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Abstract: Fibrosis is the end result of pathologic wound healing and is characterized by inflammation, excessive
proliferation of fibroblasts, and abnormal deposition of extracellular matrix (ECM) proteins. Despite the advanced
treatments for the fibrotic diseases, as well as the researches on the fibrosis, pathologic fibrotic diseases remain to
be hard cured and the molecular mechanism of fibrosis is still unclear. In our previous studies we found ITGB4BP
was involved in the myofibroblast differentiation. However there were no studies about the roles of ITGB4BP in
fibrosis. On this background this review explores the basic features and the biological function of ITGB4BP which
might imply the underlying cellular and molecular mechanism in the regulation of fibrotic diseases.
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Introduction

Fibrotic diseases are caused by the excessive
deposition of extracellular matrix including colla-
gen, which leads to the overgrowth, hardening,
and scarring of various tissues. Long-term irrita-
tion of chronic inflammation, such as continu-
ous infection, autoimmune disease, allergic
response, chemical injury, radiation, and tissue
damage, induces fibroblasts to differentiate into
myofibroblasts. The fibrosis of a lot of connec-
tive tissues leads to ultimately organ failure and
death [1-3]. Hypertrophic scar is one of fibrotic
diseases, arising from fibroproliferation disorder
which occurs after the damage of deep dermis
by thermal or traumatic injuries, and patients
often have to suffer serious injuries to the ap-
pearance and body function [4]. In clinic, an-
tagonizing the effects of high expressed pro-
teins is the main medical treatment for tissue
fibrosis and scarring [5], however, the effect of
this therapy is not good [1]. On this background,
we are looking forward to finding the low ex-
pressed proteins related to the high expressed
proteins in hypertrophic scar so that we could
upregulate the target proteins to control and/or
inhibit the formation of hypertrophic scar. P311
has been suggested to be a potent cytokine in

inducing myofibroblast differentiation, a key
pathologic change [6]. We previously identified
the upregulation of p311 may promote the for-
mation of hypertrophic scar [7, 8], but it is rarely
reported about the mechanism of p311 func-
tion. In order to balance fibrosis formation, a
potent negative cytokine might be needed to
interact with the positive cytokine to regulate
the fibrosis. Our previous studies found a poten-
tial interaction protein of P311 by both yeast
two-hybrid system and Fluorescence Resonance
Energy Transfer (FRET) screening, named in-
tegrin B4 binding protein (ITGB4BP), may func-
tion oppositely in the formation of hypertrophic
scar. This protein mainly plays a very important
role in ribosome formation, RNA-induced silenc-
ing complex (RISC), cytoskeleton, and apop-
tosis, as well as the process of tissue fibrosis in
hypertrophic scar. With this review, we gave an
overview of ITGB4BP function.

Coding gene of ITGB4BP

Francesca Sanvito et al. found that ITGB4BP
gene locates on the 20q11.2 region of the long
arm of 21st chromosome by fluorescence in
situ hybridization, its mRNA length is 1108bp,
and its open reading frame consists of 735



ITGB4BP and fibrosis

nucleotides [9]. ITGB4BP gene is comprised of
7 exons and 6 introns, and there are no TATA
promoter binding domain and CpG islands [10].
In eukaryote cells, the sequence of ITGB4BP
gene is conservative. ITGB4BP gene is found
not only in Homo sapiens, mice, rats, Xenopus
laevis, and other vertebrates, but also in Droso-
phila, sepia, molluscum, and other inverte-
brates, and the domains of ITGB4BP gene are
highly conservative between vertebrates and
invertebrates [11].

Coding protein of ITGB4BP

ITGB4BP protein is called as Eukaryotic transla-
tion initiation factor 6 (elF6), p27 beta 4 binding
protein (p27BBP), CAB and Eukaryotic transla-
tion initiation factor 3A (elF3A) etc. It was first
discovered by Biffo Sanvito in 1997 [12]. When
Biffo and other researchers conducted research
on the relationship between 4 integrin and the
formation of hemidesmosomes by yeast two-
hybrid system, they found a protein was inter-
acting with B4, so they named it Integrin beta 4
binding protein, ITGB4BP. ITGB4BP protein con-
sists of 245 amino acids with a molecular
weight of 27 kDa [11]. In mammals and yeasts,

the homology of ITGB4BP protein is 72%, of
which the sequence of ITGB4BP protein is 85%
similar to each other [13].Through Protein
Kinase C (PKC) and/or Casein Kinase C (CK1),
the serine residues at positions of 174, 175
and 235 on ITGB4BP are phosphorylated and
may play a critical role in the regulation of trans-
lation along a developmental pathway [13, 14].
Current studies on ITGB4BP are focused on pro-
tein synthesis, the formation of cytoskeleton,
the differentiation and transformation of cancer
cells

Expression and distribution of ITGB4BP

ITGB4BP protein is widely distributed and can
be expressed in a variety of tissues, or different
cells within a kind of tissue, or different cell cy-
cles for the same cells. ITGB4BP protein expres-
sion can be found in epitheliums, fibroblasts,
cancer cells, activated T cells, activated mast
cells, and muscle fibers. ITGB4BP protein is also
expressed in all the cells that express a6p4
integrin [15]. ITGB4BP protein is mainly ex-
pressed in the cytoplasm (near intermediate
filaments) and nucleus (mainly at the periphery
of nucleus, apparently attached to the nuclear
membrane) [16]. ITGB4BP is highly expressed
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in rapidly cycling cells and decreased in villous
cells committed to apoptotic cell death [17].
Apparently ITGB4BP protein is related to cy-
toskeleton and cell proliferation.

Regulation of protein synthesis

During the growth and differentiation of eu-
karyote cells, most genes in the genome are not
transcribed and only a few genes can be ex-
pressed. After the process of transcription and
post-transcription, genes turn into mature
mMRNA, and are translated into polypeptide
chains on ribosomes in the cytoplasm and then
into the cell needed proteins. The regulation of
mMRNA translation is based on many levels,
among which, the regulation of initial stage in
eukaryotes is very important. In the nucleus, the
binding of ITGB4BP with 60s subunit inhibits
the formation of 80s subunit (Figure 1). In the
initial stage of protein translation, as the eu-
karyotic initiation factor (elF), ITGB4BP is phos-
phorylated under the action of CK1-PKC, and
depolymerized down from 60s subunit, which
enhances the formation of 80s subunit through
the binding of 40s subunit with 60s subunit,
and at last the protein translation is initiated
[18-21].

On the other hand, the synthesis of ITGB4BP
protein is relevant to the regulation on mi-
croRNA. By binding ITGB4BP and RNA-induced
silencing complex (RISC), the function of the
corresponding microRNA is promoted, the
mRNA formation is interfered from the transcrip-

tional level, and the expression of the corre-
sponding target protein is inhibited (Figure 1).
On the contrary, if the ITGB4BP is removed, the
inhibition of microRNA towards the target pro-
tein expression is relieved, and as a result, the
expression of the target protein is enhanced
[22, 23].

Biological formation of ribosomes

The formation and translation of ribosomes are
two interrelated processes involved in cell
growth. Although the formation and translation
of ribosomes are regulated by different factors,
ITGB4BP can regulate both at the same time. It
plays a role in translation as well as in the for-
mation of pre-ribosomes and 60s subunit [24].
Some studies proved that if ITGB4BP gene was
removed from yeasts and mice, the loss of ribo-
some 60s subunit in the nucleus would inhibit
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Figure 1. The regulation of ITGB4BP in cells. With the phosphorylation of ITGB4BP, its dissociation from 60s subunit
allows the formation of 80s subunit and further induces the protein synthesis as a translation initiation factor. Sec-
ondly, ITGB4BP downregulates the special protein expression via RISC. Thirdly, ITGB4BP inhibits cell apoptosis
through Bcl-2/Bax signal pathway. Fourthly, ITGB4BP regulates cell adhesion and cytoskeleton formation via connect-

ing integrin and intermediate filaments.

ribosome formation, leading to their death [15,
25, 26]. Therefore, ITGB4BP gene is particularly
important in the biological formation of ri-
bosomes.

Role in apoptosis

Apoptosis is a basic biological phenomenon,
which plays an important role in evolution, ho-
meostasis, and the development of many sys-
tems. Apoptosis is also called programmed cell
death (PCD), which is an active cell suicide proc-
ess regulated by genes. The process of cell
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apoptosis is complicated and mainly regulated
by the Bcl-2 family and Caspase family (Figure
1). ITGB4BP is reported to be able to react on
the upstream of Bcl-2/Bax signal pathway and
inhibit cell apoptosis [27].

Regulation of cell adhesion and cytoskeleton
formation

Integrin family is the receptor of adhesion mole-
cules, which mediate the interactions between
cell and extracellular matrix, and the interac-
tions between cells. Cell adhesion includes
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conjugation, desmosome connection and
hemidesmosome connection etc. The main ex-
tracellular matrix of hemidesmosome connec-
tion is laminin. B4 integrin is the acceptor of
laminin, so B4 integrin is closely related to the
formation of desmosome and hemidesmosome.
ITGB4BP is 34 integrin binding protein, and it
binds with intermediate filaments and the intra-
cellular domain of a6B4 integrin at the same
time. It acts as the bridge to mediate hemides-
mosome formation and cell adhesion [12]. In
addition, ITGB4BP also exists in nuclear matrix
and involves in the formation of cytoskeleton
through the connection to nuclear matrix, inter-
mediate filaments, and other cytoskeletal struc-
ture (Figure 1). ITGB4BP has already been
proved to be highly expressed in intermediate
filaments and nuclear matrix [15]. ITGB4BP can

also regulate the expression of B—catenin in
Wnt signal pathway, which affects cytoskeleton
formation [28].

Effect on the formation and metastasis of
tumors

Abnormal cell proliferation, apoptosis inhibition
and easy metastasis are the main characteris-
tics of tumors. ITGB4BP participates in cell pro-
liferation as a translation regulator. The subcel-
lular proteomics analysis of nuclear matrix com-
ponents in hepatoma cells before and after dif-
ferentiation induction showed that ITGB4BP is
highly expressed in differentiated cells, so it is
likely to be involved in the differentiation of can-
cer cells [29]. ITGB4BP can be detected in nor-
mal mucosal cells, but it is only highly ex-
pressed in cancer cells, for example, ITGB4BP is
upregulated in colorectal cancer cells [16]. In-
terestingly, the same kind of trend of ITGB4BP
has been observed in the metastasis of lymph
node [30]. It is concluded that the highly expres-
sion of ITGB4BP maybe play a part in the forma-
tion and metastasis of tumors.

In our previous studies, we have found that
ITGB4BP was involved in the fibrotic diseases.
ITGB4BP expression was detected to downregu-
late in hypertrophic scar compared with the nor-
mal skin. The upregulation of ITGB4BP could
decrease the expression of TGF-f1 and inhibit
the TGF-B1 signal pathway. According to
ITGB4BP biological roles, ITGB4BP might be a
negative regulator participating in the formation
of fibrosis via RISC inhibiting the expression of
TGF-B1. It implies that ITGB4BP could be a
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novel target in the control of fibrotic disorders.

Although ITGB4BP may play a very important
role in protein synthesis, ribosome formation,
cell apoptosis, cytoskeleton formation, the for-
mation and metastasis of tumors, few litera-
tures are related to ITGB4BP. To date, no stud-
ies about the function of ITGB4BP in fibrotic
diseases have been reported. Therefore, further
intensive studies of ITGB4BP function in fibrotic
diseases may provide deep insights into the
mechanism of fibrosis formation and possibly
be useful to find new approaches to treat fi-
brotic diseases.
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