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The placenta is a crucial organ of fetal origin that functions in providing nutrients to the fetus from the moth-
er. During pregnancy, the need for essential micronutrients, such as Fe and Zn, increases due to the require-
ments of the growing fetus. Maternal Fe deficiency induces an increase in Cu levels and can also affect
cytokine levels in the placenta. On the other hand, Cu deficiency, although not as common, can also have de-
structive effects on the fetus. Interleukin-6 (IL-6) is a pleiotropic cytokine with a wide range of biological ac-
tivities, including such as immune responses, acute-phase reactions, and inflammation. The placenta
produces a significant amount of IL-6 during pregnancy. The effects of the IL-6 −174 G/C single nucleotide
polymorphism (SNP) on IL-6 gene transcription and on plasma cytokine levels were assessed in the present
study. We investigated the association between the IL-6 −174 G/C polymorphism and trace element/toxic
metal levels in placental tissues. For the purposes of this study, 95 healthy volunteers were evaluated. Pres-
ence of the IL-6 polymorphism was determined using the standard polymerase chain reaction (PCR)-restriction
fragment length polymorphism (RFLP) technique, and metal levels were analyzed by atomic absorption
spectrometry (AAS). Based on our data, there were no significant associations between the IL-6 −174 G/C
polymorphism and Pb, Cd, Fe, or Zn levels in the placental tissues (pN0.05), but a statistically significant
association was detected between the polymorphism and Cu levels (p=0.016). We determined that the
mean Cu levels in the placental tissues from individuals with GG, GC and CC genotypes were 5.62±1.98,
6.22±3.22 and 8.00±1.32 ppm, respectively, whereas the overall mean Cu level from the placental tissues
was 5.98±2.51 ppm.
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1. Introduction

The placenta is the highly specialized organ maintained during
pregnancy that, along with the fetal membranes and amniotic fluid,
supports the normal growth and development of the fetus (Gude et
al., 2004). The transfer of trace elements from the mother to the
fetus via the placenta is also important for development of the
human body (Honey et al., 1992). The placenta is the point of contact
between maternal and fetal circulation and also serves as a barrier in
preventing the passage of toxic substances, such as metals (Osman et
al., 2000). Although the placenta does act as a barrier, it is unable to
protect the fetus from exposure to certain toxic metals (Butler Walker
et al., 2006). Studies on the transfer of these toxins from the mother's
blood to the developing fetus have mostly been conducted in heavily-
exposed individuals (Loiacono et al., 1992; Fagher et al., 1993). The
placenta cannot completely prevent the fetus from exposure to lead
and cadmium. Both of these metals, particularly cadmium (Osman
et al., 2000), accumulate in the human placenta (Baghurst et al.,
1991; Semczuk and Sikora, 2001) andmay cause adverse perinatal ef-
fects, including reduced fetal growth and birth weight, fetal malfor-
mations, impaired transfer of essential micronutrients to the fetus
and premature birth. Several studies have suggested that metal accu-
mulation may interfere with the regulatory and nutritional functions
of the placenta, potentially resulting in adverse effects on the fetus
(Goyer, 1990). Currently, essential trace elements, specifically Fe,
Zn, and Cu, have been studied extensively in the human placenta
(Iyengar and Rapp, 2001). Iron deficiency during pregnancy is quite
common (Fosset et al., 2004). Studies have shown that babies born
to iron-deficient mothers are smaller in size than babies born to
non-deficient mothers. Previous work has also demonstrated that
these babies present with developmental problems, including neuro-
logical disorders (Beard et al., 2007), hypertension and other diseases
(Zimmermann and Hurrell, 2007). Zinc participates in carbohydrate
and protein metabolism, nucleic acid synthesis and other important
functions. This element is required for cellular division and
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differentiation and is an essential nutrient for normal embryogenesis.
The trace element copper is essential for several different enzyme
systems, including the catalase, superoxide dismutase and cyto-
chrome oxidase systems. Copper deficiency can lead to vascular dis-
orders, emphasizing the importance of this trace element. Recently,
the maternal-fetal status of certain essential trace elements in preg-
nant women during late gestation was assessed with respect to
birth weight and placental weight (Al-Saleh et al., 2004), and elemen-
tal analysis of the human placenta was investigated with respect to
neonate weight and maternal age (Carvalho et al., 2001).

Cytokines function to maintain homoeostasis during pregnancy,
and they play a critical role in regulating placental formation. The pla-
centa produces pro-inflammatory cytokines such as IL-6 (Robertson
et al., 1994; Dudley et al., 1996; Griesinger et al., 2001), a glycoprotein
with a molecular mass ranging from 21 to 28 kDa. The human IL-6
gene, located on chromosome 7p21 (Bowcock et al., 1988), is com-
posed of five exons and four introns. IL-6 is a highly polymorphic
gene in both the 5′ and 3′ flanking regions (Fishman et al., 1998),
resulting in polymorphisms that can affect their rate of synthesis or
degradation. One IL-6 polymorphism, the G/C base exchange located
in the promoter region at position −174, has been shown to induce
a biological function. The effects of −174 G/C polymorphism on IL-6
gene transcription and plasma cytokine levels have been demonstrated
by several different genetic studies (Fishman et al., 1998; Olomolaiye
et al., 1998). IL-6 functions in numerous biologic activities, including
the regulation of immunocompetent cell growth and differentiation,
induction of acute phase proteins, and stimulation or inhibition of cell
growth depending on the target cell type. This cytokine also plays an
active role in reproductive physiology by regulating ovarian steroid
production and the early implantation event (Wu et al., 2004). The
role of IL-6 expression during pregnancy, as well as its predictive
significance for pregnancy outcome, is unclear. IL-6 also controls the
induction and expression of metallothioneins (MTs), which function
to maintain the homeostasis of zinc, copper and other trace elements
and heavy metals (Mazzatti et al., 2008). MTs are low-molecular-
weight, cysteine-rich proteins that have a high affinity for metals
(Vasak, 2005). These proteins are induced by exposure to various
heavy metals and are able to inhibit toxicity by binding to the metals
(Miles et al., 2000). Increased IL-6 expression and production result in
a strong upregulation of MT gene expression (Giacconi et al., 2004).
The aims of the present studywere tomeasure Cd, Pb, Fe, Zn andCu levels
in placental tissues and to determine whether the levels of these metals
were associated with the G/C single nucleotide polymorphism (SNP) at
position−174 in the promoter region of IL-6.

2. Materials and methods

2.1. Study subjects

In this study, the IL-6 −174 G/C SNP was examined in 95 healthy
females (mean ages 29.73±5.01 years; range 18 to 41 years), and
levels of Pb, Cd, Fe, Zn and Cu levels were assessed in their placental
tissues. Whole placentas were collected from the mothers who deliv-
ered at term neonates (mean gestational ages 272.12±7.46 days)
with normal birth weights (mean 3.32±0.46 kg), birth length (mean
49.75±1.97 cm), head circumferences (mean 35.28±1.14 cm) and
placental weights (mean 632.84±152.98 g). Inclusion criteria included
young, healthy, non-smoking and non-anemic pregnant mothers with
normal pregnancies and without a history of alcohol or drug use. All
mothers were asked to fill out a questionnaire, which included medical
and dietary history, as well as data on occupational and potential envi-
ronmental sources of metal exposure. Exclusion criteria for the subjects
included a medical history of renal failure, carcinoma or diagnosed
hepatic or cardiovascular diseases that may be related to possible
heavy metal accumulation from environmental or occupational expo-
sures. A small questionnaire used to gather demographic information
was also given to individuals. Only Turkish subjects were included in
the study. Placental and blood samples were handled in accordance
with the principles of The Declaration of Helsinki. The present study
was approved by the institutional ethics committee (approval no:
152–4828 in 2009).

2.2. Determination of metal levels

To avoid external metal contamination, each placenta was placed
in a plastic bag immediately after delivery. Each bag was marked
with the subject's identification code, placed on ice in a portable re-
frigerator and transported to the freezer in the Ankara University An-
alytical Toxicology Laboratory. In order to prevent any contamination
originating from maternal blood and mucus, all placental samples
were washed prior to analysis. Each sample was washed with 0.01%
Triton X-100 solution and then 3 times with distilled water. Six repre-
sentative samples were cut from each placenta using titanium tools,
excluding the chorionic plate and decidua basalis, for the metal anal-
ysis (Pb, Cd, Fe, Zn and Cu). Two samples were taken from the center,
avoiding the umbilical cord insertion, and four samples were taken
from within 3 cm of the outer placental margin between the central
region and the periphery. All tissue samples were stored at −20 °C
in a refrigerator before analysis. Each sample was dried for 24 h at
75 °C and weighed. Samples were then dissolved in 10 ml of nitric
acid in Teflon microwave tubes and digested at 800 W and 220 °C
for 20 min in a CEM Mars Xpress microwave oven. Prior to analysis
with dual atomic absorption spectrometry (AAS), the solutions were
diluted with 25 ml deionized water in 50-ml polypropylene tubes.

Pb and Cd levels were quantified using Varian AA 240 Z Zeeman
Graphite Atomic Absorption Spectrometry (GFAAS), whereas Fe, Zn
and Cu levels were evaluated with Varian AA 240 FS Fast Sequential
Atomic Absorption Spectrometry (FSAAS). The metal levels were
given as ppm for Fe, Zn, Cu and as ppb for Cd and Pb. Additionally,
the AASmethod was validated by evaluating certified reference mate-
rials (Seronorm™ Trace Elements Whole Blood Level-2; Ref Number:
201605) with known values.

2.3. Determination of the IL-6 −174 G/C SNP by the polymerase chain
reaction (PCR)-restriction fragment length polymorphism (RFLP)
method

Genomic DNA was isolated from 100-μl whole blood samples
using a Qiagen QIAamp DNAMini Kit, according to the manufacturer's
instructions.

The−174 G/C SNP located in the promoter region of the IL-6 gene
(SNP rs1800795; Gene access number: NM_000600; Gene ID: 3569)
was genotyped using the polymerase chain reaction (PCR)-restriction
fragment length polymorphism (RFLP) method previously reported
by Kayaaltı et al. (2011a). In order to screen for the IL-6 gene
−174 G/C polymorphism, a 303-bp fragment containing the whole
core promoter region was amplified by PCR with the following
primers: forward: 5′-TTG TCA AGA CAT GCC AAA GTG CT-3′ and
reverse: 5′-GCC TCA GAC ATC TCC AGT CC-3′. Amplification was
conducted on a Techne Tc 512 PCR System in a 50-μl reaction mixture
containing 200 μM of dNTPs, 10 pmol each of the forward (F) and re-
verse (R) primers, 1 U of Hot Star Taq DNA polymerase (Qiagen), 10×
PCR buffer (Qiagen) and 50 ng of genomic DNA. The PCR cycling con-
ditions consisted of an initial denaturation step at 95 °C for 5 min;
35 cycles of 94 °C for 1 min, 60 °C for 1 min, 72 °C for 1 min; and a
final extension step at 72 °C for 5 min. The PCR product (303 bp)
was then digested with NlaIII (New England Biolabs, Hertfordshire,
UK) and incubated at 37 °C overnight. Digestion of the PCR product
by NlaIII yields fragments that represent the presence of the C allele
(122, 111, 57 and 13 bp fragments) and the G allele (233, 57 and
13 bp fragments). The undigested and digested polymerase chain re-
action products were separated by gel electrophoresis on a 2.5%
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agarose gel, visualized by ethidium bromide staining under an ultra-
violet illuminator, and then scanned and photographed using the
Syngene Monitoring System. Digested and undigested PCR products
separated using agarose gel electrophoresis are indicated in Fig. 1.

2.4. Statistical analyses

Statistical analyses were performed using the SPSS Statistics 16
software package. Frequencies of IL-6 alleles and genotypes were
obtained by direct count, and departure from the Hardy–Weinberg
equilibriumwas evaluated by the χ2 test. In terms of metric variables,
Student's t-tests were used in order to compare two independent
groups, and the Kruskal–Wallis test was used to compare more than
two groups. Correlations were assessed by determining the Pearson
correlation coefficient. Throughout the analyses, 95% (pb0.05) and
99% (pb0.01) were selected as the minimum confidence levels.

3. Results

The aim of this study was to investigate the relationship between
the IL-6 −174 G/C promoter region single nucleotide polymorphism
and metal levels in placental tissues. This study assessed 95 healthy
mothers. The mean age of these women was 29.62±4.97 years
(ranging from 18 to 41). Regarding the genotypes, a total of 56 preg-
nant women were homozygote-typical (GG), 33 were heterozygote
(GC) and 6 were homozygote-atypical (CC) for the IL-6 polymor-
phism. The genotype frequencies in the 95 subjects were 58.95% for
GG, 34.74% for GC and 6.31% for CC. The observed frequencies for
the G and C alleles were 76.3% and 23.7%, respectively. The genotype
and allele frequencies were consistent with Hardy–Weinberg equilib-
rium (pN0.05).

The IL-6 polymorphism was evaluated statistically for its associa-
tion with placental weight, gestation age at delivery, birth weight,
birth length, and head circumference; however, no significant associa-
tions were detected (pN0.05). The average Pb, Cd, Fe, Zn and Cu levels
within the placental tissues were 8.16±3.54 ppb, 19.42±19.10 ppb,
537.98±192.61 ppm, 49.96±9.85 ppm and 5.98±2.51 ppm, respec-
tively (Table 1). Significant associations were not detected between
the IL-6 −174 G/C polymorphism and Pb, Cd, Fe, or Zn levels within
the placental samples. Alternatively, a statistically significant associa-
tion was observed between the polymorphism and the Cu levels
(p=0.016). The mean Cu levels in the placental tissues from individ-
uals with GG, GC and CC genotypes were 5.62±1.98 ppm, 6.22±
3.22 ppm and 8.00±1.32 ppm, respectively, whereas the overall
mean Cu level from all placental tissues was 5.98±2.51 ppm.

Pb, Cd, Fe, Zn and Cu levels in placenta tissues were also analyzed
according to IL-6 C- (GG genotype) and C+(GC+CC genotypes) car-
riers. Pb and Cd levels were detected at 8.32±4.21 and 20.82±
19.15 ppb, respectively, for individuals with the C- genotype and
7.92±2.31 and 17.40±19.08 ppb for individuals with the C+
Fig. 1. A representative agarose gel image of undigested PCR products and PCR prod-
ucts digested with NlaIII: (M: 100-bp ladder, Lanes 1 and 2: undigested PCR product,
Lanes 3, 4 and 5: homozygote-typical genotype (GG), Lanes 6 and 7: heterozygote ge-
notype (GC), Lane 8: homozygote-atypical genotype (CC).
genotype. Conversely, Fe, Zn and Cu levels were quantified as 520.19
±173.56, 49.69±10.10, and 5.62±1.99 ppm, respectively, for C− car-
riers and 563.53±216.88, 50.34±9.58, and 6.50±3.06 ppm for C+
carriers. Based on these results, we can conclude that while both Pb
and Cd levels in C- carriers were higher than in C+ carriers, Fe, Zn
and Cu levels in C− carriers were lower than in C+ carriers. These re-
sults, however, were not statistically significant (pN0.05). Additionally,
statistically significant correlations were detected between the metal
levels. The highest positive correlation coefficients were found be-
tween Pb and Cd levels within placental tissues (r=0.265, pb0.01),
whereas negative correlations were detected between Fe and Zn levels
(r=−0.225, pb0.05). Significant correlation coefficients were not
detected between levels of any of the metals and gestational age,
birth weight, birth length, head circumference or placental weight.

4. Discussion

IL-6 is a multifunctional cytokine produced by many different cell
types, including immune cells, fibroblasts, endothelial cells, adipo-
cytes andmyocytes (Papanicolaou et al., 1998). Many studies have in-
dicated a relationship between the IL-6 polymorphism and pre-term
birth (Moura et al., 2009). Currently, the role of IL-6 expression dur-
ing pregnancy, as well as its predictive significance for pregnancy out-
come, remains unclear (Raghupathy et al., 1999). The placenta serves
as an interface between fetal and maternal circulation and functions
to mediate the exchange of gases and the transport of nutrients and
waste products. This tissue has been widely regarded as an indicator
organ following exposure to metals. Accumulation of toxic metals
within placental tissue may result in abnormal placental function,
leading to impaired nutrient transport (Zadorozhnaja et al., 2000).
Previous work conducted in experimental studies has suggested an
increased risk of miscarriage, fetal malformation, placental insuffi-
ciency and premature birth as results of metal exposure (Fagher et
al., 1993; Laudanski et al., 1991).

Expression levels of inflammatory cytokines from trophoblasts
and other cells in the normal placenta were previously reported
(Kameda et al., 1990; Kauma et al., 1993). IL-6 levels in maternal
serum (Arntzen et al., 1997), amniotic fluid (Olah et al., 1996), vaginal
fluid (Imseis et al., 1997) and the placenta (Steinborn et al., 1996)
were found to increase during the process of normal labor relative
to the non-labor state. Previous work indicating a significant positive
correlation between MT gene expression and IL-6 suggests that in-
creased IL-6 expression is strictly related to an enhanced production
of MTs (Giacconi et al., 2007). MTs are cysteine-rich proteins that de-
toxify heavy metals by binding to the metals, protecting cells and tis-
sues from their toxic effects. The major functions of MTs include the
maintenance of Zn homeostasis and protection of cells from the tox-
icity of metals (e.g., Cd and Pb). Additionally, transgenic mice that
constantly overexpress metallothionein genes are considered tolerant
to Cd, whereas knockout mice with defective metallothionein genes
are more sensitive to cadmium toxicity than wild-type mice (Palmiter
et al., 1993).

MT expression can be induced by certain elements (e.g., metals)
(Kita et al., 2006), interleukins (Cousins and Leinart, 1988), ionizing
radiation (Cai et al., 1999), ethanol (Kershaw et al., 1990), paraquat
(Bauman et al., 1992), interferon (Sciavolino and Vilcek, 1995),
tumor necrosis factor-alpha (Ebadi et al., 1996) and glucocorticoid
hormones (Karin et al., 1984). A human study conducted by Kita
and co-workers, however, demonstrated that the MT2A gene poly-
morphism can limit the expression of MT. As metal toxicity appears
to be associated with low MT expression, low MT expression could
potentially result in a predisposition for increased metal accumula-
tion in people (Kita et al., 2006). Previous studies conducted by our
group determined the distribution of the MT2A gene polymorphism
in a Turkish population (Kayaalti and Söylemezoğlu, 2010) and
found that individuals having the MT2A −5 GG and AG genotypes



Table 1
IL-6 polymorphism and Pb, Cd, Fe, Zn and Cu levels in placenta tissues.

Metals IL-6 Polymorphism Total

GG
n=56

GC
n=33

CC
n=6

C− (GG)
n=56

C+(GC+CC)
n=39

n=95

Pb(ppb) Mean±S.D. 8.32±4.21 7.69±2.29 9.20±2.36 8.32±4.21 7.92±2.31 8.16±3.54
Median 7.65 7.41 10.56 7.65 7.45 7.48
Min 3.31 3.51 6.12 3.31 3.51 3.31
Max 28.53 12.38 11.04 28.53 12.38 28.53
p p=0.471 p=0.594

Cd(ppb) Mean±S.D. 20.82±19.15 15.53±16.50 27.63±29.62 20.82±19.15 17.40±19.08 19.42±19.10
Median 13.53 8.59 18.77 13.53 11.54 12.15
Min 2.85 1.67 3.74 2.85 1.67 1.67
Max 79.30 78.84 82.89 79.30 82.89 82.89
p p=0.263 p=0.392

Fe(ppm) Mean±S.D. 520.19±173.56 561.31±225.04 575.69±182.03 520.19±173.56 563.53±216.88 537.98±192.61
Median 477.56 523.19 540.00 477.56 523.19 493.01
Min 94.94 288.49 407.23 94.94 288.49 94.94
Max 1315.76 1414.55 888.39 1315.76 1414.55 1414.55
p p=0.650 p=0.283

Zn(ppm) Mean±S.D. 49.69±10.10 50.12±9.80 51.54±9.04 49.69±10.10 50.34±9.58 49.96±9.85
Median 50.55 49.75 51.14 50.55 49.75 49.97
Min 22.98 27.51 40.08 22.98 27.51 22.98
Max 74.93 72.26 61.43 74.93 72.26 74.93
p p=0.899 p=0.755

Cu(ppm) Mean±S.D. 5.62±1.98 6.22±3.22 8.00±1.32 5.62±1.98 6.50±3.06 5.98±2.51
Median 5.09 5.15 7.55 5.09 5.42 5.15
Min 2.45 2.98 6.56 2.45 2.98 2.45
Max 12.55 16.23 10.20 12.55 16.23 16.23
p 0.016⁎ p=0.094

⁎ pb0.05.
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have high levels of metal accumulation in the human renal cortex
(Kayaalti et al., 2010) and in blood samples (Kayaaltı et al., 2011b).
These studies also revealed the effects of the metallothionein 2A poly-
morphism on placental cadmium accumulation (Tekin et al., in press).
Based on all these results, it is hypothesized that MT deficiency may
enhance sensitivity to Cd and other toxic metals.

Additionally, interleukin-6 gene polymorphisms can indirectly
cause low MT expression. The IL-6 polymorphism can affect the rate
of IL-6 synthesis or degradation. As a result of IL-6 polymorphisms,
we hypothesize that decreased IL-6 expression leads to reduced
metallothionein expression, resulting in increased sensitivity to
toxic metal accumulation by tissues.

In the present study, we assessed whether expression of the IL-6 −
174 G/C polymorphism was associated with placental Pb, Cd, Fe, Zn
and Cu levels and determined that the only statistically significant asso-
ciationwaswith placental Cu levels. Distribution of the IL-6−174 CC ge-
notype was observed at a very low frequency (only six individuals), and
the C allele was rare in this gene polymorphism. Higher placental metal
levelswere detected in individuals with the CC genotype relative to indi-
viduals with the other IL-6 −174 GC and GG genotypes. One potential
explanation for this observed effect is that the IL-6 CC genotypes result
in decreased cytokine production, which leads to reduced MT expres-
sion. Because decreased MT expression results in reduced metal-
binding capacity, this situation causes higher metal accumulation in pla-
cental tissues.

Based on the statistical analyses, a statistically significant positive
correlation was detected between Pb and Cd levels (r=0.265,
pb0.01), and a significant negative correlation was detected between
Fe and Zn levels (r=−0.225, pb0.05) in the placental tissues. Cu de-
ficiency can induce Fe deficiency, and excessive Pb accumulation can
lead to excessive Cd accumulation. Based on these results, we con-
clude that trace elements (Fe and Cu) and toxic metals (Pb and Cd)
may utilize similar metabolic pathways for their transport and
accumulation.

Currently, there are numerous studies focusing on the distribution
of IL-6 gene polymorphisms in different populations and their associ-
ation with various diseases, such as diabetes and atherosclerosis
(Giacconi et al., 2005; Papanicolaou et al., 1998). In addition, we
were able to demonstrate an association between the interleukin-6
−174 G/C promoter polymorphism and trace metal levels in autop-
sied kidney and liver tissues in a previous study (Yalçın et al.,
2011). Although several studies have reported on toxic and trace ele-
ments in the placenta, maternal blood and umbilical cord blood
(Rudge et al., 2009; Tekin et al., in press), this study is the first report
evaluating the association between the IL-6 polymorphism and Pb,
Cd, Fe, Zn and Cu levels in the placental tissues. The transport mech-
anisms for Pb, Cd, Fe, Zn and Cu appear to be different from each
other. Because more work is needed to clarify the roles of these path-
ways, future studies should examine possible associations between
the effects of various gene polymorphisms with respect to the trans-
port of trace elements and accumulation of toxic metals in cord and
maternal blood samples, as well as pathological findings and gene ex-
pression levels.
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