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[57] ABSTRACT

The present invention is directed to methods and kits for
diagnosing, Alzheimet’s disease. The invention is based, in
part, on the discovery that proteolytic fragments of the
amino and carboxy terminal amino acid residues of tau-
proteins are released from the neurofibrillary tangles asso-
ciated with the disease and can be detected in body fluids
outside the brain. The tau-proteins will be purified or chemi-
cally synthesized and peptide fragments of the amino ter-
minal and carboxy terminal reglons will be obtained pro-
teolytically or synthesized chemically and will be used in
generating lau specific antibodies for use in diagnostic kits
for the detection of Alzheimer’s disease. These diagnostic
kits will be used in screening the body fluids of individuals
for the presence of tau-peptide fragments. Alternatively, the
tau-peptides themselves may be used in diagnostic kits for
screening the body fuids of individuals for the presence of
circulating autoantibodies.

2 Claims, 2 Drawing Sheets
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1

DIAGNOSTIC METHOD FOR ALZHEIMER’
§ DISEASE BY SCREENING FOR
TAU-PEPTIDES IN THE BLOOD OF A
PATIENT

This is a continuation, of application Ser. No. 07/738,
778, filed Aug. 1, 1991, now abandoned.

1. FIELD OF THE INVENTION

The present invention is directed o the diagnosis, sub-
typing and monitoring of Alzheimer’s disease. Diagnostic
methods and kits are described which utilize monocional
antibodies, polyclonal antibodies or Fab fragments specific
10 peptide fragments of the tau family of proteins which are
found ir the blood or spinal fluid of individuals affected by
Alzheimer’s disease. Alternatively, tau-peplides can be used
10 detect circulating autoantibodies in such patients, -

The diagnostic Alzheimer’s disease detection kits of the
present invention can be particularly useful in screening the
overall population and identifying those individuals who
have Alzheimer's disease as well as subtyping the affected
individuals according to which member of the tau family of
proleins they express.

2. BACKGROUND OF THE INVENTION

Alzheimer’s disease is the most common form of both
senile and presenile dementiz in the world and is recognized
clinically as relentiessly progressive dementia that presents
with increasing loss of memory, intellectual function and
disturbances in speech (Merritt, 1979, A Textbook of Neu-
rology, 6th editicn, pp. 484-489 Lea & Febiger, Philadel-
phia). The disease itself usually has a slow and insidious
progress that affects both sexes equally, worldwide. It begins
with mildly inappropriate behavior, uncritical statements,
{ritability, a tendency towards grandiosity, euphoria and
deteriorating performance at work; it progresses through
deterioration in operational judgement, loss of insight,
depression and loss of recent memory; it ends in severe
disorientation and confusion, apraxia of gait, generalized
rigidity and incontinence (Gilroy & Meyer, 1979, Medical
Neurology, pp. 175-179 MacMillan Publishing Co.}. Alzhe-
imer's disease afflicts an estimated 4 million human beings
in the United States alone 4t a cost of 35 billion doltars a year
(Hay & Ernst, 1987, Am. J. Public Health, 77:1169-1175).
1t is found in 10% of the population over the age of 65 and
47% of the population over the age of 85 (Evanset al, 1989,
JAMA, 262:2551-2556). In addition, the disease is found at
much lower levels in the younger age groups, usually
beginning at about 30 years of age and even rarely in late
childhood (Adams & Victer, 1977, Principles of Neurology,
pp. 401-407).

The etiology of Alzheimer's disease is unknown. Evi-
dence for a genefic contribution comes from several impor-
tant observations such as the familial incidence, pedigree
analysis, monozygotic and dizygotic twin studies and the
association of the disease with Down's syndrome (for
review sce Baraitser, 1990, The Genetics of Neurological
Disorders, 2nd edition, pp. 85-88). Nevertheless, this evi-
dence is far from definitive and it is clear that one or more
other factors are also tequired. Elevaied concentrations of
aluminum have been found in the brains of some patients
dying with Alzheimer's disease (Crapper et al., 1976, Brain,
09:67-80) and one case teport has documented markedly
elevated levels of manganese in the tissues of a patient with
Alzheimer's discase (Banta & Markesberg, 1977, Neurol-

20
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ogy, 27:213-216), which has led to the suggestion that high
levels of these metals may be neurotoxic and lead lo the
development of Alzheimer’s disease. It was interesting that
the aluminum ions were found 1o be associated mainly with
the nuclear chromatin in brain regions most likely to display
neurofibrillary tangles in Alzheimer's disease. However,
from a statistical poimt of view the absolute differences
found for the aluminum levels between normal and Alzhe-
imer brains were far from convincing. It has recently been
suggested that defects in the transcriptional splicing of
mRNA coding for the 1au complex of microtubule associated
proteins occur (for review see Kosik, 1990, Curr. Opinion
Cell Biol., 2:101-104) and/or that inappropriate phosphary-
lation of these proteins exists (Grundke-Igbak et al., 1986,
Proc. Natl. Acad. Sci. USA, 83:4913-4917; Wolozin &
Davies, 1987, Anr. Neurol. 22:521-526, Hyman et al., 1988,
Ann. Neurol,, 23:371-379; Bancher et al., 1989, Brain Res.,
477:90-99). Furthermore, reduction in the enzymes
involved in the synthesis of acetylcholine has led to the view
of Alzheimer's discase as a cholinergic system failure
{(Danes & Moloney, 1976, Lancet, ii:1403-14). However,
even if cholinergic neurons are most at risk in Alzheimer's
disease, it appears likely that these reductions in enzyme
activity are secondary to the degenerative process itself
rather than causally related,

2.1 THE DIAGNGSIS OF ALZHEIMER'S
DISEASE

‘The diagnosis of Alzheimer's disease at autopsy {s some-
what time-consuming but is definitive. The gross pathologi-
cal changes are found in the brain, which is underweight,
and shows generalized atrophy of both the gray and white
matter of the cerebral cortex, particularly in the temporal and
frontal lobes, with widening of the sulci and narrowing of
the gyri as well as compensatery symmetrical dilation of the
third and lateral ventricles (Adams & Victor, 1977, Prin-
ciples of Neurology, pp. 401-407; Merritt, 1979, A Texthook
of Neurology, 6th edition, Lea & Febiger, Philadelphia, pp.
484-485). The histological changes in the brain are defini-
tive. The most common lesion is the neurofibrillary tangle
(Kidd, 1963, Nature, 197: 192-193; Kidd, 1964, Brain 87:
307-320), which consists of a tangled mass of paired helical
filaments and occasional straight filaments located in the
cytoplasm of affected neurons (Oyanagei, 1979, Adv. Neu-
rol, Sci., 18:77-88 (in Japanese) as quoted by Grundke-Ighal
et al., 1985, Acta Neuropathol., 66:52-61). The other char-
acteristic histological lesions are Hirano bodies within nerve
cells of certain brain regions, nevritic dystrophy and amy-
loid angiopathy. In addition, there are prominent argento-
philic senile neuritic plagues composed of enlarged, degen-
erating axonal endings, containing degraded cellular
organelies and some paired helical filaments, that surround
a core of mainly extracellular amyloid (Memiti, 1979, A
Texthook of Neurology, 6th edition, Lea & Febiger, Phila-
delphia, pp. 484-489). Small amounts of these histological
changes are found also in the brains of almost all very old
humans at autopsy, even if they showed no symptoms of
Alzheimer's disease before death (Tomlinson & Henderson,
1976, Neurobiology of Aging, p. 183, Teny & Gershon
{eds.), Raven, N.Y,; Ball, 1976, Neuropathol. Appl. Neuro-
biol, 2:395; Ball, 1977, Acta Neuropathsl,, 37:111-118).
However, the number and total amount of these histological
changes in brain has been found to correlate well with the
severity of the clinical signs and sympioms of Alzheimer's
discase (Kidd, 1963, Nawure, 197:192-193; Terry et al.,
1964, Am. J. Pathol., 44:269-297; Roth et al., 1966, Nature,
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209:109-110; Blessed et al., 1968, Br J. Psychiat,
114:797-881; Tomlinson et al., 1970, J. Newrol. Sci, 11:
205-242; Wisniewski, 1976, J. Neurol Sci., 27:173- 181).

The diagnosis of Alzheimer’s disease Juring life is more
difficult than at autepsy since it depends upon an inexact
clinical evaluation, In the middle stages and particularly in
the earlier stages of the disease, the diagnosis is a matter of
clinical judgement and success is markedly dependent upon
the experience and clinical acumen of the attending physi-
cian or consultant. In the late stages of the disease however,
clinical diagnosis is relatively straight-forward even if it is
not completely unequivocal. In all cases, a wide variety of
other diseases, presenting at least partially overlapping clini-
cal pictures, must be positively ruled out before a diagnosis
of Aizheimer's disease can be made. Usvally a patient must
be evaluated on a pumber of occasions over some period of
time in order to document the deterioration in intetlectual
ability and other signs and symptoms befare a diagnosis can
be attempted with reasonable confidence. The necessity of
repeated evaluation by a professional medical practitioner
before a firm diagnosis can be made i3 costly, generates
anxiety and can be frustrating to patients and their families.
Furthermore, the development of an appropriate therapeutic
strategy is greatly hampered by these difficulties in the
objective and rapid diagnosis ef the disease, particularly in
the early stages where even a simple arrest of the progress
of the discase would leave the patient with significant
intellectnal capacity and a reasonable quality of life.

No unequivocal laboratory test specific for Alzheimer’s
disease has been reported. Furopean patent application No.
301714 discloses a method for the diagnosis of Alzheimer’s
disease based upon the detection of mature P-amyloid
protein, ils precursor protein or a fragment of P-amyloid
protein in non-neural tissue biopsy using immunoassay
techniques. However, this approach is non-specific since it
has been recognized that a wide variely of degenerative
diseases, lead to the production and deposition of f-amyloid
protein in almost all human tissucs. Furthermore, even
though the gene coding for both the f-amyloid protein
(Goldgaber et al., 1987, Science, 235:877-80; Tanzi et al,
1987a, Science, 235:880-884) and the gene for familial
Alzheimer's disease (St. George-Hyslop et al., 1987, Sci-
ence, 325:885-890) have been located on human chromo-
some 21, it bas been shown that the linkage between the two
genes is not very close (Van Broedkhover et al,, 1987,
Nature, 329:153-155; Tanzi et al, 1987b, Narure,
329:156-157). In addition, it is known that despite some
earlier claims, B-amyloid protein forms no part of the paired
helical filaments within neurofibrillary tangles (for review
see Wischik et ak., 1989, Cwrr. Opinion Cell Biol,
1:115-122). Therefore, even though P-amyloid protein is
deposited in many tissues of patients with Alzheimer's
disease, it has not been definilively linked to Alzheimer's
disease in a manner different to its association with many
other degenerative diseases. Thus, the di agnostic usefulness
of antibodies directed to mature PB-amyloid protein, its
precursor ot any of its fragments must be considered mar-
ginal at best.

2.2 NEUROFIBRILLARY TANGLES AND
ALZHEIMER'S DISEASE

1t is now known that the only definitive feamre of Alzhe-
imer’s discase is the presence of grossly increased quantities
of neurofibrillary tangles within the affested cortical regions
of brain compared to either normal brain from humans of
any age or to brain from any disease state other than
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Alzheimer’s disease itself. However, the neurofibrillary
tangles have not heretofore been exploited for use in a
diagnostic or screening assay for Alzheimer’s disease.

The progression of Alzheimer’s disease is characterized
by a loss of cortical substance in the brain. This fact has been
well documented over many years by many different
researchers. The most characteristic lesion in Alzheimer's
disease is the presence of paired helical filaments in discrete,
randomily interwoven groups or neurofibrillary tangles
within affected cortical neurons. In addition, the number and
size of these tangles within an affected neuron as well as the
total number of tangles and the total amount of constituent
tau-protein in an affccted brain correlates with the progres-
sion and severity of the discase. Therefore, it is believed that
as these tangles increase in size and number they must
interfere with the physiological function of each cell in
which they occur, eveniually leading directly 1o the death
and lysis of that cell. Recently, it has been reported that the
cytosolic ATP-dependent protease signal protein, ubiquitin,
becomes atached to neurofibrillary tangles (Mori et al,
1987, Science, 235:1641-1644). Since ubiquitinaled pro-
teins are rapidly degraded, this suggests that the affected cell
recognizes the tangles as a foreign structure requiring deg-
radatien. 1t is further believed that this mechanism of
cortical neuron death is responsible for the progressive loss
of cortical substance and, therefore, the loss of intellectual
capacity as well as the appearance of the other signs and
symptoms of Alzheimer's disease.

The paired helical filaments are composed of an unknown
protein of 90,000 molecular weight (Mr) associated with
various tau-protein species. A tightly bound helical core is
formed between the 90,000 Mr protein and the large middle
domain of the tau-protein as wel! as a region of the C-ter-
minal domain, which contains the imperfect tandem repeat.
The structural conformation of the helical core allows the
N-termipal and C-terminal domains of the tau-protein to
protrude at some angle from the axis of the paired helical
filament thereby forming 2 protease-sensitive coat around
the paired helical filaments (Wischik et al., 1988, Prec. Natl
Acad. Sci. USA., 85:4884-4888). The research groups work-
ing in this area are directing their efforls towards character-
izing the protease-resistant core of the paired helical fila-
ments in order to understand the naturc of the stable
interaction and the nature of the modification that occurs to
tau-proteins in Alzhcimer’s discase (for teviews, see Wis-
chik et al., 1989, Curr Opinion Cell Biol, 1:115-122;
Kosik, 1990, Curr Opinion Cell Biol.,, 2:101-104). This
orientation of research effort as well as research directed
towards the molecular genetics of the tau-protein are likely
to lead to an understanding of the primary cause of Alzhe-
imer’s disease.

From the foregoing, it is clear that no one concerned with
Alzheimer’s disease has realized that its diaguosis ultimately
must depend upon the detection and quantitative measure-
ment of the amount of the component substance or saub-
stances that constitute these neurofibrillary tangles in vic-
tims of the disease. The detection of associated substances
that can also be found in other disease states can never be as
definitive as the detection of the actual substance building up
in affected neurons in Alzheimer’s disease causing the
eventual death of those cells. What has also not been realized
is that the protease stability of the core of the paired helical
filaments makes it unlikely that any part of the tau-protein or
the 90,000 Mr protein present in this stable cote will ever be
found outside the brain. The stow destructior: of these stable
cores, following their release by dead neurons, can be
conceived to occur only in situ and as a consequence of
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phagocytosis by microplia. The most likelv reason for the
reluctance or failure to recognize the potential of using
compenents of the nevrofibriliary tangles in the diagnosis of
Alzheimer's disease relates to the patural abhorrence that a
person would fee} if required to biopsy the brain of any
living human being even in the last stages of the disease in
order to measure these substances. The biopsy procedure is
extremely invasive and must leave the person so biopsied
less than whole. However, the scientific commmmnity has not
considered the possibility that biopsy might not be necessary
in order to detect the substance or substances in question.

In contrast to thc relevant literature, the diagnostic
approach of the present invention is based on the reco gnition
that the whole of the 200 amino acid N-terrainal residues of
the various tau-proteins as well as some pertion of their 50
amino acid most ¢C-terminal residues wifl te released when
cleaved from the filaments by ubiquitin-recognizing pro-
teases or other proteases during degeneration and rupture of
affected neurons. The diagnostic assays of the invention are
based on the principle that it is these cleaved latter segments
of tau-proteins that can find their way into body fluids
outside the brain and whose detection and quantitation are
important for diagnostic purposes. Additional suppert for
this last conclusion comes from the observation that other
brain-specific, soluble and protease-sensitive proteins find
their way into blood and spinal fluid following head trauma
(Phillips et al., 1980, Br. Med. J., 281:777-779; Brayne et al.,
1982, Lancet, 11:1308-9) and various other types of ncuro-
logical disorders (Thompson et al,, 1980, J. Neurol. Sci,
47:241-254; Willson et al., 1980, Ann. Clin. Biochem.,
17:110- 113).

3. SUMMARY OF THE INVENTION

The present invention relates to methods and Kits for
diagnosing, subtyping and monitoring Alzheimer’s disease.
The invention is based, in part, on the discovery that
proteolytic fragments of the amino and carboxy terminal
amino acid residues of tau-proteins are released from the
neurofibrillary tangles associated with the clisease and can be
detected in body fluids outside the brain.

The generation and purification of tau-proteins and pep-
tide fragments of the amino terminal and carboxy terminal
regions of tau-proteins arc described. These tau-proteins and
fragments thereof may be used to generate mornoclonal
antibodies, potyclonal antibadies or Fab fragments that, in
trn, can be used in immunoassays to detect circulating
tau-peptides in suspected individoals. Alteratively, the tau-
peptides themselves may be used in immunoassays (o detect
circulating autoantibodies in such individuals.

3,1 DEFINITIONS

The term tau-protein is defined herein as any one of the
proteins that comprise a single constituent part of the
tau-complex of proteins. '

The tau-complex of proteins is defined as that group of
microibule associated proteins (MAPS) from vertebrate
brain that have the following characteristics: (a) co-purify
with tubulin during the cycle purification of microtubules,
particularly in the absence of glycerol (Asnes & Wilson,
1979, Anal. Biochem., 98: 64-73; Murphy & Hiebsch, 1979,
Anal. Biochem., 96:225-235); (b) separate from tubulin
present in the microtobules obtained by the cycle technique
when an ice-cold sample of such a preparation is chromato-
graphed on a phosphoceliulose column, using 2-(N-mor-
pholino)-cthanesulphonic acid (MES) buffer to remove
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tubulin and using MES buffer containing 1M NaCl to
remove the tau-complex of proteins (Weingarten et al., 1975,
Proc. Natl. Acad. Sci, USA, 72: 1858-1862; Cleveland et al.,
1977, J. Mel. Biol., 116:207-225.; Cleveland et al., 1979, J.
Biol. Chem., 254:12670-12678); (c) are included in a col-
umn of Sepharose 6B when chromatographed on such a
matrix and where they migrate as an aggregated species not
far from the exclusion volume but have individual unaggre-
gated native molecular masses between 10,000 and 100,000
Mr regardless of axial ratio (Cleveland et al., 1977, J. Mol.
Biol, 116:207-225), (d) teact with any of a number of
antibodies described in the literature as “anti-tau” or with a
commercial antibody described as anti-tau; (g} contain
within each and cvery one of their C-terminal domains an
imperfect tandem repeat of the type described in the litera-
ture (Lewis et al,, 1988, Science, 242:936-939; Goeder: et
al., 1989, EMBO J., 8:393-399; Kanai et al,, 1989, J. Cell
Biol., 109:1173-1184); and (f) are either heat-stable or
heat-labile as described by Cleveland et al., 1977, J. Mol
Biol., 116:207-225.

The term “forward sandwich assay” is defined in its most
basic form as an assay wherein the sample to be tested
containing the tau-peptide reacts with an anti-tau-peptide
antibody that has been immobilzed upon a solid substrate;
then a labeled second anti-tau-peptide antibody is added,
which reacts with the tau-peptide at a different site.

The term “reverse sandwich assay” is defined in its most
basic form as an assay wherein the labeled anti-tau-peptide
antibody and sample to be tested comtaining the tau-peptide
are first incubated together and then added to a secend
unlabeled anti-tau-peptide antibody that had previously been
jmmobilized upon a solid substrate as in the “forward
sandwich assay”. Both the labeled and the unlabeled anti-
tau-peptide must react with the tau-peptide at a different site.

4, DESCRIPTION OF THE FIGURE

FIG. 1 shows the complete nucleotide (SEQ ID NO: 1)and
amino acid sequences (SEQ ID NO: 2) of one form of
human tau-protein, reproduced from Goedert et al., 1988,
Proc. Natl. Acad. Sci. USA, 85:4051-4055.

5. DETAILED DESCRIFTION OF THE
INVENTION

The present invention results from the unexpected dis-
covery of several physiclogical functions for individual
proteins in the tau-complex of proteins that have not here-
tofore been described and are in addition to the well recog-
nized function of promoting the polymerization of micro-
tubules and/or their stability. ‘This discovery has permitied
the development of assays for the individual proteins in the
tau-complex of proteins and their subsequent purification
with retention of their native configuration and physiological
activity. The invention is based, in part, on the discovery that
in patients suffering from Alzheimer’s disease there is
profeolytic fragmentation of the tau-complex of proteins
which occurs independently of phosphorylation, such that
only the N-terminal domain comprising up to not mere than
the 200 most N-terminal amino acids or less and the C-ter-
minal domain comprising up to only the 50 most C-terminal
amino acids or less of tau will be relcased from the paired
helical filaments, resident in the neurcfibrillary tangle or free
in the cytoplasm of affected neurons, and make their way
into spinal finid and blood.
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This invention provides the firs! demonstration thal any
part of the tau-proteins of brain in victims of Alzheimer’s
disease are also present in body fluids outside the brain itself
in concentrations greaily exceeding that found in normal
humans that are not victims of Alzheime:'s disease. This is
achieved by examining a sample of body fluid, preferably
blood or spinal fluid, and detecting the presence and quantity
of any of the tau-proteins or fragments thereof. The detec-
tion and quantitative measurement of any of these tau-
proteins or fragments thereof in body fluids in accordance
with this invention is useful in confirming a clinical diag-
posis of Alzheimer's discase in affected patients and in
following the course of the disease. The invention is also
useful in monitoring the disease during and subsequent to a
period of (reatment with agents that are being tested for their
ability to stabilize, decrease or prevent the release of tau-
proteins or fragments thercof from the brain.

Alternatively, the invention is directed to the production
of tau-peptides for use in detecting circulating anti-tau-
peplide autoantibodies in body fuids outside the brain in
victims of Alzheimer's disease. The detection of circulating
anti-tan-peptide autoantibodies in accordance with this
inveniion is useful in confirming a clinjcal diagnosis of
Alzheimer's disease in affected patients and in following the
course of the disease,

For purposes of description only, the invention will be
described in terms of: (a) generating tau-peptides; (b} gen-
erating antibodies that define the tau-peptide; and (c) diag-
nostic assays and kits for diagnosing sublyping or monitor-
ing Alzheimer's disease.

5.1 PRODUCTION OF TAU-PEPTIDES

5.1.1 ENZYMATIC CLEAVAGE COF PURIFIED
TAU-PROTEINS

The production of tau-peptides may be accomplished by
isolating the paired helical filaments from human brains of
patienis who died with Alzheimers disease and purifying the
helical complex containing the tau-protein and the 90,000
Mr protein (see Section 6, infra). The tau-protein is associ-
ated with the 90,000 Mr protein such that the 200 most
amino terminal residues and the 50 most carboxy terminal
residues protrude from the helical core of the complex
thereby rendering those fragments susceptible to proteolytic
enzymes.

The cleavage of the tau-protein into two large fragments
of amino acid residues 1 to 151 and 154 to 352 and the
dipeptide, Ser-Arg, may be accomplished using either one of
the arginine-specific proteolylic enzymes such as thrombin
(EC 3.4.13} as described recently (Joly et al., 1989, J. Celi
Biol, 109:2289-2294) or clostridiopeptidase B (clostripain)
(EC 3.4.4.20), The preferred embodiment uses clostripain
because the enzyme is a sulphydryl enzyme, requiting
calcium jons for full activity. Conseguently, its activity can
be terminated conveniently by the addition of excess iodoac-
etamide and elhylene glycol-bis(B-aminoethyl ether) NN,
N, N'-tetraacetic acid (EGTA) In the case of either protease
the concentration of tau-protein is adjusted to 100 pg/ml
hefore beginning the digestion. Purified clostripain is used at
a concentration of 4 international enits/m! in the fotlowing
buffer (50 mM phosphate buffer pH 7.7, 1 mM P-mercap-
toethanol, and 1 mM calcium acetate). Soybean trypsin
inhibitor (clostripain/inhibitor molar ratio=10/1) is added in
order to eliminate any small residual trypsin activity in
commercially available preparations of the enzyme. The
cleavage reaction is conducted at 37° C. and is terminated by
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the addition of a sufficient volume of a 100 mM siock
solution EGTA, pH 7.7, containing 100 mM iodoacetimide
to give a final concentration of 2 mM EGTA in the protease
reaction mixture, The exact time required for proteolysis
varies with cach tau-protein and markedly depends upon the
batch of clostripain used. Therefore, the oplimum time for a
single cleavage must be determined for each combination of
clostripain batch and tau-protein used. The time course of
the cleavage reaction is determined by conducting the reac-
tion as described above, but on a 20 ! volume and assaying
the cleavage reaction by subjecting samples at various times
to sodium dodecyl sulphate polyacrylamide gel electro-
phoresis (SDS PAGE) according te the method of Laemmli,
(Nature, 1970, 227:680-684) as modified by Studier, Sci.,
176:367-376 (1972) using 2 10% {w/v} polyacrylamide
resolving gel followed by Serva blue staining and destaining
in the usual manner of anyone familiar with the art.

The two large tau-peptide fragments resulting from either
thrombin or clostripain proteolysis may be further cleaved
by digestion with trypsin, which cleaves on the carboxy
terminus of lysine or arginine residues. See for example, the
tcchniques described in Current Protocols in Molecular
Biology, Ausubel et al, Green Publish. Assoc, & Wiley
Interscience, Ch. 10

The sequence of tau-peptides derived from proteolytic
digestion may be identified using the Edman degradation
method of protein sequencing. This method sequentially
removes one amino acid residue at a time from the amino
terminal end of a peptide for subsequent sequence identifi-
cation by chromatographic procedures, Sce for example, the
techniques described in Konigsberg and Steinman, 1977,
Strategy and Methods of Sequence Analysis, in Neurath and
Hill (eds.), The Proteins (3rd ed.) Yol, 3, pp. 1-178, Aca-
demic Press. In addition, sequence analysis of tau-peptides
may be accelerated by using an automated liquid phase
amino acid sequenator following recently described tech-
niques (Hewick et al., 1981, J. Biol. Chem,, 236:7990-7997;
Stein and Undefriend, 1984, Analy. Chem., 136:7-23),
thereby allowing for the analysis of picomolar quantities of
tau-peptides containing up to 50 amino acid residues in
length.

5.1,2 CHEMICAL SYNTHESIS OF
TAU-PEPTIDES

Tau-peptides can also be produced by chemical synthesis
of the amino acid sequence of a tau-protein (Goedert et al.,
1988, Prac. Natl. Acad. Sci. USA, 85:4051-4055), as pre-
dicted from the cloning and sequencing of a cDNA coding
for a tau-protein. This tau-protein sequence informarion may
be utilized to predict the appropriate amino and carboxy
terminal tau-peptides to be chemically synthesized using
standard peptide synthesis methods known in the arl. These
methods include a solid-phase method devised by R. Bruce
Merrifield, (Erickson and Merrificld, “Sclid-Phase Peptide
Synthesis”, in The Proteins, Volume 2, H. Neurath & R. Hill
{eds.) Academic Press, Inc., New York pp. 255-257; Mer-
rifield, 1986, "Solid phase synthesis”, Science,
242:341-347). In the solid-phase method, amino acids are
added stepwise to a growing peptide chain that is linked to
an insoluble mairix, such as polystyrene beads. A major
advantage of this method is that the desired product at each
stage is bound to beads that can be rapidly fltered and
washed and thus the need to purify intermediates is obviated.
Al of the reactions are carricd out in a single vessel, which
eliminates losses due to repeated transfers of products. This
solid phase method of chemical pepiide synthesis can
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readily be automated making it feasible to routinely synthe-
size peptides containing about 50 residues in good yield and
purity (Stewart and Young, 1984, Solid Phase Pepiide
Synthesis, 2nd ed., Pierce Chemical Co.; Tam et al.,, 1983, J.
Am, Chem. Soc., 105:6442). For example, tau-peptides cor-
responding to amino acid residues 1 to 30 and 331 to 352 as
depicted in FIG. % could he synthesized.

5.1.3 CLONING AND EXPRESSION OF
RECOMBINANT

TAU-PROTEINS AND/OR TAU-PEPTIDES

The production of tau-peptides can further be achieved by
recombinant DNA technology. For example, appropriate tau
nucleotide coding sequences may be synthesized, cloned
and expressed in appropriate host cells. Since the DNA
sequence encoding for a tau-protein is known (Goeddert et
al., 1988, Proc. Natl. Acad. Sci., USA 85:4051-4055), DNA
probes may be synthesized by standard methods known in
the art to screen ¢DNA, libraries prepared from brain tissue
of Alzheimer’s disease patients for the specific tau-protein
c¢DNA's. These DNA probes can further be used to isolate
the entire family of tau-protein genes from these cDNA
libraries using methods which are well known to those
skilled in the art, See, for example, the techniques described
in Maniatis et al., 1982, Molecular Cloning A Laboratary
Manual, Cold Spring Harbor Laboratory, N.Y., Chapter 7.

The polymerase chain rcaction (PCR) technique can be
utilized to amplifv the individual members of the tau family
for subsequent cloning and expression of tau-protein cDNAs
(e.g., see U.S. Pat. Nos. 4,683,202; 4,683,195; 4,B89,818;
Gyllensten ¢t al., 1988, Proc, Nat'l Aced. Sci. USA,
85:7652-7656; Ochman et al, 1988, Genetics,
120:621-623; Triglia et al, 1988, Nucl Acids. Res,
16:8156; Frohman et al., 1988, Proc. Nar’i Acad. Sci. USA,
85:8998-9002; Loh et al., 1989, Science, 243:217-220).

Methods which are well known to those skilled in the an
can be used to construct expression vectors containing
tau-proteins or fragments thereof coding sequences and
appropriate transcriptional/ranslational control signals.
These methods include in vitro recombinant DNA tech-
nigues, synthetic techniques and in vivo recombination/
genelic recombination, See, for example, the technigues
described in Maniatis et al., 1982, Molecular Cloning A
Laboratory Manual, Cold Spring Harbor Laboratory, N.Y.,
Chapter 12.

A variety of host-expression vector systems may be
wrilized to express tau-proteins or fragments thereof. These
include but are not limited to microorganisms such as
bacteriz transformed with recombinant bacteriophage DNA,
plasmid DNA or cosmid DNA expression vectors containing
2 coding scquence for a tau-protein or “ragment thereof;
yeast transformed with recombinant yeast expression vec-
tors containing a coding sequence for a tau-protein or
fragment thereof; inseet cell systems infected with recom-
binant virus expression vectors (e.g., baculovirus) contain-
ing a coding sequence for a tau-protein or fragment thereof;
or animal cell systems infected with rscombinant virus
expression vectors (e.g., adenovirus, vaccinia vims) con-
taiming a coding sequence for a tau-protein or fragment
thereof.

The expression elements of these vectors vary in their
strength and specificities. Depending on the host/vector
system utilized, any of a number of suitable transcription
and translation elements, including constitutive and induc-
ible promoters, may be used in the exprassion vector. For
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example, when cloning in bacterial systems, inducible pro-
moiers such as pL of bacteriophage A, plac, pirp, ptac
(pirp-lac hybrd promoter) and the like may be used; when
cloning in insect cell systems, promoters such as the bacu-
lovirus polyhedrin promoter may be used; when cloning in
mammalian cell systems, promoters such as the adenovirus
late promoter or the vaccinia virus 7.5K promoter may be
used. Promoters produced by recombinant DNA or synthetic
techniques may also be used to provids for transcription of
the inseried coding sequence for a tau-protein er fragment
thereof.

In yeast, a number of vectors containing constitative or
inducible promoters may be used. For a review see, Current
Protocols in Melecular Biology, Vol. 2, 1988, Ed. Ausubel et
al,, Greene Publish. Assoc. & Wiley Interscience Ch. 13;
Grant et al., 1987, Expression and Secrction Vectors for
Yeasl, in Methods in Enzymology, Eds. Wu & Grossman,
1987, Acad. Press, N.Y,, Vol. 153, pp. 516-544; Glover,
1986, DNA Cloning, Vol. II, IRL Press, Wash.,, D.C. Ch.3;
and Bitter, 1987, Heterologous Gene Expression in Yeast,
Methods in Enzymology, Eds. Berger & Kimmel, Acad.
Press, N.Y., Vol. 152, pp. 673-684; and The Molecular
Biology of the Yeast Saccharomyces, 1982, Eds. Strathern et
al., Cold Spring Harbor Press, Vols. 1 and II. For comple-
mentation assays in yeast, cDNAs for tau-proteins or frag-
ments thereof may be cloned into yeast episomal plasmids
(YEp) which replicate autonomously in yeast due to the
presence of the yeast 2y circle. The tau-proteir o fragment
thereof sequence may be cloned behind either a constitutive
yeast promoter such as ADH or LEU2 or an inducible
promoter such as GAL (Cloning in Yeast, Chpt 3, R.
Rothstein In; DNA Cloning Vol. 11, A Practical Approach,
Ed. DM Glover, 1986, IRL Press, Wash., D.C.). Consiructs
may contain the 5' and 3' non-iranslated regions of a cognate
tau-protein mRNA or those comresponding Lo a yeast gene.
YEp plasmids transform at high efficiency and the plasmids
are extremely stable. Alternatively vectors may be used
which promote integration of foreign DNA sequences into
the yeast chromosome.

A particularly good expression system which could be
used to express tau-proteins or fragments thereof is an insect
system. In one such system, Autographa californica nuclear
polyhedrosis virus (AcNPV) is used as a vector to express
foreign genes. The virus grows in Spodoprera frugiperda
cells, The tau-proiein or fragment thereof coding sequence
may be cloned into non-essential regions (for example the
polyhedrin gene) of the virus and placed under control of an
AcNPV promoter (for example the polyhedrin promoter).
Successful insertion of the polyhedrin gene results in pro-
duction of non-occluded recombinant virus {i.e., virus lack-
ing the proteinaceous coat coced for by the polyhedrin
gene), These recombinant viruses are then used to infect
Spodoptera frugiperda cells in which the inserted gene is
expressed. {e.g., sce Smith et al., 1983, J. Biol, 46:586,
Smith, U.$, Pat. No. 4,215,051).

In cases where an adenovirus is used as an expression
vectar, the tau-prolein or fragment thereof coding sequence
may be ligated to an adenovirus transcription/transiation
control complex, e.g., the late promoter and tripartite leader
sequence. This chimeric gene may then be inserted in the
adengvirus genome by in vive or in vitro recombination.
Insertion in & non-essential region of the viral genome (e.g.,
region E1 or E3) will result in a recombinant virus that is
viable and capabie of expressing the tau-protein of fragment
thereof in infected hosts. (e.g., See Logan & Shenk, 1984,
Proc. Natl. Acad. Sci., (USA) 81:3655-3659). Altematively,
the vaccinia 7.5K promoter may be used. {e.g., see Mackett
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et al., 1982, Proc, Natl Acad. Sci., (USA} 79:7415-7419;

Mackett ct al., 1984, J. Virol, 49:857- 864; Panicali et al,,
1982, Proc. Nail. Acad. Sci., 79: 4927-4931).

Specific initiztion signals may also be required for effi-
cient translation of the inserted tau-protein or fragment
thereof coding sequences. These signals inctude the ATG
initiation codon and adjacent sequences. ‘n cases where the
entire tau-protein genome, including its ovin initiation codon
and adjacent sequences, are inserted into the appropriate
expression vectors, no additional translational control sig-
nals may be needed. However, in cases where only a portion
of the tau-protein coding sequence is inserted, exogenous
translational control signals, including the ATG initiation
codon, must be provided. Furthermore, the initiation codon
must be in phase with the reading frame of the tau-protein
or fragment therzof coding sequence to ensure translation of
the entire insert. These exogenous translational control sig-
nats and initiation codons can be of a varicty of origins, both
natural and synthetic, The efficiency of expression may be
enhanced by the inclusion of appropriate transcription
enhancer elements, transcription terminators, etc. (see Bitter
et al., 1987, Methods in Enzymol.,, 153:516-544).

In addition, 2 host cell strain may be chosen which
modulates the expression of the inseried sequences, or
modifies and proccsses the gene product in the specific
fashion desired. Expression driven by cer.ain promoters can
be elevated in the presence of ceriain inducers, (e.g., zinc
and cadmium ions for metallothionein promoters). There-
fore, expression of the genetically engineered iaun-protein or
fragment thereof may be controlled. This is important if the
protein product of the cloned foreign gene is lethal to host
cells. Furthermore, modifications (e.g., glycosylation) and
processing (e.g., cleavage) of protein products may be
important for the function of the protein, Different host czlls
have characteristic and specific mechanisms for the post-
translational processing and modification of proteins.
Appropriate cell lines or host systems can be chosen to
ensure the correct modification and processing of the foreign
protein expressed.

The host cells which contain the tau-protein or fragment
thercof coding sequence and which express the biologically
active tau-protein or fragment thereof geae product may be
identified by at least four general approaches: (a) DNA-
DNA hybridization; (b) the presence or absence of “marker"
gene functions; (c) assessing the level of transcription as
measured by expression of tau-protein mRNA transcripts in
host cells; and (d) detection of tau-protein gene products as
measured by immunoassays or by its biological activity.

In the first approach, the presence of the tau-protein or
-fragment thereof coding sequence inserted in the expression
vector can be detected by DNA-DNA hybridization using
probes comprising tucleotide sequences that are homolo-
gous to the tau-protein coding sequence or particular por-
tions thereof substantially as described recently (Goeddent et
al., 1988, Proc, Natl. Acad. Sci. USA, 85:4051-4055).

In the second approach, the recombinant expression vec-
tor/host system can be identified and selected based upon the
presence or absence of certain “marker” gene functions (c.g.,
thymidine kinase activity, resistance to antibiotics, resis-
tance to methotrexate, transformation phenotype, occlusion
body formation in baeulovirus, etc.). For example, if the
tau-protein or fragment thereof coding seguence is inserted
within a marker gene sequence of the vector, recombinants
containing the tau-protein or fragment thereof coding
sequence can be identified by the absence of the marker gens
function, Alternatively, a marker gene can be placed in
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tandem with (he tau-protein or fragment thercof coding
sequence under the control of the same or different promoter
used to control the expression of the tau coding sequence,
Expression of the marker in response to induction or selec-
tion indicates expression of the tau-protein coding sequence.

In the third approach, transcriptional activity for the
tau-protein or fragment thereof coding region can be
assessed by hybridization assays. For example, RNA can be
isolated and analyzed by Northern blot using a probe
homelogous to the tau-protein or fragment thereof coding
sequence or particular portions thereof substantialiy as
described (Goeddert et al., 1988, Proc. Natl. Acad. Sci. USA,
85:4051-4055). Alternatively, total nucleic acids of the host
cell may be extracted and assayed for hybridization to such
probes.

In the fourth approach, the expression of the tau-protein
or fragment thereof product can be assessed immunologi-
cally, for example by Western blots, immunoassays such as
radioimmunoprecipitation, enzyme-linked immunoassays
and the like.

Once a recombinant that expresses a tau-protein er frag-
ment thereof is identified, the gene product should be
analyzed. This can be achieved by assays based on the
physical, immunotogical or functional properties of the
product.

A tau-protein or fragment thereof should be immunore-
aclive whether it results from the expression of the entire
gene sequence, a portion of the gene sequence or from two
or more gene sequences which are ligated to direct the
production of chimeric proteins. This reactivity may be
demonstrated by standard immunological technigues, such
as radioi mmunoprecipitation, radioimmune competition, or
immunoblots.

5.2 GENERATION OF ANTIBODIES THAT
DEFINE TAU-PEPTIDES

Varlous procedures known in the art may be used for the
production of antibodies to epitopes of the tan-protein. Such
antibedies include but are not limited to polyclonal, mon-
clonal, chimeric, single chain, Fab fragments and an Fab
expression library. For the preduction of antibodies, various
host animals may be immunized by injection with a par-
ticular tau-protein, or a synthetic tau-peptide, including but
rot limited to tabbits, mice, rats, etc. Various adjuvants may
be used to increase the immunological response, depending
on the host species, including but not limited to Freund's
(complete and incompleie), mineral gels such as aluminum
hydroxide, surface active substances such as lysolecithin,
pluronic polyels, polyanions, peptides, oil emulsions, key-
hole limpet hemocyanin, dinitrophenol, and potentially use-
ful human adjuvants such as BCG (bacille Catmette-Guerin)
and corynebacterium parvurm.

Monoclonat antitodies to peptides of tau may be prepared
by using any technique which provides for the production of
antibody molccules by continucus cell lines in culture.
These inctude but are not limited to the hybridoma technique
originally described by Kohler and Milstein, (Nature, 1975,
256:495-497), the more recent human B-cell hybridoma
technique (Kosbor et al,, 1983, Immunclogy Today, 4:72)
and the BB V-hybridoma lechnigue (Cole et al., 1985, Mono-
clonal Antibodies and Cancer Therapy, Alan R, Liss, Inc.,
Pp. 77-96). In an additional embodiment of the invention
monoclonal antibodies specific to tau-peptides may be pro-
duced in germ-free amimals utilizing recent technology
(PCTAUSI0/02545). According to the invention, human
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antibodies may be used and can be obtained by using human
hybridomas (Cotc at al., 1983, Proc. Natl. Acad Sci,
80:2026-2030) or by transforming human B cells with EBV
virus in vitro (Cole et al., 1985, in, Monocional Antibodies
and Cancer Therapy, Alan R. Liss, pp. 77-96). In fact,
according to the invention, techniques developed for the
production of “chimeric antibodies™ (Morr.son et al., 1984,
Proc. Natl. Acad. Sci., 8 1:6851-6855; Meunberger et al.,
1984, Nature, 312:604-608; Takeda et al.,, 1985, Nature,
314:452-454) by splicing the genes from a mouse antibody
molecule of appropriate antigen specificity together with
genes from a human antibody molecule of appropriate
biological activity can be used; such antibedies are within
the scope of this invention.

According to the invention, techniques described for the
production of single chain antibodies (U.S. Pat. No. 4,946,
778) can be adapied to produce tav-peptide-specific single
chain antibodies.

An additional embodiment of the invention ulilizes the
techniques described for the construction of Fab expression
libraries (Huse et al., 1989, Science, 240:1275-1281) to
allow rapld and easy identification of monoclonal Fab
fragments with the desired specificity to tau-peptides.

Antibody fragments which centain specific binding sites
of tau-peptides may be generated by known techniques. For
example, such fragments include but are not limited to: the
F(ab"), fragments which can be produced by pepsin diges-
tion of the antibody molecule and the Fab fragments which
can be generated by reducing the disulfide bridges of the
F(ab'), fragments,

5.3 DIAGNOSTIC ASSAYS AND KITS FOR
ALZHEIMER'S DISEASE

Yet another purpose of the present inven:ion is to provide
reagents for use in diagnostic assays for the detection of
tau-peptides from individuals suffering from Alzheimer’s
disease.

In one mode of this embodiment, tau-peptides of the
present invention may be used as antigens in immunoassays
for the detection of those individuals suffering from Alzhe-
imer's disease. The proteins, polypeptides and peptides of
the present invention may be used in any immunoassay
system known in the art including, but mot limited to:
radioimmunocassays, enzyme-linked immunosorbent assay,
“sandwich” assays, precipitin reactions, gei diffusion immu-
nodiffusion assays, agglutination assays, fluorescent immau-
noassays, protein A immunoassays and immunoelectro-
phoresis assays, to name but a few. U.S. Pat. No. 4,629,783
and patents cited therein also describe suitable assays.

According o the present invention, monaclonal or poly-
clonal antibodies produced to various forms of the tau-
protein, can be used in an immunoassay on samples of
blood, spinal fluid or other body fluid to Jdiagnose patients
with Alzheimer’s disease. :

Tn practicing the invention, a sample of blood is removed
from the patient by venesection and placed in contact with
an anticoagulant such as EDTA, mixed, centrifuged at 600
g for 10 min and the plasma removed as is common in the
art or a sample of spinal fluid is removed from the patient by
lumbar puncture.,

The antibodies described in Section 5.2 supra may be used
as the basic reagents in a number of different immunoassays
to determine the presence of a particular tau-peptide in a
sample of blood or spinal fluid. Generally speaking, the
antibodies can be employed in any type of immunoassay,
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whether qualitative or quantitative, This includes both the
two-site sandwich assay and the single site immunoassay of
the non-competilive type, as well as in traditional competi-
tive binding assays.

Particularly preferred, for ease of detection, and its quan-
titative nature, is the sandwich or double antibody assay, of
which a number of variations exist, all of which are intended
1o be encompassed by the present invention.

For example, in a typical forward sandwich assay, unla-
beled antibody is immobilized on 2 solid substrate, e.g.,
microtiter plate wells, and the sample to be tested is brought
into contact with the bonnd molecule. After a suitable period
of incubation, for a pericd of time sofficient (0 allow
formation of an antibody-antigen binary complex, a second
antibody, labelled with a reporter molecule capable of induc-
ing a detectable signal, is then added and incubation is
continued allowing sufficient time for binding with the
antigen at a different site and the formation of a temary
complex of antibody-antigen-labeled antibody. Any unre-
acted material is washed away, and the presence of the
antigen is determined by observation of a signal, which may
be quantitated by comparison with a control sample con-
taining known amounts of antigen. Variations on the forward
sandwich assay include the simultaneous assay, in which
both sample and antibody are added simultaneously to the
bound antibody, or a reverse sandwich assay in which the
labelled antibody and sample to be tested are first combined,
incubated and added to the unlabelled surface bound anti-
body. These techniques are well known to those skilled in
the art, and the possibility of minor variations will be readity
apparent. As uscd herein, “sandwich assay” is intended 1o
encompass all variations on the basic two-site technique.

For the sandwich assays of the present invention, the only
limiting factor is that both antibodies have different binding
specificities for the tau-peptide. Thus, a number of possible
combinations are possible,

As a more specific example, in a typical forward sandwich
assay, a primary antibody is either covalently or passively
bound to a solid support. The solid surface is osually glass
or a polymer, the most commonly uscd polymers being
cellulose, pelyacrylamide, nylon, polystyrene, polyvinyl-
chloride or polypropylene. The solid supports may be in the
form of tubes, beads, discs or microplates, or any other
surfaces suilable for conducting an immunoassay. The bind-
ing processes arc well known in the art. Following binding,
the solid phase-antibody complex is washed in preparation
for the test sample. An aliquot of the body fluid containing
the tau-peptide to be tested is then added to the solid phase
complex and incubated at 25° C. for a period of time
sufficient to allow binding of any tau-peptide present to the
antibody specific for tau-peptide. The second antibody is
then added to the solid phase complex and incubated at 25°
C. for an additional period of time sufficient to allow the
second antibody to bind to the primary antibody-antigen
solid phase complex. The second antibody is linked to a
reporier molecule, the visible signal of which is used to
indicate the binding of the second antibody to any antigen in
the sample. By “reporter molecule”, as used in the present
specification is meant a molecule which by its chemical
nature, provides an analytically detectable signal which
allows the detection of antigen-bound aniibody. Detection
must be at least relatively quantifiable, to allow determina-
tion of the amount of antigen in the sample, this may be
calculated in absolute terms, or may be done in comparison
with a standard {or series of standards) containing a known
normal level of antigen.

The most commonly used reporter melecules in this type
of assay are either enzymes or fluorophores. In the case of
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an enzyme immunoassay an enzyme is conjugated .lo the
second antibody, often by means of glutaraldehyde or perio-
date. As will be readily recognized, however, a wide variety
of different conjugation techniques exist, which are well
known to the skilled ariisan. Commonly used enzymes
include horseradish peroxidase, glucose oxidase, P-galac-
tosidase and alkaline phosphatase, among others. The sub-
strates to be used with the specific enzymes are generally
chosen for the production, upon hydrolvsis by the corre-
sponding enzyme, of a detectable color change. For
example, p-nitrophenyl phosphate is suitable for use with
alkaline phosphatase conjugates; for peroxidase conjugates,
1,2-phenylenediamine or toluidine are commonly used, It is
also possible to employ fluorogenic substrates, which yield
a fiuorescent product rather than the chroriogenic substrates
noted above. In all cases, the enzyme-lazelled antibody is
added to the first antibody-tau-peptide cornplex and allowed
to hind to the complex, then the excess reagent is washed
away. A solution containing the appropriate substrate is then
added to the tertiary complex of antibody-antigen-labeled
antibody. The substrate reacts with the emtyme linked to the
second antibody, giving a qualitative visual signal, which
may be further quantitated, usually spectrophotometrically,
to give an evaluation of the amount of antigen which is
present in the serum sample,

Alternately, fluorescent compounds, such as fluorescein
or rhodaminc, may be chemically coupled to antibodies
without altering their binding capacity. When activated by
illumination with light of a particular wavelength, the fluo-
rochrome-labelled antibody absorbs the light energy, induc-
ing a state of cxcitability in the molecule, followed by
ermission of the light at a characteristic longer wavelength.
The emission sppears as a characteristic color visually
detectable with a light microscepe. As in the enzyme immu-
noassay (ELA), the fluorescent-labelled antibody is allowed
to bind to the first antibody-tau-peptide complex, After
washing the unbound reagent, the remaining temary com-
plex is then exposed to light of the appropriate wavelength,
and the fluorescence observed indicates the presence of the
antigen. Immunofluorescence and EIA techniques are both
very well established in the ant and are particularly preferred
for the prescnt method. However, other reporter molecules,
such as radioisotopes, chemiluminescent or bioluminescent
molecules may also be employed. It will be readily apparent
to the skilled artisan how to vary the procedure 10 suit the
required use.

Alternatively, the sample to be tested either human blood
or spinal fiuid containing the tau-peptide may be used in 2
single site immunoassay wherein it is adhered to a solid
substrate either covalently or noncovalently. An unlabeled
anti-tau-peptide antibody is brought into contact with the
sample bound on the solid substrate. After a suitable period
of incubation, for a period of time sufficient o allow
formation of an antibody-antigen binary complex a second
antibody, labelled with a reporter moleculs capable of induc-
ing a detectable signal, is then added and incubation is
continued allowing sufficient time for the formation of a
ternary complex of antigen-antibody-labeled antibody. For
the single site immunassay, the second antibody may be a
general antibody (i.c., zenogeneic antibody to immunoglo-
bulin, particularly anti-(IgM and IgG) linked to a reporier
molecule) that is capable of binding an antibody that is
specific for the tau-peptide of interest.

Alternatively, the purified tau-proteins or fragments
thereof, described in Section 5.1, supra, may be used in a
diagnostic assay 1o detect circulating anti-tau-peptide
autoantibodies wherein they are adhered o a solid support
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either covalently or non-covalently. The sample, either
human blood or spinal fluid diluted in an appropriately
buffered medium, is added o the solid support and a
sufficient time is allowed for complex formation between the
tau-proteins or fragments thereof and any cognate autoan-
tibodies in the sample. The supernatant is removed and the
solid suppont is washed to remove any non-specifically
bound proteins. To the complex may be added xenogeneic
antisera to human immunoglobulin, particularly anti-(hu-
man Ig M and g G) in an appropriately buifered medium.
The xenogeneic antisera will normally be labeled with a
reporter molecule as described above for the forward sand-
wich assay. Insiead of xenogeneic antisera, proteins specific
for the immune complex may be employed, e.g., §. aurens
protein A. The label may then be detected as described above
for the forward sandwich assay.

6, EXAMPLE: PRODUCTION AND
PURIFICATION OF IMMUNOGENS FOR
ANTIBODY PRODUCTION

6.1. PURIFICATION OF MICRCTUBULES
FROM BOVINE BRAIN BY THE CYCLE
PROCEDURE AS A SOURCE OF NATIVE,
PHYSIOLOGICALLY ACTIVE MICROTUBULE
ASSOCIATED PROTEINS

The cycle purification of microtubules from bovine brain
was performed in the presence of guanosine triphosphate
and low concentrations of magnesium ions in order to obtain
high ratios of microtbule associated proteins to wbulin.
This eycle-purification was carried out in five separate sieps
according to a modification of the method described by
Asnes & Wilson, (1979, Anal. Biochem., 98. 64-73).

Step (1) Transporl & Dissection: Bight bovine brains
(approximately 350 gram {g) each) were removed, cut into
pieces, placed in ice-cold transport buffer [20 mM phospho-
ric acié {adjusied to pH 6.75 with 2M NaOH) 100 mM
sodium glutamate, 300 mM sucrose] containing ice cubes
made from transport buffer and transported in an ice bucket
from the abattoir 1o the laboratory. The meninges, superficial
blood vessels and the majority of the white maller was
removed and discarded. The remaining brain tissue
(approximately 1200 g) was drained and weighed.

Step (2) Homogenization: The selected brain tissue was
dispersed using two scparate maneuvers sequentially. The
weighed brain tissue from step (1) was passed once through
a domestic eleciric mincer and added to homogenization
buffer [200 mM phosphoric acid (adjusted to pH 6.75 with
2M NaOH), 100 mM sodium glutamate, 300 mM sucrose, 4
mM B-mercaptoethanol, 0.3 mM phenylmethanesulpho-
nylfluoride (PMSF) (stock solution, 100 mM in dimethyl-
formamide (DMF)), 0.3 mM No-p-tosyl-1-lysine chiorom-
ethylketone (TLCK) (prepared in PMSF stock solution), S0
pg/ml leupeptin, few crystals of catalase) (at 0° C. and at a
concentration of 1.5 mi buffer/g tissue}. The material was
dispersed by gentle stirring with a glass rod. The resulling
suspension was then homogenized in three batches with two
complete strokes (up and down twice for each batch sepa-
rately) of a motor driven 1 liter (L) glass (2.2 inch diameterx
18 inch long) Poter—Elvehjem homogerizer fitted with a 2
inch long teflon pestle (0.005 inch clearance) at (° C.

Step (3) First Cycle: Approximately 3000 ml of the
homogenate was added to twelve 250 ml plastic centrifuge
tubes and centrifuged at 27,880 g (13,000 rpm in two Sorval
RCSB preparative centrifuges containing two GSA rotors
precooled to 3° C.) for 53 minutes at 0°~4° C. The super-
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natants were carefully removed, combined end cofactor
buffer {2.5 mM GTP, .50 mM MgClL, 1.0 mM EGTA
(10xstock solution adjusted to pH 6.75 at 0° C. with NaOH)]
prepared in homogenization buffer was added. The solution
was mixed and ther approximately 1L portions logether with
a glass thermometer was placed in seperate polyethene
sleeves (10 inchx14 inch) and heat sealed. The loaded
sleeves were gently agitated in a 50° C. wa'er bath until the
temperature of their contents reached 30° C. whereupon they

18

plastic centrifuge tubes and centrifuged at 39,000 g (Sorval
PTD centrifuge containing a Sorval AH-627 rotor with 17
m} buckets) for 40 minutes at 30° C. The supernatant was
removed carefully with an aspiralor and discarded. Each
tube contained a pellet of approximately 140 mg of micro-
tubule (MT) proteins (approximately 50% tubulin and 50%
MAPS) and was stored at ~70° C.

6.2, ISOLATION OF THE TAU CLASS OF

;erg imr];icgﬁately u_ansferrcfi to a 30° C. \Tfatler path where 10 MICROTUBULE ASSOCIATED PROTEINS
¢ incubation conunued_ without fm_‘thcr agitation for the FROM CYCLE PURIFIED MICROTUBULES
remainder of a total period of 30 minutes. Assembly was
followed viscometrically using calibrated 100-size Cannon The total MAPS fraction of cycle purified microtubules
Ubbleohde glass viscometers. Approximately 2400 ml of the was separated from tubulin by a modification of the method
assembled extract was transferred to 12 clezn 250 ml plastic 15 of Weinganen, (1975, Proc. Natl Acad. Sci USA,
centrifuge jars and centrifuged at 27,880 g (13,000 rpm in 72:1858-1862). A pellet of microtubules from the cycle
two Sorval RC5B preparative centrifuges containing two purification method was resuspended using a small Dounce
Sorval GSA rotors prewarmed to 30° C.) for 42 minutes at homogenizer in MES buffer (0.1M MES; 1 mM EGTA; 0.5
30° C. The supcmatant was carcfully remeoved with an mM MgCl, and I mM B-mercaptocthancl) so that the
aspirator and its volume was measured, recorded and dis- 20 resulting solution had an absorbance at 280 nm of 2.0-2.5
carded. and then depolymerized by incubation for 30 min at 0° C.

Step (4) Second Cycle: The final pellet from the first cycle The resulting solution was centrifuged at 100,000 g for |
was resuspended in ice-cold homogenization huffer without ~ hour and the pellet discarded. The supernatant was filtered
sucrose (10% of volume of the supemnatant from the first through a 0.2p milipore filter and applied to a phosphocel-
cycle) using a precooled small Dounc: homogenizer, 25 lufose column {1.1 cm diameterx2.6 cm length, 2.5 ml bed
Approximately 220 ml of the resuspended pellet was incu- volume) that had previously been cquilibrated in MES
bated at 0° C. for 30 minutes, added to six 36 ml plastic buffer, Tubulin was eluted with MES buffer in the void
centrifuge tubes, and centrifuged at 39,000 g (14,627 rpm in volume of the column and when the absorbance of the cluate
a Sorval OTD centrifuge containing a Sorval AH-627 rotor had returned to the baseline value, the total MAPS fraction
precooled 10 3° C.) for 40 minutes at 0° to 4° C. The 30 was eluted (either 0.1 or 0.2 ml fractions) with MES buffer
supernatant was carefully transferred to a 1 L glass conical ~ containing 1.0M NaCl and coliected as a single complex
flask and cofactor buffer was added. The solution wasmixed ~ Peak of UV-absorbing material that contained multiple pro-
and gently swirled in the 50° C. water bath unil the ens,
temperature reached 30° C. The flask was then immediately The total MAPS fraction eluted from the phosphocellu-
transferred t0 a 30° C. water bath where the incubation 25 lose column was immediately desalted using the rapid
continued without further agitation for a totat period of only Sephadex G-25 centrifugation method of Penefsky (J. Biol.
10 minuates. The extract was transferred to six 36 ml plastic Chem., 1977, 252:2891-2899). The desalted total MAPS
centrifuge tubes and centrifuged at 39,000 g (14,726 rpm in fraction was stirred at 0° C, and solid ammonium sulphate
a Sorval OTD ultracentrifuge containing a Sorval AH-627 added until its conentration reached 35% (w/v). The stirring
rotor) for 30 minutes at 30° C, The supernatant wasremoved 40 was continued for 30 minutes and then the suspension was
carefully with an aspirator and its volume was measured and centrifuged at 20,000 g for 15 minutes. The supernatant was
discarded. removed and again stirred at 0° C. and mere solid ammo-

Step (5) Third Cyele—The final pellet from the second nium sulphate added until. its COl:lC?ntﬂlﬁOn reach?d 45%
cycle was resuspended in ice-cold homogenization buffer (“’/Y)- After.a further 15 minute stirring the Suspension was
without sucrose (40% of the volume of the supernatant from ** again centrifuged at 20,000 g for 15 minutes and the
the second cycle) using a clean precooled small Dounce  Supernatant discarded. The pellel from this last centrifuge-
homogenizer. Approximately 90 ml of resuspended pellet  tion step was dissolved in Mes buffer and applied to a
was incubated at 0° C. for 30 minutes, transferred to three 36~ colomn of hydroxyapatite {1 em diax1Q cm length) and
ml tubes, and centrifuged at 39,000 g (14,726 pm in a eluted with Mes bu.ﬁ'er. The fractions containing only four
Sorval OTD ultracentrifuge containing a Sorval AH-627 *° closely spaced peptides of apparent Mr 45,000 to 65,000 by
rotor with 36 ml buckets) for 40 minutes at 0° o 4° C. SDS-PAGE were combined. This total eluled tau fraclion
Approximately 80 ml of supernatant was carcfully trans-  Was reduced to a volume of 1.0 ml with a sarterius cellodion
ferred 10 2 500 ml glass conical flask and cofactor buffer was ~ membrane operated in waler under reduced pressure,
added, The solution was mixed and gently swirled inthe 50° __ according to the instructions of the manufacturer, and then
C. water bath untl the temperature of the contents of the 55 divided into 0.1 ml portions in 0.5 ml plastic minifuge wbes
flask reached 30° C. Then the flask was immediately trans- ~ and stored at —20 C.
ferred to the 30° C, water bath where the incubation con- The invention is not limited to the embodiments described
tinued without further agitation for a total period of 20 herein and may be modified or varied without departing
minutes. The warm extract was transferrcd to six 17 ml from the scope of the invention.

SEQUENCE LISTING

( 1 ) GENERAL INFORMATION:
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(i i i )NUMBER OF SEQUENCES: 2

( 2 ) INFORMATION FOR SEQ ID NO:1:

CCGCCTCTGT CGACTATCAG GTGAACTTTG AACCAGG ATG GCT GAG CCC CGC CAG
Glno

QAG
Glu

AGG
Arg

ACG
Thr

AGC
Ser
53

AGT
Ser

GCT
Ala

GGC
Gly

ccce
Pra

GAT
Asyp
135

CcGC
Arg

AAG
Lys

AGC
Scr

AAG
Lys

( t ) SEQUENCE CHARACTERISTICS:

(i i ) MOLECULE TYFE: DNA {genomic)

( A ) LENGTH: 1107 basc pairs
{ B ) TYPE: nucleic acid

( C ) STRANDEDNESS: singlc

( D ) TOPOLOGY: lincar

{ i x ) FEATURE:
( A ) NAMEAKEY: CDS
( B ) LOCATION: 38,1092

{ x i ) SEQUENCE DESCRIPTION: SEQ ID NQ:1:

TTC
Phe

AAA
Lys

GAC
ABp
449

CTG
Lewn

AAA
Lys

GAT
Asp

CAG
Glo

GCT
Ala
120

cGC
Arp

TCC
Scr

GTG
¥al

cGeC
AT g

TCC
Scr
200

AAG
Lys

AAG

GAA
Glu

GAT
Asp
25

acT
Ala

GAA
Glu

AGC
Ser

GGT
Gly

AAG
Lys
105

CCA

Pro

AGC
Ser

G
Atp

aca
Ala

CTG
Leu
185

AAG
Lys

GTG
Val

TCT

GTG
YVal
10

CAG
Gla

GGC
Gly

GAC
Asp

AAA
Lya

AAA
Lys
90

GGC
Gly

AAG
Lys

GGC
Gly

ACC
Thr

GTG
Vil
170

CAG
Glno

A
1le

CAA
Gln

GGC

ATG
Met

GGG
Gly

CTG
Leu

GAA
Gluwu

GAC
Asp
7%

ACOG
Thr

CAG
Girn

ACA
Thr

TAC
Tyr

cCag
Pro
155

GTC
Val

ACA
Thr

Ggc
Gly

TCA

GAA
Glu

GGC
Gly

AAA
Lys

GCT
Ala
60

GGG
Gly

AAG
Lys

GCC
Ala

CCA
Pro

AGC
Ser
140

TCC

Ser

CGT
ATE

GCC
Alas

TCC
Ser

GTC
Val
220

TTA

TacC
Tyr

GCT
Ala

«“5
GCT
Ala

ACT
Thr

ATC

CTT
Loy

ACT
Thr

ccc
Fro

ACT
Thr
205

TAC
Tyr

GGC

CAC
His

ACC
Thre
30

GAA
Glu

GGT
Gly

GGA
Gly

GCC
Ala

Ggece
Ala
110

AGC
Ser

ccc
Pro

cCa
Pro

CCA
Pro

GTG
Val
1940

G
Glu
AAA

Lys

AAC

GCT
Al
15

ATG
Met

GAA
Glu

CAC
His

AGQcC
Ser

ACA
Thr
83

ACC
Thr

TCT
Ser

GGgce
Gly

ACC
The

ccc
Pro
175

cCcce
Pro

AAC
Asnm

CCa
Pro

ATC

GGG
Gily

CAC
Hiy

GCA
Al

GTG
¥Yal

GAT
Asp
0

cCeG
Pro

AGG
Arg

GGT
Gly

TCC
Scr

cea
Pra
160

AAG
Lys

ATG
Mc t

CTQ
Leu

GTT
Yal

cCAT

Mc L

ACG
Thr

CAA
Gl

GGC
Gly

ACC
Thre
63

GAC
Asp

CGG
Arg

GA
Gle

cCa
Pro
145

cecce

Pro

TCG
Ser

CCA
Pro

AAG
Lys

GAC
Arp
225

CAT

Ala

TAC
Tyr

GAC
Aap

ATT
Ile

Caa
Gln

AAA
Lys

GGA
Gly

CCA
Pro

CCT
Pro
130

GGC
Gly

ACC
Thr

CCG
Pro

GAC
Alp

CTG
Leu

AAA

Gluo

GGG
Gly

CAA
Qls
3s

GGA
Gly

GCT
Ala

AAA
Lys

GCa
Ala

GCA
Ala
113
cca
Pro

ACT
Thr

[sRcX¢]
Arg

TCT
Serc

Lew
1
CAG

Gla

AGC
Ser

£CcaA

Pra

TTG
Lcu
20

GAG
Gla

GAC
Asyp

cGoC
Arg

GCC
Ala

GCccC
Ala
100

AAA
Lys

AAA
Lys

ccce
Pro

GAG
Gluo

TCC
Ser
1860

AAG
Lys

cCG
Pro

AAG
Lyas

GGA

Arg

GGG
Gly

GaT
Gly

ACC
Thr

ATG
Me 1

AAG
Lys
83

CCT

Prao

ACC
Thr

TCA
Scr

GGC
Giy

cCccC
Pro
1635

GCccC
Ala

AAT
Asao

GGA
Gly

GTG
Val

GaT

GAC
Asp

GAC
Asp

ccce
Fro

GTC
Val
70

GGG
Gily

CCA
Prao

cCo
Pro

GG
Gly

AGC
Scr
159

AAG

Lys

AAG
Ly

GTC
Val

GGC
Gly

ACC
Thr
230

GGC

55

295

3191

535

383

631

675

1217
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5,492,812

-continued
Scr Lys Cya Gly Scr Lew Giy Asn Ile His His Lys Pro Gly Giy Gly
235 240 2
CAG GTG GAA GTA AAA TCT GAG AAG CTT GAC TTC AAG GAC AGA GTC CAG 823
Gln Yal Glw ¥val Lys $cr Glu Lys Leu Asp Phe Lys Asp Arg Vel Gln
250 255 2680
TCG AAG ATT GGG TCC CTG GAC AAT AT ACC CAC GTC CCT GGC GGA GOGA 811
S¢r Lys Ile Gly Ser Leu Asp Asn lle Thr His Vsl Prpg Gly Gly Gly
165 270 273
AAT AAA AAQG TT OAA ACC CAC AAG CTG ACC TTC CGC GAG AAC GCC AAA 919
Asn Lys Lys Yle Glu Thr His Ly: Leu Thr Phe Arg Gluw Ase Ala Lyas
280 285 290
GCC AAG ACA GAC CAC GGG GCG GAG ATC GTG AC AAG TCO CCA GTG GTG 967
Ala Lys Thr Asgp His Gly Ale Glu Ile Vel Tyr Lys Scr Prao Vsl Val
193 300 jos 310
TCT GGG OAC ACG TCT CCA CGG CAT CTC AGC AAT STC TCC TCC ACL GGC 1015
Ser Gly Asp Thr Scr Pro Arg His Leu Ser Asno Val Scr Ber Thr Gly
315 320 315
AGC ATC GAC ATG GTA GAC TCG CCC CAG CTC GCC ACG CTA GCT GAC GAG 1063
Ser 1l Asp Mct Yal Asp Ser Pro Glm Lew Ala Thr Lew Ala Asp Gl
130 335 340
GTG TCT GCC TCC CTG GCC AAG CAG GGT TG TGATCAGGCC CCTGE 1107
Yal Sc¢r Abta Scr Leu Ala Llys Gln Gly
345 350
( 2 ) INFORMATION FOR 5EQ ID NO:2:
{ i ) SEQUENCE CHARACTERISTICS:
{ A YLENGTH: 351 aminc acids
{ B } TYPE: anting acid
{ 0 ) TOPOLDGY: fincar
(i i ) MOLECULE TYPE: protein
( % i ) SEQUENCE DESCRIPTION: SEQ ID HO:2:
Mci1 Alm Gilu Proe Azg Glo Gle Phe Glu Val Mct Glu Asp His Als Gily
1 5 10 1
Thr Tyr Gly Leu Gly Asp aArg Lys Asp Gln Gly Gly Tyr Thr Mect His
20 25 30
Gln Asp Gln Glu Gly Asp Thr Asp Ala Gly Lcu Lys Ala Glu Glu Ala
3 0 45
Gly Il¢ Gly Asp Thr Pro Jor Leu Glu Asp Glu Als Ala Gly His Val
5 55 60
Tar Glg Als Arg Mect Val Ser Lys Ser Lys Asp Gly Thr Gly Scr Asp
635 70 T 0
Asp Lys Lys Ale Lys Gly Ala Asp Gly Lys Tar Lys Ile Ala Thr Pro
835 90 95
Arg Gly Ala Ala Pre Preo 51y Gla Lys Gly Gln Ala Asn Ala Thr Arg
100 105§ 110
Ile Pro Als Lys Thkr Pro Proe Ala ¥ro Lys Thr Pro Pro Secr Ser Gly
L3 1240 1235
Glu Pro Lys Ser Gly Asp Arg Ser Gly Tyr r Se¢r Pro Gly S§er
135 149
Pro Gly Thr Pro Giy Ser Arg Scrc Arg Thr Pra Scx Lev Pro Thr Pro
145 1590 1535 160
Pro Thr Arg Gilue Pro Lys Lys Val Ale Val Val Arg Tbr Prp Pra Lys
163 170 175
Scr Pro Ser Scr Ala Lys Ses Arg Leu Gle Thrs Alz Pra Vai Pro Meci
1 185 1%0
Pro Asp Lcu Lys Aso Val Lys Scr Lys Ilc Gly Scr Thr Q@lu Asn Lecu
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5,492,812

-continued
195 200 2073
Lyas His Gin Pro Giy Gly Gly Lys VYul Glan 1le ¥al Tyr Lys Pro Val
210 3 220

Asp Lev Scr Lys Vat Thr S:r Lys Cys Gly Ser leuw Gly Asnp Ile His
225 230 233 240
His Lys Pro Gly Gily Gly Gin Val Gio Val Lys Ser Glu Lys Lew Asp

245 230 255
Phe Lys Asp Arg Val Glpo §:1 Lys le Gily Secr Lew Asp Asn Ile Thr

260 270
His Val Pro Gly Gly Gly Asn Lys Eys 1te Glu Thr His Lys Leu Thr
215§ 280 2835
Pbhe Arg Glu Asns Ala Lys Ala Lys Thr Asp His Gly Ale Glu Lle Val
90 27% 300

Tyr Lys Scr Pzro Val sl S:r Gly Asp Thr Scr Pro Arg His Leuw Ser
Jos 310 1135 320
Asn Val Scr Sc¢r Thr Gliy S:r Ilc Asp Mct: val Asp Scr Preo Gln Lecu

313 130 335
Alg Thr Leu Alr Asp Glu Vil Scr Alz Scr Leu Ala Lys Glo Gly

340 343 3s0

What is ¢laimed is:

1. A methed for confirming a clinical diagnosis of Alzhe-
imer’s Disease in: 2 patient suspected of having Alzheimer's
Disease, comprising performing an assay to determine the
conceniration of tau-peptide in the paticnt’s blood, wherein
the assay comprises contacting a sample of blood obtained
from the patient with an antibedy which specifically binds
tau-peptide or & Fab fragment which specifically binds

tau-peptide, wherein further the tau-peptide is derived from 33

the amine terminal 20¢ animo acids or carboxy terminat 50
amnino acids of a tau-protein; and determining the concen-

tration of tau-peptide wherein an elevated concentration of

tau-peptide confirms the clinical diagnosis of Alzheimer s
Discase,

2. The method of claim 1, wherein the assay comprises an
assay selected from the group consisting of a radicimmu-
noassay, an enzyme-linked immunosorbant assay, 4 sand-
wich assay, a precipitin reaction, a gel immunodiffusion
assay, an agglutination assay, a fluorescent immunoassay, a
protein ‘A immunoassay and an immunoelectrophoresis
assay.
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ABSTRACT &

The present invention is directed to methods
and kits for diagnosingﬁ4nmmy§éaq4nmhﬂeﬂétorfng
Alzheimer's disease. The invention is based, in part,
on the discovery that proteolytic fragments of the
amino and carboxy terminal amino acid residues of tau-
proteins are released from the neurofibrillary tangles

associated with the disease and can be detected in

body fluids outside the brain.?
(:$he tau-proteins 1 be purified or

chemically synthesized and peptide fragments of the

amino terminal and carboxy terminal regions will be
obtained proteolytically or synthesized chemically and
will be used in generating tau specific antibodies for
use in diagnestic kits for the detection of
Alzheimer's disease. These diagnostic kits will be
used in screening the body fluids of individuals for
the presence cf tau-peptide fragments. Alternatively,
the tau-peptides themselves may be used in diagnostic
kits for screening the body fluids of individuals for

the presence of circulating autoantibodies.

C8[159, qbg
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1. FIELD OF THE INVENTION

The present invention is directed to the
diagnosis, subtyping and monitoring of Alzheimer's
disease. Diagnostic metheds and kits are described
which utilize monoclonal antibodies, polyclonal
antibodies or Fab fragments specific to peptide
fragments of the tau family of proteins which are
found in the blood or spinal fluid of individuals
affected by Alzheimer's disease. Alternatively, tau-
peptides can be used to detect circulating
autoantibodies in such patients.

The diagnostic Alzheimer's disease detection
kits of the present invention can be particularly
useful in screening the overall population and
identifying those individuals who have Alzheimer's
disease as well as subtyping the affected individuals
according to which member of the tau family of

proteins they express.

2. BACKGROUND OF THE INVENTION

Alzheimer's disease is the most common form

of both senile and presenile dementia in the world and
is recognized clinically as relentlessly progressive
dementia that presents with increasing loss of memory,
intellectual function and disturbances in speech
(Merritt, 1979, A Textbook of Neurology, 6th edition,
pp. 484-489 Lea & Febiger, Philadelphia). The disease
itself usually has a slow and insidious progress that
affects both sexes equally, worldwide. It begins with
mildly inappropriate behavior, uncritical statements,
irritability, a tendency towards grandiosity, euphoria
and deteriorating performance at work; it progresses
through deterioration in operational judgement, loss
of insight, depression and loss of recent memory; it
ends in severe disorientation and confusion, apraxia

of gait, generalized rigidity and incontinence (Gilroy
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& Meyer, 1979, Medical Neurology, pp. 175-179
MacMillan Publishing Co.). Alzheimer's disease
afflicts an estimated 4 million human beings in the
United States alone at a cost of 35 billion dollars a
year (Hay & Ernst, 1987, Am. J. Public Health,
77:1169-1175). It is found in 10% of the population
over the age of 65 and 47% of the population over the
age of 85 (Evans et al., 1989, JAMA, 262:2551-2556) .
In addition, the disease is found at much lower levels
in the younger age groups, usually beginning at about
30 years of age and even rarely in late childhood
(Adams & Victor, 1977, Principles of Neurolegy, PP- -
401-407) .

The etiology of Alzheimer's disease is
unknown. Evidence for a genetic contribution comes
from several important observations such as the
familial incidence, pedigree analysis, monozygotic and
dizygotic twin studies and the association of the
disease with Down's syndrome (for review see
Baraitser, 1990, The Genetics of Neurological
Disorders, 2nd edition, pp. 85-88). Nevertheless,
this evidence is far from definitive and it is clear
that one or more other factors are also required.
Elevated concentrations of aluminum have been found in
the brains of some patients dying with Alzheimer's
disease (Crapper et al., ‘1976, Brain, 99:67-80) and
one case report has documented markedly elevated
levels of manganese in the tissues of a patient with
Alzheimer's disease (Banta & Markesberg, 1977,
Neurology, 27:213-216), which has led to the
suggestion that high levels of these metals may be
neurotoxic and lead to the development of Alzheimer's
disease. It wag interesting that the aluminum ions
were found to be associated mainly with the nuclear
chromatin in brain regions most likely to display
neurofibrillary tangles in Alzheimer's disease.

However, from a statistical point of view the absolute

Fujirebio Diagnostics, Inc. v. Quanterix Corp.
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differences found for the aluminum levels between
normal and Alzheimer brains were far from convincing.
It has recently been suggested that defects in the
transcriptional splicing of mRNA coding for the tau
complex of microtubule associated proteins occur {for
review see Kosik, 1990, Curr. Opinion Cell Biol.,
2:101-104) and/or that inappropriate phosphorylation
of these proteins exists (Grundke-Igbak et al., 1%86,
Proc. Natl. Acad. Sci. USA, 83:4913-4917; Wolozin &
Davies, 1987, Ann. Neurol. 22:521-526; Hyman et al.,
1988, Ann. Neurol., 23:371-379; Bancher et al., 1989,
Brain Res., 477:90-99). Furthermore, reduction in the
enzymes involved in the synthesis of acetylcholine has
led to the view of Alzheimer's disease as a
cholinergic system failure (Danes & Moloney, 1976,
Lancet, ii:1403-14). However, even if cholinergic
neurons are most at risk in Alzheimer's disease, it
appears likely that these reductions in enzyme
activity are secondary to the degenerative process

itself rather than causally related.

2.1 THE DIAGNOSIS OF ALZHEIMER'S DISEASE

The diagnosis of Alzheimer's disease at

autopsy is somewhat time-consuming but is definitive.
The gross pathological changes are found in the brain,
which is underweight, and shows generalized atrophy of
both the gray and white matter of the cerebral cortex,
particularly in the temporal and frontal lobes, with
widening of the sulci and narrowing of the gyri as
well as compensatory symmetrical dilation of the third
and lateral ventricles (Adams & Victor, 1977,
Principles of Neurology, pp. 401-407; Merritt, 1979, A
Textbook of Neurology, 6th edition, Lea & Febiger,
Philadelphia, pp. 484-489). The histological changes

in the brain are definitive. The most common lesion

"is the neurofibrillary tangle (Kidd, 1963, Nature,

197:192-193; Kidd, 1964, Brain 87:307-~320), which
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consists of a tangled mass of paired helical filaments
and occasional straight filaments located in the
cytoplasm of affected neurons (Oyanagei, 1979, Adv.
Neurcl. Sci., 18:77-88 (in Japanese) as quoted by
Grundke-Igbal et al., 1985, Acta Neurcpathol., 66:52-
61). The other characteristic histological lesions
are Hirano bodies within nerve cells of certain brain
regions, neuritic dystrophy and amyloid angicopathy.
In addition, there are prominent argentophilic senile
neuritic plagues composed of enlarged, degenerating
axonal endings, containing degraded cellular
organelles and some paired helical filaments, that
surround a core of mainly extracellular amyloid
(Merritt, 1979, A pextbook of Neurology, 6th edition,
Lea & Febiger, Philadelphia, pp. 484-489). Small
amounts of these histological changes are found also
in the brains of almost all very old humans at
autopsy, even if they showed no symptoms of
Alzheimer's disease before death (Tomlinson &
Henderson, 1976, Neurobiology of Aging, p. 183,
Terry & Gershon (eds.), Raven, New York; Ball, 1976,
Neuropathol. Appl. Neurobiol., 2:395; Ball, 1977, Acta
Neuropathol., 37:111-118). However, the number and
total amount of these histological changes in brain
has been found to correlate well with the séverity of
the clinical signs and symptoms of Alzheimer's disease
(Kidd, 1963, Nature, 197:192-193; Terry et al., 1964,
Am. J. Pathol., 44:269-297; Roth et al., 1966, Nature,
209:109-110; Blessed et al., 1968, Br. J. Psychiat.,
114:797-881; Tomlinson et al., 1970, J. Neurol. Sci.,
11:205-242; Wisniewski, 1976, J. Neurol. Sci., 27:173~
181} . '

The diagnosis of Alzheimer's disease during
1ife is more difficult than at autopsy since it

depends upon an inexact clinical evaluation. In the

middle stages and particularly in the earlier stages

of the disease, the diagnosis is a matter of clinical

Fujirebio Diagnostics, Inc. v. Quanterix Corp.
EX-1008
000027



10

15

20

25

30

35

judgement and success is markedly dependent upon the
experience and clinical acumen of the attending
physician or consultant. In the late stages of the
disease however, clinical diagnosis is relatively
straight-forward even if it is not completely
unequivocal. In all cases, a wide variety of other
diseases, presenting at least partially overlapping
clinical pictures, must be positively ruled out before
a diagnosis of Alzheimer's disease can be made.
Usually a patient must be evaluated on a number of
occasions over some period of time in order to
document the deterioration in intellectual ability and
other signs and symptoms before a diagnosis can be
attempted with reasonable confidence. The necessity
of repeated evaluation by a professional medical
practitioner before a firm diagnosis can be made is
costly, generates anxiety and can be frustrating to
patients and their families. Furthermore, the
development of an appropriate therapeutic strategy is
greatly hampered by these difficulties in the
objective and rapid diagnosis of the disease,
particularly in the early stages where even a simple
arrest of the progress of the disease would leave the
patient with significant intellectual capacity and a
reasonable quality of life.

No unequivocal laboratory test specific for
Alzheimer's disease has been reported. European
patent application No. 391714 discloses a method for
the diagnosis of Alzheimer's disease based upon the
detection of mature B-amyloid protein, its precursor
protein or a fragment of 8-amyloid protein in non-
neural tissue biopsy using immunocassay techniques.
However, this approach is non-specific since it has
been recognized that a wide variety of degenerative

diseases, lead to the production and deposition of f-

.amyloid protein in almost all human tissues.

Furthermore, even though the gene coding for both the
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B-amyloid protein (Goldgaber et al., 1987, Science,
235:877-80; Tanzi et al., 1987a, Science, 235:880-884)
and the gene for familial Alzheimer's disease (St.
George-Hyslop et al., 1987, Science, 325:885-89%0) have
been located on human chromosome 21, it has been shown
that the linkage between the two genes is not very
close (Van Broedkhoven et al., 1987, Nature, 329:153-
155; Tanzi et al., 1987b, Nature, 329:156-187). In
addition, it is known that despite some earlier
claimg, f-amyloid protein forms no part of the paired
helical filaments within neurofibrillary tangles (for
review see Wischik et al., 1989, Curr. Opinion Cell
Biol., 1:115-122). Therefore, even though f-amyloid
protein is deposited in many tissues of patients with
Alzheimer's disease, it has not been definitively
linked to Alzheimer's disease in a manner different to
its association with many other degenerative diseases.
Thus, the diagnostic usefulness of antibodies directed
to mature f-amyloid protein, its precursor or any of

its fragments must be considered marginal at best.

2.2 NEUROFIBRILLARY TANGLES AND
ALZHEIMER'S DISEASE

It is now known that the only definitive
feature of Alzheimer's disease is the presence of
grossly increased quantities of neurofibrillary
tangles within the affected cortical regions of brain
compared to either normal brain from humans of any age
or to brain from any disease state other than
Alzheimer's disease itself. However, the
neurofibrillary tangles have not heretofore been
exploited for use in a diagnostic or screening assay
for Alzheimer's disease.

The progression of Alzheimer's disease is
characterized by a loss of cortical substance in the
brain. This fact has been well documented over many

years by many different researchers. The most
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characteristic lesion in Alzheimer's disease is the
presence of paired helical filaments in discrete,
randomly interwoven groups or neurofibrillary tangles
within affected cortical neurons. In addition, the
number and size of these tangles within an affected
neuren as well as the total number of tangles and the
total amount of constituent tau-protein in an affected
brain correlates with the progression and severity of
the disease. Therefore, it is believed that as these
tangles increase in size and number they must
interfere with the physiclogical function of each cell
in which they occur, eventually leading directly to
the death and lysis of that cell. Recently, it has
been reported that the cytosolic ATP-dependent
protease signal protein, ubiquitin, becomes attached
to neurofibrillary tangles (Mori et al., 1987,
Science, 235:1641-1644). Since ubiquitinated proteins
are rapidly degraded, this suggests that the affected
cell recognizes the tangles as a foreign structure
requiring degradation. It is further believed that
this mechanism of cortical neuron death is responéible
for the progressive loss of cortical substance and,
therefore, the loss of intellectual capacity as well
as the appearance of the other signs and symptoms of
Alzheimer's disease.

The paired helical filaments are composed of
an unknown protein of 90,000 molecular weight (Mr)
associated with various tau-protein species. A
tightly bound helical core is formed between the
90,000 Mr protein and the large middle domain of the
tau-protein as well as a region of the C-terminal
domain, which contains the imperfect tandem repeat.
The structural ceonformation of the helical core allows
the N-terminal and C-terminal domains of the tau-
protein to protrude at some angle from the axis of the
paired helical filament thereby forming a protease-

sensitive coat around the paired helical filaments

Fujirebio Diagnostics, Inc. v. Quanterix Corp.
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(Wischik et al., 1988, Proc. Natl. Acad. Sci. USA.,
85:4884-4888). The research groups working in this
area are directing their efforts towards
characterizing the protease-resistant core of the
paired helical filaments in order to understand the
nature of the stable interaction and the nature of the
modification that occurs to tau-proteins in
Alzheimer's disease (for reviews, see Wischik et al.,
1989, Curr. Opinion Cell Biol., 1:115-122; Kosik,
1990, Curr. Opinion Cell Biol., 2:101-104). This
crientation of research effort as well as research
directed towards the molecular genetics of the tau--
protein are likely to lead to an understanding of the
primary cause of Alzheimer's disease.

From the foregoing, it is clear that no one
concerned with Alzheimer's disease has realized that
its diagnosis ultimately must depend upon the
detection and gquantitative measurement of the amount
of the component substance or substances that
constitute these neurofibrillary tangles in victims of
the disease. The detection of associated substances
that can also be found in other disease states can
never be as definitive as the detection of the actual
substance building up in affected neurons in
Alzheimer's disease causing the eventual death of

those cells. What has alsoc not been realized is that
the protease stability of the core of the paired
helical filaments makes it unlikely that any part of
the tau-protein or the 90,000 Mr protein present in
this stable core will ever be found outside the brain.
The slow destruction of these stable cores, following
their release by dead neurons, can be conceived to
occur only in situ and as a conseguence of
phagocytosis by microglia. The most likely reason for
the reluctance or failure to recognize the potential
of using components of the neurofibrillary tangles in

the diagnosis of Alzheimer's disease relates to the

Fujirebio Diagnostics, Inc. v. Quanterix Corp.
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natural abhorrence that a person would feel if
required to hiopsy the brain of any living human being
even in the last stages of the disease in crder to
measure these substances. The biopsy procedure is
extremely invasive and must leave the perscn so
biopsied less than whole. However, the scientific
community has not considered the possibility that
biopsy might not be necessary in order to detect the
substance or substances in question.

In contrast to the relevant literature, the
diagnostic approach of the present invention is based
on the recognition that the whole of the 200 amino |
acid N-terminal residues of the various tau-proteins
as well as some portion of their 50 amino acid most C-
terminal residues will be released when cleaved from
the filaments by ubiquitin-recognizing proteases or
other proteases during degeneration and rupture of
affected neurons. The diagnostic assays of the
invention are based on the principle that it is these
cleaved latter segments of tau-proteins that can f£ind
their way into body fluids outside the brain and whose
detection and quantitation are important for
diagnostic purposes. Additicnal support for this last
conclusion comes from the observation that other
brain-specific, soluble and protease-sensitive
proteins find their way into blood and spinal fluid
following head trauma (Phillips et al., 198C, Br. Med.
J., 281:777-779; Brayne et al., 1982, Lancet, ii:1308-
9) and various other types of neurological disorders
(Thompson et al., 1980, J. Neurol. Sci., 47:241-254;
Willson et al., 1980, Ann. Clin. Biochem., 17:110-
113). ‘

3. SUMMARY OF THE INVENTION

The present invention relates to methods and
kits for diagnosing, subtyping and monitoring

Alzheimer's disease. The invention is based, in part,
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on the discovery that proteolytic fragments of the
amino and carboxy terminal amino acid residues of tau-
proteins are released from the neurofibrillary tangles
associated with the disease and can be detected in
body fluids outside the brain.

The generation and purification of tau-
proteins and peptide fragments of the amino terminal
and carboxy terminal regions of tau-proteins are
described. These tau-proteins and fragments thereof
may be used to generate monoclonal antibodies,
polyclonal antibodies or Fab fragments that, in turn,
can be used in immunoassays to detect circulating tau-
peptides in suspected individuals. Alternatively, the
tau-peptides thenselves may be used in immunoassays to

detect circulating autoantibodies in such individuals.

3.1 DEFINITIONS

The term tau-protein is defined herein as

any one of the proteins that comprise a single
constituent part of the tau-complex of proteins.

The tau-complex of proteins is defined as
that group of microtubule associated proteins (MAPS)
from vertebrate brain that have the following
characteristics: (a) co-purify with tubulin during the
cycle purification of microtubules, particularly in
the absence of glycercl (Asnes & Wilson, 1979, Anal.
Biochem., 98:64-73; Murphy & Hiebsch, 1979, Anal.
Biochem., 96:225-235); (b) separate from tubulin
present in the microtobules obtained by the cycle
technique when an ice-cold sample of such a
preparation is chromatographed on a phosphocellulose
column, using zf(N—morpholino)—ethanesulphonic acid
(MES) buffer to remove tubulin and using MES buffer
containing 1 M NaCl to remove the tau-complex of

proteins (Weingarten et al., 1975, Proc. Natl. Acad.

Sci. USA, 72:1858-1862; cleveland et al., 1977, J.

Mol. Biol., 116:207-225; Cleveland et al., 1979, J.
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Biol. Chem., 254:12670-12678); (c} are included in a
column of Sepharose 6B when chromatographed on such a
matrix and where they migrate as an aggregated species
not far from the exclusion volume but have individual
unaggregated native molecular masses between 10,000
and 100,000 Mr regardless of axial ratio (Cleveland et
al., 1977, J. Mol. Biol., 116:207-225); (d) react with
any of a number of antibodies described in the
literature as "anti-tau" or with a commercial antibody
described as anti-tau; (e) contain within each and
every one of their C-terminal domains an imperfect
tandem repeat of the type described in the literature
(Lewis et al., 1988, Science, 242:936-939; Goedert et
al., 1989, EMBO J., 8:393-339; Kanai et al., 1989, J.
Cell Biol., 109:1173-1184); and (f) are either heat-
stable or heat-labile as described by Cleveland et
al., 1977, J. Mol. Biol., 116:207-225.

The term "forward sandwich assay" is defined
in ite most basic form as an assay wherein the sample
to be tested containing the tau-peptide reacts with an
anti-tau-peptide antibody that has been immobilzed
upon a solid substrate; then a labeled second anti-
tau-peptide antibody is added, which reacts with the
tau-peptide at a different site.

The term "reverse sandwich assay" is defined
in ite most basic form as an assay wherein the labeled
anti-tau-peptide antibody and sample to be tested
containing the tau-peptide are first incubated
together and then added to a second unlabeled anti-
tau-peptide antibody that had previously been
immobilized upon a solid substrate as in the "forward
sandwich assay". Both the labeled and the unlabeled
anti-tau-peptide must react with the tau-peptide at a

different site.
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\;"f 4. DESCRIPTION OF THE FIGURE @gqiDNO:D

?igure 1 shows the, complete nucleotide,and
o (€A Tpr02) A"
amino acid sequenceqnof one form of human tau-proteiln,
reproduced from Goedert et al., 1988, Proc. Natl.

Acad. Sci. USA, 85:4051~-4055.

5. DETAILED DESCRIPTION OF THE INVENTION

The present invention results from the
unexpected discovery of several physiological
functions for individual proteins in the tau-complex
of proteins that have not heretofore been described
and are in addition to the well recognized function of
promoting the polymerization of microtubules and/or
their stability. This discovery has permitted the
development cf assays for the individual proteins in
the tau-complex of proteins and their subsequent
purification with retention of their native
configuration and physiological activity. The
invention is based, in part, on the discovery that in
patients suffering from Alzheimer's disease there is
proteolytic fragmentation of the tau-complex of
proteins which occurs independently of
phosphorylation, such that only the N-terminal domain
comprising up to not more than the 200 most N-terminal
amino acids or less and the C-~terminal domain
comprising up to only the 50 most C-terminal amino
acids or less of tau will be released from the pairéd
helical filaments, resident in the neurofibrillary
tangle or free in the cytoplasm of affected neurons,
and make their way intec spinal fluid and blood.

This invention provides the first
demonstration that any part of the tau-proteins of
brain in victims of Alzheimer's disease are also
present in body fluids outside the brain itself in
concentrations greatly exceeding that found in normal
humans that are not victims of Alzheimer's disease.

This is achieved by examining a sample of body fluid,

Fujirebio Diagnostics, Inc. v. Quanterix Corp.
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preferably blood or spinal fluid, and detecting the
presence and quantity of any of the tau-proteins or
fragments thereof. The detection and guantitative
measurement of any of these tau-proteins or fragments
thereof in body fluids in accordance with this
invention is useful in confirming a clinical diagnosis
of Alzheimer's disease in affected patients and in
following the course of the disease. The invention is
also useful in monitoring the disease during and
subsequent to a period of treatment with agents that
are being tested for their ability to stabilize,
decrease or prevent the release of tau-proteins or
fragments thereof from the brain.

Alternatively, the invention is directed to
the production of tau-peptides for use in detecting
circulating anti-tau-peptide autoantibodies in body
fluids outside the brain in victims of Alzheimer's
disease. The detectien of circulating anti-tau-
peptide autoantibodies in accordance with this
invention is useful in confirming a clinical diagnosis
of Alzheimers disease in affected patients and in
following the course of the disease.

For purposes of description only, the
invention will be described in terms of: (a)
generating tau-peptides; (b) generating antibodies
that define the tau-peptide; and (c) diagnostic assays
and kits for diagnosing subtyping or monitoring

Alzheimer's disease.

5.1 PRODUCTION QF TAU-PEPTIDES
5.1.1 ENZYMATIC CLEAVAGE OF PURIFIED TAU-PROTEINS

The production of tau-peptides may be

accomplished by isolating the paired helical filaments
from human brains of patients who died with Alzheimers

disease and purifying the helical complex containing

‘the tau-protein and the 90,000 Mr protein (see Section

6, infra). The tau-protein is associated with the
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90,000 Mr protein such that the 200 most amino
terminal residues and the 50 most carboxy terminal
residues protrude from the helical core of the conmplex
thereby rendering those fragments susceptible to
proteolytic enzymes.

The cleavage of the tau-protein into two
large fragments of amino acid residues 1 to 151 and
154 to 352 and the dipeptide, Ser-Arg, may be
accomplished using either one of the arginine-specific
proteolytic enzymes such as thrombin (EC 3.4.13) as
described recently (Joly et al., 1989, J. Cell Biol.,
109:2289-2294) or clostridiopeptidase B (clostripain)
(EC 3.4.4.20). The preferred embodiment uses
clostripain because the enzyme is a sulphydryl enzyme,
requiring calcium ions for full activity.
consequently, its activity can be terminated
conveniently by the addition of excess jodoacetamide
and ethylene glycol—bis(ﬁ—aminoethyl ether) N,N,
N',N'~tetraacetic acid (EGTA). In the case of either
protease the concentration of tau-protein is adjusted
o0 100 pg/ml before beginning the digestion. Purified
alostripain is used at a concentration of 4
international units/ml in the following buffer (50 mM
phosphate puffer pH 7.7, 1 mM B—mercaptoethanol, and 1
mM calcium acetate). Soybean trypsin inhibitor
(clostripain/inhibitor molar ratio = 10/1) is added in
order to eliminate any small residual trypsin activity
in commercially available preparations of the enzyme.
The cleavage reaction is conducted at 37°C and is
terminated by the addition of a sufficient volume of a
100 mM stock solution EGTA, pH 7.7, containing 100 mM
iodoacetimide to give a final concentration of 2 mM
EGTA in the protease reaction mixture. The exact time
required for proteolysis varies with each tau-protein

and markedly depends upon the batch of clostripain

‘used. Therefore, the optimum time for a gingle

cleavage must be determined for each combination of
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clostripain batch and tau-protein used. The time

course of the cleavage reaction is determined by

conducting the reaction as described above, but on a

20 pl1 volume and assaying the cleavage reaction by

subjecting samples at various times to sodium dodecyl

sulphate polyacrylamide gel electrophoresis (SDS PAGE)

according to the method of Laemmli, (Nature, 1970,
227:680-684) as modified by studier, Sci., 176:367-376
(1972) using a 10% (w/v) polyacrylanide resolving gel

followed by Serva blue staining and destaining in the

usual manner of anyone familiar with the art.

The two large tau-peptide fragments.

resulting from either thrombin or clostripain

proteolysis may be further cleaved by digestion with

trypsin, which cleaves on the carboxy terminus of

lysine or arginine residues. See for example, the

techniques described in current Protocols in Molecular

Biclogy, Ausubel et al., Green Publish. Assoc. & Wiley

Interscience, Ch. 10.

The sequence of tau-peptides derived from

proteolytic digestion may be identified using the

Fdman degradation method of protein sequencing. This

method sequentially removes one amine acid residue at

a time from the amino terminal end of a peptide for

subsequent sequence jdentification by chromatographic

procedures. See for exaﬁple, the techniques described

in Konigsberg and Steinman, 1977, Strategy and Methods

of Sequence Analysis, in Neurath and Hill (eds.), The

proteins (3rd ed.) Vol. 3, pp. 1-178, Academic Press.

In addition, sequence analysis of tau~peptides may be

accelerated by using an automated liguid phase amino

acid sequenator following recently described

techniques (Hewick et al., 1981, J. Biol. chem.,
256:7990-7997; Stein and Undefriend, 1984, Analy.

Chem. , 136:7—23), thereby allowing for the analysis of

50 amino acid residues in length.

‘picomolar quantities of tau-peptides containing up to

Fujirebio Diagnostics, Inc. v. Quanterix Corp.

EX-1008
000038



15

20

25

30

35

_16_

5.1.2 CHEMICAL SYNTHESIS8 OF TAU-PEPTIDES

Tau-peptides can also be produced by
chemical synthesis of the amino acid sequence of a
tau-protein (Goedert et al., 1988, Proc. Natl. Acad.
Sci. USA, 85:4051-4055), as predicted from the cloning
and sequencing of a cDNA coding for a tau-protein.
This tau-protein sequence information may be utilized
to predict the appropriate amino and carboxy terminal
tau-peptides to be chemically synthesized using
standard peptide synthesis methods known in the art.
These methods include a solid-phase method devised by
R. Bruce Merrifield, (Erickson and Merrifield, "Solid-
Phase Peptide Synthesis", in The Proteins, Volume 2,
H. Neurath & R. Hill (eds.) Academic Press, Inc., New
York pp. 255-257; Merrifield, 1986, "Spolid phase
synthesis", Science, 242:341-347). 1In the solid-phase
method, amino acids are added stepwise to a growing
peptide chain that is linked to an insoluble matrix,
such as polystyrene beads. A major advantage of this
method is that the desired product at each stage is
bound to beads that can be rapidly filtered and washed
and thus the need to purify intermediates is obviated.
A1l of the reactions are carried out in a single
vessel, which eliminates losses due to repeated
transfers of products. This solid phase method of
chemical peptide synthesis can readily be automated
making it feasible to routinely synthesize peptides
containing about 50 residues in good yield and purity
(Stewart and Young, 1984, Solid Phase Peptide
Synthesis, 2nd ed., Pierce Chemical Co.; Tam et al.,
1983, J. Am. Chem. Soc., 105:6442). For example, tau-
peptides corresponding to amino acid residues i to 30
and 331 to 352 as depicted in Figure 1 could be
synthesized.

Fujirebio Diagnostics, Inc. v. Quanterix Corp.
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5.1.3 CLONING AND EXPRESSION OF RECOMBINANT
TAU-PROTEINS AND/OR TAU-PEPTIDES

The production of tau-peptides can further
be achieved by recombinant DNA technology. For
example, appropriate tau nucleotide coding sequences
may be synthesized, cloned and expressed in
appropriate host cells. Since the DNA sequence
encoding for a tau-protein is known (Goeddert et al.,
1988, Proc. Natl. Acad. Sci., USA 85:4051-4055), DNA
probes may be synthesized by standard methods known in
the art to screen cDNA libraries prepared from brain
tissue of Alzheimer's disease patients for the
specific tau-protein cDNA's. These DNA probes can
further be used to iscolate the entire family of tau-
protein genes from these cDNA libraries using methods
which are well known to those skilled in the art.

See, for example, the techniques described in Maniatis
et al., 1982, Molecular Cloning A Laboratory Manual,
Ccold Spring Harbor Laboratory, N.Y., Chapter 7.

The polymerase chain reaction (PCR)
technique can be utilized to amplify the individual
members of the tau family for subsequent cloning and
expression of tau-protein cDNAs (e.g., see U.S. patent
nunbers 4,683,202; 4,683,195; 4,889,818; Gyllensten et
al., 1988, Proc. Nat’'l Acad. Sci. USA, 85:7652-7656;
Oochman et al., 1988, Genetics, 120:621-623; Triglia et
al., 1988, Nucl. Acids. Res., 16:8156; Frohman et al.,
1988, Proc. Nat'l Acad. Sci. USA, 85:8998-9002; Loh et
al., 1989, Science, 243:217-220).

- Methods which are well known to those
skilled in the art can be used to construct expression
vectors containing tau-proteins or fragments thereof
coding sequences and appropriate
transcriptional/translational control signals. These
methods include in vitro recombinant DNA techniques,

synthetic techniques and in vivo recombination/genetic

‘recombination. See, for example, the techniques
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described in Maniatis et al., 1982, Molecular Cloning
A Laboratory Manual, Cold Spring Harbor Laboratory,
N.Y., Chapter 12.

A variety of host expression vector systems
may be utilized to express tau-proteins or fragments
thereof. These include but are not limited to
microorganisms such as bacteria transformed with
recombinant bacteriophage DNA, plasmid DNA or cosmid
DNA expression vectors containing a coding sequence
for a tau-protein or fragment thereof; yeast
transformed with recombinant yeast expression vectors
containing a coding sequence for a tau-protein or
fragment thereof; insect cell systems infected with
reéombinant virus expression vectors (e.g.,
baculovirus) containing a coding sequence for a tau-
protein or fragment thereof; or animal cell systems
infected with recombinant virus expression vectors
(e.g., adenovirus, vaccinia virus} containing a coding
sequence for a tau-protein or fragment thereof.

The expression elements of these vectors
vary in their strength and specificities. Depending
on the host/vector system utilized, any of a number of
suitable transcription and translation elements,
including constitutive and inducible promoters, may be
used in the expression vector. For example, when
cloning in bacterial systems, inducible promoters such
as pL of bacteriophage'h, plac, ptrp, ptac (ptrp-lac
hybrid promoter) and the like may be used; when
cloning in insect cell systems, promoters such as the
baculovirus polyhedrin promoter may be used; when
cloning in mammalian cell systems, promoters such as
the adenovirus late promoter or the vaccinia virus
7.5K promoter may be used. Promoters produced by
recombinant DNA or synthetic technlques may also be

used to provide for transcription of the 1n5erted

“coding sequence for a tau-protein or fragment thereof.
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In yeast, a number of vectors containing
constitutive or inducible promoters may be used. For
a review see, Current Protocols in Molecular Biology,
Vol. 2, 1988, Ed. Ausubel et al., Greene Publish.
Assoc. & Wiley Interscience Ch. 13; Grant et al.,
1987, Expression and Secretion Vectors for Yeast, in
Methods in Enzymology, Eds. Wu & Grossman, 1987, Acad.
Press, N.Y., Vol. 153, pp. 516-544; Glover, 1986, DNA
Cloning, Vol. II, IRL Press, Wash., D.C. Ch.3; and
Bitter, 1987, Heterologous Gene Expression in Yeast,
Methods in Enzymology, Eds. Berger & Kimmel, Acad.
Press, N.Y., Vol. 152, pp. 673-684; and The Molecular
Biology of the Yeast Saccharomyces, 1982, Eds.
strathern et al., Celd Spring Harbor Press, Vols. I
and II. For complementation assays in yeast, cDNAs
for tau-proteins or fragments thereof may be cloned
into yeast episomal plasmids (YEp) which replicate
autonomously in yeast due to the presence of the yeast
2n circle. The tau-protein or fragment thereof
sequence may be cloned behind either a constitutive
yeast promoter such as ADH or LEU2 or an inducible
promoter such as GAL (Cleoning in Yéast, Chpt. 3, R.
Rothstein In; DNA Cloning Vol. 11, A Practical
Approach, Ed. DM Glover, 1986, IRI. Press, Wash.,
p.C.). Constructs may contain the 5' and 3' non-
translated regions of a cognate tau-protein mRNA or
those corresponding to a yeast gene. YEp plasmids
transform at high efficiency and the plasmids are
extremely stable. Alternatively vectors may be used
which promote integration of foreign DNA sequences
into the yeast chromosome.

A particularly good expression system which
could be used to express tau-proteins or fragments
thereof is an insect system. In one such system,

Autographa californica nuclear polyhedrosis virus

- (ACNPV) 1is used as a vector to express foreign genés.

The virus grows in Spodoptera frugiperda cells. The
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tau-protein or fragment thereof coding sequence may be
cloned into non-essential regions (for example the
polyhedrin gene) of the virus and placed under control
of an AcCNPV promoter {(for example the polyhedrin
promoter). Successful insertion of the polyhedrin
gene results in production of non-occluded recombinant
virus (i.e., virus lacking the proteinaceous coat
coded for by the polyhedrin gene). These recombinant
viruses are then used to infect Spodoptera frugiperda
cells in whicn the inserted gene is expressed. (e.g.,
see Smith et al., 1983, J. Biol., 46:586; Smith, U.S.
Patent No. 4,215,051).

In cases where an adenovirus is used as an
expression vector, the tau-protein or fragment thereof
coding sequence may be ligated to an adenovirus
transcription/translation control complex, e.g., the
late promoter and tripartite leader sequence. This
chimeric gene may then be inserted in the adenovirus
genome by in vivo or in vitro recombination.

Insertion in a non-essential region of the viral
genome (e.g., region El or E3) will result in a
recombinant virus that is viable and capable of
expressing the tau-protein of fragment thereof in
infected hosts. (e.g., See Logan & Shenk, 13984, Proc.
Natl. Acad. Sci., (USA) 81:3655-3659). Alternatively,
the vaccinia 7.5K promoter may be used. (e.g., see
Mackett et al., 1982, Proc. Natl. Acad. Sci., (USA}
19:7415-7419; Mackett et al., 1984, J. Virol., 49:857-
g64; Panicali et al., 1982, Proc. Natl. Acad. Sci.,
79:4927-4931) .

Specific initiation signals may also be
required for efficient translation of the inserted
tau-protein or fragment thereof coding sedquences.
These signals include the ATG initiation codon and
adjacent sequences. In cases where the entire tau-
protein genome, including its own initiation codon and

adjacent seguences, are inserted into the appropriate
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expression vectors, no additional translational
control signals may be needed. However, in cases
where only a portion of the tau-protein coding
sequence is inserted, exogenous translational control
signals, including the ATG initiation codon, must be
provided. Furthermore, the initiation codon must be
in phase witn the reading frame of the tau-protein or
fragment thereof coding sequence to ensure translation
of the entire insert. These exogenous translational
control signals and initiation codons can be of a
variety of origins, both natural and synthetic. The
efficiency cf expression may be enhanced by the
inclusion of appropriate transcription enhancer
elements, transcription terminators, etc. (see Bitter
et al., 1987, Methods in Enzymol., 153:516-544).

In addition, a host cell strain may be
chosen which modulates the expression of the inserted
sequences, oY modifies and processes the gene product
in the specific fashion desired. Expression driven by
certain promoters can be elevated in the presence of
certain inducers, (e.g., zinc and cadmium ions for
metallothionein promoters). Theréfore, expression of
the genetically engineered tau-protein or fragment
thereof may be controlled. This is important if the
protein prcduct of the cloned foreign gene is lethal
to host cells. Furthermore, modifications (e.g.,
glycosylation) and processing (e.g., cleavage} of
protein products may be important for the function of
the protein. Different host cells have characteristic
and specific mechanisms for the post-translational
processing and modification of proteins. Appropriate
cell lines or host systems can be chosen to ensure the
correct modification and processing of the foreign
protein expressed.

The host cells which contain the tau-protein
or fragment thereof coding sequence and which express

the biologically active tau-protein or fragment

Fujirebio Diagnostics, Inc. v. Quanterix Corp.
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thereof gene product may be identified by at least
four general approaches: (a) DNA-DNA hybridization;
(b) the presence or absence of "marker" gene
functions; (¢) assessing the level of transcription as
measured by expression of tau-protein mRNA transcripts
in host cells; and (d) detection of tau-protein gene
products as measured by immunoassays or by its
biological activity.

In the first approach, the presence of the
tau-protein or fragment thereof coding sedquence
inserted in the expression vector can be detected by
DNA-DNA hybridization using probes comprising
nucleotide sequences that are homologous to the tau-
protein coding sequence or particular portions thereof
substantially as described recently (Goeddert et al.,
1988, Proc. Natl. Acad. Sci. USA, 85:4051-4055).

In the second approach, the recombinant
expression vactor/host system can be identified and
selected based upon the presence or absence of certain
"marker" gene functions (e.g., thymidine kinase
activity, resistance to antibiotics, resistance to
methotrexate, transformation phenotype, occlusion body
formation in baculovirus, etc.}. For example, if the
tau-protein or fragment thereof coding sequence is
inserted within a marker gene sequence of the vector,
recombinants containing the tau-protein or fragment
thereof coding sequence can be identified by the
absence of the marker gene function. Alternatively, a
marker gene can be placed in tandem with the tau-
protein or fragment thereof coding sequence under the
control of the same or different promoter used to
control the expression of the tau coding seguence.
Expression cf the marker in response to induction or
selection irdicates expression of the tau-protein
coding sequence.

Ir the third approach, transcriptional

activity for the tau-protein or fragment thereof
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coding region can be assessed by hybridization assays.
For example, RNA can be isolated and analyzed by
Northern blot using a probe homologous to the tau-
protein or fragment thereof coding seguence or
particular portions thereof substantially as described
(Goeddert et al., 1988, Proc. Natl. Acad. Sci. USA,
85:4051-4055). Alternatively, total nucleic acids of
the host cell may be extracted and assayed for
hybridization to such probes.

Tn the fourth approach, the expression of
the tau-protein or fragment thereof product can be
assessed immunologically, for example by Western
blots, immuncassays such as radioimmunoprecipitation,
enzyme-linked immunoassays and the like.

Once a recombinant that expresses a tau-
protein or fragment thereof is identified, the gene
product should be analyzed. This can be achieved by
assays based on the physical, immunological or
functional properties of the product. i

A tau-protein or fragment thereof should be
immunoreactive whether it results from the expression
of the entire gene sequence, a portion of the gene
sequence or from two or more gene sequences which are
ligated to direct the production of chimeric proteins.
This reactivity may be demonstrated by standard
immunelogical techniques, such as
radioimmunoprecipitation, radioimmune competition, or

immunoblots.

5.2 GENERATION OF ANTIBODIES THAT
DEFINE TAU~PEPTIDES

various procedures known in the art may be

used for the production of antibodies to epitopes of
the tau-protein. Such antibecdies include but are not
limited to polyclonal, monclonal, chimeric, single
chain, Fab fragments and an Fab expression library.

For the production of antibodies, various host animals
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may be immunized by injection with a particular tau-
protein, or a synthetic tau-peptide, including but not
1imited to rabbits, mice, rats, etc. Various
adjuvants may be used to increase the immunoclogical
response, depending on the host species, including but
not limited to Freund's (complete and incomplete),
mineral gels such as aluminum hydroxide, surface
active substances such as lysolecithin, pluronic
polyols, polyanions, peptides, oil emulsions, keyhole
limpet hemocyanin, dinitrophenol, and potentially
useful human adjuvants such as BCG (bacille Calmette-
Guerin) and corynebacterium parvum.

Monoclonal antibodies to peptides of tau may
be prepared by using any technigue which provides for
the production of antibody molecules by continuous
cell lines in culture. These include but are not
1imited to the hybridoma technique originally
described by Kohler and Milstein, (Nature, 1975,
256:495-497), the more recent human B-cell hybridoma
technique (Kosbor et al., 1983, Immunology Today,
4:72) and the EBV-hybridoma technique (Cole et al.,
1985, Monoclonal Antibodies and Cancer Therapy, Alan
R. Liss, Inc., pp. 77-96). In an additional
embodiment of the invention monoclonal antibodies
specific to tau-peptides may be produced in germ-free
animals utilizing recent technology (PCT/US90/02545).
According to the invention, human antibodies may be
used and can be obtained by using human hybridomas
(Cote at al., 1983, Proc. Natl. Acad. Sci., B0:2026-
2030) or by transforming human B cells with EBV virus
in vitro (Cole et al., 1985, in, Monoclonal Antibodies
and Cancer Therapy, Alan R. Liss, pp- 77-96). In
fact, according to the invention, techniques developed
for the production of nchimeric antibodies" (Morrison
et al., 1984, Proc. Natl. Acad. Sci., 81:6851-6855;

' Neuberger et al., 1984, Nature, 312:604-608; Takeda et

al., 1985, Nature, 314:452-454) by splicing the genes
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from a mouse antibody molecule of appropriate antigen
gpecificity together with genes from a human antibedy
molecule of appropriate biological activity can be
used; such antibodies are within the scope of this
invention.

According to the invention, techniques
described for the production of single chain
antibodies (U.S. Patent 4,946,778} can be adapted to
produce tau-peptide-specific single chain antibodies.

An additional embodiment of the invention
utilizes the technigues described for the construction
of Fab expression libraries (Huse et al., 1989,
Science, 246:1275-1281) to allow rapid and easy
jdentification of monoclonal Fab fragments with the
desired specificity to tau-peptides.

Antibody fragments which contain specific
binding sites of tau-peptides may be generated by
known techniques. For example, such fragments include
but are not limited to: the F(ab'), fragments which can
be produced by pepsin digestion of the antibody
molecule and the Fab fragments which can be generated
by reducing the disulfide bridges of the F(ab'),

fragments.

5.3 DIAGNOSTIC ASSAYS AND KITS FOR
ALZHEIMER'S DISEASE

Yet another purpose of the present invention
is to provide reagents for use in diagnostic assays
for the detection of tau-peptides from individuals
suffering from Alzheimer's disease.

Tn one mode of this embodiment, tau-peptides
of the present invention may be used as antigens in
immunoassays for the detection of those individuals
suffering from Alzheimer's disease. The proteins,
polypeptides and peptides of the present invention may
pe used in any immunoassay system known in the art

including, but not limited to: radioimmunoassays,
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enzyme-linked immunosorbent assay, wgandwich" assays,
precipitin reactions, gel diffusion immunodiffusion
assays, agglutination assays, fluorescent
immunoassays, protein A immunoassays and
immunoelectrophoresis assays, to name but a few. U.S.

patent No. 4,629,783 and patents cited therein also

.-describe suitable assays.

According to the present invention,
monoclonal or polyclonal antibodies produced to
various forms of the tau-protein, can be used in an
smmunoassay on samples of blood, spinal fluid or other
body fluid to diagnose patients with Alzheimer's
disease.

In practicing the invention, a sample of
plood is removed from the patient by venesection and
placed in centact with an anticoagulant such as EDTA,
mixed, centrifuged at 600 g for 10 min and the plasma
removed as is common in the art or a sample of spinal
fluid is removed from the patient by lumbar puncture.

The antibodies described in Section 5.2
supra may be used as the basic reagents in a number of
different immunoassays to determine the presence of a
particular tau-peptide in a sample of blood or spinal
fluid. Generally speaking, the antibodies can be
employed in any type of immunoassay, whether
gualitative or guantitative. Thig includes both the
two-site sandwich assay and the single site
immunoassay of the non-competitive type, as well as in
traditional competitive binding assays.

particularly preferred, for ease of
detection, and its guantitative nature, is the
sandwich or double antibody assay, of which a number
of variations exist, all of which are intended to be
encompassed by the present invention.

For example, in a typical forward sandwich
assay, unlabeled antiboedy {s immobilized on a solid

substrate, e.g., microtiter plate wells, and the
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sample to be +ested is brought into contact with the
bound moleculz. After a suitable period of
incubation, for a period of time sufficient to allow
formation of an antibody-antigen binary complex, a
second antibody, labelled with a reporter molecule
capable of inducing a detectable signal, is then added
and incubation is continued allowing sufficient time
for binding with the antigen at a different site and
the formation of a ternary complex of antibody-
antigen-labeled antibody. Any unreacted material is
washed away, and the presence of the antigen is
determined by observation of a signal, which may be'
quantitated hy comparison with a control sample
containing known amounts of antigen. Variations on
the forward sandwich assay include the simultaneous
assay, in which both sample and antibody are added
simultaneously to the bound antibody, or a reverse
sandwich assay in which the labelled antibody and
sampie to be tested are first combined, incubated and
added to the unlabelled surface pound antibody. These
techniques are well known to those skilled in the art,
and the poseibility of minor variations will be
readily apparent. As used herein, "sandwich assay" is

intended to encompass all variations on the basic two-

site technique.

For the sandwich assays of the present
invention, the only 1imiting factor is that both
antibodies have different binding specificities for
the tau-peptide. Thus, a number of possible
combinations are possible.

As a more specific example, in a typical
forward sandwich assay, a primary antibody is either
covalently or passively bound to a solid support. The

solid surface is usually glass or a polymer, the most

~ commonly used polymers being cellulose,

polyacrylamide, nylon, polystyrene, polyvinylchloride
or polypropylene. The solid supports may be in the
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form of tubes, beads, discs or microplates, or any
other surfaces suitable for conducting an immunoassay.
The binding processes are well known in the art.
Following binding, the solid phase-antibody complex is
washed in preparation for the test sample. An aliguot
of the body fluid containing the tau-peptide to be
tested is then added to the solid phase complex and
incubated at 25°C for a period of time sufficient to
allow binding of any tau-peptide present to the
antibody specific for tau-peptide. The second
antibody is then added to the solid phase complex and
jncubated at 25°C for an additional period of time
sufficient tc allow the second antibody to bhind to the
primary antibody-antigen solid phase complex. The
second antibody is linked to a reporter molecule, the
visible signal of which is used to indicate the
binding of the second antibody to any antigen in the
sample. By '"reporter molecule", as used in the
present specification is meant a molecule which by its
chemical nature, provides an analytically detectable
signal which allows the detection of antigen-bound
antibody. Detection must be at least relatively
quantifiable, to allow determination of the amount of
antigen in the sample, this may be calculated in
absolute terms, or may be done in comparison with a
standard (or series of standards) containing a known
normal level of antigen.

The most commonly used reporter molecules in
this type of assay are either enzymes or fluorophores.
In the case of an enzyme immunoassay an enzyme is
conjugated to the second antibody, often by means of
glutaraldehyde or periodate. As will be readily
recognized, however, a wide variety of different
conjugation techniques exist, which are well known to

the skilled artisan. Commonly used enzymes include

_horseradish peroxidase, glucose oxidase, f-

galactosidase and alkaline phosphatase, among others.
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The substrates to be used with the specific enzymes
are generally chosen for the production, upon
hydrolysis by the corresponding enzyme, of a
detectable color change. For example, p-nitrophenyl
phosphate is suitable for use with alkaline
phosphatase conjugates; for peroxidase conjugates,

1., 2-phenylenediamine or toluidine are commonly used.
It is also possible to employ fluorogenic substrates,
which yield a fluorescent product rather than the
chromogenic substrates noted above. 1In all cases, the
enzyme~labelled antibody is added to the first
antibody-tau-peptide complex and allowed to bind to
the complex, then the excess reagent is washed away.
A solution containing the appropriate substrate is
then added to the tertiary complex of antibody-
antigen-labelled antibedy. The substrate reacts with
the enzyme linked to the second antibody, giving a
qualitative visual signal, which may be further
gquantitated, usually spectrophotometrically, to give
an evaluation of the amount of antigen which is
present in the serum sample.

Alternately, fluorescent compounds, such as
fluorescein or rhodamine, may be chemically coupled to
antibodies without altering their binding capacity.
When activated by illumination with light of a
particular wavelength, the fluorochrome-labelled
antibody absorbs the light energy, inducing a state of
excitability in the molecule, followed by emission of
the light at a characteristic longer wavelength. The
emission appears as a characteristic color visually
detectable with a light microscope. As in the enzyme
immunoassay (FEIA), the fluorescent-labelled antibody
is allowed to bind to the first antibody-tau-peptide
complex. After washing the unbound reagent, the

remaining ternary complex is then exposed to light of

“the appropriate wavelength, and the fluorescence

observed indicates the presence of the antigen.

Fujirebio Diagnostics, Inc. v. Quanterix Corp.

EX-1008
000052



10

15

20

25

30

35

- 30 -

Immunofluorescence and EIA techniques are both very
well established in the art and are particularly
preferred for the present method. However, other
reporter molecules, such as radioisotopes,
chemiluminescent or bicluminescent molecules may also
be employed. It will be readily apparent to the
cskilled artisan how to vary the procedure to suit the
required use.

Alternatively, the sample to bhe tested
either human blood or spinal fluid containing the tau-
peptide may be used in a single site immunoassay
wherein it is adhered to a solid substrate either
covalently or noncovalently. An unlabeled anti-tau-
peptide antibody is brought into contact with the
sample bound on the solid substrate. After a suitable
period of incubation, for a period of time sufficient
to allow formation of an antibody-antigen binary
complex a second antibody, labelled with a reporter
molecule capable of inducing a detectable signal, is
t+hen added and incubation is continued allowing
sufficient time for the formation of a ternary complex
of antigen-antibody-labeled antibody. For the single
site immunassay, the second antibody may be a general
antibody (i.e., zenogeneic antibody to immunoglobulin,
particularly anti-(IgM and IgG) linked to a reporter
molecule) that is capable of binding an antibody that
is specific for the tau-peptide of interest.

Alternatively, the purified tau-proteins or
fragments thereof, déscribed in Section 5.1, supra,
may be used in a diagnostic assay to detect
circulating anti-tau-peptide autoantibodies wherein
they are adhered to a solid support either covalently
or non-covalently. The sample, either human blcod or
spinal fluid diluted in an appropriately buffered

medium, is added to the solid support and a sufficient

‘time is alléwed for complex formation between the tau-

proteins or fragments thereof and any cognate
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_31_.

autoantibodies in the sample. The supernatant is
removed and the solid support is washed to remove any
non-specifically bound proteins. To the complex may
be added xenogeneic antisera to human immunoglobulin,
particularly anti-(human Ig M and Ig G) in an
appropriately buffered medium. The xenogeneic
antisera will normally be labeled with a reporter
molecule as described above for the forward sandwich
assay. Instead of xenogeneic antisera, proteins
specific for the immune complex may be employed, e.9.,
§. aureus prctein A. The 1abel may then be detected

as described above for the forward sandwich assay.

6. EXAMPLE: PRODUCTION AND PURIFICATION OF
IMMUNOGENS FOR ANTIBODY PRODUCTION

6.1. PURIFICATION OF MICROTUBULES FROM
BOVINE BRAIN BY THE CYCLE PROCEDURE
A8 A SOURCE OF NATIVE, PHYSIOLOGICALLY
ACTIVE MICROTUBULE ASSOCTIATED PROTEINS

The cycle purification of microtubules from
bovine brain was performed in the presence of
guanosine triphosphate and low concentrations of
magnesium ions in order to obtain high ratios of
microtubule associated proteins to tubulin. This
cycle-purification was carried out in five separate
steps according to a modification of the method
described by Asnes & Wilson, (1979, Anal. Biochem.,
98:64-73) .

Step (1) Transport & pissection: Eight

povine brains (approximately 350 gram (g) each) were
removed, cut into pieces, placed in jce-cold transport
buffer f20 nM phosphoric acid (adjusted to pH 6.75
with 2M NaoOH) 100 mM sodium glutamate, 300 mM sucrose)
containing lce cubes made from transport buffer and
transported in an ice bucket from the abattoir to the

laboratory. The meninges, superficial blood vessels

"and the majority of the white matter was removed and
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discarded. The remaining brain tissue (approximately
1200 g) was drained and weighed.

Step (2) Homogenization: The selected brain

tissue was dispersed using two separate maneuvers
sequentially. The weighed brain tissue from step (1)
was passed once through a domestic electric mincer and
added to homogenization buffer [200 mM phosphoric acid
(adjusted to pH 6.75 with 2 M NaOH), 100 mM sodium
glutamate, 300 mM sucrose, 4 mM B-mercaptoethanol, 0.3
mM phenylmethanesulphonylf1u0ride (PMSF) (stock
solution, 100 mM in dimethylformamide (DMF)), 0.3 mM
Na-p-tosyl-1-lysine chloromethylketone {TLCK)
(prepared in PMSF stock solution), 50 pg/ml leupeptin,
few crystals of catalase] (at 0°C and at a
~oncentration of 1.5 ml buffer / g tissue). The
material was dispersed by gentle stirring with a glass
rod. The resulting suspension was then homogenized in
three batches with two complete strokes (up and down
twice for each batch separately) of a motor driven 1
liter (L) glass (2.2 inch diameter x 18 inch long)
Potter - Elvehjem homogenizer fitted with a 2 inch
long teflon pestle (0.005 inch clearance) at 0°C.

Step (3) First Cycle: Approximately 3000 ml

of the homogenate was added to twelve 250 ml plastic
centrifuge tubes and centrifuged at 27,880 g (13,000
rpm in two Sorval RC5B preparative centrifuges
containing two GSA rotors precooled to 3°C) for 53
minutes at 0-4°C. The supernatants were carefully
removed, combined and cofactor buffer [2.5 mM GTP, .50
mM MgcCl,, 1.0 mM EGTA (10 x stock solution adjusted to
pH 6.75 at 0°C with NaOH)] prepared in homogenization
buffer was added. The solution was mixed and then
approximately 1L portions together with a glass
thermometer was placed in separate polyethene sleeves
(10 inch x 14 inch) and heat sealed. The loaded
sleeves were gently agitated in a 50°C water bath
until the temperature of their contents reached 30°C
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whereupon they were immedjately transferred to a 30°C
water bath where the incubation continued without
further agitation for the remainder of a total period
of 30 minutes. Assembly was followed viscometrically
using calibrated 100-size Cannon Ubbleohde glass
viscometers. Approximately 2400 ml of the assembled
extract was transferred to 12 clean 250 ml plastic
centrifuge jars and centrifuged at 27,880 g (13,000
rpm in two Sorval RC5B preparative centrifuges
containing two Sorval GSA rotors prewarmed to 30°C)
for 42 minutes at 30°C. The supernatant was carefully
removed with an aspirator and its volume was measured,
recorded and discarded.

Step (4) Second Cycle: The final pellet from

the first cycle was resuspended in ice-cold
homogenization buffer without sucrose (10% of volume
of the supernatant from the first cycle) using a
precooled small Dounce homogenizer. Approximately
220 ml of the resuspended pellet was incubated at 0°C
for 30 minutes, added to six 36 ml plastic centrifuge
tubes, and centrifuged at 39,000 g (14,627 rpm in a
Sorval OTD centrifuge containing a Sorval AH-627 rotor
precooled to 3°C) for 40 minutes at 0 to 4°C. The
supernatant was carefully transferred to a 1L glass
conical flask and cofactor buffer was added. The
solution was mixed and gently swirled in the 50°C
water bath until the temperature reached 30°C. The
flask was then immediately transferred to a 30°C water
bath where the incubation continued without further
agitation for a total period of only 10 minutes. The
extract was transferred to six 36 ml plastic
centrifuge tubes and centrifuged at 39,000 g (14,726
rpm in a Sorval OTD ultracentrifuge containing a
sorval AH-627 rotor) for 30 minutes at 30°C. The
supernatant was removed carefully with an aspirator

and its volume was measured and discarded.
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Step (5) Third Cycle - The final péllet from

the second cycle was resuspended in ice-cold

homogenization buffer without sucrose (40% of the
volume of the supernatant from the second cycle) using
a clean precooled small Dounce homogenizer.
Approximately 90 ml of resuspended pellet was
incubated at 0°C for 30 minutes, transferred to three
36 mlrtubes, and centrifuged at 39,000 g (14,726 rpm
in a Sorval OTD ultracentrifuge containing a Sorval
AH-627 rotor with 36 ml buckets) for 40 minutes at 0
to 4°C. Approximately 80 ml of supernatant was
carefully transferred toc a 500 ml glass conical flask
and cofactor buffer was added. The solution was mixed
and gently swirled in the 50°C water bath until the
temperature of the contents of the flask reached 30°C.
Then the flask was immediately transferred to the 30°C
water bath where the incubation continued without
further agitation for a total period of 20 minutes.
The warm extract was transferred to six 17 ml plastic
centrifuge tubes and centrifuged at 39,000 g (sorval
PTD centrifuge containing a Sorval AH-627 rotor with
17 ml buckets) for 40 minutes at 30°C. The
supernatant was removed carefully with an aspirator
and discarded. Each tube contained a pellet of
approximately 140 mg of microtubule (MT) proteins
(approximately 50% tubulin and 50% MAPS) and was
stored at -70°C.

6.2. ISOLATION OF THE TAU CLASS OF
MICROTUBULE ABSOCIATED PROTEINS
FROM CYCLE PURIFIED MICROTUBULES

The total MAPS fraction of cycle purified
microtubules was separated from tubulin by a
modification of the method of Weingarten, (1975, Proc.
Natl. Acad. Sci. USA, 72:1858-1862). A pellet of

microtubules from the cycle purification method was

‘resuspended using a small Dounce homogenizer in MES
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buffer (0.1 M MES; 1 mM EGTA; 0.5 mM MgCl, and 1 mM £-
mercaptoethanol) so that the resulting solution had an
absorbance at 280 nm of 2.0 - 2.5 and then
depolymerized by incubation for 30 min at 0°C. The
resulting solution was centrifuged at 100,000 g for 1
hour and the pellet discarded. The supernatant was
filtered through a 0.2 g milipore filter and applied
to a phosphocellulose column (1.1 cm diameter x 2.6 cm
length, 2.5 nl bed volume) that had previously been
equilibrated in MES buffer. Tubulin was eluted with
MES buffer in the void volume of the column and when
the absorbance of the eluate had returned to the
baseline value, the total MAPS fraction was eluted
(either 0.1 or 0.2 ml fractions) with MES buffer
containing 1.0 M Nacl and collected as a single
complex peak of UV-absorbing material that contained
multiple proteins.

Tha total MAPS fraction eluted from the
phosphocellulose column was immediately desalted using
the rapid Sephadex G-25 centrifugation method of
Penefsky (J. Biol. Chem., 1977, 252:2891-2899). The
desalted total MAPS fraction was stirred at 0° C and
solid ammonium sulphate added until its conentration
reached 35% (w/v). The stirring was continued for 30
minutes and then the suspension was centrifuged at
20,000 g for 15 minutes.‘ The supernatant was removed
and again stirred at 0° C and more solid ammonium
sulphate added until its concentration reached 45%
(w/v). After a further 15 minute stirring the
suspension was again centrifuged at 20,000 g for 15
minutes and the supernatant discarded. The pellet
from this last centrifugation step was dissolved in
Mes buffer and applied to a column of hydroxyapatite
(1 cm dia % 10 cm length) and eluted with Mes buffer.
The fractions containing only four closely spaced
peptides of apparent Mr 45,000 to 65,000 by SDS-PAGE

were combined. This total eluted tau fraction was
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reduced to a volume of 1.0 ml with a sartorius

collodion menmbrane operated in water under reduced

pressure,

according to the instructions of the

manufacturer,

and then divided into 0.1 ml portions in

0.5 ml plastic minifuge tubes and stored at -20°cC.

The

invention is not limited to the

embodiments described herein and may be modified or

varied without departing from the scope of the

invention.
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SEQUENCE LISTING
(1) GENERAI, INFORMATIOM:

(i) APPLICANT: Voorheis, Paul H.

{iijy TITLE OF INVENTION: Diagnostic Method for RAlzheimer's
Disease

(iii) NUMBER OF SEQUENCES: 2

(iv) CORRESPONDENCE ADDRESS:
(A} ADDRESSEE: Pennie & Edmonds
(B} STREET: 1155 Avenue cf the Americas
{C) CITY: New York
{D) STATE: New York
(£) COUNTRY: U.S.A.
(F)y ZIP: 10036-2711

(v) COMPUTER READABLE FORM:
(AR} MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version #1.25

(vi) CURRENT APPLICATION DATA:
(A} RPPLICATION NUMBER: US 07/738,778
(B) FILING DATE: 01-RAUG-1991
(C) CLASSIFICATION:

{(viii) ATTORNEY/AGENT INFORMATION:
(A} NAME: Misrock, S.Leslie
(B) REGISTRATION NUMBER: 18,872
(C) REFERENCE/DOCKET NUMBER: 4697-040

(ix) TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: 212 790~9090
(B) TELEFAX: 212 869-8864/9741
(C) TELEX: 66141 PENNIE

(2) INFORMATION FOR SEQ ID NG:1:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1107 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: DNA (genomic)

(ix) FEATURE:
(A} NAME/KEY: CDS
(B} LOCATION: 38..1092

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:

CCGCCTCTGT CGACTATCAG GTGAACTTTG AACCAGG ATG GCT GAG CCC CGC CAG 55
Met Ala Glu Pro Arg Gln
1 5
GAG TTC GAA GTG ATG GAA GAT CAC GCT GGG ACG TAC GGG TTG GGG GAC 103
Glu Phe Glu Val Met Glu Asp His Ala Gly Thr Tyr Gly Leu Gly Asp
‘ 10 15 20
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AGG
Arg

ACG
Thr

AGC
Ser
55

AGT
Ser

GCT
Ala

GGC
Gly

CCC
Pro

GAT
Asp
135

CGC
Arg

ARG
Lys

AGC
Ser

ARG
Lys

GGG
Gly
21s

TCC
Ser

CAG
Gln

TCG
Ser

AAT
Asn

-V, 9.
Lys

GAC
Agp
40

CTG
Leu

Lys

GAT
Asp

CAG
Gln

GCT
Ala
120

CGC
Arg

TCC
Ser

GTG
Val

CGC
Arg

iyels
Ser
200

ARG
Lys

RAG
Lys

GTG
Val

ARG
Lys

Lys
280

GAT
ASp
25

GCT
Ala

GAA
Glu

AGC
Ser

GGT
Gly

ARG
Lys
105

CCh
Pro

AGC
Ser

cGC
Arg

GCA
Ala

CTG
Leu
185

ARG
Lys

GTG
Val

TGT
Cys

GAA
Glu

ATT
Ile
265

AMG
Lys

CAG
Gln

GGC
Gly

GAC
Asp

Lys

Lys
90

GGC
Gly

RAG
Lys

GGC
Gly

ACC
Thr

GTG
val
170

CAG
Gln

ATC
Ile

CAA
Gln

GGC
Gly

GTA
val
250

GGG
Gly

ATT
Ile

GGG
Gly

cTG
Leu

GAA
Glu

GAC
Asp
75

ACG
Thr

CAG
Gln

ACA
Thr

TAC
TyYr

ccG
Pro
155

GTC
val

ACA
Thr

GGC
Gly

ATA
Ile

TCA
Ser
235

Lys

TCC
Ser

GAA
Glu

GGC
Gly

ARA
Lys

GCT
Ala
&0

GGG
Gly

ARG
Lys

GCC
Ala

CCA
Pro

AGC
Ser
140

TCC
Ser

CGT
Arg

GCC
Ala

TCC
Ser

GTC
Val
220

TTA

Leu

TCT
Ser

CTG
Leu

A{C
Thr

TAC
Tyr

GCT
Ala
45

GCT
Ala

ACT
Thr

ATC
Ile

AAC
Asn

cce
Pro
128

AGC
Ser

CTT
Leu

ACT
Thr

cCcC
Pro

ACT
Thr
205

TAC
Tyr

GGC
Gly

GAG
Glu

GAC
Asp

CAC
His
285

ACC
Thr
30

GAA
Glu

GGT
Gly

GGA
Gly

GCC
Ala

GCC
Ala
110

AGC
Ser

cce
Pro

CCA
Pro

CCA
Pro

GTG
Val
190

GAG
Glu

Lys

AAC
Asgn

ARG
Lys

AAT
Asn
270

AAG
Lys

ATG
Met

GARA
Glu

CaC
His

AGC
Ser

BACA
Thr
95

ACC
Thr

TCT
Ser

GGC
Gly

ACC
Thr

cce
Pro
175

cce
Pro

AAC
Asn

CCA
Pro

ATC
Ile

CTT
Leu
255

ATC
Tle

CTG
Leu

—-38-

CAC
His

GCA
Ala

GTG
Val

GAT
Asp
80

cCG
Pro

AGG
Arg

GGT
Gly

TCC
Ser

CCA
Pro
160

ARG
Lys

ATG
Met

CTG
Leu

GTT
Val

CAT
His
240
GAC
Asp

ACC
Thr

ACC
Thr

ChA
Gln

GGC
Gly

ACC
Thr
65

GAC
Asp

CGG
Arg

ATT
Ile

GARA
Glu

CCA
Pro
145

cccC
Pro

TCG
Ser

CCAR
Pro

BAG
Lys

GAC
ASp
225

CAT

His

TTC
Phe

CAC
His

TTC
Phe

GAC
Asp

ATT
Ile
50

CAL
Gln

Lys

GGA
Gly

CCA
Pro

CcCT
Pro
130

GGC
Gly

ACC
Thr

CCG
Pro

GAC
Asp

CAC
His
210

CTG
Leu

Lys

ARG
Lys

GTC
Val

CGC
Arg

- 290

CAA
Gln

GGA
Gly

GCT
Ala

Lys

GCA
Ala

GCA
Ala
115

CCA
Pro

ACT
Thr

CGG
Arg

TCT
Ser

CTG
Leu
195

CAG
Gln

AGC
Ser

CCA
Pro

GAC
Asp

CCT
Pro
275

CGAG
Glu

GAG
Glu

GAC
Asp

cGC
Arg

GCC
Ala

GCC
Ala
100

ARA
Lys

Lys

CCC
Pro

GAG
Glu

TCC
Ser
180

ARG
Lys

CCG
Pro

ARG
Lys

GGA
Gly

AGA
Arg
260

GGC
Gly

AAC
Asn

GGT
Gly

ACC
Thr

ATG
Met

ARG
Lys
85

ccT
Pro

ACC
Thr

TCA
Ser

GGC
Gly

ccc
Pro
165

GCC
Ala

AAT
Asn

GGA
Gly

GTG
Val

GGT
Gly
245

GTC
Val

GGA
Gly

GCC
Ala

GAC
Asp

cccC
Pro

GTC
val
70

GGG
Gly

CCh
Fro

CCG
Pro

GGG
Gly

AGC
Ser
150
AMG
Lys

AAG
Lys

GTC
val

GGC
Gly

ACC
Thr
230

GGC
Gly

CAG
Gln

GGA
Gly

Lys

151

19¢

247

295

343

351

439

487

£35

631

679

- 127

775

823

871

919
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GecC
Ala
295

TCT

Ser

AGC
Ser

GTG
Val

(2)

Met
Thr
Gln
Gly
Thr

65
Asp
Arg
Ile
Glu
Pro
145

Pro

Ser

Pro

-309-

AAG ACA GAC CAC GGG GCG GAG ATC GTG TAC AAG TCG CCA
Lys Thr Asp His Gly Ala Glu Ile val Tyr Lys Ser Pro
300 305

GGG GAC RCG TCT CCA CGG CAT CTC AGC AAT GTC TCC TCC
Gly Asp Thr Ser Pro Arg His Leu Ser Asn Val Ser Ser
315 320

ATC GAC ATG GTA GAC TCG CCC CAG CTC GCC ACG CTA GCT
Ile Asp Met Val Asp Ser Pro Gln Leu ARla Thr Leu Ala
330 335 340

TCT GCC TCC CTG GCC ARG CAG GGT TG TGATCAGGCC CCTGG

Ser Ala Ser Leu Rla Lys Gln Gly
34% 350

INFORMATION FOR SEQ ID NO:2:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTIH: 351 amino acids
(B} TYPE: amino acid
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: protein

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:

Ala Glu Pro Arg Gln Glu Phe Glu Val Met Glu Asp His
5 10

Tyr Gly Leu CGly Asp Arg Lys asp Gln Gly Gly Tyr Thr
20 25 30

aAsp Gln Giu Gly Asp Thr Asp aAla Gly Leu Lys Ala Glu
35 40 45

Ile Gly Asp Thr Pro Ser Leu Glu Asp Glu Ala Ala Gly
50 55 &0

cln Ala Arg Met val Ser Lys Ser Lys Asp Gly Thr Gly
70 75

Lys Lys Ala Lys Gly Ala Asp Gly Lys Thr Lys Ile Ala
85 90

Gly Ala Ala Pro Pro Gly Gln Lys Gly Gln Ala Asn Ala
100 105 110

Proc Ala Lys Thr Pro Pro Ala Pro Lys Thr Pro Pro Ser
115 : 120 12%

Pro Pro Lys Ser Gly Asp Arg Ser Gly Tyr Ser Ser Pro
130 135 140

¢ly Thr Pro Gly Ser Arg Ser Arg Thr Pro Ser Leu Pro
150 155

Thr Arg Glu Pro Lys Lyé val Ala val val Arg Thr Pro
165 170

Pro Ser Ser Ala Lys Ser Arg Leu Gln Thr Ala Pro Val
180 185 180

psp Leu Lys Asn Val Lys ser Lys Ile Gly Ser Thr Glu
195 200 205

GTG
vVal

ACC
Thr
325

GAC
Asp

Ala

15
Met
Glu
His
Ser
Thr

a5
Thr
Ser
Gly
Thr
Pro

1758

Pro

Asn

GTG
val
310

GGC
Gly

GAG
Glu

Gly

His

Ala

val

Asp

80

Pro

Arg

Gly

Ser

Pro

160

Lys

Met

Leu

967

1015

1063

1107
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Lys
Asp
225
His
Phe
His
Phe
Tyr
305

Aan

Rla

His
210
Leu
Lys
Lys
Val
Arg
290
Lys

Val

Thr

Ser

Pro

Asp

Pro

275

Glu

Ser

Ser

Leu

Pro

Lys

Gly

Arg

260

Gly

Aan

Pro

Ser

hla
340

Gly
Val
Gly
245
val
Gly
Ala
Val
Thr

325

Asp

Gly
Thr
230
Gly
Gln
Gly
Lys
val
310

Gly

Glu

Gly
215
Ser
Gln
Ser
Aen
Ala
295
Ser

Ser

Val

Lys

Lys

val

Lys

Lys

280

Lys

Gly

Ile

Ser

val

Cys

Glu

Ile

265

Lys

Thr

Rsp

Asp

Ala
345

_40_
Gln
Gly
Val
250
Gly
1le
Asp
Thr
Met

330

Ser

Ile

Ser

235

Lys

Ser

Glu

His

Ser

315

Val

Leu

val
220
Leu
Ser
Leu
Thr
Gly
300
Pro

Asp

Rla

Tyr

Gly

Glu

Asp

His

28%

Ala

Arg

Ser

Lys

Lys Pro Val

Asn Ile His
240

Lys Leu Asp
255

Asn Ile Thr
270

Lys Leu Thr
Glu Ile Val
His Leu Ser

320

Pro Gln Leu
335

Gln Gly
350
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- tau-peptide autoantibody in a sample

a

WHAT I8 CLAIMED IS:

A method for diagnosing, subtyping or

monitdring Alzheimer's disease in a patient,

comprijing assaying a sample of body fluid obtained

from th& patient for the presence of a tau-peptide

using eikher an anti-tau-peptide antibody or an anti-

tau-peptide Fab fragment, wherein further the tau-

peptide is\derived from proteolytic action on

neurofibrillary tangles resulting in fragments from

the amino tekminal 200 amino acids or carboxy terminal

50 amino acid

2. A method for diagnosing, subtyping or

monitoring Alzhelmer's disease in a patient,

comprising assayiNg a sample of body fluid obtained

from the patient fdr the presence of an anti-tau-

peptide autoantibod

3. The method XKor diagnosing, subtyping or

monitoring Alzheimer's\disease according to claims 1

or 2, wherein the assay\is a radioimmunocassay, an

enzyme-linked immunosorbant assay, a sandwich assay, a

precipitin reaction, a gel immunodiffusion assay, an

agglutination assay, a fludrescent immunoassay, a

protein A immuncassay or an immunoelectrophoresis

assay.

4. A kit for detecting |the presence of a tau-

peptide in a sample of body fAfnid comprising an anti-

tau-peptide antibody or an afitfi~tau-peptide Fab

fragment and means for detecti the binding of the
tau-peptide with the antibody ¢r fragment.

5. A kit for detecting the pres

ce of an anti-
f body fluid

Fujirebio Diagnostics, Inc. v. Quanterix Corp.
EX-1008
000064
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comprising a tau-peptide and means /for detecting the

binding of the autoantibody with fhe tau-peptide.

ddd 2
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PENNIE.  IMONDS DOCKET NO. 4697-040

SUPPLEMENTAL DECLARATION
AND POWER OF ATTORNEY

As a below named inventor, T hereby declare that:
My residence, post office address and citizenship are as stated below next to my pame,

| believe I am the original, first and sole inventor if only one name is listed at 201 below, or an original, first and joint inventor if plural names
are listed at 201 et seq. below, of the subject matter whic:(l{s claimed and for which a patent is sought en the invention entitled DIAGNOSTIC
METHOD FOR ALZHEIMER'S DISEASE the specification of which: o

[ is attached heretc ™ was filed on August 1, 1991 as Application Serinl No. 07/738,778
with amendment(s) filed (if applicable)

I hereby state that 1 have reviewed and understand the contents of the above identified specifieation, including the claims, as amended by any
amendment referred to above. '

I acknowledge the duty to disclosél’onnation which is material to the examination of this application in accordance with Title 37, Code of
Federal Regulations, §1.56(a).

1 hereby claim foreign priority benefits under Title 35, United States Code, §119/8172 of any foreign application(s) for patent or inventor’s
certificate listed below and have also identified below any foreign application for patent or inventor’s certificate having a filing date before that
of the application on which priority is clairned:

EARLIEST FORRIGN APPLICATION(S), [F ANY, FILED PRIOR TQ THE FILING DATE OF THE APPLICATION

DATE OF FILING PRIORITY
APPLICATION NUMBER COUNTRY (day, month, year) CLAIMED UNDER
35 U.5.C. 1151172
YBES O No 0]
YES [ NO DO
YES O NOo 0O
YES O NO [

I hereby claim the benefit under Title 35, United States Code, §120 of any United States application(s) listed below and, insofar as the subject
matter of each of the claims of this application is not disclosed in the prior United States application in the manner provided by the first
paragraph of Title 35, United States Code §112, 1 acknowledge the duty to disclose material information as defined in Title 37, Code of Federal
Regulations, §1.56(a) which occurred bebween the filing date of the prior application and the national or PCT international filing date of this
application:

STATUS

APPLICATION SERIAL NO. FILING DATE
PATENTED PENDING ABANDONED

POWER OF ATTORNEY: As a named inventor, I hercby appoint Frank F. Scheck (Reg. No. 17761), &, Leslie Misrock (Reg. No. 18872),
Harry C. Jones, Il (Reg. No. 20280}, Berj A. Terzian (Reg. No, 20060), Gerald J. Flintoft (Reg. No, 20823), David Weild, IIf (Reg. No.
21094), Jonathan A. Marshall (Reg. No. 24614), Joseph V. Colaianni (Reg. No. 20019}, Charles E. McKenney (Reg. No. 22735), Philip T.
Shannon (Reg. No. 24278), Barry D. Rein (Reg. No. 22411), Stanton T. Lawrence, Il (Reg. No. 25736), Francis B. Morris (Reg. No. 24615),
Charles E. Miller (Reg. No. 24576), Gidon D. Stern (Reg. No. 27469), John J. Lauter, Jr. (Reg. No. 27814), Brian M. Poissant (Reg. No.
28462), Brian D. Coggio (Reg. No. 27624}, Rory J. Radding (Reg. No. 28749), Stephen J. Harbulak (Reg. No. 29166), Donald J. Goodell
(Reg. No. 19766), James N. Palik (Reg. No. 25510}, Thomas B, Friebel (Reg. No. 29258), Laura A. Coruzzi (Reg. No. 30742), Jeanifer
Gordon {Reg. No. 30753) and Jon R. Stark (Reg. No. 301 11), whose address is Pennie & Edmonds, 1155 Avenue of the Americas, New York,
New York 10036, and each of them, my attorneys, te prosccute this application, and to transact all business in the Patent and Trademark Office
connected therewith.

(1) 363401
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SEND CORRESPONDENCE TO: Pi

|E & EDMONDS
1155 AVENURE OF THE AMERICAS
NEW YORK, N.Y. 10036-2711

DIRE

JBLEPHONE CALLS TO:
PENNiz & EDMONDS
(212) 790-5090

FULL NAME LAST NAME { FIRST NAME MIDDLE NAMB
OF INVENTOR Voorheis H. Paul
2 RESIDENCE & ary STATE OR FOREIGN COUNTRY COUNTRY OF CITIZENSHIP
? CITIZENSHIP _Dublin Ireland USA
POST OFFICE POST OFFIC3 ADDRESS cITY STATE OR COUNTRY ZiP CODE
N 37 Upper Mount Pleasant Ave. Rathmines, Dublin é Treland —
ADDRESS PF al T é %
FULL NAME | ©5™% FIRST NAMB MIDDLE NAME 7
OF INVENTOR
2 RESIDENCE & ciry STATH OR FOREION COUNTRY COUNTRY OF CITIZENSHIP
0
) CITIZENSHIP
POST OFFICE POST OEFICE ADDRESS ary STATE OR COUNTRY ZIP CODE
ADDRESS
FULL NAME FAST NAME FIRST NAME MIDDLE NAME
OF INVENTOR
2 RESIDENCE & crey STATE OR FORELGN COUNTRY COUNTRY OF CITIZENSHIP
0
1 CITIZENSHIP
POST OFFICE POST OFFICE ADDRESS ary STATE OR COUﬁTRY ZIP CODE
ADDRESS
FULL NAME LAST NAM FIRST NAME MIDDLE NAME
OF INVENTOR
2 RESIDENCE & ey STATE OR FOREION COUNTRY COUNTRY OF CITIZENSHIP
0
4 CITIZENSHIP
POST OFFICE POST GFFIZE ADDRESS cIry STATE OR COUNTRY ZIP CODE
ADDRESS
FULL NAME | ©™% FIRST NAME MIDDLE NAME
OF INVENTOR
z RESIDENCE & ary STATE OR FOREIGN COUNTRY COUNTRY OF CITIZENSHIP
0
5 CITIZENSHIP
POST OFFICE POST QFFICE ADDRESS ary STATE OR COUNTRY ZIp CODE
ADDRESS
FULL NAME LAST NaME FIRST NAME MIDDLE NAME
OF INVENTOR
2 RES!DENCB & ary STATE OR FOREIGN COUNTRY COUNTRY OF CITIZENSHIP
0
& CITIZENSHIP

POST OFFICE
ADDRESS

POST OFF .CE ADDRESS

CITY ~

STATE OR COUNTRY

ZIP CODE

[ hereby declare that all statements made here
believed to be true; and further that these statements were m
punishable by fine or imprisonment, or both, under Section 10

may jegpardize the validity of the application or’any patent issuing thereon,

in of my own knowledge are true and that all statements made on information and belief are
ade with the knowledge that willful false statements and the like so made are
01 of Tille 18 of the United States Code and that such willful false statements

smyrum@ OF NWR?; T

SIGNATURE OF INVENTOR 202

SIGNATURE OF INVENTOR 203

DBATE L FaUL YOORHEIS

20 Sepdeznber 197/

DATE

DATE

SIGNATURE OF INVENTOR 204

STGNATURE OF INVENTOR 205

51G NATURE OF INVENTOR 206

DATE

DATE

DATE

34540. 1
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A5 ORIGINALLY FILED

F\'U\ w Ve j,

~37 COGCCTCTGTCGACTATCAGGTGANCTTTGANSTAGD

1 HMet Ala Glu Pro Arg Gln Glu Phe Glu Val Het Glu Asp His Ala Gly Thr Tyr Gly Leu Gly Asp Arg Lys Asp Gla Gly Gly Ty Thr
I ATG GCT GAG CCC OG= CAG GAG TTC GAM GTG ATG GAA GAT CAC GCT GGG ACS TAC GGG TIG GGG GAC MGG MMM GAT CAG GOG GOC TG ALCC
31 Het His Gln Asp Gln Glu Gly Asp Tht Asp Ala Gly Leu Lys Ala Glu Glu Ala Gly 1le Gly Asp Thr Pro Sec Leu Glu Asp Gla Ala
9] NTG CAC CAA GAC CAX GAG GGT GAC ACC GAC GCT GGC CTG AAA GCT GAA GCA GGC ATT GGA GAC ACC CCC ACC CIG GAA GAC GAA GCT

61 Ala Gly Nis Val Tir Gin Ala Arg Het Val Ser Lys Ser Lys Asp Gly

Gly Ser Asp Asp Lys Lys Ala Lys Gly Ala Asp Gly Lys
161 GCT GGT CAC GIG NZZ CAM GCT ATC GTC MGT MMM ACC MMM GAC GGG

GGA AGC GAT GAC AAA AMN GCC AMG GGG GCT GAT GG AAA

Ala Asn Ala Thr Acg Ile Pro Ala Lys Thr -Pro Pez Ala

larly
91 The Lys Ile Ala Thr Pro Arg Gly Ala Ala Pro Pro Gly Gln Lys Gly
GGA GCC AAC GCC ACC AGG ATT CCA GCA AMA ACC CCG CTZ GCT

271 ACG AMG ATC GCC ACA CCG 066 GCh GCC CCT CCA GGC CAD AAG GGC

121 Pro Lys Thr Pro Pro Ser Ser Gly Glu Pro Pro Lys Ser Gly Asp Arg

Gly Tyr Sec Sec Pro Gly Ser Pro Gly Tnr Pro Gly Ser
361 CCA MAG ACA CCA T TCT GGT GAM CCT CCA AAA TCA GGG GAT CGC

GGC TAC ALC AGC CCC GGC TCC CCA GOC ACT CCC AGC

151 Arg Set Arg Thr Bro

Leu Pro Thr Pro Pro The Arg Glu Pro Lys
451 CGC TCC CGC ACC CT06

val Ala val val arg Thr Pro Pro Lys Ser Pro Ser
CTT CCA ACC CCA CCC ACC CGG GAG CCC AAG

o
Ser

GTG GCA GTG GTC CGT ACT CCA CCC AMG TCG CCG TZT TCC
Lys
NS

181 Ala Lys Ser Acg Leu Thr Ala Pra Val Pro Bet Pro Asp Leu Lys

AGC

Ser

<c

Gln val Lys Ser Lys lle Gly‘ Ser Thr Glu Asn Leu

941 GCC AAG AGC CGC CTG CAG ACA GCC CCC GTG CCC ATG CCA GAC CTG AAG

Lys

ARG

Gly

GGC

TCC ANG. ATC GGC TCC ACT GAG MC CTG

liis
CAC

211 Gln Pro Gly Gly Gly

val Gln Tle val Tyr Lys Pro Val Asp Leu
631 CAG CCG GGA GOC GGo

Lys val The Ser Lys Cys Gly Ser Leu Gly Asn 1le His
GTG CAA ATh GTC TAC MAA CCA GTT GAC CTG

ANG GTG ACC TCC AAG TGT GGC TCA TTA GGC AAC C CAT

241 1lis Lys Pro Gly GQly

T
Lys Asp Arg Nal Gln Ser Lys Ile Gly Ser Leu Asn
721 CAT AMA CCA GGA GGT iy L 4

AAG GAC AGA GTC CAG TCG AAG ATT GOG TCC CTG GRT AAT

t
Gln val'Glu Val Lys Set Glu Lys Leu Asp
CAG GTG GAN GTA MA TCT GAG ANG CTT GAC

271 1le Thr His Val Pro Gly Gly Gly Asn Lys Lys Ile Glu Thr His Lys

Thr Phe Arg Glu Asn Ala Lys Ala Lys Thr Asp Eis Gly
011 ATC ACC CAC GTC CTT GGC GGA GGA AT MAA MAMG ATT GAA ACC CAC ANG
As

ACC TTC CGC GAG AAC GCC AMA GCC MG ACA GAC QD GGG
!

301 Ala Glu Ile Vval Tyr Lys Ser Pro Val val Ser Gly Asp The Ser Pro

1tis Leu Ser Asn Val Ser Ser Thr Gly Ser Ile 2sp Meb
901 GCG GAG ATC GTG AL AMS TCG CCA GTG GTG TCT GGG GAL ACG TCT CCA
Le

CAT CTC AGC AAT GTC TCC TCC ACTC GGG AGC ATC GAU ATG

331 val Asp Ser Pro 31n Leu Ala Thr Leu Ala Asp Glu Val Ser Ala Ser

Ala Lys Gln Gly Leuy #*«
991 GTA GAC TCG CCC ZAG CTC GCC ACG CTA GCT GAC GAG GTG TCT GCC TCC

GCC ARG CAG GGT TTG TGh TCAGGCCCCTGS

45 0% 95 1A% #% EE &5 AY BB A7 8
3
:

J
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UNITED STATES DEPARTMENT OF COMMERCE
Patent and Trademark Office

Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Washingten, D.C. 20231

SERIAL NUMBER l FILING DATE | FIRST NAMED APPLICANT l ATTY. DOCKET NO.
08/159,969 11/30/93 PAUL H. VOORHEIS 4697059
- EXAMINER
PENNIE & EDMONDS
1155 AVENUE OF THE AVMERICAS T B NOWVIBER
NEW YORK, NY 10036-2711 ART UN | PAPERNU
L )

DATEMAILED: 12/21/93

IF NO RESPONSE TO THIS NOTICE IS RECEIVED WITHIN FORTY-FIVE DAYS, A
FORMAL REQUIREMENT WILL BE ISSUED

The subject matter of this application appears to:

B be “useful in the production or utilization of special nuctear materiat or atomic energy” as recited in 42 U.S.C. 21 82
(Department of Energy (DOE)).

Cl*have significant utility in the conduct ol aeronauticat and space activities™ as recited in 42 U.S.C. 2457 (National
Aeronautics and Space Administration (NASA)).

Accordingly, no patent can issue on this application unless applicant(s) file a statement (under oath or in the formof a
declaration as provided by 37 CFR 1.68) sefting forth (1) the fuli facts concerning the circumstances under which the
invention was made and conceived and (2) the retationship {if any) of the invention to the performance of any work under
any contract or other arrangement with the Agency(ies) noted above. On the reverse side of this form is an example
of an acceptable format for this statement. The language appearing in paragraphs 1ll and/or IV of the example must
appear if applicant is altempting to establish that no relationship {under item 2 above) exists.

If the invention disclosed in this application was developed under a contract, grant or cooperative agreement between
ihe Agency indicated above and aperson, small business or non-profit organization and rights to the invention have besn
determined by specific reference to 35 U.S.C. 202 in the contract, grant or cooperative agreement, then applicant need
not submit the siatement described above. instead, applicant may file a verified state ment (under oath or in the form of
a dectaration, 37 CFR 1.68) setting forth the information required by 35 U.S.C. 202(c){6).

IF NO STATEMENT HAS BEEN RECEIVED WITHIN FORTY-FIVE DAYS OF THE MAIL DATE INDICATED ABOVE,
aformal requirernent for statementwill thenbe issued. No provision is made for extension of the statutory thirty-day period
for response to the formal requirement and the penalty for failure to tile an acceptable and timely statement is
abandonment of the application. Therefore, applicants are strongly encouraged to submit a statement at {his time in order
1o avoid the issuance of a formal requirement.

IT 1S IMPORTANT TO NOTE that the statement must accurately represent the property rights situation of the claimed
invention if and when the application is found allowable. Thus, if during prosecution before the examiner, the claimed
invention is so altered or the property rights situation so changed as to impact the accuracy of a statement submitted
garlier, a supplemental statement must be filed. Failure to submit such additional information where appropriate may
be considered a false representation of material facts and render the patent owner vulnerable to loss of patent rights and
other sanctions as set forth in the statutes. The PTO will not review allowed applications for this possibility. The
responsibility for complying with the statutes rests with the applicants.

Any questions regarding this requirement should be directed to Licensing and Review at (703) 308-3312.

PLEASE DIRECT ALL COMMUNICATIONS RELATI.NG TO THIS MATTER TO THE
ATTENTION OF LICENSING AND REVIEW

O - U.S. DEPARTMENT OF COMMERCE
FORM PTOL-456 Patent and Trademark Office

Fujirebio Diagnostics, Inc. v. Quanterix Corp.
EX-1008
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P

-
-4
o of
™
[}
=
H
=]
=
w]
n
=]
i
)
o
m
Iﬂ
b
]
=
2
3
]
A
jw]
[ |
-]
-]
w)
lé]
-
(@]
-]
-
-
Q
RN

Serial No.: 08/159,969 Group Art Unit: e
, ; , ﬂﬂ%ﬂ?‘?;’
Filed: November 30, 1993 Examiner: Eﬁ

For: DIAGNOSTIC METHOD FOR Attorney
ALZHEIMER'S DISEASE
Attentipn: Licensing and

Review

RESPONSE TO NOTICE RELATING TO THE
UTILIZATION OF SPECIAL NUCLEAR MATERIAL OR ATOMIC ENERGY
AS RECITED IN 42 U.S.C. 2182 (DEPARTMENT OF ENERGY {DOE})

Honorable Commissioner of Patents and Trademarks
Washington, D.C., 20231

Sir:
Enclosed herewith is a Declaration filed in response to a
Notice stating that:
the subject matter of this application
appears to be fuseful in the production or
utilization of special nuclear material or
atomic energy' as recited in 42 U.S.C.
2182 (Department of Energy {(DOE)).
Ssaid Declaration sets forth 1) the full facts concerning
the circumstances under which the invention described in the
above-captioned patent application was made and conceived and

2) states that the invention described in the above-captioned

patent application is not related to the performance of any

EXPRJSS MAD. CERTIFICATION

"Express Maii" label No. TR3%9 226 123U8 Date of Deposil February 1, 1994
1 hereby certify that this paper or fec is being deposited with (e United Stales Postl Service "Express Mail Post Office to Addressee” service under
37 C.F.R. 1.10 on the date indicated above and is adidressed Lo the Commissioner of Patents and Trademarks, Washinglon, D.C. 20231,

MICHAEL VIGUIE

yd
Trge or priat nomd of pirsun mailiag paper or fee) W é‘%
. ‘ y y
/@,/ T R
7 >

(Signture af person mailing paper ur fee

PENY-241817.1
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woik under any contract or other arrangement with the

Department of Energy (DCE) .

Respectfully submitted,

8. Abrpms” 30,605
%;/&@4/&& ﬁ/&o{‘— 18,872

S. Leslie Misrock (Reg. No.)

Date Febwwxa _’L)MQHL

PENNIE & EDMONDS
1155 Avenue of the Americas
New York, New York 10036-2711

Enclosure (212) 7920-9090

-2 - PENY-241817.1
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:
VOORHEIS, H. P.

Serial No.: 08/159,969 Group Art Unit:

Filed: November 30, 1993 Examiner:

For: DIAGNOSTIC METHOD FOR " Attention: Licen sing and Review
ALZHEIMER'S DISEASE :

Attorney Docket No.: 4697-059

DECLARATION

Honorable Commissioner of Patents and Trademarks
Washington, D.C. 20231

SIR:

I, H. PAUL VOORHEIS, declare and state as follows:

1. That [, H. PAUL VOORHEIS, a citizen of the United States, reside at 37
Upper Mount Pleasant Avenue, Rathmines, Dublin 6, Treland.

9 That I made and conceived the invention described and claimed in patent
application Serial No. 08/159,969, filed on November 30, 1993 entitled "DIAGNOSTIC
METHOD FOR ALZHEIMER'S DISEASE."

3. Thatin the course of research and investigations carried out during my
employment at Trinity College, Dublin 2, Treland and using the facilities, equipment,
materials, funds, information and services of Trinity College, I conceived rand made the
above-identified invention.

4.  That the invention was not made or conceived in the course of, or in
connection with, or under the terms of any contract, subcontract or arrangement entered into
with or for the benefit of the United States Atomic Energy Commission or 1t§ successors:
Energy Research and Development Administration or the Department of Energy.

I hereby declare further that all statements made herein on my own knowledge are
true and that all statements made on information and belief are believed to be true and further
that I make these statements with the knowledge that willful false statements and the like are
punishable by fine or imprisonment, or both, under §1001 of Title 18 of the United States

Fujirebio Diagnostics, Inc. v. Quanterix Corp.
EX-1008
000072



-Coce and that such willfu! false statements may jeopardize the validity of the application or

any patent issuing thereon.

Date: A L/ é]-,awﬁ_h [ % (f 7”/»/‘—4// ZV%ML

H. PAUL VOORHEIS

Fujirebio Diagnostics, Inc. v. Quanterix Corp.
EX-1008
000073
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P hereby acknowledge that T huave inspected the disclosure of the above identificd

administration of the law cited
information acquired from suid
T administration of the eited law,

.

- ACCESS ACKNOWLEDGEMENT
As Required by ,
Title 35, United States Code [1952) Section 181

above, on beha
application will

NAME

SR ~ET L

S et

Lt

"

If of the department or apency whic
not be divulged, diselosed or used for any purpose other #

%
DATE

5/‘//77

&

applention for patent i the
Wl eepresent, und poomise any

o the

|

e

AGENCY AEPRESEMTED
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Y '- /159963
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

&

Prior application:

Examiner_C. Bidwell

Art Unit_1802

Honorable Commissioner of Patents and Trademarks
Washington, D.C. 20231

Sir:

This is a request for filing a Mcontinuation [divisional application under 37 CFR § 1.60, of
pending prior application serial no. 07/738,778 filed on August 1, 1991

of H. Paul Voorheis

{inventor(s) currently of record in prior application)

for_DIAGNOSTIC METHOD FOR ALZHEIMER'S DISEASE..._...

(title of invention)

1. ® Enclosed is a copy of the prior application, including the oath or declaration, as originally filed. T .
hereby verify that the enclosed is a true copy of the prior application.

2. O Enclosed is a copy of the prior application, including the oath or declaration as originally filed
and an affidavit or declaration verifying it as a true copy.

3. . The filing fee is calculated below:

CLAIMS AS FILED IN THE PRIOR APPLICATION, LESS ANY CLAIMS
CANCELLED BY AMENDMENT BELOW

EXPRESS MAIL CERTIFICATION

*Express Mail* label No. T13 389 224 O0BUS Date of Deposit, November 30, 1993
I hereby certify that this paper or fee is heing deposited with \he United States Postal Service "Express Mail Post Office to Addressee” service under 37 C.F.R.
1.10 on the date indicated above and is 2dd d to the C issi of Patents and Trademarks, Washington, D.C. 20231

L5 dg ) YU AT ]
XXV e

¥iug pord K' [ ' ( , ! f
U (Sgrarore of porin mking poper o ¥l ( ) PENY-227188.1

N
(A
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PENNIE & EDMONDS DOCKET NO. 4697-059

PATENT APPLICATION FEE VALUE

TYPE

NO. FILED

LESS

EXTRA

EXTRA RATE

FEE

Total Claims

5

-20

0

$22.00 each

0.00

Independent

4

-3

1

$74.00 each

74.00

Basic Fee

710.00

Multiple Dependency Fee
If Applicable ($230.00)

Total 784.00

50% Reduction for Independent Inventor,
Nonprofit Organization or Small Business
Concern -

Total Filing Fee $

784.00

Please charge the required fee to Pennie & Edmonds Deposit Account
No. 16-1150. A copy of this sheet is enclosed.

Cancel in this application original claims ¢¢ of the prior application
and add new claims ¢¢ by preliminary amendment before calculating
the filing fee (At least one original independent claim must be retained
for filing purposes).

Amend the specification by inserting before the first line the following
sentenm X continuation, of application serial

o 077738.778, filed August 1, 1991106 sz @ndend.

7b.

7c.

8a.

8b.

10a.

10b.

Transfer the drawings from the prior application to this application and
abandon the prior application as of the filing date accorded this
application. A duplicate copy of this sheet is enclosed for filing in the
prior application file.

New formal drawings are enclosed.
Informal drawings are enclosed.

Priority of application serial no. $¢ filed on ¢¢ in ¢¢ is claimed under
35 U.S.C. §119.

The certified copy has been filed in prior application serial no. ¢¢,
filed ¢o.

The prior application is assigned of record to ¢¢.

The Power of Attorney appears in the original papers in the prior
application serial no. 07/738,778, filed August 1, 1991.

Since the Power of Attorney does not appear in the original papers, a
copy of the Power in prior application serial no. ¢4, filed ¢¢ is
enclosed.

PENY-227188.1
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11.

12.

13a.

13b.

15.

16.

17.

¢

PENNIE & EDMONDS DOCKET NO. 4697-05%
A preliminary amendment is enclosed.

A preliminary amendment will be filed after issuance of the filing
receipt,

Small entity status was established in prior application serial no. ¢¢
filed ¢, and is still proper and desired.

A verified statement claiming small entity status is enclosed.

This application contains nucleic acid and/or amino acid sequences
required to be disclosed in a Sequence Listing under 37 CFR §§1.821-
1.825. It is requested that the Sequence Listing in computer readable
form from prior application serial no. 07/738,778, filed on August 1,
1991 be made a part of the present application as provided for by 37

C.F.R. §1.821(e). The sequences disciosed therein are the same as the

sequences disclosed in this application. A copy of the paper Sequence
Listing from serial no. 07/738,778 is enclosed. Pursuant to 37 C.F.R.
§1.821(f), such paper Sequence Listing and such Sequence Listing in
computer readable form are the same.

The undersigned states, under 37 C.F.R. §1.821(f), that the content of
the enclosed paper Sequence Listing from serial no. 07/738,778 is the
same as the content of the computer readable form submitted in
application serial no. 07/738,778.

Additional enclosures or instructions. A copy of the Petition For

Extension of Time Under 37 C.F.R. § 1.136(a) that was filed in parent

application Serial No. 07/738,778 is enclosed herewith. Such petition
was filed to ensure copendency of the two applications.

Address all future communications to(PENNIE & EDMONDS, 13155

Avenue of the Americas, New York, New York 10036-2711.

The undersigned declares further that all statements made herein of his own knowledge
are true and that all statements made on information and belief are believed to be true;
and further that these statements were made with knowledge that willful false
statements and the like so made are punishable by fine or imprisonment, or both, under
Section 1001 of Title 18 of the United States Code and that such willful false
statements may jeopardize the validity of the applicagion or
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any "Paten:li suing thereon.
By Soows (4 & f;/f«wsf 39,603
o Log i W iirock 18,872

i

{date) S. Leslic Misrock  (signature) (Reg No.)
Name and address of signator:r Inventor(s)
Pennie & Edmonds Assignee of complete interest
1155 Avenue of the Americas X Attorney or agent of record

New York, New York 10036-2711

Filed under rule 34(a)

Tel. No. (212) 790-9090

PENNIE & EDMONDS
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PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

cation of: Voorheis
Serial No.: Unassigned Group Art Unit:
Filed: Examiner:
For: DIAGNOSTIC METHOD FOR Attorney Docket No.: 4697-059

ALZHEIMER'S DISEASE

PRELIMINARY AMENDMENT UNDER 37 C.F.R. § 1.115

‘ Honorable Commissioner of Patents and Trademarks
1 Washington, D.C. 20231
Sir:
Applicant requests consideration of the following

amendments and remarks.

IN THE SPECIFICATION

Please amend the specification as follows:
At page 12, line 2 after "complete nucleotide"

insert -—- (SEQ ID NC:1) —-. ’/’(/,,

At page 12, line 3 after "amino acid sequences"

insert -- (SEQ ID NO:2) -—-.

-

/
After page 36 insert pages 37 to 40 of the Sequence

Listing submitted herewith.

IN THE CLAIMS

Please amend the pagination of the claims as

follows:

EXPRESS MAIL CERTIFICATION
*Express Mail™ label No. TB 389 224 958US Date of Deposit November 30, 1993 .
1 hereby certify that this paper or fee is being deposited wilh the United States Postal Service "Express Mail Post Office to Adgressee” service under
37 C.F.R. 1.10 on the date indicated above and is addressed to the Commissioner of Palents and Trademarks, Washington, I.C. 20231,

LT WYL )
it W hol/be
S g \m,m-mw J PENY-125138.1
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Page 37 to be renumbered as page 41.
Page 38 to be renumbered as page 42.

REMARKS

The specification and claims have been amended to
incorporate the sequence identifiers pursuant to 37 C.F.R.
§1.821(d4) and the Sequence Listing pursuant to §1.821(c), and
to renumber the pages of the claims accordingly. It should be
noted that the above-made amendments do not constitute new 7
matter under 35 U.S.C. §132.

Applicants respectfully request that the above-made
amendments be made of record in the file history of the
instant application.

Respectfully submitted,

By A fi W 32605

Date NG\/, 36} !(‘1'93 ,f;fz@ajw fm.:;ﬁh_‘/ék 18,872
S. Leslie Misrock (Reg. No.)

PENNIE & EDMONDS

1155 Avenue of the Americas
New York, New York 10036-2711
(212) 790-92090
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UNITED STATLo DEPARTMENT OF COMMERCE
Patent and Trademark Office

Address : COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 20231

s-mﬁnmuﬁ“ﬁﬁy}'huuﬁaans \ ST MARED HVERTOR JA1f§ENﬁYDOCKETN0.|
I A GORRME T & ey gy 2
BT § YR ICTS I -

' b
LEML /D405 L. FXRMIRER |

FERNTE & EDMONDS

1155 AVEMUE OF THE AMERICAS - -
MEW YOFR, MY LOD3XE-FT711 T ARTURST | PAPER NUMBER m_[
s .
) 7
D4/ 05/ 94

DATE MAILED:

This is a communinalion from fie examiner in e ge of your application.
COMMISSIONER OF PATENTS AME TRADEMARKS

\IISG/QQ

M This application has been examined & Responsive to communication filed on _. O This action is made final. .

A shortened statutory period for response to this actlon is set to explre__% menth{s), . days from the date of this letter.
Failure to respond within the period for response will cause the application to become abandoned. 35 U.5.C, 133

Part 1 THE FOLLOWING ATTACi‘IMENT(S) ARE PART OF THIS ACTION:

1. g Notice of References Cited by Examiner, PTO-892. 2. Notice re Patant Drawing, PTO-948. )
3. Notice of Art Clted by Applicant; PTO-1449. 4. ] Notice of Informal Patent Application, Form PTO-152:
5. [ Information on How to Effect Drawing Changes, PTO-1474. 6.

Partll SUMMARY OF ACTION

1. ﬁ Claims l - 5'— are plénding in the application.
0Of the above, claims . are withdrawn from consideration.

2. [ claims : . have been cancelied.

3. [J claims are allowed.

4, M.C_Iaims I _ 6_ are rejected.

5. [ craims . : - are objected 1o. j

8. O clalms ‘ are subject to restriction or election requirement.

7. This application has been flted with informal drawings under 37 C.F.R. 1.85 which are accepiable for examination purposes.

d
8. 3 Formal drawings are required in response to this Office action.
O

9. The corrected or substitute drawings have been received on . Under 37 C.F.R. 1.84 these drawings

are [1 acceptable, [ not acceptable (see explanation or Notice re Patent Drawing, PT(O-948).

1. [ The proposed additional or subsritute sheet(s) of drawlngé, fledon___ - has(have)been (| approved by the
examiner. [ disapproved by the examiner (see explanation).

1. O The proposed drawing ¢correction, filed on has been L1 approved. O disapproved (see explanation).

12. O Acknowiedgment is made of the claim for priority under U.8.C. 118, The certifled copy has [] been received (71 not been received

[ been filed in parent application, serial no. ; filed on

13. [ Since this application appears to be in cendition for allowance except for formal matters, prosecution as 10 the merits is closed in
accordance with the practice under Ex parte Quayle, 1935 C.D. 11; 453 0.G. 213.

14. [J other

EXAMINER'S ACTION
PTOL-326 {Rev. 9-89}
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The preliminary amendments filed November 30, 1993 have been entered
inte the record which inserted SEQ Ip NOS into the specification, ingerted the
paper copy of SEQ ID NO:1 and SEQ ID NO:2 into the specification and
renumbered the pages sccordingly. Claimeg 1-5 are pending.

The disclosure is objected to because of the following infnrmalities;
the status of the parent application ingerted by preliminary amendment into
the specification before line 1 should be updated. Appropriate corrgction is
required.

95 U.8.C. § 101 reads as follows:

tYhoever invents or discovers any new and useful process, wmachine,

manufacture, or compasition of matter or any new and useful improvement

thereof, may obtain a patent therefore, subject to the conditions and
requirements of this title®.

Claimg 1-5 are rejected under 33 U.5.C. § 181 because the claimed
ipvention iz inoperative and thus lacks patentahle utility.

Claime 1-3 are directed to methods for diagnasing, subtyping or
monitoring Alzheimer's disease in a patient and claing 4 and 5 are directed to
a kit for detecting the presence of a tau-peptide in a sample and a kit for
detecting the presence of an anti-tasu peptide auteoantibody in a sample. To
date the anly definitive dimgnosis of Alzheimer’'s disease can be made through
postmortem examination of the brainrwhere gross pathological changes 8re found
in the brain as set forth in the specification on page 3-4 {also see Foley et
al, J. Neurcl,, 19838). There ig no evidence of record that showa a positive
correlation between cetection of tgu-peptide in a sample of body fluid or
detecticn of anti-tau-peptide autoantibody in a sample of body fluid with a
confirmwed, definitive diagnesis aof Alzheimer’'s disease in that patient.
Becgusge the only utility for the test kitas is for use in dimgnoming
Alzheimer's disease, the kits like utility for the game reasong that the
methods do. Moreover, if a patient cannot be definitively diagnosed until
after death, it follows that the disease cannot be "monitored® at that point.

There is no evidence of record that a change in the amount of detected tgu-

peptide or anti-tau-peptide autoantibody in a gample of body fluid correlates
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with a change in cognitive akilities of the patient so as to allow for the
digease to be monitored ror is there any evidence that by detecting either the
peptide or the autoantibody it is pessible to "subtype" the particular form of
Alzheimer’'s disease in that patient. Abgent evidence which establishes these
particular aspects of the claimed invention, the methods and kits are deemed
to lack utility.

The following iz a quotation of the first paragraph of 33 U.S5.C. § 112:
The specification shall contain a written description of the invention,
and of the manner and process of making and using it, in such full,
cleer, concisge, and exact terms as to enable any person skilled in the
art to which it pertains, or with which it is mpat nearly connected, to
make and use the same and shall set forth the hest mode contemplated by
the inventor of carrying out his invention.

The specification ia objected to under 35 U.5.C. § 112, first paragraph,
ag failing to adegquately describe and/or provide an enabling disclosure for
the invention being claimed.

The specification fails to teach or describe how to dilagnose, suhtype or
monitor Alzhsimer’s disease hy detecting the presence of a tau-peptide or the
pregsence of an anti-tau-peptide autoantibady in a sample of body fluld
obtained from & patient. As disnussed ahove, Alzheimer's disease can only be
definitively diagnosed by exemining the brain. Patients suffering from
dementia cen be evaluated using clinical and neuropeychological measurements
end assessed as having "probable” or "possible Alzheimer's disease under
guidelines establighed by the CERAD althnugh again the validity of the
diagnozig must await confirmation by longitudinal obgervationsg and ultimately
by histopathologic examination (gee Morris et al, Neurclogy, 1989). The
specification does not teach that clinically diagnosed ag "probable” or
"possible" Alzheimer'e disease patients who have tau-peptide or anti-tau-
peptide sutoantibody present in a sample of body fluid subsequently have been
definitively diagnosed as having Alzheimer's disease using the recognized
oriteria. Thuz the methods disclosed appear to he directed to screening
methods which aid in diagnosing of Alzheimer's disease. Further the

specification fails to teach how to monitor Alzheimer’s digease using the
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claimed methods because if the diagnosis of Alzheimer’'s disease cannot be wade
until sfter death, the disesase at that point cannot be manitored. If the
method wes limited to a screening method, the specification does not teach or
describe that a chenge in the amount of elther marker has any effect on the
progression of the disease, e.g., thet a decreage in either marker correlates
with an improvement in the cognitive skills for the patient being monitored or
that an increase correlates with a deterioration of the mentel state of the
patient. The apecification dees not teach or describe how to subtype
Alzheimer’s disease using the claimed methods because it does not set forth
any guidelines for correlating detection of tau-peptide or anti-tau-peptide
gutoantihody with recognized subtypes of Alzheimer's disease, e.g., familial
Alzheimer's disease. The specification does not teach hovw to amsay a sample
of body fluid for the presence of & tau-peptide vhere the tau-peptide is
derived from proteclytic action on neurofihrillary tangles regulting in
fragwents from the amino terminal 200 amino acids or carboxyl terminal 50
amino acids using either an anti-tau-peptide antibody or Fab fragment thereof.
By using an antibody or Fab fragment thereof, hoth intact tau ag well as
proteclytic fragments of tau peptide will bind to those antibodies recognizing
the terminal regions of the intact tau and thus one cannot distinguish the
intact #au protein from proteclytic fragments ueing only one antibhody. The
specification does not teach how to perform the immunomssay methods recited in
claim 3 for detecting the tau-peptide because it does not teach or disclose
which other reagents can be used in thoge agsay to distinguish the tay-peptide
from the intact tsu protein. The gpecification does not teach how to agsay a
gample of body fluid for the presence of an anti-tau-peptide autoantibody
without the use of mny specific binding reagentg in the method being claimed.
Thus without further guidance to thege aspects, it would take an unduge amount
nf experimentation to practice the invention being claimed.

Claims 1-5 are rejected under 35 U.5.C. § 112, first paragraph, for the

reagons set forth in the objection to the specification.
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Claims 1-3 are rejected under 35 U.S.C. § 112, =econd paragraph, as
being indefinite for failing to particularly point cut and digtinetly claim
the suhject matter which applicant regarde ag the invention.

Claime 1 and 2 and claim 3 dependent on each are vague and indefinite
because the preamhle of claims 1 and 2 are directed to a method of diagnosing,
gubtyping or monitoring Alzheimer's disemsse and yet neither claim includes a
correlation step to accomplish these gosla.

Claim 3 is vague becasuse "the assay" lacks antecedent basmie in claim 1
or claim ? from which it depends.

The following ie a quotation of the appropriate paragraphs of 39 11.8.C.
§ 1@7 that form the basis for the rejections under this section made in this
Office action:

A person shall be entitled to & patent unless --

{bY the invention was patented or described in a printed publication in

thig ar a faoreign country or in public use or on gaale in this country,

more than one year prior to the date of application for patent in the

UUnited States.

Claime 1, 3 and 4 are rejected under 35 U.5.C. § 102(h) as being
anticipated by Wolozin et al (Ann. Neurol., 22:521-526, 1987) in light of
Kaiezalk-Reding et al (J. Neurosci. Res., 25:4172-419). MWolozin et al disclose
monoclional antibody Alz-5@ recognizes a protein which they call AB8 in the
brains of patients who died with Alzheimer'e disease but not in the bhrain
tiggsue of individuals free of neuroleogical disease and *hat AR8 can readily be
detécted in CSF using Western hlot analysie with labelled goat anti-mouse
immuncglobulin as the detection reagent (page 522, col. 2, first full
paragraph). Wolozin et al discloge the usefulness of detection of A68 in CSF
for aiding in dimgnozing Alzheimer’s digease including a sandwich immunoassay
(Ahstract on page 521 and page %26, first paragraph). Ksiezak-Reding et al
disclese that the Alz 5@ epitope is located at the N-terminug of tay between
Tau 60 and Tau 14 epitnpes (Ahstract on page 412), Becaumse Ksiezak-Reding
zhow that the Alz-50 antibody bhinds to the N-terminal region of tau, Wolozin

et al disclose the method and kit being instantly claimed.

Claim 4 ie rejected under 35 U.S5.C. § 182(b) as being anticipated by
Kngilk e+ al {(Neurcn, 1:817-825, Nov. 1988), Kogik et al disclese a collection
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of components including 10 different monoclonal and four different pelycleonal
antibodies that react with tay on immunoblots using anti-Igh conjugated with
alkaline phosphatase as the detection reagent (page 823, Tau Protein and
Antibodies}.

The following im a quotation of 35 U.S.C. § 103 which forms the basis
for all obviousness rejections get forth in this Office action:

A patent may not be obtained though the invention ia not identically
discleosed or described as met forth in section 102 of this title, if the
differences between the subject matter sought to be patented and the
prior art are such that the subject matter as a whole would have been
ohvioug at the time the invention was made to a person having ordinary
gkill in the art to which gaid subject matter pertains. Patentability
gshall not be negatived by the manner in which the invention was made.
Subject metter developed by asnother person, which qualifies as prior art
only under subgection (f) or (g) of =section 102 nf this title, shall not
prealude patentability under this section where the subject matter and
the claimed invention were, at the time the invention was made, owned by
the same person or subject to an obligation of assignment to the same
person,

Claims 1, 3 and 4 are rejected under 35 .8.C. § 103 as being
unpatentahle over Wolnzin et al (Ann. Neurol., 22:521-326, 1987) in
combination with Ksiezak-Reding et al (J. Neurosci. Res., 25:412-419).

Wolozin et al is set forth above but differs by using the Alz 3@
antihody which Keiezak-Reding et al disclose as recognizing the H-terminal of
tau and by using intact Alz 50.

Ksiezak-Reding et al is set forth above and further disclose that Alz 50
and seven other monoclonal antibodiee have heen shown to react with both tau
and Alzheimer brain proteins of molecular mass 60-70 kDa. Ksiezak-Reding et
al digclose other monoclonal antihodies which bind to specific epitopes on the
tau protein at residues 60-72, 83-12@, 131-140 and 315-333 (Abstract on page
412} hut differ hy not using other anti-taw monnclonal antihedies to detect
the presence of tau in samples of bhody fluid.

Tt would have been obvious to one of ordinary skill in the art to test a
gample of body fluid for the presence of tau as an aid for Alzheimer’s disease
@a taught by Wolozin et al by using other antihodies which bind to recngnize

K-terminal 200 amino scids hecauge Wolozin teaches that Alz~50 monoclnonal

antibody can be used to detect the presence of A68 antigen in CSF as a means
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for diagnoaing Alzheimer’s disease and Ksilezak-Reding teaches that the Alz-30
antibody binds to an epitope on tau located at the N-terminal and they teach
that other anti-tau antibodies bind to epitopes near the Alz 50 epitope. Thus
one would have remsonably expected to successfully detert teu in hody fluids
using Keiezak-Reding’s= monoclonal antibndies ag alternate antibodies requiring
only routine screening to determine other useful antibodies which bind to tau
because Ksiezak-Reding teaches that Wolozin's Alz 5@ binds an epitope near the
H-terminal and Ksiezak-Reding teaches that other antibodies bind to epitopes
near the epitope of Wolozin's Alz 5@ antihndy. One of ordinary skill in the
art would have been motivated to use Fab fragments of the Alz 50 antibody or
Ksiezak-Reding’s anti-tau antibodies in place of intact antibodies as 3 means
of improving specificity hecauge Fah fragmente have the same antigen-hinding
gpecificity as intact antihodies hut do nnt have the Fo region which can cause
non-gpecific binding in an immunoassay. Tt would have been obvious to package
the reagents including the anti-tau Fab fragment or Keiezak-Reding's anti-tau
antibodies mlong witr detention reagents in 2 kit because kite are convenient
and ecnnomical means nf assemhling test nomponents for the user,
Claimg 2, 3 and 5 are rejected under 35 U.5.C. § 183 as being

unpatentable aver Singh et al (Immunol. Lett., 1986} in comhination with Foley
et al {J. Neursol., 1988), Baskin et al (Clin. Res., 1986) and Grundle-Tqgbal et

al (1. Biol.Chem., 261(13):6084-6083, 1986).

Singh et al disclose detection of brain autoantibodies in serum from
patients with Alzheiner’s disease (AD). Singh et al digclose that AD way be a
gyndrome with different guh-types of dieease, one of which may involve
defective immune requlatinn and/or autoimmunity (page 277, Introduction).
Singh et al disclose testing serum for the presence of anti-brain auto-
antibodies using brain tissue in an indirect immunofluorescent detection
method with goat anti-humar FITC conjugate (page 277, second column, first
full paragraph). Singh et al digclose that epecific eteining patiterns vere

found in about S7% of the AD sera wheress none of the 28 normal human sera
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were positive for specific staining. Singh et al do not characterize antigen-
hinding epecificity of the anti-brain antoantibodies detected.

Foley et al discleose data which supports the hypothesis that autoimmune
mechanismg may operate in the pathogenesis of Alzheimer'’'s disease. Foley et
al discloge that the presence of amyloid deposits and cortical plaques in
past-mortem brain tissue hasg guggested a link between autoimmune responses and
the pethogenesis of disease because a bhlood-brain barrier breakdown has been
reported in many cases and because the amyloid deposite and cortical plaques
are eslgo found aasormiasted with blood vessels. Foley et al further dlsclose
that antibodies which inhihit chnline acetyltransferase activity and
antibodies vhich specifically bind to cholinergic neurons have been detected
in sera of patients with Alzheimer’'s disease and that they detect the presence
of antihodies which are ahle to lyse mammalian synaptosomes in sera from
qroups of patients with Alzheimer’s digease (=zee Ahatract and first full
paragraph on page 465). Foley et al disclose that regearcherg have found IgG
antibodieg in sera of American patients with Alzheimer’e disease which are
reactive with magnocelluler neuronsz in rat and human hasal forehrain=
detectable using immunocytochemistry and that othere have reported the
pregence of antibodies vhich epecifically recognize cholinergic neurons in CSF
of patients with Alzheimer’s diseage. Still others have detected anti-
cholinergic antibodiese in sera of patients with Alzheimer’s disease using
ELISA tests and immunoblotting employing aperifie chelinergic antigens {page
470, first column, second full paragraph). Foley et al differ by detecting
autoantibodies to other antigens.

Gaskin et al disclose that patients clinically diagnosed as having
senile dementia of the Alzheimer type (SDAT) make autpantihodies which react
with neurnfibrillary tangles (NFT) and that other researchers have
demongtrated the presence of serum anti-brain antibodies. Gaskin et al
disclose establisghing B cell lines by Epstein-Barr viral transformation of a
limited numher of B cells isolated from patients with SDAT where the B cell

lines secrete antihodies. The antibodies are screened for isolation of those
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which bind to NFT using indirect immunofluorescence. The preliminary evidence
indicatesz that these antibodies are limited ta SDAT patients thus supporting
the hypothesis that autoimmunity is a pathogenic factor in SDAT (see entire
abstract).

Grundke-Iqbel et al disclose purificetion of microtubule~sssoccisted
protein tau and they digclose that tau fractions react specifically with
antibodies raised against paired helical filaments from Alzheimer’'s disease
patients (see Abstract on page 6084). Grundke-Iqbal et al disclose that
paired helical filements (PHF) are the most characteristic cytoskeletal
alteration affecting neurons in Alzheiwer’s dizease vhere PHF form
neurofibrillary tangles in neuranal perikaryon in dystrophic neurites af the
neuritic (senile) pleques in Alzheimer cerebrum. Grundke-Igbal et al
electrophoretically separate tau polypeptides on an 8DS-polyacrylamide alab
gel and immunolabeled the various bands with antibodies to tan (see Fig. 2 on
page 60A7). Grundke-Tqbel et al differ hy not detecting anti-tau-peptide-
autocantibodies.

1t would have been obvious to one of ordinary skill in the art to detect
autoantibodies to tau protein in body fluid gawmples by uaing the various tau
fragments of Grundke-Tghal et al as the meanz for hinding anti-tau-avto-
antibodies along with labelled anti-human antihodies as taught by Singh as the
deteation reagent because Singh et al teach that anti-brain antibodies=s are
detectable in sera of AD patiente using anti-human conjugeted antibodies,
Feley et al teach s link hetveen autnimmine responses and the pathogenesis of
Alzheimer’s dieense via A hlood-hrain harrier hreakdown and detection of
antibodies to cholinergic neurons in body fluide from Alzheimer’s disease

patients using conventional immuncassay methods, Gaeskin et al teach the

detection of autoantihodies which react with neurnfibrillary tangles (NFT)
using immunological detection nethnds and Grundke-Tahal et al teach that tau
protein ie a component of paired helical filaments which make up NFT. In the

absence of unexpected results one of ordinary skill in the art would have

reagonahly expected ton detect the presence nf anti-tau autoantibodies as
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alternates to Singh’e anti-brain antibodies or Gaskin's autoantibodies which
bind to in sera or CSF samples using the tau fractions of Grundke-Ighal
(equivalent to tau-peptides as instantly claimed) in a variety of conventional
immuncagsay techniques because Grundke-Igbal teaches that tau protein 1ls a
component of Alzheiwer paired helical filaments. It would have been obvious
to package the aseay reagents including BGrundke-Ighal’s tau fractions and
means for detecting the autoantihody in a kit hecause kits are convenient and
economical means of assembling test components for the user.

References made of record during prosecution of the parent application
have been indicated vith an asterisk on the PTO-892.

Any inquiry concerning thisg rommunication or earlier communicationz from
the examiner should be directed to Carol Bidwell whose telephone number is
(783) 3@8-3982,

Any inquiry of = general nature or relating to the gtatus of this
application should be directed to the Group recepticnist whose telephone
number is (703) 308-2196.

Papers related to this application may he subhmitted to Group 180 by
faceimile tranamissiocn. Pepers should he faxed to Group 180 via the PTO Fax
Center located in Crystal Mall 1. The faxing of such papers must conform with

the notice published in the Official Gazette, 1096 06 3@ (Novemher 15, 1989).
The CM1 Faw Center numhers are (703) 305-3014 and (743) 308-4227,
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

] {?(‘Bjah‘éﬁl‘ion of: Voorheis, H.Paul

D) “Serial No.: 08/159,969 Group Art Unit: 1802
‘;Y/\
\0 Filed: November 30, 1993 Examiner: Bidwell, C.
For: DIAGNOSTIC METHOD FOR Attorney Docket No.: 4697-059
ALZHEIMER’S DISEASE @

¢
DECLARATION QF DAVIS COAKLEY, M.D,, UNDER 37 C.F.R, M.l‘)/ @/p

VA o
Honorable Commissioner of Patents and Trademarks 00,0 ’:go (‘(b
Washington, D.C, 20231 .{90
(4
I, DAVIS COAKLEY DECLARE AS FOLLOWS:
1. I am a citizen of the Republic of lreland residing at 57 Mount Anville, Dublin 14,

Ireland.

2. I received M.B., B.Ch., B.A.0Q. (the equivalent to an American M.D.) degree in
1971 and an M.D. degree in 1978 from the National University of Ireland. I have been,
since 1991, President of the Irish Gerontological Society; since 1984, a Fellow of the
Royal College of Physicians in Ireland; and, since 1994, a Fellow of the Royal College of

Physicians (London). A copy of my curriculum vitae is attached hereto as Exhibit A.

3. My medical practice is conducted at St. James Hospital, Dublin. I have been,
since 1979, a Consultant Physician in geriatric medicine, St. James Hospital, Dublin,
Treland and, since 1988, the Director of Mercer’s Institute for Research on Ageing at the
same institution. I am an Associate Professor of Geriatric Medicine at Trinity College,

Dublin, Ireland and Dean of Health Sciences at Trinity College.

CERTIFICATE UNDER 37 C. IR, 1.8(a)

I hereby certify that this correspondence is being deposited with the United States Postal Service as first class
mail in an envelope addressed to: Commissioner of Patents and Trademarks, Washington, D.C. 20231, on

October 17, 1994 .
Daniel Hansburg M ,)M/)_ 36,156 Octobher |7, 1994

(Name) (SignW (Reg. No.) (Date of Signatire)
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4. I personally possess no interest in the above-captioned patent application (the

Application).

5. The above-identified inventor of the Application (the Inventor) is 2 member of the
faculty of the Department of Biochemistry, Trinity College, Dublin, Ireland. [ and
several of my medical colleagues, under my supervision, have made available to the
Inventor samples of blood from eighteen (18) patients who we had diagnosed as having
Alzheimer’s Disease. For comparison 18 "control” samples from patients with other

diagnoses were provided.

6. The clinical diagnosis of Alzheimer’s Disease was made by trained staff working
at St. James Hospital. The criteria that are employed are the criteria set in the -
publication: McKhann, G. et al., 1984, "Clinical Diagnosis of Alzheimer’s Disease:
Report of the NINCDS-ADRDA Work Group under the auspices of the Department of
Health and Human Services Taskforce on Alzheimer’s Disease,” Neurology 34:939-944

(Attached hereto as Exhibit B).

7. These diagnostic criteria, generally referred to as the NINCDS criteria, are
generally recognized in the field to be the most acceptable criteria by which to define

Alzheimer’s Disease.

8. I hereby declare that all statements made herein of my own knowledge are true
and that all statements made on information and belief are believed to be true; and further
that these statements were made with the knowledge that willful false statements and the
like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title
i8 of the United States Code, and that such willful false statements may jeopardize the

validity of the application, and any patent issuing thereon.

Date: 19-10- 44 Sep& @BLQI—«

DavisCedkley, M.D., F.R.C.P¢\
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\{russpplication of: Voorheis, H. Paul
Serial No.: 08/159,969 Group Art Unit: 1802
Filed: November 30, 1993 Examiner: C. Bidwell

For: DIAGNOSTIC METHOD FOR Attorney Docket No.: 4697-059
ALZHEIMER’S DISEASE

SUPPLEMENTAL REPLY UNDER RULE 111 Qs
Gon €5 1. 4D
. Ro,, 2 1y
Honorable Commissioner of Patents and Trademarks Up P 4
Washington, D.C. 20231 800
Sir:

Along with the Amendment Under Rule 115, mailed October 5, 1994, Applicant
submitted an unexecuted declaration of Dr. Davis Coakley. Thus, Applicant transmits
herewith an executed Declaration Submitted Under Rule 132 of Dr. Davis Coakley.

Applicant notes that the executed declaration differs from the unexecuted
declaration. The unexecuted declaration may have erroneously created the impression
that Dr. Coakley actively participated in planning and executing the research program of
the Applicant. Thus, paragraph 5 of the executed declaration has been amended by the
deletion of the sentence that states that Dr. Coakley was a collaborator and assistant of
the Applicant.

Respectful]y subn}ittedl,r
$ Sles e M ok

"
Date_| 7.0 cTole~ 1391 MH’@Z\ 36156 18,872

S. Leslie Misrock (Reg. No.)
PENNIE & EDMONDS
1155 Avenue of the Americas
New York, New York 10036-2711
Enclosure (212) 790-9090

CERTIFICATE UNDER 37 C.F.R. 1.8(a)

I hereby certify that this correspondence is being deposited with the United States Postal Service as first
class mail in an envelope addressed to: Commissioner of Patents and Trademarks, Washington, D.C.
20231, on Qctober 17, 1994,

Danie] Hansburg ‘QQ \M/\ 36,156 October 17, 1994

(Name) ™~ ‘\H}namre) / (Reg. No.) (Date of Signature}
PENY2-312670.1
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Application

Serial No.: 08/159,969 Group Art Unit: 1802

Filed: November 30, 1993 Examiner: C. Bidwell

For: DIAGNOSTIC METHOD FOR Attorney Docket No.: 4697-059

ALZHBEIMER’S DISEASE

INFORMATION DISCLOSURE STATEMENT
UNDER 37 C.F.R, §§ 1.56 AND .97

Honorable Commissioner of Patents and Trademarks
Washington, D.C. 20231

Sir:

In accordance with Applicants’ duty of disclosure imposed by 37 C.F.R. §§ 1.56
and 1.97(c), Attorneys for Applicants hereby invite the Examiner’s attention to the
references cited in the attached form, Photocopies of the cited references are submitted
herewith.

Identification of the submitted references is not to be construed as an admission of
Applicants or Attorneys for Applicants that such references are available as "prior art"
against the subject application. Consequently, Applicants respectfully decline to use form
PTO-1449, since this form identifies all of the references therein as "Prior Art." As an
alternative, Applicants submit herewith a "revised PTO Form 1449" entitled "List of

References Cited" instead of "List of Prior Art Cited." Applicant respectfully requests

P 30547 10/24/94 08159949 16~1150 030 126 210, 00CH

CERTIFICATE UNDER 37 C.F.R. 1.8(a)

1 hereby certify that this correspondence is being deposited with the United States Postal Service as first class
mail in an envelope addressed to: Commissioner of Patents and Trademarks, Washington, D.C. 20231, on
October 5, 1994.

Danicl Hansburg '}’&0 )’} ) 36,156 October 5, 1994

(Name) Signature) (Reg. No.) (Date of Signature)
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that the listed and enclosed references be considered by the Examiner and made of record
in the above-identified application.

Pursuant to 37 C.E.R. §1.97(c), this Information Disclosure Statement is filed
after the mailing date of the First Office Action on the merits; therefore a fee of $210.00
is required pursuant to 37 C.F.R. § 1.17(p). A separate Fee Transmittal Letter

authorizing payment of this fee is attached hereto.

Respectfully submitted, D&

& ook PHanre
pate_ QAoh— 5, 1554 b WP 20156 18sm

S, Teslie Misrocke” (Reg. No.)
PENNIE & EDMONDS

1155 Avenue of the Americas

New York, New York 10036-2711

(212) 790-9050
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Application of: Voorheis, Paul

Serial No.: ©08/159,969 Group Art Unit: 1802
Filed: November 30, 1993 Examiner: €. Bidwell
For: DIAGNOSTIC METHOD FOR Attorney Docket No.: 4697-059

ALZHEIMER'S DISEASE

FEE TRANSMITTAL SHEET

Honorable Commissioner of Patents and Trademarks
Wwashington, D.C. 20231
Sir:

The fee required to be filed with the accompanying
Information Disclosure Statement Under C.F.R. §§ 1.56 and
1.97(c) of even date herewith concerning the above-identified
patent application is believed to be $210.00 pursuant to 37
C.F.R. § 1.17(p) -

Please charge this fee to Pennie & Edmonds Deposit
Account No. 16~1150. However, should any additional fee be
required, the commissioner is authorized to charge any such
fee or credit any overpayment to Deposit Account No. 16-1150.

A copy of this sheet is enclosed.

Respectfully submitted,
S delie Whane
pate Dcfeh— G, 1y e ;007//2.. 20, |56 18,872

7

5/ Leslie MygStrock (Reg. No.)
PENNIE & EDMONDS

1155 Avenue of the Americas

New York, New York 10036-2711
(212) 790-9090

CERTIFICATE UNDER 37 C.,F.R. 1.8(a)

I hereby certify that this correspondence is being deposited with the
United States Postal Service as first class mail in an envelope addresased

to: Commissioner of Patents an Trademarks, Washington, D.C. 20231, on

October 5, 1994.

Danie]l Hansburg }&:) );,Q,/“\\// 36,156 October 5, 1994

Name) ~——TSignature) d (Reg. No.) fDate of Signature}
PENY2-30969% .1
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Filed: November 30, 1993 Examiner: C. Bidwell' ©7 ¢~
For:  DIAGNOSTIC METHOD FOR Attorney Docket No.: 4697-059

ALZHBEIMER’'S DISEASE
PETITION FOR EXTENSION OF TIME UNDER 37 CFR § 1.136(a)

Honorable Commissioner of Patents and Trademarks
Washington, D.C. 20231

Sir:

It is respectfully requested that the time for response to the Office Action

dated April 5. 1994, be extended for a period of 3 month(s) from July 5, 1994 to and

including October 5, 1994.

The fee for this extension is estimated to be $.870.00. Please charge the
required fee to Pennie & Edmonds Deposit Account No. 16-1150. A copy of this sheet is

enclosed.
Regspectfully submitted,
5 A vakin ’)’)/I,(Mf—j{

Date__October 5. 1994 by )QQ\L é ] 36,156 18,872

" §. Leslie Misrefk (Reg. No.)
PENNIE & EDMONDS

1155 Avenue of the Americas
New York, N.Y. 10036-2711
(212) 790-9090

[ e 7,8 P .
TG 10724794 08159949 14

~1150
CERTIFICATE_UNDIR 37 A IR B70. 00CH

[ hereby cerify that this correspandence is being deposited with the United States Postal Service as first class mail in an.
envelope addressed to: Commissioner of-Patents and Trademarks, Washington, D.C. 20231, on Octoher 5, 1994 .

Danie] Hansburg /\Q ) M 36,156 Qetober 5, 1994
~ (Sv'gnulﬁ
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Filed: November 30, 1993 Examiner: Bidwell, C. )
For: DIAGNOSTIC METHOD FOR Attorney Docket No.: 4697-059

ALZHEIMER’S [MSEASE

AMENDMENT UNDER 37 C.F.R. § 1.113

Washington, D.C. 20231

qe\ Honorable Commissioner of Patents and Trademarks
\

Sir:

Please consider the following amendments and remarks, which are responsive to
the Office Action mailed April 5, 1994, Enclosed herewith are Declarations Submitted
Under Rule 132 by the Drs. Davis Coakley (unexecuted) and H. Paul Voorheis, a Petition
to Extend Time Under 37 C.F.R. § 1.136(a) and an Information Disclosure Statement
submitted according to Rule 1.97(c), along with provision for payment of the applicable

fees.
AMENDMENTS

In the Specification:

Please amend the first sentence of the specification as follows:
This is a continuation of application Serial No. 07/738,778, filed August 1, 1991,

now_abandoned.

CERTIFICATE UNDER 37 C.F.,R. 1.8(a)

I hereby certify that this correspondence is being deposited with the
United States DPostal Service as first class mail in an envelope addressed

to: Commissioner of Patents and Trademarks, Washington, D.C. 20231, on
October 5, 1994 . QQ M
Daniel Hansburg /\, ) Yl 36,156 October 5, 1994

(Name) TSgnatire) Reg. No.) (Daie of Signalure)
PENY2-304567.1
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000101



I_uh;j&la_im&
Please cancel claim 4, without prejudice. Please amend the claims as follows:

’

. (amended) A method for diagnosing[, subtyping or monitoring] Alzheimer’s

isease in a patient suspected of having Alzheimer’s Disease, comprising assaying a

sample of [body fluid} blood or cerebrospinal fluid obtained from the patient for [the

presence] a_concentration 0 tau-peptide using either an anti-tau-peptide antibody or an

\ anti-tau-peptide Fab fragment, whe in further the tau-peptide is derived [from proteolytic
N . : )
action on neurofibrillary tangles resultin

amino acids or carboxy terminal 50 amino act

in fragments] from the amino terminal 200

of a tau-protein; and employing the

assaved concentration to evaluate the status of the patient’s Alzheimer’s Disease.

W:::i) A method for diagnosing[, subtyping or monitoring] Alzﬁeimer’s

‘sp:;pected of having Alzheimer’s Disease, comprising assaying a

disease in a pafl

sample of [body fluid] bloader_cereprospinal fluid obtained from the patient for [the

presence] a concentration of an anti—fau— tide autoantibody; and employing the assayed

concentration to evaluate the status of th atient @J@r’s Disease.

mended) ~ The method [for diagnosing, subtyping or monitoring

Alzheimer’s diseade.according to] of claims 1 or 2, wherein [the assay is] the assaying

step comprises Derfonwn assay selected from the group consisting of a

@7/ radioimmunoassay, an enzyme-

d immunosorbant assay, a sandwich assay, a
precipitin reaction, a gel immunodiffusionagsay, an agglutination assay, a fluorescent

0 immunoelectrophoresis assay.

immunoassay, a protein A immunoassay [or] an

for detecting the presence of an anti-tau-peptide

, 5 <amended)
Q /a autoantibody in a sa

peptide and means for’de! ecting {
f

fluid] blood or cerebrospinal fluid comprising a tau-

inding of the autoantibody with the tau-peptide.
el

Please enter the fol]%in.g\new claims:

1 wherein the sample is a sample of blood.
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REMARKS

Claims 1-3 and 5-7 are in the case.

Claims 1-3 have been amended to remove the words “subtyping and monitoring”
from the preamble. Claims I, 2 and 5 have been amended to replace "a sample of body
fluid" by --a sample of blood or cerebrospinal fluid—. Support for the amendment is
found at page 1, line 9 and page 26, lines 14-19, Claims 1 and 2 have been amended to
recite a comparison step and to replace "the presence” with "a concentration”. Support
for the amendment may be found at page 27, lines 12-14.

Claim 1 has been amended to delete the phrase "derived from proteolytic action on
neurofibrillary tangles resulting in fragments.” Support for this amendment is found in |
the paragraph bridging pages 12-13.

Claim 3 has been amended to replace "the assay is" with --the assaying step
comprises performing-- to conform to claiming formalities.

New Claim 6 has been added that specifically claims the method of Claim 1
wherein the sample is a sample of blood. Support for the new claim is found at page 1,
line 9 and page 26, lines 14-19. Claim 7 is drawn to the method of Claim 6 performed
by the particular assays recited in Claim 3, as filed. Support for Claims 7 can be found

as for Claims 6 and in Claim 3 as filed.

L. THE APPLICATION ENABLES AN OPERABLE INVENTION HAVING A

PRACTICAL UTILITY AND THE CLAIMS CONFORM TO 35 U.5.C § 112

Pending Claims 1-3 and 5 were rejected under 35 U.S.C. § 101 and the
specification objected to under 35 U.S.C. § 112 1st § because the invention is alleged to
be inoperable.

The Applicant respectfully traverses. Submitted herewith are Declarations Under
Rule 132 of the Inventor, Dr. H. Paul Voorheis and of Dr. Davis Coakley of the Medical
School of St. James Hospital, Dublin Ireland, showing that an assay performed according
to the teaching of the specification clearly distinguishes between a population of 18

individuals having a diagnosis of Alzheimer’s Disease and 18 controls.

Dr. Voorheis, who is a trained physician and former medical practitioner states in

q 8 of his Declaration Under Rule 132:
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The results of the assay were closely correlated with the clinical diagnosis

of Alzheimer’s Disease. Indeed, considering that clinical and pathological

diagnoses of Alzheimer’s Disease are not infrequently discordant, the

correlation . . . is as close as could be expected. Thus, the assay

performed according to the teaching of the application was operative, in

this trial, to diagnose Alzheimer’s Disease with high specificity and

sensitivity.

To the best of the Applicant’s knowledge, these data represent the first example of
a diagnostic test for Alzheimer’s Disease that is both objective and can be performed
without intrusive entry into the Central Nervous System of the subject. Previous
diagnostic methods required, at least, Jumbar puncture to obtain a sample of cerebrospinal
fluid. See "Laboratory Diagnostic Tests for Alzheimer’s Disease” by Igbal, K., et al., in
ALZHEIMER’S DISEASE AND RELATED DISORDERS (Alan Liss, Inc., 1989) pg 679-687.
(Ref. AE in the Information Disclosure submitted herewith)

The Office Action alleges that the teaching of the application is insufficient to
practice to the invention without undue experimentation because the application does not
teach the absolute level of 7-peptide, or its equivalent, that is diagnostic of Alzheimer’s
Disease. Applicant respectfully traverses on the grounds that the determination of the
diagnostic level is well within the level of ordinary skill in the art. As the data presented
herewith reveals the variation in the apparent levels of 7-peptide in normal human plasma
is small compared to the difference between the levels of normal subjects and Alzheimer’s
patients. Therefore, the precise level which 18 considered diagnostic may be set within a
wide range without effecting the validity of the test. Such a determination is submitted to
be well within the capacities of one skilled in the field.

Further, any particular diagnostic level would be dependent upon the specificity
and variability of the particular assay that the practitioner employs. Therefore, the
specification of such a diagnostic level for one assay is not, penerally, transferable to
other assays without further, albeit routine, investigation.

The Office Action further alleges that the invention is inoperable because the
application does not teach how fo assay for 7-peptide fragments "derived from proteolytic
action on neurofibrillary tangles" and because the application does not teach a means of
distinguishing between 7-peptide fragments and -proteins.

In response to the first allegation and to more particularly point out and precisely

claim the invention, the Applicant has amended the claim to delete the postulated origin
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of the 7-peptide fragments. In response to the second allegation the Applicant respectfully
points out that 7-protein is not normally in the blood or in cerebrospinal fluid. Beginning
at page 13, line 3, the specification points out: "The detection or quantitative

measurement of any of these z-proteins or fragments thereof in body fluids in accordance

with this invention is useful in confirming a clinical diagnosis of Alzheimer’s Disease . .
.." (emphasis added).

Thus, the operability of the invention does not require that the distinction of
concern to the Examiner be enabled by the specification. The claimed invention recites
that the concentration of 7-peptides be assayed; the application teaches that there is no
technical requirement that the assay means distinguish between the peptide of interest and
its precursor protein.

Claims 1-3 were rejected under 35 U.S.C. § 112, 2nd §. The claims as amended
obviate the rejection. The preambles to Claims 1-3, as amended, recite that the claimed
invention is a method of diagnosing Alzheimer’s Disease. Claim 3 has been amended to

replace "wherein the assay is" with the phrase "wherein the assaying step comprises.”

1L THE REJECTIONS OVER WOLOZIN AND KSIEZAK-REDDING ARE IMPROPER

AND SHOULD BE WITHDRAWN

Claims 1 and 3 were rejected over Wolozin et al., Ann. Neurol. 22:521-26
(Wolozin) in view of Ksiezak-Redding et al., 1990, J Neuroscience Research 25:412-19,
(Ksiezak-Redding) based on 35 U.S.C. § 102(b) or alternatively on 35 U.S.C. § 103.

Wolozin is alleged to have identified an monoclonal antibody (" Alz 50") that reacts
with a protein ("A68") which is present in the cerebrospinal fluid of Alzheimer’s patients
but not others. Ksiezak-Redding is alleged to have shown that the monoclonal antibody
Alz 50 reacts with an N-terminal peptide of the 7-protein.

Applicant traverses. A careful reading of Ksiezak-Redding shows that the epitope
recognized by Alz 50 was not shown to be absent from a peptide containing the N-
terminal 200 residues of the r-protein. At page 413, first full paragraph, Ksiezak-Redding
states:

Lack of reactivity of the [Agtl1/7-protein] fusion protein with Alz 50

prompted the suggestion that the epitope was wither conformationaily or

post-translationally modified. Therefore, to study the seemingly

conformationally dependent epitopes such as Alz 50 . . .we digested 7 with
chymotrypsin or trypsin and immunoblotted the fragments with Alz 50.
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At page 416, first full paragraph, Ksiezak-Redding states:

The immunoblots of Alz 50 and Tau 60 were similar to each other, but
different from those of other antibodies by the lack of staining of fragments
smaller than 38 kDa.

Lastly, at page 417, the first paragraph of the discussion of Ksiezak-Redding states:

This study showed that the Alz 50-reactive epitope is sensitive to

protease digestion, After the chymotrypsin cleavage of a 3-4 kDa fragment

from the parent r polypeptides and their endogenous fragments, the Alz 50

epitope was no longer detected.

Applicant submits that a fair reading of Ksiezak-Redding leads to the conclusion
that, contrary to the allegations of the Examiner, Alz 50 recognizes only the intact
r-protein and does not recognize an isolated N-terminal fragment. The Office Action fails
to recognize the distinction between the portion of a protein molecule that is necessary for
binding of an antibody and the binding of the antibody to an isolated peptide. The Alz 50
epitope was reported to be Jjocalized to the N-terminal, i.e., the presence of the N-
terminal fragment is necessary for binding. However, Ksiezak-Redding was equally
definite in stating that no binding to a fragment of molecular weight less than 38kD was
observed. Given the average molecular weight of a peptide is 110 Da/residue’, it
follows that the smallest fragment that Ksiczak-Redding identifies as having a Alz 50
epitope is about 340 amino acids.

Applicant further requests the Examiner’s attention to the fact that although
Wolozin was able to detect A68 in CSF only after concentrating the CSF by 87.5 fold
(3.5 ml into 40 pL.) and the only method disclosed was a Western blot, indicating that
very low levels of A68 are present. Applicant respectfully points out that Claim 3, as
amended, expressly recites the assay methods to be employed to determine the
concentration of 7-peptide and does not include the Western blot method of Wolozin.

The Office Action further alleges, in the alternative, that Claims 1 and 3 are
obvious over the combination of Ksiezak-Redding and Wolozin. Wolozin is alleged to
teach that there is detectable amounts of A68 in the cerebrospinal fluid of Alzheimer’s
suffers. Ksiezak-Redding is alleged to teach that A68 is a species of r-protein and to

disclose monoclonal antibodies reactive with N-terminal peptides thereof. It is alleged

1 Stryer, Lubert, BIoCHEMISTRY, (W.H. Freeman & Ca., New York) p 22.
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that one of ordinary skill utilizing the antibodies of Ksiezak-Redding to detect the A68
protein would had a reasonable expectation of obtaining a method to diagnose
Alzheimer’s Disease. Applicant respectfully traverses.

Wolozin discloses the present of a abnormal protein in the cerebrospinal fluid
(CSF) of Alzheimer’s patients. This protein is present in the brain tissue of such patients
and not in that of normals. Wolozin does not suggest, much less teach, whether the levels
of A68 together with its the non-pathological homologs are elevated or even altered in
Alzheimer’s patients. Thus, one of ordinary skill in the art using the antibodies of
Ksiezak-Redding, which do not differentiate between pathologic and normal proteins,
would have had no reasonable expectation that the CSF levels of normal 7-proteins or the
level of the total of normal 7-proteins and A68 would be elevated or that an operable
diagnostic method could be so obtained. |

Further, Applicant respectfully points out that the newly submitted Claim 6 is
directed towards a diagnostic method wherein a sample of blood is assayed for the
presence of r-peptides. Wolozin is completely deficient in suggestion that A68 or any
other protein is present in the blood of Alzheimer’s patients.

The rejection of Claim 4 over Kosik et al., 1988, NEURON 1:817-25 is moot in

view of the cancellation of Claim 4 without prejudice.

I11. THE REJECTION OVER GASKIN AND OTHERS IS IMPROPER AND SHOULD BE
WITHDRAWN

The Office Action indicates that claims 2, 3 and 5 are rejected over the
combination of Gaskin, F., et al., 1986, CLINICAL RESEARCH 34(2):669A (Abstract)
(Gaskin) and Grundke-Igbal, I. et al., 1986, J BIOL.CHEM. 261:6084 (Igbal) in view of
Singh et al., IMMUNOL. LETT. 12:277 and Foley et al., 1988, J. NEUROL. 235 :466-71
(the "secondary references").

Gaskin is alleged to have taught that autoantibodies to Neurofibrillary Tangles
(NFT) are common in Alzheimer’s patients, but admittedly Gaskin does not further
identify the antigen recognized by the anti-NFT autoantibodies. Igbal is alleged to have
taught that 7-proteins are a component of NFT. The secondary references are alleged to
provide further motivation to make the combination of Gaskin and Igbal by teaching that

Alzheimer’s Disease is associated with autoantibodies directed toward multiple antigens.
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The Examiner asserts that one of ordinary skill combining Gaskin and Iqbal would
conclude that the autoantibodies were directed towards r-proteins.

Applicant respectfully traverses. "The test for obviousness is what the combined
teachings of the [prior art] references would have suggested to one of ordinary skill in the
art" In re Young, 18 USPQ2d 1089, 1091 (Fed. Cir. 1991) (following In re Keller, 208
USPQ 871, 881 (CCPA 1981). Applicant brings to the Examiner’s attention the fact that
F. Gaskin has continued to investigate the specificity of the anti-NFT autoantibodies
disclosed in her abstract. These studies specifically investigated whether the
autoantibodies were reactive with phosphorylated 7-proteins. Her conclusion was that -
none of the autoantibodies reactive with NFT in Alzheimer’s Disease brain reacted with
r-proteins. Kingsley, B.S., Gaskin, F., et alia, 1988, J. NEUROIMMUNOLOGY 19:89-99,
97 (Gaskin II) (Ref. AC in the Information Disclosure submitted herewith). Thus, the
teaching of the prior art as a whole suggests that the anti-NFT autoantibodies, first
reported in Gaskin, are not directed to 7-proteins.

Applicant respectfully request that the rejection of Claims 2, 3 and S be
reconsidered and withdrawn in view of Gaskin II which teaches that the autoantibodies
disclosed in Gaskin are not directed toward 7-proteins.
1v. CONCLUSION

Applicant respectfully submits that the rejections of the Office Action of May 3,
1994 are either obviated or overcome by the Declarations of Drs. Davis Coakley and H.
Paul Voorheis, the inventor, and the foregoing amendments. Applicant accordingly
requests the speedy allowance of all pending claims.

Respectfully submitted,

Date @J»Le» a9y by /W% 3@156 18,872

S, Leslic Misk (Reg. No.}
PENNIE & EDMONDS

1155 Avenue of the Americas

New York, New York 10036-2711

Enclosure : (212) 790-9090
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Honorable Commissioner of Patents and Trademarks
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I, DAVIS COAKLEY DECLARE AS FOLLOWS:

1. I am a citizen of the Republic of Ireland residing at 57 Mount Anville, Dublin 14,

Treland.

2. I received M.B., B.Ch., B.A.O. (the equivalent to an American M.D.) degree in

1971 and an M.D. degree in 1978 from the National University of [reland. I have been,
since 1991, President of the Irish Gerontologic Society; since 1984, a Fellow of the Royal |
College of Physicians in Ireland; and, since 1994, a Fellow of the Royal College of

Physicians (London). A copy of my curriculum vitae is attached hereto as Exhibit A.

3. My medical practice is conducted at St. James Hospital, Dublin. T have been,
since 1979, a Consultant Physician in geriatric medicine, St. James Hospital, Dublin,
Ireland and, since 1988, the Director of Mercer's Institute for Research on Ageing at the
same institution. I am an Associate Professor of Geriatric Medicine at Trinity College,

Dubiin, Ireland and Dean of Health Sciences at Trinity College.
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October 5, 1994 .
Daniel Hansburg )QQ ’)J/z/)/ 36,156 October 5, 1994
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PROFESSOR _DAVIS COAKLEY
CURRICULUM VITAE

HOME ADDRESS: 57 Mount Anville, Dublin 14
DEGREES: M.B., B.Ch., B.A.O. 1971
M.R.C.P.I. 1975
M.D. (N.U.I.) 1978
F.R.C.P.I. 1984
F.R.C.P. (LOND) 1994
POSITIONS: consultant Physician in Geriatric Medicine, St.

Jame's Hospital, Dublin (October 1979 to date)

Director of Post Graduate Medical Education,
Trinity College, Dublin (1984 = 1990) '

Director, Mercer's Institute for Research on
Ageing, st. Jame's Hospital (1988 to date).

Associate Professor of Geriatric Medicine,
Trinity College, Dublin (1986 to date)

pun's Librarian, Royal College of Physicians of
Ireland (1991 to date)

Dean, Faculty of Health Sciences, Trinity
College, Dublin (1993)

PREVIOUS POSITIONS: Senior Registrar, University Hospital of Wales,
Cardiff o

senior Lecturer in Geriatric Medicine at

University of Manchester and Consultant
Physician to the University Hospital of South
Manchester

SOCIETIES: British Geriatric Society
Irish Gerontological Society
Secretary (1984 - 1986)
President (1991 to date)

Irish Society of Physicians in Geriatric
Medicine

Irish Neurological Association
Royal Academy of Medicine in Ireland

Stroke Association of Ireland
Founder member and former Chairman

Trish Association of Rehabilitation Medicine
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SELECTED RELEVANT &
MEDICAL AND SCIENTIFI1C
PUBLICATIONS:

CHAPTERS IN BOOKS:

PAPERS:

Books:

Lectures in Geriatric Medicine (Editor)
University Hospital of Wales (1978)

Acute Ceriatric Medicine (Editor)
Croom Helm, London and PSG Littleton
Mass, U.S.A. (1981)

Establishing a Geriatric Service (Editor)
Croom Helm, London and Canberra (1982)

Nursing and the Doctor (Co-editor with
V. Hanson)
Pitman Medical London (1982)

Minute Eye Movement and Brain Stem Function
(Author). CRC Press, Florida, U.S.A. (1983)

Physiotherapy and the Elderly Patient
(Co—author with P. Wagstaff)

Croom Helm, London and Canberra

Aspen Publishers, Maryland, U.S.A. (1988)

"Treland" in: "Developments and Research on the
Aging: An International Handbock." Ed. Erdman
B. Palmore, Greenwood Publishing Group, Inc.,
USA, 1993: 159-164. Coakley D, Donegan c.

"Screening for dementia and delirium using an
adapted Folstein Mini-Mental Status
Examination." 1Irish Medical Journal, 1989, 82:
24-25. O'Neill D, O'Shea B, Walsh J.B.,
Coakley D.

tThe Effect of Mild to Moderate Dementia on the
Geriatric Depression Scale and on the General
Health Questionnaire." Age and Ageing 1990,
19: 57-61. O'Riordan T.G., Hayes J.P., O'Neill
D, Shelley R., Walsh J.B. an Coakley D.

npiet and anthropometric measures in mild to
moderate senile dementia of the Alzheimer
type." J Human Nutrition & Dietetics 1990, 3:
176 - 179. O'Neill D., McKiernan, M., Gibney
M., Walsh J.B., Coakley D.

"Assessment of dementia and depression.™ J
Amer Geriatr Soc 1989, 37: 390-391. O'Neill
D., O'Riordan T., Hayes J., Shelley R., Walsh
J.B., Coakley D.

"Mental test scores and adult education."
Lancet 1989, ii, 441. O'Neill D., Rice I.,
Walsh J.B., Coakley D.
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"The effect of mild to moderate dementia on the
Geriatric Depression Scale and on the General
Health Questionnaire in the hospitalised
elderly." Age and Ageing 1990, 19: 57-61.
O'Riordan T., Hayes J., 0O'Neill D., Shelley R.,
Walsh J.B., Coakley D.

"pDementia and depression in a nursing home
population" IN: Careers, Professionals and
Alzheimer's Disease. Edited by Desmond
O'Neill. Proceedings of the 5th Alzheimer's
Disease International Conference; 1991: 309-13.
O'Neill D., Bagley D., Mc Cormack N., Walsh
J.B., Coakley D.

"pifficulties in diagnosing Alzheimer's Disease
in Down's Syndrome" IN: Careers, Professiocnals
and Alzheimer's Disease. Edited by Desmond
O'Neill. Proceedings of the 5th Alzheinmer's
Disease International Conference; 1991: 315-21.
Keane V., O'Neill D., Walsh J.B., Coakley D.,
Coffey V., Mulcahy M.

"Electrophysioclogical studies in Alzheimer's
dementia (Research Review)." J Ir Coll Phys
surg 1991; 20 (4): 270-275. ¢'Mahony D., Rowan
M., Feely J., Walsh J.B., Coakley D.

walzheimer's disease: Progress in basic science
research." J Biomed Sc, 1992; 2: B8-96. o
O'Mahony D., Walsh J.B., Coakley D.

npseudo-Alzheimer's and primary brain tumour.”
Postgrad Med J, 1992; 68: 673-76. O'Mahony D.,
Walsh J.B., Coakley D.

"Measuring the Quality of Life of Dementia
Patients Using the Schedule for the Evaluation
of Individual Ouality of Life." The Irish
Journal of Psychology, 1993; 14, 1: 154-163.
Coen R., O'Mahony D., O'Boyle C., Joyce C.R.B.,
walsh"J.B., Coakley D.

nparkinson's Dementia and Alzheimer's Dementia:
An Evoked Potential Comparison.'" Gerontology
1993; 38: 228-240. O'Mahony D., Rowan M.,
Feely J., O'Neill D., Walsh J.B., Coakley D.

"Technology and Communication Diusorders in the
Elderly Population - Results of a Population
survey" IN: "Developments in the Assessment and
Rehabilitation of Brain-Damaged Patients." Ed.
Franz J. Stackowiak, Gunter Narr Verlag
Tubingen, 1993; 311-317. Sweeney T., Sheahan
N., Rice I., Malone J., Walsh J.B., Coakley D.
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"Using the Schedule for the Evaluation of
Individual Quality of Life (SEIQoL) to assess
the quality of life of dementia patients.”
Irish Journal of Medical Science, 1993; Vol.
162: 271, Coen R.F., 0O'Mahony D., O'Boyle
C.A., Browne K., Lawlor B., Joyce C.R.B., Walsh
J.B., Coakley D.

"Schedule for the Evaluation of Individual
Quality of Life (SEIQoL): Its use in dementia."®
Age and Ageing 1993; Vol. 22 (suppl 2): 12.
Coen R.F., O'Mahony D., O'Boyle C.A., Browne
K., Lawlor B., Joyce C.R.B., Walsh J.B.,
Coakley D.

"Differential diagnosis of dementia: a
prospective evaluation of the DAT Inventory."
Age and Ageing 1993; Vol. 22 (Suppl 3): 22.
Coen R.F., 0'Mahony D., Bruce I., Lawlor B.,
Walsh J.B., Coakley D.

"Differential diagnosis of dementia: a
prospective evaluation of the DAT Inventory."
Journal of the American Geriatric Society 1994;
Vol 42 (1): 16-20. Coen R.F., O'Mahony D.,
Bruce I., Lawlor B., Walsh J.B., Coakley D.

"ouestionable dementia: does it exist?" Age
and Ageing 1993; Vol. 22 (Suppl 3): 13-14.
O'Mahony D., Rowan M., Coen R.F., Feely J.,
Walsh J.B., Coakley D.
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views & reviews

£, Articie abstract—Clinical criteria for the diagnosis of Alzheimer’s disease include insidious onset and progressive
L impairment of memory and other cognitive functions. There are no motor, sensory, or coordination deficits early in the
2§ gdisease. The diagnosis cannot be determined by laboratory tests. These tests are important primarily in identifying other

& possible causes of dementia that must be excluded before the diagnosis of Alzheimer's disease may be made with confidence.

% Neuropsychological tests provide confirmatory evidence of
“% response to therapy. The criteria proposed are intended to

the diagnosis of dementia and help to assess the course antl
serve as a guide for the diagnosis of prohable, possible, and

74" definite Alzheimer’s disease; these criteria will be revised as more definitive information becomes available.

Clinical diagnosis

T of Alzheimer’s disease:
¢ Report of the NINCDS-ADRDA Work Group* under the
auspices of Department of Health and Human Services

Task Force on Al

zheimer’s Disease

Guy McKhann, MD; David Drachman, MD; Marshall Folstein, M Robert Katzman, MD;

A0 g o T

Alzheimer’s disease is a brain disorder characterized
% bya progressive dementia that occurs in middle or
" latelife. The pathologic characteristics are degenera-
i tion of specific nerve cells, presence of neuritic
.- plaques, and neurofibrillary tangles. Alterations in
fo transmitter-specific markers include forebrain cho-
. linergic systems, and, in some cases, noradrenergic
and somatostatinergic systems that innervate the
- telencephalon.
" A Work Group on the Diagnosis of Alzheimer’s
Disease was established by the National Institute of
Neurological and Communicative Disorders and
Stroke (NINCDS) and the Alzheimer’s Disease and
Related Disorders Association {ADRDA). The group
intended to establish and to describe clinical criteria
“~ for the diagnosis of Alzheimer’s disease of particular
"z importance for research protocols and to describe
. approaches that would be useful for assessing the
| © . natural history of the disease. The need to refine

S

e —————

"0 clinical diagnostic criteria has been emphasized be- -

cause 20% or more of cases with the clinical diagnosis
~of Alzheimer’s disease are found at autopsy to have
other conditions and not Alzheimer’s disease. More-
_over, therapeutic trials can be meaningfully com-
" pared only if uniform criteria are used for diagnosis
. and response to ireatment.

The need for this report was suggested by the
National Advisory Council of the NINCDS. The

‘ _ Donald Price, MD; and Emanuel M. Stadlan, MD =

report has been reviewed by workshop participants,
representatives of the National Advisory Neu-
_rological and Communicative Disorders and Stroke
Council, representatives of the ADRDA, and desig-
nated reviewers representing professional societies
concerned with the diagnosis of Alzheimer’s disease.
(For list of professional societies and designated re-
viewers, see page 943.)

The report was developed by subgroups that ad-
dressed medical history, clinical examination, neu-
ropsychological testing, and laboratory assessments;
the report was then discussed in plenary session.
Based on a consensus of the participants, criteria
were developed to serve as a clinical basis for diag-
fiosis. These criteria should be useful also for com-
parative studies of patients‘in different kinds of in-
vestigations, including case control studies,
therapeutic trials, evaluation of new diagnostic labo-
ratory tests, and clinicopathologic correlations.

The criteria are not yet fully operational because
of insufficient knowledge about the disease. The cri-
teria are compatible with definitions in the current
Diagnostic and Statistical Manual of Mental Disor-
ders (DSM III) and in the International Classifica-
tion of Diseases. These criteria must be regarded as
tentative and subject to change. Additional longi-
tudinal studies, confirmed by autopsy, are necessary
to establish the validity of these criteria in com-

r Work Group Participants and AfBliations, sce page 943.
Accepted for publication March 20, 1984,

AA‘_id‘ress correspondence and reprint requests to Dr. Stadlan, 7550 Wisconsi

n Avenie, Federal Building, Room 700, Bethesda, MD 20205 -
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Table 1. Criteria for clinical diagnosis of Alzheimer’s disease

1. The criteria for the clinical diagnosis of PROBABLE Alzheimer's
disease include; . L

dernentia established by clinical examination and documented
by the Mini-Mental Test,' Blessed Dementia Scale,* or some
similar examination, and confirmed by neuropsychological
tests;

deficits in two or more areas of cognition;

progressive worsening of memory and other cognitive func-
tions;

no disturbance of conscicusness;
onset between ages 40 and 90, most often after age 65; and

absence of systemic disurders or other brain diseases that in
and of themselves could aceount for the progressive deficits in

memory and cognition v

11. The diagnosis of PROBABLE Alzheimer’s disease is supported
by: - S

progressive deterioration of specific cognitive functions such as
language (aphasia), motor skills (apraxia), and perception {ag-
nosia); C

impaired activities of daily living and altered patterns of be-
havior;

family history of similar disorders, particularly if confirmed
neuropathologically; aad

laboratory results of:

normal ‘umbar puacture as evaluated by standard tech-

nigues, |

normal pattern or nanspecific changes in EEG, such as
increased slow-wave activity, and

evidence of cerebral atrophy on CT with progressiva docu-
mented by serial observation,

111, Other clinical features consistent with the diagnosis of PROBA-
BLE Alzheimer’s diseasz, after exclusion of causes of dementia
other than Alzheimer’s disease, include:

plateaus in the cours¢ of progression of the illness:

associated symptoms of depression, insomnia, incontinence,
delusions, iilusions, Fallucinations, catastrophic verbal, emn-
tional, or physical outbursts, sexual disorders, and weight luss;

other neurologic abnormalities in some patiznts, especially
with more advanced disease and including motor signs such as
increased muscle tone, myoclonus, or gait disorder;

seizures in advanced disease; and S e

CT normal for age. _

IV. Features that make the diagnosis of PROBA_BLE Alzheimer’s :
disease uncertain or unlikely include: )

. sudden, apoplectic onset;

focal neurologic findings such as hemiparesis, sensory loss,
visual field deficits, end incoordination early in the course of
the illness; and .

seizures or gait disturbances at the onset or very early in the
course of the illness. :

V. Clinical diagnesis of POSSIBLE Alzheimer’s diseaser

may be made on the basis of the.dementia syndrome, in the
ahsence of other neurologic, psychiatric, or systemic disorders N
sufficient to cause demertia, and in the presence of variations

in the onset, in the presentation, ot in the ¢linical course;

may be made in the presence of a second svstemic oz brain
disorder sufficient to produce dementia, which is not consid-
ered o be the cause of the dementia; and

should be used in research studies when a single. gradually
progressive severe cognitive deficit is identified in the absence
of other identifiable cause.

V1. Criteria for diagnosis of DEFINTTE Alzheimer’s disease are:
the clinical criteria for probable Alzheimer’s disease and
histapathologic evidence obtained from a biopsy or autopsy.

VII. Clagsification of Alzheiraer's disease for research purposes

should specify features that may differentiate subtypes of the
disorder, such as:

familial cccurrence;
onset before age of 63;
presence of trisomy-21: and

coexistence of other relevant conditions such as Parkinson's
disease.

parison with other criteria such as DSM IIL.

Criteria for dementia syndrome. Dementia is
the decline of memory and other cognitive functions
in comparison with the patient’s previous level of
function as determined by a history of decline in
performance and by abnormalities noted from clini-
cal examination and neuropsychological tests. A di-
agnosis of dementia cannot be made when
consciousness is impaired by delirium, drowsiness,
stupor, or coma or when other clinical abnormalities
prevent adequate eva uation of mental status. De-
mentia is a diagnesis based on behavior and cannot
be determined by computerized tomography, elec-
troencephalegraphy, or other laboratory instru-
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Ihents, although specific causes of dementia may be
identified by these means.

Criteria for Alzheimer’s disease. Alzheimer’s
disease is a progressive, dementing disorder, usually
of middle or late life. The clinical criteria for the
diagnosis of PROBABLE, POSSIBLE, and DEFL-
NITE Alzheimer’s disease are outlined in table 1. A
clinical diagnosis of probable Alzheimer’s disease 3
can be made with confidence if there is a typical
insidious onset of dementia with progression and if.
there are no other systemic or brain diseases that %
could account for the progressive memory and other
cognitive deficits. Among the disorders that must be ;
excluded are manic-depressive disorder, Parkinson’s
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s 3 disease, multi-infarct dementia, and drug intoxica-
" tion; less commonly encountered clisorders that may
¢ cause dementia includle thyroid disease, pernicious

? %K o hemia) Juetic brain disease and other chronic infec-
4 tions of the nervous system, subdural hematoma,
P occult hydrocephalus, Huntington’s disease,

: Creutzfeldt-Jakob disease, and brain tumors.
w5 A diagnosis of definite Alzheimer’s disease re-
* quires histopathologic confirmation. A clinical diag-

1 nosis of possible Alzheimer’s disease may be made in
the presence of other significant diseases, par-
. 155 tieularly if, on clinical judgment, Alzheimer’s disease

is considered the more likely cause of the progressive
" dementia. The clinical diagnosis of possible rather

than probable Alzheimer’s disease may be used if the

presentation or course is somewhat aberrant. The
. information needed to apply these criteria is ob-
* tained by standard methods of examination: the
medical history; neurologic, psyckiatric, and clinical
examinations; neuropsychological tests; and labora-
t tory studies.
- Medical history. A medical history should be
. taken from the patient and from an informant whao is
- well acquainted with the affected individual. This
approach is essential to establish a history of pro-
gressive deterioration and for identifying tasks that
the patient can no longer perform adequately. A di-
ary maintained by an observer may be very helpfulin
documenting changes in various functions. The his-
tory discloses abnormalities including impaired
: memory and other cognitive functions, impaired ac-
¢ tivities of daily living, alterations in mood, often
delusions and illusions, and sorietimes hallucina-
. tions. Common complaints of patients or families
' include forgetfulness about appointments or errands;
inability to find the way to an accustomed destina-
tion; inability to use money and instruments of daily
living such as a telephone; deterioration in work or
homemaking performance; difficulty adapting to

reading, and writing; and inability to recognize pre-
viously familiar individuals.

Clinical examination. The clinical examination
provides data to fulfill inclusionary and exclusionary
criteria for the diagnosis of Alzheimer’s disease and
to document symptoms such as celusions or depres-
“sion that identify subgroups of patients important
both for research studies and for patient care. Mental
‘status testing, an essential component of the clinical
_examination, includes specific assessment of orien-
tation, registration, attention, calculation, recent re-

25

¢all, naming, repeating, understanding, reading,

‘ ?ﬁ‘gg,wrltmg, and ability to draw or copy. Because cog-
‘ ?_g_,ni‘pive impairment may occur in depressive syn-

: dromes, it is important to ingquire about affective
34 state and depressive symptoms, such as disturbed
. steep and weight loss, before diagnosing Alzheimer’s
disease. Inquiry specifically abcut the presence of
delusions and hallucinations is needed to identify
subgroups. Both symptoms may be experienced in a

changes in the workplace; difficulties in dressing,-

3

variety of neuropsychiatric disorders, which may or
may not have known organic substrates.
Quantitative aids to the clinical examination in-
clude the Mini-Mental State Examination' for cog-
nitive screening; the Blessed Dementia Scale® for
clinical symptoms and social function; the Hamilton
Depression Scale® for severity of depression; the
Present State Examination® for anxiety, depression,
delusions, and hallucinations; and the Hachinski
Scale®® for estimating the likelihood of multi-infaret
dementia. A complete psychiatric evaluation is

needed to exclude the various psychiatric disorders.

Complete examination of sensory and motor sys-
tems (including cranial nerves, tone, reflexes, coordi-
nation, gait, and proprioception) is needed to exclude
other neurologic disorders. In early stages, patients
are alert and free of other neurologic changes related
to the dementia except for the oceasional presence of
snout reflex, jaw jerk, rigidity, or myoclonus, all of
which may be encountered in nondemented elderly
people. As the disease progresses, some patients be-
come apathetic or show irritability, agitation, para-
noid ideas, sleep disorders, or incontinence. In the
very advanced stages, patients may become mute and
lose all ability to communicate. :

Neuropsychological testing. Neuropsychological
tests may provide additional information for the di-
agnosis of dementia. Because there are no normative
population standards for many of these tests, abnor-
mal performance can be determined only by com-
parison with a normal control group matched for age,
sex, and local education. A score falling in the lowest
fifth percentile of an individual’s normal control
group may be designated as “abnormal.” One or more
abnormal scores will identify an individual for re-
search purposes who is highly likely to be cognitively
impaired. Progressive worsening can be established
by comparison with the patient’s previous perfor-
mance on these tests. Although there is continued

- debate about the tests that best measure these func-

tions, the Work Group did make some suggestions
(table 2).

Similar series of tests can be used to assess less
severely affected patients by increasing the complex-
ity of the neuropsychological tests. Further modifica-
tion in the test procedure may be needed to detect
impairment in highly intelligent patients. Con-
firmation of the dementia syndrome by neuro-
psycholagical tests should be based on measurable
abnormalities in two or more aspects of cognition.

In longitudinal assessment, many patients with
Alzheimer’s disease show progressive loss of recent
memory followed by disorders of language, praxis, or
visual perception. In some patients with Alzheimer’s
disease, however, the first symptoms are difficulty in
finding words, impaired visual perception, or aprax-
ia, with memory impairment and other symptoms
and signs appearing later.

Although neuropsychological tests are presently
used primarily to provide confirmatory evidence for
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Table 2. Neuropsychological evaluation

The major cognitive processes that are impaired in
Alzheimer's disease, with examples of the kinds of tests
used o assess these functions, inciude:

) orientation to place and time, graded by a test such as
the Mini-Menta} State Fxamination';

memcry evaluated by tests such as a free-recall test™ of -
conerste nouns, a 3-4 paired--ﬂssociate learning test
{verbal and nonverbal) by use of a recognition para-
digm, the Recognition Span Test,? and the Brown-
Peterson Distractor Test?" (stopping the task when
the patient fails or begins to produce the distractor
instead of the stimulus trigrams);

~language skills tested by examination of verhal fluency
of the semantic or category type, with the examiner
writing respenses, and by other tests such as the
Boston Naming Test" (preferably one of the abbrevi-
ated forms), the Boston Diagnostic Aphasia Kxamina-
tion,” the Western Aphasia Test,' and the Token
Test™% with Reporter's Test e

praxis evaluated by tests™ such as those in which the
patient copies a drawing (cube, daisy, clock, or house)
or performs the bloek designh subtest of the Wechsler
Adult Intelligence Scale™;

attention monitored by tests such as a reaction-time
task® or by the Continuous-Performance Test™

visual perception studied by use of a variety of tasks,
such as the Gollin Incomplete-Pictures Test* and the.
Hooper Test*!;

prohlem—solviné skills determined by tests such as the
Wisconsin Card Sorting Test? or The Poaisoned
Food Problem Task of Arenberg®"; and -

social function, activities of daily living, %% and in-
strumental activity of daily living," assessed by meth-
ods similar to those described in the Philadelphia

-or other events that maybe auditory, somatosensory
“or visual. Endogenous or cognitive potentials, such

. Geriatrics Center Forms."

the diagnosis of dementia, these tests are valuable for
determining patterns of irapairment, for assessing
changes in impairment over time and after drug
treatment or rehabilitation, and for establishing cor-
relations of abnormal performance with laboratory
and neuropathologic examinations.

Laboratory assessments. Clinical assessment and
neurapsychological tests provide information to
meet the criteria for clinically probable Alzheimer’s
disease, At present, there are no specific diagnostic
laboratory tests for Alzheimer’s disease, but some
tests can enhance diagnostic accuracy by identifying
other causes of the dementia syndrome. Morecver, as
suggested by the Work Croup, the laboratory ap-
proaches described below used quantitatively in
longitudinal studies should help to clarify the natural
history of Alzheimer’s disease, possibly provide in-
formation needed in subtyping the disease, and per-
mit measurement of efficacy of therapeutic interven-
tions. Some of these techniques, particularly
positron smission tomography, are strictly inves-
tigative tools and not readily available outside of
research institutions.

Electrophysiologic methods. The TEG of some
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patients with Alzheimer’s disease shows increased
slow-wave activity that may become more pro-
nounced with progression of the disease. Evoked po- .7
tentials (EP) are brain waves associated with sensory

as P300, are thought to reflect speed of cognition.:
The latency of P300 is altered with age, and theré:
appears to be an increased latency of P300 potentials
in 50 to 80% of patients with Alzheimer’s disease
compared with age-matched control subjects. These
changes occur in different dementias and are not
specific to Alzheimer’s disease. The P300 wave, how-
ever, is normal in depressive syndromes and may
therefore be useful in differentiating the dementia of

Alzheimer’s disease from the dementia of depressive
syndromes, particularly when adequate normal data .
become available. :

Computerized tomopraphy, CT is useful in the .
diagnosis of Alzheimer’s disease because it permits
the exclusion of other disorders such as subdural
hematoma, brain tumor, hydrocephalus, and demen-
tia associated with vascular disease. The technique
can delineate gyri and sulei and quantitate tissue
densities, ventricular size, CSF volume, and brain
mass. In Alzheimer’s disease, the volume of the ven-
tricular system and the width of the third ventricle
are increased, gyri are narrowed, and sulci are wid-
ened; however, these general patterns may not be
particularly useful as diagnostic criteria in individual ;
cases. Furthermore, available data do not indicate
how well a qualitative observation correlates with the
magnitude of cognitive abnormality or with evidence
of progression of disease. There is a pressing need for
quantitative CT studies of Alzheimer’s disease pa-.
tients during the course of disease and for correlation
of C'T images with clinical signs, neuropsychological
test results, and autopsy findings.

Regional cerebral blood flow, Measurement of re-
gional cerebral blood flow (rCBF), including **xenon
clearance, may help differentiate Alzheimer’s disease
and dementia associated with cerebrovascular dis-
ease. In multi-infarct dementia (MID), early changes T
include decreased autoregulation; in the later stages !
of MID, rCBF and oxygen consumption are de-
creased. In patients who have Alzheimer’s disease,
rCBF and cerebral metabolic rate are decreased; but .
A-V differences, carbon dioxide responses, and auto- =
regulation are preserved.

Positron emission tomography. Positron emis-
sion tomography (PET) is a research technique that
allows quantitative assessment of the rate of glucose
utilization, oxygen consumption, and rCBF. With
some isotopes, these characteristics can be assessed
during neuropsychological testing; moreover, uc-.
markers may permit the use of retest paradigms.
Early reports suggest that rCBF determined by PET
may be reduced in areas of encephalomalacia. In ¢
contrast, most patients with Alzheimer’s disease
show cerebral hypometabolism when compared with
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B ;age-matched contrels. These changes correlate with

‘psychological test performance. For example, speech

© jmpairment may be correlated with decreased activi-

ty in the left hemisphere, whereas impaired perfor-

mance on spatial tasks may be more closely

, %% correlated with impaired activity in the right hemi-

sphere. Different approaches may be necessary for

delineating presynaptic and postsynaptic markers of

transmitter systems, as recently achieved with PET

* jmages of the dopamine system. Since PET reveals a

significant variation even among normal subjects,

- any changes may have to be severe to be detected.

The value of PET studies in determining the stage of

disease, in documenting progression, and in assess-
" ing the effects of treatment is unknown.

Magnetic resonance imaging, The proton nuclear
magnetic resonance {(NMR) image, or magnetic reso-
nance imaging (MRI), reveals the demarcation of
gray and white matter of the brain anc has therefore

proved useful in studies of demyelinating disorders.
. Although the method has not been applied sys-
. %% tematically to the study of dementia, it has potential
" for differentiating between Alzheimer’s disease,
" multi-infarct dementia, and low-pressure hydro-
cephalus. Information should soor. be available
~ about the usefulness of MRI in the diagnosis of Alz-

‘heimer’s disease.
" Examination of body fluids and nonneural tissues.
. In the dizgnosis of Alzheimer's disease, studies of
blood and CSF are helpful in excluding chronic infec-
~ tions, such as cryptococeal meningitis and syphilis,
> and other disorders. T'o date, definitive diagnostic
i information about Alzheimer’s disease from blood or
} .0 CSF has not been sought consistently, but CSF
-~ should be studied to demonstrate neurotransmitters,
metabolites, and synthesizing and degradative en-
zymes. Other techniques, such as sophisticated ra-
dioimmunoassays with specific anti bodies, may be

~ constituents associated with the development of
5 neurofibrillary tangles and neuritic plagues. Specific
abnormalities have not been detected in nonneural
tissues.
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cighteen Alzheimer's patients, two were found to have O.D. levels, 'of 0.00 and 0.104,
which levels were within the normal range, (0,075 - G.134). Thesé sub)écts may well not
have had Alzheimer's Disease. App: roximately 20% of clinically diagnosed "Alzhmrner $
Disease” pauents who come (o post mortem are mund to havé had other pathological '
entities. The third lowest sample had an O.D. of 0.24. This value was greater than the
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upper limit of the normal samples, 0.134 oy a margin of more than ﬁvj‘ {5) times the
standerd deviation of ihe normal populatien (6.201).. :

7, Thase rl-sults show that an as’Say- performed 'according to ;hc teaching of the
specification divides the elinical inaterial into \wo cistinet populations, [All 16 samples
found te be in the "hi&h Q.D." population were clinically diagnosed as iﬁaving
Alzheimer's Disense. JBy conirast, 18 of the 20 samples in the low populanon were not

tingnosed as hnvingx.ilzt-mmcr § Discase. :
K

& The results of the assey were closeiy correlated with the ghmcal diagnosis.
of Alzneimer's DISP& e. Indeed, considering that clinical and pathologx!al diagnoses of -
Alzheimer's Disease are not mfrequentny discordant, the correlation with the clinical is as
close as couid be expeLted Thus, the assay performed according 10 the] teaching of the
application was cperat ive in =his trial, to diagnose Alzheimer's Disease fwith high
specﬂ' ¢lty and sensmvtty The assay, if generally available, wouid be of practical use in

the practice of medicife. - 1
9. 1 hereb deciare that ail statemenis made herem of my O\ln knowled;e are

true and that all statements made on information and belief are believed {to be 'rue, and
further that zhése statetmems ware made with the knowledge that willful alse statements ;
and the ke sé mace are punishable by fine or imprisonment, or both, uhder Section 1001
of Title 18 of the Uni%ed Stares Code, and that such wiliful false statemdnts may

jeopardize the [valicity pf the application, and any patent jssuing thereon

S S

H. PAUL VOORHEIS, M.D., Ph.D.

Dater_D_ Cgbx;t -
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IN THE UNITED STATES PATENT AND TRADEMARK QFFICE

In re Application of:
VOORHEIS, H. Paul

Serial No.: 08/159,969 Group Art Unit: 1802
Filed: November 30, 1993 . Examiner: C. Bidwell
For: DIAGNOSTIC METHOD FOR Attorney Docket No.: 4697-059

ALZHEIMER’S DISEASE

DECLARATION OF H. PAUL VOORHEIS, M.D., PH.D.,
SUBMITTED UNDER RULE 132

Honorable Commissioner of Patents and Trademarks

Washington, D.C. 20231 @@Rv '
SIR:

I, HOWARD PAUL VOORHEIS, declare and state as follows:

1. 1 am a citizen of the United States, a domiciliary of the United Kingdom

and have a residence at 37 Upper Mount Pleasant Avenue, Rathmines, Dublin 6, Treland.

2. I am the inventor of the invention described in patent application Serial No.
08/159,969, filed on November 30, 1993 entitled "DIAGNQSTIC METHOD FOR
ALZHEIMER’S DISEASE.” 1am an employee of Trinity College, Dublin 2, Ireland,

the assignee of the above-identified patent application.

3. I have received an M.D. degree, 1965, from the University of Michigan
and a Ph.D. degree, 1975, in Biochemistry from the University of Cambridge. From

1979 to present I have been a Senior Lecturer in Biochemistry at Trinity College, Dublin,

CERTIFICATE, UNDER 37 C.F.R. 1.8(a)

T hereby certify that this correspondence is being deposited with the United States Postal Service as first class
mail in an envelope addressed to: Commissioner of Patents and Trademarks, Washington, D.C. 20231, on
October 5, 1994 .

Daniel Hanshurg 36,156 October 5, 1994
fName) (Signature} (Reg. No.) (Date of Signature)
PENY2-307770.1
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Ireland. I was licensed to practic medicine by the state of Michigan in 1965. My
qualifications and training are acceptable for registration as a physician licensed to
practice by the General Medical Counsel of Great Britain. A copy of my curriculum

vitae is attached hereto as Exhibit A.

4. Following the teaching of the specification of the above-identified
application at page 27, line 31 - page 28, line 27, I conducted a forward double sandwich
assay to detect peptides of 7-protein in samples of serum of 18 patients diagnosed as
having Alzheimer’s Disease by Dr. Davis Coakley and his colleagues and of 18 age and

sex matched controls.

5. The technical details of experimental procedure are provided in Exhibit B,
attached hereto. All reagents were purchased from commercial scientific suppliers.
Among the reagents used was the monoclonal antibody, "Tau 1", a monoclonal antibody
raised by Dr. L. Binder of the University of Alabama, to bovine microtubule associated
proteins the specificity of which is described by Kosik, K.S., et at., 1988, NEURON
1:817-825, which reference, 1 understand, is already of record in the prosecution of the
above-identified application. Tau 1 is commercially available from the Boehringer-

Mannheim Company as catalog No. 1289-977.

6. The results of these studies are presented in tabular and graphical form in
Exhibit C, attached hereto. The results are reported as the optical density (0.D.) due to
the conversion of a chromophore precursor by an enzyme-reporter molecule coupled to
the third step antibody in the double sandwich assay. The mean O.D (£ std. dev.) of the
18 control sample was 0.108 + 0.02. The eighteen (18) patient samples were divided
into three (3) groups of six (6) each depénding upon the clinical assessment of the
severity of the subject’s disease. The results of these groups were (mean + std. dev.):
mild, 0.517 + 0.244; moderate, 0.883 + 0.335; severe, 0.799 + 0.510. Of the
eighteen Alzheimer’s patients, two were found to have O.D. levels of 0.09 and 0.104,
which levels were within the normal range, (0.075 - 0.134). These subjects may well not
have had Alzheimer’s Disease. Approximately 20% of clinically diagnosed "Alzheimer’s
Disease" patients who come to post moriem are found to have had other pathological

entities. The third lowest sample had an O.D. of 0.24. This value was greater than the
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upper limit of the normal samples, 0.134 by a margin of more than five (5) times the

standard deviation of the normal population (0.201).

7. These results show that an assay performed according to the teaching of the
specification divides the clinical material into two distinct populations. All 16 samples
found to be in the "high O.D." population were clinically diagnosed as having
Alzheimer’s Disease. By contrast, 18 of the 20 samples in the low population were not

diagnosed as having Alzheimer’s Disease.

8. The results of the assay were closely correlated with the clinical diagnosis
of Alzheimer’s Disease. Indeed, considering that clinical and pathological diagnoses of
Alzheimer’s Disease are not infrequently discordant, the correlation with the clinical is as
close as could be expected. Thus, the assay performed according to the teaching of the
application was operative, in this trial, to diagnose Alzheimer’s Disease with high
specificity and sensitivity. The assay, if generally available, would be of practical use in

the practice of medicine.

9. I hereby declare that all statements made herein of my own knowledge are
true and that all statements made on information and belief are believed to be true; and
further that these statements were made with the knowledge thaf willful false statements
and the like so made are punishable by fine or imprisonment, or both, under Section 1001
of Title 18 of the United States Code, and that such willful false statements may

jeopardize the validity of the application, and any patent issuing thereon.

CopPy

H. PAUL VOORHEIS, M.D., Ph.D.

Date:

-3 - PENY2.307770.1

Fujirebio Diagnostics, Inc. v. Quanterix Corp.
EX-1008
000127



Exhibit A

Fujirebio Diagnostics, Inc. v. Quanterix Corp.
EX-1008
000128



oErTZ T LTT4 Ly gL | 3 {0 4| e LEHRY DU LE ("] el fuoDodbd [ =4
NAME: Howard Paul Voorheis
DATE AND PLAGE OF BIRTH: 3 March 1939; Detroit, Michigan, U.S.A.
NATIONALITY: United States Citlzen
RESIDENCE AND DOMICTLE: Permanent Briﬁls;ElRegldem; Presently donriciled in
elan
MARITAL STATUS: Married to Glynis Avril Robinson, 6 May 1988;
Daughter, Natalie Yvooae, bom
27 April 1990
LANGUAGES: English, German, Korean

ACADEMIC QUALIFICATIONS:

PROFESSIONAL _QUALTFICATIONS:

B. A (Hon) Chemistry 1360, Albion Colicge,
Albjon, Michigan, USA

M. D. Medicine 1964, University of Michigan,
. Ann .é;rbor., Michigan, USA

D. C. M. T. (Lond) Troplcal Mediclne 1968,
Londou Sehool of Hygiene and
Tropical Medicine, U piversity of
. London, London England

Ph. D. (Cantab) Biochemistry 1975, University of
Cambridge, Cambridge, England

| Medical Intemnship Certification.1965, Wayne

County General Fospital, Elolse,
Michigan, USA

Licence to Practice Medicine, State of Michigan,
USA, Issued 1965

Qualifications Accepted for R;%iﬁm.tion, General
Medicel Council of Great Britain,
1976
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NATIONAL MILITARY SERVICE:
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National Honor Society, Detroit, Michigan, USA,
elected 1957

Victor Vaughn Honory Medical Society, Arn Arbor,
Michigan, USA, elected 1964

Distinguished Service Cistaton, Kyong Sang Puk Do
Provincial Government, Tacgu,
Korea, ewarded 1966

US Army Commendation Medal, awarded 1967
Bellow of Trinity Cgﬂogc. Dublin, Irciand, clected
197

US Army Medical Officer, 1965-67.
Rark of Captain

First Tour of Duty, Prevendve Medicine Officer,
Tacgu, Korca, 1965-66

Serond Tour of Duty, Research Medical Officer,
Anny Research Institute of
Environmental Medi¢ine, Natick,
Mass., USA , 1966-67

Honofablc Discharge 1867

Senlor Lecturer in Biochemistry, Trinlty College,
' Dublin, Ireland, 1979-present

Lecturer in Biochemistry, Trinity College, Dublin,
Ireland, 1978-79

Research Sclentist, Medical Research Council (UK),
Departenent of Biochemistry,
Umwversity of Cambridge,
Cambridge, England, 1976-78

Demonstrator (Tunior Lecturer), Department of
Biochemistry, University of
Cambridge, Cambridge, England,
1971-76

Research Fellow, Molteno Insttute, University of
Cg{%bﬁdgc, Cambridge , England,
1969-71

Rescarch Fellow, Nuffisld Instimte of Com arative
Medicine, London, England, 1968-69
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1) 'Amino Acid Transport in Trypanosomes'
Miaistry (UK) for Overseas
~ Development, 1568-69

2) Lipids in Trypanosomes' '
Ministry (UK) for Overseas
Development, 1969-72

3) 'Amino Acid Transport Carriers in 7', bruced’
Ministry (UK) for Qverseas
Devclopment, 1972475

4) "Energy Coupling to Arino Acld Transport’ -
Ilvef)odé\caé Research Council ,
76-7 :

5) Tsolaron of the N; Amino Acid Carrer’
ll\g%dglcg:ll Research Council of Ireland,

6) 'Cytoskeleton - Plasma Membrane Interaction’
Trinity College Rescarch
Development Fund, 1982-85

7) ‘Role of cAMP in Surface Coat Switching'
Tristity College Reseach
Development Fund, 1983-86

8} 'Role of Ca?tin Surface Antigen Switching'
Mcdicz% Research Councit of Jreland,
1983-8

8) 'Identification of Proteins Mediating Cell ~ Cell
Contact in Normal and Transformed Cells'
Irish Cancer Society, 1983-86

10) Mechanisms Controlling Cell Diffcrentiation in
Trypanosorna brocel: Targets for Chemnotherapy’
E;Egi(é%n tract SD-M-O46~IRL(H§’,
1

11) 'Antibiotics acting via the L- g‘lycérol-?:-phosphatc
- transport system of T, brucei
l\fé(’é%lc;l Rescarch Coimcill of Ireland,
1986-87 -

12) 'Studies on the L-Pentose Phosphoketolase

Pathway" ;
The Welcome Trust,
1987-88

13) 'Studies on the Phosphoketolase Pathway,
A. Recently Discovered Pathway for the
Metabolism of Glucose' ‘
Medical Research Boadd (Ircland),
1987-89
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14) TgM-Dependent Clearance of ig-VSG Complexes
om the Surface of Trypanesoma brucei,
EEC Coantract
1990-92 ;
15) Diagaostic Tests fur Circulating Aatigens and
Antibodies in Trypanosoralasis using Swge-
Specific Invarient Surface Antigens'
World Health Qrganjization,
1950-91

18) 'Assay of circulating And-ISG7¢ Antibodies in
Patients with African Trypanosomiasis’

Biorescarch Ircland Ltd
1990-91

Trinity College Dublin

Legtures (77); Membrancs, 1I'i‘&n$port,
Cell Cycle, Cytoskeleton, Lipids, -
Bioenergetics, Cell Signaling, Cell Biology

Fractical Classes (5): Cell Fractionation,
Column Chromatography, Lipids,
Bioenergetics, Enzyme Cootrol

) Iﬁccnzzlrfx (23));? Hormolnc Mcchaézisms, :
iochemical Parasitology, Lipi , Transport,
Metabolic Control &

Practical Classes (3); Urea Cycle, Hormone
Action in Isoldted Fat Cells, Metabolic
Control in Isolated Liver Cells :

Open University
Television Program on Memprane Transport

Preparation of Report to the Irish Government on
European Comuaity Funding of First Sclence
& Technology for Development Program

Member (Trish Delegate) Manzagement Committes
EEC Research Program Health & Nutrition in
the Troplcs (STD-1)

Techpical Adviser & Altemats Delegate Committes
for Guidence & Coondination EEC Science
and Technology for Development Research
Program (STD-2)

Mewber Trinity College Medical Cunriculum Review
Comrmmtiee b

Preparation of Revised Curticulum Proposal for
TCD Molecular & Cellular Biology Teaching

Member EEC Commitiee on University Staff &
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1.) Jaffe, J. I, Voorheis, H, P. & McCommack Jr., 1. J. (1969) T: R S
Hyg. 63 118-119. ( ) Trans. Roy. oc Trop. Med.
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3.) Hubbard, R W, Therriandt, D, G. & Vootheis, H. P, (1969) Bull. N. J. Acad Scl. Special
Symp. Issue, 52-58,

"The Turnover of Lipld Esters in Adipose Tissue from Cold-Exposed Rats'

4.) Hubbard, R. W., Voorheis, ¥. P, & Thergault, D. G. (1970) Liplds 5, 114-120.
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Protocol for ELISA for fau fragments St 3 o~
fﬁ Cﬂ) L:/dﬂ/‘[ A~

[0 R
1. Coat Dynatech Immulon microtitre plates with a 1:2000 dilution of the fau - | anubody
(Boehringer) in 0.1M Tris/HCI buffer, pH 7.4 (100 pl per well). Incubate overnight at 4°C.
(Some wells are coated with buffer alone, to measure nonspecific binding). All incubations
take place in a humidified chamber. '

2. Wash the plates 4 times, using a microwell washer, with 0.1M Tris/HC! buffer, pH 7.4,
containing 0.05% (w/v) Tween 20.

3. Block the plates by adding 1 mg/ml bovine serum albumin (200 pl per well) in0.1M
Tris/HCL, pH 7.4, containing 0.05% Tween 20. This solution is used as the diluent in all
subsequent incubations. Incubate for 40 min at room temperature (21°C)

4. Wash as in 2 above.

5. Make & series of dilutions of the serum samples as required (3 dilutions, from 1:25, 1:50,
1:100 and 1:200 were made in this case).” 100 il of each is pipetted into each well, in triplicate.
Standards (e.g. human brain supernatant) and BSA are also added to wells, in triplicute, to
asseas backgrounds und to check if the assay is working. Incubate 90 min at room '
temperature.

6. Wash as in 2 above.

7. Incubate wells with a 1:2000 dilution of a rabbit anti-tau pelyclonal antibody (Sigma, product
#T 6402; 100 pl per well). Incubate 90 min at room temperature.

8. Wash as in 2 above,

9. Incubate wells with & 1:10000 dilution of a goat anti-rabbit alkaline phosphatase conjugate
(Sigma, product # A3937, 100 ul per well). Incubate 90 min at room lemperature as before.

10. Wash as in 2 above.

11. Development:
100 pl of the substrate solution is added to each well, This solution consists of 10% (v/v)
diethanolamine buficr, pH 9.8, containing 0.5M MgCl, and 6mM p-nitrophenol phosphate
(Sigma Phosphatase Substrate, product #104-0). Allow 75 min for development at room
temperatute, The reaction is stopped by the addirion of 100 w1 1.5M NaOH to each well, and
the absorbance is read at 405 nm in a microwell plate reader.

b4 100 ST AHAANA A TH MO azgl) 1 faR pRzal TL-80-kFR.
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UNITED STATES DEPARTVIENT OF COMMERCE
Patent and Trademark Dffice

Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 20231

[ SERIALNUMBER | __ FILING DATE __| FIRST HAMED INVENTOR " ATTORNEY DOCKET NO. |

OFE/ 159, FEs 11 /7307973 VOORHE LS i+ 4T 0EY

[ TUFF Y. FEXAMINER |
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1155 AVENUE OF THE AMERICAS [__ARTUNT | _PAPERNUMBER |
NEWM YORE. MY 10 e —-2711 |9_)
' LENE
DATE MAILED: 01/z2/93

This is a communication from the examiner In chai'ge of your application.
COMMISSIONER OF PATENTS AND THADEMARKS

I:I This application has bean examined m Responsive to communication flled on H ce 1694 E] This action Is made final.

A shortened statutory period for response: to this action s set o explre § month(s), &~ days from the date of this letter.
Failure to respond within the perlod for response wili causa the application 1o become abandoned. 35 U.8.C. 133

Part! THE FOLLOWING ATTACHMENT(S) ARE PART OF THIS ACTION:
1. D Notice of References Cited by Examiner, PTO-892. Notlce of Draftsman's Patent Drawing Review, PTO-848.

2. [
3. [ Notice of Art Cited by Applicant, PTO-1449, 4. 1 Notice of Informal Patent Application, PTO-152.
5. I:] Information on How to Effact Drawing Changes, PTO-1474.. 6. D

Partll SUMMARY OF ACTION

1. E Ciaims 13 and 5 - are pending In the application.
Of the abovs, claims are withdrawn from consideration.

2.0 claims "1 have bsen cancalled.

3. D Claims are allowed.

4. X ciaims i-3cavd 5-F are rejected.

5. D Claims are objected to.

6. L__] Claims. ' are subject to restriction ot election requiremsnt.’

7. This application has been filed with informal drawings under 37 C.F.R. 1.85 which are acceptable for examination purposes.

8. D Format drawings are required In response to this Office action.

9, D The corrected or substitute drawings have been received on . Under 37 C.F.R. 1.84 thase drawings
are [1acceptable; [ not acceptabie (see explanation or Notice of Drafisman's Patent Drawing Review, PTO-948).

10. D The propased addifional or substitute sheet(s) of drawings, filed on . has (have} been [Japproved by the
examiner; [ disapproved by the examiner (see explanation).

1. I:I The proposed drawing correction, filed ,hasbean [lapproved; Lldisapproved (see explanation).

12. D Acknowledgement is made of the claim for priority under 35 L1.S.C. 118. The certified copy has [ been received O not been received
[ been fiied in parent application, serial no. ; filed on )

13. D Since this app!ication apppears 1o be in condition for allowancs except for formal mattars, prosecution as lo the merits is closed in
accordance with the practice under Ex parte Quayle, 1935 C.D.11;4530.G. 213.

1a. [ other

EXAMINER'S ACTION
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Fujirebio Diagnostics, Inc. v. Quanterix Corp.
EX-1008
000141



Serial Number:; 08/159959 -2-

Art Unit: 1802

1. The amendment filed October 28, 1994 has been entered into the record.

Claim 4 has been cancelled. New claims 6 and 7 have been added. Claims 1-3

and 5-7 are pending.

2. The text of trhose sections of Title 35, U.S. Code not included in this action can

be found in a prior Office action.

3. Rejection of claims 1-5 under 35 U.S.C. § 101 is withdrawn.

4. Rejection of claims 2, 3 and 5 under 35 U.S.C. § 103 is withdrawn.

5. The following is a quotation of the first paragraph of 35 U.S.C. § 112:
The specification shall contain a written description of the invention, and of the
manner and process of making and using it, in such full, clear, concise, and
exact terms as to enable any person skilled in the art to which it pertains, or
with which it is most nearly connected, to make and use the same and shall set
forth the best mcde contemplated by the inventor of carrying out his invention.
The specification is objected to under 35 U.S.C. § 112, first paragraph, as

failing to adequately describe and/or provide an enabling disclosure for the invention

being claimed. See Paper No. 7 pages 3-4.

6. Claims 1-3 and & are rejected under 35 U.S.C. § 112, first paragraph are

maintained for reasons of record as set forth in the objection to the specification in

paper No. 7.

7. New claims 6 and 7 are rejected under 35 U.S.C. § 112, first paragraph as set

forth in the objection to the specification in paper No. 7.
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Serial Number: 08/1599€9 -3-

Art Unit: 1802

Applicants arguments and declarations have been fully considered but are not
persuasive to overcome the rejection of claims 1-3 and 5 made under 35 U.8.C.
§ 112. In response fo this rejection Applicant has filed under Rule 132 two
declarations one from the inventor Dr. Paul Voorheis and another from Dr. Davis
Coakley. The declaration of Dr. Coakley fails to be persuasive because it is unclear if
the samples of blood obtained for analysis had a definitive diagnosis of Alzheimer's
disease. The definitive diagnosis of Alzheimer's disease as set forth in p 940 Table |
section VI. of Exhibit B, McKhann et ai, requires both the presence of clinical criteria
for probable Alzheimer's disease and histopathological evidence obtained form a
biopsy or autopsy. In the absence of a correlation of a definitive diagnosis of
Alzheimer's disease using recognized criteria with the presence of tau-peptides, the
methods disclosed appear to be directed to screening methods which aid in
diagnosing Alzheimer's disease. Even if the samples provided by Dr. Coakley had
met these criteria, the immunoassay of Dr. Voorheis (Exhibit B} fails to distinguish
between the tau-peptide(s) and the intact tau-protein. Because an immunoassay for
tau-peptides is being claimed, (see Claim 1) the immuncassay must distinguish
between the peptides and the intact protein and support for this distinction must be
found in the specification as originally filed. As set forth in paper No. 7., the
specification does not teach how to assay a sample of blood or cerebrospinal fluid for

the presence of anti-tau-peptide autoantibody and does not positively correlate the
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Art Unit: 1802

presence of the autoantipody with a definitive diagnosis of Alzheimer's disease.
There is no teachings of prior art or in the record that anti-tau-peptide autoantibodies
even exist in Alzheimer's patients in sufficient quantities in the cerebrospinal fluid or
blood can be assayed. There is no evidence of record in the specification as originally
filed, that a change in the amount of detected tau-peptide or anti-tau-peptide
autoantibody in a sample of blood or cerebrospinal fluid that can be correlated with a
change in the cognitive abilities of the patient. The specification fails to teach a) the
concentration of tau-peptide or anti-tau-peptide autoantibody that is indicative of
Alzheimer's disease and b) how this concentration related to "the status of the
patient's Alzheimer's Disease". Thus without further guidance to these aspects, it
would take an undue amount of experimentation to practice the invention as being
claimed.
8. Claims 1 and 3 rejected under 35 U.S.C. § 102(b) as anticipated by Wolozin et
al. (Ann. Neurol., 22:521-526, 1987) in light of Ksiezak-Reding et al., {J. Neurosci.
Res., 25:412-419, 1980) or alternatively under 35 U.S.C. § 103 are maintained for
reasons of record. Applicants arguments have been fully considered but are not
persuasive to overcome rejections established in paper No. 7.

Applicant urges that the ALZ-50 monoclonal antibody of Ksiezak-Reding binds
only to the intact tau-protein because no binding to a N-terminal peptide fragment less

than 38kD was observed on an immunoblot. To respond, a careful reading of
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Art Unit: 1802

Ksiezak-Reding reveals that based on other " information and our present results, we
conclude that ALZ-50 epitope is located within the first 108 amino acids of bovine tau,
or within the first 60 amino acids of fetal human tau" (p 418, col 1, fourth complete
paragraph}. Ksiezak-Reding proposed that the failure to observe fragments less

than 38kD on the immunoblot was due to protease digestion of the N-terminal epitope
recognized by ALZ-50 (p 414, Figure 1).

Applicant submits that the AB8 protein of Wolozin present in brain tissue and
cerebrospinal fluid has not been shown to be elevated in Alzheimer's patients. To
respond, Wolozin reveals that the total amount of immunocytochemical staining
correlated with the total amount of immunoreactivity seen by ELISA and ALZ-50
western blots confirm that the elevated immunoreactivity in Alzheimer's disease tissue
corresponds to the 62-68kD doublet (p 523, col 2 - p 524, col 1 and p 521, col 1,
lines 1-7). Wolozin particularly points out that " the selective elevation of the
abundance of AB8 in Alzheimer tissue suggests its usefulness for diagnostic testing”
(p 525, first full paragraph). Wolozin also points out that the volume of CSF required
by the western blot could be reduced if a sandwich type immunoassay was employed
using a second anti-A68 antibody in combination with ALZ-50 (p 5286, col 1, first
paragraph). Thus, Wolozin establishes a correiation between increased ALZ-50
immuncreactivity and presence of a 68kD protein in Alzheimer's patients using two

different immunoassay methods.
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Art Unit: 1802

New Grounds of Rejection

9. Claims 6 and 7 are rejected under 35 U.S.C. § 112, first paragraph, for the
reasons set forth in the objection to the specification in paper No. 7 and maintainedr in
this Office Action.

10. Claims 1 and 2 are rejected under 35 U.S.C. § 112, first paragraph, fdr failing
to adequately describe and for provide an enabling disclosure for the invention as now
claimed.

There is no evidence of record that a change in the amount of detected fau-
peptide or anti-fau-peptide autoantibody in a blood or cerebrospinal fluid sample
correlates with a change in cognitive abilities of the patient diagnosed as having
probable Alzheimer's disease S0 as to allow the physician to “"evaluate the status of
the patient's Alzheimer's Disease". The specification as originally filed does not teach
now to evaluate the status of a patient's Alzheimer's disease and what concentrations
of tau-peptide or anti-fau-peptide autoanﬁbody would correlate with these different
nstatus” of disease. Thus, without further guidance to these aspects, it would take an
undue amount of experimentation to practice the invention as now claimed.

11 Claims 1 and 2 are rejected under 35 U.S.C. § 112, second paragraph, as
being indefinite for failing to particularly point out and distinctly claim the subject

matter which applicant regards as the invention.
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Art Unit: 1802

Claims 1 and 2 are vague and indefinite because it is unclear what is meant by
"status".
12.  Applicant's amendment necessitated the new grounds of rejection. Accordingly,
THIS ACTION IS MADE FINAL. See M.P.E.P. § 706.07(a}. Applicant is reminded of

the extension of time policy as set forth in 37 C.F.R. § 1.136(a).

A SHORTENED STATUTCRY PERIOD FOR RESPONSE TO THIS FINAL
ACTION IS SET TO EXPIRE THREE MONTHS FROM THE DATE OF THIS ACTION.
IN THE EVENT A FIRST RESPONSE IS FILED WITHIN TWO MONTHS OF THE
MAILING DATE QF THIS FINAL ACTION AND THE ADVISORY ACTION IS NOT
MAILED UNTIL AFTER THE END OF THE THREE-MONTH SHORTENED
STATUTORY PERIOD, THEN THE SHORTENED STATUTORY PERIOD WILL
EXPIRE ON THE DATE THE ADVISORY ACTION IS MAILED, AND ANY
EXTENSION FEE PURSUANT TO 37 C.F.R. § 1.136(a) WILL BE CALCULATED
FROM THE MAILING DATE OF THE ADVISORY ACTION. IN NO EVENT WILL THE
STATUTORY PERIOD FOR RESPONSE EXPIRE LATER THAN SIX MONTHS
FROM THE DATE OF THIS FINAL ACTION.

13.  Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Patricia A. Duffy whose telephone number is (703)
305-7555.
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Art Unit: 1802

Any inquiry of a general nature or relating to the status of this application
should be directed to the Group receptionist whose telephone number is (703) 308-
0196.

CAROL A smM
PAIMARY EXAMINER PR\M
GROUP 1800

pad
January 18, 1995
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PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Application of: Voorheis, H. Paul

Serial No.: 08/159,969 Group Art Unit: 1802
Filed: November 30, 1993 Examiner: Duffy, P.
For; DiacNostic METHOD FOR Attorney Docket No.: 4697059

AL ZHEIMER'S DISEASE

PETITION FOR EXTENSION OF TIME UNDER 37 CFR § 1.136(a)

Assistant Commissionec for Patents Ji i
Washington, D.C. 20231 W 1595

qi:j - [*
Sir: k:,['ﬁ :{'ﬁg };ﬁm

Tt is respectfully requested that the time for response to the Office Action dated
January 20, 1995, be extended for a period of 2 month(s) from April 20, 1995 to and including

Tune 20, 1995.
The fee for this extension is estimated to be $_360,00. Please charge the required

fee 10 Penie & Edmonds Deposit Account No. 16-1150.

Respectfully submitted,
? M /& P hpoma—30645
Date_ J e 20,]395 el Dol Mgl 18,872
‘ S. Leslie Misrock {Reg. No.)
PENNIE & EDMONDS
1155 Avenue of the Americas
New York, N.Y. 10036-2711
(212) 790-90%0
CERTIRCATION OF FACSIMILE TRANEMISSION
lh-dqmﬁfyhﬁ”uihh.ﬁH-thnHlﬁ-MmlT’ ik Offica by Eacaigile juaion, on
honn M, 1908 ’ (s b0 Ectimile bebepbewss pamber 1T 308 4003
it A Ol et
- Sumcd B, Al L (Reg. Ne)
PENY2ARTM.1
. ﬁl ﬁHllQ?S 04/29/95 0815‘??_:6?. o 14-1150 llQ ilé . 3?0.00EH
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Application of: Voorheis, H. Paul

Serial No.: 08/159,969 Group Art Unit: 1802
Filed: November 30, 1993 Examiner: Duffy, P.
For: DiagNosTiIc METHOD FOR Anorney Docket No.: 4697-059

ALZHEIMER'S DISEASE

NOTICE OF APPEAL FROM THE PRIMARY EXAMINER
TO THE BOARD OF PATENT APPEALS AND INTERFERENCES

Assistant Commissioner for Patents
Box AF
Washington, D.C. 2023

Sir:

Applicant hereby appeals to the Board of Patent Appeals and Interferences from the decision dated

January 20, 1995, of the Primary Examiner finally rejecting claims 1 and 3 of the above-identified
application. '

The item(s) checked below are appropriate:

1. ® An extension of time for responding to the final rejection for 2 ~ -
month(s): RECEIVED
0 was filed on ; ‘
® is submitred herewith. - JUN 21 1995
2. ® A timely response to the final rejection has bean filed. GQF\H 51800
3. & A fee in the amount of $280.00 is: |
X Required.
[J Not required (Fee paid in prior appeal).
4. & Please charge the required fee, if any, to Pennie & Edmonds Deposit Account Na.
16-1150.

g«iﬁmlly iubmmed, é* ﬂ“‘l’7 30,605

Date_Jua e 20,1995 ol 0 Lo Misroch

18.872

S. Leslie Misrock (Reg. No.)

PENNIE & EDMONDS

1155 Avenue of the Americas

New York, New York 10036-2711
(212) 790-9090

CERTIFICATION OF FACIMILY, TRANSMISSION
[ eorohy oxvtify oo G papmor i bcing fled with e Uniied Stk Pricnt and Trodessar Office by Bucvimile vasmisrion o
(datz) W Faceimile tlephono wumhor_ 1 XD-08-4061

] e "

(Reg. No)

PENY23i013.1

{4-1150 ©£10 1195k 280-00CH "
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PATENT

I¥ THE UNITED STATES PATENT AND TRADEMARK OFFICE

Application of: Voorheis, H. Paul

Serial No.: 08/159,96% Group Art Unit: 1802
Filed: November 30, 1993 Examiner: Duffy., P.
For: DIAGNOSTIC METHOD FOR Attorney Docket No.: 4697-059

ALZHEIMER'S DISEASE

AMENDMENT UNDER 37 CFR § 1.116

Assistant Commissioner for Patents
Box AF
Washington, D.C. 20231
5ir: -
please consider the following amendments and
remarks, which are responsive to the office Action mailed

January 20, 1995. Enclosed herewith is a petition to Extend

Time Under 37 CFR § 1.136(a) and a Notice of Appeal.

AMENDMENTS

In the Claimg:

please cancel claims 2, 5=7 without prejudice.

Please amend the claims as follows:

CERTIFICATION OF FACHMILE TRANSMISSION
lwmﬁuuwmhmﬁu'vﬂuwmmﬂrwwawrmhmmhm
{ .
Tone 20, 1995 (duic) W facuienile wckcpb k 703 M
o] Qaer g
Samac] B. ARms [ (Reg. No)

PENYZ2-366513.1

P.

a4
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P.a5

1. (Twice Amended) A method for copfirming a

gis _of (diagnosing] Alzheimer's Disease in a

patient suspected of having Alzheimer's Disease, comprising

assaying a sample of blood [or cerebrospinal fluid] obtained

from the patient for a ncentration of a tau-peptide using

either an anti-tau-peptide tibody or an anti-tau-peptide Fab

fragment, wherein further the tau-peptide is derived from the

amino terminal 200 amino acids or ¢ oxy terminal S50 amino
acide of a tau-protein; and employing thé-assayed

4%/ concentration to evaluate (the status of] the tient's

s

clinical dia

of Alzheimer's Diseage. ~.

o~

_wherein the asgaying step comprises performing an assay

igga;ZiLSEIECtEd from the ¢

up consisting of a radioimmunocassay, an

enzyme-linked immunosorba assay, a sandwich assay, a

precipitin reaction, a gel imm diffusion assay, an

agglutination assay, a fluorescent unoassay, a protein A

. (Twice Amended) The method of claim{s] 1 [or 2],

immunoassay and an immunoelectrophoresis

REMARKS

Claims 1 and 3 are in the case.

Claims 1 and 3 have been amended to expedite the
prosecution. The preamble of ¢laim 1 has been amended to
replace the phrase ndiagnosing Alzheimer's Disease" by the
phrase "confirming the clinical diaghosis of Alzheimer's
Disease."® Claim 1 has been further amended by replacing the
phrase "evaluate the status of the patients's Alzheimer's

Disease™ with the phrase "evaluate the patient's clinical

-2 = PENY2-366518.1
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diagnosis of Alzheimer's Disease." Written description

support for these amendments can be found at page 13, lines 6-
7.

Claim 1 has been amended to delete cerebrospinal
fluid from the scope of the claim.

Claim 3 has been amended to remove reference to
canceled claim 2.

Applicant respectfully submits that the foregoing
amendmente obviate the following rejections of the office
Action.

The Office Action rejected claim 1-3 and ‘5 under 35

U.S.C. § 112, first paragraph. The Office Action alleged that

the Applicant has not exemplified a method of diagnesing
alzheimer's Disease, which was recited by the preambles to
claims 1 and 2, because a definitive diagnosis of Alzheimer's
Disease requires histopathologic examination and because the
Applicant had not presented data showing the correlation of
the results of an assay performed according to the invention
with the results of a histopatholeogic examination.

Applicant respectfully submits that the foregoing
rejection is insufficient as a matter of law. The alleged
absence of specific exemplification of a‘claimed embodinent
does not create a presumption of inoperability or of non-
enablement. See, e.g., In re Angstadt and Griffin, 130 USFQ
214, 218 (CCPA 1976) (35 U.s.C. § 112, first paragraph does
not require applicants to test every species within scope of
claims in an unpredictable area).

The Examiner has provided no other evidence which is

even asserted to show that one of ordinary gkill would

P.B6

- 3 - PENY2-366518.1

Fujirebio Diagnostics, Inc. v. Quanterix Corp.

EX-1008
000153



JUN 2B'95 16:83 FR PENNIE EDMOND 21z 869 9741 TO 17B33@B40E65

reasonably doubt the disclosed utility that is expressed in
the preamble. Therefore, the Examiner has not met the
Examjner's initial burden, under 35 U.S.C. § 112, and the
rejection is improper. In rs Brana, 34 uspQ2d 1436, 1441
(Fed. Cir. 1995) (following In re Marzocchi 169 USPQ 367, 369
(CCPA 1971) (an application that teaches the manner and
process of making and using an invention, in terms that
correspond to the scope of the claims, is entitled to be
presumed to meet the requirements of 35 U.S.C. § 112, first
paragraph, until the examiner presents contrary evidence)).

However, to expedite prosecution, the preamble of
claim 1 has been amended to respond to the Examiner's
concerns. Claim 1, as amended, recites that the method is
directed to confirmation of a clinical diagnosis of
Alzheimer's Disease. Applicant respectfully submite that the
Declarations Under Rule 132, which were submitted with the
Applicant's Amendment, mailed October 17, 1594, exemplify the
use of the invention to confirm a clinical diagnosis of
Alzheimer's Disease.

The Declaration of Dr. Davis Coakley, M.D., Under 37
CFR § 1.132 (the "Coakley Declaration") at § 5 states that
samples of blood from 18 "patient™ subjects and 18 "“control"
subjects were made available to Dr. Voorheisg for assay. The
Coakley Declaration at § 6 states that diagnoses of
Alzheimer's Disease were made according to the clinical and
neuropsychalogical assessments as set forth in Table 1, p. 940
of McGhann et al., which was attached as Exhibit B te the

Coakley Declaration. Each of the 18 patient subjects and none

P.av
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of the control subjects had been diagnosed as having
Alzheimer's Disease by these criteria.

The Declaration of H. Paul voorheis. M.D., Ph.D.,
Under Rule 132 (the nVoorheis Declaration")} reports the
results of the assay for 7 antigen of the samﬁles of blood
that had been provided by Dr. Coakley and his colleagues. The
results are presented as a table in Exhibit B of the Voorheis
Declaration, as a histogram in Exhibit C of the Voorheis
Declaration and are discussed in § 6 of the Voorheis
Declaration. The results show that the assay of the invention
divided the samples into two distinct populations which
consist of: i) all the contrel samples and two patient
samples, Nos. 2 and 18, and 11) all the remaining patient
samples, i.e., Nos. 1 and 3-17.

As stated in § 8 of the Voorheis Declaration, the
observed statistical correlation between the clinical
diagnosis of Alzheimer's Disease, provided by Dr. Coakley, and
the blood levels of r antigen was as close as could be
expected in view of the not infrequent discordance between the
clinical and the histopathological (definitive) diagnoses.

In the exemplification presented, the assgays
performed according to the invention have confirmed the
clinjical diagnoses of patients Nos. 1 and 3-17 and have not
confirmed the clinical diagnosis of Alzheimer's Disease of
patients Nos. 2 and 18 because the assays show that the blood
from these patients has a r antigen level that is
characteristic of subjects not having Alzheimer's Disease.
Applicant respectfully submits that the Voorheis and Coakley

Declarations demonstrate that assays performed according to

P.@a8
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the teaching‘of the Application are operable to confirm the
cliniecal diagnosis of Alzheimer's Disease.

The Office Action did not allege the invention is
inoperable or lacks patentable utility; at page 3, it stated
that the method of the invention concerns wscreening methods
which aid in diagnosing Alzheimer's Disease." Rather, the’
office Action alleged that the utility of the invention was
misdescribed by the preamble of the claims. Applicant
respectfully submits that the preamble, as amended, describes
the utility that was identified in the Office Action in
language corresponding to that of the specification. The
amendment to claim 1 therefore obviates the rejection under 35
U.S.C. § 112, first paragraph, for an alleged disparity
between the results obtained by the method that is claimed and
that which is described in the preanble.

The Examiner has rejected claim 1 under 35 U.S.C. §
112, first paragraph, because the step of assaying the
concentration of v peptide was alleged not to be enabled.

More specifically, the Examiner alleged that assays performed
according to the Applicant's disclosure detect both r protein
and 7 peptides, and that, therefore, assaying a 7 peptide,
independently of 7 protein, was not enabled.

Applicant submits that the rejection is moot because
claim 1, as amended, is directed to the assay of samples of
blood. It is believed that the concentration of 1 protein in
the bload of both Alzheimer's patients and normals is
negligible. Therefore, the alleged inability of the assays
taught by the specification to distinguish 1 protein from 7

peptides does not affect the operability of the invention to

P.83
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measure the t peptide concentration in the blood of a patient
sugpected of having Alzheimer's Disease.

The Examiner has rejected claim 2 under 35 U.S8.C. §
112, first paragraph, in view of an alleged lack of
exemplification of the use of anti-tau-peptide autoantibodies
for the method of the invention. The rejection. is obviated by
the cancellation of claim 2.

Claim 1 was rejected under 35 u.s.c. § 112, first
paragraph because of the phrase "status of the patient’s
Alzheimer's Disease.” The invention was allegedly inoperable
to distinguish among patients having Alzheimer's Disease of
differing severity. The phrase has been deleted from the
claim 1.

The Examiner has further rejected claims 1, 3 and 5
under 15 U.S.C. § 112, first paragraph, because the
specification fails to teach a level of 7 peptide that is
indicative of Alzheimer's Disease.

The rejection is obviated as regards to claim 5 by
its cancellation. Applicant traverses the rejection with
respect to claims 1 and 3. The data reported by the Voorheis
and Coakley Declarations show that an assay performed
according to the teaching of the specification clearly divides
blood samples into groups having wnormal" and "elevated"
jevels of t antigen and that elevated levels of r antigen are
positively correlated with the clinical diagnosis of |
Alzheimer's Disease. Applicant submits that the determination
of the particular value that’is used to discriminate between
the normal and elevated poﬁulations can be readily determined

without undue experimentation.

P.
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. Cclaims 1} and 3 were rejected under 35 U.5.C. 88

102 (b) and 103 over Wolozin et al., (Ann. Neurol. 22:521-26,
1987) in view of Ksiezak-Redding et al., (J. Neurosci. Res.
25:412-19, 1990). Wolozin et al. is alleged to have diagnosed
Alzheimer's Disease by detecting an abnormally elevated level
of a tau-protein in the CSF of a subject. Claim 1 has been
amended to incorporate the limitation of canceled claim 6,
which was not rejected over Wolozin et al. in view of Ksiezak-
Redding et al. As amended, claim 1 recites that the sample to
be assayed is a sample of bload. Neither Wolozin et al. nor
Ksiezak-Redding et al. teaches or suggests a method which
includes the assay of a sample of blood. Therefore,
Applicant submits that the rejection over Wolozin et al. in
view of Ksiezak-Redding et al. is obviated by the amendment.

Applicant submits that each of the rejections of the
office Action is obviated or overcome by the foregoing
amendments to claims in view of these arguments. Applicant
urges that claims 1 and 3, as aﬁended, are in condition for
allowance and earnestly requests that the Examiner reconsider
and withdraw all rejections and pass the claims to allowance.

‘ Respectfully submitted,

ﬁ Mot BB Yoms 30, 605
pate _Jyn< 2{.'){.1‘1‘1'_‘5 agadé«-b Mseor 18,872

3. Leslie Misrock (Reg. No.)

PENNIE & EDMONDS

1155 Avenue of the Americas

New York, New York 10036-2711
Enclosure (212) 790-9030

- B - PENY2-366518.1
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TELEFAGSIMILE FILING OF F ' CI AL

FROM
PENNTIE & EDMONDS
1155 AVENUE OF THE AMERICAS
NEW YORK, NEW YORK 10036

Telephone: (212) 790-9090 FAX CENTER
Fax Nos: (212) 869-9741 (GI/GII/GIII) RECEWVED
(212) 869-8864 (GITI})
JUN 2 11995
TO: Assistant Commissioner for Patents GROUP 1800
Box AF
Washington, DC 20231
ATTN: P. Duffy
FAX NO.: 1-703-308-4065
DATE: June 20, 1985
FROM: Samuel B. Abrams
PAGES: 11 (including cover page) OUR REF.: 4697-059

We are transmitting herewith a PETITION FOR
EXTENSION OF TIME UNDER 37 CFR § 1.136(a); a NOTICE OF APPEAL
FROM THE PRIMARY EXAMINER TQ THE BOARD OF PATENT APPEALS AND
INTERFFRENCES and an AMENDMENT UNDER 37 CFR § 1.116 for filing
in:

Application of: Voorheis, H. Paul
Serial No.: 08/159,969

Filed: November 30, 1993 Group Art Unit: 1802

For: DIAGNOSTIC METHOD FOR Examiner: P. Duffy
ALZHETMER'S DISEASE
Attorney Docket No.: 4637-032

This transmission was sent from our GIII RAPICOM
(212) 869-4239. If you have any problems with your reception,
please telephone the sender at (212) 790-6431.

CERTIFICATE OF FACSIMILE TRANSMISSION
1 hereby certify that this paper is being facsimile transmitied to the Patent and Trademark Office

on the date shown below.

py” 30.605 Date: June 20, 1995
Samuel B. Abrams { Reg. No.)

PENY2-216673.1

Fujirebio Diagnostics, Inc. v. Quanterix Corp.
EX-1008
000160



UNITED STATES DEPARTMENT OF COMMERCE

Patent and Trademark Office

Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Washington,f D. C 20231

RAMED APPLICANT —[ATTOWNEY DOCKET NO"‘!

FEA L NUARBE

Es 15D, 98

YOORHE TG

1SRl A072
FEMMIE & EXfdOns S ——
1iEe AVENUE OF THE AMERICAS e
P ]

| PAPER NUMBER ]

MEW YOI, MY 1000

Rl

DATE MATL

EXAMINER INTERVIEW SUMMARY RECORD a7/

Al participants (applicant, applicant’s representative, PTO persannel}:

1_PpRice A-:DLLFF'WI LEx0-) 3)
2 Somuel Abacuns (Applecesds 120\0) (4}
Date of interview _'tﬁlf!"f‘f‘

Type: %&Isphbnic [1 Personal {copy is-given to [ applicant [ applicant's representative).

Exhibit shown or demonstration conducted: [ Yes m If yes, brief description:

Agreament m; reached with respect to some or all of the claims in question. [ was not reached.

Claims discussed: ]| ~ 3 ‘

|dentification of prior art discussed: AMAAIE, T

[

Description of the genaral nature of what was agreed to if an agreement was reached, or any other comments: I Zlﬁfi 185¢ c‘ﬂ [4) !Q [V
lahgx (e Cypa a}-\a.n-cé:,d cohich woould deGaa b prefird pratbrect &‘«-(.'a_( oSy

W ve ehi e, wr./ué Lic Abvims oatiel Yo irclicateShe Changeq urene
Claa/\mabu__.r

{A fuller description, if necessary, and a copy of the amendments, if available, which the examinar agreed would render the claims allowable must be
.attached. Alsa, where no capy of the amendments which would render the claims allowable is available, a summary thereof must be attached.}

Unless the paragraphs below have heen checked to indicate to the contrary, A FORMAL WRITTEN RESPONSE TO THE LAST OFFICE ACTION IS

NOT WAIVED AND MUST INCLUDE THE SUBSTANCE OF THE INTERVIEW le.q., items 17 on the reverse side of this form). If a response to the
1ast Office action has already been filed, then applicant is given one month from this interview date to provide a statement of the substance of the interviaw.

Mt is not necessary for applicant to provide a separate record of the substance of the intarview.

[ Since the examiner's interview summary above (including any attachments) reflects a complete response to each of the objections, rejections and
requirements that may be prasent in the last Office action, and since the claims are now allowable, this completed farm is considered to fulfill the

response requirements of the last Office action.
ST
O ‘7—% P

Examiner's Signature

PTOL-413 (REV. -84}

__ ORIGINAL FOR INSERTION [N RIGHT HAND FLAP OF FILE WRAPPER
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UNITED STATES 0z ARTMENT OF COMMERCE

Patent and Trademark Office

Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 20231

SERIAL NUMBER FILING DATE l FIRST NAMED APPLICANT I ATTORNEY DOCKET NO. I

VIDTIFIHE T8 H

g LS, e

HEE R N LR

PEMMIE & ETMONL

1155 AVENUE OF Tt

[ ARTUMIT | PAPERNUMBER |

tEne 'i%§;4%51

DATE MAILED:

REW YORE, MY 100

13

0772195

NOTICE OF ALLOWABILITY

PART L.

1. This communication is responsive 1o . 3U#4 A, [qqs‘_’ ALy Knet Arrancinend™ .

2. All the claims being allowable, PROSECUTION ON THE MER!TS IS (OR REMAINS) GLOSED in this application. i not included
herewith (or previously mailed), a Notice Of Allowance And Issue Fee Due or other appropriate communication will be sent in due
course.

3. PR The allowed claims are | and 3

4. 17 The drawings filed on _ are acceptable.

5. O Acknowledgment is made of the claim for priority under 35 U.S.C. 119. The certified copy has {—] been received. [] not been
received. [_] been filed in parent application Serial No. , filed on _

. ﬂ Note the attached Examiner's Amendment.

. xNoie the attached Examiner Interview Summary Record, PTOL-413.

. [ Note the attached Examiner's Statement of Reasons for Allowance.

. [J Note the attached NOTICE OF REFERIENCES CITED, PTO-892.

. [ Note the attached INFORMATION DISCLOSURE CITATION, PTO-1448.

O o m N>

—

PART Il

A SHORTENED STATUTORY PERIOD FOR RESPONSE to comply with the requirements noted below is set 1o EXPIRE THREE MONTHS
FROM THE “DATE MAILED” indicated on this form. Failure to timely comply will result in the ABANDONMENT of this application.
Extensions of time may be obtained under the provisions of 37 CFR 1.136{a).

1. {3 Note the attached EXAMINER'S AMENDMENT or NOTICE OF INFORMAL APPLICATION, PTO-152, which discloses that the oath
or dectaration is deficient. A SUBSTITLUTE QOATH OR DEGLARATION iS5 REQUIRED.
2.;&APPLICANT MUST MAKE THE DRAWING CHANGES INDICATED BELOW IN THE MANNER SET FORTH ON' THE REVERSE SIDE
OF THIS PAPER. i
a. w Drawipg informalitiés are indicated on the NOTICE RE PATENT DRAWINGS, PTO-948, attached hereto or to Paper No.
_ .~ CORRECTION IS REQUIRED.

b. [J The proposed drawing correction fited on . has been approved by the examiner. CORREGTION S
REQUIRED.

c. [} Approved drawing corrections are described by the examiner in the attached EXAMINER'S AMENDMENT. CORRECTION 18
REQUIRED.

d. W, Formal drawings are now REQUIRED.

Any response to this letter should include in the upper right hand coraer, the following information from the NOTICE OF ALLOWANCE
AND ISSUE FEE DUE: ISSUE BATCH NUMBER, DATE OF THE NOTIGE OF ALLOWANCE, AND SERIAL NUMBER.

.\Aychmanl::

r}xaminer's Amendment . Notice of Informal Application, PT(O-152
v Examiner Interview Summary Record, PTOL- 413 _ Notice re Patent Drawings. PTO-9438

.- Reasons for Allowanc? _ Lisling of Bonded Draftsmen

_ Notice of References Cited, PT0-892 _ Other

__ Infermation Disclosure Gitation, PTO-1449

PTOL-37 {REV, 4-89) * USCOMM-DC 89-3789

Fujirebio Diagnostics, Inc. v. Quanterix Corp.
EX-1008
000162



ot

Serial Number: 08/159,969

Art Unit: 1802

In the title:

In the claims:

Part Il EXAMINER'S AMENDMENT

1. An Examiner's Amendment to the record appears below. Should the changes
and/or additions be unacceptable to applicant, an amendment may be filed as provided
by 37 C.F.R. 8 1.312. Tc ensure consideration of such an amendment, it MUST be
submitted no later than the payment of the Issue Fee.

Authorization for this Examiner's Amendment was given in a telephone interview
with Samuel Abrams on July 13, 1995.

2. The application has been amended as follows:

Diagnostic method for Alzheimer's Disease by screening for tau-peptides in the

bloed of a patient.

1. (amended)}

g(

v

A method for confirming a clinicat diagnosis of Alzheimer's Disease in a

patient suspected of having Alzheimer's Disease, comprising [assaying a

sample of blood obtained from the patient for a concentration of tau-peptide

using either an anti-tau-peptide antibody or an anti-tau-peptide Fab fragment]

performing an assay to determine the concentration of tau-peptide in the

patient’s blpod, wherein the assay comprises contacting a sample of blood

obtained from the patient with an antibody which spegifically binds tau-

peptide or a Fab fragment which specifically binds tau-peptide, wherein

further the tau-peptide is derived from the amino terminal 200 animo acids

or

Fujirebio Diagnostics, Inc. v. Quanterix Corp.
EX-1008
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Serial Number: 08/159,969

Art Unit: 1802

carboxy terminal 50 amino acids of a tau-protein; and {femploying the

g / assayed concentration to evaluate the patient’s] determining the

concentration of tau-peptide wherein an elevated concentration of tau-

peptide confirms the clinical diagnesis of Alzheimer's Disease.

j_,ﬂ tamended) The method of claim 1, wherein the [assaying step comprises performing]

assay comptises an assay selected from the group consisting of a

%7/ radicimmunoassay, an enzyme-linked immunosorbant assay, a sandwich
assay, a precipitin reaction, a ge! immunodiffusion assay, an agglutination
assay, a fluorescent immunoassay, a protein A immunoassay and an
immunoelectropharesis assay.
in the abstract: /
Deleted ", subtyping and monitoring" in line 2.
3. Any inguiry concerning this communication or earlier communications from the
examiner should be directed to Patricia A. Duffy, Ph.D. whose telephone number is (703)
305-75565.

Any inguiry of a general nature or relating to the status of this general application

Papers relating to this application should be directed may be submitted to. Group

el

W

should be directed to the Group receptionist whose telephone number is (703) 308-0196.

1800 by facsimile transmission. The faxing of such papers must conform with the notice

Fujirebio Diagnostics, Inc. v. Quanterix Corp.

EX-1008
000164



Serial Number: 08/159,969

Art Unit: 1802

published in the Official Gazette, 1096 OG 30 (N
Art Unit 1802 is {703) 308-4065.

oy ‘
Patricia A. Duffy, Ph.D.
July 19, 1995

ovember 15, 1989). The FAX number for

DN R S

TONI R. SCHEINER
SUPERVISORY PATENT EXAMINER
GROUP 1800
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o UNITED STATES DEPARTMENT OF COMMERCE
AP S0y, Patent and Trademark Office

§ YN

p - Address: Box ISSUE FEE

%’% - ‘f’ - COMMISSIONER OF PATENTS AND TRADEMARKS
Stazgs oF Washington, D.C. 20231

NOTICE OF ALLOWANCE
AND {SSUE FEE DUE

MEW WY 1y

YR,

] Note attached communication from the Examiner
[(This notice is issued in view of applicant’s communication filed

SERIES CODE/SERIAL NO. FILING DATE TOTAL CLAIMS EXAMINER AND GROUP ART UNIT DATE MAILED

[F R Bl BTN I AT WA I RT3 50 T A 5. i $a7y el F172 s
First Named ' ' T
Applicant . .
: N A R
TITLE OF
INVENTION ey b g e LR T LG § .
1 SETHOD FoR - ALZHE TMER ' S D e BY GORETMING FOR

TR THE BLODT OF & PETIENT 085 SHENDED)

I ATTY'S DOGKET NO. CLASS-SUBGLASS l ‘BATGH NO. APPLN, TYPE SMALL ENTITY FEE DUE DATE DUE

1 P oIt A e 2 i ot I 1 ) WA WA N O hrtd WP 1Ty 40 A IR T L LR Wy WAl A
v B =

THE APPLICATION IDENTIFIES ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
. PROSECUTION ON THE MERITS IS CLOSED. ,

THE ISSUE FEE MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING DATE OF THIS NOTICE OR THIS
. APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD CANNOT BE EXTENDED.

HOW TO RESPOND TO THIS NOTICE:

1. Review the SMALL ENTITY Status shown above. If the SMALL ENTITY is shown as NO:
if the SMALL ENTITY is shown as YES. verify your A. Pay FEE DUE shown above, or
current SMALL ENTITY status: ‘ B. File verified statement of Small Entity Status before, or with,

pay of 1/2 the FEE DUE shown above.
A. If the status is changed, pay twice the amount of the

FEE DUE shown above and notify the patent and
Trademark Office of the change.in s‘atus, or

B. If the Status is the same, pay the FEE DUE shown
above.

Il. Part B of this notice should be completed and returned to the Patent and Trademark Office (PTQ) with your ISSUE FEE.
Even if the ISSUE FEE has already been paid by charge to deposit account, Part B should be completed and returned.
If you are charging the.ISSUE FEE to your deposit account, Part G of this notice should also be completed and returned.

1. All communications regarding this application must give series code (or filing date), serial number and batch number.
Please direct all communication prior ‘o issuance to Box ISSUE FEE unless advised 1o contrary.

IMPORTANT REMINDER: Patents issuing on applications ﬁléd on or after Dec. 12, 1980 may require payment of

- maintenance fees. It is patentee’s responsibility to ensure timely payment of maintenance
fees when due. :

PTOL-85 (REV. 12-83) (0651-0033) 4. PATIENT AND TRADEMARK OFFICE COPY
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- ,‘iLCX)Z- PART B—ISSUE FEE TRANSMITTAL . o %ia

MAILING INSTRUCTIONS: This form should be used far transmitting the ISSUE FEE. Blacks 2 through 6 should be completed where appropriate.

All further cofrespondenca including the Issue Fes Receipt, the Patent, advance orders and notification of maintenance fees will be mailed to addressee
entared in Block 1 unless you direct otherwise, by: (a)-specifying a new correspondence address in Biock 3 below; or (b} providing the PTO with a separate
“FEE ADDR nance fes notifications with the payment of Issue Fee or thereafter. See reverse for Certificate. of Mailing.

1. COR sigﬁoﬁr(sc‘mnﬁeq_&\

E
U

2. INVENTOR(S) ADRRESS CHANGE (Complets only if there s a change)}
INVENTOR'S NAME

. Sireat Addrasy .

1M1 /0721 ! City, State and.ZIP C?de

e 8 EDMONDS *
1155 AVENUE OF THE aMERICAS L
NEW YORK, NY 10036-2711 ' Sireet Address

COINVENTOR'S NAME

City, Stale and ZIP Code

& o . \ L Check If additional changes are on reverse side

SERIES CODE/SERIAL NO. | * FILING DATE TOTAL CLAIMS l EXAMINER AND GROUP ART UNIT . " DATE MAILED
No/1E9, 965 JI/A0AIA T ognE  DUEEYS B L AEAD 07/21/95
First Named N _ L iy - S T
Applicant VIR TS, e M FAIR
—— . P m—
INVENTION

DIAENOST [ METHOR FOR ALZHEIMER'S DISEASE BY SCREENMING FOR
TOLE-FEPTIDES IN THE BLOOL OF A FATIENT (AS AMENDED)

- [T
. e

.. ] ATTYSDOCKETNG. | CLASS-SUBCLASS | BATGHNO. | APPLN. TYPE | swaLLentiry. | FEEDUE - | DATE DUE
NI o S T e L T e Co -
/ i 47053 435-007. SE, NS4 WTILITY M Fle 10, Gn T A

!

3. Correspondence address change (Gomplete only if there is a change) 4, For printing on the patent front . :
pags, list the names of not more than 1 Pennie & Edmonds i
9 registered patent attorneys or agents

. OR, alternatively, the name of a firm
having as a member a registered 2
-attorney or agent.. If no nama is listed,
no name will be printad.

3
’ B : o N i DOltldT ETH‘I ACE R T S A
AGOOZSY  11/07/95 08159949 - - 18-l 0. 160, 142 ,,:1,,250‘.,0031}4{_ R
- AGOO3S0" T1/07/957 708159969 - 161150 160 561 300.00CH
5. ASSIGNMENT DATA TO BE PRINTED GN THE PATENT (primértyﬁé) T A T
(1) NAME OF AGSIGNEE: - L o s I T D
Provost, Fellows and Scholars.of Trinity.College |6 Tefolowinglessare anciosed: . .~ :
(2} ADDRESS: {CITY & STATE OR COUNTRY} f T i 1 'O issusFae * ° [ Advance Ordsr-#n.! Coples.
DUblin. ReDUbliC ()f Irp]and 6b. The foflowing fees should be charged io: . o
" . I bEPOSHT AGGOUNT Numser 10=1150
(ENGLOSE PART C)
A. () This application is NOT assigned. X tssuaFoe . (3 Advance Order-#ofCopies . 100

(] Asstgnment previously submitted to the Patent and Trademark Office. ¥ Any Deficiancies In_Enclosed Feas

. . The COMMISSIONER OF PATENTS AND TRADEMARKS is
Asgignmant is being submitted under saparata cover. Assignients should be lfronianemlinli
diractod to Box ASSIGNMENTS. requested to apply the Issue Fea‘ o thﬂ anp}lcauon identified abova.

] ] i Block 5, ignee data will appear on the patent. rAaorized IC} ; ’ - (Date}
PLEASE NOTE: Unless an asslgnee is Igentified in Block 5, no assig will app p :\ﬁ E W‘ /’é :gé {S'é

Inclusion of assignea data is only appropriale when an assignment has been previously submitted to the -1
PTO or Is being submitted under separale cover. Cemplation of this form is NOT a substitute for filing S . 1es ]_le Ml ESI'OCk 8 o 87 2 lCi ot..[-- lcl ‘15

an assignment.

NOTE; The Issus Fae will not be accapted from anyons other than tha’
applicant; a registered atorney ar agent; of the assignoe or other party
in Imerest as shown by the records of the Patent and Tredemark Ofiice,

1. TRANSMIT THIS FORM WITH FEE-CERTIFICATE OF MAILING ON REVERSE
.PTOL-858 (REV.12-93)(0651-0033)
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Certificate of Mailing

| hereby certify that this correspondence is being deposited with the United States Postal
Service with sufficient postage as first class mail in an envelope addressed to: L

Box ISSUE FEE .
Commissiongr of Patents and Trademarks
Washington, D.C. 20231

"QOctober 19, 1995
(Date)

on

Ismael Maldonado S

(Name of person mafing deposit) ) J ~ -

S : .
LD o ) N

T t

(Signature) ( | v
J .

(Date) Express Mail No. EM 325 962 348 Us

Note: If this certificate of mailing is used, it can only be used to transmit the Issue Fee.
This certificate cannot be used for any other accompanying papers. Each additional
paper, such as an assignment or formal drawing, must have its own certificate of mailing.

Burden Hour Statement: This form is estimated to take .2 hours to complete. Time will
vary depending tigbii teTebds ofihé inBividual cases Any commentswretheameuntof 11 e2Eo0na
time you are redlitéd-t8*éomplete iHi fofmshouild bedsbnt to the Offlgg of InformatieRon I 08EGODA

Systems, Patent and Trademark Office, Washington, D.C. 20231, and to the Office of

Information and Regulatory Affairs, Office of Management and Budget, (Project 0651-
0033), Washington, D.C. 20503. DO NOT SEND FEES OR COMPLETED FORMS TO
THIS ADDRESS. SEND TO: Commissioner of Patents and Trademarks, Box issue Fee,
Washington, DC 20231.

A0 B RPN N

REVERSE PTOL-858 (REV. 12-93)(0651-0033)

‘-
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UNITED STATES ..2PARTMENT OF COMMERCE
pPatent and Trademark Dffice

Address: COMMISSIONER OF PATENTS AND. TRADEMARKS
Washington, D.C. 20231 :

SERIAL NUMBEA | FILING DATE | FIRST NAMED APPLICANT [ ATTORNEY DOCKET NO.
R/ 199, 989 L1700 /93 VOIRHE TS H 4627059

OF RECORD:
r

FENNTE & EDLRONDES

07N

1155 AVENLIE OF THE AMERICAY

NEW YORE, WY 10036-2711

T DUFFYediiner

1 /0807

ART UNIT [ paPER NUMBER

1802 /‘/

DATE MAILED: v

s/ 07/95

A statement under Section 152 of Public Law 703 (83rd Congress, 2nd Session}, concerning the making of the invention or
discovery described therein, has been filed in the above-identified application. A copy of the application and a copy of the

statement are forwarded herewith.

A statement of the date of receipt in the U.S. Department of Energy of the copy of the statement and the copy of the
application is requested to determine the starting of the 90-day period recited in paragraph 2 of Section 152, An endorsed

copy of this letter is provided for this purpose.

By direction of the CQW %
| - il
%p ‘ steAion’Gro y;

Encl:  Photo statement
Photo application
Receipt copy of this letter

Receipt in the U.S. Department of Energy is acknowledged of a copy of the above letter and its enclosure.

Date
THIS CORRESPONDENCE TO:

Assistant General Counsel
for Patents, GC-42

U.S. Department of Energy
1000 Independence Ave.
MS 6F-067

Washington, D).C. 20585

PTOL-215 (rev, 4-85)

Signed
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UNITED STATES DEPARTMENT OF COMMERCE
Patent and Tradamark Office

Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Waghingtnn, N1.C. 20231

Fi F!S'T NAMED APPLI CA_‘NT

{aTToRNEY uocxn_ﬁb:
TOF RECORD: T ' |
-

e R R

ART UNIT [ eaPEM NUMRER

L @ /é
DATE MAILED! o

AT

- T Rt
|

LI
M i

stptement are torwarded herewith,

A statenent under Secton 132 ol Public Law 703 (k;%rd Congiesy, Znd Session), concerning the making of the invention or
disvovery deseribed thercing, has been filed in the above identilicd application. A copy of the application and a ¢opy of the

A statenant of the date of tecept in the U.S, Department of Enorgy of the copy of the statement and the copy of the
apphication 15 requested 1o determine thy starting of the 90day period recited in paragraph 2 of Section 152, An endorsed
wapy of this letter is provided for this purpose

By Jirection of the {ommissivuer

P ya ( M .7
/ ‘-'v-“ ™ " — ..l‘f,.,' 3 D
S Bpecial Lipve Administiation Groups s ' ” cid
/ ' . PR

. - ‘l‘ :
el Plota statement ' = -
Pheto application '
Rueceipt wopy of thiy Jetter

PR
PRSTA

THIS APPLICATION HAS BEEN REVIEWEDAND
FROM THE INFORMATION AT HAND YOU ARL
HEREBY ADVISED THAT THE U.S. DEPARTMENT

OF ENERGY WILL NOT FILE A DIRECTIVE IN
THIS CASE.

NOYEMBER 20, 1995
DBATE

NITEATA

Recerpt i the LS. Departmen of EBacrgy w acknowledged of a copy of the ubove letter and its enclosure,
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Notice of Allowance and Issue Fee Due: mailed, July 21, 1995
Date of Notice of Allowability: mailed, July 21,

‘ Issue Batch No.: N54

. LH&) Serial No. 08/159,969

THE UNITED STATES PATENT AND TRADEMARK OFFICE

Application of: Voorheis, H. Paul
Serial No.: 08/159,969 Group Art Unit: 1802
Filed: November 30, 1593 Examiner: P. Duffy
For; DIAGNOSTIC METHOD FOR Attorney Docket No.: 4697-059
ALZHEIMER'S DISEASE
SUBMISSION OF FORMAL DRAWINGS

Honorable Official Draftsman
Washington, D.C. 20231

Sir:

Applicants submit herewith two (2) sheets of two (2) drawings in response to the
Notice of that "Formal drawings are now REQUIRED" which was included on the Notice
of Allowability mailed July 21, 1995 in the above-captioned application.

This submission is timely filed on Monday, October 23, 1995, which is the first
business day in the United States Patent and Trademark Office following on or after three
months from the mailing date of the Notice. No fee is believed due with this submission.
If a fee is required, its payment from Pennie & Edmonds Deposit Account No. 16-1150 is

hereby authorized.
Respectfully sybmitted, ~
Date__October 23, 1995 Y dorke 1V )wnods 18,872

S. Leslie Misrock (Reg. No.)

PENNIE & EDMONDS
1155 Avenue of the Americas
New York, N.Y. 10036-2711
(212) 790-9090

EXPRESS MAIL CERTIFICATION

"Expreas Mail" label No. EM325 962 379US Date of Deposit_OCTOBER 23, 1995
I hereby certify that this paper or fee is being deposited with the Uniled States Postal Service "Express Mail Post Office to Addressee* senvice under 37 C.F.R.
1.10 on the date indicated abeve and i acdressed to the Assistant Commissioner for Patents, Washington, D.C. 20231.

MICHAEL VIGUIE
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Paper Number__" ; /]

p The Commissioner of Patents

d' and Trademarks
funird Has received an application for a patent
" for a new and useful invention. The title

5 m and description of the invention are en-

5 closed. The requirements of law have
F been complied with, and it has been de-
J termined that a patent on the invention

shall be granted under the law.

3% Therefore, this

United States Patent

Grants to the person or persons having
title 1o this patent the right to exclude
others from making, using or selling the
invention throughout the United States
of America for the term of seventeen
years from the date of this patent, sub-
ject to the payment of maintenance fees
as provided by law.

Buee Tehmim

Commissioner of Patenis and Trodemarks

Altest

PTO-1584

FPI-LOM

(RIGHT INSIDE)
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