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Introduction: Interleukin-10 (IL-10) is a multifactorial cytokine with a complex biological
role in breast cancer. The aims of this study were to investigate any association between /L-10
gene promoter polymorphisms, 1082A>/G, —819T>C, and —592A>C, or haplotypes and
breast cancer risk among Jordanian women and to evaluate any association between the most
common haplotype with clinicopathological features of breast cancer.

Patients and methods: A total of 202 breast cancer patients and 210 age-matched healthy
control subjects were genotyped for —1082A/G, —819T/C, and —592A/C single nucleotide
polymorphisms in the promoter region of the /L-10 gene by polymerase chain reaction-restriction
fragment length polymorphism. Study patients and control subjects were recruited from Prince
Hamzah Hospital, Amman, Jordan (2012-2013). Ethical approval and signed consent forms
were signed by all participants. DNA was extracted, and polymerase chain reaction fragments
were amplified and restriction digested by MnlIl, Maelll, and Rsal.

Results: This study showed no statistically significant difference between —1082A/G, -819T/C,
and —592A/C IL-10 genotypes or alleles among breast cancer patients or controls. Four different
haplotypes ATA, ACC, GTA, and ACA within the /-0 promoter gene were determined among
both breast cancer and control groups. The most frequent haplotype was ACC among breast
cancer patients and controls (41.6% and 40.7%, respectively). No statistical differences in these
haplotypes among breast cancer patients or controls were determined. Analysis of the most
common ACC haplotype showed statistical difference in positive estrogen receptor (P=0.022),
positive progesterone receptor (P=0.004), cancer grade (P=0.0001), and cancer stage (P=0.009)
among the ACC haplotype compared to non-ACC haplotype.

Conclusion: To our knowledge, this is the first report studying the association of /L-10
haplotype with breast cancer risk events among Jordanian females. The most frequent /L-10
haplotype among Jordanian breast cancer females is ACC haplotype. Patients carrying
the ACC haplotype are associated with higher positive estrogen and progesterone receptors
and advanced breast cancer grade and stage. These patients also had lower survival rate in the
Kaplan—-Meier survival plot compared to those with non-ACC haplotype.
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Introduction

Interleukin-10 (IL-10) is a multifunctional cytokine with both tumor-inhibiting and
tumor-promoting properties.' Inflammatory macrophages and mediators of chronic
inflammation are highly prevalent in patients with late-stage cancer. IL-10 sup-
presses macrophage and proinflammatory Th17 T-cell responses by inhibiting the
inflammatory cytokines IL-6 and IL-12/23.2 IL-10 inhibits proinflammatory cytokine
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production by both T and NK cells.®> Human cancer is
characterized by deficits in antigen-specific immunity and
intratumoral CD8(+) T-cells. Tumor-promoting properties
of IL-10 result from preventing tumor antigen presenta-
tion to CD8+ cytotoxic T-lymphocytes by suppressing the
expression of major histocompatibility complex class I and II
antigens that contribute to the lack of immune response
toward transformed cells.* IL-10 induces few mechanisms
for effective antitumor immune surveillance: infiltration
and activation of intratumoral tumor-specific cytotoxic
CD8+ T-cells, expression of the Thl cytokine interferon-y
and granzymes in CD8+ T-cells, and intratumoral antigen
presentation molecules.’

The /L-10 gene consists of five exons located on chromo-
some 1 (1q31-1q32.50). Approximately 49 genetic polymor-
phisms have been identified within the /-0 gene, including
46 single nucleotide polymorphisms (SNPs), two microsatellite
polymorphisms, and one deletion. Twenty-eight of these poly-
morphisms are within the /L-70 promoter region.' The most
important SNPs in the promoter region that influence the tran-
scription of /L-10 messenger RNA and the expression of IL-10
in vitro are rs1800896 (—1082A>G), rs1800871 (—819C>T),
and rs1800872 (—=592C>A).* The —1082A,—-819T, and —592A
haplotypes are associated with decreased /L-/0 expression
compared with —1082G, —819C, and —592C haplotypes,
respectively.”

Breast cancer is the most common cancer worldwide,
with 1.7 million cases diagnosed in 2012.° Over the last
10 years, breast cancer incidence increased progressively in
the Middle East and North African population. Mastectomy
is performed in >80% of Middle East and North African
women with breast cancer.'” In Jordan, breast cancer is the
most common malignancy among women, and according to
the Jordanian National Cancer Registry, 864 females and nine
males were diagnosed with breast cancer in 2008, accounting
for 18.8% of the total new cancer cases. Breast cancer ranked
the first among Jordanian females, accounting for 36.7% of
all female cancers, and is the leading cause of cancer deaths
among Jordanian women.!! Breast cancer is an important
health issue among Jordanian women because ~37% of the
diagnosed cases were within the advanced stages (I11-1V),
and the incidence rates are increasing at 4% per year.!!
Genetic predisposition to breast cancer in Jordan may be
due to consanguineous marriages; however, there is limited
literature on Jordanian breast cancer genetics, except for
few studies.'>"

The biological role of /L-10 in cancer is quite complex;
however, the presence of IL-10 in advanced metastases

and the positive correlation between serum IL-10 levels
and progression of the disease indicate a critical role
of IL-10 in the tumor microenvironment.'* In breast cancer,
1L-10 may act as a double-edged sword. On the one hand,
IL-10 elevation could facilitate cancer by escaping from
the immune response, and on the other hand, antiangio-
genic effects of IL-10 are supposed to prevent or reduce
tumor growth and metastasis. A few case—control studies
were conducted to investigate the association between
IL-10 —1082A>G, -819C>T, -592C>A polymor-
phisms and breast cancer risk in humans.'>¢ However,
the results of these studies remain conflicting. Hence, the
aims of his study were to evaluate the association between
IL-10-1082A>G, -819C>T, —-592C> A polymorphisms or
haplotypes and breast cancer risk among Jordanian females
and to determine any association between the most com-
mon /L-10 haplotype, estrogen receptor (ER) expression,
progesterone receptor expression, breast cancer grade, and
breast cancer stage.

Patients and methods

This case—control study enrolled 202 breast cancer females
from Al-Basheer Hospital, Amman, Jordan (January 2012—
March 2013) and 210 age-matched controls with no family
history of any cancer. All breast cancer patients were diag-
nosed by a specialized histopathologist; staged according to
the National Cancer Institute — National Institutes of Health,
USA; and revised by the American Joint Committee on
Cancer Staging System for Breast Cancer.!” Data recorded
by the histopathologist included tumor stages (I, II, III,
and IV), grades (I, I, and I1I), and estrogen and progesterone
receptor status.

Ethical approval was obtained from the institutional
review board of the The Hashemite University, and a con-
sent form was signed by all participants before interviewing
and sample collection. Blood samples were collected in
ethylenediaminetetraacetic acid tubes and plain tubes from
all participants and controls. Genomic DNA was extracted
from peripheral blood leukocytes using Wizard Genomic
DNA Extraction and Purification Kit (Promega Corporation,
Fitchburg, WI, USA) and then amplified (iCycler; Bio-Rad
Laboratories Inc., Hercules, CA, USA) using forward primer
5-CTCGCTGCAACCCAACTGGC-3’ and reverse primer
5’-TCTTACCTATCCCTACTTCC-3" for —1082A/G SNP,
forward primer 5-TCATTCTATGTGCTGGAGATGG-3’
and reverse primer 5-TGGGGGAAGTGGGTAAGAGT-3’
for —819T/C SNP, and forward primer 5-GGTGAGCAC
TACCTGACTAGC-3’ and reverse primer 5-CCTAGGT
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CACAGTGACGTGG-3" for —=592A/C SNP. Polymerase
chain reaction amplification was carried out in 50 pL reac-
tion mixture using GoTaq Green Master Mix (Promega
Corporation), containing thermostable Taq polymerase
deoxynucleotide. Polymerase chain reaction profile consisted
of initial melting step of 5 minutes, followed by 35 cycles
of 30 seconds at 94°C, 45 seconds at 58°C for —1082A>/G,
59°C for —819T>C, and 62°C for —592A>C; 55 sec-
onds at 72°C, and final elongation at 72°C for 8 minutes.
Restriction endonucleases Mnll, Maelll, and Rsal were
used to distinguish —1082A>G, —-819T>C, and -592A>C,
respectively.

Chi-squared test was used to compare genotype and
allele frequencies among breast cancer cases and controls.
Statistical significance was assumed at P<<0.05. Clinico-
pathological data were compared by chi-squared test and
student’s #-test to show any statistical difference between
positive ER, positive progesterone receptor, breast cancer
grade, and breast cancer stage among ACC versus non-ACC
patients. ACC and non-ACC patient survival was assessed
by Kaplan—Meier survival curve in Excel.

Results
Genotype and allele frequencies for /L-10 polymor-
phisms —1082A>G, —-819C>T, and —592C> A among breast
cancer patients and control groups are shown in Table 1.
Both genotypes and alleles were within the Hardy—Weinberg
equation. No statistically significant difference in genotype
or allele frequencies at all SNP sites was observed between
breast cancer patients and healthy controls.

The haplotype frequencies for /L-10 polymorphisms
(—1082, —819, and —592) are shown in Table 2. Four hap-
lotypes (ATA, ACC, GTA, ACA) were demonstrated in

this study. The most frequent haplotype for both breast cancer
patients and controls was ACC, with 41.6% frequency in
patients versus 40.7% in controls. No statistical difference in
haplotype frequencies was observed between breast cancer
patients and controls.

Analysis of breast cancer predictive factors (Table 3)
revealed significant association between ACC haplotype
with positive ER (P=0.022), positive progesterone receptor
(P=0.004), advanced breast cancer grade (P=0.0001), and
advanced breast cancer stage (P=0.009) compared to non-
ACC haplotype.

The Kaplan—Meier survival plot for breast cancer patients
over a 16-month follow-up showed higher survival rate
among non-ACC haplotype compared to ACC haplotype
(Figure 1).

Discussion

This case—control study was conducted to evaluate any asso-
ciation between /L-10 promoter polymorphism and breast
cancer risk among Jordanian population.The results showed no
significant association between /L-10—-1082A>G, -819C>T,
and —592C> A polymorphisms and breast cancer risk among
alleles, genotypes, or haplotypes. These results were inconsis-
tent with the results among Italian population,'s which showed
increased breast cancer risk among /Z-10—1082 genotype, and
the results among Australian population,'® in which —592AA
was associated with reduced breast cancer risk. However,
these results are consistent with the results reported by Zou
et al'® who showed lack of association between the two SNPs
(1082A>G, —592C>A) in the /L-10 promoter and breast
cancer and those reported by Kong et al*® among Chinese
population. The inconsistency may be due to differences in
ethnic background, genetics, and sample size.

Table | Genotype and allele frequencies of IL-10 polymorphisms (—1082, —819, —592) in breast cancer patients and healthy controls

Genotype Patient Control P-value Allele Patient Control P-value
(N=202), n (%) (N=210), n (%) (2N=404), n (%) (2N=420), n (%)

—-1082A/G —1082A/G

AA 157 (77.7) 151 (71.9) 0.305 A 343 (84.9) 344 (81.9) 0.248

AG 29 (14.4) 42 (20) G 61 (I5.1) 76 (18.1)

GG 16 (7.9) 17 (8.1)

-819T/C -819T/C

TT 88 (43.5) 93 (44.3) 0.619 T 223 (55.2) 227 (54) 0.740

TC 47 (23.3) 41 (19.5) C 181 (44.8) 193 (46)

CC 67 (33.2) 76 (36.2)

-592A/C -592A/C

AA 76 (37.6) 79 (37.6) 0.891 A 236 (58.4) 249 (59.3) 0.800

AC 84 (41.6) 91 (43.3) C 168 (41.6) 171 (40.7)

CcC 42 (20.8) 40 (19.1)

Abbreviation: IL- 10, interleukin-10.
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Table 2 Haplotype frequencies of IL-10 polymorphisms (—1082,
—819, —592) among breast cancer patients and healthy controls

Haplotype Patient Control r P-value
(N=404), n (%)  (N=420), n (%)

ATA 162 (40.1) I51 (36) 4.06 0.255

ACC 168 (41.6) 171 (40.7)

GTA 61 (I5.1) 76 (18.1)

ACA 13(3.2) 22 (5.2)

Abbreviation: IL-10, interleukin-10.

This study showed the presence of four haplotypes
within /L-10 —1082A>G, —-819C>T, and —592C>A poly-
morphisms. The most frequent haplotypes were ACC and
ATA among breast cancer patients (40.6%, 40.1%) and
controls (40.7%, 36%), respectively. These frequencies are
higher than the frequencies recorded among Italians?' which
were 16% and 16% for ACC and ATA, respectively, and
among Canadians,” which were 16% and 14.4%, respec-
tively, and were similar to ACC frequency among German
population (39.7%); but higher than the ATA frequency
(16.2%) recorded by Reichert et al.* These differences may
be due to differences in ethnic backgrounds among these
populations.

This study showed that ACC haplotype was associated
with positive ER, positive progesterone receptor, advanced
breast cancer grade, and advanced breast cancer stage. Hence,
ACC [L-10 promoter gene haplotype may be considered as
one of the risk factors for breast cancer among Jordanians.
This haplotype may decrease /L-10 expression within breast
cancer cells, since higher /L-/0 expression in tumor cell
cytoplasm was associated with lower T grade, positive ER,

Table 3 IL-10 haplotype frequencies and pathological features
among breast cancer females

Pathological feature N ACC,n Non-ACC,n #? P-value
ER
Positive 218 102 116 528 0.022
Negative 186 66 120
Progesterone receptor
Positive 224 79 145 826 0.004
Negative 180 89 9l
Cancer grade
Grade | 124 18 106 54.7 0.0001
Grade |l 113 57 56
Grade lll 167 93 74
Cancer stage
Stage | 14 9 5 16.35 0.009
Stage Il 67 37 30
Stage Il 114 34 80
Stage IV 209 74 135

Abbreviations: IL-10, interleukin-10; ER, estrogen receptor.

- ACC haplotype
= Non-ACC haplotype

Survival (%)

o
®
>

2 4 6 8 10 12 14 16
Follow-up (months)

Figure | A Kaplan-Meier survival plot showing difference in survival probability
among ACC- versus non-ACC-haplotyped breast cancer patients.

and negative vascular invasion.?* The precise mechanism by
which /L-10 promoter polymorphism modulates breast can-
cer progression is unknown, but it may modulate the immune
system, natural killer cells, T-cells, and macrophages, or it
may derepress the angiogenic effect and promote cancer.”
Predicting breast cancer risk is of great interest in medical
research; therefore, genetic assessment in normal patients
may predict the risk of breast cancer using haplotypes and
clinicopathological picture. More research on /L-/0 hap-
lotypes could help to decide whether it is possible to use
haplotypes and clinicopathological picture to predict the
cancer outcome and the treatment.
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