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Zinc is an essential trace element playing fundamental roles in cellular metabolism. It acts mostly by binding a wide range of proteins,
thus affecting a broad spectrum of biological processes, which include cell division, growth and differentiation. Zinc is critical to a
large number of structural proteins, enzymatic processes, and transcription factors. Zinc deficiency can result in a spectrum of clini-
cal manifestations, such as poor of appetite, loss of body hair, altered taste and smell, testicular atrophy, cerebral and immune dys-
function, and diminished drug elimination capacity. These are common symptoms in patients with chronic liver diseases, especially
liver cirrhosis. The liver is the main organ responsible for the zinc metabolism which can be affected by liver diseases. On the other
hand, zinc deficiency may alter hepatocyte functions and also immune responses in inflammatory liver diseases. Liver cirrhosis rep-
resents the most advanced stage of chronic liver diseases and is the common outcome of chronic liver injury. It is associated with
energy malnutrition, with numerous metabolic disorders, such as hypoalbuminemia, with imbalance between branched-chain amino
acids and aromatic amino acids, and with reduced zinc serum concentrations. All these processes can influence the clinical outcome
of patients, such ascites, hepatic encephalopathy and hepatocellular carcinoma. In the present review, we summarize the emerging
evidence on the pitoval role of zinc in the pathogenesis of liver cirrhosis.
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CONCISE REVIEW

INTRODUCTION

Zinc is an essential trace element exerting important
antioxidant, anti-inflammatory, and apoptotic effects. It is
an essential micronutrient playing fundamental roles in
cellular metabolism, acting mostly through binding a wide
range of proteins and thus affecting a broad spectrum of bi-
ological processes.1

Influencing the molecular functions of many proteins
in cell metabolism and signal transduction, zinc is in-
volved in proliferation, differentiation, and apoptosis and
of cells with profound implications for healthy growth,
renewal, and repair of cells.2 Zinc-binding proteins repre-
sent about 10% of the human proteome, with more than
300 enzymes having zinc ions within their catalytic do-
mains.1

In addition, zinc has extensive roles in both the adap-
tive (specific) and the innate (non-specific) immune re-
sponse at multiple levels, including gene expression as

well as differentiation and development of immune cells
that either affects the cells.3

The implications of zinc biology for human health are
enormous as about half of the world’s population is be-
lieved to be at risk for zinc deficiency.4 The World Health
Organization (WHO) has identified zinc deficiency as the
fifth most important risk factor for morbidity and mortali-
ty in developing countries.5

Zinc deficiency can result in a spectrum of clinical
manifestations. The liver is the main organ responsible for
the zinc metabolism, and various liver diseases may be in-
fluenced by zinc deficiency. Symptoms, such as poor ap-
petite, loss of body hair, altered taste and smell, delayed
wound healing, testicular atrophy, immune dysfunction
and diminished drug elimination capacity are common in
patients with chronic liver diseases, especially cirrhosis.6

Cirrhosis and its complications, ascites, hepatic en-
cephalopathy (HE), variceal hemorrhage, infections and
not at least the hepatocellular carcinoma (HCC) represent

The Official Journal of the Mexican Association of Hepatology,
the Latin-American Association for Study of the Liver and

the Canadian Association for the Study of the Liver

Manuscript received:Manuscript received:Manuscript received:Manuscript received:Manuscript received: September 21, 2015. Manuscript accepted:Manuscript accepted:Manuscript accepted:Manuscript accepted:Manuscript accepted: October 20, 2015.

DOI:.10.5604/16652681.1184191



Grüngreiff  K, et al.  ,     2016; 15 (1): 7-168

the end in the spectrum of chronic liver diseases, irrespec-
tive of aetiology.

In the present review, data on zinc homeostasis, its im-
plication in the pathogenesis of liver cirrhosis and
complications, especially ascites with malnutrition, HE,
and HCC, and its therapeutic effects are summarized.

Roles and functions of zinc

Zinc plays a key role in numerous biochemical and
physiological processes. It is an essential component of
more than 300 different enzymes and owes its catalytic ef-
fect to its direct involvement in substrate conversion and
the stabilization of enzyme structure. Zinc exerts structur-
al effects on several transcription factors and regulates
hormone, hormone receptor and gene expression. It also
has a proven influence on metabolism, growth and devel-
opment.7 Moreover, zinc plays an important role as a sec-
ond messenger and signaling ion, and affects redox
metabolism. The cell-damaging oxidative stress that can be
the result of a zinc deficiency is a fundamental principle.7

Although the Zn++ ion is redox-inert, it has important
antioxidant properties.8 The protection through antagoniz-
ing redox-active transition metals like copper and iron,
and the protection of protein sulfhydryl groups from oxi-
dative damage are among the most important antioxidant
properties of zinc.9 Moreover, zinc is important in the
metabolism of neurotransmitters and growth, sexual and
thyroid hormones, as well as storage of insulin (zinc
insulin complex) in the Langerhans cells of the pancreas
(Figure 1).10-14

Subject of present investigations are the multiple func-
tions of Zn++ ions. Zn++ ions, apparently not protein
bound, are found in many cells, predominantly in intrac-
ellular compartements.15 They are messengers in cellular
control, and in intra- and intercellular communication.16

Zinc is the most abundant intracellular trace element
and can be found in all tissues. Muscle and bone contain
the largest quantities of zinc, accounting for 85% of the
body’s stores of this trace element, followed by skin and
liver, which together make up an additional 11%. The re-
mainder is distributed across other tissues. The body of an
adult weighing 70 kg contains a total of 2-3 g of zinc.17 The
zinc content in diets typically consumed in industrial na-
tions is generally adequate to supply this requirement. A
diet including meat is considered rich in zinc. More im-
portantly, meat contains zinc in an easily absorbed form.18

Zinc is an important regulator of different caspases, a
family of cysteine proteases that drives apoptosis, the pro-
grammed demise of cells.19 Zinc impacts the activation and
inhibition of various molecular processes. As a compo-
nent of intracellular signal molecules, zinc is able to mim-
ic the effects of hormones, growth factors and cytokines.20

In addition, zinc serves as an important intracellular sec-
ond messenger, similar to calcium. The stability of free in-
tracellular Zn++ ions exerts a decisive effect on the
development and progression of many diseases.21 Intracel-
lular zinc homeostasis is subject to the control of numer-
ous proteins. The existence of such controls underscores
the crucial importance of zinc.22 Metallothioneins and
zinc transporters are the main components in this process.
Metallothioneins are important for the absorption and
storage of zinc.22 A distinct group of zinc transporters fa-
cilitate the influx and efflux of zinc through the cell mem-
brane.23

To date, a total of 10 zinc transporters (ZnT, SLC30
family) and 14 Zip transporters (Zip, SLC39 family) have
been identified in human cells. ZnT reduce the intracellu-
lar availability of zinc by accelerating the zinc efflux from
the cell or into intracellular vesicles, while Zip increase
the intracellular zinc availability by accelerating the influx
of extracellular zinc and possibly by triggering the out-
flow of zinc from intracellular vesicles into the cyto-
plasm.24 Both transporter types have a specific tissue
expression with different responsibilities in the regula-
tion of nutritionally-induced zinc deficiency or oversup-
ply and in the regulation of physiological stimuli, such as
hormones or cytokines. Moreover, zinc transporters coor-
dinate the subcellular, cellular and organelle-based trans-
location of zinc ions.25

Zinc ions are released from proteins in a zinc-thiolate
coordinated milieu or from stores in cell organelles
through specific reactions involving zinc transporters.26

Targets for regulatory zinc ions are proteins with docking
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sites for transient zinc binding such as membrane recep-
tors, enzymes, protein-protein interactions and sensor
proteins that control gene expression.26

The initiation, transmission, targeting and termination
of zinc signals depend on specific proteins that control as-
sociation and dissociation of metal ions. These recent
findings confirm the important functions of zinc and zinc
metalloproteins in cellular control.26

According to studies by Foster, et al.27 the expression of
zinc transporter genes (mRNA of ZnT1 and Zip1) is
highly regulated but independent of dietary zinc intake.
This study included the evaluation of zinc transporters ex-
pression in combination with an analysis of zinc intake
and plasma zinc concentrations. The expression of zinc
transporter mRNA varied considerably between individu-
al transporters. ZnT7, ZnT1 and Zip1 were most fre-
quently expressed. Ultimately, this also raised the
question whether zinc transporter analyses can be used as
a surrogate indicating intracellular zinc deficiency, analo-
gous to the use of ferritin in iron deficiency. Further re-
search will be necessary to definitively answer this
question. Abnormalities of zinc metabolism also affect the
function of mitochondria. Thus may result in DNA dam-
age, birth defects and developmental disorders. An oxida-
tive environment heightens the cellular availability of zinc
ions while a reductive milieu reduces this availability.24 It
has been suggested that a disturbance of zinc’s antioxidant
function in persons with zinc deficiencies may increase
their sensitivity to factors that damage the DNA and, in
turn, reduce the protective mechanisms of DNA repair
mechanisms.28

Zinc metabolism in the liver

As the main organ involved in zinc metabolism, the liv-
er plays an important role in maintaining systemic zinc
homeostasis. Subsequently, liver diseases can alter zinc
levels and, in turn may be influenced by zinc deficiency.29

Zinc release from hepatocytes is differentially regulated.
Turnover studies using 65Zn++ showed that complete ex-
change of zinc in hepatocytes requires less than two days.30

The regulatory processes depend almost completely on
hormonal control by insulin, glucagon and the glucocorti-
coids.31 Depending on the metabolic situation, these sub-
stances trigger a transient dysregulation of zinc
metabolism with subsequent plasma zinc deficiency.
Stress or mediator substances, like proinflammatory cy-
tokines or lipopolysaccharides, can have similar effects.
Changes in zinc status directly affect gene expression. For
example, mRNA levels for metallothionein, cholecystoki-
nin, uroguanilin, endothelin, retinol-binding protein etc.
rise or fall in response to changes in zinc concentra-
tion.47,48 Zinc deficiency affects different hepatic functions

and, because of the liver’s central role in metabolism, this
impacts metabolic processes in other organs (32, for de-
tails see reference 6).

There are tight interactions between metallothionein,
an acute-phase protein, and zinc. Metallothionein is im-
portant for the absorption, distribution and intracellular
accumulation of zinc; in addition, the increased intake of
zinc triggers an increase in metallothionein synthesis.
Close interactions have also been identified between zinc
and interleukin-6 (IL-6), one of the most important pro-
inflammatory cytokine regulating the acute-phase genes.
The effects of zinc in the hepatic synthesis of acute-phase
proteins, in the regulation of gluconeogenesis and in the
control of reactive substrates (e.g. nitrogen monoxide) or
hydrophilic radicals, as well as the control of microbial
growth, are all functions of IL-6. It regulates the zinc
transporter Zip14 in the liver, thus contributing hypozin-
cemia during the acute-phase reaction.33

Zinc transporters also appear to play a key role in the
hepatocytes, though considerable gaps in our under-
standing remain. To date, the regulatory effects of IL-6
have been identified for ZnT5 (e.g. bone growth) and
with robust data also for Zip5 and Zip6 (mammary
gland, prostate, steroid hormones). Zip14 is involved in
IL-6’s induction of hypozincemia during inflammatory
processes. Interacting with IL-6, Zip14 also influences
serum iron (hypoferritinemia) in the context of inflam-
matory processes by modulating the synthesis of hepci-
din in the liver.34 Zip14 triggers the uptake of both zinc
and non-transferrin-bound iron (NTBI).35 Patients
with hereditary hemochromatosis have significantly ele-
vated NTBI concentrations that may ultimately lead to
iron overload of the liver, pancreas, heart, bones and
other organs with resulting severe damage to these tis-
sues (hepatocellular carcinoma (HCC), cardiomyopa-
thy, diabetes mellitus, etc.). There is also evidence for a
direct effect of the HFE gene, which underlies heredi-
tary hemochromatosis, on Zip14-mediated iron trans-
port.35 According to our current understanding, the
transporter Zip14 mediates hepatic uptake of zinc dur-
ing liver regeneration.36 These findings indicate that
zinc transporter activity regulates liver tissue growth by
providing zinc. Regulating Zip14 activity might there-
fore represent a potential therapeutic target to promote
liver regeneration in patients with chronic liver disease.
However, Zip14 also plays a critical role in the devel-
opment of tumors, such as HCC. Franklin, et al.37 ob-
served downregulation of Zip14 together with zinc
depletion in tumor cells in patients with HCC that ac-
celerates in relation to tumor progression. The authors
conclude that Zip14 is involved in the reduced ability
of tumor cells to take in zinc (as outlined below in
more detail).
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Zinc deficiency and liver diseases

Zinc deficiency or an altered zinc metabolism in pa-
tients with liver disease is caused by a variety of factors,
such as inadequate intake changes in the protein and amino
acid metabolism, diminished hepatic extraction, porto-
systemic shunts, alcohol induced impaired absorption,
and the effects of cytokines, mainly IL-6 and endotoxins
(Table 1. For details see reference 6).

Severe muscle catabolism can lead to a substantial loss
of zinc in the urine.38 Cirrhotic patients with ascites are
catabolic and show massive reduction of muscle. Diuretic
therapy in patients with cirrhosis and ascites results not
only in an increased renal zinc excretion but also to re-
duced serum albumin and reduced capacity of albumin to
bind zinc.39

Many of the clinical features of liver cirrhosis have
been linked to zinc deficiency, including loss of body
hair, testicular atrophy, cerebral dysfunction, poor appe-
tite, immune dysfunction, altered taste and smell, reduced
vitamin A and thyroid hormone metabolism, altered pro-
tein metabolism, delayed wound healing and diminished
drug elimination capacity (Table 2. For details see refer-
ence 6). There is a wide range of possible pathomecha-
nisms of zinc deficiency in liver cirrhosis. Zinc
deficiency can lead to oxidative tissue damage and/or the
modulation of selected signaling cascades in the liver.40

Zinc deficiency may also induce oxidative stress9 and sub-
sequent conditions such as vulnerability to hepatitis, loss
of acute-phase response protection against hepatitis and li-
pid oxidation. By altering the redox state, zinc deficiency
compromises the functioning of oxidative-sensitive tran-
scription factors that can affect cell function, proliferation
and survival.41-43

Zinc deficiency can impact the many functions of the
liver and, in particular the liver’s capacity for regeneration.
By inducing oxidative stress, zinc deficiency can result in
cell and tissue damage by modulating specific signal cas-
cades with resulting damage to enzymes, mitochondria
and ribosomal structures.44

The oxidative stress induced by zinc deficits contrib-
utes to inflammation of the hepatic parenchyma (hepatitis)
and also to failure of eliciting the acute-phase response as a
shield against viruses and toxic substances. A change in re-
dox status limits the oxidative-reductive transcription fac-
tors, which impacts a variety of cell functions.41,42 In liver
disease, this stress may occur through increased gut per-
meability with endotoxemia, infections such as spontane-
ous peritonitis, or release of stress hormones.43-45

Liver cirrhosis is associated with a profound immune
dysfunction. A damage of the reticulo-endothelial system
following a restricted immune surveillance function and a
reduced hepatic synthesis of proteins involved in innate

immunity and patterns recognition, which hinders the
bacterial capacity of phagocytic cells.46-49

Zinc deficiency and its role
in complications of liver cirrhosis

Ascites is the most common and the most life-limiting
complication of liver cirrhosis. The liver plays a central
role in the regulation of nutrition by controlling metabo-
lism of macro- and micronutrients, their distribution and
appropriate use. Consequently, protein-energy-malnutri-
tion is common in patients with advanced liver disease and
represents a significant prognostic factor affecting survival,
success of liver transplantation and quality of life.50-52 The
catabolic state of cirrhosis is characterized by an imbal-
ance of plasma amino acids: a decrease of branched-chain
amino acids (BCAAs: Valine, Leucine, Isoleucine) and an
increase of aromatic amino acids (AAAs: Tyrosine, Pheny-
lalanine, Tryptophane).53 In addition to the rearrangement
of amino acids and protein metabolism accompanied by
accelerated skeletal muscle breakdown and impaired am-
monia removal in the liver and muscles, patients with cir-
rhosis suffer from glucose and fat metabolism
disturbances with increased energy expenditure, and often
develop a hypercatabolic state.51,52,54

Recently, several authors reported that the supplemen-
tation of BCAAs alone, or in combination with zinc may
contribute to an improvement of hypoalbuminemia and
ascites through an increased supply of substrate for pro-
teins and the stimulation of protein synthesis.55,56,57 Albu-
min has been shown to be a multifunctional protein with
antioxidant, immunomodulatory and detoxification func-
tions.58 It plays a fundamental role in the distribution of
many metabolites, hormones, drugs, and essential transi-
tion metal ions such as zinc and copper.59 Albumin is the
major zinc carrier in the plasma, and typically binds ap-
proximately 80% of the plasma zinc.60,61 As described in
detail above, liver cirrhosis is associated with a high inci-
dence of zinc deficiency which contributed to nitrogen
metabolism disorder.62,63 BCAAs are involved in various
biological processes such as stimulation of albumin and
glycogen synthesis, improvement of insulin resistance, in-
duction of mitochondrial biogenesis, inhibition of ROS

Table 1. Causes of zinc deficiency in liver diseases.

• Inadequate dietary intake
• Changes in protein and amino acid metabolism
• Diminished hepatic extraction
•  Porto-systemic shunts
• Alcohol induced impaired absorption
• Cytokines, mainly IL-6
• Endotoxins
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production and hepatocyte apoptosis, and promotion of
liver regeneration.64 Randomized clinical trials showed a
possible effect of BCAAs in the management of chronic
liver disease.64,65 The ability of BCAA-rich supplements to
reduce hypoalbuminemia is based on two mecha-
nisms:56,65

• The increased supply of substrate for protein synthesis
and

• The enhanced protein synthesis by BCAAs via stimula-
tion of albumin mRNA translation.

Furthermore, Kuwahata, et al.66 reported that continu-
ous supplementation with BCAAs induced phosphoryla-
tion of ribosomal protein S6 in livers of rats with chronic
liver disease. Thus, following increased albumin synthesis
BCAAs supplementation may increase osmotic pressure,
which results in a decrease of extracellular fluid and as-
cites.56 Zinc supplementation might result in a decrease of
muscular BCAAs consumption and consequently, the ad-
ministered BCAAs might be used for albumin synthesis,
which leads to an increase in serum albumin levels and a
decrease in the amount of ascites.67 Zinc stores in liver,
bone and muscle can be replenished independently of the
severity of liver cirrhosis and complaints such as diabetes.
This process requires a time period of more than six
months.6

Recently, Padula, et al.68 found in children with severe
malnutrition that cytotoxic effects and chromosomal dam-
age can be repaired in vitro with zinc sulfate supplementa-

tion. However, it must be noted that further studies using
larger patient groups are necessary to determine the de-
tailed mechanism of action and the long-term clinical effi-
ciency of this treatment in liver cirrhosis.

Hepatic encephalopathy (HE) is a potentially reversi-
ble neuropsychiatric syndrome that may occur in associa-
tion with severe acute and chronic liver diseases. Up to
70% of patients with cirrhosis of the liver experience epi-
sodes of HE. Although the pathogenesis of HE is multi-
factorial, high ammonia levels play a key role. Ammonia
induces swelling of the astrocytes and associated changes
that disrupt neuronal transmission and compromise ener-
gy production in the brain. This edema of the astrocytes
impacts the functions of crucial proteins in the brain and
triggers oxidative and nitrosative stress.69,70 Other factors
beyond ammonia that are involved in the pathogenesis of
HE include infections, the effects of pro-inflammatory cy-
tokines and dysfunction of neutrophils.69,71

Poor zinc status impairs nitrogen metabolism by re-
ducing the activity of urea cycle enzymes in the liver72,73

and of glutamine synthetase in the muscle.74,75 Zinc defi-
ciency is, therefore, associated with altered nitrogen me-
tabolism, both in experimental model of cirrhosis in the
rat73 and in patients with advanced liver disease.76 It has
been also postulated that zinc deficiency may play a role in
the pathogenesis of hepatic encephalopathy as serum zinc
concentrations are reduced in patients with this condition
and correlate inversely with blood ammonia concentra-
tions.53,77 This postulate is supported by the observation
made by Van der Rijt, et al.78 of a patient with severe recur-

Table 2. Symptoms of zinc deficiency in several chronic diseases.

Symptoms Liver Crohn’s Chronic Renal
cirrhosis disease pancreatitis insufficiency

Night vision disturbance + + ? +

Disturbances of taste and olfaction + + + ?

Sensorineural hearing loss + ? ? ?

Hyperkeratosis + + + +

Compromised immunity + + ? +

Anemia + + + +

Disorders of bone metabolism + + ? +

Cerebral dysfunction + - ? +

Infertility + + - +

Increased risk of malignancy + + + -

Coagulation disorders + - + +

Paresthesias + ? ? ?

Abnormal vitamin A and thyroid hormone metabolism + ? ? ?

Altered amino acid and protein metabolism + ? ? ?

Reduced biotransformation (drug elimination capacity) + ? ? ?
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rent hepatic encephalopathy and zinc deficiency. Long-
term zinc supplementation improved the patient‚s en-
cephalopathy and quality of life by lowering of blood
ammonia levels (urea synthesis, glutamine synthesis in the
liver, glutamine synthesis in the muscle. A small number
of controlled studies have been undertaken to examine the
efficiency of zinc in the treatment of hepatic encephalopa-
thy in patients with cirrhosis.6,43,79

Overall, however, the number of controlled studies of
zinc substitution in HE remains small and their findings
are contradictory. One interesting report suggests that zinc
substitution has a beneficial effect on the muscle cramps
frequently suffered by patients with liver cirrhosis.80

More recent findings by Katayama, et al.81 do, however,
support the benefit of zinc substitution in patients with
HE, reporting an additive effect of both zinc plus BCAAs
and of zinc plus lactulose. A combination of two agents
with different pharmacological properties appears to en-
hance efficacy in a way not achieved by the individual
agents given as monotherapy.76

Hepatocellular carcinoma (HCC) is the fifth most
common form of cancer worldwide and represents the
third most common cause of cancer-related death.82 Cir-
rhosis of the liver, even an advanced fibrosis, however, is
the decisive risk factor leading to development of HCC.

The pathogenetic mechanisms underlying hepatocarcino-
genesis have yet to be fully elucidated, though recent years
have seen the identification of a number of signal transduc-
tion pathways that are involved in this process and may repre-
sent target structures for systemic therapy. Still, given the
enormous heterogeneity of HCC, comprehensive efforts are
required to clearly define the molecular genesis of HCC.

A close association between chronic inflammatory
processes and the development of cancer is well estab-
lished. The majority of HCC cases develop as a result of
genetic instability coupled with long-term chronic in-
flammation.83 The latter may be due to a variety of causes,
including viral infections or toxic causes (alcohol, aflatox-
in). In addition, it appears that persisting metabolic distur-
bances, such as are found in the metabolic syndrome and
especially in diabetes mellitus, may induce and perpetuate
chronic inflammatory processes, thus promoting the de-
velopment of cancer. A large number of mediators and sig-
nal pathways are implicated in the tumorigenesis triggered
by inflammation. Chronic inflammation results in an ac-
celerated aging process of the cells, to a shortening of the
telomeres and to increasing genetic instability. In the in-
terplay between chronic inflammation and virally induced
immunological changes can be clearly appreciated in the
example of hepatitis C.86 Infection with HCV induces im-
munological changes that lead to destruction of the hepa-
tocytes while at the same time triggering regenerative
processes, which perpetuate the inflammation, cause oxi-

dative stress and may damage DNA. Here, HCC appears to
be a direct consequence of  persistent inflammation with
consequent fibrosis formation, ultimately leading to the
development of cirrhosis of the liver.84,85

What role could zinc play in this process? Zinc and cop-
per are two essential trace elements with a multiplicity of
physiological functions, some of which overlap. Zinc and
copper are subject to strict competition for binding sites on
metallothionein. The plasma concentrations of both ele-
ments are affected by stress, infections, trauma and malig-
nant processes. Here, zinc and copper levels may correlate
inversely. Elevated serum copper concentrations are as a
rule associated with reduced zinc concentrations.86-88

Ebara, et al.86 found a correlation between elevated se-
rum copper concentrations and the development of HCC.
By contrast, the zinc concentration in HCC tissue was
lower than that measured in the surrounding healthy he-
patic parenchyma. Jie, et al.89 reported on an imbalance be-
tween copper concentrations in HCC tissue and that of
surrounding healthy liver tissue. In a retrospective analysis
of 399 patients with liver cirrhosis 73 (18.5%) developed
HCC. Of these 73 patients, 56 (76.7%) exhibited zinc defi-
ciency (< 11.0 μmol/l). While only 15 of 27 patients
(55.5%) with alcohol-induced cirrhosis exhibited reduced
zinc concentrations, a zinc deficiency was identified in 19
of 20 patients (95.0%) with chronic hepatitis C.18

It remains unclear whether these changes in serum and
tissue zinc and copper concentrations contribute to tumor
development or are, instead, effects of the malignant trans-
formation itself.

Based on observations of intracellular zinc concentra-
tions in different carcinomas, it has been postulated that
these changes may contribute to tumor development due
to their impact on the signal function of zinc resulting
from inhibitory or activating effects on a wide variety of
molecular structures, such as receptors, kinases, caspases,
phosphatases and transcription factors.90,91 A decisive role
very probably accrues to changes in the expression of dif-
ferent zinc transporters (Zip, ZnT), as has been suggested
in preliminary research on certain forms of mammary92

and pancreatic carcinoma.93 Franklin, et al.37 observed a de-
crease in the gene expression of Zip14, coupled with a re-
duction in zinc concentrations during the development
and progression of HCC.

Further investigations will be needed to clarify wheth-
er the inhibition or activation of specific zinc transporters
in hepatocytes can influence the zinc-dependent signal
cascades that are important in hepatocarcinogenesis. Al-
though, because of the great heterogeneity of HCC, this
will certainly impact only a small group of patients, this
still represents a very interesting and valuable task and
will go a long way toward realizing the concept of individ-
ualized, that is, personalized medicine.
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Wilson’s disease

Wilson’s disease is an autosomal recessive disorder of
copper metabolism that leads to accumulation of copper in
various tissues and organs, including liver and brain. The
objective of treatment is a reduction in the amount of ac-
cumulated copper by inducing a negative copper balance.
Currently, four drugs are employed in patients with
Wilson‚s disease to eliminate copper, namely the copper
chelating agent, penicillamine; trientine; tetrathiomolyb-
date, which forms a three-fold complex with copper and
protein; and zinc.6 Treatment with zinc was introduced
1961 by Schouwink.94 The administration of zinc based on
research that showed that zinc caused a negative copper
balance, controlled urine and plasma copper levels, re-
moved stored copper, and protected the liver, at least in
part, by inducing the expression of intestinal and hepatic
metallothionein.43,95,96 Zinc induces copper binding met-
allothioneins both in enterocytes, reducing metal intesti-
nal absorption into portal circulation, and in hepatocytes,
reducing damaging effects of free liver copper.96,97 The
dose that frequently used for adults with Wilson’s disease
is 50 mg elemental zinc 3 times daily. Zinc is suitable for
maintenance treatment as well treatment of pre-sympto-
matic patients, pregnant patients and children.98 Zinc is
also indicated as maintenance therapy for patients with
Wilson’s disease initially treated with chelators, and as
first- line therapy for patients with neurological onset.97,99

Patient’s serum or plasma zinc concentrations and urinary
copper excretion should be monitored every six to eight
weeks. Urinary copper excretion should exceed 125 μg
per 24 h. Excessive zinc doses may result in copper defi-
ciency. Zinc therapy is an attractive therapeutic agent be-
cause it is inexpensive and relatively nontoxix compared
to chelation therapy.43 The developement of acute hepati-
tis following initiation of zinc adminstration  has been de-
scribed by Castilla-Higuerto, et al.100 as a rare side effect of
zinc therapy in Wilson’s disease.  Elevated liver enzymes
normalized promptly following discontinuation of zinc.
Similar observations were published by Roberts,101 who
pointed to elevated liver transaminases during long-term
zinc therapy in Wilson’s disease as evidence of this
phenomenon. In such cases, patients must be switched to
a chelator.

Nevertheless, recent studies have confirmed safety of
zinc therapy in Wilson’s disease.97,102

CONCLUSION

Zinc deficiency occurs in many types of liver diseases,
especially in more advanced/decompensated disease, and
its complications, ascites, hepatic encephalopathy and
hepatocellular carcinoma. Zinc supplementation may be

useful as adjunctive treatment in these complications.
Zinc supplementation could be highly inexpensive and,
within well-described daily dosage limits, quite safer, im-
prove patients with liver cirrhosis. The restauration of
several functions require additional factors because other
micronutrient deficiencies often accompany a zinc defi-
ciency. More research is needed to further elucidate the
different roles of zinc in both normal and disease states.

CONFLICT OF INTEREST

None of the authors have any conflict of interest to re-
port.

REFERENCES

1. Leoni G, Rosato A, Perozzi G. Zinc proteome interaction net-
work as a model to identify nutrient-affected pathways in
human pathologies. Genes Nutr 2014; 9: 436.

2. Maret W. Zinc in Human Disease. Met Ions Life Sci 2013; 13:
389-414.

3. Rink L, Haase H. Zinc homeostasis and immunity. Trends
Immunol 2007; 28: 1-4.

4. Brown KH, Wuehler SE. Zinc and Human Health: The Re-
sults of Recent Trials and Implications for Program Inter-
ventions and Research, Ottawa: Micronutrient Initiative;
2000, p. 1-69.

5. World Health Report 2002. Reducing Risks, Promoting
Healthy Life. Geneva: WHO; 2002, p. 1-250.

6. Grüngreiff K, Reinhold D. Zinc and Liver. In: Rink L (ed.) Zinc
in Human Health. 1st ed. Amsterdam: IOS Press; 2011, p.
473-92.

7. Maret W. Zinc and sulphur: A critical partnership. Biochemis-
try 2004; 43: 3301-9.

8. Stehben WE. Oxidative stress, toxic hepatitis and antioxi-
dants with particular emphasis on zinc. Exp Mol Pathol
2003; 75: 265-76.

9. Powell SR. The antioxidant properties of zinc. Nutr 2000;
130: 1447S-1454S.

10. Grüngreiff  K, Reinhold D. Zink: Bedeutung in der ärztli-
chen Praxis. Heßdorf-Klebheim: J. Hartmann Verlag; 2007,
p. 1-96.

11. Buchinger W, Leopold B, Lind P, Langsteger W, Klima G, Kol-
tringer P, Waschnick O, et al. Veränderungen des Zink-
spiegels im Serum, Vollblut und im Erythrozyten bei
Schilddrüsenstoffwechselstörungen. Wien Klin Wochen-
schr 1988; 100: 619-21.

12. Faure P, Roussel M, Richard JM, Foulon T, Groslambert P,
Hadijan A, Favier A. Effect of acute zinc depletion on rat li-
poprotein distribution and peroxidation. Biol Trace Elem Res
1991; 28: 135-45.

13. Köttgen E, Büchsel R. Zink und Vitamin A. Z Allg Med 1984;
60: 1043-8.

14. Prasad AS. Discovery of human zinc deficiency and studies
in an experimental human model. Am J Clin Med 1991; 53:
403-12.

15. Danscher G, Stoltenberg M. Zinc-specific autometallo-
graphic in vivo selenium methods: tracing of zinc-enriched
(ZEN) terminals, ZEN pathways, and pools of zinc ions in
a multitude of other ZEN cells. Cytochem Histochem 2005;
53: 141-53.



Grüngreiff  K, et al.  ,     2016; 15 (1): 7-1614

16. Fukada F, Yamasaki S, Nishida K, Murakami, Hirano J. Zinc
homeostasis and signaling in health and diseases. J Biol In-
org Chem 2011; 16: 1123-34.

17. Rink L. Introduction-Why Investigate Zinc? In: Rink L. (ed.).
Zinc in Human Health. 1st ed. Amsterdam: IOS Press; 2011,
p. 3-6.

18. Grüngreiff K. Zinc and Liver. Freiburg: Dr. Falk Pharma
GmbH; 2013, p. 1-84.

19. Huber KL, Hardy JA. Mechanism of zinc-mediated inhibition
of caspase-9. ProteinSci 2012; 21: 1056-65.

20. Beyersmann D, Haase H. Functions of zinc in signaling, pro-
liferation and differentiation of mammalian cells. BioMetals
2001; 14: 331-41.

21. Maret W. Zinc coordination environments in proteins as re-
dox sensors and signal transducers. Antioxid Redox Signal
2006; 8: 1419-41.

22. Maret W. Human Zinc Biochemistry. In: Rink L (ed.). Zinc
in Human Health. 1st ed. Amsterdam: IOS Press; 2011, p.
45-62.

23. Cousins RJ, Lichten LA. Zinc transporters. In: Rink L (ed.).
Zinc in Human Health. 1st ed. Amsterdam: IOS Press; 2011,
p. 163-94.

24. Liuzzi JP, Cousins RJ. Mammalian zinc transporters. Annu
Rev Nutr 2004; 24: 151-72.

25. Lichten LA, Cousins RJ. Mammalian zinc transporters: nutri-
tional and physiologic regulation. Annu Rev Nutr 2009; 29:
153-76.

26. Maret W. Metals on the move: zinc ions in cellular regulation
and in the coordination dynamics of zinc proteins. BioMetals
2011; 24: 411-8.

27. Foster M, Hancock D, Petocz P, Samman S. Zinc transporter
genes are coordinately expressed in men and women inde-
pendently of dietary or plasma zinc. J Nutr 2011; 141: 1195-
201.

28. Ho E. Zinc deficiency, DNA damage and cancer risk. J Nutr
Biochem 2004; 15: 572-8.

29. Tuerk MJ, Fazel N. Zinc deficiency. Curr Opin Gastroenterol
2009; 25: 136-43.

30. Taylor JA, Simmons TJB. The mechanisms of zinc uptake by
cultured rat liver cells. J Physiol 1994; 474: 55-60.

31. Cousins RJ. Absorption, transport, and hepatic metabolism
of copper and zinc: special reference to metallothionein and
ceruloplasmin. Physiol Rev 1985; 65: 238-309.

32. tom Dieck H, Doring F, Roth HP, Daniel H. Changes in rat he-
patic gene expression in response to zinc deficiency as as-
sessed by DNA arrays. J Nutr 2003; 133: 1004-10.

33. Liuzzi JP, Lichten LA, Rivera S, Blanchard RK, Aydemir TB,
Knutson MD, Ganz T, et al. Interleukin-6 regulates the zinc
transporter Zip14 in liver and contributes to the hypozin-
cemia of the acute-phase response. Proc Natl Acad Sci
2005; 102: 6843-48.

34. Nemeth E, Tuttle MS, Powelson J, Vaughn MB, Donovan A,
Ward DM, Ganz T, et al. Hepcidin regulates cellular iron ef-
flux by binding to ferroportin and inducing its internalization.
Science 2004; 306: 2090-93.

35. Hentze MW, Muckenthaler MU, Andrews NC. Balancing acts:
molecular control of mammalian iron metabolism. Cell 2004;
117: 285-97.

36. Aydemir TB, Sitren HS, Cousins RJ. The Zinc Transporter zip
14 Influences c-Met Phosphorylation and Hepatocyte Prolif-
eration during Liver Regeneration in Mice. Gastroenterology
2012; 142: 1536-46.

37. Franklin RB, Levy BA, Zou J, Hanna N, Desouki MM, Bagasra O,
Johnson LA, et al. ZIP14 zinc transporter down regulation and
zinc depletion in the development and progression of hepato-
cellular cancer. J Gastrointest Cancer 2012; 43: 249-57.

38. Cuthberson DP, Fell GS, Smith CM, Tilstone WJ. Metabolism
after injury. 1. Effects of severity, nutrition and enviromental
temperature on protein, potassium, zinc, and creatine. Br J
Surg 1972; 59: 925-31.

39. Barry M, Keeling PWN, Feely J. Tissue zinc status and drug
elimination in patients with chronic liver disease. Clin Sci
1990; 78: 547-51.

40. Oteiza PI, Mackenzie GG. Zinc, oxidant-triggered cell signal-
ling, and human health. Mol Aspects Med 2005; 26: 245-55.

41. DiSilvestro RA. Zinc in relation to diabetes and oxidative dis-
ease. J Nutr 2000; 130: 1509S-1511S.

42. Parsons SE, Di Silvestro RA. Effects of mild zinc deficiency,
plus or minus an acute-phase response on galactosamine-
induced hepatitis in rats. Br Nutr 1994; 72: 611-8.

43. Mohammad MK, Zhou Z, Cave M, Barve A, McClain CJ. Zinc
and Liver Disease. Nutr Clin Pract 2012; 27: 8-20.

44. Gaetke L, McClain CL, Talwalkar R, Shedlowski S. Effects of
endotoxin on zinc metabolism in human volunteers. Am
Physiol 1997; 272: E952-E956.

45. McClain CL, McClain ML, Boosalis MG, Hennig B. Zinc in the
stress response. Scand J Work Environ Health 1993; 19:
132-33.

46. Albillos A, Lario M, Alvarez-Mon M. Cirrhosis-associated im-
mune dysfunction: Distinctive features and clinical rele-
vance. J Hepatol 2014; 61: 1385-96.

47. Jenne CN, Kubes P. Immune surveillance by the liver. Nat Im-
munol 2013; 4: 996-1006.

48. Racanelli V, Rehermann B. The liver as an immunological or-
gan. Hepatology 2006; 43: S54-S62.

49. Wiest R, Lawson M, Geuking M. Pathological translocation in
liver cirrhosis. J Hepatol 2014; 60: 197-209.

50. Amodio P, Bémeur C, Butterworth R, Cordoba J, Kato A,
Montagnese S, Uribe M, et al. The nutritional management of
hepatic encephalopathy in patients with cirrhosis: Interna-
tional Society for Hepatic Encephalopathy and Nitrogen Me-
tabolism Consensus. Hepatology 2013; 58: 325-36.

51. Bémeur C, Desjardins P, Butterworth RF. Role of nutrition in
the management of hepatic encephalopathy in end-stage liv-
er failure. J Nutr Metab 2010; 2010: ID489823.

52. O’Brien A, Williams R. Nutrition in end-stage liver disease: prin-
ciples and practice. Gastroenterology 2008; 134: 1729-40.

53. Grüngreiff K, Presser HJ, Franke D, Lössner B, Abicht K,
Kleine FD. Correlations between zinc, amino acids and am-
monia in liver cirrhosis. Z Gastroenterol 1989; 27: 731-5.

54. Buchman AL. Total parenteral nutrition: challenges and practice
in the cirrhotic patient. Transplant Proc 2006; 38: 1659-63.

55. Hayashi M, Ikezawa K, Ono A, Okabayashi S, Hayashi Y,
Shimizu S, Mizuno T, et al. Evaluation of the effects of com-
bination therapy with branched-chain amino acid and zinc
supplements on nitrogen metabolism in liver cirrhosis. Hepa-
tol Res 2007; 37: 615-9.

56. Itou M, Kawaguchi T, Taniguchi E, Oku Y, Fukushima N, Ando
E, Oriishi T, et al. Branched-chain amino acid supplements
reduced ascites and increased the quality of life in a patient
with liver cirrhosis: A case report. Mol Med Rep 2009; 2:
977-81.

57. Bianchi G, Marzocchi R, Lorusso C, Ridolfi V, Marchesini G.
Nutritional treatment of chronic liver failure. Hepatol Res
2008; 38: 93-101.

58. Garcia-Martinez R, Caraceni P, Bernardi M, Gines P, Arroyo
V, Jalan R. Albumin: pathophysiologic basis of its role in the
treatment of cirrhosis and its complications. Hepatology
2013; 58: 1836-46.

59. Bal W, Soko³owska M, Kurowska E, Faller P. Binding of tran-
sition metal ions to albumin: sites, affinities and rates. Bio-
chim Biophys Acta 2013; 1830: 5444-55.



15 Zinc in liver cirrhosis. ,     2016; 15 (1): 7-16

60. Lu J, Stewart AJ, Sadler PJ, Pinheiro TJ, Blindauer CA. Albu-
min as a zinc carrier: properties of its high-affinity zinc-bind-
ing site. Biochem Soc Trans 2008; 36: 1317-21.

61. Cousins RJ. Toward a molecular understanding of zinc me-
tabolism. Clin Physiol Biochem 1986; 4: 20-30.

62. Grüngreiff K, Franke D, Lössner B, Abicht K, Kleine FD. Zinc
deficiency-A factor in the pathogenesis of hepatic encepha-
lopathy. Z Gastroenterol 1991; 29: 101-6.

63. Tajiri K, Shimizu Y. Branched-chain amino acids in liver dis-
eases. World J Gastroenterol 2013; 19: 7620-9.

64. Holecek M. Branched-chain amino acids and ammonia me-
tabolism in liver disease: therapeutic implications. Nutrition
2013; 29: 1186-91.

65. Hara K, Yonezawa K, Weng QP, Kozlowski MT, Belham C,
Avruch J. Amino acid sufficiency and mTOR regulate p70 S6
kinase and eIF-4E BP1 through a common effector mecha-
nism. J Biol Chem 1998; 273: 14484-94.

66. Kuwahata M, Kubota H, Katsukawa M, Ito S, Ogawa A,
Kobayashi Y, Nakamura Y, et al. Effect of branched-chain
amino acid supplementation on the oxidized/reduced state of
plasma albumin in rats with chronic liver disease. J Clin Bio-
chem Nutr 2012; 50: 67-71.

67. Takuma Y, Nouso K, Makino Y, Hayashi M, Takahashi H.
Clinical trial: oral zinc in hepatic encephalopathy. Aliment
Pharmacol Ther 2010; 32: 1080-90.

68. Padula G, Gonzalez HF, Varea A, Seoane AI. Protein Energy
Malnutrition. Does the in vitro Zinc Sulfate Supplementation
Improve Chromosomal Damage repair? Biol Trace Elem Res
2014; 162: 64-71.

69. Riggio O, Ridola L, Pasquale C. Hepatic encephalopathy
therapy: An overview. World J Gastrointest Pharmacol
Ther 2010; 1: 54-63.

70. Schliess F, Gorg B, Haussinger D. RNA oxidation and zinc in
hepatic encephalopathy and hyperammonemia. Metab Brain
Dis 2009; 24: 119-34.

71. Shawcross DL, Shabbir SS, Taylor NJ, Hughes RD. Ammo-
nia and the neutrophil in the pathogenesis of hepatic en-
cephalopathy in cirrhosis. Hepatology 2010; 51: 1062-9.

72. Rabbani P, Prasad AS. Plasma ammonia and liver ornithine
transcarbamoylase activity in zinc-deficient rats. Am J Phys-
iol 1978; 235: E203-E206.

73. Riggio O, Merli M, Capocaccia L, Caschera M, Zullo A, Pinto
G, Gaudio E, et al. Zinc supplementation reduces blood am-
monia and increases liver ornithine transcarbamylase activi-
ty in experimental cirrhosis. Hepatology 1992; 16: 785-9.

74. Prasad AS. Clinical disorders of zinc deficiency. In: Prasad
AS (ed.). Current Topics in Nutrition and Disease. 7th ed.
New York: Alan R Liss; 1982, p. 89-119.

75. YoshidaY, Higashi T, Nouso K, Nakatsukasa H, Nakamura
SL, Watanabe A. Feefects of zinc deficiency/zinc supple-
mentation on ammonia metabolism in patients with decom-
pensated liver cirrhosis. Acta Med Okayama 2001; 55:
349-55.

76. Marchesini G, Fabbri A, Bianchi G, Brizi M, Zoli M. Zinc sup-
plementation and amino acid-nitrogen metabolism in patients
with advanced cirrhosis. Hepatology 1996; 23: 1084-92.

77. Reding P, Duchateau J, Bataille C. Oral zinc supplementation
improves hepatic encephalopathy. Results of a randomised
controlled trial. Lancet 1984; 2: 493-95.

78. Van der Rijt CC, Schalm SW, Schat H, Foeken K, De Jong G.
Overt hepatic encephalopathy precipitated by zinc deficien-
cy. Gastroenterology 1991; 100: 1114-8.

79. Riggio O, Ariosto F, Merli M, Caschera M, Zullo A, Balducci G,
Ziparo V, et al. Short-term oral zinc supplementation does
not improve chronic hepatic encephalopathy. Results of a
double-blind crossover trial. Dig Dis Sci 1991; 36: 1204-8.

80. Kugelmas M. Preliminary observation: Oral zinc sulfate re-
placement is effective in treating muscle cramps in cirrhotic
patients. J Am Coll Nutr 2000; 19: 13-5.

81. Katayama K, Saito M, Kawaguchi T, Endo R, Sawara K,
Nishiguchi S, Kato A, et al. Effect of zinc on liver cirrhosis
with hyperammonemia: A preliminary randomized, placebo
controlled double-blind trial. Nutrition 2014; 30: 1409-14.

82. El-Serag HB. Hepatocellular carcinoma. N Engl J Med
2011; 365: 1118-27.

83. Toyokuni S. Role of iron in carcinogenesis: cancer as a fer-
rotoxic disease. Cancer Sci 2009; 100: 9-16.

84. Georgakilas AG, Mosley WG, Georgakila S, Ziech D, Pa-
nayiotidis MI. Viral-induced human carcinogenesis: an oxi-
dative stress perspective. Mol Biosyst 2010; 6: 1162-72.

85. El Serag HB, Kanwal F. Epidemiology of Hepatocellular Car-
cinoma in the United States. Where are we? Where do we
go? Hepatology 2014; 60: 1767-75.

86. Ebara M, Fukuda H, Hatano R, Saisho H, Nagato Y, Suzuki
K, Nakajima K, et al. Relationship between copper, zinc and
metallothionein in hepatocellular carcinoma and its sur-
rounding liver parenchyma. J Hepatol 2000; 33: 415-22.

87. Galloway P, McMillan DC, Sattar N. Effect of the inflamma-
tory response on trace element and vitamin status. Ann
Clin Biochem 2000; 37: 289-97.

88. Grüngreiff K, Hebell T, Gutensohn K, Reinhold A, Reinhold
D. Plasma concentrations of zinc, copper, interleukin-6 and
interferon-gamma, and plasma dipeptidyl peptidase IV activ-
ity in chronic hepatitis C. Mol Med Report 2009; 2: 63-8.

89. Jie J, Hao S, Hongxiu Y, Huiying Y, Jun M, Chenji W, Mingjie
Y, et al. Evaluation of Cu in hepatocellular carcinoma by
particle induced X-ray emission. J Trace Elem Med Biol
2007; 21: 255-60.

90. Overbeck S, Rink L, Haase H. Modulating the immune re-
sponse by oral zinc supplementation: a single approach for
multiple diseases. Arch Immunol Ther Exp 2008; 56: 15-30.

91. Taylor K, Gee J, Kille P. Zinc and cancer. In: Rink L. (ed.)
Zinc in Human Health. 1st ed. Amsterdam: IOS Press 2011,
p. 283-304.

92. Zhang Y, Chen C, Yao Q, Li M. ZIP4 upregulates the ex-
pression of neuropilin-1, vascular endothelial growth fac-
tor, and matrix metalloproteases in pancreatic cancer cell
lines and xenografts. Cancer Biol Ther 2010; 9: 236-42.

93. Hogstrand C, Kille P, Nicholson RI, Taylor KM. Zinc trans-
porters and cancer: a potential role for ZIP7 as a hub for ty-
rosine kinase activation. Trends Mol Med 2009; 15: 101-11.

94. Schouwink G. De hepato-cerebrale degeneratie. Thesis,
University of Amsterdam, 1961.

95. Hoogenard TU. Paradigm shift in treatment of Wilson‚s dis-
ease: zinc therapy now treatment of choice. Brain Dev
2006; 8: 141-6.

96. Huster D. Wilson disease. Best Pract Res Clin Gastroen-
terol 2010; 24: 531-9.

97. Iorio R, Ranucci G. Wilson disease: A Matter of Copper, But
Also of Zinc. J Pediatr Gastroenterol Nutr 2015; 60: 423-4.

98. Marcellini M, Ciommo VD, Callea F, Devito R, Comparacola
D, Sarorelli MR. Treatment of Wilson’s disease with zinc
from the time of diagnosis in pediatrics patients: A single
hospital 10-year follow up study. J Lab Clin Med 2005;
145: 139-43.

99. Ranucci G, Socha P, Iorio R. Wilson disease: what is un-
clear in pediatric patients? Clin Res Hepatol Gastroenterol
2014; 38: 268-72.

100. Castillo-Higuerto L, Romero-Gomez M, Suarez E, Castro
M. Acute hepatitis after starting zinc therapy in a patient
with presymptomatic Wilson’s disease. Hepatology 2000;
32: 877.



Grüngreiff  K, et al.  ,     2016; 15 (1): 7-1616

101. Roberts EA. Zinc toxicity: from “no, never” to “hardly fe-
ver”. Gastroenterology 2011; 140: 1132-5.

102. Prasad AS. Discovery of human zinc deficiency: impact on
human health and disease. Adv Nutr 2013; 4: 176-90.

Correspondence and reprint request: Kurt Grüngreiff, M.D.
Practice of Hepatology. Heydeckstr. 9, 39104 Magdeburg,

Germany.
Tel.: ++49-391-6227270. Fax: ++49-391-5442710

E-mail: dr.kgruengreiff@t-online.de


