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Introduction

The incidence of liver cancer (hepatocellular carcinoma/
HCC) continues to increase worldwide. In recent years, about 
28 000 cases have been identified in the USA, of which ~75% 
results in death, generally within one year.1 Despite intense 
research, the fundamental etiologic factors and mechanisms 

that are involved in the development of HCC remain largely 
unknown and speculative. This lack of understanding impedes 
major advances and progress in the early diagnosis and effective 
treatment of HCC. Elucidation of the events and factors associ-
ated with and responsible for hepatocellular carcinogenesis and 
the neoplastic transformation of the normal cell to the malignant 
cell are complicated by the confounding pathological conditions 
that commonly accompany HCC. In an extensive and informa-
tive review, Teoh2 comments that “There have been innumerable 
studies published in the past decade which have attempted to 
identify gene expression signatures in hepatocellular carcinoma 
(HCC). These results are remarkable for their highly heteroge-
neous genetic alteration profiles which make it difficult to define 
a characteristic molecular signature for these tumors.”

However, reported studies over the past ~40 years have estab-
lished that zinc levels in HCC malignant tissue are markedly 
decreased as compared with normal liver. The decrease in zinc 
occurs in virtually all HCC cases, independent of population dif-
ferences and independent of the status of the malignancy and 
accompanying confounding conditions. So it is surprising and 
unfortunate that this “signature” clinical characteristic has been 
largely ignored or unrecognized by the clinical and research com-
munity. This has prevented advances in elucidation of the impli-
cations of zinc in the development of HCC, and has impeded 
the potential application of the zinc relationship for a therapeutic 
approach and for biomarkers for identification of early malig-
nancy and at-risk individuals.

The intent of this review is to bring attention to the important 
implications of zinc in HCC. The review will provide a somewhat 
comprehensive background and review of the literature focused 
on the current status of the zinc relationship in HCC. The review 
will also highlight important physiological and biochemical rela-
tionships of zinc in mammalian systems, which are essential for 
the conduct of appropriate research and interpretation of zinc 
relationships in HCC. We will present our concept of the role 
of zinc in HCC, and its potential for a therapeutic approach and 
as a biomarker for identification of early malignancy and prema-
lignant lesions. The outcome, hopefully, will generate increased 
awareness, heightened interest, and accelerated research focusing 
on the zinc relationships in HCC.
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Liver cancer (hepatocellular carcinoma, HCC) is increasing 
worldwide. About 75% of HCC cases result in death generally 
within one year. The factors responsible for the initiation and 
progression of HCC remain largely unknown and speculative, 
thereby impeding advancements in the development 
of effective therapeutic agents and biomarkers for early 
detection of HCC. A consistent marked decrease in zinc in 
HCC tumors compared with normal liver is an established 
clinical relationship, which occurs in virtually all cases of HCC. 
However, this relationship has been largely ignored by the 
contemporary clinical and research community. Consequently, 
the factors and mechanisms involved in this relationship have 
not been addressed. Thus, the opportunity and potential 
for its employment as biomarkers for early identification of 
malignancy, and for development of a chemotherapeutic 
approach have been lacking. This presentation includes a 
review of the literature and the description of important recent 
and new data, which provide the basis for a concept of the role 
of zinc in the development of HCC. The basis is presented for 
characterizing HCC malignancy as ZIP14-deficient tumors, 
and its requirement to prevent zinc cytotoxic effects on 
the malignant cells. The potential for an efficacious zinc 
treatment approach for HCC is described. The involvement 
of zinc in the predisposition for HCC by chronic liver disease/
cirrhosis is presented. Hopefully, this presentation will raise 
the awareness, interest, and support for the much needed 
research in the implications of zinc in the development and 
progression of HCC.
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The Status of Zinc Levels in HCC

Beginning with Danielsen and Steinnis in 1970,3 ten reported 
population studies3-12 have consistently demonstrated a marked 
decrease (~55–75%) in zinc levels in HCC tissue compared 
with normal liver tissue. The “typical” results are represented 
in Figure  1 from Kew and Mallet,7 who concluded that “the 
zinc concentration in the liver cancer tissue was significantly 
less than that in the non-cancerous tissues, whether cirrhotic or 
non-cirrhotic in the HCC patients or normal from the noncan-
cerous patients (P < 0.001 in each instance).” Similarly, Tashiro 
et al. studies4 concluded that “the Zn concentration in cancerous 
liver was lower (55% decrease) than in noncancerous liver tis-
sue for all twenty-three subjects.” Only one study (Ebara et al.13) 
had reported a zinc increase in HCC, which was subsequently 
reversed by pursuant studies of the Ebara group5,6 that showed a 
consistent significant decrease in zinc in HCC. In addition, our 
studies14 with tissue samples from 26 HCC cases identifies the 
specific zinc decrease in the hepatoma cells in well-differentiated 
and advancing malignancy, as compared to the higher zinc in the 
normal hepatocytes (Fig. 2).

It must be recognized that the collective populations repre-
sented in these reports included HCC cases that involved chronic 
diseases, cirrhosis, different stages of malignancy and other con-
founding conditions. The collective studies also involved differ-
ent populations, races, ages, family histories, and many other 
variables.

The consistency of these reported studies dictates the clinical 
conclusion and recognition that HCC is virtually always char-
acterized by a significant decrease in zinc levels; and this, along 
with the downregulation of ZIP14 gene expression (discussed 
below) seemingly “defines a characteristic molecular signature 

for HCC tumors”; which, as Teoh2 discussed, is important for 
understanding the important factors in the development of HCC. 
As revealed by its widespread absence in reviews of HCC, this 
clinically established zinc relationship has been largely ignored 
and/or unrecognized by the contemporary clinical and biomedi-
cal research community. It is especially notable that none of the 
population studies cited above emanated from the USA. The 
consequence is an absence of significant advancements, during 
the ~40 years since first identified, concerning the elucidation 
of the factors, mechanisms, and implications associated with the 
decrease in zinc in HCC.

The Role and Concept of Zinc in the Development 
of HCC

A more revealing interpretation of the consistent zinc decrease 
in HCC is that “one rarely (if ever) observes HCC malignancy 
in which the hepatoma cells retain and exhibit the higher zinc 
levels that characterize the normal hepatocytes.” When described 
in this context, the obvious important question is “Why?” The 
answer requires an understanding of the role of zinc homeosta-
sis in normal vs. malignant cells; (for recent reviews see refs. 
15–17). All cells require the maintenance of their appropriate 
cellular concentration, forms, and distribution of zinc; which 
is necessary to support their growth, proliferation, metabolism, 
and functional activities. The normal cells evolved with homeo-
static mechanisms (many of which remain unknown and poorly 
understood) that maintain their normal status of zinc in their 
natural in situ environment. Under such appropriate conditions, 
zinc is not cytotoxic. If the normal cellular status of zinc is dis-
turbed by influences that impose compromising conditions of 
either increased or decreased zinc, pathophysiological and cyto-
toxic consequences can result.

The same relationship applies to malignant cells. However, 
the required status of zinc (such as the cellular concentration of 
zinc) for the activities of the malignant cell is not the same as 
the required zinc status of the normal cell. This is revealed by 
the evidence that in several cancers15-17 the zinc concentration of 
malignant tissue is markedly decreased compared with the cor-
responding normal or benign tissue. This is further supported by 
observations that the cytotoxic effects of zinc accumulation in 
malignant cells are not manifested in the normal cells.18-20 Expo-
sure of malignant cells to physiological concentrations of zinc 
results in the inhibition of proliferation and induction of apop-
tosis,21,22 and also inhibits the important malignancy capabilities 
such as migration and invasion. Collectively, these actions of zinc 
on malignant cells constitute “tumor-suppressor” effects of zinc.

To avoid the adverse effect of zinc at the concentration that 
exists in the normal cells, the malignant cells evolved with 
mechanisms that decrease the cellular accumulation of zinc to 
levels that are not cytotoxic; but that support their development, 
growth, and proliferation, and malignant activities. Involved 
in this adapted protective mechanism by malignant cells is the 
alteration of expression and abundance of zinc transporters so as 
to decrease zinc accumulation, and to sequester intracellular zinc 

Figure 1. Zinc concentration in liver tissue from HCC and normal sub-
jects. “NORMAL” is liver tissue from non-cancerous patients. “Non-Cirr” 
is normal tissue adjacent to the HCC malignant tissue. “Cirr” is cirrhotic 
tissue adjacent to the HCC malignant tissue. “Malig” is the HCC tumor 
tissue region. *P < 0.001 for “Malig” zinc levels compared with the other 
groups. (Taken and modified from ref. 7.)
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to minimize potential cytotoxicity 
(discussed below). The former is rep-
resented in HCC tissue by the consis-
tent decrease in zinc in the hepatoma 
cells compared with the normal hepa-
tocytes. Moreover, the decrease in zinc 
(Fig. 2) in HCC is fully manifested 
in Grade 1 well-differentiated malig-
nancy and persists through progress-
ing malignancy. This strongly implies 
that the mechanism and the resulting 
decrease in zinc must be an early and 
required event in the early develop-
ment of malignancy; which is likely 
essential to avoid the potential cyto-
toxic effects of the higher zinc levels 
that exist in the normal hepatocytes.

The Implication of ZIP14 in the 
Mechanism of Decreased Zinc 

in Hepatoma Cells in HCC

The cellular status of zinc in all cells is carefully maintained 
and regulated consistent with the requirements to support the 
activities of the cell. The process and factors involved are complex 
and still largely unknown and speculative. We refer the reader to 
our reviews17,23 for extensive description of zinc relationships in 
mammalian cells. The total zinc concentration of mammalian 
cells is first dependent upon the cellular uptake of zinc from its 
extracellular environment. For most mammalian cells, the source 
of zinc is the interstitial fluid derived from blood plasma. The 
concentration of zinc in human blood plasma is ~12–15 uM; and 
in the interstitial fluid ~3–5 uM. Essentially all of the zinc is 
bound to ligands (such as albumin, amino acids, citrate), with 
free Zn2+ ion concentration being negligible (~0.1–1.0 nM). The 
cellular uptake of zinc requires the presence of a plasma mem-
brane zinc uptake transport process; which for mammalian cells 
is achieved by the ZIP-family (Slc39A) zinc uptake transporters. 
Once within the cell, the pool of zinc is distributed among the 
cytosol, nucleus, and cytoplasmic organelles; or exported out of 
the cell. This is achieved by the ZnT-family (Slc30A) zinc trans-
porters. This brief background calls attention to the importance 
of the identification of the zinc transporters that are involved in 
the maintenance of the normal and malignant cell zinc levels. 
Thus, it is surprising that, until our report in 2012,14 there existed 
no reported studies regarding the identification, role, and mecha-
nism of zinc transporters in association with the maintenance of 
zinc in the hepatocytes in normal human liver, and the decrease 
in zinc in the hepatoma cells in HCC.

Our recent report provided the first definitive study that iden-
tifies an important ZIP transporter associated with decreased 
zinc in HCC. The study revealed that ZIP14 transporter is highly 
abundant and localized at the plasma membrane of the normal 
hepatocytes; and that the transporter is absent in the hepatoma 
cells in HCC (Fig. 3). Correspondingly, the high ZIP14 gene 

expression in the hepatocytes is markedly downregulated in the 
hepatoma cells in HCC. This relationship occurs concurrently 
with the decrease in zinc in the hepatoma cells in well-differen-
tiated early stage malignancy and persists in advancing malig-
nancy. This provides initial evidence that ZIP14 is the functional 
zinc uptake transporter in normal human hepatocytes; which 
is downregulated in the hepatoma cells, and likely results in 
decreased zinc uptake and accumulation in the hepatoma cells. 
It is also plausible to propose that the silencing of ZIP14 expres-
sion and the resulting decrease in zinc constitute an early event in 
HCC carcinogenesis, which is essential to prevent the cytotoxic/
tumor suppressor effects of zinc on the malignant cells. In regard 
to the issue described by Teoh2 that the “...highly heterogeneous 
genetic alteration profiles make it difficult to define a character-
istic molecular signature for these HCC tumors”; the silencing of 
ZIP14 gene expression and the decrease in zinc define a charac-
teristic molecular signature for HCC tumors. ZIP14 analysis of 
HCC tissues from a larger population sample than represented in 
our study might well establish the consistency of this relationship 
in HCC.

ZIP14 has been shown and suggested to be a functional zinc 
uptake transporter in hepatic cells in animals,24-27 which now also 
applies to human liver hepatocytes. Also, our identification of the 
loss of ZIP14 transporter and its gene expression in HCC is con-
sistent with microarray data deposited in the Oncomine database, 
which suggest that ZIP14 is among the top 1% of genes under-
expressed in HCC compared with normal liver. Liu et al.28 in a 
cDNA microarray analysis of liver tissue extracted RNA for iden-
tification of differential expression of genes in HCC reported the 
identification of downregulation of ZIP14. Our studies employ-
ing in situ RT-PCR coupled with IHC were essential to estab-
lish the definitive identification of ZIP14 downregulation in the 
hepatoma cells in situ in HCC and its functional involvement as a 
zinc uptake transporter associated with the decrease in zinc.

Figure 2. In situ zinc staining of normal vs. HCC tissues. (A) Dithizone staining showing black ZnDTZ stain 
of high levels of cellular zinc in normal parenchyma, and loss ZnDTZ in HCC. (B) Enlargement of normal 
liver and Grade1 HCC to show the ZnDTZ throughout the parenchymal hepatocyte component; and 
loss of zinc stain in well-differentiated hepatoma cells. (C) Zinquin stain showing high fluorescence by 
zinc in normal hepatocytes and marked decrease in hepatoma cells. (Taken and modified from ref. 14.)
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While the current evidence supports the likely role of ZIP14 
in the decrease in zinc in HCC hepatoma cells, the possible 
involvement of additional ZIP-family zinc uptake transporters 
and/or ZnT-family zinc export transporter (such as ZnT1) can-
not be dismissed. ZIP1, ZIP2, and ZIP3 were found not to be 
associated with the normal hepatocyte uptake of zinc, and the 
hepatoma cell zinc decrease in HCC.14 ZIP6 (Liv-1) zinc uptake 
transporter was reported to exist in normal liver tissue samples 
and was increased in 61% of HCC cases.29 However, the report 
contained no images showing the abundance and location of the 
transporter in the tissues; and no studies or reference to recon-
cile the established decrease in zinc in HCC with a purported 
increase in ZIP6. Another study30 describes ZIP4 upregulation in 
HCC; which the authors suggest is in response to the depletion 
of zinc in the hepatoma cells. However, there is no evidence that 
increased zinc levels are restored in advancing malignancy. To the 
best of our knowledge, these are the only reported studies of the 
identification of zinc transporters in human HCC and normal 
liver tissue. An in vitro study with HepG2 cells31 describes ZnT-1 
zinc export transporter upregulation in response to extremely 
high unphysiological concentrations of zinc. No evidence of 
ZnT-1 in HCC vs. normal human tissue currently exists; and 
this needs to be determined.

This discussion essentially represents the existing relevant 
studies and information regarding the identification and role 
of zinc transporters that might be associated with and involved 
in the decrease in zinc in HCC. Based on the currently avail-
able information, there exists sufficient evidence to support the 
conclusion that HCC malignancy should be characterized as 
“ZIP14-deficient tumors”. Until and unless future studies dictate 
the elimination or modification of this clinical characterization, 
the HCC ZIP14-deficient status should be represented in in vitro 
and in vivo studies involving the zinc relationship in HCC.

The Concept of the Role of Zinc in the Process  
of Hepatocellular Carcinogenesis

It is clinically established that zinc is virtually always 
decreased in the malignant cells in HCC compared with the 
normal hepatocytes. The downregulation of ZIP14 and the 
marked decrease in zinc are concurrently fully manifested in 
the well-differentiated hepatoma cells; and persist in advancing 
malignancy. This implies that this genetic/metabolic event must 
be initiated prior to the histopathological appearance and iden-
tification of the malignant hepatoma cells; i.e., during a pre-
malignant stage. In addition, if the decrease in zinc is necessary 
to prevent the cytotoxic effects on the malignant cells (further 
discussed below), the appearance and increase of viable malig-
nant cells dictates that the zinc event must have occurred during 
a preceding stage during carcinogenesis.

These considerations lead to a concept that involves the zinc 
relationship as an essential event in hepatocellular carcinogenesis. 
Our view32 of the carcinogenesis process for all cancers differs 
somewhat from the conventional representations. We apply the 
indispensible cell function/cell metabolism relationships to the 
events during the process of carcinogenesis. The following axi-
oms apply to all cells: (1) The existing intermediary metabolism 
of a cell provides the bioenergetic/synthetic/catabolic require-
ments that are essential for the manifestation of the cell’s current 
activity (e.g., function, growth, proliferation, differentiation); 
and (2) when the activity of a cell changes, its metabolism must 
also be altered to provide new bioenergetic/synthetic/catabolic 
requirements for the cell’s changing activity. The transformation 
process of the normal cell to a malignant cell involves a change 
from the normal cell’s functional activities to the malignant 
activities of the malignant cell, and this necessitates genetic/met-
abolic alterations during carcinogenesis.

Figure 3. In situ identification of ZIP14 in normal liver vs. HCC. (A) ZIP14 IHC showing high transporter abundance in the normal hepatocytes and its loss 
in HCC hepatoma cells. (B) Higher magnification showing ZIP14 transporter localized to the normal hepatocyte plasma membrane, and the absence 
of plasma membrane transporter in the hepatoma cells. (C) In situ RT-PCR showing high expression of ZIP14 in normal hepatocytes, and silencing of 
expression in the well-differentiated Grade 1 hepatoma cells. (Taken and modified from ref. 14.)
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We incorporate this relationship in carcinogenesis as repre-
sented in Figure 4. The initiating event is the oncogenetic trans-
formation of the normal cell to a neoplastic cell that has potential 
malignant capability. The neoplastic cell must undergo down-
stream “genetic/metabolic” transformations, which occur dur-
ing its progression as the premalignant cell. The “genetic/meta-
bolic” events are essential to provide the cellular bioenergetic/
metabolic, proliferation/growth, and invasive/migration require-
ments for malignancy. When these conditions are achieved, the 
resulting malignant cell manifests its malignant activity. In the 
HCC carcinogenic process, the expression of ZIP14 and normal 
cellular zinc exists in the normal hepatocyte cell during its neo-
plastic transformation. ZIP14 expression is then downregulated 
in the genetic/metabolic transformation of the neoplastic cell to 
the premalignant cell. This is followed by the decrease in zinc 
which persists during progression of the premalignant cell; which 
exhibits developing malignant capabilities, including elimination 
of the potential cytoxicity that would be imposed by the higher 
zinc levels that exist in the normal cell.

When viewed in this context of carcinogenesis, one would 
expect that the premalignant cells in HCC should exhibit the 
absence of ZIP14 and decreased zinc in contrast to its expression 
in the normal cells. In prostate cancer, the corresponding zinc 
relationship (downregulation of Z1P1 and decreased zinc) are 
evident in PIN (prostate intraepithelial neoplasia), the putative 
premalignant stage.33,34 In pancreatic cancer, the corresponding 
zinc relationship (downregulation of ZIP3 and decreased zinc) is 
evident in PanIN (pancreatic intraepithelial neoplasia), the puta-
tive premalignant stage.35 It is reasonable to expect that the same 
relation exists in HCC. The premalignant cells/lesions that give 
rise to the malignant cells in HCC are unknown. However, small 

cell and large cell dysplastic foci/nodules are thought to be likely 
lesions that give rise to malignancy.2,36-40 The determination of 
the downregulation of ZIP14 and decreased zinc in the dysplastic 
cells would provide compelling verification and supporting evi-
dence. If not, the status of ZIP14 and zinc could be employed to 
identify other possible premalignant cells that lead to the devel-
opment of the malignant hepatoma cells. This could provide an 
effective biomarker for the early detection of the development of 
HCC.

The Implication of Zinc in the Predisposition  
of HCC Development in Association  

with Chronically Diseased Liver/Cirrhosis

The onset of HCC is often accompanied by chronic liver 
disease that leads to cirrhosis, as is evident from the presence of 
cirrhosis in ~60–90% of HCC cases.41 This correlation has indi-
cated that chronic liver disease/cirrhosis present conditions that 
facilitate the development of HCC in at-risk individuals; how-
ever, the specific factors and mechanisms remain unknown and 
speculative. Existing evidence supports the view that the status 
of zinc is an important factor in the association of cirrhosis and 
HCC. As described above and represented in Figure 1, cirrhotic 
liver exhibits a decrease in zinc compared with normal liver; and 
HCC exhibits a further decrease in zinc. The decrease in zinc in 
cirrhotic liver tissue is due to the invasion and displacement of the 
normal parenchyma with inflammation, fibrosis and scar tissue 
along with the destruction of normal hepatocytes. This cirrhotic 
tissue which is low in zinc concentration decreases the relative 
population of the normal hepatocytes that contain the higher 
concentration of zinc. This cause of decreased tissue zinc is not 

Figure 4. Concept of (A) the involvement of the genetic/metabolic transformation in carcinogenesis, and (B) the involvement of ZIP14 gene expression 
and decreased zinc in hepatocarcinogenesis.
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the same as the decreased zinc in HCC; which results from the 
specific loss of cellular zinc in the malignant transformation of 
the normal hepatocytes to hepatoma cells, and involving func-
tional zinc transporter downregulation.

In addition to the decrease in the liver tissue levels of zinc, it is 
well established by many reports that the plasma levels of zinc are 
consistently decreased in subjects with cirrhosis and HCC.4,42-45 
To assess this zinc relationship, one must recognize that homeo-
static physiological mechanisms regulate and maintain a con-
stant normal plasma zinc concentration, which is ~12–15 uM in 
humans. The plasma zinc concentration is maintained basically 
by the balance of dietary zinc intestinal absorption and assimila-
tion into blood, the distribution of zinc among the tissues of the 
body, and the “excretion” of zinc out of the body. The liver is inti-
mately involved in this maintenance of circulating zinc in a num-
ber of ways. For example, the delivery of dietary zinc from the 
intestine to systemic circulation is achieved via the hepatic portal 
system. A different involvement is exemplified by the important 
role of the normal hepatocytes as the source of plasma proteins, 
such as albumin, which is the major bioavailable zinc ligand in 
plasma for cellular zinc uptake. For a review of zinc trafficking 
and transport see reference 23.

In the clinical studies, the plasma zinc concentration is typi-
cally determined in venous blood samples, which exhibits the 
decreased circulating zinc that accompanies cirrhosis. This is 
translated to represent the “systemic hypozincemia”, which 
results in a decreased availability of zinc that is delivered to the 
tissues of the body. This is not an accurate interpretation of the 
hepatic hypozincemic status associated with cirrhosis, which 
imposes a “zinc-deficient” status on the liver parenchyma that 
is more severe than that imposed on other tissues. In the normal 
liver, the delivery of bioavailable zinc to the parenchyma occurs 
via the arterial blood supply and the hepatic portal blood supply. 
The former provides ~33% and the latter ~67% of the blood sup-
ply that enters the sinusoid component of the liver. The sinusoid 
complex is a more permeable structure than the typical capil-
lary associated with other tissues; and its structure provides free 
exchange between the sinusoidal lumen and the hepatocytes. In 
chronic liver disease/cirrhosis, the sinusoid complex structure and 
microvascular exchange are impaired, which markedly decreases 
the sinusoid bioavailable zinc delivered to the hepatocytes.46,47 In 
individuals that have early malignant and premalignant condi-
tions, the decrease in zinc availability will exacerbate the decrease 
in the cellular uptake and accumulation of zinc; thereby elimi-
nating the cytotoxic/suppressive effects of zinc on the developing 
malignant cells. We believe this is a plausible expectation and 
explanation of the role of zinc in the association of chronic liver 
disease/cirrhosis and HCC.

Zinc for the Treatment/Prevention of HCC

The implication of zinc in the development of HCC raises the 
issue of its potential use for the treatment and possible preven-
tion of HCC. Many reports have demonstrated cytotoxic/tumor 
suppressor effects of zinc on malignant cells in in vitro and in 
vivo animal studies; but the employment of a zinc-treatment 

approach in human cancers has not reached fruition. The rea-
sons for this are described in our recent review.17 A major prob-
lem that has been consistent in essentially all of the studies is 
the unrecognized employment of experimental models, which 
do not represent the zinc-associated status that exists in situ in 
the human cancer. The most notable issue is the employment of 
malignant cell lines that are not representative of the human in 
situ status of the important zinc transporter (particularly ZIP 
transporter) involved in the uptake and accumulation of zinc. 
Our studies of zinc and zinc transporter status in prostate can-
cer and in malignant prostate cell lines revealed an important 
relationship. Whereas ZIP1 is downregulated in the malignant 
cells in situ in prostate cancer, the expression of ZIP1 constitu-
tively exists in the malignant cell lines, such as PC-3, LNCaP, 
and DU-145 cells, which were derived from human prostate 
cancer.17,48 Similarly, ZIP3 expression is downregulated in situ 
in pancreatic adenocarcinoma cells; but it is constitutively 
expressed in the Panc1 malignant cell line.49 This demonstrates 
that the silencing of the expression of the corresponding ZIP 
transporter that occurs in the human in situ tissue environment 
is not the result of the deletion or fatal mutation of the ZIP gene. 
Instead, it demonstrates that epigenetic factors are responsible 
for the silencing of the gene expression. When these cell lines are 
employed to induce tumors in the animal tissue environment, 
the tumors do not the ZIP-deficient status that exists in the 
human cancer. Consequently, the results of experimental zinc 
treatment regimens do not represent and are not translational to 
the human cancer.

Overall, the potential for zinc as a cytotoxic/tumor suppres-
sor agent for treatment of HCC has received little attention; so 
that limited information currently exists. With this brief back-
ground, the issue of zinc treatment for HCC can be addressed. 
The commonly employed HepG2 cell line exhibits ZIP14 expres-
sion with evidence of the transporter localization at the plasma 
membrane,14 which is in contrast to the HCC in situ silencing 
of ZIP14 expression and absence of transporter localization at 
the plasma membrane shown in Figure 3. This is an impor-
tant relationship that must be recognized and addressed in any 
experimental studies of the potential efficacy of a zinc treatment 
approach for HCC. More specifically, the experimental-induced 
tumors should be demonstrated to be ZIP14-deficient tumors; 
which then would require a vehicle or process to facilitate the 
uptake of zinc and its accumulation by the malignant cells that 
avoid normal zinc uptake from the extracellular environment. 
Such studies have never been reported.

The treatment of HepG2 cells with physiological concentra-
tions of zinc under conditions that result in the cellular uptake 
and accumulation of zinc results in inhibition of cell prolifera-
tion.14 Lemire et al.50 reported that zinc treatment of HepG2 cells 
exhibited cytotoxic effects that involved the inhibition of mito-
chondrial m-aconitase activity; which is a specific direct effect 
of zinc accumulation in mammalian cells.51 ZnO nanoparticles 
reportedly exhibit cytotoxic effects on HepG2 cells; but whether 
or not the effects are due to the zinc component is questionable.52,53

The potential for efficacious zinc treatment and possible pre-
vention is even more plausible for HCC than for other cancers. 
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The implications of zinc in relation to the association of chronic 
liver disease/cirrhosis with development of HCC described above 
offers another potential benefit of zinc treatment, which is not 
represented in other cancers. The hypozincemia and suppressed 
bioavailability of zinc for the liver parenchyma pose a relationship 
that does not exist in other cancers. An increased bioavailability 
of zinc to the liver in subjects with developing cirrhosis could sup-
press the exacerbated development of malignancy resulting from 
deficient delivery of zinc to the hepatocytes, premalignant cells, 
and/or early stage malignant cells. Some studies have indicated 
the potential effectiveness of oral zinc supplement to increase the 
zinc levels of the hypozincemia resulting from cirrhosis, which 
might also suppress the development of the associated HCC.41,54 
Thus, the rationale exists in support of the potential zinc thera-
peutic approach for HCC.

Conclusions

The etiology and factors leading to the development of HCC 
and its progression remain largely unknown and speculative. 
This presentation calls attention to the clinically established 
decreased zinc relationship that exists in essentially all HCC 
cases. Although corroborated in several reports since 1970, this 
relationship and its implications in the development of HCC has 
been largely ignored and/or unrecognized by the clinical and 
biomedical community. Aside from our recent report, studies of 
the implications, mechanisms, and factors associated with the 
decrease in zinc in HCC have been virtually absent. The identifi-
cation with liver tissue analyses of the decrease in zinc specifically 
being due to the cellular loss of zinc in the malignant hepatoma 
cells compared with the higher zinc levels in the normal hepato-
cytes further establishes the consistency of the zinc relationship 
in HCC. The additional identification that the zinc decrease and 
concurrent downregulation of ZIP14 are evident in well-differ-
entiated early malignancy and persist in advancing malignancy 

provides a new insight into the development of HCC. HCC 
malignancy should be characterized as ZIP14-deficient tumors; 
and this should be represented in experimental studies regarding 
the implications of zinc in HCC.

Since the zinc relationship is already manifested in well-differ-
entiated malignant cells, it is a likely early transformation event 
that occurs in the premalignant cells leading to malignancy; 
which should be considered in the representation of the HCC 
carcinogenesis process. This might provide a biomarker for the 
early identification of malignancy and at-risk individuals.

The zinc relationship also provides insight into the mechanism 
involved in the predisposition of development of HCC by chronic 
liver disease/cirrhosis and the accompanying hypozincemia.

The cytotoxic/tumor suppressor effect of zinc provides a ratio-
nale for a potential zinc treatment chemotherapeutic approach 
for HCC warrants further research. However, appropriate condi-
tions that represent the zinc status as exists in human HCC must 
be employed in the experimental studies.

The authors recognize that some of their concepts of the impli-
cations of zinc applied to HCC will be subject to evaluation and 
criticism; which should stimulate additional ideas and insight.

Hopefully, this presentation provides the background and 
the rationale for the important implication and indispensible 
role of the zinc relationship in the development and progression 
of HCC; and will bring attention to the need for its expanded 
research support that will advance the understanding of HCC, its 
early detection, and its treatment and possible prevention.
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