Développement économique Canada

Office de la Propriété Intellectuelle du Canada

I*I Innovation, Sciences et

Innovation, Science and CA 2942347 C 2023/03/14

S oMo, Canada anen 2 942 347
¢12) BREVET CANADIEN

CANADIAN PATENT

13 C

(86) Date de dépo6t PCT/PCT Filing Date: 2015/03/24

(87) Date publication PCT/PCT Publication Date: 2015/10/01

(45) Date de délivrance/lssue Date: 2023/03/14

(51) CLInt./Int.Cl. GOTN 33/564(2006.01),
CO7K 14/475(2006.01), CO7K 16/22(2006.01),
C12N 5/071(2010.01), C12N 5/10(2006.01),
C12Q 1/00(2006.01)

(85) Entrée phase nationale/National Entry: 2016/09/09 (72) Inventeurs/Inventors:
86) N° demande PCT/PCT Application No.: US 2015/022120 SURESH, LAKSHMANAN, US;

(87) N° publication PCT/PCT Publication No.: 2015/148431

(30) Priorité/Priority: 2014/03/24 (US61/969,771)

MALYAVANTHAM, KISHORE, US

(73) Propriétaire/Owner:
IMMCO DIAGNOSTICS, INC., US

(74) Agent: MACRAE & CO.

(54) Titre : DETECTION AMELIOREE D'ANTICORPS ANTINUCLEAIRES ET APPROCHES DIAGNOSTIQUES

AMELIOREES DE TROUBLES AUTO-IMMUNS

SYSTEMIQUES ET NON SYSTEMIQUES

(54) Title: IMPROVED ANTI-NUCLEAR ANTIBODY DETECTION AND DIAGNOSTICS FOR SYSTEMIC AND NON-

SYSTEMIC AUTOIMMUNE DISORDERS

(57) Abrégé/Abstract:

Provided are compositions that contain mammalian cells for use in detecting antibodies. The mammalian cells are modified such
that they do not contain LEDGF protein. The mammalian cells are immobilized on a solid substrate. The compositions can also
contain mammalian cells that contain the LEDGF protein. Methods for using the cell compositions in diagnostic approaches are

included, as are kits for performing diagnostic tests.

C an a dg http:vopic.ge.ca » Ottawa-Hull K1A 0C9 - aup.:/eipo.ge.ca OPIC

OPIC - CIPO 191




wo 2015/148431 A1 [N D000 OO

(43) International Publication Date

CA 02942347 2016-09-09

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2015/148431 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

1 October 2015 (01.10.2015) WIPOIPCT
International Patent Classification:
CO7K 14/475 (2006.01)
International Application Number:
PCT/US2015/022120

International Filing Date:
24 March 2015 (24.03.2015)

Filing Language: English
Publication Language: English
Priority Data:

61/969,771 24 March 2014 (24.03.2014) US

Applicant: IMMCO DIAGNOSTICS, INC. [US/US]; 60
Pineview Drive, Buffalo, NY 14228 (US).

Inventors: SURESH, Lakshmanan; 5489 Via Marina,
Williamsville, NY 14221 (US). MALYAVANTHAM,
Kishore; 46 Cimarand Drive, Williamsville, NY 14221
(US).

Agents: WATT, Rachel, S. et al.; Hodgson Russ LLP, The
Guaranty Building, 140 Pearl Street, Suite 100, Buftalo,
NY 14202-4040 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

of inventorship (Rule 4.17(iv))

Published:

with international search report (Art. 21(3))

(54) Title: IMPROVED ANTI-NUCLEAR ANTIBODY DETECTION AND DIAGNOSTICS FOR SYSTEMIC AND NON-SYS-
TEMIC AUTOIMMUNE DISORDERS

Figure 1

(57) Abstract: Provided are compositions that contain mammalian cells for

tests.

‘ | ; AL
bwc = ) . 200 0
CUPSIPKO |

SN i

Y e L) U e

)

$308 [
[

use in detecting antibodies. The mammalian cells are modified such that
they do not contain LEDGF protein. The mammalian cells are immobilized
on a solid substrate. The compositions can also contain mammalian cells
that contain the LEDGF protein. Methods for using the cell compositions in
diagnostic approaches are included, as are kits for performing diagnostic



IMPROVED ANTI-NUCLEAR ANTIBODY DETECTION AND DIAGNOSTICS FOR
SYSTEMIC AND NON-SYSTEMIC AUTOIMMUNE DISORDERS

[0001]

FIELD
[0002] The present invention relates generally to autoimmune disease and more

particularly to compositions and methods for use in detecting anti-nuclear antibodies

BACKGROUND
[0003] Autoimmune diseases are typically challenging to diagnose, and in general
individuals with one autoimmune disease are at higher risk for developing others, such as
systemic autoimmune rheumatic diseases (SARDs). The presence of anti-nuclear autoantibodies
(ANAs) is considered to be a hallmark of SARDS, and this association has been known for some
time. The American College of Rheumatology (ACR) recommends testing for ANAs by
indirect immunofluorescence (IIF) assay using HEp-2 cells, as described in their position
statement in 2009. This statement explained that HEp-2 cells are able to express 100-150
relevant auto-antigens for use in ANA antibody detection. Thus, immobilized and preserved
monolayers of HEp2 cells are the most commonly used substrates in IIF detection of ANAs.
[0004] ANA detection using IIF assay can reveal a multitude of patterns such as
homogeneous, fine granular, coarse granular, nucleolar, centromere, nuclear dots, pleomorphic,
mitochondrial and a variety of cytoskeletal patterns. Patients can have one or more patterns in
combination with varying intensity of reactivity for each pattern. These patterns are a result of
specific autoantibody binding to nuclear and cytoplasmic antigens which include but are not
necessarily limited to dsDNA, nucleosomes, histones, SS-A Ro52/Ro60, SS-B/La, Ku, Mi-2,
RNPs (Ribonucleoproteins: UISnRNP 68, UISnRNP A, UISnRNP C, U2SnRNPs ete,), Scl-70,
PM-Scl, Fibrillarin, Th/To, CENP-B, CENP-A, Sp100, PCNA, Ribo-P, Jol, AMA-M2, Actin,
Vimentin, and others.
[0005] Other methodologies have been utilized for screening and confirmation of ANAs.
However, due to a variety of reasons, which include but are not limited to prevalence of false
negative and false positive results, lack of standardization of test algorithms (i.e., reflex testing),
and an inability to detect the diverse arrays of ANAs prevalent in individuals with SARDS, use
of HEp-2 cells as the substrate for ANA testing remains the gold standard. Unfortunately, use of

CA 2942347 2021-08-18



10

15

20

25

30

CA 02942347 2016-09-09

WO 2015/148431 PCT/US2015/022120

HEp-2 cells also involves complex test interpretation, false results and specialized skills, in part
because it has been reported that up to 20% of apparently healthy subjects give a positive ANA
IIF test result due to the presence of autoantibodies that recognize the so-called “dense fine
speckles 70” (DFS70) antigen, which is also referred to herein and in the art as lens epithelium-
derived growth factor (LEDGF). PSIP1/LEDGEF is also known as AA408851, AU015605,
Dfs70, Ledgf, Ledgfa, Ledgfb, mLEDGF, PC4 and SFRS1-interacting protein (PSIP1), Psip2
(isoform), p52, p75, PAIP encoded by the PSIP1 gene. Moreover, the DFS IIF pattern has been
reported in up to 20% of ANA positive healthy subjects, but often not in ANA positive sera
obtain from SARD patients (Mahler and Fritzler 2012). Since the main objective of the ANA
HEp-2 test is to function as a tool for diagnosing and classifying SARD, as well as potentially
other autoimmune diseases, the anti-DFS70 antibodies and the DFS pattern they produce reduce
the usefulness of the ANA test, such as by increasing false results and otherwise complicating
test interpretation. This has important ramifications for a variety of approaches that rely on
accurate detection of ANA and treatment decisions for patients who are tested for ANA
antibodies. Thus, there is an ongoing and unmet need for improved compositions and methods

for detecting ANA. The present disclosure meets these and other needs.

SUMMARY
[0006] The present disclosure comprises in various embodiments compositions and
methods for use in detecting ANA autoantibodies, and/or for determining whether a biological
samplc obtained or derived from an individual comprises antibodics that recognize the LEDGF
protein. The disclosure includes compositions and methods that can be used for diagnosing
and/or aiding in the diagnosis of autoimmune disorders that are positively correlated with the
presence of ANA autoantibodies. Kits/products comprising reagents for use in detection of
ANA autoantibodies, such as antibodies to LEDGF protein, are also provided
[0007] In one aspect the present disclosure comprises modified mammalian cells for use
in detecting antibodies. The mammalian cells are modified such that they do not express or
comprise LEDGF protein (LEDGF- cells). In embodiments, the disclosure includes mixtures of
the mammalian LEDGF- cells, and mammalian cells that do express and comprise LEDGF
protein (LEDGF+ cclls). In cmbodiments, the mammalian cells arc immobilized on a solid
substrate, such as a glass, plastic, or other polymer-based substrate. In embodiments, the solid
substrate comprises a microscope slide, a diagnostic slide, a microtitre plate, or beads formed of
glass or a polymer.
[0008] In embodiments, the cells are killed and permeabilized. Those skilled in the art

will recognize that permcabilized cells arc those cells which have been exposed to organic
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reagents (commonly referred to in the art as ‘fixatives’) which can include but are not limited to
organic solvents, such as acetone, alcohol, and aldehyde containing solutions, such as
formaldehyde, paraformaldehyde, and the like. Cells exposed to such reagents are commonly
referred to as “fixed” and the process of treating them with such reagents is referred to as
“fixing” the cells. Fixing the mammalian cells such that they are permeabilized is lethal, and
thus the fixed/permeabilized cells are also considered to be killed cells.

[0009] The LEDGF- cells are modified using any suitable techniques, reagents and the
like such that LEDGF protein is not expressed, or its expression is reduced. In embodiments,
mRNA encoding the LEDGF protein is degraded using any of a variety of RNAi-mediated
approaches. In another embodiment, the gene encoding the LEDGF protein, which is described
more fully below, is disrupted by any suitable technique including but not limited to the use of a
clustered regularly interspaced short palindromic repeats (CRISPR) system comprising a
CRISPR-associated (Cas) nuclease and a CRISPR guide RNA (gRNA). In embodiments, the
modification to the cells comprises integration of a polynucleotide sequence encoding the Cas
enzyme and/or the gRNA into at least one chromosome of the cells, such as the LEDGF- cells.
[0010] In embodiments, the compositions and methods use modified LEDGF+ and
LEDGEF- cells of the same type, i.e., they are both the same type of cancer cell, or they are both
of the same cell line, or derived from the same cell line.

[0011] In embodiments the disclosure includes mixtures of LEDGF+ mammalian cells
and modified LEDGF- mammalian cells that are useful in diagnostic assays. The mixtures can
be such that antibodies that bind to antigens in the modified cells can be used to, for example,
establish a background amount of antibody binding that can be compared to antibody binding
using the LEDGF+ cells as a comparison substrate. Thus, in certain aspects, a ratio of LEDGF-
and LEDGF+ cells are provided. In embodiments, the ratio comprises a LEDGF- cell amount to
a LEDGF+ cell amount of 1:1, 1:2, 1:3, 1:4, 1:3, 1:6, 1:7, 1:8, 1:9, 1:10, as well as the reverse
ratios.

[0012] In embodiments the disclosure includes modified cells, wherein the modification
is such that the cells do not express LEDGF, cell cultures/cell lines derived from such cells, and
their progeny.

[0013] In embodiments the disclosure includes LEDF+ cells, wherein the LEDGF
protein in the LEGDF+ cells is present in a complex with an antibody, and thus is suitable for
usc in a varicty of immuno-diagnostic tests. In an cmbodiment, the antibody is a first antibody,
such as a primary antibody. In embodiments, the primary antibody that is bound the LEDGF
protein the LEDGEF+ cells is itself present in a complex with a detectably labeled secondary
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antibody.
[0014] In embodiments, the LEDGF+ and/or LEDGF- cells comprise one or more
nuclear antigens in present in a complex with an antibody.
[0015] In another aspect the disclosure provides a method for determining whether a
biological sample comprises antibodies that bind to LEDGF protein (anti-LEDGF Abs). The
method generally comprises the steps of:

i) exposing the biological sample to mammalian cells that are modified such that they do
not comprise LEDGF protein (LEDGF- cells),

ii) exposing the biological sample to mammalian cells that comprise the LEDGF protein
(LEDGF+ cells), and

iii) comparing the amount of anti-LEDGF Abs bound to the LEDGF- cells to the amount
of anti-LEDGF Abs bound to the LEDGF+ cells,

wherein determining a greater amount of anti-LEDGF Abs bound to the LEDGF+ cells
relative to the amount of anti-LEDGF Abs bound to the LEDGF - cells is indicative that the
biological sample comprised the anti-LEDGF Abs, and

wherein the same or less anti-LEDGF Abs bound to the LEDGF+ cells relative to the
amount of anti-LEDGF Abs bound to the LEDGF — cells is indicative that the biological sample
did not comprise the anti-LEDGF Abs.
[0016] In embodiments, the cells used in the method are killed and permeabilized and
arc immobilized on a solid substrate. In embodiments, the LEDGEF- cells and the LEDGF+ cells
are immobilized on the same solid substrate; in embodiments they are immobilized on distinct
solid substrates. In embodiments, determining the amount of anti-LEDGF Abs is performed
using an indirect immunofluorescence (IIF) assay.
[0017] In another aspect the disclosure comprises a kit comprising modified LEDGF-
cells and LEDGF+ cells, wherein the LEDGEF- cells and the LEDGF+ cells are immobilized on
one or more solid substrates, and wherein the LEDGF- cells and the LEDGF+ cells are killed
and permeabilized. In embodiments, the solid substrate(s) and the cells arc dried, and are
provided in one or more suitable containers.
[0018] In embodiments, the kit further comprises a composition comprising primary
antibodies that are capable of binding to anti-nuclear autoantibodies (ANAs). The kit may
further comprise detectably labeled secondary antibodies that are capable of binding to the
primary antibodics. Any suitable detectable label can be uscd and many arc well known in the
art. In embodiments, the detectable label is a florescent label and is thus suitable for use in, for

example, an IIF assay.
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BRIEF DESCRIPTION OF THE FIGURE
[0019] Figure 1: Wild Type Hep2 expressing LEDGF and PISP1 disrupted cell line
using per Example Sequence 3 and not expressing LEDGF were tested by 1IF using confirmed
human DFS70 positive anti-sera. Top panel: two examples (Al and B1) show brightly labeled
cells (WT) and cells with background fluorescence signal (PSIP KO). Bottom panel: profile
analysis (Image] version 1.421, National Institute of Health, USA) plots the intensity of labeled
nuclei along the line (A2 is intensity plot for Al; B2 is intensity plot for B1). High peaks
correspond to WT cells and low peaks correspond to PSIP-KO cells which do not express any

detectable LEDGF protein.

DETAILED DESCRIPTION
[0020] The present disclosure provides compositions and methods for using the
compositions in detecting ANA autoantibodies, and/or for determining whether a biological
sample obtained or derived from an individual comprises antibodies that recognize the LEDGF
protein, and for diagnosing and/or aiding in the diagnosis of autoimmune disorders that are
positively correlated with the presence of ANA autoantibodics. Such disorders include but not
necessarily limited to systemic autoimmune rheumatic diseases (SARDs). Kits/products
comprising reagents for use in detection of ANA autoantibodies are also provided.
[0021] In general, the disclosure provides approaches to reducing and/or eliminating the
DFS pattern that is frequently characteristic of IIF analysis of ANAs that in current testing
typically rely on HEp-2 cclls as a substrate, and encompasses in vitro compositions comprising
modified mammalian cells that have less LEDGF expression relative to unmodified HEp-2 cells,
and methods of using such modified cells to detect ANA autoantibodies. However, rather than
being limited to modified HEp-2 cells, the present disclosure provides compositions comprising
mammalian cells of any origin, wherein the cells have been modified to be improved substrates
for ANA and/or LEDGF testing. Thus, in various embodiments, the present disclosure involves
mammalian cells that comprise the PSIP1 gene, and to at least some degree express the LEDGF
protein encoded by the PSIP1 gene, but subsequent to being modified as more fully described
below, express less LEDGF protein relative to unmodified cells of the same type, or do not
express any detectable LEDGF protein. It will be recognized by those skilled in the art that
most mammalian cells express LEDGF, and thus it is expected that cells used in compositions
and methods of this disclosure can include cells of any mammalian cell line, or cells derived
from any mammalian cell line, or any other suitable source. In embodiments, the cells are
immortalized. In embodiments, the cells are progeny of a cell line derived from cancer, such as

a tumor. In embodiments, the cclls arc multiploid and as such have more than two copics of at
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least one chromosome. In embodiments, the cells comprise more than two copies of a
chromosome that comprises the PSIP1 gene, which as described further below encodes the
LEDGF protein. In embodiments, the cells are aneuploid, and may be pseudo hypotripoloid. In
embodiments, the cells are derived from human cells and comprise more than 23 distinct
chromosomes. In embodiments, the disclosure provides modified cell lines that are altered such
that expression of the LEDGF protein is reduced or eliminated. In embodiments, the disclosure
provides modifications of known cell lines, such as cell lines that can be grown in monolayers
and fixed, including but not necessarily limited to HEp-2 and HelLa cells. In embodiments, cell
types that can be modified for use with the present disclosure are commercially available from
sources, such as the American Type Culture Collection (ATCC). In non-limiting embodiments
the cells are HEp2 or HeLa cells. These cells are available from ATCC as catalog # CCL-23 for
HEp2, and CCL-2 or CCL-2.2 for Hela adherent and suspension cultures respectively. As
described above, in embodiments, the disclosure includes cells that are modified such that they
express no detectable LEDGF protein, or express less LEDGF protein than cells of the same
type. Thus, it will be recognized that cells of the same type can comprise, as one non-limiting
example, HEp2 cells, wherein the modified HEp2 cells express less LEDGF protein than
unmodified HEp2 cells, wherein the HEp2 cells are the “type” of cells that are described. The
same applies to any other mammalian cells, wherein the unmodified cells express detectable
LEDGF, including but not limited to HeLa cells, and other cell lines derived from, for example,
blood plasma cells, monocytes, neutrophils, T-lymphocytes, platelets, T-cell leukemia cells,
myeloid leukemia cells, lymphoblastic leukemia cells, kidney cells, kidney cancer cells, liver
cells, liver cancer cells, lung cells, lung cancer cells, colon cells, colon cancer cells, heart cells,
bone cells, bone cancer cells, brain cells, brain cancer cells, ovary cells, ovarian cancer cells,
prostate cells, prostate cancer cells, cervical cells, cervical cancer cells, melanoma, breast tissue
cells, breast cancer cells, skin cells, melanoma cells, pancreatic cells and pancreatic cancer
cells, and others.

[0022] Approaches to immunodiagnostic assays provided in this disclosure involve
modifying mammalian cells to cause down-regulation or elimination of the PSIP1/LEDGF gene
product, and methods of using the modified cells in autoimmune assays. The disclosure also
includes the modified cells, and compositions comprising the modified, such as cell cultures.
Kits for use in the assays are also provided.

[0023] As described above, the DFS pattern is well known in the art and comprises a
dense fine speckled pattern resulting from autoantibodies that specifically bind to LEDGF
protein (Ayaki, Sueno et al. 1999). Autoantibodies to LEDGF protein were first reported in

-6-



association with atopic dermatitis and other conditions such as Asthma, interstitial cystitis
(Ochs, Muro et al. 2000), alopecia areata (Okamoto, Ogawa et al. 2004) and in 0-20% of
healthy individuals (Watanabe, Kodera et al. 2004, Mahler, Parker et al. 2012). LEDGF belongs
to a selected group of autoantigens that are targeted for cleavage during cell death, and it has
been proposed that the caspase-induced LEDGF cleavage and the generation of autoantibodies
to the protein might contribute to the pathogenesis of various human atopic and inflammatory
disorders associated with deregulated apoptosis (Ganapathy, Daniels et al. 2003, Ganapathy and
Casiano 2004). LEDGF protein has also been implicated in HIV integration, and LEDGF has
been knocked down both transiently (using siRNA) and stably (using shRNA followed by
selection) resulting in a 3-5 fold reduction in HIV-1 replication in HeLaP4 cells
(Vandekerckhove, Christ et al. 2006).

[0024] The amino acid sequence of the LEDGF protein is known in the art and the
canonical sequence is provided here as SEQ ID NO:1:
MTRDFKPGDLIFAKMKGYPHWPARVDEVPDGAVKPPTNKLPIFFFGTHETAFLGPKDIF
PYSENKEKYGKPNKRKGFNEGLWEIDNNPKVKFSSQQAATKQSNASSDVEVEEKETSV
SKEDTDHEEKASNEDVTKAVDITTPKAARRGRKRKAEKQVETEEAGVVTTATASVNLK
VSPKRGRPAATEVKIPKPRGRPKMVKQPCPSESDIITEEDKSKKKGQEEKQPKKQPKKD
EEGQKEEDKPRKEPDKKEGKKEVESKRKNLAKTGVTSTSDSEEEGDDQEGEKKRKGGR
NFQTAHRRNMLKGQHEKEAADRKRKQEEQMETEQQNKDEGKKPEVKKVEKKRETSM
DSRLQRIHAEIKNSLKIDNLDVNRCIEALDELASLQVTMQQAQKHTEMITTLKKIRRFKV
SQVIMEKSTMLYNKFKNMFLVGEGDSVITQVLNKSLAEQRQHEEANKTKDQGKKGPN
KKLEKEQTGSKTLNGGSDAQDGNQPQHNGESNEDSKDNHEASTKKKPSSEERETEISLK
DSTLDN (SEQ ID NO:1). Other isoforms and truncated versions which comprise mutations
that differ from the canonical sequence are known in the art, in particular, GenBank (NCBI)
entries NP _001121689.1, NM_001128217.1, [075475-1], NP_066967.3, NM_021144.3,
[075475-2], NP_150091.2, NM_033222.3, [075475-1], XP_005251413.1 provide LEDGF, and

the polynucleotide and amino acid sequences described in these database entries.

[0025] The immunoreactive sequence of the SEQ ID NO:1 has been reported (Ogawa,
Sugiura et al. 2004) to be a polypeptide from amino acid number 349-455 described in SEQ ID
NO:2.
DSRLQRIHAEIKNSLKIDNLDVNRCIEALDELASLQVTMQQAQKHTEMITTLKKIRRFKV
SQVIMEKSTMLYNKFKNMFLVGEGDSVITQVLNKSLAEQRQHEEANK (SEQ ID NO:2).

-7-
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[0026] The cDNA sequence encoding LEDGF is also known in the art and is provided
here as SEQ ID NO:3.
ATGACTCGCGATTTCAAACCTGGAGACCTCATCTTCGCCAAGATGAAAGGTTATCCC
CATTGGCCAGCTCGAGTAGACGAAGTTCCTGATGGAGCTGTAAAGCCACCCACAAA
CAAACTACCCATTTTCTTTTTTGGAACTCATGAGACTGCTTTTTTAGGACCAAAGGA
TATATTTCCTTACTCAGAAAATAAGGAAAAGTATGGCAAACCAAATAAAAGAAAAG
GTTTTAATGAAGGTTTATGGGAGATAGATAACAATCCAAAAGTGAAATTTTCAAGT
CAACAGGCAGCAACTAAACAATCAAATGCATCATCTGATGTTGAAGTTGAAGAAAA
GGAAACTAGTGTTTCAAAGGAAGATACCGACCATGAAGAAAAAGCCAGCAATGAG
GATGTGACTAAAGCAGTTGACATAACTACTCCAAAAGCTGCCAGAAGGGGGAGAA
AGAGAAAGGCAGAAAAACAAGTAGAAACTGAGGAGGCAGGAGTAGTGACAACAG
CAACAGCATCTGTTAATCTAAAAGTGAGTCCTAAAAGAGGACGACCTGCAGCTACA
GAAGTCAAGATTCCAAAACCAAGAGGCAGACCCAAAATGGTAAAACAGCCCTGTC
CTTCAGAGAGTGACATCATTACTGAAGAGGACAAAAGTAAGAAAAAGGGGCAAGA
GGAAAAACAACCTAAAAAGCAGCCTAAGAAGGATGAAGAGGGCCAGAAGGAAGA
AGATAAGCCAAGAAAAGAGCCGGATAAAAAAGAGGGGAAGAAAGAAGTTGAATC
AAAAAGGAAAAATTTAGCTAAAACAGGGGTTACTTCAACCTCCGATTCTGAAGAAG
AAGGAGATGATCAAGAAGGTGAAAAGAAGAGAAAAGGTGGGAGGAACTTTCAGAC
TGCTCACAGAAGGAATATGCTGAAAGGCCAACATGAGAAAGAAGCAGCAGATCGA
AAACGCAAGCAAGAGGAACAAATGGAAACTGAGCAGCAGAATAAAGATGAAGGA
AAGAAGCCAGAAGTTAAGAAAGTGGAGAAGAAGCGAGAAACATCAATGGATTCTC
GACTTCAAAGGATACATGCTGAGATTAAAAATTCACTCAAAATTGATAATCTTGAT
GTGAACAGATGCATTGAGGCCTTGGATGAACTTGCTTCACTTCAGGTCACAATGCA
ACAAGCTCAGAAACACACAGAGATGATTACTACACTGAAAAAAATACGGCGATTCA
AAGTTAGTCAGGTAATCATGGAAAAGTCTACAATGTTGTATAACAAGTTTAAGAAC
ATGTTCTTGGTTGGTGAAGGAGATTCCGTGATCACCCAAGTGCTGAATAAATCTCTT
GCTGAACAAAGACAGCATGAGGAAGCGAATAAAACCAAAGATCAAGGGAAGAAA
GGGCCAAACAAAAAGCTAGAGAAGGAACAAACAGGGTCAAAGACTCTAAATGGAG
GATCTGATGCTCAAGATGGTAATCAGCCACAACATAACGGGGAGAGCAATGAAGA
CAGCAAAGACAACCATGAAGCCAGCACGAAGAAAAAGCCATCCAGTGAAGAGAGA
GAGACTGAAATATCTCTGAAGGATTCTACACTAGATAACTAG (SEQ ID NO:3)

[0027] To provide compositions and methods for improved ANA and/or LEDGF
antibody detection for systemic and non-systemic autoimmune diseases (organ specific

autoimmune diseases, atopic dermatitis, alopecia etc.,) and differentiation from disease free
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human population, any suitable mammalian cells, including but not limited to HEp-2 HelLa,
HEK?293, or a cell line suitable for culturing as adherent (monolayer) or suspension format can
be modified in a variety of ways, given the benefit of the present disclosure. In various
embodiments LEDGF protein is reduced in the modified cells by reducing mRNA encoding it.
In another approach the disclosure includes disrupting the PSIP1 gene from making a protein by
via knock-out or targeted mutation. The disclosure also includes making and using modified
cells characterized by reduced or eliminated LEDGF protein. In embodiments, the modified
cells are also engineered to express a detectable marker, such as a fluorescent protein or an
immunoreactive protein that can further be detected using a specific secondary antibody
(including but not necessarily limited to a Poly histidine tag, c-Myc tag, FLAG tag etc., which
are well characterized in the art).

[0028] In one aspect, the disclosure includes reducing LEDGF mRNA, and as a result
reducing the LEDGF protein, in modified mammalian cells. In one approach this aspect
comprises introducing into the suitable mammalian cells a polynucleotide that can inhibit
translation of LEDGF mRNA, and/or can participate in and/or facilitate RNAi-mediated
reduction of LEDGF mRNA. In one embodiment, an antisense polynucleotide is used to inhibit
translation of LEDGF mRNA. Antisense nucleic acids can be DNA or RNA molecules that are
complementary to at least a portion of the LEDGF mRNA. In embodiments, oligomers of about
fifteen nucleotides, and/or those that hybridize to the AUG initiation codon will be particularly
efficient. The polynucleotides described herein for use in targeting LEDGF mRNA can in
certain embodiments be modified, such as to be resistant to nucleases.

[0029] In embodiments, the present disclosure provides for replacement of the PSIP1
gene with a sequence encoding a detectable marker, such as a fluorescent protein, or integrating
such a sequence into the PSIP1 gene, thereby disrupting it, or integrating such a sequence
elsewhere in the genome of the cells. By replacing PSIP1 or integrating a sequence encoding a
detectable protein into it the disclosure provides for marking modified mammalian cells which
do not express LEDGF. This is valuable in that those cells which express the detectable protein
can be selected for use in the immunoassays of the invention, and for including in products that
are intended to be used in such immunoassay. In embodiments, disrupting the PSIP1 gene with
a sequence encoding a fluorescent protein will allow for enriching a cell population with cells
that contain the LEDGF disruption, such as by using FACS to separate cells that contain the
disruption from thosc that do not, thercby providing an isolated and/or purificd population of
modified cells that do not express LEDGF. The detectable marker can be any protein that can be

detected, and is preferably a fluorescent protein. Any fluorescent protein can be used. In
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embodiment, the fluorescent protein is selected from GFP, eGFP, Red Fluorescent protein or
variants thereof such as tRFP, dsRED, mCherry, tdTomato etc.,) or any fluorescent protein that
does not interfere with the conjugates used in, for example, an IIF method to detect
autoantibodies. Thus, in embodiments, the present disclosure includes cells characterized by
having the PSIP1 gene disrupted or knocked out. In embodiments, the knock out comprises a
disruption of the gene by introducing (a knock in) of a detectable protein.

[0030] In embodiments, the disclosure includes introducing an expression vector which
can inhibit LEDGF protein, and which may also express a detectable marker. For example, an
expression vector with two distinct promoters or a bidirectional promoter can be used to express
shRNA targeted to PSIP1 and express the detectable marker. In alternative embodiments, two
distinct expression vectors can be used for this purpose. In embodiments, the vectors are stably
or transiently present in the cells. In embodiments, one or both vectors, or the single vector
encoding the shRNA and the detectable marker, is integrated into at least one position in a
chromosome in a mammalian cell.

[0031] In another aspect the disclosure includes RNAi-mediated reduction in LEDGF
mRNA. RNAi-based inhibition can be achieved using any suitable RNA polynucleotide that is
targeted to LEDGF mRNA. In embodiments, a single stranded or double stranded RNA,
wherein at least one strand is complementary to the LEDGF mRNA, can be introduced into the
cell to promote RNAi-based degradation of LEDGF mRNA. In another embodiment,
microRNA (miRNA) targeted to the LEDGF mRNA can be used. In another embodiment, a
ribozyme that can specifically cleave LEDGF mRNA can be used. In yet another embodiment,
small interfering RNA (siRNA) can be used. siRNA (or ribozymes) can be introduced directly,
for example, as a double stranded siRNA complex, or by using a modified expression vector,
such as a lentiviral vector, to produce an sShRNA. As is known in the art, sShRNAs adopt a
typical hairpin secondary structure that contains a paired sense and antisense portion, and a short
loop sequence between the paired sense and antisense portions. shRNA is delivered to the
cytoplasm where it is processed by DICER into siRNAs. siRNA is recognized by RNA-induced
silencing complex (RISC), and once incorporated into RISC, siRNAs facilitate clcavage and
degradation of targeted mRNA. In embodiments, an ShRNA polynucleotide used to suppress
LEDGF expression can comprise or consist of between 45-100 nucleotides, inclusive, and
including all integers between 45 and 100. The portion of the shRNA that is complementary to
the LEDGF mRNA mRNA can be from 21-29 nucleotides, inclusive, and including all integers
between 21 and 29.

[0032] For delivering siRNA via shRNA, modified lentiviral vectors can be made and
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used according to standard techniques, given the benefit of the present disclosure. Further,
lentiviral vectors expressing shRNAs targeted to many human mRNAs are commercially
available. Additionally, custom siRNAs or shRNA can be obtained from, for example Thermo-
Dharmacon for transient transfection resulting in temporary reduction in LEDGF levels.
Alternatively, lentiviral constructs expressing human PSIP11 targeted shRNA can be obtained
from Thermo Dharmacon. These lentiviruses are capable of stably and permanently infecting
target cells, such as by integrating into a chromosome in the cells. However, as will be apparent
from the following description, RNAi-mediated approaches for disrupting expression of the
LEDGF protein may not be optimal. For example, we introduced DNA sequences encoding
shRNAs designed against the PSIP1 gene and cloned them into lenti-viral vectors downstrcam
of a U6 promoter. Lentivirus with the DNA insert capable of producing either target sShRNA or
negative control were used to infect HEp2 cells. Viral infectivity and titer was measured by an
integrated RFP (Red fluorescent protein) marker that is expressed in all the infected cells. The
RFP marker was also fused to puromycin (antibiotic) resistance factor which is used for
selection of cells that stably incorporated the construct into the genome of HEp2 cells. Examples
of tested sequences are below, where the DNA equivalent of the shRNA sequence is provided:
shRNA(h PSIP1) example #1 sequence: AGACAGCATGAGGAAGCGA (SEQ ID NO:4).
[0033] Cloned shRNA hairpin sequence:
AGACAGCATGAGGAAGCGAttcaagagaTCGCTTCCTCATGCTGTCT (SEQ ID NO:§)
shRNA(h PSIP1) example #2 sequence: AGTTCCTGATGGAGCTGTAAA (SEQ ID NO:6)
[0034] Cloned shRNA hairpin sequence:
AGTTCCTGATGGAGCTGTAAAcgagTTTACAGCTCCATCAGGAACT (SEQ ID NO:7)
hPSIP1) example #3 sequence: GCAATGAAGACAGCAAAGACA (SEQ ID NO:8)

[0035] Cloned shRNA hairpin sequence:
GCAATGAAGACAGCAAAGACACcgagTGTCTTTGCTGTCTTCATTGC (SEQ ID NO:9)
[0036] shRNA-Neg-Control:

GTCTCCACGCGCAGTACATTT (SEQ ID NO:10)

[0037] Cloned shRNA-Neg hairpin sequence:
GTCTCCACGCGCAGTACATTTcgagAAATGTACTGCGCGTGGAGAC (SEQ ID NO:11)
[0038] IIF analysis using the above sequences (lentiviral transduction procedure
followed by selection for resistant colonies) using DFS70 specific antisera indicated a low level
decreasce in PSIP1/LEDGEF levels. Negative controls did not show any reduction in the
PSIP1/LEDGEF levels using the same procedure. Further, while siRNA can produce an intense
reduction in mRNA levels, the effects are usually transient. Thus, even though shRNA
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technology is compatible with selection processes and allows the isolation of colonies stably
expressing the short hairpin RNA, which further aids in the degradation of specific
complementary mRNA in subsequent generation of cells, as observed in the aforementioned
approaches, the reduction of PSIP1 levels at the mRNA level were not adequate to provide an
improved substrate for IIF analysis for use in detecting autoantibodies directed to ANA. Thus,
the disclosure includes alternative approaches for disrupting LEDGF protein production. In this
regard, the disclosure also includes disrupting the PSIP1 gene with a mutation such that LEDGF
mRNA and protein are not expressed. In one embodiment, the PSIP1 gene can be disrupted by
targeted mutagenesis. In embodiments, targeted mutagenesis can be achieved by, for example,
targeting a CRISPR (clustered regularly interspaced short palindromic repeats) site in the PSIP1
gene. So-called CRISPR systems designed for targeting specific genomic sequences are known
in the art and can be adapted to disrupt the PSIP1 gene for making modified cells encompassed
by this disclosure. In general, the CRISPR system includes one or more expression vectors
encoding at least a targeting RNA and a polynucleotide sequence encoding a CRISPR-
associated nuclease, such as Cas9, but other Cas nucleases can be used. CRISPR systems for
targeted disruption of mammalian chromosomal sequences are commercially available and can
be adapted to disrupt the PSIP1 gene in HEp-2 cells given the benefit of this disclosure.

[0039] In embodiments, a targeting RNA encoded by the CRISPR system can be a
CRISPR RNA (crRNA) or a guide RNA, such as sgRNA. The sequence of the targeting RNA
has a segment that is the same as or complementarity to any CRISPR site in the PSIP1 gene. In
this regard, the target sequence comprises a specific sequence on 1s 3’ end referred to as a
protospacer adjacent motif or “PAM”. In an cmbodiment a CRISPR Type H system is used, and
the target sequences therefore conform to the well-known N12-20MNGG motf, wherein the NGG
is the PAM sequence. Thus, in embodiments, a target RNA will comprise or consist of a
segment that is from 12-20 nucleotides in length which is the same as or complementary to a
XNA target sequence (a spacer) in the PSIP1 gene. The 12-20 nocleotides directed to the spacer
sequence will be present in the targeting RNA, regardless of whether the targeting RNA s a
crRINA or a guide RNA. In embodiments, a separate trans-activating orRNA {fractRNA) can be
used to assist in maturation of a crRNA targeted to the PSIPT gene. Introduction a CRISPR
systern into HEp-2 cells will result in binding of a targeting RNA/Cas9 complex to the PSIP1
target sequence so that the Cas9 can cut both strands of DNA causing a double strand break.
The double stranded break can be repaired by non-homologous end joining DNA repair, or by a
homology directed repair pathway, which will result in either insertions or deletions at the break

site, or by using a repair template to introduce mutations, respectively. Double-stranded breaks
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can also be introduced into the PSIP1 gene by expressing Transcription activator-like effector
nucleases (TALENS) in the cells. TALENS are artificial restriction enzymes generated by fusing
a TAL effector DNA binding domain to a DNA cleavage domain and are known in the art and
can be adapted for use in embodiments of this disclosure. In yet another approach, zinc-finger
nucleases (ZFNs) can be expressed in the cells to target the PSIP1 gene. ZFNs are artificial
restriction enzymes produced by fusing a zinc finger DNA-binding domain to a DNA-cleavage
domain. ZF domains can be designed to target PSIP1 gene DNA sequences where the zinc-
finger nucleases cleave the sequence, thereby disrupting the gene. In another embodiment, site-
specific gene integration or targeted integration of a sequence into specific integration sites
within the gene can be accomplished by using commercial systems such as Jump-In "™ or Flp-In
™ gystems commercially available from Thermo Fisher Scientific Inc. Multiple integration sites
may be targeted by PhiC31 in the Jump-In"™ Fast system. As will be recognized by those
skilled in the art, a FRT site (34 bp) in the target genome is needed for gene integration, and is
provided by specific commercial cell lines derived from Flp-In"* technology.

[0040] In a non-limiting reduction to practice, we used a CRISPR-CAS-9 system to
design specific constructs with guide RNA (gRNA) and a complimentary region upstream of
Protospacer Adjacent Motif (PAM) sequences to create double strand breaks in the target PSIP1
gene. We then selected colonies with homozygous disruption of the PSIP1 gene at the break
site. A cell line such as HEp2 may have multiple copies of PSIP1 gene and it is thus important
to isolate a clone where all copies of the PSIP1 gene have been disrupted, thereby eliminating
the LEDGF protein from cells. Five CRISPR-CASY examples for PSIP1 gene disruption are
described below. There are numerous PAM sites spanning across the exons and introns of the
PSIP1 gene, but exons are preferred targets for CRISPR-CASY induced mutations or disruptions
in the coding region.

[0041] Each representative sequence below includes U6 promoter sequence, gRNA
targeting site and a gRNA scaffold upstream of PAM sequence which in combination with a
CAS9 enzyme supplied to the cell either as part of the same vector or a different vector will
create a functional CRISPR complex capable of creating a double stranded break in the targeted
area of the genome.

[0042] Example Sequence 1:
5’GTACAAAAAAGCAGGCTTTAAAGGAACCAATTCAGTCGACTGGATCCGGTACCAA
GGTCGGGCAGGAAGAGGGCCTATTTCCCATGATTCCTTCATATTTGCATATACGATA
CAAGGCTGTTAGAGAGATAATTAGAATTAATTTGACTGTAAACACAAAGATATTAG
TACAAAATACGTGACGTAGAAAGTAATAATTTCTTGGGTAGTTTGCAGTTTTAAAAT

-13-



10

15

20

25

30

CA 02942347 2016-09-09

WO 2015/148431 PCT/US2015/022120

TATGTTTTAAAATGGACTATCATATGCTTACCGTAACTTGAAAGTATTTCGATTTCTT
GGCTTTATATATCTTGTGGAAAGGACGAAACACCGTAATCAGCCACAACATAACGT

TTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAA
GTGGCACCGAGTCGGTGCTTTTTTTCTAGACCCAGCTTTCTTGTACAAAGTTGGCAT

TA 3°(SEQ ID NO:12):

[0043] Example Sequence 2:
S’TGTACAAAAAAGCAGGCTTTAAAGGAACCAATTCAGTCGACTGGATCCGGTACCA
AGGTCGGGCAGGAAGAGGGCCTATTTCCCATGATTCCTTCATATTTGCATATACGAT
ACAAGGCTGTTAGAGAGATAATTAGAATTAATTTGACTGTAAACACAAAGATATTA
GTACAAAATACGTGACGTAGAAAGTAATAATTTCTTGGGTAGTTTGCAGTTTTAAAA
TTATGTTTTAAAATGGACTATCATATGCTTACCGTAACTTGAAAGTATTTCGATTTCT
TGGCTTTATATATCTTGTGGAAAGGACGAAACACCGACGCCTCTGCGGCAGCTGGG
TTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAA
AGTGGCACCGAGTCGGTGCTTTTTTTCTAGACCCAGCTTTCTTGTACAAAGTTGGCA
TTA 3° (SEQ ID NO:13):

[0044] Example Sequence 3:
S’TGTACAAAAAAGCAGGCTTTAAAGGAACCAATTCAGTCGACTGGATCCGGTACCA
AGGTCGGGCAGGAAGAGGGCCTATTTCCCATGATTCCTTCATATTTGCATATACGAT
ACAAGGCTGTTAGAGAGATAATTAGAATTAATTTGACTGTAAACACAAAGATATTA
GTACAAAATACGTGACGTAGAAAGTAATAATTTCTTGGGTAGTTTGCAGTTTTAAAA
TTATGTTTTAAAATGGACTATCATATGCTTACCGTAACTTGAAAGTATTTCGATTTCT
TGGCTTTATATATCTTGTGGAAAGGACGAAACACCGAGGTAGACGAAGTTCCTGAG
TTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAA
AGTGGCACCGAGTCGGTGCTTTTTTTCTAGACCCAGCTTTCTTGTACAAAGTTGGCA
TTA 3°(SEQ ID NO:14)

[0045] Example Sequence 4 (SEQ ID NO:15):
S’TGTACAAAAAAGCAGGCTTTAAAGGAACCAATTCAGTCGACTGGATCCGGTACCA
AGGTCGGGCAGGAAGAGGGCCTATTTCCCATGATTCCTTCATATTTGCATATACGAT
ACAAGGCTGTTAGAGAGATAATTAGAATTAATTTGACTGTAAACACAAAGATATTA
GTACAAAATACGTGACGTAGAAAGTAATAATTTCTTGGGTAGTTTGCAGTTTTAAAA
TTATGTTTTAAAATGGACTATCATATGCTTACCGTAACTTGAAAGTATTTCGATTTCT
TGGCTTTATATATCTTGTGGAAAGGACGAAACACCGAACTACCCATTTTCTTTTTGT
TTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAA
GTGGCACCGAGTCGGTGCTTTTTTTCTAGACCCAGCTTTCTTGTACAAAGTTGGCAT
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TAY

[0040] Example Sequence 5:
S’TGTACAAAAAAGCAGGCTTTAAAGGAACCAATTCAGTCGACTGGATCCGGTACCA
AGGTCGGGCAGGAAGAGGGCCTATTTCCCATGATTCCTTCATATTTGCATATACGAT
ACAAGGCTGTTAGAGAGATAATTAGAATTAATTTGACTGTAAACACAAAGATATTA
GTACAAAATACGTGACGTAGAAAGTAATAATTTCTTGGGTAGTTTGCAGTTTTAAAA
TTATGTTTTAAAATGGACTATCATATGCTTACCGTAACTTGAAAGTATTTCGATTTCT
TGGCTTTATATATCTTGTGGAAAGGACGAAACACCGAGTGCTTTTTTAGGACCAAGT
TTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAA
GTGGCACCGAGTCGGTGCTTTTTTTCTAGACCCAGCTTTCTTGTACAAAGTTGGCAT
TA 3’(SEQ ID NO:16)

[0047] For Example Sequence 3, the disruption was targeted into the exon 1 of the
PSIP1 gene, thereby climinating of the potential to make a partial LEDGF protein. Further, we
isolated a single colony of HEp?2 cells where all copies of PSIP1 gene were disrupted as
confirmed by DNA sequencing. Following confirmation by DNA sequencing, the cells from the
colony were mixed with WT cells in 1:1 ratio and IIF analysis was performed using a panel of
anti-sera that were specifically positive for DFS70 pattern and confirmed by LIA (Line
Immunoassay) or Line blot assay for DFS70 antisera (ImmcoStripe ANA-Advanced LIA,
Immco Diagnostics Inc., Buffalo, NY). The results are depicted in Figure 1. Thus, the
disclosure includes mammalian cell cultures which comprise mammalian cells wherein every
copy of the PSIP1 gene in the cells is disrupted, and thus the cells do not express LEDGF
protein. In an embodiment, the cells do not express detectable LEDGF protein, wherein the
detection is by IIF. In embodiments, when the PSIP1 gene is disrupted using a CRISPR
approach, the cells can further comprise a Cas9 protein coding region integrated into one or
more locations in the chromosome(s) of the cells, and can further comprise a sequence encoding
the gRNA integrated in the chromosome(s) of the cells.

[0048] In another aspect the disclosure includes a method for detecting ANA antibodies,
and/or LEDGF antibodies. The method comprises obtaining a biological sample from an
individual, mixing the sample with modified cells described herein, and performing an immno-
assay, such as an IIF assay to determine the antibodies. The presence of the antibodies is a
diagnosis or aids in the diagnosis of an autoimmune disease, such as SARDS, and the absence of
the ANA antibodies indicate the lack of an autoimmune discase. Thus, the disclosure provides
diagnostic methods using novel agents in the steps of the method. In embodiments, the presence

of antibodies to LEDGF in LEDGF+ cells, is indicative that further diagnostic testing of the
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individual is warranted.

[0049] As noted above, IIF assays using HEp-2 cells as a substrate to detect ANA
antibodies are well known in the art and can be used with the modified cells of the present
disclosure without modifying such well known protocols. The biological sample that is used in
the assay can be any biological sample, including but not limited to blood, serum, semen, pleural
fluid, cerebrospinal fluid, saliva, urine, exosomes, or tissue. The biological sample can be used
directly, or it can be subjected to a processing step before being exposed to the cells. The
amount of antibodies, if any, can be compared to any suitable reference for, for instance,
correcting for background, or for staging the degree and/or severity of an autoimmune disease
that is positively correlated with the antibodies. In embodiments, the disclosure includes testing
combinations of LEDGF+ and LEDGF- cells to determine whether or not a sample comprises
antibodies that bind to LEDGF, and thus can provide for correction of background that
complicates previously available approaches which frequently result in false positive results for
ANA autoantibodies.

[0050] In another aspect, the disclosure includes kits and articles of manufacture for use
in detecting ANA antibodies. The kit can comprise at least one container in which the modified
cells of this disclosure are kept. The cells can be preserved using any suitable reagents, and can
be provided, for example, in the form of a pellet. The kit can include reagents for use in 11F
assays, and instruction which describe the modified cells, such as by providing a description of
how or that they have been modified to reduce DFS, and instructions for using the cells in the
IIF assays. In embodiments, the kits comprise LEDGF+ and LEDGF- cells which are fixed to
one or more suitable solid substrates. The cells may be permeabilized using any suitable
approach, many of which are well known in the art, and are thus killed cells. In embodiments,
the fixed cells that are immobilized on the solid substrate are dried.

[0051] It will be apparent form the foregoing that the present disclosure includes the
modified cells described herein, the methods for making the modified cells, cell cultures
comprising the modified cells, and all methods for using the modified cells in any assay

designed to detect any one, or any combination of the antibodies that are comprised by the ANA

antibody profile.
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CLAIMS:

1. An in vitro composition comprising mammalian cells for use in detecting antibodies that bind
to lens epithelium-derived growth factor (LEDGF) protein, wherein the composition comprises
mammalian cells that are modified by disruption of the gene encoding LEDGF protein such that
the mammalian cells do not comprise LEDGF protein (LEDGF- cells), wherein the composition
further comprises mammalian cells that comprise the LEDGF protein (LEDGF+ cells), and
wherein the LEDGF- cells and the LEDGF+ cells are immobilized on a solid substrate and are

killed and permeabilized.

2. The in vitro composition of claim 1, wherein a chromosome in the LEDGF- cells
comprises a Cas9 DNA coding sequence, or a DNA sequence encoding a clustered
regularly interspaced short palindromic repeats (CRISPR) guide RNA targeted to a DNA

sequence encoding the LEDGF protein, or a combination thereof.

3. The in vitro composition of claim 1, wherein the LEDGF- cells and the LEGDF+ cells

are the same mammalian cell type.

4. The in vitro composition of claim 1, wherein the LEDGF protein in the

LEGDF+ cells is present in a complex with a primary antibody which binds to LEDGF protein.

5. The in vitro composition of claim 4, wherein the primary antibody is not
conjugated to a detectable label, and wherein the primary antibody is present in a complex with a

| detectably labeled secondary antibody.

6. The in vitro composition of claim 1, wherein one or more nuclear antigens in the LEDGF-

cells are present in a complex with an antibody.

7. A method for determining whether a biological sample comprises anti-LEDGF antibodies the

method comprising:
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i) exposing the biological sample to mammalian cells that are modified by disruption of the gene
encoding LEDGF protein such that the mammalian cell do not comprise LEDGF protein
(LEDGF- cells), '
ii) exposing the biological sample to mammalian cells that comprise the LEDGF
protein (LEDGF+ cells), and
iii) comparing the amount of anti-LEDGF antibodies bound to the LEDGF- cells to the amount
of anti-LEDGF antibodies bound to the LEDGF+ cells,
wherein determining a greater amount of anti-LEDGF antibodies bound to the

LEDGEF+ cells relative to the amount of anti-LEDGF antibodies bound to the LEDGF - cells is
indicative that the biological sample comprises the anti-LEDGF antibodies, and

wherein the same or less anti-LEDGF antibodies bound to the LEDGF+ cells relative
to the amount of anti-LEDGF antibodies bound to the LEDGF- cells is indicative that the
biological sample does not comprise the anti-LEDGF antibodies, and

wherein the LEDGF- cells and the LEDGF+ cells are immobilized on a solid substrate

and are killed and permeabilized.

8. The method of claim 7, wherein the determining the amount of anti-LEDGF antibodies is

performed using an indirect immunofluorescence (IIF) assay.

9. The method of claim 7, wherein a chromosome in the LEDGF- cells comprises a Cas9 DNA
coding sequence, or a DNA sequence encoding a clustered regularly interspaced short
palindromic repeats (CRISPR) guide RNA targeted to a DNA sequence encoding the LEDGF

protein, or a combination thereof.

10. The method of claim 7, wherein the LEDGF- cells and the LEGDF+ cells are the same

mammalian cell type.

11. A kit comprising mammalian cells for use in detecting antibodies that bind to LEDGF

protein,
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wherein the mammalian cells are modified by disruption of the gene encoding LEDGF
protein such that the mammalian cells do not comprise LEDGF protein (LEDGEF- cells), the kit
further comprising mammalian cells that comprise the LEDGF protein (LEDGF+ cells), wherein
the LEDGF- cells and the LEDGF+ cells are immobilized on one or more solid substrates, and
wherein the LEDGF- cells and the LEDGF+ cells are killed and permeabilized.

12. The kit of claim 11, further comprising primary antibodies that bind to anti-nuclear
autoantibodies (ANAs).

13. The kit of claim 12, further comprising detectably labeled secondary antibodies that bind to

the primary antibodies.
14. The kit of claim 11, wherein the LEDGF- cells comprises a Cas9 DNA coding sequence, or a
DNA sequence encoding a clustered regularly interspaced short palindromic repeats (CRISPR)

guide RNA targeted to a DNA sequence encoding the LEDGF protein, or a combination thereof.

15. The kit of claim 11, wherein the LEDGF- cells and the LEGDF+ cells are the same

mammalian cell type.

16. The in vitro composition of claim 3, wherein the cells are Hep-2 cells.
17. The method of claim 10,_ wherein the cells are Hep-2 cells.

18. The kit of claim 15, wherein the cells are Hep-2 cells.

19. The in vitro composition of claim 1, wherein the composition comprises from about 50% to
about 95% LEDGE- cells.

20. The method of claim 7, wherein the composition comprises from about 50% to about 95%
LEDGF- cells.
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21. The kit of claim 11, wherein the composition comprises from about 50% to about 95%
LEDGEF- cells.

22. The in vitro composition of claim 1, wherein the composition comprises from about 85% to
about 95% LEDGF- cells.

23. The method of claim 7, wherein the composition comprises from about 85% to about 95%
LEDGE- cells.

24. The kit of claim 11, wherein the composition comprises from about 85% to about 95%
LEDGF- cells. |

25. The in vitro composition of claim I, wherein the LEDGF- cells do not express a detectable

amount of LEDGF.

26. The method of claim 7, wherein the LEDGF- cells do not express a detectable amount of
LEDGEF.

27. The kit of claim 11, wherein the LEDGF- cells do not express a detectable amount of
LEDGF.

28. The in vitro composition of claim 1, wherein the LEDGF- cells comprise a gene encoding a

detectable protein which has replaced the PSIP1 gene encoding the LEDGF protein:

29. The method of claim 7, wherein the LEDGF- cells comprise a gene encoding a detectable
protein which has replaced the PSIP1 gene encoding the LEDGF protein.

30. The kit of claim 11, wherein the LEDGF- cells comprise a gene encoding a detectable protein

which has replaced the PSIP1 gene encoding the LEDGF protein.
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31. The in vitro composition of claim 1, wherein the LEDGF- cells comprise a chromosome

comprising the nucleic acid sequence of SEQ ID NO: 14.

32. The method of claim 7, wherein the LEDGF- cells comprise a chromosome comprising the

nucleic acid sequence of SEQ ID NO: 14.

33. The kit of claim 11, wherein the LEDGF- cells comprise a chromosome comprising the

nucleic acid sequence of SEQ ID NO: 14.
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