Cancer Immunol Immunother (2008) 57:107-114
DOI 10.1007/500262-007-0358-4

ORIGINAL ARTICLE

Ethnic differences in cytokine gene polymorphisms: potential

implications for cancer development

Jovanny Zabaleta - Barbara G. Schneider - Kelli Ryckman - Pleasant F. Hooper -
M. Constanza Camargo - M. Blanca Piazuelo - Rosa A. Sierra -
Elizabeth T. H. Fontham - Pelayo Correa - Scott M. Williams - Augusto C. Ochoa

Received: 2 May 2007 / Accepted: 13 June 2007 / Published online: 6 July 2007

© Springer-Verlag 2007

Abstract Differences in incidence and outcome of cancer
among ethnic groups may be explained by biological and/or
socio-economic factors. Genetic variations that affect
chronic inflammation, a potentially important risk factor for
carcinogenesis, may differ across ethnic groups. Such
differences may help explain cancer disparities among these
groups. Single nucleotide polymorphisms (SNPs) within
cytokine genes can affect cytokine levels and the degree of
inflammation. Associations between cancer and some cyto-
kine SNPs have been suggested. However, these have not
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been consistently replicated among populations, suggesting
that SNP function may differ according to ethnicity, or that
SNPs alone do not completely account for regulation of
inflammation. We examined seven polymorphisms in
African-American (n=294) and Caucasian (n =299)
newborns in Louisiana: ILIB-511C > T, ILIB-31T > C,
ILIB + 3954C > T, ILIRN*2, IL10-1082G > A, ILIO-
592C > A, and TNF-308G > A. African-American new-
borns had significantly higher frequencies of ILIB-511T,
ILIB-31C, IL10-1082A and ILI10-592A alleles and com-
plete linkage equilibrium between ILIB + 3954 and ILIB-
31. In contrast, ILIB + 3954T, ILIRN*2, and TNF-308A
were more frequent in Caucasian newborns and exhibited
strong linkage disequilibrium between ILIB + 3954 and
ILIB-31. All allelic frequencies were significantly different
between groups. We hypothesize that these dissimilarities
may contribute to differences in the inflammatory response and
cancer incidence and mortality between African-Americans
and Caucasians in Louisiana.

Keywords Inflammation - Single nucleotide
polymorphisms - Cytokines - Cancer

Introduction

Chronic inflammation is a risk factor for many types of can-
cers [10, 39, 48, 50]; however, the mechanisms that affect
the levels of inflammation and ultimately cancer risk are
unclear. Incidence and mortality rates of cancer are higher
in African-Americans than in Caucasians in the US [58].
Genetic variants, specifically single nucleotide polymor-
phisms (SNPs) in cytokine genes can affect cytokine
production, and therefore, may in part modulate the inflam-
matory response. Differences in SNP allelic distributions
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between cases and controls have been used to assess or pre-
dict susceptibility to cancer, but the data have not been con-
sistent among different ethnic groups. Therefore, either the
role of these SNPs differs among groups for some unknown
reasons, or their distribution is such that significant associa-
tions cannot be assessed with equal power in the different
populations studied.

Several cytokine SNPs have previously been associated
with the expression of cytokines and/or cancer risk. For
example, a C to T transition at position -511 in the gene
encoding IL1S (ILIB-511C>T) is associated with
increased secretion of IL1f [25], and with gastric [13, 35,
52], breast and pancreatic cancer [3, 32] in several popula-
tions. High levels of IL1# inhibit gastric acid secretion [5],
and elevated gastric pH promotes colonization by Helico-
bacter pylori (H. pylori), a recognized Class I carcinogen
[26]. Other studies have also found ILIB + 3954T to be
associated with gastric cancer [1, 64] and with disease-free
survival in breast cancer patients [53]. Similarly, allele 2 of
the IL1 receptor antagonist gene (IL/RN), containing 2
repeats of the 86 bp variable number tandem repeats
(VNTR) polymorphism [60], has been associated with
increased production of IL1f [24, 47] and increased risk of
gastric, cervical and ovarian cancer [1, 13, 34]. Tumor
necrosis factor alpha (TNF-o) also inhibits gastric acid
secretion [5]. Specifically, a G to A transition at position
-308 of the TNF-o0 gene (TNF-308A) was associated with
increased protein expression in vitro [28], and increased risk
of gastric cancer and non-small cell lung carcinoma [14, 34,
51]. Interleukin 10 is an important anti-inflammatory cyto-
kine [36], and a haplotype containing three SNPs (-/082A/-
819T/-592A) (ATA) in the ILI0 gene is associated with
reduced levels of circulating IL-10 [11, 56]. Alleles of the
IL-10 gene are reported to be associated with increased risk
of gastric, renal, lung and skin cancer [14, 20, 43, 49].

Although most of the studies cited above suggest that
individual SNPs can be used to predict cytokine expression,
recent work by Chen et al. [9] on IL/B demonstrated that
haplotypes, and not individual SNPs, need to be studied in
order to understand transcriptional regulation. Similar
results, regarding the importance of haplotype in regula-
tion, have been shown for interleukin 6 (IL6) [55]. We
therefore decided to study the frequency of haplotypes as
well as single polymorphisms in /L/B and other cytokine
genes in a population-based sample of African-American
and Caucasian newborns in Louisiana, as part of an ongo-
ing study aimed at understanding the inflammatory
response to H. pylori infection and ultimately cancer risk. We
compared the distribution of alleles, genotypes and haplo-
types of ILIB-511C > T, ILIB-31T > C, ILIB + 3954C > T,
IL10-1082G > A, IL10-592C > A, TNF-308G > A, and
the presence of allele 2 of the ILIRN VNTR in 593 new-
borns. Because these polymorphisms may be important
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in cancer risk, the patterns of genetic variation in these
populations may help us to better understand disparities in
cancer incidence between African-American and Caucasian
populations.

Materials and methods
DNA samples

Dried blood spots (DBS) collected on specimen collection
paper (Whatman Inc., Florham Park, NJ) were obtained
from the Louisiana Public Health Laboratory Newborn
Screening Program, which screens infants from participat-
ing centers, representing approximately 90% of the new-
borns in the State of Louisiana (United States). Briefly,
after routine newborn screening was completed, the dried
blood spots were selected by accession number to ensure
that no sample would be tested twice. The samples were
segregated by gender and categorized under the ethnic
information entered with sample submission: African-
American, Caucasian or other ethnic group. Only African-
American and Caucasian samples were used for this study,
since they constitute the majority of the inhabitants of
Louisiana. Excluded from the study population were any
infants with positive screens for phenylketonuria/hyper-
phenylalaninemia (incidence 1 in 10,000 live births), con-
genital hypothyroidism (1 in 3,600 to 5,000), biotinidase
deficiency (1 in 70,000), galactosemia (1 in 60,000), sickle
cell anemia or abnormal hemoglobins revealed by high per-
formance liquid chromatography and isoelectric focusing
(1 in 385 African-American live births). After the selection,
all accession numbers were removed, preventing reverse
access to the identifying information. The sample size of
593 was selected from 12,000 samples received for routine
newborn screening over a 10-week period in 2004. The
study group samples were randomly selected from an over-
all pool of samples available, with exclusions listed above,
from non-consecutive days of submission.

DNA extraction

DNA was extracted from the specimen paper in one 1.5 ml
tube using 1 ml of DNAzol (Invitrogen; Carlsbad, CA).
The sample was mixed by vortex at a maximum speed for
30 min at room temperature (RT). The sample was then
centrifuged at 10,000g for 10 min. at RT and the superna-
tant was transferred to a new tube. Absolute ethanol,
500 pl, was added, and the sample was mixed by inversion
and incubated at RT for 3 min. After centrifugation at
10,000g for 10 min, 1 ml of 75% ethanol was added to the
sample, which was centrifuged again. Finally, the DNA
was dissolved in 100 pl of 8 mM NaOH, pH 8.0.
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SNP detection

Polymorphisms studied in this work were ILIB -511, ILIB
-31, ILI1B + 3954, ILIRN VNTR, IL10-1082, IL10-592 and
TNF -308. The SNPs were analyzed by TagMan assays
(Assays-on-Demand; Applied Biosystems, Foster City,
CA), containing probes for both alleles labeled with either
FAM or VIC dyes. Briefly, 2-5 ng DNA were mixed in a
total volume of 5 pl with TagMan Universal Master Mix
(Applied Biosystems) and water, and then subjected to
95°C for 10 min followed by 40 cycles of 15 sec at 92°C
and 1 min at 60°C. The PCR product was analyzed on a
7,900 HT instrument (Applied Biosystems), and the allele
determined according to the VIC or FAM fluorescence
detected. Controls of known genotype for each polymor-
phic locus were always run in parallel with each experi-
ment. In addition, 20% of the samples were randomly
selected and analyzed by PCR-RFLP as previously
described [11, 17, 31]. The concordance between tech-
niques was greater than 98.5%. In cases where concordance
was not achieved, the samples were checked by both tech-
niques, and the genotype obtained by TagMan was used.
Alleles of the ILIRN VNTR were analyzed by PCR fol-
lowed by electrophoresis in 2% agarose gels.

Statistical analyses

Statistical analysis was performed with Stata®, version 9
(Stata Corporation, College Station, Texas, USA), Power-
Marker [33] and Haploview [4]. Allele frequencies were
estimated and tested for fit to the expectations of Hardy-
Weinberg equilibrium (HWE) using the x> goodness of fit
test, with 1 degree of freedom (each ethnic group was
tested separately). For the ILIRN VNTR analysis, we
grouped genotypes into those containing allele 2 (the short
allele) and all others (long alleles 1, 3, 4 or 5). Genotype
and allele frequencies of African-Americans and Cauca-
sians were compared by Chi-square statistics or Fisher’s
exact tests. Linkage disequilibrium (LD) matrices were
estimated for the J/LIRN VNTR and the SNPs in ILIB (in
each ethnic group separately), using the standardized sum-
mary statistics D' and > calculated by the Haploview pro-
gram, version 2.0.2 (Whitehead Institute for Biomedical
Research, USA). The D' confidence interval algorithm in
Haploview was used to assign haplotype blocks in our
unphased genotype data [15].

Haplotype frequencies of ILIB (ILIRN, ILIB-511,
ILIB-31 and ILIB + 3954) and ILIO (IL10-1082 and
IL10-592) were estimated using log-linear modeling
embedded within an expectation-maximization algorithm
using Stata® and PowerMarker. The haplotype frequency
estimates did not differ significantly between the two pro-
grams. Differences in the haplotype frequency distribu-

tions between African-Americans and Caucasians were
estimated with the program PowerMarker. Logistic
regression was used to determine the probability,
expressed as exposure odds ratios (OR) and confidence
intervals (CI), of a specific haplotype being present in
either African-Americans or Caucasians as compared
with the reference haplotype.

Results

A total of 593 samples from newborns were studied for
SNPs and VNTR polymorphism. The two ethnic groups
did not differ in gender distribution (52.2% males for
African-Americans and 49% for Caucasians, P = 0.772).
A total of 537 (90.6%) samples were successfully geno-
typed for all seven loci. The remaining 9.4% of the sub-
jects were not classified for one or more polymorphisms
due to technical reasons, including DNA degradation, and
inability to detect a specific SNP. All the evaluated SNPs
were in Hardy—Weinberg equilibrium (HWE). The IL1B-
51IT allele was found in near complete linkage disequi-
librium with the ILIB-31C allele in both ethnic groups
(D' =0.93 in African-Americans and D' = 0.95 in Cauca-
sians, P < (0.0001 in both groups), as previously reported
[13, 46].

Differences in genotype frequencies between the two
ethnic groups were observed in six of the seven polymor-
phisms (Table 1), the exception being TNF-308 that was
almost significant (P = 0.062). All allele frequencies were
significantly different between the groups. The ILIB-511T/T
and /LIB-31C/C genotypes were more common in African-
Americans (26.8 and 35.2%, respectively) than in Caucasians
(12.1 and 13.8%, respectively). Similarly, the IL10-1082A/A
and IL10-592A/A genotypes were more frequent in African-
American newborns (41.2 and 16.3%, respectively) than
in Caucasians (26.0 and 3.5%, respectively). In contrast,
Caucasian newborns had a higher frequency of genotype
ILIRN2/2 (8.9 versus 1.4% in African-Americans) as well
as higher frequency of ILIB + 3954C/T heterozygotes
(32.2 versus 19.7% in African-Americans). Similarly,
Caucasian newborns also had a higher frequency of geno-
types that have at least one of the following alleles,
ILIRN2, ILIB + 3954T and TNF -308A (49.5, 36.0, 32.9%,
respectively) compared to African-American newborns
(17.0, 22.5, 24.9%, respectively).

Differences between the two ethnic groups were also
seen when comparing haplotype distributions. Table 2
shows the allelic combination for I/LIRN, ILIB-511,
ILIB-31 and IL1B + 3954. We found differences based on
ethnicity in expected haplotype frequencies of more than
10% for 2-T-C-C, L-C-T-T and L-T-C-C. African-American
newborns were more than three times as likely to carry the
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Table 1 Relation between ethnicity and /LIB, ILIRN, IL10 and TNF
gene polymorphisms in newborns from Louisiana, 2005

Genotypes Ethnic group (n = 593) Two-sided
P value*
Caucasians African-Americans
(n=299) (n=294)
n (%) n (%)
ILIB-511 n =289 n=291
Genotype
C/C 124 (42.9) 58 (19.9) <0.001
C/T 130 (45.0) 155 (53.3)
T/T 35 (12.1) 78 (26.8)
T carriers 165 (57.1) 233 (80.1)
Alleles
Allele C 378 (65.4) 271 (46.6) <0.001
Allele T 200 (34.6) 311 (53.4)
ILIB-31 n =283 n=284
Genotype
T/T 125 (44.2) 49 (17.3) <0.001
T/C 119 (42.0) 135 (47.5)
C/C 39 (13.8) 100 (35.2)
C carriers 158 (55.8) 235 (82.7)
Alleles
Allele C 197 (34.8) 335 (59.0) <0.001
Allele T 369 (65.2) 233 (41.0)
ILIB + 3954 n=286 n =289
Genotype
C/C 183 (64.0) 224 (77.5) 0.002
C/T 92 (32.2) 57 (19.7)
T/T 11 (3.8) 8(2.8)
T carriers 103 (36.0) 65 (22.5)
Alleles
Allele C 458 (80.0) 505 (87.4) 0.001
Allele T 114 (20.0) 73 (12.6)
ILIRN n=293 n =289
Genotype
L/L® 148 (50.5) 240 (83.0) <0.001
L/2° 119 (40.6) 45 (15.6)
2/2 26 (8.9) 4(1.4)
2 carrier 145 (49.5) 49 (17.0)
Alleles
Allele L 415 (70.8) 525(90.8) <0.001
Allele 2 171 (29.2) 53(9.2)
IL10-1082 n=277 n=284
Genotype
GG 65 (23.5) 37 (13.0) <0.001
GA 140 (50.5) 130 (45.8)
AA 72 (26.0) 117 (41.2)
A carriers 212 (76.5) 247 (87.0)
Alleles
Allele G 270 (48.7) 204 (35.9) <0.001
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Table 1 continued

Genotypes Ethnic group (n = 593) Two-sided
P value*
Caucasians African-Americans
(n=299) (n=294)
n (%) n (%)
Allele A 284 (51.3) 364 (64.1)
IL10-592 n=283 n=282
Genotype
CC 161 (56.9) 111 (39.4) <0.001
CA 112 (39.6) 125 (44.3)
AA 10 (3.5) 46 (16.3)
A carriers 122 (43.1) 171 (60.6)
Alleles
Allele C 434 (76.7) 347 (61.5) <0.001
Allele A 132 (23.3) 217 (38.5)
TNF-308 n=277 n=277
Genotype
GG 186 (67.1) 208 (75.1) 0.062
GA 83 (30.0) 66 (23.8)
AA 8(2.9) 3(1.1)
A carriers 91 (32.9) 69 (24.9)
Alleles
Allele G 455 (82.1) 482 (87.0) 0.025
Allele A 99 (17.9) 72 (13.0)

4 P values for difference from chi-square or Fisher’s exact tests

® L represents any long allele (1, 3, 4 or 5)

haplotype L-T-C-C relative to the reference haplotype,
L-C-T-C (OR: 3.57,95% CI: 2.52, 5.06). It is of note that
L-T-C-C includes two risk-associated alleles. Almost all
of the IL1 haplotypes were significantly different between
African-Americans and Caucasians in their distributions
relative to the reference haplotype. The distribution of the
haplotypes of the ILI/0 gene polymorphisms was also
significantly different between ethnic groups (Table 3;
P <0.001). African-American newborns were approxi-
mately two times more likely to carry the haplotype A-A
than Caucasians, relative to G-C haplotype (OR: 2.28,
95% CI: 1.69, 3.08). The A-A haplotype includes both
risk-associated alleles.

The LD values (D) are shown in Fig. 1. The overall pat-
tern of LD differed slightly between the two populations,
with Caucasians having D’ values greater than or equal to
those in African-Americans for all comparisons of poly-
morphisms. In African-Americans, but not in Caucasians,
ILIB-31 and ILIB + 3954 were in complete linkage equi-
librium. The two SNPs in the IL10 gene promoter (-1082G/
A and -592C/T) were in complete LD in both ethnic groups
(data not shown).
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Table 2 ILIB and ILIRN haplotype frequency by ethnicity in new- a | I 0 | b | I |
borns from Louisiana
Haplotypes®  Ethnic group Pairwise odds o
- - ratio (95% CI) = = =) = = 5

Caucasians African- = ] o] o CZ:: a @ o

n (%) Americans n (%) T =) 3 b 5 = o 5
L-C-T-C 218 (39.2) 185 (33.0) 1.0 (reference) Block 1 (0 kb)
L-T-C-C 70 (12.6) 212 (37.9) 3.57 (2.52-5.06) i 2 & “ 1 2 3 4
2-T-C-C 102(183) 36 (6.4) 0.42 (0.26-0.65) ’ 57
L-C-T-T 86 (15.5) 24 (4.3) 0.33 (0.19-0.55) 14 21 68
2-C-T-C 46 (8.2) 10 (1.8) 0.26 (0.11-0.53) 50
L-C-C-C 2(0.4) 40 (7.1) 23.6 (5.94-203.0)
L-T-C-T 6(1.1) 40 (7.1) 7.86 (3.20-23.1) Fig. 1 Haplotype block structure and LD across the IL1B region (defi-
Others 26 (4.7) 13 (2.4) 0.59 (0.27-1.23) ned by 3 /ILIB SNPs and the /ILIRN VNTR) in a African-Americans

? Allelic combination in each haplotype is in the following order:
ILIRN, ILIB-511, ILIB-31 and ILIB + 3954

Discussion

The allele frequencies we found are consistent with those of
previous works in which the distribution of polymorphic
alleles for ILIB and IL10 genes between Caucasians and
African-Americans were evaluated in selected groups,
mainly women [19, 22, 41, 42]. However, ours is a popula-
tion-based sample, which provides a better estimate, and
our study evaluates the /L] markers in a haplotype context,
thereby providing a more comprehensive assessment of
ethnic patterns of genetic variation in these genes and TNF.

In our study, we found that African-American newborns
had higher frequencies of alleles IL/B-511T and ILIB-31C
than Caucasians. Since both of these alleles have been pre-
viously associated with increased cancer risk, these data
may be important in explaining disparities. Such a conclu-
sion is partially supported by a recent meta-analysis of 25
studies strongly supporting an association of ILIB-511T
with gastric cancer in Caucasians, but not in Asians [7].
The association of ILIB-31C was not confirmed by this
meta-analysis, probably due to the relatively small number

Table 3 Haplotype analysis for the /L0 gene polymorphisms

Haplotypes®  Ethnic group Pairwise odds
ratio (95% CI)
Caucasians African-
n (%) Americans n (%)
G-C 265 (48.0) 194 (34.4) 1.0 (reference)
A-A 125 (22.7) 209 (37.0) 2.28 (1.69-3.08)
A-C 159 (28.8) 153 (27.2) 1.31 (0.97-1.77)
G-A 3(0.5) 8(1.4) 3.64 (0.86-21.53)

# Allelic combination in each haplotype is in the following order:
IL10-1082 and IL10-592

and b Caucasians. Haplotype blocks are shown in brackets with their
size and SNPs included in each block. Dark squares without a number
indicate a D' value of 1 for the pairwise comparison. The number in
each square represents D’ if it does not equal 1. White squares indicate
strong evidence for historical recombination, while gray squares rep-
resent little evidence for strong LD or recombination

of studies analyzed for this SNP (even though this SNP is in
nearly complete linkage disequilibrium with the SNP at
position -511; [7]). The discrepancy between Asian and
Caucasian populations may be in part related to the higher
allele frequency of the risk-associated polymorphisms in
Asian populations. Such high frequencies can prevent the
detection of statistically significant relative risks. Consis-
tent with this interpretation is a Chinese study in regions of
high and low risk of gastric cancer that detected a signifi-
cant association of ILI/B-511T and gastric cancer in only
the lower risk population [63]. A recent population-based
study in Honduras is also consistent with this explanation,
because this population has both gastric cancer risks and
ILIB-511T allele frequencies that are very high [38]. In this
study, no significant association of ILIB-511T and gastric
cancer was found. Unfortunately, few, if any studies have
examined the relationship of ILIB-511T (or ILIB-31C) and
cancer risk in populations of African descent.

Association studies do not prove that [LIB-511T or
IL1B-31C are functional in promoting gastric cancer, as has
been suggested in previous reports. Rather, recent in vitro
studies evaluating haplotypes containing these SNPs have
shown that haplotypes containing them, rather than the
individual polymorphisms, affect regulation of ILIB. Using
in vitro studies of transcription, Chen etal. [9] demon-
strated that the C allele at position -31 (ILIB-31C) could
decrease or increase promoter activity compared to the T
allele, depending on the variant found at the nearby -511
SNP. Similarly, the promoter activity was increased by a T
allele at position -3737 (IL1B-3737T), but only when posi-
tions -31 and -511 had C and T alleles, respectively [9]. A
functional activity of this haplotype was demonstrated by
Hall etal. [18] in peripheral blood mononuclear cells
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(PBMC) from patients with reumathoid arthritis (RA) and
healthy controls. PBMCs from homozygous individuals for
the IL1B-511T/-31C/+3454C haplotype produced between
two and three times more IL1f after 24 h of stimulation
with lypopolysaccharide (LPS) when compared with
PBMC from individuals carrying either just one copy of the
same haplotype or any other haplotype. Additional support
for the role of IL1B haplotypes in LPS-induced IL1J secre-
tion by PBMC was provided by Wen et al. [59].

Chen etal. [9] also found that haplotypes containing
ILIB-511T and IL1B-31C (combinations previously associ-
ated with increased transcription of ILI/B) were found in
56.7% of African-Americans and 33.7% of Caucasians
studied. These percentages are similar to our findings in the
Louisiana population. The results of Chen et al. [9], in con-
junction with ours, support the idea that haplotypes rather
than single polymorphisms should be assessed. In addition,
our haplotype analysis of the ILIB polymorphisms pro-
vided results consistent with the frequently observed ten-
dency of persons of African descent to have less linkage
disequilibrium and smaller haplotype blocks in their
genomes than Caucasians [15].

We found that Caucasians had a higher frequency of
ILIB + 3954T, an allele that was associated in African-
American and Caucasian populations in New Orleans with
the presence of multi-focal atrophic gastritis (MAG), a type
of chronic gastric inflammation considered to be pre-neo-
plastic [62]. However, this SNP was not associated with
gastric cancer in a meta-analysis that examined the small
number of existing studies [7]. While the reasons for this
paradox are not clear, only a minority of MAG lesions pro-
gress to gastric cancer, suggesting an indirect relationship.
Therefore, risk factors for MAG and gastric cancer are
likely to be correlated, but not identical.

We found that the African-American newborns had sig-
nificantly higher frequencies of IL10-1082A and IL10-592A
alleles. As the IL10-1082A/-592A haplotype is associated
with a lower production of IL-10, an inhibitor of proinflam-
matory mediators, it is reasonable that it would be associ-
ated with increased risk of cancer. In support of this idea, it
was demonstrated that H. pylori-infected individuals carry-
ing the ATA haplotype of the ILI10 gene expressed signifi-
cantly lower amounts of mRNA for this protein at the
gastric mucosa, as compared to individuals carrying the
GCC haplotype [45]. To our knowledge, no meta-analysis
has yet been performed to assess this association with gas-
tric cancer risk in a variety of populations.

In addition to higher frequencies of ILIB + 3954T, Cau-
casian newborns had higher frequencies of ILIRN VNTR
allele 2, and TNF-308A. The IL1 receptor antagonist is an
inhibitor of IL1 effects [12, 17], but the presence of allele
2 of the ILIRN gene is associated with increased IL1f pro-
duction [24, 47]. The association of allele 2 of the ILIRN
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VNTR may be affected by linkage disequilibrium with
ILIB-511. In both black and white populations, ILIB-511
and ILIRN VNTR were in partial linkage disequilibrium.
This concept is further supported by a previous report
showing that, even though the levels of IL1f in the gastric
mucosa of H. pylori-infected individuals is higher in indi-
viduals carrying the ILIRN*2 allele, these levels are further
increased with the simultaneous carrying of the ILIB-511T
(IL1B-511T/ILIRN*2 haplotype) [45].

Even though the TNF-308 polymorphism has not been
consistently associated with increased protein production
[6, 54, 57], some studies have associated this polymor-
phism with cancer risk [14, 34, 51]. More studies are
needed, particularly meta-analyses and haplotype analyses,
to evaluate this association across populations.

Even though racial disparities in risk for cancer have
been well documented [40, 44], the basis for this observa-
tion is not clear. One potential contributor to these dispari-
ties may be a differential distribution of genetic variants
that affect the expression of cytokines and other inflamma-
tory mediators that change the risk of different types of can-
cer [21, 23, 27, 29, 31]. However, several studies have
failed to replicate previously published associations or have
shown opposite results [2, 23, 27, 29, 30, 31, 37, 61]. One
possible explanation is that different populations have
different genetic structures and that these differences
change the genetic risk of previously published genetic
variants. Similarly, the pattern of linkage disequilibrium
may differ among populations, and the effect of a single
SNP may be dependent on the promoter haplotype context
[9, 55]. Our data certainly support the idea that differential
distribution of variation in candidate genes exists in
African-Americans and Caucasians, providing increased
evidence for these genes as potential risk factors in cancer
susceptibility.

In addition to genetic susceptibility, other factors are
likely to contribute to the elevated incidence of gastric can-
cer in African-Americans. For example, we reported in a
study of 172 African-Americans and 97 Caucasians in New
Orleans that 55.2% of the African-Americans were positive
for H. pylori, compared to 20.6% of the Caucasians
(P =0.0002) [62]. In addition, lower socio-economic status
and residential crowding are identified risk factors for the
elevated incidence of H. pylori infection in a variety of
populations [8, 16].

In summary, our findings and the supportive functional
data on these polymorphisms, although not proof of
altered disease susceptibility, indicate that the differences
in the incidence of cancer observed between African-
Americans and Caucasians may be at least partially
explained by the genetic differences we describe. The
cytokine polymorphism with the strongest evidence for
association with cancer, ILIB-511T, has a higher allele
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frequency in African-Americans, a population with ele-
vated cancer risk in Louisiana.
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