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Figure 1. Cartoon illustrating the assay detecting auto-antibodies in human serum.

1. apply patient serum

000 %6

2. incubate and wash

Y
Y

@@@@%@@@

3. gefect with  -human antibody



s’ INTELLECTUAL

e’ PROPERTY OFFICE

Application No. GB0810709.6 RTM Date :7 October 2009

The following terms are registered trademarks and should be read as such wherever
they occur in this document:

Triton

Intellectual Property Office is an operating name of the Patent Office

www.ipo.gov.uk



10

15

20

25

Biomarkers for Lupus

The present invention relates to novel biomarkers for lupus and methods and kits for

their use.

Systemic lupus erythematosus (SLE) or lupus is a chronic autoimmune disease that can
affect the joints and almost every major organ in the body, including heart, kidneys, skin,
lungs, blood vessels, liver, and the nervous system. As in other autoimmune diseases, the
body’s immune system attacks the body’s own tissues and organs, leading to inflammation.
A person’s risk to develop lupus appears to be determined mainly by genetic factors, but
environmental factors, such as infection or stress may trigger the onset of the disease. The
course of lupus varies, and is often characterised by alternating periods of flares, i.e.

increased disease activity, and periods of remission.

It has been estimated that in the US, about 1 million people suffer from lupus, world-
wide, conservative estimates indicate about 4 million lupus patients. Lupus occurs about 9
times more frequently in women than in men. Although lupus can occur at any age, it is

most common in women of childbearing age.

There is presently no cure for lupus. However, there are means of reducing and
dealing with flares, including drugs such as anti-inflammatory drugs, alternative medicines
or life-style changes. The treatment regimes will depend on the severity of the disease, and
the responsiveness of the patient. Disease-modifying antirheumatic drugs can be used
preventively to reduce the incidence of flares. When flares occur, they are often treated

with corticosteroids.

As mentioned above, lupus patients can present with a variety of diverse symptoms,
and is therefore difficult to diagnose. A number of tests are used in order to make a
diagnosis, including antinuclear antibody test (ANA), tests for other auto-antibodies such
as anti-DNA antibodies, tests for serum complement levels, urine analysis, looking for
elevated protein levels in urine, and sometimes biopsies of an affected organ are used.
However, these tests do not necessarily give a definitive diagnosis; for example, a positive
ANA test can occur due to infections or rheumatic diseases, and even healthy people

without lupus can test positive. The sensitivity and specificity for the ANA test are 93%
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and 57% (Habash-Bseiso,D Clin Med Res. 2005 August; 3(3): 190-193 ). Lupus

diagnosis often takes 7 to 10 years using current methods.

There is therefore a need for new or improved biomarkers for lupus that can be used in
methods of diagnosing lupus, for the early detection of lupus, subclinical or
presymptomatic lupus or a predisposition to lupus, or for monitoring the progression of
lupus or the likelihood to transition from remission to flare or vice versa, or the efficacy of

a therapeutic treatment thereof.

It has now been found that the presence of certain auto-antibodies or combinations of
auto-antibodies in a patient, or a significant increase in the number or concentration of
such auto-antibodies or combinations of auto-antibodies provide useful biomarkers for
lupus. Auto-antibodies for which a decrease in concentration indicates that a patient
suffers from or is presymptomatic or predisposed to develop lupus are also envisaged, and
may also provide useful biomarkers for lupus. Early results indicate that the disclosed
invention will also allow to distinguish lupus from closely related diseases such as
rheumatoid arthritis, and therefore will provide methods for the differential diagnosis of

lupus over related diseases.

According to one aspect of the present invention therefore there is provided a method
of diagnosing a patient as having or being predisposed to developing lupus, said method
comprising detecting in a sample taken from said patient one or more auto-antibodies that
bind one or more auto-antigens; wherein the presence of said one or more auto-antibodies,
or an increase in the concentration of said one or more auto-antibodies, indicates that the
patient suffers or is predisposed to develop lupus, wherein said one or more auto-antigens
are selected from BANK1 (B-cell scaffold protein with ankyrin repeats 1); BPY2IP1
(MAP1S protein); CEBPG (CCAAT/enhancer binding protein (C/EBP), gamma); E1B-
AP5 (E1B-55kDa-associated protein 5); FUS (Fusion (involved in t(12;16) in malignant
liposarcoma)); HAGH (Hydroxyacylglutathione hydrolase); HMG20B (High-mobility
group 20B); HOXB6 (Homeo box B6, transcript variant 2); KRT8 (Keratin 8); LIN28
(Lin-28 homolog (C. elegans)); NDUFV3 (NADH dehydrogenase (ubiquinone)
flavoprotein 3, 10kDa); PABPC1 (Poly(A) binding protein, cytoplasmic 1); PHLDAI1
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(Pleckstrin homology-like domain, family A, member 1); PIAS2 (Msx-interacting-zinc
finger, transcript variant alpha); RAB11FIP3 (RABI11 family interacting protein 3 (class
I1)); RAN (RAN, member RAS oncogene family); RARA (Retinoic acid receptor
alpha); RBMS1 (RNA binding motif, single stranded interacting protein 1, transcript
variant); RDBP (RD RNA binding protein); RNF12 (Ring finger protein 12, transcript
variant 1); RUFY1 (RUN and FYVE domain containing 1); SMN1 (Survival of motor
neuron 1, telomeric); SRPK1 (SFRS protein kinase 1); SSNA1 (Sjogren’s syndrome
nuclear autoantigen 1); STAU (Staufen, RNA binding protein (Drosophila), transcript
variant T3); STKI11 (Serine/threonine kinase 11 (Peutz-Jeghers syndrome)); TOMI
(Target of mybl (chicken)); TXNL2 (Thioredoxin-like, clone MGC:12349); TXNRDI1
(Thioredoxin reductase 1, transcript variant 5); ZMAT2 (Zinc finger, matrin type 2); or
ZNF38 (Zinc finger protein 38).

Preferably, the method comprises detecting auto-antibodies to one or more of the auto-
antigens listed above, in combination with one or more of the auto-antigens IFI16
(Interferon, gamma-inducible protein 16); PSME3 (Proteasome (prosome, macropain)
activator subunit 3 (PA28 gamma; Ki), transc), SSA2 (Sjogren syndrome antigen A2
(60kDa, ribonucleoprotein autoantigen SS-A/Ro)), and RALBP1 (RalA-binding protein

1.

The sample may be a body fluid, and is preferably selected from blood, serum, plasma
saliva, lymphatic fluid, wound secretion, urine, faeces, mucus and cerebrospinal fluid

(CSF). Typically, the sample may be serum or plasma.

By "bind" or "bound" used herein is meant a specific interaction strong enough to

withstand standard washing procedures in typical protein binding assays.

Accordingly, the present invention comprehends the use of one or more auto-antibodies

that bind to said one or more anto-antigens as biomarkers for lupus.

By an increase in the concentration of said one or more auto-antibodies is meant a
statistically significant increase in the concentration of the one or more auto-antibodies in
said sample taken from the patient as compared with a predetermined mean concentration

found in non-diseased, normal patients. A surrogate normal sample can also be used, for
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example a pooled normal control measured in relation to normal and diseased samples.
Typically, the mean concentration of auto-antibodies found in normal patients may be
calculated by reference to samples taken from a population of non-diseased individuals or
from pooled samples from such individuals. In some embodiments, an increase of more
than 10%, and suitably more than 15% or 20%, as compared with such mean may be taken
as statistically significant. It will be appreciated that the units are arbitrary. In the case of
clinical drug evaluation, there will be a change in auto-antibody concentration upon drug
treatment; it is anticipated that the levels of most of these auto-antibodies may decrease

post drug treatment.

Suitably, said method may comprise the detection of auto-antibodies that bind two or
more of said auto-antigens, preferably 3 or more of said auto-antigens, even more
preferably 4, 5, 6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
27, 28, 29, 30 or 31 of these auto-antigens. In some embodiments, the patient may be pre-

symptomatic.

In another aspect of the present invention there is provided a method of diagnosing a
patient as having or being predisposed to developing lupus, said method comprising
detecting in a sample from said patient auto-antibodies to a panel comprising 5 or more,
preferably 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,
29, 30, 31, 32, 33, 34 or more, even more preferably to a panel comprising all 35, auto-
antigens selected from the group consisting of those auto-antigens listed in Table 1 below;
wherein the presence or separately a significant increase in the concentration of said auto-
antibodies in the sample to substantially all members of the panel indicates that the patient
suffers or is predisposed to develop lupus. In some embodiments, said panel may comprise

additional auto-antigens (or other antigens) to those specified.

A significant increase in the concentration of the auto-antibodies means a statistically
significant increase as determined by methods for statistically analysing experimental
results of the kind commonly used in the art. By "substantially all members of the panel"
is meant that the sample contains auto-antibodies, or an elevated concentration of auto-
antibodies, to at least 50%, preferably at least 75% or 80% and typically at least 90% or
95%, of the auto-antigens included in the panel. It is envisaged that in some embodiments,

the presence of auto-antibodies to one or more members of the panel and an increase in the
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respective concentrations of auto-antibodies to one or more other members of the panel
will be indicative of lupus, it being unnecessary in most cases for there to be an increased
concentration for all auto-antibodies detected. However, in some cases, the mere presence

of auto-antibodies to substantially all members of the panel will be significant.

It is expected that such a panel of biomarkers according to the present invention will
provide greatly improved sensitivity or improved specificity in such methods of diagnosis

as compared with known biomarkers for lupus.

As mentioned above, the auto-antigens for lupus are listed in Table 1 below.
References to gene sequences and uniprot accession numbers for such auto-antigens are
also given. However, it will be appreciated that variants of the sequences given, for
example allelic variants, orthologues from other mammalian species or other variants that
would be bound by the respective auto-antibodies may also be used. In particular, the
present invention comprehends the use of auto-antigens being encoded from respective
gene sequences that individually have at least an 80% identity to the corresponding
sequences listed in Table 1. Suitably, such sequences have at least an 85% or 90% identity
to the corresponding sequences in Table 1, and preferably they have at least a 95% identity

to such sequences, €.g., more than a 96%, 97%, 98% or 99% identity.

Table 1
Gene symbol | Name Synonyms Entrez Gene ID and protein sequence link
BANK1 BANK;
B-cell scaffold protein | FLJ20706;
with ankyrin repeats 1 FLJ34204 55024; http://ca.expasy.org/uniprot/Q8NDB2
BPY2IP1 MAPS;
C19orf5;
VCY2IP1;
FLJ10669;
VCY2IP-1; 55201; http://www.ncbi.nlm.nih.gov/
MAP1S protein MGC133087 entrez/viewer .fcgi?db=protein&val=AAH063
CEBPG CCAAT/enhancer binding
_protein (C/EBP), gamma 1054; http://ca.expasy.org/uniprot/P53567
E1B-AP5 E1BAP5; E1B-
APS5;
E1B-55kDa-associated HNRPULA1;
protein § FLJ12944 11100; http://ca.expasy.org/uniprot/076022
FUS TLS; CHOP;
FUS1;  FUS-
Fusion  (involved in | CHOP;
t(12;16) in  malignant | TLS/CHOP;
liposarcoma) hnRNP-P2 2521, http://ca.expasy.org/uniprot/P35637
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HAGH Hydroxyacylglutathione GLO2; GLX2;
hydrolase GLXIl; HAGH1 | 3029, http.//ca.expasy.org/uniprot/Q16775
HMG20B SOXL;
HMGX2;
BRAF25;
BRAF35;
PP7706;
pp8857;
FLJ26127;
High-mobility group 208 SMARCE1r 10362; http://ca.expasy.ora/uniprot/Q9POW2
HOXB6 HOX2; HU-2;
Homeo box B6, transcript | HOX2B; Hox-
variant 2 2.2 3216, http.//ca.expasy.org/uniprot/P17509
IFI16 PYHINZ;
Interferon, gamma- | IFNGIP1;
inducible protein 16 MGC9466 3428, htip://ca.expasy.org/uniprot/Q16666
KRT8 K8; KO; CKS;
CYKS8; K2Cs;
Keratin 8 CARD?2 3856, http://ca.expasy.org/uniprot/P05787
LIN28 CSDD1; LIN-
28; LIN28A;
Lin-28  homolog (C. | ZCCHCH;
elegans) FLJ12457 79727, http://ca.expasy.org/uniprot/Q9H97Z2
NDUFV3 NADH  dehydrogenase
(ubiquinone) flavoprotein
3, 10kDa CI-9KD 4731; http://ca.expasy.org/uniprot/P56181
PABPCA1 PAB1; PABP;
PABP1;
Poly(A) binding protein, | PABPC2;
cytoplasmic 1 PABPL1 26986, http://ca.expasy.org/uniprot/P11940
PHLDA1 PHRIP;
Pleckstrin  homology-like | TDAG51;
domain, family A, | DT1P1B11;
member 1 MGC131738 22822; http://ca.expasy.org/uniprot/Q8WV24
PIAS2 miz; MiZ1;
SiZ2; PIASX;
ZMIZ4;
Msx-interacting-zinc MGC102682;
finger, transcript variant | PIASX-BETA,
alpha PIASX-ALPHA | 9063; http://ca.expasy.org/uniprot/Q13105
PSME3 Proteasome  (prosome,
macropain) activator | Ki; PA28G;
subunit 3 (PA28 gamma; | REG-GAMMA;
Ki), transc PA28-gamma 10197, http://ca.expasy.org/uniprot/Q12920
RAB11FIP3
RAB11 family interacting | KIAAOG6S5;
protein 3 (class ) Rab11-FIP3 9727, http://ca.expasy.org/uniprot/075154
RALBP1 RIP,  RIPY;
RalA binding protein 1 RLIP76 10928; http://ca.expasy.org/uniprot/Q15311
RAN RAN, member RAS | TC4, Gspt,;
oncogene family, ARA24 5901, http://ca.expasy.org/uniprot/P17080
RARA Retinoic acid receptor,
alpha RAR; NR1B1 5914, http://ca.expasy.org/uniprot/P10276
RBMS1 RNA binding motif, single | YC1;  MSSP;
stranded interacting | SCR2; MSSP-
protein 1, transcript | 1; MSSP-2;
variant MSSP-3; 5937, http.//ca.expasy.org/uniprot/P29558
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MGC3331;
MGC15146
RDBP RD; RDP;
D6S45; NELF-
RD RNA binding protein | E 7936, http://ca.expasy.org/uniprot/P18615
RNF12 RLIM;
Ring finger protein 12, | MGC15161;
transcript variant 1 NY-REN-43 51132; http://ca.expasy.org/uniprot/QINVW
RUFY1 RABIP4;
RUN and FYVE domain | ZFYVE12;
containing 1 FLJ22251 80230; http://ca.expasy.org/uniprot/Q96T51
SMN1 SMA,; SMN;
SMA1; SMAZ2;
SMA3; SMA4;
SMA@; SMNT;
Survival of motor neuron | BCD541; T-
1, telomeric BCD541 6606; http://ca.expasy.org/uniprot/Q16637
SRPK1 SFRS protein kinase 1 SFRSK1 6732; http://ca.expasy.org/uniprot/Q96SB4
SSA2 Sjogren syndrome
antigen A2  (60kDa,
ribonucleoprotein RO60; SSAZ2;
autoantigen SS-A/Ro) TROVE2 6738; http://ca.expasy.org/uniprot/P10155
SSNA1 Sjogren's syndrome | N14; NA14;
nuclear autoantigen 1 NA-14 8636, http://ca.expasy.org/uniprot/043805
STAU Staufen, RNA binding
protein (Drosophila), | STAU;
transcript variant T3 FLJ25010 6780; http://ca.expasy.org/uniprot/095793
STK1 Serine/threonine  kinase
11 (Peutz-Jeghers
syndrome) PJS; LKB1 6794, http://ca.expasy.org/uniprot/Q15831
TOM1 Target of myb1 (chicken) | FLJ33404 10043; http://ca.expasy.org/uniprot/060784
TXNL2 GRX3; GRX4,
GLRX4;
PICOT; TXNLZ;
TXNL3;
FLJ11864;
Thioredoxin-like,  clone | bA500G10.4;
MGC:12349 GLRX3 10539; http://ca.expasy.org/uniprot/O76003
TXNRD1 TR; TR1;
TXNR; TRXRT;
Thioredoxin reductase 1, | GRIM-12;
transcript variant 5 MGC9145 7296, http.//ca.expasy.org/uniprot/Q16881
ZMAT2 Zinc finger, matrin type 2 | FLJ31121 153527, http://ca.expasy.org/uniprot/ QI6NC
ZNF38 ZNF38; Zipro1,;
NY-REN-21;
DKFZp434L13
4,
DKFZp686H10
Zinc finger protein 38 254 7589, http://ca.expasy.org/uniprot/Q9Y5A6

The term “sequence identity” refers to the degree to which two polynucleotide or

polypeptide sequences are identical on a residue-by-residue basis over a particular region

of comparison. The term “percentage of sequence identity” is calculated by comparing
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two optimally aligned sequences over that region of comparison, determining the number
of positions at which the identical nucleotide base or amino acid occurs in both sequences
to yield the number of matched positions, dividing the number of matched positions by the
total number of positions in the region of comparison (i.e., the window size), and
multiplying the result by 100 to yield the percentage of sequence identity. The identity
between two DNA or protein sequences may be determined using computer programs
known in the art, such as GAP software provided in the GCG program package with
default parameters (Needleman and Wunsch 1970 J Mol Biol 48: 443-453). The identity
between two protein sequences is also displayed after searching a protein database with
Blast2 (Altschul et al (1997) Nucleic Acids Res. 25 (17) 3389-3402).

It is anticipated that the methods of the present invention may provide greater

sensitivity or specificity for the diagnosis of lupus than previously available in the art.

By "sensitivity" is meant the proportion of persons with the disease phenotype who test

positive.

By "specificity" is meant the proportion of persons without the disease phenotype who

test negative.

Advantageously, the methods of the invention may have a sensitivity of >67%,
preferably >70%, even more preferably >75%, 80%, 85%, 90%, and most preferably
>95%, or a specificity of >85%, preferably >90%, even more preferably >95%, and most
preferably > 98%.

According to yet another aspect of the invention there is provided a method of
monitoring the progression or regression of lupus in a patient, said method comprising
detecting in a first sample obtained from a patient one or more auto-antibodies that bind
one or more auto-antigens selected from the group consisting of BANK1 (B-cell scaffold
protein with ankyrin repeats 1); BPY2IP1 (MAPI1S protein); CEBPG (CCAAT/enhancer
binding protein (C/EBP), gamma); E1B-APS5 (E1B-55kDa-associated protein 5); FUS
(Fusion  (involved in t(12;16) in malignant liposarcoma)); HAGH
(Hydroxyacylglutathione hydrolase); HMG20B (High-mobility group 20B); HOXB6
(Homeo box B6, transcript variant 2); KRT8 (Keratin 8); LIN28 (Lin-28 homolog (C.
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elegans)); NDUFV3 (NADH dehydrogenase (ubiquinone) flavoprotein 3, 10kDa);
PABPC1 (Poly(A) binding protein, cytoplasmic 1); PHLDA1 (Pleckstrin homology-like
domain, family A, member 1); PIAS2 (Msx-interacting-zinc finger, transcript variant
alpha); RABI11IFIP3 (RABI11 family interacting protein 3 (class II)); RAN (RAN,
member RAS oncogene family); RARA (Retinoic acid receptor alpha); RBMS1 (RNA
binding motif, single stranded interacting protein 1, transcript variant); RDBP (RD RNA
binding protein); RNF12 (Ring finger protein 12, transcript variant 1); RUFY1 (RUN
and FYVE domain containing 1); SMNI1 (Survival of motor neuron 1, telomeric);
SRPK1 (SFRS protein kinase 1); SSNA1 (Sjogren’s syndrome nuclear autoantigen 1);
STAU (Staufen, RNA binding protein (Drosophila), transcript variant T3); STK11
(Serine/threonine kinase 11 (Peutz-Jeghers syndrome)); TOM! (Target of mybl
(chicken)); TXNL2 (Thioredoxin-like, clone MGC:12349); TXNRD! (Thioredoxin
reductase 1, transcript variant 5); ZMAT2 (Zinc finger, matrin type 2); or ZNF38 (Zinc
finger protein 38) , or auto-antibodies that bind to a panel comprising 5 or more,
preferably 6,7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,
29, 30, 31, 32, 33, 34 or more, even more preferably to a panel comprising all 35, auto-
antigens selected from the group consisting of those auto-antigens listed in Table 1;
detecting said auto-antibodies in a second sample obtained from the patient at a time later
than the first sample; wherein a change in the auto-antibodies detected in the first and

second samples is indicative of the progression or regression of lupus.

According to yet another aspect of the invention there is provided a method of
monitoring the progression towards a flare of the disease, or the transition from a flare to
remission, of lupus in a patient, said method comprising detecting in a first sample
obtained from a patient one or more auto-antibodies that bind one or more auto-antigens
selected from the group consisting of BANKI (B-cell scaffold protein with ankyrin repeats
1); BPY2IP1 (MAPIS protein); CEBPG (CCAAT/enhancer binding protein (C/EBP),
gamma); E1B-APS5 (E1B-55kDa-associated protein S); FUS (Fusion (involved in t(12;16)
in malignant liposarcoma)); HAGH (Hydroxyacylglutathione hydrolase); HMG20B
(High-mobility group 20B); HOXB6 (Homeo box B6, transcript variant 2); KRTS
(Keratin 8); LIN28 (Lin-28 homolog (C. elegans)); NDUFV3 (NADH dehydrogenase
(ubiquinone) flavoprotein 3, 10kDa); PABPC1 (Poly(A) binding protein, cytoplasmic 1);
PHLDA1 (Pleckstrin homology-like domain, family A, member 1); PIAS2 (Msx-
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interacting-zinc finger, transcript variant alpha); RAB11FIP3 (RABI11 family interacting
protein 3 (class II)); RAN (RAN, member RAS oncogene family); RARA (Retinoic acid
receptor alpha); RBMS1 (RNA binding motif, single stranded interacting protein 1,
transcript variant); RDBP (RD RNA binding protein); RNF12 (Ring finger protein 12,
transcript variant 1); RUFY1 (RUN and FYVE domain containing 1); SMN1 (Survival
of motor neuron 1, telomeric); SRPK1 (SFRS protein kinase 1); SSNA1 (Sjogren’s
syndrome nuclear autoantigen 1); STAU (Staufen, RNA binding protein (Drosophila),
transcript variant T3); STKI11_(Serine/threonine kinase 11 (Peutz-Jeghers syndrome));
TOM1 (Target of mybl (chicken)); TXNL2 (Thioredoxin-like, clone MGC:12349);
TXNRD1 (Thioredoxin reductase 1, transcript variant 5); ZMAT2 (Zinc finger, matrin
type 2); or ZNF38 (Zinc finger protein 38), or auto-antibodies that bind to a panel
comprising 5 or more, preferably 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34 or more, even more preferably to a panel
comprising all 35, auto-antigens selected from the group consisting of those auto-antigens
listed in Table 1; detecting said auto-antibodies in a second sample obtained from the
patient at a time later than the first sample; wherein a change in the auto-antibodies
detected in the first and second samples is indicative of the progression towards a flare, or

transition from a flare to a period of remission of the disease.

Said change in the auto-antibodies may be a change in the number of different auto-
antigens to which auto-antibodies are detected in the first as compared to the second
sample, or it may be a change in the concentration of an auto-antibody in the first as

compared to the second sample, or it may be a combination of both.

According to yet another aspect of the present invention there is provided a method of
monitoring the efficacy of a therapeutic agent to lupus, comprising detecting in a first
sample obtained from a patient the presence of one or more auto-antibodies that bind one
or more auto-antigens selected from the group consisting of BANK1 (B-cell scaffold
protein with ankyrin repeats 1); BPY2IP1 (MAPIS protein); CEBPG (CCAAT/enhancer
binding protein (C/EBP), gamma); E1B-AP5 (E1B-55kDa-associated protein 5); FUS
(Fusion (involved in  t(12;16) in malignant liposarcoma)); HAGH
(Hydroxyacylglutathione hydrolase); HMG20B (High-mobility group 20B); HOXB6
(Homeo box B6, transcript variant 2); KRT8 (Keratin 8); LIN28 (Lin-28 homolog (C.
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elegans)); NDUFV3 (NADH dehydrogenase (ubiquinone) flavoprotein 3, 10kDa);
PABPC1 (Poly(A) binding protein, cytoplasmic 1); PHLDA1 (Pleckstrin homology-like
domain, family A, member 1); PIAS2 (Msx-interacting-zinc finger, transcript variant
alpha); RABIIFIP3 (RABI! family interacting protein 3 (class II)); RAN (RAN,
member RAS oncogene family); RARA (Retinoic acid receptor alpha); RBMS1 (RNA
binding motif, single stranded interacting protein 1, transcript variant) RDBP (RD RNA
binding protein); RNF12 (Ring finger protein 12, transcript variant 1); RUFY1 (RUN
and FYVE domain containing 1); SMN1 (Survival of motor neuron 1, telomeric);
SRPK1 (SFRS protein kinase 1); SSNA1 (Sjogren’s syndrome nuclear autoantigen 1);
STAU (Staufen, RNA binding protein (Drosophila), transcript variant T3); STKI11
(Serine/threonine kinase 11 (Peutz-Jeghers syndrome)); TOMI1 (Target of mybl
(chicken)); TXNL2 (Thioredoxin-like, clone MGC:12349); TXNRDI1 (Thioredoxin
reductase 1, transcript variant 5); ZMAT2 (Zinc finger, matrin type 2); or ZNF38 (Zinc
finger protein 38), or auto-antibodies that bind to a panel comprising 5 or more, preferably
6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30,
31, 32, 33, 34 or more, even more preferably to a panel comprising all 35, auto-antigens
selected from the group consisting of those auto-antigens listed in Table 1; administering
the therapeutic agent to the patient; detecting said one or more auto-antibodies in a second
sample taken from the patient taken after the administration of the therapeutic agent; and
comparing the one or more auto-antibodies in said first and second samples respectively,
wherein a change in the auto-antibodies in the first and second sample is indicative of the

efficacy of the therapeutic agent to lupus.

The first sample may be taken prior to the first administration of a therapeutic agent, or
after treatment has already commenced. The method can be used to monitor the efficacy

of treatment over time, e.g., over days, weeks, months or years.

The therapeutic agent may be any therapeutic agent that can be beneficial for the

treatment of lupus, for example anti-rheumatic agents or anti-inflammatory agents.

According to yet another aspect of the present invention, there is provided a method of
predicting whether a patient suffering from lupus will respond to treatment with a
therapeutic agent, comprising detecting the presence or absence of one or more auto-

antibodies that bind to one or more auto-antigens selected from the group consisting of
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BANKT1 (B-cell scaffold protein with ankyrin repeats 1); BPY2IP1 (MAP1S protein);
CEBPG (CCAAT/enhancer binding protein (C/EBP), gamma); E1B-AP5 (E1B-55kDa-
associated protein 5); FUS (Fusion (involved in t(12;16) in malignant liposarcoma));
HAGH (Hydroxyacylglutathione hydrolase)) HMG20B (High-mobility group 20B);
HOXB6 (Homeo box B6, transcript variant 2); KRT8 (Keratin 8); LIN28 (Lin-28
homolog (C. elegans)); NDUFV3 (NADH dehydrogenase (ubiquinone) flavoprotein 3,
10kDa); PABPC1 (Poly(A) binding protein, cytoplasmic 1); PHLDAI1 (Pleckstrin
homology-like domain, family A, member 1); PIAS2 (Msx-interacting-zinc finger,
transcript variant alpha); RABI11FIP3 (RABI1 family interacting protein 3 (class II));
RAN (RAN, member RAS oncogene family); RARA (Retinoic acid receptor alpha);
RBMS1 (RNA binding motif, single stranded interacting protein 1, transcript variant);
RDBP (RD RNA binding protein); RNF12 (Ring finger protein 12, transcript variant 1);
RUFY1 (RUN and FYVE domain containing 1); SMN1 (Survival of motor neuron 1,
telomeric); SRPK1 (SFRS protein kinase 1); SSNA1l (Sjogren’s syndrome nuclear
autoantigen 1); STAU (Staufen, RNA binding protein (Drosophila), transcript variant
T3); STKI11_(Serine/threonine kinase 11 (Peutz-Jeghers syndrome)); TOM1 (Target of
mybl (chicken)); TXNL2  (Thioredoxin-like, clone MGC:12349); TXNRDI
(Thioredoxin reductase 1, transcript variant 5); ZMAT2 (Zinc finger, matrin type 2); or
ZNF38 (Zinc finger protein 38), or auto-antibodies that bind to a panel comprising 5 or
more, preferably 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
27, 28, 29, 30, 31, 32, 33, 34 or more, even more preferably to a panel comprising all 35,
auto-antigens selected from the group consisting of those auto-antigens listed in Table 1;
wherein the presence or absence of said one or more auto-antibodies indicates that the

patient will or will not respond to treatment with said therapeutic agent.

The auto-antibodies may be detected by any means known in the art. This includes the
use of protein arrays, bead-based assays, Western blots, immunoprecipitation, silver
staining, dot blots, etc. The binding of the auto-antibodies can be detected by any means,
including enzyme-linked assays such as ELISAs, radioimmunoassays (RIAs), DELFIA

assays, fluorescence-based detection methods, Luminex bead assays, etc.

In some embodiments, arrays of said auto-antigens may be employed for detecting said

auto-antibodies, for example arrays prepared according to the methods disclosed by WO-
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A-01/57198 or WO-A-2003/064656; preferred detection methods are fluorescence-based

detection methods.

The patient may have or be predisposed to develop the disease naturally. However, a
patient may also develop lupus as a result of environmental factors, for example as a side
effect of treatment with therapeutic agents or as a result of exposure to toxic materials, or
as a result of manipulation, e.g., in animal models used in pharmaceutical research and
development. The patient may be a human being, but can also be a non-human animal
such, for example, as a mouse, rat, guinea pig, cat, dog, horse, pig, cow, monkey, or any

other animal used for research and drug testing.

According to a different aspect of the present invention there is provided a diagnostic
kit for use in diagnosing a patient as haVing or being predisposed to developing lupus, or
having presymptomatic lupus, said kit comprising one or more auto-antigens selected from
the group consisting of BANK1 (B-cell scaffold protein with ankyrin repeats 1); BPY2IP1
(MAPIS protein); CEBPG (CCAAT/enhancer binding protein (C/EBP), gamma); EI1B-
AP5 (E1B-55kDa-associated protein 5); FUS (Fusion (involved in t(12;16) in malignant
liposarcoma)); HAGH (Hydroxyacylglutathione hydrolase); HMG20B (High-mobility
group 20B); HOXB6 (Homeo box B6, transcript variant 2); KRT8 (Keratin 8); LIN28
(Lin-28 homolog (C. elegans)); NDUFV3 (NADH dehydrogenase (ubiquinone)
flavoprotein 3, 10kDa); PABPC1 (Poly(A) binding protein, cytoplasmic 1); PHLDAI
(Pleckstrin homology-like domain, family A, member 1); PIAS2 (Msx-interacting-zinc
finger, transcript variant alpha); RAB11FIP3 (RAB11 family interacting protein 3 (class
I1)); RAN (RAN, member RAS oncogene family); RARA (Retinoic acid receptor
alpha); RBMS1 (RNA binding motif, single stranded interacting protein 1, transcript
variant); RDBP (RD RNA binding protein); RNF12 (Ring finger protein 12, transcript
variant 1); RUFY1 (RUN and FYVE domain containing 1); SMNI1 (Survival of motor
neuron 1, telomeric); SRPK1 (SFRS protein kinase 1); SSNA1 (Sjogren’s syndrome
nuclear autoantigen 1); STAU (Staufen, RNA binding protein (Drosophila), transcript
variant T3); STK11_(Serine/threonine kinase 11 (Peutz-Jeghers syndrome)); TOMI1
(Target of mybl (chicken)); TXNL2 (Thioredoxin-like, clone MGC:12349); TXNRD1
(Thioredoxin reductase 1, transcript variant 5); ZMAT2 (Zinc finger, matrin type 2); or

ZNF38 (Zinc finger protein 38), which one or more auto-antigens are immobilised on a
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substrate. In addition to one or more of the auto-antigens above, the kit may comprise one
or more of the auto-antigens IFI16 (Interferon, gamma-inducible protein 16); PSME3
(Proteasome (prosome, macropain) activator subunit 3 (PA28 gamma; Ki), transc);
RALBP1 (RalA-binding protein 1); and SSA2 (Sjogren syndrome antigen A2 (60kDa,

ribonucleoprotein autoantigen SS-A/Ro)).

Alternatively, said kit may comprise a panel comprising 5 or more, preferably 6, 7, 8,
9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32,
33, 34 or more, even more preferably to a panel comprising all 35, auto-antigens selected
from the auto-antigens listed in Table 1, wherein the auto-antigens are immobilised on a

substrate.

In some embodiments, said substrate may comprise a strip, a slide, beads or a well of a
microtitre plate or a “chip” for use with Surface Plasmon Resonance (Biacore) or planar
waveguide technology. Suitably, the substrate may comprise a disposable test strip of the

kind widely used in diagnostic kits for use at the point of care.

The panel of auto-antigens may be carried on said substrate in the form of an
addressable array. Said array may be a microarray. The auto-antigens of the panel may
constitute at least 50%, typically at least 70% or 80%, of the total number of proteins
present on the array. For example, the auto-antigens of the panel may constitute more than

85%, 90% or 95% of the total number of proteins on the array.

Alternatively, said diagnostic kit may comprise said panel of auto-antigens carried on a
substrate in the form of an array, which array includes one or more other proteins or
polypeptides, and means for automatically analysing the results of tests performed using
said array, said analysing means including computer-readable instructions in which results

from said one or more other proteins or polypeptides are blinded during the analysis.

In addition to the auto-antigens (and optional one or more other proteins or
polypeptides) forming said panel, the array may further comprise one or more control
proteins or polypeptides. Suitably, the array may comprise one or more replicates of the

auto-antigens or controls, preferably replicates of each auto-antigen and each control.
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Advantageously, the array comprises an array of correctly folded auto-antigens, which
may be prepared in accordance with the methods disclosed by WO-A-01/57198 or WO-A-
02/27327, for example, the contents of which are incorporated herein by reference.
Preferably, the array comprises an array of correctly folded tagged auto-antigens that are
attached to said substrate via the tag, which array may be prepared, for example, in
accordance with the methods disclosed by WO 03/064656 or WO-A-2004/046730, the

contents of which are also incorporated herein by reference.

Said kit may further comprise an anti-human immunoglobulin antibody or other protein
that specifically binds immunoglobulin, and means for detecting the anti-human

immunoglobulin antibody or other immunoglobulin-binding protein.

Said detection means may comprise a colorimetric or fluorescent assay or utilise label-

free methods such as surface plasmon resonance or planar waveguide technology.

The anti-human immunoglobulin antibody may be an anti-human IgM antibody, an
anti-human IgG antibody, an anti-human IgA antibody, an anti-human IgE antibody or a
combination of any two or more of such anti-human antibodies; preferably, the anti-
human immunoglobulin antibody is an anti-human IgG antibody. Alternatively, or
additionally, a protein that specifically binds an antibody is included in the kit. Preferably,

this protein is protein A or protein G, or a recombinant form thereof.

According to yet another aspect of the present invention there is provided the use of
one or more auto-antigens selected from the aforementioned group as shown in Table 1, or
antigenic fragments or antigenic epitopes thereof, or a nucleic acid encoding the auto-
antigen or fragment or epitope thereof, as an active agent in the manufacture of a vaccine

for the treatment or prevention of lupus.

Said active agent may be formulated in a pharmaceutical composition in accordance
with method is well known in the art. Said composition may further comprise a
pharmaceutically acceptable vehicle. Said vehicle may comprise one or more excipients,
carriers, buffers, stabilisers or other materials well known to those skilled in the art. Such
materials should be non-toxic and should not interfere with the efficacy of the active agent.

The precise nature of the carrier or other material may depend on the route of
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administration, e.g., oral, intravenous, cutaneous or subcutaneous, nasal, intramuscular,

intraperitoneal or patch routes.

Pharmaceutical compositions for oral administration may be in tablet, capsule, powder
or liquid form. A tablet may include a solid carrier such as gelatin or an adjuvant. Liquid
pharmaceutical compositions generally include a liquid carrier such as water, petroleum,
animal or vegetable oils, mineral oil or synthetic oil. Physiological saline solution,
dextrose or other saccharide solution or glycols such as ethylene glycol, propylene glycol

or polyethylene glycol may be included.

For intravenous, cutaneous or subcutaneous injection, or injection at the site of
affliction, the active ingredient will be in the form of a parenterally acceptable aqueous
solution which is pyrogen-free and has suitable pH, isotonicity and stability. Those of
relevant skill in the art are well able to prepare suitable solutions using, for example,
isotonic vehicles such as Sodium Chloride Injection, Ringer's Injection, Lactated Ringer's
Injection. Preservatives, stabilisers, buffers, antioxidants and/or other additives may be

included, as required.

Whether it is a polypeptide, peptide, or nucleic acid molecule, other pharmaceutically
useful compound according to the present invention that is to be given to an individual,
administration is preferably in a "prophylactically effective amount" or a "therapeutically
effective amount" (as the case may be, although prophylaxis may be considered therapy),
this being sufficient to show benefit to the individual. The actual amount administered,
and rate and time-course of administration, will depend on the nature and severity of what
is being treated. Prescription of treatment, e.g. decisions on dosage etc, is within the
responsibility of general practitioners and other medical doctors, and typically takes
account of the disorder to be treated, the condition of the individual patient, the site of
delivery, the method of administration and other factors known to practitioners. Examples
of the techniques and protocols mentioned above can be found in REMINGTON'S

PHARMACEUTICAL SCIENCES, 16th edition, Osol, A. (ed), 1980.

Alternatively, targeting therapies may be used to deliver the active agent more
specifically to certain types of cell, by the use of targeting systems such as antibody or cell

specific ligands. Targeting may be desirable for a variety of reasons; for example if the
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agent is unacceptably toxic, or if it would otherwise require too high a dosage, or if it

would not otherwise be able to enter the target cells.

Instead of administering these agents directly, they could be produced in the target cells
by expression from an encoding gene introduced into the cells, e.g. in a viral vector (a
variant of the VDEPT technique - see below). The vector could be targeted to the specific
cells to be treated, or it could contain regulatory elements, which are switched on more or

less selectively by the target cells.

Alternatively, the agent could be administered in a precursor form, for conversion to
the active form by an activating agent produced in, or targeted to, the cells to be treated.
This type of approach is sometimes known as ADEPT or VDEPT; the former involving
targeting the activating agent to the cells by conjugation to a cell-specific antibody, while
the latter involves producing the activating agent, e.g. a vaccine or fusion protein, in a
vector by expression from encoding DNA in a viral vector (see for example, EP-A-415731
and WO 90/07936).

The vaccines of the present invention also include one or more adjuvant compounds,
i.e. a compound or compounds that increases an immunogenic response or the
immunogenicity of an antigen or vaccine. Adjuvant compounds useful in the present
invention include Complete Freund's Adjuvant (CFA); Incomplete Freund's Adjuvant
(IFA); Montanide ISA (incomplete seppic adjuvant); Ribi Adjuvant System (RAS);
TiterMax; Syntex Adjuvant Formulation (SAF); Aluminum Salt Adjuvants;
Nitrocellulose-adsorbed antigen; Encapsulated or entrapped antigens; Immune-stimulating

complexes (ISCOMs); and Gerbu® adjuvant.

Following is a description by way of example only with reference to the accompanying

drawings of embodiments of the present invention.

In the drawings, Figure 1 is a cartoon illustrating a method for the detection of auto-

antibodies in serum.
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Example 1: A microarray of antigens for discovering auto-antibody biomarkers in

patient serum that are diagnostic for lupus

Full-length open reading frames for 330 target genes covering a wide range of protein
classes were cloned in-frame with a sequence encoding a C-terminal E. coli BCCP-myc tag
(WO 03/064656;, Boutell) in a baculovirus transfer vector and sequence-verified.
Recombinant baculoviruses were generated, amplified and expressed in S cells grown in
suspension using standard methods adapted for 24-well deep well plates (Whatman,
Maidstone, UK; Chambers, Zhao). Recombinant protein expression was analyzed for
protein integrity and biotinylation by Western blotting. Cells harboring recombinant
protein were lysed and lysates were spotted in quadruplicate using a QArray2 Microarrayer
(Genetix, New Milton, UK) equipped with 300 pm solid pins on to streptavidin-coated
glass slides (Schott Nexterion, Jena, Germany). Slides were stored at -20°C. A range of
protein activities have been demonstrated to be stable under these conditions for over 12
months. Proteins spotted on the array project into an aqueous environment and orient

away from the surface of the glass chips, exposing them for binding by auto-antibodies.

In addition to the 330 proteins, four control proteins for the BCCP-myc tag (BCCP,
BCCP-myc, B-galactosidase-BCCP-myc and B-galactosidase-BCCP) were arrayed, along
with Cy3/Cy5-labeled biotin-BSA, dilution series of biotinylated-IgG and biotinylated
IgM, a biotinylated-myc peptide dilution series and buffer only spots.

Example 2: Detection of auto-antibodies in serum samples from patients suffering

from lupus

Serum samples of 169 individuals diagnosed with lupus (median age 47 years, 95%
females) were obtained from 2 commercial sources. As controls, samples of 170
individuals with no known history of lupus (median age 50 years, 95% females) were
obtained. These samples were assayed for the presence of auto-antibodies using the

protein arrays described in Example 1.

Serum samples were clarified (centrifuged at 10-13K rcf for 3 minutes at 4°C to

remove particulates, including lipids) and diluted 200-fold in 0.1% v/v Triton/0.1% w/v



10

15

20

25

30

19

BSA in 1X PBS (Triton-BSA-PBS buffer) and then applied to the arrays. Each diluted
serum sample (2.0 mL) was applied to a separate array and incubated in a dish for 2 hours
at room temperature (RT, 20°C) with gentle orbital shaking (~ 50 rpm). Arrays were then
carefully removed from the dish and any excess probing solution was removed by blotting
the sides of the array onto lint-free tissue. Probed arrays were washed twice in fresh
Triton-BSA-PBS buffer in a new plastic container with screw-on lid at room temperature
for 5 minutes with rapid orbital shaking. The washed slides were then blotted onto lint-
free tissue to remove excess wash buffer and were incubated in a secondary antibody
solution (prepared just prior to use) at room temperature for 2 hours, with gentle orbital
shaking and protected from light. The secondary antibody solution was a Cy3 labeled
rabbit anti-human IgG antibody diluted in Triton-BSA-PBS buffer to give optimal
detection of bound serum IgG. The slides were washed three times in Triton-BSA-PBS
buffer for 5 minutes at RT with gentle orbital shaking, rinsed briefly (5-10 seconds) in
distilled water, and centrifuged for 2 minutes at 240 rcf in a container suitable for
centrifugation. To help wick away excess liquid on the arrays, a lint-free tissue was placed

at the bottom of the arrays during centrifugation.

The probed and dried arrays were then scanned using a microarray scanner capable of
using an excitation wavelength suitable for the detection of the secondary staining solution,
such as the Molecular Devices Genepix 4000B microarray scanner, to identify auto-
antibodies bound by the array and to determine intensity of auto-antibody binding. The
microarray scans produced TIFF images for each array that were used to determine the

intensity of fluorescence bound to each protein spot.

Raw median signal intensity (also referred to as the relative fluorescent unit, RFU) of
each protein feature (also referred to as a spot or antigen) on the array was determined
from the TIFF images using GenePix Pro microarray data analysis software or similar
software and subtracted from the local median background intensity. It is also possible to
use other measures of spot intensity such as the mean fluorescence, total fluorescence, as is

known by anyone skilled in the art.

The resulting net fluorescent intensities of all protein features on each array were then
normalized using the quantile normalization (Bolstad) method. Data for sera from two

lupus patients and one control serum were excluded because many of their antigen binding
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signals were masked by high background binding. Other methods for data normalization
suitable for the current data include, amongst others, multiplication of net fluorescent
intensities by a normalization factor consisting of the product of the 1** quartile of all
intensities of a sample and the mean of the 1% quartiles of all samples and the vsn method
(Huber). Such normalization methods are known to anyone skilled in the art of microarray
analysis. The normalized fluorescent intensities were then averaged for each protein

feature.

The normalized mean data were used to select biomarkers for lupus. The data were

randomly split into training and test sets 10 times (10 fold cross-validation)

Proteins were selected and ranked with the significance analysis of microarrays (SAM)
algorithm (Tusher) using the data in the training subset. Similar methods that are
applicable to this task include, amongst others, Prediction Analysis of Microarrays (PAM,
Tibshirani), MP test (Fox), fold change (Witten) and principal component analysis
(Bessant). Such data analysis methods are known to anyone skilled in the art of microarray
analysis. The data were analysed as two class —unpaired (diseased vs control) using a non-
parametric test statistic. The protein features selected in each cross-validation fold with the
highest scores and a q-value of <30% were selected and those with g-values <30% in most
of the 10 cross-validation iterations were selected and are shown in Table 2 alongside the

frequency of selection in cross-validation.

Table 2 lists the protein features for which the q-value was <30% by SAM analysis

alongside the selection frequency in cross-validation

Gene symbol cross-validation selection frequency

ZNF38 10
BPY2IP1 10
CEBPG 10
E1B-AP5 10
FUS 10
HMG20B 10
LIN28 10

NDUFV3 10
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PABPC1 10
PHLDA1 10
PIAS2 10
PSME3 10
RAB11FIP3 10
RALBP1 10
RAN 10
RARA 10
RBMS1 10
RNF12 10
SSA2 10
STAU 10
STK11 10
TOM1 10
ZMAT?2 10
SRPK1 9
TXNRD1 9
BANKA1 8
IFI16 8
KRT8 8
RUFY1 8
SMN1 8
SSNA1 8
HAGH 7
HOXB6 7
RDBP 7
TXNL2 7

The proteins listed in Table 2 are more frequently bound by sera from diseased than
control subjects. The proteins listed in Table 2 are considered as biomarkers useful in

diagnosis of lupus.

The normalized data of the training set for the proteins selected in each cross-validation

fold were used to construct a classification algorithm. An algorithm was established based
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on using logistic regression (Liao) algorithms. Similar methods that can be used to
construct classification algorithms for the sample data of this study include, amongst
others, PAM (Tibshirani), artificial neural networks (Bessant), support vector machine
(SVM) (Brown) and regularized discriminant analysis (Guo). Such data analysis methods
are known to anyone skilled in the art of microarray analysis. The constructed algorithm
was then used to classify the samples of the test set into diseased and control samples in
order to check its validity as classification method for lupus. In order to get an estimate of
the classification errors the mean specificity and sensitivity were examined using 10 fold
cross validation. The cross validation mean sensitivity was 67 %, the mean specificity was

85 %. The cross validation approach ensured robust measurements of classification errors.
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Appendix 1.

Gene symbol, Entrez Gene ID, DNA Accession number and sequence of antigens.

Gene symbol: BANK1
Entrez Gene ID: 55024
dna/ac: BC032241.1
sequence:

atgctgeccagcagegecaggeaaggggcettgggageccggacceccgeccectgeggeceagegeccccaggaaatacaaa
agatataataatgatatatgaagaagatgctgaggaatgggctctgtacttgacagaagtatttttacatgttgtgaaaagggaagccatcctgt
tatatcgcttggagaatttctettttcggeatttggagttgetgaacttaacgtcttacaaatgtaaacttttgatattatcaaatagectgcettagag
acctaactccaaagaaatgtcagtttctggaaaagatacttcattcaccaaaaagtgtagttactttgetttgtggagtgaagagticagatcag
ctctatgaattactaaatatctctcaaagcagatgggagatctcaactgaacaggaacctgaagactacatctctgtaatccagagtatcatatt
caaagattctgaagactactttgaggtcaacattccaacagacctacgagcaaaacattctggggaaataagtgagagaaaggaaattgaa
gaactatcagaagcttcaagaaacaccataccactagcagtggtgcttcccactgaaattccatgtgagaatcctggtgaaatattcataatttt
gagagatgaagtaattggtgatactgtagaggttgaatttacatcaagtaataagecgcattagaacacggecagecctttggaataagaaagt
ctggtgcatgaaagctttagagtttcctgetggttcagtecatgtcaatgtetactgtgatggaategttaaagetacaaccaaaattaagtacta
cccaacagcaaaggcaaaggaatgectattcagaatggeagattcaggagagagtttgtgccagaatagcattgaagaacttgatggtate
cttacatccatattcaaacatgagataccatattatgagttccagtctcttcaaactgaaatttgttctcaaaacaaatatactcatttcaaagaactt
ccaactctictccactgtgcagceaaaatttggcttaaagaacctggetattcatttgettcaatgttcaggagcaacctgggeatctaagatgaa
aaatatggagggttcagaccccgeacatattgetgaaaggeatggtcacaaagaactcaagaaaatcttcgaagacttttcaatccaagaaat
tgacataaataatgagcaagaaaatgattatgaagaggatattgcctcattttccacatatattccttccacacagaacccagcatttcatcatga
aagcagaaagacatacgggcagagtgcagatggagctgaggcaaatgaaatggaaggggaaggaaaacagaatggatcaggcatgga
gaccaaacacagcccactagaggttggcagtgagagttctgaagaccagtatgatgacttgtatgtgttcattectggtgctgatccagaaaa
taattcacaagagccactcatgagcagcagacctcctetecceccgeegegacctgtagetaatgecttccaactggaaagacctcacttca
ccttaccagggacaatggtggaaggccaaatggaaagaagtcaaaactggggtcatcctggtgttagacaagaaacaggagatgaacce
aaaggagaaaaagagaagaaagaagaggaaaaagagcaggaggaggaagaagacccatatacttttgctgagattgatgacagtgaat
atgacatgatattggccaatctgagtataaagaaaaaaactgggagtcggtctttcattataaatagacctcctgeeccccacaccecgacceca
caagtatacctccaaaagaggaaactacaccttacatagctcaagigtticaacaaaagacagccagaagacaatcigatgatgacaagttc
cgtggtcttcctaagaaacaagacagagcetcggatagagagtccagectttictactctcaggggcetgtctaactgatggtcaggaagaactc
atcctectgcaggagaaagtaaagaatgggaaaatgtctatggatgaagetctggagaaatttaaacactggeagatgggaaaaagtggee
tggaaatgattcagcaggagaaattacgacaactacgagactgcattattgggaaaaggccagaagaagaaaatgtctataataaactcacc
attgtgcaccatccaggtggtaaggaaactgeccacaatgaaaataagttttataatgtacacttcagcaataagctteetgetcgaccccaag
ttgaaaaggaatttggtttctgttgcaagaaagatcattaa

Gene symbol: BPY2IP1
Entrez Gene ID: 55201
dna/ac: BC006358.1
sequence:

atgggegtgggecggctggacatgtatgtgetgeaccegecctecgecggegecgagegeacgetggeetgtgtgtgegeee
tgctggtgtggcacccegeeggecccggegagaaggtggtgegegtgctgttececceggttgeaceceegeecgectgectectggacgge
ctggtccgectgeageacttgaggttectgegagageccgtggtgacgeeccaggacctggaggggeeggggegagecgagage

Gene symbol: CEBPG
Entrez Gene ID: 1054
dna/ac: BC007582.1
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sequence:

atgagcaagatatcgcagcaaaacagcactccaggggtgaacggaattagtgttatccatacccaggeacatgecageggctta
cagcaggttcctcagetggtgectgetggeectgggggaggaggcaaagetgtggetcccageaageagagceaaaaagagttcgececat
ggatcgaaacagtgacgagtatcggceaacgecgagagaggaacaacatggetgtgaaaaagagecggttgaaaagcaageagaaage
acaagacacactgcagagagtcaatcagctcaaagaagagaatgaacggttggaagcaaaaatcaaattgetgaccaaggaattaagtgt
actcaaagatttgtttcttgagcatgcacacaaccttgcagacaacgtacagtccattagcactgaaaatacgacagcagatggegacaatge
aggacagtag

Gene symbol: E1B-APS
Entrez Gene ID: 11100
dna/ac: BC009988.2
sequence:

atggacaatattaccaggcagaaccaattctacgatacccaagtcatcaaacaagaaaacgagtcaggctacgagaggagacc
actggaaatggagcagcageaggcectatcgtccagaaatgaagacagagatgaagcaaggageacccaccagcettectcccgectgaa
gcettctcaactcaagecagacaggeagcaattccagagtcgaaagaggecttatgaagaaaaccggggacgggggtactttgageaccg
agaggataggaggggccgetctectcagectectgetgaagaggatgaagatgactttgatgataceettgttgetattgacacctataactg
cgacctccacttcaaggtggecccgagatcggagtagtggctatccgetcacaattgagggcetttgeatacctgtggtcaggageeegtgee
agctatggggtcagaaggggccgtgtatgcttcgagatgaagatcaatgaggaaatctecgtgaageaccttccgtctacagagectgace
cccacgtggtcegtatcggetggteectggactectgecageacceagetaggegaagagcectttetectatggetatggaggeactgggaa
gaagtccaccaatagccggtttgaaaactacggagacaagttigcagagaacgatgtgattggcetgctttgeggattitgaatgtggaaatga
cgtggaactgtcttttaccaagaatggaaagtggatggecattgetitccgaatccagaaggaagecttggggggtcaggecctctatectca
tgtcctggtgaagaattgegeagtggagttcaacttcggacagagagceagagecctactgttctgtectececggggtttaccttcatccagea
ccttececttagtgagegtatccggggeaccegttggaccaaagagcaaggeagaatgtgagattetgatgatggtgggectgectgetget
ggcaagaccacatgggccatcaaacatgcagectccaacccttccaagaagtacaacatectgggtaccaatgecatcatggataagatge
gggtgatgggectacgecggeageggaactatgetggeegetgggatgtectgateccageaggecacccagtgectcaaccgectcate
cagattgctgcccgecaagaaacgcaactatatcctagatcagacaaatgtttatgggtcagcccagagacgaaaaatgagaccatttgaag
gcettccagegcaaagctattgtaatttgtceccactgacgaggacctaaaagaccgaacaataaagegaaccgacgaggaagggaaggatg
tcccagatcatgeggtcttagaaatgaaagecaacttcacgttgecagatgttggggacttcetggatgaggttctgttcattgagetgeageg
ggaggaageggacaagctagtgaggeagtacaacgaggaaggecgcaaggetgggecacccecectgaaaagegetttgacaaccgag
gtggtggtagcttccggggccgeggggetggtgategcttccagegetatgaaaaccgaggaccccctggaggcaaccgtggeggctt
ccagaaccgagggggaggcageggtggaggaggcaactaccgaggaggtticaaccgcageggaggtggtggetatagecagaace
getggggtaacaacaaccgggataacaacaactccaacaacagaggeagctacaaccgggcetecccageaacagecgecaccacage
agcctcegecaccacagecaccaccccageagecaccegecaccacccagetacagecctgeteggaaccceecaggggecageacct
acaataagaacagcaacatccctggetcaagegecaataccageacccceaccgtcagceagetacagecctccacagecgagttacage
cagccaccctacaaccagggaggttacagecagggctacacagecccaccgectecacctecaccaccacctgectacaactatgggag
ctacggceggttacaacccggecccctataccccaccgecaccecccaccgeacagacctaccetcageccagetataaccagtatcagea
gtatgcccagcagtggaaccagtactatcagaaccagggecagtggecgecatactacgggaactacgactacgggagctactceggga
acacacagggtggcacaagtacacagtag

Gene symbol: FUS

Entrez Gene ID: 2521

dna/ac: BC000402.2
sequence:

atggcctcaaacgattatacccaacaagcaacccaaagctatggggectaccccacccageccgggeagggctattcccagea
gagcagtcagcecectacggacagcagagttacagtggttatagccagtccacggacacttcaggetatggecagageagctattcttcttatg
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gccagagcecagaacacaggcetatggaactcagtcaactceccagggatatggetcgactggeggcetatggeagtagecagagceteccaa
tcgtcttacgggeagceagtectectatectggetatggecageagecageteccageageacctegggaagttacggtageagttctcaga
gcagcagctatgggcagecccagagtgggagetacagecageagectagetatggtggacagcageaaagctatggacageageaaa
gcetataatcccectcagggcetatggacagceagaaccagtacaacagecageagtggtggtggaggtggaggtggagetggaggtaactat
ggccaagatcaatcctccatgagtagtggtggtggeagtggtggeggttatggeaatcaagaccagagtggtggaggtggeageggteg
ctatggacagcaggaccgtggaggecgeggeaggggtggeagtggtggeggeggegecggcggeggtagtagttacaaccgeagea

gtggtggctatgaacccagaggtegtggaggtggeegtggaggcagaggtggceatgggeggaagtgaccgtggtggettcaataaattt
ggtggecctegggaccaaggatcacgtcatgactccgaacaggataattcagacaacaacaccatetttgtgecaaggectgggtgagaatg

ttacaattgagtctgtggctgattacttcaagcagattggtattattaagacaaacaagaaaacgggacagceccatgattaatttgtacacagac
agggaaactggcaagctgaagggagaggcaacggtetcttttgatgacccaccticagctaaagceagcetattgactggtttgatggtaaaga
attctccggaaatcctatcaaggtctcatttgetactcgecgggeagactttaatcggggtggtggcaatggtegtggaggecgaggecgag
gaggacccatgggecgtggaggctatggaggtggtggcagtggtagtggtggecgaggaggatticceagtggaggtggtggeggteg
aggacagcagcgagcetggtgactggaagtgtcctaatcccacctgtgagaatatgaacttctcttggaggaatgaatgeaaccagtgtaag
gcecctaaaccagatggeccaggagggggaccaggtggetetcacatggggggtaactacggggatgategtegtggtggeagaggag
getatgatcgaggeggetaceggggeegeggeggggacegtggagecttcegagggggecggggtggtagggacagaggtggactit
ggeectggcaagatggattccaggggtgageacagacaggatcgecagggagaggecgtattaa

Gene symbol: HAGH
Entrez Gene ID: 3029
dna/ac: BC000840.1
sequence:

atgaaggtagaggtgcetgcctgeectgaccgacaactacatgtacctggtcattgatgatgagaccaaggaggcetgecattgtg
gatccggtgeageeccagaaggtegtggacgeggegagaaageacggggtgaaactgaccacagtgcetcaccacccaccaccactgg
gaccatgctggegggaatgagaaactggtcaagetggagtcgggactgaaggtgtacgggggtgacgaccgtatcggggccectgactca
caagatcactcacctgtctacactgcaggtggggtctetgaacgtcaagtgectggegacceegtgecacacttcaggacacatttgttactt
cgtgagcaageccggaggetcggagecccctgecgtgttcacaggtgacaccttgtitgtgectggetgegggaagttctatgaagggact
geggatgagatgtgtaaagcetctgetggaggtcttgggccggetecececggacacaagagtctactgtggecacgagtacaccatcaac
aacctcaagtttgcacgccacgtggageccggeaatgecgecatecegggagaagetggectgggecaaggagaagtacageatcgggg
agcccacagtgecatcecaccctggcagaggagtttacctacaaccecttcatgagagtgagggagaagacggtgcagcageacgeaggt

gagacggacccggtgaccaccatgegggeegtgcgeagggagaaggaccagttcaagatgeceegggactga

Gene symbol: HMG20B
Entrez Gene ID: 10362
dna/ac: BC002552.2
sequence:

atgtcccacggecccaageageccggegeggecgeegegeeggegggeggeaaggetcegggecageatggggectteg
tggtgactgtcaagcaagagegeggegagggtecacgegegggcgagaaggggteccacgaggaggageeggtgaagaaacgegg
ctggeeccaagggceaagaageggaagaagattctgecgaatgggeccaaggeaccggtecacgggcetacgtgegettcctgaacgagegg
cgcgagcagatccgeacgegecacccggatctgecctttcccgagatcaccaagatgetgggegecgagtggagcaagetgeagecaa
cggaaaagcageggtacctggatgaggecgagagagagaagcagcagtacatgaaggagetgegggegtaccagcagtctgaagect
ataagatgtgcacggagaagatccaggagaagaagatcaagaaagaagactcgagctctgggctcatgaacactctcctgaatggacaca
agggtggogactgegatggcttctccaccttcgatgticecatettcactgaagagttcttggaccaaaacaaagegegtgaggeggagett
cggegcettgeggaagatgaatgtggccttcgaggageagaacgeggtactgcagaggeacacgeagageatgageagegegegegag
cgtctggagcaggagcetggegetggaggageggaggacgetggegetgeageageagetccaggeegtgegecaggegetcacege
cagcttcgectcactgeeggtgeecgggeacgggcgaaacgeccacgetgggeactetggacttctacatggeeeggcettcacggagecat
cgagcgcgacccegeccageacgagaagetcategtecegeatcaaggaaatectggeccaggtegecagegageacctgtga
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Gene symbol: HOXB6
Entrez Gene ID: 3216
dna/ac: BC014651.1
sequence:

atgagttcctatttcgtgaactccaccttcceegtcactetggecagegggeaggagtecttectgggecagcetacegetctatteg
tcgggctatgeggaccegetgagacattacceccgegeectacgggecagggecgggecaggacaagggcetttgecacttectectattac
ccgecggegggeggtggctacggecgageggegeectgegactacgggecggegeeggecttctaccgegagaaagagteggeetg
cgcactctceggegecgacgageagecccegttccaccecgagecgeggaagteggactgegegeaggacaagagegtgttcggega
gacagaagagcagaagtgctccactceggtctaceegtggatgcageggatgaattegtgeaacagttectectttgggeccageggeeg
gegaggecgecagacatacacacgttaccagacgetggagetggagaaggagtttcactacaatcgetacctgacgeggeggeggcge
atcgagatcgegcacgecctgtgectgacggagaggceagatcaagatatggttccagaaccgacgceatgaagtggaaaaaggagagea
aactgctcagegegtctcagetcagtgecgaggaggaggaagaaaaacaggecgagtga

Gene symbol: IFI16

Entrez Gene ID: 3428
dna/ac: BC017059.1
sequence:

atgggaaaaaaatacaagaacattgttctactaaaaggattagaggtcatcaatgattatcattttagaatggttaagtecttactgag
caacgatttaaaacttaatttaaaaatgagagaagagtatgacaaaattcagattgctgacttgatggaagaaaagttccgaggtgatgctggt
ttgggcaaactaataaaaattttcgaagatataccaacgcttgaagacctggetgaaactcttaaaaaagaaaagtiaaaagtaaaaggacca
gccctatcaagaaagaggaagaaggaagtggatgctacttcacctgeaccctccacaageageactgtcaaaactgaaggagcagaggc
aactcctggagcetcagaaaagaaaaaaatcaaccaaagaaaaggcetggacccaaagggagtaaggtgtccgaggaacagactcagect
ccctetectgeaggagecggeatgtecacagecatgggecegttccccatctcccaagaccteattgtcagetccaccceaacacttettcaact
gagaacccgaaaacagtggccaaatgtcaggtaactcccagaagaaatgtictccaaaaacgeccagtgatagtgaaggtactgagtaca
acaaagccatttgaatatgagaccccagaaatggagaaaaaaataatgtttcatgctacagtggctacacagacacagttcttccatgtgaag
gttttaaacaccagcttgaaggagaaattcaatggaaagaaaatcatcatcatatcagattatttggaatatgatagtctcctagaggtcaatga
agaatctactgtatctgaagctggtcctaaccaaacgtttgaggttccaaataaaatcatcaacagagcaaaggaaactctgaagattgatatt
cttcacaaacaagcttcaggaaatattgtatatggggtatttatgctacataagaaaacagtaaatcagaagaccacaatctacgaaattcagg
atgatagaggaaaaatggatgtagtggggacaggacaatgtcacaatatcecctgtgaagaaggagataagctccaacttitctgetttcgac
ttagaaaaaagaaccagatgtcaaaactgatttcagaaatgcatagttttatccagataaagaaaaaaacaaacccgagaaacaatgaccce
aagagcatgaagctaccccaggaacagagtcagcttccaaatccttcagaggecageacaaccttccctgagagecatctteggactecte
agatgccaccaacaactccatccagcagtttcttcaccaagaaaagtgaagacacaatctccaaaatgaatgacttcatgaggatgceagata
ctgaaggaagggagtcattttccaggaccgttcatgaccagcataggcccagetgagagcecatccccacactcctcagatgectecatcaa
caccaagcagcagtttcttaaccacgttgaaaccaagactgaagactgaacctgaagaagtttccatagaagacagtgcccagagtgacct
caaagaagtgatggtgctgaacgcaacagaatcatttgtatatgagcccaaagagcagaagaaaatgtttcatgccacagtggcaactgag
aatgaagtctticcgagtgaaggtttttaatattgacctaaaggagaagttcaccccaaagaagatcattgecatagceaaattatgtttgeccgeaa
tgggttcctggaggtatatectttcacacttgtggetgatgtgaatgetgaccgaaacatggagatcccaaaaggattgattagaagtgecag
cgtaactcctaaaatcaatcagctttgctcacaaactaaaggaagttttgtgaatggggtgtitgaggtacataagaaaaatgtaaggggtgaa
ttcacttattatgaaatacaagataatacagggaagatggaagtggtggtgcatggacgactgaccacaatcaactgtgaggaaggagataa
actgaaactcacctgctttgaattggcaccgaaaagtgggaataccggggagttgagatctgtaattcatagtcacatcaaggtcatcaagac
caggaaaaacaagaaagacatactcaatcctgattcaagtatggaaacttcaccagacttittcttctaa

Gene symbol: KRTS8
Entrez Gene ID: 3856
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dna/ac: BC008200.1
sequence:
atgaacaaggtagagctggagtctcgectggaagggcetgaccgacgagatcaacttcetcaggeagcetatatgaagaggagat
ccgggagcetgeagtcccagatctcggacacatctgtggtgetgtccatggacaacagecgceteectggacatggacagceatcattgetgag
gtcaaggcacagtacgaggatattgecaaccgcagecgggetgaggetgagageatgtaccagatcaagtatgaggagetgeagagect
ggctgggaageacggggatgacctgeggegeacaaagactgagatetetgagatgaaccggaacatcagecggetecaggetgagatt
gagggcctcaaaggccagagggettcectggaggecgecattgecagatgecgageagegtggagagetggecattaaggatgecaacg
ccaagttgtccgagetggaggceegecctgeagegggecaageaggacatggegeggeagetgegtgagtaccaggagetgatgaacgt
caagctggecctggacatcgagatcgecacctacaggaagetgetggagggegaggagagecggetggagtetgggatgcagaacatg
agtattcatacgaagaccaccagceggctatgecaggtggtctgageteggectatgggggcectcacaagecceggectcagetacageetg
ggctccagcetttggetetggegegggcetecagetecttcagecgeaccagetcctccagggecegtggttgtgaagaagatcgagacacgt

gatgggaagctggtgtetgagtectetgacgtectgeccaagtga

Gene symbol: LIN28
Entrez Gene ID: 79727
dna/ac: BC028566.2
sequence:

atgggctcegtgteccaaccageagtitgecaggtggetgegecaaggeggeagaagaggegeecgaggaggegeeggagga
cgeggececgggeggeggacgagectcagetgetgecacggtgcgggceatctgtaagtggttcaacgtgegeatggggtteggcttectgte
catgaccgececgegeeggggtegegetegaccecccagtggatgtetttgtgcaccagagtaagetgeacatggaagggtteceggagett
gaaggagggtgaggcagtggagttcacctttaagaagtcagccaagggtctggaatccatcegtgtcaccggacctggtggagtattetgt
attgggagtgagaggcggccaaaaggaaagagcatgecagaagegeagatcaaaaggagacaggtgctacaactgtggaggtctagate
atcatgccaaggaatgcaagetgccaccecageccaagaagtgecacttctgeccagageatcagecatatggtagectcatgteecgetgaa
ggcccageagggcecctagtgecacagggaaagecaacctactticgagaggaagaagaagaaatccacagecctaceetgetcecggag
gcacagaattga

Gene symbol: NDUFV3
Entrez Gene ID: 4731

dna/ac: BC021217.2
sequence:

atggctgeccegtgtitgetgeggraaggacgagecggggcegetgaagactatgetccaggaageccaggtgtttcgaggact
tgcttctacggtttctttgtetgeggaatcagggaagagtgaaaagggtcagecacagaattccaagaagcaaagtccaccaaaaaatgtag

tggaaccaaaggagaggggcaagetcctagecacccagacageagetgaattgtctaaaaacttatcttcacceagttcttaccegecaget

gtgaataagggcaggaaggtagctagtcccagtcccagtggeagegtgctattcacagatgaaggggttccgaaatttttgtcaagaaaga

ctttggtagagtttccacagaaagttctgtctccattcagaaaacagggctctgattcagaagetegtcaggtgggtcggaaagtgacgtcege
cttegtettcatectegtecagetectetgattctgaatctgatgatgaggctgacgtttcagaggtcactcetcgagtggtgagcaaaggeag

agggggecttcgaaaaccagaggcectctcattectttgaaaacagagecceecgagttacagtatcagcaaaagagaaaaccttgetgeag
aagccgcatgtggacattactgatccagagaagecccaccagecaaagaagaaagggtcccctgctaagecatcagaaggeagggaaa
atgcgagaccaaaaaccacaatgcccagatctcaagtagatgaagagttittgaagcaaagtttaaaggaaaaacaattgcagaaaacattt
agattaaatgaaatagataaagaaagccaaaagccatttgaagttaaaggacccttacctgtccacacaaaatcagggttgtctgegecace
gaagggcagcccagegectgetgtgttggcagaagaggecagageagaggggcagetgcaagecagtectectggggeggcagagg
ggcatctggaaaaaccegtgecagagecccagegeaaggeggeecctecectgeccagaaaggaaacctcagggacgeagggaatag
aaggccacctgaagggtggacaggeaatcgtggaagatcagataccaccaageaatttggagacagttectgttgagaataaccacggttt
ccatgaaaagacagcagcegetgaagcettgaggccgagggcgaggccatggaagatgeageegegecagggaacgaccgaggegge
acacaggagccagccccagtgcctgetgagecgtttgacaacactacctacaagaacctgcagcatcatgactacagcacgtacaccttctt
agacctcaacctcgaactctcaaaattcaggatgectcagecctectcaggecgggagtcacctcgacactga
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Gene symbol: PABPC1
Entrez Gene ID: 26986
dna/ac: BC015958.2
sequence:

atgaaccccagtgcccccagetaccecatggectegetctacgtgggggacctecacceegacgtgaccgaggegatgetcta
cgagaagttcagcceggecgggceccatcectctecatcegggtetgeagggacatgatcaccegeegetecttgggetacgegtatgtgaa
cttccagcagecggeggacgeggagegtgctttggacaccatgaattttgatgttataaagggceaagecagtacgceatcatgtggtcteage
gtgatccatcacttcgcaaaagtggagtaggcaacatattcattaaaaatctggacaaatccattgataataaagcactgtatgatacattttctg
cttttggtaacatcctttcatgtaaggtggtitgtgatgaaaatggticcaagggctatggatttgtacactttgagacgcaggaagceagcetgaa
agagctattgaaaaaatgaatggaatgctcctaaatgatcgcaaagtatttgttggacgatttaagtctcgtaaagaacgagaagetgaacttg
gagctagggcaaaagaattcaccaatgtttacatcaagaattttggagaagacatggatgatgagegecttaaggatctctttggcaagtttgg
geetgecttaagtgtgaaagtaatgactgatgaaagtggaaaatccaaaggatttggatttgtaagetttgaaaggeatgaagatgeacagaa
agctgtggatgagatgaacggaaaggagctcaatggaaaacaaatttatgttggtcgagetcagaaaaaggtggaacggcagacggaact
taagcgcaaatttgaacagatgaaacaagataggatcaccagataccagggtgttaatctttatgtgaaaaatcttgatgatggtattgatgatg
aacgtctccggaaagagttttctccatttggtacaatcactagtgcaaaggttatgatggagggtggtcgcageaaagggtttggttttgtatgt
ttctccteccccagaagaagecactaaageagttacagaaatgaacggtagaattgtggecacaaagecattgtatgtagetttagetcagege
aaagaagagcgccaggctcacctcactaaccagtatatgcagagaatggceaagtgtacgagcetgtteccaaccctgtaatcaaccectace
agccagcacctccttcaggttacttcatggcagctatcccacagactcagaaccgtgetgeatactatectectagecaaattgetcaactaag
accaagtcctcgetggactgetcagggtgecagacctcatccattccaaaatatgeccggtgetatcecgeccagetgetectagaccaccatt
tagtactatgagaccagcttcttcacaggttccacgagtcatgtcaacacagegtgttgetaacacatcaacacagacaatgggtccacgtec
tgcagcetgecagecgcetgcagetactectgetgtecgeaccgtticcacagtataaatatgetgecaggagttcgcaatectcageaacatcttaat
geacagccacaagttacaatgcaacagcectgetgttcatgtacaaggtcaggaacctttgactgettccatgttggeatctgecectectcaag
agcaaaagcaaatgttgggtgaacggctgtttcctcttattcaagecatgcaccctactettgetggtaaaatcactggeatgttgttggagatt
gataattcagaacttcttcatatgctcgagtctccagagtcactcegttctaaggttgatgaagetgtagetgtactacaageccaccaagetaa
agaggctgcccagaaagcagttaacagtgecaccggtgttccaactgtttaa

Gene symbol: PHLDAI1
Entrez Gene ID: 22822
dna/ac: BC018929.2
sequence:

atgctggagagtagcggctgcaaagegctgaaggagggegtgetggagaagegeagegacgggttgttgcagetetggaag
aaaaagtgttgcatcctcaccgaggaagggctgetgettatcccgeccaageagetgeaacaccageageageagceaacageageagea
gcagcagcaacaacagcecgggeaggggecggecgagecgteccaacceagtggeccegetgtegecagectegagecgeeggtcea
agctcaaggaactgcactictccaacatgaagaccgtggactgtgtggagegecaagggceaagtacatgtacttcactgtggtgatggcaga
gggcaaggagatcgactttcggtgeccgeaagaccagggetggaacgecgagatcacgetgeagatggtgeagtacaagaategtecag
gecatectggeggtcaaatccacgeggeagaageageageacctggtecagcageageecccctcgeageegeagecgeagecgeag
ctccagecccaaccccagectcagectcagecgeaaccccagecccaatcacaaccccagectcagecccaacccaagectcagecce
agcagctccaccegtatccgeatccacatccacatccacactctcatecteactcgeacccacaccectcaccecgeaccegeatcecgeacca
aataccgcacccacacccacagecgeactcgeagecgeacgggeaccggcttetccgecageacctccaactetgectga

Gene symbol: PIAS2
Entrez Gene ID: 9063
dna/ac: BC015190.1
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sequence:
atggcggatttcgaagagttgaggaatatggtttctagttttagggtttctgaactacaagtattactaggetttgctggacggaataa
aagtggacgcaagcatgacctcetgatgagggegcetgeatttattgaagageggetgecageectgeggttcagattaaaatccgagaattgt
atagacgccgatatccacgaactcttgaaggactttctgatttatccacaatcaaatcatcggttticagtttggatggtggctcatcacctgtag
aacctgacttggecgtggctggaatccactegttgecttccacttcagttacaccteactcaccateetetectgttggttctgtgctgcttcaag
atactaagcccacatttgagatgcagcagccatctccecccaattcetectgtecatectgatgtgeagttaaaaaatctgecctittatgatgtee
ttgatgttctcatcaageccacgagtttagttcaaagceagtattcagegatttcaagagaagttttttattittgetttgacacctcaacaagttaga
gagatatgcatatccagggattitttgccaggtggtaggagagattatacagtccaagttcagttgagactitgectggeagagacaagttgee
ctcaagaagataactatccaaatagtctatgtataaaagtaaatgggaagctatttcctttgectggctatgeaccaccgectaaaaatgggatt
gaacagaagcgccctggacgecccttgaatattacatctttagttaggttatcttcagetgtgecaaaccaaatttecatttcttgggeatcagaa
attgggaagaattactctatgtctgtatatcttgtacggcagcttacatcagecatgttattacagagattaaaaatgaaaggtattagaaaccct
gatcattccagagcactaattaaagaaaaacttactgcagatcctgatagtgaaattgetacaactagecttcgggtatecttgatgtgeccttta
ggaaaaatgaggctgacaatcccatgecgtgeagtgacttgtacacatctgeagtgttttgatgetgecctctatctacaaatgaatgagaaaa
agcccacctggatttgtcctgtgtgtgacaaaaaagetgectatgaaagtctaatattagatgggctttttatggaaattctcaatgactgttctga
tgtagatgagatcaaattccaagaagatggttcttggtgtccaatgagaccgaagaaagaagctatgaaagtatccagecaaccgtgtacaa
aaatagaaagttcaagcgtcctcagtaagcecttgttcagtgactgtagecagtgaggcaagcaagaagaaagtagatgttattgatcttacaat
agaaagctcttctgacgaagaggaagaccctectgecaaaaggaaatgcatctttatgtcagaaacacaaagcageccaaccaaaggggt
tctcatgtatcagecatcttetgtaagggtgeccagtgtgacttcggttgatectgetgetattcegecttcattaacagactactcagtaccatte
caccatacgccaatatcaagcatgtcatcagatttgccaggagaacaaagaagaaatgatattaataatgaactgaagcttggaacatcttct

gatactgtgcaacagtga

Gene symbol: PSME3
Entrez Gene ID: 10197
dna/ac: BC001423.2
sequence:

atggcctegttgetgaaggtggatcaggaagtgaagetcaaggttgattctttcagggageggatcacaagtgaggcagaagac
ttggtggcaaatttittcccaaagaagttattagaacttgatagttttctgaaggaaccaatcttaaacatccatgacctaactcagatccactctg
acatgaatctcccagtecctgaccccattcttctcaccaatagecatgatggactggatggtcecacttataagaagegaaggttggatgagt
gtgaagaagccttccaaggaaccaaggtgtitgtgatgeccaatgggatgctgaaaagcaaccageagetggtggacattattgagaaagt
gaaacctgagatccggctgttgattgagaaatgtaacacggtcaaaatgtgggtacagetectgattcccaggatagaagatggaaacaact
ttggggtgtccattcaggaggaaacagttgcagagetaagaactgttgagagtgaagcetgcatcttatctggaccagatttctagatattatatt
acaagagccaaattggtttctaaaatagctaaatatccccatgtggaggactatcgecgeaccgtgacagagattgatgagaaagaatatatc
agccttcggetcatcatatcagagctgaggaatcaatatgtcactctacatgacatgatcctgaaaaatatcgagaagatcaaacggecceg
gagcagcaatgcagagactctgtactga

Gene symbol: RABI11FIP3
Entrez Gene ID: 9727
dna/ac: BC051360.1
sequence:

atggcgtcggecccgecggectegeccecgggeteggageegeeggggeecgacceggagecgggrggeccggacgsg
ccgggggceggcegeaactggeteegggeectgeggagetacgectcggagegeecgteggeggeeccgacccgeagteeecgggect
ggatgagcecetgegeecggggecgcetgeagatggeggggegegtiggagegeegggeeggeeeeggggetggagggagaccegeg
agacccegggecegtecgecccgecgecgegetecggecegegggggeagettgegageccegacgeccecgggeccagggecgege
tccgaagcgecgcttccagaactcgaccegttgttctectggactgaggageccgaggagtgtggececgegagetgeecggagagege
gecetttecgettgecaggggtecageageagecaccgagegeggggegaggtegacgtettetcteectteccecgegeccacggegggeg
agctggegcetggageaaggtecegggtececcgeegeagecectcggacctcageecagacceacceccticcgagegageeegtgggga
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gtcaggaggacggececccgecteccgagecgtgttcgatgeectggacggggatggggacggtttegtecegeatcgaggacttcatecagt
ttgctacggtctacggggcagagcaggtgaaggacttaactaagtacttggatcccagtgggctcggegtgatcagetttgaagacttctac

caagggatcacagccatcagaaacggagatcctgatggecagtgetacggtggtgtegettetgeccaagatgaggageccctggectge
ccggacgagttcgatgacttcgtcacctatgaggecaacgaggtgacggacagegegtacatgggetccgagagceacctacagtgagtgt
gagaccttcacggacgaggacaccagcaccctggtgcaccctgagetgcaacctgaaggggacgcagacagtgeeggeggeteggee
gtgeectctgagtgectggacgecatggaggageccgaccatggtgeectgetgetgetcccaggeaggectcaceeccatggecagtcet
gtcatcacggtgatcgggggegaggageactttgaggactacggtgaaggeagtgaggeggagcetgtccccagagaccctatgcaacg

ggcagetgggctgeagtgaccecgcetttectcacgeccagtccgacaaageggcetetccagcaagaaggtggeaaggtacctgeaccag
tcaggggccectgaccatggaggeectggaggaccctticccecgagetcatggagggceccagaggaggacattgetgacaaggttgtettc

ctggaaaggcgtgtgctggagetggaaaaggacacggceagecaccggtgagcaacacagecgectgaggcaggagaacctgeagetg
gtgcacagagcaaacgecectggaggageagetgaaggageaggagcetgagagectgegagatggtectggaagagacccggegtca

gaaggagctcctgtgcaagatggagagggagaagagcattgagatcgagaacctgcagaccaggetacageaactggacgaggagaa
cagtgaactccggtectgeacgecctgtetgaaggecaacattgagegtetggaggaggagaagcagaagetgttggatgagatagagte
getgacgetgeggetcagtgaagagcaggagaacaagaggagaatgggggacaggcetgagtcacgagaggeaccagttccagaggg
acaaggaggccacccaggagetgatcgaggacctccgaaageagetggageacctgeagetectcaagetggaggeegageagegge
ggggccgeageageageatgggectgeaggagtaccacageecgegeececgggagagegagetggageaggaggtecgeaggetgaa
gcaggacaaccgcaacctgaaggagcagaacgaggagctgaacgggcagatcattaccetcageatccagggegecaagagectctte
tccacagccttctetgagtecctggetgeagagatcagetecgtctececgagatgagetcatggaggegattcagaagcaggaggagatca
acttccgectgcaggactacatcgacaggatcatcgtggecatcatggagaccaaccegtccatectggaggtcaagtag

Gene symbol: RALBP1
Entrez Gene ID: 10928
dna/ac: BC013126.1
sequence:

atgactgagtgcttcetgecccccaccageagececcagtgaacaccgeagggtggageatggeagegggcttacccggacee
ccagctctgaagagatcagecctactaagtttcetggattgtaccgeactggegagecctcacctecccatgacatectccatgagectectg
atgtagtgtctgatgatgagaaagatcatgggaagaaaaaagggaaatttaagaaaaaggaaaagaggactgaaggctatgcagectttca
ggaagatagctctggagatgaggcagaaagtccttctaaaatgaagaggtccaagggaatccatgttttcaagaageccagcttttctaaaa
agaaggaaaaggattttaaaataaaagagaaacccaaagaagaaaagcataaagaagaaaagcacaaagaagaaaaacataaagagaa
gaagtcaaaagacttgacagcagctgatgttgttaaacagtggaaggaaaagaagaaaaagaaaaagccaattcaggagecagaggtge
ctcagattgatgttccaaatctcaaacccatttttggaattectttggctgatgeagtagagaggaccatgatgtatgatggeattcggetgeca
geegttttcegtgaatgtatagattacgtagagaagtatggcatgaagtgtgaaggceatctacagagtatcaggaattaaatcaaaggtggat
gagctaaaagcagcectatgaccgggaggagtctacaaacttggaagactatgagcctaacactgtagecagtttgetgaageagtatttgeg
agaccttccagagaatttgcttaccaaagagcttatgeccagatttgaagaggcttgtgggaggaccacggagactgagaaagtgcaggaa
ttccagcgtttactcaaagaactgccagaatgtaactatcttctgatttcttggetcattgtgcacatggaccatgtcattgecaaaggaactggaa
acaaaaatgaatatacagaacatttctatagtgctcagcecaactgtgcagatcagcaatcgagtectgtatgtgtttticacacatgtgcaaga
actctttggaaatgtggtactaaagcaagtgatgaaacctctgegatggtctaacatggecacgatgeccacgetgecagagacccaggeg
ggcatcaaggaggagatcaggagacaggagtttcttttgaatigtttacatcgagatctgcagggtgggataaaggatttgtctaaagaagaa
agattatgggaagtacaaagaattttgacagccctcaaaagaaaactgagagaagctaaaagacaggagtgtgaaaccaagattgcacaa
gagatagccagtctttcaaaagaggatgtttccaaagaagagatgaatgaaaatgaagaagttataaatattctccttgctcaggagaatgag
atcctgactgaacaggaggagcetectggecatggageagtttctgegecggeagattgectcagaaaaagaagagattgaacgectcaga
getgagattgctgaaattcagagtcgecageageacggecgaagtgagactgaggagtactcetccgagagegagagegagagtgagg
atgaggaggagctgcagatcattctggaagacttacagagacagaacgaagagctggaaataaagaacaatcatttgaatcaagcaattca
tgaggagcgcegaggecatcatcgagetgegegtgeagetgeggetgctcecagatgcagegagecaaggecgageageaggegeagg
aggacgaggagcctgagtggegegggggtaccgtccagecgeccagagacggegtecttgagecaaaageagcetaaagageageca
aaggcaggcaaggagccggcaaagecatcgeccageagggataggaaggagacgtccatetga
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Gene symbol: RAN

Entrez Gene ID: 5901

dna/ac: BC014518.2
sequence:

atggctgegcagggagagccccaggtccagttcaaacttgtattggttggtgatggtggtactggaaaaacgaccttegtgaaac
gtcatttgactggtgaatttgagaagaagtatgtagccaccttgggtgttgaggttcatcccctagtgttccacaccaacagaggacctattaa

gttcaatgtatgggacacagcecggecaggagaaattcggtggactgagagatggctattatatccaageccagtgtgecatcataatgtttga
tgtaacatcgagagttacttacaagaatgtgcctaactggeatagagatctggtacgagtgtgtgaaaacatcceecattgtgttgtgtggeaac
aaagtggatattaaggacaggaaagtgaaggcgaaatccattgtcttccaccgaaagaagaatcttcagtactacgacatttctgccaaaagt
aactacaactttgaaaagcccttectetggettgetaggaagcetcattggagaccctaacttggaatttgttgecatgectgcetctegeeccace
agaagttgtcatggacccagctttggcagcacagtatgagcacgacttagaggttgctcagacaactgcetctcceggatgaggatgatgace

tgtga

Gene symbol: RARA
Entrez Gene ID: 5914
dna/ac: BC008727.2
sequence:

atggccagcaacagcagcetcetgeccgacacctgggggegggcacctcaatgggtacceggtgecteectacgecettettette
cccectatgetgggtggactctcececcgecaggegetetgaccactetecageaccagettecagttagtggatatageacaccatceccage
caccattgagacccagagcagcagttctgaagagatagtgcccagcecectecctegecaceccctctaccecgceatctacaagecttgetttg
tetgtcaggacaagtectcaggetaccactatggggtcagegectgtgagggctgcaagggcettcttccgecgeageatccagaagaacat
ggtgtacacgtgtcaccgggacaagaactgcatcatcaacaaggtgacceggaaccgetgecagtactgecgactgeagaagtgctttga
agtgggcatgtccaaggagtctgtgagaaacgaccgaaacaagaagaagaaggaggtgcccaageccgagtgctctgagagctacacg
ctgacgccggaggtgggggagcetcattgagaaggtgcgcaaagegeaccaggaaaccttcectgecctetgecagetgggcaaatacac
tacgaacaacagctcagaacaacgtgtctctctggacattgacctetgggacaagttcagtgaactetccaccaagtgeatcattaagactgt
ggagttcgccaageagetgeceggcttcaccacectcaccatcgecgaccagatcacectectcaaggetgectgectggacateetgate
ctgcggatctgeacgeggtacacgeccgageaggacaccatgaccttetcggacgggetgaccctgaaccggacccagatgeacaacg
ctggcttcggeecectcaccgacctggtetttgecttcgecaaccagetgetgeecctggagatggatgatgeggagacggggctgctcag
cgccatetgectcatetgeggagaccgecaggacctggageagecggacegggtggacatgetgecaggageegetgetggaggegceta
aaggtctacgtgcggaageggaggeccagecgeccccacatgttccccaagatgetaatgaagattactgacctgegaageatcagegee
aagggggctgagcgggtgatcacgetgaagatggagatcccgggctecatgecgectcteatccaggaaatgttggagaactcagaggg

cctggacactctgageggacagecgggggstggggggcgggacgggggtggectggeccececgecaggeagetgtagecccagee
tcagccccagetccaacagaageageccggecacceactceccgtga

Gene symbol: RBMSI1
Entrez Gene ID: 5937
dna/ac: BC012992.2
sequence:

atgggcaaagtgtggaaacagcagatgtaccctcagtacgecacctactattacceccagtatctgcaagecaageagtetetgg
tcccageccaccecatggeecctcccagtecccageaccaccageagtaataacaacagtagecageagtageaactcaggatgggatcag
ctcagcaaaacgaacctctatatccgaggactgectcceccacaccaccgaccaggacctggtgaagetctgtcaaccatatgggaaaatag
tctccacaaaggcaattttggataagacaacaaacaaatgcaaaggttatggttttgtcgactttgacageectgeagcagctcaaaaagetgt
gtctgeectgaaggecagtggggttcaagetcaaatggeaaagcaacaggaacaagatcctaccaacctetacatttctaatttgecactcte
catggatgagcaagaactagaaaatatgctcaaaccatttggacaagttatttctacaaggatactacgtgattccagtggtacaagtcgtggt
gttggctttgctaggatggaatcaacagaaaaatgtgaagetgttattggtcattttaatggaaaatttattaagacaccaccaggagtttctgee
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cccacagaacctttattgtgtaagtttgetgatggaggacagaaaaagagacagaacccaaacaaatacatccctaatggaagaccatgge

atagagaaggagaggctggaatgacacttacttacgacccaactacagctgctatacagaacggattttatccttcaccatacagtattgcetac
aaaccgaatgatcactcaaacttctattacaccctatattgceatctectgtatctgectaccaggtgecaaagtecttegtggatgeaacctcaac

catatattctacagcaccctggtgecgtgttaactcectcaatggagcacaccatgtcactacageccgceatcaatgatcagecectcetggece

agcagatgagtcatctgtcactaggcagcaccggaacatacatgectgcaacgtcagetatgcaaggagectacttgecacagtatgcaca
tatgcagacgacageggttectgttgaggaggcaagtggtcaacagcaggtggctgtcgagacgtctaatgaccattctccatatacctttca
acctaataagtaa

Gene symbol: RDBP
Entrez Gene ID: 7936
dna/ac: BC050617.2
sequence:

atgttggtgataccccecggactgagegaggaagaggaggcetctgcagaagaaattcaacaagetcaagaaaaagaaaaagg
cattgctggetctgaagaagcaaagtagcageageacaaccagecaaggtggtgtcaaacgetcactatcagageagectgtcatggaca
cagccacagcaacagagcaggceaaageagetggigaagtcaggagcecatcagtgecatcaaggetgagaccaagaactcaggettcaa
gegttctcgaacccttgaggggaagttaaaggaccccgagaagggaccagtecccactttccagecgttccagaggagcatatctgetgat
gatgacctgcaagagtcatccagacgtccccagaggaaatctctgtatgagagetttgtgtcttctagtgatcgactticgagaactaggacca
gatggagaagaggcagagggeccaggggcetggtgatggteccectegaagcetttgactggggetatgaagaacgeagtggtgcccacte
ctcagecteecectccecgaagecgeagecgggaccgeagecatgagaggaaccgggacagagaccgagatcgggagegggatcgag
accgggatcgagacagagacagagagegggacagggatcgggatcgggatcgagatcgagaccgggaacgggacagggatcggga
gegggatcgagaccgagaccgagagggtectttccgeaggteggattcattcectgaacggegageccctaggaaagggaatactcetcta
tgtatatggagaagacatgacacccacccttcteccgtggggccttetetecttitggaaacatcattgacctetccatggacccacccagaaac
tgtgecttcgtcacctatgaaaagatggagtcagcagatcaggecgttgctgagetcaacgggacccaggtggagtctgtacagetcaaag
tcaacatagcccgaaaacageccatgetggatgecgetactggeaagtetgtetggggcetecctegetgtccagaacagecctaagggttg
ccaccgggacaagaggacccagattgtctacagtgatgacgtctacaaggaaaaccttgtggatggcttctag

Gene symbol: RNF12
Entrez Gene ID: 51132
dna/ac: BC013357.2
sequence:

atggaaaactcagattccaatgacaaaggaagtggtgatcagtctgcagecacagegeagaagtcagatggaccgattggatcg
agaagaagcttictatcaatttgtaaataacctgagtgaagaagattataggettatgagagataacaatttgctaggcaccccaggtgaaagt
actgaggaagagttgctgagacgactacagcaaattaaagaaggcccaccaccgcaaaactcagatgaaaatagaggaggagactcttc
agatgatgtatctaatggtgactctataatagactggcttaactctgtcagacaaactggaaatacaacaagaagtgggcaaagaggaaace
aatcttggagagcagtgagtcggactaatccaaacagtggtgatttcagattcagtttagagataaatgttaaccgtaataatgggagecaaa
attcagagaatgaaaatgagccatctgcaagacgttctagtggagaaaatgtggaaaacaacagccaaaggcaagtggaaaacccacgat
ctgaatcaacatctgcaaggcecatctagatcagaacgaaattcaactgaagegttaacagaggtcccacctaccagaggtcagaggageg
caagaagcaggagcccagaccatcggagaaccagagcaagagetgaaagaagtaggtcacctetgeatccaatgagtgaaattccacga
agatctcatcatagtatctcatctcagacttttgaacatcctitggtaaatgagacggagggaagttctagaacccggeaccatgtgacattga
ggcagcaaatatctgggectgagttgctaagtagaggtctttttgeagettctggaacaagaaatgettctcaaggageaggttcttcagacac
agctgccagtggtgaatctacaggatcaggacagagacctccaaccatagtecttgatcttcaagtaagaagagttcgtectggagaatate
ggcagagagatagcatagccagcagaactcggtetaggtctcagacaccaaacaacactgtcacctatgaaagtgaacgaggaggtttta
ggcgtacattttcacgttctgagegggeaggtgtgagaacctatgtcagtaccatcagaattcecattcgtagaatcttaaatactggtttaagt
gagactacatctgttgcaattcagaccatgttaaggcagataatgacaggttttggtgagttaagctattitatgtacagtgatagegactcaga
gectactggetcagtctcaaatcgaaatatggaaagggeagagtcacggagtggaagaggaggtictggtgotggtagtagttctggticea
gttcgagttccagttccagttcgagttccagttccagttcaagttcecagttecagtectagttccagttceggtggtgaaagttcagaaactaget



34

cagatttatttgaaggcagtaatgaaggaagctcatcatcaggetcatcaggtgecaggegagagggtcgacatagggecccagtcacattt
gatgaaagtggctctttgeecttccttagectggetcagtttttcctcttaaatgaggatgatgatgaccaacctagaggactcaccaaagaaca
gattgacaacttggcaatgagaagittttggtgaaaatgatgcattaaaaacctgtagtgtttgecattacagaatatacagaaggcaacaaacttc
gtaaactaccttgttcccatgagtaccatgtccactgeatcgatcgetggttatctgagaattctacctgtectatttgtcgcagagceagtcettage

ttctggtaacagagaaagtgttgtgtaa

Gene symbol: RUFY1
Entrez Gene ID: 80230
dna/ac: BC032571.1
sequence:

atgatggaggagcgtgccaacctgatgcacatgatgaaactcageatcaaggtgttgctccagtcggetcetgagectgggeege
agcctggatgeggaccatgeecccttgcagceagttctttgtagtgatggageactgectcaaacatgggctgaaagttaagaagagttttatt
ggccaaaataaatcattetttggtectttggagcetggtggagaaacttigtccagaageatcagatatagegactagtgtcagaaatcettccag
aattaaagacagctgtgggaagaggccgagegtggctttatcttgecactcatgcaaaagaaactggeagattatctgaaagtgcettatagaca
ataaacatctcttaagcgagttctatgagectgaggctttaatgatggaggaagaagggatggtgattgttggtetgetggtgggactcaatgt
tctcgatgecaatetctgettgaaaggagaagacttggattetcaggttggagtaatagatttttcectctaccttaaggatgtgcaggatcttga
tggtggcaaggagcatgaaagaattactgatgtccttgatcaaaaaaattatgtggaagaacttaaccggcacttgagetgecacagttggeg
atcttcaaaccaagatagatggcttggaaaagactaactcaaagcttcaagaagagcetttcagetgecaacagaccgaatttgetcacttcaag
aagaacagcagcagttaagagaacaaaatgaattaattcgagaaagaagtgaaaagagtgtagagataacaaaacaggataccaaagttg
agctggagacttacaagcaaactcggcaaggtctggatgaaatgtacagtgatgtgtggaageagctaaaagaggagaagaaagteeggt
tggaactggaaaaagaactggagttacaaattggaatgaaaaccgaaatggaaattgcaatgaagttactggaaaaggacacccacgaga
agcaggacacactagttgccctccgecageagetggaagaagtcaaagegattaatttacagatgtttcacaaagetcagaatgecagagag
cagtttgcagcagaagaatgaagccatcacatcctttgaaggaaaaaccaaccaagttatgtccagcatgaaacaaatggaagaaaggtte
cagcactcggagegggegaggeagggagetgaggageggagecacaagetgeageaggagetgggegggaggateggegeectge
agctgeagctetecccagetgeacgageaatgetcaagectggagaaagaattgaaatcagaaaaagagceaaagacaggcetettcagege
gaattacagcacgagaaagacacttcctctctactcaggatggagcetgcaacaagtggaaggactgaaaaaggagttgecgggagettcag
gacgagaaggcagagctgcagaagatctgecgaggagceaggaacaagecectccaggaaatgggectgeacctcagecagtccaagetg
aagatggaagatataaaagaagtgaaccaggeactgaagggecacgectggctgaaagatgacgaagegacacactgtaggcagtgtg
agaaggagttctccatttcccggagaaagceaccactgecggaactgtggecacatettctgcaacacetgetccageaacgagetggecect
gecectectacecccaageeggtgegagtgtgegacagetgecacacccetgetectgeagegetgeteetccacggectectga

Gene symbol: SMNI1
Entrez Gene ID: 6606
dna/ac: BC000908.2
sequence:

atggcgatgagcageggeggeagtggtggeggcegtceccggageaggaggattecgtgetgttecggegeggeacaggeea
gagcgatgattctgacatttgggatgatacagcactgataaaagcatatgataaagetgtggcttcatttaageatgetctaaagaatggtgac
atttgtgaaacttcgggtaaaccaaaaaccacacctaaaagaaaacctgctaagaagaataaaagccaaaagaagaatactgcagcettcctt
acaacagtggaaagttggggacaaatgttctgecatttggtcagaagacggttgeatttacccagctaccattgettcaattgattttaagagag
aaacctgtgttgtggtttacactggatatggaaatagagaggagcaaaatctgtccgatctactttccccaatctgtgaagtagetaataatata
gaacagaatgctcaagagaatgaaaatgaaagccaagtttcaacagatgaaagtgagaactccaggtctcctggaaataaatcagataaca
tcaagcccaaatctgetecatggaactcettttctcectccaccaceecccatgecagggecaagactgggaccaggaaagecaggtctaaa
attcaatggcccaccaccgecaccgecaccaccaccaccccacttactatcatgetggetgectecattteettctggaccaccaataattcee
ccaccacctcccatatgtccagattetettgatgatgetgatgcetttgggaagtatgttaatttcatggtacatgagtggcetatcatactggctatta
tatggaaatgctggcatag
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Gene symbol: SRPK1
Entrez Gene ID: 6732
dna/ac: BC038292.1
sequence;

atggagcggaaagtgcttgegctecaggeccgaaagaaaaggaccaaggecaagaaggacaaageccaaaggaaatetga
aactcagcaccgaggctctgctcceccactctgagagtgatctaccagageaggaagaggagattctgggatctgatgatgatgagcaaga
agatcctaatgattattgtaaaggaggttatcatcttgtgaaaattggagatctattcaatgggagataccatgtgatccgaaagttaggetggg
gacacttttcaacagtatggttatcatgggatattcaggggaagaaatttgtggcaatgaaagtagttaaaagtgctgaacattacactgaaac
agcactagatgaaatccggttgctgaagtcagttcgcaattcagacectaatgatccaaatagagaaatggttgticaactactagatgacttta
aaatatcaggagttaatggaacacatatctgcatggtatttgaagttttggggcatcatctgetcaagtggatcatcaaatccaattatcagggg
cttccactgccttgtgtcaaaaaaattattcagcaagtgttacagggtcttgattatttacataccaagtgecgtatcacccacactgacattaaa
ccagagaacatcttattgtcagtgaatgagcagtacattcggaggctggetgcagaageaacagaatggcagegatctggagcetecteege
cttccggatcetgeagtcagtactgetccccagectaaaccagetgacaaaatgtcaaagaataagaagaagaaattgaagaagaagcagaa
gegecaggcagaattactagagaagegaatgcaggaaattgaggaaatggagaaagagtcgggccctgggcaaaaaagaccaaacaa
gcaagaagaatcagagagtcctgttgaaagacccttgaaagagaacccacctaataaaatgacccaagaaaaacttgaagagtcaagtac
cattggccaggatcaaacgcttatggaacgtgatacagagggtggtgcageagaaattaattgeaatggagtgattgaagtcattaattatact
cagaacagtaataatgaaacattgagacataaagaggatctacataatgctaatgactgtgatgtccaaaatttgaatcaggaatctagtttcct
aagctcccaaaatggagacagcagcacatctcaagaaacagactcttgtacacctataacatctgaggtgtcagacaccatggtgtgecagt
cttcetcaactgtaggtcagtcattcagtgaacaacacattagccaacttcaagaaageattcgggeagagataccctgtgaagatgaacaa
gagcaagaacataacggaccactggacaacaaaggaaaatccacggetggaaatittctigttaatceccttgagecaaaaaatgcagaaa
agctcaaggtgaagattgctgaccttggaaatgcettgttgggtgcacaaacatttcactgaagatattcaaacaaggcaatatcgttccttgga
agttctaatcggatctggctataataccectgetgacatttggageacggceatgeatggectttgaactggecacaggtgactatttgtttgaac
ctcattcaggggaagagtacactcgagatgaagatcacattgcattgatcatagaacttctggggaaggtgcctcgcaagetcattgtggea
ggaaaatattccaaggaatttttcaccaaaaaaggtgacctgaaacatatcacgaagcetgaaaccttggggcectttttgaggttctagtggaga
agtatgagtggtcgcaggaagaggceagetggettcacagatttettactgeccatgttggagcetgateecetgagaagagagecactgeege
cgagtgtctccggeacccttggettaactcctaa

Gene symbol: SSA2
Entrez Gene ID: 6738
dna/ac: BC036658.2
sequence:

atggaggaatctgtaaaccaaatgcagecactgaatgagaagcagatagecaattctcaggatggatatgtatggcaagtcactg
acatgaatcgactacaccggttcttatgtitcggtictgaaggtgggacttattatatcaaagaacagaagttgggccttgaaaatgetgaagct
ttaattagattgattgaagatggcagaggatgtgaagtgatacaagaaataaagtcatttagtcaagaaggcagaaccacaaagcaagagcec
tatgctctttgcacttgecatttgttcccagtgctccgacataagcacaaaacaagceageatttaaagetgtttctgaagtttgtcgeattcectace
catctctttacttttatccagtttaagaaagatctgaaggaaagcatgaaatgtggceatgtggggtcgtgeccteceggaaggctatageggact
ggtacaatgagaaaggtggcatggeccttgetctggeagttacaaaatataaacagagaaatggetggtctcacaaagatctattaagattgt
cacatcttaaaccttccagtgaaggacttgcaattgtgaccaaatatattacaaagggcetggaaagaagttcatgaattgtataaagaaaaagce
actctctgtggagactgaaaaattattaaagtatctggaggcetgtagagaaagtgaagcgeacaagagatgagctagaagtcattcatctaat
agaagaacatagattagttagagaacatcttttaacaaatcacttaaagtctaaagaggtatggaaggctttgttacaagaaatgccgcttactg
cattactaaggaatctaggaaagatgactgctaattcagtacttgaaccaggaaattcagaagtatctitagtatgtgaaaaactgtgtaatgaa
aaactattaaaaaaggctcgtatacatccatttcatattttgatcgcattagaaacttacaagacaggtcatggtctcagagggaaactgaagtg
gegecectgatgaagaaattttgaaagcattggatgetgetttttataaaacatttaagacagttgaaccaactggaaaacgtttcttactagetgtt
gatgtcagtgcttctatgaaccaaagagttitgggtagtatactcaacgctagtacagttgetgcagceaatgtgeatggttgtcacacgaacag
aaaaagattcttatgtagttgctttttccgatgaaatggtaccatgtccagtgactacagatatgaccttacaacaggttttaatggctatgagtca
gatcccageaggtggaactgattgetctcttccaatgatetgggetcagaagacaaacacacctgetgatgtcttcattgtattcactgataatg
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agacctttgctggaggtgtccatectgcetattgetetgagggagtatcgaaagaaaatggatattccagetaaattgattgtitgtggaatgaca
tcaaatggtttcaccattgcagacccagatgatagaggcatgttggatatgtgcggctttgatactggagetctggatgtaattcgaaatttcac
attagatatgatttaa

Gene symbol: SSNAI1
Entrez Gene ID: 8636
dna/ac: BC000864.1
sequence:

atgacccagcagggcgeggegetgcagaactacaacaacgagetggtcaagtgeatagaggagetgtgeccagaageggga
ggagctgtgccggeagatccaggaggaggaggacgagaageageggctgcagaatgaggtgaggcagetgacagagaagetggece
gegtcaacgagaacctggeacgcaagattgectetcgeaacgagttcgaccggaccategeggagacggaggecgectacctcaagate
ctggagagctcccagactttgetcagegtictcaagagggaagetgggaacctgaccaaggetacagecccagaccagaaaagtagegg
cggecagggacagcetga

Gene symbol: STAU
Entrez Gene ID: 6780
dna/ac: BC050432.1
sequence:

atgtctcaagttcaagtgcaagttcagaacccatctgetgetctctcagggagecaaatactgaacaagaaccagtctcttctetca
cagcctttgatgagtattcettctactactagetctctgeectetgaaaatgcaggtagacccattcaaaactctgetttacectctgeatctattac
atccaccagtgcagcetgcagaaagcataacccctactgtagaactaaatgeactgtgeatgaaacttgga

Gene symbol: STK11
Entrez Gene ID: 6794
dna/ac: BC007981.2
sequence:

atggaggtgetggacccgeageagetgggeatgttcacggagggegagetgatgtcggtgggtatggacacgttcatccace
gceatcgactccaccgaggtcatctaccageecgegecgeaagegggecaagetcatcggeaagtacctgatgggggacctgetggggga
aggctcttacggcaaggtgaaggaggtgctggactcggagacgetgtgcaggagggccgtcaagatcctcaagaagaagaagttgega
aggatccccaacggggaggecaacgtgaagaaggaaattcaactactgaggaggttacggeacaaaaatgtcatccagetggtggatgt
gttatacaacgaagagaagcagaaaatgtatatggtgatggagtactgegtgtgtggeatgcaggaaatgetggacagegtgecggagaa
gegtttcccagtgtgecaggeccacgggtacttetgtcagetgattgacggectggagtacctgeatagecagggceattgtgecacaaggac
atcaagccggggaacctgetgetcaccaccggtggcaccetcaaaatctecgaccetgggegtggecgaggceactgeaccegttcgegge
ggacgacacctgecggaccagecagggetccceggetttccagecgeccgagattgecaacggectggacaccttcteccggettcaagg
tggacatctggtcggetggggtcacectctacaacatcaccacgggtctgtaceecttcgaaggggacaacatctacaagttgtttgagaac
atcgggaaggggagctacgecatceegggegactgtggececccgetetetgacctgetgaaagggatgettgagtacgaaccggecaa
gaggttctccatccggceagatceggeageacagetggticcggaagaaacatectccggetgaageaccagtgeccatcecaccgagec
cagacaccaaggaccggtggcgcagcatgactgtggtgccgtacttggaggacctgcacggegeggacgaggacgaggacctcttcga
catcgaggatgacatcatctacactcaggacttcacggtgecccggacaggtcccagaagaggaggcecagtcacaatggacagegecgg
ggectccccaaggecgtgtgtatgaacggeacagaggeggegeagetgageaccaaatccagggeggagggecgggceccccaacect
geeegeaaggectgeteegecageageaagateegecggetgteggectgcaageageagtga

Gene symbol: TOMI1
Entrez Gene ID: 10043
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dna/ac: BC046151.1
sequence:
atggactttctcetggggaaccegttcagetctccagtgggacagegeatcgagaaagecacagatggeteectgecagagega
ggactgggccctcaacatggagatctgegacatcatcaacgagacggaggaaggtcccaaagatgecctccgageagtaaagaagaga
atcgtggggaataagaacttccacgaggtgatgetggctctcacagtettagaaacctgtgtcaagaactgegggeaccgetteccacgtget
ggtggecagcecaggacttcgtggagagtgtgetggtgaggaccatectgeccaagaacaacccacccaccategtgeatgacaaagtget
caacctcatccagtectgggcetgacgegttccgeagetegeccgatetgacaggtgtggtcaccatctatgaggacctgeggaggaaagg
cctggagttccecatgactgacctggacatgetgtcacccatecacacaccccagaggaccgtgttcaactcagagacacaatcaggacag
gattctgtgggcactgactccagecagcaagaggactctggecagcatgetgeecctetgeeegeceegeccatactetceggtgacacg
cccatagcaccaaccccggaacagattgggaagetgegeagtgagetggagatggtgagtgggaacgtgagggtgatgtcggagatget
gacggagcetggtgcccacccaggecgageccgeagacctggagetgetgeaggagetcaaccgeacgtgeecgagecatgeageageg
ggtectggagctcatccctcagatcgecaatgagcagetgacagaggagetgetcatcgtcaatgacaatctcaacaatgtgttectgegee
atgaacggtttgaacggttccgaacaggccagaccaccaaggecccaagtgaggecgagecggeagetgacctgatcgacatgggece
tgacccagcagccaccggceaacctetcatcecagetggeaggaatgaacctgggetccageagtgtgagagetggectgeagtetetgga
ggcctetggtcgactggaagatgagtttgacatgtttgcgetgacacggggeagetcactggetgaccaacggaaagaggtaaaatacga
agccccccaagceaacagacggectggetggageceetggacgeccggeageagageactggegegatcccagtcaccecaggectgect
catggaggacatcgagcagtggetgtccactgacgtgggtaatgatgecggaagagectaagggggtcaccagegaaggtaaatttgaca
aattcctggaagaacgggccaaagecgeggaccgattgeccaacctetecagecectcagetgaggggecccegggteccecatctgge
ccagcgecccggaagaagacccaggagaaagatgatgacatgetgtttgecttatga

Gene symbol: TXNL2
Entrez Gene ID: 10539
dna/ac: BC005289
sequence:

atggeggegggegrggctgaggeagetgtageggeegtggaggaggteggetcageegggeagtttgaggagetgetgeg
cctcaaagccaagtecctecttgtggtecatttctgggcaccatgggetccacagtgtgecacagatgaacgaagttatggeagagttagetaa
agaactccctcaagtttcatttgtgaagttggaagctgaaggtgticctgaagtatctgaaaaatatgaaattagetctgttcccacttttetgtittt
caagaattctcagaaaatcgaccgattagatggtgcacatgccccagagttgaccaaaaaagttcagegacatgeatctagtggctecttect
acccagcgctaatgaacatcttaaagaagatctcaaccttcgettgaagaaattgactcatgetgeccectgeatgetgtttatgaaaggaact
cctcaagaaccacgetgtggtttcagcaageagatggtggaaattcttcacaaacataatattcagtttagcagttttgatatcttctcagatgaa
gaggttcgacagggactcaaagectattccagttggectacctatectcagetctatgtttctggagagetcataggaggacttgatataattaa
ggagctagaagcatctgaagaactagatacaatttgtcccaaagetcccaaattagaggaaaggcetcaaagtgetgacaaataaagcettetg
tgatgctctttatgaaaggaaacaaacaggaagcaaaatgtggattcagcaaacaaattctggaaatactaaatagtactggtgttgaatatga
aacattcgatatattggaggatgaagaagttcggcaaggattaaaagcttactcaaattggecaacataccctcagetgtatgtgaaagggga

getggtgggaggattggatattgtgaaggaactgaaagaaaatggtgaattgetgectatactgagaggagaaaattaa

Gene symbol: TXNRD1
Entrez Gene ID: 7296
dna/ac: BC018122.1
sequence:

atgaacggccctgaagatcticccaagtectatgactatgaccttatcatcattggaggtggctcaggaggtctggecagetgcetaa
ggaggcagcccaatatggcaagaaggtgatggtectggactttgtcactcccaceectettggaactagatggggtcttggaggaacatgtg
tgaatgtgggttgcatacctaaaaaactgatgcatcaageagctttgttaggacaagecctgcaagactctcgaaattatggatggaaagtcg
aggagacagttaagcatgattgggacagaatgatagaagctgtacagaatcacattggcetctttgaattggggctaccgagtagetetgegg
gagaaaaaagtcgtctatgagaatgcttatgggcaatttattggtcctcacaggattaaggcaacaaataataaaggcaaagaaaaaatttatt
cagcagagagatttctcattgccactggtgaaagaccacgttacttgggceatcectggtgacaaagaatactgeatcageagtgatgatctttt
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ctcettgecttactgeccgggtaagaccetggitgttggageatcectatgtegetitggagtgegetggatttettgetggtatiggtttagacgt
cactgttatggttaggtccattcttcttagaggatttgaccaggacatggecaacaaaattggtgaacacatggaagaacatggcatcaagttt

ataagacagttcgtaccaattaaagttgaacaaattgaagcagggacaccaggecgactcagagtagtagetcagtccaccaatagtgagg
aaatcattgaaggagaatataatacggtgatgctggcaataggaagagatgcttgcacaagaaaaattggcttagaaaccgtaggggtgaa
gataaatgaaaagactggaaaaatacctgtcacagatgaagaacagaccaatgtgccttacatctatgecattggegatatattggaggataa
ggtggagctcaccccagttgcaatccaggcaggaagattgetggetcagaggctctatgcaggticcactgtcaagtgtgactatgaaaatg
ttccaaccactgtatttactcctttggaatatggtgcttgtggectttctgaggagaaagctgtggagaagtttggggaagaaaatattgaggttt
accatagttacttttggccattggaatggacgattccgtcaagagataacaacaaatgttatgcaaaaataatctgtaatactaaagacaatgaa
cgtgttgtgggctttcacgtactgggtccaaatgetggagaagttacacaaggetttgecagetgegetcaaatgtggactgaccaaaaagea
getggacageacaattggaatccaccetgtetgtgcagaggtattcacaacattgtetgtgaccaagegcetctggggeaagceatectecagg

ctggcetgetgaggttaa

Gene symbol: ZMAT2
Entrez Gene ID: 153527
dna/ac: BC056668.1
sequence:

atggcgtcgggcagegggacaaaaaacttggactttcgecgaaagtgggacaaagatgaatatgagaaactcgecgagaaga
ggctcacggaagagagagaaaagaaagatggaaaaccagtgecagectgtcaagegagagcettttacggcatagggactacaaggtgga
cttggaatccaagcettgggaagacaattgtcattaccaagacaaccectcaatctgagatgggaggatattactgcaatgtetgtgactgtgtg
gtgaaggactccatcaacttictggatcacattaatggaaagaaacatcagagaaacctgggcatgtctatgegtgtggaacgttccacectg
gatcaggtgaagaaacgttttgaggtcaacaagaagaagatggaagagaagcagaaggattatgatittgaggaaaggatgaaggagcetc
agagaagaggaggaaaaggccaaagegtacaagaaagagaaacagaaggagaagaaaaggagggctgaggaggacttgacatttga
ggaggacgatgagatggcagetgtgatgggcttctetggetttggttccaccaagaagagttactga

Gene symbol: ZNF38
Entrez Gene ID: 7589
dna/ac: BC047309.1
sequence:

atgatgaccaaggtactaggcatggccccagttctgggecctaggectccacaggageaggtggggcctctgatggtaaaagt
cgaggagaaagaagagaaaggcaagtaccttcctagectggagatgttccgecagegcettcaggeagtttgggtaccatgataceectgg

accccgagaggecctgagecaactecegggtgctetgetgtgagtggetgaggeccgagatccacaccaaggageagateetggagetac
tggtgctggageagttectgaccatectgecccaggagetccaggectgggtgcaggageattgeccggagagegetgaagaggetgte

actctcctecgaagatctggagegggaactggatgagecaggacaccaggtctcaactectccaaacgaacagaaaccggtgtgggagaa
gatatcctectcaggaactgcaaaggaatccccgageageatgcagecacageccttggagaccagtcacaaatacgagtettgggggce
cctgtacatccaagagtctggtgaggagceaggagttcgetcaagatccaagaaaggtccgagattgeagattgagtacccagecacgagga
atcagcagatgagcagaaaggttctgaagcagaggggctcaaaggggatataatttctgtgattatcgccaataaacctgaggecagettag
agaggcagtgcgtaaacctigaaaatgaaaaaggaacaaaacceectcttcaagaggeaggctccaagaaaggtagagaatcagttecta
ctaaacctaccccaggagagagacgttatatatgtgctgaatgtggcaaagectttagtaatagctcaaatctcaccaaacacaggagaaca

cacactggggagaaaccttacgtgtgcaccaagtgtgggaaagcetttcageecacagcetcaaacctcaccetccactacagaacacacttgg
tggaccggccctatgactgtaagtgtggaaaagcettttgggcagagetcagaccttcttaaacatcagagaatgcacacagaagaggcegece
atatcagtgcaaagattgtggcaaggctticagcgggaaaggeagectcattcgtcactatcggatccacactggggagaagecttatcagt
gtaacgaatgtgggaagagcttcagtcageatgegggectcagetcccaccagagactccacaccggagagaagecatataagtgtaag

gagtgtgggaaagccttcaaccacagetccaacttcaataaacaccacagaatccacaccggggaaaagecctactggtgtcatcactgtg
gaaagaccttctgtagcaagtccaatctttccaaacatcagegagtccacactggagagggagaageaccgtaa
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Claims

1. A method of diagnosing a patient as having or being predisposed to developing lupus,
comprising detecting in a sample taken from said patient one or more auto-antibodies that bind
an auto-antigen selected from the group consisting of BANK1 (B-cell scaffold protein with
ankyrin repeats 1); BPY2IP1 (MAPI1S protein); CEBPG (CCAAT/enhancer binding protein
(C/EBP), gamma); E1B-APS5 (E1B-55kDa-associated protein 5); FUS (Fusion (involved in
t(12;16) in malignant liposarcoma)); HAGH (Hydroxyacylglutathione hydrolase); HMG20B
(High-mobility group 20B); HOXB6 (Homeo box B6, transcript variant 2); KRT8 (Keratin 8);
LIN28 (Lin-28 homolog (C. elegans)); NDUFV3 (NADH dehydrogenase (ubiquinone)
flavoprotein 3, 10kDa); PABPC1 (Poly(A) binding protein, cytoplasmic 1); PHLDAI
(Pleckstrin homology-like domain, family A, member 1); PIAS2 (Msx-interacting-zinc finger,
transcript variant alpha); RAB11FIP3 (RABI11 family interacting protein 3 (class II)); RAN
(RAN, member RAS oncogene family); RARA (Retinoic acid receptor alpha); RBMS1 (RNA
binding motif, single stranded interacting protein 1, transcript variant); RDBP (RD RNA
binding protein); RNF12 (Ring finger protein 12, transcript variant 1); RUFY1 (RUN and
FYVE domain containing 1); SMN1 (Survival of motor neuron 1, telomeric); SRPK1 (SFRS
protein kinase 1); SSNA1 (Sjogren’s syndrome nuclear autoantigen 1); STAU (Staufen, RNA
binding protein (Drosophila), transcript variant T3); STK11 (Serine/threonine kinase 11 (Peutz-
Jeghers syndrome)); TOM1 (Target of mybl (chicken)); TXNL2 (Thioredoxin-like, clone
MGC:12349); TXNRDI1 (Thioredoxin reductase 1, transcript variant 5); ZMAT2 (Zinc finger,
matrin type 2); or ZNF38 (Zinc finger protein 38),

wherein the presence of said one or more auto-antibodies, or an increase in the concentration of
said one or more auto-antibodies, indicates that the patient suffers or is predisposed to develop

lupus.

2. The method of claim 1, wherein the presence of auto-antibodies to at least two of the

auto-antigens are detected.

3. A method of diagnosing a patient as having or being predisposed to developing lupus,
comprising detecting in a sample from said patient auto-antibodies to a panel comprising 5 or
more auto-antigens selected from the group consisting of BANK1 (B-cell scaffold protein with
ankyrin repeats 1); BPY2IP1 (MAP1S protein); CEBPG (CCAAT/enhancer binding protein
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(C/EBP), gamma); E1B-AP5 (E1B-55kDa-associated protein 5); FUS (Fusion (involved in
t(12;16) in malignant liposarcoma)); HAGH (Hydroxyacylglutathione hydrolase); HMG20B
(High-mobility group 20B); HOXB6 (Homeo box B6, transcript variant 2); IFI16 (Interferon,
gamma-inducible protein 16); KRT8 (Keratin 8); LIN28 (Lin-28 homolog (C. elegans));
NDUFV3 (NADH dehydrogenase (ubiquinone) flavoprotein 3, 10kDa); PABPC1 (Poly(A)
binding protein, cytoplasmic 1); PHLDAI1 (Pleckstrin homology-like domain, family A,
member 1); PIAS2 (Msx-interacting-zinc finger, transcript variant alpha); RAB11FIP3
(RABI11 family interacting protein 3 (class II)); RALBP1 (RalA-binding protein 1); RAN
(RAN, member RAS oncogene family); RARA (Retinoic acid receptor alpha); RBMS1 (RNA
binding motif, single stranded interacting protein 1, transcript variant); RDBP (RD RNA
binding protein); RNF12 (Ring finger protein 12, transcript variant 1); RUFY1 (RUN and
FYVE domain containing 1); SMN1 (Survival of motor neuron 1, telomeric); SRPK1 (SFRS
protein kinase 1); SSNA1 (Sjogren’s syndrome nuclear autoantigen 1); STAU (Staufen, RNA
binding protein (Drosophila), transcript variant T3); STK11 (Serine/threonine kinase 11 (Peutz-
Jeghers syndrome)); TOM1 (Target of mybl (chicken)); TXNL2 (Thioredoxin-like, clone
MGC:12349); TXNRDI1 (Thioredoxin reductase 1, transcript vanant 5); ZMAT2 (Zinc finger,
matrin type 2); or ZNF38 (Zinc finger protein 38), PSME3 (Proteasome (prosome, macropain)
activator subunit 3 (PA28 gamma; Ki), transc), and SSA2 (Sjogren syndrome antigen A2
(60kDa, ribonucleoprotein autoantigen SS-A/Ro)), wherein the presence or separately a
significant increase in the concentration of said auto-antibodies in the sample to substantially all

members of the panel indicates that the patient suffers or is predisposed to develop lupus.

4. The method of claim 3, wherein the panel comprises 10 or more of said auto-antigens.
5. The method of any previous claim, wherein the patient is pre-symptomatic.
6. A method of monitoring the progression or regression of lupus, or monitoring the

progression to a flare of the disease or transition from a flare into remission, comprising

(a) detecting in a first sample from a patient the presence of one or more auto-
antibodies that bind an auto-antigen selected from the group consisting of BANKI (B-cell
scaffold protein with ankyrin repeats 1);  BPY2IP1 (MAPIS protein); CEBPG
(CCAAT/enhancer binding protein (C/EBP), gamma); E1B-APS5 (E1B-55kDa-associated
protein 5); FUS (Fusion (involved in t(12;16) in malignant liposarcoma)); HAGH
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(Hydroxyacylglutathione hydrolase); HMG20B (High-mobility group 20B); HOXB6 (Homeo
box B6, transcript variant 2); KRT8 (Keratin 8); LIN28 (Lin-28 homolog (C. clegans));
NDUFV3 (NADH dehydrogenase (ubiquinone) flavoprotein 3, 10kDa); PABPC1 (Poly(A)
binding protein, cytoplasmic 1); PHLDA1 (Pleckstrin homology-like domain, family A,
member 1); PIAS2 (Msx-interacting-zinc finger, transcript variant alpha); RABI11FIP3
(RAB11 family interacting protein 3 (class II)); RAN (RAN, member RAS oncogene family);
RARA (Retinoic acid receptor alpha); RBMS1 (RNA binding motif, single stranded interacting
protein 1, transcript variant); RDBP (RD RNA binding protein); RNF12 (Ring finger protein
12, transcript variant 1); RUFY1 (RUN and FYVE domain containing 1); SMN1 (Survival of
motor neuron 1, telomeric); SRPK1 (SFRS protein kinase 1); SSNA1 (Sjogren’s syndrome
nuclear autoantigen 1); STAU (Staufen, RNA binding protein (Drosophila), transcript variant
T3); STK11 (Serine/threonine kinase 11 (Peutz-Jeghers syndrome)); TOM1 (Target of mybl
(chicken)); TXNL2 (Thioredoxin-like, clone MGC:12349); TXNRD1 (Thioredoxin reductase
1, transcript variant 5); ZMAT2 (Zinc finger, matrin type 2); or ZNF38 (Zinc finger protein
38),

(b) detecting said auto-antibodies in a second sample obtained from the patient at a

time later than the first sample;
(c) comparing the auto-antibodies in said first and second samples;

wherein a change in the auto-antibodies in the first and second sample indicates the progression

or regression of lupus, or the progression to a flare, or transition from a flare into remission.

7. The method of claim 6, wherein a panel comprising 3 or more of said auto-antigens is

used for the detection of auto-antibodies.

8. The method of claim 7, wherein the panel of auto-antigens may also comprise one or
more of IFI16 (Interferon, gamma-inducible protein 16); PSME3 (Proteasome (prosome,
macropain) activator subunit 3 (PA28 gamma; Ki), transc); RALBP1 (RalA-binding protein 1)
and SSA2 (Sjogren syndrome antigen A2 (60kDa, ribonucleoprotein autoantigen SS-A/Ro)).

9. The method of any of claims 6 to 8, wherein the change is an increase in the number of
auto-antigens to which auto-antibodies are detected in the second sample as compared to the first

sample, and said change indicates that lupus has become more severe.
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10.  The method of any of claims 6 to 8, wherein the change is a decrease in the number of
auto-antigens to which auto-antibodies are detected in the second sample as compared to the first

sample, and said change indicates that lupus has become less severe.

11.  The method of any of claims 6 to 8, wherein the change is a change in the concentration

of one or more of the auto-antibodies in the second sample as compared to the first sample.

12.  The method of claim 11, wherein the change is an increase in the concentration of one or
more of the auto-antibodies in the second sample as compared to the first sample, wherein the

increase indicates that lupus has become more severe.

13.  The method of claim 11, wherein the change is a decrease in the concentration of one or
more of the auto-antibodies in the second sample as compared to the first sample, wherein the

decrease indicates that lupus has become less severe.
14. A method of monitoring the efficacy of a therapeutic agent to lupus, comprising:

(a) detecting in a first sample from a patient the presence of one or more auto-
antibodies that bind an auto-antigen selected from the group consisting of BANKI (B-cell
scaffold protein with ankyrin repeats 1); BPY2IP1 (MAPIS protein); CEBPG
(CCAAT/enhancer binding protein (C/EBP), gamma); E1B-APS (E1B-55kDa-associated
protein 5); FUS (Fusion (involved in t(12;16) in malignant liposarcoma)); HAGH
(Hydroxyacylglutathione hydrolase); HMG20B (High-mobility group 20B); HOXB6 (Homeo
box B6, transcript variant 2); KRT8 (Keratin 8); LIN28 (Lin-28 homolog (C. elegans));
NDUFV3 (NADH dehydrogenase (ubiquinone) flavoprotein 3, 10kDa); PABPC1 (Poly(A)
binding protein, cytoplasmic 1); PHLDA1 (Pleckstrin homology-like domain, family A,
member 1); PIAS2 (Msx-interacting-zinc finger, transcript variant alpha); RABI11FIP3
(RAB11 family interacting protein 3 (class II)); RAN (RAN, member RAS oncogene family);
RARA (Retinoic acid receptor alpha); RBMS1 (RNA binding motif, single stranded interacting
protein 1, transcript variant); RDBP (RD RNA binding protein); RNF12 (Ring finger protein
12, transcript variant 1); RUFY1 (RUN and FYVE domain containing 1); SMN1 (Survival of
motor neuron 1, telomeric); SRPK1 (SFRS protein kinase 1); SSNA1 (Sjogren’s syndrome
nuclear autoantigen 1); STAU (Staufen, RNA binding protein (Drosophila), transcript variant
T3); STKI11 (Serine/threonine kinase 11 (Peutz-Jeghers syndrome)); TOM1 (Target of mybl
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(chicken)); TXNL2 (Thioredoxin-like, clone MGC:12349); TXNRD1 (Thioredoxin reductase
1, transcript variant 5); ZMAT2 (Zinc finger, matrin type 2); or ZNF38 (Zinc finger protein
38),

(b)  administering the therapeutic agent to the patient;

(¢)  detecting said one or more auto-antibodies in a second sample from the patient

taken after the administration of the therapeutic agent;
(d) comparing the one or more auto-antibodies in said first and second samples;

wherein a change in the auto-antibodies in the first and second sample is indicative of the

efficacy of the therapeutic agent to lupus.

15.  The method of claim 14, wherein the change in the one or more auto-antibodies is a
decrease in the number of auto-antigens to which auto-antibodies are detected, or the
concentration of auto-antibodies, in the second sample as compared to the first sample, and

wherein the decrease indicates that the therapeutic agent is efficacious.

16.  The method of claim 15, wherein the change in the one or more auto-antibodies is a
decrease in the number of auto-antigens to which auto-antibodies are detected in the second

sample as compared to the first sample.

17.  The method of claim 15, wherein the change is a decrease in the concentration of the

auto-antibody.
18.  The method of claim 17, wherein the decrease in concentration is by at least 20%.
19.  The method of any previous claim, wherein the sample is a body fluid.

20.  The method of claim 19, wherein the body fluid is selected from blood, serum, plasma,

saliva, lymphatic fluid, wound secretion, urine, faeces, mucus or cerebrospinal fluid (CSF).
21.  The method of claim 20, wherein the sample is serum or plasma.

22. A diagnostic kit for use in diagnosing a patient as having or being predisposed to

developing lupus, said kit comprising one or more auto-antigens selected from the group
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consisting of BANK1 (B-cell scaffold protein with ankyrin repeats 1); BPY2IP1 (MAP1S
protein); CEBPG (CCAAT/enhancer binding protein (C/EBP), gamma); EIB-AP5 (E1B-
55kDa-associated protein 5); FUS (Fusion (involved in t(12;16) in malignant liposarcoma));
HAGH (Hydroxyacylglutathione hydrolase); HMG20B (High-mobility group 20B); HOXB6
(Homeo box B6, transcript variant 2); KRT8 (Keratin 8); LIN28 (Lin-28 homolog (C.
elegans)); NDUFV3 (NADH dehydrogenase (ubiquinone) flavoprotein 3, 10kDa); PABPCI
(Poly(A) binding protein, cytoplasmic 1); PHLDAI1 (Pleckstrin homology-like domain, family
A, member 1); PIAS2 (Msx-interacting-zinc finger, transcript variant alpha); RABI11FIP3
(RAB11 family interacting protein 3 (class 1I)); RAN (RAN, member RAS oncogene family);
RARA (Retinoic acid receptor alpha); RBMS1 (RNA binding motif, single stranded interacting
protein 1, transcript variant); RDBP (RD RNA binding protein); RNF12 (Ring finger protein
12, transcript variant 1); RUFY1 (RUN and FYVE domain containing 1); SMN1 (Survival of
motor neuron 1, telomeric); SRPK1 (SFRS protein kinase 1); SSNAI1 (Sjogren’s syndrome
nuclear autoantigen 1); STAU (Staufen, RNA binding protein (Drosophila), transcript variant
T3); STK11 (Serine/threonine kinase 11 (Peutz-Jeghers syndrome)); TOM1 (Target of mybl
(chicken)); TXNL2 (Thioredoxin-like, clone MGC:12349); TXNRDI1 (Thioredoxin reductase
1, transcript variant 5); ZMAT2 (Zinc finger, matrin type 2); or ZNF38 (Zinc finger protein

38), which one or more auto-antigens are immobilised on a substrate.

23. A diagnostic kit for use in diagnosing a patient as having or being predisposed to
developing lupus, said kit comprising a panel comprising 5 or more auto-antigens selected from
the group consisting of BANK1 (B-cell scaffold protein with ankyrin repeats 1); BPY2IPI]
(MAP1S protein); CEBPG (CCAAT/enhancer binding protein (C/EBP), gamma); E1B-APS5
(E1B-55kDa-associated protein 5); FUS (Fusion (involved in t(12;16) in malignant
liposarcoma)); HAGH (Hydroxyacylglutathione hydrolase); HMG20B (High-mobility group
20B); HOXB6 (Homeo box B6, transcript variant 2); [FI16 (Interferon, gamma-inducible
protein 16); KRT8 (Keratin 8); LIN28 (Lin-28 homolog (C. elegans)); NDUFV3 (NADH
dehydrogenase (ubiquinone) flavoprotein 3, 10kDa); PABPC1 (Poly(A) binding protein,
cytoplasmic 1); PHLDAI1 (Pleckstrin homology-like domain, family A, member 1); PIAS2
(Msx-interacting-zinc finger, transcript variant alpha); RAB11FIP3 (RABI11 family interacting
protein 3 (class II)); RALBP1 (RalA-binding protein 1); RAN (RAN, member RAS oncogene
family); RARA (Retinoic acid receptor alpha); RBMS1 (RNA binding motif, single stranded
interacting protein 1, transcript variant); RDBP (RD RNA binding protein); RNF12 (Ring
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finger protein 12, transcript variant 1); RUFY1 (RUN and FYVE domain containing 1); SMN1
(Survival of motor neuron 1, telomeric); SRPK1 (SFRS protein kinase 1); SSNA1 (Sjogren’s
syndrome nuclear autoantigen 1); STAU (Staufen, RNA binding protein (Drosophila),
transcript variant T3); STKI11 (Serine/threonine kinase 11 (Peutz-Jeghers syndrome)); TOM1
(Target of mybl (chicken)); TXNL2 (Thioredoxin-like, clone MGC:12349); TXNRDI1
(Thioredoxin reductase 1, transcript variant 5); ZMAT2 (Zinc finger, matrin type 2); or ZNF38
(Zinc finger protein 38), PSME3 (Proteasome (prosome, macropain) activator subunit 3 (PA28
gamma; Ki), transc) and SSA2 (Sjogren syndrome antigen A2 (60kDa, ribonucleoprotein

autoantigen SS-A/Ro)), wherein the auto-antigens are immobilised on a substrate.

24.  The kit of claim 22 or 23, wherein said substrate comprises a strip, a slide, beads, SPR or
planar waveguide chip or a well of a microtitre plate.

25.  The kit of any of claims 22 to 24, wherein the panel of auto-antigens is carried on said
substrate in the form of an array.

26.  The kit of claim 25, wherein the auto-antigens constitute at least 50% of the total number
of proteins present on the array.

27.  The kit of claim 25, wherein the array includes one or more other proteins or
polypeptides, and means for automatically analysing the results of tests performed using said
array, said analysing means including computer-readable instructions in which results from said
one or more other proteins or polypeptides are blinded during the analysis.

28.  The kit of claim 25, wherein the array further comprises one or more control proteins or
polypeptides.

29.  The kit of claim 25 or claim 28, wherein the array comprises one or more replicates of
the auto-antigens or controls.

30.  The kit of any of claims 22 to 29, further comprising an anti-human immunoglobulin
antibody and means for detecting said anti-human immunoglobulin antibody.

31.  The kit of claim 30, wherein the means for detecting comprise a colorimetric or a
fluorescent assay or a label free detection method such as SPR or planar waveguide technology.
32.  Use of an auto-antigen selected from the group consisting of BANK1 (B-cell scaffold
protein with ankyrin repeats 1); BPY2IP1 (MAPIS protein); CEBPG (CCAAT/enhancer
binding protein (C/EBP), gamma); E1B-APS (E1B-55kDa-associated protein 5); FUS (Fusion
(involved in t(12;16) in malignant liposarcoma)); HAGH (Hydroxyacylglutathione hydrolase);
HMG20B (High-mobility group 20B); HOXB6 (Homeo box B6, transcript variant 2); IFI16
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(Interferon, gamma-inducible protein 16); KRT8 (Keratin 8); LIN28 (Lin-28 homolog (C.
elegans)); NDUFV3 (NADH dehydrogenase (ubiquinone) flavoprotein 3, 10kDa); PABPCI1
(Poly(A) binding protein, cytoplasmic 1); PHLDA1 (Pleckstrin homology-like domain, family
A, member 1); PIAS2 (Msx-interacting-zinc finger, transcript variant alpha); RABI11FIP3
(RABI11 family interacting protein 3 (class II)); RALBP1 (RalA-binding protein 1); RAN
(RAN, member RAS oncogene family); RARA (Retinoic acid receptor alpha); RBMS1 (RNA
binding motif, single stranded interacting protein 1, transcript variant); RDBP (RD RNA
binding protein); RNF12 (Ring finger protein 12, transcript variant 1); RUFY1 (RUN and
FYVE domain containing 1); SMN1 (Survival of motor neuron 1, telomeric); SRPK1 (SFRS
protein kinase 1); SSNA1 (Sjogren’s syndrome nuclear autoantigen 1); STAU (Staufen, RNA
binding protein (Drosophila), transcript variant T3); STK11 (Serine/threonine kinase 11 (Peutz-
Jeghers syndrome)); TOMI1 (Target of mybl (chicken)); TXNL2 (Thioredoxin-like, clone
MGC:12349); TXNRDI1 (Thioredoxin reductase 1, transcript variant 5); ZMAT2 (Zinc finger,
matrin type 2); or ZNF38 (Zinc finger protein 38), PSME3 (Proteasome (prosome, macropain)
activator subunit 3 (PA28 gamma; Ki), transc) and SSA2 (Sjogren syndrome antigen A2
(60kDa, ribonucleoprotein autoantigen SS-A/Ro))

in the manufacture of a vaccine for the treatment or prevention of lupus.
33. The use of claim 32, wherein the vaccine comprises two or more of the antigens.

34.  The use of claims 32 or claim 33, wherein the vaccine additionally comprises an

adjuvant.
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