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Description

Technical Field

[0001] The present invention relates to an amino acid sequence of membrane protein occludin in a tight junction
(hereinafter referred to as "the TJ") of a human, a dog and a mouse, and a DNA for encoding the amino acid sequence.

Background Art:

[0002] In multicellular animals, the information on cellular adhesion between adjacent cells is deeply concerned with
the regulation and maintenance of vital phenomena such as cellular proliferation and differentiation, inflammation and
cancer metastasis. Intercellular adhesion molecules which take part in the adhesion of the cells frequently assemble
together on the surfaces of these cells to form a specifically differentiated membrane region for the adhesion. Partic-
ularly, intercellular adhesion molecules such as cadherins are known to be firmly bound to cytoskeleton in the cyto-
plasmic domain of epithelial cells. Such membrane regions are called intercellular adhesion apparatus and chiefly
classified into the following four structures: gap junction (GJ), adherens junction (AJ), desmosome and tight junction
(TJ).
[0003] These adhesion apparatus has first been identified under an electron microscope, and as a result of the
investigation and research of constituent proteins, the importance of their physiological and pathological significance
has become the focus of increased interest. The proteins that are called the so-called adhesion molecules specifically
exist in these adhesion apparatus, and the adhesion molecules of the AJ are cadherins and various kinds of cadherins
such as N-cadherin and P-cadherin have been identified so far [Takeichi, M. et al., "Science", Vol. 251, p. 1451-1455,
(1991)]. As adhesion molecules of the desmosome, desmoglein and desmocollin are known, and according to recent
studies, it has been elucidated that their structures are similar to those of the cadherins [Buxton, R. S. et al., "J. Cell
Biol.", Vol. 121, p. 481-484, (1993)]. The adhesion molecules of the GJ are called connexin, and it is known that
connexin holds transmembrane domains at four different sites and both of its N-terminal and C-terminal protrude on
the cytoplasmic side of the membrane.
[0004] The TJ is an intercellular adhesion apparatus peculiar to epithelial cells and endothelial cells, where the cell
membranes of contiguous cells are seen completely tightly apposed. The TJ surrounds individual cells and functions
as a barrier to block or regulate permeation of water-soluble molecules between the luminal and basement membrane
sides of a cell layer. It has also been described to act as a fence partitioning the cell membrane into apical and baso-
lateral sides in order to maintain the polar distribution of such membrane proteins as ion channels and pumps as well
as lipids on the cell membrane [Schneeberger, E. E. et al., "Am. J. Physiol.", Vol. 262, P. L647-L661, (1992)]. Owing
to these functions of the TJ, milieus consisting of different fluid compositions are formed on the opposite sides of a cell
layer, so that the polarity of the cell layer is maintained; hence the TJ can be said to be a fundamental structure of vital
importance to multicellular organisms.
[0005] However, analysis of the molecular structure of the TJ has been less progressing, compared to other adhesion
apparatus. In fact, it has constituted a serious drawback to the pursuit of molecular biological research on the TJ that
the TJ adhesion molecule itself has not been identified yet.
[0006] The present inventors have established a method for isolation of AJ from rat liver, and have identified many
proteins such as radixin and ZO-1 from this isolated AJ [Tsukita, Sh. et al., "Curr. Opin. Cell Biol.", Vol. 4, P. 834-839,
(1992)]. From researches on ZO-1 and histologic findings for the AJ and the TJ, it can be presumed that the proteins
in the AJ also contain protein of the TJ. In view of this, the present inventors have isolated AJ from chick liver, prepared
a monoclonal antibody against the AJ as the antigen, and carried out structural analysis of the TJ-constituting protein
using the antibody specifically reacting with the TJ. As a result, the present inventor has been successful in the structural
analysis of a novel constituent protein dissimilar to known proteins, and designated the protein as occludin [Furuse,
M. et al., "J. Cell Biol.", Vol. 123, p. 1777-1788, (1993)].
[0007] This chick occludin is a 56KDa protein composed of 504 amino acids, characterized conspicuously by trans-
membrane domains at four sites in the half of its N-terminus, with both the N- and C-terminals facing the cytoplasm
and with two extracelluar loops.
[0008] From subsequent studies, occludin was inferred to be an important factor in the analysis of physiological
function of the TJ at the cellular level as well as at the whole body level, and drew much attention of investigators.
[0009] No further study has progressed, nevertheless, since the said protein has its origin in the chicken species
greatly remote from humans. Thus, structural analysis of occludin of human origin has been expected for the sake of
elucidation of the physiological function and medical analysis of the TJ. There is as yet no report of success in the
elucidation of human occludin despite worldwide competition in research for this purpose in this field.
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SUMMARY OF THE INVENTION

[0010] It is accordingly an object of the present invention to provide amino acid sequences of human, canine and
mouse occludins and the DNAs encoding them.
[0011] In their report on the gene for human neuronal apoptosis inhibitory protein (NAIP), Roy et al. documented
occurrence of a DNA fragment possessing a base sequence analogous to the C-terminal region of chick occludin in
NAIP gene deletion mutants [Roy, N. et al., "Cell", Vol. 80, p. 167-178, (1995)]. To ascertain whether the said sequence
actually encoded a part of human analogue of occludin or not, the present inventor selected primers out of the base
sequence analogous to that of chick occludin and made a scrupulous screening with a cDNA library of human intestinal
epithelial cell strain T84 as a template for PCR. The present inventor has thus succeeded in the analysis of the whole
structure of human occludin. Further, the inventor has completed analyses of mouse and canine occludins, prepared
anti-occludin monoclonal antibodies, and verified with histologic staining that the occludins were transmembrane type
TJ proteins.

Best Mode for Carrying out the Invention:

[0012] The present invention is concerned with amino acid sequences of a human, a canine and a mouse occludin,
DNAs for encoding them, anti-occludin antibodies, and a genetic analysis method utilizing them. More specifically, the
present invention is directed to the following aspects.

(1) A DNA for encoding a human occludin having an amino acid sequence described in Sequence No. 1.
(2) A DNA for encoding a human occludin as described in Sequence No. 4.
(3) A DNA described in Sequence No. 5 for encoding a canine occludin having an amino acid sequence described
in Sequence No. 2.
(4) A DNA described in Sequence No. 6 for encoding a mouse occludin having an amino acid sequence described
in Sequence No. 3.
(5) A human, a canine and a mouse occludin having the amino acid sequences described in Sequence Nos. 1, 2
and 3, respectively.
(6) An occludin variant having an amino acid sequence in which one or plural amino acids in the amino acid
sequence of each occludin are added, deleted or substituted, and a DNA for encoding the variant.
(7) A vector which comprises any of DNAs for encoding a human, a canine or a mouse occludin or for encoding
their variants.
(8) A transformant which holds the vector.
(9) A method for manufacturing an occludin protein which comprises the steps of cultivating the transformant, and
collecting an expressed product.
(10) A DNA probe comprising containing the whole or part of the base sequence as defined in Sequence No. 4,
5 or 6.
(11) A DNA primer comprising containing part of the base sequence as defined in Sequence No. 4, 5 or 6.
(12) A polyclonal antibody or a monoclonal antibody specifically binding to a human, a canine or a mouse occludin
protein.
(13) An assay method and an assay reagent for occludin in a biological specimen, wherein an anti-occludin antibody
is used.
(14) An analysis method of an occludin gene in a biological specimen, wherein said DNA primer or said DNA probe
is used.
(15) A screening method of a drug affecting the expression of occludin, wherein occludin-expressing cells and an
analyte are allowed to coexist, and an expression quantity of an occludin gene of said cells is then determined by
the use of a DNA primer or a DNA probe.
(16) An antisense DNA derived from a human occludin DNA.
(17) A laboratory animal whose occludin DNA is knocked out.

Detailed Description of the Inveniton:

[0013] With the success of the present inventor in identifying occludin analogues of mammals, it is now possible to
structurally and functionally test the constitution and function of the TJ at the molecular level. The barrier and fencing
functions of the TJ and the related regulatory mechanisms can be analyzed through experiments involving control of
expression of the gene for occludin or inhibition of the occludin function with either an antisense probe or an antibody,
using various types of cultured human, mouse and canine (MDCK) cells. For example, it is now possible to determine
whether or not overexpression of occludin cDNA gives rise to an increase in number of TJ strands seen in freeze-
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fractured replicas and incidentally to an augmentation of the barrier function. Furthermore, the present invention has
made it possible to establish a simple screening method for drugs affecting TJ function. For example, drugs affecting
TJ function can be screened using various types of cells expressing occludin, by allowing the cell to react with a test
article and subsequently by measuring the amount of cellular occludin gene or occludin protein expression. The gene
analysis can be carried out by using a DNA probe or primer or other devices. It may be conducted by known methods,
e.g. the Northern blot technique or Southern blot technique wherein RNA or DNA extracted from a test sample in the
usual manner is pretreated when necessary, then electrophoresed on a membrane or gel, and hybridized with a labeled
DNA probe, and the polymerase chain reaction (PCR) technique wherein the objective DNA is amplified using primers
of about 20 bases corresponding to the relevant site 'and with a genomic DNA or cDNA as the template. The occludin
protein can be quantitated, for example, by the use of an antibody.
[0014] Moreover, it is also made possible to ascertain how the TJ formation is involved in the morphogenesis of
various organs and whether functional failure of the TJ has any relation to various pathologic states such as inflam-
mation and tumor metastasis, by preparing various types of mutant mice and occludin gene-knocked out mice. The
possibility of controlling a TJ function, especially its barrier function, is also of interest in connection with drug perme-
ability. Thus, it would be feasible to control the blood-brain barrier via up- or down-regulation of occludin synthesis in
epithelial cells of the brain. Control of the TJ function in the enteric epithelial cells is necessary to regulate drug ab-
sorption from the intestine. It will thus become possible to control drug absorption, particularly distribution to the brain
tissue, by administering an effective substance screened out of drugs affecting the TJ function. Hence, the present
invention is highly anticipated for elucidation of the physiological mechanisms primarily of the blood-brain barrier, as
well as for analysis, diagnosis and treatment of disease states.
[0015] The DNA provided by the present invention can be utilized in the analysis of genes for occludin proteins and
of gene expression thereof by using a part of it as a primer or a probe. The term a part here denotes that the oligonu-
cleotide to be used as a primer or probe comprises containing at least a 10-relevant-base sequence, or preferably at
least a 15-base sequence, or more preferably a corresponding polynucleotide comprising containing approximately
20- to 30-base sequence based on the DNA sequence of the present invention. As the probe, a higher macromolecular
or even the whole DNA may be used.
[0016] There is a method utilizing antisense DNA or antisense RNA as a means to control the function of occludin.
The method is intended to block the flow of gene expression by interfering with the reading of genetic information at
any of the stages of gene expression such as DNA replication, transcription and translation, and the antisense technique
employs nucleic acid or its analogue for the blockage (Wickstrome, E. ed., Prospects for Antisense Nucleic Acid Therapy
of Cancer and AIDS. Wiley-Liss, New York, 1991). The elucidation of the occludin DNA according to the present in-
vention has made possible the means for inhibiting occludin functions by the antisense method. The length of DNA
oligomer has bearing on the double strand-forming capacity, membrane permeability and base sequence specificity;
and at least 6 nucleotides, or preferably at least 10 mers, usually 15 to 30 mers, may be used. Appropriate sequences
may be selected on the basis of the DNA sequence of the present invention, and verified by experimentation. Usually,
the oligomer is chemically modified at its phosphate group, sugar moiety, and 3' and 5' tails in order to augment its
stability (Cook, P.D., Anticancer Drig. Des., 5,585, 1991). Representative analogues are oligophosphorothioate where
one of the oxygen atoms of the internucleoside phosphodiester group is replaced by a sulfur atom, and oligomethyl-
sulfonate where the said oxygen is replaced by a methyl group; all such analogues are remarkably stable to nucleases.
Besides, such oligomers as those with acridine or polylysine bonded to them and those containing N-methlythymidylate,
to increase stability of the hybrid double strand, are also used. These oligomers can be synthesized by known chemical
synthetic procedures. Antisense RNA derived from the DNA of the present invention may also be utilized.
[0017] The occludin protein of the present invention may be utilized for preparation of an antibody using the whole
or a part of it as an epitope, and for use the antibody thus prepared as research and diagnostic reagents. The term
epitope denotes an antigen determinant of polypeptide; epitope is usually comprised of at least 6 amino acids, and it
is known that a polypeptide consisting of 6 amino acids combines with an antibody (JP-A-60-500684). The antigenic
peptide of the subject protein signifies a polypeptide comprising a series of at least 6 amino acids, preferably a series
of at least 8 amino acids, more preferably a series of at least 15 amino acids, or further preferably a series of at least
20 amino acids, based on the amino acid sequence of the present invention. Occludin provided by the present invention
is a protein which, as inferred from its amino acid sequence in analogy with chick occludin, possesses transmembrane
domains at four sites in a half of its N-terminal region, with the N- and C-terminus facing the cytoplasm, and which has
two extracellular loops. In the case of human occludin of which amino acid 89-135 and 196-243 regions are presumed
to be extracellularly apposed, various antibodies may be prepared by selecting antigenic sites appropriate for purposes
and utilized as a means to elucidate the TJ function and as a means to suppression by the antibody of the TJ function.
It is also possible to utilize the partial peptides as a means to screen compounds for those capable of binding to these
peptides.
[0018] Proteins having an amino acid sequence of occludin of the present invention to which one or a plurality of
amino acids are added or of which one or a plurality of amino acids are deleted or substituted are also encompassed
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by the present invention.

(1) Preparation of cDNA library and structural analysis of occludin

[0019] Preparation of RNA may be carried out using human or animal cells (cell strains) as the raw material, by for
example extraction with a mixed solution of guanidine thiocyanate, a surfactant, a chelating agent and a reductant,
followed by phenol extraction, fractionation in organic solvents (Chamezynski et al., Anal. Biochem., 162, 156, 1987)
and subsequently density gradient ultracentrifugation procedure. Using the RNA thus obtained as a template, a double
strand DNA is prepared in the usual manner such as by the cDNA synthesis technique (Gubler, U. et al., Gene, 25,
263,1983) with the use of random primers, reverse transcriptase, DNA polymerase, etc. A DNA library can be prepared
by insertion of the double strand DNA obtained into a bacteriophage such as λ zap or λ gt11 in the usual manner.
Commercial cDNA libraries may also be used.
[0020] According to the report of Roy et al., it is possible to obtain a DNA fragment presumed to be of occludin DNA
origin by properly selecting a primer region based on the base sequence analogous to the C-terminus of chick occludin,
by amplification of the DNA with the PCR technique, and by its subclonation. Subsequent screening of the cDNA library
with this DNA fragment as a probe and analysis of the base sequence of the clone isolated may yield a whole-length
cDNA for occludin. The structure of the base sequence is determined by the Maxam-Gilbert method (Maxam, A. M.
and Gilbert, W., Proc. Natl. Acad. Sci. USA, 74, 560, 1977) or by the dideoxynucleotide chain termination method
(Sanger, F., Proc. Natl. Acad. Sci. USA, 74, 5463, 1977). The amino acid sequence is thus deduced on the basis of
the base sequence. These gene manipulations can be performed by the known usual methods, for example in accord-
ance with those described in Molecular Cloning. A Laboratory Manual, T. Maniatis et al. eds. (1989), Cold Spring Harbor
Laboratory.

(2) Preparation of antibodies

[0021] To prepare the monoclonal antibody according to the present invention, human, canine or mouse occludin is
used as the antigen, its complex with a carrier protein is prepared if deemed necessary, and appropriate animals are
immunized by inoculation with the antigen. Antibody-forming cells obtained from the spleen or lymphnodes of the above
immunized animals are fused with myeloma cells, whereby hybridomas producing an antibody strongly specific to
occludin are selected to prepare the monoclonal antibody. The preparation procedure may be in accordance with the
known prior method.
[0022] As the immunogen, any of such products as purified natural products and products prepared by genetic re-
combination technique or chemical synthesis may be used. For preparation of occludin by the recombinant DNA tech-
nique, the cDNA encoding occludin can be religated to the promoter downstream of a vector appropriate for expression
of occludin by the known method using restriction enzymes and DNA ligase to obtain a recombinant expression vector.
The said vector is nonlimitative insofar as it can be replicated and amplified in a host. With regard to the promoter and
terminator, there is also no particular limitation as long as they are concordant with the host used for expression of the
base sequence encoding occludin; and appropriate combinations suited to the host may also be practicable. The
recombinant expression vector thus obtained is introduced into the host by the competent cell technique (J. Mol. Biol.,
53, 154, 1970) or the calcium phosphate procedure (Science, 221, 551, 1983) to prepare a transformant. Such organ-
isms as Escherichia coli and animals are used as the host, and the transformant obtained is cultured in an appropriate
medium suited to the host. The culture incubation is carried out usually at a temperature between 20°C and 45°C and
at pH between 5 and 8, with aeration and/or stirring where required. Isolation and purification of occludin from the
cultured microorganisms or cells may be performed by an appropriate combination of known methods of isolation and
purification. These known methods include salting out, organic solvent method, dialysis, gel filtration, electrophoresis,
ion exchange chromatography, affinity chromatography, and reverse-phase high performance liquid chromatography.
[0023] The immunogen, occludin, is preferably to retain its whole structure but may be in the form of a fragment or
peptide having its partial structure; it may be appropriately selected from the whole amino acid sequence of occludin.
For preparation of the fragment or peptide, a method such as chemical synthesis, the above mentioned gene recom-
bination procedure or degradation of a naturally occurring article is employed.
[0024] Various condensing agents may be used for preparation of the immunogen-carrier protein complex; such
reagents as glutaraldehyde, carbodiimide, and maleimide activated ester may be used.
[0025] The carrier protein may be any of those commonly used such as bovine serum albumin, thyroglobulin and
hemocyanin, and usually the method wherein a 1- to 5-fold quantity of a carrier protein is coupled to antigen is used.
[0026] Animals employed for immunization include the mouse, rat, rabbit, and guinea pigs, and inoculation is made
by subcutaneous, intramuscular or intraperitoneal injection. The administration of immunogen may be carried out in
the form of a mixture with complete Freund adjuvant or with incomplete adjuvant, and is usually made once every 2
to 5 weeks. Antibody-producing cells obtained from the spleen or lymphnodes of the immunized animals are fused
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with myeloma cells and isolated as hybrydomas. The myeloma cells used are those of mouse, rat or human origin,
preferably allogeneic to the antigen-producing cells used but, in some instances, can be xenogeneic.
[0027] The manipulation of cell fusion can be conducted in accordance, for example, with the method of Milstein and
Köhler (Nature, 256,495, 1975). Fusogens used include such agents as polyethylene glycol and Sendai virus, and the
cell fusion can be made by incubating antibody-producing cells with myeloma cells in an approximate population ratio
of 1:1 to 10:1 at a temperature between 20 and 40°C, preferably between 30 and 37°C, for about 1 to 10 minutes,
using polyethylene glycol (mean molecular weight: 1,000 to 4,000) usually at a concentration of about 20 to 50%.
[0028] Various immunochemical methods can be used for screening hybridomas producing an anti-occludin antibody.
The methods include enzyme-linked immunosorbent assay (ELISA) using microplates coated with occludin, enzyme
immunoassay (EIA) using micoplates coated with an anti-immunoglobulin antibody, and Western blotting technique in
which samples containing occludin are electrophoresed with the subsequent use of nitrocellulose transfer membranes.
[0029] Clones are obtained from these wells further by, for example, limiting dilution. Screening and breeding of
hybridomas are performed in a culture medium for animal cells (e.g. RPMI 1640) containing 10-20% fetal bovine serum
usually with added HAT (hypoxanthine, aminopterin and thymidine). The clone thus obtained is intraperitoneally trans-
planted into BALB/c mice previously dosed with bristan, and ascites containing a high concentration of a monoclonal
antibody is collected 10-14 days later so that the ascites can be used as a source for purification of the antibody.
Furthermore, the cloned hybridoma cells are cultured so that the cultured cells can be used as the source for purification
of the antibody. Known methods for purification of immunoglobulin may be used for recovering the monoclonal antibody;
the recovery can be readily accomplished for example by such means as ammonium sulfate fractionation, PEG frac-
tionation, ethanol fractionation, utilization of anion exchangers, and affinity chromatography.
[0030] With immunological methods using the anti-occludin monoclonal antibody obtained in accordance with the
present invention, it is possible to make qualitative and quantitative determination of occludin in biological specimens.
As the immunological methods, conventional methods such as immunohistologic staining, enzyme immunoassay, ag-
glutination test, competitive assay, and sandwich technique may be applied to samples from biological specimens that
have been appropriately processed, where required, e.g. isolation of cells and extraction. The immunohistologic stain-
ing can be performed for example by the direct method using a labeled antibody or the indirect method using a labeled
antibody directed to the antibody bound to target antigen. Any of such known labeling substances as fluorescent agents,
radioactive substances, enzymes, metals and dyes may be used as labeling agents.
[0031] The monoclonal antibody of the present invention may be used in the form of Fab' or Fab fragment after
removal of its Fc' or Fc region, or in the form of polymer of either fragment. Furthermore, it may also be in the form of
a chimeric antibody, a humanized antibody, or a human antibody.

EXAMPLE

[0032] The present invention will now be illustrated in detail with specific embodiments by the following examples.
Of course, the present invention shall not be limited to the following examples.

Example 1 Structural analysis of human occludin

[0033] Based on a base sequence of a part of human NAIP-deficient gene analogous to the C-terminus of chick
occludin, PCR was performed using as primers the oligonucleotides of Sequence Nos. 7 and 8. λgt11 cDNA library
was prepared by purifying poly(A)+RNA from a source consisting of human intestinal epithelial cell strain T84 and by
using TimeSaver cDNA Synthesis Kit (trade name; Pharmacia LKB Biotechnology Inc.)and GIGAPACK II Packaging
Extract (Stratagene Inc.). The PCR was carried out with this library as the template and with said two primers yielded
a cDNA fragment of 363 base pairs.
[0034] This DNA fragment was DIG-labeled using DIG Labeling Kit (trade name; Boehringer Mannheim), and said
library was screened with it used as the probe. As a result, three cDNA clones were isolated, their insertion sites were
cut, and they were subcloned to pBluescript SK(-). Of these, the two clones phOc6 and phOc16 were presumed to
contain a total ORF, and these two cloned strands were analyzed for their base sequences, with the results demon-
strating that said base sequences encoded the whole structure of human occludin. The coding sequence was deter-
mined using a 7-deaza Sequenase Version Deoxy Terminator Cycle Sequencing Kit (trade name; Applied Biosystems).
The base sequence is shown in Sequence No. 4, and the amino acid sequence deduced therefrom in Sequence No. 1.
[0035] Structure of canine and mouse occludins were determined in the same manner as described above using
λgt11 and λgt10 cDNA libraries, respectively, prepared from dog kidney (MDCK) cells and mouse lung cells. The base
sequence and amino acid sequence of canine occludin are shown in Sequence Nos. 5 and 2, and the base sequence
and amino acid sequence of mouse occludin in Sequence Nos. 6 and 3. Escherichia coli JM 109 containing the human
occludin cDNA has been deposited (Deposition No. FERM BP-5477) with the National Institute of Bioscience and
Human Technology, Ministry of International Trade and Industry, Japan (address: 1-1-3, Higashi, Tsukuba, Ibaraki, 305
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Japan) as of March 15, 1996.

Example 2 Preparation of an anti-human occludin monoclonal antibody

[0036] The cDNA fragment encoding the cytoplasmic region on the C-terminal side of human occludin was obtained
by cutting the pBluescript SK(-) vector containing Sequence No. 4 described in Example 1 with restriction enzymes
Ssp I and EcoR I (both being products of Takara Shuzo Co., Ltd.). This fragment was introduced into pGEX-3X vector,
and Escherichia coli transformed with this vector was cultured to prepare a GST fused protein. Rats were immunized
with this fused protein as an antigen, so that a monoclonal antibody was prepared.
[0037] The rat immunization was performed by injecting the antigen in doses of 300 µg/injection into the hindlimb
paw, first as an emulsion with complete Freund adjuvant and the antigen alone twice thereafter (days 3 and 7 after the
first). On the day following the last injection, inguinal lymphnodes were excised from the immunized animals and used
for cellular fusion.
[0038] The rat lymphocytes and mouse myeloma P3 cells were combined in a ratio of 2.5:1, and the mixture poly-
ethylene glycol (mean MW 4,000) dissolved in it, for 2 minutes according to a modified method of Köhler et al., to
permit fusion of the cells. Fused cells were seeded in 24-well plates with HAT medium containing 10% HCF (Bokusui-
Braun) for 9 days, followed by incubation in HT medium and subsequently in flasks with RPMI medium. Hybridomas
were cloned by assaying supernatants of wells showing cellular growth for antibody titer using immunoblot technique
and fluorescent antibody staining in cultures of human intestinal epithelial cell strain T84, and by limiting dilution from
proper wells. The hybridoma cells were seeded at calculated concentration of 7 cells/well in microtiter plates, and
screened by immunoblotting technique to verify and isolate clonal hybridoma cell strains. Antibodies were purified from
culture supernatants of said hybridoma.

Example 3 Cell staining

[0039] Human intestinal epithelial cells were fixed in 3% formalin in phosphate buffered saline (PBS) at room tem-
perature for 15 minutes, and further treated with 0.2% Triton X-100 in PBS at room temperature for 15 minutes. After
blocking the cells with 1% bovine serum albumin (BSA), the test substance was added and incubated for 30 minutes
at room temperature. After subsequent washing, FITC-labeled anti-rat immunoglobulin antibody was added and incu-
bated for 30 minutes at room temperature, followed by washing off unreacted antibody and examination with a fluo-
rescent microscope.
[0040] Results of double immunofluorescent staining with monoclonal antibody to the TJ-related protein ZO-1 and
the anti-human occludin monoclonal antibody of the present invention are shown in the figure. As totally the same
staining pattern as that of ZO-1 (reported in the literature) was observed, the human protein of the present invention
has proven to be a human homologue of the TJ adhesion molecule occludin.

Example 4 Expression of occludin in cerebrovascular cells

[0041] Since cerebral vascular endothelial cells are thought to have a high electroresistant TJ, which form the brain-
blood barrier unlike peripheral vascular endothelial cells, I examined the distribution and expression of occludin in
cultured porcine brain vascular endothelial cells (PBEC) possessing the high electroresistant TJ and cultured porcine
aortic endothelial cells (PAEC).
[0042] As porcine occludin cDNA fragment, a 363 base fragment was prepared by amplification with PCR technique
using as primers 1359-1391 sense strand (Sequence No. 7) and 1692-1721 antisense strand (Sequence No. 8) from
the human occludin DNA sequence (Sequence No. 4). The amino acid sequence based on analysis of the coding base
sequence of said fragment showed a high degree of homology with amino acid sequences of human, mouse and
canine occludins, thus verifying the fragment to be a cDNA for porcine occludin. 32P-labeled said fragment was used
as a probe.
[0043] To prepare mRNA from the cultured cells, an agarose gel electrophoresed sample was transferred onto ni-
trocellulose membrane and hybridized with the c DNA probe under highly stringent conditions, using an RNA isolation
kit (Stratagene). As a result, the occludin mRNA showed a strong band at about 2.4 kb in PBEC, whereas in PAEC,
only a very weak band was noted at that position.
[0044] Expression of occludin in these cells was compared using anti-mouse occludin antibody as a monoclonal
antibody specifically recognizing mammalian occludins and an antibody against the TJ-related protein ZO-1.
[0045] Anti-mouse occludin rat antibody was prepared using mouse occludin:glutathione-S-transferase fused protein
as a antigen, and FITC-labeled anti-rat IgG sheep antibody was used for detection of said antibody. When equal protein
quantities of extracts from disrupted cultured cells were analyzed by immunoblotting after one-dimensional gel elec-
trophoresis, a strong band of occludin was detected at about 58KD in PBEC while a considerably weaker band was
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noted at that position in PAEC. On the other hand, there was no appreciable difference in expression of ZO-1 between
the two types of cells. With immunostaining, PBEC exhibited a marked occludin expression with the same continuous
intercellular localization as ZO-1, as seen in the immunoblotting study. In PAEC, in contrast, occludin was scarcely
detected and ZO-1 showed a discontinuous intercellular localization. These results suggest that the relatively marked
expression of occludin in PBEC is required for the formation of the highly electroresistant TJ, and provide evidence
that occludin is the constituent protein of the TJ.
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Brief Description of the Drawings:

[0046] Fig. 1 is photographs substituting for drawings showing the morphology of organisms. Photo. A is a stained
immunofluorescent photomicrograph of cultured human intestinal epithelial cell strain T84 with an anti-human occludin
rat monoclonal antibody. Photo. B is a stained immunofluorescent photomicrograph of cultured human intestinal epi-
thelial cell strain T84 with a mouse monoclonal antibody against the TJ lining protein ZO-1. The same sites of T84
were photographed.

Claims

1. A DNA, preferably defined in SEQ ID No. 6, for encoding a mouse occludin protein having an amino acid sequence
defined in SEQ ID No. 3.

2. A vector which comprises the DNA described in claim 1.

3. A transformant which holds the vector described in claim 2.

4. A mouse occludin protein which has an amino acid sequence defined in SEQ ID No. 3.

5. A method of manufacturing the protein described in claim 4 which comprises the steps of cultivating the transform-
ant described in claim 3 and collecting an expressed product.

6. A DNA probe which comprises all of a base sequence defined in SEQ ID No. 6.

7. A polyclonal antibody or a monoclonal antibody which specifically binds to the protein described in claim 4.

8. An analysis method of the DNA gene described in claim 1 in a biological specimen wherein the DNA probe de-
scribed in claim 6 is used.
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9. A screening method of a drug affecting the expression of occludin, which comprises the steps of allowing occludin-
expressing cells and an analyte to coexist, and then determining an expression quantity of an occludin gene of
the cells by the method of claim 8.

10. A polynucleotide for medical use which comprises at least 6 nucleotides for selectively hybridising the occludin
DNA described in SEQ ID No. 3.

11. An assay reagent for occludin in a biological specimen which comprises the antibody described in claim 7.
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