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A B S T R A C T

Spectrins are a group of cytoskeletal proteins which participate in many important cellular functions. It has been
suggested that loss of spectrin isoforms may be associated with tumorigenesis of lymphoma, leukemia, gastric
cancer and hepatocellular carcinoma (HCC). We recently reported that βI spectrin expression was present in
normal hepatocytes but lost in HCC cells, which suggested that spectrins may be helpful markers in diagnosis of
HCC. In this study, using immunohistochemical staining, we further investigated the expression pattern of four
spectrin isoforms (αII, βI-III) on different benign and malignant liver tumors including focal nodular hyperplasia
(FNH), hepatic adenoma (HA), HCC, and cholangiocarcinoma (CC). The results revealed that βI spectrin was
moderately to strongly positive in FNH and HA tissues, but was only weakly positive or lost in HCC cases and was
weakly positive in all CC cases. In addition, the βIII spectrin, majority of which was moderately positive in both
FNH and HA tissues, was mostly lost in poorly differentiated HCC but remained at least moderately positive in
most CC cases. These results suggest that spectrins βI and βIII may be used to differentiate well differentiated
HCC from FNH or HA, and poorly differentiated HCC from CC, respectively.

1. Introduction

Hepatocellular carcinoma (HCC) is one of the major leading causes
of cancer deaths worldwide, with over 600,000 deaths annually [1].
Early diagnosis of HCC is critical for effective and efficient care for
patients. Although there are various stains widely available, it can still
be difficult to diagnose HCC in liver biopsies at both ends of the spec-
trum: well differentiated HCC versus a benign lesion, and poorly dif-
ferentiated HCC versus cholangiocarcinoma (CC).

Spectrins are a group of cytoskeletal proteins which are important in
maintaining plasma membrane integrity and cytoskeletal structure,
sorting proteins, regulating cell proliferation, and involving in calcium-
mediated and tyrosine kinase-phosphatase signal transduction [2,3].
Spectrin comprises α- and β-subunits that form an antiparallel dimer.
They were originally identified in erythrocyte plasma membranes, with
the first spectrin subunits identified as αI and βI [3,4]. Isoforms αII and
βII–V have now been described, along with various splicing isoforms
[2].

Spectrins have been extensively studied in hematology, but only
very few studies explored their roles in HCC. Molecular studies have
revealed βII spectrin to be a tumor-suppressor protein in the

tumorigenesis of HCC [5]. Loss of βII spectrin expression was demon-
strated in human HCC specimens and cell lines [5-8]. We recently
studied the expressional profile of spectrins in various benign tissues
and corresponding carcinoma specimens, and revealed that βI spectrin
expression was present in normal hepatocytes but lost in HCC cells [9].
These findings suggest that detection of spectrin expression may be
helpful in diagnosis of HCC. The goal of the present study is to see if
spectrin immunostain can aid in the differentiation of HCC from benign
liver lesions and CC.

2. Materials and methods

2.1. Case selection

This retrospective study was approved by the Institutional Review
Board of our medical school. Archives at Department of Pathology of
our institution were searched for cases of focal nodular hyperplasia
(FNH, n=5), hepatic adenoma (HA, n= 5), well to moderately dif-
ferentiated HCC (n= 8), poorly differentiated HCC (n=4, including
one undifferentiated HCC) and intrahepatic CC (n= 5). The clinical
information of the cases was summarized in Table 1, and representative
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histomorphology of each type of neoplasm was shown in Fig. 1. The
cases were independently reviewed by three pathologists (D.J., Q.L. and
Y.W.), and a representative block of each case was selected for im-
munohistochemical stain of αII, βI, βII, and βIII spectrins. αI spectrin is
not included in this study, as its expression is mostly limited to the bone
marrow tissue (restricted to erythrocytes), placenta and testis [10].

2.2. Immunohistochemical studies

The primary antibodies used in this study are: monoclonal anti-αII
antibody (Becton-Dickinson Biosciences, San Jose, CA; clone 35, 1:50
dilution), monoclonal anti-βI antibody (Affinity Bioreagents, Golden,
CO; clone 4C3, 1:100 dilution), monoclonal anti-βII antibody (Becton-
Dickinson Biosciences, San Jose, CA; clone 42, 1:4000 dilution), and
polyclonal anti-βIII antibody (Santa Cruz Biotech, Santa Cruz, CA;
rabbit polyclonal, 1:100 dilution). Representative formalin-fixed, par-
affin-embedded tissue sections were antigen-retrieved and im-
munostained as described before [11,12]. A stain was considered po-
sitive if it was expressed by at least 20% of the neoplastic cells [11,12].
The intensity of a positive staining was further interpreted as weak,

intermediate or strong (Fig. 2). The subcellular localization was re-
corded as membranous, cytoplasmic, or nuclear. Staining of tumor/le-
sion-adjacent normal hepatocyte was used as internal normal control.
The immunostain slides were reviewed and scored by three pathologists
(D.J., Q.L. and Y.W.).

3. Results

Moderate to strong cytoplasmic staining of βI spectrin was found in
normal liver parenchyma and all FNH (n= 5) and HA (n=5) cases.
However, the staining was negative (n= 5, 62.5%) or weak (n=3,
37.5%) in all 8 well to moderately differentiated HCC cases (in both
well and moderately differentiated areas), negative (n= 2, 50%) or
weak (n=2, 50%) in all four poorly differentiated HCC cases, and was
weak in all CC (n=5) cases (Table 2, Fig. 3). The tumor adjacent
normal liver parenchyma of all HCC and CC cases showed moderate to
strong cytoplasmic βI spectrin staining (Fig. 3).

Variable membranous and cytoplasmic staining (from weak to
moderate) of βIII spectrin was present in normal liver parenchyma, all
FNH and HA cases, and some of the well to moderately differentiated

Fig. 1. Representative histomorphology of normal liver par-
enchyma (normal), focal nodular hyperplasia (FNH), hepatic
adenoma (HA), well differentiated hepatocellular carcinoma
(well HCC), poorly differentiated hepatocellular carcinoma
(poorly HCC) and cholangiocarcinoma (CC) cases (H&E, ori-
ginal magnification 400×).

Fig. 2. Representative weak, moderate and strong immunostain of αII, βI, βII and βIII spectrins (original magnification 400×).
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HCC cases (Table 2, Fig. 4). In contrast, the staining of βIII spectrin in
all poorly-differentiated HCC and CC cases was limited to cytoplasm.
Three of the four poorly differentiated HCC cases showed negative
(n=2) or weak (n=1) cytoplasmic staining of βIII spectrin, and only
one displayed moderate cytoplasmic staining (Table 2, Fig. 4). The
staining of the CC cases revealed moderate to strong cytoplasmic
staining in four cases and weak cytoplasmic staining in only one case
(Table 2, Fig. 4).

Moderate to strong membranous with mild cytoplasmic expression
of βII spectrin was present in normal liver parenchyma and all FNH,
HA, HCC and CC cases (Table 2). Various membranous expression
(moderate to strong) along with mild cytoplasmic staining of αII was
present in all FNH, HA, HCC and CC cases, and the adjacent normal
liver parenchyma (Table 2).

4. Discussion

βI spectrin was the first identified β subunit of human spectrin [13].
It was originally identified in erythrocytes as the major component of
the membrane cytoskeleton. In human, βI spectrin is encoded by SPTB
gene, the mutation of which has been associated with red cell mem-
brane disorders [14]. Besides erythrocytes, the RNA level of SPTB has
been reported to be predominantly present in bone marrow, heart,
brain, placenta, and prostate tissue, while very low in liver tissues [10].
In our study, we detected moderate to strong staining of βI spectrin in
normal hepatocytes using a monoclonal antibody generated using
purified human erythrocyte βI spectrin as immunogen. Strongly posi-
tive staining of RBCs in the same section served as an internal positive
control. Similar moderate to strong staining pattern was also observed

in all FNH and HA cases. Interestingly, all HCC cases were stained ne-
gatively or only weakly for βI spectrin. More specifically, βI spectrin
staining was absent in 5/8 (62.5%) of well to moderately differentiated
HCC cases (in both well and moderately differentiated areas), and was
weakly stained in the remaining 3/8 cases (37.5%). These results are
consistent with our previous finding that βI spectrin staining was lost in
HCC [9], and suggests that βI spectrin is a potential marker for diag-
nosing well differentiated HCC from the benign mimics. All the CC cases
showed weakly positive βI spectrin staining.

βIII spectrin was identified to be a major component of the Golgi
and vesicular membrane skeletons [15]. The βIII spectrin protein is
widely expressed in various human tissues. It is highly expressed in
brain and moderately presents in major organs including liver [10]. In
brain, mutation of βIII spectrin has been shown to cause spinocerebellar
ataxia type 5 and seizure disorders [16,17]. So far, the role of βIII
spectrin in the liver remains unknown. We previously revealed that βIII
spectrin is positively stained in both normal liver (n= 3) and HCC
tissue (n=3) using a polyclonal anti-βIII spectrin antibody [9]. In this
study, we revealed that weak to moderate membranous and cyto-
plasmic βIII spectrin stain was observed in all FNH and HA cases and
half (4/8, 50%) of the well to moderately differentiated HCC cases.
Majority of the poorly differentiated HCC cases (3/4, 75%) were ne-
gative to weak for βIII spectrin stain. In contrast, most of CC cases (4/5,
80%) showed moderate to strong βIII spectrin stain. These results
suggest that βIII spectrin stain could have some value in differentiating
poorly differentiated HCC from CC, while its value in diagnosing well to
moderately differentiated HCC versus HA or FNH is limited.

βII spectrin is the most common member of non-erythrocytic spec-
trins. It is a cytoskeletal protein that has critical role in posttranslational

Table 2
Summary of immunohistochemical stain.

Daignosisa αII-Spectrin
(membranousb)

βI-Spectrin
(cytoplasmic)

βII-Spectrin (membranousb) βIII-Spectrin (membranous+ cytoplasmic)

FNH (n= 5) Modrate (n= 5) Strong (n= 3)
moderate (n= 2)

Strong (n=2) moderate
(n= 3)

Moderate (n= 4)
weak (n= 1)

HA (n= 5) Moderate(n= 4)
Weak (n= 1)

Strong (n= 3)
moderate (n= 2)

Strong (n=3) moderate
(n= 2)

Moderate (n= 4)
weak (n= 1)

Well to moderately differentiated HCC (n= 8) Strong (n=3)
moderate (n= 5)

Weak (n=3)
negative (n= 5)

Strong (n=4) moderate
(n= 4)

Moderate (n= 4)
weak (n= 1)

negative (n=3)
Poor differentiated HCC (n= 4 including one

undifferentiated)
Strong (n=1)

moderate (n= 3)
Weak (n=2)

negative (n= 2)
Strong (n= 4) Only cytoplasmic:

weak (n= 1)
moderate (n=1)
negative (n=2)

CC (n=5) Strong (n=3)
moderate (n= 2)

Weak (n=5) Strong (n= 5) Only cytoplasmic:
moderate (n=3)
strong (n= 1)
weak (n= 1)

a FNH, focal nodular hyperplasia; HA, hepatic adenoma; HCC, hepatocellular carcinoma; CC, cholangiocarcinoma.
b Predominantly membranous, with mild cytoplasmic staining.

Fig. 3. Representative βI spectrin immunostain of normal
liver parenchyma (normal), focal nodular hyperplasia (FNH),
hepatic adenoma (HA), well differentiated hepatocellular
carcinoma (well HCC), poorly differentiated hepatocellular
carcinoma (poorly HCC) and cholangiocarcinoma (CC) cases
(original magnification 400×).
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targeting and localization of essential membrane proteins and in signal
transduction [18]. Ubiquitous expression of βII spectrin has been de-
tected in most of the human tissues including heart and liver [10].
Many studies have revealed βII spectrin is an important protein in
maintaining normal cardiac membrane excitability, mechanical func-
tion and embryogenesis [18,19]. An alternatively spliced short variant
of βII spectrin called embryonic liver b-fodrin 3 (ELF3) was identified to
be an essential adaptor protein of the TGF-β pathway [8,20]. ELF3 is a
tumor suppressor and plays an important role in liver development and
hepatocyte differentiation. Mice with heterozygous deletion of ELF3
spontaneously developed HCC [5]. The expression of ELF3 was located
at the basolateral membrane, cytoplasmic and nuclear compartments of
hepatocytes [5]. Nuclear ELF3 expression was demonstrated to be sig-
nificantly reduced in human HCC specimens and cell lines using an anti-
ELF antibody against its residuals 2–14 [5-7]. Interestingly, in our
study, using a monoclonal antibody generated against Human βII
spectrin amino acid 2101–2189, we detected moderate to strong βII
spectrin staining in normal hepatocytes and FNH and HA cases, which
was limited mostly to membrane. The nuclear stain of βII spectrin was
negative. Furthermore, no significant difference in the staining pattern
or density of βII spectrin was observed in HCC cases, as compared to
those of FNH, HA or CC cases. Therefore, it indicates that human βII
spectrin functions differently from EFT3 isoform in hepatocytes. Fur-
ther investigating the role of EFT3 in the diagnosis of HCC would be of
interest when commercial anti-EFT3 antibody becomes available.

αII spectrin is a 285 kDa scaffolding protein encoded by SPTAN1
which is abundantly expressed in most eukaryotic cells [10]. Studies in
animal models revealed that αII spectrin deficiency is embryonically
lethal. Mice with homozygous deletion of αII spectrin died at em-
bryonic day 12.5 due to malformations of the neural tube and cardiac
systems [21]. αII-spectrin was also reported to be involved in im-
munological synapse formation and stability during T-cell activation
[22], in invadosome stability and extracellular matrix degradation
[23], and in DNA repair and cell cycle regulation [24]. In humans, point
mutations or in-frame deletions and duplications of SPTAN1 have been
linked to severe neurodevelopmental impairment such as west syn-
drome, infantile epileptic encephalopathy and childhood onset epilepsy
syndromes [25]. So far, the role of αII spectrin in liver development or
function has not been reported. We detected variable αII spectrin
staining (weak to strong) in normal liver, FNH and HA tissue. Although
αII spectrin is the only α spectrin in hepatocytes that forms heterodimer
with βI spectrin (which was lost in HCC cases as mentioned above) and
βIII spectrin (which was lost in poorly differentiated HCC cases as
mentioned above), we didn't observe significant changes in αII spectrin
staining pattern between HCC and normal hepatocytes or benign liver
tumors.

5. Conclusion

In conclusion, in this study, we found that βI spectrin was only
weakly stained or lost in HCC and CC cases while at least moderately
stained in normal hepatocytes and all FNH and HA cases. We also re-
vealed that βIII spectrin was weakly stained or lost in most poorly
differentiated HCC cases but retained moderate to strong stain in most
CC cases. These findings suggest, for the first time, that βI and βIII
spectrins could be helpful in differentiating HCC from FNH or HA and in
differentiating poorly differentiated HCC from CC, respectively. Of
note, this is a pilot study with limited numbers of cases investigated.
Large-scale studies are necessary to further evaluate the usefulness of
these two markers for clinical diagnosis of HCC.
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