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Abstract. Adaptor proteins are functional proteins that 
contain two or more protein‑binding modules to link signaling 
proteins together, which affect cell growth and shape and 
have no enzymatic activity. The actin filament‑associated 
protein (AFAP) family is an important member of the adaptor 
proteins, including AFAP1, AFAP1L1 and AFAP1L2/XB130. 
AFAP1 and AFAP1L1 share certain common characteristics 
and function as an actin‑binding protein and a cSrc‑activating 
protein. XB130 exhibits certain unique features in structure 
and function. The mRNA of XB130 is expressed in human 
spleen, thyroid, kidney, brain, lung, pancreas, liver, colon and 
stomach, and the most prominent disease associated with 
XB130 is cancer. XB130 has a controversial effect on cancer. 
Studies have shown that XB130 can promote cancer progres-
sion and downregulation of XB130‑reduced growth of tumors 
derived from certain cell lines. A higher mRNA level of XB130 
was shown to be associated with a better survival in non‑small 
cell lung cancer. Previous studies have shown that XB130 
can regulate cell growth, migration and invasion and possibly 
has the effect through the cAMP‑cSrc‑phosphoinositide 
3‑kinase/Akt pathway. Except for cancer, XB130 is also asso-
ciated with other pathological or physiological procedures, 
such as airway repair and regeneration.
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1. Introduction

Adaptor proteins are functional proteins that contain two 
or more protein‑binding modules to link signaling proteins 
together, which affect cell growth and shape and have no 
enzymatic activity. The actin filament‑associated protein 
(AFAP) family is an important member of the adaptor 
proteins, including AFAP1, AFAP1L1 and AFAP1L2/XB130. 
AFAP1 and AFAP1L1 share certain common characteristics 
and function as an actin‑binding protein and a cSrc‑activating 
protein. XB130 exhibits certain unique features in structure 
and function. The mRNA of XB130 is expressed in the human 
spleen, thyroid, kidney, brain, lung, pancreas, liver, colon and 
stomach, and the most prominent disease associated with 
XB130 is cancer. XB130 has a controversial effect on cancer. 
Studies have shown XB130 could promote cancer progression 
and down‑regulation of XB130 reduced growth of tumors 
derived from some cell lines. While a higher mRNA level of 
XB130 was shown to be associated with a better survival in 
non‑small cell lung cancer. Research has shown that XB130 
could regulate cell growth, migration and invasion and play 
the effect probably through cAMP‑cSrc‑phosphoinositide 
3‑kinase (PI3K)/Akt pathway. In addition to cancer, XB130 is 
associated with other pathological or physiological procedures, 
such as airway repair and regeneration.

2. Adaptor proteins: Major contributors to signaling 
pathways

Adaptor proteins are commonly defined as proteins that 
contain two or more protein‑binding modules that func-
tion to link signaling proteins together, which affects cell 
growth and shape and have no enzymatic activity  (1). As 
the response of cells to external stimuli shows specificity 
and veracity, these adaptor proteins have received increasing 
attention when attempting to elucidate the mechanisms that 
control the cross‑talk between signaling cascades (2). The 
varieties of protein‑binding modules enable adaptor proteins 
to link protein‑binding partners together and thus create larger 
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signaling complexes, leading to an appropriate response from 
the cell to the environment (3). The specificity in signaling 
can be achieved by the type of protein‑binding modules, the 
sequence of these domains and motifs encoded by adaptor 
proteins, the subcellular locations and the proximity of binding 
partners (1,3). The specificity and veracity of adaptor proteins 
provide the cell with a mechanism to link signaling proteins to 
each other and propagate a cellular signal.

A large number of studies regarding adaptor proteins have 
been carried out since the earlier definition of functional 
domains within proteins and the subsequent identification 
of their function. The function of the Src homology 2 (SH2) 
domain was first demonstrated, and later, a number of other 
protein‑binding modules such as SH3, pleckstrin homology 
(PH), WW and other domains, as well as the conservative 
structure of the opposing binding motifs were identified (4‑7). 
Furthermore, studies established that the integrity of these 
protein‑binding modules was functionally required for v‑Src 
or Src527F to transform cells, while mutations of these SH2 
or SH3 domains of v‑Src or Src527F could prevent these 
oncogene products from transforming cells  (8,9). It is the 
structural analysis of these modular domains using X‑ray 
crystallography or nuclear magnetic resonance (NMR) that 
finally demonstrated the active centers of these domains 
and the mechanisms by which they facilitate protein‑protein 
interactions, leading to the acknowledgement of the impor-
tance of protein‑protein interactions in modulating cellular 
signaling (10‑13).

The former functional structure of adaptor proteins that 
are limited in SH2 and SH3‑binding sites were broadened by 
the identification of Crk (14,15). Since then, a large number of 
members of adaptor proteins have been recognized and studied, 
and it has been demonstrated that adaptor proteins are involved 
in multiple signaling pathways through different up and 
downstream molecules. The T‑cell receptor signaling adaptor 
proteins, LAT, GADS and SLP‑76, promote receptor‑regulated 
signaling, as examples that modulate signals emanating from 
the cell membrane (16‑19). It was also found that the former 
mentioned Crk family has an important role in modulating 
cell adhesion and cell migration (20). Furthermore, the Vav 
family was highlighted as co‑evolved with tyrosine kinases, 
as a mechanism to link changes in the cytoskeletal architec-
ture and gene transcription  (21,22). Continuing the theme 
of adaptor proteins and the cytoskeleton, several tyrosine 
phosphorylated substrates, including pp130cas, pp125FAK, 
AFAP‑110, pp85 cortactin and the cadherin‑associated protein 
pp120ctn, have been identified (23‑26). Notably, each of these 
tyrosine‑phosphorylated substrates is associated with the 
actin‑based cytoskeleton, and AFAP‑110 has been proved to 
be capable of regulating actin filament integrity as an activator 
of Src (25).

Significantly, there have been studies that are engaged 
in investigating the target rational drug design to block the 
ability of certain adaptor proteins to form interactions with 
cellular signaling proteins. These studies attempted to design 
certain small molecular inhibitors that specifically block 
functional interactions forged by adaptor proteins (8,27‑31). 
An improved understanding of adaptor proteins in signal 
transduction is required prior to their use as potential targets 
for therapy.

3. AFAP family: Important adaptor protein family

The AFAP family, which is an important member of the 
adaptor proteins, consists of three members: AFAP1, actin 
filament‑associated protein 1‑like 1 (AFAP1L1), and AFAP1L2 
(also known as XB130), among which the prototype member, 
AFAP1, also termed AFAP‑110, is well acknowledged as 
a cSrc‑binding partner and actin filament cross‑linking 
protein (32,33). AFAP1, AFAP1L1 and AFAP1L2 (XB130) are 
classified as a family by the Human Genome Project for their 
similar modular domain structure and amino acid sequence, 
particularly for their highly conservative PH domains (34,35).

AFAP1 can be used as an example to introduce the typical 
structure of this AFAP family. The AFAP1 protein contains 
two juxtaposed poly‑proline rich SH3‑binding motifs, two 
SH2‑binding motifs, two PH domains, a substrate domain (SD), 
a helical leucine zipper (Lzip) for multimerization and an 
actin‑binding domain, which is used for AFAP1 to interact 
with actin filaments. A comparative study between AFAP1 
and AFAP1L1 shows 71% similarity in the overall amino acid 
structure between the two proteins, and specifically, AFAP1L1 
only contains one putative SH3‑binding motif, and this motif 
more closely resembles that of a cortactin SH3‑domain 
binding site, compared with the cSrc SH3‑binding motif of 
AFAP1 (36).

As mentioned previously, AFAP1 is known to function as 
an actin‑binding protein and a cSrc‑activating protein (33). 
The carboxy terminal actin filament‑binding domain and the 
Lzip of AFAP1 enable it to crosslink actin filaments (37). 
Following activation by the serine/threonine kinase PKCα, 
AFAP1 is directed to perinuclear region of the cell with 
cSrc and activates cSrc by binding to the SH3 domain via 
its N‑terminal SH3‑binding motif, thus leading to the cSrc 
downstream activation that affects cell adhesion, invasion 
and motility  (25). Similar to AFAP1, AFAP1L1 also has 
an ability to associate with actin filaments, can be found in 
actin‑rich structures such as invadosomes, and is capable of 
independently inducing podosomes upon overexpression (38). 
Additionally, AFAP1L1 exhibits certain unique character-
istics. For example, AFAP1L1 was identified in the dentate 
nucleus and its expression appeared to occur along neuronal 
processes, which indicates its unique role in the innervation of 
the dentate nucleus (39).

However, as opposed to AFAP1 and AFAP1L1 showing 
a number of common features, the third member, AFAP1L2 
(XB130), exhibits differences in structure and function. This 
is further discussed in the following.

4. XB130: A newly studied adaptor protein in cancer sig-
nal transduction

Location and distribution of XB130. A novel protein emerged 
when investigators searched for the human AFAP gene. As 
this protein does not show any evident enzymatic domain, 
but contains certain modules for protein‑protein interaction, 
and shows a distinguished structure similar to AFAP, it was 
designated as AFAP1L2. In addition, AFAP1L2 encodes a 
protein of 818 amino acids and the molecular mass measured 
by immunoblotting is ~130 kDa. Therefore, it is also, and more 
commonly, known as XB130 (35).
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Fluorescence in situ hybridization analysis shows that the 
XB130 gene is localized on human chromosome 10q25.3, and 
this location is further confirmed by a GenBank™ database 
search (35). Although XB130 has not attracted significant 
attention until recent years, it has been established that XB130 
is a comparatively widely expressed protein. A previous study 
identified that the mRNA is frequently expressed in human 
spleen and thyroid, and although it si relatively lower, its 
expression could also be detected in the kidney, brain, lung, 
pancreas, liver, colon and stomach (40). Additionally, different 
approaches using several cell lines showed that XB130 tends 
to be distributed in the cytoplasm.

Structure of XB130. A total of 818  amino acids form the 
primary structure of XB130. In general, XB130 contains several 
SH2‑ and SH3‑binding motifs, two PH domains, a coiled‑coil 
region, and a number of potential tyrosine or serine/threonine 
phosphorylation sites (35). Specifically, sequence structure 
analysis shows that the N‑terminal region of XB130 contains 
23 putative tyrosine phosphorylation sites and one proline‑rich 
motif that may interact with SH2‑ and SH3‑domain‑containing 
proteins, respectively (41). Subsequently, they are followed 
by two PH domains that target host proteins to cellular 
membranes through interactions with certain phospholipids 
and membrane‑associated proteins (42,43), and its C‑termini 
shows a coiled‑coil domain, partially similar with the Lzip 
domain in AFAP. The coiled‑coil and Lzip domains are 
believed to be involved in protein oligomerization and DNA 
binding (44,45).

XB130 in cancer. Recently, XB130 has attracted increasing 
interest among researchers to a significant extent owing to its 
controversial effect on cancers. Pathway analysis showed that 
the top‑ranked disease associated with XB130 is cancer (46). 
A study associating XB130 and prognosis in non‑small cell 
lung cancer showed that the overall expression of XB130 in 
adenocarcinoma (ADC) was much lower than that in squamous 
cell carcinoma (SQCC), and a higher XB130 mRNA level 
independently indicated an improved disease‑free survival at 
5 years. This provided evidence that XB130 could be a marker 
to distinguish ADC from SQCC and to predict a long‑term 
survival in non‑small cell lung cancer patients (47). The same 
result was obtained in an in vitro study, as the downregulation 
of XB130 reduced growth of tumors derived from A549 cells, 
a human lung carcinoma cell line. A similar result was also 
shown in A549 cells, a human lung carcinoma cell line (35).

Several studies concerning the interaction between XB130 
and Src kinases, oncogenic RET/PTC and other signaling 
molecules have identified its involvement in tumor progres-
sion by promoting cell proliferation and survival in various 
tumor cells. Shiozaki et al (48) found that XB130 was highly 
expressed in human thyroid cancers. The in vitro study by 
Lodyga et al (49) of the TPC1 cell line identified that downreg-
ulation of XB130 in the TPC1 cell line derived from papillary 
thyroid carcinoma led to proliferation reduction and anoikis 
promotion. In addition, downregulation of XB130 reduced the 
growth of tumors derived from WRO cells (41). Knockdown 
of XB130 in WRO cells inhibited the G1‑S phase progression, 
induced spontaneous apoptosis and enhanced intrinsic and 
extrinsic apoptotic stimulus‑induced cell death. Microarray 

analysis identified that 246 genes were significantly changed in 
XB130 small hairpin RNA (shRNA)‑transfected cells, among 
which 57 genes were involved in cell proliferation and survival, 
as well as transcriptional regulation. To further explore the 
mechanisms that XB130 regulates gene expression associated 
with cell proliferation or survival, Takeshita et al (50) analyzed 
miRNA expression in XB130 knockdown WRO cells, based on 
the estimation that ~30% of all human genes can be regulated 
by miRNAs (51). They speculated that XB130 may regulate 
growth‑related expression of miRNAs and in this way control 
the genes associated with cell proliferation or survival. An 
miRNA array assay showed that 16 miRNAs were upregulated 
and 22 miRNAs were downregulated significantly in WRO 
thyroid cancer cells with XB130 downregulation by shRNA. 
Furthermore, overexpression of XB130 suppressed 3 of the 
upregulated miRNAs (miR‑33a, miR‑149 and miR‑193a‑3p), 
which would negatively regulate oncogenes expression 
when transfected into WRO cells. In this way, investigators 
concluded that XB130 could promote cancer cell growth by 
regulating tumor‑related miRNAs and their targeted genes, 
and this regulatory effect was inhibited by the deletion of 
the N‑terminus of XB130, suggesting the regulation of these 
miRNAs by XB130 may be mediated through specific signal 
transduction pathways.

Investigators have also established that XB130 could 
regulate cell migration and invasion through its impact on cyto-
skeletal functions. Lodyga et al (41) showed that in MTLn3 rat 
mammary carcinoma cells and in natural XB130 expressors, 
such as a thyroid papillary carcinoma cell line TPC1, a variety 
of stimuli [epidermal growth factor (EGF), phorbol myristate 
acetate and cell wounding] induced translocation of endog-
enous or heterologously expressed XB130 from the cytosol 
to the cell periphery, where it colocalized with the simulta-
neously formed, membrane‑associated actin meshwork. This 
actin meshwork assembles densely and dynamically under the 
plasma membrane, exerting a force upon the plasma membrane, 
giving rise to the formation of lamellipodia and membrane 
ruffles. Lamellipodia are essential for the formation of 
migratory membrane protrusions, an event that is closely asso-
ciated with the epithelial‑mesenchymal transition (EMT) (52). 
Specifically, it is the RAC GTPase that induces the XB130 in 
the lamellipodia. Lodyga et al (41) also reported that not only 
XB130 has the special affinity to the branched F‑actin, but 
also the formation of the actin meshwork could importantly 
recruit XB130 to this site (41). A systematic mutational anal-
ysis further revealed that the XB130 N‑terminus (167 amino 
acids) and C‑terminus (63 amino acids) harbor crucial regions 
for its translocation to lamellipodia, whereas the PH domains 
and Src‑targeted tyrosines are dispensable. This cytoskel-
eton‑associated function of XB130 leads to its significance in 
cell migration and invasion. Knockdown of XB130 in thyroid 
papillary carcinoma cell lines resulted in slower cell migration 
in a wound‑healing model and diminished matrigel invasion, 
indicating that XB130 impacts key cytoskeletal functions and 
an underlying mechanism accounting for impaired migration 
and invasion (41). The interaction between XB130 and Src and 
PI3K may explain the more specific mechanisms of its impact 
on cell migration and invasion. Src kinases are well‑known 
regulators of cell migration and invasion, and PI3K and 
the downstream Akt are known to promote migration and 
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invasion. The translocation of XB130 helps to localize Src and 
Akt to the sub‑cytomembrane branched F‑actin region, which 
further contributes to the restricted, augmented and prolonged 
activities of Src and PI3K. In this way, XB130 may have a role 
in modifying tumor cell motility and invasion.

The association between XB130 and tumors is explored 
in other types of cancer as well. For example, a multivariate 
analysis of biomarkers and clinical features in postoperative 
hepatocellular carcinoma (HCC) carried out by Zuo et al (53) 
showed that the positive expression rates of the XB130 protein 
in Chinese patients with HCC is high (75.0%), but its expression 
level is not associated with postoperative prognosis (P=0.848). 
Shiozaki et al (54) explored the possible role of XB130 in cell 
cycle progression of esophageal squamous cell carcinoma 
(ESCC) cells and its expression and effects on the prognosis of 
patients with ESCC. In the study, XB130 was found expressed 
in precancerous tissue such as severe dysplasia, suggesting that 
XB130 may be induced in ESCC cells at an early stage, indi-
cating its potential as a biomarker of squamous intraepithelial 
neoplasia of the esophagus. Furthermore, the study reported 
that XB130 expression in five ESCC cell lines, and knockdown 
of XB130 with siRNA reduced the G1‑S phase in cell cycle 
progression in all these cell lines. Additionally, downregula-
tion of XB130 led to an increase in expression of p21, which 
is also involved in cell cycle regulation. The similar effect on 
p21 was also observed in A549 cells, a human lung carcinoma 
cell line. Furthermore, the immunohistochemistry of human 
ESCC samples in the study revealed that expression of XB130 
in cancer tissue was observed in 71.2% of patients. Of note, 
this study established XB130 expression in the nucleus as an 
independent poor prognostic factor for patients with ESCC. 
The 5‑year survival rate of patients without nuclear XB130 
expression was 81.5%, significantly higher than those with 
nuclear XB130 expression (56.0%). By contrast, cytoplasmic 
XB130 expression did not show a similar result (54).

Furthermore, a retrospective study reviewing 76 consecutive 
patients with surgically resected pancreatic ductal adeno-
carcinoma (PDAC) was carried out to clarify the prognostic 
significance of XB130 expression in PDAC (55). The study 
reported that XB130 expression in PDAC was significantly 
enhanced (43/76) compared to the normal pancreas (0/15). 
Increased XB130 expression was correlated with lymph node 
metastasis, distant metastasis, high tumor‑node‑metastasis 
stage, and high‑tumor grade, resulting in a worse survival than 
that of the patients with lower expressed XB130. Furthermore, 
high XB130 expression was also identified as an independent 
prognostic factor of postoperative survival and an independent 
risk factor.

However, in contrast to the studies indicating a cancer 
promotion effect of XB130, Shi et al  (40) found evidence 
suggesting that the XB130 mRNA and protein were constitu-
tively expressed in normal gastric tissue, while relatively lower 
expressed in gastric cancer (GC) cells (40). The study analyzed 
survival or recurrence in 411 GC patients and noted that low 
XB130 expression predicted a lower survival and higher recur-
rence. Shi et al explained doubt with regards to their result, as 
according to previous studies, XB130 should be more regarded 
as an oncogenic instead of a tumor‑suppressive protein.

Furthermore, Shi et al  (52) carried out a second study, 
in which they concluded that XB130 contributes to GC 

cell proliferation and invasiveness and is involved in phos-
phorylation of Akt and EMT‑like changes. In this study, the 
proliferation, migration and invasion of two types of gastric 
adenocarcinoma cell lines were significantly inhibited by 
XB130 knockdown using shRNA, and following XB130 
knockdown, tumor growth was inhibited and GC cells 
showed a more epithelial‑like phenotype, indicating XB130 
has an effect on inhibition of the EMT process. Additionally, 
XB130 knockdown led to the reduction of p‑Akt/Akt expres-
sion, upregulated expression of epithelial markers including 
E‑cadherin, α‑catenin and β‑catenin, downregulated mesen-
chymal markers including fibronectin and vimentin, and 
reduction of oncoproteins expression associated with tumor 
metastasis, such as matrix metalloproteinase 2 (MMP2), 
MMP9, and cluster of differentiation 44.

Mechanism of XB130 in cancer. As a member of adaptor 
proteins, XB130 links signaling components to form 
multi‑molecular complexes to induce and pass on cellular 
signals through its modular domains. Biological events are 
thus triggered depending on these multi‑molecular interac-
tions. Therefore, XB130, similar to other adaptor proteins, 
has an important role in different signaling pathways. c‑Src 
protein‑tyrosine kinases (PTKs) can be used as an example. 
Of note, the Src protein was the first tyrosine kinase to be 
discovered. Activation of c‑Src leads to the downstream 
signal propagation such as post‑translational modification of 
effectors, transcriptional activation of target genes and DNA 
synthesis (56,57). c‑Src has crucial roles in signaling involved 
in mitogenesis, differentiation, inflammation, cell survival, 
motility and adhesion (58‑60). The common structure of Src 
PTKs, including c‑Src, contains an N‑terminal myristoylation 
sequence, SH3 and SH2 domains, a kinase domain, and a 
C‑terminal regulatory tail (61). The N‑terminal region func-
tions to associate c‑Src with the cell membrane (35). C‑Src 
kinases are usually kept off by an autoinhibitory mechanism 
based on its SH2 domain and two major phosphorylation sites: 
Tyr416 (or Y416) and Tyr527. Tyr416 can be auto‑phosphor-
ylated, which activates Src by displacing the P‑Tyr416 from 
the binding pocket, allowing the substrate to gain access. 
Phosphorylation of Tyr527 inactivates Src through the interac-
tion of P‑Tyr527 with the SH2 domain, which effectively folds 
Src up into a closed, inhibitory molecule. Tyr527 could be 
dephosphorylated directly by protein‑tyrosine phosphatases 
or by moving Src to sites of action through binding partner, 
leading to the activation of Src tyrosine kinase (62‑64).

Xu et al (35) reported that XB130 activated c‑Src when 
they were co‑expressed in COS‑7 cells, and recombinant 
XB130 directly activated c‑Src in  vitro. With GST‑fusion 
proteins, the study demonstrated that XB130 binds Src SH2 
and SH3 sites, which explains why c‑Src binding, activation 
and c‑Src‑mediated SRE transcriptional activation were all 
reduced when deleting the N‑terminal SH3‑ and SH2‑binding 
sites of XB130. Studies have identified that adaptor proteins 
would be tyrosine phosphorylated when their polyproline 
motif interacted with Src SH3 domain to form additional 
binding sites for the Src SH2 domain. Therefore, XB130 could 
function as an activator and substrate of c‑Src (65,66).

Furthermore, Xu et al (35) found that upon interaction 
of XB130 and c‑Src, AP‑1 and SRE were transactivated 
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depending on the level of XB130 expression. Additionally, 
this interaction could also increase transcriptional activities 
of EGF‑induced SRE and interleukin‑8 (IL‑8) promoter. By 
reducing the level of XB130, certain cell lines showed a reduc-
tion of IL‑8 production and a partial reduction of EGF‑induced 
phosphorylation of Akt and glycogen synthase kinase  3β 
(GSK3β). IL‑8 is an important inflammatory cytokine and 
GSK‑3 activity has been reported to suppress cell proliferation. 
In this way, Xu et al (35) speculated that XB130 may func-
tion in inflammatory and cell cycle progression. Although the 
signaling mechanism of this effect was not fully explored in 
their study, the result showed that the interaction of XB130 and 
c‑Src could be physiologically regulated based on the unique 
effect on transcriptional activities.

In addition to the role as an activator and a substrate of Src 
tyrosine kinases, XB130 is also found to be largely expressed 
in thyroid follicular cells, in which it serves as a prime target 
for the oncogenic tyrosine kinase RET/PTC, a genetically rear-
ranged, constitutively active, thyroid‑cancer‑specific tyrosine 
kinase and the pathogenic factor in papillary carcinoma (49). 
In this signaling, XB130 is phosphorylated through RET/PTC. 
p‑XB130 subsequently recruits and activates PI3K, which in 
turn stimulates the Akt pathway, further leading to cell prolif-
eration and enhanced abilities of cell migration and invasion.

However, XB130 was also identified in different cancer cells 
in the absence of RET/PTC, and subsequent to stimulating Akt, 
XB130 was found to regulate cancer cell cycle progression and 
survival through multiple Akt downstream molecules (67). For 
example, the cyclin‑dependent kinase inhibitor p27Kip1 nuclear 
translocation can cause G1 arrest and the cyclin‑dependent 
kinase inhibitor p21Cip1/WAF1 can negatively modulate cell 
cycle progression by inhibiting the activation of the cyclin/cdk2 
complex. The activated Akt is able to phosphorylate p27Kip1, 
blocking its translocation and function, and is able to phos-
phorylate p21Cip1/WAF1 and keep it in the cytoplasm (68,69). 
Knockdown of XB130 with siRNA treatment reduced phos-
phorylation of p27Kip1 and p21Cip1/WAF1. In addition, other 
molecules such as FOXO3a, GSK3b, caspase 8 and caspase 9 
were also identified to be the downstream molecules of Akt 
regulated by XB130. As Akt has been suggested as a crucial 
role in regulating gene transcription, cell cycle progression, 
and survival, implicated in a number of types of cancer (70,71), 
XB130 could be a potential therapeutic target as the upstream 
regulator of PI3K/Akt pathway.

In rat FRTL‑5 thyroid cells, Yamanaka et al (72) found 
that pretreatment of TSH or cAMP potentiated insulin‑like 
growth factor‑I‑dependent DNA synthesis, and XB130 knock-
down significantly decreased this cAMP‑dependent effect. 
cAMP increased tyrosine phosphorylation of a 125‑kDa 
protein (p125), a rat ortholog of human XB130, and also 
increased its interaction with a p85 subunit of PI3K, which 
has been suggested to regulate potentiation of DNA synthesis. 
Furthermore, the study established that cAMP could activate 
cSrc, enhance XB130 mRNA and protein levels, as well as 
elevate XB130 phosphorylation associated with cSrc and its 
interaction with p85 PI3K, leading to PI3K activation, associ-
ating XB130 with DNA synthesis potentiation.

XB130 in other related diseases. As previously mentioned, 
XB130 expression could be detected in various normal tissues 

of human including spleen, thyroid, kidney, lung, brain and 
pancreas (54). The expression of XB130 was detected in normal 
esophageal glands and in the cytoplasm of thyroid follicular 
cells in normal thyroid tissue, and no expression was identified 
in the normal epithelium (48,49,54). These findings indicate 
that XB130 may have an important role in normal glandular 
apparatus. Aside from cancer, XB130 is also found as involved 
in other pathological or physiological procedures. For example, 
XB130 may have a role in airway epithelium differentiation 
during the airway repair and regeneration. In a mouse isogenic 
tracheal transplantation model, cells with different morphology 
were observed in XB130 knockout mice, which indicates 
different differentiation status of airway epithelial cells (73).

5. Conclusion

The organ‑specific expression of XB130 has been identified 
along with its effect on cell proliferation or survival and cell 
motility and morphology, leading to its significant role in 
physiological and pathological procedures, particularly in 
cancer initiation and progression. In numerous types of cancer, 
XB130 showed a pro‑tumor effect and tended to indicate a 
poor prognosis. With the further and comprehensive under-
standing of its effect and the mechanisms, XB130 could be 
of great importance in clinical work, including the diagnosis 
of precancerous lesions, the prediction of risk and prognosis, 
and most importantly, the target treatment in cancer. As a 
tumor‑encouraging factor, XB130 has its effect as the upstream 
molecule of PI3K/Akt signaling pathway and as the upregu-
lator of a number of tumor‑related miRNAs. By targeting 
XB130 with its specific antibody, the multiple downstream 
signaling ways of Akt and tumor‑stimulating genes would be 
silenced and tumor‑suppressive genes would be uninhibited. 
In this way tumor progression could be blocked.
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