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Abstract

AIM: To analyze the structure and expressions of the protein
encoded by an HCC-associated novel gene, lysosome-
associated protein transmembrane 4 b (LAPTM4B).

METHODS: Primary structure and fundamental characteristics
of LAPTM4B protein were analysed with bioinformatics.
Expressions of LAPTM4B in HCC tissues and various cell
lines were detected using polyclonal antibodies and
Western blot.

RESULTS: LAPTM4B encoded two isoforms of proteins with
molecular masses 35-ku and 24-ku, respectively. The
expression level of LAPTM4B-35 protein in HCC tissues was
dramatically upregulated and related to the differentiation
status of HCC tissues, and it was also high in some cancer
cell lines. Computer analysis showed LAPTM4B was an
integral membrane protein with four transmembrane
domains. LAPTM4B showed relatively high homology to
LAPTM4A and LAPTMS5 in various species.

CONCLUSION: LAPTM4B gene encoded two isoforms of
tetratransmembrane proteins, LAPTM4B-35 and LAPTM4B-24.
The expression of LAPTM4B-35 protein is upregulated and
associated with poor differentiation in human HCC tissues,
and also at high levels in some cancer cell lines. LAPTM4B
is an original and conserved protein.
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INTRODUCTION

We have previously reported the cloning and identification of
a novel gene, which was designated by the International

Nomenclature Committee as lysosomal associated protein
transmembrane4 b (LAPTM4B)™4, LAPTM4B was overexpressed
in 87.3% human hepatocellular carcinomas (HCC) at mRNA
level performed by Northern bloti?. BLAST program anaysis
showed that the LAPTM4B gene was mapped to chromosome
8 (22.1, spanning approximately at least 50 kb. It is composed
of seven exons separated by six introns. The cloned full-length
cDNA sequence (GenBank accession number: AY 057051) of
LAPTM4Bis2.2 kb and containstwo ATGs at the 5 end with an
interval of 273 bp and two polyadenylation signals: aataaa and
aattaad?.

In this study, primary structures of proteins encoded by
LAPTM4B gene were analyzed using bioinformatics. Specific
polyclonal antibodies directing against two epitopes of the
10-peptides localized at the N-terminus (28-37aa) and in
between the 3 and 4™ transmembrane domains (232-241aa) of
LAPTM4B, respectively, were prepared. The expressions of
LAPTM4B proteinsin HCC, paired noncancerousliver (PNL),
normal liver (NL) tissues and various cancer cell lines were
detected by Western blot. The functions of LAPTM4B protein
was discussed.

MATERIALS AND METHODS

Specimens

Fresh HCC and paired noncancerous liver specimens were
obtained during operations on patients with HCC, normal liver
tissues were obtained during operations on patients with
hepatohemangioma.

Cell lines and culture

Humanhepatomacell linesBEL -7402, QGY -7701, SMMC-7721,
HLE and human hepatic cell line L-02, human cervical cancer
cell line Hel a, human prostate carcinomacell linesPC3M and
PC3, human pulmonary giant cell carcinomacell linesBE1 and
LH7, and human melanoma cell linesWM451 and WM983A
weremaintainedinRPM I 1640 (Gl BcoBRL) mediumsupplemented
with 100 mL/L fetal bovine serum.

Protein extraction®"!

The tissues stored at -80 °C or living cells were homogenized
and extracted with lysis buffer (pH7.6) containing 10 mmol/L
Tris, 150 mmol/L NaCl, 1 mmol/L EDTA, 5g/L NP40, 1 mmol/L
PMSF, 1 ng/mL apratinin, Lno/mL pepdtatin A. After centrifugation
at 12000 g for 10 min at 4 °C, the supernatants were collected
and the proteins were quantitated by Bradford microassay.

Peptide synthesis and antibody preparation”

Two KLH-conjugated 10 peptides(KLH- Ala-Lys-Gly-Thr-Asp-
Pro-Ala-Glu-Ala-Argand KLH-Pro-Tyr-Arg-Asp-Asp-Va-Met-
Ser-Val-Asn) were synthesized by Invitrogen Company. Rabbits
were immunized subcutaneously with 1 mg of KLH-peptide
conjugates emulsified in Freund’ s complete adjuvant (GIBco
BRL). The immunization was repeated with the antigensin
Freund' sincomplete adjuvant (GIBco BRL) 4 wk after thefirst
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injection and 2wk after the second injection. The anti-serawere
designated asLAPTM4B-N28-37-pAband LAPTM4B-EC2-pAb,
respectively. Thetiters of these two serawere both above 1x10°
detected by ELISA with peptide-coated plates. The pre-immune
seradid not show any reactivity to the peptides.

Western blotting

Proteinsin cell lysateswerefractionated by 100 g/lL SDS-PAGE
and then electrotransferred onto a nitrocellulose filter (Bio-
Rad). Thefilterswere blocked at 4 °C overnight with blocking
buffer (pH7.6) containing 50 g/L fat free dry milk. Then the
filterswere incubated with indicated antibody for 2 h at room
temperature. After washed with TBST (pH6.0), thefilterswere
incubated at room temperature for 1 h with horseradish
peroxidase conjugated goat anti-rabbit 1gG at 1:2 000 dilution
in TBS-5 g/L fat free dry milk. Immunoreactive bands were
visualized using ECL detection reagents (Santa Cruz).

Bioinformatics analysis tool

TheBioinformaticsanalysstool included BLAST and FASTA for
basic local alignment of sequences, PCGENE software for
predicting primary structure and fundamenta characteristics of
the protein, Kyte& Doolittle hydrophobicity index for calculating

hydrophobicity value, ClustalW software for multiple sequence
aignment and DNAMAN softwarefor digplaying phylogenictree.

RESULTS

Bioinformatics analysis of primary structure of LAPTM4B protein
The primary structure of LAPTMA4B isshown in Figure 1. The
LAPTM4B cDNA may encode two putative proteins with 35 ku
(317 aa) and 24 ku (226 ag). Computer anaysis(PCGENE) showed
that LAPTM4B wasan integral membrane proteinwith four highly
conserved hydrophobic transmembrane domains, forming two
extracellular loops (EC1 and EC?2), a cytoplasmic loop and
intracellular amino- and carboxy! tails. Thetransmembraneregions
werelocatedat 117-133,163-179,200-216,and 243-259a8, repectively.
The full amino acid sequence contained one N-glycosylation Ste,
eight phosphorylation sites, and four N-myristoylation sites. A
tyrosine phosphorylation Stewas predicted at 285 aaat C-termind
region, which depending on phosphorylation might form abinding
dtefor specific SH2 domain in some sgnaling proteins. It wasa so
predicted that LAPTM4B containing proline-rich motif (PXXP) at
N-terminal region would be a SH3 domain binding protein.
Moreover, LAPTM4B contained typical lysosomal targeting
signas(3Y XX & matifs)*a C-termind region. HumanLAPTM4B
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Figure 1 Putative amino-acid sequence of LAPTM4B. The four transmembrane domains are shadowed with gray color. Two
translation initiation sites are thick black. Putative SH3 ligand is indicated by thick underlining. The sequence containing 10 amino
acid residues (28aa-37aa or 232aa-241aa) and used as immunogen is wavy underlined. PKC-P, cAMP-P, cGMP-P, CK2-P, Tyr-P:
various phosphorylation sites; G: N-glycosylation site; M: myristylation site.
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shared 92% homol ogy with mouse LAPTM4B (GenBank accession
number: AAH1912)"* at amino acid level, suggesting that
LAPTM4B was highly conserved within vertebrate species. The
region from 140 aato 317 aaof LAPTM4B washighly conserved
compared with mouse LAPTM4B. But the N-termina regionfrom
1 aato 91 aa (between the first ATG and the second ATG) of
LAPTM4B-35 was highly specific and no homological sequence
wasfound using BLAST in nr database. LAPTM4B a so showed
46% homology to a lysosomal tetra-transmembrane protein,
LAPTMA4A, a amino acid levd. The orthodog of LAPTM4A in
murine was a nucleoside transporter in intracellular membrane-
bound compartments, and mediated a multidrug resistance
phenotype in drug-sensitive strains of S. cerevisiag >,

The phylogenic tree (Figure 2) was constructed according
to multiple sequence alignment results. It showed that
LAPTM4B, LAPTM4A and LAPTM5 proteinsweredistributed
inclugters. Human LAPTM4B showed the most close homology
to Mus musculus and also had certain homology to Dannio
rerio and Fugu rubripes, as well as Drosophila melanogaster,
but was far-away from Yeast. In addition, LAPTM4B showed
relatively high homology to LAPTM4A and LAPTM5invarious
species to a certain extent, and LAPTM4B was closer to
LAPTMA4A than LAPTMS5. These results indicated that
LAPTM4B was an original and conserved protein.

Expression of LAPTM4B protein in HCC tissues

Asshown in Figure 3, 2 proteins with molecular masses 35-ku
and 24-ku both reacted with LAPTM4B-EC2-pAb were
identified by Western blot in HCC, PNL and NL tissues, and
designated as LAPTM4B-35 and LAPTM4B-24, respectively.
Nevertheless, only one band at the 35 ku position appeared
when LAPTM4B-N28-37-pAb was used for Western blot in
HCC tissues, indicating that LAPTM4B-35 wastrandated from
the whole ORF and initiated from the first ATG, whereas
LAPTM4B-24 wastrand ated from thesecond ATG. Furthermore,
LAPTM4B proteins were significantly overexpressed in HCC
tissues than in PNL and NL tissues. Notably, the expression
levels of LAPTM4B-35 were significantly related to the
differentiation status of HCC tissues, they were higher in poorly
differentiated HCCsthan in moderately and well differentiated
HCCs (Figure 4)1. In addition, the ratio of LAPTM4B-35 to
LAPTM4B-24 wasremarkably higher in HCC than in PNL and
NL (Tablel). However, theratio of LAPTM4B-35to LAPTM4B-
24 in PNL was kept at the same level asin NL, even though
LAPTM4B-35 and LAPTM4B-24 were both dightly increased.
Thus the development of HCC might be associated with the
raisedratio of LAPTM4B-35to LAPTM4B-24.

LAPTM4B-EC2-pAb LAPTM4B-N-pAb

NL
HCC1
PNL1
HCC2
PNL2
| PNL3
HCC2

o~
(&}
o
T
— LAPTM4B-35
LAPTM4B-24

e -~

. HCC3

Figure 3 Expressions of LAPTM4B proteins in HCC tissues
identified by Western blot with various antibodies. Top: West-
ern Blot profiles performed with anti serum. LAPTMA4B-EC2-
pAb: polyclonal antibody directing against the epitope local-
ized at the EC2 domain between the 3 and 4™ transmembrane
regions of LAPTM4B. LAPTM4B-N28-37-pAb: polyclonal anti-
body directing against the epitope localized at the N-terminal
region of LAPTM4B. Bottom: Western blot profiles performed
with pre-immune serum.
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Figure 4 Correlation between LAPTM4B-35 protein expres-
sion and pathological grade of HCC.

Table 1 Relative intensity of LAPTM4B-35 and LAPTM4B-24
(meanzSD)

HCC PNL NL
LAPTMA4B-35 13.32+1.98> 4.58+1.31 2.78+0.11
LAPTMA4B-24 3.59+1.78° 1.76+1.24 1.00+0.02
LAPTM4B-35/LAPTM4B-24 3.71 2.60 2.78
(ratio)
®P<0.01 vs PNL and NL.
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Figure 5 Expression of LAPTM4B proteins in various cell lines
shown via Western blot with LAPTM4B-EC2-pAb. Top: West-
ern blot profiles performed with LAPTM4B-EC2-pAb. Bottom:
Western blot profiles performed with pre-immune serum.

Table 2 Relative intensity of LAPTM4B-35 and LAPTM4B-24 in
various cell lines

Cell line LAPTM4B-35 LAPTM4B-24 LAPTM4B-35/-24
(ratio)
BEL-7402 3.98 2.09 1.91
QGY-7701 3.21 2.20 1.45
SMMC-7721 2.98 - -
HLE 2.24 - -
L-02 3.32 2.56 1.29
Hela - - -
PC3M 2.96 - -
PC3 - - -
BE1l 1.47 - -
LH7 - - -
WM451 - - -
WMOI83A - - -

Expression of LAPTM4B proteins in various cell lines

LAPTM4B proteinsin 12 cell lines were detected by Western
blot with LAPTM4B-EC2-pAb (Figure 5). With exception of
HLE cells, LAPTM4B proteinswere remarkably expressed in
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all of HCC-derived cdll linesincluding BEL-7402, QGY-7701
and SMMC-7721, and human hepatic cell lineL-02 cells. The
ratio of LAPTM4B-35to LAPTM4B-24 was higher in HCC
cell lines than in immortal hepatic cell line L-02 (Table 2),
suggesting that disturbance of LAPTM4B-35to LAPTM4B-
24 equilibrium in expressions might cause the malignant
transformation in hepatocarcinogenesis. Moreover, the
expressions of LAPTM4B-35 were also higher in highly
metastatic cell lines*>*", including prostate carcinoma PC-3M
and pulmonary giant cell carcinomaBEL1 cell linesthan in the
syngenic low metastatic cell lines, including PC-3and LH7 cell
lines. Therefore, the overexpression of LAPTM4B-35waslikely
related to cancer cdll invasion and metastasis. However, LAPTM4B
was not detected in human cervical carcinomacell line HeLa
and human melanoma cell lines WM 451 and WM983A[%],
indicating that overexpression of LAPTM4B-35 was somehow
specific for some carcinomas.

DISCUSSION

HCC isone of the most common cancersworld-wide, and isthe
major cause of malignant deathsin Asiaand Africad®*®!. The
pathogenesisof HCC isparticularly complex. The current model
for HCC carcinogenesis postulated a multistage progression
involving an accumulation of genetic alterationd??3, including
activation of oncogenes N-ras, H-ras, K-ras, c-erbA, c-met,
and c-myc etc.[224, repression or mutation of tumor suppressor
genes?, besides the transcriptional activation of c-jun and
nuclear factor NF-kB by HBV and HCV%27, But the roles of
these genesin cdll proliferation, differentiation, and premalignant
gatusin liver malignancy are far from elucidated.

We previoudy reported? that LAPTM4B was anovel gene
associated with HCC, and significantly overexpressed in HCC
asshown viaNorthern blot and in situ hybridization. LAPTM4B
is also widely expressed in human tissues with arelatively
high leve inthetedtis, heart and skeletal muscles, and moderately
in the ovary, kidney and pancreas, and poorly in the liver,
spleen, and thymus, and lowest in the lung and peripheral
leukocytes. It was remarkably overexpressed in 87.3% (48/55
cases) HCC tissues when compared with PNL and NL tissues.
Furthermore, the LAPTM4B mRNA expression levels were
significantly related to the differentiation status of HCC tissues.
They were highest in poorly differentiated HCCs, higher in
moderately differentiated HCCs, and relatively low in well
differentiated HCCs.

Here we report the expressions of LAPTM4B proteinsin
HCC, PNL, NL and anumber of cdll linesviaWestern blot andysis
using two antibodies, LAPTM4B-N28-37-pAb or LAPTM4B-
EC2-pAb, whichwere prepared by immunization with two KLH-
conjugated 10-peptides whose sequences arelocalized at either
the second extracellular loop (EC2) between thethird and fourth
transmembrane regions or the N-terminal region in the
cytoplasma. These two 10-peptides used asimmunogens were
highly specific, i.e. having very low homology compared to
known proteins of Homo sapiens. By using PCGENE software,
the 10-peptides should have characteristics of high
hydrophilicity and no residues of putative glycosylation and
phosphorylation. KLH was conjugated with the N-termini of
10-peptidesin order to increase immunogenicity. Two isoforms
of LAPTM4B, LAPTM4B-35 and LAPTM4B-24, whose mass
was coincident with the predicted products translated from the
first and second ATG in ORF, were identified. Expressions of
LAPTM4B-35 proteins were highly upregulated in HCC with
poor differentiation. Thisresult was coincident with expression
of LAPTM4B mRNA in HCC tissues. LAPTM4B expressions
were also high in human HCC cell lines and some other cancer
cell lines. Transient transfection of murine BHK cells was
performed with two plasmids, pcDNA3/LAPTM4B-AE

containing a full-length cDNA of LAPTM4B ORF and
pcDNA3/LAPTMA4B-BE containing the same ORF sequence
but with 273 nucleotidesdeleted at 5 end, respectively. The
transfectants in AE-series expressed mainly LAPTM4B-35
and dlightly LAPTM4B-24, and proliferated very rapidly and
formed colonies powerfully. However, the transfectants in
BE-series expressed only LAPTM4B-24, and lost potentias
of long term survival and growth. Therefore, it is suggested
that LAPTM4B-24 may play anantagonisticroleincell survival
and proliferation, and the equilibrium of LAPTM4B-35 and
LAPTM4B-24 in expression isinvolved in controlling cell
survival/proliferation and differentiation. The disequilibrium
in expressions of LAPTM4B-35 and LAPTM4B-24 may be
involved in malignant transformation of hepatocytes and
carcinogenesis.
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