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The role of tensins in malignant neoplasms

Marcin Nizioł, Anna Pryczynicz 

A b s t r a c t

Tensins belong to the  family of  adhesion proteins which form focal adhe-
sions serving as a bridge between the extracellular matrix and intracellular 
actin skeleton. The tensin family consists of four members (tensin-1 to -4) 
which are widely expressed in normal and cancerous tissues. The presence 
of Src homology 2 and phosphotyrosine binding domains is a unique fea-
ture of tensins which enables them to interact with tyrosine-phosphorylated 
proteins in PI3K/Akt and β-integrin/FAK signaling pathways. The tensin-me-
diated signaling pathway regulates physiological processes including cell 
motility and cytoskeleton integrity. The expression of tensins varies among 
cancers. Several papers report tensins as tumor suppressive proteins, where-
as tensins may promote epithelial to mesenchymal transition and cancer 
cell metastasis. Recent findings and further research on tensins as thera-
peutic targets in cancers may contribute to identifying effective anti-cancer 
therapy. In this review we focus on the role of tensins in normal and cancer 
cells. We discuss potential mechanism(s) involved in carcinogenesis.
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Introduction

The communication among cells and adjacent extracellular matrix 
(ECM) relies on adhesion bonds which are crucial for cell differentiation, 
morphological architecture and physiological growth. To maintain proper 
interactions in the cell-cell and cell-matrix junctions, cell adhesion mol-
ecules (CAMs) are required. The  group of  CAMs consists of  numerous 
proteins including major families of  integrins, cadherins, selectins, im-
munoglobulin superfamily and CD44 [1]. They not only maintain cellular 
integrity, but also transduce signaling, allowing cells to behave normally. 
Thereby, CAMs play a role in many cellular processes such as inflamma-
tion, wound healing, and in terms of carcinogenesis, migration, invasion 
and metastasis [2]. Cancer cells exhibit impaired morphology as a result 
of accumulated genetic abnormities, leading to a weakening of cell ad-
hesion and promoting cell spreading [1]. In recent years, CAM-related re-
search has been focused on tensins, which are a family of four adhesion 
proteins: tensin-1, -2, -3 and -4. They were discovered in the 1990s. For 
the first time, cDNA (complementary DNA) tensins were isolated by Davis 
et al. in chicken tissues [3]. These proteins form bridges between actin fil-
aments and β-integrins – called focal adhesions (FAs) – enabling them to 
participate in signal transmission between the intracellular environment 
and the ECM. Tensins are responsible for maintaining the cellular cyto-
skeleton structure and participate in numerous signaling pathways [4]. 
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Moreover, they are engaged in the  regulation 
of cellular migration, proliferation and apoptosis. 
Tensins are commonly found in many mammalian 
as well as bird tissues [3, 5, 6]. Currently, their 
role is being extensively explored in terms of car-
cinogenesis. Their role in cancers has not been 
clarified: expression of  tensins varies depending 
on cancer type. So far, it is known that tensins in-
teract with focal adhesion kinase (FAK), p130Cas 
and phosphoinositide 3-kinase (PI3K) [7] as well 
regulating Rho GTPase [7], epidermal growth fac-
tor receptor (EGFR) and c-Met signaling pathways 
[4]. All aforementioned findings suggest that ten-
sins participate in cancer development, but little 
is known about their exact role. In this review, 
we gather the  current knowledge about tensins 
in the context of their biological and clinical rele
vance.

Structure and occurrence of tensins

The proteins of the tensin family are encoded by 
human genes located on different chromosomes. 
TNS1 gene that encodes tensin-1 is situated on 
the  long arm of  chromosome 2 (2q35); tensin-2 
is encoded by the TNS2 gene located on the long 
arm of chromosome 12 (12q13.13); tensin-3 is en-
coded by the TNS3 gene located on the short arm 
of chromosome 7 (7p12.3); and the TNS4 gene en-
coding tensin-4 is located on the long arm of chro-
mosome 17 (17q21.2). In the structure of  tensin 
family proteins there are two domains – Src ho-
mology 2 (SH2) and phosphotyrosine binding 
(PTB) – based on which all the four tensins were 
included in this group of proteins. Both domains 
have the  ability to interact with phosphorylated 
tyrosine residues [3, 8]. For example, the SH2 do-

main may bind with phosphorylated tyrosine res-
idues of PI3K and FAK as well as p130Cas, while 
PTB may also bind with non-phosphorylated ty-
rosine residues. Additionally, the  PTB domain is 
a place of binding with the NPxY motif in the inte-
grin tail of types β1, 3, 5 and 7 [5].

Tensins 1–3 also have an  N-terminal region 
of  the  actin-binding domain (ABD), which binds 
actin filaments. In C- and N-terminal regions 
there are 2 sequences that enable focal adhesion 
binding (FAB). It has been proven that the pres-
ence of both these regions is essential for the bi-
ological functions of tensins, which are the effect 
of the phosphorylation of tyrosine, serine or thre-
onine. Increased phosphorylation of these amino 
acids occurs upon stimulation with growth fac-
tors (e.g. platelet-derived growth factor – PDGF), 
thrombin or angiotensin [5]. On the other hand, 
tensin-4 is shorter in its structure and does not 
contain ABD, which differentiates this protein 
from other tensins. Figure 1 presents the general 
structure of  tensins, and highlights binding sites 
for specific proteins. Tensins 1–3 also contain 
the  domains of  phosphatase (PTPase) and C2 
that show homology to PTEN tumor suppressor 
protein. Additionally, if the PTPase domain is cat-
alytically active, these proteins may demonstrate 
enzymatic activity [5].

Functions and mechanism of action of tensins

The biological significance of tensins is reflect-
ed by interactions with β-integrin receptors on 
cell surfaces and intracellular actin fibers bridging 
the  ECM and the  cytoskeleton. Tensins are pro-
teins associated with FAs, which means they play 
an important role as regulators of cell adhesion and 

Figure 1. Schematic model displaying general structure of tensins and binding sites to specific molecules such as 
PI3K, FAK, p130Cas, actin and integrins

ABD – actin binding domain, FAB – focal adhesion binding, PTB – phosphotyrosine-binding domain, SH2 – Src homology 2 
domain, FAK – focal adhesion kinase, PI3K – phosphoinositide 3-kinase.
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migration. Tensins are able to bind pathway signal-
ing molecules due to the presence of various do-
mains in their structure. For example, the PTB do-
main binds β1-integrin, while the SH2 domain was 
found to bind PI3K [9, 10], FAK and p130Cas [11].  
As a result of the association of tensins with these 
molecules, migration of  cells is promoted. At fo-
cal adhesion, tensin-1 can link to phosphorylated 
130Cas, stimulating the actin cytoskeleton [11]. It is 
also known that upon stimulation of EGFR, tensin-3 
regulates cell migration via dissociation of FAK and 
p130Cas from the complex consisting of tensin-3-
FAK-p130Cas. This finding suggests that tensin-3 
is an EGFR-downstream protein mediating cellular 
signaling pathways [10]. Interaction of  tensin-4 
with PI3K leads to activation of the Akt-mediated 
signaling pathway, which is involved in epithelial 
to mesenchymal transition (EMT) [12]. It has been 
found that accelerated cell proliferation and mi-
gration may be related to enhanced expression 
of tensin-4 correlated with activated PI3 and Akt 
kinases [13]. Apart from the ability of binding to 
integrins, tensins were found to interact with re-
ceptor tyrosine kinases (RTKs) and the  Rho GAP 
DLC1 (deleted in liver cancer 1) [14]. Additionally, 
tensins as FA-associated proteins are also present 
in podosomes [15] and invadopodia [16], which are 
crucial in EMT. Formation of these structures en-
ables cells to migrate and contributes to invasion 
and metastasis of tumor cells [17]. Among tensins, 

tensin-4 is mainly reported as a molecule partici-
pating in EMT through various signaling pathways 
such as Ras/Raf/extracellular signal-regulated 
kinase (ERK), TGF-β, Akt/PI3K, and signal trans-
ducer and activator of transcription 3 (STAT3) and 
growth factors-related pathways [13, 18–21].

Tensins

The section below covers the  current knowl-
edge about tensins and their implications for cell 
adhesion in detail. Each of  the tensins has been 
carefully described in the  context of  molecules 
with which they interact. Figure 2 provides insight 
into their function in cells and shows how tensins 
affect intracellular metabolism.

Tensin-1

Tensin-1 is a  protein with a  molecular mass 
of 220 kDa, located at focal adhesions and trans-
membrane connections between the  cell cyto-
skeleton and ECM [22]. Studies evaluating the ex-
pression of tensin-1 in human tissues showed that 
the level of this protein expression is the highest 
in the  heart, skeletal muscles, kidneys, lungs, 
small intestine, liver, colon, prostate, testes and 
ovary [23]. Low or undetectable levels of tensin-1 
expression were observed in the  brain, thymus 
and circulating leukocytes [24]. During apopto-
sis, tensin-1 is a  substrate for the  active form 

Figure 2. The biological significance of tensins in cellular functions. Tensins are focal adhesion-related proteins 
affecting cell migration and adhesion. Tensins 1–3 interact with actin fibers while all four members of the tensin 
family bind to β-integrins and DLC1. Tensin-1 regulates FAK, PI3K and p130Cas signaling pathways and it is indi-
rectly inhibited by AMPK. Tensin-2 is a negative regulator of the PI3K/Akt pathway and can bind to Axl. Association 
of tensin-3 with DLC1 results in Rho GAP activation. In addition, tensin-3 interacts with Dock5 acting as an adap-
tive molecule. Tensin-4 binding to c-Cbl contributes to suppression of EGFR degradation in lysosomes

FAK – focal adhesion kinase, PI3K – phosphoinositide 3-kinase, DLC1 – deleted in liver cancer 1, AMPK – AMP-activated protein 
kinase, EGFR – epidermal growth factor receptor, Rho GAP – GTPase-activating protein
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of caspase-3, which indicates that tensin-1 deg-
radation in the final phase of apoptosis is crucial 
for the complete disturbance of cell integrity [5]. 
Tensin-1 undergoes the  process of  degradation 
triggered by proteolytic activity of  calpain II or 
caspases. Calpain II digests tensin-1 (two frag-
ments: 45 and 40 kDa) as well as other proteins 
forming focal adhesions in order to maintain 
normal cell morphology. It is known that calpain 
regulates integrin-downstream signaling path-
ways and cytoskeleton integrity. Cellular mor-
phology changed while tensin degradation was 
inhibited by calpain inhibitor, suggesting that 
cell mobility or focal adhesion formation was  
impaired [23].

Structurally, tensin-1 is composed of  three 
regions involved in protein-protein interactions 
[5]. It contains the N-terminal region of ABDIa/b/
FAB-N, the central ABD II region and the C-termi-
nal region consisting of 2 domains: SH2 and PTB. 
The N-terminal fragment enables this protein to 
interact with actin. Moreover, it has been proven 
that tensin-1 lowers the  rate of  actin polymer-
ization [24]. The C-terminal fragment of tensin-1 
consists of two motifs: SH2 and PTB. It has been 
demonstrated that the expression of tensin-1 is 
stimulated by a number of factors including ECM 
[25], thrombin [26], oncogenes (v-Src and BCR-
ABL) [27], PDGF [28] and angiotensin [29]. An-
other important interaction involving tensin-1 is 
connected with the activity of small Rho GTPase 
that regulates focal adhesions and actin fibers. 
A key role is also played by the tumor suppres-
sor molecules DLC1 and DLC3. C-terminal domain 
of  tensin-1 binds DLC1 and DLC3. It has been 
observed that in many cancers the  expression 
of  these proteins is suppressed, which may de-
pend on the  tensin-1-Rho GTPase relationship 
[29]. Furthermore, the  C-terminal PTB domain 
interacts with the NPxY motif of β-integrin. Due 
to the binding to integrins, which are cell mem-
brane proteins, tensin-1 mediates the processes 
of cell-to-ECM or cell-to-cell adhesion. The bind-
ing of  tensin-1 to β-integrin results in signal 
transduction and stimulation of  this signaling 
pathway, which promotes the formation of more 
adhesion sites [14]. It has been demonstrated 
that β-integrin inhibitor is a  protein kinase ac-
tivated by AMP (AMPK) that inhibits tensin-1 ex-
pression [30]. The silencing of AMPK contributes 
to increased tensin-1 expression, boosted expres-
sion of β-integrin and creation of adhesions that 
bind β1-integrins, thus supporting their activity 
and promoting the formation of new adhesions 
with the surrounding cell structures or ECM [31]. 
On the  other hand, the  SH2 domain may be 
bound to phosphorylated amino acids (mainly 
tyrosine residues) of  protein kinases, including 

PI3K, as well as FAK and p130Cas [7]. Moreover, 
the  SH2 domains were found to interact with 
various tyrosine-phosphorylated signaling mol-
ecules, including paxillin [32], EGFR, c-Met [4]  
and c-Cbl [33].

It is currently believed that tensin-1 accompa-
nies adhesion structures (e.g. invadopodia, podo-
somes, primary sited of focal adhesions) in which 
it participates in the  regulation of  the  cell cyto-
skeleton by modulating the dynamics of actin fi-
ber and signal transduction pathways dependent 
on Rho GTPase [7].

Tensin-2

Tensin-2 was first identified by Chen et al. [22], 
who provided insight into its gene structure and 
pattern of expression as well as protein mass and 
intracellular localization. Hafizi et al. [34] reported 
tensin-2 as a protein binding to the intracellular re-
gion of Axl RTK. The researchers showed that high 
levels of  tensin-2 expression occur in the  heart, 
kidneys, skeletal muscles and liver, which indicates 
a similar distribution of proteins from the tensin 
family. They also observed that tensin-2 is locat-
ed in focal adhesions. Moreover, the  same au-
thors conducted studies to determine the location 
of tensin-2 in cell organelles. They demonstrated 
frequent co-location of tensin-2 and DLC1 protein 
in cytoplasmic bodies. Moreover, they detected 
poor co-location of tensin-2 with phalloidin, typ-
ical of F-actin fibers [34]. The binding of tensin-2 
to DLC1 occurs via the SH2 domain, which con-
tributes to cell contractility modulation [35]. In 
addition, SH2 domains of tensin-2 were found to 
interact with the tyrosine-phosphorylated signal-
ing molecule Axl [36]. It was also observed that 
tensin-2 overexpression results in inhibited prolif-
eration and motility of  renal cells and increased 
apoptosis under starvation. Increased expression 
of  tensin-2 was accompanied by doubled activi-
ty of effector caspase-3 [37]. Moreover, the  level 
of  phosphorylation of  serine and threonine resi-
dues in Akt kinase was decreased, which result-
ed in its reduced activity [29]. Hafizi et al. [38] 
demonstrated that tensin-2 regulates the  Akt/
PI3K signaling pathway, affecting processes relat-
ed to cell proliferation and migration. As a nega-
tive regulator of this pathway, the protein acts as 
a tumor suppressor. In the HEK293 cell line with 
tensin-2 overexpression, the cells showed reduced 
ability to migrate. The consequence of  increased 
tensin-2 expression was also reduced proliferation 
potential of  cells compared to the  control cells. 
The molecular mechanisms explaining the above 
cell processes are: significantly reduced phosphor-
ylation of proteins from the Akt/PI3K pathway as 
well as reduced enzymatic activity of Akt kinase 
itself. Literature reports indicate that tensin-2 
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serves as a negative regulator of the signal trans-
duction pathway dependent on PI3K/Akt.

Tensin-3

The structure of  tensin-3 is similar to that of 
tensin-1 and tensin-2, but excluding the domains 
ABDII (which is present in tensin-1) and C1 (pres-
ent in tensin-2). Tensin-3, similarly to tensin-1  
and -2, interacts with DLC1, although the relation-
ship between these compounds has not been ful-
ly understood. In the N-terminal domain of DLC1, 
Tripathi et al. [39] determined 4 phosphorylation 
sites (S120, 205, 422, 509) that promote tensin-3 
binding, which results in stimulation of  the  Rho 
GAP signaling pathway. It has been observed that 
the structure of DLC1 contains the SAM domain. 
It can also bind to tensin-3 and is an  intramole
cular inhibitor of Rho GAP activity, as confirmed 
by the  severity of  Rho inactivation after silenc-
ing this domain in DLC1. Binding to SAM occurs 
through the  N-terminal ABD, which stimulates  
Rho GAP activity [7]. Touaitahuata et al. [40] found 
that tensin-3 interacts with Dock5 in osteoclast po-
dosomes. Tensin-3 probably also acts as an adap-
tive protein mediating podosome modeling. 
The  authors of  this paper developed the  theory 
that tensin-3 is involved in the transformation of 
podosomes into more complex structures through 
interaction with p130Cas. The hypothesis assumes 
that this process is regulated by Dock5.

Tensin-4

Tensin-4, known as C-terminal tensin-like 
molecule, is a protein of  the  tensin family with 
the lowest molecular weight. It is a consequence 
of the presence of only 2 domains, SH2 and PTB, 
at the  carboxyl-terminal [5]. This protein was 
classified as a member of the tensin family due to 
the presence of the said domains, almost identi-
cal genomic structures encoding them as well as 
location in focal adhesion sites [41]. This protein 
occurs in a  few tissues, mainly in the  prostate 
[42]. A number of growth factors have been ob-
served to stimulate tensin-4 expression, includ-
ing epidermal growth factor (EGF), transforming 
growth factor β (TGF-β) and insulin-like growth 
factor 1 (IGF-1). Tensin-4 is stimulated mainly 
through the  following signaling pathways: Ras/
Raf/ERK, PI3K/Akt, STAT and phospholipase C 
(PLC) [21].

Biological functions associated with the  ex-
pression of tensin-4 include processes involved in 
cellular motility, apoptosis, homeostasis of growth 
factors and oncogenic potential [18, 43]. Tensin-4 
overexpression contributes to the  migration of 
cells by binding the PTB domain to the β1-integrin 
tail, stimulating integrin-related kinase expres-

sion (ILK) or interacting with DLC1 tumor suppres-
sor [41]. In normal cells, tensin-4 is degraded by  
proteolytic cut by caspase-3 during staurospo-
rine-induced apoptosis. The  remaining PTB do-
main may limit excessive cell growth by inducing 
apoptosis [41].

Hong et al. [33] investigated the  role of  ten-
sin-4 in EGFR-induced signaling, suggesting that 
tensin-4 can diminish degradation of EGFR. It is 
well known that the EGFR signaling pathway plays 
a crucial role in cell proliferation, migration, and 
differentiation [44]. The SH2 domain of tensin-4 
binds to c-Cbl, which also regulates EGFR degra-
dation through interaction of ubiquitin with acti-
vated EGFR [45]. Then, ubiquitin-conjugated EGFR 
is internalized and degraded in lysosomes [46]. 
EGFR overexpression leads to promotion of  ex-
cessive cell proliferation and tumor formation; 
thus EGFR regulation needs to be tightly con-
trolled. Hong et al. [33] revealed that tensin-4 
via binding to c-Cbl contributes to suppression 
of EGFR degradation. Tensin-4 has been found to 
be overexpressed in many cancers, which means 
that the tensin-4-dependent mechanism of EGFR 
degradation may serve as a  potential target in 
cancer treatment.

The strength of  cell-cell adhesion is very of-
ten weakened under the epidermal growth factor 
(EGF) condition, leading to enhanced cell migra-
tion. As tensins couple the extracellular and intra-
cellular environment, they are involved in cell-ma-
trix communication. EGF may influence the actin 
cytoskeleton via induction of  “tensin-3–tensin-4 
switch” [47]. This phenomenon is described as 
downregulation of  tensin-3 and upregulation 
of tensin-4, which results in increased cell migra-
tion and metastasis of cancer cells. Targeting ten-
sin-4 in cancers may be a promising approach to 
find beneficial treatment as tensin-4 is involved in 
crucial signaling pathways, e.g. the  EGFR-depen-
dent signaling pathway.

A study conducted by Qi et al. [13] indicated 
that tensin-4 promotes cancer progression via 
the Akt/GSK-3β/snail signaling pathway. Overex-
pression of  tensin-4 commonly observed in can-
cers contributed to upregulation of phosphorylat-
ed forms of Akt, GSK-3β and Snail and vimentin, 
while expression of E-cadherin was downregulat-
ed. Loss of E-cadherin and gain of N-cadherin, vi-
mentin and fibronectin are typical markers of EMT 
[17]. Another pathway involved in EMT induction 
is the TGF-β1-mediated axis. Asiri et al. reported 
that tensin-4 mediates TGF-β1-dependent EMT. 
It is likely that the  relation between TGF-β1 and 
tensin-4 may rely on integrins as TGF-β1 activates 
integrin and tensin-4 binds to its cytoplasmic 
tail [48]. Stabilization of Src may provide anoth-
er mechanism responsible for tensin-4-mediated 
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EMT. In colorectal cancer tensin-4 regulates Src 
expression through upregulation of  the  Akt/
mTOR/4E-BP1 pathway or downregulation of cal-
pain-dependent Src proteolysis [19]. All aforemen-
tioned findings suggest that targeting tensin-4 in 
cancer treatment may be a promising therapeutic 
approach.

Tensins in cancers

So far, very few studies have been conducted to 
assess the expression of tensin-1 to -3 in tumors 
at the  level of both genes and proteins. To date, 
the levels of gene or protein expression have been 
assessed in 8 cancer types: melanoma, breast, 
kidney, bladder, colorectal, liver, lung and prostate 
cancer. The  roles of  tensins 1–3 were evaluated 
using various in vitro models including human 
breast cancer cell lines, murine breast cancer cell 
lines, colorectal cancer cell lines, melanoma cell 
lines and human glioblastoma cell lines. There are 
more reports describing the expression of tensin-4 
in tumors, at both the gene and protein levels. Dif-
ferences in tensin-4 expression were detected in 
7 cancers (colorectal, breast, prostate, liver, gas-
tric, pancreatic cancer and thymoma). There have 
also been studies attempting to identify the role 
of  tensin-4 in carcinogenesis, using both in vitro 
and in vivo models. Human and murine cellular 
models comprised colorectal cancer cell lines, 
lung adenocarcinoma cell lines, prostate cancer 
cell lines, pancreatic cancer cell lines and human 
hepatoma cell lines. An in vivo study included mice 
injected with HCT116 cells expressing tensin-4. To 
date, there is no clinical trial targeting tensins as 
their impact on carcinogenesis is not fully estab-
lished. Since tensin-4 affects EGFR degradation, 
which in turn, is overexpressed in many cancers, 
it is likely that tensin-4-targeted trials may be car-
ried out in the future.

Further information considering the  evalua-
tion of  the role of  tensins in cancers is provided 
below. In this section we present the results from 
research on tensins 1–4 depending on cancer type. 
To explain the results thoroughly we provide infor-
mation on the number of subjects, control group 
and clinicopathological correlations as well the re-
lationship with clinical outcome.

Tensin-1

Breast cancer

Kotepui et al. [49] conducted an  analysis 
of  mRNA expression in 33 patients with ductal 
breast cancer, using quantitative PCR (qPCR). 
The expression was then correlated with clinical 
and pathological parameters (patients’ age, tumor 
size, axillary lymph node infiltration, triple-nega-
tive breast cancer status). In 85% of the patients 

a reduced level of mRNA tensin-1 expression was 
observed in tumor cells compared to normal cells. 
However, based on the obtained results, no statis-
tically significant correlation was noted between 
tensin-1 expression and the selected clinicopatho-
logical parameters. 

Zhan et al. [50] used 7 breast cancer cell lines 
(SKBR3, HCC1500, T47D, BT474, MCF-7, MDA-
MB-231 and MDA-MB-468 cell lines) to identify 
a  new mechanism involved in the  metastasis 
of  this cancer type. As a control, the non-tumor-
igenic epithelial MCF-10A cell line was used. In 
addition, the authors tested the level of tensin-1 
expression from 104 breast cancer samples and 
correlated it with metastasis and survival rate. 
The process of metastasis results from stimulated 
expression of  single-stranded microRNA (miR-
548j), mediated by tensin-1. This protein, as an in-
termediary between the ECM and cell skeleton, is 
displaced to the  focal adhesion site, thus stimu-
lating the signaling pathways facilitating cell mo-
tility and increasing the invasiveness of the tumor 
mass. It has been proven that tensin-1 is an  im-
portant factor in the proper process of cell migra-
tion. Moreover, it has the  ability to suppress tu-
mors by inhibiting excessive migration of cancer 
cells via targeting DLC-1, known as a tumor sup-
pressor involved in cytoskeleton organization and 
maintaining cell morphology. Dissociation of DLC-
1-tensin-1 complex at focal adhesion causes loss 
of  suppressive properties of  DLC-1, promoting 
cancer cell growth [51]. Another critical factor for 
regulation of  cell migration and inhibition of  in-
vasion is protein phosphatase 1α (PP1α), which 
negatively regulates tumor development. Binding 
of PP1α to tensin1 leads to its dephosphorylation 
and thus limits cancer invasiveness. PP1α seems 
to represent a  novel mechanism for control cell 
function independently of  RhoGAP DLC-1 [52]. 
In addition, by conducting examinations based 
on qPCR on human breast cancer tissues, the au-
thors showed that the  level of  tensin-1 expres-
sion decreased in patients with tumors metas-
tasized to nearby lymph nodes. These results 
led to the conclusion that tensin-1 is a negative 
regulator of  breast cancer cell invasiveness. Fur-
thermore, the same authors used microarray tech-
nology to evaluate the expression of  tensin-1 in 
breast cancer. They correlated the obtained results 
with the  survival rate of patients and, based on 
the  results, demonstrated a  significant relation-
ship between the expression of  this protein and 
time free from distant metastases. High expres-
sion of  tensin-1 favored prolongation of  survival 
without metastases. Moreover, the study showed 
that tensin-1 expression was significantly reduced 
in cases of metastatic breast cancer as compared 
to patients in whom no metastases occurred.
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Renal cancer

Martuszewska et al. [53] performed an analysis 
of mRNA expression of the TNS1 gene in 260 pa-
tients with renal cancer and correlated it with clin-
icopathological features such as gender, patients’ 
age, tumor type, size and grade, TNM stage, venous 
and regional lymph node invasion. Matched nor-
mal kidney tissues served as a control. The results 
showed a significant correlation between the level 
of  expression and tumor severity: the  expression 
of mRNA decreased with an increase in tumor se-
verity. However, there was no significant correlation 
between the expression of the gene encoding ten-
sin-1 and other clinicopathological parameters.

Colorectal cancer

In the study on a colorectal cancer cell model 
(SW620 and RKO lines), Zhou et al. [54] assessed 
TNS1 gene expression and compared it with nor-
mal cells represented by the FHC cell line. In addi-
tion, the authors carried out an analysis of surviv-
al of  transgelin and tensin-1 in colorectal cancer 
patients (data from The  Cancer Genome Atlas 
(TCGA) database, number of subjects not includ-
ed). They observed increased expression of  ten-
sin-1 mRNA, which correlated with increased 
migration of  cancer cells. Based on the  results, 
they defined tensin-1 as an oncogene in the de-
velopment of  colorectal cancer, with potential 
prognostic value. However, the mechanism regu-
lating the expression of this protein in cancer cells 
is still unknown. In their study, the authors pro-
posed transgelin as a factor inducing tensin-1 ex-
pression. They demonstrated that the expression 
of these proteins is increased in colorectal cancer 
in both in vitro and in vivo models. The analysis 
of  survival rate showed a  statistically significant 
correlation between the expression of  transgelin 
and tensin-1 and a  low survival rate in patients 
with colorectal cancer. Based on these results, it is 
suggested that activation of  the  transgrelin-ten-
sin-1 axis may be an important biochemical path-
way in promoting the proliferation and migration 
of colorectal cancer cells.

Bladder cancer

Zhang et al. [55] performed an analysis of the  
TCGA-BLCA database containing gene expression 
data in a  number of  cancers and enabled identi-
fication of the gene that encodes tensin-1 as one 
of the genes with prognostic potential to facilitate 
stratification of  bladder cancer patients (number 
of  cases not included). They correlated the  level 
of  tensin-1 expression with overall survival and 
patient status (alive/deceased). It was found that 
the  level of  tensin-1 expression was significantly 
higher in deceased patients with bladder cancer 

compared to living patients. Moreover, tensin-1 
expression patterns were correlated with the total 
survival rate of patients, revealing a negative cor-
relation.

Prostate cancer 

Bioinformatic analysis was also used by Zhu  
et al. [56] to search for factors involved in the pro-
cess of  prostate cancer metastases to bones, 
based on data from the  Gene Expression Omni-
bus database. Based on databases (ID GSE21036, 
GSE32269 GSE77930, Exo), the authors analyzed 
molecular signatures of 67 PC patients with bone 
metastasis and compared them to 150 primary 
prostate cancer samples. As a  result of  the  per-
formed analyses, they found that tensin-1 can 
be a  molecular target of  miR-636 and promote 
bone metastases. Based on the analysis of mRNA 
tensin-1 expression, they observed a statistically 
significant negative correlation between miR-636 
and tensin-1 expression levels. The  level of  ten-
sin-1 expression was elevated in prostate cancer 
tissues compared to normal tissues. A similar cor-
relation was found between the level of tensin-1 
gene expression in primary prostate cancer and 
its metastases to bones, where mRNA expression 
level in metastatic cells was considerably higher. 
Moreover, the analysis of tensin-1 expression and 
remission parameters (no biochemical features 
of the disease, disease-free period) revealed con-
siderable prognostic usefulness of tensin-1.

Tensin-2

Renal cancer

Martuszewska et al. [53] compared the expres-
sion of tensin-2 mRNA in cancer lesions collected 
from 223 patients with clear cell, papillary and 
chromophobe types of renal cell carcinoma and re-
nal oncocytoma to normal renal tissue. Additional-
ly, the level of tensin-2 mRNA was correlated with 
clinicopathological parameters (gender, patients’ 
age, tumor size, its stage, TNM classification, his-
tological type of  cancer, infiltrates to blood and 
lymphatic vessels, metastases to nearby lymph 
nodes). The performed analysis showed a reduced 
level of tensin-2 mRNA expression in clear cell and 
papillary renal cell carcinoma compared to normal 
tissue. The authors observed no significant rela-
tionships between the  selected clinical features 
and the level of tensin-2 mRNA expression.

Liver cancer

The relationship between the  overexpression 
of  tensin-2 variant 3 and hepatocellular carcino-
ma invasiveness was evaluated by Yam et al. [57]. 
In 50 patients with liver cancer, they analyzed 
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the  correlation of  clinicopathological parameters 
with the expression of variant 3 of tensin-2 mRNA. 
In the process of combining mRNA transcripts (al-
ternative splicing), different protein-coding vari-
ants may be formed. There are 3 alternative splic-
ing variants of tensin-2. It has been demonstrated 
that variant 3 promotes fibroblast migration [9]. 
To evaluate the relationship between this genetic 
variant and clinicopathological features the  au-
thors considered infiltration to blood vessels, oc-
currence of microsatellite instability, tumor encap-
sulation (surrounding the cancer with a thin layer 
of  the  tissue), hepatitis B virus (HBV) infection, 
degree of cell differentiation, tumor size, number 
of lymph nodes under neoplastic processes, co-oc-
currence of cirrhosis and the tumor stage accord-
ing to the pTNM scale. The authors did not cor-
relate the expression of variant 3 of tensin-2 with 
survival rate. The  researchers noted increased 
expression of  tensin-2 in neoplastic tissue com-
pared to normal tissue. Moreover, an  increased 
level of  tensin-2 mRNA expression was signifi-
cantly more frequent in patients with infiltration 
to blood vessels and microsatellite instability as 
well as in those with hepatocellular carcinoma 
without encapsulation. Based on the obtained re-
sults, it can be concluded that the overexpression 
of variant 3 of tensin-2 mRNA was associated with 
a more aggressive type of cancer.

Various types of cancer

According to the  data obtained from data-
bases, Hong et al. [58] analyzed the  expression 
of  tensin-2 mRNA in various cancers (bladder, 
breast, lung, brain, cervical, colorectal, esopha-
geal, gastric, head and neck, kidney, liver, ovarian, 
pancreatic, prostate cancer, leukemia, melanoma, 
lymphoma, myeloma, sarcoma and other cancers). 
The  authors compared the  level of  tensin-2 ex-
pression from 6 datasets between normal tissue 
and corresponding cancer lesions as follows: 231 
pairs of normal and liver cancer, 119 pairs of nor-
mal and esophageal squamous cancer, 43 pairs 
of normal and breast cancer, 32 pairs of normal 
and colorectal cancer, 22 pairs of normal and head 
and neck cancer, and 20 pairs of normal and lung 
adenocarcinoma. They found that in head and 
neck squamous cell carcinoma, esophageal squa-
mous cell carcinoma, breast cancer, lung adeno-
carcinoma, hepatocellular carcinoma and colorec-
tal carcinoma the expression of the tensin-2 gene 
is significantly reduced compared to normal cells. 
Furthermore, they compared the level of tensin-2 
expression with survival rates based on the  re-
sults of  studies including over 150 patients and 
an observation period not less than 5 years. Based 
on the  performed analyses they demonstrat-
ed that low tensin-2 expression correlates with 

a short survival period without relapse in the case 
of breast and lung cancer.

Martuszewska et al. [53] made an attempt to 
determine the  level of mRNA expression in vitro, 
performing analyses of  cancer-derived cell lines 
from various tissues. In the  study the  authors 
used cellular models for breast cancer (MCF-7, 
MDA-MB-231), cervical cancer (HeLa S3, Int407), 
colorectal cancer (SW480), melanoma (WM9, 
WM266-4, WM793), non-small lung cancer (H358, 
H2087, H226, H727), osteosarcoma (U20S), pros-
tate cancer (DU145, PC3, PNT-1A), B cell lympho-
ma (U629, U2932) and T cell leukemia (Jurkat) as 
well as normal cell lines such as dermal fibroblasts 
(AG52), human umbilical vein cell line (EAhy926), 
normal breast epithelial cell line (MCF-10A) and 
renal proximal tubular cell line (HK-2). As a result 
of  the  in vitro assays, they noted that the  TNS2 
gene was absent in the majority of the analyzed 
lines except for SW480 colorectal cancer line, 
which showed tensin-2 mRNA expression at a de-
tectable level. 

Tensin-3

Breast cancer

Shinchi et al. [59] evaluated the level of tensin-3 
expression in breast cancer via the immunohisto-
chemical method using commercially available 
breast cancer and normal tissues (number of sam-
ples not included). In addition, the authors tested 
the impact of tensin-3 on cancer invasiveness in 
the  MDA-MB-231 breast cancer cell line exhibit-
ing potent metastatic properties. They observed 
moderate expression of this protein on the apical 
side of epithelial cells, whereas a strong immuno-
histochemical reaction occurred in the cytoplasm 
of breast cancer cells or cells adjacent to the can-
cer cells. Tensin-3 overexpression was observed in 
over 60% of  cancer cells. Moreover, in the MDA-
MB-231 line of  breast cancer cells, the  authors 
demonstrated that the silencing of  the gene en-
coding tensin-3 reduced the invasiveness of these 
cells. Such results suggest that tensin-3 triggers 
the invasiveness of breast cancer cells. 

Qian et al. [60] evaluated the  contribution 
of  tensin-3 to tumorigenesis and metastasis in 
breast cancer models (human and murine) and 
reported a  previously undescribed mechanism 
responsible for these processes. The authors ex-
amined the  process of  tyrosine phosphorylation 
in the  SH2 domain of  tensin-3 through creating 
a  mouse model of  breast cancer, in which they 
assessed the level of tensin-3 expression and ty-
rosine phosphorylation in the SH2 domain. They 
compared the  obtained results to normal mam-
mary gland cells in which the  level of  tyrosine 
phosphorylation was almost undetectable. Sim-
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ilar results were observed in the  MDA-MB-468 
line of human breast cancer. The use of the ten-
sin-3 expression silencing sequence showed that, 
under in vitro conditions, tensin-3 is biologically 
important in cancer formation and metastasis. 
In Met-1 and PyMT cell lines, tumor growth was 
inhibited independently of anchoring, and the tu-
mor formation process occurred after orthotopic 
injection of  cells. These results prove that ten-
sin-3 is phosphorylated by Src in the  cell model 
of advanced breast cancer, entailing cancer forma-
tion and metastasis. Tyrosine phosphorylation in 
the SH2 domain of tensin-3 by Src may increase 
the  migration of  cancer cells, giving the  cancer 
a metastatic potential.

Renal cancer

Martuszewska et al. [53] correlated the  lev-
el of mRNA expression of  the TNS3 gene in 260 
patients with renal cancer with clinicopatholog-
ical parameters such as gender, patients’ age, 
tumor type, size and grade, TNM stage, venous 
and regional lymph node invasion. Normal kid-
ney tissues were used as a  control tissue. They 
demonstrated that in patients with clear cell renal 
cell carcinoma, tensin-3 membrane expression in 
cancer cells shows a  statistically significant cor-
relation with survival rates. The opposite was true 
for the cytoplasmic reaction, in which such a cor-
relation was not observed. Moreover, the analysis 
of  tensin-3 mRNA expression showed a  statis-
tically significant correlation with tumor stage. 
However, no correlation was observed between 
tensin-3 expression and other clinicopatholo
gical parameters, such as tumor size, infiltration 
to blood vessels, infiltration of the nearby lymph 
nodes, patients’ age and gender. Furthermore, in 
the  same study the  authors demonstrated that  
in vitro overexpression of tensin-3 does not affect 
the proliferation of tumor cells, although it signifi-
cantly reduces their migration.

Carter et al. [61] assessed the level of methyla-
tion of the TNS3 promoter region in human renal 
cancer cell lines (HK-2 and HEK293) and compared 
it with the level of tensin-3 expression. As a positive 
control (methylated) they used genomic DNA from 
HEK293 cells, while genomic DNA from the human 
glioma cell line SNB-19 served as a negative control 
(unmethylated). They observed a significantly ele-
vated methylation level in renal cancer samples vs. 
normal kidney cells. After a quantitative analysis 
of differences in methylation levels of CpG 2 and  
8 islands in cancer and normal samples, the  au-
thors tested the effect of the demethylation pro-
cess on the level of tensin-3 expression. As a result, 
they observed a  3 times higher level of  tensin-3 
mRNA expression compared to the  control cells 
(not demethylated). The  analysis of  methylation 

levels of CpG 2 and 8 islands and tensin-3 mRNA 
expression showed a statistically significant nega
tive correlation between the  expression of  ten-
sin-3 mRNA and the  methylation level of  CpG 2 
islands. There was no statistically significant as-
sociation between the expression of tensin-3 and 
CpG 8 methylation level. This finding may indicate 
an  epigenetic mechanism explaining the  cause 
of reduced expression of tensin-3 in renal cancer.

Melanoma 

Martuszewska et al. [53] used a melanoma cell 
model for assessment of  cancer cell migration. 
They chose the  WM793 melanoma cell line for 
their experiments due to the high level of endo
genous tensin-3, at which accelerated migration 
of cancer cells was observed. Next, the research-
ers applied the  tensin-3 expression silencing se-
quence, which entailed about a 30% increase in 
WM793 cell migration compared to the  control 
cells. It was noted that tensin-3 gene expression 
silencing enhanced the migration capacity of can-
cer cells.

Similarly to the  study of  Martuszewska et al. 
[53], Qian et al. [60] evaluated tensin-3-depen-
dent cell migration in metastatic melanoma cell 
lines (mel 553B, mel 1088 and mel 568). Silencing 
tensin-3 resulted in strong inhibition of cancer cell 
growth and migration.

Glioblastoma multiforme

Chen et al. [62] tested contribution of tensin-3 
to cell migration, invasion and morphology in 
an  in vitro model of human glioblastoma (05MG, 
U251 and GBM8401 cell lines). Then, they ana-
lyzed the expression level of RNA-binding protein 
Musashi-1 (MSI1) and tensin-3 in samples from 
patients with glioblastoma (data from TCGA data-
base, 330 individuals). Based on data from this da-
tabase, they established a ratio of MSI1/tensin-3 
and performed survival analysis of  glioblastoma 
patients. They demonstrated that tensin-3 signifi-
cantly contributed to development of  glioblasto-
ma, in which increased expression was observed. 
As MSI1 is involved in numerous processes in 
the cell, e.g. maintaining the pluripotency of stem 
cells as well as the  ability of  self-renewal, MSI1 
promotes cell migration, but the  mechanism is 
still unknown. However, it has been demonstrat-
ed that MSI1 binds to the  a3′UTR (three prime 
untranslated region) of tensin-3 mRNA. The effect 
of  the connection is inhibited translation of  ten-
sin-3. Analysis of  clinical samples revealed that 
the  level of  tensin-3 expression is inversely pro-
portional to that of MSI1, i.e. MSI1 overexpression 
leads to a decrease in tensin-3 expression level. 
What is more, tensin-3 was expressed in the tumor 
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tissue, but not its metastases. The survival analy-
sis showed that patients with a high ratio of MSI1/
tensin-3 had higher risk of a poor outcome. Taken 
together, a consequence of  reduced tensin-3 ex-
pression in the glioblastoma is increased cell mi-
gration. This phenomenon may be explained by 
a  disturbed signal transduction pathway involv-
ing tensin-3 effector proteins, i.e. RhoA-GTP, that 
are activated during reduced tensin-3 expression, 
leading to changes in cell morphology by dysregu-
lation of the cell cytoskeleton and changes in cell 
polarization or mobility. The  authors concluded 
that the  inverse relation between MSI1 and ten-
sin-3 may serve as a predictor for metastatic po-
tential of glioblastoma and clinical outcome of pa-
tients.

Tensin-4

Colorectal cancer

Albasri et al. [63] evaluated the relationship be-
tween the level of tensin-4 expression and clinico-
pathological parameters in 462 cases of colorectal 
cancer. The researchers considered the following: 
patients’ age, gender, histological type of cancer, 
its stage, size of  the  tumor, stage according to 
the  Dukes classification, lymph node metasta-
sis, infiltration to blood vessels and the presence 
of distant metastases. In addition, they analyzed 
the correlation between tensin-4 expression and 
survival rate. Using colorectal cancer cell models 
(HT116 and SW620 cell lines expressing low and 
high tensin-4 expression, respectively), the  au-
thors assessed the role of tensin-4-related cell mi-
gration while to test the impact of tensin-4 on me-
tastasis, they used an  in vivo mouse model. It is 
worth mentioning that colorectal cancer cell lines 
express tensin-4 at various levels as demonstrated 
in another study conducted by Albasri et al. [18]. 
The  authors tested the  level of  mRNA tensin-4 
expression in 29 colorectal cancer lines, and in 
the selected cancer cell lines tensin-4 expression 
decreased in the following order: DLD1, Colo 205, 
LoVo, SW620, COLO201, C80, GP2D, VACO10MS, 
C32, C84, HCA46, SW1116, VACO5, C125, LS1034, 
SW1222, SW480, SW948, C106, COLO320DM, 
HT29, HT55, RKO, HCA7, HCT116, HUTU80, HRA19, 
Caco-2 and SW837. Statistical analysis of clinical 
samples revealed that a high level of tensin-4 ex-
pression correlates with more advanced colorectal 
cancers, lymph node metastases, vascular infiltra-
tion and distant metastases. Moreover, patients 
with overexpression of  the  protein had a  lower 
total survival rate. However, the authors did not 
confirm the role of tensin-4 as a prognostic mark-
er in colorectal cancer. Instead, they presented 
evidence of  increased mobility of  colorectal can-
cer cells under conditions of  increased tensin-4  

expression in a cell model study. They confirmed 
this phenomenon also in vivo by injecting cells 
with increased tensin-4 expression into mice. In 
animals with overexpression of  tensin-4, there 
were both local colorectal cancer foci and metas-
tases to the spleen and liver. It was also observed 
that the survival rate of mice with tensin-4 over-
expression was significantly lower.

Asiri et al. [19] also examined the relationship 
between the level of tensin-4 expression and clin-
icopathological parameters (tumor severity, stage, 
presence of  lymph node metastases, infiltration 
to blood vessels, stage in the Dukes classification 
and presence of mutations in the KRAS gene) in 
84 samples. However, they did not observe any 
correlations between the protein expression level 
and the examined factors. 

Al-Ghamdi et al. [64] conducted research on 
colorectal cancer cell lines including SW620, DLD1, 
Colo 205, RKO cell lines, in which they examined 
the  mechanism of  interaction of  tensin-4 with 
KRAS/BRAF genes: they silenced the  expression 
of the KRAS gene and observed a considerable de-
crease in tensin-4 expression and, consequently, 
decreased cell motility. 

Albasri et al. [18] examined the mechanism by 
which tensin-4 develops and facilitates metastasis 
by inhibiting the  expression of  E-cadherin using 
colorectal cancer cell models (HT116 and SW620 
cell lines) HT116 expresses low tensin-4 expres-
sion while SW620 exhibits a high expression level. 
In addition, the authors assessed the expression 
of  tensin-4 in 29 colorectal patient samples in 
comparison with normal tissue that originated 
from tumor edges. Their research on colorectal 
cancer cell lines via the qPCR technique showed 
an  over twofold increase of  tensin-4 mRNA ex-
pression in tumor cells compared to normal cells. 
According to their results, tensin-4 promotes epi-
thelial-mesenchymal transformation and inhibits 
the expression of E-cadherin. Immunohistochemi-
cal staining for tensin-4 displayed a positive reac-
tion in 69% of cases, suggesting that tensin-1 acts 
as an oncogene. 

Thorpe et al. [65] also studied the mechanisms 
responsible for the  development of  tensin-4 ex-
pression in colorectal cancer lines (HCT116, Caco-2 
and SW620 cell lines). The  results of  their tests 
on colorectal cancer cell lines showed that the ex-
pression of this protein is stimulated by EGFR and 
KRAS, but inhibited by STAT3 protein. 

Another study, conducted by Liao et al. [66], 
focused on the  influence of tensin-4 on β-caten-
in and used colorectal cancer cell models such as 
SW480, SW620, HT29, HCT116 and LoVo. As a con-
trol normal fetal colonic mucosa (FHC cell line) 
was used. The researchers noted that expression 
of  this protein occurs mainly in the  cell nucleus. 
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In qPCR studies, they demonstrated an over four-
fold increase in tensin-4 expression in colorectal 
cancer cells compared to normal colorectal cells. 
They also observed a relationship between nucle-
ar expressions of tensin-4 and β-catenin. However, 
no such dependency in the cytoplasmic presence 
of  these proteins was observed. The  existence 
of  the  above-mentioned correlation indicates 
the role of tensin-4 in the canonical Wnt pathway. 

Hong et al. [67] focused on nuclear location 
of tensin-4 in SW480 colorectal cancer cells. They 
found that overexpression this protein stimulates 
cell growth and proliferation of colorectal cancer 
cells.

Gastric cancer

In the  analyzed literature we found 3 papers 
on expression of  the  tensin-4 gene mRNA and 
tensin-4 protein in gastric cancer. Sakashita et al. 
[68] conducted a  study on tissues from 114 pa-
tients with diagnosed gastric cancer and on  
5 human gastric cancer cell lines (MKN1, MKN7, 
MKN28, MKN45, and MKN74 cell lines), using 
the qPCR and IHC methods. Normal mucosa sam-
ples served as a  control for IHC examination. 
Tensin-4 mRNA expression was correlated with 
clinicopathological parameters including patients’ 
age, gender, histological type, serosal invasion, 
lymph node metastasis, lymphatic permeation, 
distant metastasis, venous infiltration, perito-
neal dissemination and patient status (alive/de-
ceased). Next, they analyzed mRNA tensin-4 ex-
pression and survival rate. As a result, they noted 
increased tensin-4 mRNA in tumor cells compared 
to normal gastric mucosa. These findings were 
confirmed by tensin-4 expression tests via the IHC 
method, which indicated increased expression 
of  this protein in neoplastic tissue compared to 
normal gastric mucosa. Moreover, they found 
a  relationship between the  expression of  mRNA 
and histo-clinical parameters. They demonstrated 
statistically significant correlations between in-
creased expression of tensin-4 and a lower degree 
of differentiation, infiltration to the serosa, lymph 
node metastases, peritoneal carcinomatosis and 
cancer-related death. Additionally, they observed 
that increased tensin-4 gene expression was asso-
ciated with a shorter total survival time. 

The study by Sawazaki et al. [69] revealed sim-
ilar results to those presented by Sakashita et al. 
[68]. The researchers performed tests on 134 tis-
sue samples with stage II and III which constituted 
70% of gastric cancer cases. Normal gastric muco-
sa was used as a reference. The authors analyzed 
tensin-4 expression with the following clinicopath-
ological features: patients’ age, gender, tumor size, 
histological type, serosal invasion, lymph node 
metastasis, lymphatic invasion, venous invasion 

and TNM stage. Using the Kaplan-Meier method, 
they correlated postoperative survival rate with 
the level of tensin-4 expression. They also evalu-
ated mRNA tensin-4 expression in human gastric 
cancer cell lines (MKN1, MKN7, MKN45, MKN74, 
NUGC3, NUGC4, and Kato III); however, the  au-
thors did not provide control cells, e.g. a  normal 
gastric cell line. Their results confirmed increased 
tensin-4 expression in cancer tissues compared 
to normal gastric mucosa. The expression of ten-
sin-4, measured by the  IHC method, was higher 
in neoplastic tissue both in the differentiated and 
undifferentiated cancer type. The expression was 
mainly observed in the cytoplasm of cancer cells. 
Moreover, the  authors analyzed the  relationship 
between mRNA expression of  tensin-4 gene and 
clinicopathological parameters, but did not find 
any statistically significant correlations. However, 
they proved that increased tensin-4 expression re-
sults in shorter total survival time. These studies 
confirm that the expression of tensin-4 is associat-
ed with more advanced gastric cancers with worse 
prognosis and a lower total survival rate. Based on 
these results we can conclude that the presence 
of  this protein stimulates cell proliferation and 
migration. Moreover, the  authors suggested that 
tensin-4 may be an independent factor, both prog-
nostic and predictive, in gastric cancer.

The study performed by Qi et al. [13] evaluated 
tensin-4 expression in 80 gastric cancer samples 
and matched normal gastric tissue. The  authors 
correlated the  tensin-4 expression with clinico-
pathological features including gender, patients’ 
age, cancer location, differentiation, tumor size, 
depth of  infiltration, lymph node metastasis and 
TNM stage. In addition, they analyzed the relation 
between tensin-4 expression and survival rate. 
Gastric cancer cell models (SGC7901, MKN45, 
and MKN28 cell lines) and clinical specimens 
were used to assess mRNA tensin-4 expression. 
The  GES-1 non-tumorigenic human gastric epi-
thelial  cell line was used as control gastric cells. 
Immunohistochemical analysis revealed a signifi-
cant correlation between tensin-4 expression and 
depth of  infiltration (intramucosa, submucosa, 
muscular layer and full layer), lymph node metas-
tasis and TNM stage. Analysis of survival rate in-
dicated that patients with higher tensin-4 expres-
sion had a worse prognosis and shorter survival 
time. The level of mRNA tensin-4 expression was 
significantly higher in gastric cancer samples (cell 
lysates and patients’ specimens) than that in nor-
mal gastric samples (non-tumorigenic gastric cell 
lysate and normal mucosa). 

Lung cancer

In the  literature there are also reports on 
the  relationship between tensin-4 and the  pro-
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gression of small-cell lung cancer. Sasaki et al. [70] 
assessed the  level of  tensin-4 mRNA expression 
in 89 patients with lung cancer and correlated it 
with clinicopathological characteristics such as 
mean patients’ age, patients’ age, gender, clinical 
stage, T status, lymph node metastasis and his-
tological type. The study group consisted of cases 
of squamous cell carcinoma, adenocarcinoma and 
small cell carcinoma. Adjacent normal lung tis-
sues served as a control. The analysis of the pro-
tein expression level vs. clinical features showed 
a positive correlation of tensin-4 expression with  
T category of  lung cancer. The  expression in-
creased along with the cancer severity. They found 
a significant correlation between tensin-4 expres-
sion and histological type of  lung cancer: mRNA 
tensin-4 expression in squamous cell carcinoma 
was higher than in adenocarcinoma.

Lu et al. [20] used lung adenocarcinoma cell 
models (A549 and NCI-H1299 cell lines) to in-
vestigate the effect of tensin-4 on cell migration 
and invasion as well as EMT. They observed that 
an increased level of tensin-4 expression is a fac-
tor facilitating cell migration. The authors found 
that at both transcriptional and post-transcrip-
tional levels the  overexpression of  this protein 
stimulates N-cadherin and vimentin, and lowers 
the  E-cadherin level. These proteins play a  sig-
nificant role in regulating the  epithelial-mes-
enchymal transformation, which indicates that 
tensin-4 is involved in this process and thus 
promotes increased migration and invasiveness 
of the tumor mass.

Moreover, Bennett et al. [71] conducted a study 
on lung cancer cells (H125, H358, H441 and A549 
cell lines) which were stimulated by EGF. They dis-
covered that such stimulation leads to the expres-
sion of STAT3, which induces tensin-4 expression. 
In the  next stage of  the  research, they silenced 
tensin-4 expression, thus considerably decreasing 
the invasiveness of lung cancer cells. 

Breast cancer

Albasri et al. [72] conducted research on ten-
sin-4 expression in 1409 breast cancer samples. 
The  authors analyzed the  level of  tensin-4 ex-
pression with clinicopathological parameters such 
as patients’ age, menopausal status, histological 
type and grade, tumor size, lymph node metas-
tasis, Nottingham Prognostic Index (NPI), venous 
invasion, local and regional recurrence and dis-
tant metastases. Normal epithelial breast tissue 
served as a control. The Kaplan-Meier method was 
used to assess the  correlation between tensin-4 
expression and survival rate. They demonstrated 
that this protein does not occur in normal breast 
epithelium, but can be found in cancer-changed 
cells. Tensin-4 appeared in the cytoplasm of can-

cer cells, but the authors did not observe its mem-
brane expression. The results of their study indi-
cated a statistically significant correlation of high 
tensin-4 expression with larger tumors (> 1.5 cm), 
their higher stages, metastases to the  nearby 
lymph nodes, occurrence of local and surrounding 
recurrences, higher NPI, histological type of  can-
cer and distant metastases. Moreover, the authors 
reported that increased tensin-4 expression is as-
sociated with worse prognosis.

Prostate cancer

Yang et al. [73] assessed the level of tensin-4 ex-
pression in the cell model of prostate cancer (PC-3 
cell line) in comparison with RWPE-1 cells represent-
ing normal prostate tissue. Using the Grasso pros-
tate dataset and GSE3325 gene expression data-
set set of  Grasso prostate, the  authors analyzed 
the level of tensin-4 expression between 3 groups: 
benign prostate, primary cancer and metastatic 
cancer. The first dataset included 122 cases while 
the second dataset included 19 cases. The authors 
discovered that the  level of  tensin-4 expression 
significantly decreased as cancer progressed. After 
comparing the protein expression level and the de-
gree of  prostate cancer progression, the  authors 
concluded that tensin-4 expression level decreases 
with the progression of prostate cancer. Moreover, 
the researchers observed that the loss of tensin-4 
in prostate epithelial cells entails decreased cell 
adhesion. Consequently, increased cell motility 
may facilitate the acquisition of mesenchymal cell 
characteristics by these cells. Furthermore, tensin-4 
dysfunction in prostate epithelial cells may signifi-
cantly contribute to neoplastic transformation. 

Li et al. [74] used immunohistochemistry to test 
the  expression of  tensin-4 in 72 prostate cancer 
samples in comparison with normal prostate tissue 
and then correlated it with the Gleason score. They 
observed a decrease or lack of tensin-4 expression 
in prostate cancer lesions as opposed to high ten-
sin-4 expression in normal epithelial cells. They 
also observed the presence of tensin-4 spaces sur-
rounding the cancer cells. The researchers analyzed 
the  relationship between the  protein expression 
level and the degree of histological differentiation 
according to the Gleason grading system. Statistical 
analysis showed that tensin-4 expression decreased 
with increased degree of tumor differentiation.

Pancreatic cancer

Al-Ghamdi et al. [43] conducted tests on 44 
pancreatic cancer tissue samples and cell culture 
lines (Capan-2, Colo357, Panc-1 and PSN-1) evalu-
ating tensin-4 expression. Among these cell lines 
tensin-4 expression in Capan-2 and Panc-1 cell 
lines were not observed, while Colo357 and Panc-1 
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showed strong expression. For further investiga-
tion Panc-1 and PSN-1 were selected. It was found 
that tumor lesions displayed higher expression 
of tensin-4 compared to non-neoplastic pancreatic 
tissue. The results of the study on cell models in-
dicate that tensin-4 serves no role in cell prolife
ration, but participates in colony formation and 
stimulates cell migration.

Hepatocellular carcinoma

Chan et al. [75] performed tests on hepatocellu-
lar carcinoma cell lines (SMMC-7721, and BEL7402 
HLE and PLC cell lines) and 30 tissue specimens 
with this type of tumor assessing tensin-4 expres-
sion. The LO2 cell line was used as a normal he-
patocyte cell line whereas non-tumor liver tissue 
served as a reference. The clinicopathological data 
about individuals included gender, patients’ age, 
tumor size, other liver conditions, tumor micro-
satellite formation, tumor encapsulation, venous 
infiltration, differentiation grade and TNM stage. 
Immunohistochemical analysis showed the pres-
ence of  tensin-4 in 43% of tissues with the said 
cancer. Cells in culture were stimulated by their 
EGF, after which they showed considerably high-
er tensin-4 expression. The  results of  the  study 
indicate that this is due to activation of  ERK1/2 
by EGF, which entails increased expression of ten-
sin-4 and indicates the role of this protein in can-
cer cell proliferation and migration.

Melanoma

Sjoestroem et al. [76] examined the expression 
of  tensin-4 in 445 patients with melanoma and 
correlated it with clinicopathological data such as 
patients’ age, gender, tumor size, ulceration, tumor 
subtype, location, metastases as well as gender, 
location and American Joint Committee on Cancer 
(AJCC) stage for metastatic melanoma. The  Ka-
plan-Meier test was used for evaluation of the re-
lation between tensin-4 expression and overall and 
5-year survival rate in melanoma patients. They 
divided their study group into 4 categories: healthy 
patients, those with precancerous lesions, patients 
with cancer without metastases and people with 
melanoma plus metastases. The authors noted that 
the protein expression was higher in precancerous 
lesions compared to patients without melanoma, 
and that tensin-4 expression was higher in patients 
with primary cancer compared to the subjects with 
precancerous lesions. However, the researchers did 
not observe any relationships between tensin-4 ex-
pression in primary cancer and metastases. Their 
results confirm that the  expression of  tensin-4 
increases with melanoma progression. Moreover, 
higher tensin-4 expression is observed in tumors 
with a  larger diameter. Additionally, increased ex-

pression of this protein correlates with shorter to-
tal survival time in patients with primary cancer 
as well as those with tumor of ≥ 1 mm diameter. 
The authors summarized that tensin-4 may act as 
an independent prognostic factor in patients with 
primary melanoma.

Thymoma

Sasaki et al. [77] conducted a  study assessing 
the  level of mRNA tensin-4 expression in 45 thy-
moma tissues. They compared the level of tensin-4 
expression with clinical data (mean patients’ age, 
patients’ age, gender cancer stage, myasthenia gra-
vis, histological type and lymphocyte infiltration). 
Normal thymus samples were used as a  control. 
They discovered that in tissues from patients with 
thymoma the level of tensin-4 expression increased 
with this lesion’s severity. This may indicate that 
tensin-4 is involved in thymoma progression.

Table I summarizes the  clinical significance of 
tensin-1, -2, -3 and -4 expression associated with 
clinicopathological parameters such as tumor pro-
gression, metastases or survival. 

Conclusions and implications for future 
research

Although understanding of  cellular functions 
of  tensin-family proteins is of emerging interest, 
their clinical significance needs to be explored 
thoroughly. The  question about the  general role 
of  these proteins in carcinogenesis still remains 
unanswered. The  differences in the  expression 
level (decrease or increase) of tensins among can-
cers indicate that they may serve as either a can-
cer-promoting or cancer-inhibitory factor. There 
are several reports presenting tensin-dependent 
processes, such as cell adhesion, migration, cyto
skeletal maintenance and communication with ex-
tracellular matrix. Further studies on the relation-
ship between tensins and integrins, actin fibers or 
intracellular kinases (FAK, PI3K) may contribute to 
a deeper understanding of  the regulation of sig-
nal transduction inside and outside of a cell. Not 
only do tensins integrate ECM with the actin cyto-
skeleton, but they also regulate Rho GTPase, EGFR 
and c-Met signaling pathways. As EGFR is overex-
pressed in various tumors, it is intriguing whether 
the link between tensins and this receptor may be 
a potential biomarker or even contribute to find-
ing beneficial anti-cancer therapy. Forthcoming 
publications will shed new light on the role of ten-
sin-family adhesion proteins in cancerogenesis.
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Table I. Selected reports presenting the  clinical significance of  tensins associated with clinical features. The data display how 
protein expression changed depending on cancer type. In addition, research methodology, and significant correlations between 
tensins and clinicopathological parameters are summarized.

Protein/ 
publication

Cancer Number of 
subjects

Expression  
in cancer

Method Significant correlations

Tensin-1:

Kotepui et al. 
[49]

Breast 
cancer

33 Negative in 85% 
tumors

qPCR No correlations

Zhan et al. 
[50]

Breast 
cancer

104 Low IHC High expression correlates with longer  
metastasis-free survival, lower expression  

observed in metastasis

Martuszewska 
et al. [53]

Renal 
cancer

260 Positive in all 
tumors

qPCR Expression of mRNA decreased with  
an increase in tumor severity

Tensin-2:

Martuszewska 
et al. [53]

Renal 
cancer

223 Positive in all 
tumors

qPCR No correlations

Yam et al. [57] Liver 
cancer

50 2-fold 
overexpression in 

46% of tumors

qPCR High level of TNS2 mRNA expression  
correlates with infiltration to blood vessels  

and microsatellite instability

Tensin-3:

Martuszewska 
et al. [53]

Renal 
cancer, 

melanoma

260 Positive in all 
tumors

IHC,
qPCR

Positive correlation of TNS3 with survival  
and tumor stage

Tensin-4:

Albasri et al. 
[63]

Colon 
cancer

462 Positive in 90% 
of tumors

IHC High level of tensin-4 expression correlates  
with more advanced colorectal cancers, lymph node 
metastases, vascular infiltration, distant metastases 

and lower total survival rate

Asiri et al. [19] Colon 
cancer

84 Cytoplasm 
reaction

IHC No correlations

Sakashita et 
al. [68]

Gastric 
cancer

114 Higher in 72% 
of tumors

IHC,
qPCR

Significant correlations between increased 
expression of TNS4 and a lower degree 

of differentiation, infiltration to the serosa, lymph 
node metastases, peritoneal carcinomatosis  
and cancer-related death. High TNS4 gene 

expression links to a shorter total survival time

Sawazaki et 
al. [69]

Gastric 
cancer

130 High IHC,
qPCR

Increased TNS4 expression results in shorter  
total survival time

Qi et al. [13] Gastric 
cancer

80 High IHC
qPCR

Significant correlation and depth of infiltration, 
lymph node metastasis and TNM stage.  

Higher tensin-4 expression indicates worse 
prognosis and shorter survival time

Sasaki et al. 
[70]

Lung 
cancer

89 No differences 
from normal 

tissue

qPCR Positive correlation of TNS4 expression  
with tumor stage

Albasri et al. 
[72]

Breast 
cancer

1409 Positive in 90% 
of tumors

IHC Correlation between high tensin-4 expression 
and larger tumors (> 1.5 cm), advanced stages, 
metastases to nearby lymph nodes, occurrence 

of local and surrounding recurrences, higher 
Nottingham prognostic index (NPI), histological type 
of cancer and distant metastases. Increased tensin-4 

expression is associated with worse prognosis.

Li et al. [74] Prostate 
cancer

72 Low IHC Tensin-4 expression decreased with increased 
degree of differentiation

Sjoestroem  
et al. [76]

Melanoma 445 High IHC Expression of tensin-4 increases with melanoma 
progression. Higher TNS4 expression is observed  
in tumors with a larger diameter and contributes  

to shorter total survival time
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