
Abstract. Zyxin (ZYX) is a LIM domain protein whose
presence has been detected in the cytoplasm and nucleus.
ZYX can translocate between these two compartments and
therefore, can take part in the regulation of various cellular
processes. VASP and α-actinin are examples of proteins that
interact with ZYX. As ZYX is present in focal adhesions
(FAs), an immense part of research is focused on the role of
this protein in the organisation and function of the
cytoskeleton. Other studies aim to explain the impact of zyxin
on other intracellular processes. Zyxin has been shown to
take part in apoptosis, as well as in wound healing.
Additionally, zyxin contribution to cancer development is
gaining growing interest. This paper aims to systematise the
knowledge on zyxin and its role in carcinogenesis.

Zyxin (ZYX) is classified as a LIM domain protein (1). LIM
domain contains two cysteine and histidine-rich zinc finger
motifs (sequence C-X2-C-X17-19-H-X2-C-X2-C-X2-C-X15-19-
C) (2, 3). ZYX can interact through these domains with other
molecules and thus, regulate various intracellular processes
(1). The name “LIM domain” comes from the proteins in
which it was discovered for the first time: Lin-11, Isl1, and
Mec-3 (2). Paxilin, TRIP6, testin, and LASP belong to the
same large family of proteins (1). LIM domain proteins are
involved in many intracellular processes, such as cytoskeleton

organisation, transcription regulation, cell differentiation, and
oncogenesis (Figure 1) (2).

Gene encoding human ZYX is located on chromosome 7 (4,
5). Zyxin is a phosphorylated protein with a molecular mass of
82-84 kDa (6). This protein can be present not only in the
cytoplasm, but also in the nucleus (2) (Figure 2), and the
translocation between these two compartments can occur under
various conditions (7), such as mechanical forces or EGF
(epidermal growth factor) (7, 8). ZYX is a component of focal
adhesions (FAs) responsible for the interaction between a cell
and the extracellular matrix, and also takes part in the
organisation and regeneration of the cytoskeleton (1). This
protein is a pivotal component of stress fibres (SFs), i.e.
contractile actomyosin fibres determining cell migration (1, 9).
Zyxin is known as a mechanosensor – under mechanical forces
it i) translocates into the nucleus where it can regulate gene
expression, or ii) localises along stress fibres to take part in actin
polymerisation (10-12). The structure of ZYX consists of
sequences that enable the protein to perform its functions. These
are: α-actinin [i.e. protein crosslinking actin filaments (13)]
binding site, 4 proline-rich repeats (so-called ActA repeats), and
2 leucine-rich nuclear export sequences (NES) (Figure 3) (1).
ActA repeats, identified for the first time in ActA protein of
Listeria monocytogenes bacterium (14, 15), are responsible for
interaction with VASP (Vasodilator-stimulated phosphoprotein),
which plays a role in actin polymerisation. In addition, three
LIM domains (LIM1, LIM2, and LIM3) essential for ZYX
targeting to focal adhesions and the cytoskeleton are located at
the C-terminus (1). LIM domains allow zyxin to interact with
other molecules, such as cell cycle and apoptosis regulator
protein-1 (CARP-1) (16) or transcription factor ZNF384,
involved in osteoblast differentiation (7).

Activity of ZYX might be regulated, inter alia, through
its head-tail interactions (17, 18). These interactions are
based on LIM domain binding to the proximity of proline-
rich regions (ActA repeats) and the release of zyxin from
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binding with proteins (i.e. so-called closed conformation)
(17, 18). Serine phosphorylation at position 142 (S142) was
shown to be indispensable for the elimination of the ZYX
head-tail interaction that recovers the ability to bind other
proteins (17, 18).

The study of Guo and Wang (19), performed on a murine
embryonic fibroblast cell line (NIH3T3), revealed that zyxin
is transported retrogradely in the form of so-called “tails”
from focal adhesions to the cell interior. This phenomenon
was dependent on the stiffness of the substrate, on which
cells were grown. In addition, the number of “tails” was
negatively correlated with the speed of cell migration (19).
Another study showed that mechanical stress resulted in
zyxin translocation from focal adhesions to actin filaments
(20). What is more, it turned out that zyxin was essential for
VASP localisation along stress fibres in cells subjected to
mechanical stress (20).

The contribution of zyxin to cellular processes has also
been described in apoptosis. Experiments carried out on a
murine embryonic fibroblast cell line (MEF) treated with
UV-C radiation showed that zyxin promoted cell death (21).
Translocation of zyxin from the cytoplasm into nucleus, as
well as an increase in both caspase-3 activity and the
percentage of apoptotic cells (detected with TUNEL method)
were detectable under UV-C radiation (21).

The study of Han et al. suggests that ZYX may play a role
in wound healing (22). Zyxin was shown to influence von
Willebrand factor secretion from murine endothelial cells
(22). Knockout of Zyx in mice caused longer bleeding time
after epinephrine stimulation, in comparison to wild type
(WT) mice (22). Moreover, Zyx knockout negatively
affected thrombus formation (22).

Numerous studies are focused on the role of ZYX as a
component of focal adhesions and the cytoskeleton, and as a
mechanosensor. It is commonly known that changes in the
expression of cytoskeleton-organising proteins have an
impact on cell migration, which is important in metastasis
(9, 23). Not only for this reason, but also for its above-
mentioned features, the role of ZYX in carcinogenesis is
getting much attention from researchers.

The Role of Zyxin in Carcinogenesis

The role of ZYX in oncogenesis is not clearly defined. The
research carried out in recent years has confirmed the
contribution of ZYX to the development of various cancer
types, including melanoma, ovarian, breast, glioma, lung, and
oral squamous cell carcinoma (6, 24-28). Recent observations
have revealed that ZYX can act as an oncoprotein or a tumour
suppressor, depending on the cancer type (16).

Breast cancer. Many studies have shown that ZYX can
promote breast carcinogenesis. Increased level of ZYX was

detected in radiotherapy-resistant (RR) breast cancer cell
lines MCF-7RR and MDA-MB-231RR, in comparison to the
sensitive ones (29). However, the studies of Hodgkinson et
al. presented decreased ZYX expression in chemotherapy-
resistant breast tumours when compared to cancer cells that
are sensitive to chemotherapy (30). These results suggest,
that zyxin expression level may determine the sensitivity of
cancer cells to a particular kind of anticancer therapy and
may be helpful in predicting its effectiveness.

Ma et al. noticed that ZYX might act as an oncogene in
breast cancer cells. It was shown that ZYX-silenced MDA-
MB-231 cells were characterised by decreased migration.
Such cells injected into mice, formed tumours of smaller
mass than controls (25). Furthermore, based on the results of
immunohistochemical reactions (IHC) performed on breast
tumours resected from patients, a positive correlation
between zyxin level and cancer stage was demonstrated (25). 

During further experiments explaining the mechanism of
ZYX interactions in cancer cells, Ma et al. observed that this
protein takes part in the regulation of Hippo signalling
pathway (25). Activation of Hippo signalling pathway leads
to cell growth and proliferation inhibition (31, 32). The
direct reason for this phenomenon is Yes-associated protein
(YAP) and Transcriptional co-activator with PDZ-binding
motif (TAZ) phosphorylation by Large Tumour Suppressor
1/2 (LATS 1/2) factor (31, 32). Such phosphorylation leads
to protein accumulation and degradation in the cytoplasm,
resulting in cell proliferation inhibition (31). The discussed
studies showed that under hypoxic conditions and after
TGFβ stimulation, ZYX forms a complex with LATS2 and
Siah2 (E3 ubiquitin ligase, involved in LATS2 degradation),
which leads to Hippo pathway deactivation (25) and cell
proliferation. It is worth mentioning that YAP and TAZ
proteins have an impact on the activity of TEAD and SMAD
transcription factors, which are responsible, inter alia, for
cell survival and growth (31). The results of these studies
suggest that ZYX may play a role in the development and
progression of breast cancer. 

The contribution of ZYX to the regulation of Hippo
signalling pathway is confirmed by Diepenbruck et al. (32).
Their studies showed that zyxin expression in breast cancer
cells is controlled by Tead2 (transcription factor), and more
specifically by Tead2-Taz complex (32). Tead2 over-
expression in murine breast cancer cells resulted in increased
cell invasion (32). Further analyses showed that cells
characterised by Tead2 over-expression but with Zyx
silencing, demonstrated significantly decreased invasion
(32). According to earlier studies, YAP and TAZ proteins
take part in the regulation of epithelial-mesenchymal
transition (EMT) (33-35). It can thus be suggested that ZYX,
together with these proteins, can also impact the EMT
process and thus, influence breast cancer cell invasion. The
study of Mori et al. seems to confirm this hypothesis, as they
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showed the role of Zyx in migration of normal murine
mammary gland epithelial cells NMuMG (36). It was
observed that under TGFβ treatment, significant increase in
zyxin expression and translocation to stress fibres appeared,
initiating the migration of the examined cells. It was also
noticeable that an increase in zyxin expression under TGFβ

stimulation is controlled by Twist1 (transcription factor) with
an established role in EMT (36).

Other studies carried out on BT-20 breast cancer cell line
presented that ZYX localisation in a cell can be probably
related to breast cancer development (37). Lim and SH3
domain protein (LASP-1) is responsible for ZYX cellular
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Figure 1. Exemplary functions of LIM domain proteins [based on (2)].

Figure 2. Cytoplasmic (A) and nuclear (B) localisation of zyxin in non-small cell lung cancer (property of the Department of Histology and
Embryology, Wroclaw Medical University).

Figure 3. Schematic structure of zyxin [based on (1, 17)]. 



distribution and plays a role in ZYX localisation to focal
adhesions (37, 38). Studies performed on this cell line
revealed that LASP-1 silencing leads to changes in ZYX
localisation, inhibits proliferation, and decreases cell
migration (37). 

Lung cancer. Some research focused on the effect of ZYX in
lung cancer pathogenesis suggests its suppressive role in
carcinogenesis. The study of Hodgkinson et al. revealed that
an increase in ZYX expression occurred after subjecting
A549 lung cancer cell line to cyclooxygenase-2 (COX-2)
specific inhibitor (29). COX-2 is an enzyme that catalyses
the conversion of arachidonic acid to prostaglandins in
response to inflammation (39, 40). It was shown that
increased expression of COX-2 in non-small cell lung cancer
(NSCLC) plays a significant role in lung cancer development
through its effect on angiogenesis and immune response
suppression in tumour cells (40, 41). The literature data show
that carcinogenesis can be decelerated by the use of COX-2
inhibitors not only as single agents, but also in combined
therapy (40-42). Therefore, an increased level of ZYX in
response to the application of COX-2 inhibitor suggests the
ability of ZYX to inhibit oncogenesis.  

Stimulation of A549 cells with TGFβ, a commonly
recognized EMT inducer, resulted in increased ZYX
expression (28). It was demonstrated that ZYX expression is
dependent on SMAD3 (28), the effector molecule activated
upon TGFβ treatment that takes part in gene expression
regulation (43, 44). Furthermore, upon TGFβ stimulation,
ZYX-silenced A549 cells exhibit increased expression of the
integrin α5, i.e. a molecule responsible for cell adhesion and
migration (28). An increased velocity of ZYX-deficient cells
versus controls with unchanged ZYX expression was also
noticed (28). In addition, significantly decreased expression of
ZYX was detected in the K-rasLA2 lung cancer mouse model
(28). The above results suggest that ZYX might decelerate
cancer progression through inhibition of cell migration.

The studies of Cadinu et al. confirm the suppressive
function of ZYX in lung cancer development. Decreased
ZYX expression was noticed in HCC4017 cells (NSCLC) in
comparison to normal HBEC30KT cells (23). Also, lowered
expression of other cytoskeleton-organising proteins was
observed (23). Based on these results, a conclusion can be
drawn that a change in cytoskeletal protein expression
(including ZYX) may be cancer transformation-related.

Incubation of H1299 cells (NSCLC) with retinoic acid
(RA) resulted in ZYX translocation from the cytoplasm into
the nucleus (45). The use of retinoic acid in anticancer
therapy is a very promising approach (46). After translocation
into the nucleus, retinoic acid interacts with its receptor
Retinoic Acid Receptor (RAR) that forms a complex with
Retinoid X Receptor (RXR) (47). As a result, interaction with
co-activators and transcription initiation can occur (47). It

was demonstrated that after translocation into the nucleus,
ZYX forms a complex with prostate tumour overexpressed 1
domain [PTOV1 domain, present in MED25 protein (48)] and
CREB binding protein [CBP, transcription co-activator in RA
signalling pathway (49)] (45). It inhibits CBP from
interacting with RAR, thus resulting in a poor cytotoxic RA
effect (45). This study presents partially the potential
mechanism of the regulation of cellular response to ZYX. 

Moreover, it was noticed that ZYX plasma concentration is
significantly increased in patients diagnosed with NSCLC in
comparison to healthy controls (50). Elevated ZYX levels
were already detected in early stages of NSCLC, thus
classifying it as a potential plasma marker of non-small cell
lung cancer (50). In another study, the distribution of ZYX in
serum and saliva exosomes was examined (51). Exosomes are
exocrine vesicles that transport proteins, nucleic acids or
lipids. It is believed that these vesicles take part in the
communication between cells (52, 53). The content of ZYX
in serum exosomes of patients with NSCLC was significantly
lowered when compared to healthy controls (51). However, at
present, the reasons for the observed discrepancies in ZYX
levels in plasma and exosomes are difficult to be explained. 

Melanoma. Elevated levels of ZYX were observed in
melanoma cell lines (PM-WK, RPM-EP, RMP-MC, MM-AN)
in comparison to normal melanocytes (6). In addition to this,
melanoma cells showed shorter doubling time than normal
cells (6). The study was extended to the incubation of cells
with protein kinase C-activator − 12-O-tetradecanoylphorbol-
13-acetate (TPA) (6). Incubation of melanoma cells with TPA
resulted in cell proliferation inhibition and in a decrease in
ZYX expression (6). These results suggest that ZYX might
affect cell proliferation and therefore, takes part in cancer
progression (6). 

This hypothesis was also confirmed by the study performed
on A375 melanoma cell line (54), where it was shown that
silencing Wilms’ Tumour 1 (WT1, transcription factor)
resulted in proliferation inhibition and decreased expression
of ZYX and nestin (54). WT1 is a well-known regulator of
cell growth and proliferation (55). The effect of WT1 on ZYX
levels suggests that ZYX may participate in the regulation of
proliferation through interacting with other factors (54).
Similar observations were carried out by Michiels et al. (56)
who examined the effect of Peroxisome Proliferator-Activated
Receptor β (PPARβ, transcription factor) on cancer cell
proliferation. They showed that PPARβ activation leads to a
decrease in the expression of WT1, zyxin, and nestin, and to
inhibition of cancer cell proliferation (56).

Colorectal cancer. The role of ZYX in the development and
progression of colorectal cancer is still elusive, but existing
studies show that this protein is an unfavourable prognostic
factor.

ANTICANCER RESEARCH 40: 5981-5988 (2020)

5984



The study of Fukumoto et al. suggests that the formation
of immature focal adhesions may be one of the mechanisms
responsible for an increased invasion in DLD-1 colorectal
cancer cell line. The lack of FA maturation results from the
presence of alpha-actinin 4 inside these structures and the
disturbed ZYX localisation (57). Alpha-actinin is a
component of focal adhesions responsible for actin filament
crosslinking (57). Four isoforms of alpha-actinin have been
distinguished: 1, 2, 3, and 4 (57). The existing studies
demonstrated that alpha-actinin 4 is related to cancer
invasion (57). Disrupted binding of ZYX to alpha-actinin 4
was noticed, that may explain decreased stability of
adhesions between cells and the extracellular matrix, and
therefore increased cancer cell invasion (57). For
comparison, the interaction of ZYX with alpha-actinin 1
was not disrupted, so the mature focal adhesions could
appear (57). 

Zhong et al. showed that ZYX expression was significantly
higher in colorectal cancer lesions in comparison to normal
tissues (58). The patients with tumours characterised by high
ZYX expression had a shorter recurrence-free survival (58).
In vitro experiments demonstrated that ZYX silencing in
HCT116 colorectal cancer cell line caused decreased cell
migration and invasion (58). 

Moreover, ZYX fragments were detected in the serum of
colorectal cancer patients. It suggests that zyxin can be a
potential marker of colorectal cancer (59). 

The Role of Zyxin in the Development 
of Other Cancer Types

The potential participation of ZYX in carcinogenesis has also
been examined in other cancer types. The team of Wu et al.
revealed the regulation of ZYX expression by miRNA-16 in
Hep-2 laryngeal cancer cell line (60). The authors postulate
that lowering ZYX expression with miRNA-16 increases the
ability of Hep-2 cells to migrate (60). The function of
miRNA-16-1 and its influence on ZYX expression was also
examined in glioma (61). The levels of miRNA-16-1 in
U251 and U87 glioma cell lines were significantly lower
when compared to control brain tissue (61). It was observed
that transfection of the glioma cell line with miRNA-16-1
leads to lower ZYX mRNA levels, decreased cell migration
and invasion (61). The results of these experiments suggest
that ZYX can have an impact on cancer cell invasion and
therefore on the course of cancer.

The studies carried out on K562 chronic myeloid
leukaemia cell line showed that silencing of ZYX with the
use of specific shRNA resulted in lower levels of Bcl-2 and
Bcl-XL, which are classified as antiapoptotic proteins (62).
In addition, treatment of ZYX-silenced cells with Imatinib
(Gleevec, BCR-ABL kinase inhibitor) led to an increase in
apoptosis and to a decrease in cell growth in comparison to

the control (62). These outcomes suggest that ZYX may
exhibit an antiapoptotic function and thus, may induce
cancer cell survival. 

On the other hand, the suppressive role of zyxin was
noticed in Ewing sarcoma (63). In the case of this cancer,
Cerisano et al. demonstrated that ZYX takes part in CD99-
induced apoptosis (64). CD99 is a transmembrane protein,
and its stimulation leads to an activation of caspase-
independent apoptosis (64). Treatment of Ewing sarcoma
cells with anti-CD99 antibody (CD99 agonist) induced the
expression of ZYX at mRNA and protein levels (64). In the
following experiments, where ZYX was silenced with
antisense oligonucleotides, partial inhibition of CD99-
induced apoptosis was found (64). 

It is also supposed that ZYX takes part in cervical cancer
development (65, 66). This hypothesis was proposed when
the interaction of ZYX with E6 protein of human papilloma
virus 6 (HPV6) was found (65). As it is commonly known,
HPV is responsible, inter alia, for the genital warts and leads
to cancer development (16, 65). It was demonstrated that the
interaction of ZYX with a viral molecule causes its
translocation into the nucleus. As a result, ZYX can
influence transcription processes (65). These findings
suggest that ZYX might promote cervical cancer progression
through regulating expression of certain genes. 
The contribution of ZYX to cervical cancer was also
shown when the impact of thymosin β4 on SiHa cancer
cell line was studied (66). Thymosin β4 is responsible for
actin depolymerisation and its significant role in processes
such as angiogenesis or metastasis was demonstrated (66).
Over-expression of thymosin β4 in SiHa cells turned out
to increase ZYX expression (66). Similar effect was
observed with cells incubated with exogenous thymosin β4
(66). Moreover, ZYX expression was noticed to increase
together with its translocation into the nucleus in the first
hours of incubation. Afterwards, the protein returns to the
cytoplasm (66). Based on these results, the authors suggest
that ZYX and thymosin β4 regulate the migratory
properties of cells by coordinating actin polymerisation
and depolymerisation, respectively (66). In addition, the
authors suppose that ZYX might function as a transport
molecule allowing thymosin β4 to translocate into the
nucleus (66). This could explain why ZYX transports into
the nucleus and, after some time, returns to the cytoplasm
and focal adhesions (66).

The oncogenic role of ZYX in hepatocellular carcinoma
has also been examined. Sy et al. showed that ZYX
expression is elevated in 33% of cancer cases, in comparison
to control tissues (67). In vitro experiments demonstrated
that ZYX silencing in Hep3B cancer cell line caused
decreased cell migration and invasion (67).

Other studies have presented that lowered ZYX expression
affects the level of the p53 protein and caspase activation
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(68). It was observed that UV radiation of ZYX-silenced
HepG2 hepatocellular cancer cell line caused lower
phosphorylation of p53 protein (specifically, serine at
position 46) that resulted in inhibition of apoptosis and lack
of caspase activation (68). Furthermore, elevated levels of
ZYX fragments were detected in the sera of hepatocellular
cancer patients (69). It suggests that ZYX may also be a
potential marker of this cancer.

Summary

Based on the already published papers, the functions of ZYX
in a cell are not only restricted to its presence in focal
adhesions. As a result of translocation into the nucleus and
the regulation of expression of certain genes, zyxin can take
part in various cellular processes that occur in normal and
cancer cells. The results of the presented studies suggest that
ZYX may have a double effect on cancer progression, i.e.
may act as an oncogene or tumour suppressor, depending on
the cancer type. These discrepancies encourage researchers
to further evaluate the role of zyxin in carcinogenesis.
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