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We previously reported a new type of lectin, p33/41 (annexin TV), which was isolated from
a bovine tissue extract [Kojima, K. et al. (1992) J. Biol. Chenu "2&1,20538-20539]. When the
expression of p33/41 (annexin IV) was surveyed in the lysates of 39 human tumor cell lines
by SDS-PAGE, followed by Western blot analysis with polyclonal anti-bovine p33/41 and
monoclonal anti-annexin IV (Z016, Zymed) antibodies, 21 cell lines were found to be
reactive with the polyclonal antibody, whereas all 39 cell lines were stained with Z016.
These results together with those obtained with standard proteins, annexins IV and V,
suggested that the monoclonal antibody, Z016, recognizes annexin V, but not p33/41
(annexin IV). Therefore, we performed cDNA cloning of human p33/41 (annexin TV) to
prepare a recombinant protein and raised monoclonal antibodies against the protein.
Northern blot analysis with the cDNA as a probe showed that a human colon cancer cell line,
HT29, contains p33/41 (annexin IV) mRNA of two sizes, 2.0 and 3.0 kb. The two monoclonal
antibodies, ASH and AS17, against the recombinant protein generated were useful for flow
cytometric analysis, ELISA, Western blot analysis and immunoprecipitation. Flow cyto-
metric analysis with AS17 showed that p33/41 (annexin TV) is located in the cytoplasm of
HT29 cells, but not on the cell surface. However, one of the cell surface proteins first labeled
with biotin and then solubilized with a detergent was immunoprecipitated with AS17. The
results suggest the existence of a membrane spanning form of p33/41 (annexin TV).
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A number of researchers have investigated the carbo- lated from bovine tissues is a carbohydrate-binding protein
hydrates that play important roles in various biological specific to sialoglycoproteins and various glycosamino-
phenomena on the cell surface such as cell-cell interactions, glycans, including heparan sulfate, and is identical to
cell adhesion, and tumor metastasis. To completely eluci- annexin IV with no consensus sequence of the C-type or
date such biological phenomena, however, it is essential to S-type lectins (3, 4).
identify the biological molecules that recognize these The annexins are a family of structurally related proteins
carbohydrates. The most predominant molecules among that bind to phospholipids in a calcium-dependent manner,
them are carbohydrate-binding proteins, lectins. Most Their expression has been demonstrated in many organ-
animal lectins have been classified into two types, C-type isms from mammals to molds and plants. In mammals,
lectins and S-type lectins (also called galectins). Each lectin several different annexin gene products are expressed in
has a carbohydrate recognition domain with a specific various cells other than red blood cells (5-7). Their exact
consensus amino acid sequence (1, 2). Various C-type biological functions in vivo have not yet been completely
lectins with a membrane spanning domain have been found elucidated, although a number of in vitro experiments
tobere8ponsibleforsomeoftheabove-mentionedphenom- indicated that some annexins exhibit membrane channel
ena, whereas the functions and secretion mechanism of activity, inhibit phospholipase A2 and blood coagulation,
S-type lectins containing no signal peptide have not been transduce mitogenic signals, and are involved in mem-
completely elucidated. brane-cytoskeleton interactions [reviewed by P. Raynal

We previously reported that the protein, p33/41, iso- and H.B. Pollard (8)]. In addition, the primary structures
of annexins have been intensively investigated. Annexins

1 To whom correspondence should be addressed. Tel: +81-3-5978- are composed of 4 or 8 repeating domains of around 70
5345, Fax: +81-3-5978-5344, E mail: ayanoefs.cc.ocha.ac.jp a m i n o a c i d s ^ ^ N-terminal domain specific for each
Abbreviations: AMV, avian myeloblastoma virus; CBB, Coomassie t ^ f ^ aDnexhss y^e no signal peptide coin-
Brilliant Blue; FCS, fetal calf serum; FTTC, fluorescein isothiocya- •?, . , , , . , , 6 . , . .
nate; HRP, horseradish peroxidase; IPTG, isopropyl-l-thio-^-D-ga- ^ ^ ^ ^ tiie observation that they are abundant in the
lactoside; ORF, open-reading frame; PVDF, polyvinylidene difluo- cytoplasm, ue., they are intracellular proteins (9-12).
ride; sulfo-NHS-biotm, JV-hydroxysulfosuccinimide ester of biotin. Our histochemical studies involving a specific polyclonal
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antibody against p33/41 (annexin IV) showed that p33/41
(annexin IV) is localized in specific cells within specific
tissues, e.g., the apical plasma membrane of renal epithe-
lial cells in the proximal tubules {13). Mollenhauer et al.
reported that annexin V is located on the cell surface and
functions as a receptor for collagen of the extracellular
matrix (14). Massey et al. reported that annexin IV is
located in the basolateral plasma membrane of intestinal
absorbing cells, hepatocytes, and pancreatic acinar cells
(15). Yeatman et aL showed, by flow cytometric analysis
with monoclonal anti-annexin antibodies, that annexins are
expressed on the tumor cell surface and that these anti-
bodies inhibit tumor cell metastasis (16), although one of
the monoclonal antibodies used, anti-annexin IV (Zymed),
was found not to be specific for annexin IV, as described
later in this report. All these results raised the possibilities
that annexins are secreted outside of cells, are located on
the cell surface, and function as receptors for free glycocon-
jugates, which reside on the surface of other cells or on
extracellular matrices besides collagen. Therefore, it is
now important to determine how annexins are expressed in
certain cells, transported across the plasma membrane, and
localized on the cell surface, and what their actual ligands
are. Monoclonal antibodies specific to individual annexins
are essential for these purposes. At present, however, only
two monoclonal antibodies, Z016 and CPIII16-5, are avail-
able on the market as anti-annexin IV monoclonal anti-
bodies.

In the course of our study on the expression of p33/41
(annexin IV) in 39 human tumor cell lines, however, both
the monoclonal antibodies, Z016 and CPIII16-5, were
found not to recognize p33/41 (annexin IV). Therefore, we
performed cDNA cloning of p33/41 (annexin IV) in the
human colon adenocarcinoma cell line, HT29, and prepared
two monoclonal antibodies, ASll and AS17, against the
recombinant human p33/41 (annexin IV). The two mono-
clonal antibodies obtained were found to be useful in
ELISA, Western blot analysis, immunoprecipitation and
flow cytometric analysis. These antibodies provided some
important results that suggested for the first time the
presence of a membrane spanning form of p33/41 (annexin
IV), and are expected to be essential for further studies on
the biological functions of p33/41 (annexin IV).

MATERIALS AND METHODS

Cells—We established 5 breast cancer cell lines, HBC-4,
HBC-5, HBC-7, BSY-1, and BSY-2, from tumors of
patients in the Cancer Institute Hospital, Tokyo; HBC-4
from an adenocarcinoma tubulare medullare of a 72-year-
old female, HBC-5 from an adenocarcinoma papillotubu-
lare of a 53-year-old female, HBC-7 from an adenocar-
cinoma scirrhousm of a 40-year-old female, and BSY-1 and
BSY-2 from a pleural exudate of a 56-year-old female with
an adenocarcinoma solid tubulare. MDA-MB-231 and
SK-BR-3 were purchased from the American Type Culture
Collection (Rockville, MD). Stomach cancer cell lines
MKN-1, 7, 28, and 45 were described in Ref. 17. The other
cell lines were provided by Dr. Robert Shoemaker, Division
of Cancer Treatment, Frederick Cancer Research and
Development Center, N.C.I. (Frederick, MD) (18, 19).

Antibodies—Polyclonal anti-bovine p33/41 (annexin TV)
antibodies were prepared and characterized as previously

described (3). Horseradish peroxidase (HRP)-conjugated
affinity purified goat anti-mouse IgG and anti-rabbit IgG
were purchased from Bio-Rad and Kirkegaard & Perry
Labs, respectively. The monoclonal anti-annexin IV anti-
bodies (Z016) were from Zymed. For flow cytometric
analysis, the fluorescein isothiocyanate (Fl'l'C)-conjugated
mAb, clone 187.1, rat anti-mouse IgG x chain was used.

Cell Culture—All the human tumor cell lines were grown
as cell monolayers in RPMI 1640 medium supplemented
with 5% heat-inactivated fetal calf serum (FCS) without
antibiotics. All cells were cultured at 37°C under a humid-
ified atmosphere containing 5% CO2. At 80% confluency,
the tumor cell monolayers were passaged by treatment
with 0.125% trypsin, 2 mM EDTA, and phosphate-buffered
saline (PBS) at 37*C, and then harvested within 5 min in
fresh medium. All cells used in these experiments were
free of mycoplasma infection.

Preparation of Cell Lysates—Cell lysates were prepared
by the method of Yamori et al. (20). At 80% confluency,
tumor cell monolayers were washed with PBS and then
frozen with liquid nitrogen. The monolayers were solubi-
lized with 1 ml of 10 mM Tris-HCl buffer (pH 7.5) contain-
ing 50 mM NaVO3, 30 mM NaP2O7, 50 mM NaF, 50 mM
NaCl, 5 mM EDTA, 100 kat/ml aprotinin (Sigma), 1 mM
phenylmethanesulfonyl fluoride (PMSF), and 0.5% NP-40
(PI buffer). The lysates were centrifuged at 35,000 rpm in
a Beckman TLA-45 rotor for 20 min at 100,000 X gnv and
the supernatants were collected. The protein concentra-
tions of the lysates were determined with a TONEEN-TPII
(Otsuka Pharm., Tokyo).

SDS-PAGE and Immunoblot Analysis—SDS-PAGE and
immunoblot analysis were performed as previously de-
scribed (3, 4). Briefly, the lysates were dissolved in
SDS-sample buffer [0.1 M Tris-HCl buffer (pH6.8) con-
taining 2% SDS and 40% glycerol] with or without 2%
2-mercaptoethanol and then separated by SDS-PAGE on
10% gels according to the procedure of Laemmli (21). The
target proteins in the lysates were detected by SDS-PAGE
and subsequent Western blot analysis. After electrophore-
sis, the proteins were electroblotted onto a polyvinylidene
difluoride (PVDF) membrane (Millipore). The membrane
was first blocked with 0.3% skim milk and then was
incubated with the primary antibody at room temperature
for 1 h. The blot was washed three times and subsequently
incubated with HRP-conjugated anti-mouse or rabbit IgG at
a final dilution of 1:1,000 at room temperature for 1 h. The
membrane was washed three times and then developed
with 4-chloro-l-naphthol. As the primary antibodies, we
used monoclonal antibodies at a final concentration of 5 //g/
ml and polyclonal antibodies at a final concentration of 20
//g/ml. The intensity of the color development was mea-
sured with a densitometer, model CS-930 (Shimadzn,
Kyoto).

cDNA Cloning of Human p33/41 (Annexin IV)—Total
RNA was prepared from the human colon cancer cell line,
HT29, by the standard guanidium thiocyanate extraction
procedure (22). Poly(A) RNA was selected by oligo(dT)-
cellulose Type 7 (Pharmacia) chromatography, and 5//g
was reverse-transcribed into cDNA with avian myeloblas-
toma virus (AMV) transcriptase (Life Science). Double-
stranded cDNA was prepared by the method of Gubler and
Hoffman (23). After the addition of the EcoBl adapter, the
cDNAs were ligated into AgtlO and packaged with a GIGA
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PACK GOLD (STRATAGENE) in vitro. The phages were
plated on Escherichia coli NM514. About 1.1 X 10s inde-
pendent recombinant plaques were obtained. The library
was screened by the plaque-hybridization method (24) with
32P-random prime labeled oligonucleotides of the bovine
p33/41 (annexin TV) open-reading frame (ORF) sequence
as a probe. The positive phages were plaque-purified and
phage DNAs were extracted. The cDNA inserts were
subcloned into the pBluescript IISK+ plasmid for sequenc-
ing. Sequence analysis was performed with an A.L.F. DNA
sequencer (Pharmacia), and the size of the p33/41 (annexin
IV) mRNA was determined by Northern analysis.

Expression and Analysis of p33/41 (Annexin IV) in E.
coli—The p33/41 (annexin IV) protein was expressed as a
glutathione-S-transferase (GST)-p33/41 (annexin IV)
fusion protein in E. coli. The expression vector, pGEX-2T,
was obtained from Pharmacia. For expression of p33/41
(annexin IV), pGEX-2T was first digested with EcoBl and
then ligated to the 5' end non-coding region deleted p33/41
(annexin IV) cDNA. E. coli strain DH5a was transformed
with this plasmid and protein expression was induced by
adding a final concentration of 0.1 mM isopropyl 1-thio-J3-
D-galactoside (IPTG). The protein was isolated from E. coli
extracts by incubation with glutathione (GSH)-Sepharose
4B (Pharmacia). The isolated protein was separated and
analyzed by SDS-PAGE under reducing conditions.

Preparation of mAb to p33/41 (Annexin IV)—BALB/c
mice were immunized by subcutaneous injection with 10 //g
of the purified GST-p33/41 (annexin TV) fusion protein in
Freund's complete adjuvant and boosted 30 days later by
subcutaneous injection with 5 ng of the purified GST-p33/
41 (annexin TV) fusion protein in Freund's incomplete
adjuvant. After an additional 20 days, i.e., 3 days before
fusion, 2.5 ̂ g of purified GST-p33/41 (annexin IV) in PBS
was administered by intravenous injection. Splenocytes
from the immunized BALB/c mice were fused with
X63Ag8.653 myeloma cells in 50% polyethylene glycol
4000. Hybrid cells were selected in RPMI 1640 medium
containing hypoxanthine/aminopterin/thymidine. Hybri-
domas producing antibodies against p33/41 (annexin IV)
were screened by differential ELISA using GST-p33/41
(annexin TV) and GST as antigens, and subsequently tested
by Western blot analysis with GST-p33/41 (annexin TV)
and GST. Cells from positive wells were subcloned twice by
limiting dilution in the presence of BALB/c mouse peri-
toneal macrophages as feeder cells. Ascitic fluid was
produced by intraperitoneally injecting hybridomas into
BALB/c mice primed 1-week earlier with pristane. The
IgG fractions were purified from the ascites fluid by
ammonium sulfate precipitation, followed by affinity chro-
matography on protein A-Sepharose (Pharmacia).

DNA Transfection and Flow Cytometric Analysis—
cDNA was ligated to the Pstl-Kpnl site of the expression
vector, pcDL-SR«296 (25). The plasmid DNA (2.5 ̂ g)
was purified by CsCl density-gradient centrifugation and
transfected by the spheroplast fusion method (26) into
COS-1 cells that had been seeded at 1 x 105 cells/60 mm
tissue culture dish. The cells at 48-72 h post transfection
were used in the following studies. One milling cells were
collected and washed with PBS. For cytoplasmic staining,
the cells were fixed with 1% formalin and permeabilized
with 0.1% Triton X-100. The cells were incubated with the
hybridoma conditioned medium as the primary antibody,

and then washed with PBS and treated with the FITC-anti
mouse IgG x chain. The cells were washed with PBS and
then resuspended in 100//I of PBS. Flow cytometric
analysis was performed with a flow cytometer, model
FACScan (Becton-Dickinson). Controls comprised cells
treated with normal mouse IgG.

Cell Surface Biotinylation and Immunoprecipitation—
Cell surface biotinylation was performed as described by
Groettrup et a/. (27). In brief, cells were washed four times
with PBS containing 1 mM MgCl2 and 0.1 mM CaCU
[PBS( + )] ( resuspended in 1.5 ml of a freshly prepared
solution of 0.5 mg/ml of iV-hydroxylsulfosuccinimide ester
of biotin (sulfo-NHS-biotin) (Pierce), and then agitated at
4*C for 30 min. The cells were washed four times with 25
mM lysine and their viability was confirmed by trypan blue
exclusion to be > 97%. The cells were solubilized with 1 ml
of PI buffer. The lysates were centrifuged at 35,000 rpm in
a Beckman TLA-45 rotor for 20 min at 100,000 X gBV, and
the supernatants were collected. Antibodies and protein A-
Sepharose were added to the supernatants, and the mix-
tures were agitated at 4'C for 4 h. The Sepharose beads
were washed four times with PI buffer. The immune
complexes on the beads were dissolved in SDS-sample
buffer and then separated by SDS-PAGE. The gels were
blotted onto a PVDF membrane. The membrane was
blocked and incubated with streptavidin-alkaline phospha-
tase conjugate (Vector) and washed three times, and then
the blots were developed with a NBT/BCIP detection
system (Amersham).

RESULTS

Screening of p33/41 (Annexin IV) in Human Tumor Cell
Lines—The expression of p33/41 (annexin IV) in tumor
cells was surveyed in the lysates of 39 human tumor cell
lines by SDS-PAGE and subsequent Western blot analysis
involving polyclonal anti-bovine p33/41 (annexin TV) and
monoclonal anti-annexin IV (Z016, Zymed) antibodies.
Bands stained with polyclonal anti-bovine p33/41 (annexin
IV) antibodies and monoclonal antibody Z016 were ob-
served at similar but clearly different positions, corre-
sponding to those of 33-35 kDa proteins (data not shown).
The bands observed with polyclonal anti-bovine p33/41
(annexin TV) antibodies migrated further than those ob-
served with monoclonal antibody Z016. The results are
shown as the relative intensities of the stained bands in Fig.
1. The results obtained with polyclonal anti-bovine p33/41
(annexin TV) antibodies were not identical to those with
monoclonal antibody Z016. Lysates of 21 cell lines were
stained with polyclonal anti-bovine p33/41 (annexin TV)
antibodies, whereas all 39 cell lines were stained with
monoclonal antibody Z016; Le., the lysates of 21 cell lines
were stained with both antibodies. The results suggested
that the antibodies recognize different proteins. Although
p33/41 (annexin TV) was expressed differently in the
various cell lines (as detected with anti-bovine p33/41
(annexin TV) antibodies) (Fig. 1), certain patterns of ex-
pression were found in histologically similar cell types, i.e.,
cell lines of adenocarcinomas such as lung adenocarcinoma
A549, colon adenocarcinoma HT29, WiDr, and ovarian
adenocarcinoma SK-OV-3.

cDNA Cloning of p33/41 (Annexin IV)—Southern blot
analysis of human genomic DNA was performed with
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32P-labeled cDNA of bovine p33/41 (annexin TV) prior to
cDNA cloning. Only one band, with a size of about 8 kb, was
detected with the probe for the EcoBI digests of genomic
DNA (data not shown). The size of the mRNA coding for
human p33/41 (annexin TV) was determined by Northern
blot analysis. Total RNAs from human colon cancer cell line
HT29 and human erythroleukemia cell line K562 were
separated in an agarose gel containing formaldehyde,
blotted onto a GENE SCREEN PLUS membrane (Du
Pont), and subsequently hybridized to the probe (Fig. 2).
Strong staining was detected for total RNA and poly(A)
RNA of HT29, while no staining was detected for the total
RNA of K562. The probe hybridized to two mRNA species
of about 2.0 and 3.0 kb. The two mRNA species were also
detected in human normal tissues and other carcinoma cell
lines (data not shown). These values were larger than those
previously described, 1.4 and 2.5 kb (28). After hybridiza-
tion of the HT29 cDNA library with the probe, 22 positive
plaques were found on duplicate filters. Phage DNAs of the
positive plaques were isolated and digested with EcoBl, and
the sizes of the cDNA inserts were determined by agarose
gel electrophoresis. Only one £coRI insert could be detect-
ed in each phage. After the cDNA inserts had been sub-
cloned into the pBluescript II SK+ plasmid, the complete
cDNA sequence of p33/41 (annexin IV) was determined
with an A.L.F. DNA sequencer. The size of the 2.0 kb

Cell line ami-p33/41 Z016
NCI-H23

NCI-H226
NCI-H552
NCI-H460

DMS114
DMS273

A549

relative intensity

Fig. 1. Screening of p33/41 (annexin IV) in human tumor cell
lines. Human tumor cells were grown in RPMI 1640 medium
supplemented with 5% FCS. The cells were solubilized with the lysis
buffer containing 0.5% NP-40 Sample solutions containing 40 fig of
protein from a cell lysate per lane were subjected to SDS-PAGE. The
separated target proteins were detected by immunoblot analysis with
polyclonal anti-bovine p33/41 antibodies and monoclonal antibody
Z016 (Zymed). The relative reactivities to the antibodies were
expressed as the relative intensities of the color development to that
in the control experiment; 1 4//gofbovinep33/41 (annexin IV) IV =
1 for polyclonal anti-bovine p33/41 (annexin IV) antibodies, and 1.0
fig of bovine annexin V= 1 for monoclonal antibody Z016.

cDNA (1,972 bases) is in close agreement with the esti-
mated length of its mRNA (Fig. 2). The cDNA with the
insert size of 2.0 kb had the complete open reading frame
sequence for human annexin IV (about 1.0 kb) previously
described (29), followed by a 3' non-coding region with a
longer poly(A) sequence than that previously described
(29). A rare, but efficient polyadenylation signal (ATT-
AAA; Wickens (30)) spans nucleotides 1954-1959. The
mRNA of p33/41 (annexin IV) stabilized by the efficient
poly(A) signal may be the reason why p33/41 (annexin IV)
is highly expressed in these cell lines. These sequence data
for human p33/41 (annexin IV) are available in the EMBL/
GenBank DDBJ under accession number, D78152.

Expression of p33/41 (Annexin IV) in E. coli—The E.
coli expression vector, pGEX, was used to express human
p33/41 (annexin IV) in E. coli. The vector expresses a
recombinant protein in the form of a GST-fusion protein.
The 2.0 kb human p33/41 (annexin IV) cDNA modified so
as to delete the stop codon in the 5' untranslated region was
ligated to pGEX-2T, and the vector was transformed in E.
coh DH5a. Protein expression was induced with IPTG and
then the expressed protein was purified by affinity chro-
matography on a GSH-Sepharose 4B column. The fusion

3.0 kb
2.0 kb

28S rRNA

18SrRNA

Fig 2 Northern analysis of p33/41 (annexin IV) mRNA. Ten
micrograms of total RNA from human colon adenocarcinoma cell Imp
HT29 and human erythroleukemia cell hue K562, respectively, was
probed for the polynucleotide of the ORF sequence of bovine p33/41
(annexin IV) 1 0 kb cDNA The RNAs were stained with ethidium
bromide in the gel prior to blotting (b) RNA species of 2.0 and 3 0 kb
were detected on hybridization in HT29 but not in K562 cells (a)

M 1 2 3 1 2 3

97-

30-»~[»|
CBB AS17

1 2 3

*

Z016

Fig. 3. Reactivities of antibodies to annex ins on immunoblot
analysis. Lane M, molecular mass standards; lane 1, GST-human
p33/41 (annexin IV); lane 2, GST-bovme annexin V; lane 3, GST-
bovine p33/41 (annexin IV). The fusion proteins were separated by
SDS-PAGE under non-reducing conditions, blotted, and then stained
with CBB, AS17, or Z016. Each lane was loaded with 5 ng (for CBB
staining) or 1 fig (for Western blotting) of protein
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protein obtained exhibited a size of 60 kDa on SDS-PAGE.
The GST-p33/41 (annexin IV) fusion protein cross-reacted
with the polyclonal anti-bovine p33/41 (annexin TV) anti-
body (data not shown). Computer sequence analysis de-
monstrated that the amino acid sequence of human p33/41
(annexin TV) was 91.4% identical to that of bovine p33/41
(annexin TV).

Preparation and Properties of Monoclonal Antibodies
against Human p33/41 (Annexin TV)—Twenty-two out of
three hundred hybridomas cultured in conditioned media
were found to react with GST-p33/41 (annexin IV) but not
with GST in the ELISA system, and two of them reacted
with GST-p33/41 (annexin TV), as found on Western blot
analysis. The two monoclonal antibodies thus established
(named ASH and AS17) belong to the mouse IgG2b family.

AS17 reacted, as found on Western blot analysis, with
recombinant human p33/41 (annexin IV), but not with
recombinant bovine p33/41 (annexin TV) or annexin V (Fig.
3, AS 17), or ASH (data not shown). Monoclonal antibody
Z016 reacted with the recombinant annexin V, but did not
recognize the recombinant bovine or human p33/41 (an-
nexin TV), as found on Western blot analysis (Fig. 3, Z016).

Flow cytometric analyses were carried out to determine

AS17 Z016

uocx

caliaurtaca
•OMng

whether these monoclonal antibodies could recognize p33/
41 (annexin TV) in COS cells transfected with p33/41
(annexin TV) cDNA; L e., whether they reacted to expressed
proteins in not only E. coh but also COS cells, because it
was thought that the latter was a more intact protein (Fig.
4). Cell surface staining of the cDN A-transfected COS cells
is shown in Fig. 4, (a) and (b), and cytoplasmic staining
shown in (c) and (d). The antibodies used were AS 17 for (a)
and (c), and Z016 for (b) and (d). The lower figures are the
results obtained with mock transfectants. The FACS
patterns in (a) and (c) showed that AS 17 recognizes only the
protein located in the cytoplasm of the COS cells transfect-
ed with p33/41 (annexin TV) cDNA. The patterns in (b) and
(d) showed that Z016 does not recognize the protein

antl-FAS AS17

atalnlng

fluore«c«nc* Intensity

Fig. 5 Flow cytometric analysis of adenocarcinoma cell line
HT29. Cell surface staining of HT29 is shown in (a) and (b), and
cytoplasmic staining in (c) and (d) HT29 was stained with monoclonal
antibody AS17, (b) and (d), and the monoclonal anti-Fas antibody as
positive controls, (a) and (c) The results are represented by solid
lines and those of control experiments involving normal mouse IgG
are represented by dashed lines.

HOCK

A

cytoplasm
(tabling

fluorescence Intensity

Fig 4. Flow cytometric analysis ofp33/41 (annexin IV) cDNA
in transfected-COS cells. COS cells transfected with cDNA were
subjected to cell surface staining, (a) and (b), and cytoplasmic
staining, (c) and (d). The p33/41 (annexinlV) cDNA transfectant was
analyzed with AS17, (a) and (b), and Z016, (c) and (d). The lower
panels are the results of mock transfection. The results are represent-
ed by solid lines and those of control experiments involving mouse
IgG are represented by dashed lines.

- 2

< u

5

E kDa

-- 116
97

"" 66

- 45

— 31

— 21.5

Fig. 6 Analysis of cell surface proteins of HT29 with mono-
clonal antibody AS17. The cell surface proteins of HT29 were
biotinylated, lysed, and then immunoprecipitated with monoclonal
antibody AS17 or normal mouse IgG. The precipitates obtained were
analyzed by SDS-PAGE under reducing conditions. The biotinylated
proteins were detected by color development with streptavidin-
alkaline phosphatase.
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AS17 staining

Fig 7. Immunoblot analysis of p33/41 (annexin IV) in bio-
tinylated HT29 cell lysates. Intact cells and permeabikzed cells
were separately biotinylated and then solubilized with the lysis buffer
containing 0 5% NP-40 Sample solutions containing 40 fi g of protein
from a cell lysate per lane were subjected to SDS-PAGE under
reducing conditions The separated target protein was detected by
immunoblot analysis with AS17.

expressed in the COS cells transfected with p33/41 (annex-
in IV) cDNA. The same results were obtained with
CPEII16-5 (monoclonal anti-annexin IV antibody, BIO-
DESIGN) (data not shown). AS17 was also successfully
used for immunoprecipitation (see below), as was AS 11
(data not shown).

Cellular Localization of p33/41 (Annexin IV) m Adeno-
carcinoma Cell Line HT29—Flow cytometric analysis
using AS 17 was performed on a human colon adenocar-
cinoma cell line, HT29 (Fig. 5). The antibody against the
Fas antigen, a tumor cell surface marker, was used as a
positive control. Intact HT29 cells were not stained with
AS17; i.e., p33/41 (annexin IV) was not detected on the
surface of the intact HT29 cells (Fig. 5b). When the cells
were treated with Triton X-100 to make the plasma
membrane permeable, the cytoplasm was strongly stained
with AS17 (Fig. 5d). The results may simply indicate that
p33/41 (annexin IV) is expressed only in the cytoplasm of
HT29, i.e., not on the plasma membrane. To confirm this,
the cell surface proteins were analyzed after labeling with
sulfo-NHS-biotin, which reacts with e-amino groups of
lysine residues on cell surface proteins. The biotinylation of
HT29 was performed on intact HT29 cells (cell surface
protein biotinylation) and on permeabilized HT29 cells
treated with Triton X-100 (cytosolic protein biotinylation).
After lysis of the cells, p33/41 (annexin IV) was immuno-
precipitated with AS17 and then analyzed by SDS-PAGE.
The gel was then blotted onto a PVDF membrane and the
biotinylated proteins were reacted with streptavidin-
alkaline phosphatase for visualization. The 33 kDa
biotinylated cell surface protein was detected on intact
cells, as shown in Fig. 6, but not on permeabilized cells
(data not shown). Furthermore, the lysates obtained from
cells biotinylated by means of the two different procedures
were also submitted to immunoblot analysis with AS17. As
shown in Fig. 7, an AS17-sensitive band was clearly

observed for the lysate of the surface biotinylated HT29
cells, but not for that of the HT29 cells biotinylated after
permeabilization, indicating that AS17 recognizes neither
the membrane p33/41 (annexin IV), whose cytosolic part is
biotinylated, nor the biotinylated cytosolic p33/41 (annex-
in IV). In other words, these results suggest the existence of
a membrane spanning type of p33/41 (annexin IV), whose
epitope for AS 17 is located in the cytoplasmic domain and
contains the lysyl residue important for the interaction
with AS17.

DISCUSSION

A number of monoclonal antibodies to annexin family
proteins are available on the market. One of them, a
monoclonal anti-annexin IV antibody (Z016 as well as
CPIII16-5), has been most widely used in various studies on
tissue distribution and cellular localization {16, 31-33).
However, in the course of our study on p33/41 (annexin IV)
expression in human tumor cells, it was found that the
monoclonal anti-annexin IV antibodies available on the
market do not recognize p33/41 (annexin IV). It appears
from the results in Figs. 1 and 2 that Z016 as well as
CPIII16-5 (data not shown) recognized annexin V, and
annexin V is ubiquitously expressed in various human
tumor cell lines whereas p33/41 (annexin IV) is mainly
expressed in adenocarcinoma cell lines. Therefore, we
cloned the p33/41 (annexin IV) cDNA of human tumor
cells, produced the recombinant protein in E. coli, and
raised monoclonal antibodies against the protein. Two of
the monoclonal antibodies were found to be useful for
ELISA and Western blotting of p33/41 (annexin IV), flow
cytometric analysis of the COS cells transfected with
human p33/41 (annexin IV) cDNA, and immunoprecipita-
tion. The monoclonal antibodies obtained recognized hu-
man p33/41 (annexin IV), but not human annexin V, which
has an amino acid sequence 58.6% identical to that of
human p33/41 (annexin IV).

Annexin family proteins have been called by various
common names (34). Annexin IV has been called by many
different names: endonexin I, protein II, chromobindin 4,
32.5K-calelectrin, placental anticoagulant protein-H, pla-
cental protein PP4-X, 35-^-calcimedine, and lipocortin IV.
Annexin IV has also been reported to exhibit a number of in
vitro and biological activities: anticoagulant activity,
mediation of exocytosis, composition of cytoskeleton, and
regulation of chloride ion channels (35-38). We showed
that a carbohydrate binding protein, p33/41, is identical to
annexin IV; i.e., it binds carbohydrate in a calcium-de-
pendent manner (4). The recombinant protein produced in
this study by human p33/41 (annexin IV) cDNA exhibits
calcium-dependent carbohydrate binding activity, as does
bovine p33/41 (annexin IV) (data not shown). Since carbo-
hydrates are mostly located on the outside of cells, to
function as a carbohydrate binding protein, p33/41 (annex-
in IV) must be transported to the plasma membrane and
then be finally translocated onto the cell surface or be
extracellularly secreted.

The results of flow cytometric analysis of HT29 showed
that p33/41 (annexin IV) is located in the cytoplasm, not on
the cell surface. However, after biotinylated cells had been
solubilized with a detergent, one of the cell surface proteins
labeled with biotin was immunoprecipitated with the
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monoclonal antibodies, and in a control experiment involv-
ing permeabilized cells no such biotin-labeled protein was
observed. Furthermore, an AS17-sensitive band was clear-
ly observed for the lysates of cell surface biotinylated
HT29 cells, but not for that of the HT29 cells biotinylated
after permeabilization (Fig. 7). These results suggested
that p33/41 (annexin IV) of HT29 cells is located not only
in the cytoplasm as a soluble form but also in the plasma
membrane as a membrane spanning form, and the epitope
against the antibody is located on the cytoplasmic side of
the membrane p33/41 (annexin IV), not on the cell surface
side. These results suggest for the first time the existence
of a membrane spanning form of p33/41 (annexin IV).

In spite of that annexins as well as galectins (S-type
lectins) have no known leader sequence required for their
import into the lumen of the endoplasmic reticulum (39),
some of them have been shown to be secreted or located on
the cell surface (40, 41). Annexins including annexin IV
exist in a soluble form and two membrane protein forms: a
peripheral protein form which binds to the membrane in a
calcium-dependent manner, and an intrinsic membrane
protein form which is resistant to calcium chelators but can
be solubilized with detergents (13, 42). The crystal struc-
ture of annexin IV has not yet been elucidated, while those
of annexins I, V, and VII have been reported (43-45).
Certain annexins other than annexin IV been reported to
exhibit calcium channel activity (46). For the mechanism
underlying the activity, a central hydrophilic pore and
surrounding four-helix bundles oriented perpendicular to
the membrane have been proposed. However, the lengths
of the alpha helices reported for the crystal structures are
shorter than those required for known membrane spanning
helices. Therefore, the conformations of the intrinsic
membrane form of annexin and the mechanisms involved in
annexin translocation across the plasma membrane are of
great interest.

Further questions to be answered are whether the
membrane spanning form is a major stable form among the
intrinsic membrane form proteins, and whether it retains
the carbohydrate binding activity or has to be further
transferred onto the cell surface to exhibit the activity. Our
monoclonal antibody should be useful for in vitro investiga-
tions, including ones on the mechanisms of annexin IV
penetration and translocation across the membrane.
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