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Abstract Research has investigated the participation of zinc transport proteins and
metallothionein in the metabolism of this mineral. However, studies about the genetic
expression of these proteins in obese patients are scarce. The study determined the
expression of zinc transporter protein codifying genes (ZnT-1, Zip-1 and Zip-3) and of
metallothionein in 55 obese women, aged between 20 and 56 years. The assessment of
body composition was carried out using anthropometric measurements and bioelectrical
impedance. Zinc intake was obtained by recording diet over a 3-day period, and the
nutritional analysis was carried out using NutWin software version 1.5. The plasmatic and
erythrocytary zinc were analyzed by atomic absorption spectrophotometry (λ=213. 9 nm).
The determination of mRNA expression of the zinc transporter proteins and metallothionein
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was carried out using blood, using the RT-PCR method. The mean values of body mass
index were 37.9±5.5 kg/m2. The average intake of zinc was 9.4±2.3 mg/day. The analysis
of the zinc plasma concentrations showed values of 58.4±10.9 μg/dL. The mean values of
zinc in the erythroytes were 38.7±9.1 μg/g Hb. The metallothionein gene had a higher
expression in the blood, when compared to zinc transporters ZnT-1, Zip-1, and Zip-3 (p=
0.01). The study shows that there are alterations in the biochemical parameters of zinc in
obese patients assessed, as well as higher expression of the codifying gene metallothionein,
when compared to the investigated zinc transporters.
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Introduction

Zinc is an essential micronutrient that plays a basic role in physiology, cellular metabolism,
and in genetic expression. This mineral participates in energy metabolism as a catalytic
component of more than 300 metalloenzymes [1, 2].

Recently, research carried out with the human genome database, estimated that about
10% of human proteome consists of proteins potentially linked to zinc [3]. Various
biological processes are zinc dependent, and an imbalance in the homeostasis of this
mineral has complex implications for some organs, which can contribute to the onset of
chronic illnesses [4].

Zinc participates in the metabolism of the hormones involved in the physiopathology of
obesity, such as, insulin, and the thyroid hormones [5, 6]. Studies have demonstrated low
concentrations of zinc in the plasma, erythrocyte, and serum of obese individuals [7–9],
associated with alterations in the metabolism of the adipose tissue of these patients.

Recent advances in methods of assessing the molecular aspects of zinc's cellular biology,
using mRNA expression of zinc transporter proteins (ZnTs and Zips) and of metal-
lothionein, have become a new tool for the investigation of zinc-related nutritional status
[10, 11].

Some investigations have already demonstrated that metallothioneins play a part in the
transport, storage, and distribution of zinc. It is thought that these proteins are responsible
for the capture of zinc, when its level is high, protecting cells against toxicity [12, 13].

The zinc transporter proteins are transmembranous proteins that assure the carriage of
zinc ions through biological membranes. They are specialized in the capture, efflux, and
compartmentalization of zinc, and help maintain the intracellular levels of this mineral and
its adequate distribution in the tissues [4, 13, 14]. The proteins of the Zip family transport
the extracellular zinc or zinc of the intracellular vesicles into the cytoplasm, and the ZnT
family controls the opposite route of this transport [4, 15].

Bearing in mind how important obesity is as a chronic illness, the secretion of diverse
adipocytokines and other proteins in the adipose tissue, the interaction of these metabolytes
in the metabolism of zinc, as well as the role of the mineral as a co-factor in some important
enzymatic reactions for the homeostasis of the organism, the determination of the genetic
expression of proteins that participate in the metabolism of zinc in obese patients can help
one understand the metabolism of this mineral in obesity.

Therefore, the aim of this study is to evaluate the expression of zinc transporter protein
codifying genes and metallothionein in obese female patients.

604 dos Santos Rocha et al.



Methods

A transectional study was carried out with 55 obese women, aged between 20 and 56 years,
who randomly sought treatment at an endocrinology clinic.

Patients who turned up at the clinic were selected for the study if they met the following
criteria: their body mass index (BMI) was higher than 30 kg/m2, they were not taking any
vitamin–mineral supplementation and/or other medicines, and they did not have any
illnesses that could interfere with zinc-related nutritional status. The research was approved
by the Committee of Ethics in Research of the Federal University of Piauí, and the
individuals gave written consent.

Anthropometric Parameters

Body mass index was calculated using measures of weight and height. The classification of
obesity according to BMI was carried out in line with the criteria of the World Health
Organization [16]: The assessment of the percentage of fat of the participants was carried
out using biolectrical impedance analysis.

Evaluation of Alimentary Consumption

The zinc consumption was obtained by recording alimentation over a 3-day period, and
the nutritional analysis was made using NutWin software version 1.5. [17]. The
Estimated Average Requirement (EAR) reference values of zinc used were 6.8 mg/day,
for females [18].

Determination of Zinc in the Plasma and the Erythrocytes

Blood samples (10 ml) were collected during the morning, from 7:30AM to 9:00AM, while
the patients were fasting. The blood was placed in glass test tubes containing 30% sodium
citrate as an anticoagulant (10 μg/ml of blood) for zinc analysis.

The plasma was separated from the total blood by centrifugation at 3,000×g for 15 min
at 4°C. Two aliquots of each plasma sample were diluted at a ratio of 1:4 with Milli-Q®
water and aspirated directly into the flame of the instrument. Tritizol® (Merck), prepared by
dilution with Milli-Q® water with 3% glycerol at 0.1-, 0.2-, 0.3-, 0.5-, and 1.0-μg/ml
dilutions was used as a standard.

For the separation of the erythrocyte, the erythrocyte mass obtained from the total
blood was washed three times with 5 mL of 0.9% saline solution, homogenized by
inversion, and centrifuged at 10,000×g for 10 min (SORVALL® RC-SB) at 4°C, and the
supernatant was discarded. After the last centrifugation, the saline solution was aspirated
and the erythrocyte mass extracted with a micropipette, placed in demineralized
“eppendorf” tubes, and stored at −20°C, for zinc and hemoglobin analyses [19]. To
express the results in terms of zinc mass/hemoglobin mass (micrograms per gram Hb), a
20-μL aliquot of lysed erythrocyte was diluted in 5 mL of Drabkin solution and measured
according to the cianometahemoglobin method [20].

The plasma and the erythrocytes analysis was carried out using atomic absorption
spectrophotometry [21]. Tritzol was used as a reference, prepared by dilution in Milli-Q
water at concentrations of 0.1, 0.2, 0.3, 0.5, and 1.0 μgZn/ml.
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RNA Purification and Quantification

Total RNAwas extracted from blood samples using TRIzol Reagent (Invitrogen) according
to the manufacturer's protocol. The measurement of concentration and pureness of extracted
RNAwas carried out using a 2-μL aliquot of each sample in a NanoDrop spectrophotometer.
The reading was taken at 260- and 280-nm wavelength. The obtained ratio determined the
pureness of the sample, and was considered ideal when greater or equal to 1.8.

cDNA Synthesis

The first cDNA strand was synthesized from 0.1N of total RNA using Powerscript reverse
transcriptase. In brief, total RNA was mixed with oligo dT15 1/10 (7.5 ρmoles), heated at
70°C for 10 min, and then cooled immediately on ice for 2 min. The content was then
mixed thoroughly with DNTPs (2.5 mM), reverse transcriptase buffer (10x), 0.1 M of
dithiothreitol (DTT), Rnase inhibitor (RNasin), 1 U of reverse transcriptase and ultra pure
water. The reaction mixture was incubated at 42°C for at least 90 min and subsequently
inactivated by heating at 70°C for 15 min. The RT-PCR reaction was processed in a
GeneAmp® PCR System 9700 ThermoCycler.

Real-Time Quantitative Reverse-Transcription Polymerase Chain Reaction

The oligonucleotide primers (Invitrogen) for each gene were synthesized in line with
sequences previously published by Cousins et al. [22], as shown in Table 1. The
expression of Zip-1, Zip-3, ZnT1, and MT (MT1,2) genes was determined using SYBR
Green assays, using the β actin gene as a constitutive. The SYBR Green assays were set
up using the SYBR green PCR master mix (Applied Biosystems) according to the
manufacturer's protocol, except that a 12.5-μL reaction volume was used. The
quantitative reverse-transcription polymerase chain reaction assays were performed on
ABI prism 7500 real-time PCR system (Applied Biosystems) with cycling conditions as
follows: 50°C for 2 min, 95°C for10 min, and then 40 cycles of 95°C for 15 s, 60°C for
1 min. The dissociation curve stage was added to the reaction. The relative copy number
was deduced from the corresponding cycle threshold. To correct the input RNA
concentration, the relative gene copies were further normalized to the measurement for
18 s, the transcript of which has previously been established as the least variable over a
range of zinc conditions (P. A. Walker, unpublished observation). The relative quantity of
copies was obtained using the formula: 2−ΔΔCT [23].

Table 1 Primers used in QRT-PCR

mRNA humano access
number (GenBank)

Forward Primer Reverse primer

MT 1 and 2
NM005950, X97260

GCACCTCCTGCAAGAAAAGCT GCAGCCTTGGGCACACTT

ZNt-1 NM021194 GGTGGCCAATACCAGCAACT TGTACTTCCACTGTATCACCACTTCTG

Zip-1 BC003152 AAGGGCTCTGCTGGGAACA ACCCCTGGCCCATCATG

Zip-3 XM046934 TGTGAGGGAAAAGCTCCAGAAG TTCGGCCAGCGGGTAGT

β actin CCACACTGTGCCCATCTACG AGGATCTTCATGAGGTAGTCAGTCAG

Cousins et al. 2003[22]
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Statistical Analysis

The data were processed and analyzed using SPSS software for Windows, version 15.0.
ANOVA, followed by Tukey's test was applied to compare the groups regarding the studied
variables, at a significance level of p <0.05.

Results

This study was carried out with 55 obese females that were selected according to criteria
previously described.

Anthropometric parameters and bioimpedance results used to measure body composition
are shown in Table 2. Diet analysis and plasmatic and erythrocytary zinc concentrations are
shown in Tables 3 and 4.

The mRNA expression of zinc transporter proteins ZnT-1, Zip-1 and Zip-3, and of
metallothionein are shown in Fig. 1. It can be observed that the metallothionein gene had
the highest expression in the patients that were assessed.

Discussion

This study measured the expression of zinc transporter codifying proteins and metal-
lothionein in the blood of obese female patients. The results showed that both
metallothionein and the zinc transporter proteins (Zip-1, Zip-3, and ZnT-1) were expressed
in the blood of these patients.

Genetic expression was higher for metallothionein than for the analyzed codifying genes
of zinc transporter proteins. According to Begin-Heick et al. [24] the visceral accumulation
of adipose tissue in obese patients facilitates the secretion of cortisol and pro-inflammatory
cytokines, which induces metallothionein expression.

Parameters Obese

Mean±SD

Height (cm) 154.4±6.2

Weight (kg) 92.0±16.8

BMI (kg/(m2)) 37.9±5.5

BF (%) 39.6±4.3

Table 2 Mean values and stan-
dard deviation of anthropometric
parameters and of bioimpedance
of obese patients

BMI body mass index; BF (%)
body fat percentage obtained
using bioimpedance

Energy/nutrient Obese

Mean±SD

Energy (kcal) 1798.2±430.8

Protein (g) 19.5±4.6

Lipid (g) 23.9±5.0

Carbohydrate (g) 56.5±7.3

Zinc (mg/day) 9.4±2.3

Table 3 Energy and nutrient
concentration in the diet
of obese patients

Zinc intake reference values:
EAR=6.8 mg/day (Institute of
Medicine 2001) [18]
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One important factor is the body composition of the assessed patients. These women
had high BMIs and waist circumference values greater than 88 cm, which could have
contributed to the secretion of inductors of metallothionein expression (cortisol and pro-
inflammatory cytokines). Do et al. [25] compared the genetic expression of metal-
lothionein between obese and control patients and identified higher expression of the
protein in the adipose tissue of the obese group. The high expression of metallothionein
induced by the factors mentioned above can facilitate the reduction of the zinc serum
concentrations and the redistribution of this mineral among different tissues, especially in
the liver [26, 27].

From this perspective, the compartmentalization and the metabolism of zinc in obesity have
been investigated. Begin-Heick et al. [24] verified high zinc concentrations in the adipose
tissue, liver, and muscle of obese mice. According to these researchers, the concentration of
hormones, such as glycocorticoids, normally high in obesity, would keep the levels of
metallothionein bound to zinc high, by a “sequestration” of zinc in some specific tissues.

Another important factor is the influence of dietary zinc on the biochemical parameters
of assessment of this mineral. The diets evaluated in this study had adequate concentrations
of this mineral, with an EAR value of 6.8 mg/day [18], which suggests that zinc intake was
not a determining factor for the reduced zinc concentrations found in plasma and
erythrocytes. Considering this fact, it is possible to surmise that the elevated genetic
expression of metallothionein in the obese patients was responsible for the alterations in the
concentrations of the mineral in the assessed cellular compartments.

There is a scarcity of studies on the role of zinc transporter proteins in the metabolism of
this mineral in obese individuals. The results of this study disclosed a high expression of

Table 4 Mean values and standard deviation of plasmatic and erythrocytary zinc concentration of the
sample

Parameters Obese

Mean±SD

Plasmatic zinc (μg/dl) 58.4±10.9

Erythrocytary zinc (μg/g Hb) 38.7±9.1

Plasma reference values: 75–110 μg/dL (Gibson 1990) [31]

Erythrocyte reference values: 40–44 μgZn/g Hb (Guthrie and Picciano 1994) [32]

Fig. 1 Genetic expression of
zinc transporter proteins (ZnT-1,
Zip-1 and Zip-3) and metallo-
thionein regarding the β actin
constitutive gene. AU arbitrary
unity, MT metallothionein, Values
significantly differ between MT
and other proteins, t Test
(p=0.01)
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the ZnT-1codifying gene, when compared to Zip-1 and Zip-3. Amongst the analyzed genes,
Zip-3 had the lowest expression.

Other studies have assessed the genetic expression of these proteins in specific human
blood cells. Aydemir et al. [28] determined the expression of various transporters in three
subtypes of leukocytes, and verified high expression of ZnT-1, particularly in monocytes.
These authors verified that, as well as ZnT-1, Zip-1, and Zip-3 had high expressions in
monocytes. Another study by Overberck et al. [29], demonstrated that in the peripheral
mononuclear blood cells, ZnT-1 was the transporter with highest expression, when
compared to the other transporters of the ZnT group, however, these authors did not
assess the genetic expression of the Zip family.

On the other hand, studies have proved that zinc intake can induce genetic ZnT-1
expression in human leucocytes [28, 29]. However, based on the results from the diet
records of the sample in this study, the mean daily intake of zinc was adequate, which
suggests that not diet influenced the results.

In a recent study by Smidt et al. [30] the expression of these proteins in the visceral and
subcutaneous adipose tissue of obese and non-obese patients was measured. It was shown
that the majority of transporters (Zips and ZnTs) had a higher expression in the
subcutaneous adipose tissue of the control group. According to these authors, the
differences found in the expression of the zinc transporter proteins between abdominal
and subcutaneous fat of obese and non-obese individuals, can influence the zinc transport
system in adipocytes. However, the possible mechanisms involved were not clarified.

Conclusions

The biochemical parameters assessed in this study indicate that the obese patients had an
alteration of nutritional status in relation to zinc, with lower mean plasmatic and
erythrocytary concentrations, when compared with the reference parameters. As for the
determined genes, it was confirmed that the metallothionein gene had higher expression in
obese patients when compared to the zinc transporters (ZnT-1, Zip-1, and Zip-3).

The results suggest that alterations in the concentrations of zinc in the cellular
compartments studied can be related to the higher genetic expression of metallothionein.
Further studies on the interaction between adipocytokine secretion and glycocorticoids, and
the expression of metallothionein in obese patients could help clarify the metabolism and
compartmentalization of zinc in obesity. Similarly, the participation of adipose tissue in the
expression of zinc transporter protein codifying genes in this disease needs to be
investigated further.
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