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Zinc Supplementation Improves Anticancer
Activity of Monocytes in Type-2 Diabetic
Patients with Metabolic Syndrome
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Abstract. Background: Transmembrane tumor necrosis factor
(TNF)-α, found on monocytes, is a body’s key defense against
cancer. In patients with type 2 diabetes mellitus (DM) and
metabolic syndrome, immunity is suppressed, resulting in a
high risk of several inflammatory disorders and cancer.
Patients and Methods: Seventeen patients with type 2 DM and
metabolic syndrome were supplemented with either 30 mg of
elemental zinc/day or placebo for eight weeks. Transmembrane
TNF-α-expressing monocytes and lymphocytes, and plasma
TNF-α levels were analyzed before and after supplementation.
Results: The present study revealed that zinc supplementation
significantly increased the proportion of monocytes expressing
transmembrane TNF-α. While the plasma TNF-α levels and
TNF-α expressing lymphocytes were not significantly altered
in the zinc-treated and placebo groups, higher proportion of
TNF-α bound monocytes were observed in the zinc-treated
group. Conclusion: Because functional transmembrane TNF-α
was shown to be implicated in defense mechanisms, these
findings suggest that zinc supplementation may benefit immune
response against cancer in patients with DM and metabolic
syndrome.
It is well-documented that tumor necrosis factor (TNF)-α is
an important pro-inflammatory cytokine playing a role in the
pathogenesis of several inflammatory diseases (1). TNF-α is
primarily produced by immune cells and adipocytes (2) like
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transmembrane TNF-α, which can be proteolytically cleaved
by the TNF-α converting enzyme (TACE) to soluble TNF-α
(3). In general, transmembrane TNF-α exerts biological
functions through cell-to-cell contact and cell-type-specific
manners, while the soluble form of TNF-α mediates its
functions through less specific endocrine actions (4).
Focusing on cancer, the function of transmembrane TNF-α
in inhibition of cancer progression by eliminating cancer
cells but preserving normal cells is accepted as being an
important mechanism of the defense machinery against
cancer (5, 6).
Importantly, in vivo evidence indicates that transmembrane
TNF-α leads to death of cancer cells by a safer and more
retainable antitumor activity than that of secreted TNF-α (7).
Impaired mitogen-stimulated TNF-α production from immune
cells in patients with diabetes mellitus (DM) has been
proposed (8), and this alteration may be a possible mechanism
for increased risk of cancer in these patients (9). A strategy
which increases patients’ functional transmembrane TNF-α
would be beneficial in the attenuation of infections as well as
the risk of cancer.
Metabolic syndrome is known to increase the risk of
diabetes, and the presence of such metabolic abnormalities
in patients with DM has been shown to lead to
complications, especially cardiovascular disease and cancer
(9, 10). It is interesting that an increased production of TNFα by adipose tissue was frequently found in those with
metabolic syndrome and DM (2); however, the body’s overall
defense function in such patients was poor (8, 11). Together
with the evidence indicating that plasma TNF-α could render
insulin resistance in patients with DM (12), and the
membrane-bound form of TNF-α was shown to have a more
potent role in eliminating an infection and unwanted cancer
cells (7), investigations into the levels of transmembrane
TNF-α and soluble TNF-α in patients with DM and
metabolic syndrome would benefit a better understating of
the roles of such a cytokine in pathology.
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Several nutrients and natural substances have been shown
to possess potential immunomodulating properties (13, 14).
Among those, zinc, an essential trace mineral, which plays
a vital role in growth and immune function, has garnered the
most attention. Deficiency of zinc results in growth
retardation, loss of appetite, and impaired immune function
(15-18). Interestingly, zinc supplementation has been shown
to reverse immune-related problems in many diseases (19,
20). A previous study revealed that the treatment of human
peripheral blood mononuclear cells (PBMCs) with zinc
resulted in an increased production of several immunerelated cytokines, namely interleukin (IL)-6, IL-1β, and
TNF-α (21). Moreover, an in vitro study showed that
treatments of monocytes with zinc induced cytokine
production in response to lipopolysaccharide (22).
The aforementioned information leads to the notion that
zinc supplementation might benefit the immune function of
patients with DM and metabolic syndrome. Therefore, the
present study evaluated the effects of zinc supplementation on
transmembrane
TNF-α-expressing
monocytes
and
lymphocytes and on circulating TNF-α levels in such patients.

Patients and Methods
Patients. Outpatients with type 2 DM and metabolic syndrome were
recruited from the Public Health Center 66, Health Department,
Bangkok Metropolitan. Metabolic syndrome was defined based on
the International Diabetes Federation criteria (23). The 17 patients
who agreed to participate in the study gave their written informed
consent after they received information about the experimental
procedures. This study was approved by the Ethics Committee for
Researches involving Human Subjects, Bangkok Metropolitan
Administration (Registered Number: 041.54).
Study design. This study was a randomized, placebo-controlled trial.
The patients were randomly assigned into either the experimental
group or the placebo group. The patients in the zinc-treated group
were supplemented with zinc sulfate (one capsule containing 66 mg
zinc sulfate equivalent to 15 mg elemental zinc), while the patients
in the placebo group received placebo (66 mg corn starch). The
patients in both groups were assigned to take two capsules of the
supplement daily for eight weeks. At the beginning and the end of
the study, blood samples were collected for analysis of
transmembrane TNF-α on monocytes and lymphocytes and of
plasma TNF-α level.
Isolation of PBMCs. Blood samples were drawn from antecubital vein,
and PBMCs were isolated by Histopaque density gradient (Histopaque
1077; Sigma-Aldrich, St. Louis, MO, USA). The isolated PBMCs
(1×106/ml) were finally resuspended in 1 ml of 1% bovine serum
albumin in phosphate-buffered saline (PBS) and fixed with 4%
paraformaldehyde for 10 min. After washing with PBS, the cells were
incubated with fluorescein-conjugated monoclonal antibody against
TNF-α (Sigma-Aldrich, St. Louis, MO, USA) and phycoerythrinconjugated monoclonal antibody to cluster of differentiation 14
(CD14) (Sigma-Aldrich, St. Louis, MO, USA) for an analysis of
transmembrane TNF-α on monocytes by flow cytometry.
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Biochemical analysis. Blood samples were collected at baseline and
after eight weeks of zinc/placebo supplementation to determine
complete blood count and plasma levels of zinc, fasting blood
glucose and glycated hemoglobin (HbA1c). Plasma TNF-α level was
also analyzed by sandwich enzyme-linked immunosorbent assay
(ELISA) using human TNF-α Quantikine® HS ELISA kit (R&D
systems, Minneapolis, MN, USA). The mean minimum detectable
dose according to the manufacturer protocol was 0.106 pg/ml.
Statistical analysis. The data are presented as the mean±standard
deviation (SD). An independent sample t-test was used for a
statistical comparison of data between the zinc-treated group and
the placebo group. The comparisons of the data within each group
were made using paired sample t-test. Statistical significance was
considered for those with a p-value less than 0.05.

Results
The characteristics of the patients are presented in Table I.
At baseline, our results indicated no significant differences
in patients’ characteristics, including plasma zinc and TNFα levels, between the placebo and the zinc-treated groups.
Blood cell and plasma TNF-α levels. In order to investigate
the effect of zinc supplementation on immune cells after
zinc/placebo supplementation for eight weeks, the number of
monocytes and lymphocytes, and the levels of plasma TNFα were determined. Even though our results indicate that the
level of plasma zinc in the zinc-treated group were
significantly increased from baseline (p<0.05), and such
levels were significantly higher than those in the placebo
group (p<0.05), no significant alteration was found in terms
of the number of monocytes and lymphocytes after 8-week
zinc supplementation (Table II). In addition, the results
revealed that no significant change in plasma TNF-α levels
in either the placebo or zinc groups, in comparison to the
corresponding baseline took place.
Expression of transmembrane TNF-α on monocytes and
lymphocytes. Figure 1 shows the percentages of
transmembrane
TNF-α-expressing
monocytes
and
lymphocytes. The results indicate that transmembrane TNF-αexpressing monocytes and lymphocytes at baseline were not
different between placebo and zinc-treated groups.
Interestingly, after 8-week zinc supplementation, the
percentage of transmembrane TNF-α-expressing monocytes of
patients in the zinc-treated group significantly increased from
that at baseline (p<0.05), while no change of those in the
patients of the placebo group was observed. In addition, the
percentage of transmembrane TNF-α-expressing monocytes,
week 8, of patients in the zinc-treated group was significantly
higher than their placebo counterpart (p<0.05). However, zinc
supplementation caused no significant effect on the percentage
of transmembrane TNF-α-expressing lymphocytes of the
patients in either group after eight weeks of study.
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Table I. Characteristics of the patients at baseline.
Parameter
Age (years)
Body mass index (kg/m2)
Fasting blood glucose (mmol/l)
HbA1c (%)
Plasma TNF-α (pg/ml)
Plasma zinc (μmol/l)

Placebo group (n=9)

Zinc-treated group (n=8)

57.67±10.05
25.83±1.68
7.96±1.91
7.41±1.03
1.54±0.72
11.15±0.69

58.75±10.53
26.59±1.91
7.78±3.36
7.51±1.93
1.32±0.39
11.51±0.55

Data are expressed as the mean±standard deviation (SD). HbA1c: Glycated hemoglobin; TNF-α: tumor necrosis factor-α.

Table II. The effects of zinc supplementation on plasma zinc levels, the number of monocytes and lymphocytes and plasma tumor necrosis factor
(TNF)-α levels.
Parameter

Plasma zinc (μmol/l)
% Lymphocytes
% Monocytes
Plasma TNF-α (pg/ml)

Placebo group (n=9)

Zinc-treated group (n=8)

Baseline

Week 8

Baseline

Week 8

11.15±0.69
35.83±6.99
6.16±1.78
1.54±0.72

11.17±0.69
37.91±8.44
6.02±2.17
1.52±0.84

11.15±0.55
36.18±5.63
6.88±1.90
1.32±0.39

13.16±0.48*#
39.69±7.11
6.08±1.37
1.16±0.38

Data are expressed as the mean±standard deviation (SD). TNF-α: tumor necrosis factor-α. Significant difference at p<0.05. *from baseline. #between
groups at week 8.

Discussion
This study aimed to investigate the possible role of zinc
supplementation in modulating immune functions of patients
with DM and metabolic syndrome by characterizing the
effects of such a supplementation on transmembrane TNF-α
produced by PBMCs and on circulating TNF-α. Notably, the
baseline plasma zinc levels of the patients in this study were
found to be low compared to those in healthy individuals
(24, 25). Abnormal zinc homeostasis in diabetic patients
could be explained by impaired absorption or high urinary
excretion (26). Deprived zinc status was associated with
diabetic complications (27). Maintaining plasma zinc levels
within the normal range could be accomplished with zinc
supplementation and may be beneficial in optimizing zinc
function and thus preventing complications in these patients.
This study found that 8-week zinc supplementation resulted
in improved plasma zinc levels in type-II diabetic patients
with metabolic syndrome.
It is well-accepted that circulating TNF-α is associated with
impaired glucose tolerance and increased insulin resistance
(12), while transmembrane TNF-α was shown to be
implicated in defense response against infections and cancer
(7). In fact, monocytes and macrophages exhibit cytotoxic
activity against tumor cells by the production of several toxic
molecules, including reactive oxygen species (ROS), reactive

nitrogen species, and TNF-α (7, 28). TNF-α, especially the
transmembrane form has been shown to have a dominant
impact on the inhibition of cancer progression (7). Our data
indicate that administration of zinc at a dose of 30 mg/day for
eight weeks resulted in the increase of transmembrane TNF-α
but had no effect on circulating TNF-α, implying that such
supplementation could have a positive effect on patient health
with a lesser effect on insulin-resistant status.
DM is a group of common metabolic disorders resulting
in high levels of glucose in the blood. Many factors
contribute to hyperglycemia, including reduced insulin
secretion, decreased glucose utilization, and increased
glucose production. With metabolic syndrome, patients
with type 2 DM were demonstrated to be at higher risk for
complications such as cardiovascular disease compared to
individuals without type 2 DM and metabolic syndrome
(29). The role of transmembrane TNF-α in diabetes and
metabolic syndrome is largely unknown but is currently
receiving great attention. It is generally known that the
impaired immune function often found in patients with
DM leads to increased infections and a higher incidence of
cancer (30). In case of infection, causes seem to be multifactorial and complicated. One accepted explanation is that
in DM patients this is due to defects of TNF-α expression
from monocytes (30). A previous study reported an
impaired activity in response to toll-like receptor (TLR)
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Figure 1. The expression of transmembrane TNF-α on monocytes (A)
and lymphocytes (B). *Significant difference at p<0.05.

ligands and decreased phagocytotic activity in monocytes
of type 2 diabetic patients (30). Decrease of monocytederived soluble TNF-α in response to stress, and abnormal
PBMC function were demonstrated in patients with DM
(11, 31). Consistent with the previous finding, our results
support the role of zinc in enhanced TNF-α production in
immune cells and further showed that monocytes are the
most affected immune cells in such a case.
In conclusion, our study has provided evidence, as far
as we are aware for the first time, that zinc
supplementation in patients with DM and metabolic
syndrome may be beneficial since it significantly enhances
transmembrane TNF-α expression on monocytes while
having only a minimal effect on lymphocytes and the
circulating level of TNF-α. These data may support the use
of zinc in patients with DM.
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