility complex alleles with the secretion of
TNF-a and TNF-f by human mononuclear cells: a possible link to
insulin-dependent diabetes mellitus. Eur. J. Immunol., 23,
224-231.

Pociot F., Molvig J., Wogensen L., Worsaae H., Dalboge H., Back
L. and Nerup J. (1991): A tumor necrosis factor B gene polymor-
phism in relation to monokine secretion and insulin-dependent
diabetes mellitus. Scan. J. Immunol., 33, 37-49.

Pociot F., Wilson A. G., Nerup J. and Duff G. W. (1993): No
independent association between a tumor necrosis factor-a pro-
motor region polymorphism and insulin-dependent diabetes melli-
tus. Eur. J. Immunol., 23, 3050-3053.

Robinson J., Waller M. J., Parham P., Bodmer J. G. and Marsh S.
G. (2001): IMGT/HLA database — a sequence database for the
human major histocompatibility complex. Nucleic Acids Res., 29,
210-213.

Seitzer U., Swider C., Stuber F ., Suchnicki K., Lange A., Richter
E., Zabel P., Muller-Quernheim J., Flad H.-D. and Gerdes J.
(1997): Tumor necrosis factor-a promoter gene polymorphism in
sarcoidosis. Cytokine, 9, 787-790.

Socié G., Loiseau P., Tamouza R., Janin A., Busson M.,
Gluckman E. and Charron D. (2001): Both genetic and clinical
factors predict the development of graft-versus-host disease after
allogeneic haematopoietic stem cell transplantation.
Transplantation, 72, 699-706.

Stuber F., Petersen M., Bokelmann F. and Schade U. (1996): A
genomic polymorphism within the tumor necrosis factor locus
influences plasma tumor necrosis factor-o concentrations and out-
come of patients with severe sepsis. Crit. Care. Med., 24, 381-384.

Sviland L. and Dickinson A. M. (1999): A human skin explant
model for predicting graft-versus-host disease following bone mar-
row transplantation. J. Clin. Pathol., 52, 1-4.

Swider C. and Lange A. (2000): TNFA*2 and TNFB*1 alleles are
associated with high level of TNF-a and TNF-3 mRNA in sar-
coidosis. Hum. Immunol., 61, S135 (abstr. 259).

Swider C., Schnittger L., Bogunia-Kubik K., Gerdes J., Flad H.,
Lange A. and Seitzer U. (1999): TNF-a and HLA-DR genotyping
as potential prognostic markers in pulmonary sarcoidosis. Eur.
Cytokine Netw., 10, 143-146.

Tambur A. R., Yaniv I, Stein J., Lapidot M., Shabtai E., Kfir B.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

and Klein T. (2001): Cytokie gene polymorphism in patients with
GvHD. Transplant. Proc., 33, 502-503.

Turner D. M., Grant S. C., Lamb W. R., Brenchley P. E., Dyer P.
A., Sinnott P. J. and Hutchinson I. V. (1995): A genetic marker of
high TNF-a production in heart transplant recipients.
Transplantation, 60, 1113-1117.

Turner D., Grant S. C.,, Yonan N., Sheldon S., Dyer P. A., Sinnott
P. J. and Hutchinson I. V. (1997): Cytokine gene polymorphism
and heart transplant rejection. Transplantation, 64, 776-779.

Udalova I. A., Nedospasov S. A., Webb G. C., Chaplin D. D. and

Turetskaya R. L. (1993): Highly informative typing of the human

TNF locus using six adjacent polymorphic markers. Genomics, 16,
180-186.

Uglialoro A. M., Turbay D., Pesavento P. A., Delgado J. C.,
McKenzie F. E., Gribben J. G., Hartl D., Yunis E. J. and Goldfeld
A. E. (1998): Identification of three new single nucleotide poly-
morphisms in the human tumor necrosis factor-a gene promoter.
Tissue Antigens, 52, 359-367.

Weisdorf D., Hakke R., Blazar B., Miller W., McGlave P., Ramsay
N., Kersey J. and Filipovich A. (1991): Risk factors for acute graft-
-versus-host disease in histocompatible donor bone marrow trans-
plantation. Transplantation, 51, 1197-1203.

Whichelow C. E., Hitman G. A., Raafat 1., Bottazzo G. F. and
Sachs J. A. (1996): The effect of TNF*B gene polymorphism on
TNF-a and - secretion levels in patients with insulin-dependent
diabetes mellitus and healthy controls. Eur. J. Immunogenet., 23,
425-435.

Wihlborg C., Sjoberg J., Intaglietta M., Axdorph U., Pisa E. K.
and Pisa P. (1999): Tumor necrosis factor-a cytokine promoter
gene polymorphism in Hodgkin’s disease and chronic lymphocytic
leukaemia. Br. J. Haematol., 104, 346-349.

Wilson A. G., de Vries N., Pociot F., di Giovine F. S., van der
Putte L. B. and Duff G. W. (1993): An allelic polymorphism with-
in the human tumor necrosis factor-a promoter region is strongly
associated with HLA A1, B8, and DR3 alleles. J. Exp. Med., 177,
557-560.

Wilson A. G., di Giovine F. S., Blakermore A. I. F. and Duff G.
W. (1993): A single base polymorphism in the human tumor
necrosis factor a (TNF-a) gene detectable by Ncol restriction of
PCR product. Hum. Mol. Genet., 1, 353.

Wilson A. G., Symons J. A., McDowell T. L., McDevitt H. O. and
Duff G. W. (1997): Effects of a polymorphism in the human
tumor necrosis factor-a promoter on transcriptional activation.
Proc. Natl. Acad. Sci. USA, 94, 3195-3199.

Wysoczaniska B., Bogunia-Kubik K., Suchnicki K., Mlynarczewska
A. and Lange A. (2004): Combined association between IFN-y 3,3
homozygosity and DRB1*03 in Lofgren’s syndrome patients.
Immunol. Lett., 91, 125-129.

Wysoczanska B., Karabon L., Miynarczewska A., Polak M. and
Lange A. (2002): Polymorphism in the first intron of IFN-y gene
and aGvHD incidence in haematopoietic stem cell transplant
recipients. Eur. J. Immunogenet., 29, 139 (abstract 174).

249



