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ABSTRACT

Asip is a mammalian homologue of polarity protein Par-3 of Caenorhabditis elegans and Bazooka of

Drosophila melanogaster. Asip/Par-3/Bazooka are PDZ-motif containing proteins that localize asymmetri-

cally to the cell periphery and play a pivotal role in cell polarity and asymmetric cell division. In the present

study, we have cloned human asip cDNA and its splicing variants by 5'-RACE and RT-PCR using candidate

human EST clones which have a high homology to rat asip cDNA. The full-length cDNA of human asip

encodes a 1,353 aa protein exhibiting 88% similarity to the rat one. Human asip is a single copy gene

consisting of at least 26 exons and localizing in human chromosome 10, band p11.2, with some extraordi-

narily long introns. All exon/intron boundary nucleotides conform to the gt-ag  rule. Three main

transcripts were detected by Northern blot analysis, and at least five variants, from alternative splicing and

polyadenylation, have been identified by RT-PCR and liver cDNA library screening. Exon 17b deleted asip

mRNAs expressed ubiquitously in normal human tissues, including liver, on RT-PCR analysis. However,

they were absent from most human liver cancer cell lines examined. More interestingly, the expression of

exon 17b deleted variants was down regulated in 52.6% (10/19) clinic specimens of human hepatocellular

carcinomas (HCCs), compared with the surrounding nontumorous liver tissues from the same patients. The

presence of various splicing transcripts, the variation of their distribution among different tissues and cells,

and their differential expressions in human HCCs suggest that human Asip isoforms may function in dif-

ferent context.
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protein, hepatocellular carcinomas.

INTRODUCTION

Cell polarity is the reflection of complex mecha-

nisms that establish and maintain the functionally spe-

cialized regions in the plasma membrane and

cytoplasm, and is fundamentally important for

differentiation, proliferation, morphogenesis and other

functions of simple and complicated organisms[1].

Molecular mechanisms of cell polarity during ani-

mal development have been analyzed mainly in the

nematode Caenorhabditis elegans and the fruit fly

Drosophila melanogaster[2]. In early C. elegans

embryos, Par-3 protein is required for embryonic

polarity and become localized asymmetrically to the

anterior periphery of the one-cell embryo. Mutations

in the par-3 gene affect the asymmetric distribution

of itself and other proteins involved in cell fate de-

termination and the orientation of mitotic spindles

in successive cell cycle[3]. As a homologue of Par-3,

Drosophila Bazooka protein also controls the asym-

metric distribution of other proteins and the orien-

tation of mitotic spindles. In bazooka- deficient germ

line clones that lack maternal and zygotic expression,
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loss of cell polarity is fully penetrant, which was

shown by defective spindles orientation,

mispositioning of the daughter cell after division and

deforming of zonula adherens[4-6]. Mammalian

epithelial cells also provide an experimental system

to reveal essential features of cell polarity[1]. Asip,

a rat homologue of Par-3 and Bazooka, localizes to

tight junctions in epithelial cells or to adherens junc-

tions in cells without tight junctions, and expresses

in cells without cell-cell junctions[7]. Tight junctions

are specialized structures that play an essential role

in epithelial cell polarity by creating a barrier to dif-

fusion between cells in the epithelial sheet and form-

ing an intramembrane diffusion fence that restricts

intermitting of apical and basal-lateral membrane

components[8].

A search of available databases revealed the pres-

ence of some human expressed sequence tag (EST)

clones exhibiting high homology to rat asip cDNA,

which means asip is conserved in rat and human.

To explore the function of human asip and its asso-

ciation to any human disease, we cloned the human

asip cDNA. Here, we describe the cDNA cloning and

molecular characterization of the novel human gene,

asip. At least five variants can be isolated from adult

human liver cDNA by RT-PCR, which are resulted

from alternative splicing and polyadenylation. We

also report here the results of an investigation of the

distribution of expressed variants in various human

tissues, cell lines and clinic specimens of human

hepatocellular carcinomas (HCCs).

MATERIALS AND METHODS

Sequence analysis

The acquired sequence data were aligned against the Genbank

databases (nr, human EST, and htgs) at the National Center for

Biotechnology Information (National Institute of Health), using

Blast to search for sequence matches. Sequence editing, comparing,

and primer designing were performed using Lasergene software

packages (Dnastar).

RNA extraction, Northern blot analysis, and RT-
PCR

Total RNAs of various human tissues, cultured human cells

and human HCCs were isolated using guanidium isothiocyanate

according to Chomczynski and Sacchi's description[9]. Poly (A)+

RNA was prepared using Quickprep Micro mRNA Purification

kit (Amersham-Pharmacia Biotech) according to manufacture's

instruction. Northern blot analysis was carried out as described

by Sambrook et al[10] using 5 μg mRNA. The RNA was electro-

phoresed in a 1.0% agarose gel containing formaldehyde, trans-

ferred to a nylon membrane (Hybon-N, Amersham-Pharmacia

Biotech) by capillary diffusion, and then hybridized with a 32p-

labelled human asip cDNA probe (2284-3387 in AF196185). Hy-

bridized membrane was autoradiographed at -70oC using X-ray

film (Kodak) with intensifying screen.

cDNA was synthesized from 3 μg total RNAs by random

hexamer priming using M-MLV reverse transcriptase (Gibco

BRL), normalized and subjected to PCR amplification with prim-

ers specific for human asip. The primers were 5 -CTT GAT GAA

TCG CCC AGC AGA AAT G-3 (sense) and 5 - CGG CCG TGG

ACG ATG GAA AGG AAT A (antisense), which amplify 567 and/

or 477 bp products (due to the presence or absence of exon 17b).

The conditions for amplification were an initial denaturation at

94oC for 2 min, followed by 28 cycles at 94 oC for 30 sec, 66 oC for

30 sec, and 72 oC for 45 sec. The PCR products were analyzed by

1.5% agarose gel and ethidium bromide staining.

RESULTS

Molecular cloning of human asip cDNAs

A Blast search of the human EST database using

the sequence of rat asip cDNA (Accession No.

AB005549) as query revealed the presence of some

human expressed sequence tag (EST) clones exhib-

iting high homology to rat asip cDNA, which means

asip is conserved in rat and human. With the help of

in silico cDNA cloning, 5'-RACE and cDNA library

screening techniques, we finally cloned the full-

length cDNA of human asip and also found the pres-

ence of various isoforms. The complete nucleotides

sequence of the human asip cDNA (Accession No.

AF196185) is 5,958 bp long and contains a continu-

ous ORF of 4,062 bp predicted to encode a polypep-

tide of 1,353 aa with a calculated molecular mass of

150 kDa. The flanking nucleotides of the first ATG

codon partially match with Kozak's criteria of an

optional eukaryotic translation start site[11], al-

though a preceded in-frame stop codon is not

detected. Three polyadenylation signals, AATAAA,

are identified in the 1,609 bp long 3'UTR at 4,381-

4,386, 4,992-4,997, and 5,934-5,939. The nucle-

otides of human asip ORF and the deduced amino

acids show 81% and 88% similarity to rat asip,

respectively. Like rat Asip, its human homologue also

contains three PDZ motifs and one aPKC-binding

domain (Fig 1).

Exon/intron structure of human asip gene

To clarify the structure of human asip gene, htgs

database was searched by Blast program using the
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full-length human asip cDNA sequences as query.

We found that, as part of human genome project,

DNA sequencing of chromosome 10 has provided the

DNA sequence of almost the entirety of the human

asip gene, except for the 5 -end sequence and gaps

between different genomic DNA clones. Eight

contigs can be withdrawn from chromosome 10p11.

2 genomic sequences AL138768, AL012241,

AL360233, AL392123, AL356462 and AL160409,

which contain stretches of human asip cDNA se-

quence from 408 bp to 3'UTR. For the absence of

5 -end DNA sequence, we tentatively assigned the

sequence  407 to exon 1, thus, human asip gene

has at least 26 exons and localizes in chromosome

10p11.2. The nucleotides at the exon/intron junc-

tion are presented in Tab 1; all the exon/intron

boundary sequences conform to the gt-ag  rule. A

distinguished feature of human asip gene is that some

of its introns are extraordinarily long.

Alternative splicing and polyadenylation of hu-

man asip gene

Different transcripts were detected by the clon-

aIntron size is evaluated by the sequence from the htgs database, and marked with (>) when a gap is encountered.
bThe 5'UTR and partial coding region (1-407bp) sequences are assigned to exon 1 tentatively, for the absence of 5 -DNA

sequence in the htgs database. cTwo 5  splicing donor sites are found within or at the end of exon 17, respectively, and the length

of intron 17 changes accordingly. dExon 21 and 26 are the last exons, and no 5' donor sites can be found after them.
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ing of various human asip cDNAs. Analyses of these

different cDNAs obtained by cDNA library

screening, 5'-RACE and RT-PCR suggest that the

presence of splicing variants with regard to exons 5,

12, 17, 21 and 22. The alternative splicing events of

human asip gene is shown in Fig 1A. Exons 5, 12 or

22 can be spliced out in different variants. Splicing

can also take place within exon 17 to delete its 3 -

end 90 bp sequence that we named exon 17b. Exon

20 can be spliced to exons 21, 22 or 23 alternatively.

Because exon 21 contains polyadenylation signal,

splicing to it produces short transcripts (hasips) that

end with this exon, whereas variants that end with

exon 26 are long transcripts (hasipl), with or with-

out exon 22. As a result of these alternative splicing

and polyadenylation events, up to five distinct vari-

ants can be expressed. They are hasipla (full-length),

hasiplb (  exon 12, exon 17b, and exon 22),

Fig 1. Alternative splicing and polyadenylation events of human asip pre-mRNA (A) and the five protein isoforms of human

Asip (B). Note that exon 17 has two 5  splicing donor sites, and that exons 5, 12, 21 and 22 may or may not be included, as shown

in (A). Nine alternative splicing events, from (a) to (i), are shown as dashed lines. Splicing event (d) is always linked to splicing

event (e). One or three polyadenylation signals (AATAAA) can be found in exon 21 or exon 26, respectively. The five protein

products of alternatively spliced mRNAs are diagrammatically shown in (B). Typical conserved regions-CR1, CR2 and CR3,

are shown.
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hasipsa ( exons 22-26), and hasipsb ( exon 12, 

exon 17b, and exons 22-26). hpar-3 (Accession

No. AF252293), which is deleted at exons 5, 12 and

17b, is another variant of human asip mRNA cloned

recently by other authors[12]. The structure of pro-

tein products of the alternative splicing events is

shown diagrammatically in Fig 1B. The presence of

some alternative splicing forms has also been re-

ported recently for the mouse homologue of asip[13].

Expression of human asip mRNA in human adult

liver tissue was further examined by Northern blot

analysis. Three main bands, approximately 6.0, 4.5

and 3.6 kb in size, were observed (Fig 2). The 6.0

kb band corresponds to long transcripts (hasipla,

hasiplb and hpar-3) and 3.6 kb corresponds to the

short ones (hasipsa and hasipsb), whereas the 4.5

kb transcript has not been identified so far.

Expression profiles of human asip variants in vari-
ous human tissues, cultured cells and HCCs

In all splicing events, the deletions of exon 12 and

17b were linked. We emphasize the deletion of exon

17b in this paper because it contains the core se-

quence of aPKC-binding domain. Primer pair (in

exon 15 and exon 19 respectively) were designed to

detect its expression in various human tissues. It can

be seen from Fig 3A that exon17b deleted variants

are expressed ubiquitously in normal human tissues

including brain, colon, heart, kidney, liver, lung,

skeletal muscle, placenta, small intestine, spleen,

stomach and testis. However, exon 17b containing

variants are hardly detected in skeletal muscle, spleen

and testis. Since HCC is among the most common

malignancies in China[14], we therefore investigated

the expression profiles of asip splicing isoforms in

HCC cells and clinic specimens to see if the alterna-

tions of asip is related to this disease. Interestingly,

exon 17b containing variants are expressed in all

cultured human liver cell l ines examined

(immortalized human liver cells L-02, hepatocellu-

lar carcinoma cells BEL-7721, 7402 and 7404, and

hepatoblastoma cells Hep G2), while exon 17b de-

Fig 2. Northern blot analysis of the

expression of human asip tran-

scripts in adult human liver tissue.

Five micrograms of mRNAs was

separated in 1.0 % agarose gel con-

taining formaldehyde. Note that

three main bands were detected by

t h e  p r o b e  ( 2 2 8 4 - 3 3 8 7  i n

AF196185). The 6.0 kb and 3.6 kb

bands correspond to long tran-

scripts and short transcripts

respectively, while the nature of

the 4.5 kb transcript remains to be

characterized.

Fig 3.  Expression of human asip mRNAs in various human tissues, cell lines and HCCs.

Human asip mRNAs were analyzed by RT-PCR using normalized, first-strand cDNA

preparations derived from different human tissues (A), cell lines (B) and HCCs (C). The

amplified fragments are 567 bp for exon 17b containing mRNAs (a) and 477 bp for

exon 17b deleted mRNAs (b). The human tissues used in (A) are brain (lane 1), colon

(lane 2), heart (lane 3), kidney (lane 4), liver (lane 5), lung (lane 6), skeletal muscle

(lane 7), placenta (lane 8), small intestine (lane 9), spleen (lane 10), stomach (lane 11),

and testis (lane 12). And the human cell lines used in (B) are hepatoblastoma cells Hep

G2 (lane 1), hepatocellular carcinoma cells BEL-7404 (lane 2), BEL-7402 (lane 3) and

BEL-7721 (lane 4), and immortalized human liver cells L-02 (lane 5). (C) Expression

of human asip mRNAs in 19 cases of clinic specimens of human HCCs (T), compared

with the surrounding nontumorous liver tissues (N) from the same patients. The

HCCs with down-regulated expression of the exon 17b deleted variants were marked

with * .
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leted variants are only weakly detectable in Hep G2

cells (Fig 3B). The expression of exon 17b deleted

variants was further investigated in clinic specimens

of human HCCs. Among the 19 cases of human

HCCs we examined, the expression of exon 17b

deleted variants was down-regulated, more or less,

in 10 cases of human HCCs, compared with the sur-

rounding nontumorous liver tissues from the same

patients (Fig 3C).

DISCUSSION

Human Asip protein exhibits 88% overall se-

quence similarity to the rat one, 15% to C. elegans

Par-3, and 19% to Drosophila Bazooka. Similar to

its homologues, human Asip also contains three PDZ

motifs and an aPKC-binding domain. The three PDZ

motifs of human Asip protein and its homologues

differ in sequence from each other, perhaps reflect-

ing different binding specificities for various target

proteins. The PDZ2 and/or PDZ3 domains of hPar-

3 was found to interact with the C-terminal tail of

ephrin B, a cell-associated ligand for eph receptor

tyrosine kinase, and implicated in the control of or-

ganized cell movement in several tissues[15]. hPar-

3 also binds to Par-6 through its first PDZ domain,

and this interaction is necessary for tight-junction

formation[12]. Another class of proteins that can

interact with Asip/Par-3/Bazooka is aPKC[7], [16],

[17]. The protein complex including in Cdc42/Rac1,

Par-6, Par-3 and aPKC was found to be present

under physiological conditions, and this complex may

be involved in maintaining the apico-basolateral

polarity of epithelia cells[12], [13], [18]. By recruit-

ing various proteins to the apical pole of the cell,

Asip/Par-3/Bazooka are likely to be the candidates

for organizing multi-protein complexes for establish-

ing cell polarity.

So far, there is no description about splicing

variants of bazooka gene in flies and par-3 gene in

nematodes. In this paper, up to five splicing vari-

ants of human asip mRNA were identified. The al-

ternative splicing was also observed in rat and mouse

[7], [13]. Mammalian epithelial cells may have more

complicated molecular mechanisms of orienting the

cell polarity and, hence, need more delicate regula-

tion and control. The various protein products of

human asip mRNAs, especially those of the exon 17b

deleted variants which can not be phosphorylated

and bonded by aPKC, may function differently in

signaling cascade when cells receive an external

signal to adjust cell polarity.

The expression of exon 17b deleted variants may

be also under fine regulation. The exon 17b deleted

variants expressed ubiquitously in normal human

tissues including liver, but they were absent in most

of human liver cancer cell lines examined (Fig 3).

Although L-02 was originally derived from normal

human liver tissue, we can not exclude the possibility,

to some extent, that the cell line studied here has

undergone malignant transformation. Since Asip

localizes at the tight junctions of polarized epithelial

cells and may play a critical role in the development

of the junctional structures and apico-basal polar-

ization of mammalian epithelial cells[7], [19]. The

expression of exon 17b deleted variants might be

related to highly organized cell-cell contact and its

down-regulation or absence occurred if the contacts

among cells were disrupted. Normal tissues have

highly organized cell-cell contact and junctions.

However, the situation changes in tumors, in which

cancer cells are typically less adhesive both to other

cells and non-cellular substrate for their reduced

tendency to form junctions. In fact, we also have

detected the down-regulated expression of exon 17b

deleted variants in about 50% human HCCs com-

pared with the cancer adjacent liver tissues (Fig 3C).

The exon 17b deleted variants were also found to

be absent in non-adherent cells such as leukemia

cells K562, HL-60 and Jurkat (data not shown). In

conclusion, at least five splicing variants of human

asip are expressed; some of which may not bind di-

rectly to aPKC for the absence of aPKC-binding

domain. The down-regulation or the absence of exon

17b deleted variants in human liver cancer cell lines

and HCCs indicated that they might be involved in

cell growth control.
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