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particular immunochromatographic devices and assays.

BACKGROUND

Various analytical procedures and devices are commonly employed in flow-through
assays to determine the presence and/or concentration of analytes that may be present in a test
sample. Lateral flow tests, also known as lateral flow immunochromatographic assays or lateral -
flow assays (LFAs), are commonly used in point-of-care (POC) devices for medical diagnostics,
for example. Individual assay layouts are adapted to a particular application.

Alpha-1 Antitrypsin Deficiency (AATD) is a hereditary disease, which can be diagnosed
by genetic testing. However, AATD is under-diagnosed and only 10-15% are identified.
Unidentified patients are sometimes misdiagnosed as "usual" chronic obstructive pulmonary
disease (COPD) and Asthma, respectively.

A need still exists for an effective lateral flow assay for determining the presence of an

analyte, in particular a Z-AAT protein.

SUMMARY OF THE INVENTION
In one aspect, the present invention provides an immunochromatograhic device
comprising a membrane having a capture antibody bound thereto at a test zone. The capture
antibody is capable of binding with an analyte. The analyte can be a Z-AAT protein present in a

sample from a PiZ gene carrier.
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2 In sone aspects, the present invention provides an inmunoassay

devi ce capphhsldigsd Menbrane having a Z- AAT protein capiyhf@i el med by
a capture ant?%o%§ i mobi |'i zed theretg, wherein the capture an#ﬁ ody is an

anti-Z- AAT protein anti body. In other aspects, the present invention

provi des an i munoassay device for determining the presence or anopunt of a

Z- AAT protein in a fluid sanple. The device conprises: a sanple application

ar ea; a m croporous nenbrane having a Z- AAT protein capture area
defined by a capture anti body i mobilized thereto, wherein the capture
antibody is L6 or antigen-binding fragnment thereof; a flow path

fromthe sanple application area to the Z-AAT protein capture area, wherein
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protein in’the sangl e. | n anot her aspect, the present invention
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or di sease HOYYRATEIRIoRted prthe SpY Bt dirreinthie CoMiEHE FTCBRHIIPELS subj ect i ng
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mobilizable, wherein the detection reagent is gold-conjugated LG96 or a gold-conjugated
antigen-binding fragment thereof.

In one aspect, a method for detecting a Z-AAT protein in a subject is provided. The
method comprises:

applying a biological sample from the subject to the immunoassay device of present
invention; and

detecting a complex that is formed between the capture antibody and the Z-AAT protein
that may be present in the fluid sample, wherein detection of the complex indicates the presence
of the Z-AAT protein in the sample.

In another aspect, the present invention provides a method for determining a PiZ gene
carrier. The method comprises subjecting a sample from a subject to immunochromatography
using a device in accordance with the present invention; and determining binding of an analyte to
a capture antibody, wherein binding of the analyte to the capture antibody indicates that the
subject is a PiZ carrier.

In some aspects, the present invention provides a method for diagnosing a condition or

disease associated with AAT deficiency. The method comprises subjecting a sample from a
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows the results of testing of matching pairs, sandwich-ELISA with
monoclonal antibodies LG9 and MG97. Partially purified monoclonal antibodies L.G96 and
MG97 were either used as capture antibodies or used as detector antibodies labeled with
horseradish-peroxidase (LGI6HRP or MG97HRP respectively). Pooled ZZ- or MM-serum were
serial-diluted with Sample Buffer and used as antigen solution. The matching pairs LG96-
LG96HRP, LG96-MG97HRP, MG97-LG96HRP and MG97-MG97HRP show specific binding
with PiZZ-serum but not with PiMM-serum.

Figure 2 shows the results of testing for cross-reactivities of monoclonal antibodies LG96 .
and MG97 with coated AAT (M-form). The M-specific antibodies F43.8.1 and 1AT act as
positive controls and both show very strong specific binding to coated AAT (M-form). In
contrast antibodies LG96 and MG97 show no binding to coated M-form of AAT.



i mmunochr omat ogr aphy in accordance with one enbodi nent of the present

i nventionyohiBsesf i/l ustrates a schematic |ayout as |@C%hg§ﬁ9m§23mherein
t he sanpl e &bes not contain the targef analyte. Fi gure pi cture

of a LFA device, wherein the i munochromat ographi c conponents are depicted
as encased in a housing made of, for exanple, a plastic material. The test
line or zone is shown as absent thereby indicating that the test results
are negative for the presence of the analyte in the sanple. The control
line or zone is positive indicating that the device worked properly.
Figure 6 illustrates a schematic |layout as in Figure 3, wherein the sanple
contains the target analyte Figure 7 is a picture of a LFA device,
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conj ug Wplec&?f F‘Eﬂtrohll‘ﬂel%éw 18 II"tﬁmVe indicating dhaf e ﬂ@/lquWins‘ildr ates the
princi pﬂoﬁeﬂgff an LFA in accordance with other enbodi nents of the present

i nvention, the sapple is blood _froma M- Type individual. Capture
ant i body LCEQ%J %élpuéﬁt‘ffra %Hg‘?a%gyom-;n E’@Pﬁel}gé’fl%fﬁn\fvget Hopfmontgghtheol
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tests. thereby indicating that the test results are positive for the presence of the analyte in the sample.
The control line or zone also is positive indicating that the device worked properly.

Figure 8 illustrates the principle of an LFA in accordance with one embodiment of the
present invention, wherein the sample is blood from a ZZ-Type individual. Capture antibody
LG96; Detector antibody MG97 conjugated with HRP; Control antibody: Ig.

Figure 9 illustrates the principle of an LFA in accordance with another embodiment of
the present invention, wherein the sample is blood from a MM-Type individual. Capture
antibody LG96; Detector antibody MG97 conjugated with HRP; Control antibody: Ig.

- Figure 10 illustrates the principle of an LFA in accordance with other embodiments of the
present vention, wherein the sample is blood from a MZ-Type individual. Capture antibody
LG96; Detector antibody MG97 conjugated with HRP; Control antibody: Ig.

Figure 11 shows the results of binding curves of LG96-MG97HRP on ZZ- and MM-
serum.

Figure 12 shows the results of specific binding of LG96-MG97HRP on ZZ-serum. No
binding on MM-serum.

Figure 13 shows the results of screening of real samples (1:20 diluted) in blank tests.

Figure 14 shows determination of Z-AAT-concentration in dlfferent commercially

available and in-house serum/plasma samples using PiZZ-ELISA.



Fi gure 14 shows determ nation of Z-AAT-concentration in different

conmmer ci kd,abl € and i n-house serun pl asma sanpl e ELI SA.
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sanples #1-6 in every possible antibody conbi nati on, whereby the anti body
mentioned first is the capture antibody i mobilized on the nitrocellul ose,
the anti body nention after the slash is the detector anti body coupled to
the gold particles. Figure 16 shows a side view of one enbodi nent of a
device of the present invention. Figure 17 is a longitudinal section of the
device shown in Figure 16. Figure 18 is an enlarged view of the feeding
area of the device shown in Figure 16. Figure 19 is an enlarged
representation of the reaction area of: (A) the device shown in_ Figure 16;

and, (B) arfo®Her %%ﬁﬂ%l%@Wtmﬁpga“ﬂévl%gmeﬁﬁﬂﬁ%ﬂﬁ PHE BREVP AP i ses a
Si ng! ec&ﬂd’lﬁahbldgﬂle?eby ’ﬁle agﬂlwuy &eﬁtﬁméd’lﬁ\éﬁls aheSdaﬁtﬁre\/dnﬁNMdQEmﬁlblﬂhﬁalbnaI&d t he
cuttin on_of t evice_s is a
ot § BpsoSa g niroty TEHisS GRgny Rt B MeGuvpiteasrori g s
inventpﬁﬁﬂ%Flgure 22 i s anot her enbodlnent of a device of the present

i i i,nvention in accordance

Inventlon'elfi 6e | 84 dev mod € %\?Qt f the present mvent
with sonme ﬁ%‘gd rf@?‘n‘f’s 2 SIge VAT oﬁﬁe gn it ‘8.1' ? B RS PR L P nvent i on i n
accordancelﬂgthrmmhkmg&ﬂh@hrﬂmnbﬁme&wgusbw@BnF@w@ldeV|ce of the present
invention iPl?gLJ?eC 0L Qna&?a?ge\ﬁjv}eul o?hfle lféedlfng I(:utepgf theecigglgg LM%Figure 16.
Figure 19 is an enlarged representation of the reaction area of: (A) the device shown in
Figure 16; and, (B) another embodiment of a device, wherein the device comprises a single
cartridge.
Figure 20 shows a side view of the cap and the cutting portion of the device shown in
Figure 16.
Figure 21 is a longitudinal section of one embodiment of a device of the present
imvention.
Figure 22 is another embodiment of a device of the present invention.
Figure 23 is a device of the present invention in accordance with some embodiments.
Figure 24 is a device of the present invention in accordance with other embodiments.
Figure 25 is a devicé of the present invention in accordance with still further
embodiments.
Figure 26 shows the results of three separate screenings of ZZ(+) serum samples using
one embodiment of a device of the present invention.
Figure 27 shows testing capillary blood versus serum samples (comparison of 20 pt
capillary blood and serum sample from the same donor). Test signals were measured after 15
minutes using an optical reader (QuickSens Omega 100 reader). Numbers in mg/dL indicates
the AAT serum levels determined by nephelometry.
Figure 28 shows effect of different anticoagulants on test results. Control: MM-serum.
Test samples: ZZ-EDTA plasma, ZZ-Citrate plasma, and ZZ-Heparin plasma. Test Signals were
measured an optical reader 15 minutes after starting the test. Numbers in mg/dL indicates the

AAT serum levels determined by nephelometry.
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Figure 27 shows testing capillary bl ogd versus serum sanple conmpari son of
20 gl capillary blood and serum sanple fromthe sanme donor). Test signals
were neasured after 15 mnutes using an optical reader (QuickSens Orega 100
reader). Nunbers in ng/dL indicates the AAT serum | evel s determ ned by
nephel onetry. Figure 28 shows effect of different anticoagul ants on
test results. Control: Mwiserum Test sanples: ZZ-EDTA plasma, ZZ-Citrate
pl asma, and ZZ-Heparin plasma. Test Signals were neasured an optical reader
15 mnutes after starting the test. Numbers in ng/dL indicates the AAT
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i mmunochr omat ogr ahi ¢ devi ce conprising a menbrane having a capture antibody
bound thereto at a test zone. The capture anti body is capable of binding
with an analyte. |nDHETAIGRRDESCRETENNOH THENNVENAEOMnal yte is a ZAAT

pr ot ei n. The devi ce can be used to determ ne the presence,of the analyte in
a sanpl e. In oneTpsgedhefiig, PRSCRINFIVSPINe PR Videsy an  immympchromaloeralice d&vVigeq "5~ 72 AAT
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pol ypep I nmeric, ¥imeri c, aggregated). Sanple The

sanpl eanagfzxn@rqilﬂll@yz Aﬁé’fmtsmv@:hedmmtl@}omans dirpgis, RYOEE: fiays H6E 2t Bftai n t he
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flui d sampleotic fluid or the like. Preferably, the sanple is an aqueous
sanpl e. The sample, generally, refers to a material that may or may not contain the analyte. The
sample can be used directly as obtained from a source or following a pretreatment to modify or
alter a characteristic of the sample. The source of the sample can be any biological source, such
as a physiological fluid, including, but not limited to, blood, interstitial fluid, saliva, ocular lens
fluid, cerebral spinal fluid, sweat, urine, milk, ascites fluid, raucous, synovial fluid, peritoneal
fluid, vaginal fluid, amniotic fluid or the like. Preferably, the sample is an aqueous sample.

In some embodiments, the sample is an undiluted sample i.e., the sample is obtained from
the biological source and applied directly to the device without any pre-dilution of the sample.
In other embodiments, the sample is pretreated prior to use, such as preparing plasma from

blood, diluting viscous fluids, and the like. Pre-treatment of the sample can involve filtration,



In some enbodi ments, the sanple is an undiluted sanple i.e., the sanple is
obt ai ned i ol ogi cal source and applied directl ce
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pretreated prior to use, such as preparing plasma from bl ood, diluting
viscous fluids, and the like. Pre-treatnent of the sanple can involve
filtration, WO 2012/038820PCT/1B2011/002232 7 precipitation, dilution
distillation, concentration, inactivation of interfering conponents, and
the addition of reagents. In one enbodinment, a solid material suspected of
containing the analyte can be used as the source of the sanple, preferably
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chl ori de- viThy imcabrbatag bcupdﬂ forepyy oflaotiity dzfondnermatthrb@hlvghmmwamblag (e.
cott On)s c%gle%y Qfé E6r eg(gmlge therﬁleté}ﬁls%gedltgyo%)the x$ fobgan% Cgl %ﬁde cfh as si l I Ca
gel, agarose, dextran gel at
pol yaclia%? lignitpdite; namel, yRiGetic penaturally Ocqumm@t@ﬁbdmmmnthetm@y memtﬁle«ane is
f or medsr SBoNsidRERLd (ML OSSR AL RALMES tpnger §dt!i| CfGﬁ]LP&C 'aa'}vgv\iﬁe@lsﬁch al-he

be

nitrocellulose can be nitric acid esters ose
ni t r ocB1PIgPeostE Fidenitreelluoss); olyedsr affops; Wﬂ%#ﬁ%m@%$@ %h@-@@h@nwa0|ds such

as al i phafidlg; s&ﬁra’l@%é&lb&e(ﬁﬂmﬂﬁa hibrdedl @arl, MBROS, SraHitp thofafiB Emely In sone
enbodi ri ses nltrocellulose Ni troce Iulose can have

co
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materials. The nitrocellulose can be nitric acid esters of cellulose, which may be nitrocellulose

alone, or a mixed ester of nitric acid and other acids, such as aliphatic carboxylic acids having
one or more carbon atoms.

~ In some embodiments, the membrane comprises nitrocellulose. Nitrocellulose can have
the ability to bind proteins without requiring prior sensitization. Certain reagents, such as
antibodies, can be applied directly to nitrocellulose and immobilized thereon. Little or no
chemical treatment is required which might interfere with the essential specific binding activity

of the reagent. Unused binding sites on the nitrocellulose can thereafter be blocked using simple



8 materials, such as pol yvinyl alcohol. Mreover, nitrocellulose is readily

ava'lablgwaoﬂmﬁﬁﬁge of pore sizes and this faC|I|tates thaasl6 fﬁ&fn of a

menbrane materital to suit particularly requirenments suc as sanple flow
rate, etc. I n one enbodi nent, the menbrane conprises a single test
zone or line or region having the capture anti body bound thereto. In

ot her enbodi nents, the nenbrane conprises a plurality of test zones
arranged, e.g. in series, on the nmenbrane, through which the aqueous sanple
can pass progressively. In one enbodinent, the plurality of test zones can
be used to provide a quantitative neasurenent of the analyte, or, in

anot her enbodi nent, can be |oaded individually with different specific
capture antibodies to provide a nulti-analyte test. In still further
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membrane. For example, where the detection reagent is a labeled antibody derived from a

murine hybridoma, the control zone can comprise an "anti-mouse" antibody (e.g., anti-mouse
IgG). In another embodiment, the control zone can contain an anhydrous reagent that, when
moistened, produces a colour change or colour formation, e.g. anhydrous copper sulphate which
will turn blue when moistened by an aqueous sample. As a still further embodiment, a control
zone can contain immobilized analyte (e.g., Z-AAT protein) that will react with excess detection
reagent.

In one embodiment, the membrane comprises a control zone having a control antibody
bound thereto, wherein the control antibody is capable of binding with the detection reagent. In
some embodiments, the control antibody is an anti-mouse IgG.

Capture Antibody
In preferred embodiments, the capture antibody that is bound to the membrane at the test

zone is an antibody, or antigen-binding fragment thereof, that is specific for the Z-AAT protein.



I n one enbodi nent, the antibody or an antigen-binding fragment thereof is a

nonocl on or antigen-binding fragnent thereof erns
polycloﬁgpaﬂkmggﬁﬁonoclonaI refer tg the degree of hoggagﬁg?y§Q%¥£

anti body preparation, and are not intended to be limted to partlcular

met hods of production. The term "nonocl onal antibody"” or "nonocl onal

anti body conposition", as used herein, refers to a population of antibody

nol ecul es that contain only one species of an antigen-binding site capable

of immunoreacting with a particul ar epitope. Fragnments of anti bodies

i nclude, but are not limted to, single-chain, chineric, humanized,

primatized, or veneered antibodies also are contenpl ated. For exanple,

anti body fragments capabl e of specifically binding to the Z-AAT protein can
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In sonme enbodi nents, the capture anti body that is bound to the nmenbrane at
the test J anti body or antigen-binding fragnen t is
speci 11c TOrVBBs9l AT brotein, WO 20312/ 038820PCT/ | BooTCAREE IR A 1S
t he anti body or antigen-binding fragnment conprises one or nore

conpl enmentary determ ning regions (CDRs) from nonocl onal antibody LG96,
M307, or both. I n anot her enbodi nent, the antibody or anti gen-bi ndi ng
fragnent has the sane or simlar epitopic specificity as nonocl onal

anti body L&6 or M3I7. Antibodies or antigen-binding fragnents with an
epitopic specificity that is the sane as, or simlar to, that of nonocl onal
anti body L&6 or M37 can be identified by a variety of nethods known in
the art. For exanple, an antibody with the same or simlar epitopic

speci f theickpyure anttody isdentdchona dntitde d GIp and thisedesdsior jartpogth iscBpios’eralni t h t he
nnnoclonghiqﬂ%%body for binding to a Z- AAT pol ypeptide. In another exanple,
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producing cells, preferably from the spleen, of the immunized animal; (c) selecting from the

phagemid library at least a first clone that expresses at least a first anti-Z-AAT antibody,

optionally one that substantially cross-reacts or competes with the monoclonal antibody LG96 or

MG97; (d) obtaining anti-Z-AAT antibody-encoding nucleic acids from the at least a first

selected clone and expressing the nucleic acids in a recombinant host cell to provide the at least a

first anti-Z-AAT antibody; and () obtaining the at least a first anti-Z-AAT antibody expressed

by the nucleic acids obtained from the at least a first selected clone.

In some embodiments, the capture antibody that is bound to the membrane at the test

zone is an antibody or antigen—binding fragment thereof that is specific for the Z-AAT protein,
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Reagent red enbodi nents, the detection reagent PI's”a detector
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is sp tLI C (f:or t fl&mﬁf:{m[?a (§| The g in various embodi ment S,
exhi bet%y SUGEE 8%“? e %jth fprpation of complexes g Sé’“lb éiétf’?tk?PtﬂVIbP‘é)V/"PiaMﬂ Tt a or

pur i f i @d result id atrgdpetioABT the measured signal which may lead to a false negative test result.

In some embodiments, the sample is a prediluted sample, which is then subjected to the
immunochromatography.

In other embodiments, the membrane comprises one or more capture zones arranged (eg
in series) on the membrane each at a position proximal to the test zone(s), through which the
aqueous sample can pass progressively prior to reaching the test zone(s). In some embodiments,
the one or more capture zone(s) comprise monoclonal antibody LG96 or MG97

immobilized/bound thereto. The one or more capture zone(s) can provide for preventing,



I n anot her enbodi nent, the detector antibody is nonoclonal antibody LG96,
M3X7, or i - bi ndi ng fragnent thereof. In o Loent s,

t he detea?gﬁﬂgﬁ?ﬁggdy i's nonocl onal aptibody M7, mher%?ﬁh?ﬁgpggggﬁre
anti body is nonocl onal antibody L&6. |In sonme enbodi nents, the detector
anti body i s nonocl onal antibody L&6, wherein the capture antibody is
nonocl onal anti body M3®7. In sone enbodi nents, the capture antibody is
nonocl onal anti body L&6 and the detector antibody is nonocl onal anti body
L96. The reporter noiety can be any of a wi de range of

material s/reporter systens known in the art. In some enbodi nents, the
reporter noiety conprises a first nmenber of a |ligand-receptor pair

including, but not Ilimied to, an enz . 0. - adi;sh.pepoxi dase

( HRP) reduginga Py fIEVBHEE ﬁ%{"&g‘e?f%%’@i P %ég?aﬁ%%-s 3’3?"'3‘5@5@?‘%2‘?5 gl ucose oxi dase,
| ysozysge;, nal at e dehydr ogenase, gl ucose-6-phosphat e dehydrogenase); netal
sol, seleniumsol, carbon sol, and the like; colored or colorable particles
(e.qg. Conjugats 881 ®col or abl e | at ex particles); colloidal netal particles
(e.g., colm eictaibogieest, the déviifutther mipriess a cenitgatsistragturp hayinefiFec @ | oi dal

sel eni um . anpl es of t LDt LNEoidl t 1f Qe A8LEGHENY thehe reporter
i ncl uﬁé%enbﬁlﬂl%’ﬁzf?g dﬁtg%torl%n%%dgga%tglg%fagié\?écp??orn et hods by Visible i nspecti on,

ul t r avdnplgett stidiire Erpthowd ichitect syih dhermgrrRmng niiargin WPT%K‘?%’LS e radi ati on
counters. . The  Her 4hRE&E ¥ i Avddenidl yrrd thevagiceheal ent |y
bound/'¢ uﬂbﬁ 8%“‘%%%#(‘3&3% et%t or éntiet%%%i.l Th}g}@l;i ndi ng/ coupl i ng can be
acconpembiaed by any nethod known in the art. For exanple, reagents used for
bi ndi ng/ ¢ NG JAGhHAEE the REu AFSst@trelid it hotyed @lthd membaehaide, p.. WO
2012/ 0388%%@#%&%@11%0025323&% et ol uene diisocyanate, various carbodiim de
r eageptosimapenid@h O HIYINBAL m peri odat e, N, Ni - ophenyl enedi mal ei ni de,

reconbi nan, Akt eRlBedidsd thd@nfubkestruBlupdsla sepapuitpad thaspagiaproverlays | n ot her
enbodi ments, the device fﬁlrlé'ﬁtﬂer cbo%q)ri ses a bl ood separation systemfor
recei Viemprbree aigbirreximpirat & e PHEB1°%0d separation systemis fiuidly
coupl ed t Opdr RRarkAjikl GheEerSoiiehtsy e chmugmmresteriyeds meft fomebiblasd separat i on
systemis a bl ood separatio tem t RarHleabloinryand Avisndi ks conj ugate
pad. Pporous ‘Pfrﬁbé‘??ﬁ\?‘a@ﬁglocai’aﬁ?%n#g?%ﬁﬁnegmsqg%%%&gb@se Ei’lr(l)‘oo%{mﬁave to be applied

di r ectyb YniliBectifial @onjwitgatoes st fitret mnEnowhallyeor predprpiasnily Paalisldhab#*it he devi ce.
In a preferred embodine © oAfmRLE kS, SRR 16 thehBetiearbliRaghosepar at i on
syst e 8.Sté‘fc,t‘uea}t%g‘?lg‘fl}re\fggﬂ%{%f’ioa /pa‘%}o that 1S fluidl y ?:ou%) d to the

conj ugpdnge-tikd abamre), FRarowxplayice matyial, biveb dass AR GR 2PNEBHFEan functi on

as a filter., e g . 40 HEMRYSinbhaott, el M fdiRetmtnbshyldt lckebed sanpl e
can tﬁgfﬁw%lgg eﬁ%uéﬁ%o{u ugatlélplstructﬁ:'ye. In other enbodi nents, .during the

cour sessaif - Tthen ftie] advantigees pp et thenmatgin)i Yiflop SEFacr AL e HH%e eff ect ed

at the samp i Deqhy £l 28Rk UnPantehat hptrdpabbicitit inothe aoawpiahent thepfesent in the
bl ood "separation systemin a dry state, | na}erffr&cr}%df AL QL S5l be

el i i reabance israbitty tl9daks 3P and Ve ¢ mOfE Rl BRI ARECIGHRIY: TFDF “Exanpl e, the
ascor hi,& ,A6ivd ISR pher 8r SABDEeEloMh nferialh gfuth s hisofatinlesd. rin tspree use  of

oxi dases and peroxj dases as | ahel | ng.agents ipeffective by
a sui teabpdmexs.dnasialy thah R pow ¥f %@83‘85 gtgsﬁac?%etdicf%hg tg)ég({%ggj%gge %San function

as an gadsesbeiteriilakn menhaes dr nixeudedrin ngvdratt of Enfthoemd bessweire by
adsorption. Distal structure . r ef Y, g &6l 80 JogRgent (e.g.,
| abel BPRATIDIUPF HPGFabe el ‘feﬂmtnhgre%r%:if? gJ es%?rt%) zctg %E.t hegl tesﬁt’? zone. The

fl ow afonBampleceent Hhsessubetanit foves metstialzenbe st il squeqss igdtpl e i s
applied to the nbr ane, i U SoRYWIRE dist. | N some enbodi ment s;
t he de\‘i‘iﬂﬁ'éa?‘ﬁqcfggsfco@g'el)rr?fgrggg'glg |atsepglltre%sl{%r‘sugture fl uisdl.%‘.coupl.e to the
menbr ane atn ahaiesibadimentd thefconj hestersavivira e, injhoF 8% WY IS ERPEY Puct ure i s
configured. to provi ficl kigsit BrRHBA JrrednmeReraps eatiesadheend to the
di st a?la%eﬁﬁff tfljf‘ngete :{lgrg%agés{{t:r%cét%%bgt I et’astpgf uncti ons as,_a ggbsor bant "si nk"
at t hecotljugstabtnemes. dPoetaf ekitrimtbe arhwill 2presciap 9k BRPRCKFr ?Péi?” BhB¥Y se, for

exanpl ot rMIatR MWa%? LIRS B9 EYazR@ RRferial may penetrate the thickness of the



I n one enbodi ment, the distal structure is an adsorbent pad that partially
overlays B, [Fi3,ANe at the distal end, wherein the adgerhgithihfdss S
configured to provide sufficient flowsthrough fromthe prOX|naf t he

di stal end of the nenbrane by capillary action. WO

2012/ 038820PCT/ 1 B2011/ 002232 15 Met hods I n sone enbodi nents, in
operation, an aqueous sanple is applied to the bl ood separation system at
the proximal end of the device. The sanple flows by capillary action

t hrough the conjugate structure and conveys the detection reagent fromthe
conjugate structure to the test zone(s), then to the control zone to give
rise, for exanple, to a color signal visible by the naked eye irrespective
of whether or not the sapple contains the analyte to be determ ned. The
det er m‘ﬁ?ﬁ@f 3B LTI [FE e 35@@?@0%1%‘% defeqhipn geagent alsg may ety g (Rymbrang. some
enmbodi mesdrding fohsechustbodiientt, @ aglewistempia BartiIves1signBe MRS ke bebaral yte is

present jn the.sanple b i ng the sigpal produced in the two zones.

For ex&iploe’® ‘?oﬁngo ﬁgsogﬁ%‘&%%ﬁtag{azﬁ 4 e ‘ﬁzégge figtgﬁ’édeaﬁ?w’oeé‘fiétaﬁi’ € t he

pr esendecaibn geagbnfeldngpicat@ibmanen a sanpl e of bl ood obtai ned froma mamral

t he me ne .component of the device can conprise a single test zone having

i nmobi f%@dmt éfeont o monocl onal anti body L&6; and a single control zone
havi ng i mdbipkdfard entbediatms, ahe deterbors eagayGs Adg@nyr ugitody pbeed afthhe overl ai d
W th tﬂ:m%?ﬁ%& ne at the proximal end of the nenbrane, wherein the

conj ugate pad conprises nonocl onal antibody M7 | abeled with a reporter

moi ety sucHr &8¢ ehepdiresea iyl Etecoppuibedy Isanentifpdy.tar chégn-tbelirgcldgomntof a
vi si bl ﬁlekaﬂ thads sﬁe'@ﬁic-tfﬁ%ﬂe_ ZAng ﬂr&glhc %g?nggﬁkghgxr\gtﬁ&ﬁ%ﬁ)bgélmgﬁ? egﬁjﬁfos‘-r protein

in the blood; and detection of a visi . at the contrdl” zone confirns
that t pbstandisfly bitlp arsnogenstrisagtivily torRaMeseisroa Rerified UK sipe ATy I n ot her
aspects, t hg apfes eRbodiAMe thd Qe AMibI@SIs odBUNMRadiBsaydeiR! Migdhng a Pi Z gene
carrier. The nethod conpri ses: (a) subjecting a sanple to
innuno@HFﬂﬁﬁﬂﬁﬁ? it §m5n i mrunochr omat ogr ahi ¢ devi ce conprising a

mﬁnbr ane havofgr ?ﬁaiﬁfebtﬁ,ﬁhea@ﬁctbﬂﬂﬁibg@ugQloﬁcf&,ﬁ)_ﬁﬂtﬁlﬁti@)ﬁy Mcfﬁ?&he%%ﬂm wher ﬁi n
the capture aptjbody i a e nding with an anal yte, wherein the
anal yt gapfuée aélflquKAﬁmé?oﬁ{%’Eﬁﬁ %"g’é%ﬁ%'i S%m%%?ﬁ?fiﬁnefl?sotﬁ? detgstoy 2R Sarrier .,
wher ei motdelndaptibode La196) Wipeyin i capie ahttod) iswnbioblosy ah«{BI6y MIGIVENE; and

(b) determ ni a si,gnal at the test zone, wherei e presence of a signal
at the&’éﬁFﬁ%%%%thtlc% S ?ﬁ%ﬁhiﬁbHQﬂﬁFEgth§“§'g?%yégfﬂFé&#mmf I'n one
enbodi mtihedy i mencdiob@ ettibody k@¥gent i s nonocl onal anti body L&6 or MX7,

wherein t h%‘h@‘ Petpbxl?eqq%{mét? celnablgeah}?gf A"Qv}dg rﬁgg ‘8P8£t%§:ﬁs/r@190irt%} %‘stems known in
~ the art. In some embodiments, the reporter moiety comprises a first member of a ligand-receptor
pair including, but not limited to, an enzyme (e.g., horseradish peroxidase (HRP), alkaline
phosphatase, luciferase, B-galactosidase, glucose oxidase, lysozyme, malate dehydrogenase,
glucose-6-phosphate dehydrogenase); metal sol, selenium sol, carbon sol, and the like; colored or
colorable particles (e.g., colored or colorable latex particles); colloidal metal particles (e.g.,
colloidal gold, colloidal silver, colloidal platinum, colloidal selenium). Examples of methods
known in the art for detecting the reporter include, but are not limited to, detection methods by
visible inspection, ultraviolet (UV) and visible spectrophotometry, fluorimetry and radiation
counters.
The reporter moiety may be covalently or non-covalently bound/coupled to the detector
antibody. The binding/coupling can be accomplished by any method known in the art. For

example, reagents used for binding/coupling include, but are not limited to, glutaraldehyde, p-



I n other enbodiments, the PiZ carrier has a phenotype that is any allelic
conbi nat iQp bivisig.a PiZ allele. WO 2012/ 038820PCT/ 1B2 I n
some errbodlamen}l the phenotype is PigZ, PiM, PiSZ, Or?éﬁ’éﬁ%ﬁﬁ@zﬁz‘s

anot her enbodi msnt the subject's blood circul ation has a Z- AAT protei n
concentration that is detectable and thereby indicative of the existence of

the Piz allele. In other enbodinents, the PiZ carrier is a

het er ozygous MZ carrier having an AAT serum | evel of at |east about 80
ng/ dl . In still further aspects, the present invention provides a
met hod for diagnosing a condition or disease associated wth AAT
deficiency, the nethod conpri sing: (a) subjecting a sanple to

i mmunochr omat ogr aphy using an_i mmunocbr omat ogr ahi ¢ device conprising a
nenbr atfucadipRgyRAEapiie cARediBdR '8 Ptbr"r%?"étuﬁo%t mzpefiedate, igﬁeﬂ- wher ei n

the capﬁaameneamanetmﬂy récom6ARA @08 addithdliieg Wi th an anal yte, wherein the
analyte is a Z- Qrotel n present in a sanple froma Pi Z gene carrier.

wher ei ﬁl"c"ﬂéepé’éﬁﬂ"ﬂls@ @hti body is nonoclonal antibody L&6 or MX®7; and

(b) det er minigulger @ndbdmadhts, athe tdbﬁcet ﬁﬁtherzcnn@nsasmlb&iom stelhe—ltipﬂi eyﬁemi:éorof a signal
at the test zone |lnd|ﬁ:ate§]8b L t he su ect E@ he g nd tlon or, di sease.
Devi ce&ceving thefafgpifaierdn, Big oo SFP@“BP% 1% 78R e% F &% devi ce for
per f or Enhmglres pRCink |embbxiuﬁd1tntge absdiy@aratmsn pranem ica Iba:rodisegmriac bysemathagr aphi ¢
assays. readj |y adapted to enploy the antibodi es and net hods
of theP} r‘ag' ?r%P'Sr\t\%/%c%n?ugﬁtePodr )éet ecltol ng z- AA‘rI'rp S)cl)l i d- phase assay devices

i ncl ude, buh semeemimtlinientyi the shntpde darroetdety torbatapr)ied gheatly itntre vorasmtey devi ces,

flowthro hora% WenPBYL G&Fon BF BL ALULET 1) BeBSred UnBfihG Sm@0hple is

i Mmunocapi
applied to the blood separation systern (e.g., absorptive material/pad) that is fluidly coupled to

the conjugate structure. For example, the blood separation system can function as a filter, e.g. to
remove blood cells from the sample. Filtered sample can then reach the conjugate structure. In
other embodiments, during the course of the filtration process, the addition of reagents can be
effected at the same time by dissolving the latter out of components present in the blood
separation system in a dry state. Interfering factors can be eliminated from the solution by such
components. Thus, for example, the ascorbic acid present in a sample, which might interfere in
the use of oxidases and peroxidases as labeling agents, can be rendered ineffective by a suitable
oxidizing agent. The blood separation system also can function as an adsorbent that removes
interfering factors from the sample by adsorption.
Distal structure

Preferably, the detection reagent (e.g., labeled antibody) migrates with the liquid sample
to the test zone. The flow of sample continues beyond the test zone and sufficient sample is
applied to the membrane in order that this may occur. In some embodiments, the device further
comprises a distal structure fluidly coupled to the membrane at a distal end of the membrane,
wherein the distal structure is configured to provide sufficient flow-through from the proximal
end to the distal end. The distal structure at least functions as an absorbant "sink" at the distal
end of the membrane. The absorbent sink may comprise, for example, Whatman 3MM
chromatography paper. '

In one embodiment, the distal structure is an adsorbent pad that partially overlays the
membrane at the distal end, wherein the adsorbent pad is configured to provide sufficient flow-

through from the proximal to the distal end of the membrane by capillary action.



In a preferred enbodi nent, a device, which can be adapted for use with the
ant i bodi (H?f{ ods of the present invention, is desgpi

2010/ 089%8?9%| CZBi s herein incorporated by reference ?g'rrﬁlﬁ?)sfp’?‘gg% ng of
a device for liquids of a human or aninmal body. In sone enbodi nents,
the device is a single use, closed system having a | ancet conponent and a
bl ood coll ection conponent via an integrated interface for capillary direct
determ nation of an al pha-1 -antitrypsin deficiency. In one

enbodi ment, the device is configured for performng a sandw ch i rmunoassay
for Z-AAT antigen in accordance w th i munochrornatographi c nmethods and
anti bodi es of the present invention. The enbodi nent of a device 10, as
illustrated in Figure 16 by way of exanple, has an el ongated, tubular

housi ngfedhbds WO 2012/ 038820PCT/ 1B2011/ 002232 17 A cap 12 is on the

i nside of the housi o A% AN ShiSale R PRledES ndBoddRbarkiohds a

stri p-shapel?isoélfeeerrpeﬁ@%ﬁé% lgl'%%kagtg?’i p-%hapeecitl‘gge(l3 er?g%te. 45 ex?endg axially in the
housi neystth @nie preximeladdf thetdevics  phosampig sy apillaryihon BroupuBEd i nt ake
tube 44 of @ FiR; 6y SERRT @hlfioneb QR Nonf the bRBSLRALEI BAhekament 41,
whi ch §%lbu§?t§tses |r§g[?dgatf§ﬁ a(eae_ 111061 fromreaction area 30 t}{gs adcup-shaped,
upwar drgnespénn frothe paarsl a9ae toi e pdOEEPIs AR P! Jerghuadhlc by thegpieds it in
gﬂlz i e%ohhspgﬁ{g%g Rnbigd eorﬂt%t ale dulglcROkhiaMRlansIgRab Akidgmehaerthe4l opens

T

ace of the strip-shape | ement _45. Separati el emrent 41
i s sur Aeermitationtnf theriaalyth fakergtiach 61 tge %3 que%%g%éoé?ese”%gfnﬁ‘%%?ee“ﬁ”fg &%2 19) .
I n song.auhagiemtise whiter Shd ifdtyehRpedert i mentamgf yompiphisestha sigeatbr ane
(e.qg., a piece of mcroporous absorbent nmaterial such as nitrocellul ose),
opt i onafofycedii R VAE) ®he | ami nated to a backing (e.g., a plastic backing).
In contact pktRmblenGRNGIERABEChSIf tHeadst i@ ued ] degamme teprestnoy o afadiig a
det ecti on reagent, ch .a_detector anti LE e Beigporter
moi et y PTOSfR EFfmple 8?@?%9 ‘9"31‘?*"823"1% aer,na%r.nglf &%%‘gg%f%ggoﬁipgg?‘g%%n% absor bent
mat er i in dofptse.a s\t EsarONS Mvlinghimowhiliog tiqpeptogapesionabanibadyfli(196r gpd 2sai d di st al
structure in fluid communicati I Jo N Ja ange hiuAldsl &9 rssist in
pul | i né‘nglﬁéx"éf%oiéﬁnef Ags' Ok%%fﬁgﬂth;é%%’ ar?%ﬂﬁ?ug%gg% r omci.[?%éag(rj%{(i mal end to the
di st al oedtidid withethel retbiancs atrtc praxigalagnd of therfeemitors, wherelm heiseRPEETRt hat
absor b %org r}1ese f rlnglogl%ngl Qﬁﬁboﬁ?méﬁfa%&hwﬁmg réﬂ%ﬁg'r @56ty such as, Tck}eexﬁﬁ_ﬁﬁlb,r ane
conpri SEPFEST Zone aving a capture antibody of the inventiagn
i oD leblzred ladr@atiols. Pricciprofentivhlp Rt the fet 4?%‘?715‘?‘&??? ppEIsRse of g’r‘?pri ses a
control, OR Sro&!gl RURGIAE. Addat&bRbNALNE bindat the BendExhenhiass thatteed.
Prefer gbl y, the control zone is | ocated downstreamfromthe test zone(s) at
whi ch tstrepleless peragatedsihe mpralyaersufficieptht er ni ned A positive control i ndicator
therefore ppQyed ety ﬂi@ieh@iﬁvénh&i plokigessanipthed &ir deeasitinpaPipeenveat ed t he
requi red distance through the menbrane. For exanple, the control zone can
be | oad®@ET W IPHVEROLMPESTY or ot her nol ecul e/ reagent that will bind to a
det ection r@pa@ktiiga GAAPE nonibmatochrasgaply eusigsansindnftine¢heombdiaerabisr meat ed t he
menbrane.. For exanple, where the defecti [ Joabehedsant i body
der i vedeYisoimanRE T RETHY 1 48RA %a%%ﬂ?%gﬁg%%%%cag% tegg:tor(r)pr’i se anti - mouse
| gG | meoBrpuednatidyEn tapablaef bayding rvéthaant dnblytdy wherein e nelyte i oneAAd L306
and/or MX7: the detect}on ES LB, WRaksths ahiB&) 18 thobdidar
det ect é’ﬁ‘?“’énfxﬁﬁgll?aé?\%pq? ﬁ%mégﬁa%gggazr{l)éné%conpri ses anti -%Jolusé’ I gGai nobi | i zed
t her eonntilody BG2f doreMG¥hreldi nent, the capture anti body at the test zone'is
L&36 and/or MB L bde QL SBRG R ein the YERAcolP@bighs of BORkERGN th a
detect abl e ibgéaé?@ng%f S?%téle%or?t r(gf zone Eorﬁ#%ecse antligl-1 nmouse 1gG i nmobilized
t her eorindicay©ha0hQfubREELONETATIH2011/ 002232 18 I n some enbodi nents, one
or more carfridoes ane.ariARiedod FIBGL & BbyocRRAVALbOE SEIALAMAYY, el enent 41
in the axi a{n !c)f]lqr_ectoi.onnof t he h(())usi ng 11. In the enbodi nent depicted in
Fi gur e vil@&in thantibedyjiclebeled v ipPORY B¥%Pri sing three cartridges 31, 34, and
37 in the reaghd:QRbadiSent30he BRCad: bhie feRRsPenrts sppileiecbmbnafogur e 19B, a

single cartridge 37 device is shown.
having a PiZ allele.



By way of exanple with reference to Figure 19A, in one enbodi nent, each
cartri dggydloAfiss:g/ has a tubul ar housing part 3la, 34@CT§E&HW@&§ out er
dlnen5|ons o6t “the inner di mensions @f the housing 11, and I's sealed at
the top and bottom by sealing films 32 /33 and 35 / 36 and 38 / 39. The
cartridge(s) may conprise a buffer, reagent, or other chem cal substance
that is required for the assay. The cartridge(s) nmay be prefabricated and
used in the filled and seal ed state under a tight fit in the housing 11
such that the tubular housing portions lie axially on one another. In the
enbodi ment shown in Figure 19A, the region of the strip-shaped el enent 45
facing the cartridge 37 rests with its lower end on the upper edge of the
separating menmber 41. At the opposite upper end of cartridge 31 is a

cl anpi ng el riwunt B digepigribforbenavre i iE IS PIRE. of BiFpYwllg sl eeve, which may be

cl anped undgr a&'tl@ﬁtdnﬂaodﬁfeﬁ)tr ng@ad |s‘il le@9ablad dilQaddAngss walzla ot fdheihousing 11
such that the o oc{ nore cartri are securely positioned and/or held
ke g if

agai ns{OEHTRIYY A ctable ang thegigby piglipativn At ths exigiencs ofthe Bidglieleabove t he
cartridges Iabtheaémwnﬁnat?s, teaPid dattet isNg) helerviyeusCAMairel Bidy AURKIITNG part 22.

The cuttin ar.t retaining body 21 and tubul ar extension 21b,
whi ch Emgeivgé’gata‘taﬁlaggquéfr‘g@% end facing the cartridge(s) 31, 34, 37 a

cutting knilﬁetll%rtheea@ects ehelprisén@ineantipii broiides aakbilod g diagedshe aAbidged near the
| ower e rojection 21bh is an annular or cylindrical

seal i n§' &ejTeaseasst)m?Lt W%t?éﬁgrtgcgef‘sy & “teﬁ’o FHE 88 0f the housing 11 and the
exterior of(at hlejetsiullgud aample G emtlmmchrm:bogmny|1slngmppnﬂmlﬁcbha>mm>lg}aylcon t op- of

t he cl v, - h cuttl art 22 has
- axi SR St ndrane g FERRIC ULl o D Bie BB

t ubul athe capsurp Bntedy ancapeitephbinding withl ab@n@ytzavherﬁme@halyﬂaes plZezt&Ainl ng top
secti Oprofn grét@m%pgatn%erﬁat HBP gl daiticP ScRth hELaphDEBRETs B0 Bhat Ne CaP 25
is a hand portion a user can tw st "and nov cap 55 X ally. At
t he Io@té‘lbo‘é/r{@96(9bh’6"§7t"@dt he handl e portion 28 of cap 25 is gui de nenber 27.
As shown i nyFidineirgQ s‘%ﬂtﬁl%thelt@dﬁﬁé whed¥ t]%]pr&fencg Uk aélélﬂl Q%ettesggonlaas a

radi al | y. out vvardl extendi ng _guide pin 17 that engages a camfornmed in the
housi n#f lfiteﬁtPthltqéUtt‘??FFﬁsélte cgudifqsor distffad gate 14 (see also Figure 16). Wth
referepegcko Figure 16, gate 14 has a first sectlon l4a in the WO

2012/ 03882QP /182011 002232 19 .ci rcurnc erenti dji rection _of housing 11 -
ext endi ng 7 POF ASREEE; BHPEFL mrenlnRsngdes adey: ftﬂ%fof‘ﬁmésﬂeﬁ‘ﬁ@ PRARE nal

di recth@dysolflpzhﬁcmmr hgnﬂnbc}ﬁ&(thﬂﬁgiaﬁh@ aSﬁgZQFlDievﬁ:e@dahGElreidiBI adaptédtb kshpeCct i on 14c
in the,cir nt i ection.of ho 1 tending third section 1l4c,
and a ?hgﬁ[rltfcqn secedmet Ofﬁ(?% |Ehrel R fgﬁ%tt%af crit‘%t tl"%ﬁ fz\&eﬁo oq‘gfpsl??&i‘éﬁaﬁg 11"

ext enddavges muoledd) beteat inonlihideal. to |immsndrrbroeiveaphie htusynoasssl deylves, fRMKE OW Ng Cr 0SS
sectio r.Qyi t ion area between the third
secti o{r%m?%zasaﬁéigtl%\é rg’ourt lﬁgcgpégkglﬁghﬂﬁmggﬁg%ﬁo prevent erroneous .
transfer ofin g neefeged dabgsdiment, 2 devioenveaaht dap he ddhptel fisross with thorantibtdies The :

engagefRnhetdas L Qheg Hf'ege%t E]:lv@ntt’l)z Is ndeg@fbgd %} w8 %l é/ﬁSd 102, MR Cr8£ t he

cutting part 22 relative to housing covers sections 14a and 14c in
the roRerPeHed bygpferencederit rachingpfa ﬁawq?zf@r ltqnldt plea heyiam pr aninal bevly. To

perform an ragsay eMbddimtde tgeeum@e 1]30a shbR $a8NRb&d (Gstén hawﬁgl Liafilepod) to- be
exam ned is introduced in the up region 20. Fof exanple, the cap 25 is

r enov eWPIPERBY Hiss blgod solierting CGf“P%‘aB‘i Yip P yntegiped Duerfagenfor Kanidary Bisest cont act ed
W t h adetbn@at@h obhrdsha- I Btir@XaMPh®ney) the fingertip of a subject. The sanple

enters intg capillary tube 24 by capill ar ction. Subsequently, the cap 25
is placed it ™ ef“&’%d?rﬂ%/‘tt’ﬁge cﬁB‘F%mf ﬁ@ﬁ‘pt‘ﬁep?fé‘ﬁ‘?’tngérs? Vish &nmunoassey f9F i o '
conpl ezalAw amgén inhatortidnee mdauﬂimuhmfoﬁdmgaﬁtubatewawaﬂdh@ub@ﬁéswﬂ 8§ the blind

bore 26 an pper t he ca ary. tube 24, which |leads_to an

i ncr ed8&°Y rtnveflé%nw?g ' ‘r%l‘t%‘f%eahggg det‘ 15“%‘6%%} Figp el o) B&pY 8hd of t he
capi | Impltmbean%ngned)mbuibﬂroumtgﬂ9 of the tubul ar projection 21b of the
cutting part 22. By placing the cap 25 back onto the device, segnent
27a of guide 27 of cap 25 engages with intake 22a so that a transm ssijon of
a rotational novenent of cap 25 on the cutting part 22 is perforned. The
user rotates cap 25, and thereby also cutting part 22 is rotated as far as
the guide pin 17 can nove in section 14a. Then, the user presses down onto
cap 25, thereby al so downward on cutting part 22 in the axial direction of
t he housing 11 as far as the guide pin 17 can nove in section 14b - as a
result of this axial displacenent of cutting part 22, cutting bl ade 23
comes in contact with the upper sealing film32 of the cartridge 31 thereby
destroying/cutting film32. Upon destruction of film32, the sanple that is
present in |nter|or 29 of tubular prolectlon 21b cones |nto contact mnth

o . o ”~ A o ”~ A 1 N~ o .



20 sealing film33 of cartridge 31 and the sealing film35 of cartridge 34.
I n order stroy/cut sealing filnms 36, 38, and

further Q%@egkég&%ﬁ appropriate distapce along section ?ggﬂﬁ?ﬁuﬁﬁzs way,

t he sanpl e successively also conmes into contact with the contents of
cartridges 34 and 37. The sanple then passes into the cup-shaped separat or
41 and flows through the through-hole 42 to contact the i mredi ately
under |l ying strip-shaped el enent 45, where it can cause a col or change,

whi ch can be visualized through a wi ndow 18. I n ot her enbodi ments, the

device further conprises a lancet 50 at a distal end of housing, 11 (see,
e.g., Figs. 21-25). Preferably, the lancet is a detachable | ancet.

Wth ref erepce oFl ure erformthe assa eni s fornmed in
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obt ai nstap-stwpgd éeméﬁhQS d@p s@fp-shaped hlement dmmenﬁstamarky(maﬁeh@smgm iafdisOf

il h the Th 25
capt! | fakat PhEBhnat el AN SORASE otk LIS By gy 2P 25 15
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bot t om.alonb g, hiahsly Rkt 2feant; ylresos%almggqma%lth@t FER AauBhy (| WD 2. N

hy

one enbodi ment, a seal | ng O% ﬁ? cartri stroyed Vihereby the
sanpl e Thigughtholsdept the b@ﬁ?ﬂl a‘é%epqrﬁ@gtﬂﬁnﬁ%tr4lc9@msaiiun@hr opithenfage Qfahet sidge 31 to
form asragdanlid Rl SEpabAOR Ot AN is TR8Hhded! BP the IGSLIMUBL! éﬁnon: ac§ ghing film
33, the_ sanple/buffer conposition contacts the strip-shape enent 45,

whi ch s ié &htbodi ment's, conprises a nmenbrane; a conj ugate structure

having a det egihd @iboligReE Nhe smyhﬁl@padme&ﬂaﬁt 4%%%9&@99 nfeBBRAROLe.d 5 RecdEt €CT OT
anti bodiy | abel ed. with a rﬁgorte a distal structure in fluid

and
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dr awn into it ar i t rin t he npl e/ buf f er
corrposiﬁlatgl 7 9% tgné%gﬁ?n Chvfﬁs’talﬁie ra& ?033?%’%1%} Wﬁé@éﬁ?ﬂgﬂ? by, and () a

sanpl edipeifsfretireletget ttripnf a eané lalbsombmtmnteean (8 g.C Bhiktndati OMBA Muﬁiﬁaamapup into the

menbr i of . it deerret xture
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zone t#eistapyulbing bokssyy Bings t@m%ammmﬁmahpmmab@dpo éselital eml. t he mixture
to Dinthet i IuhRAPLYS findlih! ROMabsdiih! RAbINYs e ST AU hBNARY e Wi cked
into the device after a sufficient anount tine a e mxture is

cont acPEebr§iiet h t he capture anti body. The det ectabl e | abel of the detector

anti body i gné meeﬂlbvdn&tahlbgs%ﬂ al Rt RBe 36R A cabAFOBtbb &P GRPIVERANT 1 DOdy. I n
a preferred enbodi mrent of the assay device, a positi've contr ol i's included

on t he™Rehiredhigerrep- thhenﬁ/?f%homnteyt 8, mesehrang futhien cemirisemng confel £avetbi | | zed

capt urgovadd i laeeyninafibe kit all déwbmb\ivd)rk&ﬁd’r&é}aﬁlﬁethe YAtrol zone is located
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mi gr at OWQS’??H}J#[ P Zopefse pt Y"]i“db H’théﬂfeg tsh Eeslf Badeprmingto Bi RS¥RY capt ur e
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i Mmunoassay .devi conprisin aving a Z- otein capture
area deliRed Stﬁncectﬁgéggl{%? ré’erﬁ?fg’ bgﬂfx?rﬂﬁ%lg% ooy Zg’ﬁee?a@th IO‘\RFFEW@? A the capture
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anount - of roteln I'n a e can erm ned formation
of a d@i‘?ﬁ!%‘){ea}g@# Stthes isdafisted N@tharﬁiﬁemlahthhndﬁﬂecznwonpmmnmsns that may be

pr esenhiifduleNgclinkboisami&n. n anotﬂepe dﬂﬁﬂen{a mocg#)tﬁi%%ﬁboﬁgr Qﬁﬁg gyl ce further

COITpI’ISES a conjugate structure | ocate n the ow pat erein the
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I n one enbodi nent, the detection reagent is a detector antibody. In sone

enbodi rrer\g,é,zo%zﬂgs%gt ector antibody is L&6 or fragnment tPE?fIﬁEhf 1/P6}2§§t her

enbodi nent s,

etector antibody isgM=27 or fragnment thereo

n anot her

enbodi nent, the detector antibody is | abeled with a reporter noiety. In

ot her enbodi nents, the detector antibody is a gold-conjugated detector
anti body. In still further enbodinents, a source of the fluid sanple is
capillary bl ood, serum or plasna. I n other aspects, the present

invention provides an i munoassay device for deternmining the presence or
anount of a Z-AAT protein in a fluid sanple. The device conpri ses:

application area,;

a sanple

a m croporous nenbrane having a Z- AAT protein

capture area defined by a capture antibody i mobilized thereto, wherein the

capture ant Pb¥F; FPoMiEIsBs 0Pt POE FABTI¢REF 3t treagifeimmedistheatfove the

pat h f sematineclsaapHe infphiigiatieaidn At 83 Ho@iddhd. 4n A rPb@kShiFHiaRs W e ar ea,

g’the resence or, anount of .a Z-AAT protein in a fluid sanple can be
ﬁﬁr 85&@@%

wher ei

det er ni F&d y’

Z- AAT

£5 5ritoT & OpRpiRet
pre@B@iand inhizet envaginiost dppiesdinFigure 19Bea fiddld @rtS@RBY Gevi@NFsho WD
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y way of example w1%h2 r%gerence to Figure 19A, in one embodiment, each cartridge 31,
34, 37 has a tubular housing part 31a, 34a, 37a whose outer dimensions meet the inner
dimensions of the housing 11, and is sealed at the top and bottom by sealing films 32 / 33 and 35
/36 and 38 / 39. The cartridge(s) may comprise a buffer, reagent, or other chemical substance
that is required for the assay. The cartridge(s) .may be prefabricated and used in the filled and
sealed state undef a tighf fit in the housing 11 such that the tubular housing portions lie axially on
one another. In the embodiment shown in Figure 19A, the region of the strip-shaped element 45
facing the cartridge 37 rests with its lower end on the upper edge of the separating member 41.
At the opposite upper end of cartridge 31 is a clamping element 15 arranged in the form of a
clamping sleeve, which may be clamped under elastic deformation against the inner wall of the
housing 11 such that the one or more cartridges are securely positioned and/or held against each
other.

A cutting device 19 is arranged above the cartridges 31, 34 and 37, said cutting device
comprising a cutting part 22. The cutting part 22 comprises retaining body 21 and tubular
extension 21b, which comprises at its bottom end facing the cartridge(s) 31, 34, 37 a cutting
knife 23, e.g., a knife comprising cutting teeth. Arranged near the lower end of the tubular
projection 21b is an annular or cylindrical sealing element 16, which rests on the inside of the
housing 11 and the exterior of the tubular projection 21b and is supported axially on top of the
clamping sleeve 15.

Retaining body 21 of the cutting part 22 has an axial center hole 21a in which a capillary
tube 24 is inserted. A tubular cap 25 has an internal blind bore 26 in which the protruding top
section of the capillary tube 24 is seated. At the upper end of the cap 25 is a handle portion 28,
which a user can twist and move cap 25 axially. At the lower end, opposite the handle portion
28 of cap 25 is guide member 27.

As shown in Figure 20 shows, holder body 21 of cutting part 22 has a radially outwardly
extending guide pin 17 that engages a cam formed in the housing 11 in the form of a slot-shaped

gate 14 (see also Figure 16). With reference to Figure 16, gate 14 has a first section 14a in the

a fl ow

ot He 3baA9f 37 a0 B§tFAPY and t he



22 a conjugate structure located in the flow path, wherein the

conj ugat t conpri ses a detection reagent speci f) - AAT
pr ot ein, e\?lﬁezg)ﬁgdtgg%ﬁi on reagent being fobile or nobili za%rgl,lﬁﬂm{%le/p%?%zzt he

detection reagent is gol d-conjugated L&6 or a gol d-conj ugat ed

ant i gen-bi ndi ng fragnent thereof. I n one aspect, a nethod for
detecting a Z-AAT protein in a subject is provided. The nethod conpri ses:
appl ying a biol ogical sanple fromthe subject to the i Mmunoassay device of
present invention; and detecting a conplex that is formed between the
capture anti body and the Z-AAT protein that may be present in the fluid
sanpl e, wherein detection of the conplex indicates the presence of the

Z- AAT protein in the sanple. Kits I n one aspect, the present

i nvent i apupfersytiad disectionref krysing &t extendagrfirsti sagica 1duly weimdseqticrdils posi ti on t o
devel opb{ehudindd Aiekibh OF h&fsmg g)i %ﬁ‘éﬁiﬁ?gss%e&}dast‘:&gn‘%f»,gk @gz{_sgc% TheRKe the

met hod. conpri si na; ) subj ect i ng a sa i mmunochr omat ogr aphy
usi ng SHCHRRIGREE Rrestomeidyrang B aspdinethirg nestips 14rgand aviewl seadonHiddiing a

capt ur ahauahdilesyl daetis of REEIRE 91 alicrdinh 2k 208 1018h 8bHe LA dEAREUL € ant i body
is capahle of hinding with an anala/te, wherein the analyte is a Z- AAT

pr ot ei riligft BYENFG §5055 SeCHPRINYY beParyidgd pimsetri the Sppsition area fgptweeaithe thik capt ur e
ant i bodyctios 1404@ehcab@th saitioh 19dlh JedD & BEveMBrbnecddansfer of(th) i@l BE 09 Ni Ng a
signal at the test zone, V\%frfﬁn t he rg)?ence,of .a_signal_ at the test zone
i s i ndifom fS7enokC g seipy L ep?néiﬁe@g% theappide piny &7 By &5 Horetwe ondi ti on

or di sessementbethpre@EaNpari IVeRtiveds housigalihad cagpaettidns Prai d@SinahKi t
he. pr Suatp b erirbb FACMIRE BABE e ant i body 5 monod onal ant | body
L&6 or MX7Tq pafodn an assay withithe devde 1@ diteisanple éagyewttole blood) tolbh esaiedasrbodi ment s,
e, et OS5I S ESL AN Lo DAL, L5PT S 1 1
monoc| erllarg b B arich @Eenorontu@einyithwhérre pibleddefonenaimpledy thedingebpbfad with a
report %ﬁbj é@ai"[%ta ¥ample enters into capillary tube 24 by capillary action. Subsequently, the cap 25 is
’ placed with its blind hole 26 on the capillary tube 24 and slid completely such that the volume is
reduced between the bottom of the blind bore 26 and the upper end of the capillary tube 24,
which leads to an increase in pressure that canses the sample to exit the lower end of the
capillary tube 24 into intertor 29 of the tubular projection 21b of the cutting part 22.
By placing the cap 25 back onto the device, segment 27a of guide 27 of cap 25 engages
with intake 22a so that a transmission of a rotatioﬁal movement of cap 25 on the cutting part 22
is performed. The user rotates cap 25, and thereby also cutting part 22 is rotated as far as the
guide pin 17 can move in section 14a. Then, the user presses down onto cap 25, thereby also
downward on cutting part 22 in the axial direction of the housing 11 as far as the guide pin 17
can move in section 14b — as a result of this axial displacement of cutting part 22, cutting blade
23 comes in contact with the upper sealing film 32 of the cartridge 31 thereby destroying/cutting
film 32. Upon destruction of film 32, the sample that is present in interior 29 of tubular
projection 21b comes into contact with the content of cartridge 31. The other cartridges 34 and
37 are still closed.
To initiate the next phase of testing, the user rotates cap 25 again, whereby the guide pin
17 is moved along section 14c¢ to the transition area between section 14¢ and section 14d. In this
~ position, it is possible for the user to push cap 25 further into housing 11 such that cutting

portion 23 is moved to a sufficient distance within housing 11 to result in destruction of both the



WO 2012/ 038820PCT/ 1B2011/ 002232 23 I n anot her aspect, the present

i nvent i onygrLeWEeS,a Kit conprising nonocl onal anti body pb@RRs01 MiRss2 OF
bot h. I'n other aspects, the devj,ce and reagents for perflorm ng the

i mmunoassay my be packaged in the formof a kit. For exanple, such a kit
may include an appropriate assay device, antibody reagents, and/or reagents
for devel opnent of the assay such as buffers and/or, if needed, reagents
for detection of the chosen | abel. I'n sonme aspects, the present
invention provides a kit for determ ning the presence of a ZAAT protein in
a biological sanple of a subject, said kit conprising a device as descri bed
herein, optionally with reagents and/or instructions for use. I n

ot her enbodi nment | on nc abheo
mat er fealeg 85pd Hg ﬁ‘frgldt%gll ragg% éln%:ng%fr% ;ggé,},gqig glﬁ %;%%rs% aﬁsd poi nt ,
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syste egg& tﬁngluﬁo%g&h e éact e mhlat%@%hérﬁfmg%&pliﬂaﬁedmndﬂ94ﬂ3t ected
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In a pzlhaf: grcieguse aivoldi chenge, Whle‘s%Pﬂ?%Vl&FaBZ%ﬂg@&hlaW“éf@f” t ed. EXAMPLES Exanpl e

1 Monocl onal . Ak%}ﬂb%&{g{e% the dev1ce Fivded HRpmss A @B&t 5014l alisBT endesfe@oyingpar ed by
i mmuni zi ng c mce wth polyneric hun% Fthalantltrypsm(AAT) in
conpl &t éseereuBfgs 2haplParitrabbpife 1?ﬁ°@és%\ﬂeefa§ Phﬁi‘r‘i zed intra-peritoneal

i nterval s Rel peen L iR 8, ltd)ﬁbifoﬂﬁ‘ﬂ@ aasaﬁ aﬁlap%&mghmmdmd bodyossepl een cel | s
were fused wth the plasmacytoma ce e, NoW H@QWELE%? §%ggﬁrnnat ants were
scr eepktisafuple Sl‘%‘é%ﬁ%‘é’??@bcoéi’ﬁ’o‘f?ﬁh‘g@fe ‘é\lfe Qr?P Jdi'e & usin

m crotitREd BleiRSa g&ﬁ&@ﬁk capifldry pdk gahic iR comtactséwuhrthfersmmﬂhedef i ciency

Pi ZZ patients t h £ d again to
sel ecﬁaﬁ?ﬁo‘é@e&ﬁ‘?@ﬁbb“rkﬂ&’ctg ‘g‘?’fceég tggngimﬁ\sﬁt%{eggl%%%%gplﬂ&guﬁggt g{nagt native
AAT.  Thecsmpnes) aoaihaedt vk ﬁsedocfedl’nytbfmndbﬁfwom@@leélh@ﬁ MY awdisar ed to

' ecog%ge? erpl)c? oiy the czlip?lla'?‘yA-trubg‘Qg P65 éx{xb%ﬁirrle}{t b &affihg Wefich 32 BiF ZarifRiG4IBY is

destroyed whereby the sample is allowed to contact the buffer contained within cartridge 31 to
form a sample/buffer composition. Then, upon destruction of sealing film 33, the sample/buffer
composition contacts the strip-shaped element 45, which in some embodiments, comprises a
membrane; a conjugate structure having a detection reagent, wherein the detection reagent is a
detector antibody labeled with a reporter moiety; and a distal structure in fluid communication
with the membrane, wherein the sample/buffer composition contacts the conjugate structure such
that the sample/buffer composition is drawn up into it by capillarity (wicking), thus bringing the
sample/buffer composition into contact with the detection reagent. The sample/buffer/detection
reagent mixture is continuously drawn up into the membrane portion of the strip-shaped element
45 whereby the mixture contacts the capture antibody immobilized onto the membrane at the test
zone thereby allowing any Z-AAT antigen which may be present in the mixture to bind to the
capture antibody. Optionaliy, a wash solution may be wicked into the device after a sufficient
amount of time after the mixture is contacted with the capture antibody. The detectable label of
the detector antibody is theﬁ visualized in the area of immobilized capture antibody. In a
preferred embodiment of the assay device, a positive control is included on the membrane in the

vicinity of, but distinct from, the immobilized capture antibody, preferably immobilized on the
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medi um ( j 0% FCS and 10% DMSO) cell concentrati i vi al was
2x106 ce%}%n#/&%gﬁl s were kept in nigrogen. Cells can Eg%rﬂé%bé\?/@%g%f usi ng
DVEM 10 medi um or 20% serum Exanple 2 Testing of Antibodies L6 and MX7
agai nst the Pi ZZ Type of AAT Monocl onal anti bodies L&6 and M7 were
tested on their ability to bind the native PiZZ type in a sandw ch- ELI SA
Smal | anounts of cell culture supernatants conprising the antibodies were
obt ai ned and both anti bodies were partially purified by CANDOR Bi osci ence
GrbH (Wangen, Germany). Testing of matching pairs, Sandw ch-ELI SA Al l
used i munoassaybuffers were provided by CANDOR Bi osci ence. The
mcrotiterplate (Maxi S0 : etk e I R LATRIY he W& sfoated with
bart | PRSP g KRRy A %&%?&%#hﬁggelct?vew, by adding 150 il
of t hgnnedijpettapwe apalptdyr e anti body at 1 ptg/ml in Coating Buffer pH 9.6
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vel | %gg‘gh%ggg%%?a £hntbBNE addutidCAaThR 1k akiBodyas washed three times with

Washi ng e duct Nunber 140). t er.war human sera (pool ed

: 140) ds, t
genot yped [ZZnesapadimeht, fr/FapBrG b el 6I%Péﬁ“%§?lﬁe anpl e Buffer (Product
Number 105) Js12Pc@btdindon he(cBara Bidibddy2is e ufygneorthataii ng 1 1. 1g/ nl LGIGHRP

or MX®7HRP respectiyvely. Sanpl uffer . wit hou EUp $1o6 Negative
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i NCubgedofnQtie Auledbpl@ten dreNp redll-HAT puncle rapsiialen grhersindhe Proteace After the
i ncubation step, the plate was wash hyee &1 e o2 O TMB Sol ution
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The microt t°§}ebfr3?°gg?%3ﬂh§8§\géfm Neﬁgc VRS co;tgedswi,th Suri fied AAT
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in Coating .Bu APhasiu et mMbiiFRee. 120) to each well and incubated
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coating solnwhé enbadimenp fhetdeisctigp Feasdst A REEr By a8 ng 250 pi WO
2012/ 03882}91@8-1% gxﬁ%qgrﬂt!ng%g&gector antibody is 1G96 or fragment thereof.

Tn other embodiments, the detector antibody is MG97 or fragment thereof.

In another embodiment, the detector antibody is labeled with a reporter moiety.

In other embodiments, the detector antibody is a gold-conjugated detector antibody.

In still further embodiments, a source of the fluid sample is capillary blood, serum, or
plasma. '

Tn other aspects, the present invention provides an immunoassay device for determining
the presence or amount of a Z-AAT protein in a fluid sample. The device comprises:

| a sample application area;

a microporous membrane having a Z-AAT protein capture area defmed by a capture
antibody immobilized thereto, wherein the capture antibody is LG96 or antigen-binding fragment
thereof; |

a flow path from the sample application area to the Z-AAT protein capture area, wherein
the presence or amount of a Z-AAT protein in a fluid sample can be determined by formation of

a complex between the capture antibody and the Z-AAT protein that may be present in the fluid

sample; and



25 Bl ocking Sol ution (Product Nunber 110) to each well and incubated over
ni ght at ' ate was washed four tines with Washi oduct
Nunber 14‘8?.20121?@%§rib\mds the purified,,,Z-specific anti boglﬁggﬂ{o‘c&ggozgﬁ% M7
and the comercially avail abl e . anti bodies F43.8.1 (Mnosan(r), Uden, The
Net herl ands) and | AT (Acris Antibodies GvbH, Herferd, Germany), both
directed against the Mform were serial-diluted with Sanple Buffer
(Product Nunmber 105) to yield different assay concentrations of each

anti body (1,000 ng/m, 100 ng/m, 10 ng/m, 5 ng/m, 2.5 ng/m, 1.25 ng/m
0.625 ng/mM and 0 ng/m ). 150 gl of each serial-diluted antibody were added
to the wells and incubated for 2 h at roomtenperature under shaking
conditions. After the incubation_ste t‘gg) pl ate was washed four times. For
det ect i on, OB SHEPiEdOCERSHARAG™ AP HEEP Recoiees SRHES SNBSS | 9o HRP
610- 703-dt2dtjonBiegetitespaci fidSeor Nthd 7)) AA Mprdtdin WAS deiedtivh erehgadtt Beingamgdie dBuf fer to
0.5 ug/ .and added to ch well foll d.b ,Japcubatign step about 2 h
at rooMEvuRRs SPEFE R By o trimiied RooRritar auSERE R e e

was hedarftigen-bindinggagmehtgherdob0 ul TMB Sol ution (Kem En- Tec, Denmark) was added

h Il ' f ' [ . ith
addi 01 on ot S8 PP REREEE; BB T AANT b Eah s ST ERORATRR: ne usi ng

a m cr wpthed e@mpesader . The results are shown in Figures 1 and 2. Figure

L Shows a sancith Gl sdebyfS A LunllRl 0 Snfichtly WARLEchRL Ty ant | bodi es

were used | as capture anti bodies or as detector antibodies, the
| at t er nvepen:@dd wi t h hor ser adi sh- per oxi dase (HRP). Pool ed human sera of 10

patients CaleledinBd cBinbiBEIhat il forBedlsrwedh tolcM¥ht ¥RBo&S e £ A8RYMAL NY NOt
shown) were used as anti gen sol ution. Usi n&hpartl al lé purified antibodi es,
z

a posi thptreeydisesssent & the Ref srnle Wherein dersttion obthy sortnlerendieates thapasenspser ved and
NO Cr O§fShd BAQI protdil irl tBe dahiBlepool ed Pi MM type serum The results of an
additigpal test for cross-reactivities are shown in Figure 2. Here, the

purifi BH M form of AAT was coated on ELI SA-wel s and the binding of the
native ant ihoge asetiCaB @aenMoRAIMAFrotiaées MetRd. fol Bet@BMitAs sudj@rt he specific

bi ndi n f the Mspecific control. antibodies .| AT and. F43.8.1 to. coated

i Ly pel ETPRRTR BB RTRPE AT B s A s v P TEPERs TR BB i 1y Lo the
M t y peconfprifiAgd:. The results show that nonocl onal antibodies L&6 and
M=7 can be_s fully.used in dwi ch-ELI SA.agai nst Pi ZZ .t ype of AAT.
Monocl onal %Qn%ﬁﬁjggﬁ‘?easéaf@G%aﬁﬁmﬁ]@?%goﬁT alggy use §%.S agtéoé:;g/mélﬁt Fi %hd%li es in a
sandwi &ivick oemprising prmmbzss hyvippeepthrecnfigdy PPz thepgieataf teshadheywhdnomt cr oss

react 4l s, LARe PN YRR 0200 2 AERAREETEI 2011103202, 26 Exam o

3 Devel opl [ a 7-RAT Refere ELI SA~ en sanpl e l'ank tests) of
di f f er EpEINPESHIS 8t ssapuple fromiafiZ gene sasier, st thoapuipeantbods isappeclofal Z- AAT Wit h
a 100 f4ibddy ia®ELEMGET.gH e 13). All sanples with Z were indicated, those

wi thout Z (such as. M) not. Exanple 4 Additional ELISA Testing
) determining a’signal at the test zone, wherein the presence of a signal at the test zone

is indicative of the subject’s predisposition to developing the condition or disease.

The present invention, in other aspects, provides a kit comprising;

(a) an immunochromatographic device in accordance with the present invention, wherein
the capture antibody is monoclonal antibody LG96 or MG97; and

(b) a detection reagent.

In some embodiments, the detection reagent is a detector antibody having a reporter
moiety conjugated thereto.

In one embodiment, the detector antibody is monoclonal antibody LG96 or MG97,

wherein the antibody is labeled with a reporter moiety.



Serum sanples froma ZZ-patient (serum#1 and 2), froma M-patient being

SUbStitUL&BﬁW%&E?BBO|aStine (serum #3 and 4), and fron1§cgﬂﬁ%ﬁgggee son

(MM serum were used. The seruy sanples 1-6 (describe ( wer e
measured. Serum #1 with a known concentration of 36ng/dl (determ ned by
nephel onetry) was used as standard. The concentration of serum sanples #2-6
was determined within the ELISA testing (Table 1). Table 1. Z-protein
concentration within the serum sanples 1-6. Serum #1 (Pi ZZ) Serum #2
(PiZzz) Serum #3 (MZ) Serum #4 (Ma) Serum #5 (Pi MM

In another aspect, the present invention provides a kit comprising monoclonal antibody
LG96, MG97, or both. |

In other aspects, the device and reagents for performing the immunoassay may be
packaged in the form of a kit. For example, such a kit may include an appropriate assay device,
antibody reagents, and/or reagents for development of the assay such as buffers and/or, if
needed, reagents for detection of the chosen label.

In some aspects, the present invention provides a kit for determining the presence of a Z-
AAT protein in a biological sample of a subject, said kit comprising a device as described herein,
optionally with reagents and/or instructions for use.

In other embodiments, the kit optionally may further include other materials/components
desirable from a commercial and user standpoint, including lancets, buffers (e.g., Sample Buffer,
CANDOR Bioscience GmbH, Wangen, Germany), diluents, filters, capillaries (eg, 20 ul
capillary), needles, and/or syringes, for example for collecting/obtaining a biological sample.

In still further embodiments, the kit may also include a system enabling detection of the
test results. Results may be detected visually or instrumentally depending on the label present on

the complexes. In a preferred embodiment, results are visually detected.

EXAMPLES
Example 1
Monoclonal Antibodies

Hybridomas LG9 and MG97 were prepared by immunizing BALB/c mice with
polymeric human alpha l-antitrypsin (AAT) in complete Freud's Adjuvant. The mice were
immunized intra-peritoneal; intervals between immunizations were 7-8 days. Immunized mice
spleen cells were fused with the plasmacytoma cell line NSW. Hybridoma supemnatants were
screened for the presence of monoclonal antibodies by ELISA using microtiter plates coated with
polymeric hAAT or serum from AAT deficiency PiZZ patients.

Selected hybridomas were cloned and screened again to select those which produce
antibody agéinst polymeric AAT but not native AAT The monoclonal antibodies of hybridomas
LG96 and MG97 appeared to recognize polymeric AAT and specifically react with PiZ serum.



Serum #6 (PiMM Konz. Z- Protein [ng/dL] 36.0 34.0 35.8 34.1 0.0 0.0

The speci bgh%Mgghothe anti bodi es M®7 and L&6 was con@?&gﬁgﬂugﬁ%§gh .

sanpl es #

were clearly negativg, but serum sanple

strong positive signal. Different serumand plasma preparations,

commercially available or in-house preparations, were tested for their
Comrerci ally avail abl e serunt pl asma sanpl es,

Z- AAT-content (Fig. 14).
as in-house sanples, can be used as negative sanpl es.

wel |

Hybridomas were frozen in specific medium (DMEM with 20% FCS and 10% DMSO)
cell concentration in each vial was 2x106 cells/ml. Cells were kept in nitrogen. Cells can be
recovered using DMEM-10 medium or 20% serum.

¥

Example 2
Testing of Antibodies LG96 and MG97 against the PiZZ Type of AAT

Monoclonal antibodies LG96 and MG97 were tested on their ability to bind the native
PiZZ type in a sandwich-ELISA. Small amounts of cell culture supernatants comprising the
antibodies were obtained and both antibodies were partially purified by CANDOR Bioscience
GmbH (Wangen, Germany).

l Testing of matching pairs, Sandwich-ELISA

All used immunoassaybuffers were provided by CANDOR Bioscience.  The
microtiterplate (MaxiSorp™, Nunc, Langenselbold, Germany) was coated with partially purified
antibodies LG96 or MG97, respectively, by adding 150 p! of the respective capture antibody at 1
pg/ml in Coating Buffer pH 9.6 (Product Number 121) to each well and incubated for 3 h at
room temperature under shaking conditions. After removing the coating solution the plates were
blocked by adding 300 ul Blocking Solution (Product Number 110) to each well and incubated
over night at 4°C. The plate was washed three times with Washing Buffer (Product Number
140). Afterwards, the human sera (pooled genotyped ZZ-serum or MM-serum) were diluted with
Sample Buffer (Product Number 105) 1:20 and 1:80 (5% and 1.25% serum) containing 1 pg/ml
LGY96HRP or MG97HRP respectively. Sample Buffer without serum acted as a negative control
(0%). 150 pl of these mixtures were added to each well and incubated for 2 h at room
temperature under shaking conditions. After the incubation step, the plate was washed three
times. Then 150 pl TMB Solution (Kem-En-Tec, Denmark) was added to each well and
incubated for 15 min. The reaction was stopped with addition of 50 pl 2 N H,SO,. Absorbance at
450 nm was determined using a microplate reader.

Testing for cross-reacitivities

The microtiterplate (MaxiSorp™, Nunc) was coated with purified AAT (M-form,
BA672, Acris GmBH, Germany) by adding 150 ul of AAT at 1 pg/r;ﬂ in Coating Buffer pH 7,4
(Product Number 120) to each well and incubated for 6 h at room temperature under shaking
conditions. After removing the coating solution the plates were blocked by adding 250 pl

as



Ant i body | abel i ng The MX7 as well as the L&6 antibody was

SUCCGSSfkaﬁoﬁ@%@%gd to 40 nm col | oi dal gold particles.¥§2hhﬂﬁg§ggn

conbi nation 12/ 038820PCT/ 1B201,L/ 002232 27 anti les were
used as capture anti body as well as detector antibody in every possible
conmbi nation. Serum sanples #1-6 were used for the anti body screening (Figs.
15A-15D). Concl usi on The conbi nations M®37 / L&6 and L6 / LEO6
(capture anti body/detector antibody) were identified as best in terns of
differentiation between positive sanples (#1-4) and negative sanples (#5
and 6). The L&6 / L&@6 conbination may be preferabl e because the results
from#1+2, 3+4 and 5+6 were cl oser together. Exanple 5 Device Testing

ZZ(+) serumwas tested in three separate devices as shown in Figure 26. All
3 t est SBifeking qggxélpq {Ryeduct Number 110) to each well and incubated over night at 4°C. The plate

was washed four times with Washing Buffer (Product Number 140). Afterwards the purified, Z-
specific antibodies LG96 and MG97 and the commercially available antibodies F43.8.1
(Monosan®, Uden, The Netherlands) and 1AT (Acris Antibodies GmbH, Herferd, Gerhany),
both directed against the M-form, were serial-diluted with Sample Buffer (Product Number 105)
to yield different assay concentrations of each antibody (1,000 ng/ml, 100 ng/ml, 10 ng/ml, 5
ng/ml, 2.5 ng/ml, 1.25 ng/ml 0.625 ng/m! and 0 ng/ml). 150 pl of each serial-diluted antibody
were added to the wells and incubated for 2 h at room temperature under shaking conditions.
After the incubation step the plate was washed four times. For detection, a HRP-labeled
secondary antibody was used (Anti-Mouse-IgG-HRP 610-703-124, Biotrend, Germany), which
was diluted with Sample Buffer to 0.5 pg/ml and added to each well followed by an incubation
step about 2 h at room temperature under shaking conditions. Afterwards the plate was washed
four times. Then 150 ul TMB Solution (Kem-En-Tec, Denmark) was added to each well and
incubated for 26 min. The reaction was stopped with addition of 50 pl 2 N H,SO4. Absorbance at
450 nm was determined using a microplate reader. ‘

The results are shown in Figures 1 and 2. Figure 1 shows a sandwich-ELISA (testing of
matching pairs) where both antibodies were used either as capture antibodies or as detector
antibodies, the latter labeled with horseradish-peroxidase (HRP). Pooled human sera of 10
patients carrying either the PiZZ- or PiMM-type of AAT (genotyping not shown) were used as
antigen solution. Using partially purified antibodies, a positive specific binding to the pooled
PiZZ type serom was observed and no cross-reactivity to the pooled PiMM type serum.

. The results of an additional test for cross-reactivities are shown in Figure 2. Here, the
purified M-form of AAT was coated on ELISA-wells and the binding of the native antibodies
LG96 and MG97 was determined. In contrast to the specific binding of the M-specific control
antibodies 1AT and F43.8.1 to coated M-type of AAT, the antibodies LG96 and MG97 show no
cross reactivity to the M-type of AAT.

The results show that monoclonal antibodies LG96 and MG97 can be successfully used
in a sandwich-ELISA against PiZZ type of AAT. Monoclonal antibodies LG96 and MG97 can
be used as assay antibodies in a sandwich-format immunoassay specific for PiZZ type of AAT

without cross reactivities to the PiMM type.



WO 2012/ 038820PCT/ 1B2011/ 002232 28 W claim 1. An i munochr omat ograhic
device c (NS menbr ane havi ng a capture anti body at a
t est zong&Bﬁhgvggﬁﬁthe capture antibogy is capable of b?ﬁgﬁﬁﬂh&ﬁ@ﬁ&ﬁn

anal yte, wherein the analyte is a Z-AAT protein present in a sanple froma
Pi Z gene carrier. 2. The device of claim1l1l, wherein the capture antibody
i's nmonocl onal antibody L&6. 3. The device of claiml1, wherein the capture
anti body i s nonocl onal antibody M®27. 4. The device of claim1l further
conprising a conjugate structure fluidly coupled to the nenbrane at a

proxi mal end, wherein the conjugate structure conprises a detector antibody
having a reporter noiety conjugated thereto. 5. The device of claim4,
wherein the detector antibody is_nonoclonal antibody L&6. 6. The device
of claimb5, wherein the capture y i s nmonocl onal antibody MX®7. 7.
The devi ce of clai m 4 pevhigin@infof 172 AdaRetéren@BIIIBAAY IS nmonocl onal anti body

M7 and t det ect antibady.is noc anti bod 6. . 8. The device
of clain14?ﬁﬂﬁgwg?ﬁg%ﬂ%g%gﬁg3&%“3%#@%8&bﬂgﬁhhﬁﬁ88vgﬁé1k%ﬁ?ﬁ%ﬁﬁmeGEG and
t he debELAAT vatita 100 Gyhit mtiovigmed IGhalll samplebolyZ bWeRbndicad, tidse witesit ze of cl ai m

4, whefei,n conjugate structure is a conjugate pad that partially
overlaégdﬁséﬁﬁg%%rane at the proximal end of the nenbrane. '

Example 4
Additional ELISA Testing ‘
Serum samples from a ZZ-patient (serum #1 and 2), froma MZ—paﬁeht being substituted
with Prolastin® (serum #3 and 4), and from a control person (MM; serum # 5+6) were used.
The serum samples 1-6 (described above) were measured. Serum #! with a known concentration
of 36mg/dl (determined by nephélometry) was used as standard. The concentration of serum
samples #2-6 was determined within the ELISA testing (Table 1).

Table 1: Z-protein concentration within the serum samples 1-6.

Serum #1 Serum #2 Serum #3 Serum #4 Serum #5 Serum #6
(PiZZ) ®PiZZ) MZ) MZ) (PiMM) (PiMM)
Konz. Z-
Protein 36.0 34.0 35.8 34.1 0.0 0.0
[mg/dL]

The specificity of the antibodies MG97 and LG96 was confirmed. Serum samples #5 and

6 were clearly negative, but serum samples #1-4 showed a strong positive signal. Different

serum and plasma preparations, commercially available or in-house preparations, were tested for

their Z-AAT-content (Fig. 14). Commercially available serum/plasma samples, as well as in-

house samples, can be used as negative samples.
Antibody labeling

The MG97 as well as the LG96 antibody was successfully coupled to 40 nm colloidal

gold particles.

Antibody combination




10. The device of claim4 further conprising a blood separation systemfor
receivin e, wherein the bl ood separation syst } 1,9L.y
coupl ed ?‘gb{}ﬁleﬁ%g%bugate structure. ,tk1. The device of ?Par/illﬁﬂzofing%zerei n

t he bl ood separation systempartially overlays the conjugate pad. WO
2012/ 038820PCT/ 1B2011/ 002232 29 12. The device of claim 10 further
conprising a distal structure fluidly coupled to the nenbrane at a distal
end of the menbrane, wherein the distal structure is configured to provide
sufficient flowthrough of the sanple fromthe proximal to the distal end
of the menbrane. 13. The device of claim 12, wherein the distal structure
is an adsorbent pad configured to provide sufficient flowthrough of the
sanple fromthe proximal end of the nmenbrane to at | east a control zone by
capi | | ary ddepefipodieswere qedasFartiig @n@rdyisayethag detogrns prejbadst REVEENDr ane furt her
CONPri &§ibR &AKthARh. ERABaRAN A Fert Ok G thaantibdageyedd@ENd thereto, wherein
the control antibody is capable of binding wwth a detection reagent. 15.
The delfi#el ¥ ai m 14, wherein the control antibody is an anti-nmouse IgG
16. A oeichg@nfor determining a PiZ gene carrier, the nethod conprising:

subj ecting a sanple fro subj e i ochr omat aphy using the device
of claim1 ;Thﬁﬁﬂnng)ma“"nsd\é&ﬁrﬁ@? ﬁ@‘?iﬁ}%&i ‘r??gg@aﬁhﬁa a”én;ﬁ%‘g'&[e Egtf%anf‘ﬁoéiyg apture

ant i boghyre idsbgfiedianbdi if einfgofalifferdnativn dbtyeen dositivd@mprpElvparsinigdiody i ndi cat es
that t ?a?np elél ?Aseag 6)'. SThae L%9%/ E&gg clzo%{bination may be preferable because the results from

#1+2, 3+4 and 5+6 were closer together.

Example 5
Device Testing
ZZ(+) serum was tested in three separate devices as shown in Figure 26. All 3 tests were

positive.



17. The method of claim 16, wherein the capture antibody is nonocl onal

ant i body 7. 18. The nethod of claim 16, whe carrler
has a ph@h§?§be f%gg is any allelic cgmbination having a 5ﬁzﬂgﬁﬂﬁwﬁké

The nethod of claim 6, wherein the capture antibody is nonocl onal antlbody
M>27 and the detector antibody is nonoclonal antibody LG36. WO

2012/ 038820PCT/ 1B2011/ 002232 30 20. The device of claim 16, wherein the
capture anti body is nonoclonal antibody LG6 and the detector antibody is
nonocl onal anti body L&6. 21. The nethod of claim 18, wherein the
phenotype is PizZz, PiMZ, PiSZ, or Piz/Null. 22. A nethod for diagnosing a
condition or disease associated with AAT deficiency, the nethod conprising:
subj ecting a sanple froma subject to i mmunochromatography using the device
of cl atfaclaimand deternmining binding of the analyte to the capture
anti body, wherghmhob il ad ke c@rﬁ@r’isﬁ%ea ﬁlemsrla& E%@'Qltgl'hr&pﬁfbt dplgely i ndi cates

that the subject has the condition or A net hod for
det er mPAHRA GBS L EOnS, ieE Bpeers BHOY lﬁj@%hl"o?flbﬁﬁlmé “H8eE8h or di sease

assocCi gh&din\WelaRalheF d0A KT ipRIAGY predet@n HRApRATEONPIZI Bhd \Grrier.

2. The device of claim 1, wherein the capture antibody is monoclonal antibody LG96.
3. The device of claim 1, wherein the capture antibody is monoclonal antibody MG97.
4. The device of claim 1 further comprising a copjugate structure fluidly coupled to the

membrane at a proximal end, wherein the conjugate structure comprises a detector antibody

having a reporter moiety conjugated thereto.

5. The device of claim 4, wherein the detector antibody is monoclonal antibody LG96.
6. The device of claim 5, wherein the capture antibody is monoclonal antibody MG97.
7. The device of claim 4, wherein the capture antibody is monoclonal antibody MG97 and

the detector antibody is monoclonal antibody LG96.

8. The device of claim 4, wherein the capture antibody is monoclonal antibody LG96 and

the detector antibody is monoclonal antibody LG96.

9. The device of claim 4, wherein the conjugate structure is a conjugate pad that partially

overlays the membrane at the proximal end of the membrane.

10. The device of claim 4 further comprising a blood separation system for receiving the

sample, wherein the blood separation system is fluidly coupled to the conjugate structure.

11.  The device of claim 10, wherein the blood separation system partially overlays the

conjugate pad.



subj ecting a sanple froma subject to i munochromatography using the device

of clai myq 8% determ ni ng bi ndi ng of the anal yt ure
ant i body,&%ereﬁ%szgi nding of the analyte to the capture%gtﬁ?F%dgg?/&?g

i ndicative of the subject's predisposition to devel oping the condition or

di sease. 24. An inmunoassay device conprising: a nenbrane having a Z- AAT
protein capture area defined by a capture antibody inmobilized thereto.

25. The device of claim 24, wherein the capture antibody is L&6 or
fragnent thereof. 26. The device of claim24, wherein the capture antibody
is MX07 or fragnent thereof. 27. The device of claim24 further conprising
a sanple application area and a flow path fromthe sanple application area
to the Z- AAT protein capture area, wherein the presence or anmount of a

Z- AAT protein in a fluid sanple can be determ ned by formation of a conpl ex

Che 1010 Saml o W 3013/ DABB20BT) Ta20 L] 005252 3L 58 The devi co. of |

t he ui d_sanpl e, . : e.device o

i ai m ZPIPRE P it 7 ?féﬁ%@efabr&lﬁn]%a? Ehe Y, SRR T GUEE IPRNE 1 1 ow pat h,
wher ei Ruffifient@low}thigadhesf thie kaigilefan e ppkinse® the deilend ofoke mastgaat specific for
the Z- AAT protein, the detection reagent being nobile or nobilizable. 29.

The device of claim 28, wherein the detection reagent is a detector

anti body. The device of claim 12, wherein the distal structure is an adsorbent pad configured to

provide sufficient flow-through of the sample from the proximal end of the membrane to at least

a control zone by capillary action.

14.  The device of claim 1, wherein the membrane further comprises a control zone having a
control antibody bound thereto, wherein the control antibody is capable of binding with a

detection reagent.
15.  The device of claim 14, wherein the control antibody is an anti-mouse IgG.

16. A method for determining a PiZ gene carrier, the method comprising:

subjecting a sample from a subject to immunochromatography using the device of claim
1; and

determining binding of the analyte to the capture antibody, wherein binding of the analyte
to the capture antibody indicates that the subject is a PiZ carrier.

17.  The method of claim 16, wherein the capture antibody is monoclonal antibody LG96 or
MG97.

18.  The method of claim 16, wherein the PiZ camrier has a phenotype that is any allelic

combination having a PiZ allele.

19.  The method of claim16, wherein the capture antibody is monoclonal antibody MG97 and
the detector antibody is monoclonal antibody LG96.



30. The device of claim?29, wherein the detector antibody is L&6 or
f ragnent 31. The device of claim?29, wherein
WBQ%@SSM %E’?/Iﬂﬁﬁ?@(gfﬂiz et n

anti body I's or fragment thereof.;, 32. The device of clarm

the detector antibody is |abeled with a reporter noiety. 33. The device of
claim 29, wherein the detector antibody is a gol d-conjugated detector

anti body. 34. The device of claim27, wherein a source of the fluid sanple
is capillary blood, serum or plasma. 35. An immunoassay devi ce for

determ ning the presence or anount of a Z-AAT protein in a fluid sanple,
the device conprising: a sanple application area; a m croporous

menbr ane having a Z- AAT protein capture area defined by a capture anti body
i mmobi li zed thereto, wherein the capture antibody is LG6 or

ant i geribi ndhedgvice abshar 16 Wasreipthe capture antihody isypopealepak sngbrdy H&96 apdl e

appl i catd @fcRf 8RibsdY if RenolAintBb@L 8696 capt ure area, wherein the presence or
anount of a Z-AAT protein in a fluid sanple can be determ ned by fornmation

of a conplex between the capture antibody and the Z-AAT protein that may be
present21i N Theaméthdd of clea13, @heréifl the phenotyp@is PRTH, BOML, @isYf sUG2AMLR. | ocated in the
fl ow path, wherein the conjugate structure conprises a detection reagent
specific for the Z-AAT protein, the detection reagent being nobile or
mobi | i zabl eA méieodefon diafr@side  eohdition sredigesatasiosia@o lvdthCOAT deidiady, tkD6 or a
gold-coqhygated.antigen-binding fragment thereof
method comprising:
subjecting a sample from a subject to immunochromatography using the device of claim
1; and ‘ .
determining binding of the analyte to the capture antibody, wherein binding of the analyte

to the capture antibody indicates that the subject has the condition or disease.

23. A method for determining a subject’s predisposition to developing a condition or disease
associated with AAT deficiency, the method comprising:
subjecting a sample from a subject to immunochromatography using the device of claim
" 1;and
determining binding of the analyte to the capture antibody, wherein binding of the analyte
to the capture antibody is indicative of the subject’s predisposition to developing the condition or

disease.

24. An immunoassay device comprising: a membrane having a Z-AAT protein capture area
defined by a capture antibody immobilized thereto.

25.  The device of claim 24, wherein the capture antibody is LG96 or fragment thereof.

26.  The device of claim 24, wherein the capture antibody is MG97 or fragment thereof.

27.  The device of claim 24 further comprising a sample application area and a flow path from
the sample application area to the Z-AAT protein capture area, wherein the presence or amount
of a Z-AAT protein in a fluid sample can be determined by formation of a complex between the

capture antibody and the Z-AAT protein that may be present in the fluid sample.



36. A nethod for detecting a Z-AAT protein in a subject, the nethod
conprisingzoﬁﬁbég%2/038820PCT/182011/002232 32 applyingc§ﬂgéﬁbaggﬁpl
sanpl e fromthe subject to the i munogssay device of claim35; an
detecting a conplex that is formed between the capture anti body and the

Z- AAT protein that nmay be present in the fluid sanple, wherein detection of
the conplex indicates the presence of the Z-AAT protein in the sanple. 37.
A nmethod for determ ning the presence of a Z-AAT protein in a biol ogical
sanpl e, the nethod conprising: provi di ng the biol ogical sanple and a
first antibody in a mxed state on a nenbrane having a second anti body
bound thereto at a test zone, wherein each of the first and the second
antibody is capable of binding to the Z-AAT protein; wherein capture of the
second2&nt i Bmgvm oftcipem 2 & Gxrther sp@prisig) acapiagate Heicigredeaisd i thy flavhpatlp- AAT
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anti body is L&6. 39. The nethod of claim37, wherein the first antibody is

M3O7. d@cctignsageathsig mobileqr giorilizarle- wher ei n t he second antibody is LG96. 41.

The met hod of claim 37, wherein the second antibody is M>7.
29.  The device of claim 28, wherein the detection reagent is a detector antibody.

30.  The device of claim 29, wherein the detector antibody is LG96 or fragment thereof.
'31.  The device of claim 29, wherein the detector antibody is MG97 or fragment thereof.
32.  The device of claim 29, wherein the detector antibody is labeled with a reporter moiety.

33.  The device of claim 29, wherein the detector antibody is a gold-conjugated detector

antibody.

34.  The device of claim 27, wherein a source of the fluid sample is capillary blood, serum, or

plasma.

35.  An immunoassay device for determining the presence or amount of a Z-AAT protein in a
fluid sample, the device comprising:

a sample application area;

a microporous membrane having a Z-AAT protein capture area defined by a capture
antibody immobilized thereto, wherein the capture antibody is LG96 or antigen-binding fragment
thereof;, '

a flow path from the 'saniple application area to the Z-AAT protein capture area, wherein
the presence or amount of a Z-AAT protein in a fluid sample can be determined by formation of
a complex between the capture antibody and the Z-AAT protein that may be present in the fluid
sample; and _

a conjugate structure located in the flow path, wherein the conjugate structure comprises
a detection reagent specific for the Z-AAT protein, the detection reagent being mobile or
mobilizable, wherein the detection reagent is gold-conjugated LG96 or a gold-conjugated

antigen—biﬁding fragment thereof.

36. A method for detecting a Z-AAT protein in a subject, the method comprising:



42. A kit conmprising: (a) the device of claim1l1; and (b) a detector antibody
havi ng a &R Bksf0! €ty conjugated thereto. 43.The kit '
i b2 ;e/frf%‘ﬁi@ﬁ%eg?.

conprising a capture antibody that is;nmnoclonal anti bog

44. The kit of claim 42, wherein the detector antibody is nonocl onal
anti body LG6 or M7, wherein the antibody is |abeled with a reporter
noi ety.

applying a biological sample from the subject to the immunoassay device of claim 35;

and

detecting a complex that is formed between the capture antibody and the Z-AAT protein
that may be present in the fluid sample, wherein detection of the complex indicates the presence

of the Z-AAT protein in the sample.

37. A method for determining the presence of a Z-AAT protein in a biological sample, the
method comprising:

providing the biological sample and a first antibody in a mixed state on a membrane
having a second antibody bound thereto at a test zone, wherein each of the first and the second
antibody is capable of binding to the Z-AAT protein; wherein capture of the second antibody at

the test zone indicates the presence of the Z-AAT protein in the sample.
38. The method of claim 37, wherein the first antibody is LG96.
39. The method of claim 37, wherein the first antibody is MG97.
40. The method of claim 37, wherein the second antibody is LG96.
41. The methqd of claim 37, wherein the second antibody is MG97.
42. A kit comprising:

(a) the device of claim 1; and

(b) a detector antibody having a reporter moiety conjugated thereto.

43.  The kit of claim 42, comprising a capture antibody that is monoclonal antibody LG96 or
MG97.

44.  The kit of claim 42, wherein the detector antibody is monoclonal antibody LG96 or
MG97, wherein the antibody is labeled with a reporter moiety.



