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Zinc, aging, and immunosenescence: an overview
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Zinc plays an essential role in many biochemical pathways and participates in several cell functions, including

the immune response. This review describes the role of zinc in human health, aging, and immunosenescence.

Zinc deficiency is frequent in the elderly and leads to changes similar to those that occur in oxidative

inflammatory aging (oxi-inflamm-aging) and immunosenescence. The possible benefits of zinc supplementation

to enhance immune function are discussed.
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T
he importance of micronutrients in nutrition and

human health is unquestionable and, among them,

zinc (Zn) is an essential trace element whose

importance has been especially prominent in the current

literature. Its deficiency can play an important role in the

aging process and in the etiology of several age-related

chronic illnesses such as atherosclerosis, degenerative

diseases of the nervous system, immunosenescence, and

cancer (1). Zinc is involved in the maintenance of many

homeostatic mechanisms, including efficiency of the

immune system, acting as a structural and regulatory

catalyst ion for the biological activity of many enzymes,

proteins, and signal transcription factors, as well as cell

proliferation and genome stability (2).

Biological aging is a complex process that, in humans,

is associated with changes in all cells, especially in the

immune system. Immunosenescence is characterized by a

progressive abnormal regulation of immune responses

(innate, adaptive) that causes a low-grade inflammatory

systemic condition, susceptibility to infections, and a lower

efficacy of vaccines (3,4). Currently, much of the physical

and biological characteristics of aging are being explained

by the unbalance among oxidizing mechanisms (free

radicals, oxygen reactive species), antioxidant defenses

(5), and inflammatory and antiinflammatory mechanisms.

This results in a low-grade, pro-inflammatory state, referred

to as inflammatory aging (‘inflamm-aging’) (6).

The main objective of this review is to approach the re-

cent updates on the role of zinc in human health, the aging

process, and immunosenescence. The PubMed, Hinari,

Ebsco, Embase, and Dinamed international data bases

were searched using the descriptors zinc, zinc and immu-

nosenescence, zinc and aging, zinc and the immune

responses, and zinc supplementation. The searches were

conducted between July and December 2013; 968 pub-

lished articles were found, of which 106 articles that

matched the required criteria for the topics included in

this review were used. The searches were limited to studies

published in the English language, and the priority was

articles with systematic review, randomized clinical trials,

and clinical reviews.

Homeostasis of zinc
The intracellular homeostasis of Zn (Fig. 1) is regulated by

buffer proteins called metallothioneins (MT) which act as

storage and transporting proteins of Zn (ZnT and ZIP

families) that mediate the sign spotting of intracellular

zinc, assigning this element the role of the ‘second

messenger’ (7). The release of ionic Zn is produced through

the reduction of thiol groups in the MT molecule. The

homeostasis of Zn is altered in the aging process in part as a

result of nutritional deficiency common in the elderly,

causing them to have decreased levels of this ion (8) and,

in addition, high MT levels that cause the sequestration of

zinc. This leads to less availability of intracellular ionic Zn

(9). Zinc ions are closely linked to various structural and

catalytic proteins, enzymes, and transcription factors

activated by signal transduction pathways, especially in
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cells of the immune system. Possible cellular targets of

zinc include phosphatases, phosphodiesterases, caspases,

kinases, and transcription factors such as nuclear factor

kappa B (NF-kB) (10).

Zn activity is genetically regulated as shown by

microarray analysis of the total blood ribonucleic acid

(RNA) that reveals genes that respond to Zn, particularly

those associated with the regulation of the cellular cycle

and immune responses. The micronutrients (Zn, Cu,

Fe, Mn) play a pivotal role both in maintaining and

reinforcing immune and antioxidant performance and in

affecting the complex system of genes implicated in

encoding necessary proteins for a correct inflammatory

immune response (11,12).

Zinc in human health
The importance of zinc for humans was acknowledged in

the Middle East (Iran, Egypt), in the early 1960s, in

patients with growth retardation, hypogonadism, hepa-

tomegaly, splenomegaly, dry and wrinkled skin, and

severe iron deficiency anemia (13). Patients with Zn

deficiency had severe immune dysfunction because of

which they died from opportunistic infections before the

age of 25 (14). In recent years, the data about the effects

of Zn deficiency and its supplementation in human health

disorders has increased. Zn deficiency causes dysfunction

of humoral and cell-mediated immune responses and

increases susceptibility to infections. It has also been

related to diarrheic diseases with therapeutic benefits

being reported in acute diarrhea in children (15,16). A

recent review (17) indicates that the Zn supplementation

produces reduction in diarrhea and pneumonia mortality

in children aged less than 5 in developing countries. There

have also been reports of benefits with regard to other

illnesses such as enteropathic acrodermatitis, Wilson’s

disease (in asymptomatic and pre-symptomatic stages),

chronic hepatitis C, shigellosis, leprosy, leishmaniasis,

and the common cold (18,19).

Current investigations suggest that Zn deficiency

increases the risk of neurodegenerative disorders, affecting

neurogenesis and increasing neuronal apoptosis, which

can cause deficiency in learning and memory. This links

Zn deficiency to cerebral aging, depression, Parkinson’s

disease, and Alzheimer’s disease (20�22). It has been

postulated that the increased intake of inorganic copper in

drinking water can be important in the pathogenesis of

Alzheimer’s disease. The elevation of the levels of Zn leads

to a decrease of copper levels. It has been reported that

the treatment with Zn offers protection to patients older

than 70 years against the cognitive decline by decreasing

the levels of free copper (23). A clinical essay indicates

more improvement of symptoms in patients suffering

from depression supplemented with Zn and antidepres-

sants than in those who were administered a placebo and

antidepressants (24).

Several studies have revealed an association between Zn

intake and gastrointestinal cancer. A systematic review

of 19 studies up to April 2013 that included 400,000

participants pointed out that a larger intake of zinc led to a

reduced risk of colorectal cancer, and a small intake of this

microelement was linked to a higher risk of esophageal�
gastric cancer in Asia but not in Europe (25). Some authors

talk of a possible link between the trace elements copper

and zinc (mostly an increase in their association) and the

transitional cell carcinoma of the bladder (26,27).

Other studies indicate that Zn can be effective in

decreasing the risk of incidence of ocular diseases corre-

lated to aging (28) and the progression of age-related

macular degeneration (29). The role of Zn in the distortion

of the sense of taste in the elderly is still being discussed

(30). In addition, Zn supplementation has proven to be

beneficial in decreasing the incidence of infections in the

elderly (18) and in sickle cell anemia patients (31).

Abnormal T cell regulation of the inflammatory
immune response in aging
The immune system develops significant changes related

to age (immunosenescence), which manifest both in innate

and adaptive immunity, but they are mainly reflected in
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alterations in the bone marrow and in the thymus that

cause a change in the composition of the immune cell

repertory. This is more significant in T cells (32�34).

Studies performed in healthy octogenarians and non-

agenarians have identified an immune risk profile (IRP)

of immunosenescence that is distinguished by high

numbers of CD8�T cells and low numbers of CD4�T

cells (inversion of the index CD4�/CD8�), an increase

in the number of dysfunctional and differentiated term-

inal T cells that were previously exposed to antigens

(effectors and memory cells) and the exhaustion of cells

that are capable of recognizing and neutralizing new

antigens (native or virgins cells) (35�37). Currently, it is

being argued whether these changes arise from an

intrinsic abnormal regulation of the aging process or

from a response to a lifelong continued exposure of the

immune system to external stimuli such as infections or

other antigenic stimulants (38,39).

In other words, immunosenescence is explained by two

hypotheses that are not mutually exclusive: first, the

anatomic�physiological decrease of the immune system

with aging (intrinsic abnormal regulation) produced, in

particular, by the involution of the thymus gland and the

decrease of the capacity of auto renovation of the cells of

the bone marrow (40,41), and second, the decay that

is produced in the immune system due to a lifelong

exposure to prolonged or latent infections (42�44) and to

a chronic antigenic stimulation (45).

Oxidative inflammatory aging (oxi-inflamm-
aging)
Several studies show evidence that a systemic low-grade

inflammation characterizes aging with several inflamma-

tory markers, which are significant predictors of mortality

in the elderly (46,47). Currently, it is being postulated that

immunosenescence is associated with oxidative stress in

such a way that the oxidation of proteins alters function-

ality of immune cells; how this oxidative stress contributes

to the chronic inflammatory process is known as oxi-

inflamm-aging (48). The oxi-inflamm-aging theory states

that oxidative stress associated with aging affects all of the

organism’s cells, but particularly the cells of regulatory

systems (nervous, endocrine, and immune). As a result,

there is an inability to preserve redox balance resulting in

functional losses that limit the preservation of home-

ostasis. In the immune system, these changes would be

associated with immunosenescence. Activation of impro-

perly regulated transcription factors stimulates the ex-

pression of genes that program the production of large

quantities of oxidative and inflammatory compounds

(cytokines) (49�51).

Other authors believe that inflammatory aging is a

consequence and not a cause of immunosenescence. In this

sense, it is pointed out that abnormal immune regulation of

CD4� T helper cells in advanced age has been suggested

to cause an imbalance of TH1 and TH2 cytokines, with an

increase in pro-inflammatory cytokines such as IL-6, IL 1,

IL 8, and IL 18, and consequently a chronic systemic

inflammation at ‘low intensity’ (52,53).

Role of zinc in aging and inmunosenescence
Zn is an essential micronutrient required in many cellular

processes especially in the normal performance and

functioning of the immune system (54). Zn deficiency

causes significant decline in the innate and adaptive

immune responses and promotes systemic inflammation

(55,56). The human adult has a total body content of 2�3 g

of Zn, and around 1% of it is replaced daily (57).

The recommendations of daily requirements of Zn vary

according to different authors and regions. In Spain,

15 mg of elementary Zn for men and 12 mg for women are

recommended (58). The daily intake recommended by

several reviews for people aged more than 70 are 11 mg for

males and 8 mg for women with 40 mg being the top

tolerable dosage (56,59). Nine European reports indi-

cate needs of Zn that range from 7 to 14 mg in males and

4.9�9 mg in women (60). Elderly people are a particularly

susceptible population to zinc deficiency. Although to this

day data are insufficient to determine the frequency of Zn

deficiency in the elderly (61), it has been estimated that

people older than 65 have an intake of zinc below the 50%

recommended level (2). A recent study in a group of 102

elderly European people revealed that 44% of them had Zn

deficiency and 20% had high Zn deficiency (62).

Zn deficiency is quite common in elderly, frail people

since they often avoid meats and other foods that contain

this metal to avoid increasing blood cholesterol levels. In

addition, they increase the consumption of refined wheat

products deficient in Zn and other fiber-rich foods that

contain fitates, which limit the intestinal absorption of this

trace element (61,63). Other causes of deficiency of this

micronutrient in the elderly include inadequate food

chewing, intestinal malabsorption, psychosocial factors

such as depression, pharmacologic interactions, and altered

subcellular processes (zinc carriers, metallothioneins, diva-

lent metal carrier-1) (2,64). A study performed at nursing

homes detected that the lowest serum levels of zinc were

found in those patients whose daily life activities were

greatly compromised, such as being bed ridden, a low body

mass index, and/or increased cognitive decline (65).

Age-related conditions may be related to Zn deficiency

by the alteration of intracellular Zn homeostasis, because

metallothioneins are unable to release zinc, and trans-

porting proteins (ZIP families) are defective resulting in a

low content of intracellular Zn (7). The upregulation of

the ZIP genes has some influence in the entrance of Zn

into cells, which is more pronounced in lymphocytes from

young adults than in lymphocytes from old donors (66).

Metallothioneins are antioxidant proteins that release

Zn ions for several proteins and enzymes implicated in
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antioxidant responses and in the restoration of DNA. In

several models of senescent cells, a decreased expression

of metallothioneins and intracellular Zn takes place (67).

There is a significant parallel between changes described

in immunosenescence and those that are associated with

Zn deficiency, among them a reduction of thymus activity

and its hormones, a deviation of T helper cells to type TH2

cell activity, a decrease of the response to vaccines, and a

deterioration of innate immune cell (phagocytes and NK

cells) function (8). The role of Zn and metallothioneins is

crucial as they affect NK/NKT development and function.

In particular, some of the polymorphisms of metallothio-

neins are involved in maintaining the innate immune

response. The availability of intracellular Zn in aging,

many times decreased, compromises this response (68). It

has also been demonstrated that Zn deficiency decreases

the thymic hormone thymuline, which is necessary for the

maturation of T helper cells. This, along with the deviation

of the function of TH1 to TH2, causes dysfunction of the

immune response mediated by cells (69). Zn is involved in

the genetic expression of melatonin recipients and in the

proliferation and apoptosis of cells of the thymus and the

reactivation of thymuline (70).

Currently, Zn is regarded as a molecule of intracellular

signposting, that is, its status becomes altered in response

to an extracellular stimulus, acting like a neurotransmitter

(71,72). Two types of intracellular signaling of Zn have

been identified: an early one, which is induced directly

by an extracellular stimulus, and a late one, that depends

on changes of expression of the zinc carriers (73,74). In

immune cells, the signaling of intracellular Zn modulates

its activity (75,76) through the inhibition of NF-kB, a

transcription factor that can control many genes of

immune response (77,78). In its latent state, NF-kB is

sequestered in the cytosol by inhibitory protein IkB, and it

is stimulated through the activation of the Ik kinase (IKK)

mediated by Zn (79). In cell culture studies, it has been

observed that Zn leads protein A 20 that inhibits the

enzyme IkB kinase (IKK). This enzyme is capable of

inactivating NF-kB, causing a decrease of inflammatory

cytokine generation (13,80).

The zinc carrier (ZIP 8) is a transcriptional target of

NF-kB and negatively regulates the inflammatory res-

ponse through modulation of the activity of IKK (80).

Recent opinions suggest that during evolution, host

defenses and the aging process have been intimately linked

with the mechanisms and defensive factors related to the

NF-kB system suggesting a common point between aging

and immunosenescence (81). As part of new techniques of

cell therapy, the induction of metallothioneins provides

better protection of the cells because they act as antioxi-

dant, antiinflammatory, and anti-apoptotic agents, in-

creasing the transcriptional regulation of genes implicated

in proliferation and cell differentiation (82). Experimental

studies in mice, in particular mice with Zn deficiency, have

consistently proven that expression of ZIP 8 is remarkably

induced in immune innate cells at the beginning of in-

fections with a concomitant increase of signals mediated

by NF-kB. This was associated with increased inflamma-

tion and an increase in the severity of sepsis (83).

A system of signals has been described in monocytes

where a complex interaction occurs among Zn, nitric

oxide, cyclic nucleotide signaling, and the IL-1 receptor

associated with kinase-1. These act against the produc-

tion of inflammatory cytokines (84). Also, the function of

dendritic cells is affected by disorders in the homeostasis

of Zn implicating the transporting proteins (ZIP) during

the upregulation induced by lipopolysaccharides and stimu-

lating molecules (85). A study on the effect of Zn ions in

the promonocytic leukemia HL-CZ cell line showed that

treatment with Zn caused the release of chemokine and

inflammatory cytokines through activation of multiple

transcription factors related to the immune response (86).

Figure 2 illustrates the role of Zn as a signal molecule in

the immune system.

Immune cells show a decline in function when there is a

decrease in Zn content. Cytotoxicity decreases in mono-

cytes, phagocytosis is reduced in neutrophils, and in B cells

apoptosis increases and standard functions of T cells

deteriorate, but auto reactivity increases. This has been

demonstrated in cell culture studies where the concentra-

tions of Zn vary from 100 to 500 mmol (87). B and T cells

with zinc deficiency reveal different patterns of reaction

compared to Zn-sufficient cells, consistent with a strong

proliferative response followed by stimulation of IL-6 and

IL-2 in the first case, with less proliferation followed by

stimulation of IL-4 in the second case (88). The closest

link among aging, immunosenescence, and Zn deficiency

seems to be through the oxi-inflamm-aging process.

It has been documented that Zn deficiency increases

oxidative stress and causes the generation of inflamma-

tory cytokines, such as IL-1b IL-2, IL-6 and TNF a
(1,10,13,14,19,53,61,62,89,90), both in vitro and in vivo.

Bao et al., using models of sepsis in small animals,

noticed that Zn deficiency increased the number of

bacteria and the activity of NF-kB in vital organs,

including the lungs, with an increase in inflammation,

pulmonary damage, and mortality. Zn supplementation

right after the initiation of sepsis reversed these effects

(91). Wong et al. also found in their studies on aged rats

that Zn deficiency, particularly the reduction of intracel-

lular Zn in immune cells, was associated with an increase

in inflammation with increasing age (92).

Zinc supplementation in humans
There have been few studies on the effects of Zn sup-

plementation on the human immune response. A clinical

trial that included 55 people of both genders (aged between

57 and 87) who were supplemented daily with 45 mg of

oral elementary zinc for 12 months reported that the
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incidence of infections and the generation of oxidative

stress markers and inflammatory cytokines were remarka-

bly lower in the supplemented group than in the control

group (93). Zn deficiency is common in adults suffering

from sickle cell anemia. In a study that included 36 sickle

cell patients, half received 25 mg of oral Zn once a day

for 3 months and the rest a placebo. In the supplemented

group, the incidence of infections and the induction of

inflammatory cytokines (TNF a, IL-1 b) decreased, while

the antioxidant power increased (as shown by a decrease in

plasmatic nitrate and nitrite and the products of oxidation

of lipids and DNA) (31).

An observational study performed including 420 resi-

dents of nursing homes in Boston compared the ones who

had low levels of plasmatic Zn (B70 mg/dL) with those

with normal levels (]70 mg /dL). In those who had normal

concentrations of zinc, the incidence of pneumonia was

lower and of decreased duration, with less prescription

of new antibiotics, fewer days with the use of antibiotics,

and reduction of all causes mortality, compared with the

low level group (94). To demonstrate the antiinflammatory

and antioxidant effects of Zn, a double-blind randomized

trial was performed in 40 people aged 56�83, distribu-

ted in a group that received 45 mg of oral Zn gluconate

for 6 months and another that received a placebo. In

the supplemented group, the inflammatory cytokines

(PCR, IL 6) and the markers of oxidative stress (secretory

phospholipase A, malondialdehyde, hydroxyalkenals) de-

creased (95). In a study of long-term hemodialysis patients

who had concentrations of serum Zn below the normal

(B80 mg/dL), those who were supplemented with Zn for

8 weeks showed remarkably larger percentages of CD4
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Zinc, aging, and immunosenescence: an overview

Citation: Pathobiology of Aging & Age-related Diseases 2015, 5: 25592 - http://dx.doi.org/10.3402/pba.v5.25592 5
(page number not for citation purpose)

http://www.pathobiologyofaging.net/index.php/pba/article/view/25592
http://dx.doi.org/10.3402/pba.v5.25592


and CD19 lymphocytes, a higher proportion of CD4/CD8,

and a decrease in the proportion Cu/Zn and of the

oxidative stress and the inflammatory response (96).

The nutritional state of Zn can influence response to

vaccination. A cross-sectional study of 80 elderly people

who were inoculated with pneumococcal vaccine revealed

that in those who prior to the vaccination had higher levels

of Zn, the immune response (IgM) to the vaccine increased

by over 10% (97). The supplementation of Zn in children

with heart disorders vaccinated against influenza had

beneficial effects in decreasing their discomfort (98), which

is one of the adverse effects of this vaccine, and also

decreased the serum levels of TNF-a. However, in another

clinical study in which 140 elder people were vaccinated

against hepatitis B, those who were supplemented with

Zn sulfate did not show benefits in increasing immunity

levels (99).

In an updated systematic review of Zn fortification in

diet, only 11 studies were found including 771 partici-

pants, mainly children, none on the elderly, with reports

of growth rate increase, mostly in those with low weight

at birth (100). Efforts have been made to determine the

effects of Zn supplements in diarrhea and pneumonia in

children where they have demonstrated beneficial effects

(18,101).

Other difficulties arise in planning the supplementation

of Zn in the elderly, the daily needs vary among popula-

tions, the therapeutic dosages are not standardized, and

over-administration of Zn can cause toxic effects and side

effects on immunity (102). Zn toxicity is relatively unusual.

High dietary intake can cause nausea, vomiting, epigas-

tric pain, lethargy, fatigue, and a decline in the immune

response, hypocupremia, neutropenia, macrocytic anemia,

and sideroblastic anemia (59,103). Currently, it is thought

that the evaluation of nutritional Zn is complex due to the

fact that the biochemical measurements of this element

have limitations in sensitivity and specificity (57). Re-

cently, the measurement of Zn concentrations in finger-

nails has been used in a unique study in the elderly with

and without Alzheimer’s disease, but without finding

significant differences between these two groups (104).

Some authors consider that the selection of elderly people

for the supplementation of Zn must be based on low blood

concentrations. It is necessary to take into account the

genetic background in relation to the polymorphisms

of metallothioneins and IL-6. Elderly people who are

bearers of the genotype GG (called C negative) in locus IL

6-147G/G develop high levels of IL-6 and metallothio-

neins, low contents of intracellular Zn, and deterioration

of immunity and are the most adequate for Zn sup-

plementation. The bearers of genotypes GC and CC

(named C positive) have a satisfactory content of intra-

cellular Zn, and its supplementation can be inappropriate

(2,7,105).

Areas of uncertainty for further investigations
Based on what has been investigated thus far, some

gaps remain which might be approached in future

investigations.

1. A wide field is open relating to nutritional aspects

that involve Zn as an essential trace element,

and the clinical and biochemical aspects of its
deficiency that contribute to a better evalua-

tion and more precise determination of plasma

concentrations.

2. The research on the pathogenic mechanisms of

Zn deficiency in aging, frailty, immunosenes-

cence, and age-related chronic and degenerative

diseases should be continued, in addition to the

search for possible therapeutic targets.
3. Clinical trials related to the effects of Zn and its

deficiency in the health of the elderly are needed.

4. There is a need for more precise determination

of elderly people at risk for Zn deficiency and

compounds and ideal dosage for the supplemen-

tation of this element.

5. Further studies are needed to determine the

efficiency of Zn in fighting infections in the
elderly.

Conclusion
Zn is an essential micronutrient for human health in

general, and particularly for the elderly, with evidence in

cell culture experiments of its involvement as a signaling

molecule in the oxidation and inflammatory process that

occurs in cell senescence and in immune system dysfunc-

tion. Although the body of proof is limited in determin-

ing the efficacy of the supplementation of Zn in the

prevention and treatment of infections and degenerative

processes that accompany old age, promising perspectives

are open in the homeostatic regulation of this trace

element as a therapeutic objective and an attractive field

of anti-aging research. Current evidence suggests that

educating the elderly to consume an appropriate diet with

foods that contain the necessary Zn requirements would

be a health-promoting activity. Clinically, we should not

lose sight of the nutritional demands of geriatric patients,

taking into account the elements discussed in this review,

which possess indisputable practice value.
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