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ABSTRACT OF THE DISCLOSURE

A synthetic peptide or polypeptide displaying the

antigenicity of all or a portion of the 70kd mitochondrial
autoantigen of primary biliary cirrhosis, or an antigenically
active fragment thereof, 1is produced by recombinant DNA
techniques. The synthetic peptide or polypeptide, or fragment,
may be used in the treatment of patients or in diagnostic
tests, particularly for the detection of anti-mitochondrial

antibody i1n a serum sample.
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PRIMARY BILIARY CIRRHOSIS AUTOANTIGEN

This 1nvention relates to the
identification, cloning and expression of an
auto-antigen which 1s recognised as a target in the
characteristic autoantibody response i1n primary
biliary cirrhosis (PBC), and to the use of this
protein, fragments thereof or fused polypeptides
containing the protein or fragments thereof 1n
diagnostic tests for PBC, and i1n treatment of
patients suffering from PBC.

Primary biliary cirrhosis (PBC) 1s a chronic
disease characterised by progressive 1inflammatory
obliteration of the intrahepatic bile ducts. The
disease 1s marked by an autoantibody response to
mitochondria =~ °, originally identified using
immunofluorescences. With the recent use of

immunoblotting, specific proteins have been
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recognized as targets of the anti-mitochondrial antibodies (AMA)

2,6,7

of PBC In particular, serum antibodies to a 70 kilodalton

(kd) protein have been found in greater than 95% of patients with
PBC but not in patients with other autoimmune liver diseases, 2’8;
two other proteins of 45 and 39kd are less frequently detected in

PBC sera 1’2'9.

The identity of each of these autoantigens has
been unknown, as is the relationship of these antigens to the
pathogenesis of the disease. However, the 70kd antigen is highly
conserved 1in evolution, being present in mammals, veast and
bacterialo and 1t is therefore believed to have an important
structural or biological function

Despite the paucity of data on mechanisms of anti-
mitochondrial antibody formation, by enzyme-linked immunosorbent
assay (ELISA), clinically more than 95% of patients with PBC can
be found to have suéh anti-mitochondrial antibodies 2’6._ When
crude mitochondrial antigen preparations are used, subjects with a
variety of diseases, including patients with liver diseases other
than PBC, certain connective tissue diseases, and drug reactions,
and occasionally even healthy individuals, can also be
demonstrated to have antibodies to mitochondria. Accordingly,
assays using such crude preparations are unable to provide
speclfic diagnosis of PBC. By way of example, Mever zum
Bushenfelde German Patent Publication No. 3,237,602 of October 11,
1982 discloses an ELISA for detection and determination of anti-
mitochondrial antibodies in serum using a crude mitochondrial

antigen preparation. The lack of specificity of the assay is

evident from the suggested use of the assay in the specific
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diagnosis of disorders such as PBC as well as the cholestatic form
of chronic active hepatitis, syphilis (II), drug-induced pseudo

lupus erythematodes syndrome, certain primary non-hepatic
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immunopathies, iproniazid-induced hepatis and side effects
of certain medicaments such as beta-receptor blockers. By
more vigorous 1solation of mitochondrial membranes, the
problem of antigenic heterogeneity becomes clearer and has
led to definitions of specific mitochondrial antigens
based on trypsin sensitivity and location of antigens
within inner vs outer mitochondrial membranes.
Notwithstanding this, however, the diagnosis of PBC still
relies heavily on the demonstration of anti-mitochondrial

10 antibodies by the relatively insensitive procedure of
immunof luorescence or by more sensitive, but still
relatively nonspecific, methods, including complement
fixation, ELISA, and immunoprecipitation 23_28.

The present invention is based on the
identification of a cDNA clone derived from a rat liver
gene expression library that expresses the 70kd
mitochondrial autoantigen of PBC, (called M2 by some
groups of investigatorsl‘g) and on sequence
determination thereof. The sequence is encoded by nuclear

920 and not mitochondrial DNA.
The present 1nvention thus provides the basis of

an extremely sensitive and specific diagnostic ELISA for
anti-70kd antibodies found in PBC.

According Lo a first aspect of the present
invention, there i1s provided a DNA molecule comprising a
nucleotide sequence substantially corresponding to all or
a portion of the base sequence coding for the 70kd
mitochondrial autoantigen of primary biliary cirrhosis
(PBC), or an antigenically active fragment thereof.

The identification, cloning and expression of the
70kd mitochondrial autoantigen of PBC in accordance with

the present invention, and its use in an ELISA, will now

be described in detail, with reference to the accompanying

drawings in which:
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Figure 1 shows specificity of the fused
polypeptide. In lanes A and B, Lwo difforent PBC sora at
a dilution of 1/1000 were probed against lysates of pRMIT
transformed JM101l cells. Both sera reacted with a
polypeptide at 160kd. In contrast, in lanes C and D, the
Same sera were nonreactive when probed against lysates of
control cells containing an irrelevant insert that is also

fused to f3-galactosidase. The reactive bands in lanes C

and D correspond to E,c0lil proteins. Duplicate blots
probed with normal sera at 17100 and 1/1000 failed to

detect the fused polypeptide and are not shown. There is

some breakdown of the fusion protein with reactivity at
36kd.
Figure 2 shows identification of the pRMIT fused

polypeptide. The reactivity of absorbed and unabsorbed

PBC serum against human placental mitochondrial proteins

after PAGE was determined. In lane A, the probe was an
unabsorbed PBC serum at a final dilution of 1/2000. 1In
lane B, the probe was the same serum at a final dilution
of 172000 after extensive absorption for 72hr against
cells transformed with non-recombinant pBTA224 and passage
over a solid support to which had been bound a lysate of
cells transformed with non-recombinant pBTA224. 1In lane
C, the probe was the same serum at a final dilution of

172000 after absorption for 72hr against cells transformed

with non-recombinant pBTA224 and passage over a solid

support to which had been bound a lysate of cells
transformed with expressing pRMIT. The serum was also
studied at 17200 and 1/20,000 (Table 11I1).

Figure 3 shows specificity of affinity-purified

antibody. 1In lane A, an unabsorbed PBC serum at 1,2000
was probed against placental mitochondria, reacting with
both the 70 and the 45kd protein. In lane B, the column
eluate was probed against the same mitochondrial
preparation. Note the reactivity was only to the 70kd
protein, and the reduction in signal correspond to the

expected recovery for such elution. Even on a very long
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autoradiographic exposure time of 1wk, there remained
activity only to the 70kd protein (data not shown). 1In
lane C, the eluate was probed against a sonicate of
1nduced JM101 transformed with PRMIT. The 1intensity of
the 160kd fused polypeptide was due to the large quantity
of.fused polypeptide expressed. In lane D, the eluate was
probed against a sonicate of induced JM10l transformed
with an irrelevant plasmid that encodes an abundant fused
polypeptide.

Figure 4 shows immune response of BALB/c mice
inmunized with pRMIT induced fused polypeptide. Placental
mitochondria were separated by PAGE on a 7.5% gel and
blotted onto nitrocellulose, and the fractionated proteins
were probed with sera at a dilution of 1/1000 (lane A) or
with serum from a patient with PBS at 1/1000: immunized
mice produced antibody against the 70kd but not the 45kd
protein.

Eigg;g‘ﬁ shows immunofluorescence of HEp-2
cells. BALB/c mice were immunized with the purified fused
polypeptide and sera incubated with HEp-2 cells. Note the
typical mitochondrial pattern of reactivity.

Figure 6 shows nucleotide sequence of pRMIT and
deduced amino acid sequence of the 70kd mitochondrial
antigen of PBC.

Figure 7 shows comparison of sensitivity between
the ELISA (+) and immunofluorescence (1) in detection of
AMA 1n PBC. PBC sera were tested at every 10 fold
dilution stating from 1:1000 in the ELISA whereas in the
immunofluorescence against Hep-2 cells every 2 fold

dilution starting from 1:10 was used. The positives on

ELISA were defined as 2 S.D. O0.D. units above the mean for

normal sera.
Fiqure #§ shows Lhe nucleotide sequence and
deduced amino acid sequence of a 2.2kb cDNA insert that

encodes the human equivalent of the sequence depicted in
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Figure 6, encompassing the human equivalent of the region
of nuclecotides 105-1065 in Figure 6. This human cDNA
clone was obtained by probing a human placental library
using pRMIT as a hybridization probe according to known
techniques. The sequences are highly homologous and have
comparable reactivity with auto-mitochondrial antibodies;
accordingly either antigen sequence could be used as the

basis of a diagnostic test to detect anti-mitochondrial

antibodies or auto-reactive cells.

Preferably, the DNA molecule in accordance with
this aspect of the invention is characterised by at least
a portion thereof comprising a base sequence substantially
as shown 1n Figure 6, or a fragment thereof.

In another aspect, this i1nvention provides a
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recombinant DNA molecule comprising a nucleotide sequence
as described above, operatively linked to an expression
control sequence. Such a recombinant DNA molecule may for
example comprise an expression vector such as a
bacteriophage or plasmid, or a host cell such as a
bacterium or other microorganism transformed therewith.

In yet another aspect of this i1nvention there 1s
provided a synthetic peptide or polypeptide displaying the
antigenicity of all or a portion of the 70kd mitochondrial
autoantigen of primary biliary cirrhosis, or an
antigenically active fragment thereof.

Preferably, the synthetic peptide or polypeptide
of this aspect of the invention 1is characterised by at
least a portion thereof comprising an amino acid sequence
substantially as shown in Figure 6 or Figure 8, or an
antigenically active fragment thereof.

Such a synthetic peptide or polypeptide may, for
example, be prepared by expression of a host cell
transformed with a recombinant DNA molecule as broadly
described above, either as a fused polypeptide or
directly. Alternatively, it may be prepared by chemical
synthesis, such as by the well-known Merrifield
solid-phase synthesis procedure.

The present invention extends to the synthetic
peptide corresponding to the entire 70kd autoantigen, and
to nucleotide sequences coding for the entire autoantigen,
as well as to fragments thereof. By way of example, one
such fragment is the fragment encoded by nucleotides
76-679 of Figure 6. This fragment of approximately 200
residues is capable of adsorbing out of a patient serum
111 antibodies directed against the native autoantigen.
Within this fragment is a 20 residue fragment of amino

acid sequence:
AEIETDKATIGF FEVQEEGYL

Pen RS et ety Uhhel IR R € P N M T S A S i R H R 3 et e . .. . e, )



10

15

20

29

30

»

4
e
. ::T* d -*:
) Sl

which has been demonstrated to have substantial reactivity
with autoantibodies. This fragment i1s common to the
sequences of both Figure 6 and Figure 8. The present
invention therefore extends to the use of antigenically
active fragments such as these, as well as to the use of
the entire autoantigen, in diagnostic assays.

The present invention also extends to the use of
the synthetic peptide or polypeptide, or fragment, of this
invention as an antigen 1n a diagnostic test for PBC by
detection or determination of the titre of
antimitochondrial antibody in a patient's serum, for
example using ELISA or RIA technology or an agglutination
assay using antigen-coated beads or the like. The
invention also extends to use of the synthetic peptide or
polypeptide, or fragment, 1n the treatment of patients.

In this latter aspect, such methods of treatment include
the use of the synthetic antigen, as an adsorbent to
remove PBC antibodies or reactive cells from a patient, as
well as the use of these active components 1n direct
administration to a patient as a desensitizing agent to
eliminate or diminish reactivity of the patient to the PBC
autoantigen.

In addition to use of the synthetic autoantigen
in the detection of anti-mitochondrial antibody 1in a serum
sample, the present invention extends to use of the
synthetic peptide or polypeptide, or fragment, 1in the
measurement of class-specific immunoglobulin titres using
specific typing reagents. Applications also extend to the
measurement of the affinity of either the whole
autoantibody, or the affinity of i1ndividual classes or
subclasses of the autoantibody. Affinity may be measured
by a number of procedures, for example, by replicate ELISA
assays performed using different washes of guanidine

42

thiocyanate A further extension of the diagnostic
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assay is the measurement of the degree of 1interterence of

autoantibodies with the enzymic function of the 70kd

autoantigen (now shown to be lipoate acetyl transferase,
see later). The source of the enzyme may be derived from
expression of full length clones as native polypeptides or
fusion polypeptides, or from expression of enzymatically
active fragments or purified protein from mitochondria.

The enzyme assay 1s a standard assay well known 1n the

art, but modified to include a step of incubation with

sample serum or cells. In yet a further extension of the
use of the synthetic peptide or polypeptide, or fragment,
there is included the measurement of reactivity of patient
cells to the autoantigen. The synthetic peptide or
polypeptide, or fragment, may be added, 1in solution or
bound to a solid support, to patient cells derived from
peripheral blood or from tissue biopsies either
unfractionated, fractionated or as a continuous cell
line. Reactivity to the autoantigen may then be measured
by standard proliferation assays such as incorporation of
tritiated thymidine, standard cytotoxic assays such as
release of marker radioactivity from target cells, oOr
other standard assays of cellular reactivity which are
well known 1n the art.

In one particularly important aspect of this
invention, there is provided a diagnostic test for
detection of antimitochondrial antibody in a serum sample,
which comprises the steps of:

(1) contacting said serum sample with a synthetic
peptide or polypeptide displaying portion of the
70kd mitochondrial autoantigen of PBC, or an
antigenically active fragment thereof, said
synthetic peptide or polypeptide being
immobilized on a support, and

(11) detecting the presence of anti-mitochondrial

S IR R gy A A Tt o dan B A5 I3l ks i ardd - 1- 44 it :
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antibody in said serum bound to said synthetic
peptide or polypeptide.
In this aspect, the invention also provides a
diagnostic test kit for detection of anti-mitochondrial
5 antibody in a serum sample, which comprises:

(1) a support having immobilised thereon a synthetic
peptide or polypeptide displaying the
antigenicity of all or a portion of the 70kd
mitochondrial autoantigen of PBC, or an

10 antigenically active fragment thereof, and

(i1) means for detecting the presence of
anti-mitochondrial antibody i1n said serum bound
to said synthetic peptide or polypeptide.
Preferably the detection of the presence of bound

15 AMA is by use of well known RIA or ELISA techniques.
~ As a result of the production of a recombilnant
fused polypeptide displaying the antigenicity of the 70kd
mitochondrial autoantigen of PBC, this autoantigen has now
been identified as lipoate acyltransferase. In addition,
90 the immunoglobulin isotypes of the anti-mitochondrial
antibodies has been determined, and IgG3 has been found to
be the predominant isotope in a group of PBC patients,
with IgM next most prevalent. Comparison of serum
immunoglobulin isotype levels of PBC patients with healthy
9 normal adults has shown that serum IgG3 and IgM were very
elevated in PBC; IgG3 at 5.5 fold and IgM at 4.3 fold
above normal.
In accordance with the present i1nvention,
expression of the cDNA insert encoding the mitochondrial
79 autoantigen, or fragments thereof, may be achieved 1n a
number of different ways. The detailed description hereiln
provides examples of expression as B-galactosidase
fusion proteins in the vectors Agtll and pBTAZ24, using
as host cells E.coli strains such as JM101, JPA10l and

35
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104

7118. Successful expression of the autoantigen as a

fusion protein may also be achieved using the well-known
PVC vectors, or using the pGEX series which give

expression of glutathione S-transferase fusion proteins,

again using E,coli as the host cells. Alternatively, the

mitochondrial autoantigen may be expressed as a non-fused

polypeptide, by using appropriate vector and host cell

combinations. Other vector and host cell combinations

which can be used in accordance with the present invention

10 including a number of well described yeast shuttle vectors
growing 1n yeast cells,

continuous cell lines,

or eukaryotic vectors in

or transgenic animals.
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A. MATERIALS AND METHODS.

Screening cDNA library.

A rat liver cDNA 1library in Agt 11-Amp3
consisting of 15,000 recombinants, of average length of
1.4kb, was probed by using sera from patients with PBC.
The sera used for screening were from each of three
patients with classical PBC who were shown to have
antibodies to mitochondria by immunoblot analysis of
electrophoretically separated proteins of human placental
mitochondriaz. As some patients with PBC have
high-titre antibodies to E,co0lil, the sera were extensively

preabsorbed against E.coli infected with non-recombinant

phage. The sera were used for probing at a final
concentration of 1:100011’12. The A-Amp3 library was
incubated with E.coli, strain ST9, for 15min at 37°C and
then was plated for 2hr at 42°C in LB agar. Thereafter,
nitrocellulose filters that had been previously soaked 1in
10ml isopropyl-thiogalactosidase (IPTG) and allowed to air
dry were overlayed on each plate. The plates were then
incubated overnight at 37°C. The nitrocellulose was
removed after alignment and was washed for lhr in PBS with

5% milk powder, pH 7.4. The filters were then incubated

for 45min with previously absorbed sera of patients with
PBC, washed three times for 30min, and incubated with
125I—protein A (300,000 cpm/ml) for 45min. Finally, the
filters were washed three times, were allowed to air dry,
and were placed on XRP-1 film with an intensifying screen
for an overnight (12hr) exposure. All washings and
dilutions of sera and 125I—-protein A were done with milk
powder. Putative positive clones were picked and

rescreened for plaque purification12’13.

Subcloning.
Three clones gave positive signals, a frequency

of approximately one in 50,000 clones. These positive

clones were plaque purified. Each of these clones yielded

an identical sized insert of approximately 1.4kd. The
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inserts were subcloned in the plasmid vector pBTA224,
which is a high copy plasmid expression vector with a site
for insertion of foreign DNA identical to that of
A-Amp3. Therefore, 50% of the subclones should also
r glive a positive signal on an immunoassay as the insert 1s
in the same reading frame as A-Amp3. Clones expressing
an unrelated rat liver cDNA (the F alloantigen) were used
as controls. Arrays of pBTA224 colonles were prepared to
identify immunoreactive clones. Colonies were 1incubated
19 for 1léhr at 37°C, then were induced with 10mM IPTG for
4hr. The colonies were lysed and prepared for antibody
probing as describedll. Filters were probed with either
a 1/1000 dilution of absorbed PBC sera or a 1/100 dilution
of normal serum. One positive clone, designated pRMIT,
that expressed a fused polypeptide of 160kd was selected

15
for further study.
Immunoblotting of mitochondrial proteins.
Mitochondria from human placenta were prepared as
described2'14. Polyacrylamide gel electrophoresis
20 (PAGE) was performed on lmm—-thick slab gels in 0.1% SDS,

using a 3.8% stacking gel and a 10% resolving gel. Before
PAGE, the purified mitochondria were suspended at a
concentration of 4mg protein/ml and were incubated for
30min with 10,000 U of bovine pancreatic DNAse 1 at 37°C,
and then were held with an equal volume of 3% aqueous
octyl glucoside for 15min at 4°C. The final preparations
were diluted with Tris-HC1l, pH6.8, containing 4% SDS, 20
glycerol, and 5% 2-mercaptoethanol (sample buffer) and

were boiled for Smin. Approximately 10ug protein were
2

29

o\?

loaded in each gel lane

Specificity of pRMIT fused polypeptide.
To demonstrate that pRMIT expressed an antigen

30

specifically reactive with sera from patients with PBC,

lysates of the expressing clone were probed with sera from

35
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13

healthy persons or from patients suffering from different
autoimmune diseases. Briefly, a 100ml overnight culture
of JM101l cells transformed with pRMIT was diluted 1/10 1in
L-broth containing 10mM IPTG. Four hours later the
cultures were spun at 5000xG for 10min and were snap
frozen after addition of 20ml of phosphate-buffered
saline. PAGE was performed on lmm-thick slab gels with
0.1% SDS, using a 3.8% stacking gel and a 7.5% resolving
gel. Samples were diluted 1/100 in the above sample
buffer and were boiled for 5min. Each lane contained
approximately 5 to 10ug of protein. The samples were
probed with PBC sera diluted at 1/1000, and the reactivity
was determined as above, using 125I-protein A and
exposure for 18hr. These same sera also were used to
probe immunoblots of lysates of non-recombinant control
clones or clones expressing a fused polypeptide coded by
an irrelevant DNA insert. The sera used were from
patients with PBC, systemic lupus erythematosus,
rheumatoid arthritis, Sjogren's syndrome, chronic active
hepatitis and from healthy normal volunteers. All control
sera were studied at a dilution of 1/100.

Identification of fused polypeptide.

The fused polypeptide expressed by pRMIT was
characterised to determine whether it was a mitochondrial
antigen recognised by PBC sera. The clone pRMIT was grown
in liquid culture overnight. It was thence put into log
phase and induced to give maximal expression of the fused
polypeptide with 10mM IPTG for 4hr. Bacterial lysates
were prepared as .above and coupled to cyanogen
bromide-Sepharosg&S. This solid support was then used
as an affinity reagent to bind antibodies selectively from
seven different PBC sera. First, sera from seven patients
with PBC were absorbed extensively with sonicates of

F.coli transformed with non-recombinant pBTA224. Thence,

" f
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the sera at dilutions of 1/200, 1/2000, and 1/20,000 were
passed through the lysate of pRMIT-transformed bacteria
bound to a solid support. The nonabsorbed antibodies were

collected, compared with unmanipulated sera at the same
final dilution, and used to probe placental mitochondria,

prepared as above.
Preparation of affinity-purified antibody.

Affinity-purified antibody was prepared by first
extensively preabsorbing five different reactive sera with
sonicates of JM101l, which had been transformed with
non-recombinant pBTA224, and then passing this absorbed
serum over a column of JM10l transformed with
non-recombinant pBTA22415. Each serum was passed over a
column of induced JM101l cells transformed with pRMIT, and
the column was washed for 24hr with 100-fold the bed
volume of the column. Thence, lycine HCl was used to
elute the bound antibodies15 The antibodies that had
bound to the pRMIT absorbent were probed against
fractionated placental mitochondria, a lysate of
expressing pRMIT, and a lysate of a control recombilnant
clone. They were also reacted by immunofluorescence with
either HEp-2 cells or kidney tissue sections.

Isolation of mitochondrial antigen expressed as fused

polypeptide.
Isolation of the fused polypeptide was performed

by using gel filtration in the presence of SDS to
fractionate the insoluble pellet and to obtain material

syitable for immunization. A clone of pRMIT was incubated

overnight at 37°C in L-broth containing 10pg/ml
ampicillin. Eighteen hours later it was diluted for 1log

phase growth and was induced with 10mM IPTG for 4hr. The
E.coli preparation was then harvested at 5000xG for 10min,

and the pellets were resuspended in 40ml of 10mM Tris-HCIl,
pH8.0, containing 2mM EDTA. Lysozyme WwWas then added to a

TRy e AT DA A SR N B T MR TR 4833 £l A 2 VR S Tl 4 g i A R SR D 1451 S - M2 R e e e e
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final concentration of 0.25mg/ml, and the mixture was
rotated for 30min at room temperature. The solution was
made up to 0.2% of Triton X-100 with continuous mixing for
an additional 10min at room temperature. An equal volume
of 10mM Tris-HCl with 2mM EDTA, 50mM NaCl, and 10mM

MgCO2
DNAse. This was allowed to rotate for 15min at room

was added with a final concentration of 2mg/ml

temperature and then was spun at 1500xG for 5min. The
pellet was discarded and the supernatant was spun for
30min at 10,000xG. This flﬁ?l pellet was then
fractionated on a Sephacryl S-300 column in tandem with a
Sephacryl S-400 column, after dispersion of the pellet in
0.1 M phosphate buffer, pH 6.0, with 2% SDS and 10mM
dithiothreitol (DTT). The fractions were eluted at
50ml/hr, and 6-min fractions were collected for assay by
analytical SDS-PAGE and immunoblotting. SDS was finally
removed on a hydroxyapatite column after dilution with
0.5M phosphate buffer, pH6.8, and 1mM DTT. The purity of
fractions was confirmed by SDS-PAGE and immunoblotting as
above.

Immunization of mice.

Groups of six BALB/c female mice were 1immunized
with 10ug of purified fused polypeptide 1n complete
Freund's adjuvant (CFA). Three weeks later they were
boosted with the same dose 1n CFA. Six weeks after the
initial immunization, mice were bled and the sera were
isolated. These sera were assayed at a dilution of 1/1000
and were probed against PAGE-separated placental
mitochondria as above except that affinity-purified
125I—goat anti-mouse Ig was used. The sera were also
studied at 17100 by immunofluorescence, using sections of
HEp-2 cells and kidney tissue sections as descrlbedl 2 5

Nucleotide and amino acid sequence.

The cDNA insert of pRMIT was subcloned into M13,

do—yrrark
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16'17. The

correct frame and orientation of the insert was determined
17

and the nucleotide sequence as determined

by double-stranded sequencing of an expressing clone
The sequence was determined in both orientations, and use
was made of synthetic oligonucleotides to prime

reactions

ELISA

Briefly, the purified recombinant fused
polypeptide at 2ug/ml, diluted i1n carbonate buffer, was
absorbed to Immulonjq microtitre plates (Dynatech
LLaboratories, Alexandria, VA) overnight at 4°C. After
blocking the non-specific sites with foetal calf serum
(FCS) buffer (5% FCS, 1% BSA, 0.3% gelatin in PBS), PBC
sera diluted in FCS buffer, were incubated for one hour.
The plates were washed three times with PBS/0.1% tween and
then incubated with each of the following mouse monoclonal
antibodies specific against human heavy chain 1isotypes:
SG-11 for IgGl, GOM-1 for IgG2, SJ-33 for IgG3, SK-44 for
IgG4, MB-11 for IgM and GA-1 for IgA (Miles Scientific,
Naperville, IL). The binding of mouse MoAbs were detected
with peroxidase conjugated goat anti-mouse IgG (Tago,
Bulingame, CA) for all except SJ-33 which was detected
with peroxidase conjugated goat anti-mouse IgM (Tago,
Burlingame, CA). ABTS was used as the colour substrate
for the peroxidase. For detection of all 1sotypes of AMA,
HRP-G Hulg was used in the place of isotype specific

monoclonals.
Human myeloma proteins were used to obtain the

optimal dilutions of the isotype specific MoAbs.
Predetermined dilutions of myeloma proteins were coated
onto microtitre plates and ELISA performed as before with
serial dilutions of isotype specific MoAbs followed by the
peroxidase conjugated reagents. The dilutions of 1sotype

specific MoAbs which gave similar O.D. units at

*

MTfﬁdﬂ~WﬂOfkl
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. ‘e - . .



134123 1

17

approximately equal serum 1sotype concentrations were used
1n the ELISA.
To obtain the optimal serum dilutions for

screening, previously screened (by i1mmunofluorescence)

0 AMA-positive PBC, progressive sclerosing cholangitis and
normal sera were titrated by the ELISA. It was found that
a serum dilution of 1:1000 yielded the highest signal to
noise ratio, and this dilution was used to obtain all
results. The cut-off point for negatives were determined

10 as 2 standard deviation above the mean 0.D. of normal sera.

B. RESULTS
Arrays of pRMIT in BTA224.
Subclones of pRMIT in JM10l were very

15 immunoreactive when probed with sera from patients with
PBC, whereas control clones were nonreactive. 1In
contrast, sera from normal volunteers reacted with neither
pRMIT in JM101l nor control clones. Positive colonies from
arrays were used in all subsequent studies.

20 Specificity of pRMIT fused polypeptide.

Sera at dilutions of 1/1000 from 25 of 25
patients with PBC reacted with a 160kd fused polypeptide
made in pRMIT (Table I and Fig.l). This band also reacted
with a rabbit antiserum to B-galactosidase (data not

95 shown). A number of bands corresponding to components of

lower m.w. also were recognised, 1ncluding one at
approximately 36kd, which was apparently a breakdown
product of the 160kd molecule. These lower m.w. materials
were only associated with pRMIT and were immunoreactive

290 wWith PBC sera. The titre of reactivity for these 25 sera
ranged from 1:1000 to 1:1,000,000. With the use of the
same 25 sera, the fused polypeptide was not detected 1n
lysates of bacteria produced by non-recombinant pBTA224 or

bacteria transformed with an irrelevant insert and 1induced

35
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to express an abundant fused polypeptide. None of the
sera from patients with systemic lupus erythematosus,
rheumatoid arthritis, or chronic active hepatitis reacted

with the fused protein at dilutions of 1/100, even with

5 autoradiographic exposures of up to 4 days.
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TABLE 1. Reactivity of human sera with the pRMIT fused

polypeptide.
a ... b
Group No.positive /Total
PBC 25725
Normal persons 0/25
Systemic lupus erythematosus 0/21
Rheumatoid arthritis 0/18
Chronic active hepatitis 0/32

" e = P - RO

a PBC sera were studied at 171000 sera dilution: other

groups were studied at 1/100 sera dilution.

b A positive blot was one in which reactivity to a band
of 160kd was readily visible after an autoradiographic

exposure level of 12hr. See Figure 1.

Identification of fused polypeptide.
After absorption with the lysate of pRMIT, sera from

all seven patients with PBC were shown to be depleted of

antibodies reactive with the 70kd antigen (Table II). In
contrast, such absorption did not change the reactivity to
the 45kd or 39kd antigen. No such depletion was seen when

PBC sera were absorbed against a lysate of a control clone
bound to a solid support. The finding that the reaction
of PBC sera with the pRMIT fused polypeptide appeared to
remove detectable anti-70kd reactivity i1ndicates that the
cDNA encodes all determinants recognised by the
autoantibodies to the 70kd antigen (Table II; Fig.2).
Affinity-purified antibodies.

The eluted antibodies of five different PBC sera
reacted with the 70kd polypeptide of fractionated
placental mitochondria and with the 160kd fused

R SLEETINY & (o PR TERRR L P ERLEF EE VY b IR0 EIEARINT T8 E T v NPE BOY . THY - NP2 VSR RV, TSP, - PURSTH FEFRON [ FEELY § awﬁnmmmi{qﬁ:“d:m.u.qum Tl I s A TR SO AR MR R LT B R R LR ] 1 R A bl L ok e v s D o p O B e v an Szt e
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polypeptide in pRMIT (Fig.3), further indicating that
PRMIT encodes the 70kd antigen. The eluted antibodies did
not react with a lysate of bacterial proteins from a clone
expressing a control liver cDNA. The eluted antibodies
also gave a characteristic pattern of anti-mitochondrial
staining by immunofluorescence with either HEp-2 cells or
kidney tissue sections.
Immune response of mice.

BALB/c mice, after injection of the pRMIT fused

polypeptide, gave an antibody response to the 70kd
placental mitochondrial protein. Control nonimmunized
mouse sera was nonreactive (Fig.4). In addition, these
sera produced a typical pattern of anti-mitochondrial
immunofluorescence on both HEp-2 cells and kidney tissue
sections (Fi1g.9).

Nucleotide and amino acid sequence.

The insert is 1370 base pairs long and consists
entirely of coding region (Fig.6). The 456 amino acids
would code for a polypeptide of approximately 48kd,
consistent with the observed size of the fused polypeptide
produced by the cione;“ it is thus not a full-length
sequence of the antigen. Thé sequence contains 11%
proline, and the proline is frequently found preceded by
short stretches of hydrophobic amino acids such as alanine
and valine, e.g., from nucleotides 54 to 102. Comparison
of the sequence of the 70kd mitochondrial autoantigen with
known protein and DNA sequences did not reveal any closely
homologous sequences. The sequence 1is not present 1n
mitochondrial DNA (data not shown), and the 70kd protein
is therefore coded for by nuclear genes.

The sensitivity of ELISA was compared with
irmmuno f luorescence for 37 patients with PBC (Figure 7).
FLISA was found to be approximately 250 fold more
sensitive; the average titre detected by ELIGA was

10°-4 whereas by immunofluorescence it was only 103.
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TABLE II. Absorption of PBC sera with the pRMIT fused

polypeptide
Patient Preabsorption Titre® Postabsorption Titre®
70kd 45kd 39kd 70kd 45kd 39kd
1 1:2,000 1:2,000 O 0 1:2,000 O
2 »1:20,000 1:20,000 O 1:200 1:2,000 O
3 >1:20,000 >»1:20,000 1:2,000 1:200 >1:20,000 1:2,000
4 1:2,000 1:200 0 0 1:200 0
5 »1:20,000 »1:20,000 1:2,000 1:200 >1:20,000 1:2,000
6 1:2,000 O 0 0 0 0
7 »1:20,000 1:2,000 O 0 1:2,000 O
a Reactivity on immunoblots using placental

mitochondria as described; absorption with control

lysates does not influence the titre.
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CLAIMS:

1. An 1solated DNA molecule consisting essentially of a

nucleotide sequence selected from the group consisting of a
nucleotide sequence which encodes the human 70kDa mitochondrial
5 autocantigen of primary biliary cilrrhosis (PBC), a nucleotide
sequence which encodes an antigenic fragment of said human
autoantigen, and a nucleotide sequence which hybridizes to the
nucleotide sequence encoding sald human autoantigen and which

" d

encodes a mitochondrial autoantigen of PBC.

10 2. A DNA molecule according to claim 1, characterised by
comprising a base sequence as shown i1n Figure 6 of Figure 8, or

a fragment thereof.

3. A DNA molecule according to claim 2, characterised by
comprising a base sequence corresponding to nucleotldes 76-679

15 as shown in Figure 6.

4, A DNA molecule according to claim 2, characterised by

comprising a base sequence coding for the amino acid sequence:

[T]

AEI ETDKATTIGF

V QB E G Y L.

5. A recombinant DNA molecule comprising a nucleotide

e

20 sequence as claimed in any one of claims 1 to 4, operatively

linked to an expression control sequence.

6 . An expression vector containing a nucleotide sequence
as claimed in any one of claims 1 to 4, operatively linked to

an expression control sequence.

25 7. A transformed host cell containing a nucleotide
sequence as claimed in any one of claims 1 to 4, operatively

linked to an expression control sequence.

8 . A isolated peptide or polypeptide, encoded by a DNA

molecule consisting essentially of a nucleotide sequence

e A IZV e 198 00 102 144 100 4 ISE AL 50 40U (R L0 | - PR LER] TSR T A0S HIBCE FH R L 1 R SO I L T O I PR 1 117 4L T Bt oms e g det i e L TIoe o meRE e me D e 8 R R s IR IS Y R RO e oy A R D a2 A R e N SN E A T D NS o d D N 1 OO T e T B H L P e et T hevada b el e D i T i .
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selected from the group consisting of a nucleotide seqguence

which encodes the human 70kDa mitochondrial autocantigen of

primary biliary cirrhosis (PBC), a nucleotide sequence which
encodes an antigenic fragment of said human autoantigen, and a

5 nucleotide sequence which hybridizes to the nucleotide sequence

encoding sald human autocantiligen and which encodes a

mitochondrial autoantigen of PBC, said isolated peptide of

polypeptide being substantially free of other proteins with

which 1t 1s naturally associated.

10 9. An 1solated peptide, or antigenically active fragment
thereof according to claim 8, characterised by comprising an

amino acid seqguence as shown in Figure 6 or Figure 8, or an

antigenically active fragment thereof.

10. An isolated peptide or polypeptide according to claim
15 9, characterised by comprising an amino acid sequence as coded

by nucleotides 76-679 as shown 1n Figure 6.

11. An isolated peptide or polypeptide according to claim

9, characterised by comprising the amino acid sequence:

AEI ETDKATIGFEFEVQEZEGTY L.

20 12. A process for preparing an 1solated peptide,

polypeptide or antigenically active fragment thereof, as

claimed in claim 8, comprising the steps of:

(1) cultivating a transformed host cell, containing a
nucleotide sequence as claimed 1n any one of claims 1 to 4,

25 operatively linked to an expression control sequence;

(ii) inducing the transformed host cell to express

protein encoded by said nucleotide sequence; and

(1iii) isolating and purifying the expressed peptide

or polypeptide.

F e bt Lt R v D R R S B R N S U CE AR S N S SR D M40 G e L TN b e et
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13. Use of an 1solated peptide, polypeptide or
antigenically active fragment thereof as claimed in any one of

claims 8 to 11, as an antigen in a diagnostic test.

14 . Use of an 1solated peptide, polypeptide or

antigenically active fragment thereof as claimed in any one of

claims 8 to 11, 1n treating patients.

15. Use of an 1solated peptide, polypeptide or
antigenically active fragment thereof as claimed in any one of

claims 8 to 11 for the manufacture of a medicament for treating

patients.

16. A use according to claim 14 or 15 wherein said

patients suffer from primary biliary cirrhosis (PBC).

17. A diagnostic test for detection of anti-mitochondrial

antibody in a serum sample, which comprises the steps of;

(1) contacting said serum sample with an isolated

peptide, polypeptide or antigenically active fragment thereof,
as claimed 1in any one of claims 8 to 11, said 1solated peptide,
polypeptide or antigenically active fragment thereof being

immobilised on a support, and

(11) detecting the presence of anti-mitochondrial
antibody in said serum bound to said 1solated peptide,

polypeptide or antigenically active fragment thereof.

18. A diagnostic test kit for detection of anti-

mitochondrial antibody in a serum sample, which comprises;

(1) a support having immobilised thereon an 1solated
peptide, polypeptide or antigenically active fragment thereof,

as claimed i1n claim 8, and

(1i1) means for detecting the presence of

N!(g‘lﬂq'lmuqh;w“l.m.;.umnuc [P DR ST A R LR Lt R R L
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anti-mitochondrial antibody i1n said serum bound to said
1solated peptide, polypeptide or antigenically active fragment

thereof.
FETHERSTONHAUGH & CO.
OTTAWA, CANADA

PATENT AGENTS
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GlyProGluAlaPhelLysAsnTyrThrlLeuAspSerAlaTlhr

GGGCCTGAGGCTTTTAAAAATTATACATTGGATTCAGCAACA
10 20 30 40

ProAlaAlaProSerAlaSerAlaProGlySerSerTyrPro

CCAGCTGCACCTTCTGCAAGTGCTCCAGGTAGCTCCTATCCC
100 110 120 130 |

GlyThrValGlnArgTrpGlu LysLysValGlyGluLyslLeu

GGCACCGTCCAGAGGTGGGAAAAGAAAGTGGGAGAGAAGLTG
190 200 210 220

GlyPheGluVal GInGluGluGlyTyrLeuAlalysl leleu.

GGCTTTGAAGTACAAGAAGAAGGTTATCTGGCAAAAATCC TG
28 290 300 310

I leValGluLysGInGluAsplleAlaAlaPheAlaAspTyr

ATAGTAGAAAAACAGGAAGATATAGCAGCATTTGCAGACTAC
370 380 390 400

ProProProValAlaAlaValProProlleProGlnProleu:

CCACCCCCAGTGGCAGCTGTTCCTCCCATCCCCCAGCCTTTA
L60 70 L 80 490

ValSerProleuAlalLyslLyslLeuAlaAlaGluLysGlylle

GTTAGCCCTCTTGCAAAGAAATTGGCAGCAGAGAAAGGGATT
550 560 570 580

Ly sAsplleAspSerPheValProThrlLysAlaAlaProAlq

AAGGACATTGACTCTTTTGTGCCTACTAAGGCTGCTCCTGCC
640 650 660 670 B
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AlaAlaThrGinAlaAlaProAlaProAlaAlaAlaProAlaAlaAla

IGCTGEC%%ACAGGCAG%%CCAGECCCAGETGCAQCTCEAGCTGCTG%%

ValHisMetGlnIleValLeuProAlaLeuSerProThrMetThrMet

GTTCACATGCAGATTGTTCTTCCTGCCCTCTCCCCAACCATGACCATG
' 140 150 160 170 180

SerGluGlyAspLeuleuAlaGlulleGluThrAsplLysAlaThrlle

AGTGAAGGAGACTTGCTGGCAGAGATAGAGACCGACAAGGCCACCATA
230 240 250 260 270

ValProGluGlyThrArgAspVal ProLeuGlyThrProlLeulyslle

GTCCCTGAAGGCACAAGGGATGTTCCTCTGGGAACCCCGCTATGTATLC
. 320 3 30 340 350 360

‘ArgProThrGluVQlThrSerLeuLysProGlnAluProProProVal

AGGCC AACAGAAGTGACCAGCTTAAAGC CACAGGCACCACCACCTGTC
| 410 420 430 L 40 450

AlaProThrProSerAlaAlaProAlaGlyProlLysGlyArgValPhe

GCACCTACCCCCTCAGECGCTCCTGETGGACCAAAGGGAAGGGTGTTC
500 510 520 530 540

AspLeuThrGlnValLysGlyThrGlyProGluGlyArgIlellelys

GACCTCAC CCAAGTTAAAGGGACGGGACCAGAAGGCAGAATCATCAAG
590 600 610 620 630

AlaAlaAlaAlaAlaProProGlyProArgValAlaProThrProAla
GCTGCAGCAGCTGCTCCCCCGGGTCCAAGAGTGGCACCAACTCCTGLA

i 680 690 700 710 720
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Glqul bFeI leAspl leProﬂlTeSérAsnI leAFgAf‘g]Val

GGTGTCTTCATAGACATCCCCATCAGCAACATTCGTCGAGTG
730 140 7150 760

LeuSerValAspValAsnMetGlyGluVal LeuleuValArg

CTTTCTGTTGATGTAAATATGGGAGAGGTGCTGTTGGTGLGG
820 830 840 850

AspPhellellelysAlaSerAlalLeuAlaCyslLeulysVal

GACTTCATCATAAAAGCTTCAGCTTTGGCCTGCCTGAAAGTT
910 920 930 940

ValValAspValSerValAlaValSerThrProAlaGlyLeu

GTGGTTGATGTCAGCGTTGCTGTCAGTACCCCTGCAGGACTT
1000 1010 1020 1030 |

AlaSerAspValValSerLeuAlaSerlLysAlaArgGlu

GCTAGTGATGTTGTTTCTTTAGCCTCCAAAGCAAGAGAG
1090 1100 1110 112

LeuGlyMetPheGly I leLysAsnPheSerAlallelleAsn

TTAGGGATGTTCGGAATTAAGAATTTC T CTGCGATTATTAAC
1180 1190 1200 1210

IleProAlaAspAsnGlulLysGlyPheAspValAlaSerVal

ATCCC TGCAGATAATGAGAAAGGCTTTGACGTGGCTAGTGTG
1270 1280 1290 1300

LeuGluProSerGlylLeuleu

TTGGAGCCCAGTGGCTTGCT
1360 1370
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[IleAlGGlnArgLeuMefGlnSerLysGlnThrIleProHisTer;f

ATTGCGCAGAGGCTCATGCAGTCGAAG CAGACTATACCTCATTATTAC
170 780 790 800 810

LysGluLeuAsnLysMe?LeuGluGlyLysGlyLysIleSerValAsn

AAGGAAC TTAATAAGATGCTTGAAGGTAAAGGAAAAATCTCCGTCAAT
860 870 88 0 890 500

ProGluAlaAsnSerSerTrpMetAspThrVallleArgGlnAsnHis

CCTGAAGCAAACTCATCTTGGATGGACACAGTTATACGACAAAATLAT
950 960 970 980 990

'TleThrProIleValPheAsnAlaHisIlelysGlyLeuGluThrlte

ATCACCCCTATTGTGTTTAATGCACACATAAAAGGACTGGAAACCAT T
- 1040 1050 1060 1070 1080

'LysLeuGlnProHisGluPheGlnGlyGlyThrPheThrIleSerAsn

,AAACTTCAGCCTCACGAGTTCCAGGGTGGGACATTTACAATCTCCAAC
1130 1140 1150 1160 1170

ProProGlnAlaCysIteleuAlal leGlyAlaSerGluAsplLysleu

CCACCTCAGGCATGTATTT TGGCAATTGGT GCTTCCGAGGATAAALTG
1220 1230 1240 1250 1260

|MefSerValThrHisSerAluValIleIleGluLeuTrpMefGluGln

ATGTCTGTCACACACTCAGCTGTGATCATCGAGTTGTGGATGGAGCAG
‘ 1310 1320 1330 1340 1350
|

F16.6d



LOG TITER

W

8 - N
T + ++ + +
6;' ++ + +++ + + +H +
5  + + ++H++ + ++
b + ++  ++ O +
D

10 oo O O O O

3 = 4 DOOOO O
O I O 'O 0

. 00 D O
7 O O 0

1 O
11 RS —

0 10 20 30 L0

PBC PATIENTS

FiG. /.

+ELISA



i/,
Z 1341231

ProGlySerSer TyrProProHisMetGlnVallLeulLeuProAla

CCTGGTAGCTCATATCCCCCTCACATGCAGGTACTTCTTCLTGCLC
10 20 30 40

LysValGlyGluLysLeuSerGluGlyAspLeuleuAlaGlulle,

AAANGTGGG TGAGAAGCTAAGTGAAGGAGACTTAC TGGCAGAGATA
100 110 120 130

TyrLeuAlalysIlelLeuValProGluGlyThrArgAspValPro

TATCTGGC AAAAATCCTGGTCCCTGAAGGCACAAGAGATGTCCLT
190 200 210 220 |

SerAlaPheAlaAspTyrArgProThrGluVal ThrAspLeulys

TCAGCATTTGCTGACTATAGGCCAACCGAAGTAACAGATT TAAAA
280 290 300 310

ProThrProGlnProLeuAlaProThrProSerAlaProCysPro

CCAACTCCCCAGCCTTTAGCTCCTACACCTTCAGCACCCTGCCCA
370 380 390 400

AlaLysLysLeuAlaValGluLysGlylleAsplLeuThrGlnVal

GCAAAGAAGTTGGCAGTAGAGAAAGGGATTGATCTTACACAAGTA
L60 470 480 490

SerPheValProSerLysValAlaProAlaProAlaAlaValVal

TCTTTTGTGCCTAGTAAAGTTGCTCCTGCTCCGGCAGETOTTGTG
550 560 570 580 j

ThrAspIleProlleSerAsnlleArgArgVallleAlaGlnAr

ACAGATATCCCAATCAGCAACATTCGTCGGGTTATTGCACAGCGA|
640 650 660 670 [

AspValAsnMetGlyGluVallLeulLeuValArglysGluLeuAsn

GATGTAAATATGGGAGAAGTTTTGTTGGTACGGAAAGAAC T TAAT |
730 740 750 760

[ leLysAlaSerAlalLeuAlaCysLeulysValProGluAlaAsn

ATAAAAGCTTCAGCTTTGGCATGTTTAAAAGT TCCCGAAGCAAAT
820 830 840 850

ValSerVGlAlaValSerThrProAlaGlyLeuIleThrProIle‘

GTCAGTGTTGCGGTCAGTACTCCTGCAGGACTCATCACACCTATT
910 920 930 940
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LeuSerProThrMetThrMetGlyThrVa lGlnArgTrpGlulys

CTCTCTCCCACCATGACCATGGGCACAGT TCAGAGATGGGAAAAA
50 60 70 80 90

]GluThrAspLysAlaThrIleGlyPheGluValGlnGluGluGly

GAAALTGACAAAGCCACTATAGGTTTTGAAGTACAGGAAGAAGGT
140 150 160 170 180

lLeuGlyThrFToLeuCysIleIleValGluLysGluAlaAslee

CTAGGAACCCCACTC TGTATCATTGTAGAAAAAGAGGCAGATATA
230 240 250 260 270

EPPOGanulProProProThrProProPPOValAlaAlaVQlPro

CCACAAGTGCCACCACCTACCCCACCCCCOGTGGCCQLTRTTCCT
320 330 340 350 360

AlaThrProAlaGlyProlLysGlyArgValPheValSerProlLeu

GCTACTCCTGCTGOACCAAAGGGAAGGGTGTTTGTTAGCCCTCTT
410 420 430 L4 O 450

‘LysGlyThrGlyProAspGlyArgIleThrLysLysAsleeAsp

AAAGGGACAGOACCAGATGGTAGAATCACCAAGAAGGATATCGAC
500 510 520 530 540

ProProThrGlyProGlyMetAlaProValProThrGlyValPhe

CCTCCCACAGGTCCTGGAATGGCACCAGTTCCTACAGGTGTCTTC
. 590 600 610 620 630

LeuMetGinSerLysGInThrIleProHisTyrTyrLeuSerIle

TTAATGCAATCAAAGCAAACCATACCTCATTATTACCTTTCTATC
680 690 700 710 120

LysIleleuGluGlyArgSerLysIleSerValAsnAspPhel le

AAGATATTAGAAGGGAGAAGCAAAATTTCTGTCAATGACTTCATC
170 780 790 800 810

SerSerTrpMetAspThrVallleArgGlnAsnHisValValAsp

TCTTCTTGGATGGACACAGTTATAAGACAAAATCATGTTGTTGAT
860 870 880 890 900

:ValPheAsnAlaHisIlelys

|GTGTTTAATGCACATATAAAA
950 960
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