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Spectrin is a large, cytoskeletal, and heterodimeric protein composed of modular structure of o and {3 subunits, it typically
contains 106 contiguous amino acid sequence motifs called “spectrin repeats”. Spectrin is crucial for maintaining the stability
and structure of the cell membrane and the shape of a cell. Moreover, it contributes to diverse cell functions such as cell adhe-
sion, cell spreading, and the cell cycle. Mutations of spectrin lead to various human diseases such as hereditary hemolytic
anemia, type 5 spinocerebellar ataxia, cancer, as well as others. This review focuses on recent advances in determining the

structure and function of spectrin as well as its role in disease.
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Spectrin is a cytoskeletal protein that was first discovered in
erythrocytes and is important for maintaining the stability,
structure, and shape of the cell membrane. Spectrin was first
isolated as a membrane-associated protein from an erythro-
cyte component devoid of hemoglobin called “ghosts” [1].
Spectrin forms a complex two-dimensional intracellular
network by interacting with intracellular proteins such as
actin, ankyrin, and adducin (Figure 1) [2,3]. This network
maintains the flexibility and shape of the cell membrane.
The inherent elasticity of spectrin is one of the main factors
that maintains the elasticity of the erythrocytes in the circu-
latory system [4]. Mutated spectrin also causes some blood
diseases such as hemolytic anemia. Spectrin also helps to
maintain the Golgi apparatus and signal transduction path-
ways in many cell types [5].

There are two o and five B subunits of human spectrin
(al, oI, BI, BII, BIIL, BIV, and BV). The al and all-spectrin
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subunits are encoded by SPTAI and SPTANI, respectively.
SPTAI is expressed in erythroid cells. In contrast to SPTAI,
the SPTANI encodes several all-spectrin isoforms that are
expressed in all nonerythroid cells [6,7]. SPTB, SPTBNI,
SPTBN2, and SPTBN4 encode BI-PBIV spectrins, respec-
tively, and SPTBNS5 encodes BV spectrin that is expressed at
a low level in many tissues [8]. Three spectrin isoforms are
present in invertebrate cells as follows: a, B-G, and B-H.
The o subunits are encoded by a gene similar to mammalian
SPTANI, and B-G and B-H correspond to mammalian BII
and BV, respectively [9]. The relationship between spectrin
subunits and genes is displayed in Table 1.

Spectrin is a large heterodimeric protein with a modular
structure typically composed of 106 contiguous amino acid
sequence motifs called “spectrin repeats”. The molecular
weights of the o and B subunits are 280 and 246 kD, re-
spectively. Spectrin is a member of the F-actin-crosslinking
protein superfamily. This superfamily contains only pro-
teins composed of spectrin repeats such as dystrophin and
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Table 1 Spectrin genes and isoforms
Species Subunit Gene Chromosomal location
o Spc-1 X
Caenorhabditis B-G Unc-70/bgs-1 v
elegans

B-H sma-1 \4

o 1(3)dre3 3L 62B4-62B4
Drosophila B-G B-Spec X 16B10-16B12
melanogaster

B-H karst 3L 63D2-63D2

al SPTAI 1921

all SPTANI 9q34.11
BI SPTB 14¢22-q23.2

Homo sapiens BIL SPTBN1 2q21

BIIL SPTBN2 11q13

BIV SPTBN4 19q13.13

[5\% SPTBN5 15921

Ph
Rh Duffy XK

Adducin
4.1

a-spectrin

Dematin ——

Actin
Tropomyosin
Tropomodulin

[3-spectrin

Figure 1 The spectrin-based skeleton model. Spectrin mainly interacts with actin, ankyrin and lipids, while establishing a complex intracellular
two-dimensional network where the spectrin-actin interaction also requires accessory proteins such as tropomyosin, adducin, and dematin. These proteins
help to maintain the stability of the spectrin-actin complex and participate in transmembrane protein interactions such as the interaction between Glutl and
AEl. Ankyrin mediates the interactions between spectrin and other transmembrane proteins, such as AE1 and the Rh complex fixed on the spectrin-based
skeleton through their interactions with ankyrin. AE1, anion exchanger; GPA, glycophorin A; GPB, glycophorin B; GPC, glycophorin C; Glut 1, glucose

transporter 1; Rh, rhesus factor; RhAG, Rh-associated glycoprotein.

actin. These repeats might have been generated by gene
duplication [10]. Spectrin repeats form a triple-helix super-
coil connected by an a helical linker, thus allowing spectrin
to expand and contract [11]. Furthermore, spectrin com-
prises numerous structural motifs, including actin-binding,
pleckstrin homology, and Src homology 3 domains that
contribute to spectrin function. These structural characteris-
tics allow spectrin to participate in the important physiolog-

ical processes described above.

1 The structure of spectrin

The amino acid sequences of spectrin a and B subunits
share approximately 30% similarity, and the subunits are
associate side-to-side. Advanced research approaches reveal



1078 Zhang R, etal.  Sci China Life Sci

that the o and P subunits interact primarily through hydro-
phobic bonds supported by electrostatic attraction [12]. Two
anti-parallel subunits form a flexible 100-nm-long rod-like
structure. These heterodimers are connected head to head,
forming a 200-nm long tetramer. X-ray diffraction analysis
of chicken-brain spectrin repeats reveals that each is com-
posed of a triple helix bundle (A, B, and C). The triple helix
repeats form a left-handed coiled-coil that is separated by a
loop-and-turn region to form the complete spectrin mole-
cule. These characteristics also make spectrin flexible [13].
The X-ray crystallographic data for the chicken-brain a-
spectrin triple o-helix repeat bundle indicate that the con-
nections between spectrin repeats can bend independently
without affecting the adjacent connection [14].

Recently, our group determined the medium resolution
three-dimensional structures of a spectrin dimer initiation
site and a tetrameric head-head interaction site, using ho-
mology modeling and chemical cross-linking combined
with mass spectrometry [15-18]. These findings led us to
propose a spectrin dimer formation model called the zipper
model. In this model, dimer starts to form at the spectrin
dimerization initiation sites for the o and [ subunits
(a20-21 repeats with B1-2 repeats) through electrostatic
interactions. Other repeats then form an anti-parallel spec-
trin heterodimer and zips closed through hydrophobic in-
teractions and electrostatic attraction. Finally, the N-termi-
nus of the o subunit bends to the rear and interacts with the
C-terminus of the 3 subunits to form a “hairpin” configura-
tion. To explain the structure and function of spectrin, we
constructed a miniature spectrin that simulates the structural
and functional properties of whole spectrin dimers and te-
tramers (Figure 2). The results generated from high-
performance liquid chromatography initially provided non-
image data for spectrin “open” and “closed” dimers; chem-
ical cross-linking combined with mass spectrometry results
confirmed this structure. We then constructed a medium-

Table 2 High-resolution three-dimensional spectrin structures

December (2013) Vol.56 No.12

resolution tetrameric structure containing seven spectrin
repeats, indicating that the AB and AC surfaces of the helix
bundle are important during inter-chain interactions
[15-18].

The function of spectrin is closely related to its structure.
Although these structures are very similar, their functional
sites are different. These differences make non-erythrocytic
spectrin more stable and erythrocyte spectrin more flexible.
Except for the resolved spectrin repeat fragments, the crys-
tal and NMR structures of the domains interacting with oth-
er proteins have also been resolved, including actin-binding
[19] and pleckstrin homology domains [20] (Table 2).
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Figure 2 Mechanism of the 3-step “zipper” model of the spectrin hetero-
dimer.

PDBID Subunit Source Content Method
1006 o Chicken brain SH3 domain X-RAY
104Q o Chicken brain Repeats 15, 16, 17 X-RAY
1U5P o Chicken brain Repeats 15, 16 X-RAY
1AJ3 o Chicken brain Repeat 16 SOLUTION NMR
1CUN o Chicken brain Repeats 16, 17 X-RAY
3LBX of Human erythrocyte Tetramerization sites X-RAY
3KBT B Human erythrocyte Repeats 14, 15 X-RAY
3F31 o Chicken brain N-terminal X-RAY
1835 B Human erythrocyte Repeats 8, 9 X-RAY

10WA o Human erythrocyte N-terminal SOLUTION NMR
IBKR B Human erythrocyte Calmodulin homology domain X-RAY
IMPH B Mouse Pleckstrin homology domain SOLUTION NMR
2SPC Drosophila Spectrin repeat 14 X-RAY
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2 The function of spectrin
2.1 Spectrin-based functional complex

Spectrin is multifunctional, and spectrin-based networks are
important for maintaining the shape and mechanical proper-
ties of erythrocytes. Clinical tests reveal that mutant forms
of spectrin in erythrocytes make the cells more fragile, re-
duce their flexibility, and cause hereditary hemolytic ane-
mia. Similarly, spectrin is required to maintain membrane
stability and cell shape in nucleated cells [21,22]. Interac-
tions between spectrin and ankyrin are vital for maintaining
cell membrane stability. The structure of the ankyrin-
binding domain of spectrin has been solved. It reveals that
repeats 13—15 of the spectrin § subunit interact with ankyrin
ZUS domains through hydrophobic interactions and electro-
static attraction. Also, the interactions are involved in
cell-cell interactions [23] and cellular signal transduction.
Devarajan et al. [24] found that a spectrin-ankyrin-based
skeleton may contribute to Na*/K*-ATPase transport from
the endoplasmic reticulum to the Golgi apparatus. A vesic-
ular spectrin-ankyrin adaptor protein trafficking system may
mediate the capture and transport of many membrane pro-
teins while cooperating with vesicular target molecules to
transport cargo proteins. Recently, Cairo et al. [25] used
bioinformatics methods to establish a model of the
CD45-cytoskeleton interaction and elucidated that the spec-
trin-ankyrin-actin network significantly controls immuno-
receptor mobility.

The N-terminal region of the spectrin 3 subunit consists
of two calponin homology domains (CH1, CH2) that are
mainly involved in binding protein 4.1R and actin [26].
Spectrin combines with F-actin and protein 4.1R to form the
cross-cytoskeletal network of erythrocytes. The spectrin
subunit interacts with a 10-kD spectrin-actin-binding (SAB)
domain of protein 4.1R through its CH domains. Spectrin
has two actin-binding domains and two 4.1R-binding do-
mains that are all located in two CH domains. The
N-terminal region of spectrin interacts with 4.1R and is reg-
ulated by phosphatidylinositol-4,5-bisphosphate (PIP2)
[27,28]. Introducing a mutation that changes Trp-202 to Arg
in spectrin can cause hereditary spherocytosis (HS) that
alters the spectrin-4.1R interaction [29,30]. By interacting
with various membrane proteins (Figure 3), spectrin pro-
vides a versatile platform for other proteins, making it a
multi-functional protein.

2.2 Spectrin-dependent cell adhesion and spreading

Deletion of spectrin coding sequences seriously impairs cell
adhesion and spreading, although few studies are available.
A study on Drosophila shows that B-H spectrin interacts
with proteins involved in morphogenesis that affects cell
adhesion and migration [31]. The oll isoform interacts with
the intrinsic protein (3 that appears during early cell
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spreading and subsequently disappears [32]. Another study
focuses on the spectrin  subunit SH3-homology domain.
Spectrins with SH3 domains may participate in activation of
Rac and Rho GTPase activities [33]. Thus, overexpressing
the spectrin SH3 domain protein may inhibit Rac and actin
fiber formation, thus affecting cell stretching. Collec et al.
[34] concluded that the stress fiber formation during cell
spreading on laminin 511/521 is influenced by the interac-
tion between Lutheran/basal cell-adhesion molecule (Lu/
BCAM) and oll-spectrin. Moreover, spectrin serves as
a signal relay between laminin 511/521 and actin during
actin reorganization. Vasodilator-stimulated phosphoprotein
(VASP) [35] and Ena/VASP-like protein (EVL) [36], which
are members of their namesake Ena/VASP family, play a
key role during actin remodeling and pseudopodia extension
during the activation of immune cells. In the heart, Ena/
VASP and all-spectrin assemble cardiac multiprotein com-
plexes that regulate cytoplasmic actin networks [37]. These
studies suggest that spectrin is crucial for cell adhesion and
spreading.

2.3 Spectrin and the cell cycle

Spectrin is involved in the tumor growth factor (TGF)-
B/SMAD signaling pathway as a SMAD3/4 adaptor. The
link between spectrin and the (TGF)-B/SMAD signaling
pathway was first indicated by the molecular cloning of a
cDNA (elfl) encoding a  spectrin homolog designated em-
bryonic liver fodrin 1 (ELF1) [38]. ELF1 encodes a 220-
amino acid residue protein with an N-terminal actin-binding
domain. In situ hybridization studies revealed elfl expres-
sion in day 10 embryonic heart and day 11-11.5 hepatic
tissues, suggesting that elf] participates in the emergence of
hepatocyte polarity during liver development [38]. Subtrac-
tive hybridization experiments using early embryonic
mouse cDNA libraries prepared from the liver led to the
isolation of three isoforms of a novel 8 spectrin ELF, the
longest of which was called elf3. The ELF3 cDNA sequence
comprises 8172 nucleotides (nt) with an open reading frame
(ORF) of 6465 nt (nt 333-6797). A potential cryptic
poly(A)+ (AATAA) signal is present at nt 7359 followed by
a typical poly(A)+ tail at nt 8172. The predicted elf3 se-
quence reveals that elf3 encodes 2154 amino acid residues
with a calculated isoelectric point of 5.36, with 81.6% over-
all similarity to that of human B spectrin isoforms. Like
other spectrins, ELF3 has an actin-binding domain but lacks
a PH domain [39].

In mouse elf "~ mutants, disrupting the adaptor protein
ELF inhibits TGF-B signaling through SMADs. Tang et al.
[40] generated ELF-deficient mice using gene targeting.
They were not able to generate homozygous mutant elf
mice, indicating that the elf mutation is a lethal recessive
embryonic trait. Subsequently, they obtained degenerating
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Figure 3 The interaction between spectrin and other proteins. Spectrin forms a reverse parallel heterodimer. BI spectrin and BII spectrin interact with the
Golgi apparatus through their MAD1 and MAD?2 domains, respectively. Repeats 13—15 of the spectrin 3 subunit interact with ankyrin ZUS domains through
hydrophobic interactions and electrostatic attraction. The spectrin o subunit has a SH3 domain and is related to cell adhesion and stretching.

embryos from embryonic day 8.5 (E8.5) to E16.5. The elf '~
embryos were readily distinguished from their wild-type
littermates by their smaller body and head sizes, as well as
their lack of a branching network of vessels in the yolk sac
at E9.5. At E11.5, the elf "™ embryos were severely distorted,
exhibiting growth retardation and multiple defects.
EIf” mice display a phenotype similar to that of Smad2*"/
Smad3*"~ mutant mice, including abnormal primary brain
vesicle anatomy, craniofacial abnormalities, aberrant gut
formation, severe hypoplasia of the liver, and distorted liver
architecture. This similarity suggests that the ELF interacts
with SMADs. Immunoprecipitation proved that TGF-p
triggers phosphorylation, associating ELF with SMAD3 and
SMAD4. TGF-p signaling could be rescued by transfecting
elf” "~ fibroblasts with the ELF COOH-terminal domain,
which includes the ankyrin binding region, the phosphory-
lation sites at serine residues, and a hinge region regulating
oligomer formation. However, it was not rescued by ex-
pression of SMAD3 or the ELF NH2-terminal domain.

Loss of the cooperative function of SMAD3 with ELF was
discovered in primary biliary cirrhosis (PBC), autoimmune
hepatitis C, and chronic viral hepatitis. During the early
stages of PBC, ELF expression and distribution increase in
the cytoplasm and decrease in the cell membrane, and in its
later stages, the ELF becomes highly overexpressed in the
cytoplasm. In mouse elf’”~ mutants, loss of ELF function
causes T lymphocytic proliferation and the absence of in-
trahepatic bile ducts. The mislocalization of ELF was ob-
served in Smad2*"/Smad3*~ mutants. These data suggest
that ELF and SMAD3 are involved in the pathogenesis of
PBC [41]. Interestingly, an exacerbated phenotype of early
gastric hyperplasia, ectasia, foveolar gland dysplasia, and
hamartomas with obstructing tumors at the antrum and py-
lorus were developed in 90% of the elf* /Smad4™" hetero-
zygous mutants. Abnormal mitosis, apoptosis, and glandular
dilatation are observed in the polyps and hamartomas, sug-
gesting a cooperative interaction between ELF and SMAD4
that enhances tumorigenesis [42].
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2.4 Spectrin and intracellular traffic

Spectrin interacts with the Golgi apparatus to affect cell
secretion. Moreover, the N-terminal domain of BI spectrin
contains a Golgi apparatus-binding site that includes ac-
tin-binding and MAD1 domains [24]. The MAD2 domain is
present in some spectrins, which includes a PH domain. The
MAD?2 sequence in different spectrins varies widely, ex-
plaining its functional specificity [43]. In vitro experiments
reveal that this domain binds to Golgi preparations, which is
regulated by ADP ribosylation factor (ARF) that is a key
molecule during Golgi apparatus dynamics [44]. The Golgi
spectrin skeleton is also implicated in protein transport from
the ER to the Golgi. The inhibitors of spectrin binding to
Golgi stop the transport of vesicular stomatitis virus (VSV)
G proteins from the endoplasmic reticulum to Golgi appa-
ratus in semi-intact VSV-infected normal rat kidney (NRK)
cells [44]. Using a spectrin BIII subunit containing the green
fluorescent protein tag in transfected COS cells, spectrin
decorated the tubular-vesicular transport intermediates
moving along microtubules between the endoplasmic retic-
ulum and the Golgi apparatus, requiring the participation of
the MAD1 domain [45]. Salcedo-Sicilia et al. [46] suggest-
ed that BIII spectrin helps to maintain the structural integrity
and secretory activity of the Golgi complex by associating
with phosphatidylinositol 4-phosphate (PI4P).

2.5 Spectrin and DNA repair

Sridharan et al. [47] demonstrated that spectrin is important
during the repair of DNA interstrand cross-links. The DNA
repair proteins Fanconi anemia, complementation group A
(FANCA), and excision repair cross-complementing rodent
repair deficiency, complementation group 4 (ERCC4), as
well as oll spectrin move to nuclear foci together after
normal human cells are damaged by a DNA interstrand

Table 3 The role of spectrin in cell signaling
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cross-linking agent (8-methox- ypsoralen) plus ultraviolet A
(UVA) light. Cells from patients with Fanconi anemia that
have decreased all spectrin levels exhibit a decreased abil-
ity to repair DNA interstrand cross-links. Inhibiting the ex-
pression of all spectrin using siRNA demonstrated that
depleting the oll spectrin in normal cells increases chro-
mosomal instability as ascertained by the increase in chro-
mosomal aberrations/breaks [48]. Telomere maintenance
after DNA interstrand cross-linking damage requires oll
spectrin, which localizes to telomeres during S phase after
DNA interstrand cross-linking damage and enhances the
association with TRF1 and TRF2. EERC4 is a cross-linking
repair protein that is recruited by oll spectrin to sites of
damage-induced foci at the telomeres [49]. The relation-
ships of spectrin and cell signaling of Caenorhabditis ele-
gans and Drosophila melanogaster are summarized in Ta-
ble 3; the role of spectrin in human cell signaling is summa-
rized by Machnicka et al. [50].

2.6 Spectrin and lipids

Spectrin repeats interact with lipids [51]. Both o and B
spectrin have phosphatidylserine (PS) binding sites that
interact with ankyrin and 4.1R. Manno et al. [52] discovered
that asymmetric PS is important for maintaining the me-
chanical properties of cell membranes. Spectrin can bind to
PS and combine with areas enriched in phosphatidylethano-
lamine (PE) [53]. The PE binding sites are located in repeats
14 and 15 of B spectrin, containing 38 amino acid residues
in the N-terminal domain with ankyrin binding sites.
Ankyrin can inhibit the association of spectrin with PE [54].
Analyzing the spectrin-PE interaction sites using a series of
point mutations revealed that W1771, L1775, M1778, and
W1779 of B spectrin are directly involved in binding to li-
pids [55]. Because PE and PS are asymmetrically distribut-

Species Subunit Function

Body morphogenesis and growth
o Larval morphogenesis
Regulation of locomotion

Caenorhabditis

elegans p-G

Regulation of growth rate, body morphogenesis and axon guidance
Neuron development

Body morphogenesis and growth
B-H Involved in the formation of collagen
Regulate organ growth

Formation cytoskeleton and maintain cell stability

Larval morphogenesis

Maintain the shape of the cell membrane
B-G Axon midline choice point recognition

Drosophila
melanogaster
Endocytosis

Nervous system establishment
Cell differentiation

B-H Maintain the stability of the cell membrane

Egg formation

Wound healing
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ed on the cell membrane and the membrane in erythrocytes
contains more PE, the ankyrin-based interactions between
PE and spectrin in physiological processes are now recog-
nized to be important.

3 The role of spectrin in disease

One of the most important functions of spectrin is to main-
tain cytoskeletal stability and mechanical properties; the
absence of cytoskeletal components can generate weak and
fragile cells that manifest clinically as types of hemolytic
anemia, including hereditary elliptocytosis (HE) and HS.
All HE cases involve defects in the spectrin-actin-4.1R
complex. Mutations in SPTAI, SPTB, and 4.1R can cause
HE, and most are located in the tetramerization sites of
spectrin o subunits that are the helical C' of repeats a0 or
B17. Some missense mutations reside in the first six repeats
of the spectrin al subunit, and the C-terminally truncated 3
subunit (CpG islands) is a mutational hotspot [56]. The
L260P mutation in a spectrin increases the stability of the
closed dimer state, perturbing erythrocyte membranes with
a fully functional mini-spectrin [57]. All HS have one
common feature: the loss of cell membrane surface area
causes a spherical phenotype and an increased level of
erythrocyte osmotic fragility. Spectrin cannot be anchored
to the cell membrane, and the destruction of membrane
protein interactions such as that between spectrin and
ankyrin, ankyrin and band3, band3 and protein 4.2, is the
main mechanism that causes HS [58].

Spectrin represents 2%—3% of the total protein content of
the brain and is located in neuronal synapses related to the
connection between neurons in the presynaptic membrane
and synaptic vesicles. Spectrin may interact with synaptic
vesicle-specific protein MUNC13-1 [59]. The spectrin oll
subunit is important for synaptic transmission and partici-
pates in the adhesion of synaptic vesicles in nerve endings.
o and B spectrin deletion mutations in Drosophila cause
serious damage to neurotransmission and disrupt the sub-
cellular localization of numerous synaptic proteins [60].
Therefore, spectrin might be involved in the localization of
synaptic proteins, cysteine string protein (CSP) and
disc-large (DLG) in neurons [56]. Knocking down the ex-
pression of BG spectrin gene in C. elegans causes axonal
growth defects, and an alteration in the structure of 3 spec-
trin might facilitate amyloid P deposition that causes Alz-
heimer’s disease (AD) [61]. SPTBN2 mutations lead to
spinocerebellar ataxia type 5. Abraham Lincoln’s grandfa-
ther suffered from this disease, which is caused by the dele-
tion of 13 amino acid residues from 3 spectrin. The spectrin
BIII subunit is mainly expressed in Purkinje cells. In these
cells, the spectrin BIII subunit is mainly used to maintain
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the stability of membrane proteins. Mutations of spectrin 3
subunit prevent proper positioning of EAAT4 and GluRg2
on the cell membrane. The absence of EAAT4 and GluRg2
leads to glutamate signaling abnormalities and spino-
cerebellar ataxia type 5 [62].

HE patients have a certain resistance to the parasite
Plasmodium falciparum (P. falciparum), and the absence of
protein 4.1 and mutations in the spectrin self-association
site can inhibit binding between the parasite and the host
cell [63]. Most parasites combine with the erythrocyte skel-
eton through proteins before spreading on the cytoskeleton
[64]. Parasite antigen binds protein 4.1 and moves through
the erythrocyte membrane proteins. P. falciparum Knob-
associated histidine-rich protein (KAHRP) binds the spec-
trin o4 repeat specifically before interacting with the eryth-
rocyte skeleton [65]. Finally KAHRP combines with P. fal-
ciparum erythrocyte membrane protein 1, which adheres to
the parasitized erythrocyte cell on the vascular endothelium
[66].

Spectrin may also provide host binding sites for entero-
hemorrhagic Escherichia coli (EHEC) that causes gastroin-
testinal disease. Ruetz et al. [67] used immunofluorescent
microscopy to demonstrate that spectrin is recruited to
EHEC attachment sites. The results on knockdown of spec-
trin by siRNA revealed that spectrin is necessary for effi-
cient docking of the EHEC to host cells and recruiting
IRSp53 to the pedestal, which is required for pedestal for-
mation. These findings reveal that the spectrin cytoskeleton
is part of the major host cell cytoskeletal network involved
in events critical for pathogenesis by EHEC.

Visceral leishmaniasis (VL) is caused by Leishmania,
and patients often suffer from anemia and other complica-
tions. Erythrocyte spectrin derived from patients suffering
from this disease is glycosylated. Samanta et al. [68] isolat-
ed eight types of 9-O-acetylated sialoglycoproteins from the
erythrocytes of VL patients. Mass spectrometric analyses
revealed the presence of o- and B-spectrin. Compared with
healthy persons, the spectrin in the patients with VL is
highly sialylated. These sialylated spectrins may cause dis-
tortion and damage to the erythrocyte membranes. Other
studies show that antibodies against 9-O-acetylated sialic
acid glycoprotein increase in VL patients and activate cal-
pain I and spectrin proteolysis to increase cellular oxidative
stress and lipid peroxidation; therefore, the membrane be-
comes more fragile, explaining why patients with VL expe-
rience hemolysis and anemia [69].

Recent studies reveal that BV spectrin is involved in
Usher syndrome type IB (USH1B) that is characterized by
deafness and blindness. Spectrin BV homodimers are asso-
ciated with USH1 proteins, opsin, and other phototransduc-
tion proteins that are transported toward the photoreceptor
outer disks [70]. Also, spectrin serves as a biomarker for
detecting several brain related injuries. Spectrin is a sub-
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strate for caspase-3 and calpain in lymphocytes, hematopoi-
etic cells, and neurons during apoptosis. Caspase-3 and cal-
pain cleave spectrin to form two degradation products
(SBDPS), SBDP150 and SBDP120 that are named accord-
ing to their relative electrophoretic mobilities [71]. Caspa-
se-8 might cleave -spectrin at its N-terminal actin-binding
domain, depending on the presence of protein 4.1 during
fludarabine/mitoxantrone/dexamethasone-induced (FND-
induced) apoptosis [72].

4 Conclusion and future prospects

The structure of different subunits of spectrin has been
identified; however, technical difficulties have prevented
the determination of the three-dimensional protein structure
at high resolution. So far, the largest spectrin structure is a
medium-resolution structure of a seven-repeat bivalent te-
tramer produced using homology modeling coupled with
chemical cross-linking and mass spectrometry. This com-
plicated approach has the potential for determining the
three-dimensional structure of full-length spectrin in the
near future. Identification of spectrin mutations in various
diseases contributes fruitful information to the understand-
ing of spectrin functions in erythrocyte and non-erythrocyte.
These results indicate an involvement of spectrins in a
number of cell processes: cell cycle, cell adhesion, cell
spreading, DNA repair and intracellular traffic. Although an
increasing number of spectrin functions have been identi-
fied, the mechanism regulating these functions and the role
of spectrin in some diseases are still unclear. We found that
targeted genes regulated by tumor associated microRNA
(miRNA) are also closely associated with the cytoskeletal
signaling pathway [73,74]. Moreover, the levels of spectrin
expression correlate negatively with those of certain miR-
NAs in patients with spectrin-related diseases. In silico
analysis reveals that these miRNAs bind the 3-UTR of
spectrin mRNA, theoretically enabling negative regulation
of gene expression; thus they could provide new avenues
for studying the relationship between spectrins and their
pathogenesis.
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