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Oesophageal cancer (OC) is a disease characterized by the development of malignant tumors in the epithelial cells lining the

oesophagus. It demonstrates marked ethnic variation, with squamous cell carcinoma (SCC) being more prevalent in the Black

population and adenocarcinoma (ADC) occurring more often in Caucasians. The etiology of this complex disease has been

attributed to a variety of factors, including an excess of iron (resulting in increased tumourigenesis), oesophageal injury and

inflammation (due in part to Barrett’s oesophagus and smoking among others). The aim of this study was to determine if

genetic variations identified in the ceruloplasmin (CP) gene (implicated in iron homeostasis) contribute to OC pathogenesis or

susceptibility. The study cohort consisted of 96 unrelated OC patients from the Black Xhosa-speaking South African

population and 88 population-matched control individuals. The promoter and coding regions of the CP gene were analyzed for

DNA sequence variation using heteroduplex single-strand conformation polymorphism (HEX-SSCP) analysis, restriction

fragment length polymorphism (RFLP) analysis and semi-automated bidirectional DNA sequencing analysis. Fourteen

previously described and four novel variants were identified. Statistically significant associations were revealed for two of the

novel variants with OC in this study and could, therefore, potentially contribute to disease susceptibility. In silico analysis of

the region of the promoter spanning the identified variants sought to identify putative transcription factor binding sites

(TFBSs) that could possibly regulate the expression of CP. To our knowledge, this is the first study to examine CP with respect

to OC in the Black South African population.

OC is one of the leading causes of cancer-related deaths
worldwide; it is the 15th most common cancer in developed
nations and the 4th most common in developing countries
such as South Africa.1 OC is one of the most common forms
of cancer found in the South African population, particularly
in the Transkei region.2,3 The Transkei is situated on the
southeastern coast of South Africa and was previously an in-
dependent Xhosa homeland. In 1994, the Transkei was rein-
tegrated into South Africa as part of the Eastern Cape Prov-
ince. The majority of the population is Xhosa-speaking with
less than 10,000 of the estimated 2.3 million inhabitants

being from European descent.4 The Transkei region of South
Africa is thought to be the centre of the disease in Africa,2

with an age standardized incidence rate (ASIR) of 46.7/
100,000 for males and 19.2/100,000 for females previously
being reported.3 OC shows clear geographic variation and
occurs at a high incidence in certain areas of the world,
which are termed ‘‘oesophageal cancer belts.’’ These regions
are separated into the Asian belt, which is made up of coun-
tries such as Iran, Iraq, China, Japan and Turkey.5,6 Two sub-
types of OC exist, SCC and ADC, and both demonstrate
marked racial variation which is characteristic of the disease.
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ADC is more prevalent in Caucasians and SCC occurs more
frequently in Blacks. In South Africa, SCC is thought to be
the leading cause of death among Black males and the 4th
most common cause of death in Colored males.5 In addition,
OC incidence rates also increase markedly with age, with the
average age of disease diagnosis in South Africa being 60
years of age.7

The combined use of tobacco and alcohol is one of the
most important risk factors in the etiology of OC in Western
countries.8 Other risk factors include oesophageal injury and
inflammation, infectious agents, nutrition, nitrosamines,
mycotoxins and exposure to environmental toxins.5,9–12 The
marked differences in the geographic and ethnic incidences
of OC have been hypothesized to be due to variations in
environmental factors in different populations originating
from different regions.13

Particular diets from certain regions in the world may
result in deficiencies of vitamins and micronutrients. Espe-
cially implicated are diets lacking vitamins such as B1
(riboflavin) and the mineral selenium. Individuals with lower
levels of selenium have been shown to have an increased risk
of developing OC.14 In a global study, low intakes of fruit
and vegetables were found to account for 20% of all cases of
OC and 19% of cases of gastric cancers worldwide.15 This is
thought to be due to the fact that the antioxidants, minerals
and micronutrients present in fruits and vegetables, suppress
the action of carcinogens and prevent oxidative DNA dam-
age.16 Areas of the Tanskei region of South Africa have diets
based primarily on cereal grains, which are low in nutrients
such as zinc and iron.

The relationship between iron and OC was previously
described during a study of Black South African OC patients
who were shown to have iron overload as a consequence of
routinely drinking traditional beer brewed in nongalvanized
steel drums.17 It was demonstrated that excess dietary iron
can act as a potential risk factor for the development of OC,
and further studies have shown that iron is involved in the
development of other cancers such as liver cancer.18 In addi-
tion, studies using rat models showed that iron supplementa-
tion could be indicated as a risk factor for developing
OC.19,20 Studies have also shown that an increase in dietary
iron plays a role in the development of OC in groups other
than the Black South African population.21,22 It has also been
demonstrated that loss of iron from a target cell results in
antitumor activity, which is reduced when there is excess
iron present. For this reason, iron can be said to have an
indirect carcinogenic effect on cells. Increased levels of iron
can also inhibit the growth of tumouricidal-activated
macrophages.23

To further investigate iron as a risk factor for OC, this
study focused on the analysis of the regulatory and coding
regions of the CP gene, which is involved in iron homeosta-
sis, in patients diagnosed with OC. CP is a ferroxidase
enzyme synthesized in the liver which catalyses the oxidation
of ferrous iron (Fe2þ) to ferric iron (Fe3þ), thereby creating

an ion gradient favoring iron export from the cells. There-
fore, CP which is located primarily in the plasma is responsi-
ble for regulating iron transport from stores in various
tissues.24

In this study, we aim to demonstrate the relationship
between CP and the development of OC, by identifying gene
variations that could potentially contribute toward iron dys-
regulation and subsequent disease pathogenesis. It is antici-
pated that the results obtained from this study will lead to a
greater understanding of the role that iron homeostasis plays
in the etiology of OC.

Material and Methods
Ethical approval for this study was obtained from the Ethics
Review Committee of the University of Stellenbosch (refer-
ence number: N07/06/147). Prior to sampling written
informed consent was obtained from all study participants.

Subjects

The study cohort for this study included 96 patients and 88
control individuals from the Black Xhosa-speaking popula-
tion of South Africa. All individuals are of Central African
descent and observe cultural traditions originating from
Xhosa tribes of South Africa.

Patient samples (n ¼ 96) were recruited from collaborat-
ing clinicians, who were responsible for clinical assessment.
These patients were referred for a barium swallow followed
by biopsies in the theatre to confirm the presence of squa-
mous cell carcinoma (SCC) or adenocarcinoma (ADC) based
on the histology. All of the patients in this study presented
with SCC.

The control individuals in this study consist of 88 unre-
lated, healthy individuals from the same population. These
individuals were interviewed for a potential family history of
relevant diseases and early screening for OC was performed
using a Nabeya capsule for brush biopsy.

Biochemical assessment of iron status

In the current study, the transferrin saturation (TS) and the
serum ferritin (SF) levels were measured in the patient and
control cohorts according to standard methodology. Iron
overload parameters were defined as the percentage transfer-
rin saturation (%TS) > 45 and/or serum ferritin exceeding
200 lg l�1 in females and 300 lg l�1 in males.25,26 The fol-
lowing iron parameters were obtained for all participating
patient and control individuals: serum iron, transferrin, trans-
ferrin saturation (percentage), ferritin and C-reactive protein
(CRP) levels. The normal ranges for healthy adults for these
parameters were as follows: serum iron—males 65–176 lg
dl�1 and females 50–170 lg dl�1, transferrin—0.21–0.36 g
l�1 and CRP—10–40 mg l�1 (mild inflammation and viral
infection), 40–200 mg l�1 (active bacterial infection) and
>200 mg l�1 (severe bacterial infection).
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Methods

DNA was extracted from whole blood using a standard
method.27 The promoter and coding region of the CP gene
were amplified by polymerase chain reaction (PCR) amplifi-
cation using intronic oligonucleotide primers. Primer sequen-
ces are available upon request. The PCR products were
subjected to a combined heteroduplex single-strand confor-
mation polymorphism (HEX-SSCP) analysis28 method and
resolved on a 12% polyacrylamide (PAA) gel supplemented
with 7.5% urea at 4�C (350 V) for 18 hr. Following electro-
phoresis, the gels were stained with ethidium bromide and
the DNA visualized by ultraviolet light transillumination.
Semiautomated bidirectional DNA sequencing was performed
on PCR products demonstrating mobility or conformation
shifts in the PAA gels using an ABI 3100 PRISM automated
sequencer (Applied Biosystems).

The PCR products of Exon 2, incorporating the T83 vari-
ant, were subjected to restriction fragment length polymor-
phism (RFLP) analysis, using the SfcI enzyme (recognition
site: 50 C;TRYAG 30; New England Biolabs, Beverly, USA),
to distinguish between the various genotypes. This variant
abolishes the SfcI restriction site.

Statistical analysis

Allele and genotype frequencies were estimated by allele
counting and statistical differences between patient and con-
trol groups were tested for significance by the Fisher exact
test and/or chi-squared (v2) analysis. A probability value
smaller than 0.05 was regarded as statistically significant. The
Hardy–Weinberg equilibrium test was performed to test equi-
librium for the genetic traits investigated in the respective
populations.

Haplotype analysis and linkage disequilibrium (LD) analy-
sis was performed on each of the variants identified (Haplo-
view 4.0).29 Default parameters were applied to test for LD
[the coefficient of association (D0): where D0 ¼ 1 for perfect
linkage disequilibrium; logarithm of the likelihood odds ratio,
measure of confidence (LOD): LOD > 3; correlation coeffi-
cient between two loci (r2): r2 > 0.8, where r2 ¼ 1 for prefect
linkage disequilibrium]. The default block definition was
applied30 upon haplotype analysis.

Box plots were used to identify outliers in the iron param-
eter data of patients and controls, which were then subse-
quently removed from further analysis. The F test for var-
iance was used to assess the type of t test to be used. For F
tests with a p value of greater than 0.05 the student’s t test
for equal variances was carried out; for F tests with a p value
of less than 0.05 the student’s t test for unequal variances
was carried out to determine statistically significant associa-
tions between patients and controls. All statistical analyses
with regard to the iron parameter data were conducted on
males and females separately, followed by males and females
combined. These analyses were conducted using Microsoft
Office 2007 software with the Analysis Toolpak Add-In.

Computational analysis

In silico analysis was performed on each of the variants iden-
tified in the promoter region in this study. Several bioinfor-
matic databases are available for in silico analysis of the pro-
moter region, of which the following two were used in this
study: JASPAR CORE31 and TRANSFACVR 7.32 From TRANS-
FACVR 7, two programs were used, namely PATCH and
MATCHTM (v1.0).33 The default parameters were employed
in the use of both of these databases.

Results
The patient cohort included 48 (50%) males and 48 (50%)
females, with a mean age of 59 years [standard deviation
(SD) 6 13 years] and 66 years [standard deviation (SD) 6

12 years], respectively (Table 1). Demographic information
on alcohol consumption and the smoking status of the
patients is summarized in Table 1. Smoking status was re-
stricted to cigarette smoking (including shop-bought and
home-grown cigarettes). Alcohol consumption was restricted
to beer (including shop-bought and home-made beer). The
iron status of each individual was classified into one of four
groups (see Table 1): iron deficiency (SF < 20 lg l�1),
normal serum ferritin levels (females: SF between 20 and
200 lg l�1 and males: SF between 20 and 300 lg l�1), raised
serum ferritin levels (females: SF > 200 lg l�1 and males: SF

Table 1. Patient demographics

Demographic

OC patients

Males
(n ¼ 48)

Females
(n ¼ 48)

Average age 59 6 13 66 6 12

Smoking

Yes 9 (19%) 4 (8%)

Stopped 27 (56%) 18 (36%)

Never 4 (8%) 13 (27%)

Unknown 8 (17%) 13 (37%)

Alcohol consumption

Yes 31 (65%) 25 (52%)

Stopped 2 (4%) 0

Never 6 (13%) 10 (21%)

Unknown 9 (19%) 13 (27%)

Normal iron levels
(Male: SF < 300 lg l�1;
Female: SF < 200 lg l�1)

31 (64.5%) 25 (52.08%)

Iron deficient
(SF < 20 lg l�1)

0 3 (6.25%)

Increased iron levels
(Male: SF > 300 lg l�1;
Female: SF > 200 lg l�1)

%TS<45 17 (35.4%) 19 (39.5%)

%TS>45 0 1 (2.08%)
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> 300 lg l�1) with %TS < 45 and raised serum ferritin levels
with %TS > 45.

The CP gene implicated in iron metabolism was subjected
to mutation analysis. Several variants (14 previously
described and four novel) were identified following HEX-
SSCP analysis of the promoter and coding region of this gene
(Tables 2 and 3). RFLP analysis was performed for specific
variants where HEX-SSCP analysis proved inconclusive. All
of the variants detected were verified by semiautomated
bidirectional DNA sequencing analysis to confirm their pres-
ence. The patient and control cohorts were tested for Hardy
Weinberg equilibrium (HWE) at the variant loci. All groups
were found to conform to HWE in this study.

Mutation analysis of the CP promoter region resulted in
the detection of six previously described single nucleotide
polymorphisms (50UTR-567C!G, 50UTR-563T!C, 50UTR-
439C!T, 50UTR-354T!C, 50UTR-350C!T and 50UTR-
282A!G), one previously described single base pair deletion
(50UTR-364delT) and one novel single nucleotide substitution

(50UTR-308G!A). Four previously described (V223, R367C,
Y425 and D544E) and three novel (T83, V246A and G633)
variants were identified in the coding region of the CP gene
following HEX-SSCP analysis. The T83 variant was subjected
to RFLP analysis following HEX-SSCP analysis due to diffi-
culties distinguishing between banding patterns on the HEX-
SSCP gels. Three previously described intronic variants
(IVS4-14C!T, IVS7þ9T!C and IVS15-12T!C) were also
identified in this study.

Two of the novel variants were demonstrated to be sig-
nificantly associated with the OC phenotype in this study;
the promoter variant 50UTR-308G!A (p ¼ 0.012) and
the exonic variant G633 (p ¼ 0.0003) (indicated bold in
Tables 2 and 3).

Iron parameters were obtained for all the patients and
control participants in this study (see Materials and Meth-
ods). To further assess the effect of iron on disease expres-
sion, statistical analyses were performed on this data by com-
paring the OC patients and control individuals. In addition,

Table 2. Genotypic and polymorphic allele frequencies of variants identified in the CP promoter region in the Black South African population

Variant Study cohort n Genotype p 2n Variant allele1 p

CC CG GG G

50UTR-567C!G2,5 Patients 84 1.00 0.00 0.00 0.157 168 0.00 0.159

rs34053109 Controls 85 0.98 0.02 0.00 170 0.01

TT TC CC C

50UTR-563T!C3 Patients 90 0.41 0.51 0.08 0.229 180 0.33 0.127

rs17838834 Controls 85 0.52 0.45 0.04 170 0.23

CC CT TT T

50UTR-439C!T2 Patients 79 0.99 0.01 0.00 0.305 158 0.01 0.308

rs701749 Controls 78 0.96 0.04 0.00 156 0.02

TT T- – –

50UTR-364delT2,4 Patients 79 0.98 0.03 0.00 0.157 158 0.01 0.159

rs17838833 Controls 78 1.00 0.00 0.00 156 0.00

TT TC CC C

50UTR-354T!C3 Patients 80 0.43 0.50 0.08 0.321 160 0.33 0.481

rs17838832 Controls 78 0.50 0.42 0.08 156 0.30

CC CT TT T

50UTR-350C!T3 Patients 80 0.76 0.20 0.04 0.284 160 0.14 0.125

rs34334174 Controls 78 0.85 0.14 0.01 156 0.08

GG GA AA A

50UTR-308G!A2,4 Patients 52 0.90 0.10 0.00 0.011 104 0.05 0.012

This study Controls 64 1.00 0.00 0.00 128 0.00

AA AG GG G

50UTR-282A!G3 Patients 53 0.60 0.38 0.02 0.539 106 0.21 0.835

rs17838831 Controls 64 0.63 0.31 0.06 128 0.22

Statistically significant associations are indicated in bold.
1Allele frequencies of only the polymorphic allele denoted. 2Variants identified only in the heterozygous state. 3Variants identified in both the
heterozygous and homozygous states. 4Variants identified only in the patient group. 5Variants identified only in the control group.
Abbreviations: 50: 5 prime end; A: adenine; C: cytosine; del: deletion; G: guanine; n: number of individuals; 2n: number of alleles; p: probability
value; T: thymine; UTR: untranslated region.
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males and females within each group were compared sepa-
rately due to the fact that the normal ranges of the various
iron parameters may differ markedly between sexes. The data
was further analyzed by subdividing all individuals in terms
of presence or absence of the variants and then analyzing
iron parameters based on these groupings. Several statistically
significant observations were made and are summarized in
Table 4.

LD and haplotype analysis, using the Haploview 4.0 soft-
ware, was performed on all of the variants identified in this
study using association and case-control studies.29 The LD
test was applied, and a haplotype block consisting of the

variant alleles of the promoter variants 50UTR-563T!C,
50UTR-439C!T, 50UTR-354T!C, 50UTR-350C!T, 50UTR-
308G!A and 50UTR-282A!G was predicted (D0 ¼ 0.947,
LOD ¼ 30.81, r2 ¼ 0.875; Fig. 1). This haplotype spans a
genomic region of 281 bp. Haplotype association frequencies
demonstrated that this haplotype is significantly associated
(p ¼ 0.01) with OC in the Black South African population.

All the variants identified in the 50UTR region of the CP
gene were subjected to in silico analysis to determine if they
disrupted or created any putative transcription factor binding
sites (TFBS) predicted to occur within this regulatory region.
Identification of the same TFBS by more than one of the

Table 3. Genotypic and polymorphic allele frequencies of variants identified in the CP exonic and intronic regions in the
Black South African population

Exon/Intron Variant Study cohort n Genotype p 2n Variant allele1 p

2 T832 TT TC CC C

This study Patients 92 0.97 0.03 0.00 0.357 184 0.02 0.360

Controls 84 0.99 0.01 0.00 168 0.01

4 V2232 GG GC CC C

rs35438054 Patients 95 0.99 0.01 0.00 0.937 190 0.01 0.937

Controls 85 0.99 0.01 0.00 170 0.01

4 V246A2,4 TT TC CC C

This study Patients 95 0.98 0.02 0.00 0.179 190 0.01 0.180

Controls 85 1.00 0.00 0.00 170 0.00

4 IVS4-14C!T2 CC CT TT T

rs34067682 Patients 84 0.69 0.31 0.00 0.959 168 0.12 0.963

Controls 83 0.69 0.31 0.00 166 0.12

6 R367C2 CC CT TT T

rs34624984 Patients 94 0.97 0.03 0.00 0.356 188 0.02 0.359

Controls 86 0.99 0.01 0.00 172 0.01

7 Y4252,4 TT TC CC C

rs34237139 Patients 91 0.99 0.01 0.00 0.327 182 0.01 0.328

Controls 87 1.00 0.00 0.00 174 0.00

7 IVS7þ9T!C2,4 TT TC CC C

rs35272481 Patients 91 0.99 0.01 0.00 0.327 182 0.01 0.328

Controls 87 1.00 0.00 0.00 174 0.00

9 D544E3 TT TA AA A

rs701753 Patients 95 0.55 0.44 0.01 0.380 190 0.23 0.463

Controls 81 0.56 0.36 0.09 162 0.27

11 G6332,4 TT TC CC C

This study Patients 88 0.85 0.15 0.00 0.0003 176 0.07 0.0004

Controls 84 1.00 0.00 0.00 168 0.00

15 IVS15-12T!C3 TT TC CC C

rs16861582 Patients 93 0.28 0.56 0.16 0.453 186 0.44 0.616

Controls 88 0.33 0.51 0.16 176 0.41

Statistically significant associations indicated in bold.
1Allele frequencies of only the polymorphic allele denoted. 2Variants identified only in the heterozygous state. 3Variants identified in both the
heterozygous and homozygous states. 4Variants identified only in the patient group.
Abbreviations: C: cytosine; IVS: intervening sequence; n: number of individuals; 2n: number of alleles; p: probability value; T: thymine.
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programs utilized increases the likelihood that the motif
exists. JASPAR contains annotated, matrix-based transcrip-
tion factor binding site profiles for eukaryotic organisms in
an open-access database. Experimentally validated sets of nu-
cleotide sequences that bind transcription factors form the
basis of these profiles.31 The TRANSFACVR 7 database contains
data on transcription factors, their experimentally proven
binding sites, and regulated genes. The TRANSFACVR 732 pro-
grams (such as PATCH and MATCHTM) use the integrated
matrices and site sequences in TRANSFACVR 7 to perform ma-
trix-or pattern-based searches of factor binding sites in regu-
latory DNA sequences. The results obtained through in silico
analysis of the promoter variants identified in the CP gene
are shown in Table 5.

Discussion
OC, like the majority of cancers, demonstrates an extremely
complicated etiology, with both genetic and environmental
factors involved in disease development and progression.4

Previous studies have attempted to identify possible risk
factors for OC as well as candidate genes involved in disease
development.19,20 However, contributing factors leading to
OC are still poorly understood on a molecular level and
many genetic aberrations that could infer disease risk or
resistance remain to be identified.

Mutation analysis of the CP gene revealed several
sequence changes. Only four of these variants were identified
as novel, whereas the majority have previously been docu-
mented. Most of these variants are classified as single nucleo-
tide polymorphisms.

A novel promoter variant (50UTR-308G!A) occurs as a
result of a G to A substitution 308 nucleotides upstream of
the translation initiation site (ATG). This novel polymor-
phism presented only in the heterozygous state and was not
identified in the control individuals. It was detected in five of
52 (9.6%) of the OC patient individuals (Table 2). The novel
50UTR-308G!A variant was found to be statistically associ-
ated (p ¼ 0.01) with OC in this study (Table 2). Statistical
analyses were performed on this variant in conjunction with
the iron parameter data by grouping all subjects together,
whether patients or controls, with or without the variant
(Table 4). Statistical significance was identified for transferrin
(p ¼ 0.02) and borderline significance was achieved for se-
rum iron (p ¼ 0.06) with the heterozygous 50UTR-308G!A
variant (Table 4). The levels of both serum iron and transfer-
rin were lower in the individuals with the heterozygous vari-
ant, which indicates less circulating iron in the plasma and a
decrease in the mobilization of iron stores. The CP enzyme is
synthesized in the liver and it catalyzes the oxidation of fer-
rous iron (Fe2þ) to ferric iron (Fe3þ), thereby creating an ion
gradient favoring iron export from the cells. Transferrin (TF)
is the main iron transport molecule in the plasma, but it can

Table 4. Iron parameter statistics

Iron parameter

Patients vs. controls All samples

Males Females Combined

Variant

50UTR-308G!A G633

t-test, p value

Serum iron 0.00003 0.00003 0.00003 0.06631,5 0.00101,5

Transferrin 0.00003 0.00001,3 0.00003 0.02021,5 0.00901,5

% Transferrin saturation 0.24323 0.36191,3 0.43221,3 0.19184 0.04921,5

Ferritin 0.00002 0.00002 0.00002 0.47335 0.09114

CRP 0.00002 0.00002 0.00002 0.46311,4 0.06121,4

Statistically significant associations are indicated in bold.
1Use of t-test for assuming equal variances, all other instances use t-test assuming unequal variances. 2Measured level is higher in patients relative
to controls. 3Measured level is lower in patients relative to controls. 4Measured level is higher in individuals with the variant relative to wild-type
individuals. 5Measured level is lower in individuals with the variant relative to wild-type individuals.

Figure 1. LD plot of the statistically significant haplotype predicted

using Haploview 4.0.
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only carry iron in the ferric state, therefore CP acts as an aid
in iron transport in the plasma. Enzymatic oxidation of fer-
rous iron by CP has been hypothesized as an important step
in the formation of TF,34 via the incorporation of iron into
apo-transferrin. A decrease in CP expression (perhaps due to
the 50UTR-308G!A variant) could potentially explain the
decreased levels of serum iron and transferrin that were iden-
tified in the individuals with the variant.

In silico analysis of this variant using the PATCH pro-
gram from the TRANSFACVR 7 database32 predicted that the
transcription factor binding site (TFBS) for the tumor sup-
pressor protein 53 (p53) would be abolished in the presence
of the 50UTR-308G!A variant (Table 5). The gene that enc-
odes the p53 protein, TP53, possesses sequence-specific DNA
binding properties. It is thought that when cells are exposed
to damaging agents, p53 is able to activate target genes
involved in cell repair and apoptosis. This therefore prevents
cells from replicating after damage or induces apoptosis of
cells containing damaged DNA.34 The p53 transcription fac-
tor (TF) therefore functions indirectly as a tumor suppressor.
Mutations in the DNA binding domain of p53 are common
in a variety of cancers and may prevent the activation of
genes involved in DNA repair. This could enhance the
genomic instability of tumor cells.35 It is feasible therefore to
consider that variants in p53 TFBSs could result in decreased
levels of gene expression of target genes and possibly result
in subsequent tumor development. However, functional stud-
ies are required to determine if p53 does interact with this
region of the CP promoter in vivo.

A haplotype, consisting of six of the promoter variants
detected in this study, was predicted to exist following analy-
sis using the Haploview 4.0 program (Fig. 1). This haplotype
was shown to be significantly associated with OC (p ¼ 0.01)
in this study. The variants comprising the haplotype span a
genomic region of 281 bp that was identified as an important
promoter region in the rat (Rattus norvegicus).36 An area of
�300 bp was determined to be critical for gene expression to
occur and has been shown to be highly conserved in humans.
The region from �393 to �348 bp upstream of the initiating
ATG was found to exert a positive effect on gene expression
and also showed sequence homology to the rat albumin D
site, known to bind to CCAAT/enhancer binding protein
alpha (C/EBPa). In this study, the 50UTR-350C!T variant,
which lies within the recognition site, was predicted to create
a binding site for this TF (Table 5). CP levels have been
shown to be upregulated in response to certain aggressive
cancers which may be mediated by C/EBP binding.37 50UTR-
282A!G was predicted by two of the databases to abolish a
C/EBPa binding domain (Table 5). C/EBP TFs are part of
the bZIP family of TFs which have an important role in
genes involved in the inflammatory response pathway. CP is
an acute-phase protein that is involved in this inflammatory
response pathway.38 Therefore, disruption to C/EBPa binding
domains may result in the down-regulation of CP expression
leading to impaired inflammatory response.

In addition to C/EBPa, many TFBSs for the GATA-bind-
ing protein (GATA) family of TFs were predicted for the CP
promoter region (Table 5). The 50UTR-567C!G variant was

Table 5. Predicted TFBS in the promoter region of the CP gene

Variant

Putative transcription factor binding sites

PATCH MATCHTM JASPAR CORE

Abolished Created Abolished Created Abolished Created

50UTR-567C!G YY1 GATA1 – HNF-1 FOXL1, YY1 GATA3

50UTR-563T!C YY1, HiNF-D, HiNF-M,
HiNF-P, TFIID, TMF, SRF

RXRa, RXRc,
T3Ra

– – FOXL1 FOXC1, SP1

50UTR-439C!T – – – AP-1 SPI1 SRY, NKX3–1

50UTR-364delT FOXM1a, FOXM1b,
HNF-3a, HNF-3b

GR HNF-3b – SRY, FOXD1 –

50UTR-354T!C SP1 c-myc – – – –

50UTR-350C!T GR, SPI1, NF-Y – – GR, C/EBPa - –

50UTR-308G!A p53 GR – – MAX, USF1, SPI1 FOXL1,

50UTR-282A!G C/EBPa, HNF-1, HNF-3a – C/EBPa – HLF, FOXL1, SRY,
SOX9

GATA2, GATA3,
SPIB

Abbreviations: 50, 5 prime end; AP-1, Activator protein 1; C/EBPa, CCAAT/enhancer binding protein alpha; c-myc, Myelocytomatosis viral oncogene
c; FOXC1, Forkhead box protein C1; FOXD1, Forkhead box protein D1; FOXL1, Forkhead box protein L1; FOXM1a, Forkhead box M1a; FOXM1b,
Forkhead box M1b; GATA1, GATA-binding protein 1; GATA2, GATA-binding protein 2; GATA3, GATA-binding protein 3; GR, Glucocorticoid receptor;
HiNF-D, Histone nuclear factor D; HiNF-M, Histone nuclear factor M; HiNF-P, Histone nuclear factor P; HLF, Hepatic leukaemia factor; HNF-1,
Hepatocyte nuclear factor 1; HNF-3a, Hepatocyte nuclear factor alpha; HNF-3b, Hepatocyte nuclear factor 3 beta; MAX, Myc-associated factor X;
NF-Y, Nuclear transcription factor Y; NKX3–1, NK 3 homeobox 1; p53, Tumour suppressor protein 53; RXRa, Retinoid X receptor alpha; RXRc,
Retinoid X receptor gamma; SOX9, SRY (sex determining region Y)-box-9; SP1, Specificity protein 1; SPI1, spleen focus forming virus (SFFV)
proviral integration oncogene 1; SPIB, SPI-B transcription factor; SRF, Serum response factor; SRY, Sex-determining region Y; T3Ra, Thyroid hormone
receptor alpha; TFIID, Transcription factor IID; TMF, TATA element modulatory factor; USF1, Upstream transcription factor 1; UTR, untranslated region;
YY1, Ying Yang 1.
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predicted by the in silico software programs to create a
GATA1 and a GATA3 TFBS. The 50UTR-282A!G variant
was also predicted to create GATA2 and GATA3 TFBSs.

GATA1 has been shown to play a role in the regulation of
genes involved in the haem biosynthesis pathway. GATA2 is
involved in the control of haematopoietic progenitor cells.
The function of GATA3 is less understood but it has been
shown to play a role in erythroid development.39 Genes
expressed in the liver, such as CP, are known to be regulated
by the GATA TFs, although the exact role of these TFs in
CP expression is unknown. It is therefore important not to
disregard the effect that these TFs may exert on CP regula-
tion. Additional research will aid in determining the role (if
any) of the GATA TFs in CP expression.

Hepatocyte nuclear factors (HNFs) regulate genes that are
expressed in the cells of the liver. Correct expression of these
genes is determined by the binding of a wide variety of HNFs
to the regulatory regions of these genes (reviewed by Costa
et al.40). HNFs are members of the steroid/thyroid nuclear re-
ceptor family which are expressed predominately in the liver
and acts as an essential regulator of liver metabolism and de-
velopment. The 50UTR-567C!G variant creates a putative
HNF-1 site in the CP promoter (Table 5). Creation of this
TFBS may result in increased expression of the CP gene. The
50UTR-282A!G variant abolishes a putative HNF-1 motif
(Table 5). The deletion of the T nucleotide at position �364 is
predicted to abolish a HNF-3a and HNF-3b TFBS (Table 5).

CP is an acute-phase protein that plays an important anti-
oxidant role protecting cells against damage that may be
caused by oxidative stress.41 It has been shown that members
of the HNF family show an increase in expression in the
presence of oxidative stress as a result of hepatitis C virus
infection.40 Excess iron catalyses the conversion of hydrogen
peroxide to free radicals and leads to oxidative stress in vari-
ous tissues.42 Disruptions to HNF TFBSs may perturb CP
expression and therefore result in incorrect functioning of
the antioxidant mechanism. It is possible that oxidative dam-
age from the presence of excess iron could lead to cell dam-
age and the subsequent formation of tumor cells.

The presence of the 50UTR-567C!G and the 50UTR-
563T!C variants are predicted to abolish a putative TFBS
for Ying Yang 1 (YY1), (Table 5). YY1 is a zinc finger pro-
tein that has been shown to play a role in iron metabolism,
particularly by interacting with transferring.43 It has also
been implicated in gene silencing in the liver.43 CP is known
to interact with transferrin during the transfer of iron mole-
cules across the basolateral membrane of the enterocyte. This
TF could be involved in simultaneously mediating expression
of these two proteins.

A number of other putative TFBSs were predicted to be
altered following in silico analysis of the variants identified in
the CP promoter (Table 5). These include the binding motif
for activator protein 1 (AP1) which has shown to be involved
in cell proliferation, differentiation and tumourigenesis,44

upstream regulatory factor 1 (USF1) which has defined roles

in regulation of genes expressed in the liver45 and spleen
focus forming virus proviral integration oncogene 1 (SPI1)
which plays a role in the development of myeloid and
b-lymphoid cells which are important during an immune
response.46 The functional importance of these TFs in regula-
tion of CP expression should not be overlooked.

In addition to the eight promoter variants identified, a
statistically significant (p ¼ 0.0004) synonymous variant
(Table 3), G633, was detected after HEX-SSCP analysis of
exon 11 of the CP gene. It occurs from a T to C transition at
nucleotide position 1891 (g.1891 T!C). This polymorphism
does not result in the replacement of glycine (G) at amino
acid position 633 (G633). The heterozygous state of this syn-
onymous variant was observed in 13 of 88 (14.8%) of the
patient group (Table 3). It was not detected in the homozy-
gous state and was absent from the control group. The serum
ferritin (SF) levels of the patients displaying the G633 variant
differed markedly from each other. Statistical significance was
identified for serum iron (p ¼ 0.001), transferrin (p ¼ 0.009)
and %TS (p ¼ 0.049) with the heterozygous G633 variant
(Table 4). The levels of serum iron, transferrin and %TS
were lower in the individuals with the heterozygous variant
relative to wildtype individuals. It is possible that the G633
variant could be acting in conjunction with other variants
identified in the CP gene, or other genes in the iron metabo-
lism pathway, to produce the differences in iron levels
observed in each of the patients. This data, along with the
fact the G633 variant was not detected in the control individ-
uals, could indicate that this variant is associated with OC in
the Black South African population. Further studies using the
minigene system are warranted to determine what effect this
variant has on protein expression in patients presenting with
OC.47

With regards to the iron parameter statistics, the serum
iron, transferrin, ferritin and C-reactive protein levels (CRP)
were found to be statistically significantly different between
patient and control subjects regardless of gender (Table 5).
Mean serum iron and mean transferrin levels were found to
be higher in the control subjects relative to the OC patient
group, whereas the mean ferritin and CRP levels were signifi-
cantly higher in the patient group relative to the control
group. This represents a higher level of intracellular iron
storage (bound to ferritin) in OC patients, as well as a higher
level of inflammation as indicated by the increased levels of
CRP protein.48 The amount of transferrin present is depend-
ent on the amount of serum iron present as a direct relation-
ship exists between the two. This is demonstrated in this
study as both the serum iron levels and the transferrin levels
are lower in the OC patient cohort relative to the control
group. The high level of iron stored as ferritin seen in cancer
patients in general correlates with the reduced serum levels
of iron available, characteristic of an inability to mobilize
iron stores.

It is important to note that at the time of OC diagno-
sis, the majority of patients may be suffering from
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malnutrition due to the location of the tumors in the
upper region of the digestive tract and the subsequent
inability to ingest sufficient nutrients. Iron is absorbed
predominately from the diet and the body iron levels of
OC patients may be compromised as a result of insuffi-
cient iron uptake. The relationship between iron parame-
ters, measured at this stage of the disease, and the effects
of variations in the iron metabolizing genes are therefore
difficult to correlate.

This study constitutes an integral part of a much larger
long-term analysis of the correlation between aberrations in

iron regulatory genes and disease. The data generated from
this study, in conjunction with that of the larger study, may
potentially lead to the identification of molecular markers for
OC. These markers could ultimately serve as an effective tool
in the presymptomatic diagnosis and subsequent treatment of
this disease.
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